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Preface

Histopathology, the discipline that studies the lesions that produce the pathological
states in living organisms, is in expansion. It applies basic knowledge obtained from
biological and anatomic science to make diagnosis, determine the severity and
progress of a condition and to evaluate the possible response to certain therapies.
Thus, it is not surprising that this discipline constantly expands with progress
produced in biology. In addition, novel technologies that have been recently
incorporated and the adoption of the histopathological methods by different areas
contribute to enlarge the fields that may apply the histopathological methodology.

A major goal of the book is to bring together reputable researchers from different
countries in order to provide a comprehensive coverage of advanced and modern
topics in pathology.

The papers selected for this book comprise a cross-section of topics that reflect the
variety of perspectives that histopathology contemplates. This book presents selected
reviews of areas that cover topics that are considered relevant, and introduce novel
concepts and descriptions of new entities.

The 13 chapters that have been selected for this book adequately review representative
and diverse fields that are considered of special interest for their innovation or for
their relevance in diagnostic pathology.

The 1¢t chapter, “Human Papillomavirus Detection In Head And Neck Squamous
Cell Carcinomas And Its Clinical Implications”, deal with one of the hot topics of
recent pathology. It has been shown that the presence of Human Papillomavirus
(HPV) is a necessary event for development of cervical carcinoma. Although HPV has
been detected in other genital tumours and in head and neck tumours, its presence is
not constant, and it is controversial if detection of the virus may implicate it as an
etiopathogenic factor. The chapter analyzes several methods for human
papillomavirus detection, analyze the implications that this detection may represent,
and review the biological and clinical aspects of human papillomavirus related with
squamous cell carcinoma of the head and neck.
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The 2nd chapter, “Shadow Keyplayers of the Uterine Cervix Lesions Progression and
Metastasis”, is focused on early steps of angiogenesis and lymphangiogenesis in
preneoplastic and neoplastic lesions of the uterine cervix.

Cervical neoplasia remains one of the most controversial issues for clinicians,
pathologists, and researchers. Screening programs has been very important for
reducing the incidence of invasive neoplastic lesions because these programs detect
early, preneoplastic lesions that can bee properly treated. However, the rate of
precursor lesions remains intact, and the study of some of the pathogenetic events that
occur in these early stages of neoplasia are afforded in this chapter. Angiogenesis and
lymphangiogenesis are accepted as important factors favouring tumor growth and
metastases. But, questions about (i) startpoint of angiogenesis and lymphangiogenesis
in cervical lesions, (ii) proliferative and/or activated status of cervical neovessels or (iii)
the origin of lymph vessels and prognostic impact of lymphangiogenesis in precursor
lesions of the uterine cervix still remain without a precise response. This interesting
chapter afforded these important issues.

The 3t chapter, “Surgical and Clinical Pathology of Breast Diseases”, describes in a
precise manner pathological aspects of the most common breast diseases. In addition,
some indications regarding the proper management that should be considered for the
correct diagnosis of these lesions are included in the text. Selected illustrations that are
present in the chapter emphasize the importance of histopathology in the diagnosis of
breast lesions.

The 4™ chapter, “On the Bone Tumours: Overview, Classification, Incidence,
Histopathological Issues, Behavior and Review Using Literature Data”, reviews
several aspects of bone tumours. Although metastatic bone tumours are frequent,
primary bone tumours account for 0.2% of all malignant neoplasms in humans. The
authors review their own case serie according to the World Health Organization
classification. The most important thing in dealing with a bone tumour is a correct and
full diagnosis as is shown in this chapter.

The 5% chapter, “Nocardiosis: Clinical and Pathological Aspects”, Nocardiosis is an
opportunistic, localized or disseminated granulomatous infection caused by an aerobic
actinomycete. The chapter represents a comprehensive review of this infection.
Although nocardiosis infection most commonly occurs through the respiratory tract,
manifestations of disease range from cutaneous infection caused by traumatic
inoculation of the organism in a normal host, to severe hematogenous spread, or to
pulmonary or central nervous system disease in an immunocompromised host. The
chapter review several aspects of epidemiology, microbiology, pathogenesis, clinical
features, and treatment related to nocardiosis.

The 6t chapter, “Cytopathology of Canine Mammary Gland Affections”, represent a
structured description of a novel, useful, and affordable technique used for diagnosis
of tumours. The chapter review fine needle aspiration cytology as a quick,
inexpensive, and easily repeatable diagnostic technique for diagnosis of mammary



Preface

gland affections in dogs. All technical aspects of the fine needle aspiration cytology
technique are precisely described. The diagnostic value of cytology in mammary gland
affections is emphasized showing that cytological interpretation is quiet helpful in
rapid screening of the mammary gland affections, and in differentiating benign and
malignant neoplastic lesions. The citological findings and the diagnostic interpretation
of the fine needle aspirates complete this chapter, that is supported with very helpful
illustrations.

The 7™ chapter, “Ossifying Fibromas of the Craniofacial Skeleton”, afford a
controversial issue because the accurate nature and classification of ossifying fibromas
has undergone considerable debate among pathologists. This debate has produced a
confusing evolution of competing nomenclatures. Authors of this chapter achieve to
clarify this issue, and show that the definitive diagnosis can rarely be rendered on the
basis of histopathologic features alone. Definitive diagnosis is usually dependent upon
assessment of microscopic, clinical and imaging features together. Described subtypes
vary with regard to behavior and propensity for recurrence after surgical excision. The
chapter discusses the clinical, microscopic, radiological and therapeutic aspects of
ossifying fibromas.

The 8 chapter, “Morphology of the Intestinal Barrier in Different Physiological and
Pathological Conditions”, discuss the factors responsible for gut barrier dysfunction
and possible morphological changes of the barrier during several conditions.
Discussion is made in an attempt to provide a generalized idea of morphological
changes during several conditions. Many harmful factors such malnutrition, chronic
psychological stress, infections, or drugs are responsible for the damage of the gut
barrier. Understanding the morphological changes of the gut barrier during various
illnesses would enhance the knowledge of different preventive or therapeutic
modulating agents of the gut barrier.

The 9" chapter, “Histological Change of Aquatic Animals by Parasitic Infection”,
focuses on the category and diversity of the parasites that infect the aquatic animals.
Histological methods are becoming quiet common in diagnostic methodology in
aquatic animals. The author has collected more than 120 species of parasites from wild
and cultured fish from freshwater and marine fish. The chapter discusses the port of
entry and the site of localization into the host system. The degree of pathogenicity in
relation to the histological observations detected is also analyzed.

The 10" chapter, “Toxicology of the Bioinsecticides used in Agricultural Food
Production “, introduces a relatively new problem, that is the consequence of increases
in the quantity of chemical pesticides required to control the losses in production
caused by insect. The authors address the toxicological aspects of microbial and
botanical biopesticides that act by ingestion with emphasis on histopathological
analysis of tissues and cells in the alimentary channel of the Lepidoptera, as well as the
specificity of the Bacillus thuringiensis bacteria, aqueous extracts and essential oil of
medicinal and forest. For the application of plant and microbial toxins as biopesticides

X
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it is fundamental to evaluate the range of action and the specificity of the active
ingredients.

The 11% chapter, “Neuronal and Mixed Neuronal-glial Tumors of the Central
Nervous System”, proposes to review in an organized way, and according to the
World Health Organization (WHO) Classification of Tumors, neoplasias of the central
nervous system that show neuronal differentiation. The iconography used in this
chapter is relevant, and emphasized the importance of the correct histopathological
diagnosis for the proper management of these tumours.

The 12% chapter “Calcitonin Expression in the Metastatic Tissue of Medullary
Thyroid Carcinoma” is a case report of a metastatic medullary carcinoma that fail to
express the biomarker calcitonin. It includes the information about the calcitonin
expression of medullary thyroid carcinoma and about thyroid carcinomas in general,
which is interesting for this histopathology book.

The 13* Chapter “Molecular Histopathology” describes techniques of molecular
pathology and their applications. It is well illustrated and useful source of information
on this topic.

This book is the result of many collaborating parties. I gratefully acknowledge the
assistance provided by all the authors that have contributed to the publication of this
volume, and by the InTech editorial office that initiated this project and that has
completed the book edition.

Enrique Poblet Martinez
Universidad de Murcia
Facultad de Medicina
Spain






Chapter 1

Human Papillomavirus Detection
in Head and Neck Squamous Cell
Carcinomas and Its Clinical Implications

Maria Isabel Tovar Martin,
Miguel Juan Martinez Carrillo and Rosario Guerrero Tejada

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/50510

1. Introduction

Squamous cell carcinomas of the head and neck are a biologically heterogeneous group of
cancers with a variable clinical course (Tran et al., 2007).

Human tumor viruses account for approximately one-fifth of all cancers worldwide
(Psyrri & Tsiodoras, 2008). The first association between human papillomavirus and
head and neck cancer was observed during the 1960s (Rabbett, 1965). A possible role for
human papillomavirus in the etiology of cancers at other sites within the head and neck
was first suggested by Loning et al., in 1985. Since then, mounting epidemiological,
molecular, and clinical evidence indicates that high-risk human papillomavirus
(especially human papillomavirus-16) account for the development of head and neck
carcinoma in some individuals who do not have the classical risk factors for this disease
(Psyrri & Dimaio, 2008).

Distinguishing human papillomavirus positive from human papillomavirus negative
head and neck squamous cell carcinoma can provide prognostic information, because
different studies have shown better clinical outcome among patients with human
papillomavirus positive head and neck squamous cell carcinoma. Although there are
innumerable options for human papillomavirus detection in head and neck squamous cell
carcinoma, there isn’t any standardization of procedures to use in clinical practice. Several
authors propose a testing algorithm of first screening for human papillomavirus using
plé immunohistochemistry, after positive pl6 results confirmatory testing with
polymerase chain reaction or similar technique is carried out (Pannone et al., 2012;
Smeets et al., 2007).
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The demonstration that human papillomavirus have a role in human carcinogenesis has
allowed the development of preventive and therapeutic strategies aimed at reducing the
incidence and mortality of human papillomavirus-associated cancers (Psyrri & Dimaio,
2008).

This chapter reviews the human papillomavirus detection in head and neck squamous cell
carcinoma and its clinical implications. Our search strategy included an electronic search of
MEDLINE (pubmed), to identify all published articles about this issue. We use the key
words “Human papillomavirus”, “head and neck neoplasm”. We checked the titles and
abstracs retrieved. Each author independently assessed the full text of studies relevant to
this review.

2. Risk factors in head and neck cancer

The main risk factors for head and neck cancer globally are tobacco and alcohol (Dobrossy,
2005). These agents act by inducing mutations in key genetic pathways that govern normal
cell turnover such as p53 and the product of the retinoblastoma gene (pRb) (Pfeifer et al.,
2002)(figurel).

Approximately 20% of head and neck cancers occur in people lacking these established
risk factors (Wiseman et al, 2003). There is strong epidemiologic and experimental
evidence indicating that human papillomavirus accounts at least partly for this subset of
cancers (Shanta et al., 2000), and it has suggested that human papillomavirus may be an
independent risk factor for oropharyngeal carcinoma, as well as a modulator the
malignancy process in some tobacco-and alcohol-induced oropharynx tumors (Turner et
al., 2011).

Cell cycle
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Figure 1. Inactivation of p53 and pRb by mutation by carcinogen agents. The p53 tetramers induce the
expression of p21, which inhibits (dotted line) several cyclins. These cyclins induce the
hyperphosphorylation of Rb, which normally binds to and inactives the E2F. The hyperphosphorylated
form prevents the binding of E2F, which can then initiates uncontrolled cell division.
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2.1. Human papillomavirus: Concept

Human papillomavirus is a member of the papillomaviridae family. They are small, non-
enveloped, DNA viruses. They may be found integrated into the host genome, non-
integrated or episomal, or as a combination or mixture of these types in infected tissue
(Turner et al., 2011) [figure 2].

Mucosal human papillomavirus can be categorized in 2 major groups based on oncogenic
potential: “low-risk” and “high-risk”. Human papillomavirus 16 and 18 are the major “high-
risk” types, which are associated with precancerous lesions (Tran et al., 2007; Psyrri &
Tsiodoras, 2008; Psyrri & Dimaio, 2008; Snow & Laudadio, 2010).

Episomal DNA Mixed DNA Integrated DNA

Figure 2. DNA viruses (dotted) and the host genome

2.2. Human papillomavirus life cycle and its role in the pathogenesis of head
and neck squamous cell carcinoma (head and neck squamous cell carcinoma)

Through wounds or abrasions, the papillomaviruses infect basal epithelial cells. The viral
DNA is maintained in the nuclei of infected epithelial cells (Stubenrauch & Laimins, 1999).
human papillomavirus-DNA replicates to a high copy number only in terminally
differentiated cells near the epithelial surface (Stubenrauch & Laimins, 1999). The late viral
genes, which encode the L1 and L2 proteins that constitute the virus particle, are expressed
only in the highly differentiated cells (Bedell et al., 1991).

Replication of the human papillomavirus genome is critically dependent on the host-cell
DNA replication machinery (Cheng et al., 1995). The papillomavirus E1 and E2 proteins are
required for viral DNA replication and papilloma formation (Wu et al., 1994). E1 is an ATP-
dependent helicase that initiates viral replication in cooperation with the E2 protein. In
addition, the E2 protein can function as a transcriptional repressor of E6 and E7 oncogene
expression among other functions (Psyrri & Dimaio, 2008). E2 loss of function allows up-
regulation of E6 and E7 oncoproteins (Pannone et al., 2012).

Transcription of human papillomavirus-16 E6/E7 mRNA in tonsillar carcinomas is not
necessarily dependent on viral DNA integration, and the viral DNA is predominately in
episomal form (Mellin et al., 2002). It has been also demonstrated that high risk human
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papillomavirus episomal DNAs up-regulate the activity of E6/E7 promoter, which in turn
gives rise to elevated E6 and E7 protein expression in cancer cell (Pannone et al.,, 2012).
Mellin et al (Mellin et al., 2002) concluding that in oropharyngeal carcinomas human
papillomavirus is almost exclusively not integrates and its carcinogenic activity is due to
E6/E7 oncoproteins expressed from episomal viral sequences. It is unknown whether the
physical state of the virus influences tumor biology (Tran et al., 2007; Koskinen et al, 2003).
However, the data suggested that a higher viral load cloud be a favourable prognostic
indicator and that tumours with episomal DNA had larger tumours than patients with
mixed or integrates forms of viral DNA. Higher copy number of episomal viral DNA was
able to induce more rapid growth, perhaps by higher expression of the viral oncogenes
(Pannone et al., 2011).

Human papillomavirus encode E6 and E7 proteins that create a state competent for DNA
replication. The E6 protein of the high-risk human papillomavirus binds and induces the
degradation of the p53 tumor suppressor protein via an ubiquitin-mediated process. E6 also
activates telomerase allowing the regenesis of the ends of chromosomes after cell division.
While, the human papillomavirus-E7 protein binds and destabilizes the retinoblastoma (Rb)
tumor suppressor protein and related proteins. The molecular consequence of the
expression of these viral oncoproteins is cell cycle entry and inhibition of p53-mediated
apoptosis (figure 3). The E6 and E7 proteins also interact with other cellular targets.
Together, these effects promote cell-cycle progression and viral DNA replication in
differentiated keratinocytes (Tran et al., 2007; Leemans et al., 2011; Hobbs et al., 2006).

Cell Cycle
progression

< E \ Cyclin-dependent ]

Figure 3. Inactivation of p53 by E6, inactivation of pRb by E7, and p16 over-expression. The E6 protein
binds p53 and targets the protein for degradation, whereas the E7 protein binds and inactivates the Rb
protein. pRB family proteins negatively regulate p16 gene expression. When E7 binds to pRB, this
protein is inactivated, thus, p16 expression increase. Although p16 levels rise, normal feedback is by-
passed, as human papillomavirus (HPV)-mediated cell proliferation is not dependent on
cyclinD/Cdk4/6 (Dotted line = inhibition)
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As a result, somatic mutation in TP53 (encoding p53), cyclin D1, and deletion or silencing
CDKN2A (encoding p16) are established cancer genes in human papillomavirus-negative
head and neck squamous cell carcinoma. In contrast, human papillomavirus-associated
tumors are less likely to harbor TP53 mutation and the genes encoding the Rb family are
established cancer genes in human papillomavirus-positive head and neck squamous cell
carcinoma. In addition, human papillomavirus-positive head and neck squamous cell
carcinoma has strong expression of pl6 (as a component of the retinoblastoma tumor
suppressor pathway) (Snow & Laudadio, 2010; Leemans et al., 2011). In the other hand, p16
expression loss defines a subgroup of head and neck squamous cell carcinoma patients with
human papillomavirus-negative tumors.

So, the etiology of head and neck cancer is complex. Human papillomavirus, tobacco and
alcohol represent three independent risk factors for head and neck carcinoma in the oral
cavity and oropharynx.

The different risk factors can be combined. Smith et al (Smith et al., 2012) found that cancer
in oral cavity or oropharyngeal risk was different among patients with several risk factors
(Table 1). This investigation suggests that while risk of head and neck squamous cell
carcinoma by tumor site is both different between oral cavity and oropharynx, both sites are
nonetheless associated with independent effects for each of the three major head and neck
squamous cell carcinoma risk factors.

The association between tobacco/alcohol, human papillomavirus, and tumor site is complex.

H i rits-
Oral Cavity/Oropharynx wmar 5 Zf:f;?awms Human papillomavirus-negative
Heavy alcohol user OR=3,5/0R=4,7 OR=1,4/OR=11
Heavy tobacco user OR=9,8/OR=8,5 OR=3,1/OR=24,3

Table 1. Risk of oral cavity and oropharyngeal carcinoma (Smith et al., 2012). OR=Odds Ratio

3. Epidemiologic and experimental evidence of an etiologic role for
human papillomavirus in head and neck squamous cell carcinoma

Certain subsets of head and neck squamous cell carcinoma have fallen in parallel with the
reduction in smoking, rates of oropharyngeal squamous cell carcinomas have risen by 2.1%
and 3.9% among men and women respectively, from 1973 to 2001, particularly tongue and
tonsillar cancers (Shiboski et al., 2005). Similarly, the incidence of tonsillar cancer increased
by approximately 2-3% per year among men younger than 60 years from 1975 through 1998
(Canto & Devesa, 2002). In addition, the incidence of human papillomavirus-associated
oropharyngeal cancer has increased between 1973 and 2004 (Chaturvedi et al., 2008).

These data suggest that human papillomavirus has emerged as an increasingly important
cause of oropharyngeal cancer not only because tobacco-associated head and neck
squamous cell carcinoma have decreased, but also because the incidence of human
papillomavirus-associated oropharyngeal cancer is increasing (D’Souza & Dempsey, 2011).

5
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This increase in the incidence of oropharyngeal cancer was paralleled by an increase in
certain sexual behaviors. This change in the demographics of patients with head and neck
squamous cell carcinoma is consistent with a role for genital human papillomavirus in the
pathogenesis of oropharyngeal squamous cell carcinoma in individuals whose sexual
practices are typically associated with sexual transmission of the virus (Psyrri & Dimaio,
2008). An elevated risk of oropharyngeal cancer has been associated with increasing number
of sexual partners, younger age of first sexual intercourse, the practice of oral sex, and a
history of genital warts (Trans et al., 2007).

One of the most important studies establishing the causal relationship between human
papillomavirus and head and neck cancer was a multi-center case control study conduced
by the International Agency for Research into Cancer (IARC) (Herrero et al., 2003). Findings
confirmed that human papillomavirus-positive tumors cluster among non-smokers and
nondrinkers.

There has been wide variation in human papillomavirus positivity rates in cancers at
different sites within the head and neck. Approximately 25% of oropharyngeal cancers have
tested human papillomavirus-positive, with rates in tonsillar cancer considerably higher
(Trans et al., 2007). In fact, tonsillar crypts seem particularly susceptible to transformation by
human papillomavirus, which is similar to the transformation zone of the uterine cervix, the
location in which most cervical cancers originate (Psyrri & Dimaio, 2008).

4. Human papillomavirus detection

Since Syrjanen’s initial observations in 1983 (Syrjanen et al., 1983), there have been
numerous reports on human papillomavirus-DNA detection in head and neck squamous
cell carcinoma with rates varying from 0% to 100% of tumors studied (Clifford et al., 2003;
Campisi et al.,, 2007). These differences in detection rate are due to at least two principal
factors (Pannone et al., 2012):

1. Differences in the epidemiological distribution of oncogenic high risk human
papillomavirus in the world
2. Different analytical methods utilized

So, there are nearly innumerable options for human papillomavirus detection in head and
neck squamous cell carcinoma and no standardization of procedures to be used in clinical
practice. The method choice depends greatly upon the desire information (test directed at
identifying a broad group of high risk human papillomavirus or targeted at specific human
papillomavirus genotypes), available tissue type (fresh tissue, fixed tissue, incision biopsy,
brush cytology, saliva, serum, fine needle aspiration biopsy), the ubiquity and preservation
of the candidate target molecule (DNA, RNA, and protein), and resources in (Snow &
Laudadio, 2010; Robinson et al., 2010)

The Southern blot has long been considered the gold standard for detection of specific DNA
sequence, however, with its technical demand, necessity for large quantities of DNA... Its use
in clinical applications for human papillomavirus detection is rare (Snow & Laudadio, 2010).
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Several amplification techniques (polymerase chain reaction [PCR]) have been developed
for human papillomavirus type-specific using a specific primer set or for wide-spectrum
human papillomavirus detection. Some of them adequately and equivalently amplify the
target of interest, as L1 (late gene that encodes the viral capsid). However, multiple portions
of the human papillomavirus genome, including L1, may be deleted in the process of
integration to false negative results. For this reason, assays have been developed, which
amplify portions of E6 and E7 (Snow & Laudadio, 2010). Many studies have shown
reproductible results and high sensitivity with RNA-based assays (reverse transcriptase
polymerase chain reaction) when using frozen tissue, but this material is not always available
for testing. Multiple studies have compared RNA extraction from fresh or frozen tissue with
that from formalin-fixed-paraffin-embedded tissue. The greatest decrease in RNA quality
occurs immediately after fixation and processing (Snow & Laudadio, 2010).

Consensus polymerase chain reaction and genotyping is applicable to formalin-fixed-paraffin-
embedded material and it has high sensitivity, however, it can detect of biologically irrelevant
human papillomavirus, and the sample can be contaminated during biopsy acquisition. Type
specific polymerase chain reaction has similar characteristics to consensus polymerase chain
reaction. Real time polymerase chain reaction is applicable to formalin-fixed-paraffin-embedded
material, it has high sensitivity and specificity, and it gives an estimate of the viral load,
however, it requires tissue microdisecction and DNA extraction (Robinson et al., 2010).

The human papillomavirus-DNA test may be used in head and neck pathology departments
with the following diagnostic and prognostic purposes (Reimers et al., 2007):

1. Distinguish human papillomavirus positive from human papillomavirus negative head
and neck squamous cell carcinoma and providing prognostic information

2. Distinguish human papillomavirus positive metastases to the loco-regional lymph
nodes derived from oropharyngeal cancers versus metastases of other origins

3. Furnish potentially useful indications for cancer treatment options

4. Contribute to the differential diagnosis of rhino-pharynx undifferentiated carcinoma
(Worl Health Organization type I potentially related to human papillomavirus infection
whereas Type II and III potentially related to Epstein Barr Virus)

5. Provide valuable information for head and neck cancer research

Table 2 shows the different types of primers (Hunsjak et al., 2000; Gravitt et al., 2003; Snow
& Laudadio, 2010; Micalessi et al., 2012). Figure 4 shows the genomic structure of human
papillomavirus.

Immunohistochemistry for the expression of viral human papillomavirus proteins as p16,
E5, E6, E7 as surrogate markers of human papillomavirus infection. In the case of p16,
human papillomavirus independent pathways of oncogenesis can lead to increased
expression of pl6 and the specificity is only 79% (Snow & Laudadio, 2010; Pannone et al.,
2011). In fact, the immunohistochemistry detection of pl6 protein has been proposed as
surrogate marker of human papillomavirus infection in head and neck squamous cell
carcinoma (Reimers et al., 2007).

7
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Figure 4. Genomic structure of human papillomavirus

Degenerated Not degenerated |Advantages: They have a larger
spectrum of human papillomavirus
detection.

Disadvantages: during the
Consensus MY09, MY11 integration into the host DNA, parts
s L (450 base pairs)  |SPF of the L1 region may be deleted,

GP5+, GP6+ (65 base pairs) |contributing to false negative results.

(140 base pairs) SPF: it has higher sensitivity
compares to MY and GP because of
its shorter amplification product (65
base pairs).

Advantages: they are available for
target detection and type
Specific Polymerase chain reaction directed |discrimination.
T at a single human papillomavirus (Disadvantages: they require a
T The use of several specific primer |polymerase chain reaction for each
B6/E7) pairs combined is called multiplex |human papillomavirus type.
reaction Multiplex primer sets are directed at
high or low-risk, but not specific
human papillomavirus .

Table 2. Different types of primers.

In situ hybridization is a reproducible technique applicable to detection of a wide of human
papillomavirus types particularly from formalin-fixed-paraffin-embedded tissues. However,
in situ hybridization is considered method with a low sensitivity, because the low
applicability in clinical routine for the long and hard technical word required in (Snow &
Laudadio, 2010; Pannone et al., 2011).

A recent study (Pannone et al., 2012) has tested the reliability of a triple method which
combines evaluation of pl6 expression of viral human papillomavirus proteins by
immunohistochemistry, human papillomavirus-DNA genotyping by polymerase chain
reaction, and viral integration into the host by in situ hybridization. All the head and neck
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squamous cell carcinoma confirmed human papillomavirus positive by polymerase chain
reaction and/or in situ hybridization were also p16 positive by immunohistochemistry. So
immunohistochemistry showed a very high level of sensitivity as single test but lower
specificity level. The double method, in situ hybridization and polymerase chain reaction
increased significantly the specificity, but reduced the sensitivity. They observed different
levels of pl6-immunohistochemistry accuracy in the different cancer subpopulation studied.
So, in a cohort of prevalently alcohol/tobacco associated cancers, pl6-immunohistochemistry
test showed a lower level of specificity in detecting human papillomavirus positive cases. In
addition, a recent literature report demonstrates different pl6 accuracy according to
different anatomical sub-sites of head and neck region (Doxtader & Katzenstein, 2011). In
this context, the pl6-immunohistochemistry test alone could be used only as a screening
method and need to be associated with molecular tests in order to detect human
papillomavirus-DNA and to assess its integration status.

The hybrid capture technique is used extensively among pathology labs to detect 13 high-
risk human papillomavirus genotypes in cervical cytology specimens. The use of this
method is limited for head and neck squamous cell carcinoma human papillomavirus
testing, but the technique has potential for screening oral brushings. However, at this time,
oral brush cytology has not achieved a sensitivity or specificity sufficiently competitive with
surgical biopsy for diagnosis and prospective studies are necessary to determine the clinical
use of screening in (Snow & Laudadio, 2010; Pannone et al., 2011).

Luminex system combines PCR with hybridization to fluorescence-labeled polystyrene
bead microarrays. This technology provides a new platform for high-throughput nucleic
acid detection and is being utilized with increasing frequency. It is a sensitive,
reproducible technique for the simultaneous genotyping of all clinically relevant genital
HPV types. However, these Luminex assays have shown low ability for type-specific
genotyping and have missed variants with the type-specific probes. Multiple infections
may occur in 20-40% of specimens. Luminex-based HPV genotyping can be used to
differentiate between newly acquired HPV types and pre-existing infections when applied
over time. Nevertheless, a limitation of the assay is the reduction of signal that occurs for
a plasmid target in low abundance when it is amplified with another target that is 2 or 3
logs higher in abundance. This technology has been tested in cervical samples (Oh et al,,
2007; Lowe B et al., 2010).

Human papillomavirus serology. The immune to human papillomavirus infection involves
both the cell-mediated and humoral responses. Human papillomavirus seropositivity is
potentially indicative not only of current oral infection but also of any past infection not
limited to the oral cavity or oropharynx (Pannone et al., 2011). Antibodies to human
papillomavirus E6 and E7 proteins are markers for an invasive human papillomavirus-
associated cancer. The use of human papillomavirus viral load in conjunction with
serological markers may serve to identify a subset of human papillomavirus-associated head
and neck tumors in which human papillomavirus is biologically active (Ragin et al., 2007).
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Table 3 resumes the characteristics of different methods for human papillomavirus detection

(Dobrossy, 2005).
Method Detect Characteristics Sample
It needs large quantities of
Specific DNA
Southern Blot pecttic DNA. It don't use in clinical Frozen tissue
sequence . e
practice. Low sensitivity
There are several sets.
- Consensus polymerase chain
reaction: high sensitivity, but it
can detect biological irrelevant
human papillomavirus. Formalin-fixed-
- Type specific polymerase chain paraffin-
reaction: as above embedded
. . . - Real time polymerase chain | More accuracy in
Polymerase chain| Amplify particular . . .
. reaction: high sensitivity and fresh frozen
reaction DNA sequence e . . . .
specificity, but it requires tissue | tissue for reverse
microdissection and DNA trancriptase
extraction Polymerase chain
- Reverse transcripase polymerase reaction
chain reaction: high sensitivity
and specificity, but adequate
performance is limited to frozen
tissue
Viral human . e . Formalin-fixed-
Immuno- . X High sensitivity in screening. .
histochemist papillomavirus Specificity is low paraffin-
Y proteins P ) embedded
F lin-fixed-
In situ Specific DNA or e orma m. e
hvbridization RNA seqence It has a low sensitivity paraffin-
y q embedded
TSt s It has po'tential for screer.1i.n¢c.;
. . . oral brushing. Lower sensitivity Oral brush
Hybrid Capture papillomavirus 2 .
and specificity than surgical cytology
genotypes g
biopsy
Minimally invasive test.
It indicates human
Serology Cell-mediated and papill?mavirus infection.but not Blood
humoral responses | limited to the oral cavity or
oropharynx.
Low sensitivity and specificity.

Table 3. Characteristics of different methods for human papillomavirus detection
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Establishing a diagnosis of head and neck cancer requires the acquisition of adequate biopsy
material. Typically, tissue samples are fixed in formalin, processed in the laboratory and
formalin-fixed-paraffin-embedded, whereas fine needle aspiration biopsy samples are
usually treated with an alcohol-based fixative. So, for an human papillomavirus test to be
useful it should be capable of reliably classifying ‘human papillomavirus related” cancers in
fixed cell and tissue samples. The techniques used should be reproducible, subject to
standardization and quality assurance and be economically viable (Robinson et al., 2010).

The presence of the viral DNA does not establish causality, since the majority of human
papillomavirus infections may be transient rather than persistent (Ragin et al., 2007). The
important issue is that human papillomavirus is transcriptionally active (Trans et al., 2007;
Hobbs et al., 2006). In fact, cases that are human papillomavirus positive but negative for
pl6 expression (or negative for E6/E7 mRNA) are molecularly more similar to human
papillomavirus negative cases suggesting that in these instances human papillomavirus is
not directly involved in carcinogenesis (Snow & Laudadio, 2010; Weinberger et al., 2006).

Detection of high-risk E6/E7 mRNA or protein would be the ideal test for classifying a
tumor as truly human papillomavirus-associated, while it’s possible to perform quantitative
polymerase chain reaction on formalin-fixed-paraffin-embedded samples the maximum
accuracy is found using fresh frozen tissue (Pannone et al, 2012). Determination of p16
expression status by immunohistochemistry could serve as a reasonable surrogate marker
for biologically relevant high-risk human papillomavirus infection (Psyrri & Dimaio, 2008).

Smeets et al (Smeets et al., 2007) propose a testing algorithm of first screening for human
papillomavirus using pl6 immunohistochemistry, after positive p16 results confirmatory
testing with polymerase chain reaction is carried out. This approach had almost 100%
sensitivity and specificity, with 2% risk of false positive. Others authors as Westra (Westra,
2009) propose confirmatory testing by in situ hybridization (Robinson et al., 2010). The
majority of pathology laboratories have the capability of delivering the first algorithm.

Some authors are searching for other defining molecular characteristics. There is evidence
that human papillomavirus positive head and neck squamous cell carcinoma tends to
contain normal copies of the p53 gene (Braakhuis et al., 2004). However, p53 mutations have
been described in these tumours (Westra et al., 2008). This presence of mutant p53 along
with human papillomavirus infection in the same tumour raises the possibility that human
papillomavirus infection is simultaneous and has no influence on pathogenesis (Robinson et
al., 2010). Human papillomavirus viral oncoproteins are known to have epigenetic effects.
They can silence the expression of key tumour suppressor genes by promoter methylation
(Henken et al., 2007). The emergence of global genome methylation assays represents novel
ways of refining the molecular classification of head and neck cancers in the future
(Robinson et al., 2010).

5. Clinical implications

Several lines of clinical evidence also suggest that human papillomavirus-associated head
and neck squamous cell carcinoma could be biologically distinct from classical head and
neck squamous cell carcinoma (Table 4).
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HUMAN
CHARACTERISTICS PAPILLOMAVIRUS HUMAN
N PAPILLOMAVIRUS -
— TP53 y RB1 Inactivation Mutation
S p16 0 l
< 5 .
ﬁ 9 Cyclin D1 1 1
S g
o Poorly differentiated
g E Histological grading f Poor Zurrlloiizn e Any
o
*
= Histotype Often basaloid Basaloid uncommon
. Sex 3y Qlord>Q] 3>>9
S Age Younger [< 40 yrs] Older
Z Tobacco y alcohol Generally NO Generally YES
5 Stage at diagnosis Advanced and Later Earlier
Prognostic Better Worse

Table 4. Molecular & clinical characteristics in human papillomavirus + and human papillomavirus -
head and neck squamous cell carcinoma

Several experiments delineated three biologically and clinically distinct types of
oropharyngeal tumors (Weinberger et al., 2006) (Table 5):

HUMAN PAPILLOMAVIRUS

Negative Positive
en
£
@

] No Class 1 Class II
o
x
v
O
=

Yes Class IV Class IIT

Table 5. Biologically and clinically distinct types of oropharyngeal tumors

e (lass I, human papillomavirus-negative/pl6 non expressing. Conventional head and
neck squamous cell carcinoma with no evidence of human papillomavirus infection,
typically exhibiting inactivation of p16, with p53 mutations and probably caused by
tobacco and alcohol abuse.

e (lass II, human papillomavirus-positive/p16 non expressing. Conventional head and
neck squamous cell carcinoma that acquire simultaneous human papillomavirus
infection late in its pathogenesis, with no consequences for p16 expression
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e (Class III, human papillomavirus-positive/ pl6 expressing. “human papillomavirus
related” head and neck squamous cell carcinoma that contains human papillomavirus
DNA and shows evidence of oncogenic human papillomavirus protein expression,
using p16 as a surrogate marker.

e (lass IV, human papillomavirus-negative/p16 expressing. Small number of apparently
human papillomavirus negative carcinomas that over express p16. There are two major
reasons for this entity: a] misclassification as human papillomavirus negative, because
the human papillomavirus test chosen lacks sensitivity, b] tumours where accumulation
of p16 has been caused by perturbation of other cellular signaling pathways, or due to
possible an as yet unidentified infectious agent.

Class III had the highest viral loads. The 5-year survival in class III was 79%, significantly
higher than in the other two classes (20% and 18%, P = 0.0095). Disease free survival for class
III was 75% compared with 15% and 13% for classes I and II, respectively (P = 0.0025). The 5-
year local recurrence was 14% in class III compared with 45% and 74% (P = 0.03).
Multivariate survival analysis confirmed the prognostic value of the three class model. It is
clear that head and neck squamous cell carcinoma human papillomavirus-positive and p16
expressing is different from classic head and neck squamous cell carcinoma, but it is not
clear whether head and neck squamous cell carcinoma human papillomavirus-positive and
p16 non expressing (probably, tobacco/alcohol-related tumors that are infected by high-risk
human papillomavirus) represents a group biologically distinct from human
papillomavirus-negative tumors (Cheng et al., 1995). Other studies in (Smith et al., 2012;
Harris et al,, 2011) have confirmed better disease-specific and recurrence-free survival in
human papillomavirus and/or p16 positive tumors.

About class IV, several studies (Reimers et al., 2007, Harris et al.,, 2011; Shah et al., 2009;
Weinberger et al., 2004) have shown that patients with human papillomavirus negative and
pl6 positive tumors had better outcomes than patients with pl6 negative tumors. So, p16
status could be the truly important prognostic marker in head and neck squamous cell
carcinoma, independent of human papillomavirus infection.

For all this, p16 positivity has been proposed to be a more reliable and reproducible
prognostic marker in head and neck squamous cell carcinoma (Harris et al., 2011).

On the basis of these results, we can refine a model for human papillomavirus-associated
oropharyngeal cancer. The favorable outcome of human papillomavirus-induced
oropharyngeal cancers might be attributable to the absence of field cancerization or
enhanced radiation sensitivity (Lindel et al., 2001). In 1953, the term “field cancerization”
was proposed to explain the high propensity to develop local recurrence after treatment of
head and neck squamous cell carcinoma and the high likehood that multiple independent
tumours will develop in the head and neck mucosa. This phenomenon is due to the
presence of carcinogen induced early genetic changes in the epithelium from which multiple
independent lesions arise (Slaughter et al., 1953).

Disrupting E6 and E7 in oropharyngeal cell lines results in increased levels of p53 and pRB
and increased levels of p53-activated genes (Rampias et al., 2009). These findings indicate
that in human papillomavirus-induced carcinoma the p53 and pRB pathways remain intact.
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So, unlike tobacco associated oropharyngeal cancers that harbor mutant TP53, the apoptotic
response of human papillomavirus-associated tumors to radiation and chemotherapy might
be intact. Some authors have proposed that pl6-expressing cells are less hypoxic and
respond with less accelerated repopulation when irradiated (Lassen et al., 2009).

Given that the rate of p53 mutation is quite low in human papillomavirus-associated
tumors, the addition of p53 mutation sequencing could have added valuable information
had sufficient tissue been available (Harris et al., 2011). There have been conflicting data on
P53 expression in human papillomavirus positive head and neck squamous cell carcinoma
tumor cells. Some studies have observed high expression of nuclear p53 in some human
papillomavirus-containing tumors with wild-type p53 (Hafkamp et al.,, 2003), and other
studies demonstrating low p53 expression (Wilczynski et al., 1998). Mechanism of over-
expression of wild-type p53 in the presence of the virus is known (Tang et al., 2011).

It has been suggested that less intensive treatment modalities should be examined in order
to decrease treatment-toxicities. For that, the National Comprehensive Cancer Network
Clinical Practice Guidelines in Oncology (USA) (Pfister et al, 2011) recommend that
oropharyngeal squamous cell carcinoma is tested for high risk oncogenic human
papillomavirus.

Furthermore, epidermal growth factor receptor expression has been suggested to be
correlated with human papillomavirus status (Almadori et al., 2001). There are data
suggesting a direct link between human papillomavirus-encoded proteins and epidermal
growth factor receptor expression (Kim et al, 2006). Kumar et al (Kumar et al., 2008)
reported the phenotype human papillomavirus positive and epidermal growth factor
receptor high to be associated with poorer survival after chemotherapy and radiation than
human papillomavirus positive and epidermal growth factor receptor low tumors.

Bonner et al (Bonner et al., 2010) tested the combination of cetuximab, a monoclonal
antibody directed against epidermal growth factor receptor, and radiotherapy in head and
neck squamous cell carcinoma. They demonstrated improved patient survival compared
with radiation alone. The use of this combination increased skin irritation, but otherwise it
had the same side effects as radiotherapy alone. An analysis of patients in this trial revealed
that those with oropharyngeal squamous cell carcinoma who were male and younger, a
group that mirrors the human papillomavirus-positive population, benefited most from the
combination therapy. These results suggested that radiation plus cetuximab, instead of
cisplatin-based chemotherapy, may reduce treatment toxicity without compromising cancer
control for patients with human papillomavirus-positive oral squamous cell carcinoma. For
this reason, Radiation Therapy Oncology Group (RTOG) has initiated a phase III
randomized study of radiotherapy with cisplatin or cetuximab in patients with human
papilloma virus-associated oropharyngeal cancer (RTOG-1016).

So, epidermal growth factor receptor, and p53 are also relevant markers that modify the
prognostic effect of human papillomavirus and may help guide the development of targeted
therapy in head and neck squamous cell carcinoma.



Human Papillomavirus Detection in Head and Neck Squamous Cell Carcinomas and Its Clinical Implications

However, not all patients with human papillomavirus positive tumors respond well to
therapy and the reasons for failure in some cases are not known (Maxwell et al., 2010). The
variability of high risk human papillomavirus containing cell lines enhances our ability to
study the role that human papillomavirus plays in head and neck squamous cell carcinoma
development and response or resistance to therapy (Tang et al, 2011). Combination of
several risk factors could explain this. A positive tobacco history in patients with human
papillomavirus positive tumors may represent a distinct group of head and neck squamous
cell carcinoma when all head and neck squamous cell carcinoma are divided by etiologic
factors: human papillomavirus negative smokers, human papillomavirus positive never
smokers, human papillomavirus positive ever smokers, etc... TPV status likely provided an
additive and possibly synergistic effect with others risk factors (Tang et al., 2011).

In addition, in the patient with metastatic head and neck carcinoma of unknown origin, the
presence of human papillomavirus in a fine needle aspiration biopsy sample can be used to
direct the search to the oropharynx (Zhang et al., 2008).

All of this could lead to a new diagnosis and treatment algorithm (Figure 5).
Others implications are the preventions actions:

1. Screening studies have been performed in healthy adults using biopsy samples or less
invasive saliva and oral lavage-based testing methods to identify human papillomavirus.
These techniques revealed prevalence rate between 0-25% (Turner et al., 2011).

Detection of high risk human papillomavirus DNA may help identify individuals, including
those with: a) any genetic predisposition to acquire high risk human papillomavirus
infection and/or b) a limited immunologic ability to eliminate the virus. Whether oral
exfoliated high risk human papillomavirus status is predictive of cancer before invasion or
progression in patients with head and neck squamous cell carcinoma is unknown.

Quantitative measurement of salivary human papillomavirus16 DNA can be promise for
surveillance and early detection of recurrence. Detection of high risk human papillomavirus
in oral exfoliated cells may serve as clonal markers to monitor the presence of residual
tumor after surgery or radiation, cancer recurrence, and progression (Pannone et al., 2011).

A recent study (Turner et al., 2011) recruited patients and screened saliva samples for high
risk human papillomavirus using quantitative polymerase chain reaction. They confirmed
human papillomavirus16, but not human papillomavirus18 in a small subset of the healthy
adult patients. These patients were female and minority (2.6%).

2. Prophylactic vaccines that prevent persistent cervical human papillomavirus-16
infections might be effective in preventing these cases of head-and-neck cancer as well,
either indirectly by eliminating an anogenital source of virus or directly by protecting
the oropharyngeal epithelium itself from infection (Psyrri & dimaio, 2008).

In the U.S, two vaccines are currently available. The quadrivalent vaccine, Gardasil® (human
papillomavirus4), protects against infection with human papillomavirus types -6, -11, -16,
and 18. The second human papillomavirus vaccine, Cervarix® (human papillomavirus2), is a
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bivalent vaccine that provides protection against human papillomavirus types -16 and -18 in
(D’Souza & Dempsey, 2011).

However, these vaccines do not alter the prognosis of established human papillomavirus
infection. Therapeutic vaccines based on the viral oncogenes are still in the developmental
stage, but they may eventually prove beneficial if used in association with conventional
approaches for the management of advanced disease (Tran et al., 2007).

Head and Neck Squamous cell
carcinoma (oropharynx)

Assessment by

multidisciplinary team | v

and treatment ] Detection of p16 protein by IHC
Patients deprived of . dl}"
. . Positive
curative surgical ¢? v
\ Detection confirmatory testing with:
False |€4— -Consensus Polymerase chain reaction
or
/ - In situ hybridization
Patients deprived of curative Negative
chemo-radiotherapy ¢,? 9 v

True
Positive / \ Negative
| |

Assessment by multidisciplinary team and treatment

' v

Concurrent chemo-radiotherapy. Surgery
Concurrent cetuximab-radiotherapy i?
;?
ef

Figure 5. Diagnosis and treatment algorithm

6. Conclusion

Emerging evidences suggest that human papillomavirus-associated head and neck
squamous cell carcinoma is a separate subgroup and biologically distinct from classical head
and neck squamous cell carcinoma.

Human papillomavirus positive head and neck squamous cell carcinoma is typically
found in the oropharynx and have been associated with younger patients who are less
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likely to be smokers or drinkers and with improved response to therapy and overall
survival (Harris et al., 2011).

So, recognition that human papillomavirus has an etiologic role in head and neck squamous
cell carcinoma has important implications for prognosis, treatment, disease prevention, and
screening tests which are still being developed. Several authors have suggested that patients
with human papillomavirus positive head and neck squamous cell carcinoma can be treated
with chemo-radiotherapy or cetuximab-radiotherapy instead surgery.

Although high risk human papillomavirus detection is of utmost importance in clinical
setting of head and neck squamous cell carcinoma, there is no agreement about the “golden
standard” considering the number of molecular methods or combinations available.

There is evidence that detection of high risk human papillomavirus by consensus
polymerase chain reaction alone is insufficient to accurately classify tumours, however,
there is convincing evidence that the detection of p16 protein by immunohistochemistry can
be used as a surrogate marker for the elaboration of oncogenic human papillomavirus
proteins (Robinson et al., 2010). So, this is feasible as part of a routine diagnostic process
using either a combination of p16 immunohistochemistry and in situ hybridization (Westra,
2009) or p16 detection and consensus polymerase chain reaction (Smeets et al., 2007).

Several studies have shown pl16 expression status as a predictor of prognostic marker in
head and neck squamous cell carcinoma, independent of human papillomavirus infection.
In addition, epidermal growth factor receptor, and p53 are also relevant markers that
modify the prognostic effect of human papillomavirus and may help guide the development
of targeted therapy in head and neck squamous cell carcinoma.
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1. Introduction

Cervical neoplasia remains one of the most controversial issues for clinicians, pathologists
and researchers. Screening programs have reduced the incidence of invasive neoplastic
lesions but have not changed the rate of precursor lesions. Human papilloma virus (HPV) is
confirmed to be involved in the etiology of uterine cervix lesions. Recently, Coutlée ef al.
reported that samples from women with low grade squamous intraepithelial lesions (LSIL)
contained higher HPV-6 loads than women without this lesion.Despite the existence of an
anti-HPV vaccine, HPV gene expression is dramatically altered during cervical
carcinogenesis and novel biomarkers are needed for a better characterization of neoplastic
cervical progression[2]. Incomplete characterization of the uterine cervix cancer from
molecular point of view represents the main problem for the use of a proper therapy in this
disease. Angiogenesis and lymphangiogenesis remain a paradigm of cervical lesions
progression and metastasis. Most of the papers concerning angiogenesis were based on
description of growth factors and/or microvessel density assessed in cervical lesions,
especially in invasive carcinomas.The cellular and molecular mechanisms of the angiogenic
switch in preneoplastic lesions of the uterine cervix are still less studied. The assessment of
angiogenesis in uterine cervix lesions was performed using pan-endothelial markers such as
CD31, CD34 and von Willebrand factor, which are not specific enough to differentiate
between endothelial cells from normal, activated or tumor vessels[3-5]. All these antibodies
stain both normal and tumor vessels. In 2008 Mazibrada et al. reported a correlation between
CD105 microvascular density (MVD) and CD31 MVD and found an increase in both MVD
as a continuum from benign lesions to invasive squamous cell carcinoma6. Endothelial cell
activation and proliferation might be the clue for an early angiogenic switch and must be
study more deeply.
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Uterine cervical lesions and the involvement of LV in the tumor development, progression
and metastasis still remains a field of debate. Few articles describe lymphatic vessel density
and the potential role of lymphangiogenesis in the progression of cervical neoplasia[7-8].
The relationship between lymphangiogenesis and the invasion of cervical cancer was
suggested by Hashimoto et al., who considered that vascular endothelial growth factor C
(VEGF)-C could be a promoter of pelvic lymph node metastasis in invasive cervical cancer
[9]. Usually, malignant lesions of the uterine cervix are considered more important than
precursor lesions. This fact may explain the lack of data about the promotion of
lymphangiogenesis in pathological conditions of the uterine cervix. No data about the origin
of lymph vessels, the prognostic impact of lymphangiogenesis in precursor lesions of the
uterine cervix, or their involvement in nodal pelvic metastasis development have been
confirmed. Available data about lymphatic vessels (LV) in tumors of the uterine cervix are
scattered and controversial, and moreover, there are almost no references regarding
lymphangiogenesis in precursor lesions and also for the normal cervix [10, 11].

Based on the controversial data concerning expression of CD105 and Ki-67 in endothelial
cells from uterine cervix lesions, the aim of the present study was to investigate the
distribution and co-localization of mentioned markers in benign and malignant conditions
of the uterine cervix. Concerning early steps of lymphangiogenesis, the purpose was to
evaluate morphology, distribution, lymphatic microvessel density and lymphatic
proliferation in different stages of cervical lesions. Comparison of type-specific features of
lymphangiogenesis in premalignant and malignant lesions, correlated with proliferative
status of lymphatic endothelial cells, could help detect the early lymphangiogenesis in
pathological conditions of the uterine cervix. A complete characterization of the
morphological and immunohistochemical data of LV could have a prognostic and
therapeutic impact and confirm diagnosis in cervical lesions.

2. Morphologic and immunohistochemical methods for blood and
lymphatic vessels assessement in cervical neoplasia

One of our research included 128 retrospective targeted biopsies of the uterine cervix and
specimens taken from conization in patients with macroscopically detectable lesions.
Specimens were fixed in buffer formalin and embedded in paraffin, based on the
conventional histological technique. Step sections, 5 mm thick, were prepared for each case.
Initial sections were stained with HE, for the pathological diagnosis and grade of the tumor.
Lesions were stratified as follows: squamous cell metaplasia (n = 27); cervical intraepithelial
lesions (LSIL, n =25) and (high grade intraepithelial squamous lesions (HSIL),n = 23);
carcinoma in situ (n = 10); microinvasive carcinoma (n = 15); and invasive carcinoma (1 = 20).
Normal uterine cervix specimens (biopsies collected from patients with inconclusive results
of colposcopy when conization was recommended by gynecologist) were used as control
(n=8). We applied a double stain method for colocalization of CD105 and Ki-67 markers on
the same section. On dewaxed and rehydrated slides we performed endogenous peroxidase
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blocking with 3% hydrogen peroxide for 5 min followed by pretreatment with proteinase K
for 15 min at room temperature. Incubation with primary CD105 antibody, clone SN6h from
DakoCytomation (Glostrup, Denmark) for 1 h (dilution 1:10) preceeded the first application
of avidin-biotin system LSAB+/HRP (Dako, Carpinteria, CA, USA), and visualization was
performed with 3,3 diaminmobenzidine as chromogen. Automated method with PT Link
module of heat-induced epitope retrieval in citrate buffer pH6 (DakoCytomation) was used for
30 min to unmask the Ki-67 epitope. After 30 min incubation with Ki-67 ready-to-use antibody
(clone MIB1, Dako, Carpinteria, CA, USA), the LSAB+HRP system was used, followed by
visualization with amino-ethilcarbazol as chromogen for 10 min. Colocalization of the Ki67
proliferation marker (monoclonal antibody, clone MIB1 from Dako, (Carpinteria, CA, USA),
with D2-40 in lymphatic endothelium was obtained by applying the double
immunostainingmethod  followed by the wuse of two different chromogens
(3,3'diaminobenzidine for nuclear brown staining of Ki67 and amino ethyl carbazole for
cytoplasmic red staining of D2-40 epitope). Basal cells of stratified squamous epithelium of the
cervix and lymphatic endothelial cells were considered positive control. Also, PROX1, VEGF C
and VEGFR3 were immunohistochemically assessed by using the same labeled streptavidin
biotin methods. Counterstain was performed with Lillie’s modified hematoxylin. The entire
immunohistochemistry procedure was performed with DakoCytomation Autostainer.
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Figure 1. Statistic analysis of uterine cervix lesions based on CD105 and Ki-67 expression. Distribution
of CD105-positive endothelial cells, Ki-67 immunoreactivity in endothelial cells and tumor cells
according to histopathological type of uterine cervix lesions Note the presence of Ki-67+ endothelial
cells only in invasive carcinoma. Coexpression of CD105 and Ki-67 was also restricted to the invasive
type carcinoma. CIN, cervical intra-epithelial neoplasia; EC, endothelial cells.
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3. Tumor blood vessels activation and proliferation is different for each
histopathologic type of cervical neoplasia

CD105 expression was absent in all cases of normal cervix. CD105 imunoreaction was
restricted to the vascular activated endothelium from dysplasia, carcinoma in situ and
microinvasive carcinoma. Intense activation of blood vessels was observed in both
squamous cell metaplasia and dysplasia, with a CD105-MVD that varied between 0 and 25
vessels/x400 field with a range of 6.5 vessels/x400 field. Also, in situ carcinoma had positive
vessels for CD105 with no endothelial cell proliferation. The activated vessels were
agglomerated close to the epithelial lesions and had a lower density far from them, similar
to the dysplasia findings. In microinvasive carcinoma positive reaction for CD105 was found
in only one case, and the other three cases were negative. Almost 68% of invasive
carcinomas were negative for CD105 and most of them had a tumor cells proliferative index
<5%. CD105-negative endothelial cells from invasive carcinoma had a higher proliferation
rate compared with CD105-negative vascular endothelium from normal cervix blood
vessels. We found a significant correlation between the lack of endoglin expression in
proliferative endothelial cells and invasive type of cervix carcinoma (P = 0.004).Also, low
proliferative index of tumor cells was correlated with lack of CD105 expression in tumor
vessels (P = 0.003). Lack of coexpression for CD105 and Ki-67 in endothelial cells was a
constant phenomenon. In only one case of invasive carcinoma with high CD105 MVD (13
vessels/x400 field) was a positive signal for Ki-67 observed in the nuclei of CD105-positive
endothelial cells in the activated vessels located only in the tumor periphery.

