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To Annerose Heymer 



Preface 

A medical book need not be pretty, but it must 
be necessary and informative. 
This monograph on the clinical and diagnostic 
pathology of graft-versus-host disease, provid
ing detailed visual information on the histo
morphological and immunohistological fea
tures of GvHD, is intended to close a gap in 
the otherwise comprehensive medical literature 
on GvHD. 

B.Heymer 
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1 Introduction 

1.1 What Is Graft-Versus-Host Disease? 

Graft-versus-host disease (GvHD) is the mirror image of allograft rejection. 
In GvHD not the graft but the host is rejected. This rejection is mediated by 
alloreactive donor T-lymphocytes recognizing minor or major histocom
patibility antigens on target tissues of the host. GvHD primarily affects skin, 
liver, and gastrointestinal tract (GIT), but it can also involve other organs 
and tissues. The mortality of severe forms of acute GvHD can be very high, 
ranging from 50 % to 90 % [139]. 

Most often GvHD occurs as a complication of allogeneic hematopoietic 
stem cell transplantation (HSCT), a life-saving measure and the treatment of 
choice for many patients with various severe malignant or nonmalignant 
diseases. During this procedure a certain number of allogeneic donor 
T-lymphocytes are cotransferred into the recipient in addition to hemato
poietic stem cells (HSCs). These T-lymphocytes may then induce a most 
unusual immunopathological process. However, GvHD can also develop in 
a number of other settings such as materno-fetal transfusion, blood trans
fusion, solid organ transplantation, donor lymphocyte infusion and, alleg
edly, after autologous HSCT. 

1.2 Has the Pathology of GvHD Changed in the Past Decades? 

Within the past 20 years the number of allogeneic HSCTs has increased 
steadily [19,42, 105,322]. However, since 70 % of potential transplant recipi
ents do not have a suitable donor [8,204], techniques have been developed 
that make possible the use of HSCs from alternative donors such as HLA 
(human leukocyte antigen)-nonidentical family members and HLA-identi
calor nonidentical unrelated volunteers [23,233,320]. The increased risk of 
GvHD encountered with such transplant modalities can be reduced by T-cell 
depletion of the graft [52,233] or by intensified GvHD prophylaxis of pa
tients [16, 75,204]. On the one hand, these new preparative and prophylactic 
possibilities have permitted a significant expansion of the indications for 
allogeneic HSCT [19, 74,248]. On the other hand, the increased use of unre
lated or HLA-mismatched donors has caused GvHD to remain an important 
issue [19,52,70,320]. 
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Paradoxically, the improvements in HSC grafting and GvHD prophylaxis 
have not only reduced the incidence and severity of acute GvHD [16,75,245], 
but at the same time have rendered the his to morphological diagnosis 
of GvHD more difficult [66,227,352]. This is due to the fact that, in recent 
years, the number of histologically typical lesions has decreased and the 
number of atypical, low-grade, or masked lesions has increased [330,335]. In 
other words, nowadays the pathologist primarily gets to see what effective 
GvHD-prophylaxis or treatment have left over. Biopsies showing the histo
morphological characteristics of full blown acute GvHD, recognizable at one 
glance, are the exception and not the rule. A histological diagnosis of GvHD 
today means a diagnosis in the presence of immunosuppressive GvHD
inhibiting drugs. Therefore, a reappraisal of GvHD histomorphology as it 
appears today is indicated. 

1.3 Why Write a Synopsis of the Clinical 
and Diagnostic Pathology of GvHD? 

There are a number of comprehensive books on organ transplantation [31, 
183,267] and bone marrow transplantation [18,51,74,169,323,325] con
taining one or two chapters on the histomorphology of GvHD. In addition, 
there is a very informative monograph on the pathology of bone marrow 
transplantation with a detailed description of the histomorphology of acute 
and chronic GvHD [271]. Finally a comprehensive, excellent volume pre
senting all the various aspects of GvHD has been published [100]. Thus, 
without doubt, enough competent texts on the clinical as well as the patho
logical features of GvHD are available. 

However, up to the present what still is lacking is a concise overview of the 
clinical and diagnostic pathology of GvHD with ample colored illustrations 
showing the various macroscopic and microscopic features of GvHD lesions. 
The primary objective of the present publication is therefore not simply to 
copy the already existing informative texts, but rather to provide an update 
of the histomorphology and immunohistology of GvHD. It will cover the 
whole spectrum of the histopathology of GvHD as it presents in the modern 
era of intensive GvHD - prophylaxis and therapy. Furthermore, this volume 
will focus attention on GvHD as a pathomorphological phenomenon which 
is not restricted to the HSCT setting but also occurs in a variety of other 
clinical situations. The etiology, pathogenesis, and clinical features of GvHD 
are dealt with only insofar as this is necessary for the understanding of the 
histopathology of GvHD. 

Although animal experimental studies may be useful for the study of many 
aspects of GvHD, the present monograph is primarily based on studies in the 
human. There are several reasons for this restriction: 
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1. The histopathology of GvRD lesions in animal and human shows impor
tant differences. 

2. The diagnostic potential of the histomorphological assessment of GvRD 
may depend on subtle histological features. 

3. The emphasis of the present monograph is focused on the clinical and 
diagnostic pathology of GvRD in man as visible in tissue specimens avail
able for routine pathology. 

Thus, more precisely the prime objective of this book is twofold, namely, to 
present: 

1. A concise well-illustrated overview of the clinical pathology of GvRD 
2. An instructive, reliable guide to the histomorphological diagnosis of GvRD 

The present volume has been written from the point of view of a pathologist 
who over the past 20 years has been asked almost daily by his clinical col
leagues sending a biopsy: Is the histological finding compatible with GvRO? 
Whereas this question was relatively easy to answer in the past, in the last 
few years the answer has become more and more difficult and sometimes 
impossible. The reasons for these increasing diagnostic difficulties have 
already been mentioned. These facts thus raise questions such as: 

• Is histology still a useful tool for the study of GvRO? 
• What are the histomorphological correlates of clinically evident GvRD 

today? 
• Are there histological parameters pathognomonic for GvRO? 
• What are the clues to the histomorphological diagnosis of GvRO? 
• Row reliable is the histological diagnosis under the conditions of today? 
• Do his to morphological parameters have prognostic relevance? 
• Can immunohistological parameters assist in the recognition of GvRD? 
• Are formalin-fixed paraffin-embedded tissues suitable for the immuno-

histological assessment of GvRO? 
• Are there immunohistological features specific for GvRO? 
• Do immunohistological markers permit an early diagnosis of GvRO? 

In the following text an attempt is made to answer these questions. 
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Allogeneic hematopoietic stem cell transplantation (HSCT), today, is the 
treatment of choice for life-threatening diseases such as aplastic anemia 
(AA), severe combined immunodeficiency (SCm), leukemia, and many 
other diseases [69]. The spectrum of indications for allogeneic HSCTs has 
steadily increased in recent years. At present approximately 20,000 allogeneic 
or autologous HSCTs are performed worldwide every year [70]. Thus, it is 
not surprising that GvHD most often occurs in the context of allogeneic 
HSCT. However, as is evident from Table 2.1, GvHD can also develop in other 
quite different clinical situations. Before this is outlined in more detail, it 
should be stressed that the manifestation of GvHD depends on a number of 
immunological as well as nonimmunological factors, such as: 

1. The degree of histoincompatibility between donor and recipient [8,23] 
2. The type of conditioning regimen employed [151] 
3. The number of allogeneic donor T-Iymphocytes transferred [220] 
4. The type of GvHD prophylaxis used [52,75,245] 
5. The age of donor and recipient [159,255] 
6. The microbial flora or infection of the recipient [27,255] 

These and other factors strongly influence the incidence, onset, severity, 
course, and outcome of GvHD. 

Table 2.1. Occurrence of GvHD 

1. Bone marrow transplantation (BMT) 
2. Peripheral blood stem cell transplantation (PBSCT) 
3. Cord blood stem cell transplantation (CBSCT) 
4. Materno-fetal transfusion (MFT) 
5. Blood transfusion associated (TA) 
6. Donor lymphocyte infusion (DLI) 
7. Solid organ transplantation (SOT) 
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2.1 GvHD After Allogeneic Bone Marrow Transplantation 

Allogeneic bone marrow grafts contain a variable number of mature T-lym
phocytes in addition to a relatively heterogenous population of HSCs 
[344]. These T-cells can induce GvHD in the recipient. After HLA-identical 
sibling bone marrow transplantation (BMT) the incidence of acute GvHD is 
35%-50% and the incidence of chronic GvHD 40%-50% oflong-term sur
vivors [19,73]. When HLA-nonidentical BMT is performed the probability of 
severe acute GvHD increases to 50%-60% [23]. However, if such patients 
are given a combined GvHD prophylaxis of methotrexate (MTX) and 
cyclosporine A (CSA) a reduced rate and a delayed onset of GvHD is ob
served [8]. GvHD prophylaxis with CSA/MTX usually prevents severe 
acute GvHD after HLA-identical sibling transplantation, but not always after 
HLA-identical unrelated donor transplantation [19]. 

When patients receive HLA-identical sibling transplants depleted of 
T -cells the incidence of acute GvHD is 4 % instead of 35 % and that of chronic 
GvHD 3% instead of 36% [129]. This indicates that T-lymphocytes play an 
important role in the pathogenesis of GvHD. 

The significance of the "age" factor in HLA-identical BMT is illustrated by 
an incidence of acute GvHD of 25% or less in patients under 30 years and of 
approximately 80% in patients over 50 years of age [305]. Data in patients 
with AA receiving transplants from HLA-identical sibling donors are similar: 
While the risk of acute GvHD is 15 % - 20 % in children, it reaches 40 % - 45 % 
in adults over 40 years of age [159]. Finally, it is important to point out 
that adults also have a higher incidence and severity of chronic GvHD than 
children [23,159]. 

The incidence and mortality of acute GvHD can be significantly reduced 
by treatment of bone marrow transplant recipients with certain antibiotics 
[27] and/or by treatment of patients in a protective environment [255]. This 
indicates that microbes, in particular the intestinal anaerobic bacterial flora, 
playa role in the clinical manifestation of acute GvHD after allogeneic BMT. 

2.2 GvHD After Allogeneic Peripheral Blood Stem Cell 
Transplantation 

Whereas bone marrow was for many years the sole source of HSCs, hemato
poietic progenitor cells circulating in the peripheral blood of patients have 
been increasingly used for transplantation in recent years [47,204]. These 
CD34+ peripheral blood stem cells (PBSCs), in contrast to bone marrow stem 
cells (BMSCs), represent a relatively uniform cell population [344]. By treat
ment of donors with granulocyte colony-stimulating factor (G-CSF) PBSCs 
can be mobilized and obtained in relatively large numbers [62]. The engraft
ment of such PBSCs in the tissues of recipients, as compared to BMSCs, is 



GvHD After Allogeneic Peripheral Blood Stem Cell Transplantation 7 

considerably accelerated [47]. This more rapid and sustained engraftment 
has the advantage of a faster granulocyte, platelet, and immunological recov
ery [19,47,61,282]. 

Allogeneic CD34+ PBSCs do not directly cause GvHD [233]. However, 
unmanipulated PBSC preparations contain ten to a hundred times more 
T-lymphocytes than bone marrow grafts [29,30,304]. This should normally 
increase the risk of developing GvHD. Surprisingly, clinical experience with 
allogeneic PBSCT has failed to show a higher incidence or severity of acute 
GvHD in most studies [29,47,61,250]. There is, however, some evidence sug
gesting that patients experience chronic GvHD more frequently (37%-72 %) 
after the transplantation of PBSCs than after the transplantation of BMSCs 
(30%-50%; [30,61,176,282,304]) . However, this question has not yet been 
answered definitely [250]. 

2.3 Alternative Donors 

Until recently the majority of allogeneic BMTs or PBSCTs were performed 
from HLA-identical siblings. However, only 30% of patients have a suit
able donor [204]. Therefore, alternative donors (HLA-nonidentical family 
members, unrelated volunteers) are used for transplantation with increasing 
frequency [47, 248]. If positive selection of G-CSF mobilized peripheral 
blood CD34+ progenitors are employed for the depletion of T-lymphocytes 
[233], the transplantation of megadoses of HLA-haploidentical stem cells is 
possible in pediatric and adult patients without inducing clinically signifi
cant GvHD [131]. In non T-cell-depleted transplants the increasing use of 
alternative donors has, however, turned GvHD into a major clinical problem. 

2.4 Umbilical Cord Blood 

Another alternative to BMT is the use of umbilical cord blood (CB) as a source 
for CD34+ hematopoietic stem/progenitor cells [122]. Such cells circulate in 
fetal blood and after birth can be easily isolated from the placenta through 
the umbilical cord [62]. The first successful transplantation of CB stem cells 
in man was reported in 1989 [121]. Subsequently it was found that such cells 
mediate prompt and sustained multilineage engraftment [233,340] and that 
the risk of severe GvHD is relatively low [50,62,65,263]. This even holds true 
for the HLA-mismatched situation [192,324]. 

There are several possible reasons for the low incidence and severity of 
acute GvHD after CB stem cell transplantation (CBSCT). CB contains a lower 
number of alloreactive T-cell precursors than peripheral blood of adults 
[340]. Moreover, it has been observed that immunotolerance to maternal and 
paternal antigens persists in the newborn for about 6 months after birth 
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[132]. During this time CB lymphocytes are nonresponsive to alloantigens 
from the mother or father [340]. Also, there is evidence that CB cells are 
immunologically immature [122, 132]. This is indicated by their reduced 
capacity for cytokine production [58, 185]. Thus, CB lymphocytes produce less 
interleukin-2 (IL-2), IL-4, interferon-y (IFNy) and tumor necrosis factor-a 
(TNFa) than peripheral blood lymphocytes of adults [50]. 

The estimated incidence of acute GvHD in recipients of CB from HLA
identical related donors is only 9% and in recipients of CB from HLA-mis
matched related donors 37%-50% [122, 324]. After unrelated CB transplan
tation no GvHD is observed in 31 %, mild GvHD in 25 %, moderate GvHD in 
22% and severe GvHD in 22% [263,264]. The incidence and severity of acute 
GvHD after CB transplantation corresponds to the degree of HLA in
compatibility between donor and recipient. Chronic GvHD, occurring in 
23 % - 25 % of patients, correlates with prior acute GvHD but not with HLA 
disparity [263,264]. 

The main disadvantage of CB transplantation is its limitation to younger 
patients, because of the low dose of HSCs available. Therefore, most adults 
and larger children are not suitable for CBSCT [160]. 

2.5 GvHD After Materno-fetal Transfusion 

During pregnancy maternal blood cells occasionally cross the placental 
barrier and reach the fetal circulation [42]. If the fetus is immunocom
petent these cells will be eliminated rapidly [232]. However, if the fetus 
suffers from SCID, maternal cells, e. g., T -lymphocytes, cannot be destroyed, 
but may persist in the fetus and induce GvHD [14,42, 113]. In contrast 
to most forms of GvHD which represent an iatrogenic complication, GvHD 
following intrauterine materno-fetal transfusion (MFT) develops sponta
neously. 

The presence of maternal cells in fetal tissues can be detected by HLA typ
ing [103] or by Y-chromosome-specific polymerase chain reaction (PCR) 
amplification analysis [13]. While intrauterine MFT and engraftment of 
maternal T-cells in fetuses with scm occurs frequently (in about 50% of 
cases; [105, 280]), the development of clinically manifest GvHD in such 
fetuses is rare [6, 42, 103, 113, 143, 280, 301]. 

The clinical symptoms of GvHD following MFT in infants with scm in 
most instances are mild and require no or only transient steroid treatment 
[42,301]. However, marked GvHD with erythema, diarrhea, and hepatitis 
also has been observed in this situation [62]. 

Finally, it has been suggested that intrauterine or postnatal cryptic GvHD 
might be an important pathogenetic mechanism responsible for a variety of 
diseases in infancy and childhood [281]. Unfortunately, this possibility has 
not yet been studied in detail. 
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2.6 GvHD After Blood Transfusion 

Transfusion-associated (TA) GvHD is a distinct disease entity [10,246,299]. 
It may occur after transfusion of nonirradiated blood or blood products 
in particular situations [134,161,252]. Most often TA-GvHD is observed in 
individuals with primary or secondary immunodeficiency [10,41,232,237]. 
However, occasionally it may also develop in premature infants [135,237] 
and even in immunocompetent healthy individuals [10,124,262,331]. The 
occurrence of TA-GvHD in the latter is explained by a "one-way HLA match" 
between donor and recipient [10,124]. Remarkably, the clinical course and 
outcome of TA-GvHD in immunocompetent individuals is not different 
from that in immunocompromised hosts. 

TA-GvHD is induced by viable allogeneic T-cells present in blood or blood 
products used for transfusion. It is characterized by a rapid onset (8 - 10 days 
after transfusion), severe disease manifestations with fever, pancytopenia, 
multiorgan dysfunction, resistance to treatment, and a rapidly fatal course 
within 3 -4 weeks in about 90% of patients [10,237,301]. Involvement of the 
bone marrow is a characteristic feature of TA-GvHD [246]. Lesions in skin, 
liver, and GIT are comparable to those found in acute GvHD induced by 
allogeneic BMT or PBSCT [12, 13,301]. This statement is important since 
patients with TA-GvHD usually do not receive chemoradiation condition
ing. Therefore, the histomorphology of their lesions cannot be ascribed to 
the effects of drugs and/or radiation. 

The unequivocal diagnosis ofTA-GvHD requires demonstration of donor 
lymphocytes in affected organs or lesions [135]. This can be accomplished 
by HLA typing [46,232,246] or, if donor and recipient are sex-mismatched, 
by in situ hybridization (ISH) oflesional biopsies with a Y-chromosome-spe
cific probe [316]. It is important to note that lack of blood chimerism does 
not exclude TA-GvHD [135]. 

2.7 GvHD After Donor Lymphocyte Infusion 

Donor T -cells present in the hematopoietic stem cell graft are not only 
responsible for inducing GvHD, they are also capable of exerting a powerful 
antileukemic activity which has been termed the graft-versus-Ieukemia 
(GvL) effect [40]. This GvL effect can be utilized to treat leukemic relapses 
after allogeneic HSCT [138, 181, 182]. The infusion of lymphocytes of the 
original stem cell donor (DLI) can induce complete remissions and is asso
ciated with an incidence of acute and chronic GvHD of approximately 50% 
if the donor is an HLA-identical sibling. The GvHD after allogeneic DLI 
is similar to TA-GvHD because the bone marrow in relapsed patients is a 
target organ for GvHD. 
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2.8 GvHD After Solid Organ Transplantation 

The main problem of allogeneic organ transplantation is acute or chronic 
host versus graft reaction (HvGR), that is, allograft rejection. However, solid 
organ transplantation (SOT) can be complicated by a number of other prob
lems such as infection, ischemia and, rarely, acute GvHD. In this instance, 
GvHD is induced by T-cells present in the organ transplant. This has been 
observed after transplantation of various organs, in particular following 
liver allografts [20,44,166,230,257]. 

The clinical manifestations of the disease are similar to those after allo
geneic BMT or PBSCT. However, patients with acute GvHD following liver 
transplantation show two peculiarities: (1) The liver itself is not affected by 
GvHD since the alloreactive T-lymphocytes and the liver are derived from 
the same donor; and (2) pancytopenia is a prominent feature of this type of 
GvHD because the bone marrow of the recipient is a target for alloreactive 
donor T-lymphocytes [59]. 

The diagnosis of organ transplant-mediated GvHD is established by docu
menting donor chimerism through HLA-typing of the recipient [59,226] or, 
in the sex-mismatched setting, byY-chromosome-specific ISH [20]. 

It has been speculated that the risk of developing GvHD in this clinical 
context depends on the amount of viable lymphatic tissue present in the 
organ allograft: Small bowel ~ lung ~ liver ~ kidney ~ heart [166]. 

If one takes into account the rarity of proven SOT-GvHD it is hard to say 
whether such a risk scale is valid or not. However, some authors assume that 
GvHD in the setting discussed might be considerably underdiagnosed [166, 
226]. This is compatible with the observation that micro chimerism of CD34 + 

cells in long-term liver allograft recipients is frequent [230]. 

2.9 GvHD After Autologous Bone Marrow 
or Peripheral Blood Stem Cell Transplantation? 

According to Billingham [35] GvHD can develop only if there is a genetic 
difference between donor and host. This would imply that GvHD cannot 
manifest itself when histocompatibility barriers are absent. However, after 
autologous or syngeneic BMT or PBSCT about 8 % - 10% of patients develop 
a skin rash that clinically [140], histomorphologically [33,92], and immuno
histochemically [92, 127] is indistinguishable from true GvHD [153]. There
fore, this phenomenon has been termed "autologous GvHD" [175]. Other 
designations are: auto-GvHD [53]; autoimmune GvHD [269]; pseudo-GvHD 
[269]; auto aggression GvHD-like syndrome [214]; acute GvHD-like syndrome 
[214]; GvHD-like cutaneous syndrome [33]. 
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In addition, comparable skin lesions have been observed in 70 % - 80 % of 
patients after recombinant IL-2 therapy [209] and following CSA withdrawal 
after autologous BMT [33,53,175]. 

"Autologous GvHD" shows a number of peculiarities [140,175,214,286]: 
(1) It affects the skin only; other organs are not involved; (2) the skin rash 
has a transient, self-limiting character, resolving within 1-3 weeks either 
spontaneously or after a short course of steroid treatment; and (3) the rash 
typically manifests around the time of stem cell engraftment. 

Many authors believe that "autologous GvHD:' because of the clinical, 
histological, and immunohistochemical similarity with true GvHD, is in fact 
a variant of the latter. However, recipients of autologous or syngeneic HSCT, 
who have been irradiated and treated with CSA resulting in damage of the 
thymus, may lose self-tolerance and develop autoimmune reactivity [269]. 
Consequently, for the phenomenon discussed here, Sale [269] recommends 
the term "autoimmune GvHD" or "pseudo-GvHD" in order to distinguish 
it from true alloimmune GvHD. There are good reasons to follow this sug
gestion: 

1. The similarity of the histological picture of alloimmune GvHD and "auto
immune GvHD" by no means implies that they are the same type of reac
tion. Histomorphological analogy does not prove etiopathogenetic iden
tity [141]. 

2. Not every disease has a specific histological substrate. The organism pos
sesses only a limited spectrum of his to morphologically distinct reactions. 
Therefore, the histological picture of many acute inflammatory reactions 
is relatively stereotyped [141]. 