4. Lymphangiogenesis and lympahtic vessels in cervical neoplasia- early
development with a potential prognostic impact

Basal cells of the epithelium from normal exocervix and cervical squamous metaplasia were
positive for D2-40 as a continuous layer over the lamina propria of the cervix. This
distribution was also observed in LSIL. A lower intensity of immunostaining was detected
for basal cells of HSIL. A discontinuous pattern of the basal layer or clusters of positive cells
also characterized HSIL. There were differences concerning the distribution and density of
LV between the histopathological types of cervical lesions included in our study. In the
normal cervix we found large LV, round or oval in shape without branches, found deep in
the lamina propria, far from the stratified squamous epithelium. In the normal cervix, D2-
40-positive lymphatic vessels had no positive reaction for Ki67 in endothelial cells. The same
pattern was found in squamous metaplasia of the uterine cervix. Lymphatic microvascular
density (LMVD) ranged between 4.8 and 6.6 vessels/200 magnification, with an average of
5.8 in the normal cervix. In squamous cell metaplasia the number of LV was not significantly
different from results found in the normal cervix. A significant increase in the number of LV
was found in cases with HSIL and in situ carcinoma. All cases with LSIL, HSIL and
carcinoma in situ showed D2/40+/Ki67+ proliferative lymphatic endothelial cells.
Proliferative vessels were distributed close to the lesions. A significant correlation was
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found between the proliferative status of lymphatic endothelial cells in both cervical
intraepithelial neoplasia types. In LSIL a higher correlation was found compared with HSIL
(P =0.009 in LSIL compared with P = 0.044 for HSIL). This finding supports early onset of
lymphangiogenesis in cervical lesions. High proliferative activity of lymphatic endothelial
cells found in LSIL, HSIL and in situ carcinoma was also present in microinvasive carcinoma
A significant correlation of lymphatic proliferative activity and the microinvasive type of
cervical cancer was also found (P = 0.002). In invasive carcinoma, LV were observed in the
tumor and peritumoral areas. A few intratumoral LV were found as small D2-40-positive
vessels with narrow or collapsed lumen, irregular walls and no tumor cells inside.
Peritumoral LV were significantly more numerous, larger, sinuous, with a discontinuous
wall and often containing proliferative lymphatic endothelial cells and tumor cells. Density
of lymphatics varied between 1 and 15.2 with an average of 7.25. A significant correlation
was also evident for invasive carcinoma (P = 0.002).

Expression of Prox1, VEGF-C and VEGFR3 was different concerning the histopathology of
cervical lesions. Prox1 was restricted to the lymphatic and venous endothelial cell nuclei,
whereas VEGF-C had a wide expression in the tumor, lymphatic endothelial and scaterred
stromal cells. VEGFR3 had a strong expression in lymphatic endothelial cells from
peritumoral or intratumoral lymphatic vessels, and also in the intravascular tumor emboli
from invasive carcinoma cases.

Figure 2. Proliferative status of lymphatic vessels in various cervical lesion types (D2-40 in red and Ki
67 brown immunostain). (a). High grade intraepithelial squamous lesions and (b) in situ carcinoma with
a high number of Ki 67 proliferative endothelial cells (nuclear, brown) lining D2-40-positive lymphatic
vessels (red). (c) Microinvasive carcinoma also presented proliferative lymphatic endothelial cells.

(d) Intratumoral lymphatic vessel from invasive carcinoma with proliferating lymphatic endothelial
cells at the tip of the lymphatic sprout (arrow) and collapsed lumen lined by D2-40-positive lymphatic
endothelial cells.
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Prox1 analysis showed the presence of positive reaction from CIN2 lesions (33,3% from total
cases) to CIN3- 91,6% and microinvasive carcinoma — 14 cases (87,5%). Prox1 positive
endothelial cells circumscribed the lumen of the lymphatic vessels in close vicinity with the
epithelial proliferation of uterine cervix “in situ” preneoplastic lesions. The average number
of Prox1 positive nuclei/x200 increased from CIN2 and CIN3 lesions to microinvasive
carcinoma. All Prox1 positive lymphatic and venous blood vessels were also positive for
VEGEFR3. A significant correlation was found between density of Prox1 positive nuclei of
lymphatic endothelial cells and LMVD assessed for VEGFR3 positive lymphatic vessels
(p=0.001).

VEGEF-C expression was found to be positive in all types of cervical lesions. Intensity of
VEGEF-C expression and number of positive cases increased from squamous metaplasia to
invasive carcinoma. VEGF-C was highly expressed in tumor cells, less and inconstant in
stromal cells and lymphatic vessel endothelial cells. , We obtained a significant correlation
between intermediate grade of VEGF-C expression and Prox1 nuclear density (p=0.044).
Tumor cells were negative for Prox-1 in 100% of cases. No positive reaction was found in
normal specimens, squamous metaplasia, low grade intraepithelial neoplasia or invasive
carcinoma.

5. Angiogenesis and lymphangiogenesis controversies in cervical
neoplasia-review of the literature

Benign lesions has not been studied as much with regard to CD105 expression. We observed
a high CD105 expression in vessels from cervical metaplasia and dysplasia, and absence of
endothelial proliferation was quantified using Ki-67 marker. During the early stages of
tumor development TGF-b acts as an inhibitor of neoplastic proliferation. When tumor cells
escape from the anti-mitotic signal exerted by TGF-b, they secrete large amount of TGEF-b,
promote cell invasion and metastasis and create an optimal microenvironment for
promoting neo-angiogenesis[2,13]. Also, it is known that as cells progress toward fully
malignant tumor cells, they undergo changes that result in reduced expression of TGF-b
receptors, increased expression of TGF-b ligands, and resistance to inhibition of growth
by TGF-b. The present findings suggest the same changes in the endothelial cells of
activated vessels from premalignant lesions and invasive carcinoma of the uterine cervix
on expression of CD105 (co-receptor for TGF-receptors I and III) without Ki-67—in
cervical metaplasia and dysplasia activated vessels— and lack of CD105 staining in Ki-67-
positive endothelial cells from tumor vessels of cervical invasive carcinoma. This is
sustained by significant correlation found by our team between low tumor cell
proliferative index (<5%) and absence of CD105 expression in the vascular bed from
cervical invasive carcinoma. Many studies associated CD105 immuno-expression with
proliferating endothelial cells[14-16]. The present data showed that in CD105-positive
endothelial cells from premalignant and malignant lesions of the uterine cervix, activation
and proliferation are two distinct processes in most of the cases. In conclusion, activation
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of endothelial cells is an early event that predominates in benign and premalignant
conditions of the uterine cervix, while endothelial cell proliferation is observed in tumor
vessel endothelial cells from invasive carcinoma of the uterine cervix.

Using the method of step sections, Roche and Norris[17] and later Leman ef al.[18]
demonstrated lymphatic invasion in microinvasive carcinoma without association of lymph
node metastasis. Later, Zivaljevi¢ et al. reported similar results and recommended a
personalized treatment based on an exhaustive pathological evaluation of an adequate
cone biopsy specimen[19]. These findings support the hypothesis that in microinvasive
carcinoma the newly formed LV (based on a higher LMVD found in the present study
compared with normal cervix) are already functional. The increase of LMVD in the
early stages of LSIL and the similar LMVD value found in the present study in HSIL,
LSIL, and carcinoma in situ could partially explain the early development of a
lymphatic network and may promote early nodal metastases in cervical cancer.
Scattered data characterizes lymphangiogenesis in cervical intraepithelial neoplasia
lesions. Lymphangiogenic growth factors VEGF-C and VEGF-D, and their
corresponding receptor VEGFR3 mRNA levels, significantly increase in HSIL lesions
compared with LSIL. Correlation of these data with our findings concerning a doubled
LMVD value in LSIL and HSIL compared to the normal cervix suggests an early
lymphangiogenic switch in cervical carcinogenesis. Present findings concerning
lymphangiogenesis correlated with our previous published data about proliferation of
endothelial cells from blood vessels in cervical lesions[20] show an early lymphatic
endothelial proliferation in preneoplastic stages of cervical lesions even before the
development of the angiogenic response.

Prox1 has been extensively studied, mainly in the context of embryonic development of
lymphatic vasculature, liver, pancreas, lens fibers cells and progenitor cells of retinal
photoreceptor neurons. ). In our study, no Prox1 positive immunostaining was found for
normal cervix epithelium or dysplastic one. Up to now, there are no data about Proxl
expression in tumors derived from stratified squamous epithelia. Based on our results, we
assume that Prox-1 is not involved in the uterine cervix epithelial carcinogenesis as
previously described for other types of neoplasia. Committment of endothelial cells
through a lymphatic phenotype by its Prox1 expression appear early in the development
of cervical cancer. A high number of Prox1 positive cells was observed starting from the
intraepithelial neoplastic stages (CIN2 and CIN3) to microinvasive carcinoma. These
findings can be partially explained by previously published data concerning
lymphangiogenesis. all Prox-1 positive lymphatic vessels were positive for VEGFR-3.
Similar results were previously reported in lymphangiomas by Wilting et al. Furthermore,
similar Prox1 and VEGFR-3 positivity of venous endothelial cells might be evidence for
the origin of lymphatic endothelial cells from venous endothelium as a main
lymphangiogenic mechanism during cervical neoplasia progression. No similar data has
been previously reported in the uterine cervix cancer. Thus, we consider that in cervical
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neoplasia, venous endothelial cells could specify through a lymphatic phenotype, by
activation of Prox1 expression during tumor progression, being able to give rise to
lymphatic endothelial cells. The presence of stromal Prox1 positive cells found in the
present study suggests the existence of a stromal pool of cells capable of acquiring the
lymphatic phenotype.

In summary, the present findings suggests by microscopy, immunohistochemistry and
statistical analysis that angiogenesis and lymphangiogenesis are early events in the lesions
of the uterine cervix before an overt invasion certified by morphological and
immunohistochemical tests. This explains the early development of metastasis from
microinvasive carcinoma stage, aggressiveness and poor response to the therapy of cervical
invasive carcinoma. Further studies are necessary to evaluate angiogenesis and
lymphangiogenesis in preneoplastic lesions of the uterine cervix to show their value for
prognosis and therapeutic management.
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1. Introduction

Histopathology plays an important role in management of breast diseases. It is a necessary
component of diagnosis, treatment and prognosis in most breast disorders. Also, when
assessing the adequacy of treatment in breast cancer, pathologic assessment is the main
criterion. The importance of the role of histopathology in treatment of breast cancer has
encouraged the researchers to investigate the impact of pathology review on treatment of
breast cancer. Kennecke HF and colleagues studied the impact of pathology review in
treatment of 405 patients with breast cancer. A total of 102 pathology changes were
documented among 81 patients (20%). These changes resulted in 27 treatment modifications
among 25 patients (6%) (1). It seems that before decision making for treatment of breast
disease, the pathology should review by an expert breast pathologist.

2. How to achieve tissue?

Fine needle aspiration or core needle biopsy versus surgical biopsy has remained a
challenge in breast lesions suspicious to malignancy. An article published in December 2011
resulted from a report from the National Cancer Data Base concluded that tumor stage,
hospital volume, and hospital location were the most statistically significant predictors of
biopsy type (2). Rates of needle biopsy at high-volume hospitals suggest that appropriate
utilization of this preferred diagnostic method should approach 90%. A meta-analysis has
shown that FNA cytologic analysis of palpable breast masses is highly accurate in the
diagnostic differentiation of benign from malignant tumors (3).

Sampling of nonpalpable or indistinct breast lesions can be done using stereotactic breast
needle biopsy, a technique that enable the spatial localization of the lesion within the
breast.
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3. Estrogen receptor (ER) and progesterone receptor (PR) status

Receptors are proteins in or on certain cells that can attach to certain substances, such as
hormones, that circulate in the blood. Normal breast cells and some breast cancer cells
contain receptors that attach to estrogen and progesterone. These 2 hormones often fuel the
growth of breast cancer cells.

An important step in evaluating a breast cancer is to test a portion of the cancer removed
during the biopsy (or surgery) to see if they have estrogen and progesterone receptors.
Cancer cells may contain neither, one, or both of these receptors. Breast cancers that have
estrogen receptors are often referred to as ER-positive (or ER+) cancers, while those
containing progesterone receptors are called PR-positive (or PR+) cancers. If either type of
receptor is present, the cancer is said to be hormone receptor-postive.

Women with hormone receptor—positive cancers tend to live longer and are much more
likely to respond to hormone therapy than women with cancers without these receptors.

All breast cancers, should be tested for these hormone receptors either on the the biopsy
sample or when they are removed with surgery. About 2 of 3 breast cancers have at least
one of these receptors. This percentage is higher in older women than in younger ones.

4. HER2/neu status

About 1 of 5 breast cancers have too much of a growth-promoting protein called HER2/neu
(often just shortened to HER2). The HER2/neu gene instructs the cells to make this protein.
Tumors with increased levels of HER2/neu are referred to asHER2-positive.

Women with HER2-positive breast cancers have too many copies of the HER2/neu gene,
resulting in greater than normal amounts of the HER2/neu protein. These cancers tend to
grow and spread more aggressively than other breast cancers.

All newly diagnosed breast cancers should be tested for HER2/neu because HER2-positive
cancers are much more likely to benefit from treatment with drugs that target the HER2/neu
protein, such as trastuzumab (Herceptin) and lapatinib (Tykerb).

Testing of the biopsy or surgery sample is usually done in 1 of 2 ways:

1. Immunohistochemistry (IHC): In this test, special antibodies that identify the HER2/neu
protein are applied to the sample, which cause cells to change color if many copies are
present. This color change can be seen under a microscope. The test results are reported
as 0, 1+, 2+, or 3+.

2. Fluorescent in situ hybridization (FISH): This test uses fluorescent pieces of DNA that
specifically stick to copies of the HER2/neu gene in cells, which can then be counted
under a special microscope.

Many breast cancer specialists feel the FISH test is more accurate than IHC. However, it is
more expensive and takes longer to get the results. Often the IHC test is used first. If the
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results are 1+ (or 0), the cancer is considered HER2-negative. People with HER2-negative
tumors are not treated with drugs (like trastuzumab) that target HER2. If the test comes
back 3+, the cancer is HER2-positive. Patients with HER2-positive tumors may be treated
with drugs like trastuzumab. When the result is 2+, the HER2 status of the tumor is not
clear. This often leads to testing the tumor with FISH.

A newer type of test, known as chromogenic in situ hybridization (CISH), works similarly to
FISH, by using small DNA probes to count the number of HER2 genes in breast cancer cells.
But this test looks for color changes (not fluorescence) and doesn't require a special
microscope, which may make it less expensive. Right now, it is not being used as much as
IHC or FISH.

5. Benign breast lesions
5.1. Fibrocystic disease

Fibrocystic disease is one of the most common benign breast lesions. The breast tissue in
response of imbalanced estrogen and progesterone stimulation over time, undergoes a
various morphologic changes of fibrocystic disease. The peak incidence is between 35 and 50
years of age. It is rare before 25 years. The term embraces a spectrum of histologic changes,
and may encompass many patients who have cystic lesions detected clinically or sclerotic
breast lesions detected on mammography as discussed elsewhere. Histologically it is
characterized by overgrowth of both fibrous stroma, and of epithelial elements i.e. ducts and
lobules, in differing proportions. These changes may be considered as aberrations of normal
breast involution and not part of a disease process. The basic morphologic changes in the
fibrocystic disease are cysts formation, apocrine metaplasia and fibrosis (4, 5, 6, 8,) Cysts
may be grossly visible or evident in microscopic examination, usually contains yellow to
clear fluid. The cyst lining may be flattened, or shows apocrine metaplasia and epithelial
hyperplasia (5, 8). Apocrine metaplasia is characterized by abundant granular eosinophilic
cytoplasm with apical snouts (5). Stromal fibrosis is also a common finding (5). Epithelial
hyperplasia whether typical or atypical may be occurred in fibrocystic disease and put the
patient in a higher risk of cancer development especially in patients accompanied by
atypical ductal hyperplasia (Figure 1A &B) (4, 5, 6, 7).

Other rare morphologic variations include calcification and fibroadenoma-like picture, so
called fibroadenomatoid mastopathy (9).

In most cases, symptoms of fibrocystic changes include breast pain and tender lumps or
thickened areas in the breasts. These symptoms may change as the woman moves through
different stages of the menstrual cycle. Sometimes, one of the lumps may feel firmer or have
other features that lead to a concern about cancer. When this happens, a needle biopsy or a
surgical biopsy may be needed to make sure that cancer is not present. Most women with
fibrocystic changes and no bothersome symptoms do not need treatment, but closer follow-
up may be advised. Women with mild discomfort may get relief from supportive bras or
over-the-counter pain relievers. For a very small number of women with painful cysts,
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(b)

Figure 1. A: fibrocystic disease showing typical ductal hyperplasia, H & E, x100. B: typical ductal
hyperplasia. The duct is obliterated by uniform cells with indistinc cytoplasmic border, H & E, x400.
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draining the fluid with a needle can help relieve symptoms. Some women report that their
breast symptoms improve if they avoid caffeine and other stimulants (called
methylxanthines) found in coffee, tea, chocolate, and many soft drinks. Studies have not
found those stimulants to have a significant impact on symptoms, but many women feel
that avoiding these foods and drinks for a couple of months is worth trying. Because breast
swelling toward the end of the menstrual cycle is painful for some women, some doctors
recommend that women reduce salt in their diets or take diuretics. But studies have not
found diuretics to be better than placebos. Many vitamin supplements have been suggested,
but so far none are proven to be of any use, and some may have dangerous side effects if
taken in large doses. Some doctors recommend hormones, such as oral contraceptives (birth
control pills), tamoxifen, or androgens. But these are usually used only in women with
severe symptoms because they can have serious side effects (10).

5.2. Breast cysts

Breast cysts are fluid filled, round or ovoid masses derived from the terminal duct lobular
unit (TDLU). Cysts begin as fluid accumulation in the TDLU as a consequence of distension
and obstruction of the efferent ductule (11). Breast cysts are influenced by hormonal
function and therefore typically develop in premenopausal and perimenopausal women as
a consequence of lobular development, cyclic changes, and lobular involution (12).
Microscopically the cyst inner lining is flat or completely denuded and myopeithelial layer
is recognizable.

Cysts are mostly occurs in women between 35-50 years old. It is uncommon for
postmenopausal women to develop breast cysts, unless they are taking postmenopausal
hormone replacement therapy. Breast cysts can present as gross palpable masses or as
microcysts, usually found as an abnormality on an imaging examination. Acute enlargement
of cysts may cause severe, localized pain of sudden onset. Cysts usually prompt women to
seek medical attention because of a palpable mass or associated discomfort. FNA biopsy can
confirm the diagnosis of a cyst and, at the same time, drain the cyst fluid. Removing the
fluid may reduce pressure and pain for some time, but it is not necessary to remove the fluid
unless it is causing discomfort. If removed, the fluid may come back later. Because needle
biopsy of breast masses may produce artifacts that make mammography assessment more
difficult, many radiologists prefer to image breast masses before performing needle biopsy
(13, 14).

5.3. Intraductal papilloma

Papillomas are benign breast lesions usually affecting the lactiferous ducts, but smaller
peripheral ducts may also be involved (4, 5, 6). The larger lesions may present with
intramural fragile masses but smaller ones may be evident only on microscopic examination
(4, 5). Microscopically, the papilloma consists of proliferation of ductal epithelium rested on
fibrovascular stroma. Epithelial component consist of cuboidal to columnar cells without
pleomorphism, nuclear atypia or mitotic figures (Figure 2A & B). Myoepithalial layer is also
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Figure 2. A & B: Papilloma. The epithelial cells are laying on fibrovascular core showing no atypia, H &
E, x100 and x400
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preserved (4, 5). Some papillomas have more complex structure accompanied by epithelial
hyperplasia (4, 5, 6, 15). Atypical ductal hyperplasia and carcinoma in situ may occur in the
setting of papillomas. Absence of myoepithelial layer is a useful marker for recognition of
the malignant transformation (4, 5, 15). Papillomatosis (multiple papillomas) are usually
bilateral with higher probability of association with carcinoma (6).

5.4. Sclerosing adenosis

Adenosis of breast is a proliferative lesion, characterized by increase number of glandular
components. Various types of adenosis has been described: sclerosing, tubular,
microglandular, and apocrine adenosis. Sclerosing adenosis is a kind of hyperplastic
proliferation of glandular component of breast (5). It can occur as a focal or generalized
proliferation of ducts and it may be accompanied by various forms of hyperplasia and even
carcinoma (4, 6). Microscopically, the lesion has an oval to round configuration with central
accentuation of cellularity. High power examination shows elongated and compressed
glands formed by atrophied epithelial cells with preservation of myoepithelial layer,
surrounded by sclerosed stroma (Figure 3A &B) (4, 5).

Some other morphologic variations include apocrine metaplasia and perineural invasion.
Presence of myoepithelial layer distinguishes this lesion from an invasive carcinoma (4, 5,
16). The patients with sclerosing adenosis have a higher risk of subsequent development of
malignancy, especially in patients that their lesion is accompanied by atypical lobular
hyperplasia (4, 5). The clinical significance of sclerosing adenosis lies in its mimicry of
cancer. It may be confused with cancer on physical examination, by mammography, and at
gross pathologic examination. Excisional biopsy and histologic examination are frequently
necessary to exclude the diagnosis of cancer. The diagnostic work-up for radial scars and
complex sclerosing lesions frequently involves stereoscopic biopsy. It usually is not possible
to differentiate these lesions with certainty from cancer by mammographic features, so
biopsy is recommended. The mammographic appearance of a radial scar or sclerosing
adenosis (mass density with spiculated margins) will usually lead to an assessment that the
results of a core-needle biopsy showing benign disease are discordant with the radiographic
findings. Breast radiologists will therefore often forego image-guided needle biopsy of a
lesion suspicious for radial scar and refer the case directly to a surgeon for wire localized
excisional biopsy.

5.5. Epithelial hyperplasis

Breast ducts are lined by two layers of epithelial cells, luminal and basal cells. Any increase
in cell number within ductal space regarded as epithelial hyperplasia. Based on
cytomorphology and presence of nuclear atypia, the lesion sub-classified as typical or
atypical hyperplasia. The diagnosis of atypical epithelial hyperplasia (AEH) increases with
breast cancer screening. AEH is divided in three groups: atypical ductal hyperplasia,
columnar cell lesions with atypia, lobular neoplasia.
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Figure 3. A & B: sclerosing adenosis. Glandular proliferation surrounded by sclerosed stroma. The
glands are lined by two layer of epithelial and myoepithelial cells. The latter shows clear cell changes,
H & E, X40 and X400
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5.6. Ductal hyperplasia

Ductal hyperplasia is characterized by proliferation of ductal epithelium, resulting in
increased cellularity and multi layering of ductal epithelium (4, 5). The pattern of growth
varies greatly from case to case leading to different types of ductal hyperplasia (4, 5).

Features indicative of benign nature of the lesion includes oval nuclei with indistinct
cytoplasmic border and eosinophilic rather than pale cytoplasm, arrangement of the cells
in parallel bundles, presence of peripheral elongated clefts in ducts, presence of
myoepithelial layer, apocrine metaplasia and absence of necrosis (4, 5). Ductal hyperplasia
has been subdivided into mild, moderate and florid categories (4). In mild ductal
hyperplasia, the epithelial thickness is 3 to 4 cell layer. In moderate hyperplasia, the
thickness of epithelium is more than 4 layers and in florid hyperplasia, the gland lumen is
often obliterated by proliferative epithelium and the affected duct is enlarged. Atypical
ductal hyperplasia shares some features with intraductal carcinoma. The cells are
monomorphic with round nuclei and distinct cytoplasmic border. Cytologic atypia is
defined by high nuclear — to — cytoplasm ratio, hyperchromasia of nuclei and enlarged
nucleoli. Mitotic activity is more seen in atypical ductal hyperplasia (Figure 4A & B).
Presence of intermingled typical ductal hyperplasia or partial involvement of ducts aid in
differentiating these lesions from ductal carcinoma insitu. (4, 5, 17). Patients with ductal
hyperplasia especially with atypical ones have a higher risk for cancer development (4, 5, 6,
17, 18).

5.7. Columnar cell hyperplasia

The lesion is composed of ducts lined by tall columnar epithelial cells. Intraluminal secretion
and calcification do occur. Atypical changes may be also encountered (4, 5, 6, 17).

5.8. Lobular hyperplasia

Lobular hyperplasia is a lesion in which lobules are larger and more cellular (4, 5). The
lobular hyperplasia may occur in the setting of hormonal stimulation as in pregnancy (5).
Atypical lobular hyperplasia characterized by proliferation of abnormal cells similar to the
cell of lobular carcinoma in situ in one or more lobules. Atypical lobular hyperplasia
increases the risk of cancer development (4, 5).

The management of women with AEH is not consensual because of uncertainty about their
diagnosis related to the type of the biopsy sampling (core needle biopsy or surgical excision)
and their controversial clinical signification between risk marker and true precursor of
breast cancer. A systematic review performed by Lavoué V and colleagues showed that
although according to immunohistochemistry and molecular studies, atypical epithelial
hyperplasia (AEH) seems to be precursor of breast cancer; But, epidemiological studies
show low rate of breast cancer in women with AEH. AEH were still classified as risk factor
of breast cancer.
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Figure 4. A & B: Atypical ductal hyperplasia. The duct is filled by atypical cells with pleomorphism and
conspicuous nucleoli, H & E, x400.
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5.9. Inflammatory lesions

Mastitis: inflammation of breast may caused by many etiologies, including infectious
agents, local reaction to systemic disease, localized antigen-antibody reaction and
idiopathic. Acute mastitis usually occurs in first 3 months of postpartum. The disorder is
a cellulitis of the interlobular connective tissue within the mammary glands which can
result in abscess formation. Granulomatous mastitis caused by infectious etiology,
foreign material or systemic autoimmune disease. Idiopathic granulomatous mastitis can
be diagnosed only when other causes were excluded. Histologically, chronic non-
caseating granuloma confining to the lobule exist (Figure5A & B). Mammary duct ectasia
or periductal mastitis characterized by dilatation of major ducts in the subareolar region.
These ducts contain eosinophilic granular secretions within the duct epithelium or
lumen.

Fat necrosis: is a benign non-suppurative inflammatory process secondary to trauma,
surgery or radiation therapy. Microscopically, the lesion is characterized by infiltration of
foamy histiocytes, lymphocytes, plasma cells and giant cells around anuclear fat cells
(Figure 6) (4, 5, 6).

6. Neoplasms

Fibroadenoma is a common benign breast tumor, mostly occurs in second and third decade
of life (4, 5). Grossly the tumor is circumscribed and firm. Microscopically, the fibroadenoma
is a biphasic mass composing of epithelial and stromal components. The epithelial part is
usually made up of tubules consisting of cuboidal to low columnar cells, resting on a
myoepithelial cell layer. Stroma with varying degree of cellularity, contains loose connective
tissue (Figure 7A & B) (4, 5, 6, 13).

Some morphologic variation exists in fibroadenoma including hyalinization, mixoid
change, calcification, apocrine metaplasia and sclerosing adenosis. fibroadenoma
showing cysts, sclerosing adenosis, apocrine neoplasia are called camplex fibroadenoma
4, 5).

Proliferative epithelial changes including ductal hyperplasia whether typical or atypical and

lobular hyperplasia, are also noted in fibroadenoma (4, 5, 6, 13).

Malignant transformation in fibroadenoma do occur but it is rare, usually involving the
epithelial component in the form of carcinoma in situ and invasive carcinoma (lobular and
ductal) (4, 5, 13, 14).

The main differential diagnosis of fibroadenoma is phylloides tumor . The latter is usually
occurring in older ages, has more cellular stroma with stromal overgrowth .

Mitotic figures may be seen in phylloides tumor, but they are usually absent in
fibroadenoma (4, 13).
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Figure 5. A & B: Granulomatous mastitis. The granulomatous reaction consistiong of epitheloid
histiocytes, giant cells and inflammatory cells surrounds the breast lobules, H & E, x 100 and x400.
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Figure 6. Fat necrosis. The breast parenchyma is infiltrated by foamy macrophages and inflammatory
cells, H & E, X400.

7. Breast cancer

Breast cancer is the most common female cancer in the US, the second most common cause
of cancer death in women, and the main cause of death in women ages 40 to 59. About 1in 8
(12%) women in the US will develop invasive breast cancer during their lifetime (19). The
American Cancer Society's most recent estimates for breast cancer in the United States are
for 2012:

e About 226,870 new cases of invasive breast cancer will be diagnosed in women.

e About 63,300 new cases of carcinoma in situ (CIS) will be diagnosed (CIS is non-
invasive and is the earliest form of breast cancer).

e About 39,510 women will die from breast cancer (20).

Many early breast cancers are asymptomatic. Among the symptomatic cases ,painless mass
is the most common symptom. Pain or discomfort is not usually a symptom of breast
cancer; only 5% of patients with a malignant mass present with breast pain. Diagnosis of
the breast cancer is made based on history, physical examination, mammograms and/or
ultrasound findings and the pathologic assessment of specimens. Once a diagnosis of
breast cancer is made, the type of therapy offered to a breast cancer patient is determined
by the stage of the disease. Laboratory tests and imaging studies are performed based on
the initial stage.
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Figure 7. A & B: Fibroadenoma. The tumor is biphasic consisting of glanduar and stromal parts,
H & E,x 40 and x100.
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8. Pathology of the breast cancer
8.1. In situ carcinoma
8.1.1. Ductal carcinoma in situ (DCIS)

In situ ductal carcinoma is a malignant proliferation of epithelial cells, confined to the lumen
of ducts, which was categorized into two grades: High grade comedocarcinoma, composed
of pleomorphic cells showing central necrosis and low grade solid, cribriform and
micropapillary group with uniform cells without area of necrosis. Clinging carcinoma,
based on cytologic features was placed in either groups (4, 5, 21).

Recently, in situ carcinomas were divided into three grades, comedocarcinoma has been
placed in grade 3, solid, cribriform and micropapillary carcinomas were designated as grade
1 if they and bland cytologic morphology and classified as grade 2 if they had intermediate
cytomorphology (5).

8.2. Comedocarcinoma

Comedocarcinoma is characterized by solid growth of pleomorphic cells within the ducts
with area of central necrosis and dystrophic calcification. Mitosis may be abundant.
Grossly, thick walled ducts filled with creamy White necrotic material is a characteristic
finding. Some comedocarcinoma may present with a palpable mass (4, 5 22).
Myoepithelial layer is usually present but it may have a discontinues fashions (Figure 8A
& B) (4, 5).

8.3. In situ papillary carcinoma

In situ papillary carcinoma is defined by proliferations of epithelial cells resting on a
fibrovascular core. The most important differential diagnosis of this lesion is papilloma. The
proposed criteria in favor of in situ papillary carcinoma are older age, larger size, presence
of uniform cells, lack of myoepithelial layer, presence of nuclear atypia (hyperchromasia
and high nuclear-to-cytoplasmic ratio), high mitotic activity and absent intervening stroma
(4, 5,23, 24).

8.4. Solid in situ carcinoma

Solid In situ carcinoma is characterized by filling of the ducts lumen by malignant cells.
These cells are uniform with distinct cytoplasmic border and pale cytoplasm (4, 5).

8.5. Cribriform in situ carcinoma

Cribriform in situ carcinoma is characterized by proliferation of uniform cells with distinct
cytoplasmic border and pale cytoplasm forming round spaces. (Figure 9 )(4, 5).
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Figure 8. A & B: In situ comedo carcinoma. The dilated ducts are filled by atypical cells showing central
necrosis, H & E, X40 and X100.
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Figure 9. Ductal carcinoma in situ of cribriform type. The ducts are filled by cells forming round spaces,
so called cribriform pattern, H & E, x100.

8.6. Micropapillary in situ carcinoma

Micropapillary in situ carcinoma is defined by intraluminal epithelial papillary projections.
In contrast to papillary carcinoma, fibrovascular stroma is absent.

Pure micropapillary in situ carcinoma is significantly associated with foci of microinvasion
and multicentricity (4, 5, 25).

8.7. Clinging in situ carcinoma

Clinging in situ carcinoma is a type of intraductal carcinoma in which one to two layer of
malignant cells lined the ducts periphery (4, 5).

All types of in situ carcinomas have potential to transform into invasive carcinoma. It has
been stated that the risk of subsequent invasive carcinoma development is related to
cytologic grade of tumor (5, 21, 22).

8.8. Lobular carcinoma in situ (LCIS)

Lobular carcinoma in situ characterized by proliferations of neoplastic cells replacing the
normal epithelial of breast lobules (4, 5, 26, 27, 28). Microscopically, the lobules are enlarged,
filled with uniform, round, small to medium sized cells usually obliterating the lumen
(Figure 10 A & B). The cells lost their cohesion. As a general rule the cells are more uniform
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Figure 10. A & B: Lobular carcinoma in situ. The distended lobules obliterated by small and relatively
uniform cells, H & E, X100 and X400.
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and smaller than cells of DCIS, although cases with pleomorphic and large cells are present
which are called " pleomorphic LCIS". So differentiation of this variant of LCIS from solid
DCIS is an important task. Positive E-cadherin immune staining in DCIS distinguishes these
two lesions (4, 5, 26, 27). Risk of invasive carcinoma development in breast harboring LCIS is
significantly increased (4, 5).

8.9. Invasive carcinoma

Tumors, in which stromal invasions by malignant cells are evident, are called invasive
carcinomas. Invasive tumors are categorized into two groups: ductal and lobular.

8.10. Invasive ductal carcinoma, Not-otherwise-specified (NOS)

This lesion is the most common malignant tumor of breast, consisting 75% to 80% of breast
cancers. Grossly, the tumors are variable in size and consistency; in the prototype ones, the
lesions are firm with ill-defined border and “'chalky streaks” appearance on cut sections.
Some tumors may have softer consistency with a better-defined border. Microscopically, the
tumor cells may grow in sheets, nests, cords or single cell. Glandular formation varies
between cases. The cells also show considerable variation, ranging from small cells with
relatively uniform nuclei to markedly pleomorphic cells. Mitotic figures are evident and
necrosis may occur (Figure 11). Myoepithelial cells are absent. Based on morphology some
other subtypes of invasive ductal carcinoma are present (4, 5).

Figure 11. Invasive ductal carcinoma NOS. small nests of tumarl tissue infiltrating the breast stroma,
H & E, X100.

51



52 Histopathology — Reviews and Recent Advances

(b)

Figure 12. A & B: Invasive papillary carcinoma. The invasive part of the tumor shows papillary
proliferation of atypical cells showing pleomorphism. Mitotic figures are evident, H & E, x40 and x400.
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8.11. Tubular carcinoma

The lesion is a distinctive type of breast cancer. Grossly, the lesion is firm with ill-defined
border. Microscopically, the tumor composed of small glands or tubules with irregular
contours, lacking myoepithelial layer. Basement membrane is also absent (4, 5, 29). This
lesion has a better prognosis than invasive ductal carcinoma with lower risk of lymph mode
metastasis (4, 5, 30).

8.12. Papillary carcinoma

Papillary carcinoma usually occurs in the central part of breast. Microscopically, the invasive
component shows papilla formation, although in some area solid sheet proliferation of tumor
cells is seen (Figure 12A & B). Myoepithelial cells are consistently absent (4, 5, 22, 24).

8.13. Medullary carcinoma

Medullary carcinomas are usually occur in young patients and are commonly associated
with BRCA-1 mutation. Grossly, the tumor is relatively well circumscribed. Microscopically,
the sheets of syncyial poorly differentiated large pleomorphic cells with prominent nucleoli
are seen. Mitotic figures are numerous and the tumor border is of pushing type. Infiltration
of lympho-plasma cells of the periphery of the tumor is a constant histologic picture (Figure
13). As a general rule gland formation is absent or minimal (4, 5, 31, 32). Prognosis of
medullary carcinoma is too better than invasive ductal carcinoma (4).

Figure 13. Medullary carcinoma. Sheet of atypical tumor cells infiltrated by lymphoplasma cells,
H & E, X400.
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8.14. Metaplastic carcinoma

Metaplastic carcinoma is a distinct type of ductal carcinoma in which the predominant
growth pattern is nonglandular. The metaplastic change may be squamous or
pseudosarcomatous (Figure 14A & B). Heterogeneous element such as bone or cartilage may
also be found (4, 5, 33, 34). Metaplastic carcinoma is considered in differential diagnosis of
any spindle cell lesions of the breast including primary breast sarcomas and phyllodes
tumor. The behavior of metaplastic carcinoma is more aggressive than invasive ductal
carcinoma (4).

Squamous cell carcinoma is a form of metaplastic carcinoma. Before establishing the
diagnosis of primary squamous cell carcinoma, metastasis from extra mammary sites must
be ruled out. Microscopically, this tumor is similar to squamous cell carcinoma of the other
body organs in which keratinization may be evident (4, 5, 35).

8.15. Mucinous carcinoma:

Mucinous carcinoma also known as colloid carcinoma is a form of invasive ductal
carcinoma, in which clusters of tumor cells floating in extracellular mucin lakes (Figure 15A
& B). Grossly, the tumor is well circumscribed with a gelatinous cut surface. Some mucinous
carcinomas may show neuroendocrine differentiation. Based on this observation mucinous
carcinomas were categorized into type A and B with or without neuroendocrine
differentiation, respectively (4, 5, 36, 37). Mucinous carcinoma has a better prognosis than
invasive ductal carcinoma, NOS (4, 5, 36).

8.16. Secretory carcinoma

Secretory carcinoma was thought to occur in pediatric age groups but reported cases of this
lesion in adults exist. Grossly, the tumor is well circumscribed and firm. Microscopically, the
tumor shows glandular, cystic or papillary pattern. Individual tumor cells may be granular
or vacuolated tend to form spaces containing a periodic acid-schiff (PAS) positive secretion.
Atypia is minimal and mitotic activity is low (4, 5, 38, 39, 40). The prognosis is good and rate
of lymph node metastasis is low (4, 5).

8.17. Inflammatory carcinoma

Inflammatory carcinoma is clinically present with edema and redness of the breast skin,
resembling mastitis. Microscopically, inflammatory carcinoma is a type of ordinary breast
cancer in which dermal lymphatic invasions by tumor is evident (4).

8.18. Paget's disease

Paget is an erythematous, eczema-like lesion of nipple and areola, accompanied by
underlying breast carcinoma, which may be in situ or invasive. Microscopically, large cells
with clear cytoplasm and atypical nuclei are seen in epidermis (Figure 16A & B). These cells
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(b)

Figure 14. A & B: metaplastic carcinoma. The tumor composed of sarcomatous component (right side )
and carcinomatous compnent (left side), so called carcinosarcoma, H & E, X100.
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(b)

Figure 15. A & B: mucinous carcinoma. The tumor nests are floating in mucin lakes, H & E, X40 and
X400.
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(b)

Figure 16. A & B: Paget’s disease. The atypical cells with clear cytoplasm are infiltrating the epidermis,
H & E, X100 and X400.
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may be isolated or appeared in clusters especially in basal layer of epidermis (4, 5, 41, 42).
Important differential diagnosis is malignant melanoma. Immunohistochemistry is of great
help to reach a correct diagnosis. Paget's cells are immune reactive for EMA, CEA, CK-7,
HER-2/neu and GCPFP-15 but S100 is negative (4).

The other rare types of invasive ductal carcinoma are apocrine carcinoma, carcinoma with
neuroendocrine differentiation and cribriform carcinoma.

8.19. Invasive lobular carcinoma

Invasive lobular carcinoma is characterized by infiltration of discohesive small, monotonous
tumor cells grow in Indian file or singly (Figure 17). Concentric arrangement of tumor cells
around lobules is seen (4, 5, 28, 43). Discohesion of cells is due to loss of E-cadherin. For
purpose of differentiating these tumors from invasive ductal carcinoma, an attention to
cytomorphology and immunohistochemistry is helpful. In general, cells of lobular
carcinomas are smaller, more uniform and discohesive. Other morphologic variants of
invasive lobular carcinoma exist (4, 5). Pleomorphic lobular carcinoma shows larger tumor
cells with nuclear pleomorphism. Pattern of growth and loss of E-cadherin points to lobular
nature of the lesion (4, 5).

Figure 17. Invasive lobular carcinoama. The small tumoral cells infiltrating the stroma in indian file
fashion concentrating around uninvolved duct, H & E, X100.
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Other types of lobular carcinoma exist.

Histiocytic carcinoma is a type of lobular carcinoma in which tumor cells showing abundant
foamy cytoplasm and apocrine differentiations. In signet ring carcinoma, accumulation of
intracytoplasmic mucin pushes the nuclei to the periphery of cells (4, 5).

Tubulolobular carcinoma is characterized by small tubular formation in a tumor with typical
appearance of lobular carcinoma. Immunohistochemical profile is intermediate between
ductal and lobular carcinoma (4, 5).

8.20. Phylloides tumor

Phylloides tumor or cystosarcoma phylloides is a biphasic neoplasm usually affecting
middle age woman. Grossly the tumor is firm, round and well circumscribed. Some cleft-
like spaces may be evident on cut sections (4, 5).

Microscopically, the tumor is composed of epithelial and stromal components. Epithelial
part is made of slit-like double layered ducts, surrounded by hypercellular stroma. The
stromal hypercellularity and overgrowth distinguishes the phylloides tumor from
fibroadenoma (Figure 18) (4, 5, 44, 45, 46, 47). Based on cytomorphology of stroma, mitotic
count and status of margins, phyllodes tumor has been divided into three grades: benign,
borderline and malignant.

Figure 18. Phyllodes tumor. The biphasic tumor shows stromal hypercellularity surrounding the slit-
like epithelial component, H & E, X400.
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Benign phylloides tumor is characterized by less than two mitosis per ten high power field
(HPF). The stroma is cellular with mild to moderate degree of cytologic atypia. The tumor
border tends to be well defined.

Borderline lesions may have circumscribed or infiltrative margin. The stroma is
hypercellular containing two to five mitosis per ten HPF (4).

Malignant phylloides shows marked degree of stromal hypercellularity and overgrowth.
The border is usually invasive and mitotic count is more than five per ten HPF (4). Mitotic
figure cut offs are different in various studies (44, 45, 46, 47).

Epithelial abnormalities ranging from hyperplasia to in situ carcinoma or rarely invasive
carcinoma has been reported in phylloides tumor (4, 5).

Benign phylloides tumor has the potential for local recurrence but distant metastasis is a
rare event in contrast to malignant phylloides tumor in which has the capacity for distant
metastasis (5).

9. Conclusion

Histopathology plays an important role in management of breast diseases. It is a
necessary component of diagnosis, treatment and prognosis in most breast disorders.
When evaluating a breast lesion suspicious to malignancy pathologic assessment is a
major consideration, because it not only differentiates the in situ lesions from invasive
ones, but determines the grade and type of disease. An important step in evaluating a
breast cancer is to test a portion of the cancer removed during the biopsy (or surgery) to
see if they have estrogen and progesterone receptors; also All newly diagnosed breast
cancers should be tested for HER2/neu because HER2-positive cancers are much more
likely to benefit from treatment with drugs that target the HER2/neu protein, such as
trastuzumab (Herceptin) and lapatinib (Tykerb). Fine needle aspiration or core needle
biopsy versus surgical biopsy has remained a challenge in breast lesions suspicious to
malignancy. Sampling of nonpalpable or indistinct breast lesions can be done using
stereotactic breast needle biopsy, a technique that enable the spatial localization of the
lesion within the breast.
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1. Introduction

1.1. Classification of bone tumours

According to World Health Organization, bone tumours can be divided into primary and
secondary, [7]. Primitive bony tumours are classified using histo-genetic criteria and
malignancy anatomic-clinical criteria.

1.1.1. Tumours that form bones
Benign: osteoma, osteoid osteoma, benign osteoblastoma;

Malignant: osteosarcoma (osteogenic sarcoma) with subtypes: conventional, chondroblastic,
fibroblastic, osteoblastic, telangiectatic, small cell, low-grade central, secondary, parosteal,
periosteal, high-grade surface,[8].

1.1.2. Tumours that form cartilage
Benign: chondroma, osteochondroma, chondroblastoma, chondromixoid fibroma;

Malignant: chondrosarcoma with subtypes: central, primary and secondary, peripheral,
dedifferentiated, mesenchymal, clear cell;

a. Medullar tumours: Ewing sarcoma/ primitive neuroectodermal tumour;
It is the third most common bone cancer. Most Ewing tumors start in bones, but they
can start in other tissues and organs. This cancer is most common in children and
teenagers. It is rare in adults over age 30.



66 Histopathology — Reviews and Recent Advances

Sw e o T

-

—

Miscellaneous tumours: adamantinoma;

Giant cell tumours, malignant giant cell tumours, osteoclastoma;
Fibrogenic tumours: fibrosarcoma;
Fibrohistiocystic tumours: malignant fibrous histiocytoma;
Haematopoietic tumours: plasma cell myeloma, malignant lymphoma;
Notochordal tumours: chordoma;
Vascular tumours: angiosarcoma;

Smooth muscle tumours: leiomyosarcoma;
Lipogenic tumours: liposarcoma;

Tumour type Age Location Histologic aspect

Osteoma 41-50 Skull bones Matured lamellar bone

Osteoid osteoma 11-20 Short and long Osteiod outlined by osteoblasts,

bones diaphysis | incorporated in a fibrous stroma

Osteosarcoma 10-25 Long bones Osteoid and bone formed of

metaphysis malignant osteoblasts and
fibroblasts.

Chondroma 11-40 Feet, hands Maturated hyaline cartilage
(enchondroma/ecchondroma),
preserving lobulation

Chondrosarcoma 30-60 Long bones Immature cartilage, no

metaphysic, preserving lobulation, cells
axial skeleton arranged in groups of two or
four, with atypia and mitosis

Ewing sarcoma 5-25 Long bones Small, round, undifferentiated

diaphysis cells, no stroma, a lot of capillary
arrangement.

Giant cells tumour 20-40 Knee Multinucleated giant cells,
fusiform cells, mononuclear
cells.

Metastases 50-90 Anywhere Frequently adenocarcinomas

Table 1. Overview on tumours

Our study revealed 198 cases of benign tumours , with a male/female ratio=1.2/1, with an
average age of 41 years, ages between 15-78. The most afected were 21-30 and 51-60 age
groups. A male predominance in males in 21-30 group was revealed. In 11-40 age group
were highlighted 69 out of 108 cases (63.88%). In 51-60 age group was a female
predominance, 27 cases. The most frequent osseous benign tumour in our study was
osseous cyst followed by giant cell tumour(Table 1).

In 2009-2011 in our clinic we treated 87 tumour osseous cases. Out of these, 19 were treated
using surgical biopsy and 68 were entirely excised. Sites, morphological types of the bone
tumours stated during the histopathological examination and their frequency are shown in
Tables 2, 3.
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Anatomical site Number of cases
Hip bone 6
Proximal extremity of femur 8
Distal extremity of femur 13
Fibula 3
Proximal extremity of tibia 8
Middle 1/3 of tibia 7
Distal 1/3 of tibia 3
Synovial cyst of the leg (synovialoma) 9
Superior surface of the foot 4
Radiocarpal cyst 18
Humerus

Proximal 1/3 ulna 3

Table 2. Anatomical sites of the bone tumours

Tumour Number of cases
Epidermal cyst 4

Synovialoma 9
Osteochondroma 49
Osteoclastoma 7

Osteosarcoma 7
Lipomiosarcoma 1

Giant cell tumour 8

Solitary osseous mieloma 2

Table 3. Histopathological examination

1.2. Benign tumours
1.2.1. Solitary osseous cyst

From microscopically point of view, is a dense osseous tissue which outlines a well -blood
supplied connective tissue, sometimes macrophages filled with hemosiderin and colesterol.

1.2.2. Giant cell tumour or mieloplaxe tumour or osteoclastoma

Is composed of mononucleated stroma, with fusiform cells, well- blood supplied, and of
giant multinucleated cells, resembling osteoclasts. Microscopically cells are multinucleated,
giant, having a mesenchymal origin, with dimensions 10-50 microns, with 20-30 nuclei
central situated, in a basophile cytoplasm and a fibrous stroma.

1.2.3. Osteoid osteoma

Is a solitary benign tumour which produces dense osseous tissue with a particular entity,
nidus. Microscopically, the central zone contains osteoid tissue with osteoblasts, osteoclasts
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and fibroblasts, in a network of well -blood supplied osteoid travee. These are anastomosed
each other and have a progressive calcification, making a final image of osteosclerosis.

1.2.4. Osteoma

Is a unique or multiple benign tumour, formed by bones osteoforming proliferation with
membranous origin. Microscopically is slighty different from adult osseous tissue. It has
irregular osseous travee, located around the haversian spaces.

On 198 cases of benign tumours discovered and treated in Romania, we had the following
distribution: solitary osseous cyst 66 cases, giant cell tumour 63 cases, osteoid osteoma 36
cases, osteoma 33 cases.

1.3. Malignant tumours
1.3.1. Osseous metastases incidence

In Sweden, in 10 years from a group of 832 cases of malignant primary bone tumours 242
were osteogenic sarcoma (28.8%), 193 chondrosarcoma (22.9%) and 74 cases Ewing’s
sarcoma (8.8%). All three tumours showed a predilection for males,[9].

In Ethiopia in 2003-2008 were treated 216 bone tumour patients with a male/female ratio=1. Of
these, 36% (74/205) were malignant. The commonest was osteosarcoma, 52/182, 28.5%, [10].

According to Marugame et al,[11], the distribution of histological type for primary bone
cancer in Japanese populationfor 1993-2001 was: osteosarcoma, the most
frequenthistological type, accounting for approximately 40%. Chondrosarcoma was the
second-most frequent, accounting for approximately 25%. Ewing sarcoma was the third-
most frequent, accounting for approximately 10%. Malignant fibrous histocytoma and giant
cell tumor accounted for approximately 6and 2%, respectively.

In North America and Europe, the incidence rate for bone sarcomas in males is
approximately 0.8 new cases/100,000 populations. Higher incidence rates have been observed
on males in Argentina and Brazil (1.5-2/1=M/F) and Israel (1.4/1=M/F). From histological point
of view osteosarcoma is the most common primary malignant tumour of bone, accounting for
approximately 35%, chondrosarcoma (25%), Ewing sarcoma (16%) ,[12].

The most frequent cancers that give osseous metastases are: breast carcinoma, small cell
pulmonary carcinoma, renal carcinoma, thyroid carcinoma, prostate carcinoma.

Once the tumour metastases in the bone it becomes incurable. 20% of patients suffering from
breast cancer live 5 years after discovering a bony metastasis. Breast and prostate cancers
spread especially in bones.

Osteosarcoma is the most frequent malignant primary bone tumour, with a higher incidence
in 15-20 year old group. Male/female ratio is 1.4-1.5-1. Ewing sarcoma is the second most
common primary malignant bone cancer, seen most frequently on children and adolescents.



On the Bone Tumours: Overview, Classification, Incidence,
Histopathological Issues, Behavior and Review Using Literature Data

Chondrosarcoma occurs mostly in adulthood, with a male/female ratio=1. Our data showed
an increased percentage in males in Romania, but a 3/1 female/male ratio in Timisoara,[13].

1.3.2. Osteosarcoma
Site and incidence

Osteosarcoma is the most common primary malignant tumour of bone, more common in
males. The incidence is 3/1,000,000 population. It accounts for <1% of all malignant
neoplasm. The most frequent site is the distal femur, followed by the proximal tibia and the
proximal humerus.

In Romania field 2005-2010 were treated 468 cases of osteosarcomas with a male/female
ratio=1.3/1, with some variability in clinics (in our clinic 7 out of 18 cases were osteosarcomas.
Ratio F/M=3/1.) Out of these 468, 198 were benign (42.30%) and 189 malignant (40.38%). Out of
these malignant, with a male/female ratio =1.2/1, 168 were malignant (88.88%). As benign
tumours on the first place was osseous cyst and secondary the giant cell tumour. As age
groups, 21-30 and 51-60 years were equal, 45 case each, with a significant difference: in the first
group 27 cases were females and in the last one 27 cases were males.

From primary malignant tumours point of view a ratio male/female=1.33/1. Most of these
tumours after the histopathological examination were osteosarcomas.

From secondary malignant tumours point of view a ratio male/female=1/1. 51 were
carcinomas, 42 malignant fibrous histiocytomas, and 27 fibrosarcomas.

Locations of osteosarcomas are: osseous, central, surface, gnathic, multifocal, soft tissue,
intramuscular.

The most frequent location was femur (50%), followed by tibia 19.6%, humerus 15.2% and
distal fibula 2.2%.

Accidentally, osteosarcomas could be found in hyoid bone or nasal septum.
Histology - Microscopically types

e  Central: high-grade, conventional, telangiectatic, small cell, epitheloid, osteoblastoma-
like, chondroblastoma-like, fibrohistiocystic, giant cell;

e Low-grade: low-grade central, fibrous dysplasia-like, desmoplastic fibroma-like;
Surface: low-grade, parosteal, intermediate-grade, periosteal, high-grade,
dedifferentiated parosteal, high-grade surface;

e Intracortical;

e  Gnathig;

o  Extraskeletal: high-grade, low-grade;

Diferent types

e Conventional Osteosarcoma is also divided into osteoblastic, chondroblastic and
fibroblastic subtypes according to histological feature, even from treatment and
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ii.

iii.

iv.

response point of view there is no difference between them. Grading the osteosarcoma
is important from oncologic point of view, because based on this could be found the
best treatment, especially the type of surgery.

Using Broders schema, the grade of tumour is numbered from 1 to 4, depending on the
percentage of anaplasia, the cytologic atypia of the cells being the most important factor
in grading tumours (Figure 1).

Telangiectatic Osteosarcoma is an osteosarcoma in which take place local destructions
with replacement of anatomic spaces. New formed aneurismal bone cyst and
production of osteoid bone can establish diagnosis.

Giant cell-richosteosarcomas contain osteoclast-like giant cells.

Small cell osteosarcoma represents a rare histological combination of osteosarcoma and
Ewing sarcoma, until 2% of osteosarcomas.

Epithelioid osteosarcoma has the cell tumour poorly differentiated, for this reason
being difficult to distinguish if is a sarcoma or a carcinoma.

Osteoblastoma-like and chondroblastoma-like osteosarcoma resembles osteoblastoma
with atypical osteoblasts and having different histological feature. These tumours are
extremely rare, but are important to be established a precise diagnosis; these could
metastasize (Figure 2).

Giant cell-rich osteosarcoma contains benign multinucleated giant cells, but sometimes
could contain lot of benign giant cells that cover the real malignant elements (Figure 3).
Gnathic osteosarcomas appear in maxilla and mandible bone. They are chondroblastic,
osteoblastic, fibroblastic, small cell type concerning the matrix production.

Low-grade central osteosarcomas have been reported as very rarely, resembling the
low-grade parosteal sarcoma, fibrous dysplasia and other benign lesions (Figure 4).
Surface osteosarcomas consist of osteosarcoma whose epicentres are out of the cortex
of the bone outlines. According to some criteria (anatomic location, predominant
pattern of matrix, histological grade) there are several types of surface osteosarcomas:
parosteal  osteosarcoma, periosteal osteosarcoma, dedifferentiated parosteal
osteosarcoma, high-grade surface osteosarcoma.

Parostealosteosarcoma is the most common form of surface osteosarcomas, frequently
been confused with osteochondroma and osteoma. Is credited with < 0.5% of
osteosarcomas, 70-83% out of them are located on distal posterior femur.

Periosteal osteosarcoma is rarely than parosteal osteosarcoma and has a cartilaginous
matrix component. As histological grade is between I grade parosteal osteosarcoma and
III/IV grade osteosarcoma.

Dedifferentiated parosteal osteosarcoma is composed of low-grade parosteal
osteosarcoma and high-grade conventional parosteal osteosarcoma. According to
Rizzoli Institute, dedifferentiation occurs in 25% of low-grade parosteal osteosarcomas.
High-grade surface osteosarcoma is microscopically high-grade. It could be possible to
have a high-grade surface osteosarcoma that is a dedifferentiated parosteal osteosarcoma
in which the high-grade component has replaced the low-grade component.