3. Whereas true GvHD most characteristically is an alloimmune reaction, 
the phenomenon discussed here, mimicking GvHD, obviously is an auto
immune reaction [53]. 

If these arguments are taken into account, then the clinical, histological and 
immunohistochemical similarity of skin lesions developing after autologous 
or allogeneic HSCT does not prove the existence of an "autologous GvHD:' 



3 Pathogenesis of GvHD 

The essential requirements for the induction of GvHD have been known 
since Billingham [35], in 1966, defined what is necessary: 

"1. The graft must contain immunologically competent cells. 
2. The host must possess important transplantation isoantigens that are 

lacking in the graft donor, so that the host appears foreign to it and is 
therefore capable of stimulating it antigenic ally. 

3. The host itself must be incapable of mounting an effective immunologi
cal reaction against the graft, at least for sufficient time for the latter to 
manifest its immunological capabilities - i. e., the graft must have some 
security of tenure." 

These statements, without doubt, still hold true today. Histoincompatibility 
is the most important factor in the pathogenesis of GvHD. The incidence, 
onset, and severity of GvHD correlates directly with the degree of HLA dis
parity between donor and recipient [8, 174]. However, as will be seen in the 
following, other factors are also involved. 

Alloreactive T-Iymphocytes playa central role in the pathogenesis of 
GvHD [11,19,74]. Within the past decade it has been found that cytokines 
are also involved [96,98]. This is not surprising since cytokines participate 
in the development of practically all acute inflammatory processes [164]. In 
any event, it is true at present that some authors consider GvHD exclusively 
a manifestation of T-Iymphocyte cytotoxicity whereas others regard such 
lesions primarily a consequence of cytokine-mediated tissue damage. The 
consensus appears to be that both mechanisms are involved in the patho
genesis of GvHD. 

These few hints already indicate that GvHD is a complex, multifactorial 
process and that some aspects of its pathogenesis are still unknown. Since 
knowledge of the underlying pathogenetic pathways facilitates the under
standing of the histomorphology of GvHD, they will be described briefly. 
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3.1 Activity of Allogeneic T-Lymphocytes 

There is general agreement that alloreactive T-lymphocytes ultimately mediate 
the induction of GvHD. This has been shown locally within GvHD lesions, 
by analysis of peripheral blood of patients, by use of T-cell reactive immuno
suppressive drugs, and, finally, by T-cell depletion of grafts used for allogeneic 
HSCT. 

There are a number of studies which describe the phenotype and function 
of donor T-lymphocytes infiltrating GvHD lesions [9,32, 171,316]. These 
investigations provide evidence that both CDS+ and CD4 + T -cells are involved 
in the pathogenesis of GvHD. Donor T-lymphocytes present within lesions 
are host-reactive and possess either cytotoxic activity or release proinflam
matory cytokines [l1S, 325]. 

Other studies indicate that the peripheral blood of patients with GvHD 
contains host-specific cytotoxic as well as cytokine-producing T-lympho
cytes [93,229,231,317, 31S], which belong to both T-cell subtypes CDS+ and 
CD4+ [297]. However, monitoring of host-reactive T-lymphocytes in the 
peripheral blood of patients might not adequately reflect the local, intra
lesional pathophysiology [SI, 171]. 

There is abundant evidence that T-cell-inhibiting agents such as cyclo
sporin A (CSA), frequently employed in combination with MTX, are effective 
in GvHD prophylaxis [74,75,220,245]. CSA blocks T-cell activation [303] or, 
more specifically, blocks the release of interleukin-2 (lL-2) and other cyto
kines from activated T-lymphocytes [220]. However, while CSA/MTX usual
ly prevents severe acute GvHD after HLA-identical sibling transplantation, 
this is not always the case after HLA-identical unrelated donor transplanta
tion [19]. 

When HLA-identical or nonidentical HSCT is performed using trans
plants depleted of T-cells, no clinically relevant GvHD is observed [113]. 
When T-lymphocytes are eliminated by monoclonal antibodies from 
the transplants as well as the recipients, the incidence of acute GvHD is 7 % 
as compared to 3S% and of chronic GvHD IS% as compared to 45% in 
patients undergoing conventional nondepleted allogeneic HSCT [129,130]. 
Consequently, T-cell depletion is a very effective measure for preventing 
GvHD [109,114]. 

3.2 Activity of Cytokines 

Cytokines are a group of biologically highly active polypeptides and glyco
proteins that are produced by many different cell types and that trigger 
numerous cellular activities [64,97, 190,343]. They are thereby important 
mediators of immunity and inflammation [1]. There also is good evidence 
that cytokines are involved in the pathogenesis of acute GvHD [96,101,147, 
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333]. As a matter of fact, some investigators consider severe acute GvHD a 
paradigm of a "cytokine storm" [98, 102]. 

Cytokines active in acute GvHD can be derived from both donor and host 
tissues, from T-Iymphocytes as well as from other cells [110]. Alloreactive 
T-Iymphocytes of the donor can produce cytokines such as IFNyand IL-2. 
Macrophages of the donor or the host may release cytokines such as TNFa 
and IL-l [1]. So what is the evidence that cytokines do in fact playa role in 
the pathogenesis of GvHD? 

Numerous studies have shown that the serum of patients with acute 
GvHD contains elevated levels of various cytokines such as TNFa, IFNy, 
IL-l, IL-2, IL-6 [139,150,151,152,228,259,312]. However, the titer of most of 
these cytokines is not only increased during acute GvHD but also after con
ditioning with total body irradiation (TBI) and cyclophosphamide (CY) or 
in the course of microbial infections [150,228,259]. This indicates that their 
release is not GvHD-specific and that the determination of cytokine serum 
levels cannot be used for monitoring acute GvHD. 

In contrast, elevated titers of soluble IL-2 receptor (sIL-2R) appear to 
correlate with the severity of the disease and therefore could be a reliable 
indicator of acute GvHD [125,179]. This might also hold true for the level of 
soluble TNF-receptor [54], ofIL-5 [163], and ofIL-18 [116]. 

Another piece of evidence for the significance of cytokines in the patho
genesis of acute GvHD is provided by observations on the efficacy of cyto
kine blockade. The occurrence of acute GvHD can be significantly reduced, 
or at least the onset of acute GvHD postponed, by the prophylactic applica
tion of monoclonal anti-TNFa antibodies to patients undergoing HLA-iden
tical sibling BMT [139,151,152]. Since CSA is known to inhibit production 
of cytokines by lymphocytes, the efficacy of CSA in GvHD prophylaxis 
points in the same direction [96,120]. Plenty of evidence thus exists that the 
blockade of cytokines can delay the onset and reduce the severity of acute 
GvHD [146,147]. 

As mentioned before, CD4 + as well as CD8+ T -cells are involved in the 
pathogenesis of GvHD. Both T-cell subsets can differentiate into type 1 and 
type 2 T-helper cells (Thl, Th2). Thl-cytokines such as IFNy and IL-2 
obviously participate in the development of acute GvHD [98,110]. Because 
Th2-cytokines such as IL-4 or IL-I0 can inhibit the production of pro
inflammatory Thl-cytokines, a Thl-Th2 shift might interrupt the cytokine 
cascade and thus prevent the manifestation of acute GvHD [98,147]. In ad
dition, this shift might possibly mediate the development of tolerance [97]. 
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3.3 Combined Activity of Allogeneic T-Lymphocytes 
and Cytokines 

From the data presented, it is evident that both T-lymphocytes and cyto
kines play an important role in the pathogenesis of acute GvHD [74,98,99, 
100,101,102]. While alloreactive T-lymphocytes (CD4+ and CD8+) obviously 
dominate in the inductive phase, cytokines may be prevalent in the effector 
phase of the pathogenesis of acute GvHD [110,269]. However, there is evi
dence that cytokines, released by pretransplant conditioning, are involved 
also in the induction, and alloreactive cytotoxic T-lymphocytes also are 
involved in the manifestation of acute GvHD [98,269]. Furthermore, it has 
been observed that natural killer (NK) cells and macrophages may con
tribute to the development of GvHD lesions [llO, ISS, 177,254,308]. Thus, 
the pathogenesis of acute GvHD, as far as known today, is more complex 
than originally thought. The observation that interruption of the develop
ment of acute GvHD in a more advanced stage requires blockade of T-cells 
as well as of cytokines in fact proves that both are involved [152]. 

The data reported indicate that acute GvHD is a multifactorial process 
with participation of immunologically specific as well as nonspecific mech
anisms, of donor as well as host cells, of T -lymphocytes and accessory cells, 
and of biochemical mediators such as the cytokines [69,70,99,100, 1l0, 147, 
333]. A strongly simplified schematic representation of the pathogenesis of 
acute GvHD is shown in Fig. 3.1. 

Inductive Phase 

Host Tissues DonorTcells 
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'XIC T cells I C'/'! 

Alloreaction 

Effector Phase 
Fig. 3.1. Schematic representation of the pathogenesis of acute GvHD 
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As can be seen, during the inductive phase allogeneic donor T -cells rec
ognize foreign major or minor histocompatibility antigens of host tissues. 
This leads to alloactivation and, after several intermediate stages, to forma
tion of cytotoxic as well as cytokine-releasing T-cells. During the effector 
phase these alloreactive T -cells and cytokines attack target organs of the 
host such as skin, liver, and GIT causing GvHD (Fig. 3.1). 

The interaction of allogeneic donor T-cells and host tissues can be influ
enced by many different factors. Indeed, the inductive phase can be triggered 
by cytokines released by the pretransplant conditioning of patients [102]. 
Similarly, the effector phase can be amplified by cytokines released from 
accessory cells such as macrophages [155, 177]. Although the schematic rep
resentation depicted in Fig. 3.1 no doubt oversimplifies the pathogenesis of 
acute GvHD, it does indicate the continuous interaction between donor and 
host. This may lead either to immunotolerance and stable chimerism or to 
GvHD [97]. 

3.4 Significance of Cofactors 

Besides the special role played by histoincompatibility, a number of other 
factors may influence the incidence, onset, severity, and clinical course of 
GvHD. Such cofactors (risk factors) include the clinical context of the GvHD 
manifestation (see pp. 5-11), the age of patients, the underlying disease, the 
conditioning regimen, the microbial flora and infections of patients, the type 
of stem cell graft, the type of GvHD prophylaxis used, and others. The exact 
mode of action of most of these factors is still unknown. One possibility is 
that that some of the co factors enhance alloreactivity by increasing major 
histocompatibility complex (MHC) antigen expression on GvHD target cells 
[96,229]. Certainly, if one takes into account the complex pathogenesis of 
acute GvHD (see Fig. 3.1) there are definitely many more potential points of 
attack for cofactors that exacerbate GvHD. 

3.4.1 Clinical Context 

As previously described in detail, GvHD can occur in quite different clinical 
situations, e. g., after allogeneic BMT or PBSCT, after blood transfusion, or 
after MFT. Developing under these different conditions, GvHD varies con
siderably with respect to incidence, severity, and spectrum of target organs. 
Further, the manifestation of GvHD is influenced by the fact that some 
patients receive GvHD prophylaxis and some do not. A number of drugs or 
methods used for prophylaxis are listed in Table 3.1. Whereas the incidence 
of acute GvHD after HSCT may be 20 % - 30 % with state of the art prophy
laxis, it is 90%-100% if no prophylaxis is given [69,70]. However, some of 
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Table 3.1. GvHD prophylaxis and treatment (modified from Deeg [70]) 

In vivo 
Methotrexate 
Azathioprine 
Cyclosporine 
Glucocorticoids 
Antithymocyte globulin 
Thalidomide 
Mycophenolate mofetil 
Rapamycin 
Cytokine antagonists 

In vitro 
T-cell depletion by: 
Soybean lectin-agglutination 
Elutriation 
Column fractionation 
E-rosetting 
Monoclonal antibodies 
Immunotoxins 

the substances listed in Table 3.1 (e.g., CSA, MTX) not only reduce the inci
dence and severity of acute GvHD, but also may induce toxic tissue changes 
mimicking acute GvHD. This must be kept in mind when analyzing lesions 
occurring in patients after GvHD prophylaxis. 

3.4.2 Age of Patients 

Incidence, onset, and severity of GvHD are significantly influenced by the 
age of patients [74, 100, 174]. Acute as well as chronic GvHD after HLA -iden
tical BMT is much rarer in children, for example, than in adults [42]. This 
also holds true for haploidentical BMT [8]. 

3.4.3 Underlying Disease 

Incidence, onset, and severity of GvHD also are affected by the underlying 
disease of patients [74, 100, 105]. In view of the fundamental differences that 
exist between diseases such as leukemia, AA, scm, and other indications for 
HSCT, it is not surprising that there are differences in the development of 
GvHD. Before this issue is discussed in detail, one should remember that 
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other factors known to influence GvHD manifestation such as age, pretrans
plant conditioning, and posttransplant prophylaxis may be inseparably con
nected with the underlying disease [218]. 

3.4.4 Pretransplant Conditioning 

Prior to HSCT, patients suffering from malignant diseases such as leukemia 
are conditioned with irradiation and/or cytoreductive chemotherapy. This 
preparative regimen has a triple purpose: 

1. To eradicate the underlying malignancy 
2. To suppress immunological activity mediating allograft rejection and 
3. To provide space in bone marrow for homing of donor stem cells 

Such pretransplant conditioning (Table 3.2) can lead to tissue damage and 
release of cytokines such as TNFa, IL-l or IL-6 [70]. These cytokines may 
activate donor T-cells or induce enhanced antigen presentation to donor 
T-cells [147]. The low incidence and mild, self-limited course of acute GvHD 
in infants with scm after HLA-identical HSCT is due possibly to the lack 
of requirement for a pretransplant preparative regimen [42,105]. This indi
cates that the conditioning-related cytokine release triggers an increased 
incidence and severity and an accelerated onset of acute GvHD [70, 96, 98, 
110,325,333]. 

Nevertheless, as is evident from the occurrence of TA-GvHD in immuno
deficient or immunocompetent adults, pretransplant conditioning is not 
a conditio sine qua non for the induction of GvHD [124]. This assertion is 
further supported by the development of GvHD in infants with scm after 
allogeneic HSCT without pretransplant conditioning [161]. 

3.4.5 Microbial Flora and Infection 

The incidence, onset, and severity of acute GvHD are significantly influenced 
by the intestinal flora and enteral infections of patients [27,49,174]. In par
ticular endotoxin, a Gram-negative bacterial component of the normal bowel 

Table 3.2. Pretransplant conditioning regimens 

1. Total body irradiation (TBI) 
2. Cytoablative chemotherapy (many different substances) 
3. Combination of both regimens (used in most patients) 
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flora, is thought to playa role in the pathogenesis of acute GvHD [146]. De
contamination of patients with antibiotics targeted to intestinal anaerobic 
bacteria was shown to considerably reduce the severity of acute GvHD, sup
porting the hypothesis that such germs can be involved pathogenetically 
[27]. Viral infections such as cytomegalovirus (CMV) may also trigger the 
manifestation of GvHD [174]. 

3.4.6 Other Cofactors 

There are still other risk factors for GvHD. For instance, the sex of patients 
plays a role sometimes. The incidence of GvHD is significantly higher in 
male patients given bone marrow from female donors than in male patients 
receiving sex-matched BMT [42]. The reason for this difference is the expres
sion of male-specific minor histocompatibility antigens in male recipients 
(Y-antigen). Similarly, sensitization to host minor-histocompatibility anti
gens by multiple transfusions or multiple pregnancies may account for the 
higher rate of GvHD associated with the use of donors having a transfusion 
history or one of multiple pregnancies. The list of such pathogenetically im
portant cofactors could be extended considerably. 

Altogether, the multiplicity of factors involved make the pathogenesis of 
GvHD a very complex issue. However, the conditioning regimen employed, 
the type of GvHD-prophylaxis used, and the degree of immunodeficiency of 
the patient are of particular importance for the histomorphological appear
ance of GvHD lesions. 

3.5 GvHD as an Inflammation Under the Conditions 
of Immunosuppression 

Inflammatory lesions are the result of a highly complex interaction between 
the causative agent and the host. Their histological pattern reflects the prop
erties of the causative agent as well as the properties of the host [141]. There
fore, infectious lesions induced in the immunocompromised ("defenseless") 
host are histomorphologically completely different from those in immuno
competent individuals. This holds true for lesions caused by pathogenic as 
well as by opportunistic germs [106, 212, 221, 270]. 

Just two examples for the atypical histomorphology of infectious lesions 
under the conditions of immunodeficiency: (1) While BCG (Bacillus Cal
mette-Guerin) vaccination of infants with scm frequently causes BCG 
histiocytosis (Fig. 3.2), these microorganisms in the same patients, after 
allogeneic BMT and immunological reconstitution, induce epithelioid cell 
granulomata (Fig. 3.3). In other words, BCG histiocytosis after immunolog-
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Fig. 3.2a, b. BCG histiocytosis of skin in a 7-month-old male infant with scm sub
sequent to BCG vaccination. a H & E staining: tissue infiltration by histiocytes only, 
no lymphocytes, no other inflammatory cells present. b Ziehl-Neelsen staining: 
abundant acid fast bacilli identifiable within histiocytes. a, b x 420 
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Fig. 3.3a, b. BCG granulomatosis oflymph node in a 71/ z-month-old female infant 
with scm subsequent to BCG vaccination. Biopsy 4 1/ Z months after HLA-identical 
allogeneic BMT and immunological reconstitution. a H&E staining: granulomatous 
inflammation with lymphocytes and multinucleated giant cells. b Ziehl-Neels en 
staining: no acid fast bacilli detectable in tissue. a, b x 420 
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Fig. 3.4. Schematic representation of immunological competence in patients under
going allogeneic HSCT. A transient state of strong immunosuppression is needed to 
allow take of allograft and inhibit allograft rejection. TBI, total body irradiation; 
CY, cyclophosphamide; CSA, cyclosporine A; MTX, methotrexate 

ical reconstitution is transformed into BCG granulomatosis demonstrating 
rapid and efficient elimination of the pathogen. (2) Whereas pyogenic cocci 
in the immunocompetent individual elicit focal pyogenic inflammation 
(abscesses), the same germs induce diffuse areactive tissue necrosis in the 
immunocompromised host. The integrity of the immune system of patients 
is thus seen to have direct influence on the his to morphology of lesions. 

Similarly, acute GvHD after HSCT represents an inflammation in the im
munocompromised host. In fact, a transient state of maximal immunosup
pression is a necessary prerequisite for the engraftment of allogeneic HSCs 
(Fig. 3.4). In this vulnerable period, in the first 3 - 5 months after HSCT, 
infections are very common. From the point of view of the histopathologist it 
is important to point out that acute GvHD, mediated by alloreactive donor 
T -cells, manifests in tissues of a host who is profoundly immuno- and myelo
suppressed [68, 142,346]. This means that the tissue will be insufficiently sup
plied with blood-derived cellular components. Therefore the delicate inter
action of immunity, inflammation, and repair [38, 164] will not function 
properly. In other words, immunosuppression inhibits the inflammatory re
sponse [64]. The histomorphology of acute GvHD is therefore characterized 
by a discrepancy between the severity of tissue damage and the paucity 
of inflammatory infiltrate [98]. This disparity is not surprising but to be ex
pected. 
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Fig. 3.5. Schematic representation of the relationship between immunological reac
tivity of the host and inflammatory infiltration of tissue 

As a matter of fact, GvHD is an inflammatory reaction occurring in an 
organism that lacks many of the components of inflammation [141]. At the 
histomorphological level the situation is even more complex since GvHD 
represents an alloimmune reaction in a pathological, that is, a preconditioned 
and immunosuppressed microenvironment [76, 97, 291, 293]. A normal 
inflammatory reaction cannot develop in such tissues. Acute GvHD usually 
occurs around the onset of hematopoietic regeneration (Fig. 3.4). At this 
time alloreactive donor T-lymphocytes infiltrate the GvHD target tissues. 
However, with the exception of monocytes/macrophages, few accessory cells 
can be recruited from the host, and early-phase GvHD lesions frequently 
show a very sparse inflammatory infiltrate. This means that the field of 
inflammation in the GvHD target area is more or less "empty:' histomor
phologically elusive, and non-diagnostic. 

The relationship between the immune state of the host and the inflam
matory tissue reaction is depicted schematically in Fig. 3.5. As is evident 
from the figure, the more immunosuppressed the host organism, the less the 
inflammatory cellular infiltration of lesions. This is also true for the early 
phase of GvHD. Skin rash, macroscopically visible at this time, may primarily 
result from a vascular reaction induced by cytokines. Thereafter, in a second 
phase, a sparse infiltration of lesions by T -lymphocytes, NK cells and mono
cytes/macrophages can be observed [120]. If scattered individual apoptotic 
keratinocytes additionally appear, the histomorphological picture is diag
nostic of GvHD. 

The inflammatory infiltrates present in GvHD lesions are very unusual 
insofar as they consist of a mixture of cells derived from two different indi
viduals, donor and recipient. This cellular medley underlines impressively 
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that the histomorphological manifestations of acute GvHD represent the re
sult of a complex set of interacting variables [66]. 

3.6 Comparison of GvHR and HvGR 

The striking difference between inflammation under the conditions of 
immunocompetence and immunodeficiency can also be demonstrated by 
a comparison of graft-versus-host reaction (GvHR) with host-versus-graft 
reaction (HvGR). First of all, one should remember that HvGR (allograft 
rejection), GvHR and inflammation are primarily mechanisms of defense. 
The purpose of these defense mechanisms is to distinguish between self and 
not-self [45] and to eliminate foreign cells or microbial pathogens [I]. How
ever, like other physiological mechanisms, they may induce pathological 
reactions and tissue damage under certain conditions. This is likewise the 
case with HvGR and GvHR. 

Allograft rejection and GvHD are "mirror images" [117]. This is true in 
several respects: 

1. The likelihood of the manifestation in both correlates with the degree of 
genetic disparity between donor and recipient [117, 188]. 

2. Both allograft rejection and GvHD, in the HLA-identical setting, are 
mediated by alloreactive T-Iymphocytes [117,303]. 

3. Both can occur in acute and in chronic form [188]. 
4. The histomorphology of the two lesions shows a close similarity [76, 188, 

202,249]. 