Intracortical osteosarcoma is very rare high-grade osteosarcoma that from histological
point of view is osteoid or maybe bone formation. It is treated like conventional
osteosarcoma (Figures 5,6).
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e  Multifocal osteosarcoma is unusual, affect children, young adults. It is a high-grade
sarcoma, very aggressive, without escape in terms of surviving.

e Extraskeletal osteosarcoma is credited with <2.2% of all soft tissue sarcomas. From
histological point of view it resembles all types of osteosarcoma, even it has grown as

soft tissue in low-grade central osteosarcoma. % of patients are dying in the first 5 years
of diagnosis.

Figure 1. Conventional osteosarcoma with abundance of hyper chromatic nuclei, polyhedral tumour
cells, sarcomatous vessels; HE staining X 100 (microscopic aspect)

Figure 2. Chondroblastic osteosarcoma - compact groups of malignant tumour cells, areas with cellular
hyaline cartilage and osteiod formation; HE staining X 100 (microscopic aspect)

Figure 3. Classic osteosarcoma with an abundant production of tumour osteoid areas and bone matrix,
enclosing giant malignant tumour cells; HE staining X400 (microscopic aspect)
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Figure 4. Osteoid osteosarcoma- polyhedral tumour cells, with atypical mitosis, little bone and osteoid
matrix; HE staining X 200 (microscopic aspect)

Figure 5. Osteosarcoma-tumour cells having sizes and shapes variable with hyper chromatic nuclei and
mitosis areas; HE staining X 100 (microscopic aspect)

Figure 6. Osteosarcoma- polymorph tumour cells having a big size nucleus, prominent nucleolus and
osseous matrix; HE staining X 200 (microscopic aspect)

1.3.3. Staging bone tumours

As Enneking et al have stated,[14], there is a system for staging bone sarcomas, according to
correlation of the tumour location and metastases presence(Table 4);T1 - the tumour is intra
compartmental; T2 - the tumour is extra compartmental; MO - no regional or distant
metastasis; M1 - regional or distant metastasis; G1 - low grade; G2 - high grade.
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Stage Tumour Metastases Grade
IA T1 MO G1
IB T2 MO G1
TA T1 MO G2
IIB T2 MO G2
I1I T1 or T2 M1 Gl or G2

Table 4. Enneking staging system for primary malignant tumours of bone

According to American Joint Committee on Cancer Staging System [15,16] it has been used
a new, more complex classification of the primary malignant osseous tumours, where also is
taken into consideration the lymphatic nodes existence (Table 5), a criterion which states the
following:Tx - primary tumour cannot be assessed; TO - no evidence of primary tumour; T1 -
tumour 8 cm or less in greatest dimension; T2 - tumour more than 8 cm in greatest
dimension; T3 - discontinuous tumours in the primary bone; Nx - regional lymph nodes not
assessed; NO - no regional lymph node metastases; N1 - regional lymph node metastases;
Mx - distant metastasis cannot be assessed; MO - no distant metastasis; M1 - distant
metastasis; Mla - lung; M1b - other distant site; Gx - grade cannot be assessed; G1 - well
differentiated (low grade); G2 - moderately differentiated (low grade); G3 - poorly
differentiated (high grade); G4 - undifferentiated (high grade).

Stage Tumour Lymph Node Metastases Grade

IA T1 NO MO G1 OR G2
IB T2 NO MO G1ORG2
ITA T1 NO MO G3 OR G4
11B T2 NO MO G3 OR G4
I T3 NO MO ANY G
IVA ANYT NO Mila ANY G
IVB ANYT N1 ANY M ANY G
IVB ANYT ANY N Mib ANY G

Table 5. Staging of the primary malignant osseous tumours

1.3.4. Chondrosarcoma
Site and incidence

In 1994-2007 were assessed 62 cases of chondrosarcomas in Romania, with a slightly
decreasing for the next two years.

Out of these 62 patients 46 were males (74.2%) and 16 females (25.8%). Male/female
ratio=2.88/1. On age groups distribution was the following: average age of all patients was
48.8 years, 16-81. On gender groups’ distribution was the following: average age in females
was 59.10, 16-78; average age in males was 45.26, 16-71. On gender and age groups the
highest frequency is on 45-56 years in males, almost 20%. 66-75 group age in females, 9.8%.
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As example, in 2001-2007, in Russian Federation were examined 77 patients with
chondrosarcoma . The dedifferentiated form of the tumor was confirmed in 10 (13%) cases.

The most common place is femur, 41.9%, followed by tibia, 16.1% and humerus 9.7%. Less
frequent chondrosarcoma is highlighted in hip bone, 16.2%, phalanges 6.5%, and 3.1% in
calcaneus, scapula and vertebrae. From 41.9% chondrosarcomas located on the femur 53.8%
has a distal location. On tibia and humerus the location of a chondrosarcoma is 100% proximal.

Histology
From histological feature point of view, chondrosarcomas are divided in following groups:

¢  Well differentiated chondrosarcoma (differential diagnosis with rich-cell chondroma);

e  Clear cell chondrosarcoma (with a “broken glass” cytoplasm);

e Myxoid chondrosarcoma — II grade (differential diagnosis with chondromyxoid
fibroma);

e Dediferentiated chondrosarcoma (has a different sarcomatous area);

¢ Mesenchymal chondrosarcoma.

In order to have a precise diagnosis are followed some criteria: cellular density, cellular
atypia, mitosis, according to these being described the grade of malignancy. Radiologic
imaging is the first that could put a screening diagnostic, followed by MRI and RMN.

Magnetic Resonance Imaging (MRI) can be helpful in differentiating between benign and
malignant lesions in several ways. Greater than 90% medullar involvement can be
suggestive of chondrosarcoma, while the absence of 90% medullar involvement of non-
contiguous areas of cartilage within the bone can suggest the presence of an enchondroma.

In addition, the timing and progression of gadolinium contrast enhancement patterns may
help direct a clinician toward or away from a diagnosis of malignancy. Many surgeons
consider MRI critical for surgical planning because it can illustrate the tumour extension
involved in bone and soft tissues [17,18].

y I .

Figure 7. Large hip joint tumour on the inferior surface of the lesser trochanter of the femur (radiologic
images)
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Figure 8. X- ray: Hip joint tumour, with clear, obvious, inhomogeneous outline

Figure 9. MRI sagittal section: shows an important tumour, 80/50/60 mm with a lot of liquid

On macroscopic examination, chondrosarcoma is seen like a grayish-white, lobulated mass.
It has focal calcification and muriform aspect (Figure 10). The bigger one (2/1, 5 cm) is
decalcified.

Histological, the tumour is stained HE. Could be found tumour fragments with lobulated
pattern composed of cartilage matrix which supports many chondroplasts congested with
focal loss of arranging symmetrical character and containing not a strong polymorphism
(Figures 11, 12, 13, 14).

It was associated blades oblong of bone compact tissue. These were deformed and
fragmented by the invasion of tumour tissue. Histological aspects are in favour for well-
differentiated chondrosarcoma, [19-21].

1.4. Survival rate

Based on the literature data for 1995-2001, the overall 5-year relative bone cancer survival
rate was calculated 69.4%. By rase and gender groups it was: 67.5% for Caucasian men;
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72.1% for Caucasian women; 70% for Afro-American men; 68.4% for Afro-American
women.

Figure 10. Macroscopic aspect; exophytic sarcoma, with calcified areas and haemorrhage

Figure 11. Well-differentiated chondrosarcoma consisting of pale hyaline matrix; HE staining X 40
(microscopic aspect)

Figure 12. Malignant chondrocytes, large, atypical, with large nuclei; HE staining X 40(microscopic
aspect)
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Figure 13. Well-differentiated chondrosarcoma consisting of nodules hyaline matrix;
lymphoplasmocytes infiltrate; HE staining x 10 (microscopic aspect)

Figure 14. Well-differentiated chondrosarcoma consisting of nodules hyaline matrix;
lymphoplasmocytes infiltrate; HE staining X 40 (microscopic aspect)

1.5. Bone cancer statistics on stages
This is very important for the prognosis.

e 41% of bone cancer cases are diagnosed while the cancer is still confined to the primary
site, so it is a localized stage.

e 36% of bone cancers are diagnosed after the cancer has spread to regional lymph nodes
or directly beyond the primary site.

e 15% of bone cancer cases are diagnosed after the cancer has already metastasizes, so it is
a distant stage.

e 8% of bone cancer cases had staging unknown.

¢ Inliterature cases the corresponding 5-year relative bone cancer survival rates were:

e 84.5% for localized stage; 69.4% for regional stage; 30.6% for distant stage; 62.2% for
unknown stage.
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2. Conclusions

The most important thing in dealing with a bone tumour is a correct and full diagnosis. This
include: clinical staging, a right excision, with 5 cm limits around tumour, a very precise
histopathological examination and, not for the last, a post surgery treatment (radiotherapy,
hormonal therapy, immunotherapy, chemotherapy). All these have in common an increase
of 5-year survival rate.

Taking into account that malignant primary bone tumours are few, the secondary ones,
meaning the metastases, are the dangerous. So, besides the treating of the metastases, is also
essential to treat, and sometimes to find, the primary tumour. It is very true that the
secondary tumour is discovered when the primary is in an advanced stage and the rate
survival decreases very much.

Metastases behaviour is different from the primary tumour behaviour. Histopathological
feature is different on breast tumours successive metastases, suggesting molecular changes
depending on the tissue where the tumour is growing. Tumour cells preserve the initial
pattern of the origin tissue, but the malignant phenotype is modified, depending on the
metastazing area,[22].

Conventional radiography is very useful for diagnostic information. Magnetic resonance
imaging (MRI) is recommended over computed tomography (CT) scanning for delineation
of tumour extent before surgery.

Nuclear imaging is limited in providing diagnosis for bony lesions. Angiography is useful
when a compression on the vessels is suspected. Of course, is also important the location of
the tumour on the bone.

Histopathological examination of the biopsy sample provides with certainty the type of the
tumour, but in some cases the tumour feature so resembles to others that is very difficult,
even for an old specialist, to put without any doubt, a correct diagnosis.

A longer survival of cancer patients leads to a higher risk of population to develop bone
metastases and pathological fractures. For this reason, reconstructive procedure requires a
guarantee longer term, in order to avoid mechanical problems during the life of the
patient,[23]. The follow-up of the patients is multidisciplinary, including oncology,
orthopaedics, radiology, geriatrics, endocrinology, intensive care, physiokinetotherapy.
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1. Introduction
1.1. Taxonomy and history

Nocardiosis is an opportunistic, localized or disseminated granulomatous infection caused
by an aerobic actinomycete most commonly found in soil, decomposing vegetation, and
other organic matter, as well as in fresh and salt water !. Infection most commonly occurs
through the respiratory tract. Manifestations of disease range from cutaneous infection
caused by traumatic inoculation of the organism in a normal host to severe hematogenous
spread to pulmonary or central nervous system (CNS) disease in an immunocompromised
host?2.

Taxonomy of nocardia has undergone many revisions. Aerobic actinomycetes are bacteria
belonging to the order Actinomycetales, Nocardia is a genus in the family Nocardiaceae. As
Nocardiaceae branch into filaments they were misclassified as fungi. Like members of the
genus Muycobacterium, the nocardiae contain tuberculostearic acids, but in contrast to
mycobacteria, they also possess short-chain (40 to 60 carbon) mycolic acids and usually
exhibit characteristic branching on Gram staining 345¢. More than 50 species have been
identified by phenotypic and molecular methods. Originally referred to as Nocardia asteroides
was later found to be a group of bacteria named N asteroides complex which was responsible
for most of the human infections'. On the basis of drug susceptibility patterns N asteroides
complex was later separated into different species: Nocardia abscessus, Nocardia brevicatena-
paucivorans complex, Nocardia nova complex, Nocardia transvalensis complex, Nocardia
farcinica and Nocardia asteroids’. Nocardia cyriacigeorgica was recently differentiated from N
asteroids 8.

Some species are more prevalent in geographical locations with a specific climate. Nocardia
brasiliensis, usually associated with cutaneous infection and mycetoma, is more commonly
isolated in areas with tropical or subtropical climates and is often encountered in the
southwestern or southeastern United States 1°. Saubolle and Sussland recently reported that
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nocardial infections in the United States seem to be more prevalent in the arid, warm
climates of the southwest 1,

The taxonomic history of the genus Nocardia is fraught with confusion and controversy. The
organism initially placed in the genus Nocardia was isolated by veterinarian Edmond
Nocard in 1888 from a case of bovine!2. One year later, Trevisan characterized the organism
and named it Nocardia farcinica. Taxonomic studies by Gordon and Mihm in 1962 found no
phenotypic differences between Nocardia strain and strains of isolates known as “N.
asteroides” 1314, Because of the uncertain taxonomic status of the N. farcinica type strain and
because N. asteroides had become the most common designation of isolates of this genus, the
name N. asteroides was chosen to replace N. farcinica as the type species of the genus
Nocardia.

Nocardia exhibits varying degrees of acid-fastness, depending on the mycolic acid
composition in the cell wall and type of stain used 3. The modified Kinyoun acid-fast stain
uses 1% sulfuric acid as a decolorizer (instead of the more potent hydrochloric acid used
in the decoloration step in the Ziehl- Neelsen staining procedure), which enhances the
ability of Nocardia to retain the colored fuchsin'®. Unlike mycobacteria, Nocardia has a
“beaded” acid-fast appearance on microscopy. Nocardia can resemble Actinomyces species
on Gram stain; however, Actinomyces species are not acid-fast and grow under anaerobic
conditions!.

2. Epidemiology

It has a universal distribution, affecting people mainly between 20-50 years of age '°. Males
are more affected than females. Pathogenic species of Nocardia can be found in house dust,
beach sand, garden soil, and swimming pools . Despite the occurrence of nocardiosis in
many animals (e.g. cats, dogs, guinea pigs, and cattle), there is no evidence of respiratory
spread from infected animals to humans!'. There is also no evidence of person-to-person
transmission. Patients with depressed cell-mediated immunity especially are at high risk for
infection, including those with lymphoma, other malignancies, human immunodeficiency
virus infection and solid-organ or hematopoietic stem cell transplant and those receiving
long-term treatment with steroids or other immunosuppressive medications like
azathioprine and cyclosporine’®. Among stem cell transplant patients, nocardiosis can
develop at varying time periods, which range from 2 to 3 months to 1 to 2 years after
transplant. Among solid organ transplant recipients, Nocardia infection has a frequency of
0.6% to 3% and has been well described in kidney, heart, and liver recipients®?!. A case
control study of 5126 solid organ transplant recipients, Nocardia infection was found highest
among lung transplant recipients, followed by recipients of heart, small bowel, kidney, and
liver transplants?22324, Risk factors in these patients include the early rejection of grafts and
intensive immunoupuppressive therapy. Use of azathioprine and prednisone or high-dose
prednisone alone may pose a greater risk of development of nocardiosis than combination
therapy with cyclosporine and prednisone together?2°.
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With the comparatively recent advent of HIV infection, the incidence of nocardiosis has
comparatively risen. It affects mainly rural more than the urban population and occurs in
patients with CD4 T cell count less than 100 cells/pl. Such patients are more likely to
develop pulmonary and extra pulmonary disease 2. Host resistance to nocardiosis
depends on the number and phagocytic/lytic capability of the polymorphonuclear cells
and the status of the cell mediated immunity. The last of this fails in AIDS patients and
predisposes to severe forms of nocardiosis. However, low frequency of this complication
in patients with advanced HIV can be attributed to sulphonamide therapy and the
leading role of neutrophils in immune response to nocardia?. Intravenous drug abusers
can be predisposed to cutaneous nocardiosis since direct inoculation through injections
sites can occur, leading to abscesses?. Surgical wound infections due to N. farcinica has
been described?”.

3. Microbiology

The genus Nocardia are branched gram-positive (Figure 1), variably acid-fast, strictly aerobic
bacteria, as they age, they fragment into rod-shaped or coccoid elements'®. Nocardiosis
bacteria induces abscess and granulomatous response in the skin. In hematoxilin & Eosin
staining of nocardiosis shows abscess (collection of neutrophils) and granules (grains)
(Figure 2). Grains are closely aggregated with a peripheral radial deposition of intensely
eosinophilic material — a Hoeppli — Splendore (HS) reaction (Figure 3a and 3b). H&E stains
demonstrate the bacilli poorly. They are 1 micrometer diameter , gram positive, Grocott
silver positive, usually positive with Zeihl Neelson stain, this differentiate nocadiosis from
actinomyces and related bacilli. The Grocott silver method is the most sensitive screening
stain for nocardiosis.

Figure 1. Gram positive filamentous bacteria showing branching, consistent with N.brazilienses
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Figure 3. a. Histopathology of nocardiosis with inflammatory cells around it (10x)
b. 40x magnification showing irregularly staining granular structure surrounded by RBCs and necrotic
tissue with few neutrophils disease

On blood agar, filamentous colonies have a chalky white or cotton-ball appearance. Unlike
Actinomadura, and Streptomyces species the catalase-positive nocardiae grows in a nutrient
broth. They grow readily over most of the simple media e.g. Sabouraud's glucose agar,
blood agar, brain-heart infusion agar, and Lowenstein-Jensen agar'®. More vigorous growth
is achieved by adding 10% carbon dioxide. On agar, colonies are usually rough with velvety
surface because of the aerial hyphae (Figure 4). Most of the primary isolates are white or
light orange and have a characteristic moldy or earthy odour. Optimum temperature for
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growth is 37°C but growth is slow and pure colonies are visible only after 48-72 hours of
incubation. Before discarding, the culture should be observed for 2 weeks?.

Figure 4. Powdery yellow colonies of N.braziliences on L] medium

Microscopic examination of gram-stained clinical specimens are thin, delicate, weakly to
strongly gram-positive, irregularly stained or beaded branching filaments. A modified
Ziehl-Neelsen stain, which decolorizes with 1% sulphuric acid instead of acid alcohol is the
best technique for demonstrating nocardia'”. There are multiple species, existing mainly in
the soil, but human disease is mostly caused by Nocardia asteroides (so called because of
star shaped colonies it produces in cultures). Nocardia are not visualized on hematoxylin and
eosin stain of tissue or periodic acid-Schiff (PAS) stain for fungi. Methenamine silver
preparations may reveal the organism in some instances. Routine blood cultures are not
usually positive, but nocardia can be isolated from blood if biphasic blood culture systems
are inoculated and incubated aerobically for up to 30 days!>. Blood specimens are
processed by centrifugation. Exudate, joint, CSF specimen and homogenized tissue
specimens should be inoculated directly into media such as thioglycollate broth, trypticase
soy broth or chopped-meat glucose broth. Serological methods including hemagglutination,
precipitin, and complement-fixing antibody testing have a limited value because of a high
degree of shared antigens and serological cross-reactivity among the heterogeneous
pathogenic Nocardia species and other actinomycetes, especially Rhodococcus, Streptomyces,
and Corynebacterium species 2.
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Other Biochemical and molecular methods: DNA probing, PCR, PCR-RFLP. PCR analysis of
16S rDNA is a useful tool to identify the species of nocardia. The application of this method
has enabled the identification of nocardia in pathological specimens. It usually takes about 2
weeks for microbiological isolation and antibiotic susceptibility tests in cases of nocardiosis,
but real-time PCR analysis of 16S rDNA can be completed in a few hours. This is relatively
rapid, because amplification is carried out in capillary glass tubes, which are used only in
the lightcycler instrument.

In RFLP analysis, the DNA sample is broken into pieces (digested) by restriction enzymes
and the resulting restriction fragments are separated according to their lengths by gel
electrophoresis. RFLP methodologies are a means for the rapid and accurate identification of
clinical isolates of Nocardia species and far surpass the conventional biochemical methods in
their discriminatory capabilities.

4. Pathogenesis

After entry of the organism response begins in the reticuloendothelial system with early
mobilization of neutrophils, thus limiting the spread of infection *. Later cell mediated
immunity comes into a role and is triggered by activated macrophages, T cell population
which causes direct lymphocyte-mediated toxicity to the organism. The interactions of
phagocytic cells with nocardia depends on the virulence of the strain and with the growth
phase of the nocardial cells. Virulent nocardia is attributed to complex cell wall glycolipids
which inhibits phagosome - lysosome fusion and decreases lysosomal enzyme activity in
macrophages, neutralizes phagosomal acidification, and even resists the oxidative killing
mechanisms of phagocytes. In chronic granulomatous disease, neutrophils and
macrophages fail to generate a burst of oxidative metabolism during phagocytosis, thus
impairing the intracellular killing of catalase- positive bacteria such as Nocardia species .
The host must ultimately mount a lymphocyte response and subsequently release antibody
and/or lymphocyte signals enabling the phagocytic cells to kill N asteroides. Immune T cells
effectively clear Nocardia species organisms from the lung and prevent extrapulmonary
dissemination. Neutrophils predominate in the early lesions of nocardiosis, and infection
progresses unless antimicrobial agents are given or CMI takes over.

5. Clinical features

5.1. Lung

Pulmonary nocardiosis is the most common clinical presentation of infection because
inhalation is the primary route of bacterial exposure!”. Occasionally the gastrointestinal tract
is penetrated, especially the appendix®. Rarely, pulmonary infection follows a dental or
periodontal infection due to ingestion of contaminated food or raw vegetable material.
Infection occurs in persons of all ages, even neonates. Men are affected three times as
commonly as women Y. Patients on immunosuppressive drugs, chronic granulomatous
disease 323334 chronic alcoholism, diabetes mellitus, and human immunodeficiency virus



Nocardiosis: Clinical and Pathological Aspects 87

infection are also more susceptible to pulmonary infections with Nocardia. The onset of
symptoms may be acute, subacute or chronic and untreated pulmonary nocardiosis can
have several features similar to tuberculosis, including fever, weight loss, nonproductive
cough, anorexia, night sweats, dyspnea, hemoptysis. Acute forms are particularly seen in
the compromised host.

Patients can exhibit pneumonia, abscess formation, bronchopneumonia, total consolidation
(lobar or even multilobar), pleural involvement or even empyema which has been seen in
up to 25% of cases.

Pleural thickening or effusion can be seen radiologically. Pleural effusions can develop in up
to one-third of patients. It can be very difficult clinically and radiographically to
differentiate Nocardia from filamentous fungi (eg, aspergillosis, mucormycosis) or
mycobacterial disease 7. Chronic long standing lung lesions can lead to sinus formation.
Chest X ray can also show cavitation, consolidation, abscess formation or even miliary
lesions. Rarely, Nocardia species organisms invade preexisting lung cavities, producing a
"fungus ball" appearance.

Tissues usually exhibit a mixed cellular response with polymorphonuclear leukocytes,
macrophages, and lymphocytes. However, on occasion, tissue sections reveal a
granulomatous reaction with central necrosis.

Other uncommon features include tracheitis, bronchitis, pleuropulmonary fistula,
mediastinitis with superior vena cava syndrome and sinusitis.

6. Cutaneous involvement

Primary cutaneous and soft tissue nocardiosis can result from traumatic injury to the skin
that involves contamination with soil®. It can be clinically evident or self limiting. Many
cases go underdiagnosed as gram stains and culture are not routinely done for most
superficial skin infections. After skin inoculation, a superficial abscess, localized
cellulitis,pustules, pyoderma, ulcerations or paronychia can develop healing with variable
scarring (Figure 5a and 5b ).

Cutaneous nocardiosis can resemble indolent soft tissue infections as caused by
Staphylococcus aureus or streptococci. The infection can spread to the regional lymph nodes
and produce a single or linear chain of nodular lesions resembling sporotrichosis. This
lymphocutaneous nocardiosis is often called sporotrichoid nocardiosis. In more advanced
cases, a mycetoma with a sinus tract development can occur. Mycetoma is a chronic,
granulomatous, subcutaneous tissue infection caused by both bacteria (actinomycetoma)
and fungi (eumycetoma). This chronic infection was termed Madura foot and eventually
mycetoma, owing to its etiology. The hallmark triad of the disease includes tumefaction,
fistulization of the abscess and extrusion of colored grains. The color of these extruded
grains in the active phase of the disease offers a clue to diagnosis. The "dot-in-circle" sign
has recently been proposed as a highly specific magnetic resonance imaging (MRI) and
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ultrasonography (USG) sign of mycetoma, which may allow a noninvasive as well as early
diagnosis. At least half of the mycetomas are caused by aerobic actinomycetes, mostly
Nocardia species, whereas members of the genus Actinomadura are frequently recorded only
in certain geographic locations °. N brasiliensis is the most frequently recognized cause
Nocardia induced mycetomas, but N asteroides, N otitidiscaviarum, and N transvalensis can also
be etiologic organisms.

Figure 5. a. Primary cutaneous nocardiosis with ulcerated lesions and scarring
b. Photograph of the same patient with all lesions healing with scarring

Cutaneous nocardiosis is characterized by one of two manifestations: primary cutaneous
infection or disseminated infection with skin involvement. The two forms have different
microbiological, clinical and prognostic features which is illustrated in table number 1%.

Nocardia bacteremia is not occasionally present but if occurs it can lead to infection in the
eyes (keratitis), heart valves, liver, spleen, adrenal glands, thyroid gland, and other organ
tissues. In a review of Nocardia bacteremia done in USA, 64% patients had concurrent
pulmonary nocardiosis, 28% had concurrent cutaneous disease, and 19% had concurrent
CNS disease and poor outcomes are correlated with acute onset of nocardiosis (duration less
than 1 month ), late identification of nocardia, involvement of more than 2 sites and lack of
proper treatment.

Post traumatic keratitis and endophthalmitis with compound-fracture infection or
poststemotomy mediastinitis and postoperative nosocomial N farcinica wound infections
following cardiac, blood vessel, or transplantation surgery have recently been described.
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Rarely, Nocardia species organisms can be inoculated directly into the bloodstream during iv
drug abuse or accidentally into a vein, producing local septic thrombophlebitis.

7. Systemic involvement

The most common sites for dissemination include the CNS (brain), skin and subcutaneous
tissues, eyes (especially the retina), kidneys, joints, bones, and the heart. Unlike the primary
pulmonary infection, lesions of disseminated or systemic nocardiosis progress unless
treated. Self - limited or subclinical disease is not recognized frequently, although some CNS
infections may evolve slowly over a period of many months or even years.

CNS - Central nervous system involvement is a well-described complication of nocardial
infection®. Most reviews of this problem have focused on nocardial brain abscess, whose
typical clinical presentation is an intracranial space-occupying lesion. Recently, Nocardia has
been cited as a cause of persistent neutrophilic pleocytosis resembling other subacute or
chronic forms of meningitis in its clinical presentation and CSF findings. In a typical case of
pyogenic brain abscess, headache is clearly the most common presenting compliant. The
nature of the headache is characterized by dull aching that is poorly localized. Depression,

schizophrenia, dyslexia and amnesia have also been recorded ¥.

r b

Figure 6. Primary cutaneous nocardiosis with cranial and cerebral extension

The most common source of microbial infection remains direct or indirect cranial infection
(Figure 6) arising from the paranasal otogenic brain sinuses, middle ear, and teeth. Seeding
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of the brain presumably occurs via transit of infecting bacteria through the valveless organ
transplant. Although dental and sinus infections remain an important source of brain
abscess. The typical presentation was subacute to chronic meningitis characterized by fever,
stiff neck, and headache. CSF studies revealed neutrophilic pleocytosis, hypoglycorrhachia,
and elevated protein level. CT and MRI scanning can help in diagnosis and management of
brain abscess. CT scan with intravenous contrast of the brain with abscess will demonstrate
ring-enhancing lesion. Needle aspiration or biopsy of a cerebral mass is not confirmatory for
the diagnosis.

Cerebral nocardiosis commonly accompanies pulmonary disease, but isolated CNS disease
may occur. In immunocompetent patients, cerebral nocardiosis is less common and may
resemble a brain tumor or vascular infarct %%, Central nervous system imaging should be
considered for patients with any adverse neurologic symptoms, severe pulmonary
nocardiosis, or significant immunosuppression.

Other systemic involvement includes peritonitis, epididymo-orchitis, iliopsoas, ischiorectal
and perirectal abscess, hematogenous endophthalmitis and retinitis, pericarditis,
endocarditis, aortitis, septic arthritis and bursitis, peritonitis in chronic peritoneal dialysis,
osteomyelitis, and a disseminated miliary picture with diffuse organ abscesses.

Eye involvement like retinal infection or endophthalmitis, keratoconjunctivitis can
occur.

8. Nocardiosis and HIV

Systemic Nocardia infections occur more frequently in immunocompromised patients.
Nocardia species is recognized as an opportunistic pathogen for patients with impaired host
defense mechanisms.

Lymphoreticular malignancies, organ transplantation, corticosteroid or other
immunosuppressive therapy, and underlying pulmonary disease are important
predisposing factors #0442, Uttamchandani et al. found a strong association of Nocardia
infection with injection drug use 4. Nocardiosis occurred among patients with advanced
HIV disease. The clinical features of nocardiosis in these HIV-infected patients were
similar to those described in other immunocompromised patients. The duration of illness
was typically chronic, and the signs and symptoms reflected the sites involved. The lung
was the most commonly affected site. The chest radiographic features were variable and
not specific for nocardiosis. The diagnosis of nocardiosis is often delayed because none
of the clinical, laboratory or radiographic features are pathognomonic. The diagnosis
therefore relies on the isolation of Nocardia species, which can be difficult, particularly
when the specimens are contaminated with other microorganisms. Nocardiosis caused or
contributed to the death of two thirds of the patients. The high fatality rate could be
attributed to three factors: dissemination of the infection due to delayed institution of
therapy, relapse of nocardiosis due to discontinuation of treatment, and severe immune
dysfunction of the host.



Nocardiosis: Clinical and Pathological Aspects 91

9. Treatment

Sulfonamides, including sulfadiazine and sulfisoxazole, have been the antimicrobials of
choice to treat nocardiosis for the past 50 years despite bacteriostatic activity . Sulfadiazine
can induce oliguria, azotemia, and crystalluria in patients who fail to maintain a high fluid
intake. This complication can be prevented by alkalinizing the urine with oral sodium
bicarbonate. Sulfisoxazole is equally effective and much less likely to cause oliguria.

Trimethoprim-sulfamethoxazole (TMP-SMZ) is now most frequently used to treat this
infection. Divided doses of 5 to 10 mg/kg per day of the trimethoprim component or 25 to 50
mg/kg per day of sulfamethoxazole are recommended to produce sulfonamide serum
concentrations between 100 and 150 g/mL. Adverse reactions to high-dose TMP-SMX
therapy are frequent and include myelosuppression, hepatoxicity, and renal insufficiency.
Trimethoprim-sulfamethoxazole is active against most Nocardia species; however, N
otitidiscaviarum is commonly resistant to TMP-SMX #. 90%-95% of pleuropulmonary
infections respond favourably. However, in patients with disseminated disease, especially of
the CNS, and/or patients with depressed CMI, certain factors may complicate the picture.
Most important is the frequent occurrence of side effects in HIV-infected persons or organ
transplant recipients: 44%-80% experience fever, skin rash, and/or neutropenia. HIV-
infected patients require long-term maintenance suppressive therapy and are particularly
intolerant of the TMP-SMZ combination, manifesting severe hypersensitivity reactions,
hepatotoxicity, and/or prolonged myelosuppression. In organ transplantation patients
treated with the anti rejection medication cyclosporine, TMP-SMZ may cause reversible
cyclosporine-induced nephrotoxicity. Daily TMP-SMX prophylaxis most reliably prevents
nocardiosis compared to intermittent therapy with oral TMP-SMX (2 double-strength tablets
twice weekly or 1 single strength tablet 3 times weekly) . Non immunosuppressed patients
with pulmonary or systemic nocardiosis (excluding CNS involvement) should be treated for
a minimum of 6-12 months and hose with CNS infection should be treated for 12 months. In
one study of the efficacy of TMP-SMZ, relapse occurred rarely when patients received
therapy for > 3 months . Parenteral therapy need not be continued beyond a period of 3-6
weeks, as determined by response in individual patients.

Alternatives to sulfonamides include amikacin, imipenem, meropenem, ceftriaxone,
cefotaxime, minocycline, moxifloxacin, levofloxacin, linezolid, tigecycline, and amoxicillin -
clavulanic acid 4748,

Linezolid is an oxazolidinone that has activity against most gram-positive bacteria,
including in vitro activity against all Nocardia species and strains #*°. Linezolid binds to
a site on the bacterial 235 rRNA of the 50S subunit and prevents the formation of a
functional 70S-initiation complex, which is an essential component of the bacterial
translation process. Dose is 600 mg orally or iv twice daily. CNS nocardiosis is associated
with significant morbidity and mortality. A number of recent reports have highlighted
the excellent penetration of the CSF by linezolid after intravenous administration of the
drug every 12 h.
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Tigecycline, a glycylcycline, appears to be active in vitro against most Nocardia species. Of
the fluoroquinolones, moxifloxacin is fairly active in vitro against asteroides complex.

Combination therapy with imipenem and cefotaxime, amikacin and TMP-SMX, imipenem
and TMP-SMX, amikacin and cefotaxime, or amikacin and imipenem may provide
enhanced activity. Alternative oral drug therapy for nocardial infections theoretically might
include dapsone because its mechanism of action (folate antagonism) is identical to that of
the sulphonamides.

Surgical intervention can be advised for the drainage or excision of abscesses or an

empyema.
Primary Cutaneous Disseminated with skin
Involvement
Species N. brasiliensis N. asteroids
Risk Factors Local trauma related to plants | Immunosuppression
And soil
Primay site Skin Lung
Skin manifestations | Acute: Pustules
Lymphocutanoeus Nodules
Superficial skin infections Abscesses
Chronic :
Mycetoma
Diagnosis Direct Smear: Gram and acid fast stainin. Culture: Standard or
Special media.
Biochemical and molecular methods: DNA probing, PCR, PCR-
RFLP,
Gene sequencing, ribotyping
Treatment TMP-SMX; alternatives are amikacin, minocycline, imipenem,
3rd generation cephalosporins, linezolid
Duration of Lymphocutaneous/ No CNS involvement or
treatment superficial: immunio-
2-4 months Suppression: 6-12 months
Mycetoma: 12 months CNS involvement or immunoi-
Suppression: 12 months
Prognosis Good but can recur Poor, mortality rate 44-85%

Table 1. PCR: polymerase chain reaction. RFLP- fragment length polymorphism, TMP-SMZX
trimethoprim- sulphomethoxazole

10. Conclusion

The spectrum of subcutaneous and deep mycoses is a very wide one. Of these, nocardiosis is
becoming increasingly important especially in the era of HIV infections. Nocardiosis can
present in diverse clinical manifestations, including cutaneous nodules, ulcerations,



Nocardiosis: Clinical and Pathological Aspects 93

subcutaneous abscesses, pyoderma like lesions, lymphangitis (sporotrichoid pattern),
mycetoma like lesions. Moreover, the systemic spectrum of nocardiosis is also wide,
including, pulmonary, central nervous system, eye, bone, and solid organs. Hence, unless a
high index of suspicion is kept, nocardiosis can be either underdiagnosed or misdiagnosed.
The usual diagnostic methods are histopathology and culture, though the gold standard
remains PCR. Clinico pathological correlation is important for diagnosis. The treatment of
nocardiosis essentially involves long term administration of chemotherapeutic agents like
sulphonamides, cotrimoxazole, linezolid and amikacin. Early initiation of chemotherapy can
avoid surgical excision which may be required in late or complicated cases.
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1. Introduction

Mammary gland of dogs is the most common site for development of various neoplastic and
non-neoplastic affections like tumors, mastitis, steatitis, galactostasis, galactorrhea, agalactia
etc. It has been postulated that inflammatory and non proliferative breast diseases do not
increase risk of cancer [1]. However, proliferative breast diseases with or without atypia
confers mild and moderate risk respectively, whereas carcinoma in situ is associated with
substantial risk of life if left untreated [2].The carcinomas often have a poor prognosis due to
high rate of local recurrence as well as metastasis, necessitating surgery in some cases
adjuvant to chemotherapy [3].The canine mammary tumor (CMT) account for between 25 to
50 percent of all the tumors occurring in the canines [4-6] and are only second to skin tumors
[7]. Considering the rate of occurrence of mammary tumors among various species, breast
cancer is most frequent in women (32%), the highly occurring neoplasia (52%) in bitches and
ranks third most common neoplasia (17%) in queens after lymphohaemopoietic and skin
tumors [8-10]. Keeping in view, the high rate of occurrence, rapid onset of growth, and poor
survival statistics of the patients, a quick and early diagnosis of mammary tumor is
required.

Today, the worldwide tendency is to look for quick and inexpensive method of tumor
diagnosis as the routinely used histological method requires invasive sampling and long
hours for processing of the tissue samples. Such a quick, inexpensive, less painful and easily
repeatable technique is cytology. It refers to microscopic evaluation of cells which have
either naturally exfoliated or has been artificially removed from the body or tissue mass. The
technique was first used in the United States by Guthrie in 1921 [11]. The technique requires
minimal of sophisticated instruments and is relatively non-invasive technique that obviates
the need of open biopsy. Furthermore, implantation of cancer cells after this technique is
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very rare [12]. Diagnostic cytology has recently been employed for diagnosis of some of the
tumors in the veterinary medicine [13-15]. When applied to mammary gland tumors, the
method showed low sensitivity and specificity [13, 16, 17].The reasons have been assumed
to be heterogeneous composition of mammary tumors [18, 19]. More recently, valuable
additional information with improved diagnostic accuracy has been provided by cytological
features of fine needle aspirates or from imprints of tissue sections [20, 21]. Both palpable
(solid or cystic) or non palpable benign or malignant mammary gland lesions can be
diagnosed through this technique. In some studies, combination of cytology, radiology and
clinical assessments has resulted in accurate diagnosis in 99%of cases [22]. Thus, this chapter
focus on application of various techniques in evaluating cytological samples from affected
mammary gland of canine and feasibility of cytology in differentiating benign and
malignant neoplastic lesions.

2. Techniques of sample collection for cytology of mammary gland
2.1. Solid tissue cytology
2.1.1. Fine needle Cytology

Fine needle aspirates are obtained with 10-20 ml disposable syringe bearing 21-25 gauge
needle. The softer the tissue, the smaller the needle and syringe used whereas firm tissues
like fibroadenomas require larger syringe to maintain adequate pressure [23]. Generally, a
10 ml syringe yield adequate cytological sample from mammary gland of dogs. The mass is
located clinically and stabilized in position. The skin over the puncture site is cleaned with
alcohol or spirit and the samples are collected using aspiration or non-aspiration procedure.

Aspiration procedure

After cleaning the mass with some antiseptic solution, the needle with syringe attached is
introduced into the centre of mass. Strong negative pressure is applied by withdrawing the
plunger to about 3/4th of the volume of syringe. The needle is moved through the mass
three or four times in different directions. Still with the needle in the mass, suction is slowly
released. The needle is then removed from the mass and the syringe from the needle. The
syringe is then filled with little air and then reconnected to the needle. Finally, the contents
of the needle are blown on to one or more clean dry slides, which are rapidly air dried.

Non-aspiration procedure (Capillary technique/ Stab technique)

This technique is similar to the standard fine needle aspiration technique, except no negative
pressure is applied during collection. Here the plunger of syringe is filled with air before the
collection attempt so as to allow rapid expulsion contents onto a glass slide.

Caution: Usually in both the cases, the aspirate may not be visible in the syringe. However,
when the air pressure is applied to syringe for expulsion of contents on the slide, the needle
will contain sufficient tissue for cytological smear preparation.
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2.1.2. Tissue imprints or Impression smears

Tissue imprints can be obtained by pressing the glass slide over the lesion from live animal
or from the surface of the tissue excised during surgery. Do this several times, to have
multiple impressions over one slide. Samples collected through touch impression contain
tissue cells, superficial inflammatory cells and greater microbial contamination as compared
to aspirates or swabs.

To minimize microbial or cellular contamination, clean the area of the lesion with cotton
swab moistened with saline solution. Do not use water to prevent osmosis induced cell
rupture. In case, imprints are to be obtained from the tissue excised during surgery, the
surface of excised tissue is cut to get a fresh surface for impression smear. Next, the excess
blood and tissue fluid is swabbed/ dabbed from the area to be imprinted by blotting
paper, and the surface of lesion is pressed hard against the clean glass slide. No further
smearing of the material is done to avoid cellular distortion and the slides are simply air
dried.

2.2. Fluid Cytology

In case if fluid is filled in the syringe during fine needle aspiration, collect it in a sterile tube.
Quickly, make few smears from the fluid. To avoid coagulation, keep a portion of specimen
in some anticoagulant (preferably EDTA) containing vial and other portion of sample in
sterile capped test tube (for the purpose of microbial culture, if required, as anticoagulant
prevents microbial growth).

2.2.1. Tissue imprints or Touch Impression smears

Teat of affected mammary gland occasionally shows fluid on squeezing. For making touch
impressions, teat orifice is cleaned with spirit swab and then pressed hard against the clean
dry glass slide to get the touch impression. If fluid is found enough, a smear can also be
drawn.

2.2.2. Swabs

These are collected in case of purulent lesions or fistulous tracts. Before collection of sample,
the lesion should be cleaned with moist and sterile cotton. The swab is directly introduced
into the lesion and then gently rolled on the glass slide to make the smear. Dry the smears in
air. Do not rub the swab over the slide as it will result in distortion of cell size and shape
thus leading to misdiagnosis.

3. Choice of technique for sample collection

Choice of technique for collection of cytological sample depends on nature of lesion as
mention below:
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Solid lesions: Fine needle aspirates are preferred for obtaining samples from solid lesions.
Aspiration procedure is commonly used, however, Non-aspiration procedure is recommended
for highly vascular lesions. Touch impressions can also be made in addition to aspirates.

Ulcerative superficial lesions: Impression smears should be made both before and after
cleaning the ulcerated surface.

Teat fluids and secretions: Touch impressions or swabs are useful.

4. Preparation of Slides

A minimum of four to six slides from multiple sites within the lesion are made using
following techniques

4.1. Slide-over-slide smears (Squash Preps)

The technique is useful in case aspirated material is thick. The material collected from the
fine needle cytology procedure is expelled near one end (0.5 inch) of a clean glass slide
(“sample” slide). A second glass slide (“spreader” slide) is placed on top of and
perpendicular to the slide containing the sample. The spreader slide is then lightly drawn
out across the length of bottom slide, spreading the sample. No downward pressure is
applied to the spreader slide while making the smear as this usually result in rupturing of
cells. Squash preps result on fine spreading of the cells and yield better cytological diagnosis
in case of samples containing flecks of particulate matter.

4.2. Blood smear technique

To prepare the smear by blood smear technique, a small drop of sample is placed on the
glass slide approximately 0.5 inch from the end. Another slide is moved over it at an angle
of 30°-40° until it contacted the drop. When the sample fluid fills the crease between the
slides, gently slide the second slide forward until the sample fluid drains away from the
second slide. This results in a cytological smear with feathered edge.

4.3. Starfish preparation

Here the aspirate is dragged peripherally in several directions with the point of a syringe
needle, producing a starfish shape. This technique tends not to damage fragile cells but
allows a thick layer of tissue fluid to remain around the cells.

4.4. Sediment smear

For making sediment smear, centrifugation of the fluid is done for 5 minute at 165-360 G to
concentrate the cells. A drop from this cellular concentrate is taken to make the smear just
like blood smear. Further analysis of cellular concentrate for the physical (specific gravity)
and chemical properties (total protein, calcium etc) can be helpful to determine the
pathogenesis of the disease.
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4.5. Combination technique

Here, one drop of the aspirate is taken on the slide (specimen slide). A spreader slide is kept on
the one third of the aspirate and squash prep is made. Next, a slide tilted at angle of 30 degree
is placed on the end opposite to squash prep portion. As this slide comes in to contact with one
third of the aspirate, the slide is moved forward and slid like making a blood smear. Now, the
smear is having one third area spreaded like blood smear, middle one concentrated and
untouched and the other one-third area spreaded by squash prep method.

4.6. Line smear concentration technique

When the aspirated fluid contains few cells which do not sediment upon centrifugation, line
smear technique is useful. Here, a drop of fluid is taken at one end of the clean slide. A
spreader slide is used to spread the drop on previous slide in a manner similar to blood
smear technique except that the spreader slide is raised directly upwards after covering
three fourth of the smear. This results in a smear with line containing higher concentration
of cells than the rest of slide.

5. Precautions while slide preparation for cytology

One should proceed to prepare the slide for cytological examination as soon as possible after
collection of the specimen. This will prevent the sample from clotting or drying out on the
slide before preparation of the smear. Another caution to be kept in mind is always use tip
of the needle to spread the sample to avoid distortion in cellular shape. Also, avoid making
too thick smears so that blood or other exfoliated cells do not dominate the main cell type by
controlling the amount of sample being expelled from the syringe. While making squash
smears, gently pull the two slides apart as too much pressure will cause cellular disruption.
Always prepare at least four to five smears from one specimen in order to increase
diagnostic sensitivity and specificity. Frosted or colored edged slides are preferred for
cytological studies as labeling of these slides help in permanent marking and easy
identification of upward side of slide containing usually colorless sample and hence
prevents wipe off sample in error during staining procedure. During cytological
examination of fluids, always make few smears immediately after collection of fluids as
quality of cells from sample kept in EDTA containing vials is not as good as fresh sample.

6. Staining of Cytologic Smears
Cytologic smears can be stained with Papanicolaou stains and it's derivatives like Sano’s
trichome or Romanowsky type stains like Wright stain, Leishman stain, Diff- quick, Dipstat etc.

6.1. Papanicolaou stains

These stains use wet smears (i.e. the smear needs to be fixed before staining) and provide
excellent nuclear and cell structural details but do not stain the cytoplasm and many organisms
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well. The staining with these stains involves multiple steps and thus requires considerable time
also. These factors restrict the use of papanicolaou stains in the veterinary cytology.

6.2. Romanowsky type stains

Romanowsky type stains are the preferred stains for the cytological studies in veterinary
practice. These are permanent stains and use air dried smears. Different stains like Wright
stain, Leishman stain, Giemsa stain etc. come under this category and staining is done as per
their standard protocols. Wright-Leishman combination can also be used which is made by
mixing 3 parts of Wright stain with 1 part of Leishman stain [24]. Slides are stained in
similar manner as for the standard Wright’s technique except that the staining time is
extended to 6-8 minutes. When there is a confusion to decide exact time limit between time
range given for staining, keep in mind that thicker the smear or more the protein content in
the aspirate, more is the time required for the stain [23]. So, select for higher value from the
time range in case of thicker aspirates.

Romanowsky stains excellently stain the cytoplasm and the other micro-organisms present
in the smear but due to smudging effect of these stains on the nucleus, nuclear and nucleolar
details are not much appreciable. However, the detail is sufficient enough for differentiating
neoplastic lesions from inflammatory lesions. These stains dissolve cellular lipids leaving
vacuolated areas in the smear after staining. To overcome this problem, new methylene blue
(NMB) stain can be used in combination to Romanowsky stains which outlines the lipid
droplets and the fungi. Also, staining with New methylene blue stain is useful in diagnosis
of blood contaminated samples as NMB do not stain RBC hemoglobin. As this stain is wet
mount, non-permanent stain, the smears can be counter stained with Wright or Giemsa stain
to get permanently stained smears.

To conclude, being quick, inexpensive, easily available and readily staining the cytoplasm
and most of the organisms in the cytological smears, Romanowsky stains remain first choice
of the cytologists on veterinary side. These stains help to screen inflammatory lesions from
non-inflammatory mammary gland lesions, to diagnose causative agent in case of
inflammatory lesions like streptococcal mastitis or tuberculosis and further assessing the
malignancy potential of the mammary tumors. In particular cases, if further nuclear
detailing is required, papanicolaou stains can be used.

7. Microscopic examination of slides
7.1. Cell count

The issue of specimen adequacy in breast FNAs remains controversial and has been
addressed by several authors. It is advocated that a minimum number of epithelial cells be
required for diagnosis and the samples containing fewer than the specified minimum be
reported as non-diagnostic. Interpretations based on inadequately cellular specimen may
not contain a representative sample of the lesion, giving a false impression of normalcy, or,
even worse, may result in a false impression of a neoplasia that is not really present [23]. The
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published recommendation for the minimum number of cells in the cytological smear is of
at least six clusters of cells with a minimum of 5-10 cells per group [25, 26].

7.2. Type of cells

After getting an idea for sufficient number of well stained cells in the cytologic smear from
mammary gland aspirate, observe for the cell type to judge whether the lesion is
inflammatory or neoplastic in nature.

7.2.1. Inflammatory cells

Neutrophils, macrophages, lymphocytes, eosinophils and epitheliod cells are commonly
encountered inflammatory cells from the aspirates of mammary lesions. Neutrophils are
multinucleated and are usually characterized by mild nuclear alterations like nuclear
swelling, chromatin hyalinization, foamy cytoplasm etc. to severe degenerative changes like
karyorrhexis and karyolysis. Eosinophils dominate during allergic response to some foreign
body. The cells like monocytes/macrophages, lymphocytes and epitheloid cells dominate
during chronic inflammatory lesions like granulamatous mastitis.

7.2.2. Non-Inflammatory cells
Epithelial cells

These cells are variable in size from small (basal cells) to large with particular feature of cell
to cell adhesion. This adhesion causes cells to be present in form of sheets or clumps.
Epithelial cells generally contain round to oval nuclei with clear cytoplasmic boundaries.

Mesenchymal cells

These are usually elongated cells with round to rod shaped nuclei and the cytoplasm tapering
in one or more directions. Characteristically, mesenchymal cells have indistinct cytoplasmic
boundaries that blend with the background. Due to cohesive nature of connective tissue from
which the mesenchymal cells originate, cellular smears are sparsely populated.

Note: Mixture of inflammatory and non-inflammatory cells suggest neoplastic lesion with
secondary inflammation.

7.3. On the basis of observing the cell type, the mammary gland lesions can be
broadly classified as

7.3.1. Inflammatory lesions

Inflammatory breast aspirate shows low cellularity with epithelial cells arranged in clusters
and small groups with the presence of myo-epithelial cells. Cytological atypia and nuclear
changes are minimal [27, 28].The Inflammatory lesions can be cytologically classified as:
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Acute Inflammatory lesions

Mainly neutrophils dominate the smear (>90%) and usually show degenerative changes like
nuclear swelling, foamy cytoplasm etc. Extracellular, eosinophilic material is usually present
in considerable amount. For example: Purulent mastitis, udder abscess etc.

Mixed (Chronic-Active) Inflammatory lesions

It is an intermediate stage with cellular smears showing mixture of neutrophils (50-70%) and
mononuclear cells like monocytes and lymphocytes. Macrophages and epitheloid cells can
also be observed. The cellular smears taken from the animals suffering from affections like
fat necrosis, organized hematoma, steatis etc. also exhibit mixed inflammatory lesions.

Chronic Inflammatory lesions

This category of lesions present cellular smears dominated by mononuclear inflammatory
cells like lymphocytes, macrophages, multinucleated giant cells and or numerous epithelial
macrophages. For example: Granulamatous mastitis, tuberculous mastitis.

7.3.2. Non-Inflammatory lesions
7.3.2.1. Hyperplastic / Dysplastic lesions

Hyperplasia and dysplasia are the proliferative lesions that make normal tissue resembles
neoplastic cells. Like aspirates from neoplastic lesions, aspirates from epithelial or
mesenchymal hyperplastic lesions do not present good nuclear criteria of malignancy like
variable nuclear to cytoplasmic ratio, macronucleoli and abnormal chromatin patterns.
Rather, the hyperplastic cells present a constant nuclear to cytoplasmic ratio as they are
proliferating under controlled mechanism. Dysplastic and hyperplastic lesions include
lobular hyperplasia, adenosis etc.

Note: A mixture of inflammatory and tissue cells suggest neoplasia with secondary
inflammation or inflammation with secondary tissue cell dysplasia.

7.3.2.2 Neoplastic lesions

The type (benign or malignant), grade and tissue of origin of various neoplastic lesions of
mammary gland can be diagnosed from cytological smear by studying the nuclear and
cytoplasmic details and chromatin patterns as described in section 7.4.

7.4. Cytological and nuclear criteria of malignancy: Mammary gland tumors

On basis of nuclear and cytoplasmic details, cellular smears of mammary gland tumors can
be classified in the following manner:

a. On the basis of behavior of tumor as benign or malignant [29].
b. On the basis of tissue of origin as epithelial, mesenchymal or mixed type [30].
c.  On the basis of severity of tumor as grade I, Il or III [31].
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7.4.1. On the basis of behavior of tumor: Benign or malignant

Tumors can be classified as benign or malignant according to following criteria [29]:

General criteria

1. Anisocytosis

Variations in the cells sizes

2. Pleomorphism

Variations in the shapes of cells of the same type

3. Hypercellularity

Increase in the number of exfoliated cells

Nuclear criteria

1. Macrokaryosis

Increase in size of nuclei

2. Anisokaryosis

Variations in size of nuclei

3. Multinucleation

Increase in the number of nuclei

4. Nuclear / Cytoplasm ratio

Increased

5. Nuclear molding

Deformation of the nuclei

6. Mitotic figures

Increased and abnormal

7. Chromatin pattern

Coarse pattern

8.Macronucleoli

Increase in the size of the nucleoli.

9. Angular nucleoli

Presence of angular nucleoli

10. Anisonucleosis

Variation in size of nucleoli

Table 1. Classification of mammary tumors according to behavior of tumor (Benign or Malignant)

If three or more of the below mentioned tumor criteria are present, tumor is of malignant
type otherwise benign type.

Various terms are used to assess abnormal chromatin pattern in the nucleus like strippled,
reticular or lacy, coarse, clumped or smudged chromatin. The fine smooth chromatin shows
uniform pattern of thin chromatin strands with fine borders. Strippled pattern refers to
smooth pattern of chromatin with small aggregates of chromatin dispersed in whole of the
nucleus. When the chromatin strands appear thicker than normal, the term reticular or lacy
chromatin is used. When the chromatin strands become very thick, giving ropy or chord-
like appearance, coarse chromatin pattern is indicated. When large aggregates of reticular or
coarse chromatin are dispersed throughout the nucleus, the clumped chromatin pattern is
visible. Further, if the boundaries of chromatin strands or clusters are not very discrete and
become vague, it leads to smudged pattern of the chromatin.
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7.4.2. On the basis of tissue of origin (Histogenic classification)

According to type of tissue from which tumor originated, the tumors can be classified as
epithelial, mesenchymal or mixed type of tumor [30].

7.4.2.1. Epithelial tumors

These are epithelial in origin and often exfoliate in clumps or sheets. Cytologically, the
smears contain clusters, clumps or sheets of cells with round to oval nuclei and clear
cytoplasmic boundaries (Fig.1). Adenomas, adenocarcinomas and mixed mammary
adenocarcinoma are grouped as epithelial tumors. In case of adenoma or adenocarcinoma
the cells may get arranged in acinar or ductular pattern with central lumen. In case of
papillary or cystic adenomas, cytoplasm may appear distended by secretory product.

Figure 1. Epithelial tumor: Fine needle aspirate smear consist of cells situated in separate groups with
round to oval nuclei and lined by clear cytoplasmic boundaries, Wright-Leihman x 750.

7.4.2.2. Mesenchymal Tumors

These originate from connective tissue. In contrast to epithelial tumors, mesenchymal tumors
do not exfoliate regularly and are found as individually settled polygonal/elliptical/stellate or
spindle shaped cells with poorly defined cell membrane (Fig.2). Lipoma and liposarcoma are
classified under this category.

Figure 2. Mesenchymal tumor: Consist of individually settled pleomorphic cells with scarce cytoplasm
and poorly defined cell membrane, Wright- Leishman x 150.
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7.4.2.3. Mixed type of Tumors

Mixed type of tumors reveal cellular elements of both epithelial and mesenchymal type
(Fig.3). Thus, clusters of cells with round to oval nuclei and clear cytoplasmic boundaries as
well as individually settled polygonal/elliptical/stellate or spindle shaped cells with poorly
defined cell membrane are found in the cellular smear. Mixed mammary adenoma and

mixed mammary adenocarcinoma are included in this group.

Figure 3. Mixed tumor: Touch impression composed of oval stellate cells located in clusters as well as
individually settled in the smear. Cells are hyperchromatic, contain intracytoplasmic vacuoles and have

increased nuclear to cytoplasmic ratio, Wright-Leishman x 300.

Types of tumor

Characteristics

1. Epithelial

Cells in separate groups or together with clear cytoplasmic
boundaries and round/oval nuclei.

2. Mesenchymal

Individually settled cells mixed with extra cellular matrix, poorly
defined cell membrane scarce cytoplasm, oval/ elliptical nuclei,
polygonal, fusiform/ stellate or elliptical cells.

3. Mixed

Both epithelial and mesenchymal cellular elements in variable
number.

Table 2. Classification of mammary tumors according to tissue of origin (Histogenic classification)

7.4.3. On the basis of severity of tumor (Cytoprognostic Classification)

The smears can be graded into three types in order of increasing severity. A simple
numerical system is applied to both topographic and cytology criteria as shown in the table

below [31].
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Morphology Score
Cells Isolated 3
In clusters 0
Large size 3
Nuclei Anisokaryosis 2
Naked 3
Budding 2
Hypochromasia 3
Hyperchromasia 2
Enlarged Nucleoli Red 3
Blue 2
Mitosis >3/slide 1
>6/slide 3

Table 3. Cytoprognostic classification of mammary gland tumors

Grade is obtained by adding the different scores obtained

Grade I: Score <5
Grade II: Score 5-9
Grade III: Score >10

When a double malignant cell population is found in same tumor, the most anaplastic cells
are taken in to account for scoring purpose.

8. Diagnostic interpretation of fine needle aspirates (FNAs)

Fine needle aspirates from the neoplastic lesions often present smears with variety of
confusing cell population and it is very difficult to give concise and clear interpretation.
Following the Guidelines of the Papanicolaou Society of Cytopathology for Fine-Needle
Aspiration Procedure and Reporting, the smears can be interpreted in a very clear and
concise manner tabulated below [32].



Cytopathology of Canine Mammary Gland Affections

Interpretation Characteristics of cellular smear

1. Inadequate / Unsatisfactory | Acellularity / hypocellularity, poor fixation, poor
staining, poor preparation (crush artifact), excessive
blood, necrosis or debris.

2. Benign
a). Aspirates in which diagnosis | Benign cells with characteristic cytological features.
can be given

b). Aspirates in which only a|No malignant cell population is seen in given specimen
negative narrative diagnosis is |but clinician is advised to correlate the lesion with
possible clinical findings or to do re-sampling from multiple sites
of the lesion.

3. Malignant Smears contain cells diagnostic of malignancy.

4. Suspicious for malignancy |a). Sample contain few poorly preserved malignant cells
or obscured by blood or inflammatory.

b). Only some features of malignancy are present but
clinical history show indication for malignancy.

c). Cytological criteria of malignancy overlap with
benign lesions.

5. Atypical cells present Adequate sample containing mostly benign cells but few
atypical cells which are unlikely to be malignant.

Table 4. Diagnostic Categories of Fine Needle Aspirates

9. Common misleading artifacts and contaminants in cytological smears

Stain precipitates, glove powder, keratin bars, talc crystals, air drying artifact, lubricant jelly
artifact and formalin fume artifacts usually lead to misinterpretation of cytological slides.
Cytology slides should not be even kept near formalin jars as the formalin fumes partially
fix the cells of air dried smears and interfere with the staining of slides.

10. Clinico-cytological observations of mammary gland affections
10.1. Mastitis

In bitches affected with acute mastitis (Fig. 4), cytologic examination of secretions from
inflamed mammary glands reveals bacteria and numerous degenerative neutrophils (Fig.5).
Samples of milk taken from affected mammary gland of bitches show gel formation during
sodium lauryl sulphate reagent test (Fig. 6) and color change of milk sample from yellow to
green occur on addition of bromothymol blue reagent to it. Both these tests confirm the
presence of high degree of mastitis in affected animals diagnosed cytologically.
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Figure 5. Mastitis: Fine needle aspirate showing numerous degenerative neutrophils and bacteria,
Wright-Leishman X 300.

Figure 6. Milk sample from inflamed mammary gland undergoes dense gel formation on addition of
sodium lauryl sulphate reagent which confirms mastitis.
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10.2. Steatitis

Steatitis is inflammation of subcutaneous adipose tissue. Cytologically, the aspirate reveals
inflammatory cells (neutrophils, monocytes) infiltrating the adipose tissue (Fig. 7).
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Figure 7. Steatitis: Fine needle aspirate consisting of inflammatory cells infilterating the adipocytes,
Wright- Leishman x 150.

10.3. Lipoma

Mature lipocytes containing abundant fat usually rupture during aspiration of lipomas and
yield oily smears containing free fat with few lipocytes. These smears do not dry in air and the
fat get washed off on staining with alcohol based stains leaving behind few lipocytes with
clear empty areas. Cytologically, smears reveal single or group of large fat cells containing
large volume of pale cytoplasm and outlined by a single thin membrane. The nucleus is small,
dense and pushed to periphery of cell (Fig. 8). Stains like Sudan IV, Oil Red O, New Methylene
blue may be used to visualize fat cells directly on fresh smears before alcohol fixation.

-
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Figure 8. Lipoma: Poorly cellular fine needle aspirate smear with abundant free lipid residue from
disrupted adipocytes, Wright x 150.
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10.4. Liposarcoma

In comparison to lipomas, fine needle aspirates of liposarcoma are characterized by
abundant lipocytes or lipoblasts, free fat and thus appear greasy. Sometime the smears
contain abundant lipoblasts and lipocytes but very little free fat may not give oily
appearance. Cytologically, the aspirates are characterized by hypercellularity,
pleomorphism, anisokaryosis, cells with vacuolated cytoplasm and nuclei displaced to
periphery of cells (Fig.2).Small to large fat vacuoles may be observed in background of
smear. In general, the more immature and anaplastic cells have fewer and smaller fat
globules. Typically, the lipoblast nucleus is round and variation in nuclear size and
multinucleation is seen.

10.5. Adenocarcinoma

Adenocarcinomas appear as hard, solitary well encapsulated, round or discoid growths
which measure up to 10 cm in diameter (Fig.9). Cytologically fine needle aspirates are
characterized by anisocytosis, macrocytosis, hypercellularity, multinucleation, increased
nuclear to cytoplasmic ratio and prominent nucleoli (Fig.10).

Figure 9. Adenocarcinoma: Three year old Golden Retriever with hard pendulous globate masses
involving multiple pair of mammary glands.
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Figure 10. Adenocarcinoma: Fine needle aspirate with hypercellular pleomorphic, large
hyperchromatic naked cells with coarse chromatin and prominent nucleoli, Wright x 750.

10.6. Inflammatory adenocarcinoma

Fine needle aspirates of inflammatory adenocarcinoma reveal isolated or clusters of
hyperchromatic epithelial cells with enlarged nuclei, prominent nucleoli and coarse
chromatin. Inflammatory cells like neutrophils and lymphocytes infiltrate the surrounding
tissue (Fig.11). Grossly, the growths are about 2 to 10 cm in diameter, fixed to body wall and
vary from soft to hard in consistency.
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Figure 11. Inflammatory adenocarcinoma: Touch impression consisting of hyperchromatic cells with
enlarged nuclei having prominent nucleoli, more basophilic cytoplasm and intracytoplasmic vacuoles.
Inflammatory cells infilterate the surrounding area, Wright-Leishman x 150.
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10.7. Mixed mammary adenoma/adenocarcinoma

The mixed tumors are usually multiple, occasionally solitary. They appear as small
circumscribed nodules of about 2 cm in diameter and as pendulous, globate masses up to 10
cm in diameter. Grossly the affected areas are well encapsulated, hard, fibrous, and
cartilaginous and may show glistening white lobules of fibrous tissue with multiple cysts
filled with straw colored fluid and irregular areas of glandular tissue. In some cases, gritty
sound can be observed on excision of the affected tissue. Cytologically, the aspirates contain
both epithelial and stromal elements. The smears are hypercellular containing
hyperchromatic spindle shaped connective tissue cells (Fig.12) and clusters of epithelial cells
as described in adenocarcinomas.

Figure 12. Mixed mammary tumor: Fine need aspirate containing oval to spindle shaped pleomorphic
cells, Wright-Leishman x 750.

10.8. Squamous cell carcinoma

These are epithelial tumors characterized by variation in cell shape from round to polygonal
to tadpole to linear to rectangular. There are large cells with abundant cytoplasm that have
retained large functional non-pyknotic nucleus and coarse to marginated chromatin. The
nuclei may be encircled by vacuoles or vacuoles may be scattered throughout the cell [23].
Neutrophils are commonly seen in the smear as the carcinoma lesions are usually ulcerated
and infected.

10.9. Adenoma

Grossly, the growths are hard to soft in consistency varying from 2 to 10 cm in diameter
(Fig. 13). In contrast to adenocarcinomas, fine needle aspirates of adenomas yield clusters of
morphologically uniform population of well differentiated cells with little or no
pleomorphism (Fig.14).
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Figure 13. Adenoma: Localized small nodular growth on right inguinal mammary gland of a nine year
old female Pomerian dog.
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Figure 14. Adenoma: Fine needle aspirate composed of clusters of clusters of cells with highly
basophilic cytoplasm, variable shaped nuclei and increased nuclear to cytoplasmic ratio, Wright-
Leishman x 300.

10.10. Fibroadenoma

Fibroadenomas are benign skin lesions and are usually found solitary on the body.
Cytologically, the smears are hypercellular with sheets of epithelial cells mixed with
fusiform to stellate shaped pleomorphic myoepithelial cells. The nuclear to cytoplasmic ratio
is increased, nuclear chromatin is fine to lacy and the cells have tail of cytoplasm that appear
to trail away from the nucleus in one or two directions. The added presence of large number
of bipolar/naked nuclei in the background of the smear is the reliable cytological feature in
favor of fibroadenoma [33].
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10.11. Papillomas

These are benign epithelial growths varying from cauliflower like to papillary projections
with thin stalks. Aspiration yields uniform, large, polygonal cells with round to ovoid nuclei
having low nuclear to cytoplasmic ratio. The abundant cytoplasm is lightly basophilic and
foamy to eosinophilic and granular. Neutrophils may be prominent [23].

10.12. Fat necrosis/ organized hematoma

Aspirates of fat necrosis/organized hematoma show inflammatory cells, hemosidrin laden
macrophages, multinucleated cells with or without cholesterol crystals and a necrotic
background [34]. Fat necrosis can also occur in combination with cancer. However, the fat
necrosis will resolve with time, so a series of aspirates taken at monthly intervals can help in
ruling out neoplasia.

11. Conclusions
11.1. Best sample collection technique

Among different cell retrieval techniques, tissue imprints or impression smear technique is
found to be best followed by fine needle biopsy and teat discharge smears. The reason could
be the fact that while making impression, the wider area of affected tissue came in contact
with slide and thus enhanced obtaining of cellular material. Moreover the specimen can be
easily collected from exact site of affected tissue (visible grossly) many a times without any
difficulty like sudden movement of animal or bending of needle in hard tissue etc.
However, obtaining of cellular material by means of fine needle aspiration combined with
simultaneous preparation of tissue imprints is recommended.

11.2. Limitations of cytology

Inspite of expanding true positive cases of cytological testing, the diagnostic value of this
method has many limitations. One of the major imperfections is “geographic miss” i.e.
puncturing the lesion from inappropriate site and thus leading to misdiagnosis, so multiple
aspirates by adequately trained hands are needed from multiple site of lesion in order to
improve diagnostic value. Certain disadvantages of fine needle aspiration biopsy technique
like sampling of low amount of tumor mass or inadequate tissue can be minimized by
preparation of multiple aspirates from various areas of the lesion and the sampling should
be performed from the peripheral areas instead of the center of the mass in which fluid and
necrotic debris accumulate especially in big tumor formations [35]. Baker and lumsden 2000
[36] also encouraged preparation of more aspirates in order to increase the number of
representative cells as cell types and tumor morphology differ beneath lesions.

The entry of blood in syringe while taking aspirate or entry of tissue fluid on pressing slide
hard over the excised tissue while making touch impression contribute to contamination of
smear and thus diminished diagnostic accuracy of cytology. In order to increase the
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precision of the cytological results, the application of “triple test” is recommended i.e., the
combination of physical examination, imaging findings and the cytologic examination.

Cytological interpretation is most successful in slide preparations with one cell layer
thickness and not broken. However, in such slides one can go to edge of smear for thin layer
of cells. Artifacts like stain precipitates are commonly observed during smear examination
as purple dots and mistaken for bacteria. To minimize the problem, stains should be
changed weekly as many of the wright-giemsa stains favor fungal and bacterial growth also.
Also, the precipitates are less observed in “dip” type stains like diff-quick stain.

Further, in cytologic preparations of hyperplasia and adenoma, differential diagnosis is very
difficult and histological examination is required in consensus for accurate characterization
and establishing medical prognosis or treatment.

However, as already shown by other studies in veterinary medicine, fine needle aspiration
cytology had an edge over histopathological examination in terms of providing immediate
diagnosis and thus timely determination of plan of action [37].

11.3. Diagnostic value of cytology in mammary gland affections

To conclude, cytology is most useful in diagnosis of neoplastic lesions followed by
hyperplastic or inflammatory lesions. Even in cases in which diagnosis is not definitive, the
fine needle aspiration features may guide the clinical and surgical management [38].

In case of inflammatory breast lesions, FNAC combined with microbiological studies can be
helpful in identifying the causative agents and thus directs towards quick appropriate
therapy. The presence of negative culture does not exclude infection; however, positive
culture can direct therapy [28, 39]. In tune to this, workers like Das et al [39] and Nemengani
and Yaqoob [34] propagated fine needle aspiration technique to be useful in diagnosis of
inflammatory breast lesions and their classification into acute mastitis/breast abscess,
tuberculous mastitis, chronic non-specific mastitis and miscellaneous conditions.

Being non expensive and requiring minimal use of sophisticated instruments, we advocate the
fine needle aspiration technique to be first hand choice for diagnosis in areas with economic
constraints. Furthermore, the cytologic diagnosis is significantly associated with post operative
patient outcome in univariate survival analysis [40].

Thus, the cytological interpretation is quiet helpful in rapid screening of the mammary
gland affections, establishing diagnosis, identifying the pathogenesis, prognosis and directs
towards what type of treatment should be opted in case of mammary gland affections.
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1. Introduction

Ossifying fibromas (OF) of the craniofacial skeleton, as described in WHO classification of
odontogenic tumors (2005)(Barnes L 2005), are benign fibro-osseous neoplasms
characterized by the replacement of normal bone by a fibrous cellular stroma containing foci
of mineralized bone trabeculae and cementum-like material that vary in amount and
appearance.(Brannon and Fowler 2001; El-Mofty 2002; Cruz, Alencar et al. 2008) The
accurate nature and classification of OF has undergone considerable debate among
pathologists, resulting in a confusing evolution of competing nomenclatures.(Brannon and
Fowler 2001; Sarode, Sarode et al. 2011) Contemporary reviews have classified benign fibro-
osseous lesions of the craniofacial complex into neoplasms, developmental dysplastic
lesions and inflammatory/reactive processes. [Table 1](Eversole, Su et al. 2008) In this
reviews, subtypes vary with regard to behavior and propensity for recurrence after surgical
excision. The definitive diagnosis can rarely be rendered on the basis of histopathological
features alone and is usually dependent upon assessment of microscopic, clinical and
imaging features together. This review will discuss the clinical, microscopic, radiological
and therapeutic aspects of ossifying fibromas in this localization.

2. Definition and histological subtypes

Neoplasms with a fibro-osseous histology are represented by the ossifying fibroma group of
lesions. These are neoplasms in the true sense, exhibiting progressive proliferative
capabilities with boney expansion and, importantly, well defined margins radiologically.
According to their pattern of mineralization, four overlapping clinicopathological entities
have been historically identified: juvenile psammomatous ossifying fibroma (JPOF), juvenile
trabecular ossifying fibroma (JTOF), gigantiform cementoma (GC) and cemento-ossifying
fibroma (COF) not otherwise specified (NOS), implying that the clinicopathologic features
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do not conform to the other types of ossifying fibromas. GC may show an autosomal
dominant genetic or “familial” underpinning. Most ossifying fibromas are single focal
lesions; however gigantiform cementoma is typically multifocal and may occur in all four
jaw quadrants in a single patient. There are also reports of lesion multiplicity in the other
forms of ossifying fibroma yet such occurrences are quite rare. Notwithstanding these
entities, it must be emphasized the contrast of OF with the much more common fibrous
dysplasia (FD), a developmental hamartomatous fibro-osseous lesion, from which the
differential is difficult based solely on clinical or radiographic criteria (Brannon and Fowler
2001; El-Mofty 2002; Noudel, Chauvet et al. 2009).

I. Bone dysplasias
a. Fibrous dysplasia
i. Monostotic
ii. Polyostotic
iii. Polyostotic with endocrinopathy (McCune-Albright)
iv Osteofibrous dysplasia®
b. Osteitis deformans
c. Pagetoid heritable bone dysplasias of childhood
d. Segmental odontomaxillary dysplasia
II. Cemento-osseous dysplasias
a. Focal cemento-osseous dysplasia
b. Florid cemento-osseous dysplasia
III. Inflammatory/reactive processes
a. Focal sclerosing osteomyelitis
b. Diffuse sclerosing osteomyelitis
c. Proliferative periostitis
IV. Metabolic Disease: hyperparathyroidism
V. Neoplastic lesions (Ossifying fibromas)
a. Ossifying fibroma NOS
b. Hyperparathyroidism jaw lesion syndrome
c. Juvenile ossifying fibroma
i. Trabecular type
ii. Psammomatoid type
d. Gigantiform cementomas

*Osteofibrous dysplasia is found in the fibula and tibia only

Table 1. Classification of fibro-benign lesions of the cranio-facial complex

3. Epidemiology

According to WHO classification (2005) OF most commonly occurs in the 2nd to 4th decades
and shows a predilection for females. The mean age of the histological subtypes varies. In
patients with JPOF it is about 20 years compared to 35 years in cases of conventional
ossifying fibroma. JTOF has a still lower mean age range (8.5-12 years).
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4. Clinical and imagiological features

The commonest fibrous-osseous lesions of the orbit and sinonasal tract are OF and FD. The
diagnosis between these two entities may be challenging, because they share similar
features. There are four main clinical subtypes of FD: monostotic (affects one bone, and
accounts for 85% cases of FD), polyostotic (affects multiple bones), McCune-Albright
syndrome in which multiple disseminated lesions of bone are accompanied by skin
hyperpigmentation and endocrine disturbances; and osteofibrous dysplasia (Brannon and
Fowler 2001; Smith, Newman et al. 2009).

The juvenile variants of ossifying fibromas share many similarities, but they have been
distinguished on the basis of their histopathological features, site, and age of recurrence
(Shields, Peyster et al. 1985; Noudel, Chauvet et al. 2009; Smith, Newman et al. 2009). Their
location is also different: JPOF arises mainly around paranasal sinuses and orbits, whereas
JTOF usually affects the maxilla. The last entity, COF, is an odontogenic neoplasm arising from
the periodontal ligament and affects the tooth-bearing areas of the jaws, mandible, and the
maxilla; the cementicles are the characteristic feature instead of the bone elements. JTOF also
known as trabecular desmo-osteoblastoma affects mainly the jaws of children and adolescents.
Only 20% of the patients are over 15 years of age. In a review of a number of case series the
mean age range was found to be 8.5-12 years (Slootweg and Muller 1990; Slootweg, Panders et
al. 1994; El-Mofty 2002). Origin in extragnathic locations is extremely rare. Clinically, it is often
characterized by a progressive and sometimes rapid expansion of the affected area; pain is a
rare symptom. Cystic degeneration and aneurysmal bone cyst formation has been reported in
a few cases. Radiographically, JTOF is an expansive lesion and may be fairly well demarcated,
with cortical thinning and perforation. Depending on the amount of calcified tissue produced,
the lesion will show varying degrees of radiolucency or radiodensity. Ground-glass as well as
a multilocular honeycomb appearance has been described.

Differing from JTOF, JPOF is a lesion that affects predominantly the extragnathic
craniofacial bones, particularly centered on the periorbital, frontal, and ethmoid bones (El-
Mofty 2002). First described by Gogl in 1949 and Margo in 1985, JPOF seems to stand out as
a separate clinicopathologic entity different from the gnathic cemento-ossifying
fibroma.(Gogl 1949; Margo, Ragsdale et al. 1985) Patients are young, although the average
age of incidence has varied in different studies from 16 to 33 years with an age range of 3
months to 72 years (in general a few years older than those with JTOF). The greatest
majority of the reported cases of JPOF originated in the paranasal sinuses, particularly
frontal and ethmoid. About 10% have been reported in the calvarium. Around 7% may
occur in the mandible. Orbital extension of sinonasal tumors may result in proptosis, and
visual complaints including blindness, nasal obstruction, ptosis, papilledema, and
disturbances in ocular mobility. Radiographic examination of JPOF shows a round, well-
defined, sometimes corticated osteolytic lesion with a cystic appearance. Sclerotic changes
are evident in the lesion which may show a ground-glass appearance (Su, Weathers et al.
1997). The lesions appear less dense than normal bone. Figure 1 and figure 2 show an
example of a JPOF invading the left periorbit and ethmoid sinus.
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Figure 1. Axial CT scan showing a fibrous-osseous lesion (JPOF) of the left orbit and ethmoid sinus.

Figure 2. Gadolinium-enhanced axial T1-weighted (a) and T2-weighted (b) magnetic resonance
imaging (MRI) showing an expansive cystic lesion (JPOF) invading the left periorbit and ethmoid sinus.

Gigantiform cementoma is an extremely rare form of ossifying fibroma, usually multifocal
with tumors that are often massive. Lesions arise during childhood and progressively
expand to cause facial deformity during early adult years (Young, Markowitz et al. 1989;
Rossbach, Letson et al. 2005).

Table 2 summarizes some of the clinical, radiographic and microscopic characteristics of
these entities.
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Disease Clinical features =~ Radiologic Histopathology
findings
Fibrous dysplasia Expansion of bone  Diffuse Trabecular
Unilateral, painless radiolucent/ ““Chinese/Hebrew”’
Alk phosphatase ground glass
Mono/Polyostotic
Ossifying fibroma Expansile, painless Circumscribed = Trabecular
Not otherwise specified  Rarely multifocal =~ lucent or target ~Cementifying
Jaws lesion
Root divergence
Ossifying fibroma Expansile, painles  Circumscribed = Trabecular
Trabecular variant Root divergence lucent Giant cell foci
Aggressive Floccular Fibroplasia
opacities
Ossifying fibroma Expansile Circumscribed ~ Psammoma
Psammomatoid Facial bone Dense floccular
Aggressive opacities
Gigantiform cementoma Massive, expansile Well delineated Trabecular
Multiquadrant lucent with Cementifying
Often familial floccular
opacities

Table 2. Clinical, radiographic and microscopic parameters that distinguish among Ossifying Fibromas
and Fibrous Dysplasia.

5. Etiopathogeny

The etiology of OF is unknown but odontogenic, developmental and traumatic origins have
been suggested, (Caylakli, Buyuklu et al. 2004; Noudel, Chauvet et al. 2009; Mohsenifar,
Noubhi et al. 2011) and thought to be of periodontal ligament origin because of their capacity
to produce cementum and osteoid material (Slootweg and Muller 1990).

It has been hypothesized that JPOF originates from overproduction of the myxofibrous
cellular stroma normally involved in the growth of the septa in the paranasal sinuses as they
enlarge and pneumatize. These stromal cells secrete hyaline material that ossifies and
connective tissue mucin that initiates the cystic areas (Sarode, Sarode et al. 2011).

6. Macroscopical and microscopical analysis
6.1. Ossifying fibromas
Ossifying fibroma NOS shows three histologic patterns or a mixture of these patterns:

(1) Ossifying form: common, similar to fibrous dysplasia, shows a pattern with small irregular
osteoid trabeculae that are typically rimmed by osteoblasts (figure 3a). The stromal element is
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hypercellular and the fibroblastic cells are devoid of atypical cytologic features. Early
formative tumors show woven bone patterns when assessed under polarized light, and in
mature lesions osteoblastic rimming is minimal and the irregular trabeculae are often lamellar.

(2) Cementifying form: is similar to the psammomatoid variant. Most also contain more
typical osseous trabeculae in addition to the cemental structures which are ovoid or droplet
in shape. These ovoid calcifications resemble normal cementicles that are present in the
periodontal ligament. In previous publications the ovoid lesions have been referred to as
cementifying fibromas while those with both osseous and cementoid calcifications are
labeled as cemento-ossifying fibromas.

(3) Storiform form: typified by streaming of the fibroblastic stromal elements in a pinwheel
configuration similar to benign fibrous histiocytoma (figure 4). Dispersed throughout are
wispy calcifications that appear like dystrophic bone and many also show an ovoid
configuration (Eversole, Su et al. 2008).

Figure 3. Ossifying fibroma NOS (a) irregular osteoid rimmed by osteoblasts and a fibrous stroma; (b)
interface between an ossifying fibroma (up) and normal bone (down).

Figure 4. Ossifying fibroma NOS showing areas of fibrous stroma with a storiform pattern. Courtesy of
Manuel Jacome, MD, Department of Pathology of IPOFG-Porto.
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6.2. Juvenile ossifying fibromas
Two distinct clinicopathologic entities are known:

(1) Trabecular juvenile ossifying fibroma (JTOF): well-defined but unencapsulated lesion that
infiltrates surrounding bone, composed of a cell-rich fibrous stroma containing bundles of
cellular osteoid and bone trabeculae without osteoblastic rimming, and aggregates of giant
cells (figure 5). Stromal cells are spindle or polyhedral and produce little collagen and the
fibrillary osteoid matrix gives the tumor a characteristic loose structure. Cellular, immature
osteoid, with plump eosinophilic osteoblastic cells, forms strands that may be long and
slender or plump (“paint brush strokes”). The immature cellular osteoid is not always easily
distinguished from the cellular stroma. Irregular mineralization takes place at the center of
the osteoid strands, and progressive calcification results in anastomosing trabeculae of
immature woven bone. Maturation to lamellar bone is not observed. Local aggregates of
multinucleated giant cells are commonly seen in the stroma. Mitotic activity of the stromal
cells may be present but is never numerous. Cystic degeneration and aneurysmal bone
cystformation has been reported in a few cases.

Collagen is usually not observed, yet older lesions may show some collagenisation
(Eversole, Leider et al. 1985; El-Mofty 2002; Eversole, Su et al. 2008).

Figure 5. Juvenile trabecular ossifying fibroma (a) trabecular strands of immature osteoid; (b) immature
osteoid with irregular mineralization and cellular stroma. Courtesy of Manuel Jacome, MD, Department
of Pathology of IPOFG-Porto.

(2) Psammomatoid juvenile ossifying fibroma (JPOF)

On gross examination, the tumor is described as firm to hard in consistency and tan-white,
grayish-white or grayish-brown in color and well demarcated from the surrounding bone,
though not encapsulated. On sectioning, the cut surface is typically a tan-white, rubbery,
homogeneous mass with a firm-to-gritty consistency and also displays large cystic areas
(Sarode, Sarode et al. 2011).

On light microscopic examination, the tumor has multiple small acellular calcified structures,
round and uniform and with concentric lamellar calcification, called ossicles/psammomatoid
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bodies; they are homogenously distributed in a relatively cellular stroma that may have
whorled appearance, composed of uniform, stellate, and spindle shaped cells. In some cases
the stroma is myxoid and may undergo cystic change with edema, hemorrage and clusters of
multinucleated giant cells, where one can also find acellular mineralized deposits with bizarre
shape (Noudel, Chauvet et al. 2009; Linhares, Pires et al. 2011; Sarode, Sarode et al. 2011).
Occasionally, shrunken cells become embedded in the calcified matrix of the ossicles. The
psammomatoid bodies are basophilic and bear superficial resemblance to dental cementum,
but may have an osteoid rim. Mitotic activity is extremely rare in the stromal cells. At the
periphery of the lesion, the ossicles may be very closely packed with little intervening stroma,
or coalesce and form irregular thin bony trabeculae that may become thicker, with numerous
reversal lines. A shell of normal bone is usually present and may show osteoclastic resorption
endosteally associated with osteoblastic activity on the periosteal surface. Cystic degeneration
and aneurismal bone cyst formation is commonly reported (El-Mofty 2002; Eversole, Su et al.
2008; Linhares, Pires et al. 2011).

6.3. Gigantiform cementoma

This entity is often multifocal, with expansile masses of the maxilla and/or mandible;
microscopic examination displays a benign hypercelular stroma with monomorfic
appearing fibroblasts showing no mitosis, mature collagen fibers and scattered ovoid, often
laminated, psammomatoid calcifications with variable size, many of them very large
(Young, Markowitz et al. 1989; Abdelsayed, Eversole et al. 2001).

7. Differential diagnosis

Ossifying fibroma (OF) is often confused with focal cementoosseous dysplasia (FCOD).
Importantly, the later is an endosseous nonneoplastic process that occurs around the roots of
mandibular teeth and fails to expand bone. Alternatively, OF is a potentially aggressive lesion
that causes cortical expansion and often causes divergence of contiguous teeth. Both lesions
may show similar histological features with trabecular bone and cementifying areas. Older
lesions of FCOD may show dense corticated bone islands, a finding that is not present in OF.

While fibrous dysplasia (FD) and OF may share microscopic features, the clinicoradiologic
differences are now widely accepted (Linhares, Pires et al. 2011).

In contrast to FD, JPOF shows osteoclasts and osteoblasts typically lining the trabeculae, which
are composed of entrapped lamellar bone. The entities can be distinguished from one another
on the basis of molecular detection of activating missense mutations of the GNASI gene in
fibrous dysplasia of the jaws, while ossifying fibromas are found lacking (Hasselblatt, Jundt et
al. 2005; Eversole, Su et al. 2008; Nasser 2009; Noudel, Chauvet et al. 2009).

JPOF might be easily mistaken for psamomatous meningioma, and in JPOF with a
neurocranial location the likelihood of a misdiagnosis is increased. Even though there is
frequent immunohistochemical negativity for epithelial membrane antigen (EMA) in JPOF,
there are reported cases with EMA positivity; it is also positive for vimentin, smooth muscle
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actin and CD10, with lack of expression of CD34, S100 protein and cytokeratins. The
diagnosis should be based on morphological, clinical and radiographic findings
(Hasselblatt, Jundt et al. 2005; Noudel, Chauvet et al. 2009; Sarode, Sarode et al. 2011).

8. Genomic alterations

Cytogenetic analysis was done in only a few cases of ossifying fibroma. In one case of COF
of the mandible, deletions were detected in 2q31-32 q35-36 (Dal Cin, Sciot, et al. 1993).A
study of 3 cases of JPOF of the orbit demonstrated non random chromosome break points at
Xq26 and 2q33 resulting in (X;2) translocations (Sawyer, Tryka,et al.1995). Regarding OF
NOS there are reports that identify mutations in HRPT2 a gene that encodes parafibromin
protein. Psammomatoid ossifying fibroma has been associated to chromosomal breakpoints
t(X;2)(q26,q33) and interstitial insertion of bands 2q24.2q33 into Xq26.

Hyperparathyroidism associated ossifying fibroma has been associated with mutations in
tumor suppressor gene HRPT2.

The rare gigantiform cementoma is related to an autosomal dominant inheritance in some
cases whereas others are ““familial”. Among the few cases that have been reported, the gene
appears to have a high level of penetrance with variable expressivity (Young, Markowitz et
al. 1989; Finical, Kane et al. 1999; Abdelsayed, Eversole et al. 2001; Rossbach, Letson et al.
2005).

9. Treatment and prognosis

Complete excision of a OF lesion is the treatment of choice and it can be curative. Despite its
benign features, they can be locally invasive, causing significant morbidity, and fatal
consequences may be induced by intracranial extension (Baumann, Zimmermann et al. 2005;
Cruz, Alencar et al. 2008; Bohn, Kalmar et al. 2011; Linhares, Pires et al. 2011). However, a
surgical approach is dictated more by anatomic location and tumor size than by histologic
subtype (Shields, Peyster et al. 1985; Hartstein, Grove et al. 1998; Smith, Newman et al. 2009).

Radiotherapy is generally contraindicated because of the risk of malignant transformation
and the potentially harmful late effects in children (Nakagawa, Takasato et al. 1995; Noudel,
Chauvet et al. 2009).

The clinical course of JTOF is characterized by infrequent recurrence following conservative
excision. One or more recurrences were observed in 3 of 10 patients reported by Slootweg et
al (Slootweg, Panders et al. 1994). Eventual complete cure could be achieved in those cases
without resorting to radical surgical intervention. Malignant transformation has not been
reported. Regarding JPOF, surgical excision is the treatment of choice, although recurrence
even after definitive surgery is not unusual. Recurrence rates of 30% have been reported. In
some cases, multiple recurrences over a long follow-up period are reported. No malignant
change has been observed. Treatment for gigantiform cementoma is resection with
immediate or staged reconstruction (Finical, Kane et al. 1999).
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Overall recurrence rates after resection is reported to range from 30 to 56% and this is likely
to be due to incomplete excision resulting from the infiltrative nature of the tumor borders
more than to any intrinsic biological properties (Brannon and Fowler 2001; MacDonald-
Jankowski 2004; Noudel, Chauvet et al. 2009).

10. Conclusion

Ossifying fibromas comprises entities with different morphological features that can be
mistaken for other benign fibro-osseous lesions; this similarity and overlapping microscopic
characteristics turns the multidisciplinary approach, comprehending clinical, radiological
and pathological aspects, more reliable for a correct diagnosis.

They have locally aggressive behavior, with high recurrence rate, particularly in partial and
incomplete excisions, with complete removal being the gold standard treatment. Prognosis
is good, without metastases in the reported cases.
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1. Introduction

Beside its main function of digestion and absorption, intestinal mucosa acts as an important
barrier to toxic and harmful materials and protects an individual from different antigenic
and inflammatory reactions. The intestinal barrier is composed of a mucin layer covering the
cells, enterocytes and the apical junctional complex in between the cells [1].

The epithelium of the small intestine is characterized by villi & crypts. Villi are folds of the
epithelium into the lumen with a core of lamina propria. Villi are tallest in the jejunum and
shortest in ileum. The lamina propria core contains white blood cells, lacteals, a rich
fenestrated capillary network, nerves; and scattered smooth muscle cells.

The villus epithelium is composed of enterocytes and goblet cells. Enterocytes are columnar
absorptive cells and has an apical striated border of microvilli. Goblet cells secrete mucin to
provide a protective coating. Only a few goblet cells are present in the the upper small
intestine, more in the ileum.

The apical junctional complex consists of a network of tight junction proteins and the
adherens junction [2]. They are anchored in the cell via the filamentous actin cytoskeleton
[3]. Zonula occludens proteins (ZO-1, ZO-2 and ZO-3) are important intracellular tight
junction proteins, linking the cell cytoskeleton to the transmembrane TJ proteins such as
claudins, occludin and junctional adhesion molecules (JAM). Whereas occludin and JAM have
a regulatory role, transmembrane protein claudins, abundantly present between adjacent
healthy intestinal epithelial cells, are mainly responsible for the intestinal barrier function [4].

Crypts are folds of the epithelium that invaginate down into the lamina propria. Many of
the cells in the crypt serve as precursors for enterocytes or goblet cells of the villi. Paneth
cells are situated at the base of the crypts. Enteroendocrine cells are scattered through the
small intestinal crypts.
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Microvilli are folds of the apical plasma membrane of each enterocyte with a core of actin
cytoskeleton. A thick glycoprotein coat, the glycocalyx covers the microvilli. The glycocalyx
contains hydrolytic enzymes such as enteropeptidase, dipeptidases and disaccharidases.

Lymphoid cells are found throughout the GI tract lamina propria, submucosa and even the
epithelium itself and are known as gut associated lymphoid tissue or GALT. Aggregated
nodules are found in the jejunum and ileum, with more prominent ones in the ileum and
known as Peyer’s patches.

At the site of Peyer’s patches, the overlying villi are frequently absent. The epithelium
covering a patch is called the follicle associated epithelium (FAE). The FAE is composed of
specialized cells called "M" cells. M cells pinocytose a representative sample of intraluminal
antigens and transcytose them across to intraepithelial antigen presenter cells.

Recently, disruption of the above mentioned structures during several physiological or
pathological conditions has been reported, which were associated with impaired intestinal
barrier function and lead to the passage of intraluminal solutes into the systemic circulation
[5,6,7].

Investigations showed that the changes of intestinal barrier function were mainly due to the
relaxation of the tight-junction between intestinal epithelial cells [8]. Some studies proposed
that factors causing alterations in gut microbiota, hormones secreted by the enterocytes and
changes of related enzymatic system caused damage of intestinal barrier, and the enteric
bacteria and endotoxin reinforced the damage [9].

Histopathological data of the gastrointestinal barrier of human being is scarce. This chapter
mainly focuses on the research findings of the morphological changes of the gut during
intestinal barrier dysfunction in laboratory animals. Contents of the chapter will help the
researchers interested in gastrointestinal morphological changes.

Discussion about the factors and type of morphological changes of the gastrointestinal
barrier is provided below. For easy understanding, discussion is done under several
headings.

2. Gender and age

Recently, Milicevi¢ Z and his team analyzed the effects of gender and ageing on the
histoquantitative parameters of healthy jejunal and ileal mucosa. Computer-aided
morphometric analysis of 24 jejunal and 25 ileal biopsy samples collected during routine
endoscopy of healthy individuals with family history of intestinal malignancy was done.
Jejunal mucosal thickness was significantly reduced in elderly subjects above 60 years of age
(p<0.05), especially in elderly females compared to the adults (p<0.05). Jejunal villi were
significantly wider in adults than in the elderly subjects (p<0.05), whereas ileal villi were
significantly wider in elderly compared to adult subjects (p<0.01) and in male compared to
female subjects (p<0.05). Other histoquantitative parameters eg. mucosa epithelium height,
crypt numerical density, villous height, crypts and villous perimeter, diameter and
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epithelium height of jejunal and ileal mucosa were not different significantly in their
observation [10].

3. Undernutrition

Adequate nutrition is necessary for the normal cell division and cell migration from the
crypt to the villi thus in maintaining the gastrointestinal barrier. Diet with protein and
vitamin restriction (75% protein and 50% vitamin restrictions) but not food restriction to
weanling, Wistar/NIN male rats for 20 weeks significantly increased intestinal cell apoptosis
observed by morphometry, Annexin V binding, M30 CytoDeath assay, and DNA
fragmentation [11].

Providing a diet moderately deficient in protein, fat, and minerals to C57BL/6 mice from the
10 day of their life for 6 weeks resulted in decreased villous height and crypt depth in the
jejunum of the undernourished weanlings, stained by haematoxylin and eosin (H&E) and
observed under light microscope, increased claudin-3 expression, decreased epithelial cell
proliferation measured by immunohistochemistry eg. MTS and bromodeoxyuridine
assays and increased epithelial cell apoptosis as measured by annexin and 7-amino-
actinomycin D staining. All these changes were associated with decreased transmucosal
resistance and increased permeability to FITC-dextran indicating intestinal barrier
dysfunction [12].

Cancer cachexia is also reported to induce alterations to some of the morphological
parameters of the small intestine. Light microscopic observation of the H&E stained
intestinal specimen of tumor-bearing mice was reported to have lower villus height and
contour length than in healthy mice (P > 0.05). Villus width and crypt depth showed
substantial evidence of atrophy (P < 0.05). Wasting of smooth muscle in the muscularis layer
as indicated by a reduction in muscularis width was present on days 2 and 11 of tumor
production (P < 0.05). [Villus contour length was calculated using the following equation:
villus contour length = (2 x villus height) + (0.3 x villus width)] [13].

4. Psychological stress

Various kinds of psychological stresses such as chronic water avoidance stress (WAS) in rats
and mice which mimics chronic depression in human being has been reported to
compromise small intestinal mucosal structure and hamper intestinal barrier function. H&E
and Periodic acid schiff (PAS) stain of the microtome sections of the small intestinal
segments of the Sprague Dawley rats subjected to water avoidance stress for 10 days
showed that villus height (p<.005), crypt depth (p<0.00), number of goblet cells in villus
(p<.0.00) and crypt (p<.0.03) decreased significantly in the jejunum as compared to the
control. Ileum also had atrophy but villus height and the number of goblet cells in the villi
did not differ significantly. Number of polymorphonuclear neutrophil infiltration was
significantly higher in stress group as compared to control (p<0.00) [6].
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Figure 1. Light microscope findings of PAS stain of control (A) and WAS (B) rats of the mucosal layer of
jejunum (x 100).

Microtome sections of the rat distal colon subjected to WAS stained with H&E showed
inflammatory cell infiltration in the lamina propria of stressed rats fed with standard diet
that was not observed in non-stressed rats [14].

Noise-induced stress (15 min of white noise at 90 dB daily for 3 wks) has been reported to
disrupt the intestinal barrier of laboratory rats. Light microscopic observation of the ileum
stained by H&E showed significantly more degranulated mast cells (mean+SE, 3.95+0.8 vs
0.35+ 0.29, respectively) and eosinophils (mean+SE 9.46+0.44 vs 4.58+0.38) per villus section
adjacent to the Peyer patches in noise exposed rats than in quiet rats. The mean width of
villus laminar propria was significantly greater in noise exposed rats than in quiet rats,
suggesting edema. Mucosal epithelial cells of noise rats were often separated, sometimes
detaching from the basement membrane, whereas those of quiet rats were intact. Recovery
rats who were kept in quiet room for a further 3 weeks after the initial 3 weeks of noise
exposure, showed no reduction in mast cell degranulation or mean width of villus lamina
propria, but there were increased numbers of secreting goblet cells in the villi adjacent to
Peyer patches and some recovery of epithelial integrity [15].

5. Nutrients

High fat diet consumption and obesity has recently been identified to be associated with
compromised tight junction integrity of the enterocytes. An altered distribution such as
substantial decreased staining of occludin and discontinuous signals for ZO-1, in the
intestinal epithelium of leptin-deficient obese ob/ob mice was observed by
immunocytochemistry of intestinal cryosections. Similar results were obtained in
hyperleptinemic and functional leptin receptor deficient obese db/db mice. There was also a
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shift of intestinal junctional protein from the cytoskeleton of both these obese strains,
causing a decrease in paracellular sealing [9].

Medium chain triglycerides (MCTs) enhance cell proliferation of the intestinal epithelium
and mucous secretion from goblet cells in the small intestine. Number of goblet cells
measured by periodic acid Schiff and alcian blue stain was significantly higher in rats given
MCTs as compared to rats given corn oil (5 g/kg per day) or chow for 2 weeks. Proliferating
cells on the villi and the crypts in the small intestine, detected by immunohistochemistry
using monoclonal mouse anti rat Ki-67 antigen and the apoptotic cells detected by
polyclonal rabbit anti single stranded DNA antibody were also significantly greater in rats
given MCTs than rats given corn oil or normal rats. Both proliferative and apoptotic index
were significantly increased in rats receiving MCTs.

These effects of MCTs might persuade further research on the role of MCTs on the
histological changes of the gastrointestinal barrier in patients suffering from inflammatory
bowel disease or enterogenous infections [16].

6. Parenteral nutrition

Observation of the Ileal segments of Sprague Dawley rats stained with H&E and PAS
staining after seven days of standard total parenteral nutrition (TPN) under light
microscope has been associated with villous atrophy, fewer goblet cells, atrophy of Peyer’s
patches. Decreased luminal mucus gel was observed by cryostat sections of frozen samples
in liquid nitrogen followed by celloidin stabilization and PAS stain in rats receiving TPN
[17]. Seven days of Alanyl glutamine supplemented TPN was able to attenuate the changes
found in standard TPN observed under light microscope [18].

7. Infections

Enteroaggregative Escherichia coli strains have been associated with persistent diarrhea in
several developing countries. Electron microscope observation showed that
Enteroaggregative Escherichia coli strains caused total or partial villi destruction,
vacuolization of basal cytoplasm of the enterocytes, epithelium detachment, derangement of
the structure and epithelial cell extrusion in ileal mucosa. Bacterial aggregates associated
with mucus and cellular debris was evident in the intestinal lumen and in the intercellular
spaces of the destroyed epithelium, suggesting bacterial invasion which seemed to be
secondary to the destruction of the tissue [19].

8. Inflammatory bowel disease

Duodenal biopsy of Celiac disease patients stained with H&E and studied under light
microscope had a raised IEL count (> 20 per 100 enterocytes) and marked villous atrophy [20].

Expression of claudin-2 was distinctly different in active Chron’s disease (CD) and
ulcerative colitis (UC) in comparison to its expression pattern in controls. Claudin-2
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expression was upregulated along the whole length of intercellular junction (ICJ) in biopsies
from patients with active CD and UC in comparison to the biopsies from control patients,
where its expression was limited to the uppermost part of ICJ. There was reduced
expression of ZO-1 in UC and CD patients. On transmission electron microscopic
examination, the pentalaminar structure of tight junction (TJs) was destroyed in patients
with CD and UC but no significant change was seen in controls. The redistribution of
claudin-2 expression was in accordance with the TJ ultrastructural changes in patients with
UC and CD [21].

9. Diabetes mellitus

Endoscopic biopsy of eight insulin dependent diabetes mellitus patients without
concomitant celiac disease was devoid of any sign of atrophy or inflammation under light
microscope, whereas observation under transmission electron microscope showed
remarkable ultra-structural changes in height and thickness of microvilli, space between
microvilli and thickness of tight junctions in six out of the eight patients [22].

10. Surgery

Electron microscope observation of the samples of the laboratory animals underwent
intestinal surgery reported lower expression of occludin. Administration of enteral nutrition
(EN) after surgery induced greater expression of occludin in the intestine than in the
animals receiving total parenteral nutrition (TPN). Intestinal epithelial tight junction and
microvilli were more intact in the animals receiving post surgical EN as compared to those
receiving post surgical TPN [23].

Destructive changes such as intense edema of the intestinal wall, mainly in the intestinal
lamina propria, as well as blood vessel dilatation and congestion were observed in the
intestinal obstruction model of mice. There was also a discrete increase in the cellularity of
lamina propria. In addition to that, epithelial reactive changes, superficial erosions, edema,
and enlargement of the intestinal villi were observed under light microscope [24].

11. Alcohol and drugs

Ethanol (0, 1, 2.5, 5, 7.5, and 10%) produced a progressive disruption of TJ protein (ZO-1)
with separation of ZO-1 proteins from the cellular junctions and formation of large gaps
between the adjacent cells of Caco-2 cell line as evidenced by immunofluorescent antibody
labeling of ZO-1 proteins [25].

Immunofluorescence analysis of HT-29 cells showed a fragmented and granulous ZO-1
staining, after aspirin treatment. Treating both aspirin and heat-killed Lactobacillus
acidophilus strain LB (LaLB) together with the culture supernatant, resulted in fine
continuous linear web at cell-cell contacts similarly to control evaluated by
immunofluorescence using an anti-ZO-1 antibody [26].
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Prolonged subcutaneous injection of Methamphetamine (MA) for 12 weeks decreased the
villi height and increased the number of goblet cells significantly as compared to the control
group of rats as evidenced by light microscope observation of the H&E and PAS stained
samples of the ileum. Withdrawal of MA was able to bring the morphology back to normal
[27].

Quantitative analysis of ZO-1 expression in male Wistar rats receiving oral methotraxate
(MTX, 15 mg/kg) for 3-5 days showed the absence of significant differences, whereas
tyrosine dephosphorylation of ZO-1 was observed. An obvious reduction of ZO-1
immunostaining along the apical membrane of intestinal villi was also observed. These
findings suggest that ZO-1 alterations may contribute to the disturbance of T] barrier in
MTX-treated rats, which leads to enhanced intestinal permeability [28].

Paclitaxel, a new chemotherapeutic agent induced apoptosis in 12.5% of jejunum villus cells
observed under light microscope after Terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate (dUTP)-biotin end labeling assay (TUNEL), which was
reduced to 3.8% by granulocyte stimulating factor (G-CSF) treatment. Apoptosis in the
control group was 0.6%. Paclitaxel treatment also resulted in villus atrophy observed
under light microscope of H&E stained slides, which led to increased intestinal
permeability. G-CSF treatment resulted in increased villus height and returned WBC
counts to normal levels [29].

12. Radiation injury

Radiation exposure in cancer patients damages the intestinal epithelium and thus can
hamper intestinal barrier function [30].

Disruption of the integrity of the intestinal barrier was observed in rat ileum following
abdominal X-irradiation, depending on the post irradiation time and the delivered dose. The
loss of barrier integrity was characterized by a disorganization of proteins of tight and
adherent junctions as evidenced by immunohistochemical analyses of junctional proteins
(ZO-1 and beta-catenin) observed by confocal microscope. A disorganization of the
localization for ZO-1 and beta-catenin was also observed [31].

Epithelial cell damage was observed in the duodenum, jejunum, ileum and distal colon in
paraffin and frozen section at 1, 6, 24, 96h, 1.5 and 3 months after a single dose of 25Gy
administered percutaneously to the liver of rats. However, prolonged denudation of the villi
together with destruction of the crypt lining was only observed in the ileum, resulting in
deficient regeneration. In the colon, changes were minor. Radiation mucositis with
granulocyte (MP0+) infiltration was seen from 1 to 24h in the duodenum and jejunum, when
ED1+ macrophages, CD3+ T-lymphocytes, and CD34+ hematopoietic precursor cells were
recruited, accompanied by an increase in the chemokines MCP-1, MIP-1a, MIP3ax and 11-8.
In the ileum, early granulocyte infiltration was delayed but continuous. Recruitment of
macrophages and lymphocytes was deficient and induction of chemokines such as the
adhesion molecules PECAM-1, ICAM-1 was lacking [32].
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13. Others

Thirty percent total body surface area (TBSA) burn resulted in a significant increase in
intestinal permeability. Burn injury resulted in a marked decrease in the levels of tight
junction proteins occludin and ZO-1 at 6 and 24 h following burn analyzed by
immunoblotting and immunohistochemistry and seen under confocal microscope [33].

Gut barrier dysfunction was evident in patients with multiple organ dysfunction (MODS).
Breakdown and reorganization of occludin and ZO-1 away from tight junctions was found
in all MODS patients analyzed by immunoblotting and immunofluorescence staining [34].

In animal model of cirrhosis of liver, ileal structure was altered by the presence of villous
atrophy, lymphangiectasias and submucosal oedema as seen in H&E stained samples under
light microscope [35].

Condition Methods used Findings Author
Gender and age| Endoscopic biopsy, H&E Jejunal mucosal thickness was Milicevic Z
stain, Computer-aided significantly reduced in elderly
morphometric analysis. subjects above 60 years of age

(p<0.05), especially in elderly females
compared to the adults (p<0.05).

ileal villi were significantly wider in
elderly compared to adult subjects
(p<0.01) and in male compared to
female subjects (p<0.05).

Under nutrition| Apoptosis observed by Significantly increased intestinal cell | Bodiga VL
Diet with 75% | morphometry, Annexin V| apoptosis. 2005
protein and binding.

50% vitamin
restrictions to

weanling,

Wistar/NIN

male rats for 20

weeks

Diet H&FE,

moderately immunohistochemistry eg. | Decreased villous height and crypt | Ueno PM

deficientin | MTSand depth in the jejunum. 2011

protein, fat, and| bromodeoxyuridine assays, | Increased claudin-3 expression,

minerals to annexin and 7-amino- decreased epithelial cell

C57BL/6 mice | actinomycin D staining. proliferation, increased epithelial cell
apoptosis.

Cancer cachexia| Light microscopic Decreased villus height and contour |Susan E

observation of the H&E length than in healthy mice (P > 0.05). | 2000
stained intestinal specimen | Villus width and crypt depth
of tumor-bearing mice. showed substantial evidence of
atrophy (P <0.05).
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Condition Methods used Findings Author
Total parenteral| Ileal segments of rats Villous atrophy, fewer goblet cells, |Khan ] 1999
nutrition stained with H&E and PAS | atrophy of Peyer’s patches. liboshi Y
staining and observed under| Decreased luminal mucus gel. 1994
light microscope.
High fat diet | Immunocytochemistry of | Altered distribution such as Suzuki T
intestinal cryosections of substantial decreased staining of 2010
mice occludin and discontinuous signals
for ZO-1
Medium chain | Periodic acid Schiff and Number of goblet cells measured Iishi K 2009

triglycerides alcian blue stain. was significantly higher in rats given
(MCTs) MCTs as compared to rats given corn|
oil (5 g/kg per day) or chow for 2
weeks.
Im'munohistochemistry Proliferating cells on the villi and the
using monoclonal mouse crypts in the small intestine,
anti rat Ki-67 antigen, o . .
. - significantly greater in rats given
polyclonal rabbit anti single . .
. MCTs than rats given corn oil or
stranded DNA antibody.
normal rats.
Psychological |H&E and periodic acid Villus height (p<.005), crypt depth | Saudi WSW
stress Schiff stain of the (p<0.00), number of goblet cellsin | 2009

microtome sections of the
small intestinal segments of
rats under light microscope.

Microtome sections of the
rat distal colon stained by
H&E.

Light microscopic
observation of the ileum
stained by H&E.

villus (p<.0.00) and crypt (p<.0.03)
decreased significantly in jejunum as
compared to control. Number of
polymorphonuclear neutrophil was
significantly higher in stress group
as compared to control (p<0.00).

Inflammatory cell infiltration in the
lamina propria of stressed rats.

Significantly more degranulated mast
cells and eosinophils per villus section|
adjacent to the Peyer patches in noise
exposed rats than in quiet rats. The
mean width of villus laminar propria
was significantly greater in noise rats
than in quiet rats. Mucosal epithelial
cells of noise rats were often
separated, sometimes detaching from
the basement membrane.

Larauche M
2012

Baldwin AL
2006
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Condition

Methods used

Findings

Author

Diabetes
mellitus

Transmission electron
microscope.

Remarkable ultra-structural changes
in height and thickness of microvilli,
space between microvilli and
thickness of tight junctions.

Secondulfo
M 2004

Surgery

Electron microscope.

Samples of the laboratory animals
underwent intestinal surgery
reported lower expression of
occludin.

Zhang MM
2009

Infection

Electron microscope.

Enteroaggregative Escherichia coli
strains caused total or partial villi
destruction, vacuolization of basal
cytoplasm of the enterocytes,
epithelium detachment,
derangement of the structure and
epithelial cell extrusion in ileal
mucosa of laboratory animals.