However, there also are distinct differences: while the allogeneic T-Iympho
cytes in GvHD stem from the donor, in allograft rejection they are derived 
from the recipient. Whereas acute GvHD, e. g., of the liver, shows a purely 
lymphocytic infiltration, acute hepatic allograft rejection discloses a mixed 
infiltrate composed oflymphocytes, neutrophils, and eosinophils [76,249]. 
This difference in histomorphology is not accidental but corresponds to 
profound differences in the immune state of the two types of patients. While 
patients developing acute GvHD are in most instances severely myelo- and 
immunosuppressed, patients experiencing acute allograft rejection are usu
ally immunocompetent. Thus, in spite of many similarities there are distinct 
differences between allograft rejection and GvHD that have important im
plications for our understanding of the histomorphology of acute GvHD. 
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3.7 Pathogenesis of Chronic GvHD 

The pathogenesis of chronic GvHD is still largely unknown [149,332]. Risk 
factors for the development of chronic GvHD are prior acute GvHD, pre
transplant conditioning, and the age of patients [184]. Thus, adults have a 
higher incidence and severity of chronic GvHD than children [159]. Infants 
with scm, who receive no conditioning prior to HLA-identical HSCT, 
develop no or only transient acute GvHD and no chronic GvHD [105,215]. 
Occasionally, viral infections of the skin may trigger chronic cutaneous 
GvHD [25]. Still, the most important risk factor for chronic GvHD is preced
ing acute GvHD [19,27,176,184]. 

Most authors assume that chronic GvHD, like acute GvHD, is primarily in
duced by alloreactive donor T -lymphocytes [176,304] and that it may be due 
largely to a covert or subclinical continuation of the acute disease [277]. 
Host-specific cytotoxic lymphocytes as well as IL-2-secreting T-helper 
cells are indeed present in the blood of patients with chronic GvHD [43, 171]. 
This is compatible with the observation that chronic GvHD lesions contain 
CD8+ as well as CD4 + T -lymphocytes [15]. If these T -cells are removed from 
allogeneic bone marrow transplants by monoclonal antibodies, the inci
dence of chronic GvHD is strongly reduced [68,129,130]. This indicates that 
alloreactive donor T-Iymphocytes in fact do playa significant role in the 
pathogenesis of chronic GvHD. There is evidence that cytokines are involved 
also [255]. 

Chronic GvHD resembles autoimmune connective tissue disease in several 
respects [174,285]. The pathogenetic sequence may start with damage to the 
thymus by pretransplant conditioning, by posttransplant GvHD prophylaxis 
with CSA, or by acute GvHD [219,283]. This thymic damage might lead to 
disturbances of immunoregulation, humoral as well as cellular immuno
deficiency, and autoimmune tissue damage [19,255]. It is not surprising 
that the serum of patients with chronic GvHD often contains a variety of 
autoantibodies [253,255], and yet there is no direct correlation between the 
presence or level of these autoantibodies and the development of chronic 
GvHD [70,71]. Consequently, such autoantibodies possess neither patho
genetic nor diagnostic significance [176]. In contrast, autoreactive T -cells do 
play an important role in the collagen deposition that is characteristic of 
chronic GvHD [242] . Altogether, chronic GvHD represents a multiorgan syn
drome with alloimmune and autoimmune features [64,283]. 



4 Clinical Manifestations of GvHD 

GvHD, as outlined before, can occur in a number of different clinical situa
tions and under different pathogenetic conditions. However, GvHD most 
frequently is observed in the setting of allogeneic HSCT. These patients, 
almost without exception, receive some kind of immunosuppressive GvHD 
prophylaxis (Table 3.1) after transplantation [75,200,245,306,350]. There
fore, today, the clinical features of GvHD often are modified by pretransplant 
conditioning and posttransplant prophylaxis [75,200]. 

As far as HLA-identical sibling HSCT is concerned, the incidence of GvHD 
has decreased, the onset is postponed and the clinical manifestations are 
mitigated. Nowadays, atypical forms of GvHD occur more frequently. The 
diagnosis of GvHD, clinically as well as histologically, has not been made 
easier by this change, on the contrary it has been rendered more difficult. 
Nevertheless, patients showing signs of GvHD without pretransplant condi
tioning and posttransplant GvHD prophylaxis still occur. This holds true 
for TA-GvHD [10,124], for GvHD after allogeneic HSCT for scm [103,104, 
105, 113], and for patients receiving allogeneic DLI [182]. In addition, the 
increased use of alternative donors has led to a situation in which cases of 
severe GvHD can still be observed [52]. 

4.1 Clinical Features of Acute GvHD 

Acute GvHD develops in about 30 % - 60 % of recipients of histocompatible 
sibling HSCT [16]. From the foregoing discussion it is evident that the con
ditions for the manifestation of GvHD today are much more variable than 
they were 10 or 20 years ago. Acute GvHD occurs today not only immediately 
after allogeneic HSCT but also at any later time when posttransplant im
munosuppression is discontinued, e. g., after withdrawal of CSA for leukemia 
relapse [90]. 

After allogeneic HSCT, acute GvHD usually develops within 2 - 6 weeks 
[70], the median onset being about 3 weeks [255]. If no immunosuppression 
is given or if HLA-nonidentical bone marrow is used [255], hyperacute 
GvHD can manifest within about 8 days [305, 307]. The hyperacute syn
drome is characterized by fever, fluid retention, severe skin disease, and 
a variable involvement of liver and gut [70]. An accelerated onset may also 
be observed in TA-GvHD [10,301] or after second HSCT subsequent to allo-
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graft rejection [315]. Primary targets of acute GvHD are skin, liver, and GIT. 
In addition, the lymphatic organs (immune system), bone marrow, mucous 
membranes, and mucosa of the respiratory tract may be affected. 

4.1.1 Acute GvHD of the Skin 

The skin is the organ most frequently (>90%) affected by acute GvHD. A 
maculopapular rash, often involving the face, palms, and soles, is commonly 
the first manifestation (Fig. 4.1). This distribution is characteristic and of 
diagnostic significance [70,120]. Subsequently the rash can spread over the 
chest, shoulders, abdomen, and finally involve the entire body (Fig. 4.2). In 
most cases the rash is diffuse, but occasionally it has a punctate appearance 
indicating a predominant involvement of the hair follicles [120]. 

The clinical symptoms of acute GvHD of the skin vary considerably. 
Frequently, patients complain of pruritus and burning palms or soles. If there 
is a localized rash only, it may cause few symptoms and disappear without 
treatment. In moderately acute GvHD up to half of the body surface is 
involved, in severe GvHD the entire body. While clinical symptoms in the 
former case are mostly mild, they are marked if erythroderma is general
ized, with bulla formation, epidermal necrosis, exfoliation, or denudation of 
the skin as seen after severe burns (Fig. 4.3). 

Fig.4.1. Acute GvHD of skin. Confluent maculopapular rash of face and neck. 
36-year-old female patient with MDS 42 days after HLA-identical allogeneic BMT 
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a 

Fig. 4.2a, b. Acute GvHD of skin. Maculopapular rash involving the entire body sur
face. a Overview. b Close view. 13/ 4-year-old female infant with MHC class II-defi
ciency 35 days after HLA-nonidentical allogeneic BMT 

Acute GvHD of skin usually is a clinical diagnosis [255], but sometimes 
the distinction from conditioning-induced skin damage is clinically diffi
cult. In this situation a skin biopsy can be helpful [19,70,255]. In contrast, 
the determination of serum levels of cytokines or of other humoral param
eters, does not at present reliably distinguish acute GvHD from toxic skin 
damage [108,125,139,179]. This may change in the future. 

4.1.2 Acute GvHD ofthe Liver 

In approximately 40%-60% of patients with acute GvHD the liver is 
involved. Hepatic lesions usually manifest somewhat later than the skin 
disease, within 3 -6 weeks after allogeneic HSCT [255]. Isolated acute 
GvHD of liver without involvement of the skin is rare. Clinical manifestation 
of hepatic GvHD prior to skin GvHD is also uncommon [123,321]. 
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Fig. 4.3. Acute GvHD of skin with epidermal necrosis and partial denudation. Post 
mortem finding in a 43-year-old female patient with CML 29 days after HLA-identi
cal unrelated allogeneic BMT. Acute GvHD of liver present simultaneously 

The clinical symptoms of acute hepatic GvHD are quite unspecific [63]. 
Patients may complain of abdominal pain and show jaundice, liver enlarge
ment, and ascites [255]. Usually the liver damage becomes evident by rising 
serum levels of bilirubin, alkaline phosphatase, and aspartate aminotrans
ferase [70]. Sometimes y-glutamyltranspeptidase titers are also elevated. 

There are a number of other causes of hepatic dysfunction after allogeneic 
HSCT, such as conditioning-induced toxicity, venoocclusive disease (VOD) 
and viral hepatitis, which all can be difficult to distinguish from GvHD [63, 
87]. Since neither the clinical picture nor the biochemical profile in the post
transplant phase is specific, a liver biopsy may be helpful. In most instances, 
a distinction between GvHD and other HSCT-associated liver complications 
will be possible histologically [286]. However, if hepatic dysfunction devel
ops in a patient with unequivocal skin and/or gastrointestinal GvHD a liver 
biopsy is not needed. 

4.1.3 Acute GvHD of the Gastrointestinal Tract 

Acute gastrointestinal GvHD develops in about 30 % - 50 % of allogeneic 
BMT recipients [56]. Involvement of the GIT is of utmost prognostic signif
icance [86,146] since the mortality of severe forms of gastrointestinal GvHD 
may reach 30%-60% [56]. Clinically, it manifests itself at the same time 
as or shortly after the onset of cutaneous GvHD [216]. Isolated GvHD of the 
GIT is rare. Gut manifestation before skin disease also is uncommon 
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Fig. 4.4. Acute GvHD of gut with extensive ulcerations of the colonic mucosa (arrow). 
Post mortem finding in a lO-month-old male infant with scm 14 days after transfu
sion of non-irradiated blood. Severe acute GvHD of skin present simultaneously 

[123, 321]. Basically, all parts of the GIT can be affected [216], although 
lesions appear to be more frequent and aggressive in the distal ileum and 
proximal colon than in the upper GIT [112] . This may reflect the distribution 
of bacterial flora [216]. Endoscopically, manifestations of acute GvHD vary 
from subtle mucosal erythema and edema to enterocolitis with frank ulcer
ation and denudation (Fig. 4.4). 

Clinical symptoms of patients with acute GvHD of the GIT are anorexia, 
nausea, vomiting, abdominal pain, and diarrhea which may become bloody if 
the disease progresses [255,293]. In severe cases a paralytic ileus, recogniz
able by X-ray, may develop [273]. All clinical symptoms are nonspecific and of 
limited diagnostic value [261,298]. Within the first 20 - 25 days after allogeneic 
HSCT the differential diagnosis of acute GvHD includes chemoradiation 
toxicity and opportunistic infections of the intestine. Patients with upper 
gastrointestinal GvHD frequently also have extensive skin GvHD [261]. When 
the symptoms point to the lower GIT (e. g., diarrhea) endoscopy with colorec
tal biopsy is indicated. In general, biopsies taken more than 20 - 25 days after 
transplantation permit histological recognition of acute GvHD [298,348]. 

4.1.4 Acute GvHD of Other Organs 

Under certain conditions there are a number of other GvHD target organs 
that may acquire considerable clinical and prognostic significance. The bone 
marrow, for instance, can be damaged severely by TA-GvHD [10]. While in 
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patients with allogeneic BMT the bone marrow is not normally a target for 
GvHD, since both the hematopoietic cells and the T -cells are of donor origin, 
in patients with TA-GvHD the T-Iymphocytes are of donor and the hemato
poietic cells of host origin [41,133]' and therefore alloreactive donor T-cells 
can attack and destroy the bone marrow of the recipient. Consequently, bone 
marrow failure, pancytopenia, and a rapidly fatal course are characteristic of 
TA-GvHD [10]. 

Another important target of acute GvHD is the immune system, in par
ticular the thymus [219]. GvHD-induced lesions in the thymus may cause 
long-lasting immunodeficiency, a major factor in morbidity and mortality 
after allogeneic HSCT. 

Whether acute GvHD can damage the lungs has been a subject of debate 
from the very beginning. In the early years various pulmonary alterations, 
such as restrictive or obstructive ventilatory changes, were interpreted clini
cally as manifestations of acute GvHD of the lung. However, histomorpho
logically no lesions characteristic of acute GvHD could be identified [292, 
300]. More recently evidence has been advanced that the lung in fact can be 
involved by GvHD [351], and that the mucosal epithelium of bronchi and 
bronchioli might be a target for the alloimmune attack [277]. On the other 
hand, most of the pulmonary diseases that occur in some 40 % - 60 % of 
patients after allogeneic HSCT, and which contribute significantly to the 
morbidity and mortality of such patients, are obviously caused by other 
pathogenetic factors such as viral infections or chemoradiation toxicity [22]. 

Finally, a large number of organ and tissue changes have been interpreted 
clinically as manifestations of acute GvHD. To the present there is no direct 
proof for such assumptions. 

4.1.5 Clinical Grading of Acute GvHD 

To determine the clinical severity of acute GvHD and to predict the posttrans
plant outcome of patients, Glucksberg et al. [123] designed a grading system, 
revised by Thomas et al. [321]. This Glucksberg-Thomas or Glucksberg
Seattle scoring is based on the separate assessment of the clinical severity of 
pathological changes in the three major GvHD target organs skin, liver, and 
intestine (Table 4.1). The changes observed are then used for clinical grading 
of acute GvHD (Table 4.2). This grading system has been successfully used 
over many years allover the world [70]. 

Within the past 10 years Glucksberg-Thomas scoring, possibly due to 
changes in donor selection, transplantation modalities, and/or GvHD pro
phylaxis, has proved to be no longer completely satisfactory [255]. Attempts 
have consequently been made to improve the clinical grading of acute 
GvHD [73,251]. In addition, the International Bone Marrow Transplantation 
Registry (IBMTR) proposed a new GvHD severity index not requiring sub-
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Table 4.1. Clinical severity of organ involvement by acute GvHD (modified from 
Glucksberg et al. [123], Thomas et al. [321], Rowlings et al. [260]) 

Stage Skin Liver Gastrointestinal tract 

1 Maculopapular rash Bilirubin Diarrhea 
< 25 % of body surface 34 - 50 flmolll 500 -1000 mll day 

2 Maculopapular rash Bilirubin Diarrhea 
< 25 % of body surface 51-102 flmolll 1000 - 1500 mll day 

3 Generalized erythroderma Bilirubin Diarrhea 
103 - 225 flmolll > 1500 mllday 

4 Generalized erythroderma Bilirubin Severe abdominal 
with bullous formation > 225 flmolll pain, with or without 
and desquamation ileus 

Table 4.2. Clinical grading of acute GvHD (modified from Glucksberg et al. 
[123], Thomas et al. [321], Rowlings et al. [260]) 

Grade Skin Liver Gastrointestinal Clinical performance 
tract 

I 1-2a 0 0 No decrease 
II 1-3 1 Mild decrease 
III 2-3 2-3 2-3 Marked decrease 
IV 2-4 2-4 2-4 Extreme decrease 

a Stage of individual organ involvement, see Table 4.1. 

jective clinical assessment [260]. When the IBMTR severity index was tested, 
some investigators found the index more predictive than the Glucksberg
Thomas criteria [207], whereas others found it had no advantage[205, 206]. 
It appears that any method used for grading of acute GvHD has advantages 
and disadvantages and none is perfect. 

There are several points that still need to be made: 

1. Lack of satisfaction with the different clinical scoring systems has led to a 
proposal for retrospective grading of acute GvHD whereby the response 
to therapy and the outcome determine the final grade [70]. 

2. The obvious insufficiency of clinical criteria to predict the posttransplant 
outcome suggests that it might be worthwhile to test the prognostic po
tential of histological criteria. 
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3. Up to the present there is no indication that a blood test or some other 
clinical measure can take over the diagnostic function of a biopsy. 

4. The importance of grading acute GvHD is evident if one notes that sur
vival directly correlates with GvHD severity grade: > 90 % in grade I, about 
60% in grade II-III, almost 0% in grade IV [334]. 

4.2 Clinical Features of Chronic GvHD 

Chronic GvHD is a pleiotropic syndrome resembling autoimmune connec
tive tissue disorders. It possesses considerable variability in mode of onset, 
organs involved, and rate of progression [285]. Chronic GvHD occurs in 
30%-50% of recipients of HLA-identical sibling BMT [19,63,73,159,255]. 

The most important risk factor for chronic GvHD is prior acute GvHD 
[19,27]. Its incidence after HLA-identical sibling transplantation is age-de
pendent: 13 % in children < 10 years, 28 % in adolescents 10 -19 years, and 
42 % - 46 % in adults> 20 years [174]. Chronic GvHD may occur more often 
after PBSCT than after BMT [61,282,304]. The prophylactic use of CSA, 
MTX, and other immunosuppressants has reduced the incidence and sever
ity of acute GvHD but has not diminished problems caused by chronic 
GvHD [16,75,334]. 

The outcome of chronic GvHD depends on patient age, type of onset, 
severity, and course of the disease. Chronic GvHD in adults usually is more 
severe and prognosis is worse than in children [159]. The overall mortality 
is high [128,296]. Most deaths do not result from direct failure of the GvHD 
target organs but from infections promoted by GvHD-associated immuno
deficiency [64,332]. 

The onset of chronic GvHD varies considerably [15,71,176,285]: 

1. It may develop as a continuation of acute GvHD, so-called progressive 
type (ca. 32 % of cases). 

2. It may follow acute GvHD after a variable symptom free period, so-called 
quiescent type (ca. 36% of cases). 

3. It may occur without evidence of prior acute GvHD, so-called de novo 
type (ca. 30% of cases). 

The prognosis of patients with chronic GvHD of the progressive type is 
worst, of the quiescent type is intermediate, and of the de novo type is best 
[176,305]. 

The spectrum of target organs of chronic GvHD is much larger and more 
variable than that of acute GvHD [176,255,277,305,306]. The three classical 
target organs skin, liver, and GIT again playa major role in chronic GvHD. 
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4.2.1 Chronic GvHD of the Skin 

The skin is the organ most frequently involved. It is affected in 80 % - 90 % of 
patients with chronic GvHD [15,77,176,253,334]. Chronic cutaneous GvHD 
may develop slowly after allogeneic HSCT, or may develop rapidly, e. g., if 
immunosuppression is discontinued [255]. The skin manifestations are 
either localized (20% of patients) or generalized (80% of patients [176,219, 
277,284]). Clinically as well as histologically two different types of lesions 
can be distinguished: lichenoid lesions, starting early, that is, about 3 months 
after transplantation; and sclerodermatous lesions, occurring at a later time, 
that is, 6-12 months posttransplantation [19,176]. 

Lichenoid Type 

The lichenoid variant (Fig. 4.5) is characterized by violaceous papules show
ing a lichen planus-like appearance, and frequently starting at the distal 
parts of the extremities [176]. Clinical symptoms are itching and dryness of 
skin as a consequence of reduced sweat production [176]. In addition to the 
lichenoid papules there are areas of erythema and/or dyspigmentation 
[255]. Occasionally, local hyper- or hypopigmentation can be the sole clini
cal manifestation of chronic GvHD [255]. 

Fig. 4.5. Chronic GvHD of skin, lichenoid type. Violaceous papules involving the 
entire body surface. A IS-year-old male patient with AML 12 months after HLA-non
identical allogeneic BMT. Chronic GvHD of GIT present simultaneously 
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Fig. 4.6. Chronic GvHD of skin with nail dystrophy. Same patient as in Fig. 4.5 

Sclerodermatous Type 

The sclerodermatous variant is characterized by a sclerotic dermis, atrophic 
epidermis, and dyspigmentation [176,277]. Clinically, the generalized form 
closely resembles scleroderma, the localized form morphea [277]. Severe 
chronic GvHD of skin may be associated with nail dystrophy (Fig. 4.6), 
alopecia, and formation of bullae and ulcers [19,176]. 

4.2.2 Chronic GvHD of the Liver 

The liver is affected in approximately 30% of patients with chronic GvHD 
[253]. Almost all of these patients also have chronic GvHD of skin. The 
hepatic lesions can be either part of an extensive chronic GvHD involving 
many organs or it may be part of a more limited disease involving the skin 
and liver only [176]. Isolated hepatic GvHD without involvement of any 
other organ is extremely rare. 

Clinically, patients frequently show obstructive jaundice caused by dam
age to the small intrahepatic bile ducts [255]. It is noteworthy that chronic 
GvHD of the liver and primary biliary cirrhosis (PBC) have many clinical 
and laboratory features in common [253,287]. This holds true, for example, 
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for the autoantibodies occurring in serum of both groups of patients. Also, 
as a consequence of the GvHD-induced damage to the biliary system, 
patients may show a marked increase in serum alkaline phosphatase levels, 
a finding by no means pathognomonic for hepatic GvHD. A liver biopsy can 
be useful in settling the differential diagnosis. 

4.2.3 Chronic GvHD of the Gastrointestinal Tract 

Chronic gastrointestinal GvHD occurs much less frequently than acute 
GvHD of the GIT [293]. About 30% of patients with chronic GvHD show 
some kind of gastrointestinal involvement [253]. The mean posttransplant 

Fig. 4.7. Chronic GvHD of esophagus with marked esophageal stenosis (arrow). 
A 14-year-old female patient with FA 18 months after HLA-identical allogeneic BMT. 
Chronic GvHD of skin and liver present simultaneously 
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time for observation of lesions is 5.8 months with a range of 3-16 months 
[17]. In most patients the skin is also affected. An isolated involvement of the 
stomach or the intestines by chronic GvHD is rare. 

The clinical symptoms of patients with chronic GvHD of the GIT such 
as diarrhea, malabsorption, or weight loss are nonspecific [176]. Patients 
occasionally complain of abdominal pain, anorexia, and nausea and vomit
ing [255]. Whereas chronic GvHD of the esophagus in earlier years devel
oped frequently [211], with modern immunosuppressive treatment this 
manifestation has become rare [255]. Altogether chronic GvHD ofthe GIT in 
contrast to acute gastrointestinal GvHD plays only a minor clinical role. 

4.2.4 Chronic GvHD of Other Organs 

The spectrum of target organs of chronic GvHD is much larger than that of 
acute GvHD. Many other organs in addition to skin, liver, and GIT may be in
volved. To be noted is the sicca syndrome, which affects 80 % of patients 
with chronic GvHD [277]. In this syndrome the mouth is involved in more 
than 70% of cases (Fig. 4.8), the eyes in up to 80% and the nose and/or the 
airways in a variable percentage [70, 176]. Also frequently affected by chronic 
GvHD are the immune and hematopoietic systems [133,255] and the lungs 
[84,240]. 