Andrade JA
2010

Inflammatory
bowel disease

Hematoxylin-eosin and
studied under light
microscope.

Immunohistochemistry.

Electron microscope

Raised IEL count (> 20 per 100
enterocytes) and marked villous
atrophy of duodenal biopsy.

Reduced expression of ZO-1 in UC
and CD patients.

Pentalaminar structure of tight
junction (TJs) was destroyed in
patients with CD and UC

Dewar DH
2012
Das P 2012

Alcohol

Immunofluorescent
antibody labeling of ZO-1
proteins.

Ethanol (0, 1, 2.5, 5, 7.5, and 10%)
produced a progressive disruption of
TJ protein (ZO-1) with separation of
ZO-1 proteins from the cellular
junctions and formation of large gaps
between the adjacent cells of Caco-2
cell line.

Ma TY 1999

Drugs

Immunofluorescence
analysis.

H&E and PAS staining of
ileum, observed under light
microscope.

Immunostaining.

HT-29 cell line showed a fragmented
and granulous ZO-1 staining, after
aspirin treatment.

Prolonged Methamphatamine abuse
in rats decreased the villi height and
increased the number of goblet cells
significantly as compared to the
control group of rats.

Reduction of ZO-1 along the apical
membrane of intestinal villi was
observed in methotraxate treatment
in rats.

Montalto M
2004

Khan ] 2008

Hamada K
2010
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Condition Methods used Findings Author
Paclitaxel, a new chemotherapeutic
. . agent induced apoptosis in 12.5% of
Light microscope jej illus cells. Apoptosis in the
observation after Terminal |/ o " OP P Zhang C
deoxynucleotidyl .cont.rol group was 0.§ %. also resulted 2011
transferase-mediated Tn villus at.roph).l which led t9 .
deoxyuridine triphosphate increased intestinal pe.rmeabThty.
(dUTP)-biotin end labeling Granulocyte colony-stimulating
assay (TUNEL) and factor (G-CSF) treatment resulted in
hematoxylin and eosin increased villus height and returned
(H&E) staining. WBC counts to normal levels.
Radiation Immunohistochemical Disorganization of the proteins of | Dublineau I
injury analyses of junctional tight and adherent junctions. A 2004
proteins (ZO-1 and beta- disorganization of the localization
catenin) and confocal for ZO-1 and beta-catenin was also
microscopy. observed.
Cameron S
Light miFroscope Prolonged denudation of the villi 2011
observation. together with destruction of the
crypt lining observed in the ileum. In
the colon, changes were minor.
Radiation mucositis with
granulocyte (MP0+) infiltration was
seen from 1 to 24h in the duodenum
and jejunum, when ED1+
macrophages, CD3+ T-lymphocytes,
and CD34+ hematopoietic precursor
cells were recruited.
Burn Immunohistochemistry. Marked decrease in the levels of tightl Costantini
junction proteins occludin and ZO-1 | TW 2009
at 6 and 24 h.
Multiple organ | Immunoblotting and Breakdown and reorganization of | Zhang JB
dysfunction immunofluorescence occludin and ZO-1 away from tight |2010
staining. junctions was found in all MODS
patients.
Cirrhosis of Light microscope. In animal model of cirrhosis of liver, | V Lorenzo
liver ileal structure was altered by the Zahiga 2006,

presence of villous atrophy,
lymphangiectasias and submucosal
oedema.

Table 1. Summary of the morphological findings in different conditions affecting gastrointestinal

barrier.
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Although still at conceptual level, evidences are persuasive that use of the certain
compounds, such as zinc, glutamine, probiotics etc has the potential to attenuate
morphological changes by the above factors and might represent a simple device to prevent
the occurrence or aggravation of chronic pathologies caused by intestinal barrier
dysfunction.

14. Glutamine

Glutamine is an amino acid important for the growth of enterocytes. Electron microscopy of
the intestine in a GLN-deprived infant rat model demonstrated intestinal intercellular
junction breakdown [36].

Deprivation of GLN decreased claudin-1, occludin, and ZO-1 protein expression and caused
a disappearance of perijunctional claudin-1 and a reduction of occludin but had no effect on
ZO-1. Transmission electron microscopy revealed that methionine sulfoximine-treated cells
in the absence of GLN formed irregular junctional complexes between the apical lateral
margins of adjoining cells. These findings indicate that TJ] protein expression and cellular
localization in Caco-2 cell monolayers rely on GLN [37].

15. Zinc

Trace elements such as zinc may assist in the maintenance of intestinal barrier integrity.
Caco-2 cells grown in zinc-deficient media had reduced TEER and altered expression of ZO-
1 and occludin ie. localized away from the cell boundaries and less homogenicity as
compared with the Caco-2 cells grown in zinc-replete media. This findings were
accompanied by disorganization of F-actin filaments [38].

Electron microscopic studies showed that percentage of the disrupted (opened) tight
junctions in experimental colitis were reduced by 50% with zinc supplementation [39].

16. Vitamin A

Retinoic acid (RA), the active form of vitamin A had significant trophic effects in resected
and sham-resected rats. Exogenous RA stimulated the adaptive response of the intestine in
70% small bowel resection by 2 weeks, as manifested by a significant increase in crypt
depth, villus height, and intestinal surface area of rats. The enlarged crypts and villi were
due to adaptive hyperplasia and not to cellular hypertrophy. RA was also trophic in the
intestine of control rats that were only subjected to transection and reanastomosis. Villus
heights and crypt depths were measured in 20-50 well-oriented hematoxylin-eosin-
stained crypt-villus units with the aid of a slide micrometer and Scion Image software.
Apoptotic cells were identified by standard morphological changes, including nuclear
condensation, perinuclear clearing, and cell shrinkage, and by staining for activated
caspase-3 [40].
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17. Arginine

Arginine is a dibasic amino acid with various metabolic and immunologic effects. Animal
models of intestinal obstruction, treated with arginine presented preservation of the tissue
structure. The villous epithelium was preserved and only discrete edema and enlargement
were present at lamina propria [24].

18. Probiotic

Light microscope observation of Giemsa staining samples revealed that there was close
interaction between luminal bacteria and the apical aspect of surface ileal enterocytes in rats
subjected to WAS. Bacterial interactions with ileal enterocytes were not observed in sham
stressed animals. Pretreatment with probiotics prevented the bacteria epithelial cell contacts
induced by WAS.

TEM confirmed the findings demonstrated with light microscopy. While there were no
bacteria adhering to the apical surface of enterocytes in sham stressed rats, multiple bacteria
were observed closely adhering and internalised into ileal enterocytes in stressed rats. Electron
dense condensation around the internalised bacteria consistent with polymerised actin was
observed indicating that enterocytes underwent cytoskeletal rearrangements. Pretreatment
with probiotics prevented WAS induced bacteria epithelial cell interactions [41].

19. Prebiotic

Prebiotic treated mice exhibited a decreased hepatic expression of inflammatory and
oxidative stress markers. This decreased inflammatory tone was associated with a lower
intestinal permeability and improved tight-junction ZO-1 and occludin integrity evidenced
by gPCR and immunohistochemistry, compared to controls [9] .

Both fibre sources, wheat bran (rich in cellulose and hemicellulose) and pollen from
Chinese Masson pine (Pinus massoniana) (rich in lignin) increased villus height of mucosa
in jejunum (+10% on average) and ileum (+16% on average) in animal model of 48 weaned
piglets [42].

Diet rich in arachidonic and docosahexaenoic acids, galacto- and fructo-oligosaccharides
and Lactobacillus paracasei NCC2461 resulted in increased villus length in the small
intestine to restore impaired intestinal barrier function and growth after neonatal stress in
rats [43].

20. Flavonoid

Quercetin is the most common flavonoid in nature. High amounts of quercetin are found in
onions, kale, and apples [44].

Flavonoids, quercetin and myricetin, enhanced barrier function in human intestinal Caco-2
cells. Suzuki and Hara recently reported that a 48-h exposure of quercetin enhanceds the
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intestinal barrier function through increasing claudin-4 expression in human intestinal
Caco-2 monolayers. Quercetin promoted the assembly of T] proteins, ZO-2, occludin, and
claudin-1 and the expression of claudin-4 by inhibiting the PKCo isoform [45].

Kaempferol, a natural flavonoid present in fruits, vegetables, and teas, provides beneficial

effects for human health. Confocal microscopy showed kaempferol-induced assembly of

occludin and claudin-3 occurred at the T] of Caco -2 cells at 6 h postadministration [46].

Condition

Methods used

Findings

Author

Deprivation of
Glutamine

Electron microscope
observation

Decreased claudin-1,
occludin, and ZO-1 protein|
expression and caused a
disappearance of
perijunctional claudin-1
and a reduction of
occludin

Potsic B 2000

Zinc supplementation

Zinc-deficient media

Electron microscope
observation

Percentage of the
disrupted (opened) tight
junctions in experimental
colitis were reduced by
50% with zinc.

Caco-2 cells have reduced
TEER and altered
expression of ZO-1 and
occludin ie. localized away
from the cell boundaries
and less homogenous
compared with Caco-2
cells grown in zinc-replete
media

Sturniolo GC,
2002

Finamore A
2008

Vitamin A

Light microscope, H&E
and staining for activated
caspase-3

Significant increase in
crypt depth, villus height,
and intestinal surface area
of 70% bowel resection in
rats.

Wang L 2007

Arginine

Light microscope

Animal models of
intestinal obstruction
treated with arginine
presented preservation of
the tissue structure. The
villous epithelium was

preserved and only

Viana ML 2010
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pine

observation of H&E
stained samples

Condition Methods used Findings Author
discrete edema and
enlargement were present
at lamina propria.
Probiotics Light microscope Prevented WAS induced | M Zareie 2007
observation of Giemsa | close interaction between
stained sample luminal bacteria and the
apical aspect of surface
ileal enterocytes in rats.
Prebiotics qPCR and Improved tight-junction | Cani PD 2009
immunohistochemistry | ZO-1 and occludin
Wheat bran and pollen
from Chinese Masson | Light microscope Increased villus height of |Schedle K 2008

mucosa in jejunum (+10%
on average) and ileum
(+16% on average) in
animal model of 48
weaned piglets

Diet containing

Light microscope

Increased villus length in

Garcia-Rodenas

observation

arachidonic and observation small intestine after CL 2006
docosahexaenoic acids, neonatal stress in rats.
galacto- and fructo-
oligosaccharides and
Lactobacillus paracasei
NCC2461
Quercetin Confocal microscope Promotes the assembly of | Suzuki T 2009
observation TJ proteins, ZO-2,
occludin, and claudin-1
and the expression of
claudin-4
Kaempferol Confocal microscope Assembly of occludin and | Suzuki T 2011

claudin-3 at the TJ of Caco
-2 cells

Table 2. Summary of the histological findings of different modulating agents improving

gastrointestinal barrier.

21. Conclusion

Emerging experimental evidences from animal models suggest that altered barrier function
is a potential pathway for intestinal and extra intestinal inflammation. Although thousands
of research findings are available dealing with gut barrier function during different
physiological and pathological conditions, few articles focused on the histolological
changes. In this chapter discussion was made in an attempt to provide a generalized idea of
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morphological changes during several conditions. Future researches are suggested to deal
with the effect of different modulating agents on the histolological parameters of intestinal
barrier. Therapeutic restoration of barrier function could improve pathophysiology and
clinical outcomes of different diseases.
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1. Introduction

The aquatic parasite usually classified in six groups include Protozoa (Phylum Rhizopoda,
Phylum Mastigophora, Phylum Ciliophora, Phylum Myxozoa, Phylum Microspora, Phylum
Apicomplexa), Phylum Platyhelminthes (Turbellaria, Monogene, Digenia, Cestoda), Phylum
Nematoda, Phylum Acanthocephala, Phylum Annelida and Phylum Arthropoda (Branchiura,
Copepoda, Malacostraca (order Isopoda)). Because of their size are vary from microscopic size
(1 um) to macroscopic type (more than 1 meter in some species), more techniques will need to
help scientist to classified them. Histological methods are becoming quite common in
diagnostic methodology in aquatic animals for a long time (Klontz, 1985). From 1999 to 2012,
the author collected more than 120 species of parasites from wild and cultured fish from
freshwater and marine fish in many parts of Thailand; North of Thailand (Chiang Rai
province, Payao province), North-east of Thailand (Nakornratchasima province, Kalasin
province, Sakonnakorn province), East of Thailand (Chachoengsao province, Chonburi
province, Rayong province, Trat province), Middle of Thailand (Suphan Buri province,
Ratchaburi province, Phra Nakhon Si Ayutthaya province). The specimens from this study
were fixed by fixative, dehydrated through a graded ethanol series and embedded in paraffin.
Five micrometer thick sections were prepared and stained with Harris' hematoxylin and eosin
(H&E). This method advantage to classify the disease because in some situation parasites hide
deep in the organ that can not observe by the simple diagnosis such as brain, vertebrae and
heart etc.. Moreover, histological study can explain the effect of parasite in the host and predict
for chemical and drug therapy for aquatic animals more precisely.

All groups of aquatic parasite are explained at below:

2. Protozoa

The protozoa is a vast assemblage of essentially single celled eukaryotic organisms [2].
Protozoans can be ectoparasites or endoparasites depending on their species. Protozoan
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ectoparasites are the most common parasites encountered in cultured fish [3]. They are also
frequently found in wild fish [4]. Ciliates and flagellates feed on the most superficial skin
layer [4]. Parasites cause a reactive hyperplasia of the epithelium and increased mucus
production. Hyperplasia appears as a cloundiness to the skin and leads to hypoxia if occur
on the gills [4]. Microspora are intracellular and affect a wide variety of vertebrates and
invertebrates, Myxosporea are largely intercellular and infect mainly fish [5].

2.1. Phylum Rhizopoda (amoeba)

Amoeba can infect on the external surface such as gill, skin and internal organ as intestine.
Paramoeba pemaquidensis has caused chronic mortality [4]. This parasite causes proliferative gill
lesions. Histopathological change includes focal lamellar hypertrophy with epithelial
hyperplasia and metaplasia [4]. Neoparamoeba perurans causes amoebic gill disease (AGD) [6].
This parasite affects some species of fish farmed in the marine environment such as Atlantic
salmon [7]. The gills of infected fish are pale, multifocal with diffused white AGD-like lesions.
Histological changes in the gills are characterized by hyperplasia of epithelial like cells across
the gill filaments. This resulted in the fusion of lamellae and the development of round to oval
interlamellar vesicles. Hyperplasia of mucous cells are also observed in the gills [6].

2.2. Phylum Mastigophora (flagellated protozoa)

Aquatic parasites in this subphylum separated in two classes; Phytomastigophora and
Zoomastigophora

Phytomastigophora contain chloroplasts in their cytoplasm [2]. Common type of this group
was dinoflagellate parasites Amyloodinium sp. and Piscinoodinium sp. [2]. Amyloodinium sp.
and Piscinoodinium sp. cause necrotic dermatitis to their host. Amyloodinium ocellatum is
marine fish parasites that can infect both elasmobranchs and teleosts [4]. They attach to the
host’s epithelium by rhizoids (root-like structures) and feed on the host [4]. The gills are the
primary site of infection. Heavy infestations can cause gill hyperplasia which include
epithelium to severe hyperplasia of the entire gill filament, inflammation, hemorrhage and
necrosis. In freshwater, Piscinoodinium is reported, histopathological changes are similar to
Amyloodinium sp. Filament degeneration and necrosis may also occur [4].

Zoomastigophora do not contain chloroplasts in their cytoplasm [2]. Three orders;
Kinetoplastida, Retortamonodida and Diplomonadida are usually reported as fish parasites [2].

Parasites of order Kinetoplastida have one or two flagella such as Cryptobia sp. [2]. Cryptobia
spp. are reported to invade the gastric epithelium of European cyprinids and flounders, they
may cause gastric dilation, lesions include submucosal granuloma, gastric perforation,
peritonitis and full thickness necrosis of the body wall musculature (Ferguson, 1989).

Parasites of order Retortamonodida are possessing two to four flagella, one turned
posteriorly such as genus Ichthyobodo [2]. Ichthyobodo is especially dangerous to young fish
and can attack healthy fry and even eggs [4]. Ichthyobodo necatrix induces severe erosion and
ulcerative dermatitis following epithelial hyperplasia and increased mucus production [4].
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Parasites of order Diplomonadida have one to four flagella and two-fold rotational or
bilateral symmetry such as Hexamita spp. and Spironucleus spp. [2]. Hexamita spp. are
reported in the intestine of many fish such as siamese fighting fish, oscar, discus fish and
rainbow trout, cause hexamitiasis [5]. This parasites are associated with a full-thickness
gastritis and may penetrate blood vessels leading to dissemination [5]. Spironucleus sp. cause
of hole-in-the-head disease of oscars, discus and other aquarium cichlids. This parasite ia
associated with large erosions in the cranial cartilages, may ulcerate, resulting often in
bilaterally symmetrical lesions [5].

2.3. Phylum Ciliophora

Members of this phylum have cilia in at least one stage of the life cycle. They always have
two types of nucleus; micronucleus and macronucleus. Most of fish parasites can separate in
three classes; Kinetofragminophorea, Oligohymenophorea and Prostomatea [2].

Members of class Kinetofragminophorea have oral ciliature slightly distinct from body
ciliature such as Chilodonella spp. [2]. Only two species C. piscicola and C. hexasticha are
pathogenic for fish [4]. Chilodonella spp. attach on fish skin and gills, this parasite causes
infection in fish especially in ornamental fish (Koi, goldfish). Chilodonella sp. may feed
directly on epithelium, appears to feed by penetrating the host cells with its cytostome and
sucking their the contents [4, 8]. After infection, fish secrete excessive mucus, with acute to
subacute dermatitis with hyperplasia [4].

Oral apparatus of the members of class Oligohymenophorea usually well defined and oral
ciliature is distinct from somatic ciliature such as Ichthyophthirius multifilis, Trichodina sp.
Tetrahymena sp. and Epistylis sp. 1. multifilis parasitizing many species of wide and culture
freshwater fish, cause Ich or white spot disease. This parasite is large in size (about 0.1-1.0
mm) contains a horseshoe-shaped macronucleus. Infected fish have the presence of small
white spots on the skin or gills. I. multifilis cause acute to sub acute dermatitis with
hyperplasia, they present within epidermis [5]. The epithelial erosion and ulceration that
result from the parasites” entrance into and exit from the host are probably as damaging as
its feeding activity. Lesions produced by the parasites may also lead to secondary microbial
infections [4].

Trichodinid species (Trichodina, Trichodinella, Tripartiella, Paratrichodina, Hemitrichodina and
Vauchomia sp.) especilly Trichodina sp. (Figure 1) are reported from infected skin and gills of
freshwater and marine fish. They inhabit the surface of fish, adhere through the suction on
the epithelium may cause damage [4,9]. They cause subacute dermatitis with hyperplasia
[5]. Mortalities can be much higher, especially in young fish [4]. In incidental case, some
species of Trichodina may infect the urinary bladder, oviducts or gastrointestinal tract [4]. In
this case, unilateral aplasia of a ureter or chronic inflammation may result in cystic dilation
of that portion proximal to the obstruction [5].

Tetrahymena sp. (Figure 1) is the parasite of freshwater fish, cause erosion of the cranium in
Atlantic salmon [5]. Tetrahymena pyriformis are usually reported in the parasite of guppy,
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capable of disseminated infections with dermal ulceration. In some cases, this parasite may
invade various internal organs, kidney or brain [4].

The peritrichous ciliate, Epistylis sp. and Scyphidia sp. are widely spread on fresh water fish
such as cichlid and cyprinid. They may infect skin, fins, oral cavity and gills. Epistylis sp. is
the most common and pathogenic type of sessile, colonial ectocommensal ciliate [4]. Host
response for this infection occur by hemorrhagic lesions, necrotic dermatitis with ulceration
[5]. In some case, Vorticella sp. was found on the thoracic appendages and the cercopods of
fairy shrimps [10] (Figure 2). Although in much literature, Vorticella sp. is reported as a free-
living organism, in some case, when aquatic animals are stressed by adverse environmental
conditions and they are completely debilitated and moribund, these free-living ciliophorans
become facultative parasites externally [11].

Figure 1. Some parasitic protozoa from aquatic animals.

(A) Trichodina spp. from Pangasianodon gigas. (scale bar = 50 pm) (source: Purivirojkul W, Areechon N,
Purukkiate C. Parasites and bacteria of giant catfishes (Pangasianodon gigas Chevey) larva. Thai science
and technology journal 2004; 12(3) 1-11.)

(B) Tetrahymena sp. from Poecilia reticulata. (scale bar = 50 pum)

(C) Ichthyophthirius multifilis from Pangasianodon gigas. (scale bar = 100 pm)

(D) Myxozoa (Thelohanellus sp.) from Barbonymus gonionotus. (scale bar = 20 pm)

Cryptocaryon irritans was the member of class Prostomatea, which cause marine white spot
disease also present within epidermis as I. multifilis. This parasite cause acute to subacute
dermatitis with hyperplasia [4].
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Figure 2. Vorticella sp.
(A) Clusters of Vorticella sp. infected on the cercopod of fairy shrimp.
(B) Myoneme of Vorticella sp. (arrow). (scale bar = 50 pm)

2.4. Phylum Myxozoa

Members of this phylum have spores of multicellular origin, with one or more polar
capsules and valves [2]. Classification is based on spore morphology [5]. They are divided
into two orders; Bivalvulida and Multivalvulida [2]. Spore of members of order Bivalvulida
have two valves such as Myxidium sp., Sphaerospora sp., Ceratomyxa sp., Thelohanellus sp.
(Figure 1) and Myxobolus sp. While spore of members of order Multivalvulida have three or
more valves such as Kudoa sp. [2].

Parasites in this group settle in muscles and bones of fish hosts lead to fibroplasia and
vertebral deformities. In muscle, dermal or sub-dermal cysts are reported [5]. A few
myxosporean genera develop intracellularly in skeletal muscle, while others have some
development stages that are intracellular [5]. Myxobolus spp., infect bone causes vertebral
deformities especially M. cerebralis, causes whirling disease in farmed salmon and trout. This
parasite develops within cartilage, causing lysis and may lead to skeletal abnormalities [5].
The parasite may distort the vertebrae and cause compression lesions [5].

Myxobolus sp. occurred as intact plasmodia between muscle fibers, often adjacent to
vertebral spines. The inflammatory response consisted of melanin-laden macrophages and
associated with fibroplasia [12]. Many species of Myxobolus spp. are reported in fish such as
M. hakyi in Pangasianodon hypophthalmus [13]. M. hendricksoni is found in the optic lobes,
cerebellum, ventricles and meninges of the fathead minnow. Host response is minimal even
though large areas of the brain may be occupied by the parasites [5]. In minnows, Myxobolus
are found in dorsal root ganglia and spinal canal [5].

The pathology of Henneguya spp. is related to the site of infection in the gill (lamellae,
filaments or arch) [14]. H. tunisiensis infecting the gill arches of Symphodus tinca, the parasites
develop plasmodia in the connective tissue elements of the gill arch, under the mucosal
epithelium. Large plasmodia are usually situated at the ends of the gill arch and induce the
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compression of the capillaries and retraction of the neighbouring tissue [14]. H. creplini
infecting the gills of Stizostedion lucioperca. The plasmodia located in gill lamellae cause
epithelial hyperplasia, and the formation of a thick layer of granular tissue [15]. H.
salminicola infect pacific salmon muscle cause grossly visible opaque milky white blotches or
streaks [5].

Myxosporidiosis associated with the genera Mitrospora sp. and Sphaerospora sp. found in the
kidney caused degenerative changes within tubular epithelium and cast. Ceratomyxa shasta is
parasite of salmonids that induces granulomatous lesions throughout the viscera, including
the kidney [5]. This parasite causes granulomatous peritonitis and sometime total loss of the
gall bladder [5]. Myxidium oviformis in Atlantic salmon causes severe cholangiohepatitis and
inflammation of the gall bladder with emaciation of the host [5]. Kudoa sp. release myolytic
enzymes after the death of the fish thereby resulting in rapid liquefaction [5].

2.5. Phylum microspora

The phylum Microspora is comprised of unicellular organisms living as intracellular parasites
in a variety of invertebrates and in all five classes of vertebrate hosts [16]. Their extrusion
apparatus, always with a polar tube and cap [2]. Microsporidia are currently classified on the
basis of their ultrastructural features, including size and morphology of the spores, number of
coils of the polar tube, developmental life cycle and host-parasite relationship [17].

Some species infect the muscle, dermal or subdermal cysts are seen and often rupture
through the skin [5]. Some species form cysts within the intestinal wall such as Thelohanellus
kitauei, cause intestinal giant cystic disease of carp [5]. The intracellular parasite,
Ichthyosporidium, Glugea and Spraguea replicate and cause cytomegaly, leads to atrophy and
encapsulating fibroplasia. A large xenoma with a refractile wall and filled with refractile
spores may elicit the formation of granulation tissue [5]. Moreover, Glugea spp. cause
serious pathological changes in a variety of tissues. It infects macrophages and other
mesenchymal cells that subsequently undergo massive hypertrophy, causing space-
occupying compression and deformations [5].

Many species of microsporidians do not induce hypertrophy of the myocyte but rather
replicates within the sarcoplasm, eventually occupying and destroying it such as Pleistophora
[5]. P. macrozorcidis infect the ocean pouts Macrozoarces americanus, their cyst within the
muscle give the gross appearance of neoplasms [5]. These may cause pressure necrosis of
the overlying skin with release of spores into the water as a consequence [5]. P. longifilis is
recorded from the testis of Barbus flaviatilis in Germany [5]. In some species such as P.
ovariae, ovaries are the prime target of this parasite in golden shiner Notemigonus crysoleucas.
The large cysts are considered to reduce fecundity, cause pressure atrophy of adjacent
uninfected ova and parenchyma and lead to sterility [5].

The genera Heterosporis, Kabatana, Microsporidium, Pleistophora and Thelohania have been
found to infect muscle tissue [16]. Some microsporidian may infect brain and heart for
example, Spraguea lophii is found in the cerebrospinal ganglia of angle fish, Lophius spp.
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where it evokes grossly visible xenoma formation [5]. Loma sp. cause endarteritis of
epizootic proportions in juvenile Chinook salmon [5].

The aquatic parasite microsporideans, such as Pleistophora sp. infect muscle of fairy shrimp
Branchinella thailandensis [10]. In host’ muscle, white tubular masses are seen which are
indicative of microsporidian infection. Close contact between the sporophorous vesicle and
degenerating muscle fibers are observed, but there is no evidence of xenoma or a host
response to the parasite (Figure 3). In another case, Thelohania (Agmasoma) infect both the
hepatopancreas and abdominal muscle of Pacific white shrimp (Litopenaeus vannamei).
Affected shrimp show a whitish or milky appearance in various parts of the body. As the
shrimp grow larger, this clinical signs are more easily observed especially dorsally from the
hepatopancreas to the middle of the body. Histological changes found in microsporidian
infection of most of the hepatopancreas. Hepatopancreatic tubules of the heavily infected
shrimp are dilated and necrotic. Gills and striated abdominal muscle are mostly infected by
microsporidia [18] (Figure 4).
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Figure 3. Fairy shrimp Branchinella thailandensis infected with microsporidia.

(A) B. thailandensis infected with microsporidia, white tubular masses (arrow) indicative of
microsporidia infection. (scale bar = 3 mm)

(B) Fresh spores of Pleistophora sp. showing one group of spores in a sporophorous vesicle. (scale bar = 6
um) (source: Purivirojkul W., Khidprasert S. First report of microsporidiosis in fairy shrimp Branchinella
thailandensis (Sanoamuang, Saengphan and Murugan, 2002). Aquaculture 2009; 289 (1-2) 185-190)

(C) Longitudinal section of B. thailandensis at intestine region, the muscle fibers were damaged by
microsporidia (arrow). (scale bar = 100 pum) (in = intestine)

(D) Longitudinal section of muscle at the dorsal part of B. thailandensis shows degenerating muscle
fibers (H&E). (scale bar = 500 um) (ap = appendage of fairy shrimp)
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Figure 4. Microsporidian (Thelohania) infection in Pacific white shrimp (Litopenaeus vannamei) (Photo
from Associated Professor Dr. Chalor Limsuwan).

(A) Various size Pacific white shrimp were infected by microsporidia (arrow). (scale bar = 1.5 cm)

(B) Long section of Pacific white shrimp, showed white masses of microsporidian in infested striated
muscle (red arrow) and hepatopancreas (yellow arrow). (scale bar =1 cm)

(C) Fresh spores of Thelohania sp. showing 8 spores in a sporophorous vesicle.

(D) Giemsa's strain of Thelohania sp. (C,D scale bar = 15 pm)

(E) Striated muscles of infected shrimp, the muscle fibers were damaged and replaced by microsporidia.
(scale bar =200 pm)

(F) Hepatopancreatic tubule epithelium of heavily microsporidian-infected shrimp were dilated and
necrotic (arrows). (scale bar = 200 pm)

(cu = cuticle, m = microspore, mus = striated muscles)
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2.6. Phylum Apicomplexa

Members of this phylum have a unique organelle, the apical complex, visible only with the
electron microscope [2]. They are intracellular parasites, the apical complex serves to assist in
penetrating the host cell [2]. The genus Eimeria is often reported as fish parasite both marine
and freshwater fish. Eimeria subepithelialis is the cause of nodular coccidiosis in European carp,
the mucosa is damaged when the parasites are released [5]. Eimeria brevoortiana are present in
the testis of menhaden and get shedded with the milt [5]. In some case, this group of parasite
can destroy host tissue such as Calyptospora (Eimeria) fundulil can damage 85% of the liver and
pancreas of killifish Fundalus grandis when infect in large number [5].

3. Phylum platyhelminthes

Members of phylum Platyhelminthes have a dorsoventrally flattened, bilaterally
symmetrical body. This phylum is the first phylum which exhibit three primary germ layers;
ectoderm, mesoderm and endoderm. Aquatic parasitology in this phylum includes four
classes; Turbellaria, Monogene, Digenia and Cestoda.

3.1. Turbellaria

Although, most of turbellarian are free-living worms but Ichthyophaga and Paravortex are
reported as fish parasites. Paravortex spp. infest a wide variety of fishes and molluscs [19-20].
They induce a hypermelanization reaction, resulting in dark foci on the skin, there may be
acute, focal dermatitis and hemorrhage [4]. Piscinquilinus (Ichthyophaga) sp. is reported in
marine fish such as a parrotfish (Scarus ribulatus). This parasite induces a proliferative
epithelial response [4].

3.2. Monogenea

Monogenes are common parasites of the skin and gills of both marine and freshwater fish
[4]. Monogenes feed on the superficial layers of the skin and gills, causes skin cloudiness or
focal reddening resulting from excess mucus production [4]. Large numbers of monogenes
can kill small fish [4]. Taxonomic identification of monogenes is based on the morphology of
opishaptor (posterior attachment organ), mode of reproduction and presence of eye spot,
etc. [4]. However, Dactylogyrus spp. (gill flukes) usually attaches to the gills of freshwater
fish (Figure 5). Gyrodactylus spp. (skin flukes) usually attached to the skin of freshwater fish.
Monogenes have the simple life cycle without having intermediate hosts.

In skin area, epithelial hyperplasia or hemorrhage are found in monogene infected area [21].
Heavy monogenean infections by their attachment and feeding can induce a range of
histopathological changes to the epithelium [22], sometimes severe dermatitis with
hyperplasia [5]. Gyrodactylus sp. parasite on fish skin may cause superficial lesions of the
epidermis. This parasite attaches to and feeds on the epidermis, causes an increase in
production of mucus. The excess mucus disturbs the respiratory function of the skin [5].
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Figure 5. Monogene infested on gill of fish.

(A) Fresh sample, opishaptor (arrows) attach to gill filament of fish. (scale bar =70 um)

(B) Dactylogyrus sp. infested on gill filaments of Barbonymus gonionotus. Hyperplasia of gill filament
were observed (arrows). (scale bar =70 pm)

(C) Anchor of Dactylogyrus sp. (arrows) attached to the gill filaments of Barbonymus gonionotus. (scale
bar =50 um) (Photo by Ms.Tanawan Leeboonngam).

Most of monogene infect the gill area (Figure 5), a proliferation of epithelial tissue resulting
in the fusion of the secondary lamellae by the attach of the opisthaptor. In some gills, this
latter pathology was accompanied by the presence of blood vessel aneurysms
(telangiectasis) [22]. Histopathological change by monogene on fish gill was also studied by
[22]. In the histological sections of cultured European sea bass, Dicentrarchus labrax, the
opisthaptors of the parasites Diplectanum aequans were observed to penetrate in the basal
membrane of primary lamella where they induced a hyperplastic response. Disruption and
fusion of the secondary lamellae are common in all infected specimens where several
individuals are with erosion and inflammation of the epithelium of the primary and
secondary lamellae. The infection of monogenes in fish gills have an impact on the host’s
ability to regulate its ion balance. This parasite can reduce the number of chloride cells
which are the main site of ion absorption and secretion [23].

Another site of infection are reported in Neobenedenia melleni which causes serious skin
damage and has a predilection for the eye [4]. The hooks of parasite cause ophthalmic
lesions leading to blindness [24].
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3.3. Digenea

Digeneans have two suckers to attach their host; oral sucker surrounding the mouth and
ventral sucker (acetabulum) on the ventral surface. The life cycle of this group consists of
intermediate hosts (one or two types) and final host. They form seven different
developmental stages; egg, miracidium, sporocyst, rediae, cercariae, metacercariae and
adult. In Aquatic animals, sporocyst stage usually found in infected gastropod (Mollusca:
Gastropoda) (Figure 6A). Metacercariae (Figure 6B) and adult may be found as parasites of
fish. Metacercariae encyst Metacercariae are found in many sites throughout the host such
as gill, fin, bone, muscle, eyeballs, brain, spinal cord, nervous system, intestinal peritoneum,
liver, gall bladder, heart ventricle and kidney [4]. Adult trematodes are found in skin, gill,
intestine, stomach, pyloric caeca. Sometime other larval stages are reported to effect the
aquatic animals such as Sanguinicola klamathensis miracidium cause acute hemorrhage of the
gills accompanies the mass exodus of this parasite [5].

Many species of freshwater fishes serve as second intermediate host of digenetic trematode
[25]. Five families of digenetic trematodes metacercariae are reported from fresh water fish
namely, Clinostomidae, Diplostomidae, Isoparorchiidae, Strigeidae and Heterophyidae [26-
27]. Trematodes metacercariae encyst in different organs of fish such as fin, skin, gill,
branchial chamber, body cavity and other internal organs (intestinal peritoneum, liver, gall
bladder, heart ventricle, on the bulbus arteriosus, kidney) [28-30]. Invasions of metacercariae
of numerous trematode species result in pathogenic changes occurring in different organs of
the intermediate hosts affected [31].

Metacercariae of Apophallus sp. are encapsulated by new bone or present within vertebral
spines. The metacercariae are associated with prominent dysplastic and cartilage
proliferation, often resulting in complete encapsulation of the parasite [12]. Proliferation of
branchial cartilage can occur in response to encysted digenetic metacercariae [5]. Some
metacercariae encyst within filamental cartilage of goldfish gill. The hyperplastic response has
distorted the normal architecture [5]. Metacercariae of heterophyid digeneans cause prominent
dysplastic and proliferative changes in the gill cartilage of freshwater fishes [32-33].
Histopathological examination of the infected fish gills reveals the cartilage proliferation
around metacercarial cysts, hyperplasia, hypertrophy and fusion in the affected gill filaments
[34]. Lesions of the gills associated with parasitic infection vary with the agent, host and
density of infection [2]. Metacercariae of Centrocestus sp. located in gill cartilage cause similar
respiratory stress in cichlids and carp and mortality in farmed Japanese elvers [35].

Digeneans metacercariae are frequently found in the skin. Metacercaria may or may not evoke
a melanin response, if they do, the parasites become a grossly visible as black spot such as
Cryptocotyle lingua which cause black spot disease [5]. Also in other species, Diplostomulum sp.
cause of black spot disease, they invade in the epidermis. The black spots are due to
melanophore infiltration of the dermis in response to the presence of the metacercariae [5].
Muscle infections by Bucephalus polymorphus causes vertebral deformities in cyprinid fishes
[36]. Euclinostomum heterostomum is very widespread in many regions in Europe, Asia and
Africa [37]. Metacercariae of this parasite infect in the muscular tissues of freshwater fish.
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Histopathological section has shown metacercariae invaded into the muscular tissue and was
encapsulated by a sheet of connective tissue in host musculature (Figure 7).

Figure 6. Some larval stage of digeneans.
(A) Sporocyst stage infected gastropod. (scale bar =200 um)
(B) Metacercaria infected fish muscle. (scale bar = 40 pm)

Figure 7. Euclinostomum sp. metacercariae infected in the muscle of Trichopsis vittata.

(A) Trichopsis vittata infested with metacercaria of Euclinostomum sp. (arrow) (Photo from Mr. Montri
Sumontha)

(B) Histopathological section of fish muscle infected by Euclinostomum sp. metacercariae showed
metacercariae invaded into the muscular tissue and was encapsulated by sheet of connective tissue in
host musculature. (ac = acetabulum, in = intestine, s = scale)

Examples of some metacercariae such as Diplostomum spathaceum, Cotylurus erraticus parasite
in eyeballs and brain of numerous cyprinids, destroy the structure of the eye and cause
disappearance of rods following blindness [31, 38-39]. Bucephalus polymorphus and
Rhipidocotyle illense are occurred in eyeballs, brain, spinal cord and nervous system coats.
Histopathological changes are found as cornea delamination and retina damage leading to
blindness [40-41]. Metacecariae of Apophallus brevis (sand-grain grub) found in yellow perch
causing bony cysts within the lumen of the peripheral vasculature, especially in the axial
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musculature, but also of the extrinsic muscles of the eye [5]. Some metacercariae are
occasionally found within extralenticular sites such as cornea and retina, usually with
minimal inflammatory reaction [5]. Immature Diplostomum can be found in many host fish
tissues including all portions of the eye, often causing very little host reaction [5].

In kidney, vast necrosis of the endoparenchymal tissue and hemorrhage from the main
kidney vein near metacercaria cyst are found [31]. In kidney parenchyma, complex
granulation of connective tissue cells and blood morphotic elements are seen. Metacercaria
cyst wall with connective tissue fiber layer results in congested and necrotically changed
kidney parenchyma . Degeneration necrosis of the kidney tissue are reported. [31].

In pericardium, inflammational infiltration, destroyed structure and fragmentation of
muscle fibers, necrotic lesion, extravasation of erythrocytes, cytolysis of muscle fibers and
karyolysis or heteropyknosis of nuclei were found in pericardium when fish are infected by
metacercariae this also include losses of muscle tissue [31]. The degenerative and
inflammational processes are associated with disturbed circulation [31]. For more cases,
metacercariae of digenean Stephanostomum baccatum infected rainbow trout pericardium. A
constrictive pericarditis is occasionally seen in severe fibrogranulomatous responses [5].

In some case, adult Sanguinicola inermis infected in the branchial and other vessels of fish,
released eggs that hatched in the gill capillaries. These then migrated out of the vessels,
causing hemorrhage and possibly death [5].

3.4. Cestoda

Cestode (tapeworms) body consists of three regions; scolex, neck and strobila. Cestodes do
not have a digestive system, for this reason adult forms are usually found in host intestine to
absorb host nutrients through the integument. The attachment of cestode in fish intestine
cause necrosis, hemorrhage and inflammation at attachment points, space occupying
distension of the intestine and possible perforation for example pseudophylliidean
tapeworm, Bothriocephalus gowkongensis found to infect the cyprinids [5].

Larval stage of cestodes are also reported as parasite in fish. The larval cestode
Diphyllobothrium dentriticum can cause severe granulomatous enteritis in trout and lead to
peritonitis with visceral adhesions and death [5]. Larval tapeworm, Ligula is found in the
peritoneal cavity, will cause pressure atrophy of ovaries [5].

4. Phylum Nematoda

Nematodes are invertebrate round worms, they are elongated, cylindrical form with
unsegmented body. The diseases occur due to the adult and larval nematodes which are
very common in marine fishes. The nematode parasites infect various tissues and organs of
fish such as stomach, intestine, liver, gonads, visceral mesenteries, peritoneum body cavity,
blood vessels, swim bladder, and connective tissues, fin, orbits of the eye and brain [42].
Most species of nematodes in adult stage live in the alimentary canal except the family
Philometridae which are found in body cavity, liver and gonads [42]. Philometra spp. and
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Philometroides spp. cause chronic active ulcerative dermatitis [5]. Philometra sp. may encyst
within the testes cause trauma from migrating of this parasite [5]. Moreover, Philometra is
found in the ovaries (Figure 8A) as well as testis and although there may be little effect on
egg production, in some cases there is hemorrhage, fibrosis, and increased number of
melanomacrophages [5].

Nematode larvae are more harmful than adults and can penetrate into the tissues of various
organs, causing severe tissue damage and destruction of the cells of the organ [42].
Ascarididans (Order Ascaridida) are reported to parasitize fish and cephalopods [43]. Their
larval stage occurs in the internal organ or maybe digestive tracts of marine fish (Figure 8B).
Pathogenesis is a result of their mode of feeding, attachment and movement or migration
within the host [42]. Ascarididans genera Phocanema (Pseudoterranova) and Contracaecum are
found within the muscle, the effect on the fish is usually minimal [5]. Another genus of
Ascarididans, Anisakis simplex causes infection of cod, where gastritis, craterous
granulomatous lesions can be found [5]. Larval stage of Anisakis can be present in number
which is large enough to represent a space occupying threat to normal functioning [5]. The
infected intestine by the nematode parasites causes destruction, atrophy of intestinal mucosa,
necrosis and degeneration of the intestinal tissue, causing damage to the whole thickness of
the bowel wall due to nematode larvae [42]. Capillaria spp. may cause hepatic destruction if the
infection is massive, either by virtue of the parasites themselves or their eggs [5].

Figure 8. Nematode infest marine fish.

(A) Philometra sp. (arrow) is found in the ovary of marine fish Lutianus johni.

(B) Larval stage of ascarididans (arrow) occur in the internal wall of marine fish Trichiurus haumela.
(scale bar =1 cm)

In reference [42] reported the histological change of the intestinal wall of Pomadasys
maculatum with nematode where erosion of intestinal wall with loss of villous epithelial
lining was usually seen. If the fish get infected with nematode, all the intestinal morphology
become lost. Villious structures are not differentiated and appear as string of tissues. The
mucosa of infected intestine appeared congested and edematous. The deformation of
mucosa and submucosa results in separation of muscle fibers. The shape of villi are changed
as compared with the normal shapes [42].
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5. Phylum Acanthocephala

Acanthocephala is a phylum of parasitic worms which have the presence of an evertable
proboscis (Figure 9). Body of acanthocephalan consist of two part presoma (proboscis,
anterior neck, and posterior neck) and metasoma (trunk). The proboscis extend through the
host epithelium into the submucosa with limited hemorrhaging at the point of attachment.
The lumen of the host intestine was obstructed, and compressed villi were present [44].
Attachment point of acanthocephalans may be necrotic and can be even perforated, leading
to peritonitis [5]. In reference [45] reported the histopathological changes when the presoma
and the anterior part of the metasoma of Longicollum pagrosomi passed through the intestinal
wall and infect the intestinal tissue, perforating the loose connective tissue. In the
inflammatory connective tissue, collagen and muscle fibers were fragmented and revealed
partial necrosis. Lipid drops and eosinophilic granular cells aggregated in the connective
tissue of the tissue capsule.

Figure 9. Anterior part of some acanthocephalans from marine fish.
(A) Serrasentis sp.
(B) Neoechinorhynchus sp. (scale bar = 130 um)

In reference [46] observed heavy infections of acanthocephalan parasite, Tenuiproboscis sp. in
the mangrove red snapper (Lutjanus argentimaculatus). They found that the large number of
acanthocephalans in the posterior region of the intestine, almost blocking the lumen. At the
site of parasite attachment, the surface of the intestine appeared thickened and the mucosal
epithelium showed compression and abrasion. Intestinal folds were eroded along with the
thickening of lamina propria. The presoma of the parasites pierced the mucosal epithelium,
lamina propria, muscle layers and serosa, reaching the peritoneal cavity, surrounded by a
tunnel with collagenous fibers and granulocytes. Inflammation, granular tissue formation,
connective tissue proliferation and associated host immune reactions were evident.
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6. Phylum Annelida

Annelids are eucoelomate, exhibit metamerism. They are known as segmented worms. The
phylum is divided into three classes; Polychaeta, Oligochaeta and Hirudinea. Only class
Hirudinea (leeches) are parasites, with a fixed number of body segments 34. They have
anterior and posterior suckers, leeches can attach to hosts by using this sucker. Leeches are
rare in cultured fish but are occasionally seen in wild or pond-raised fish [4]. Heavily infected
fish often have a chronic anaemia [4]. This group of parasite cause skin lesions of fish. They
damages the skin and small round wounds are found. In other site of infections, destruction of
the fins and erosion of epithelium of the isthmus region of fish are also reported. Piscicola spp.
cause ulcerative dermatitis with hyperemia, hemorrhage and epidermal hyperplasia [5].

7. Phylum Arthropoda

The body of arthropods consists of head, thorax and abdomen. They have exoskeleton and
have jointed appendages, one pair to each somite, but in parasitic species, the appendages
usually reduce or lost. All aquatic parasites are the members of Subphylum Crustacea. Class
Branchiura, Copepoda and Malacostraca (order Isopoda) are usually found as parasites in
aquatic animals.

7.1. Class Branchiura

The branchiurans are flattened crustaceans. the eyes are sessile, the antennae are very small,
the abdomen is small and unsegmented. They do not have gills, most of branchiurans are
parasites of fish. A known genus of fish parasite in this group is Argulus (Figure 10).

Argulus sp. has a preoral stylet causes local mechanical injury and especially the release of
digestive enzymes, giving rise to systemic as well as local effects [5]. They scrape the
epithelium while feeding, causing erosions and at times deep ulcers extending to bone. They
attach to the host by pressing their shield-like cephalothorax onto the skin like a sucker. The
second antennae and maxillipeds are used as clamps [4]. It may cause small petechial
hemorrhages at feeding sites and also necrotizing and ulcerative dermatitis [4, 47].

The copepod body is short and cylindrical. The head and thorax are fused to form a
cephalothorax. Parasitic copepods are increasingly serious problems in cultured fish and can
also impact wild populations. Most parasites affect marine fish [4]. Parasitic copepods
attached to the host by frontal filament of chalimus larvae [4]. Most sites of infections are
gill, fin or skin but sometimes they can attach to oral cavity or eye. Such as Greenland sharks
had copepods embedded in both corneas [5]. Histopathological change of fish infected by
copepod are epithelial erosions, ulceration around the site of attachment of the parasite’s
mouth organs, hemorrhages and around the penetration sites of the claws there occur tissue
necrosis, proliferation happens around the site of penetration of antennae [4]. Some
copepods may be deeply embedded within the skin and elicit host response, mainly
localized in mild dermal fibrosis and epidermal hyperplasia [5].
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Figure 10. Argulus sp. (scale bar = 1 mm)

7.2. Copepoda

Lernaea spp. (anchor worms) insert part of their body, burrow deeply into tissues and
evokes severe acute inflammation [4, 47]. Necrotizing and ulcerative dermatitis are seen [5].
Hemorrhage at the site of attachment, or hyperplasia or fibroblast may develop at the
attachment site [4]. Heavy infections can lead to debilitation, secondary infection by
bacterial or fungal infection will follow [48].

Ergasilus spp. have antennae modified for gasping the host and large trunk for reproductive
products [49] mostly infected the gills of freshwater fish and marine fish [4]. Ergasilid
copepods have extrabuccal digestion that leads to lysis of tissue and hyperplasia at the point
of attachment [5]. In reference [50] study the host (Abramis brama) response when attach by
E. sieboldi on their gill. The parasite elicits an intense host cellular reaction at the site of
attachment with a high number of inflammatory cells, eosinophilic granular cells and
neutrophilic granular cells.

Lepeophtheirus causes severe ulcerative dematitis with loss of substantial areas of the skin [5].
In some case, this copepod only superficially attach to the skin such as in L. pectoralis, the
slight penetration of this parasite elicits massive dermal fibroplasia with hemorrhage in
severe cases and a chronic inflammatory infiltrate [5].
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In elasmobranch, Eudactylina sp. found from gill of shark Chiloscyllium punctatum.
Histological examination of gill tissue has shown hyperplasia of the gill filaments and fusion
of secondary lamellae and finally loss of respiratory surface area (Figure 11).

Figure 11. Eudactylina sp. from gill of Chiloscyllium punctatum.

(A) Fresh sample.

(B) Gill filament, sagittal section. The histological structures of the secondary lamellae pathology, gill
lamellae were damaged at attach site. (scale bar = 1 mm)

7.3. Order Isopoda

Isopod predominantly attach to the body or fins of the fish, although some have been
discovered inside gill chambers, buccal cavities and body pouches [51-53]. They occur in
marine, estuarine and freshwater habitats, especially in the near shore coastal environment
[52,54]. Single isopod can cause damage with their biting and sucking mouth parts. Heavy
infestations of parasitic juveniles can kill small fish when they first attach [4].

Many genera of isopods are reported as parasite of fish both teleost and elasmobranch such
as Livoneca, Alitropus, Nerocila, Gnathia, Cirolana, Rocinela and Aega. Recently, Nerocila depressa
is found to attach to the bodies of Sardinella albella [55]. The hooks of the pereopods
penetrate into the skin and anchor the isopod to the fish host. At the mouth part or
pereopod site of attachment, the skin (epidermis and dermis) are eroded and exposed to the
underlying tissue (Figure 12).
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Figure 12. Nerocila depressa attached to the bodies of Sardinella albella.

(source: Printrakoon C, Purivirojkul W. Prevalence of Nerocila depressa (Isopoda, Cymothoidae) on
Sardinella albella from a Thai estuary. Journal of Sea Research 2011; 65(2) 322-326.)

(A) Nerocila depressa attached Sardinela albella. (scale bar = 2 cm)

(B) N. depressa using hook-like legs penetrated in the skin of S. albella.

(scale bar = 250 pm)

(C) Pathology at the skin caused by biting mouthparts (arrow) of N. depressa.

(scale bar = 300 pm)

(D) Pathology of the skin caused by piercing of the pereopods (arrow). (scale bar = 300 pm)

8. Phylum Mollusca

The larvae of fresh water bivalve molluscs (Bivalvia: Unionoida) are often found attached to
the gills and outer surfaces of fish. The larvae have thin bivalve shells often with little hooks
on their inner edge [2]. This larva stage call “glochidia”, usually found from gill both wide
and cultured freshwater fish. Histopathology change of host by glochidia infection found
hyperplasia of the epithelium, granulomatous dermatitis [5]. After glochidia attached the
gills or outer surfaces of fish, epidermal or branchial epithelial cells of the host ultimately
encapsulate the larva, completely enveloping it to form a cyst [56] (Figure 13). However, the
glochidia must attach to a suitable host fish, if a glochidium attaches to a fish that is unsuitable
as a host, an “abnormal” cyst may form and finally glochidium may death [57-58].
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Figure 13. Glochidia of freshwater mollusc from the gill of Pangasianodon gigas.
(source: Purivirojkul W, Areechon N, Purukkiate C. Parasites and bacteria of giant catfishes
(Pangasianodon gigas Chevey) larva. Thai science and technology journal 2004; 12(3) 1-11.)
(A) glochidia attached to the gills of a giant catfish (arrows). (scale bar = 400 pum)
(B) Host tissue has completely surrounded the glochidia (arrow). (scale bar = 250 pum)

9. Conclusion

Although the first step of identifying parasitic specimen is the direct wet mount but in some
case the parasites are difficult to distinguish grossly, histology has a role in helping to
identify intracellular parasite. Tissue stains not only use for the identification of the parasite
but also in the visualization of cellular morphology [59]. Moreover, histopathology can use
for examining each organ system for tells tale changes due to pathogenic agents and confirm
the diagnosis [60].
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1. Introduction

As populations grow in numbers, the demands for food production increase and are generally
met by the intensification of livestock breeding and the increase of agricultural activities. This
in turn increases the quantity of chemical pesticides required to control the losses in
production caused by insect pests preying on the food plants and disturbing the animals. Once
applied these pesticides may cause resistance to the synthetic molecules, contaminate biotic
and abiotic components like plants, soil, water and/or the local water network and can also
effect non-targeted organisms, such as fish, small mammals, birds and so on.

Contamination of rivers with chemical pesticides is almost always due to excess material
being carried away by rain or irrigation waters or by erosion of contaminated soil particles
(1, 2). Therefore, as this generalized contamination of the environment increases, researchers
are seeking alternative methods for controlling the pests but which cause less damage than
the chemical products (3).

In the biological control system, the bacteria of the Bacillus genus have considerable
potential for use as control agents, because, as well as being lethal to the insect pests, they
remain viable for long periods in storage (4). Amongst these bacteria, Bacillus thuringiensis
has achieved commercial-scale success in controlling various insect pests, plant pathogens,
nematodes and mites, mainly because this micro-organism has a high specificity to the pest-
targets (5).

In addition to the use of microorganisms, various botanical pesticides are being studied and
can be associated with Integrated Pest Management (IPM). The products originating in
plants refer to plant species that, over a long time developed defense mechanisms against
herbivores, pathogens and other stress agents. Among the toxins produced by these plants
are found nitrogenous substances such as non-protein amino acids, cyanogenic glycosides,
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certain peptides and proteins, and several alkaloids. The toxicity of a substance is related to the
dose taken by the insect, its age, the absorption mechanism and the manner of excretion (6).

In this chapter we address the toxicological aspects of microbial and botanical biopesticides
that act by ingestion, with emphasis on histopathological analysis of tissues and cells in the
alimentary channel of the Lepidoptera as well as the specificity of the B. thuringiensis
bacteria, aqueous extracts and oil essential of medicinal and forest.

2. Histology of lepidoptera

The alimentary channel of insects is composed of three main regions with different
embryological origins: stomodeum or foregut, middle or midgut and hindgut or proctodeu.
This canal represents a contact area between the insect and the environment and is the focus
of much of the applied research concerning pest control (7, 8), especially the midgut region
where the epithelial cells are involved in the processes of absorption and secretion of
enzymes (columnar cells), ion homeostasis (goblet cells), endocrine function (endocrine
cells) and the renovation of the epithelia (regenerative cells) (9, 10, 11). A defense
mechanism in this region is the peritrophic membrane, which plays a fundamental role in
the biology of the midgut, being positioned between the food contents and epithelial layer,
performing the function of protecting the epithelium from mechanical damage, and in
addition acts as a barrier against toxins and chemicals harmful to the insects (12, 13).

In Lepidoptera, the midgut epithelium is composed of four cell types (Figure 1) which are
involved in the processes of absorption and secretion of enzymes (columnar cells), ion
homeostasis (goblet cells), endocrine function (endocrine cells) and the renewal of the
epithelium (regenerative cells) (14, 15). The regenerative cells are undifferentiated and are
responsible for the renovation of the midgut epithelium, substituting the cells that wear out
and are lost during the digestive process — they also make it possible for the alimentary
channel to grow larger at each ecdysis. They are found at the base of the midgut, alone or in
groups, and there are no differences in their abundance along the midgut (16, 17, 18).