The consequences of damage to the lymphatic organs by chronic GvHD 
may be severe immunodeficiency, predisposing to recurrent potentially 

Fig. 4.8. Chronic GvHD of oral and lingual mucosa with epithelial hyperplasia. 
Icterus of skin due to hepatic involvement by chronic GvHD. Same patient as in 
Fig. 4.7 
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lethal infections [19,255], or to autoimmune diseases such as polymyositis, 
myasthenia gravis, and many others [16, 277]. Hence, autoantibodies to 
smooth muscle, mitochondria, and other cellular components are frequently 
found in the serum of patients with chronic GvHD [176,253,255]. 

A long list of other pathological changes have been ascribed to chronic 
GvHD. However, often it is difficult or impossible to decide whether the re
spective tissue changes in fact are caused by chronic GvHD or by one of the 
numerous other pathogenetic mechanisms also active in patients after allo
geneic HSCT [74]. 

4.2.5 Clinical Classification of Chronic GvHD 

For the clinical grading of chronic GvHD different parameters are used. 
Basically, the disease may be subclinical (up to 30% of cases) or clinically 
overt (ca. 70 % of cases), localized (ca. 20 % of cases) or generalized (ca. 80 % 
of cases), limited or extensive [277]. By these criteria a classification of 
chronic GvHD is possible (Table 4.3). As is evident from the table, the clini
cal evaluation alone is insufficient for the assessment of organs such as the 
liver or the salivary glands. Grading of the severity of chronic GvHD in these 

Table 4.3. Clinicopathological classification of chronic GvHD (modified from 
Sullivan [305,306], Klingemann [176]) 

Classification Grade Clinical or histological criteria 

Subclinical 

Limited 

Extensive 

I 

II 

III 

Clinically no GvHD evident, but histologically positive 

Either or both: 
Localized skin involvement 
Hepatic dysfunction due to GvHD 

Either: 
Generalized skin involvement 

Or: 
Localized skin involvement and/or hepatic 
dysfunction due to GvHD plus: 
Liver histology showing chronic aggressive hepatitis, 
bridging necrosis, or cirrhosis; or 
Involvement of eye (Schirmer's test with < 5 mm 
wetting); or 
Involvement of minor salivary glands or oral mucosa 
demonstrated on labial biopsy; or 
Involvement of any other target organ, e. g., lung 
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organs additionally requires a histomorphological investigation. Subclinical 
chronic GvHD also can only be assessed by skin or oral biopsy. Consequent-
1y' the clinical grading of chronic GvHD is a combined clinicopathological 
classification (Table 4.3) which has been found to be reproducible and to 
possess a considerable prognostic potential [176]. 



5 Histopathological Manifestations of Acute GvHD 

A presentation of the histopathology of acute GvHD comprises three aspects: 

1. A description of the morphological correlates of clinically manifest GvHD 
(clinical pathology) 

2. A discussion of the diagnostic potential of biopsies for recognition of 
acute GvHD (diagnostic pathology) 

3. A presentation of the histological critera for grading the severity of acute 
GvHD 

As outlined before, GvHD lesions represent the end result of a highly com
plex interaction of multiple pathogenetic factors. Due to the dynamic nature 
of this process, the histological picture of GvHD lesions is not constant and 
stereotyped but changes with time and environmental conditions. Pretrans
plant preparation and posttransplant GvHD prophylaxis can modify the 
immune response and the inflammatory reaction, and, thus, the histological 
picture considerably. It is not an exaggeration to say that under today's con
ditions the pathologist gets to see only that part of GvHD not suppressed 
by GvHD prophylaxis. This is illustrated schematically in Fig. 5.1. Without 
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Fig. 5.1. Schematic representation of severity and time course of acute GvHD in 
patients with or without immunosuppressive GvHD prophylaxis 
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immunosuppressive GvHD prophylaxis, many patients develop severe acute 
GvHD after allogeneic HSCT (Fig. 5.1, upper curve) and may die. In contrast, 
if GvHD prophylaxis is provided most patients suffer only mild acute GvHD 
(Fig. 5.1, lower curve) and survive. Today the latter course is seen much more 
frequently. Nowadays, the histopathology of GvHD, with a few exceptions, is 
a histomorphology under the influence of immunosuppressive GvHD pro
phylaxis. 

The situation is paradoxical, however. GvHD prophylaxis not only reduces 
the incidence and severity of GvHD but may itself cause lesions that in fact 
resemble GvHD. 

If these considerations are taken into account, it is not surprising that 
opinions concerning the value of biopsy in the diagnosis of GvHD range 
from important and reliable [19,205,206,208,277] to useless and unreliable 
[24,227,294,352]. While authors espousing the latter opinion claim that the 
histomorphology of GvHD cannot be distinguished from other lesions, those 
in the former camp regard GvHD histopathology as valid, in fact a conditio 
sine qua non for the diagnosis of GvHD. So what is the truth? The following 
presentation should give an answer to this question. 

Since acute GvHD after allogeneic HSCT, as compared to GvHD following 
blood transfusion, materno-fetal transfusion, or solid organ transplanta
tion, plays by far the most important role, we will concentrate primarily but 
not exclusively on post-HSCT GvHD. This focus of attention is justified by 
the fact that the histomorphological picture of acute GvHD occurring in dif
ferent clinical situations is basically comparable. Any exceptions to this rule 
will be pointed out. 

As discussed previously, the major targets of acute GvHD are skin, liver, 
and GIT. Sometimes, too, lymphatic organs, bone marrow, mucous mem
branes, and airways are affected. Since acute GvHD most often starts in the 
skin, since the skin is more frequently involved than any other organ, since 
skin biopsies are less likely to result in clinical complications than biopsies 
from liver or GIT, and since they can be initially taken and repeated without 
difficulty, skin biopsies possess by far the greatest significance in the histo
morphological assessment of acute GvHD [120,272,277,288,289]. 

5.1 Histological Features of Acute GvHD of the Skin 

The onset of acute GvHD after allogeneic HSCT depends on a number of 
factors. In general, the greater the antigenic disparity between donor and 
host, the sooner the onset of acute GvHD [288]. Also, the more severe the 
acute GvHD, the earlier the appearance of cutaneous lesions [162]. 
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a b 

Fig. 5.2 a, h. Early low-grade histological changes in acute GvHD of the skin. Focal 
vacuolization of basal cells (arrows). Scanty lymphocytic infiltration of the papillary 
dermis (asterisk). a Biopsy of an 8-year-old male patient with AML obtained 9 days 
after HLA-identical allogeneic BMT. The child 10 days later displayed overt acute 
GvHD of the skin, liver, and GIT. b Biopsy of a 14-year-old male patient with AA taken 
10 days after HLA-identical related allogeneic BMT. Lateron the patient developed 
chronic cutaneous and hepatic GvHD. H&E, x420 

5.1.1 Early Acute GvHD of the Skin 

Early acute GvHD of the skin, macroscopically evident by a rash 2 - 3 weeks 
after allogeneic HSCT, histologically shows focal basal cell vacuolization of 
the epidermis and, sometimes, a slight perivascular lymphocytic infiltration 
of the upper dermis (Fig. 5.2; [120,208,277]). These trifling early changes 
are histologically nonspecific and cannot be safely distinguished from cuta
neous damage induced by pretransplant chemoradiation conditioning [272, 
311]. Histomorphologically they correspond to the initial "endothelial 
phase" of cutaneous delayed-type hypersensitivity reactions in which there 
is endothelial activation with consecutive early T-cell influx into the papil
lary dermis, not the epidermis [120]. Such lesions cannot be relied on for a 
sound histological diagnosis. 

In addition, the early lesions of acute GvHD are often only focal and 
discrete. Biopsies taken immediately after onset of the rash are frequently 
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Fig. S.3a, b. Incipient acute GvHD of the skin. Sparse lymphocytic infiltration of the 
upper dermis with exocytosis of lymphocytes into the rete ridges of the tangentially 
cut epidermis (arrows). Melanin is still present in the basal layer (asterisk). a Biopsy 
of a 16-year-old male patient with AML obtained 11 weeks after HLA-identical 
unrelated allogeneic BMT. The patient subsequently developed overt acute GvHD of 
the skin and oral mucosa. b Biopsy of a 7-year-old female patient with FA obtained 
10 days after HLA-identical unrelated allogeneic BMT. Shortly thereafter the child 
manifested acute GvHD of the skin and GIT. H&E, a x21O, b x328 
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falsely negative [144]. In contrast, biopsies obtained 24-48 h later are more 
likely to show tissue changes histologically compatible with acute GvHD 
[88]. This, for instance, can be a lymphocytic infiltration of the rete ridges in 
lesional skin (Fig. 5.3). Such lymphocytic infiltrates at the dermo-epidermal 
junction are diagnostically important because they are the harbinger of 
target-cell injury, that is, individual keratinocyte apoptosis. 

GvHD is treated most effectively when detected early [168]. In the early 
phase, therapeutic intervention can prevent progression to higher-grade 
disease and thus improve the outcome [180,291]. Unfortunately, as stated 
previously, there is a time lag between the clinical onset of the skin rash and 
the histological appearance oflymphocytic infiltrates in lesional skin [325]. 
Most authors agree that a reliable histological diagnosis of acute GvHD 
cannot be made in the absence of an epidermal lymphocytic infiltration [88, 
154, 208, 234, 288]. 

5.1.2 Established Acute GvHD of the Skin 

About 3 - 6 weeks after transplantation GvHD skin lesions show a character
istic histomorphological picture. The epidermis is thinned and may focally 
exhibit spongiosis. There is a sprinkling of lymphocytes along the dermo
epidermal junction and scattered damaged ("dyskeratotic") keratinocytes in 
the basal or suprabasallayers of the epidermis [168]. Some of these damaged 
keratinocytes appear as pale round coreless discs, others as eosinophilic 
bodies (Fig. 5.4). 

Occasionally, lymphocytes surround an individual damaged keratino
cyte, a phenomenon called "satellitosis" (Fig. 5.5). Satellitosis is very charac
teristic of acute GvHD but is detectable in only about 24% of cases [208]. 
Therefore, it is by no means an absolute requirement for the histological 
diagnosis of GvHD. The upper dermis of lesions contains a perivascular or 
lichenoid lymphocytic infiltrate of variable density. Both the inflammatory 
infiltrate and the epidermal damage concentrate at the dermo-epidermal 
interface. From the point of view of the dermatopathologist, acute GvHD can 
hence be classified as interface dermatitis [3,341]. In fact, the histomorpho
logical substrate of established acute GvHD of the skin essentially is a lym
phocytic interface dermatitis with individual damaged keratinocytes. The 
lesion corresponds to the "epidermotropic and target cell phase" of cuta
neous GvHD as described by Gilliam and Murphy [120]. 

The inflammatory infiltrate in acute GvHD may include single eosino
phils but usually no neutrophils. Macrophages, sometimes containing 
melanin, are also frequently present. Since the inflammatory infiltrate shows 
a predilection for the rete ridges of the epidermis and the parafollicular 
bulges of the hair follicles, some authors assume that the epithelial stem 
cells, located in these regions, are the primary target of acute GvHD [208,269, 
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Fig. 5.4 a, b. Established acute GvHD of the skin. Full blown lymphocytic interface 
dermatitis (asterisk). Multiple eosinophilic bodies (arrows). Biopsy of a 13-year-old 
male patient with ALL (acute lymphoblastic leukemia) obtained 31 days after HLA
identical allogeneic BMT. The patient also showed acute GvHD of the liver and GIT. 
H&E,a x21O, b x328 
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Fig. 5.5 a, b. Established acute GvHD of the skin. Lymphocytic dermatitis focally 
obscuring the dermo-epidermal junction (asterisk). Multiple eosinophilic keratino
cytes with satellitosis (arrows). Biopsy of a lO-month-old infant with scm obtained 
9 weeks after HLA-identical related allogeneic BMT without pretransplant condition
ing.H&E,a X21O,b x420 
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a b 

Fig. 5.6a, b. Acute GvHD of the skin with involvement of a pilosebaceous unit. 
Lymphocytic infiltration of epithelial structures (asterisks) and presence of multiple 
eosinophilic bodies (arrows). Biopsy of a 35-year-old female patient with AML ob
tained 24 days after HLA-identical allogeneic BMT. H&E, a, b x 120 

275,277]. This is in agreement with the observation that the hair follicles are 
affected in 57 % -100 % of cases [55]. A typical pilosebaceous manifestation of 
acute GvHD is shown in Fig. 5.6. 

Inflammatory Infiltrates in Acute GvHD 

An important area of controversy in respect to the histomorphology of acute 
GvHD is the inflammatory infiltrate [311]. While some clinicians believe that 
acute GvHD may develop and can be diagnosed without an inflammatory 
infiltrate, most pathologists do not. In general pathologists are convinced 
that lymphocytes represent an integral component of GvHD lesions without 
which the histomorphological diagnosis cannot be made [154,208,234]. 
There are three obvious reasons for this controversy: 

1. The amount of damage to the epidermis in acute GvHD is often out of 
proportion to the inflammatory infiltrate, which frequently is sparse [120, 
197]. However, as previously discussed in detail, the almost universally 
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employed GvHD prophylaxis prevents the inflammatory infiltrate from 
being strong [277]. 

2. Skin biopsies in acute GvHD often are taken as early as possible, to wit, 
immediately after the onset of the skin rash. Quite obviously at this time a 
lymphocytic infiltration of skin, detectable by routine histology, is not yet 
present. 

3. Although the requirement of alloreactive T-Iymphocytes for the induc
tion of acute GvHD is generally agreed, in recent years it has become 
increasingly clear that cytokines also are important effectors of acute 
GvHD. The erythema grossly visible at the onset of acute GvHD, at least in 
part, may be due to the action of cytokines. If this holds true, it appears 
logical that in the absence of epidermal lymphocytes one cannot histo
logically diagnose. But one also cannot histologically exclude early acute 
GvHD [311]. 

Overall, there is good evidence that the lymphocytic infiltrate, whether 
sparse or dense, in fact is an integral component of GvHD lesions. By in situ 
hybridization (ISH) of skin biopsies from patients after allogeneic sex-mis
matched BMT or liver transplantation with Y-chromosome-specific probes, 
it has been shown that up to 90 % of the lymphocytes present in lesions are 
of the donor genotype [20,156]. This indicates that allogeneic lymphocytes 
of the donor are a major component of GvHD lesions. 

These observations are substantiated by findings indicating that alloreac
tive donor T-Iymphocytes in situ are required for the full development of 
GvHD lesions. This is evident from Y-chromosome-specific ISH showing 
that the number of donor lymphocytes in skin lesions correlates with the 
manifestation of GvHD: while early lesions contain only a few donor cells, in 
fully established GvHD the majority of lymphocytes are of the donor geno
type [156]. Since other authors have shown that these in situ localized allo
geneic donor T-Iymphocytes possess host-specific cytotoxicity [118], there 
is little doubt that their presence in situ is needed for the full development of 
acute GvHD. 

Cell Death in Acute GvHD 

A second area of controversy in the histomorphology of acute GvHD is the 
nature and diagnostic significance of what pathologists formerly termed 
"dyskeratosis" [168]. Many other terms have been used for the cytopathic 
changes observed in acute GvHD, as seen in Table 5.1. The vast number of 
mostly descriptive and partially contradictory terms indicates the existing 
uncertainty. More recently it has become clear that true dyskeratosis, which 
in the strict sense means premature keratinization, is not increased in acute 
GvHD [3, 193]. In addition, it has been observed that most of the "dyskera
totic" keratinocytes in fact are dying or dead cells [168]. 
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Table 5.1. Terms used in the literature to describe epithelial cell death in GvHD 

"Dyskeratosis" 
"Dyskeratotic" keratinocyte 
"Dyskeratotic" body 
Individual cell necrosis 
Mummified cell 
Shrinkage necrosis 
Granular necrosis 

Eosinophilic body 
Acidophilic body 
Colloid or hyalin body 
Karyolytic body 
Apoptotic cell 
Apoptotic body 
Apoptosis 

Finally it has been shown that the mode of keratinocyte death in acute 
GvHD is apoptosis [193]. 

Apoptosis or programmed (active) cell death occurs in a wide variety of 
tissues, under physiological as well as pathological conditions [119]. It can 
be distinguished from nonprogrammed (passive, accidental) cell death as 
follows: 

1. Apoptosis is characterized by shrinkage of the cell, condensation of nuclear 
chromatin, degradation of DNA, and fragmentation of nuclei, rapid phago
cytosis of apoptotic bodies, and lack of inflammatory reaction in tissue. 

2. Nonprogrammed cell death or simple cell necrosis is characterized by 
swelling of the cell, release of lysosomal enzymes, nuclear digestion, and 
a distinct inflammatory reaction in tissue. By routine histology apoptosis 
and simple cell necrosis often are difficult to distinguish [16S]. 

The occurrence of apoptotic keratinocytes in the presence of epidermotropic 
lymphocytic infiltrates is characteristic of acute GvHD of skin [16S, 20S]. 
Within these lesions the number of apoptotic keratinocytes correlates with 
the number of intraepidermallymphocytes, in particular CDS+ T-cells [16S, 
173]. Whereas the scattered damaged keratinocytes are easily recognized in 
routine histology (Fig. 5.7 a), specific identification of apoptosis is possible 
only by the TUNEL histochemical staining reaction (Fig. 5.7b [119]). As is 
evident from the figure, only part of the damaged keratinocytes exhibit 
a positive TUNEL staining. This might mean that not all of the respective 
keratinocytes show programmed cell death but rather simple cell necrosis or 
nonlethal damage. A reflection on the situation suggests that the additional 
occurrence of simple cell necrosis is a likely possibility, particularly in higher 
grade GvHD lesions. 

Thus, the histomorphological hallmarks of acute cutaneous GvHD are 
single cell apoptosis ofkeratinocytes associated with intraepidermallympho
cytic infiltrates. There may also be vacuolar degeneration of the basal layers of 
the epidermis, satellitosis, and a perivascular or lichenoid lymphocytic infil
tration of the upper dermis. All these pathological changes are focused on the 
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Fig. 5.7 a, b. Identification of apoptosis in acute cutaneous GvHD by TUNEL histo
chemical staining reaction. a In the H & E-staining several eosinophilic bodies are 
recognizable (arrows). b In the TUNEL staining a positive reaction of some of these 
eosinophilic (apoptotic) bodies is visible (arrows). a, b Biopsy of a 16-year-old 
male patient with CML and HLA-identical allogeneic BMT obtained 28 days 
after HLA-identical allogeneic DLI. a H&E, b TUNEL staining, kindly provided by 
Dr. J. Strater, Ulm; a, b x 420 
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dermo-epidermal interface. The histomorphology of these lesions, at least 
qualitatively, does not depend on pretransplant conditioning since it is also 
present in TA-GvHD occurring in unconditioned patients [10,124]. 

5.1.3 Severity of Acute GvHD of the Skin 

The onset, severity, and course of acute GvHD in each individual patient is 
different, depending on factors such as clinical context of GvHD develop
ment, transplant modalities, and GvHD prophylaxis. Acute cutaneous GvHD 
may occur subclinically or may include only a transient, localized, sponta
neously disappearing, mild skin rash. On the other hand it can manifest as 
a generalized rash persisting over long periods of time and histologically 
disclosing severe tissue changes. 

To assess the severity of skin lesions a histological grading system was 
devised by Lerner et al. a long time ago [197]. This scoring system is exclu
sively based on the severity of damage to the epidermis: 

Grade I: Mild changes, characterized by focal or diffuse vacuolar degener
ation of epidermal basal cells and acanthocytes (Fig. 5.8 a) 

Grade II: Moderate changes, characterized by focal or diffuse spongiosis 
and eosinophilic degeneration (apoptosis) of scattered individ
ual epidermal cells (Fig. 5.8b) 

Grade III: Severe changes, characterized by separation of the dermo-epi
dermal junction and formation of clefts (Fig. 5.8c) 

Grade IV: Maximal changes, characterized by extensive destruction and 
frank loss of epidermis (Fig. 5.8 d) 

Since the Lerner scoring system does not take into account the inflammatory 
infIltrate, which is an important diagnostic criterion, the histological param
eters used for grading are not identical with those used for diagnosing acute 
GvHD. This issue has previously been discussed in detail. It is evident that 
neither very mild nor very severe lesions are diagnostic. Yet there is no doubt 

Fig.5.8a-d. Histological grading of acute GvHD of the skin. a Grade I = mild non- ~ 
specific changes of the epidermis. Single lymphocytes at the dermo-epidermal junc
tion. b Grade II = moderate, histologically characteristic changes with lymphocytic 
infiltration of the epidermis and keratinocyte apoptosis. c Grade III = severe patho
logical changes with separation of the dermo-epidermal junction and cleft forma
tion. d Grade IV = maximal changes with loss of epidermis and denudation. a Biopsy 
of the same patient as in Fig. 5.3 b. b Biopsy of the same patient as in Fig. 5.6. c Biopsy 
of a 31-year-old female patient with AA obtained 31 days after allogeneic BMT. 
d Biopsy of a 4-week-old male infant with scm, intrauterine MFT, and "exfoliative 
dermatitis" since birth. a - d H & E, a - d x 420 
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a b 

c d 

Fig.5.8a-d. Legend see p. 52 
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that the Lerner system, evaluating the severity of lesions in skin, liver, and 
gastrointestinal tract, possesses a significant prognostic potential [19]. 

5.1.4 Time Course of Acute GvHD of the Skin 

The clinical course as well as the histomorphological picture of acute GvHD 
is profoundly influenced by GvHD prophylaxis and therapy (see Table 3.1 
and Fig. 5.1 [70, 277, 302]). Withdrawal of CSA, MTX, or steroids from 
patients after allogeneic HSCT can result in late appearance or reappearance 
of florid GvHD lesions [327]. This indicates that GvHD may persist at a sub
clinical level after HSCT in patients receiving GvHD prophylaxis. 

Overall, the influence of prophylactic and therapeutic measures on the 
course of acute GvHD is striking. Figure 5.9 illustrates a typical example as 
documented by follow-up biopsies, monitoring the response to therapy. As is 
evident from the figure, a prompt GvHD relapse occurs when prophylaxis 
with CSA/MTX is discontinued. 

Depending on the severity of lesions and the efficacy of treatment, 
acute GvHD usually disappears within weeks or months. Frequently, the only 
residues histologically detectable are a slight atrophy of the epidermis, loss of 
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Fig. 5.9. Influence of GvHD prophylaxis on the course of acute GvHD of the skin 
as determined by follow-up biopsies (.) in a 28-year-old male patient with AML 
after HLA-identical unrelated allogeneic BMT. The first biopsy was taken 26 days 
after transplantation. Note prompt GvHD relapse after ending of GvHD prophylaxis. 
CSA, cyclosporine Ai MTX, methotrexate 
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Fig. 5.10. Residual changes of the skin after healing of acute GvHD. There is slight 
atrophy of epidermis, hyperkeratosis, loss of pigment from the basal layer, and a focal 
accumulation of melanophages in the upper dermis (arrow). Biopsy of the same patient 
as in Fig. 5.3 b, but taken 4 months after BMT. Condition ofliver and GIT unremarkable. 
H&E,x420 

melanin from the stratum basale, and a focal accumulation of melanophages 
in the upper dermis (Fig. 5.10). 