Figure 1. Types of cells found in Lepidoptera. L=lumen; TC=connective tissue; E=epithelium,
C=columnar cells; G=globet cells;

Changes in the alimentary canal, especially in the region of the midgut, can affect the
growth and development of insects, as well as all the physiological events, because these
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processes depend on adequate food, on its absorption and transformation in the alimentary
canal (9, 11).

Among the insects, the Lepidoptera order causes the greatest economic losses in crops — in
maize and rice which are attacked principally by Spodoptera frugiperda, in sugar-cane
attacked by the stem-borer Diatraea saccharallis and in soybeans mainly by the Lepidoptera
pest Anticarsia gemmatalis.

All regions of the epithelial layer of the alimentary canal of S. frugiperda caterpillars are
coated with a single layer of cells, with a flat morphology in the stomodeum region and
cubic morphology in the proctodeus (19). The muscles are arranged along the channel in a
uniform manner (7). According to Cavalcante & Cruz-Landim (20) and Pinheiro et al. (16), in
the midgut epithelium four cell types predominate: columnar, goblet, regenerative, and
endocrine cells. These cells predominate along the S. frugiperda midgut epithelium and are
considered responsible for the absorption of digested food, and demonstrate morphology
similar to that of other Lepidoptera (8, 21). Studies by Harper & Hopkins (22) and Harper &
Granados (23), indicate that these epithelial cells are also responsible for secretion of a micro
fiber net soaked in a matrix of proteins and glycoproteins -denominated a peritrophic
membrane — which performs various functions such as: the protection of the epithelium
against chemical and mechanical damage caused by the alimentation, the creation of a
physical barrier against micro-organisms and digestion division (18).

Pinto & Fiuza (24), analyzing the histology of the midgut of A. gemmatalis caterpillars with
an optical microscope, observed that the alimentary canal is divided basically into three
portions, which are: the anterior intestine or stomodeum, the middle intestine or mesentero,
and the posterior intestine or proctodeus. The cells do not have a cuticle coating, the
intestinal wall being constituted by an epithelium of approximately 40pm in height, which is
separated from the haemolymph only by a thin layer of loose connective tissue. The
cylindrical and goblet cells are evenly distributed along the intestine section. In the intestinal
lumen is a thin membrane, called the peritrophic membrane, which surrounds the bolus of
food, separating it from the epithelial cells of the midgut. The apical surface of the
cylindrical cells has dense microvilli measuring 3um in height. The goblet cells show
invaginations of the intestinal lumen as far as the nucleus.

3. Microbial biopesticides

Among the microbial insecticides, the Bacillus thuringiensis bacterium is highlighted because
it shows great promise for development in the line of organic products and in the area of
genetically modified plants. Besides being a sporulent bacteria found naturally in the soil, it
is distinguished by its production of protein inclusions with insecticidal activity against
several orders of insects and phytonematodes (25, 26). According to Shelton et al. (27), the
first biopesticide containing subspecies of B. thuringiensis were sold in France in 1930. In
1995 more than 180 products based on this bacterial species were recorded by the
Environmental Protection Agency (EPA) in the United States of America. In a study by
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Brazil. These are described in Table 1.

Products Companies B. thuringiensis (Bt) Target insects
Dipel Abbott Bt kurstaki Lepidoptera
Thuricide Sandoz Bt kurstaki Lepidoptera
Agree Mitsui Bt aizawai Lepidoptera
Bactur Milenia Agrociéncias Bt kurstaki Lepidoptera
Ecotech Pro Bayer Bt kurstaki Lepidoptera
Bactospeine Solvay Bt kurstaki Lepidoptera
Javelin Sandoz Bt kurstaki Lepidoptera
Foray Novo-Nordisk Bt kurstaki Lepidoptera
Biobit Novo-Nodisk Bt kurstaki Lepidoptera
Foil/Condor Ecogen Bt kurstaki Lepidoptera
Delfin Sandoz Bt kurstaki Lepidoptera
Cutlass Ecogen Bt kurstaki Lepidoptera
LarvoBt Fermone Bt kurstaki Lepidoptera
Nubilacid Radonja Bt kurstaki Lepidoptera
MVP Mycogen Bt kurstaki Lepidoptera
Bac-control Agricontrol Bt kurstaki Lepidoptera
XenTari Abbott Bt aizawai Lepidoptera
M-One Mycogen Bt san diego Coleoptera
Bt tenebrionis
Di-Terra Abbott Bt san diego Coleoptera
Bt tenebrionis
Trident Sandoz Bt san diego Coleoptera
Bt tenebrionis
Novodor Novo Nordisk Bt san diego Coleoptera
Bt tenebrionis
M-One Plus Mycogen Bt san diego Coleoptera
Bt tenebrionis
Foil Ecogen Bt (recombinant) Coleoptera

*Table adapted by Fiuza & Berlitz (28)

Table 1. Products made from Bacillus thuringiensis for controlling agricultural pest*

3.1. Case studies

A study by Berlitz & Fiuza (29) evaluated the toxicity of B. thuringiensis aizawai on S.
frugiperda and demonstrated that, 6 hours after the application of the treatments, an increase
in the cell volume occurred and the intestinal microvilli ruptured. Significant differences in
the cell volume of the treatment as compared with that of the control caterpillars were
observed 12 hours after the application.
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In the histopathological analysis of the midgut of S. frugiperda caterpillars treated with the B.
thuringiensis thuringiensis 407 (pH 408) strain, structural changes were observed six hours
after application of the treatment (HAT), where there were cells in the intestinal lumen and
elongation of the microvilli, as compared to the control. After nine applications of the
treatment (HAT) the action was intensified with vacuolization of the cytoplasm, and the
beginning of the degradation of the peritrophic membrane — this was entirely absent after 12
HAT.

Treatment with B. thuringiensis kurstaki HD-73 strain was similar, except that rupture of the
microvilli (BBMV’s) and vacuolization of the cytoplasm began at 12 HAT. The results of the
histopathological analysis of the midget of S. frugiperda caterpillars demonstrate that
treatment with the B. thuringiensis thuringiensis strain was more efficient, because the
degradations of the microvilosities started 9 hours after treatment application (HAT), while
in the B. thuringiensis kurstaki the same effect was noticed only after 12 HAT (30).

Knaak and Fiuza (31) tested the nuclear polyhedrosis virus of Anticarsia gemmatalis
(VPNAg) and B. thuringiensis kurstaki HD-1 (Dipelo) in 2na instar caterpillars of A.
gemmatalis (Lepidoptera, Noctuidae), and observed that when both entomopathogens are
utilized simultaneously they are more efficient, because they caused alterations in the
intestinal cells after 6 HAT while when used separately they produced the alteration only
after 12 HAT.

If the dose of toxin administered does not cause the death of the insect, its cells are
substituted permitting normal alimentation and the recuperation of the insect (32). Several
studies report on the cell changes produced in the middle intestine of caterpillars
intoxicated with Cry proteins from B. thuringiensis - for example: the increase in the volume
of the epithelium cells, the rupture of the microvilli, cytoplasmic vacuolization, the changes
in cytoplasmic organelles and cell hypertrophy (30, 33-35).

Studies of the mode action of the B. thuringiensis Cry proteins seek to clarify the mechanisms
by which these proteins produce their entomopathogenic effects and to elucidate the
specificity of the various toxins.

3.2. Mode action of the Bacillus thuringiensis Cry proteins

When the crystals of B. thuringiensis are ingested by susceptible insects they are solublized
under alkaline conditions in the middle intestine and then broken into smaller fragments by
proteases (5, 36, 37). Binding occurs because of the association of the activated toxin with
specific proteins located in the microvilli of the epithelial cells of the middle intestine (38)
and is followed by the formation of the pore (39) — the ion flux from this pore leads to cell
lyses and consequently, to the death of the susceptible insect (5).

The solubility of the protein and crystals in liquids with alkaline pH values such as those in
the middle intestine of the insects liberates the protoxins of 130-140kDa for Cryl and 70kDa
for Cry2. This phase determines the specificity of the B. thuringiensis isolate to the target
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species, both because of the alkalinity of the digestive system and because of the
composition of the B. thuringiensis crystals.

1. The protoxins are activated by the digestive enzymes, forming toxic fragments of 60-
65kDa. At this stage both the photolytic composition and the structure of the crystal
protein are important. The toxins recognize specific receptors in the microvilli of the
epithelial cells of the middle intestine of susceptible larvae to which they bind. Studies
made with BBMV (Brush Border Membrane Vesicles) isolated from the larvae of
Lepidoptera show that the strong binding affinity between the toxin and the receiver is
considered an important factor in determining the insecticidal spectrum of the Cry
proteins (40). Research data demonstrates that there is a positive correlation between
binding, in vitro, of the toxin in the intestinal receptor and the toxicity, in vivo. On the
other hand, other studies describe that while the recognition of the receptor is necessary
it is not sufficient in itself to provoke the toxicity, which suggests the existence of other
factors related to the mode of action of the Cry proteins. In 1994, Knight et al. (41)
isolated from the BBMV of Manduca sexta (Lep., Sphingidae) larvae an aminopeptidase
N implicated in the interaction of the toxin CrylAc. The receptor models now described
demonstrate that an insect may present, in variable quantities, various kinds of
receptors which could be recognized by different toxins. Research data show that these
models may explain the specificity of the B. thuringiensis toxins.

2. After recognition of the receptor, the toxins induce the formation of pores in the cellular
membrane of the intestinal epithelia.

3. The formation of pores in the cellular membrane provokes an ionic imbalance between
the cytoplasm and the cell’s external environment. Histopathological analysis
performed after the intoxication of insects reveal destruction of the microvilli, epithelial
cell hypertrophy, cytoplasmic vacuolization and cellular lyses which cause paralysis
and death of the insect.

When selecting insecticidal proteins, synthesized by this bacteria, a preliminary in vitro
analyzes of membrane receptors can facilitate a rapid determination of the range of action of
Cry proteins against the target species. The evaluation of the toxicity in vivo can then be
limited to those isolates which were pre-selected as active in vitro.

3.3. Detection of receptors in tissues of insects

3.3.1. Preparation of the tissues of insects

The insect’s digestive tubes are dissected and fixed for 24h in Bouin Hollande Sublimé 10%,
washed in distilled water for 12 hours and dehydrated in an ethanol mixture increasing in
strength gradually from 70 to 100% (42). The tissues are then impregnated in mixed baths
(ethanol/toluene/Paraplast) and embedded in 100% Paraplast at 58°C. The longitudinal or
transverse sections, 7-10 mm thick, prepared using LKB microtome are mounted on glass
slides, tanadas with poly-I-lysine at 10% and stored at 4°C for subsequent analysis of the
histology of the receptors.
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3.3.2. Labeling of Cry proteins with biotin

Cry proteins can be biotinylated, according to the method described in Bayer & Wilcheck
(43), where the incorporation of biotin at the N-terminal of the protein is done using BNHS
(biotinyl-N-hydroxysuccinimide) in a buffer of sodium bicarbonate, pH 9.

The reaction product should be purified with Sephadex G-25 (Sigma), and the fractions
biotinylated and identified by dot-blot, which uses a nitrocellulose membrane, the conjugate
of streptavidin alkaline phosphatase diluted in TST buffer (Tris-Triton-Saline, pH 7.6) and
the revelation substrate (BCIP and NBT in a Tris buffer, pH 9.5).

The concentration of biotinylated Cry proteins can be determined by the Bradford method
(44) using BSA as the protein standard. The purity and integrity of the labeled proteins can
be evaluated by western blot using a nitrocellulose membrane (Sigma) and Towbin buffer,
pH 8.3 with 10% ethanol. The membranes can be developed using the same technique
described in the dot-blot.

3.3.3. In vitro detection of membrane receptors
3.3.3.1. Pre-treatment of tissues

The in vitro analyses of the receptors of Cry proteins of B. thuringiensis are performed with
histological sections of the digestive systems of larvae being studied. The actual detection
results from incubation with the tissue proteins, wich have been previously dew axed and
rehydrated as shown in the drawing.

3.3.3.2. Reactions with biotinylated proteins (45)

In the analyses with biotinylated Cry proteins, histological sections are incubated at room
temperature for 1 hour with the biotinylated proteins. Proteins not bound to the receptor
sites are removed with TST, pH 7.6.

At the next step, the tissues are treated with streptavidin conjugated to an enzyme
(peroxidase or alkaline phosphatase) or fluorochrome (fluorescein or phycoerythrin),
diluted in a TST buffer. The resulting "protein-receptor” complex reaction, using the enzyme
conjugate, can be developed with the DAB substrate for peroxidase (Figure 2A) and with
BCIP/NBT for alkaline phosphatase (Figure 2B). The sections are fixed with Pertex mounting
medium between the slide and the glass cover slip.

To develop tissues treated with fluorescein the histological sections are mounted with
Mowiol and stored at 4°C for analysis by optical microscopy (OM - Figure 3A) or by laser
scanning microscopy (LSM — Figure 3B).

3.3.3.3. Immune detection reactions of protein receptors

In immunohistochemical analyzes with unlabeled proteins (native preoteins), the receptors are
developed with the primary antibody (ACi specifically against the Cry protein) and secondary
antibody (AC, directed against the AC1) conjugated to an enzyme or fluorochrome, which are
developed and assembled according to the method described above.
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Figure 2. Cry proteins biotinylated receptor, in Lepidoptera insect tissue revealed with peroxidase (A)
and alkaline phosphatase (B). (MB) Basal Membrane; (L) Lumen; (M) microvilli.

Figure 3. Receivers biotinylated Cry proteins, detected in the tissues of insects with fluorescein and
observed in MO (A) and MVL (B) (45).
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In immuno localization, the caterpillars are previously treated in vivo with the Cry proteins
and after wards the tissues and the immunohistochemical reactions are prepared.

In both methods, the controls are prepared by alternative omission of each step of the
reaction, to eliminate the possibility of false-positive reactions. The samples developed with
enzymes like peroxidase and alkaline phosphatase can be evaluated by optical microscopy.

4. Plant bioinsecticides

Until quite recently the use of chemical insecticide has been the most widely used method of
controlling insect pests. However, the products are expensive and in some cases inefficient
and hazardous if used intensively and/or incorrectly. However, some success has been
achieved in programs of Integrated Pest Management (IPM) with an alternative to chemicals
extracted from various secondary metabolites present in roots, leaves and seeds of plants as
an alternative to chemicals called "plant pesticides" (46-48).

The natural products obtained from vegetable raw materials present a wide variety of
molecules, with great diversity in structure and biological activity (49). This wide range of
new sites of action on target organisms can be considered another reason for the growing
interest in phytotoxins, because, even if not commercially available able, they may suggest
lines for the synthesis of entirely new products (50). This is important if we consider the
speed with which the insects and micro-organisms have developed resistance to chemicals
commonly used as biological control agents of target species.

According to Mello & Silva-Filho (51), the components of insecticides can be divided into the
following groups: (i) derivatives of chemical compounds (tannins, terpenoids, flavonoids,
alkaloids, quinones, linomoides, phenols), (ii) molecules produced from the processing
proteins (chitinase, lectins, inhibitors alpha-amylase and proteinase inhibitors) and (iii)
volatile compounds of plants such as essential oil. In this case, the chemical components can
be divided into two classes. The first, based on biosynthesis, in which are found the
derivates of the terpenoids, is formed via the mevalonic acetate, and the second, by
derivatives which are located in the phenylpropanoid, aromatic compounds formed by way
of shikimic acid (52).

Normally, the oily essential in the leaves and resins contain some constituents in high
concentration, and about 30-40 minor compounds at concentrations less than 1% (53). These
substances are found in plants in the form of complexes, whose components are integrated
and reinforce its action on the organism. Even when the plant has only one active principle,
this has a beneficial effect superior to that produced by the same substance produced by
chemical synthesis. However, the use of botanical insecticides depends on identification of
the active compounds, their mode of action, production, formulation, stability, dose, action
on natural enemies, field persistence, toxicity tests for record, among others (54).

The Laboratory of Microbiology and Toxicology at the UNISINOS University uses two
models for histopathologic analysis:
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1.

Following treatment with plant extracts or oily essences 10 larvae of the insect target are
collected in periods of 1, 3, 6, 9, 12, 24 and 48 hours after treatment (HAT).The
specimens are fixed in aqueous paraformaldehyde and then dehydrated in ethanol
solutions of increasing strength (50, 70, 90 and 100%). After dehydration, the larvae are
embedded in resin (Leica Historesin) for 12 h. After that the specimens are put into
molds of solid polypropylene using the same resin with a polymerize. The resin blocks
are mounted on supports after polymerization, and cut into 3mm thick sections in a
microtome with a glass blade. The histological sections are stretched out onto glass
slides and stained with Schiff-Naphtol Blue Black periodic acid, dehydrated, and
mounted between the glass slides and the cover slips with Entellan.

After application of the treatments with plant extracts or essential oil, 10 target insect
larvae in each treatment, are collected in periods of 3, 6, 9, 12, 24 and 27HAT. After
fixation in Bouin Hollande Sublime-BHS for 24 hours (38), the larvae are subjected to
dehydration in increasingly strong ethanol solutions, followed by rapid baths of xylene
and impregnation in paraffin. Longitudinal histological sections of the midgut are
realized at a thickness of 5um. Coloration is applied with Azul de Heidenhain (41), which
differentiates the microvilli of the middle intestine by the presence of glycoproteins which
can be observed by the system of comparative histology in an optical microscopy.

Knaak et al. (55) found that the toxicity of the extracts of Petivesia alliacea, Zingiber officinale,
Ruta graveolens, Malva silvestris, Baccharis genistelloides and Cymbopogon citratus caused
damage such as: vacuolization of the cytoplasm, disruption of microvilli, peritrophic
membrane destruction and cell changes in the midgut of S. frugiperda (Figure 4). This study
the changes mentioned in the previous work were not observed until 48HAT, which was the
maximum time rated.

Figure 4. Longitudinal sections of the midgut of Spodoptera frugiperda caterpillars treated with plants
extrats, (A) Petivesia aliacea (24 HAT), (B) Petivesia aliacea (24 HAT); (C) Zingiber officinale (6 HAT); (D)
Zingiber officinale (27 HAT); (E) Z. officinale (6 HAT); (F) Z. officinale (24 HAT); (G) Controle. Increase
400X; bar=2.44um; —»=changes; TC=connective tissue; M=microvilli; E=epithelium; L= lumen.
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The chemical compounds (tannins, terpenoids, flavonoids, alkaloids, quinones, linomoides,
phenols), molecules produced from the processing of proteins (chitinase, lectins, alfa-
amylase inhibitor and proteinase inhibitors) and volatile compounds from the plant [56, 57],
present in plant extracts, undergo different changes according to the physico-chemical
conditions along the digestive tract of insects.

In treatments with the essential oil of R. graveolens and Malva sp., cellular projections were
observed in the intestinal lumen at 9 HAT, and the oil of R. graveolens caused cell elongation
at 12 HAT. Thus, it appears that changes in the structure of the midgut of S. frugiperda may
increase during the treatment with essential oils. The intensity of the pathological effects is
dependent on time period and the concentration used (58).

In the treatments with essential oil of Z. officinale and C. citratus, was observed projections of
epithelial cells in the lumen, at 3 and 6HAT respectively (Figure 5A, D and E). After 24 hours
treatment with C. citratus (Figure 5B), we observed elongation of the microvilli, while in the
treatment with Z. officinale cell elongation occurred (Figure 5G). At 24HAT with the Z. officinale
oil several morphological changes occurred, such as: cellular disorganization, destruction of
the epithelium, of the microvilli and the peritrophic membrane. It can still be observed that the
changes are dependent on the time period and the concentrations used (56).

Figure 5. Longitudinal sections of the midgut of Spodoptera frugiperda caterpillars treated with essential
oils, (A) Cymbopogon citratus (6 HAT) (B) C. citratus (24 HAT); (C) C. citratus (48 HAT); (D) Zingiber
officinale (3 HAT); (E) Z. officinale (6 HAT); (F) Z. officinale (24 HAT); (G) Controle. Increase 400X;
bar=2.44um; —=changes; TC=connective tissue; M=microvilli; E=epithelium; L= lumen.

187



188 Histopathology — Reviews and Recent Advances

Knaak et al. (55) evaluated the effect of the interaction of various plant extracts with
Xentari®, B. thuringiensis aizawai, in the midgut of S. frugiperds, demonstrating that the
histopathological effects of Z. officinale, M. silvestris, R. graveolens and B. genistelloides, in the
midgut of S. frugiperda were more intense when compared to extracts of P. alliacea and
C.citratus, which showed a positive interaction with Xentari®, accelerating the process of
destruction of intestinal cells, which represents a reduction in the lethal time of the target
species, S. frugiperda.

Some plants are outstanding, for instance, Melia azedarach, a plant similar to Azadirachtina
indica which produces azadirachtine efficiently for more than 400 species of insects (58), its
active ingredient is already a commercial product called Neemix 4.5®. This causes different
reactions in insects, acting as an alimentary inhibitor retarding growth, reduces fertility, and
causes morphogenetic and behavioral changes (59).

The toxicity of cinnamon is related to the presence of different compounds, such as
salanalina, meliaterina and meliacarpinina E, from which additionally other derivatives can
be obtained which show insecticidal action against the Coleopteran orders (Curculionidae,
Tenebrionidae and Chrysomelidae) and Lepidoptera (60-62), amongst others.

Correia et al. (63) evaluated the histology of the alimentary canal of larvae of S. frugiperda
treated with neem (Neemseto®) at concentrations 0.5 and 1.0%, on non-treated leaves. They
found that regions of the stomodeum and proctodeus showed no morphological changes.
However, the middle intestinal region, showed morphological changes that varied in
intensity according to the exposure time and concentration (0.5 and 1.0%). After 48h and 96h
of treatment, tissue changes were observed in the larvae treated with neem — the cells of the
epithelial lamina became slender and elongated. It was not possible to distinguish cell types
beyond reducing significantly reducing the secretion activity of the two concentrations
studied, in comparison with the control.

5. Conclusion

In toxicological analysis of microbial biopesticides, with Bacillus thuringiensis as the object of
analysis, the labeling detected in the region of the microvilli of the cells of the intestinal
epithelial cells revealed the presence of membrane receptors of Cry proteins in the midgut of
the larvae of the insects when compared to the controls representing the alternative
omission of different components of the reactions, as can be seen by the absence of staining
on the microvilli of intestinal epithelial cells of the insects used here as a model of this
approach to the study. The imunedetections and the detection of biotinylated Cry proteins
were used by various authors, for identifying the intestinal membrane receptors, in larvae of
different species of Lepidoptera (33, 45, 64-65), Diptera (66) and Coleoptera (33, 67). These
authors proved that the binding of the Cry proteins to the microvilli of the insect’s midgut
indicate the existence of a receptor specific to the cited protein in the target insect.

Considering therefore, the studies of receptors in vitro and the toxicological analyses in
vivo, it can be confirmed that the methods for detection of membrane receptors can be
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applied in selecting the toxins of B. thuringiensis that are active against insects, and that there
is a positive correlation between the in vitro and the in vivo analysis. However, to determine
the median lethal concentration (LCs0) of a Cry protein a bioassay is necessary since the
binding of proteins to the receptors may vary in concentration and affinity, as previously
described by several authors for different insect species (64, 68, 69, 70). Other studies show
that the Cry proteins that are toxic to insects correspond to those which bind irreversibly to
the epithelial cell receptors of the target insects (71).

In the case of plant insecticides, chemical compounds, (tannins, terpenoids, flavonoids,
alkaloids, quinones, phenols and linomoides), the molecules produced from the processing
of proteins (chitinase, lectins, inhibitors alpha-amylase and proteinase inhibitors) and
volatile compounds from plants, such as the oily essences present in plants (57) undergo
different changes according to the physical and chemical conditions along the digestive tract
of the insects.

In recent years, in the search for alternative methods to control agricultural pests without
using artificial chemical substances, research was expanded to obtain greater knowledge on
the mode action of microbial toxins and plant insecticides. Studies realized in vitro on the
cells and tissues of the alimentary canal of insects, especially of Lepidoptera, have identified
and located the receptors in the target species. Thus, for the application of plant and
microbial toxins as biopesticides, it is fundamental to evaluate the range of action and the
specificity of the active ingredient. In this context, Fiuza (72) mentions that the analysis in
vitro of membrane receptors can be considered an indispensable tool due to the large
number of botanical compounds plus the isolates, the strains and proteins of B. thuringiensis
that have been identified, and which have considerable potential for pest management.
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1. Introduction

Objective: Neuronal and Mixed Neuronal-glial Tumors of the Central Nervous System are
frequently encountered in the neurosurgical practice. Differentiation of neuronal tumors from the
more common glial tumors is crucial because neuronal tumors have favorable clinical outcomes and are
generally curable with total surgical resection alone, whereas gliomas typically require further chemo-
radiotherapy depending on their histologic grade and have poor prognosis. At histopathologic analysis,
neuronal tumors are usually classified as pure neuronal cell tumors (gangliocytoma, Lhermitte-Duclos
disease (dysplastic cerebellar gangliocytomal, central neurocytoma) and mixed neuronal-glial tumors
(ganglioglioma, desmoplastic infantile ganglioglioma, dysembryoplastic neuroepithelial tumor,
ganglioneuroma) In this chapter, we review the WHO classification of each type of neuroepithelial cell
tumours and the incidence and distribution. The clinical presentation and neuroimaging will also be
briefed, then we describe the specific histopathologic characteristics, immunohistochemestry and
genetic suscipitability of the various neuronal tumors of the central nervous system and finally
demonstrate the outcome of these lesions.

2. Contents

2.1. Ganglioglioma and gangliocytoma

Ganglioglioma and gangliocytoma are well-differentiated, slowly growing benign
neuroepithelial tumors. with World Health Organization (WHO) grade I. higher grade is
based on the degree of malignancy in the glial-cell component. They represent around 1% of
all central nervous system (CNS) tumors, However it is frequently oencountered in children
and young adults between age 8 and 25 years. Gangliogliomas contain mature neoplastic
neuronal cells, neoplastic glial cells, astrocytic cells, and ganglion cells, and may display
mitotic activity. These lesions are curable by total removal.
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2.2. Central neurocytoma and extraventricular neurocytoma

Central neurocytoma and extraventricular neurocytoma are WHO grade II tumors
composed of regular rounded cells that have undergone neuronal differentiation. Central
neurocytomas are typicaly located within the lateral ventricles just next to the foramen of
Monro, whereas extraventricular neurocytomas are located within the brain parenchyma.
Both characteristically occur in young adults. The outcome is favorable after complete
resectioning.

2.3. Dysembryoplastic neuroepithelial tumor

Dysembryoplastic neuroepithelial tumor (DNT) is frequently a benign, supratentorial glial-
neuronal WHO grade I tumor. DNT occur mainly in children or young adults, who usually
present with intractable partial complex seizure. Characterized by a predominantly cortical
location, DNT histopathologically exhibits a complex columnar and multinodular
architecture, and is often associated with cortical dysplasia.

2.4. Desmoplastic infantile astrocytoma and desmoplastic infantile
ganglioglioma

Desmoplastic infantile astrocytomas (DIAs) and desmoplastic infantile gangliogliomas
(DIGs) are almost WHO grade I tumors that are often cystic and commonly occur in infants.
Composed of a prominent desmoplastic stroma with neuroepithelial components, mainly
neoplastic astrocytes in DIAs or astrocytes together with variable neuronal components in
DIGs, they involve the cerebral cortex and leptomeninges, and are often adherent to the
dura. The natural course is benign.

2.5. Rosette-forming glioneuronal tumor of the fourth ventricle

Rosette-forming glioneuronal tumor of the fourth ventricle (RGNT) is a usually rare and
slowly growing WHO grade I tumor. It is commonly affecting young adults, RGNT is
composed of two distinct histological cells types; uniform neurocytes which form rosettes
and/or perivascular pseudorosettes and astrocytic cells similar to pilocytic astrocytomas.
The prognosis is good upon surgical removal.

2.6. Cerebellar liponeurocytoma

This rare type of cerebellar tumors is WHO grade II tumor that typically occurs in adults. It
is Composed of neuronal, astrocytic, and some lipomatous cells, they tend to recur after
initial treatment.

2.7. Papillary glio-neuronal tumor

Papillary glio-neuronal tumors is a well defined and benign with WHO grade I. the natural
course is insidius. It is composed of flat to cuboidal, GFAP-positive astrocytes lining
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hyalinized vascular pseudo-papillae and synaptophysin-positive interpapillary sheets of
neuronal cells. Upon microscopy, it exhibits different sizes of large and intermediate neuron
“ganglioid” cells.

2.8. Spinal paraganglioma

Spinal paraganglioma is encapsulated, benign, neuro-endocrine WHO grade I tumor.
Arising from neural crest cells and composed of segmental or collateral autonomic ganglia
(paraganglia), It is primarily involving the cauda equine and filum terminale region. The
uniform main cells exhibit neuronal differentiation and forming compact nests (Zellballen)
surrounded by cells and a delicate capillary network within the CNS.

3. Gangliogliomas and gangliocytomas
3.1. Definition

Gangliogliomas and gangliocytomas are well-differentiated, slowly growing benign
neuroepithelial neoplasms that consist of neoplasticc mature ganglion cells. Both
gangliogliomas and gangliocytomas are a type of neuroepithelial tumor that is the most
frequent pathology observed in patients with long-term epilepsy. A gangliocytoma in the
absence of neoplastic glial-cell development and a ganglioglioma in the presence of
neoplastic glial-cell development. (1)

3.2. WHO grading
Gangliocytomas and most gangliogliomas are categorized as WHO grade I tumors (1).

Some gangliogliomas with anaplastic features of the glial component are categorized as
WHO grade III tumors (anaplastic gangliogliomas). Criteria for grade II types has also been
suggested (2, 3).

3.3. Incidence and gender distribution

These uncommon neoplastic lesions represent only 0.4% of all CNS tumors and 1.3% of all
brain tumors (3,4). The age of patients is variable, ranging from 2 months to 70 years. Data
from 5 large series of a total of 626 patients indicate an average age at diagnosis ranging
from 8.5 to 25 years and a male: female ratio ranging from 1.1:1 to 1.9:1 (5,6,7,8). In one
study, the mean age in children at diagnosis is 9.5 years, with a slight female prevalence

9)-

3.4. Localization

The vast majority of gangliogliomas (>70%) occur in the temporal lobe. However,
Gangliocytomas and most gangliogliomas may occur throughout the CNS, including in the
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cerebrum, brain stem, cerebellum, spinal cord, optic nerves, and pituitary and pineal glands.
(2,6,7,8,10).

3.5. Clinical features

Variable clinical symptoms of gangliocytomas and most gangliogliomas are encountered
and related to tumor size and site. Seizure is usually the initial presenting symptoms.
Gangliocytomas and gangliogliomas are the most common tumors associated with chronic
and intractable temporal lobe epilepsy and observed in 15% to 25% of patients undergoing
epilepsy surgery (11,12).duration of symptoms ranging from 1 month to 50 years before
diagnosis, with a median interval of 6 to 25 years (6,7,8). Tumors affecting the brain stem or
spinal cord frequently present with crossed paresis or long-tract lesion and sphincteric
disorder of a mean duration of 1.25 and 1.4 years, respectively (6).

3.6. Neuroimaging

Computed tomography (CT) of a ganglioglioma or gangliocytoma may indicate a well-
circumscribed solid mass or cyst with a mural nodule and some calcification, and slight or
absent contrast enhancement. Skull scalloping may be noted adjacent to superficial cerebral
tumors. These lesions appear hypointense on Tl-weighted and hyperintense on T2-
weighted magnetic resonance imaging (MRI), with well-defined masses showing
enhancement absorption that can range from none to vivid and may be solid or only on the
rim or nodular (13,14) . Figure 1

Figure 1. MRI
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3.7. Macroscopical features

Gangliogliomas are solid or cystic lesions, characteristically with little mass effect.
Calcification may be observed, whilst hemorrhage and necrosis are rare (8)

3.8. Histopathology

A primary characteristic of gangliogliomas is a mixture of neuronal and glial-cell elements
that may display a striking heterogeneity. Gangliocytomas consist of clusters of large,
multipolar neurons with immature features. The matrix contains non-neoplastic glial
components and a network of reticulin fibers. Immature neurons are characterized by the
loss of cyto-architectural arrangement of subcortical localization, a grouped appearance,
enlargement of cells, and aggregation of Nissl bodies. Multinucleated neurons may present
in 50% of cases. On the other hand, the glial element in gangliogliomas, which comprises the
proliferation part of the tumor, shows considerable inconsistency, and may include any
glial-cell type with Rosenthal fibers and eosinophilic granular bodies. Thestroma is typically
fibrillary and may contain a microcystic component with mucous material. Occasional
mitotic activity may be noted, and is typically compatible with the diagnosis of
ganglioglioma, whereas necrosis is absent unless the glial component is undergoing
malignant transformation. Other histopathological features that may be seen in
gangliogliomas are calcifications, extensive lymphatic infiltrates with perivascular spaces or
within the tumor substance or brain tissue, and a capillary network that forms an
angiomatous constituent. In high-grade (anaplastic) gangliogliomas, malignant changes
almost always involve the glial component and may be seen at the site of a previously
removed ganglioglioma (2, 3, 5, 7, 8). Figure 2A

3.9. Immunohistochemistry

No specific marker is available to differentiate dysplastic and neoplastic neurons from
normal and mature neurons. Neuronal protein markers, such as synaptophysin,
neurofilaments, MAP2, and Neu N, are used to reveal the neuronal component in
gangliogliomas.. However, use of the onco-fetal CD34 antigen can be positive, as CD34 is
absent in neural cells of the adult brain but consistently expressed in 70% to 80% of
gangliogliomas, especially those arising from the temporal lobe (15). Staining for GFAP
reveals the astrocytic component the neoplastic glial element of gangliogliomas. Contrary to
that seen in diffuse gliomas, MAP2 immunoreactivity is usually weak or absent in the
astrocytic component of gangliogliomas (16). Figure 2B

3.10. Electron microscopy

The presence of neurons with dense core granules is a characteristic feature of
gangliogliomas and gangliocytomas. Neuronal synaptic junctions may be few or completely
absent (5,17). Observation of round protein bodies in gangliogliomas has also been
mentioned (18).
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Figure 2. A and B

3.11. Proliferation index

Ki-67/MIB-1 labeling the glial component has shown values ranging from 1.1 to 2.7%.
Mitotic activity is low (5,7).

3.12. Genetic susceptibility

Genetic vulnerability to the development of gangliogliomas and gangliocytomas has not
been well established. Previous studies reported a ganglioglioma of the optic nerve in a
patient with neurofibromatosis type 1 (19) and a ganglioglioma in a Peutz-Jeghers patient
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(20).. Mutational analysis of the tuberous sclerosis 1 (TSC1) and TSC2 genes revealed
significant sequence alterations in the TSC2 gene, including polymorphisms in intron 4 and
exon 41, in patients with gangliogliomas. In a further study of ezrin and radixin genes,
coding for the interaction partners of TSC1 and TSC2 was not observed (30,31,32).

Chromosomal abnormalities have been recorded in one-third of cases, in the approximately
30 cases of gangliogliomas that have been studied cytogenetically, a change in chromosome
7 was the most one observed. The karyotype was found to be abnormal in 3 cases with
unfavorable outcomes. (21,22,23,24,25,26). Chromosomal imbalances have been detected in
5/5 gangliogliomas by comparative genomic hybridization. Although partial loss of
chromosome 9p and gain of chromosome 7 has been observed in several patients, abnormal
epidermal growth factor receptor (EGFR) expression was not observed in these cases (27). A
study of 14 cases (11 WHO grade I and 3 WHO grade III) failed to show TP53 mutation,
PTEN mutation, or CDK4 and EGFR amplification, whereas CDKN2A deletion was
observed in two-thirds of cases of anaplastic ganglioglioma (28). However, TP53 mutation
was only noted in the recurrence of a WHO grade I ganglioglioma (29).

3.13. Histogenesis

The histogenesis of gangliogliomas and gangliocytomas still not understood. However,
evolution from a dysplastic, abnormal glio-neuronal precursor with subsequent neoplastic
transformation of the glial element has been proposed (33).

3.14. Prognosic factors

Favorable prognosis is observed in patients with long-standing epilepsy with temporal
localization and complete surgical resectioning. These lesions are typically benign tumors
with a 7.5-year recurrence-free survival rate of 94%.. Anaplastic changes, such as mitotic
activity and microvascular proliferation and necrosis, in the glial component similar to those
observed in high-grade gliomas.

4. Central neurocytomas and extraventricular neurocytomas

4.1. Definition

Central neurocytomas and extraventricular neurocytomas are neoplasms composed of
uniform round cells with neuronal differentiation. Central neurocytomas are typically
located in the lateral ventricles in the region of the foramen of Monro and extraventricular
neurocytomas in the brain parenchyma. These tumors are usually seen in young adults and
have a favorable prognosis.

4.2. WHO grading

Central neurocytomas correspond histologically to WHO grade II tumors (1).
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4.3. Historical background

“Central neurocytoma” expression was used by Hassoun et al. (34) to describe a neuronal
tumor with pathological features to differentiate it from cerebral neuroblastomas that occurs
in young adults, it is commonly located in the third ventricle, and histologically may
resemble oligodendrogliomas. They were also reported in other locations. The term central
neurocytoma should be restricted to neoplasms located within the intracerebral ventricles.
Tumors similar to central neurocytomas but occurring within the cerebral hemispheres
(“cerebral neurocytomas”) or the spinal cord (35, 36,37) have subsequently been mentioned
and described as “extraventricular neurocytoma” these tumours are now given to neoplasms
that arise within the CNS parenchyma and have histological features with the more common
central neurocytomas but exhibit a wider morphological spectrum. Neurocytic differentiation
has been reported in an increasing number of tumors with specific morphological
characteristics, some of these have been categorized as new entities, such as cerebellar
liponeurocytomas, papillary glioneuronal tumors, or their variants (38, 39, 40).

4.4. Incidence and sex distribution

The incidence ranged from 0.25% to 0.5% of all intracranial tumors. In an analysis of 243
cases, age at clinical manifestation is almost variable ranging from 8 days to 67 years (mean
age, 29 years), with 69% between the ages of 20 and 40 year. Both sexes are equally affected
(40, 34).

4.5. Localization

Central neurocytomas are usually located supratentorially in the lateral or the third
ventricle. With most common site is the anterior part of the lateral ventricles (50%), more
frequently on the left, followed by combined extension into the lateral and third ventricles
and a bilateral intraventricular location. Attachment to the septum pellucidum is common,
but isolated third-ventricular occurrence is rare. (40, 41)

4.6. Clinical features

The majority of patients present with symptoms of increased intracranial pressure rather
than with other neurological deficit. The clinical history is short (mean 3.2 months). Central
neurocytomas may present as acute hemorrhage or as an incidental finding on imaging (41).

4.7. Neuroimaging

On CT scans, mass is typically isodense or slightly hyperdense. Enhancement is common .
Calcifications and cystic changes may be observed. MRI scan shows heterogeneous
hypointensity on T1-weighted images and fluid- attenuated inversion recovery (FLAIR) and
hyperintensity on T2-weighted images and FLAIR, with a well-defined margin mild to
strong enhancement after gadolinum injection (42). Figure 3
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Figure 3.

4.8. Macroscopical appearance

Intraventricular tumors are typically grey in color and friable with varying calcifications,
these tumours are vascular and with occasional hemorrhage. ( 43,44)

4.9. Histopathology

Central neurocytomas have a benign histological appearance and may display
various architectural patterns, even within the same specimen, including an
oligodendroglioma-like honeycomb appearance, large fibrillary areas mimicking the
irregular “rosettes” in pineocytomas. These lesions are neuroepithelial tumors composed
of uniform round cells that show immunohistochemical and ultrastructural features of
neuronal differentiation, fibrillary areas mimicking neuropils, and a low proliferation
rate. Cells are isomorphous, having a round or oval nucleus with a finely speckled
chromatin and an occasional nucleolus, cells arranged in straight lines, or perivascular
pseudorosettes similar to those noted in ependymoma tumours. Calcifications are
usually seen in around 50% of cases, normally distributed throughout the tumor. Blood
vessels, classically arranged in a linear architecture pattern, giving an endocrine
appearance. Rarer findings may include Homer Wright rosettes and ganglioid cells
(43,44).

These tumour may mimic, and must be distinguished from, oligodendroglioma,
ependymoma, pineocytoma, and dysembryoplastic neuroepithelial . In rare cases,
anaplastic histological features, including high mitotic activity and microvascular
proliferation, have been observed. In some conditions, necrosis was associated with
anaplastic features. Necrosis may also be observed in rare cases that are otherwise without
malignant features, may be s as a vascular effect (41, 44, 46, 47, 48,49). Figure 4A
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Figure 4. A and B

4.10. Immunohistochemistry

Synaptophysin is the most suitable and reliable diagnostic marker, with immunoreactivity
diffusely present in neuropils, especially in fibrillary zones and perivascular nuclei-free
cuffs (48). A significant number of nuclei are immunopositive for NeuN in almost all cases
(50). The mean labeling index was 74% in one series of 11 cases, with a significantly lower
Ki-67 staining rate for cells expressing NeuN (51). In extraventricular lesions,
intracytoplasmic and para-nuclear immunolabeling must be cautiously inferred whenever
other histological, immunohistochemical, or ultrastructural data of neuronal differentiation
is lacking. Of particular interest is the anti-Hu antibody because it labels the nuclei of
neurocytes (52). Chromogranin A and neurofilament staining are typically absent except
when ganglion cells are present Although most studies found that GFAP was expressed
only in trapped reactive astrocytes, the antigen has been detected by some studies in tumor
cells (44, 45, 53 ,54). Figure 4B
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4.11. Electron microscopy

Electron microscopy may be required when expression of specific neuronal markers
(synaptophysin, NeuN) is questionable and in other extraventricular neoplasms mimicking
central neurocytomas. The central neurocytoma cells show uniform round nuclei with a
finely discreted chromatin and a small nucleolus in a few cells. The cytoplasm contains
mitochondria, a prominent Golgi apparatus, and several rough endoplasmic reticulum
cisternae, often arranged in concentric lamellae. copious thin and combined cell processes
containing microtubules and dense core and clear vesicles are always observed (41,55).

4.12. Proliferation index

MIB-1 labeling indices are classically low, usually less than 2%. However, Tumors with
indices greater than 2%, as in one series in which they were found to be 3% , are referred to
as “atypical neurocytomas” and associated with a significantly shorter recurrence-free
interval (53, 56, 57).

4.13. Genetic susceptibility

Unclear, but central neurocytoma was observedin patients with von Hippel-Lindau disease
(58). The molecular pathogenesis of central neurocytomas remains unknown, the
observation of several genetic alterations, mainly chromosomal gains, has been reported. In
one study, gain on chromosome 7 was observed in 3 of 9 neurocytomas (59). However,
another study found no EGFR amplification in central neurocytomas (60). In related studies,
gains on chromosomes 2p, 10q, 18q, and 13q were found in over 20% of tumors in one study
; an isochromosome 17 and complex karyotype were observed in 2 studies (61, 62, 63); and
TP53 mutations and MYCN amplification were reported to be rare or absent in several
studies (45, 60, 63, 64, 65).there are two studies that reported loss of 1p and 19q, 1 study
reported allelic loss on 1p as well as an inability to detect 19q (64), whereas the other study
reported 6 of 9 tumors showed loss at 1 or more loci on 1p and that 5 tumors showed 19q
loss. These data suggest that central neurocytomas are genetically distinct from
oligodendrogliomas. Although the expression profiles of cerebellar liponeurocytomas
appear to have a closer relationship to those of central neurocytomas, the lack of TP53
mutations in central neurocytomas suggests the involvement of different genetic pathways
(60, 66,67).

4.14. Histogenesis

Central neurocytomas were previously thought to be derived from precurssor cells of the
septum pellucidum (34). Still, the indication of both astrocytic and neuronal differentiation
in some tumor cells by various approaches in vivo and in vitro has suggested that they are
derived from neuroglial precursor cells with a potential to undergo dual differentiation.
These precursor cells might arise from the subependymal layer of the lateral ventricle or
from the ventricular region. (45,54, 68).
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4.15. Prognostic factors

The natural course of central neurocytoma is classically benign. Total surgical resection is
the most important prognostic factor. recurrence is frequent with incomplete removal, but
the residual tumor growth can be treated with radiotherapy. CNS dissemination is rare. (57,
66, 69, 70). central neurocytomas is rarely aggressive (44,47). Patients with central
neurocytomas and a MIB-1 labeling index (LI) >2% or >3% have significantly shorter
recurrence-free intervals. Involvement of the periventricular parenchyma involvement may
be associated with poor outcome ( 71, 72).

4.16. Extraventricular neurocytomas

Extraventricular neurocytomas are usually well-defined and contrast-enhancing lesions that
often have a cyst-mural nodule complex which is usually useful in distinguishing them
from histologically similar neoplasms, such as oligodendrogliomas. Histologically,
extraventricular neurocytomas may be identical to central lesions, but are often more
complex, less cellular, and more likely to contain ganglion cells or ganglioid cells with nuclei
that are larger than those of neurocytes. Lower cellularity, in combination with the presence
of perinuclear haloes, may give these lesions the appearance of oligodendrogliomas.
Although GFAP-positive glial cells have been observed, it has been difficult to identify them
as clearly neoplastic. Hyalinized vessels and dense calcification are common (73).

5. Dysembryoplastic neuroepithelial tumors
5.1. Definition

Dysembryoplastic neuroepithelial tumors (DNTs) are usually benign. They are supratentorial
glio- neuronal neoplasms that seen in children or young adults. Characterized by a cortical
location and intractable partial complex seizures, they ideally demonstrate a complex columnar
and multinodular structural design and are often associated with cortical dysplasia (74).

5.2. WHO grading
DNTs correspond histologically to WHO grade I tumors. (1)

5.3. Historical background

DNTs were first recognized as lesions in patients who had undergone epilepsy surgery for the
treatment of longstanding, drug-resistant partial seizure sand showed unusual morphological
features, including cortical topography, multinodular architecture, a “specific glioneuronal
component” with a columnar structure. No recurrence with long term follow up even in
patients with incomplete partia resection. Several factors strongly suggested a dysembryoplastic
origin, the term “dysembryoplastic neuroepithelial tumor” was proposed for these lesions (74).

In the 1993 WHO Classification of Tumors Affecting the Central Nervous System (36), DNTs
were included in the category of “neuronal and mixed neuronal-glial tumors.” With
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“complex form,” and “simple type” (75). Later , “non-specific histological forms” were
addedd. Furthermore, it has been indicated that DNTs may be seen in the infratentorial
location (76, 77, 78,79).

5.4. Incidence

Incidence is variable. In a study of patients who were treated surgically for epilepsy, the
incidence of “typical” DNTs was reported to be 12% in adults and 13.5% in children (80),
whereas it was reported to be 19% to 22% in all patients in a series that included “non-
specific” histological variants (78,81,82). Among all neuroepithelial tumors diagnosed in a
single institution, DNTs were identified in about 0.2% among patients aged more than 20
years and in 1.2% of the patients under the age of 20 years (83).

5.5. Age and sex distribution

In about 90% of cases, the first seizure attack occurs before 20 years of age, but it may
present from 3 weeks to 38 years (84,85). though patients are often diagnosed in the 2ed or
3rd decade of life, detection of DNTs by imaging in children or young adults with recent
onset seizures has become more common, leading to more surgical intervention for
treatment of DNTs in pediatric neurosurgery. It was observe that males are more slightly
affected. (86, 87, 88, 89,90).

5.6. Localization

There is a predilection for the temporal lobe and for involvement with mesial structures
although DNTs may be located in any part of the supratentorial cortex, (80, 81,82,83,84). In
one series of patients treated in a general practice, temporal lobe involvement was found in
50% or fewer of cases (85,86). DNTs have also been found in the area of the caudate nucleus
(76,77) or lateral ventricle, the septum pellucidum, the trigonoseptal region (88), the
midbrain and tectum , and the cerebellum or cerebellum and brain stem (89,90,91,92). In
total, 25 extracortical cases have been reported. In addition, 4 cases of multifocal DNTs have
been reported, indicating that these tumors may arise in the region of the third ventricle, the
basal ganglia, and the pons (93, 94,95).

5.7. Clinical presentation

Drug -resistant partial complex seizure is the typical presentation with or without secondary
generalization, and no focal neurological deficit. The duration of seizures prior to surgical
resection can vary from weeks to many years, leading to variability in patient age at
pathologic diagnosis(79, 73,74, 97,98).

5.8. Neuroimaging

The cortical location of the lesion in the absence of both mass effect and peritumoral edema are
important criteria in differentiating between DNTs and gliomas. DNTs typically encompass
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the thickness of the normal cortex and, in a minority of the cases, have an area of signal
abnormality that extends into the subcortical white matter. The cortical location of the lesion is
easily identified on MRI than on CT. DNTs appear hyperintense on T2-weighted images and
hypointense or iso-intense on T1-weighted images. They often have a pseudo-cystic or multi-
cystic appearance although true cyst formations are rare and small (91). In tumors located at
the convexity, scalloping of the overlying bone is often observed on scans , a finding supports
the diagnosis of DNT(, 77, 99,100, 101,102). Calcifications are rare. Contrast enhancement on
CT or MRI is not common, it is often appearing as rings rather than homogeneous
enhancement. Such ring-shaped contrast enhancement may be observed on a previously non-
enhancing tumor on scans (96, 102). Increased tumour size, without peritumoral edema, may
also be observed on imaging follow-up. However, these changes are naturally not signs of
malignant transformation but rather as a result of ischemic or hemorrhagic changes (103,104).

5.9. Macroscopy

DNTs vary in size from several millimeters to several centimeters. In their typical location,
they are often easily identified superficially at the cortical, and may show exophytic
development, but indicate no involvement of leptomeninges. The most typical feature is
viscous consistency of the glioneuronal component, which may be associated with multiple
or single firmer nodules, and spreading out of the affected cortex (68).

5.10. Histopathology

The histological hallmark of a classical DNT is the presence of a “specific glio-neuronal
constituent.” This element is characterized by columns formed by bundles of axons lined by
small oligodendroglia-like cells that are oriented perpendicularly to the cortical surface
between which neurons with normal cytology appear to float in a pale, eosinophilic
medium. There are also elements of scattered GFAP-positive stellate astrocytes. Depending
on the amount of fluid extravasation, subtle variation from a columnar to o a more packed
in structure may be observed . Several histological forms of DNTs have been mentioned, but
their subclassification has no clinical or therapeutic implications (76,77). Figure 5A.B

5.11. Complex and non specific forms

In the complex form of a DNT, glial nodules, which give the tumor a feature of
multinodular pattern, are seen in association with a specific glio-neuronal element. The
variable appearance of these tumors is due to the presence of multiple cells of astrocytic,
oligodendrocytic, and neuronal components. The glial components seen in the complex
forms of DNTs have a highly variable form due to many causes : 1- they may form typical
nodules with diffuse pattern; 2- they may mimic usual categories of gliomas and may
illustrate unusual features; 3- they usually resemble low-grade gliomas, but may
demonstrate nuclear atypia, some mitotic activity, or microvascular-like proliferation and
ischemic necrosis; 4- they display a microvascular network. Within the glial components,
typically calcified vessels are frequent that may behave as vascular malformations and be
responsible for bleeding (65,66,86, 99,101,103, 104,105).
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Figure 5. A and B

“Non-specific” histological variants of DNTs, identified according to clinical presentation as
well as their cortical location, neuroimaging features, and steadiness on long-term
preoperative imaging follow-up, have been described (77). Due to lackness the specific
glioneuronal element and multinodular architecture, these variants are often histologically
indistinguishable from low-grade gliomas. The diagnosis of these tumors thus requires that
the clinical presentation and neuro-imaging appearance of the lesion be taken into
consideration. Non-specific histological types account for 20% to 50% of DNTs in many
studies (79,106,). Although gliomas identified in patients with long-term epilepsy during
epilepsy surgery are typically associated with a distinctly benign course the diagnosis of
“non-specific” histological variants of DNTs still debatable ( 107,108,110).

5.12. Simple form

Morphologically, the simple form of a DNT consists of a unique glioneuronal component it
shows a patchy pattern owing to the proximity of foci of tumor and a well-defined cortex (76),.

5.13. Cortical dysplasia and Neuronal distribution of DNTs

Dysplastic disorganization of the cortex has been observed in up to 80% of DNT cases in studies
with adequate sampling (111,112). Supratentorial cortical DNTs contain mature neurons that,
both in the tumor itself and in the area of cortical dysplasia, may show different degrees of
cytological anomaly. Thoug, DNTs do not have atypical or immature neurons that look like
dysplastic ganglion cells as observed in gangliogliomas. Some tumor cells with an
oligodendrocytic appearance have been found to occasionally express neuronal markers and
display axo-somatic synapses suggesting that what is called “oligodendroglial-like cells” of
DNTs and it may undergo early neuronal differentiation. However, using in-situ hybridization
indicates that oligodendro-glial-like cells copy myelin genes and express myelin oligodendrocyte
glycoprotein protein, indicating oligodendro-glial demarcation (113, 114,115, 116).

5.14. Cortical topography

The borders of the tumor often match with those of the cortex to a very large degree. it also
appears to involve the adjoining white matter. However, as neurons are typically found in



210 Histopathology — Reviews and Recent Advances

even the deeper parts of the tumor and in the neighboring white matter, such association is
high likely indicates disordered neuronal migration (117).

5.15. Diagnostic criteria

The diagnosis of DNT should be taken into consideration in every case in which all of the
following criteria (76, 77, 80. 81) are present:

1. the presence of partial complex seizures with/ without secondary generalization
beginning before age 20

2. the absence of progressive neurological deficit.

3. the presence of a supratentorial lesion with a predominantly cortical topography, best
indicated on MRI

4. the absence of mass effect on CT or MRI, except if related to a cyst

5.  the absence of peritumoral edema on the scans

5.16. Comparison between DNTs and gangliogliomas

Differential diagnosis of DNTs and gangliogliomas may be tricky on account of several
factors: 1- the clinical presentation of gangliogliomas is often similar to that of DNTs. 2- the
immature ganglion cells of gangliogliomas may not be present in a small or inadequate
sample. 3- Gangliogliomas may show a multinodular arrangement, 4- small gangliogliomas
may show a predominant cortical topography.

A ganglioglioma is suspected when a tumor shows perivascular lymphocytic infiltration, a
network of reticulin fibers, and a large cystic component. as gangliogliomas may undergo
malignant transformation, their distinction from DNTs is important from a prognostic point
of view. (118, 119, 120,121).

5.17. Comparison between DNTs and low-grade gliomas

The above clinical and radiological criteria help in distinguishing benign DNTs from diffuse
gliomas. In diagnosis, it is important to consider that 1- in diffuse gliomas, so-called
“floating” neurons may be present, 2- in low-grade diffuse gliomas, infiltrative microcystic
activity may cause to the formation of a construction that mimics a “specific glio-neuronal
element”; 3- some oligodendrogliomas, a nodular pattern may be seen, 4- in diffuse gliomas,
secondary architectural changes in the cortex caused by the expansion of gliomas into the
cortex may be not easy to differentiate from the presence of dysplastic cortical
disorganization (76,77,80.81)..

5.18. Genetic susceptibility

DNTs have reported in patients with neurofibromatosis type 1 (NF1) and with XYY
syndrome (122,123,124).
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5.19. Proliferation index

Variable MIB-1 labeling indices of DNTs have been reported from 0% to 8% focally (79, 81,
84).

5.20. Histogenesis

Many factors have suggested that DNTs are a malformative origin, including the presence of
focal cortical dysplasia and migrated neurons in the adjacent white matter, young age of
symptom onset, and bone deformity adjacent to the tumor. Some observations indicate that
they may be derived from secondary germinal layers. the histogenesis of DNTs remains
unknown (74,77,81, 125)

5.21. Prognostic factors

DNTs are benign lesions. Their stability was indicated in a study of 53 patients for whom
successive pre-operative CT or MRI was available with a mean duration of follow-up of 4.5
years (102). Long-term clinical follow-up typically shows no evidence of recurrence, even in
patients with incomplete surgical resection ( 76, 97,99, 102, 107, 126). Risk factors for post
operative recurrent seizures at long-term follow-up include longer pre-operative history of
seizures, cortical dysplasia next to DNT and residual tumour ( 85, 100, 127, 128). Malignant
transformation is extremely rare, only 2 cases reported from 700 cases of DNTs (129).

6. Desmoplastic infantile astrocytomas and desmoplastic infantile
gangliogliomas

Desmoplastic infantile astrocytomas (DIAs) and desmoplastic infantile gangliogliomas (DIGs)
are usually large cystic tumors occurring in infantile period that typically affect the cerebral
cortex and leptomeninges and are often attached to the dura. DIGs contain neoplastic
astrocytes and neuronal components while DIAs contain only neoplastic astrocytes.

6.1. WHO grading
Histologically, DIAs and DIGs correspond to WHO grade I tumors.

6.2. Historical annotation

DIAs were originally described by Taratuto et al in 1982. (130) as meningocerebral
astrocytomas attached to the dura displaying a desmoplastic reaction. Their subsequent
description as superficial cerebral astrocytomas attached to the dura (131) led to the
delineation of a previously unknown entity. In 1993, this entity was included in the WHO
Classification of Tumors Affecting the Central Nervous System (132) under the term
“desmoplastic cerebral astrocytoma of infancy.” In 1987, VandenBerg et al reported
observation of desmoplastic supratentorial neuroepithelial tumors of infancy with diverse
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differentiation (“desmoplastic infantile gangliogliomas”) in the same clinical setting. They
described the histopathology of DIGs as differing from that of DIAs due to the presence of a
neuronal component with variable differentiation in the former. (133). Since both types of
lesions have similar clinical and neuroimaging features they have been -currently
categorized together as DIAs or DIGs in the WHO Classification.

6.3. Incidence

DIAs and DIGs are rare tumours and only observed in childhood whose rate can only be
estimated from their reported frequency in institutional series. One series of 6500 CNS
tumors in patients of all ages reported only 22 cases of DIG at a rate of 0.3% (134). In a series
of CNS intracranial tumors limited only to the pediatric age group reported 6 cases of DIA,
accounting for 1.25% of all childhood brain neoplasm. While, reports limited to brain tumors
of infancy have found that DIAs and DIGs account for 16% of intracranial tumors (131,135).

6.4. Age and sex allocation

In a study, the age range for 84 reported cases of DIA and DIG was found to be 1 to 24
months. Males ae more commonly affected, with Male:female ratio is 1.5:1. The large
majority of infantile cases present within the first year of life. However, several non-infantile
DIA, DIG between 5 to 25 years have been reported (136, 137).

6.5. Localization

DIAs and DIGs invariably arise in the supratentorial region and commonly involve more
than one lobe, most frequently the frontal and parietal lobes, followed by the temporal and
less commom the occipital lobe (137).

6.6. Clinical presentation

The clinical features of DIAs and DIGs are of short duration and include increasing head
circumference, tense and bulging fontanelles, lethargy, and sun set sign. Patients may also
present with seizuresor focal motor signs, calvarial bulging over the tumor may also be
observed (136).

6.7. Neuroimaging

On CT, these lesions are seen as large, hypodense cystic masses with a solid isodense or
slightly hyperdense superficial portion that extends into the overlying meninges and shows
contrast enhancement. The cystic portion is typically located deep within the tumor, where
the solid portion is peripheral. The MRI T1l-weighted images are characterized by a
hypointense cystic component with an isointense peripheral solid component that takes
contrast. On T2-weighted images, the cystic component is hyperintense and the solid
portion is heterogeneous. Edema is usually absent or light (138). Figure 6
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Figure 6. A and B

6.8. Macroscopy

DIAs and DIGs are typically large tumors, measuring up to 13 cm in diameter, with deep
multiloculated cysts filled with clear or xanthochromic fluid. The solid superficial portion is
primarily extracerebral, attached to leptomeninges and the superficial cortex, it is firm or
rubbery in consistency, and grey or white in color.

6.9. Histopathology

The DIA or DIG composed of neuroepithelial tumor with 3 characteristic components: a main
desmoplastic leptomeningeal component, a poorly differentiated neuroepithelial component,
and a cortical component. The desmoplastic leptomeningeal component consists of a mixture of
fibroblast-like spindle-shaped cells and pleomorphic, neoplastic, and neuroepithelial cells with
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eosinophilic cytoplasm, both of which are arranged in fascicles or in a whorled pattern. Reticulin
impregnations show a prominent reticulin-positive network surrounding almost every cell and
mimicking that of a mesenchymal tumor. Astrocytes are the main tumor-cell feature in DIAs or
the predominant neoplastic population associated with immature neurons in DIGs. The type of
neoplastic neuron may range from atypical ganglionic cell to a small polygonal cell (133,139).

In addition to this desmoplastic leptomeningeal component, both DIAs and DIGs contain a
group of poorly differentiated neuroepithelial cells with small, round, deeply basophilic
nuclei and minimal surrounding perikarya. Such an immature component lacking
desmoplasia may predominate in some areas. A cortical component devoid of desmoplasia
may also be seen that is often multinodular, with some nodules being microcystic
(139).There is a sharp delineation between the cortical surface and the desmoplastic
neoplasm, Virchow-Robin spaces in the underlying cortex are often occupied with tumor
cells. Calcifications are frequent. Mitotic activity and necrosis are rare. Some tumors may be
slightly vascular (137, 140, 141, 142). Figure 7A.B

Figure 7.
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6.10. Inmunohistochemistry

In the desmoplastic leptomeningeal component, fibroblast-like cells express vimentin. As
most other neuroepithelial tumor cells react with GFAP, astrocytes predominate in this
component. Antibodies to collagen typr VI react in a reticulin-like pattern around tumor
cells (143,144). Expression of neuronal markers (synaptophysin, NF-H, and class III $3-
tubulin) has been observed in both the neoplastic neuronal cells as well as cells lacking
apparent neuronal differentiation (145). In the poorly differentiated neuroepithelial
component, cells react with not only GFAP and vimentin but also with neuronal markers
and MAP2 Desmin expression may be present (134,145, 146, 148); but epithelial markers
(CAM 5.2, AE1/AE3, and EMA) are usually absent (145). Figure 8A.B

6.11. Electron microscopy

Astrocytic tumor cells are characterized by intermediate filaments typically arranged in
bundles as well as scattered cisternae of rough endoplasmic reticulum and mitochondria
with extensive basal lamina. Fibroblasts containing granular endoplasmic reticulum and
well-developed Golgi complexes (141, 142). The neuronal cells of DIGs contain dense core
secretory granules and neurofilaments. Immunoelectron microscopy has shown filamentous
reactivity to NF-H in these neuronal cell bodies as well as processes lacking involvement of
the basal lamina. (149).

6.12. Proliferation index

Mitotic activity is rare and, when present, is mostly restricted to the undifferentiated, small-
cells in DIGs (134,139). Ki-67 labeling indices reported in the literature range from less than
0.5% to 5%, with the majority of studies reporting them as less than 2% (150). Proliferation
does not appear to be related to clinical behavior in completely resected tumors but may
expect more aggressive nature in subtotally resected cases. In 3 cases analyzed by flow
cytometry, the S-phase fraction ranged from 3.7% to 12%, with a mean of 6.6% (151, 152,
153).

6.13. Histogenesis

The cellular origins of DIAs and DIGs is yet to be known. The presence of primitive small-
cell populations that express both glial and neuronal proteins suggest that these cells are
progenitor cells to the more differentiated neuroepithelial components and supports the
contention that DIAs and DIGs are embryonal neoplasms programmed to progressive
maturation (42,155). Origination from the specialized subpial astrocytes that form a
continuous, limiting basal lamina providing their terminal processes could account for a
comparable phenomenon occurring in desmoplastic infantile tumors and for their
superficial localization. The lack of genetic alterationsas observed in most diffuse
astrocytomas suggests they are not related to these neoplasms (142,143).
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Figure 8. A and B

6.14. Genetics susceptibility

A comparative genomic hybridization study of 3 cases of DIA and DIG revealed no
consistent chromosomal gains or losses (150). Molecular studies of DIAs revealed no loss of
heterozygosity on chromosomes 10 and 17 and the absence of TP53 mutations (142,152). One
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case of DIG showed a loss on 8p22-pter, whereas one case of DIA showed a gain on 13q21.
(154).

6.15. Prognostic factors and outcome

Follow-up studies indicate that gross total removal is the treatment of choice. In a study 14
of patients with DIGs (median follow-up, 8.7 years), no mortality or evidence of tumor
recurrence was observed (134).. In cases of subtotal resectioning or biopsy, most tumors are
stable or recurre slowly. In 1 study, 2 tumors showed radiologic evidence of tumor
regression following incomplete resectioning . Dissemination of these tumors through the
CSF has been reported but rare,(151,156) Long-term tumor control in cases of DIA and DIG
can be achieved by total surgical resectioning despite the presence of primitive-appearing
cellular aggregates with mitotic activity or foci of necrosis.. However, tumor evolution has
been reported in cases of DIG that underwent subtotal removal , including those with high
proliferative indices and anaplastic features (149,157,158)

7. Rosette-forming glioneuronal tumor of the fourth ventricle
7.1. Definition

This type of posterior fossa tumours is a rare and slowly growing neoplasm in the fourth
ventricular region, predominantly affecting young adults, and composed of uniform
neurocytes forming rosettes or perivascular pseudorosettes and astrocytes mimic pilocytic
astrocytoma.

7.2. Grading

The rosette-forming glioneuronal tumor (RGNT) corresponds to WHO grade I (1).

7.3. Synonyms

A neoplasm displaying features of RGNT was early reported as a “dysembryoplastic
neuroepithelial tumor (DNT) of the cerebellum” . However, Komori et al. described RGNT
as a distinct entity as a variant of mixed glio-neuronal tumor (159,160). Wheares, Preusser et
al. confirmed RGNT as a tumor entity (161).

7.4. Age and sex distribution
The age range at disease presentation is 12-59 years (mean, 33 years). With a slight female
preference.

7.5. Incidence and localization

RGNT is a rare brain tumor. In five different studies, only 17 cases were reported. These
lesions arise in the midline and occupy the fourth ventricle and may be the aqueduct, it may
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extend to involve the adjacent brain stem, cerebellar vermis, pineal gland, or thalamus(
160,161, 163, 164,165).

7.6. Neuroimaging

MR imaging reveals a relatively circumscribed, solid tumor in the fourth ventricular region,
showing low intensity on T1-weighted images and high intensity on T2-weighted images, ,
and focal or heterogenous gadolinium enhancement. Secondary hydrocephalus is common (
164,165) .

7.7. Clinical features

The clinical presentation of RGNT is most often with headache due to of obstructive
hydrocephalus, and unsteadiness. Cervical pain is occasionally experienced. Rarely
discovered incidentally. Figure 9.
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Figure 9.

7.8. Histopathology

RGNTs are well demarcated, but some infiltration into the brain stem and cerebellar
parenchyma may be observed. They are characterized by a biphasic neurocytic and glial
architecture. The neurocytic component consists of a uniform group of neurocytes. these
cells have spherical nuclei with finely granular chromatin, inconspicuous nucleoli, scant
cytoplasm, and delicate cytoplasmic processes forming neurocytic rosettes and/or
perivascular pseudorosettes. Neurocytic rosettes feature ring-like arrays of neurocytic nuclei
surrounding delicate eosinophilic neuropil cores. While the perivascular pseudorosettes
feature delicate cell processes radiating toward vessels. The neurocytic rosettes and
perivascular pseudorosettes when viewed longitudinally, may show a columnar
arrangement.. These neurocytic structures may lie in a partly microcystic, mucinous matrix.
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The glial component of RGNT typically dominates, and in some areas may resemble
pilocytic astrocytoma. Astrocytic tumor cells are spindle to stellate in shape, with elongated
to oval nuclei and moderately dense chromatin. Cytoplasmic processes often form a
compact to loosely textured fibrillary background. Rosenthal fibers, eosinophilic granular
bodies, microcalcifications, and hemosiderin deposits may be observed. In some areas, the
glial component may be microcystic, containing round, oligodendroglia-like cells with some
perinuclear halos. Vessels may be thin-walled and dilated or hyalinized. Thrombosed
vessels and glomeruloid vasculature may also be noted. The adjacent cerebellar cortex has
no features of dysplasia ( 160,162, 164, 165). Figure 10A

7.9. Inmunohistochemistry

Immunoreactivity for synaptophysin is present at the centers of neurocytic rosettes and in
the neuropil of perivascular pseudorosettes.furthermore, the cytoplasm and processes of
neurocytic tumor cells may express MAP-2 and neuron-specific enolase. GFAP and S-100
immunoreactivity is shown in the glial part, but absent in the rosettes and pseudorosettes.
(160, 162, 164). Figure 10 B.

7.10. Proliferation index

Ki-67 labeling indices are low, being less than 3% in reported cases, Mitosis is absent (165).

7.11. Genetic susceptibility

One reported patient with RGNT had a Chiari type I malformation (160). No other evidence
of an underlying neurological disorder or association with a familial tumor syndrome has
been reported.

7.12. Histogenesis

The histological investigations indicate that RGNTs arise from the brain tissue surrounding
the infratentorial ventricular system. An origin of RGNT from the subependymal plate; the
remnants of the periventricular germinal matrix has been suggested (160).
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7.13. Outcome

The clinical outcome of these primary benign neoplasm is favorable in terms of survival, but
disabling cerebellar features postoperatively have been reported in approximately half the
cases (160).

8. Papillary glio-neuronal tumor
8.1. Definition

A well circumscribed, clinically insidius and histologically biphasic cerebral neoplasm
composed of flat to cuboidal, GFAP-positive astrocytes lining hyalinized vascular
pseudopapillae and synaptophysin-positive interpapillary collections of sheets of
neurocytes, large neurons, and ganglioid cells.

8.2. Grading

Papillary glioneuronal tumors is corresponding to WHO grade I. late aggressive behavior
has been reported (1,165).

8.3. Historical annotation

The papillary glioneuronal tumor, was first established as a distinct clinicopathological
entity by Komori et al. in 1998 and listed in the 2000 WHO classification as a variant of
ganglioglioma, (166). Some tumors were previously described under a variety of names,
including pseudopapillary ganglioglioneurocytoma and pseudopapillary neurocytoma with
glial differentiation ( 167,168).

8.4. Incidence, age and sex distribution

They are very rare neoplasms; and only a few cases have been reported (169.170). These
tumors may occur at any age. There is no gender preference. The mean age at presentation is
27 years; the oldest and youngest patient reported was 75 and 4 years, respectively
(171,172)..

8.5. Localization

These tumors are generally seen in the cerebral hemispheres, with a predilection for the
temporal lobe.

8.6. Neuroimaging

On MRI and CT imaging, the tumors appear as well defined, solid and/ or cystic, with some
contrast-enhancement there is usually little mass effect. A cyst-mural nodule architecture
may be observed (166, 169.173).
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8.7. Clinical features

Mainly headache and seizures. Focal deficits, cognition, and emotional disorder may also be
encountered. (174).

8.8. Histopathology and immunohistochemistry

Papillary glioneuronal neoplasms is characterized by a prominent pseudopapillary manner
in which a single or pseudostratified layer of small, cuboidal glial cells with rounded nuclei
and scant cytoplasm covers hyalinized blood vessels, as well as interpapillary sheets or focal
collections of neurocytes, and occasionally ganglion cells or medium-sized ganglioid cells
with accompanying neuropil.

At the immunohistochemical level, vessels with mural hyalinization are ensheathed by a
layer of small, uniform, GFAP-positive cells with rounded nuclei and scant cytoplasm. In
some cases, OLIG2-positive, GFAP-negative glial cells surround this layer. These glial
elements lack both nuclear atypia and mitotic activity. Interpapillary neuronal elements
show considerable variation in size and shape. all get stained with antisera to
synaptophysin, NSE, and class III-tubulin. The majority of neuronal cells are positive for
NeuN, but NFP expression is mostly confined to larger ganglioid and ganglion cells.
Membranous immunoreactivity for NCAM is also found ( 166, 172, 175), but chromogranin-
A expression is lacking. Minigemistocytes which show intense GFAP immunoreactivity, are
occasionally noted in the interpapillary spaces. Microvascular proliferation or necrosis is
rare. Even in cases with increased proliferative activity. At the periphery of the lesion,
scattered tumor cells are mixed with gliotic brain tissue containing Rosenthal fibers,
eosinophilic granular bodies, hemosiderin, and microcalcifications are encountered; this
results in a a blurred tumor edge ( 165, 175). Figure 11 A.B

8.9. Electron microscopy

The ultrastructure of few papillary glioneuronal tumors has been studied. Three cell types
have been reported: astrocytic; neuronal; and poorly differentiated neurons. Neurons vary
in size: large forms with abundant organelles lie between the papillae; their neuronal
processes filled with parallel microtubules showed terminations containing clear vesicles
and occasional synapses. The poorly differentiated cells contain mitochondria, ribosomes,
occasional dense bodies, intermediate filaments and microtubules, but no well-formed
dense core granules. Astrocytes contain bundles of intermediate filaments, and are
separated from vessels by a basal lamina. Minigemistocytes and OLIG-2-expressing
oligodendrocyte-like cells may also be present ( 165, 166, 171).

8.10. Proliferation index

MIB-1 labeling indices are usually low, in the range of 1-2%. Only 1 tumor featuring
minigemistocytes showed an increased (10%) labeling index in that unusual element (165).
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Figure 11. A and B

8.11. Genetic susceptibility

Papillary glioneuronal tumors reported to date have been sporadic in occurrence. (175).

8.12. Histogenesis

The histogenesis of papillary glioneuronal tumors is uncertain, but an origin from
multipotent precursors capable of divergent glioneuronal differentiation is supposed.
(166).

8.13. Prognosis

The cystic formation, indolent course and low proliferative activity are given a favorable
clinical outcome. In most cases, gross total resection without adjuvant therapy is curable
with long-term survival. (165).



Neuronal and Mixed Neuronal-Glial Tumors of the Central Nervous System 223

9. Cerebellar liponeurocytoma
9.1. Definition

A very rare cerebellar neoplasm with variable neuronal, astrocytic, and focal lipomatous
differentiation, and low proliferative potential; the tumor usually has a favorable clinical
course.

9.2. Grading

Data available advocate that this tumor typically corresponded to WHO grade I (1).
However, recurrences have been reported in almost 50% cases, typically without the
histological features of malignant transformation. (176).

9.3. Synonyms and historical annotation

Bechtel et al. Reported a case of lipomatous medulloblastoma in a 44-year-old man. in 1978
(177). Subsequently 28 more cases were reported. The terms neurolipocytoma (178),
medullocytoma (179), lipomatous glioneurocytoma (180), and lipidized mature
neuroectodermal tumor of the cerebellum (181). The WHO Classification in 2000 (1)
included the term “cerebellar liponeurocytoma”. However, This term is now widely
accepted, and is supported by genetic analyses indicating that this lesion is not a variant of
medulloblastoma (170). Clinical, histopathological, immunohistochemical, and genetic data
strongly suggest that the cerebellar liponeurocytoma comprise a rare but distinct clinico-
pathological entity. Some tumors with features of liponeurocytoma have also been observed
in supratentorial locations. (182, 183, 184)..

9.4. Age and sex distribution

In the 29 patients with cerebellar liponeurocytoma reported ( 182, 185, 186, 187,188,189), the
mean age was around 50 years (range, 24-77 years), with a peak in the third to sixth decade
of life. This is in contrast with the age distribution of cerebellar medulloblastomas, more
than 70% of which occur in children (178). There is no significant gender predilection (13
men and 16 women) in patients with cerebellar Liponeurocytoma (186, 187,188,189).

9.5. Clinical features

Non specific symptoms such as Headache and signs of raised intracranial pressure may be
the initial presentation, resulting from either the lesion itself or obstructive hydrocephalus.
Cerebellar signs are also frequent (188).

9.6. Neuroimaging

MRI appearance is variable, and may be related to the distribution and proportion of
lipidized tissue. On TIl-weighted MRI, the mass is generally hyperintense but
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heterogeneous. Hyperintense streaks on T2-weighted images have been associated with the
macroscopic appearance of adipose tissue at surgery. Enhancement with gadolinium is
usually irregular. Peritumoral edema is usually absent (,190, 191).

9.7. Localization

These neoplasms are predominantly located in the cerebellar hemispheres, followed by in
the vermis. And rarely in the cerebellopontine angle. Raely, liponeurocytomas have been
diagnosed in the supratentorial ventricular system at a rate to approximately 3% of central
neurocytomas. There are 2 cases of cerebellar neurocytomas without adipose tissue have
been reported ( 182, 185, 192, 193). In 1 case, it was shown that the lipid vacuoles
progressively accumulate and coalesce within cells, maintaining neurocytic features, and
indicating tumoral lipidization rather than true adipose metaplasia. These observations
justify the description of central liponeurocytoma as a separate entity, and these lesions
contribute to histogenetic and biological characteristics with cerebellar liponeurocytoma
(194, 195,196).

9.8. Histopathology

Biphasic in appearance, the tumor consists of small neuronal cells with the cytology of
neurocytes and focal lipomatous differentiation, characterized by lipidized cells resembling
mature adipose tissue. Tumor cells have round or oval nuclei, and often show a clear
cytoplasm resembling neoplastic oligodendrocytes, but also have many morphological
similarities to medulloblastoma and clear cell ependymoma. Despite the cellularity of the
lesion, tumor cells have a uniform cytological appearance, with absent or very few mitotic
figures and aggressive features. No malignant transformation noted (194, 195,196). Figure
12A

9.9. Immunohistochemistry

Neuronal differentiation is observed by a reliable, diffuse expression of NSE, synaptophysin,
and MAP-2. Accordingly, several reported cases were diagnosed as neurocytoma or
neuroblastoma, rather than medulloblastoma. Focal GFAP expression by tumor is also seen,
indicating astrocytic differentiation (184). Immunoreactivity for neuronal markers and GFAP
is also seen in the adipose cells, indicating an abnormal differentiation of tumor cells rather
than an entrapped adipocytes. It is crucial to note that xanthomatous histiocytes, as are
occasionally observed in ordinary medulloblastomas, are not considered evidence of
lipomatous differentiation. Two reports mention additional immunoreactivity to desmin, and
morphological features of incipient myogenic differentiation (177,181). Figure 12 B

9.10. Differential diagnosis

The most important differential diagnosis is medulloblastoma with lipidized cells. The
distinction between these 2 lesions is crucial, since medulloblastomas with lipidized cells
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Figure 12.

require adjuvant radio/chemotherapy. Most importantly, the growth fraction is in the range
of 15-40%, which is incompatible with a diagnosis of liponeurocytoma. Cerebellar
liponeurocytoma is a neoplasm of adults, while lipidized medulloblastomas also occur in
children (186, 188, 197, 198, 199). The liponeurocytomas may also mimic neoplastic
oligodendrocytes and clear cell ependymoma (199).

9.11. Proliferation index

The Ki-67/ MIB-1 labeling index, is usually in the range of 1-3%, but may be as high as 6%,
with a mean value of 2.5% . In the adipose component, the MIB-1 labeling index is even
lower (184, 200).

9.12. Histogenesis

An origin from the external granular layer of the cerebellum cannot be ruled out,
Immunoreactivity to neuronal antigens and GFAP includes cell bodies embracing fat
globules. This suggests that the fat-containing cells result from lipomatous differentiation of
tumor cells. The cell of origin is most likely a precursor cell with a preferential commitment
to neuronal differentiation. (184,185,200).

9.13. Genetics susceptibility

Genetic analysis of 20 cerebellar liponeurocytomas revealed TP53 missense mutations in 4
cases (20%), a frequency significantly higher than that in medulloblastomas (6%). There was
no case with a PTCH, APC, or 3-catenin mutation, each of which can be present in subsets of
medulloblastomas. FISH analysis showed that isochromosome 17q, a genetic hallmark
present in 40% of cerebellar medulloblastomas, was not enountered in any of the cases
investigated. This finding supports the view that the cerebellar liponeurocytoma is a distinct
entity and not a variant of medulloblastoma. ¢cDNA expression profiles showed a
relationship to central neurocytoma, but the presence of TP53 mutations, which are absent
in central neurocytomas, suggests that they develop through different genetic pathways
(182).
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9.14. Prognostis

A review of published cases indicates that this lesion generally carries a favorable prognosis.
Because of the rarity of this tumor and the lack of systematic follow-up data, survival and
recurrence rates must be interpreted with some caution (182, 185).

Of 21 patients with follow-up data, 6 (29%) died within 6 months to 2 years, 5 (24%) died
after 2—4 years and 10 (48%) survived 5-16 years after surgical intervention. The 5-year
survival rate was 48% and the mean overall survival was 5.8 years. However, 62% of
patients developed a recurrence from 1 to 12 years, and in 3 patients there was a second
relapse 1 to 5 years later. Despite its aggressive course there is no malignant transformation
observed. (176).

10. Filum terminale and spinal paraganglioma
10.1. Definition

A distinctive neuroendocrine neoplasm, usually encapsulated, slowgrowing, and benign,
arising from specialized neural crest cells associated with segmental autonomic ganglia
(paraganglia); it is composed of uniform chief cells displaying neuronal differentiation and
forming compact nests (Zellballen), surrounded by sustentacular cells and a delicate
capillary network. This type of neoplasm is mostly affecting the cauda equine and filum
terminale

10.2. Grading

Paragangliomas of the cauda equine/filum terminale correspond histologically to WHO
grade I (1).

10.3. Synonyms and historical annotation

The early terminology of paragangliomas is not well known. Early authors divided them
into chromaffin and nonchromaffin on the basis of their reaction with chromic acid.
However, since this reaction does not reliably reflect their functional activity, current
terminology is based upon anatomical location as seen in carotid body paraganglioma
(chemodectoma), jugulotympanic paraganglioma (glomus jugulare tumor).

10.4. Incidence and location

Paragangliomas of the CNS are infrequent, the vast majority present as lumber spinal
intradural tumors in the cauda equina region. Since the first description of cauda equina
region paraganglioma in 1970 (201), more than 210 cases have been reported. And 174 cases
reported prior to 2003 (202). Paragangliomas of the cauda equine region comprise 3.4% to
3.8% of all tumors affecting this region (203, 204). Other spinal levels are involved far less
often; 14 paragangliomas were reported in the thoracic region, most being extradural with
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an intravertebral and paraspinal component (205, 206), and 2 tumors involved the cervical
region (207, 208).

Intracranial paragangliomas are usually located in the posterior fossa; jugulotympanic
paragangliomas (209). However, intracranial tumors have also been described. These
locations include sellar region, the cerebellopontine angle, cerebellar parenchyma, and the
fronto-temporal lobes ( 210, 211, 212, 213).

10.5. Age and sex distribution

Cauda equina paragangliomas generally affect adults. Patient age ranges from 9 to 74 years
(mean, 46 years), with a slight predominance in males with Male:Female ratio at 1.4:1.
Jugulotympanic paragangliomas are more common in Caucasians, with a strong female
preference, and occur mainly in the fifth and sixth decades (209).

10.6. Clinical features

The most common presenting symptoms include a long standing history of low-back pain and
sciatica. Sensory deficit, paraparesis, and sphincter disturbances are common in the later stage,
while complete cauda equina syndrome is rare. An intracranial hypertension symptoms and
signs was reported in 8 cases. Only 3 endocrinologically functional paragangliomas of the
cauda equine region have been reported (214, 215, 216). The few reported paragangliomas of
the thoracic spine presented with short term of signs of spinal cord compression (217). About
36% of glomus jugulare paragangliomas extend into the cranial cavity and produce headache,
pulsatile tinnitus and lower cranial nerve involvement; rarely, signs of catecholamine secretion
may be seen (209).

10.7. Neuroimaging

Cauda equina paragangliomas has no specific features. Most appear as isodense,
homogeneously enhancing masses on CT. However, since CT without contrast may miss the
lesion, MRI is the investigation of choice. MRI images typically show a well marked, may be
with cystic component mass that is hypo- or isointense to spinal cord on T1l-weighted
images, with a vivd contrast enhancemnet. It appears as hyperintense on T2-weighted
images. The presence of ecstatic and dilated vessels and a low signal intensity rim (“cap
sign”) on T2-weighted images are considered diagnostically important feature. Plain
radiographs are usually helpful, and show some scalloping of the vertebral bod y due to
chronic bone compression (204, 218). Figure 13

10.8. Histopathology

Tumors are well differentiated, mimicking normal paraganglia, nearly half of cauda equina
paragangliomas contain mature ganglion cells, as well as cells transitional between chief and
ganglion cells. These lesions are composed of chief (type I) cells disposed in nests or lobules
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(Zellballen pattern), and surrounded by a single layer of sustentacular (type II) cells. The
Zellballen are surrounded by a delicate capillary network that may undergo sclerosis. The
uniform round or polygonal chief cells possess central, round-to-oval nuclei, with finely
stippled chromatin and inconspicuous nucleoli. Cytoplasm varies somewhat in quantity and
is usually eosinophilic and finely granular. In some conditions, it is amphophilic or clear.
Sustentacular cells are spindle-shaped. Encompassing the lobules, their long processes are
often so attenuated that they are undetectable by routine light microscopy, and visible only
on immunostains for S-100 protein. (219). Such “gangliocytic paragangliomas” are also
found in other sites such as the duodenum and are analogous to phaeochromocytoma with
neuronal differentiation. Some paragangliomas of the cauda equina region show
architectural features similar to carcinoid tumors, including angiomatous, adenomatous,
and pseudorosette patterns. Tumors composed predominantly of spindle and melanin-
containing cells (melanotic paragangliomas) have also been described at this site, as has
oncocytic paraganglioma (220, 221, 222). hemorrhagic necrosis may also occur, and scattered
mitotic figures can be seen. these features are not of prognostic implication (223). Figure 14A

10.9. Immunohistochemistry

Chief and sustentacular cells can be identified by biomarkers. Chief cells are marked with
Neuron-specific enolase (NSE), synaptophysin and chromogranin (228, 229). Chromogranin
A reactivity parallels the Grimelius (argyrophil) reaction (219, 223,224). Neurofilament
proteins are also useful markers of chief cells. Expression of serotonin (5H-T) and of various
neuropeptides (somatostatin, leu, and metenkephalin) has been demonstrated in
paraganglioma of the cauda equina region. Paranuclear cytkeokeratin immunoreactivity is
particularly prominent in cauda equina examples. Sustentacular cells are uniformly reactive
for 5-100 protein, and usually show staining for glial fibrillary acidic protein (GFAP). Chief
cells may also show variable S-100 immunoreactivity (220, 223, 225). Figure 14B

10.10. Electron microscopy

The characteristic ultrastructural features of chief cells is the presence of dense core
(neurosecretory) granules measuring 100 to 400 nm (mean, 140 nm). Depending on their
cytoplasmic electron density, “light” and “dark” chief cells are recognized. A layer of basal
lamina is present at the interface of Zellballen and surrounding stroma. In addition to well-
developed Golgi, extensive smooth endoplasmic reticulum, and lysosomes, chief cells may
contain numerous atypical mitochondria, as well as paranuclear whorls of intermediate
filaments (223, 226). Sustentacular cells are characterized by an elongated nucleus with
marginal chromatin, increased cytoplasmic electron density, relative profusion of
intermediate filaments, and low core granules ( 225, 226, 227).

10.11. Genetics susceptibility

It is not clear, there is no reported association of spinal paragangliomas with genetic
abnormalit. However, Systemic paragangliomas may be multifocal, The association of spinal
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paraganglioma with brain tumors, spinal epidural haemangioma, syringomyelia, and
intramedullary cysts are encountered ( 228, 229, 230, 231), but these associations may be
coincidental. Several autosomal dominant inherited syndromes predispose to
paraganglioma or phaeochromocytomaas noted in von Hippel- Lindau disease (VHL);
multiple endocrine neoplasia type 2 (RET mutations); neurofibromatosis type 1 (NF1).
Multiple, benign, head and neck paragangliomas are often caused by SDHD mutations,
while SDHB mutations are associated with phaeochromocytoma. There are only 4 families
with the SDHC mutation have been identified. Spinal paragangliomas are considered non-
familial, but a study of 22 spinal paragangliomas showed an SDHD germline mutation in 1
patient with recurrent spinal paraganglioma and a cerebellar metastasis (232).

10.12. Histogenesis

The histogenesis is unknow. Some authors favor an origin from paraganglion cells
associated with regional autonomic nerves and blood vessels (233). Others have suggested
that peripheral neuroblasts usually present in the adult filum terminale may undergo
paraganglionic differentiation (229). Jugulotympanic paragangliomas presumably arise from
microscopic paraganglia within the temporal bone. Some interesting cases have reported the
coexistence of a paraganglioma and myxopapillary ependymoma in the cauda equina
region (234, 235).

10.13. Prognostic factors

Tumor location is the most important predictive prognostic factor rather than histology of
paragangliomas. For instance, the metastasis rate of para-aortic paraganglioma is high (28
to 42%), whereas that of carotid body tumors is only 2 to 9% (236). About 50% of the
glomus jugulare tumors recur locally, but only 5% with distant metastastases (234, 237).
The tumor vascularity has no significant value. The vast majority of cauda equina
paragangliomas are slowly growing and curable by total excision. Based on long-term
follow-up, it is estimated that 4% will recur following gross total removal (238, 239).
Metastasis outside the CNS is rare (220). CSF seeding of spinal paragangliomas has been
reported (240).

11. Conclusion

CNS neuroepithelial and neuronal tumours are usually benign and slow growing
neoplasms with WHO grade I-Il. They comprise a low percentage of the whole CNS
neoplasms and may affect any part of the CNS. These lesions present with non specific
symptoms and signs; but tend to cause intractable epilepsy when affecting the cerebral
cortex. Along with clinical presentation and neuroimaging; the histopathology and
immunochemistry confirm the diagnosis. Surgical resctioning is the treatment of choice with
favorable prognosis and long term cure; adjuvant treatment is preserved to recurrent
tumours or to high grade lesions
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12. Table of summary

Location WHO  |Type of cells Specific features prognosis
Ganglioglioma  [Throughout the CNS |Grade I |Immature ganglion Large neoplastic ganglion  |Low grade
and more common in Garde |cells and/ or astrocyte |cells with/without glial favorable
Gangliocytoma  [Supratentorial. il components Higher
Temporal lobe grade :
predilection variable
Central Supratentorial. Grade |Uniform ferentiated Oligodendroglioma-like Favorable
Neurocytoma Paraventricular I-II neurocyte honeycomb appearance,
and irregular “rosettes”
extraventricular perivascular pseudorosettes
Neurocytoma
Dysembryoplasti [Temporal lobe and |Gradel |glio-neuronal columns formed by bundles |Favorable
¢ Neuroepithelial {mesial region constituent of axons lined by small
tumour oligodendroglia-like cells
DIA, DIG Supratentorial with |GradeI |desmoplastic Astrocytes are the main Favorable
frontal and parietal leptomeningeal, poorly |tumor-cell in DIAs.
lobes predilection differentiated immature neurons in DIGs
neuroepithelial cells
RGNT 4" ventricle and Gradel |a biphasic neurocytic |The neurocytic rosettes Favorable
aqueduct cerebellar and glial architecture. |,perivascular
and brain stem pseudorosettes.
Papillary Temporal lobe GradeI | small, cuboidal glial  |pseudopapillary manner Favorable
Glio-neuronal cells,collections of and
tumour neurocytes,and pseudostratified layer of
occasionally ganglion |small, cuboidal glial cells,
cells interpapillary sheets
collections of neurocytes,
ganglion cells.
Cerebellar Cerebellar Grade [small neuronal cells small neuronal cells with  |Favorable
Liponeurocytoma [hemisphere , vermis with focal lipomatous |the cytology of neurocytes
CP angle, rarely differentiation, and focal lipomatous cella,
supratentorial resembling mature adipose
tissue
Filum terminale |Cauda equine region. [Grade I |mature ganglion cells, [mature ganglion cells, cells |Favorable
and spinal Jugulotympaniirial transitional transitional cells. Chief (type
paraganglioma |arely supratento cells between chief and |I) cells disposed in nests or
ganglion cells lobules (Zellballen pattern)
surrounded a delicate
capillary network, and
sustentacular (type II) cells.

Table 1. Summary
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1. Introduction

Medullary thyroid carcinoma (MTC) is an uncommon primary thyroid carcinoma
accounting for as much as 10% of all thyroid malignancies and as much as 14% of thyroid
cancer-related deaths.[1] It is a neuroendocrine malignancy arising from the C cell or
parafollicular cell of the thyroid.[2] The sporadic and hereditary forms of MTC account for
80% and 20% of all cases, respectively.[3] The hereditary form is part of the multiple
endocrine neoplasia (MEN) syndromes including MEN 2A (MTC, pheochromocytoma, and
hyperparathyroidism), MEN 2B (MTC, pheochromocytoma, mucosal neuroma, and
marfanoid habitus), and familial MTC (FMTC).[4] About 40% to 50% of sporadic MTC cases
present with distant metastasis involving cervical lymph nodes, lungs, liver, and/or bones at
initial diagnosis.[5] The literature reports other rare metastatic sites including pituitary
metastasis, [6] choroidal and optic disc metastasis, [7,8] breast metastasis, [9] and skin
metastasis. [10]

Certain diagnostic tools such as calcitonin and REarranged during Transfection (RET) proto-
oncogene tests enable the discovery of hereditary MTC cases in the preclinical stage,
allowing for early surgical interventions and resulting in high cure rates. [5] In contrast to
hereditary MTC, early detection of sporadic MTC is difficult, making prognosis more
unfavorable. [11] The initial presentation of a metastatic tumor may be difficult to diagnose
if the clinician is unaware of the occult primary thyroid cancer. Immunohistochemical
staining with calcitonin for the metastatic tumor has been used as a diagnostic marker for
MTC. [12] However, no consensus exists regarding calcitonin expression by metastatic MTC
tissues. Still calcitonin staining is routinely used to make a differential diagnosis of MTC.
This poses particular challenges when metastatic MTC occurs without the expression of
calcitonin.
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We had encountered a case of sporadic MTC in a 73-year-old man who initially presented
with two ill-defined pulmonary opacities on chest radiography (CXR). Computed
tomography (CT) of the chest inadvertently found a thyroid nodule, which led to the
ultimate diagnosis of primary MTC with pulmonary metastasis. This atypical
histopathologic presentation of pulmonary metastasis from MTC made diagnosis
particularly challenging.

2. Body

The patient was a 73-year-old man with an unremarkable medical history. He had the initial
presentation of intermittent anterior chest pain for more than 20 days. The CXR showed two
ill-defined opacities in the upper lobe and the hilum of the right lung (Figure 1B). Chest CT
findings highly suggested bronchogenic carcinoma localized in the upper and middle lobes
of the right lung with extension and encasement to the adjacent hilum and the segmental
bronchus of right upper lobe (Figure 1A). We discovered lymph node metastases to the right
anterior mediastinum and subcarinal region and an accidental thyroid nodule over the right
lobe. Initial pathological examination of a transbronchoscopic lung biopsy favored poorly-
differentiated carcinoma with desmoplastic stroma infiltrated by sheets of cancer cells that
had hyperchromatic nuclei with no distinct nucleoli (Figure 2A, x40).

Figure 1. (A) chest CT at diagnosis: higly suggested bronchogenic carcinoma (B) chest PA at diagnosis:
two ill-defined opacities over the right upper lobe and the right hilum of the lung (C) chest PA after
chemotherapy: partial shrinkage of the tumor opacity. Thyroid aspiration (x100 objective lens) with (D)
Papanicolau's stain: dispersed cell pattern with nuclear eccentricity and "salt-and-pepper" chromatin (E)
Riu's stain: plasmacytoid cells with binucleation and basophilic stippling in the cytoplasm (F) positive
calcitonin stain using liquid-based cytology (LBC) method

Sonography revealed a calcified heterogenous right thyroid tumor greatest diameter 2.9cm.
Fine-needle aspiration cytology with Papanicolaou’s stain showed cells arranged in
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dispersed pattern with nuclear eccentricity and “salt-and-pepper” chromatin (Figure 1D,
x100). Characteristic plasmacytoid cells with binucleation and basophilic stippling in the
cytoplasm were also noted in the aspiration cytology with Riu’s stain (Figure 1E, x100).
MTC was highly suspected because there was a positive immunocytochemical staining for
calcitonin as detected by liquid-based cytology (LBC) with Ligui-Prep™ (LGM International,
Fort Lauderdale) (Figure 1F, x100), and because serum calcitonin level was above 950 pg/ml
(normal range: 0-42 pg/ml) and carcinoembryonic antigen (CEA) level at 259 ng/ml (normal
range: 0-3 ng/ml).

After total thyroidectomy, the diagnosis of MTC was confirmed by positive
immunohistochemical staining for chromogranin-A (Figure 2F, x40), synaptophysin
(Figure 2G, x40), calcitonin (Figure 2H, x40), and Congo-red stain for amyloid. Because of
the similarity between the histopathologic patterns of focal vascular invasions in the
thyroid (Figure 2E, x40) and the lung carcinoma (Figure 2A, x40), MTC metastasis to the
lung was further diagnosed based on a positive finding of chromogranin-A (Figure 2B,
x40) and synaptophysin (Figure 2C, x40), though there was no staining of calcitonin
(Figure 2D, x40).

[ "C‘ﬁ o
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Figure 2. (x40 objective lens) Lung sections staining with H.E. (A) showing poorly-differentiated cancer
cells infiltrating in desmoplastic stroma, with strong expressions for chromogranin-A (B) and
synaptophysin (C), but negative calcitonin (D). Thyroid sections staining with H.E. (E) showing focal
vascular invasions in the thyroid with poorly-differentiated cancer cell morphology resembling that in the
lung section, with positive expressions for chromogranin — A (F), synaptophysin (G), and calcitonin (H).

Because the patient had no family history of MTC and no evidence of pheochromocytoma
and hyperparathyroidism, he was diagnosed with sporadic MTC. As for the treatment, post-
operation chemotherapy with Gemcitabine was administered to treat pulmonary metastasis
of the MTC. After total thyroidectomy and one course of gemcitabine, serum CEA and
calcitonin levels decreased to 135 ng/ml and 766.7 pg/ml, respectively. CXR showed partial
shrinkage of the tumor opacity (Figure 1C).
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To our knowledge, this is the first reported case of accidental MTC initially presenting as
pulmonary metastasis without calcitonin expression in the metastatic lesions. A correct
diagnosis might have been missed if the thyroid nodule had not been discovered. The
atypical histopathologic patterns in this MTC case could have led to a misdiagnosis of
double cancer.

We presented this case with several issues worth discussing. First, the absence of calcitonin
expression in the pulmonary metastases in our case did not exclude the possibility of
primary MTC. Calcitonin has been recognized as a specific and sensitive tumor marker for
MTC. Although the disparity between tissue and serum calcitonin in patient with medullary
thyroid carcinoma were reported, [13] the follow-up of patients with MTC before and after
total thyroidectomy by the measurement of calcitonin is still widely used in clinical
condition. Calcitonin is a small polypeptide hormone of 32 amino acids that is produced
almost exclusively by neuroendocrine C cells in the thyroid. [14] However, little was known
about the calcitonin expression in the metastatic tissue of MTC. Only four of 142 MTC cases
in a retrospective study were described as “atypical”, characterized by cytomorphologic
features and positive neuroendocrine markers of chromogranins and synaptophysin.
Among the four cases, three had very little expression of calcitonin and one had no
expression of this tumor marker. [15] Previous reports have also postulated that the
metastatic lesion may lose the ability to express calcitonin, [12] which is consistent with the
patient in this report who exhibited poorly differentiated cancer cell morphology (Figure
2A, x40) similar to that seen in the focal vascular invasion of thyroid (Figure 2E, x40). The
pathological mechanisms of the poorly-differentiated MTC cells without calcitonin
expression are not well understood. Oncocytic variant of MTC seen in the recurrent tumor
has been documented in the literature to represent a further step in tumor progression and
may be indicative of a poor prognosis. [16] But regarding the absence of calcitonin
expression in the metastatic tissue of MTC, no references have been found. Thus we
postulated two possible mechanisms for the absence of calcitonin expression in the
metastatic tissue of medullary thyroid carcinoma: the first one is that the potential for
metastasis increases as cancer cells lose their ability to secrete calcitonin during
dedifferentiation, and the second explanation is that the secondary environment (metastatic
site) may have disabled the cancer cells” ability to secret calcitonin. Further research will be
needed to elucidate the exact mechanism.

Second, the radiographic patterns of pulmonary metastasis from MTC in this patient were
hard to differentiate from primary lung carcinoma. The patient presented with elevated
serum CEA level and two ill-defined pulmonary opacities in the right upper lobe and the
right hilum, which clinically resembled primary lung carcinoma. Pulmonary metastases
from MTC generally exhibit a macronodular, or “cannonball” appearance with clear-cut
margins.[17] Reticulonodular perihilar lesions,[17] calcified pulmonary metastases,[18]
and micronodular patterns[17] have also been reported in the literature. The diverse
radiographic manifestations of pulmonary MTC metastases pose as a diagnostic challenge
for clinicians. Because 40% to 50% of sporadic MTC cases are initially discovered through
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distant metastasis,[5] the clinician may need to test the patient’s serum calcitonin level to
rule out MTC if a thyroid nodule and a pulmonary lesion coexist. We believe that
immunohistochemical staining with neuroendocrine markers (chromogranin and
synaptophysin) are more useful than calcitonin expression for testing transbronchoscopic
lung biopsy specimens, even if elevated serum CEA may favor the possibility of lung
(adeno)carcinoma. In addition to calcitonin, CEA can be secreted and released by the
malignant transformed C cells. Although CEA is not specific for the diagnosis of MTC, as
its levels can be elevated in several types of tumors, the serum levels of CEA is an
excellent test for monitoring disease progression once the diagnosis of MTC has been
confirmed. [14]

In our case, liquid-based cytology (LBC) was particularly helpful in facilitating
immunocytochemical staining. Although most MTC can be easily diagnosed based on
cytomorphologic findings in aspirates with Pap-staining[12,19] or Riu’s stain,[20,21]
calcitonin staining has been regarded as the gold standard for the definitive diagnosis of
MTC.[12] LBC allows ancillary tests, including immunocytochemical staining, to be
conducted on residual cell samples.[22] To our knowledge, this is the first reported case of a
primary thyroid carcinoma confirmed by LBC. Although cervical smear using LBC
preparation has been described,[23] the role of LBC in thyroid aspiration cytology has yet to
be explored. We expect the clinical application of LBC in thyroid fine needle aspiration
cytology to help in establishing correct preoperative diagnoses.

The five-year and ten-year survival rates of MTC with distant metastasis have been
estimated at 60% and 40%, respectively.[24] Cancer staging of MTC at initial diagnosis is
highly predictive of future mortality in long-term follow-up.[25] Radioactive iodine,
external beam radiation therapy, and conventional chemotherapy have not resulted in
satisfactory response in metastatic MTC.[26] Combination chemotherapy regimens used to
treat metastatic MTC, including doxorubicin, cisplatin, fluorouracil, dacarbazine,
streptozocin, cyclophosphamide, and vincristine have yielded limited outcomes with tumor
response rates less than 20%.[27] Gemcitabine, a pyrimidine antimetabolite, has not been
described in the literature as a treatment for MTC.[27] Based on an in vitro study in which
gemcitabine inhibited proliferation and neuroendocrine activity of human TT cells derived
from MTC,[28] we used gemcitabine to treat the pulmonary metastasis of MTC in this
patient. This is the first case report demonstrating partial response to gemcitabine in a
patient with pulmonary metastasis of MTC.

3. Conclusion

In conclusion, metastatic medullary thyroid carcinoma with atypical chest radiography and
calcitonin-free histopathlogic lung lesions can be difficult to diagnose. This unique case
report demonstrates that MTC metastatic lesions may not express its routine biomarker,
calcitonin.
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Molecular Histopathology
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1. Introduction

Traditional pathology concentrates on the morphological manifestations of disease.
Molecular pathology, in addition, integrates tools of molecular biology to: isolate and
identify the causative agents in infectious disease, understand the role of differential gene
expression in disease etiology, provide more accurate means of disease diagnosis and
provide more individualized approaches to therapy.

Molecular pathology is a branch of the biomedical sciences which focuses on the progress,
development, and evolution of diseases on the molecular level. It can be applied practically
to patients in addition to being utilized in biomedical research to learn more about specific
diseases, ranging from cancer to genetic conditions. Usually, molecular pathology is treated
as a subset of the field of pathology, but it also involves genetics, immunology, and many
other aspects of the medical field, and people can approach it from a number of
perspectives.

A molecular pathologist can conduct a variety of tests to learn about the fundamental
components of a cell, including the array of amino acids which makes up cellular DNA. In
addition to performing amino acid sequencing, people in this field also look at samples of
cellular tissue, and they perform a variety of tests to learn more about the progress of
disease in specific patients and in general.

To understand the causes and molecular basis of the development of disease, with particular
reference to cancer, and to apply this knowledge to improving disease prevention, detection,
diagnosis and treatment. Improving the outlook for cancer patients can only come from an
understanding of molecular and cell biology. There has been a dramatic increase in
knowledge of the molecular genetics of cancers over the last few years and already we have
reached the point where this can be translated into clinical application.

Many diseases are caused by inherited gene mutations, for example, cystic fibrosis,
muscular dystrophy and lysosomal storage diseases. Other gene alterations confer a greater
susceptibility to disease — for example, cancer or heart disease.
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One common use for a molecular pathologist is in the study of specimens taken from cancer
patients. The pathologist can test the specimen to determine where the cancer originated,
and to look for biomarkers which could indicate susceptibility to specific cancer treatments.
For example, a breast cancer which is estrogen sensitive will be treated differently than a
breast cancer which is not. Using molecular pathology, an oncologist can develop a
treatment approach which is tailored to the patient.

Key techniques used in molecular pathology to identify relationships between gene
alterations and disease include cell isolation and cell culture. Immunohistochemistry is not
considered a molecular technique but it is based on the antigen-antibody affinity, it has
emerged as a powerful investigative tool that can provide supplemental information to the
routine morphological assessment of tissues. The antibody is usually linked to other
molecules to aid visualization [(fluorophore, reporter enzyme, etc), FISH (A cytogenetic
method of detecting and localizing specific DNA sequences on chromosomes)] and
laboratory molecular biology techniques (identification of gene mutations, expression
profiling, protein analysis, blotting, microarrays).

It is thought that the development of malignant disease progresses through defined stages
such as hyperplasia, dysplasia, carcinoma in situ, primary carcinoma, invasive carcinoma
and metastases, each of which may be linked to mutations and alterations in the expression
of subsets of genes. Laser microdissection is useful for isolating particular cells, or
populations of cells, from tissue (frozen sections, fixed sections and in cell culture
monolayers) for genetic analysis allowing direct comparison of nucleic acid from cells in
different stages of disease progression.
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Figure 1. Automated Cellular Imaging System (ACISR III), an example of an image acquisition and
image analysis instrument.
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The impact of gene alterations on protein function and disease can be investigated using a
variety of imaging techniques (Figs.1 and 2). Of particular importance is the imaging of
protein-protein interactions using time-lapse imaging, TIRF microscopy and confocal
fluorescence microscopy techniques such as 3-D rendering, FRET/BRET. These enable
spatial and temporal analysis of dynamic events involving, for example, receptor
interactions and other signaling events (Fig.3).
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Figure 3. Nikon's powerful fully-automated confocal imaging system, capable of capturing high-quality
confocal images of cells and molecular events.

1.1. Immune system (tumor immunology)

Another important role of the immune system (Fig.4) is to identify and eliminate tumors.
The transformed cells of tumors express antigens that are not found on normal cells. To the
immune system, these antigens appear foreign, and their presence causes immune cells to
attack the transformed tumor cells. The antigens expressed by tumors have several sources
[1] some are derived from oncogenic viruses like human papillomavirus, which causes
cervical cancer,[2] while others are the organism's own proteins that occur at low levels in
normal cells but reach high levels in tumor cells. One example is an enzyme called
tyrosinase that, when expressed at high levels, transforms certain skin cells (e.g.
melanocytes) into tumors called melanomas [3, 4]. A third possible source of tumor antigens
are proteins normally important for regulating cell growth and survival, that commonly
mutate into cancer inducing molecules called oncogenes [1,5,6].

The main response of the immune system to tumors is to destroy the abnormal cells using
killer T cells, sometimes with the assistance of helper T cells [4, 7]. Tumor antigens are
presented on MHC class I molecules in a similar way to viral antigens. This allows killer T
cells to recognize the tumor cell as abnormal [8] NK cells also kill tumorous cells in a similar
way, especially if the tumor cells have fewer MHC class I molecules on their surface than
normal; this is a common phenomenon with tumors [9] .Sometimes antibodies are generated
against tumor cells allowing for their destruction by the complement system [5].

Clearly, some tumors evade the immune system and go on to become cancers [10]. Tumor
cells often have a reduced number of MHC class I molecules on their surface, thus avoiding
detection by killer T cells [8]. Some tumor cells also release products that inhibit the immune
response; for example by secreting the cytokine TGF-f3, which suppresses the activity of
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macrophages and lymphocytes [11]. In addition, immunological tolerance may develop
against tumor antigens, so the immune system no longer attacks the tumor cells [10].

Paradoxically, macrophages can promote tumor growth [12] when tumor cells send out
cytokines that attract macrophages, which then generate cytokines and growth factors that
nurture tumor development. In addition, a combination of hypoxia in the tumor and a
cytokine produced by macrophages induces tumor cells to decrease production of a protein
that blocks metastasis and thereby assists spread of cancer cells.

Granulozyten:
neutrophil easinophil basophil

Thymus

Bone marrow

Spleen

Lymph nodes

Figure 4. The immune system protects the body from potentially harmful substances. The
inflammatory response (inflammation) is part of innate immunity. It occurs when tissues are injured by
bacteria, trauma, toxins, heat or any other cause.

1.2. Genetic diseases (genetic disorders)

A genetic disorder is an illness caused by abnormalities in genes or chromosomes, especially
a condition that is present from before birth. Most genetic disorders are quite rare and affect
one person in every several thousands or millions.