One other aspect needs to be mentioned: that is the poor correlation 
between the histomorphology of lesions and the clinical definition of acute 
or chronic GvHD. As a matter of fact, lesions showing the histological picture 
of acute GvHD have been observed in biopsies taken up to 481 days after 
allogeneic BMT [158,327]. Therefore, the definition of acute and chronic 
GvHD by time range (acute GvHD = 0-100 days after BMT; chronic GvHD 
~ 100 days after BMT) does not correlate with the histopathological appear
ance of GvHD lesions. On the other hand, a purely his to morphological dis
tinction of acute and chronic GvHD is feasible. 

S.l.S Histological Criteria of Acute GvHD of the Skin 

Although specific pathognomonic criteria for the histological diagnosis of 
acute GvHD do not exist, and absolute certainty can never be achieved [94], 
there is a pattern of morphological phenomena consistent with the diagno-
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sis of GvHD. As already delineated, the prime histological characteristics of 
acute GvHD of the skin are scattered individual apoptotic keratinocytes in 
conjunction with a variable, sometimes sparse lymphocytic inftltration at 
the dermo-epidermal interface and in the hair follicle epithelium [208]. The 
paucity of inflammatory infiltrates is due to the inability of most patients 
to recruit accessory cells into lesional skin in a normal fashion. This failure 
may be caused by a lack of such cells or a lack of cytokines to mobilize 
and direct them into the target area. Keratinocyte apoptosis with satellite 
lymphocytes (satellitosis) is present in a minor subgroup of lesions only 
[208].As mentioned, satellitosis is a characteristic but not a consistent find
ing in acute GvHD. 

Epidermal damage with single cell apoptosis suggestive of acute GvHD 
but lacking epidermotropic lymphocytic infiltration represents a possible 
diagnostic pitfall [136]. The histodiagnosis of acute GvHD is not feasible in 
the absence of an inflammatory infiltrate [88, 154,208,234]. Such a statement 
should be supplemented by adding that the inftltrate must be lymphocytic 
and must be localized intraepidermally. An exclusively dermal infiltration of 
lymphocytes has no discriminatory power at all [272]. 

Other histomorphological phenomena occuring in acute GvHD, such as 
vacuolization of basal cells, spongiosis, destruction of epidermis, or denude
ment, are not reliable histomorphological criteria for the diagnosis of acute 
GvHD. Nevertheless, they represent a safe basis for the widely used severity 
grading of GvHD [197,272]. 

The clinical diagnosis of acute GvHD can be confirmed by histology if 
both epidermal damage and lymphocytic inftltration focused on the dermo
epidermal interface are present [288]. Lymphocytic infiltrates without epi
dermal damage or epidermal damage without inflammatory inftltration are 
insufficient criteria for the histological diagnosis of GvHD [158]. 

Advanced acute GvHD is easily recognized histologically. In contrast, 
early diagnosis of acute GvHD rarely is possible by routine histology. No 
single parameter such as keratinocyte apoptosis or satellitosis definitely 
proves the diagnosis of acute GvHD. Only the pattern of histomorphological 
phenomena described is characteristic of acute GvHD. 

Similarly, single histomorphological criteria such as intraepitheliallym
phocytes, apoptotic keratinocytes, pilosebaceous inflammation, follicular 
involvement, or dermal lymphocytic inftltration separately do not possess 
any prognostic significance [66]. In contrast, the combined parameters such 
as employed in the Lerner severity grading [197] have considerable prog
nostic potential [19]. 
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5.1.6 Differential Diagnosis of Acute GvHD of the Skin 

Unfortunately, the histomorphological features described are not unique to 
GvHD. There are a number of skin diseases that histologically resemble 
acute GvHD and therefore, theoretically, have to be considered in the differ
ential diagnosis. This holds true for different types of interface dermatitis, 
contact dermatitis, erythema exsudativum multiforme, and discoid lupus 
erythematosus [3,208,277,341]. Skin diseases such as lichen planus and 
psoriasis also show similarities with the histology of acute GvHD [239]. 
However, when the clinical situation of patients after allogeneic HSCT is 
taken into account, none of these diseases represents a true differential 
diagnosis anymore. 

In contrast, there are a number of lesions which, due to their potential 
occurrence in the posttransplant period and due to their histological resem
blance with acute GvHD, pose problems in the differential diagnosis 
(Table 5.2). These are toxic skin lesions that can be induced by the prepara
tory chemoradiation conditioning of patients [66,83,168,194,197,234,289, 
291], the most severe being Lyell syndrome (toxic epidermal necrolysis). 

There also is a considerable overlap in the histomorphology of acute 
GvHD with drug eruptions of the interface type [3, 227] and with viral 
infections such as HSV, CMV, and VZV [325]. The similarity in the histologi
cal picture primarily results from the occurrence of scattered individual 
apoptotic keratinocytes and a more or less pronounced lymphocytic infiltra
tion of the upper dermis and lower epidermis [168]. A lymphocytic infiltrate, 
while necessary for the histological diagnosis of acute GvHD, is also present 
in most dermatitides, irrespective of etiology, if they last for several weeks [3]. 
Therefore, this type of inflammatory reaction per se is not a discriminator. 
And this constitutes the diagnostic dilemma of acute GvHD. The inflammato
ry infiltrate in most drug eruptions, however, contains neutrophils. Also some 
of the viral infections may exhibit multinucleated giant cells. Neither of these 
phenomena occur in acute GvHD. Immunohistology and virological testing 
may provide further assistance in the differential diagnosis. 

Most of the skin lesions important in the differential diagnosis of acute 
cutaneous GvHD, listed in Table 5.2, are directly or indirectly connected 

Table 5.2. Differential diagnosis of acute GvHD of the skin 

1. Toxic skin lesions due to pretransplant chemoradiation conditioning 
2. Drug eruptions of the interface type, e. g. by GvHD-prophylaxis 
3. Viral infections of skin, e. g. by HSV, CMV, VZV 
4. Skin lesions due to underlying disease, e. g. in Omenn's syndrome 

HSV, herpes simplex virus; CMV, cytomegalovirus; VZV, varicella zoster virus. 
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with allogeneic HSCT. This implies that patients developing acute GvHD in an
other clinical context, e. g., after blood transfusion, only rarely exhibit skin le
sions that raise problems in the differential diagnosis of GvHD. The exception 
to this rule are diseases such as Omenn's syndrome, which frequently shows 
a priori skin involvement (Table 5.2). Basically the skin rash in Omenn's 
syndrome, a scm due to partial recombination activating gene (RAG) 1 and 2 
deficiency [280], is difficult to distinguish clinically and histologically from 
cutaneous GvHD after MFT in patients with scm. However, the clarification 
of the differential diagnosis is possible by HLA typing: Whereas the T-Iym
phocytes in infants with scm and GvHD are of maternal origin, the T -cells in 
Omenn's syndrome are of patient origin [14]. In addition, the skin changes in 
infants with that condition lack keratinocyte apoptosis [145]. 

Three different entities must then be distinguished in infants with scm 
and skin rash: (1) MFT-GvHD; (2) TA-GvHD; and (3) cutaneous involvement 
by Omenn's syndrome. 

Finally, when discussing the differential diagnosis of acute GvHD one 
should point out that in fact there are several types of lesions induced by or 
associated with GvHD (Table 5.3): 

1. Fully established lesions of moderate severity that histomorphologically 
show the characteristics of acute GvHD. 

2. Very early or very mild lesions that histomorphologically are not charac-
teristic of acute GvHD. 

Although both types of lesions are induced by GvHD only the former can be 
recognized and safely diagnosed histologically. 

3. In addition there are lesions that are not induced by but may be associat
ed with GvHD. These are tissue changes such as drug eruptions or viral in
fections which must be distinguished from GvHD (Table 5.3). 

Table 5.3. Histomorphological types of lesions occurring in the context of GvHD 

1. GvHD lesions, histomorphologically characteristic: 
Lymphocytic infiltration of target tissue, apoptosis of individual target cells, 
moderate severity of lesions, predominantly induced by cytotoxic T -cells? 

2. GvHD lesions, histomorphologically not characteristic: 
No lymphocytic infiltration of target tissue", apoptosis of individual target 
cells possible, early or mild lesions, predominantly induced by cytokines? 

3. GvHD-associated lesions, histomorphologically variable: 
Mixed cellular infiltration of host tissue, apoptosis or necrosis of cells possible, 
different severity of lesions, induced by drug toxicity or microbial infections! 

" Not detectable by routine histology. 
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Insufficient awareness of the existence of these different types of lesions is 
one reason for the present confusion about the histopathology of acute and 
chronic GvHD. 

5.1.7 Histodiagnostic Aspects of Acute GvHD of the Skin 

Sometimes pathologists, including the writer, prefer evaluating biopsies with
out prior knowledge of the clinical background in order to assure more objec
tive analysis of the lesions. This is a "self-imposed diagnostic discipline, and 
not a hardship to be imposed by the clinical colleague through withholding 
clinical information" [79]. While such a purely histomorphological analysis 
("blind diagnosis") may be adequate in diseases showing a characteristic 
histopathology (e.g., benign or malignant tumors), clinical information will 
greatly assist in the histodiagnostic assessment of less characteristic lesions. 

Consider the histomorphological evaluation of inflammatory skin dis
eases. Here a close clinicopathological correlation is self-evident. Paul 
Gerson Unna, a long time ago (1928), impressively formulated what is re
quired for a reliable diagnosis: "From the patient to the microscope and back 
to the patient" [3]. Unfortunately, this is not possible for today's pathologist. 
Therefore, the clinician is depended on to provide some information on the 
case history and the gross findings (Table 5.4). 

There is another reason why clinical data and a close clinicopathological 
correlation can improve the accuracy of histological diagnosis. As is evident 
from Table 5.5, the clinical, histomorphological, and immunohistological 
assessment of GvHD each have advantages as well as disadvantages. For 
example, in patients developing GvHD it is difficult to follow the sequence of 
events at the histological level by biopsy. However, if one takes a look at 
Table 5.5 it should appear plausible that a combination of the findings ob
tained by the three different methods can increase the reliability of the 
GvHD diagnosis. 

Table 5.4. Clinical data useful for interpretation of biopsies in the context of 
GvHD 

1. Underlying disease of patient? 
2. Blood transfusions given to patient? 
3. If performed: mode and date of HSCT? 
4. Pretransplant conditioning regimen? 
5. Blood cell counts of patient? 
6. Date and site of biopsy? 
7. Questions to be answered by pathologist? 

HSCT, hematopoietic stem cell transplantation. 
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Table 5.5. Advantages and disadvantages of clinical, histomorphological, and 
immunohistological assessment of GvHD 

Assessment 

Clinical 

Histomorphological 

Immunohistological 

Advantages 

Large area 
of observation 
Follow up possible 

Objective assessment 
of criteria 
Good reproducibility 

Assessment of 
specific features 
Good reproducibilitiy 

Disadvantages 

Subjective assessment 
of most parameters 

Small biopsy, sampling error 
Momentary picture only 

Small biopsy, sampling error 
Momentary picture only 

Before performing a skin biopsy the clinician should define a clear ques
tion to be answered by the pathologist [94]: 

l. Is the biopsy intended primarily to confirm the clinical diagnosis? 
2. Should the biopsy distinguish between several diagnostic possibilities? 
3. Is the purpose of the biopsy to evaluate efficacy of treatment? 

It is obvious that the first and the third question will be much easier to 
answer than the second question. Still, if the interpretation of biopsies is 
made in conjunction with adequate clinical information, then it may be pos
sible to answer the second question as well. Involvement, for example, of 
extracutaneous GvHD target organs such as the liver or GIT can assist in 
the correct interpretation or evaluation of a skin biopsy not diagnostic on its 
own. 

There are a number of practical aspects that should be taken into con
sideration when trying to establish a GvHD diagnosis by skin biopsy 
(Table 5.6). Optimal timing of biopsies is of major importance in particular 
in patients after allogeneic HSCT. While in the early period (10-25 days) 
after transplantation conditioning-induced damage of skin frequently 
interferes with the histological diagnosis of acute GvHD, the discriminatory 
power of a histomorphological assessment is considerably increased at a 
later time [180]. Also, since the presence of an inflammatory infiltrate plays 
a pivotal role in the histological diagnosis of acute GvHD, and since such 
infiltrates frequently are not yet present immediately after onset of the rash, 
skin biopsies should not be taken until 24-48 hours later [88,136]. 

Similarly, very early or very mild GvHD lesions histologically often show 
only nonspecific changes that can be easily confused with low-grade drug or 



Histological Features of Acute GvHD of the Skin 61 

Table 5.6. Guidelines for performing skin biopsies to diagnose acute GvHD 

1. Optimal timing of skin biopsy: 
After conditioning effects have subsided 
Not immediately but 24 - 48 h after onset of the skin rash 
Before starting GvHD therapy 

2. Repeated skin biopsies may be required, e. g. in early phase of acute GvHD 

3. Serial sections of paraffin-embedded probes may be necessary, e.g. in focal 
GvHD with predominant follicular involvement 

4. Pretransplant base line biopsy useful in patients with skin involvement of 
underlying disease, e. g., in Omenn's syndrome, Wiskott -Aldrich syndrome 

radiation effects [162,227,352]. Clearly, repeated skin biopsies are called for 
to provide information on the sequence of developing pathological events 
during the manifestation of acute GvHD. In one study of 1,180 biopsies from 
368 adult and pediatric patients after allogeneic HSCT, the diagnosis of acute 
GvHD could be established histologically by one skin biopsy in 64 % of cases, 
by two consecutive skin biopsies in 86 %, and by three consecutive skin biop
sies in more than 95% [144]. 

If acute GvHD of skin is fully established, the histological picture "can be 
recognized at a glance" [277]. However, in early low grade acute GvHD, 
lesions may be focal, affecting the hair follicles only (Fig. 5.11). Macroscopi
cally such predominant follicular involvement ("follicular GvHD") has a 
punctate appearance. Serial sections of the corresponding skin biopsy may 
be required to establish the histological diagnosis (Table 5.6). 

A recent reappraisal of the histopathological criteria for the diagnosis of 
acute GvHD shows a surprising intra- and interobserver reliability in rat
ing cutaneous GvHD [208]. In particular, in established acute GvHD there 
was a good diagnostic accuracy and perfect agreement among the three 
participating pathologists [208]. This was not the case for early acute 
GvHD [352]. 

Some guidelines for the histological diagnosis of acute GvHD of skin are 
listed in Table 5.7. The recommendations given are based on the routine 
histopathological evaluation of skin biopsies from adult and pediatric 
patients. Overall, a correct diagnosis of acute GvHD can be expected by eval
uation of one skin biopsy in about 65% of cases [136]. This agrees well with 
the published sensitivity of the histodiagnosis of acute GvHD of 67 %, a 
specificity of 78%, and a positive predictive value of 80% [234]. 
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Fig. 5.11 a, h. "Follicular GvHD" of the skin. Selective involvement of a hair follicle 
by acute GvHD. Lymphocytic infiltration of the pilosebaceous unit (arrows). 
Remaining epidermis unremarkable (asterisk). Biopsy of a 7-year-old female patient 
with FA obtained 10 days after HLA-identical unrelated allogeneic BMT. Subse
quently the child developed full-blown acute GvHD of the skin and GIT. H&E, 
a x 168, b x328 
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Table 5.7. Guidelines for histological diagnosis of acute GvHD of the skin 

1. GvHD is an immunopathological process characterized by interaction of allo
reactive T -lymphocytes with distinct target tissues. Basically, both components 
should be demonstrable within GvHD lesions. 

2. The predilection sites of acute GvHD of the skin are the rete ridges of the 
epidermis and the parafollicular bulges. Epithelial stem cells, the targets of 
acute GvHD, are localized here. 

3. Histological criteria of acute cutaneous GvHD are apoptosis of individual 
keratinocytes and epidermotropic lymphocytic infiltration, concentrated at 
the dermo-epidermal junction. Both phenomena are crucial for diagnosis. 

4. Apoptotic keratinocytes are a necessary but not a sufficient prerequisite for 
the histological diagnosis of acute GvHD. The same holds true for epidermo
tropic lymphocytic infiltrates. 

5. Low-grade tissue changes, frequently observed in the early phase of acute 
GvHD, are diagnostically unreliable and possess no discriminatory power. 

6. The diagnostic value of biopsies increases with time after allogeneic HSCT 
and with the number of organs affected by GvHD. 

7. A close clinicopathological correlation is of utmost importance for a reliable 
diagnosis and helps in avoiding diagnostic pitfalls. 

HSCT, hematopoietic stem cell transplantation. 

5.2 Histological Features of Acute GvHD of the Liver 

In about 40% to 60% of patients with acute GvHD the liver participates in 
the alloimmune process [255]. The hepatic involvement clinically is much less 
apparent and more difficult to recognize than acute GvHD of the skin. This 
theoretically would favor the use ofliver biopsies for diagnostic clarification. 
Whereas skin biopsies can be obtained without difficulty and can be repeat
ed on request, liver biopsies, e. g., in patients with thrombocytopenia, are 
in contrast more risky and cannot be taken at will. Understandably, much 
less is known of the histopathology of GvHD of the liver than of the skin. 
Furthermore, the histological diagnosis of acute hepatic GvHD appears to be 
more difficult than of other GvHD target organs [197]. 

5.2.1 Early Acute GvHD of the Liver 

Initially the liver tissue shows a mild lymphocytic infiltrate within the portal 
triads accompanied by cytoplasmic vacuolization and nuclear pleomor
phism of the epithelia of small bile ducts (Fig. 5.12; [63,277]). The infiltrates 
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a b 

Fig. 5.12a, b. Early histopathological changes in acute GvHD of the liver. Slight 
lymphocytic infiltration of portal triad and small bile ducts (arrows). Biopsy of a 
5-month-old male infant with scm obtained 3 months after HLA-nonidentical allo
geneic BMT. The child also had low-grade acute GvHD of the skin. H&E, a x21O, 
b x420 

may contain single eosinophils but usually no neutrophils or plasma cells. 
These early hepatic changes are not histologically diagnostic [286, 291]. 
However, 1-2 weeks after the onset of acute GvHD, clinically evident by 
the skin rash, a more characteristic his to morphological picture can be ob
served. 

5.2.2 Established Acute GvHD of the liver 

When the hepatic alloreaction progresses, bile duct abnormalities become 
more pronounced. A distinct lymphocytic infiltration of the portal triads 
appears, along with atypia, apoptosis, and sloughing of epithelial cells into 
the bile duct lumen [63]. Cholestasis is observed frequently, while oncocytic 
metaplasia of bile duct epithelium appears to be a rare event [37]. Although 
the non-suppurative lymphocytic triaditis may be only mild, dysplastic 
changes of the small bile ducts are usually prominent (Fig. 5.13). Occasion
ally, lymphocytic infiltration of and damage to the venous endothelium, 
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Fig. 5.13 a, b. Established acute GvHD of the liver. Non-suppurative lymphocytic 
triaditis with distinct nuclear hyperchromasia and pleomorphism of the bile duct 
epithelium (arrows). Focal siderosis ofliver tissue (asterisk). Biopsy of an I8-year-old 
female patient with FA obtained 50 days after allogeneic BMT. Acute GvHD of the 
skin was also present. H&E, a x21O, b x420 

called venular endotheliitis, is present [63,325]. This is by no means a con
stant finding, however [9]. Obliterative arteriopathy (obliterative endarteri
tis), characteristic of liver allograft rejection [249], does not occur in hepatic 
GvHD [76,202]. 

The relative small number of lymphocytes present in acute GvHD of the 
liver has frustrated many investigators [63,76,286,329]. As previously out
lined in detail, this most likely is due to pretransplant cytoreductive condi
tioning and posttransplant immunosuppression [76, 286]. Diagnostically 
more important is the finding that in acute hepatic GvHD after allogeneic 
HSCT the majority of lymphocytes infiltrating the portal triads and bile ducts 
are ofthe donor genotype [9]. This indicates that the lesions observed in fact 
represent the manifestation of an alloreaction in the liver [269,275,276]. 
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5.2.3 Severity of Acute GvHD of the Liver 

The severity of hepatic involvement in acute GvHD varies from slight to very 
strong. In the latter case the progressive destruction of small bile ducts may 
result in a so-called "vanishing bile duct syndrome" [63]. Lerner et al. [197] 
have devised a histological grading system, exclusively based on the extent of 
lesions (epithelial damage and destruction) of small bile ducts: 

Grade I: < 25 % 
Grade II: 25 % - 49 % 
Grade III: 50 % - 74% 
Grade IV: ~75% 

The results of this scoring is included in the overall histological grading of 
acute GvHD (see Table 5.10). 

5.2.4 Time Course of Acute GvHD of the Liver 

In contrast to acute GvHD of the skin there are only few histomorphological 
studies on the time course of acute GvHD of the liver employing sequential 
biopsies [286]. Nevertheless, from these studies it is evident that biopsies 
taken at a later time, that is beyond 3 months after transplantation, more 
frequently show bile duct dropout and portal fibrosis than do those taken 
earlier. This indicates that progression of acute GvHD results in increasing 
bile duct destruction. Early diagnosis and treatment are obviously impor
tant. Yet for reasons outlined before, liver biopsies are performed in the pa
tients discussed here only rarely. 

In this context one should point out that the terms "acute" or "chronic" 
hepatic GvHD relate more to the time of onset of the disease than to distinct 
histological features [277, 278]. In other words, the his to morphology of 
acute and chronic GvHD of the liver shows a gradual transition and no clear
cut differences. 

There is another important point to be made concerning the time course 
of hepatic GvHD. Figure 5.14 illustrates the result of skin and liver follow
up biopsies in a patient with reticular dysgenesis (RD) developing acute 
GvHD after allogeneic BMT. As is evident from the data shown in the figure, 
the cutaneous GvHD after treatment with prednisolone and CSA dis
appeared whereas the hepatic GvHD persisted. This different response of 
GvHD lesions in different target organs to immunosuppressive therapy is by 
no means unusual but rather common. It is evident that such observations 
have important implications. 
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Fig. 5.14. Influence of GvHD therapy on the course of GvHD of the liver and skin as 
determined by follow-up biopsies (.) in a male infant with RD after HLA-nonidenti
cal related allogeneic BMT. Transplantation was performed 21/2 months after birth 
without conditioning and without GvHD prophylaxis. The first skin biopsy was 
taken 15 days before BMT. Note the different course of hepatic and cutaneous GvHD. 
CSA, cyclosporine A; RD, reticular dysgenesis 

5.2.5 Histological Criteria of Acute GvHD of the Liver 

Most pathologists agree that pathological changes of the small interlobular 
bile ducts are a conditio sine qua non for the histological diagnosis of 
hepatic GvHD [76]. Dysplasia and destruction of bile duct epithelia associ
ated with portal lymphocytic infiltration are the most consistent and the 
most characteristic findings [9,63,325]. Nevertheless, these lesions are not 
pathognomonic and only in conjunction with the clinical context permit the 
diagnosis of hepatic GvHD [291]. Since recognition of apoptosis in bile duct 
epithelium is much more difficult than in the epidermis, this change does 
not represent a histological criterion for the diagnosis of acute hepatic 
GvHD. 

5.2.6 Differential Diagnosis of Acute GvHD of the Liver 

First of all, it is important to point out that the liver tissue of patients with 
diseases such as leukemia or other malignancies frequently shows hepatic 
damage independent of GvHD as a result of cytostatic chemotherapy, pre-
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Table 5.8. Differential diagnosis of acute GvHD of the liver 

1. Toxic hepatic damage including VOD due to pretransplant cytoablative 
chemotherapy 

2. Drug-induced hepatopathia, e.g., by GvHD prophylaxis 

3. Viral infections of liver, e. g., by HCV, CMV, HSV 

VOD, venoocclusive disease; HCV, hepatitis C virus; CMV, cytomegalovirus; 
HSV, herpes simplex virus. 

transplant conditioning, and/or posttransplant GvHD prophylaxis. Included 
are individual hepatocyte necroses (Councilman bodies), fatty change of 
liver parenchyma, siderosis, and assorted mesenchymal reactions [291,325]. 
Such tissue alterations are commonly seen histologically in addition to the 
lesions induced by GvHD. Pretransplant irradiation, unlike the effects seen 
in skin and gut, does not induce liver damage and therefore does not inter
fere with the diagnosis of acute hepatic GvHD [291]. 

In contrast, there is some overlap of the histomorphology of acute hepatic 
GvHD and of several other diseases involving the liver. This holds true for 
drug-induced hepatic damage including veno-occlusive disease (VOD), for 
viral infections such as hepatitis C virus (HCV), cytomegalovirus (CMV), 
herpes simplex virus (HSV), and, rarely, for hepatic infections by bacteria or 
fungi. A list of major complications that playa role in the clinical and histo
logical differential diagnosis of acute hepatic GvHD is given in Table 5.8. 

While some authors assume that a distinction between GvHD and most of 
the liver lesions listed in the table is possible histomorphologically [202,277, 
325] other authors do not [87]. All agree that the histological evaluation of 
liver biopsies after allogeneic HSCT gets more informative and reliable as 
time passes postoperatively [63,325]. In addition, some of the infectious 
agents mentioned in Table 5.8 can be specifically identified by immunohis
tology or virology [60]. 

5.2.7 Histodiagnostic Aspects of Acute GvHD of the Liver 

While liver biopsies are an important diagnostic tool for chronic GvHD, they 
are not widely used for the diagnosis of acute hepatic GvHD [63]. This is due 
to several reasons: 

1. In most patients hepatic GvHD is associated with or follows acute GvHD of 
other organs, in particular of skin [325]. Therefore, when a patient with his
tologically proved skin GvHD develops clinical symptoms compatible with 
hepatic GvHD a liver biopsy is not necessary for reliable diagnosis [329]. 
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2. In the early phase of acute GvHD, that is, up to 35 days after transplanta
tion, liver biopsies often do not yet show characteristic lesions. Diagnos

. tically relevant-pathological changes of the bile ducts are more frequently 
present following that interval [286]. 

3. Because of the patchy distribution of lesions, a needle biopsy may give a 
false-negative result [63]. 

4. Finally, as already mentioned, a liver biopsy may be risky in patients with 
thrombocytopenia. 

Overall, the histological diagnosis of acute GvHD of the liver does have a 
sensitivity of 66 %, a specificity of 91 % and a predictive value of 86 % [286]. 

5.3 Histological Features of Acute GvHD 
of the Gastrointestinal Tract 

The GIT is affected by acute GvHD in about 30 % -50 % of recipients of allo
geneic BMT [56, 342]. All parts of the GIT can be affected, but a number of 
studies indicate that lesions are most marked in the ileum and colon and that 
damage of the stomach, duodenum, jejunum, and rectum is less severe [112, 
273,289]. In most instances acute gastrointestinal GvHD develops simulta
neously with or shortly after GvHD of the skin. Isolated manifestation of 
GvHD in the GIT is uncommon [86]. 

Acute intestinal disease plays an important pathophysiological role in the 
amplification of systemic GvHD and profoundly influences the prognosis of 
patients [86, 146]. Severe GvHD of the gut is in fact the most frequent cause 
of death from acute GvHD [56,277]. 

5.3.1 Early Acute GvHD of the Gastrointestinal Tract 

Acute GvHD of the gut starts with a focal increase in the number of lym
phocytes within the lamina propria, edema, and "granular necrosis" of indi
vidual epithelial cells in the crypts of the intestinal mucosa [247, 273, 293, 
329]. "Granular necrosis" of enterocytes actually represents apoptotic cell 
death [293,311]. Microscopically, the phenomenon is characterized by an 
intraepithelial vacuole filled with karyorrhectic debris (Fig. 5.15). The 
apoptotic bodies most likely are derived from proliferating epithelial stem 
cells that are the targets for acute GvHD in the gut [269]. Since many patients 
in the first weeks after allogeneic HSCT have a profound leukopenia, in 
general there is only a scant inflammatory infiltrate [293]. Overall, early 
intestinal GvHD lesions are histomorphologically nonspecific and non
diagnostic. 



70 Histopathological Manifestations of Acute GvHD 

Fig. 5.15. Early acute GvHD of the colon. Sparse infiltration of the lamina propria by 
lymphocytes and single eosinophils. Multiple apoptotic crypt cells (arrows). Biopsy 
of a 9 year-old male patient with ALL obtained 19 days after HLA-identical allogeneic 
BMT.Acute GvHD of the skin was also present. H&E, x 672 

Early acute GvHD of the stomach, due to lack of "physiological inflam
mation:' can be identified more easily. Here, apoptotic cell death primarily 
occurs in the neck region of the gastric mucosa [277,293]. 

5.3.2 Established Acute GvHD of the Gastrointestinal Tract 

Lesions show more characteristic histological features as the alloreaction 
progresses. Crypts appear that exhibit numerous apoptotic bodies and much 
cellular debris in the dilated lumen. Because of their distinct appearance 
(Fig. 5.16) these lesions have been termed "exploding crypts" by Sale et al. 
[273]. Although they are not pathognomonic for acute GvHD, "exploding 
crypts" represent a very characteristic finding [273,277,325]. Fully devel
oped GvHD lesions of the gut also show increased numbers of intraepithe
liallymphocytes [311]. 

During the further course of disease the "exploding crypt" is often trans
formed into a histologically less characteristic lesion, a "crypt abscess" [273, 
277]. This is defined as a crypt containing cellular debris and numerous 
polymorphonuclear leukocytes in the dilated lumen (Fig. 5.17 [273]). "Crypt 
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Fig. 5.16a, h. Established acute GvHD of the colon. Moderate lymphocytic infiltra
tion of the lamina propria. Several typical "exploding crypts" (arrows). Biopsy of the 
same patient as in Fig. 5.15, but obtained 26 days after BMT. H&E, a x21O, b x420 



72 Histopathological Manifestations of Acute GvHD 

Fig. 5.17. Acute GvHD of the colon. "Crypt abscess" (arrows) with polymorpho
nuclear leukocytes and cellular debris within the crypt lumen. Sparse lymphocytic 
infiltration of the lamina propria. Biopsy of a 5 year-old male patient with MHC class 
II-deficiency obtained 82 days after HLA-nonidentical allogeneic BMT. Acute GvHD 
of the skin was also present. H & E, x 420 

abscesses" are not specific for GvHD but also occur in ulcerative colitis and 
other diseases of the gut. If intestinal GvHD progresses the result may be 
crypt dropout, focal or diffuse mucosal ulceration, and denudation (Fig. 5.18 
[247,298,342]). 

Fully developed acute GvHD lesions in the stomach differ somewhat from 
the histopathological findings in the gut. Here, in most instances, the lesions 
are less severe and are primarily characterized by lymphocytic inflamma
tion and apoptosis. These findings apply to the gastric corpus (Fig. 5.19) as 
well as the antrum (Fig. 5.20). In contrast to nonspecific superficiallympho
cytic gastritis the lymphocytic infiltration of the stomach in acute GvHD has 
a tendency to spread from the basis of the mucosa to the surface. 

The histomorphological picture of acute GvHD of the duodenum closely 
resembles disease manifestations in the other sections of the gut (Fig. 5.21). 
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Fig. 5.18a, b. Acute GvHD of the colon. Extensive mucosal ulceration with denuda
tion (asterisks). At higher magnification some crypt residues are visible (arrows). 
Biopsy of a 38-year-old male patient with CML obtained 65 days after allogeneic 
BMT. Acute GvHD of the skin was present also. H & E, a x 210, b x 420 
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Fig. 5.19a, b. Acute GvHD of the gastric corpus. Slight irregularity of glands and 
sparse lymphocytic infiltration. Cellular debris in the lumen of single glands (asterisks) 
and rare apoptotic bodies (arrow). Biopsy of a 21-year-old male patient with acute 
undifferentiated leukemia (AUL) obtained 28 days after HLA-identical allogeneic BMT. 
Marked acute GvHD of the skin and liver was also present. H & E, a x 210, b x 420 
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Fig. 5.20a, h. Acute GvHD of the gastric antrum. Focal infiltration of glandular 
epithelium by lymphocytes (asterisks). Single apoptotic bodies present (arrows). The 
lamina propria also contains some plasma cells. Biopsy of the same patient as in 
Fig. 5.19. H&E,a x21O, b x420 
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Fig. 5.21 a, b. Acute GvHD of the duodenum. Increased infiltration of the mucosa by 
lymphocytes and other mononuclear cells. Several apoptotic bodies (arrows) and 
"exploding crypts" (asterisks). Biopsy of the same patient as in Fig. 5.19. H&E, 
a x21O, b x420 
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5.3.3 Severity of Acute GvHD of the Gastrointestinal Tract 

The involvement of the GIT varies from patient to patient, from focal to dif
fuse, and from limited to extensive. These differences in the severity and 
extent of lesions are the basis for the histological grading of acute gastroin
testinal GvHD [197]: 

Grade I: 
Grade II: 
Grade III: 
Grade IV: 

Single cell apoptosis of crypt or gland epithelium 
Destruction of single crypts or glands 
Focal mucosal ulceration 
Diffuse mucosal ulceration with denudation 

The results of this scoring are used for the overall histological grading of 
acute GvHD (see Table 5.10). As mentioned before, the various parts of the 
GIT are affected by acute GvHD to a different extent, the most severe lesions 
being found in the ileum and colon. In contrast, lesions in the upper GIT, in 
particular in the stomach, are usually less severe. 

5.3.4 Time Course of Acute GvHD of the Gastrointestinal Tract 

The onset, severity, and course of acute GvHD of the GIT basically depends 
on the same factors influencing acute GvHD of the skin and liver. However, 
in contrast to the latter organs, the presence of large numbers of microor
ganisms in the lower intestinal tract represents an additional pathogenetic 
factor influencing the course and outcome [277]. If one takes into account 
the potential complications of severe gastrointestinal GvHD (e.g., hemor
rhage, infection, sepsis) it is not surprising that patients with acute GvHD of 
the gut have a high mortality of 30%-60% [56]. 

Though usually not as seriously damaged as other sections of the gut, 
studies of consecutive rectal biopsies still have been found to show a good 
correlation with the clinical course of acute GvHD of the gastrointestinal 
tract [273]. 

5.3.5 Histological Criteria of Acute GvHD of the Gastrointestinal Tract 

Early GvHD of the GIT histologically exhibits uncharacteristic changes such 
as edema, sparse lymphocytic infiltration, and single apoptotic bodies. Since 
apoptosis occurs physiologically in the gastrointestinal mucosa [l37] and 
since it may increase considerably after chemoradiation conditioning, low
grade changes (grade I) with single apoptotic bodies in the first 20 - 30 days 
after allogeneic HSCT are nondiagnostic [291,293,298]. In contrast, a reli
able diagnosis is possible if lesions show "exploding crypts" (grade 11), 
the histological hallmark of acute GvHD of the gut [273,277]. As before, 
although "exploding crypts" are very characteristic of GvHD, they are not 
pathognomonic. 
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"Crypt abscesses:' because of their nonspecific nature, do not represent a 
safe his to morphological criterion. Nor does mucosal ulceration, which may 
occur in severe forms of gastrointestinal GvHD (grade III - IV), but also in 
many other destructive processes of the GIT [271]. In short, very mild and 
very severe pathological changes are diagnostically equivocal. 

5.3.6 Differential Diagnosis of Acute GvHD of the Gastrointestinal Tract 

First, one should distinguish the gastrointestinal diseases that are clinically 
similar to acute GvHD, and have to be taken into consideration because they 
may occur in patients at risk of developing GvHD, from those that are histo
morphologically similar and also require such consideration. With respect 
to the former group, one should mention diseases such as ulcerative colitis, 
ischemic colitis, intestinal vasculitis, and Crohn's disease [187]. 

Gastrointestinal diseases belonging to the latter group are listed in 
Table 5.9. Most important in mimicking acute GvHD of GIT are lesions 
caused by bone marrow-ablative chemotherapy and/or total body irradia
tion [339] observed within the first 20 - 30 days after transplantation. Lesions 
histologically resembling GvHD may also be induced by drugs (e. g., those 
used for GvHD prophylaxis), by viral infections (e. g., CMV, HSV) and, occa
sionally, by bacterial or fungal infections of the gut [49,86,277,291,293,298, 
325,329,339]. Although there is a considerable overlap of histomorpholo
gical patterns, these lesions can often be distinguished from acute GvHD by 
repeated biopsies, microbial studies, and/or careful clinicopathological cor
relation. 

Sometimes gastrointestinal GvHD and opportunistic infections [212,270] 
occur simultaneously. In these cases a particularly careful diagnostic work
up is required. Although many of the opportunistic infections can be recog
nized by histomorphology or immunohistology [22, 106,221], a detailed 
microbiological analysis is also needed. 

Thanks to the absence of chemoradiation conditioning effects, there are 
much fewer problems of differential diagnosis in TA-GvHD of GIT. 

Table 5.9. Differential diagnosis of acute GvHD of the gastrointestinal tract 

1. Toxic gastrointestinal lesions due to pretransplant conditioning 
2. Drug-induced gastrointestinal lesions, e.g., by GvHD prophylaxis 
3. Viral infections of the gastrointestinal tract, e. g., by CMV, HSV 
4. Bacterial or fungal infections of the gastrointestinal tract 

CMV, cytomegalovirus; HSV, herpes simplex virus. 
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5.3.7 Histodiagnostic Aspects of Acute GvHD of the Gastrointestinal Tract 

Mucosal biopsies playa significant role in the his to morphological diagnosis 
of acute GvHD of the GIT. However, this is true only after the disappearance 
of the chemoradiation damage which mimics acute GvHD. Timing of 
gastrointestinal biopsies is then of great importance. Within the first 20 - 30 
days after allogeneic HSCT the histodiagnosis of acute gastrointestinal GvHD 
is relatively unreliable [291, 311]. Thereafter biopsy yields increasingly 
reliable diagnosis [187,311]. 

Yet early diagnosis of acute GvHD of the GIT is extremely desirable 
because of the profound prognostic significance of the gastrointestinal 
involvement. A major difficulty hinders early diagnosis. In the early phase of 
the disease GvHD lesions his to morphologically are not characteristic. At 
this stage lesions cannot be distinguished from those induced by myeloabla
tive pretreatment of patients [291]. In these circumstances the clinicopatho
logical correlation is of utmost importance and can help to avoid misinter
pretation of biopsies. If, for instance, the histology of the gastrointestinal 
lesions is not diagnostic of GvHD, the simultaneous presence of acute GvHD 
of skin and/or liver will facilitate interpretation of the biopsy. 

Rectal, gastric, and duodenal biopsies can all be very useful in GvHD 
diagnosis [70,277,342]. The optimal site for biopsy depends on the clinical 
symptoms. When diarrhea is present rectal biopsies are in order; when 
nausea, vomiting, and/or pain of the upper abdomen is present gastroduo
denal biopsies are useful [293]. Simultaneous upper and lower endoscopic 
biopsies have been reported to show a discordance in the diagnosis of GvHD 
in 28 % of patients [261]. 

Another aspect of the histodiagnosis of gastrointestinal GvHD has come 
to light from the observation that rectal biopsies in infants with scm - for 
unknown reasons - may show GvHD-like histological changes prior to allo
geneic HSCT [294, 295, 338]. This renders interpretation of biopsies after 
HSCT more difficult. In such a situation it is advisable to take a so-called 
base-line biopsy from the respective infants before starting treatment. 

Because of the focal nature of early GvHD lesions, serial sections of gas
trointestinal biopsies frequently are useful [311]. Although "blind" histolog
ical diagnosis of acute GvHD in gastric biopsies has been possible with a 
specificity of 76%, a sensitivity of 82 %, and a predictive value of 69% [339], 
the histological evaluation of sections should always be made in conjunction 
with clinical findings. 
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5.4 Histological Features of Acute GvHD of Other Organs 

Each of the three classic GvHD target organs (skin, liver, GIT) thus far de
scribed possesses a prominent epithelial component; the damage induced 
by GvHD concentrates on this layer where it is relatively easy to identify 
histomorphologically. What is the situation in non-epithelial organs? 

There are a number of other organs and tissues thought to be attacked 
by acute GvHD. While most authors agree that the bone marrow and the 
immune system are two such tissues, controversies exist concerning the pos
sible involvement elsewhere. These disputes are due in large part to differ
ences between clinical observations and histomorphological findings. Clin
ically, many tissue changes developing after allogeneic HSCT are attributed 
to GvHD whereas histologically, if a characteristic morphologic substrate is 
lacking, they are not. 

This is not surprising if one takes into account that in most of the pa
tients discussed here different pathomechanisms are active, such as GvHD, 
drug or radiation toxicity, and infection [271]. As a matter of fact, in some of 
these patients different pathogenetic factors may cooperate to produce one 
lesion or may act separately to produce several different lesions at the same 
time [270]. 

In the present monograph on the clinical and diagnostic pathology of 
GvHD only such lesions are discussed that have been proven to represent 
GvHD. Therefore other HSCT-associated complications such as toxic lesions 
or infections are excluded from this text. 

5.4.1 Acute GvHD of the Bone Marrow 

Normally the bone marrow in allogeneic HSCT is not a target for acute 
GvHD. This is because both the bone marrow and the T -cells are derived 
from the same individual, the donor [133]. However, there are several clini
cal settings in which the bone marrow may be damaged by acute GvHD, for 
instance in TA-GvHD, in GvHD in children with scm, and in GvHD associ
ated with donor lymphocyte infusion (DLI) [138,182,266]. 

In patients with TA-GvHD bone marrow failure with pancytopenia is a 
frequent and characteristic finding [10]. This is due to the fact that in this 
setting the bone marrow and the T-cells are derived from two genetical 
different individuals and that HSCs are particularly sensitive to alloreactive 
T-cells [133]. The damage induced by acute GvHD finally results in bone 
marrow hypoplasia or aplasia. Remarkably, TA-GvHD does not occur only in 
patients with immunodeficiency but - under certain conditions - can also 
manifest itself in immunocompetent individuals (see p. 9). The clinical 
course and outcome (mostly lethal) in immunocompetent patients is not dif
ferent from that in immunocompromised hosts [10]. 



Histological Features of Acute GvHD of Other Organs 81 

A second example for damage of the bone marrow by acute GvHD are 
infants with scm receiving allogeneic HSCT without pretransplant condi
tioning. In this situation the marrow may be damaged by acute GvHD re
sulting in bone marrow hypoplasia or aplasia [265]. 

Finally, GvHD-associated marrow aplasia is commonly observed in 
patients with CML and a hematological relapse after HSCT receiving treat
ment with allogeneic DLI. 

It should be noted that acute GvHD of the bone marrow, caused by a 
classic alloreaction, must be distinguished from non -take, primary graft fail
ure, and graft rejection [223]. None of the latter exhibit specific histomor
phological findings. 

5.4.2 Acute GvHD of the Lymphatic Organs 

It has long been known that lymphatic organs such as the thymus, the lymph 
nodes, and the spleen can be a target for acute GvHD [325]. Damage to the 
thymus by acute GvHD is thought to playa prominent role in the induction 
of the multiorgan syndrome that characterizes chronic GvHD [219]. An 
intact thymus has been demonstrated to be of fundamental importance for 
immunological reconstitution in scm [218]. 

There are several reports on the histomorphology of acute GvHD in vari
ous lymphatic organs [266]. It is frequently difficult to decide whether the 
lesions observed are in fact caused by GvHD or by some other pathomech
anisms also active in many of the patients discussed here [142, 347]. 

Basically, the histomorphological hallmark of acute GvHD of lymph 
nodes and other lymphatic organs is a profound depletion of lymphocytes 
(Fig. 5.22). In the long run the process results in a more or less complete 
atrophy of lymphatic tissues, the clinical effect of which is a severe immun
deficiency [19,255]. The histopathology of acute GvHD of the lymphatic 
organs is generally less characteristic and more poorly defined than that of 
the three classic target organs. 

5.4.3 Acute GvHD of the Lung 

There still is no general agreement whether the lung is a target of acute 
GvHD [203]. While many pathologists cannot identify a characteristic histo
morphological substrate [203,277,292,300], most clinicians are convinced 
that acute GvHD of the lung exists and has a significant prognostic role [7, 
70]. The latter assumption is not surprising since pulmonary complications 
after allogeneic BMT occur in 40 % - 60 % of patients and contribute signifi
cantly to morbidity and mortality [203]. However, many of these pulmonary 
complications are caused by infectious agents or chemoradiation toxicity 
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Fig. 5.22. Spleen of a patient with severe acute GvHD. Subtotal lymphocytic deple
tion of parenchyma. Prominent sinusoids filled with erythrocytes. Post mortem find
ing in a I5-year-old female patient with AA 45 days after HLA-identical allogeneic 
BMT. At the time of autopsy acute GvHD was found in the skin, liver, and GIT. 
H&E,x420 

[19,22]. The clinicopathological controversy described thus resides in the 
difficulty of distinguishing between GvHD-induced and GvHD-associated 
lesions (see Table 5.3). 