A genetic disorder may or may not be a heritable disorder. Some genetic disorders are
passed down from the parents' genes, but others are always or almost always caused by
new mutations or changes to the DNA. In other cases, the same disease, such as some forms
of cancer, may be caused by an inherited genetic condition in some people, by new
mutations in other people, and by non-genetic causes in still other people.

2. Methods in molecular pathology

Nucleic acid-based testing is becoming a crucial diagnostic tool not only in the setting of
inherited genetic disease (e.g., cystic fibrosis and hemochromatosis) but also in a wide
variety of hemato-oncologic, solid neoplastic and infectious conditions. Molecular
diagnostics provides the necessary underpinnings for any successful application of gene
therapy or biologic response modifiers. It offers a great tool for assessing therapy response
and detecting minimal residual disease. Currently, it is estimated that more than 5% of all
laboratory testing is based on DNA or RNA analysis.
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2.1. Tissue microdissection methods

Microdissection can be performed in a variety of ways, all of which have different
advantages and disadvantages. These methods range from the simple and inexpensive
manual methods to laser-capture microdissection (LCM) methods that require expensive
and complex equipment. These methods are reviewed here, with particular emphasis on
manual microdissection, which can be performed easily with common equipment in the
pathology laboratory (Fig. 5).

One of the major benefits of microdissection is the production of relatively pure samples of
morphologically confirmed cellular populations [13]. This relative purity may be essential
for assessing a genetic change or for quantification of genetic changes. For example, in
assessing possible loss of heterozygosity of tumor suppressor genes, normal contaminating
cells will artifactually equalize the allelic balance, and it may appear that the tumor cells
contain normal DNA. In molecular identity testing for tissue floaters (tissue carryover
artifacts), microdissection is essential for separating the fragments of the suspected floater
from the rest of the tissue sample [14, 15] . When examining expression of some gene targets
in tumor cells at the mRNA level, results may be confounded by the expression found in
normal contaminating stromal and lymphoid cells. In some diseases it may be important to
measure events in rare single neoplastic cells [16-18] . Perhaps the most notable example is
in Hodgkin lymphoma, where molecular experiments require detailed microdissection to
isolate the Reed-Sternberg cells from the surrounding lymphoid infiltrates.

Figure 5. This method "microdissection”, can be performed easily with common equipment in the
pathology laboratory.

2.2. Amplification methods

The polymerase chain reaction (PCR) is a laboratory technique for "amplifying” a specific
DNA sequence (Fig.6). PCR is extremely efficient and sensitive; it can make millions or
billions of copies of any specific sequence of DNA, even when the sequence is in a complex
mixture. Because of this power, researchers can use it to amplify sequences even if they only
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have a minute amount of DNA. A single hair root, or a microscopic blood stain left at a
crime scene, for example, contains ample DNA for PCR.

PCR is based on the way cells replicate their DNA. During DNA replication, the two strands
of each DNA molecule separate, and DNA polymerase, an enzyme, assembles nucleotides to
form two new partner strands for each of the original strands. The original strands serve as
templates for the new strands. The new strands are assembled such that each nucleotide in
the new strand is determined by the corresponding nucleotide in the template strand. The
nucleotides adenine (A) and thymine (T) always lie opposite each other, as do cytosine (C)
and guanine (G). Because of this base-pairing specificity, each newly synthesized partner
strand has the same sequence as the original partner strand, and replication produces two
identical copies of the original double-stranded DNA molecule.

In PCR, a DNA sequence that a researcher wants to amplify, called the "target" sequence,
undergoes about thirty rounds of replication in a small reaction tube. During each
replication cycle, the number of molecules of the target sequence doubles, because the
products and templates of one round of replication all become the templates for the next
round. After n rounds of replication, 2" copies of the target sequence are theoretically
produced. After thirty cycles, PCR can produce 2% or more than ten billion copies of a single
target DNA sequence. This is called a polymerase chain reaction because DNA polymerase
catalyzes a chain reaction of replication.

""’"”“" rep-PCR genomic fingarprinting protocal
.Int. Celis / Infected tissue :
!‘ w oo } s N
& o e d »
® Y g P Pregacaion

ﬁmlnmmu R Cicne
Ol gmmm.“ Samples  lsolasted DMA  Reactions  Amplification

wilh .meu m

fiomies I*‘ Cluster Analysis
= 4
pe==Nedi }

Library

(a) RFLP

Electrophoresis  Image Pattern Anlysis

Figure 6. PCR is used to enlarge a few pieces of DNA which would create thousands to millions of
copies of that one sample of DNA.

2.3. Gel electrophoresis methods

Gel electrophoresis is a method used in clinical chemistry to separate proteins by charge and
or size (IEF agarose, essentially size independent) and in biochemistry and molecular biology
to separate a mixed population of DNA and RNA fragments by length, to estimate the size of
DNA and RNA fragments or to separate proteins by charge [19]. Nucleic acid molecules are
separated by applying an electric field [20] to move the negatively charged molecules through
an agarose matrix. Shorter molecules move faster and migrate farther than longer ones
because shorter molecules migrate more easily through the pores of the gel. This phenomenon
is called sieving. Proteins are separated by charge in agarose because the pores of the gel are
too large to sieve proteins. Gel electrophoresis can also be used for separation of nanoparticles.
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Gel electrophoresis uses a gel as an anticonvective medium and or sieving medium during
electrophoresis, the movement of a charged particle in an electrical field. Gels suppress the
thermal convection caused by application of the electric field, and can also act as a sieving
medium, retarding the passage of molecules; gels can also simply serve to maintain the
finished separation, so that a post electrophoresis stain can be applied [21].DNA Gel
electrophoresis is usually performed for analytical purposes, often after amplification of
DNA via PCR, but may be used as a preparative technique prior to use of other methods
such as mass spectrometry (Fig.7), RFLP, PCR, cloning, DNA sequencing, or Southern
blotting [22] for further characterization.

Figure 7. Mass spectrometry

2.4. Hybridization methods

In situ hybridization is a technique used to detect specific DNA and RNA sequences in a
biological sample. Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) are
macromolecules made up of different sequences of four nucleotide bases (adenine, guanine,
uracil, cytosine, and thymidine). In situ hybridization takes advantage of the fact that each
nucleotide base binds with a complementary nucleotide base. For instance, adenine binds
with thymidine (in DNA) or uracil (in RNA) using hydrogen bonding. Similarly, guanine
binds with cytosine.

In a specialized molecular biology laboratory, researchers can make a sequence of
nucleotide bases that is complementary to a target sequence that occurs naturally in a cell (in
a gene, for example). When this complementary sequence is exposed to the cell, it will bind
with that naturally occuring target DNA or RNA in that cell, thus forming what is known as
a hybrid. The complementary sequence thus can be used as a "probe" for cellular RNA or
DNA.

Thus, the term "hybridization" refers to the chemical reaction between the probe and the
DNA or RNA to be detected. If hybridization is performed on actual tissue sections, cells, or
isolated chromosomes in order to detect the site where the DNA or RNA is located, it is said
to be done "in situ." By contrast, "in vitro" hybridization takes place in a test tube or other
apparatus, and is used to isolate DNA or RNA, or to determine sequence similarity of two
nucleotide segments.

Application of the Probe for DNA or RNA to Tissues or Cells: In situ hybridization allows us
to learn more about the geographical location of, for example, the messenger RNA (mRNA)
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in a cell or tissue. It can also tell us where a gene is located on a chromosome. Obviously, a
detection system must be built into the technique to allow the cytochemist to visualize and
map the geography of these molecules in the cells in question.

When in situ hybridization was first introduced, it was applied to isolated cell nuclei to
detect specific DNA sequences. Early users applied the techniques to isolated chromosomal
preparations in order to map the location of genes in those chromosomes. The technique has
also been used to detect viral DNA in an infected cell. In situ hybridization of RNA has also
been used to show that RNA synthesis (transcription) occurs in the nucleus, while protein
synthesis (translation) occurs in the cytoplasm.

2.5. Nucleic acid sequencing

A process by which the sequence of nucleotides along a strand of DNA is determined.
Originally a difficult process to carry out, DNA sequencing can now be done routinely by
machines. The completion of the Human Genome Project in 2000 produced the largest DNA
sequence ever assembled. To carry out the sequencing of the human genome, scientists cut
the DNA up into short fragments, sequenced these fragments simultaneously, and then
assembled the entire genome by using sophisticated computer techniques to match the
fragments to each other.

2.5.1. DNA microarrays

Gene expression profiling using DNA microarrays holds great promise for the future of
molecular diagnostics. This technology allows, in one assay, for simultaneous assessment of
the expression rate of thousands of genes in a particular sample. The 2 types of DNA
microarrays that are widely used are cDNA microarrays and oligonucleotide/ DNA chips.
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Figure 8. A lung primary tumor, for example, has a different fingerprint than an ovarian or colonic
primary. This feature can be exploited in the setting of tumors of unknown primary, in which DNA
microarrays have been shown to predict the correct primary site with an amazing accuracy rate of 99%.
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In cDNA microarrays, DNA sequences complementary to a library of mRNA from
thousands of genes are mechanically placed on a single glass slide. The immobilized cDNA
sequences serve as anchoring probes to which mRNA extracted from the tested sample will
specifically attach during hybridization. If the tested mRNA is first tagged with a
fluorescent dye, the intensity of fluorescence at each anchoring probe location will be
proportional to the amount of mRNA (degree of expression) of the gene at that location. A
microarray reader displays the intensity of fluorescence at each cDNA location as a colored
dot per gene location on a grid.

The applications of these technologies are limitless. By analyzing and comparing hundreds
of tumor samples, databases of gene expression “fingerprints” are being built and specific
patterns of expression linked to both prognosis and outcome of therapy.11-16 Patterns of
gene expression in tumors are also linked to the primary site of origin (Fig.8).

2.5.2. Proteomics

The term proteomics indicates a large-scale characterization of the entire protein complement of
a cell type, tissue, or organism. Two-dimensional gel electrophoresis has been, and remains, a
widely used technique that offers a high-resolution capacity to separate and characterize
proteins in complex mixtures. More recently, 2-dimensional electrophoresis (Fig.9) has been
coupled with mass spectrometry analysis as a means to characterize complex milieus under
study [23, 24]. Several mass spectrometry platforms are commercially available. We will focus
our discussion on surface-enhanced laser desorption/ionization technology [25, 26].
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Figure 9. Proteomic analysis of nipple aspirate fluids using 2-dimensional gel electrophoresis. Spots in the
bottom panel (enlarged from the top panel) indicate proteins expressed solely by nipple aspirate fluids
from breasts containing tumor and not by the contralateral control breast. Copyright 2002 American
Cancer Society. Reprinted with permission of Wiley-Liss, Inc, a subsidiary of John Wiley & Sons, Inc. [27].

These technology uses matrix-assisted lasers desorption and time-of-flight analysis to allow
fully automated separation of even minute amounts of protein components. The assay
exploits variations in mass and electric charge of different protein components in a given
sample (e.g., serum). It is the variation in time of flight—based on the mass/charge ratio of
each peptide—that allows for separation of the different protein components. With the aid
of computer analyses, results are displayed as peaks representing the different peptide
components of a given sample. By characterizing proteomic “’fingerprints’” associated with a
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particular type of tumor, it is possible to identify an unknown sample that matches a
previously defined fingerprint. This can be done on the basis of the “peaks’ pattern without
knowing which protein each peak represents. Appropriate integration of genomic and
proteomic data is crucial to elucidate protein functions as they relate to pathogenesis. This
integration will help highlight potential pathogenically important epigenetic deviations at
the protein level.18 Integration of genomics and proteomics will no doubt facilitate
discovery of novel drug target proteins and biomarkers of diseases.

3. Molecular pathological diagnostics

Molecular diagnostics can be widely defined as the measurement of deoxyribonucleic acid
(DNA), ribonucleic acid (RNA), proteins, or other metabolites to detect certain genotypes,
mutations, or biochemical changes that may be associated with certain states of health or
disease, main applications of molecular genetic testing ... [28]. The emergence of molecular
diagnostics is due to advances in biology that have resulted in an understanding of the
mechanisms of normal and disease processes at the molecular level. Prior to this
understanding, many disease states were diagnosed from morphologic observations.

The first widely used molecular tests were for infectious diseases, such as for hepatitis B and
C or human papillomavirus (HPV), and this continues to be the largest molecular
diagnostics market. Certain other fields, such as molecular tests for oncology, inherited
conditions, cardiovascular disease, neurological disorders, and forensic testing, are rapidly
growing areas of interest. Additionally, molecular diagnostics can be used to monitor a
patient’s response to a particular drug treatment.

Many different biological techniques fall under the “molecular diagnostics” umbrella. One
of the most common techniques is the polymerase chain reaction (PCR), a method of
producing large amounts of specifically defined DNA or RNA fragments that can then be
used for multiple purposes, including pathogen identification and detection of aberrant
gene expression associated with certain diseases. PCR fragments may also be sequenced to
detect gene mutations connected to certain disease states, such as the detection of mutations
in the BRCA1 and BRCA2 genes that are often associated with an increased risk of
hereditary breast cancer and ovarian cancer.

3.1. Molecular genetic testing
Examples of main genetic testing..... [29].

¢ Bone Marrow Transplant Engraftment [Short tandem repeat (STR) polymorphic DNA
markers used to distinguish patient from donor].

3.1.1. Indications for molecular testing

Allogeneic, HLA-matched hematopoietic stem cell transplantation (BMT) related or non-
related donor. Donor and recipient specific DNA fragment patterns are utilized to
distinguish the origins of each cell population.
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3.2. Testing methodology

Applied Biosystems AmpFLSTR Profiler Plus Kit utilizes short tandem repeat (STR)
polymorphic DNA markers to distinguish patient and donor cells. Fluorescent multiplex
polymerase chain reaction (PCR) is used to amplify the markers.

3.2.1. Interpretation of DNA analysis

DNA isolated from the WCB’s (lymphoid or myeloid cells) of the patient and donor is
characterized with 10 polymorphic DNA markers prior to the bone marrow transplantation.
The patterns are compared and one marker is selected to distinguish donor and patient as
uniquely different from one another.

This will be subsequently used to assess the status of donor cell engraftment. In related
family members one or more of these markers may demonstrate high incidence of non-
identity in the BMT setting. The alleles range in size and heterozygosity.

In the general population, only identical twins have identical DNA profiles at all of these
STR loci.When more than one of the ten STR markers has an informative (not identical)
pattern between patient and donor, the one that demonstrates the most clearly
distinguished differences in size or mobility is selected to follow engraftment status post-
transplant. Amelogenin distinguishes X and Y chromosomes and may be used when the
patient and donor are not of the same gender. Enriched subpopulations of hematopoietic
cells (E.g. T lymphocytes and myeloid cells) may also be assayed

Specimen Requirements: Peripheral Blood--1 lavender-top (EDTA) tube. Invert several times
to mix blood. Bone Marrow--Place 1-2 mL of anticoagulated bone marrow in a lavender-top
(EDTA) tube. Invert several times to mix bone marrow. Do not freeze, forward promptly at
ambient temperature. Buccal swab, cord blood, blood spots, and frozen tissue.

e  BRCA Ashkenazi Jewish Mutations

BRCA1 and BRCA2 are human genes that belong to a class of genes known as tumor
suppressors. Mutation of these genes has been linked to hereditary breast and ovarian cancer.

A woman's risk of developing breast and/or ovarian cancer is greatly increased if she
inherits a deleterious (harmful) BRCA1 or BRCA2 mutation. Men with these mutations also
have an increased risk of breast cancer. Both men and women who have harmful BRCA1 or
BRCA2 mutations may be at increased risk of other cancers.

Genetic tests are available to check for BRCA1 and BRCA2 mutations (Fig.10). A blood
sample is required for these tests, and genetic counseling is recommended before and after
the tests. If a harmful BRCA1 or BRCA2 mutation is found, several options are available to
help a person manage their cancer risk.

Several methods are available to test for BRCAI and BRCA2 mutations. Most of these
methods look for changes in BRCAI1 and BRCA2 DNA. At least one method looks for
changes in the proteins [ (PROH-teen) A] molecule made up of amino acids that are needed
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for the body to function properly. Proteins are the basis of body structures such as skin and
hair and of substances such as enzymes, cytokines, and antibodies] produced by these
genes. Frequently, a combination of methods is used.

A blood sample is needed for these tests. The blood is drawn in a laboratory, doctor's office,
hospital, or clinic and then sent to a laboratory that specializes in the tests. It usually takes
several weeks or longer to get the test results. Individuals who decide to get tested should
check with their health care provider to find out when their test results might be available.
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Figure 10. Genetic tests are to check for BRCA1 and BRCA2 mutations

e  Cystic Fibrosis Mutation Analysis

Cystic fibrosis (CF) occurs at increased frequency in Caucasians and individuals of
Ashkenazi Jewish descent, but can occur in any ethnic group (Fig.11). It is a disorder of
mucus production, primarily affecting the pulmonary, gastrointestinal and reproductive
systems. Although there is some variability of clinical expression, most individuals with CF
require lifelong medical care and experience reduced life expectancy.

Molecular Testing: The preferred sample type is ACD or EDTA anticoagulated blood (pale
yellow top or lavender top, 3ml), which may be refrigerated up to 48 hours before analysis.
A mutation panel is tested by PCR followed by oligonucleotide ligation assay using
commercial analyte specific reagents (ASRs) available through Abbott diagnostics that were
validated in laboratory. In diagnostic (as opposed to screening) tests, three polymorphisms
that have the potential to confound mutation analysis are also evaluated along with analysis
of the intron 8 polypyrimidine tract polymorphism (5T, 7T and 9T). Intron 8 analysis is also
done as a reflex test when an R117H mutation is detected because 5T in cis with R117H is a
disease-related allele. Individuals of Ashkenazi Jewish descent are tested for D1152H in
addition to the routine panel of mutations. Testing for D1152H is performed by the Third
Wave InPlexTM CF Assay. Results are reported as either consistent with a diagnosis of CF
(two mutations found); at least carrier status (one mutation identified); or no detectable
mutation (which reduces the probability of CF or carrier status). We recommend that
screening (carrier testing) of the partner of a carrier be sent to an outside laboratory where
more extensive mutation testing is possible. When screening is simultaneously requested on
both partners, testing is done in-house.
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¢  DNA Fingerprinting

The process begins with a sample of an individual's DNA (typically called a "reference
sample"). The most desirable method of collecting a reference sample is the use of a buccal
swab, as this reduces the possibility of contamination. When this is not available (e.g.
because a court order may be needed and not obtainable) other methods may need to be
used to collect a sample of blood, saliva, semen, or other appropriate fluid or tissue from
personal items (e.g. toothbrush, razor, etc.) or from stored samples (e.g. banked sperm or
biopsy tissue). Samples obtained from blood relatives (biological relative) can provide an
indication of an individual's profile, as could human remains which had been previously
profiled.

Cystic fibrosis is a
hereditary disorder
characterized by lung
congestion and infection
and malabsorption of
nutrients by the pancreas

Figure 11. Cystic fibrosis (CF)

A reference sample is then analyzed to create the individual's DNA profile using one of a
number of techniques, discussed below. The DNA profile is then compared against another
sample to determine whether there is a genetic match.

Another technique, AmpFLP, or amplified fragment length polymorphism was also put into
practice during the early 1990s. This technique was also faster than RFLP analysis and
used PCR to amplify DNA samples. It relied on variable number tandem repeat (VNTR)
polymorphisms to distinguish various alleles, which were separated on a polyacrylamide
gel using an allelic ladder (as opposed to a molecular weight ladder). Bands could be
visualized by silver staining the gel. One popular locus for fingerprinting was the D1S80
locus. As with all PCR based methods, highly degraded DNA or very small amounts of
DNA may cause allelic dropout (causing a mistake in thinking a heterozygote is a
homozygote) or other stochastic effects. In addition, because the analysis is done on a gel,
very high number repeats may bunch together at the top of the gel, making it difficult to
resolve. AmpFLP analysis can be highly automated, and allows for easy creation of
phylogenetic trees based on comparing individual samples of DNA. Due to its relatively
low cost and ease of set-up and operation, AmpFLP remains popular in lower income
countries.

¢  Factor V Mutation Analysis

Factor V Leiden (F5) point mutation G1691A (Formerly FVL) (Fig.12).
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Indications for Molecular Testing. Family history of venous thrombosis- Unprovoked
thrombotic event at <45 years of age- Women with multiple stillbirths or spontaneous
abortions - Confirmation of diagnosis of F5 by non-molecular means

Testing Methodology. Screening utilizes polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) techniques to detect the Factor V Leiden point
mutation (G1691A). The base pair change results in the loss of a recognition site for the
restriction enzyme Mnll. (PCR is utilized pursuant to a license agreement with Roche
Molecular Systems, Inc.)

Interpretation of DNA analysis. Factor V Leiden, a point mutation (G1691A) in the gene
coding for coagulation Factor V, has been associated with an increased risk of venous
thrombosis due to increased resistance to degradation of factor V by activated Protein C. For
individuals presenting with venous thrombosis, FVL occurs in 11 — 20% of those in all age
groups and 50% of individuals under 50 years of age. Heterozygosity for this mutation
produces a 7 — fold increase relative risk of venous thrombosis. Approximately 5% of
Caucasians are heterozygous for this mutation. The homozygous occurrence of this
mutation has been associated with an 80 — fold  increased risk for venous thrombosis.

Specimen Requirements [Peripheral blood--1 lavender-top (EDTA) tube. Invert several times
to mix blood].
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Figure 12. Factor V Leiden (F5) point mutation G1691A (Formerly FVL)

e  Familial Mediterranean Fever Mutation

The MEFV gene (Fig.13) provides instructions for making a protein called pyrin (also known
as marenostrin). Although pyrin's function is not fully understood, it likely assists in
keeping the inflammation process under control. Inflammation occurs when the immune
system sends signaling molecules and white blood cells to a site of injury or disease to fight
microbial invaders and facilitate tissue repair. When this has been accomplished, the body
stops the inflammatory response to prevent damage to its own cells and tissues.

Pyrin is produced in certain white blood cells (neutrophils, eosinophils, and monocytes) that
play a role in inflammation and in fighting infection. Pyrin may direct the migration of
white blood cells to sites of inflammation and stop or slow the inflammatory response when
it is no longer needed. Pyrin also interacts with other molecules involved in fighting
infection and in the inflammatory response. Research indicates that pyrin helps regulate
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inflammation by interacting with the cytoskeleton, the structural framework that helps to
define the shape, size, and movement of a cell.

Molecular Location on chromosome 16: base pairs 3,292,027 to 3,306,626

o 8 &

16p131
16p12

The MEFV gene is located on the short (p) arm of chromosome 16 at position 13.3.

More precisely, the MEFV gene is located from base pair 3,292,027 to base pair
3,306,626 on chromosome 16
Figure 13. Familial Mediterranean Fever Mutation & Fig.14: Fragile X syndrome (FXS), Martin—Bell
syndrome.

e  Fragile X Mutation Analysis

Fragile X syndrome (FXS), Martin-Bell syndrome, or Escalante's syndrome (more commonly
used in South American countries,Fig.14), is a genetic syndrome that is the most common
known single-gene cause of autism and the most common inherited cause of mental
retardation among boys. It results in a spectrum of intellectual disability ranging from mild
to severe as well as physical characteristics such as an elongated face, large or protruding
ears, and larger testes (macroorchidism), behavioral characteristics such as stereotypical
movements (e.g. hand-flapping), and social anxiety.

Fragile X syndrome is associated with the expansion of the CGG trinucleotide repeat affecting
the Fragile X mental retardation 1 (FMR1I) gene on the X chromosome, resulting in a failure to
express the fragile X mental retardation protein (FMRP), which is required for normal neural
development. Depending on the length of the CGG repeat, an allele may be classified as
normal (unaffected by the syndrome), a premutation (at risk of fragile X associated disorders),
or full mutation (usually affected by the syndrome). A definitive diagnosis of fragile X
syndrome is made through genetic testing to determine the number of CGG repeats. Testing
for premutation carriers can also be carried out to allow for genetic counseling.

This molecular test detects the DNA expansion observed in approximately 99% of Fragile X
Syndrome carriers or affected individuals. Normal individuals have between about 6 and 50
FMR1 CGG repeats. The FMR1 CGG repeats tend to undergo expansion when repeat
numbers exceed about 50. Premutation carrier females and normal transmitting males have
between about 50 and 200 repeats. Affected males typically have many more than 200
repeats. Females with an X chromosome having greater than 200 FMR1 CGG repeats may or
may not be affected depending on X chromosome inactivation patterns. FMR1 CGG repeats
of about 50 to 200 show a dynamic instability directly related to their length, to the sex of the
transmitting individual, and to subtle DNA sequence variation within the repeat itself.
Premutation alleles tend to be unstable when transmitted by females and stable when
transmitted by males (stability in males may be a consequence of selection against expanded
FMR1 CGG alleles during spermatogenesis). Repeats greater than about 90-100 repeats have
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nearly a 100% risk of expansion into the affected range when transmitted by a female. The
FMR1 CGG repeat demonstrates significant somatic instability when repeat sizes enter the
premutation range. Premutation and larger sized CGG repeats determined from peripheral
blood DNA may not reflect FMR1 CGG repeat sizes in other tissues.

o  Friedreich's Ataxia Mutation Analysis

Friedreich's ataxia is an inherited disease that causes progressive damage to the nervous
system, resulting in symptoms ranging from gait disturbance to speech problems; it can also
lead to heart disease and diabetes (Fig.15).

Figure 14. (A) The lower cervical cord (C6) is atrophic, and the myelin of the posterior column shows
marked pallor (Kliiver-Barrera stains originallyx6.0). (B) Numerous axonal spheroids immunostained
by antineurofilament antibody, SMI-31 (brown, arrow head) and corpora amylacea by antibiquitin
antibody (purple, arrow) in the posterior column nucleus (originally=x514). (C) The gracile fasciculi of
the upper cervical cord (C3, left) and lower lumbar cord (L2, right) (toluidine blue stainx514), show
decreased axon density and thin myelin. These changes are more marked in C3 than those in L2. (D)
Lower medulla (Holzer stain originallyx4.4). Marked gliosis is present in the gracile and cuneate nuclei.
(E) The dorsal root ganglion of right C7 (periodic acid-Shiff originally=x210). Ganglion cells are well
preserved and Nageotte's nodules are very rare. (F) Cerebellar hemisphere (haematoxylin and eosin
originallyx64). There is focal loss of Purkinje cells. Purkinje cells have almost disappeared in the upper
folium, but are relatively preserved in the lower folium (arrow). (G) Retina (haematoxylin and eosin
originallyx257). The outer segment layer of photoreceptor cells has disappeared (asterisk) and the outer
nuclear layer is not obvious. The inner layers of the retina are thin and atrophic (arrow). Journal of
Neurology, Neurosurgery & Psychiatryjnnp.bmj.com- | Neurol Neurosurg Psychiatry 2000;68:521-525
doi:10.1136/jnnp.68.4.521. Analysis of the GAA trinucleotide repeats expansion in the FXN gene of individuals
with Friedreich ataxia. (A) The length of the GAA repeat region in each allele of the FXN gene was determined by
long-range PCR and agarose gel electrophoresis. Patient 1, 770 and 870 repeats; Patient 2, 760 and 1170 repeats;
Patient 3, 790 and 940 repeats; Patient 4, 650 and 1140 repeats; L: DNA size ladder. (B) PCR products following
digestion with Mboll. Complete digestion of pure GAA repeat sequences leaves flanking regions of 157 bp and 125
bp. The occurrence of an additional band of ~680 bp in lane P4 indicates the presence of non-GAA sequence within
the GAA trinucleotide repeat expansion region [31].
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The ataxia of Friedreich's ataxia results from the degeneration of nerve tissue in the spinal
cord, in particular sensory neurons essential (through connections with the cerebellum) for
directing muscle movement of the arms and legs. The spinal cord becomes thinner and
nerve cells lose some of their myelin sheath (the insulating covering on some nerve cells that
helps conduct nerve impulses).

The condition is named after the German physician Nikolaus Friedreich, who first described
it in the 1860s [30].

¢  Hereditary Hemochromatosis

Hemochromatosis gene (HFE) testing is a blood test used to check for hereditary
hemochromatosis, an inherited disorder that causes the body to absorb too much iron. The
iron then builds up in the blood, liver, heart, pancreas, joints, skin, and other organs (Fig.16).

In its early stages, hemochromatosis can cause joint and belly pain, weakness, lack of
energy, and weight loss. It can also cause scarring of the liver (cirrhosis), darkening of the
skin, diabetes, infertility, heart failure, irregular heartbeats (arrhythmia), and arthritis. But
many people do not have symptoms in the early stages.

g g

EE £
2 2z % zz
g & g 4
8:3: UOizisz
FEET FEEE
F nERA
ARRRC AERES
O0C=70000=

Figure 15. Perls’ Prussian blue staining of liver sections from HFE** and HFE~- mice fed control diet
(A-D) or control diet supplemented with 2% (wt/wt) carbonyl iron (E-H). Shown are low-power views
(A, C, E, and G) and high-power views (B, D, F, and H) of sections. A and B show the absence of
stainable iron in the +/— mouse liver fed the control diet. C and D show prominent stainable iron in
hepatocytes with periportal predominance in liver from HFE-- mice fed the control diet. E and F show
iron accumulation in HFE** mouse liver in response to iron loading. G and H show the stainable iron in
the HFE-- mice after 2 weeks of feeding with the iron-supplemented diet. The arrows indicate the
location of branches of the portal vein. (Bars: A, C, E, and G =50 um in the low-power views; B, D, F,
and H =20 um in the high-power views.)

In men, hereditary hemochromatosis is usually found between the ages of 40 and 60. In
women, it is not usually found until after menopause because, until that time, women
regularly lose blood and iron during their monthly periods. Genetic testing for
hemochromatosis involves a simple blood test. DNA from the blood is extracted and the
HFE gene is tested for two specific mutations in the gene known to cause the disease in most
people. There are two laboratory techniques typically used to detect the two mutations:
allele-specific oligonucleotide hybridization (ASO) and restriction fragment length
polymorphism (RFLP) analyses. Both of these tests are designed to detect whether a specific
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mutation is present or absent in a DNA sample. These tests will also determine if an
individual is a carrier of either mutation. The two mutations typically tested for are most
commonly called C282Y and H63D. The mutations are named based on their location within
the HFE gene and the change that they cause in the gene's instructions. The two mutations
differ in how frequently they are found in the population, and in how severe your
hemochromatosis is if you have them. There are other rare mutations that may predispose
individuals towards abnormal iron storage. However they are not yet part of most
laboratories testing panels for hemochromatosis.

¢  Huntington Disease

Huntington's disease (HD) is a neurodegenerative genetic disorder that affects muscle
coordination and leads to cognitive decline and psychiatric problems (Fig.17). It typically
becomes noticeable in mid-adult life. HD is the most common genetic cause of abnormal
involuntary writhing movements called chorea, and indeed the disease used to be called
Huntington's chorea.

Because HD follows an autosomal dominant pattern of inheritance, there is a strong
motivation for individuals who are at risk of inheriting it to seek a diagnosis. The genetic
test for HD consists of a blood test which counts the numbers of CAG repeats in each of the
HTT alleles [32]. A positive result is not considered a diagnosis, since it may be obtained
decades before the symptoms begin. However, a negative test means that the individual
does not carry the expanded copy of the gene and will not develop HD [33].
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Figure 16. Huntington's disease (HD) is a neurodegenerative genetic disorder that affects muscle
coordination and leads to cognitive decline and psychiatric problems. Neuron with inclusion (stained
orange) caused by HD, image width 250 pm.

A pre-symptomatic test is a life-changing event and a very personal decision [33]. The main
reason given for choosing testing for HD is to aid in career and family decisions [33]. Over
95% of individuals at risk of inheriting HD do not proceed with testing, mostly because
there is no treatment.l 381 A key issue is the anxiety an individual experiences about not
knowing whether they will eventually develop HD, compared to the impact of a positive
result [33] . Irrespective of the result, stress levels have been found to be lower two years
after being tested, but the risk of suicide is increased after a positive test result [33] .
Individuals found to have not inherited the disorder may experience survivor guilt with
regard to family members who are affected [12]. Other factors taken into account when
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considering testing include the possibility of discrimination and the implications of a
positive result, which usually means a parent has an affected gene and that the individual's
siblings will be at risk of inheriting it. Genetic counseling in HD can provide information,
advice and support for initial decision-making, and then, if chosen, throughout all stages of
the testing process.*l Counseling and guidelines on the use of genetic testing for HD have
become models for other genetic disorders, such as autosomal dominant cerebellar ataxias
[38]. Presymptomatic testing for HD has also influenced testing for other illnesses with
genetic variants such as polycystic kidney disease, familial Alzheimer's disease and breast
cancer [34].

4. Molecular oncology testing
e  B-Cell Gene Rearrangement

The B- and T-cell rearrangement test [35] can detect a monoclonal population of B- and T-
cells, strongly indicative of neoplasia. This is accomplished through the use of DNA probes.
The presence of a unique band on the Southern blot (Fig.18) signifies a monoclonal gene
rearrangement, which can make or confirm a diagnosis of a lymphoproliferative disorder
and classify the lineage as B- or T-cell. T-cell neoplasms generally behave more aggressively
than B-cell neoplasms, which can have important implications for prognosis and therapy.
The unique gene rearrangement "signature” can be followed during and after therapy to
document remission or recurrence. The most commonly examined samples are from the
blood, bone marrow, and lymph nodes, but any tissue or fluid suspected of harboring a
lymphoid neoplasm can be examined.

Figure 17. B-Lymphocyte Immunoglobulin; Heavy Chain Gene Rearrangement. Detection of
monoclonal B-cell populations in B-lymph proliferative disorders.

This test is indicated for the accurate differentiation of malignant vs. benign
lymphoproliferative disorders and for establishing T tumor cell lineage. Clonal
proliferations of T lymphocytes can be detected by the identification of specific DNA
rearrangements in the T-cell gamma chain antigen receptor gene. The majority of
lymphocytic leukemias and non-Hodgkin's lymphomas arise from a clonal proliferation of a
single lymphoid cell that has become aberrant. T cells normally differentiate from stem
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(precursor) cells in a highly specific and sequential manner. The malignant transformation
may take place at any stage in the maturation process and when it occurs, the resulting
malignant clone bears the characteristics of the originally transformed cell and is called
monoclonal. Some of the early events in the maturation process of lymphoid cells involve
specific nucleic acid rearrangements within the gamma chain antigen receptor gene in T-cells.
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Figure 18. In this image, hundredfold magnification of a single sperm precursor cell shows the
chromosomes — in green — and the places where these chromosomes are most likely to break apart and
re-form, called genetic recombination hotspots — in red. Genetic rearrangements at these hotspots have
the potential to shuffle maternal and paternal chromosomes, the end results of which ensure that the
genetic information in every sperm cell is unique. Source: Fatima Smagulova, Ph.D., USU, and Kevin
Brick, Ph.D., NIDDK, NIH.

This test is indicated for the accurate differentiation of malignant vs. benign
lymphoproliferative disorders and for establishing B tumor cell lineage. Clonal
proliferations of B-lymphocytes can be detected by the identification of specific DNA
rearrangements in the immunoglobulin gene. The majority of lymphocytic leukemias and
non-Hodgkin's lymphomas arise from a clonal proliferation of a single lymphoid cell that
has become aberrant. B cells normally differentiate from stem (precursor) cells in a highly
specific and sequential manner. The malignant transformation may take place at any stage
in the maturation process and when it occurs the resulting malignant clone bears the
characteristics of the originally transformed cell and is called monoclonal. Some of the early
events in the maturation process of lymphoid cells involve specific nucleic acid
rearrangements within the immunoglobulin genes in B cells. To detect B cell gene
rearrangements using PCR, primers are constructed to amplify the DNA between the
conserved framework (FR) and joining (J) regions. These conserved regions lie on either side
of an area within the V-J region where programmed genetic rearrangements occur during
maturation. In the germline configuration found in somatic cells, these areas are widely
separated (by more than 70KB) making PCR amplification across the area impossible. The
sequence alteration brought about by gene rearrangement brings these regions into close
proximity, making the area of amplifiable length. Each B cell has a single productive V-]
rearrangement that is unique in both length and sequence. The template-free incorporation
of nucleotides (N-regions) between the spliced V, D, and ] gene segments also adds
uniqueness to the PCR product. Therefore, when this region is amplified using DNA
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primers that flank this region, a clonal population of cells yields one or two prominent
amplified products (amplicons) within the expected size ranges. Two products are produced
in cases when the initial rearrangement was non-productive and was followed by
rearrangement of the other homologous chromosome. In contrast, DNA from a normal or
polyclonal population produces a bell-shaped curve (or Gaussian distribution) of amplicon
products that reflects the heterogeneous population of V-] region rearrangements. Specimen:
Whole blood, bone marrow or tissue(10 mL blood; 4 mL bone marrow; 0.2 g or more of tissue)

e  BCL-2 Gene Rearrangement

Gene Rearrangement bcl-2; Major Breakpoint Region (MBR); minor cluster region (mcr);
t(14:18) Translocation. Applies to Follicular B-Cell Lymphomas. A translocation between
immunoglobulin genes (heavy chain or light chain genes) and bcl-2 results in the over
expression of bcl-2 protein and thus the expansion of B cells due to inhibition of cell death.
This type of translocation is found in 100% at small cleaved type, 76% to 85% at mixed cell
and 59% to 75% at large cell types of Bcell lymphoma. It is found in some cases of chronic
lymphocytic leukemia, acute lymphoblastic leukemia, and small noncleaved cell lymphoma
as well as some cases of Hodgkin's lymphoma and myeloid neoplasms. The t(14;18) is rarely
detected in monocytoid B-cell lymphoma and MALT lymphomas. bcl-2 rearrangement is not
pathognomonic for lymphomas. It is found in 10% of reactive lymph nodes, and in some
normal cells (eg, lymphoid and myeloid precursors, medullary thymocytes, T cells,
nongerminal center B cells, and plasma cells). It is not expressed in centers.

¢ BCR-ABL Gene Rearrangement

Translocation bcr/abl; Gene Rearrangement bcr; Philadelphia Chromosome; t (9:22) Applies
to Acute Myelogenous Leukemia (ALL); Chronic Myelogenous Leukemia (CML)

e  BRAF Gene Mutation Detection

BRAF is downstream of KRAS in a signaling pathway involved in cell cycling. Both KRAS
and BRAF are prone to mutations in sporadic colorectal carcinomas (CRC).

This assay is capable of detecting the V60OE mutation in exon 15 of BRAF. The much rarer
V600A or V600G mutations would also be detectable. Detection includes PCR amplification
and a single-base extension reaction that generates allele-specific fluorescently labeled
probes, detectable by capillary electrophoresis.

Several studies have demonstrated that mutations in KRAS lead to constitutive activation of
this pathway, which may lead to cancer progression, and this activation results in a failure
to respond to anti-EGFR therapy. Recent published results indicate that mutations in the
KRAS gene are present in approximately 40% of patients with metastatic colorectal
adenocarcinoma, and the presence of a K-ras mutation isassociated with resistance to
cetuximab and panitumumab. BRAF mutations are responsible for an additional 12-15% of
patients who fail to respond to anti-EGFR treatment. This finding suggests that testing for
the BRAF V600E mutation can compliment KRAS mutation analysis and may be as
important as KRAS testing for treatment decisions.
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e c-kit Mutation Detection for Systemic Mastocytosis

Nucleotide substitutions at and adjacent to codon 816 in the catalytic domain of c-kit are
common in SM. Detection of a codon 816 c-kit mutation is included as a minor diagnostic
criterion in the WHO’s diagnostic criteria for SM. Determining mutational status of the c-kit
gene also has pharmacogenetic implications in patients considered for investigational mast
cell cytoreductive therapies and targeted small-molecule tyrosine kinase inhibitors
Sequencing analysis. Polymerase Chain Reaction (PCR) is performed for DNA amplification.
Primers are designed specifically for exon 17 of the c-kit gene. PCR products are sequenced
and analyzed on the ABI 3130x] Genetic Analyzer.

e JAK2 Mutation Analysis

The JAK2 V617F substitution, located in the pseudokinase domain of JAK2, relieves the
autoinhibition of its kinase activity; the resulting constitutively active kinase augments
downstream JAK2-STAT signaling pathways. Other JAK2 mutations in humans include
translocations, point mutations, deletions, and insertions [36, 37]. However, the most
frequent mutations are those seen in patients with JAK2 V617F-negative polycythemia vera
or idiopathic erythrocytosis (Fig.20 and 21), the exon 12 mutations. Documented high-
frequency JAK2 exon 12 mutations include in-frame deletions, missense, and tandem point
mutations such as del/F537-K539ins/L, del/N542-E543, K539L, and H538QK539L [38].
Whereas JAK2 V617F mutations are typically homozygous (by mitotic recombination), exon
12 mutations are often heterozygous in patients with polycythemia vera. In addition, exon
12 mutations can induce cytokine-independent hypersensitive proliferation in
erythropoietin-expressing cell lines and are sufficient for the development of a polycythemia
vera-like phenotype in a murine model.

Figure 19. Structural analysis of JAK2V617F kinase domain mutations. (a) Cartoon and transparent
surface representation of ruxolitinib-docked JAK2 kinase domain (a, b) (left) and JAK2 with location of
point mutations that lead to drug resistance (right). N-terminal lobe (salmon), C-terminal lobe (gray),
glycine loop (purple), activation loop (blue) and hinge region (red) form the boundaries for the binding
site of ruxolitinib (stick representation in yellow (carbon) and blue (nitrogen)). The I960V side chain
(purple) is buried within the protein interior. (b) Enlarged ruxolitinib-binding pocket with secondary
structure elements (cartoon) and the interactions of the side chains (labeled sticks) with the inhibitor.
Hydrogen bonds between the inhibitor and the protein are indicated as dotted yellow lines (one
hydrogen bond between backbone of Y931 and L932; and two hydrogen bonds with R980 and N981 and
pyrrolopyrimidine ring of the inhibitor; additional hydrogen bonds are with water molecules (cyan
spheres) . Mutated amino acids are labeled red (right panels). (c) Surface electrostatic potential
representation of the native (left) and G935R (right) containing JAK2 JH1 domain with ruxolitinib.
Charged surfaces are displayed in shades of blue (positive), red (negative) and white (non-polar) [39].
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Figure 20. Bone marrow morphology demonstrating both dysplastic and proliferative features in a JAK
V617F negative patient (n. 511; A-D) and a patient with the mutation (n. 510; E-I). Ringed sideroblastosis
(A,E) associated with immaturity, megaloblastoid changes and abnormal nuclear budding (arrows) and
binuclearity (asterix) of erythroblasts (B,C,F,G). Dysgranulopoiesis with numerous hypogranular
(arrowheads) myeloid cells (B,F,G; Pappenheim’s stain). Evidence of both small megakaryocytes with
round nuclei and mature cytoplasm (C,H) and large multinucleated forms (D, I). A, E, Perls’ stain; B-D,
F-I, Pappenheim’s stain; x 1000.

e  KRAS Gene Mutation Detection

Mutations in the KRAS oncogene are highly prevalent in human tumors, and they most
commonly occur in codons 12, 13, and 61. K-ras mutations have been detected in pancreatic,
colorectal, lung, endometrial, gallbladder, and thyroid cancer at variable frequency.
Accumulating evidence indicates that these mutations may play a role in prognosis and
drug response. Specifically, recent published results indicate that mutations in the KRAS
gene are present in approximately 40% of patients with metastatic colorectal
adenocarcinoma, and the presence of a K-ras mutation is associated with resistance to
cetuximab and panitumumab.

The ViennaLab K-ras StripAssay kit will detect 10 KRAS gene mutations in codons 12 and
13: G12V, G12D, G12L, G125, G12A, G121, G12C, G12R, G13C and G13D.

Specimen Formalin-fixed paraffin-embedded (FFPE) tissue, 10 precut, unstained slides from
paraffin block in 10 um (10-micron) sections or formalin-fixed paraffin-embedded tissue
block containing 250% tumor. Either option needs to be accompanied by an H&E reference
slide. Detection includes PCR amplification using biotinylated primers, reverse
hybridization of PCR products to test strips containing specific mutant oligonucleotide
probes, and visualization of bound products with streptavidin-alkaline phosphatase and
color substrates.

¢ Microsatellite Instability

Microsatellites, also known as Simple Sequence Repeats (SSRs) or short tandem repeats
(STRs), are repeating sequences of 2-6 base pairs of DNA.
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Microsatellites are typically co-dominant. They are used as molecular markers in genetics,
for kinship, population and other studies. They can also be used to study gene duplication
or deletion. Microsatellites are also known to be causative agents in human disease,
especially neurodegenerative disorders and cancer.

In cells with mutations in DNA repair genes, however, some of these sequences accumulate
errors and become longer or shorter. The appearance of abnormally long or short
microsatellites in an individual's DNA is referred to as microsatellite instability.
Microsatellite instability (MSI) is a condition manifested by damaged DNA due to defects
in the normal DNA repair process. Sections of DNA called microsatellites, which consist of a
sequence of repeating units of 1-6 base pairs in length, become unstable and can shorten or
lengthen. Microsatellites are also known as simple sequence repeats (SSRs). Specimen,1
normal tissue and 1 tumor tissue. Normal tissue may be substituted by a sample blood Each
tissue sample must be >25 mg.. Amplification by Polymerase Chain Reaction (PCR) of 5
microsatellite short tandem repeats and detection of these alleles by electrophoresis and
sizing on an automated fluorescence detector.

Muir Torre syndrome [MTS] is a rare autosomal dominant inherited genodermatosis with
malignant potential. It consists of at least one sebaceous gland tumor such as sebaceous
adenoma, epithelioma, or carcinoma, with at least one visceral malignancy [40].

Figure 21. Components of Muir-Torre Syndrome. a). Sebaceous adenoma (100X) b). Colonic mucinous
adenocarcinoma (100X).

Genetic mutations have been identified as the cause of inherited cancer risk in some colon
cancer-prone families. The most common clinical syndromes associated with these
mutations include familial adenomatous polyposis (FAP) and hereditary non-polyposis
colorectal cancer (HNPCC). The former is associated with mutations of the APC gene, and
the latter with mutations of MLH1, MSH2, MSH6, and PMS2 genes [41]. These inherited
syndromes are estimated to account for only 2% to 6% of colorectal cancer cases overall.
Turcot syndrome is a clinically defined, inherited syndrome associated with both colorectal
cancer and a primary brain tumor.

e PMLRAR Alpha t(15;17) Translocation

AMLs (Acute Myeloid Leukemias, Fig.23) [42] are characterized with chromosomal
translocations resulting in the formation of fusion proteins. Understanding PML (Acute
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Promyelocytic Leukemia Inducer) function has become an area of intense research because
of its involvement in the pathogenesis of APL (Acute Promyelocytic Leukemia), a distinct
subtype of Myeloid Leukemia. In the vast majority of APL case studies, the PML gene (on
Chromosome-15) fuses to the RAR-Alpha gene (Retinoic Acid Receptor-Alpha) (on
Chromosome-17) as a consequence of reciprocal and balanced chromosomal translocations.
In the t(15;17) chromosomal translocation, which is specific for APL, PML is found in a
reciprocal translocation with the RAR-Alpha resulting in the formation of PML-RAR-Alpha
and RAR-Alpha-PML fusion proteins . In a normal cell Vitamin-A (all-trans-Retinol) from
dietary sources is converted to all-frans-Retinoic Acid in the liver through Retinol
Metabolism and all-frans-Retinoic Acid is translocated to tissues by CRABP (Cellular
Retinoic Acid Binding Protein) where it regulates target genes by binding with RARs
(Retinoic Acid Receptors). Retinoic Acid is the only metabolite of Vitamin-A which regulates
gene expression and all-frans-Retinoic Acid, the Carboxylic Acid form of Vitamin-A is of
biological significance since it has high circulating levels than other isomers of Retinoic
Acid. Biologically active ligands for the RARs include all-trans-Retinoic Acid, 9-cis-Retinoic
Acid among others. 13-cis-Retinoic Acid is not a ligand for the RARs, but, it is readily
converted into a RAR ligand by intracellular reciprocal isomerization. Less is understood
about the fate of intracellular all-trans-Retinoic Acid is its isomerization to 9-cis-Retinoic
Acid and 13-cis-Retinoic Acid. The RARs have a conserved modular structure consisting of
six regions from A-F, viz., AF-1 or A/B (Amino-Terminal Activating Factor-1 Transcriptional
Activation) Domain; a zinc-finger DBD or C (DNA-Binding Domain); a CoR or D
(Hinge/Corepressor Binding) Domain; a LBD or AF-2 or E (Ligand-Binding/Transcriptional
Activation) Domain; and a variable F (Carboxyl-Terminal) Domain. In RAR the DBD binds
to the RARE (Retinoic Acid Response Element) region in the DNA. The RAREs consists of
DRs (Direct Repeats) of AGG/TTCA motif with a spacer region of (n)25. Upon Retinoic Acid
binding, RAR-Alpha regulates Retinoic Acid mediated gene expression and transactivates
PML target genes critical for the induction of Myeloid Hemopoietic Cells’ terminal
differentiation.

In this assay, extracted RNA is subjected to 2 separate quantitative real-time reverse
transcription-polymerase chain reaction (RT-PCR) procedures to detect the 2 types of
PML/RARA fusion transcripts (long and short isoforms). An additional amplification for the
abl gene is performed as a control for sample RNA quality and as a reference for relative
quantification. The results are reported as positive or negative; the ratio of target
(PML/RARA) to control (ABL) mRNA is reported for positive specimens. The isoform (short
or long) is also reported. If available, a previously stored sample will be tested alongside the
current specimen to assess quantitative changes with time (trend). The analytical sensitivity
of this test is 1 tumor cell in 100,000 normal cells.

In APL cells due to t(15;17) chromosomal translocation the fusion protein PML-RAR-Alpha
retains both DBD and LBD of RAR-Alpha, compete with normal RAR-Alpha for ligand
binding and inhibits its transcriptional function through aberrant recruitment of HDACs
(Histone Deacetylases). Recruitment of HDACs to PML also leads to inhibition of p53
activity and Sumolation. HDACs therefore, represent an ideal candidate for blocking the
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action of the fusion proteins. PML-RAR-Alpha and RAR-Alpha-PML fusion protein
expression disrupts formation of NBs and paralyzes Tumor Suppression, Cellular
Senescence, Mature PML degradation and normal Cell Growth and Survival. Co-expression
of RAR-Alpha-PML with PML-RAR-Alpha thus results in an increase of Leukemia
incidence and makes a cell more prone to pathogen invasions. All-trans-Retinoic Acid is a
standard therapy for the management of APL. However, 13-cis-Retinoic Acid and 9-cis-
Retinoic Acid implication reduce the incidence of secondary head and neck tumors and
APL, respectively. It is apparent that PML is essential for critical tumor suppressive
pathways that are deregulated in APL and therapies such as induction of Retinoic Acid and
As203 can be helpful in restoring normal PML function in APL cells that can cause the
reappearance of NBs, and the reversal of T-Cell Gene Rearrangement.

Ro-PML Fusion During APL

Figure 22. Under normal conditions PML is a potential Tumor Suppressor and is involved in Cellular
Senescence, a process that controls Oncogenic Signaling leading to normal Cell Growth and Survival.
PML is the organizer of nuclear matrix domains, NBs (Nuclear Bodies), with a proposed role in
Apoptosis control. PML being a member of the RBCC (RING-B-Box-Coiled-Coil) Protein Family,
contains three Zinc Finger-Like domains (a RING Finger and two B-Boxes) and a Coiled-Coil
Dimerization domain. PML organizes NBs by targeting proteins such as Sp100 (Nuclear Antigen-
Sp100), p53, Rb (Retinoblastoma) or Daxx onto these domains. These domains are also known as PODs
(PML Oncogenic Domain/Promyelocytic Oncogenic Domains). PML levels increase during both Ras-
induced Senescence, leading to a dramatic increase in the size and number of PODs. Survival
factors/Ras signaling induce Cellular Senescence by up-regulating PML gene expression though MAPK
(Mitogen-Activated Protein Kinase) activation. PML is covalently modified and conjugated to SUMO1
(Small Ubiquitin Related Modifier-1). This enables PML to form NBs and enhances their interaction
with other proteins. A specific dephosphorylation event triggered by As203 (Arsenic Trioxide) targets
PML to the nuclear matrix to form Primary PML bodies. Sumolation then induces the maturation to
Secondary PML bodies. In mature PML-NBs (or Secondary PML bodies), PML forms the outer shell and
many proteins (Sp100, Rb, p53, Daxx, etc) are found within its electron clear core. DNA damage
induced activation of p53-dependent Apoptosis requires PML. PML acts as a coactivator for p53 and
increases acetylation of p53 by the transcriptional coactivator CBP (CREB-Binding Protein). This
acetylation of p53 is reversed by Sirt (Sirtuin (Silent Mating Type Information Regulation-2 Homolog))
releasing p53 into p53 Pathway. PML associates with Daxx-mediated Apoptosis induced by Fas/FasL
(Fas Ligand) and TNF (Tumor Necrosis Factor)/TNFR (Tumor Necrosis Factor Receptor) and regulates
the transcriptional repressor activity of Daxx. PML acts with Rb and p53 to promote Ras-induced
Senescence. PML-5p100 NBs act against viral invasions. Mature PML-NBs are finally degraded by the
11S Proteasome Complex.
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¢ Immunohistochemistry Stains

Immunohistochemistry is not considered a molecular technique but it is based on the
antigen-antibody affinity, it has emerged as a powerful investigative tool that can provide
supplemental information to the routine morphological assessment of tissues. The use of
immunohistochemistry to study cellular markers that define specific phenotypes has
provided important diagnostic, prognostic, and predictive information relative to disease
status and biology. The application of antibodies to the molecular study of tissue pathology
(Fig.24) has required adaptation and refinement of immunohistochemical techniques,
particularly for use in fixed tissues. In contrast to solution-based immunoassays that detect
relatively abundant native proteins, in fixed tissues the preservation of antigen is variable
and unpredictable. Thus, the history of immunohistochemistry has been a constant effort to
improve sensitivity for detection of rare surviving antigenic targets with the ultimate goal of
integrating tissue-based analysis with proteomic information.

Figure 23. Immunohistochemistry Staining Stages.

¢ Nanotechnology in clinical laboratory diagnostics

Nanotechnologies enable diagnosis at the single-cell and molecule levels, and some can be
incorporated in current molecular diagnostic methods, such as biochips. Nanoparticles, such
as gold nanoparticles and quantum dots, are the most widely used, but various other
nanotechnological devices for manipulation at the nanoscale as well as nanobiosensors are
also promising for potential clinical applications, main applications of nanotechnology [43] .

Nanotechnologies will extend the limits of current molecular diagnostics and enable point-of-
care diagnostics, integration of diagnostics with therapeutics, and development of personalized
medicine. Although the potential diagnostic applications are unlimited, the most important
current applications are foreseen in the areas of biomarker discovery, cancer diagnosis, and
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detection of infectious microorganisms. Safety studies are needed for in vivo use. Because of its
close interrelationships with other technologies, nanobiotechnology in clinical diagnosis will
play an important role in the development of nanomedicine in the future.
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