Tissue changes such as lymphocytic bronchitis and alveolitis are also 
thought by some authors to represent the histomorphological correlate of 
an alloreaction of the lung [7,351]. From the point of view of pathology such 
lesions are nonspecific and have not been proven to represent pulmonary 
GvHD [203,277,278]. 

5.5 Histological Grading of Acute GvHD 

As previously described, there are several scoring systems for the clinical 
grading of acute GvHD. By applying these systems an assessment of the 
severity of acute GvHD and a prediction of the outcome is possible. Since 
the clinical parameters used are nonspecific per se, a definite GvHD diag
nosis must be established by other means. The clinical diagnosis should 
be confirmed and supplemented by histology [19,70]. Such a cooperative 
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Table 5.10. Histological grading of acute GvHD (modified from Lerner et al. [197]; 
Atkinson [19]) 

Organ 

Skin 

Liver 

GIT 

Grade 

I 

II 

III 
IV 

I 
II 
III 
IV 

I 
II 
III 

Histological criteria 

Vacuolar degeneration of basal and suprabasal 
epidermal cells 
Spongiosis and scattered apoptosis of individual 
keratinocytes 
Focal dermo-epidermal separation and cleft formation 
Extensive necrosis of epidermis with denudation 

< 25 % of small bile ducts showing epithelial damage 
25 % - 49 % of small bile ducts involved 
50%-74% of small bile ducts involved 
75% or more of small bile ducts involved 

Single cell apoptosis of crypt or gland epithelium 
Destruction of single crypts or glands 
Focal mucosal necrosis with ulceration 

IV Diffuse mucosal necrosis with denudation 

GIT, gastrointestinal tract. 

effort makes possible a histological grading of the severity of acute GvHD 
(Table 5.10). 

As is evident from Table 5.10, lymphocytic infiltration of lesions does not 
belong to the criteria of the Lerner rating. This is remarkable since a lym
phocytic infiltrate of the epidermis must be present for the histological 
diagnosis of acute GvHD to be made [88, 154, 208, 234]. A number of authors 
have proposed that the Lerner grading system should be revised by including 
lymphocytic infiltration as an additional criterion of acute GvHD grade II. 

All grading systems, histological as well as clinical, have advantages and 
disadvantages. No single one is ideal. The fact that the Lerner grading system 
(Table 5.10) is reproducible [208], has a high predictive value [19], and has 
been widely employed for more than 25 years indicates that it is useful and 
reliable. 



6 Histopathological Manifestations 
of Chronic GvHD 

Chronic GvHD develops in about 30 % - 50 % of patients after related donor 
BMT [16]. In addition to the three classic targets of acute GvHD - skin,liver, 
and GIT - it may involve many other organs and tissues [176,255,278,284]. 
Chronic GvHD can manifest early or late, in a localized or generalized way, 
and, according to the type of onset, as progressive, quiescent, or de novo dis
ease. In view of so many clinical variables it is not surprising that the 
histopathology of chronic GvHD also differs considerably. The organ most 
frequently affected is the skin. 

6.1 Histological Features of Chronic GvHD of the Skin 

The skin is involved in 80%-90% of patients with chronic GvHD [77,176, 
253]. The cutaneous lesions develop either as a continuation of acute GvHD 
(progressive type), after a latent period (quiescent type), or without prior 
acute GvHD (de novo type). 

Histomorphologically two variants can be distinguished: lichenoid lesions 
occurring in the early phase and sclerodermatous (sclerodermoid, sclerotic) 
lesions occurring in the late phase ofthe disease [15,176,219,284,291]. 

6.1.1 Lichenoid Chronic GvHD 

Lichenoid lesions commonly manifest early (3 - 4 months after HSCT) in the 
course of chronic cutaneous GvHD, although they have been observed to 
appear across a wide time range of 33 - 832 days after BMT [158]. 

Histomorphologically, lichenoid lesions show slight epidermal hyperpla
sia and a bandlike lymphocytic infiltration of the upper dermis (Fig. 6.1), 
close to the dermo-epidermal junction, frequently involving pilar and 
eccrine units [120,285]. The inflammatory infiltrate may also contain plasma 
cells, macrophages, and single eosinophils; it may progress into deep dermal 
structures or even subcutaneous fat tissue [277]. The infiltrate can focally 
invade the epidermis as well [95]. Occasionally, individual apoptotic 
keratinocytes and satellitosis are seen. As a result of basal-ceIl-layer injury 
the papillary dermis frequently contains melanophages. Altogether the 
changes bear a striking resemblance to lichen planus [149]. 
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Fig. 6.1 a, b. Chronic GvHD of the skin, lichenoid type. Bandlike lymphocytic infil
trate in the upper dermis (asterisks). Complete loss of the rete ridges. Single apop
totic keratinocytes with satellitosis (arrow). Biopsy of a 71/ 2-month-old male infant 
with scm obtained 7 months after allogeneic BMT. H & E, a x 210, b x 420 
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Fig. 6.2a, b. Chronic GvHD of the skin, sclerodermatous type. Atrophy of the epi
dermis with sparse residues of the rete ridges (arrows). Deposition of collagen in the 
reticular dermis (asterisks) and atrophy of the adnexae. No inflammatory infiltra
tion. Biopsy of a lO-year-old male patient with AML obtained 2 years after HLA-iden
tical allogeneic BMT. H &E, a x 120, b x 240 

6.1.2 Sclerodermatous Chronic GvHD 

In the late phase (6-12 months after HSCT) of chronic cutaneous GvHD a 
deposition of collagen begins at the interface of the reticular dermis and 
subcutis. Initially there still may be single sparse perivascular lymphoplas
macytic infiltrates in the dermis. However, with increasing deposition of col
lagen the changes acquire a scleroderma-like picture (Fig. 6.2). The overly
ing epidermis most often becomes diffusely atrophic and the rete ridges 
disappear. There also is atrophy and fibrosis of adnexal structures [120]. 
Thus, in contrast to acute GvHD, involvement of the eccrine glands is a char
acteristic of chronic GvHD [219]. The sclerosis of skin may even advance 
into the subcutaneous fat tissue. 

If sclerodermatous GvHD passes through a phase of activity and progres
sion this is evident histologically by inflammation and epidermal single cell 
apoptosis. 
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6.1.3 Severity of Chronic GvHD of the Skin 

Microscopically as well as grossly there are considerable differences in the 
severity of tissue changes induced by chronic GvHD. Assessment of the 
severity of chronic cutaneous GvHD would be meaningful if it would reflect 
the involvement of internal organs and the prognosis of patients [5]. Treat
ment with CSA or corticosteroids can significantly modify the histomor
phology of lesions, quantitatively as well as qualitatively, and thereby in
crease the difficulty of such an assessment [176,335]. Also, the clinical extent 
of lesions may in fact be more important than the histological severity grade. 
Chronic GvHD of the generalized type carries a much less favorable prog
nosis than does the localized type [176]. Assessment of the extent of skin 
involvement obviously plays a significant prognostic role (see Table 4.3). 

6.1.4 Time Course of Chronic GvHD of the Skin 

The course of chronic GvHD of the skin over time depends on many differ
ent factors. The peak incidence is 1-2 years after transplantation. By 4 - 5 
years the disease usually has resolved, although some cases have lasted for 
more than 12 years [19]. 

While the localized type of chronic GvHD in most instances shows nodular 
induration and dyspigmentation of skin only, the generalized type frequently 
exhibits severe poikiloderma with diffuse sclerosis, eventually contractures, 
alopecia, damage or loss of nails, and skin ulcerations [285]. Today, such 
severe and progressive forms of chronic cutaneous GvHD are rare and, if they 
occur, they can be slowed down by CSA, corticosteroids, or other measures 
[335]. It is evident that GvHD prophylaxis and treatment can modify the 
clinical manifestation as well as the histomorphology of chronic GvHD. 

6.1.5 Differential Diagnosis of Chronic GvHD of the Skin 

There are a number of skin lesions that resemble chronic cutaneous GvHD 
histomorphologically. With respect to the lichenoid variant this holds true 
for lichen ruber planus, lichen planus-like drug eruptions, lichen sclerosus 
et atrophicus and, occasionally, lupus erythematosus discoides [149, 277, 
284]. As far as the sclerodermatous variant is concerned, progressive sys
temic sclerosis, localized scleroderma, and, rarely, radiation fibrosis have to 
be considered in the differential diagnosis. 

When the clinical setting of patients is taken into consideration, most of 
the skin lesions mentioned do not represent a true alternative, however, 
because their occurrence in the given setting is highly unlikely or because 
they can be excluded clinically. In practice, histomorphologically only lichen 
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Table 6.1. Differential diagnosis of chronic GvHD of the skin 

1. Lichen planus-like drug eruptions 
2. Radiation fibrosis of skin 
3. Progressive systemic sclerosis 

planus-like drug eruptions, radiation fibrosis and, occasionally, progressive 
systemic sclerosis playa role in the differential diagnosis (Table 6.1). 

6.1.6 Histodiagnostic Criteria of Chronic GvHD of the Skin 

Since the skin is affected in 80%-90% of patients with chronic GvHD and 
since 65 % of patients have involvement of more than one organ system 
[253], skin biopsies possess a considerable diagnostic and prognostic poten
tial. Even as a screening test for chronic GvHD skin biopsies have a sensitiv
ity of 68% and a predictive value of 91 % [277]. 

The chief criterion for the histological diagnosis of chronic GvHD of the 
lichenoid type is a bandlike lymphoplasmacytic infiltrate in the upper 
dermis that may advance into deep dermal structures and adnexae, and 
superficially into the basal parts of the overlying epidermis. Sometimes 
histopathological features characteristic of acute GvHD (e. g., apoptotic 
bodies, satellitosis) are present as an indication of activity and progression 
of the disease. The epidermis of lesional skin often is hyperplastic. 

Criteria for the histological diagnosis of chronic GvHD of the scleroder
matous type are sclerosis of the dermis with homogenization of collagen 
bundles, atrophy of the epidermis, disappearance of the rete ridges, and 
atrophy of the skin adnexae. Sometimes the dermis contains sparse perivas
cular lymphocytic infiltrates. 

6.2 Histological Features of Chronic GvHD of the Liver 

The liver is involved in about 30% of patients with chronic GvHD [253]. 
There are several peculiarities of chronic hepatic GvHD. Most authors agree 
that liver biopsies possess considerable diagnostic value [63, 76, 255, 277]. 
As a matter of fact, the diagnosis of chronic GvHD of the liver rests on three 
parameters: persistent elevation of alkaline phosphatase levels in blood, 
clinical involvement of other organs by chronic GvHD, and - last but not 
least - characteristic histological findings in a liver biopsy [285]. It is impor
tant to note that, both clinically and histologically, transition between acute 
and chronic hepatic GvHD is gradual [255,277]. 
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6.2.1 Early Chronic GvHD of the Liver 

Microscopically, the early phase of chronic hepatic GvHD is characterized by 
lymphoplasmacytic infiltration of the portal triads and more or less exten
sive destruction of small interlobular bile ducts (Fig. 6.3; [63, 176]). Often 
the number of bile ducts is decreased [37]. A prominent feature of chronic 
hepatic GvHD is cholestasis, which occurs in 80% of patients [63]. The 
portal infiltrates, in addition to lymphocytes and plasma cells, may contain 
a few eosinophils and neutrophils [277]. Remarkably, the inflammatory 
cellular infiltration in chronic hepatic GvHD can be more intense than in 
acute GvHD [76]. This most likely correlates with the hematological and 
immunological reconstitution of patients. 

6.2.2 Late Chronic GvHD of the Liver 

In the later stages of the disease, frequently, a definite loss of bile ducts 
and a marked fibrosis is observed (Fig. 6.4; [37, 286]). In fact the histo
morphological picture of chronic hepatic GvHD may resemble primary 
biliary cirrhosis (PBC [37, 287]). In contrast to PBC and other chronic 
inflammatory processes chronic hepatic GvHD only rarely progresses to 
liver cirrhosis [253]. Nevertheless, to prevent irreversible damage and to 
start therapy in time, it is important to diagnose hepatic GvHD as early as 
possible [76]. 

6.2.3 Severity of Chronic GvHD of the Liver 

There are considerable differences in the severity and extent of pathological 
changes in chronic hepatic GvHD. The severity of bile duct damage, of 
inflammation, and of portal fibrosis not only varies from patient to patient 
but also may vary in one and the same liver biopsy from one portal tract 
to another. Such variation in the severity and number of lesions can cause 
considerable sampling error and make interpretation of liver biopsies diffi
cult [63]. 

6.2.4 Time Course of Chronic GvHD of the Liver 

Little information appears in the literature on the time course of chronic 
hepatic GvHD. With increasing time there seems to be a progressive portal 
fibrosis and ductopenia [63,176], but, as mentioned previously, liver cirrhosis 
results only rarely [176]. The indicators of activity and progression in chronic 
hepatic GvHD correspond to those in acute GvHD. 
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Fig. 6.3 a, b. Chronic GvHD of the liver, early phase. Lymphoplasmacytic infiltration 
of portal triads with destruction of small bile ducts and marked fibrosis (asterisks). 
Histological picture resembling PBC (arrow). a Biopsy of a IS-year-old male patient 
with AA obtained 31/ 2 months after HLA-identical allogeneic BMT. Chronic GvHD 
of the skin was also present. b Biopsy of a I-year-old male infant with scm obtained 
6 1/ 2 months after HLA-nonidentical allogeneic BMT. Chronic GvHD of the skin was 
also present. H&E, a x2I0, b x420 
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Fig. 6.4. Chronic GvHD of the liver, late phase. Marked fibrosis of parenchyma 
(asterisk) with loss of small bile ducts (ductopenic type of GvHD). No appreciable in
flammatory infiltration. Biopsy of the same patient as in Fig. 5.14 obtained 6 months 
after BMT. van Gieson, x210 

6.2.5 Differential Diagnosis of Chronic GvHD of the Liver 

The closest histomorphological similarity is between chronic hepatic GvHD 
and PBC [37,287]. Apart from the unlikelihood of a coincidence of PBC and 
GvHD, such differential diagnosis can be resolved histologically. In contrast 
to PBC, chronic hepatic GvHD spares large bile ducts, shows no granulomata, 
and rarely if ever progresses to liver cirrhosis [253,278]. Another potential 
differential diagnosis is chronic viral hepatitis, in particular hepatitis C 
(Table 6.2). Although there may be a considerable overlap in the histomor
phology of the two disease entities, the presence of bile ducts with epithelial 
dysplasia and destruction favors chronic GvHD [286]. 

A diagnostic problem that cannot be settled by histology arises if hepatic 
GvHD coexists with hepatitis C [278]. Such simultaneous occurrence of 
GvHD and viral infection is of considerable clinical significance in patients 
after allogeneic HSCT and has been observed not only in the liver but also in 
the gut [270,277]. Under these circumstances a reliable diagnosis can be 
made only by the combined application of clinical, serological, virological, 
and histomorphological methods. Difficulties may arise also if chronic 
GvHD must be distinguished from drug-induced liver damage [255]. 
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Table 6.2. Differential diagnosis of chronic GvHD of the liver 

1. Chronic viral hepatitis, e. g., by HCV 
2. Chronic drug-induced liver damage 
3. Primary biliary cirrhosis (PBC) 

HCV, hepatitis C virus. 

Although there is some overlap in the histomorphological picture of these 
disease processes, the key features of hepatic GvHD, the small bile duct 
lesions just described, can serve as a reliable discriminator [63]. 

6.2.6 Histodiagnostic Criteria of Chronic GvHD of the Liver 

Epithelial atypia, destruction and loss of small interlobular bile ducts in 
association with portal inflammatory infiltrates primarily composed of 
lymphocytes and plasma cells are characteristic but not pathognomonic of 
chronic hepatic GvHD. Nor are cholestasis and other nonspecific histopatho
logical findings. Inflammatory infiltrates in the liver tissue are frequently 
mOre pronounced than in acute hepatic GvHD. When needle biopsy speci
mens are evaluated histologically it is important to take into consideration 
the patchy distribution of bile duct lesions. By serial sections one often can 
avoid false-negative results. 

6.3 Histological Features of Chronic GvHD 
of the Gastrointestinal Tract 

In contrast to acute GvHD, chronic GvHD of the GIT has little influence 
on survival [176,255]. Approximately 30% of patients with chronic GvHD 
show some kind of gastrointestinal involvement [253]. However, neither 
the stomach nOr the gut are severely injured. In the past the esophagus was 
the organ most frequently damaged by chronic GvHD, with esophagitis, 
strictures, and obstruction [176,211,298]. Since the introduction of modern 
immunosuppression for GvHD prophylaxis, involvement of the esophagus 
has become rare [255]. 
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6.3.1 Histopathology of Chronic GvHD of the Gastrointestinal Tract 

Chronic GvHD of the GIT shows rather nonspecific pathological changes. 
In the small and large bowel, there is fibrosis of the submucosa sometimes 
accompanied by variable numbers of lymphocytes and plasma cells in the 
lamina propria [291,325]. In contrast to acute GvHD, no ulceration of the 
intestinal mucosa is usually found [285,298]. Frequently the mucosa shows 
structural distortion, focal atrophy, single apoptotic crypt epithelia, and 
signs of increased regeneration (Fig. 6.5). Rarely, the pathological changes 
result in formation of stricturing and obstruction [293]. 

6.3.2 Severity of Chronic GvHD of the Gastrointestinal Tract 

Manifestations of chronic GvHD in the gut including functional disturbances 
are infrequent and mild. As mentioned before. the only previous exception to 
this rule was the esophagus. 

6.3.3 Time Course of Chronic GvHD of the Gastrointestinal Tract 

As determined by endoscopic biopsies, the colonic mucosa of patients 6 
months after allogeneic BMT and subsequent acute GvHD shows only slight 
histopathological changes [17]. There is mild architectural distortion of the 
mucosa with crypt branching and villiform surface projections (Fig. 6.6). 
The lamina propria may be hypo- or hypercellular. Florid inflammation as in 
acute GvHD is rarely observed [17]. 

6.3.4 Differential Diagnosis of Chronic GvHD of the Gastrointestinal Tract 

The three major causes of injury to the GIT after allogeneic HSCT are 
chemoradiation, infection, and GvHD [17]. Damage to the gut by chemother
apy or radiation primarily occurs in the first 3-4 weeks after transplanta
tion. Intestinal infections may develop any time after transplant and primarily 
must be identified or ruled out by microbiology. If there is evidence of 
GvHD-induced dysmotility or stricturing, a full-thickness biopsy of the gut 
may yield appropriate diagnostic information [293].A like examination may 
distinguish between scleroderma and GvHD of the esophagus. While fibrosis 
of the submucosa is characteristic of chronic GvHD, scleroderma shows 
submucosal as well as muscular fibrosis [176]. It should be evident from 
Table 6.3 that scleroderma does not represent a true differential diagnosis of 
chronic GvHD of the GIT. 
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Fig. 6.S a, b. Low-grade chronic GvHD of the colon. Slight structural distortion of 
crypts. Sparse lymphocytic infiltration of the lamina propria. Focally increased 
number of apoptotic crypt cells (arrows). Biopsy of an 8-year-old female patient with 
FA obtained 4 months after HLA-identical unrelated allogeneic BMT. Acute GvHD of 
the skin was present previously. H & E, a x 105, b x 420 
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Fig. 6.6. Low-grade chronic GvHD of the colon. Architectural distortion of the 
mucosa with villiform surface projections (arrows). No signs of disease activity. 
Biopsy of the same patient as in Fig. 6.5. H & E, x 105 

Table 6.3. Differential diagnosis of chronic GvHD of the gastrointestinal tract 

l. Chronic viral enteritis, e. g., by CMV 
2. Sequelae of chemoradiation damage of GIT 
3. Chronic bacterial or fungal enteritis 

CMV, cytomegalovirus; GIT, gastrointestinal tract. 

6.3.5 Histodiagnostic Criteria of Chronic GvHD 
of the Gastrointestinal Tract 

The basic pathology of chronic GvHD of the GIT is fibrosis of the submu
cosa. Since this cannot be assessed by mucosal biopsies, such biopsies are of 
limited value for the diagnosis of chronic GvHD [293]. Only if focal florid 
inflammation of the mucosa superimposes on the submucosal fibrosis might 
a mucosal biopsy be worthwhile. Otherwise a full-thickness biopsy of the gut 
is required. 
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6.4 Histological Features of Chronic GvHD of Other Organs 

In addition to the three major target organs - skin, liver, and GIT - numer
ous other organs and tissues can be affected by chronic GvHD. As stated 
before, often it is difficult to prove that the lesions observed are in fact in
duced by GvHD and not some other pathogenetic mechanism. This might 
explain partially why many lesions ascribed to chronic GvHD, outside its clas
sic target organs, appear histomorphologically heterogeneous and scarcely 
characteristic. That is to say, some of these pathological conditions may have 
been misinterpreted as chronic GvHD. 

6.4.1 Histopathology of Chronic GvHD of the Oral Cavity and Eyes 

Many patients with extensive chronic GvHD show an involvement of the 
mouth (40 % - 70 %) and eyes (up to 80 %; [176, 253]). In the buccal or labial 
mucosa lichen planus-like eruptions can be observed [l1s, 174] that histo-

Fig. 6.7 a, b. Chronic GvHD of the buccal mucosa. Lymphoplasmacytic infiltration of 
the upper lamina propria with focal invasion of the basal epithelial layers (asterisk). 
Single apoptotic bodies (arrows). Biopsy of a 42-year-old male patient with CML 
obtained 7 months after allogeneic BMT. H & E, a x 120, b x 420 

b 
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Fig. 6.8 a, b. Chronic GvHD of the oral mucosa. Tangential section of a biopsy from 
the inner lower lip. Sparse lymphocytic infiltration of the lamina propria and the 
squamous epithelium. Several apoptotic bodies (arrows). Biopsy of a 22-year-old 
male patient with AUL obtained 3 1/ 2 months after allogeneic BMT. Chronic GvHD 
of the skin and liver were also present. H & E, x 420 
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logically disclose a band-like mononuclear infiltrate in the superficial lamina 
propria with focal invasion of the basal epithelial layer and apoptosis of 
single cells [255]. A corresponding lesion is depicted in Fig. 6.7. 

About 80 % of patients with extensive chronic GvHD exhibit a sicca syn
drome that may involve mouth, eyes, nose, and airways [277]. The salivary 
and lacrimal glands histologically show a diffuse infiltration by lymphocytes 
and plasma cells with fibrosis, atrophy, and destruction [148]. Ocular mani
festations of chronic GvHD can include lymphoplasmacellular keratocon
junctivitis. 

Since the diagnosis of chronic GvHD is based on clinical as well as histo
logical criteria and since oral involvement is frequent, biopsies from the 
inner lower lip of patients play an important role in establishing the diagno
sis and assessing the activity of the disease (Fig. 6.8; [176]). In this context it 
is stressed that 94%-100% of patients with a positive oral or labial biopsy 
show involvement of other organs [277]. If chronic GvHD is suspected, an 
oral or labial biopsy is accordingly recommended. 

6.4.2 Histopathology of Chronic GvHD of the Lung 

While the controversies concerning the existence of acute pulmonary GvHD 
persist, today the existence of chronic GvHD of the lung is largely accepted 
[84,240,277,278]. The lesion most widely agreed to represent a morpholog
ical correlate of or, more precisely, a sequel to chronic GvHD is bronchiolitis 
obliterans (Fig. 6.9). This lesion, observed in about 10% of patients with 
chronic GvHD [70], frequently occurs simultaneously with chronic GvHD of 
extrathoracic sites [71,255,277,278]. Bronchiolitis obliterans is thus a late 
event in chronic GvHD and by no means pathognomonic [176]. Lymphocytic 
bronchitis, by clinicians often ascribed to chronic GvHD, falls into the same 
category and by most pathologists is considered nonspecific [277]. In this 
context it is important to note that those who accept the existence of 
pulmonary GvHD do not claim that the lesions observed are histomorpho
logically specific [351]. 

6.4.3 Histopathology of Chronic GvHD of the Bone Marrow 
and Lymphatic Organs 

There are several possibilities how chronic GvHD can impair hematopoiesis 
[133]. Bone marrow, lymph nodes, spleen, and thymus are major targets for 
GvHD [255]. As a result of damage by chronic GvHD, these organs histolog
ically show varying degrees of lymphocyte depletion (Fig. 6.10) and 
atrophy (Fig. 6.11). Severe immunodeficiency or aplastic anemia can be the 
aftermath [19]. However, in the individual patient other pathomechanisms 
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Fig. 6.9 a, b. Bronchiolitis obliterans in chronic GvHD. Fibrosing granulation tissue 
plugging the lumen of bronchioli (arrows). No lymphocytic infiltration of the pul
monary tissue. Biopsy of a 19-year-old male patient with AUL obtained 8 months 
after HLA-identical allogeneic BMT. Chronic GvHD of the skin and liver were also 
present. Elastica-van Gieson, a x 105, b x 210 
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Fig. 6.10. Lymph node atrophy in chronic GvHD. Marked lymphocytic depletion 
(asterisk). Some residual lymphocytes in the subcapsular cortical region (arrow). 
Post mortem finding in a 52-year-old male patient with CML 10 months after allo
geneic BMT. Extensive chronic GvHD of the skin was also present. H &E, x 105 

besides GvHD may be active in causing immunologic or hematopoietic in
sufficiency [142, 278, 306]. Consequently, the histopathological changes 
shown in Figs. 6.10 and 6.11 basically could be caused by different patho
genic mechanisms. 

Finally, patients with chronic GvHD frequently show signs of autoimmu
nity [70], probably induced by damage to the thymus during acute GvHD 
[283]. To give an example, among many other autoimmune diseases 
polymyositis has been observed as a sequel to chronic GvHD [241]. The 
histomorphology of this disease shows no features characteristic of GvHD, 
but a picture identical to idiopathic polymyositis [241]. 
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Fig. 6.11. Bone marrow aplasia in chronic GvHD. Complete loss of hematopoiesis. 
There are only single lymphoid cells (asterisk) and siderophages (arrow) in the 
medullary stroma. Post mortem finding in the same patient as in Fig. 6.10. H & E, x 420 

6.5 Histological Grading of Chronic GvHD 

There is no generally accepted histological grading system for chronic 
GvHD. The histomorphological assessment of lesions in chronic GvHD is 
primarily used for diagnostic purposes, and mainly clinical criteria are 
employed for grading. The clinicopathological classification system shown 
in Table 4.3 is based on a combination of clinical and histological findings 
[255,305]. There is a close correlation between the three grades of severity 
defined by the classification used in Table 4.3 and the prognosis of patients 
with chronic GvHD [176]. 

Risk factors for chronic GvHD, as already mentioned, are preceding acute 
GvHD and positive skin or lip biopsy at 3 months after allogeneic HSCT 
[176]. When a skin or oral biopsy is positive in a patient with subclinical 
chronic GvHD and GvHD prophylaxis has been discontinued, about 70% of 
patients will develop overt chronic disease within the next few months. 
While patients with limited chronic GvHD usually have a good prognosis, 
the course is frequently unfavorable for those with extensive disease [176]. 
Consequently, the clinicopathological assessment of chronic GvHD possesses 
a considerable prognostic significance. 



7 Immunohistological Features of GvHD 

From the foregoing discussion of the histomorphology of GvHD it is evident 
that a certain number of differential diagnostic problems cannot be resolved 
by routine histology. One asks whether some of these questions can be 
answered by immunohistology, proven to be a valuable diagnostic aid in 
other fields of pathology such as the typing of tumors or of glomeru
lonephritis [60]. 

Do immunohistological markers permit: 

1. The confirmation of GvHD histodiagnosis? 
2. The early diagnosis of acute GvHO? 
3. The clarification of GvHD differential diagnosis? 

Since the present monograph is focused on the clinical and diagnostic 
pathology of GvHD, the findings presented are exclusively based on the 
study of formalin-fixed paraffin-embedded tissues as employed in routine 
pathology. This applies to the published data referred to as well as the im
munohistological investigations performed. One should thus be assured that 
the findings reported are relevant to the clinical and diagnostic pathology in 
man. 

Assessment of immunohistological markers in formalin-fixed paraffin
embedded tissues has become possible since monoclonal antibodies, able 
to detect antigenic epitopes in such tissue specimens, are available [34]. In 
spite of the many morphological studies performed, no immunohistological 
marker has yet been introduced into the routine diagnosis of GvHD. It is 
time to summarize the data collected, define the immunohistological cor
relates of acute and chronic GvHD and, last but not least, determine if 
immunohistological parameters can assist in the diagnosis of GvHD. 

Before addressing these issues, one should remember that the diagnostic 
value of immunohistochemistry is a topic of general importance in pathology. 
A recent statement by a respected pathologist perfectly characterizes the 
situation: " ... it has been my experience when dealing with a considerable 
amount of referred material that if I was not able to make a diagnosis on 
H & E sections it was only very rarely that diagnostic clarification was 
achieved by immunocytochemistry" [111]. With respect to topics such as 
inflammation many pathologists would agree, but definitely not with regard 
to tumor pathology. The question remains whether or not the above state
ment holds true for GvHO? 
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Starting points for an immunohistological analysis of GvHD lesions can be: 

1. Immunophenotypic characterization of the inflammatory infiltrate by 
markers such as CD3, CD20, CD4, CD8, CD57, CD68, CDla [15,165,167] 

2. Immunohistological determination of selective markers of effector cells 
such as TIA-l, HECA-452 or GMP-17 [21,67,276] 

3. Immunohistochemical assessment of surface molecules of epithelial 
target cells such as HLA-DR or ICAM-l [291] 

Within the past two decades these and other aspects of GvHD have been 
studied immunohistologically. However, the purpose of most investigations 
has not been to evaluate the diagnostic potential but to determine the possi
ble pathogenic role of the respective factors in the development of GvHD. 

7.1 Immunohistological Features of Acute GvHD of the Skin 

Most data published on the immunohistochemistry of acute GvHD are 
concerned with findings in the skin. There are several reasons for this: the 
skin is the organ most often involved by GvHD; in the course of the disease 
the skin is affected first; skin biopsies are easy to obtain and do not endanger 
patients; skin biopsies can be repeated without difficulty; the immunohisto
logical features of the skin are the best for correlation with gross and micro
scopic findings. Finally, when a skin rash appears in a patient after allogene
ic HSCT it is normally desirable to clarify the diagnosis as rapidly as possible. 

7.1.1 Immunophenotype of the Inflammatory Infiltrate 

The many immunohistological studies performed within the past 20 years 
unanimously indicate that the inflammatory infiltrate of acute GvHD lesions 
primarily consists of lymphocytes carrying the pan-T-cell marker CD3 
(Fig. 7.1; [165,172,198,217]). These T-lymphocytes belong to the CD8+ as 
well as the CD4 + subset [12, 173]. 

Today, these T-cell subtypes can no longer be interpreted as having dis
crete functions - e.g., CD4+ = T-helper cells, CDS+ = T cytotoxic/suppressor 
cells - since basically both are able to exert both functions [191]. In acute 
GvHD of skin both T-cell subsets can occur in the dermis as well as in the 
epidermis [15, SO, 19S]. However, there is evidence that in fully established 
GvHD lesions CDS+ T-cells predominate in the epidermis (Fig. 7.2) whereas 
CD4+ T-cells predominate in the dermis [55,95]. 

These observations are supported by the briefly described immunohisto
logical study that follows (for details see pp. 127 -128). Skin biopsies of 60 pa
tients with GvHD grade II-III and of 41 patients with non-GvHD inflamma
tory skin lesions (controls) were screened for CD3 +, CDS+, and 0 PD4 + T -lym-
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Fig. 7.1. Acute GvHD of the skin. Diffuse infiltration of the lower epidermis and the 
upper parts of the hair follicle by CD3+ T -lymphocytes (arrows). Biopsy of a 16-year
old male patient with AML obtained 53 days after HLA-identical unrelated allogeneic 
BMT. CD3-immunohistology, x 210 

phocytes, CD57+ NK-cells, CD68+ macrophages, CDla+ Langerhans' cells, 
and CD20+ B-cells. The marker OPD4, which primarily but not exclusively 
reacts with CD4+ T-cells [89], had to be used since CD4 specific monoclonal 
antibodies applicable for the detection of CD4 antigen in formalin-fixed 
paraffin-embedded tissue are not yet available. The results obtained are 
still valid since the predominant localization of OPD4+ T-lymphocytes in the 
dermis in acute GvHD [55,67] has also been observed in the present studies 
(Fig. 7.3). 

A summary of some of the immunohistological findings is shown in 
Fig. 7.4. As is evident CD3+ T -cells are present in the epidermis of practically 
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Fig. 7.2. Acute GvHD of the skin. Infiltration of the epidermis by CD8+ T-Iympho
cytes (arrow). Biopsy of a 16-year-old male patient with MDS obtained 57 days after 
HLA-identical unrelated allogeneic PBSCT. CD8-immunohistology, x420 

all GvHD lesions (97%). In contrast, there is no significant difference in the 
occurrence of CD3+ T-cells in the dermis of GvHD lesions and controls. 
Similarly, CDS+ T-cells are present in the epidermis of about 95% of the 
GvHD skin lesions whereas there is no unequivocal difference in CDS+ 
T-cells in the dermis of GvHD and control lesions. Finally, while OPD4+ 
T -cells occur in the epidermis of only 35 % of GvHD lesions, they are present 
within the dermis in more than 90 %. Once more, there is no significant 
difference in the dermal infiltration by OPD4+ T-cells between GvHD and 
control lesions (Fig. 7.4). 

This study confirms the marked epidermotropism of T-lymphocytes in 
acute GvHD. In addition it corroborates published data on the different 
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Fig. 7.3. Acute GvHD of the skin. Infiltration of the upper dermis by OPD4+ T-Iym
phocytes (arrow). Biopsy of a 3 i/z-month -old male infant with scm and intrauterine 
MFT. OPD4-immunohistology, x420 

localization of CD8+ and OPD4+ T-cells in GvHD skin lesions[55, 95, 168, 
239]. It should also be noted that skin-homing memory T-cells [38] recog
nized by the OPD4 antibody most likely participate in the development of 
the skin lesions of acute GvHD. From the data shown in Fig. 7.4 it is obvious 
that only the study of lymphocytic infiltrates in the epidermis is diagnosti
cally useful. In contrast, the immunophenotypic analysis of dermal infiltrates 
appears irrelevant. 

The selective localization of CD8+ and CD4+ or OPD4+ T-cells within dif
ferent compartments of the skin cannot be considered a permanent feature 
of acute cutaneous GvHD. It may well be a transient phenomenon only 
in fully developed lesions [95]. Unfortunately, there are no studies on the 
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development of acute GvHD using immunohistology for analysis of sequen
tial skin biopsies. 

Inflammatory diseases were originally subdivided, according to the 
prevalence of T-cell subsets, into two groups: (1) diseases with CD4+ T-cell 
dominance and (2) diseases with CD8+ T-cell dominance. GvHD was 
assumed to belong to the latter group [167]. It has become obvious that the 
situation is more complex. Yet it still holds true that classic delayed hyper
sensitivity reactions are primarily mediated by CD4+ T-Iymphocytes [64] 
whereas cytolytic T-cell reactions are mostly mediated by CD8+ T-lympho
cytes [191]. 

By routine histology or immunohistochemistry it is impossible to distin
guish host-derived and donor-derived cells within GvHD lesions. Using in 
situ hybridization (IHS) with a Y-chromosome-specific probe, it has been 
shown in the sex-mismatched constellation that a significant portion 
(45%-90%) of both CD8+ and CD4+ T-lymphocytes found in acute GvHD 
skin lesions are donor-derived [20,316]. The Y-chromosome-positive donor 
cells appear in lesional skin approximately two weeks after allogeneic HSCT, 
correlating in number with GvHD severity [156]. While there are only 
few donor cells in early acute GvHD, the majority of T-lymphocytes in fully 
established lesions are donor-derived. The T-cells within lesional skin, as 
outlined previously, possess anti-host cytotoxic activity [171]. 

NK-cells also are frequently present in acute GvHD of skin [2,15,80,254]. 
Since NK-cells lack an epitope-directed receptor, they cannot be involved in 
the induction of acute GvHD [177]. NK-cells recruited nonspecifically may 
nonetheless contribute to the manifestation of GvHD lesions [156,177,254]. 
Most of the NK-cells express CD57 antigen (Fig. 7.5). However, only about 
50% of the GvHD skin lesions studied showed a CD57+ NK-cell infiltration 
of the epidermis. The other 50 % reacted negative. 

Cells derived from the monocyte-macrophage lineage are regularly 
present in GvHD skin lesions. Very likely most of them serve as scavenger 
macrophages for the local uptake and degradation of cellular debris. By 
immunohistology it can be shown that these cells, occurring in the epider
mis as well as the dermis, express CD68 antigen (Fig. 7.6). In the present 
study CD68+ macrophages were detected in all GvHD skin lesions (100%). 

Another cellular component of the inflammatory infiltrates in acute cuta
neous GvHD are Langerhans' cells. They can be identified immunohistolog
ically using CDla as a marker. Most published work indicates that the num
ber of epidermal Langerhans' cells in acute GvHD, as compared to normal 
controls, is reduced significantly [83,88,95,349]. This most likely is not due 
to GvHD but to toxic effects of the pretransplant conditioning regimen [95, 
311]. The only exception to this rule might be in inborn immunodeficiencies 
such as RD which lack Langerhans' cells a priori [91]. For the rest, the present 
immunohistological studies completely confirm the reported reduction of 
CD1a+ Langerhans' cells in acute cutaneous GvHD. 
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Fig. 7.5. Acute GvHD of the skin. Sparse infiltration of the papillary dermis and 
the epidermis by CD57+ -NK cells (arrows). Biopsy of the same patient as in Fig. 7.2. 
CD 57-immunohistology, x420 

B-cells usually don't belong to the inflammatory infiltrate of acute GvHD 
skin lesions [15, SO, 95,172]. This is not specific for acute GvHD but also 
a finding in other types of acute dermatitis [3]. In any event, in the study 
described here all the GvHD skin biopsies examined for CD20+ B-cells gave 
a negative result. This is in keeping with the idea that acute GvHD represents 
a cell mediated immunopathological reaction. 

Like many other inflammatory skin diseases, acute cutaneous GvHD 
shows a cellular infiltrate with a prominent CD4+/CDS+ T-cell component 
[236, 256]. There is a considerable overlap in the immunohistological 
features of acute GvHD and drug eruptions, erythema multiforme, and 
atopic dermatitis [S3, 92]. It is noteworthy that in acute GvHD the lympho-
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Fig. 7.6. Acute GvHD of the skin. Focal infiltration of the epidermis and the upper 
dermis by CD68+ macrophages (arrows). Biopsy of the same patient as in Fig. 5.17, 
but taken 55 days after BMT. CD68-immunohistology, x420 

cytes show a tendency to infiltrate the epidermis and that, in fully estab
lished GvHD, CDS+ T-cells, at least at times, predominate intraepider
mally. 

The local activity of alloreactive T-cells and/or cytokines leads to the 
recruitment of accessory cells, finally resulting in a complex inflammatory 
infiltrate [97]. This scenario becomes even more evident if one remembers 
that the GvHD infiltrate is composed not only of specifically targeted and 
nonspecifically recruited accessory cells, but also consists of both donor and 
host cells. This latter feature best characterizes the complexity and peculiar
ity of GvHD lesions: local presence and interaction of cells from two differ
ent individuals. 
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7.1.2 Selective Markers of Effector Cells 

A number of investigators have tried to employ more specific markers for 
the immunohistological recognition of GvHD lesions. The mouse mono
clonal antibody TIA-l identifies cytotoxic T-Iymphocytes (CTLs) by reac
tion with a RNA-binding nucleolysin protein [276]. Using this marker CTLs 
can be detected immunohistologically in acute GvHD lesions of skin and lip 
[274,276]. Since TIA-l+ CTLs can also, however, be observed in drug reac
tions and GvHD-like autoimmune skin lesions [168],TIA-l is not a specific 
marker for acute GvHD. 

This lack of specificity is also evident from immunohistological studies 
on intraepidermallymphocytes in psoriatic lesions. CD8+ T-cells, CTLs, and 
NK -cells are characterized by cytoplasmic granules containing the cytotoxic 
proteins GMP-17 (pI5-TIA-I),perforin, and granzyme B [21]. GMP-17+ cells 
are present in the epidermis of acute GvHD skin lesions. In psoriasis a sub
stantial infiltration of lesional skin by CD8+ and CD4+ T-cells is observed. 
These lymphocytes also express GMP-17 [21]. Therefore, the immunohisto
logical assessment of GMP-17 does not discriminate between psoriasis and 
acute GvHD. 

HECA-452 is a rat monoclonal antibody recognizing lymphocytes with 
skin-homing properties [67]. Such cells are capable of a rapid site-specific 
accumulation. Acute GvHD of skin and erythema multiforme share many 
clinical and histological features. Immunophenotypically the two diseases 
are essentially indistinguishable as well. Both types of skin lesions contain 
OPD4+ T-Iymphocytes predominantly confined to the dermis, whereas 
HECA-452+ T-cells, mostly CD8+, concentrate in the epidermis [67]. Conse
quently, the HECA-452 antibody does not immunohistologically discrimi
nate between erythema multiforme and acute GvHD. Nor does the skin
homing T-cell subset, defined by the adhesion receptor CLA (cutaneous lym
phocyte-associated antigen), which besides occurring in acute GvHD is found 
in atopic dermatitis and other inflammatory skin diseases [38,85,256]. 

7.1.3 Markers of Epithelial Target Cells 

Expression of HLA-DR by keratinocytes appears to be an early feature 
of acute GvHD [235,309,311]. While most investigators regard HLA-DR 
expression by epidermal cells, prior to lymphocytic infiltration, a necessary 
step in the development of acute GvHD [12,14,291,292,325]' some do not 
[32]. These latter authors observed HLA-DR+ as well as HLA-DW acute 
GvHD. HLA-DR- lesions were most often found in patients receiving CSA 
prophylaxis, strongly suggesting modification of GvHD immunohistology 
by medication. In follow-up biopsies HLA-DW acute GvHD frequently 
turned into HLA-DR+ acute GvHD [32]. Notwithstanding the correctness of 
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these observations, it is a fact that HLA-DR is expressed by keratinocytes 
and other epithelial cells in toxic as well as infectious lesions [12]. Accord
ingly, HLA-DR fails to qualify as a marker for acute GvHD. 

Formation of intercellular adhesion molecules (ICAM) such as ICAM-l 
by keratinocytes is significantly increased during acute GvHD [291, 325]. 
Likewise is the expression of vascular cell adhesion molecules (VCAM) such 
as VCAM-l on dendritic cells and macrophages [235]. It is known that these 
molecules, like substances heretofore described, are produced not only in 
acute GvHD but also in the course of completely different pathological 
processes [12,334]. The diagnostic value of the immunohistological assess
ment here is unclear. 

7.1.4 Immunohistological Differential Diagnosis 
of Acute GvHD of the Skin 

Histomorphologically, acute GvHD of the skin is a lymphocytic interface 
dermatitis with scattered apoptotic bodies in the epidermis. Immunohisto
logically, it represents a T-cell mediated inflammatory skin disease that 
shares many features with cell-mediated immunopathological reactions 
[191] as well as diseases such as atopic dermatitis [85,256], erythema multi
forme and discoid lupus erythematosus [3], mycosis fungoides [236], viral 
infections of skin [167], and drug-induced dermatitis [83,238]. 

When the actual situation of patients who are at risk of developing acute 
GvHD is taken into consideration, then cutaneous drug eruptions of the 
interface type and viral infections of skin, e. g., by HSV or VZV, are of par
ticular importance in the differential diagnosis [3,227]. Depending on the 
stage of development, these skin lesions may show a close immunohistologi
cal similarity to acute GvHD. Inflammatory infiltrates composed of CD3+, 
CD4+, CD8+ T-Iymphocytes, and NK-cells, increased expression of HLA-DR, 
ICAM-l, VCAM-l, and other activation or adhesion molecules can occur 
in all these skin lesions. No single immunohistological marker or marker 
pattern on its own is specific for acute GvHD [227,325]. However, if the clin
ical context and the histomorphological findings are taken into account, then 
certain immunophenotypical markers can be useful diagnostically. 

Table 7.1 summarizes the immunohistological findings in acute GvHD of 
the skin. In most instances the observations are in agreement with published 
data. Whether the lesions in other GvHD target organs show the same im
munohistological characteristics remains to he seen. 

The conclusions that can be drawn concerning the diagnostic value of 
immunohistological markers in acute GvHD of skin are listed in Table 7.2. 
Independent of all other aspects, the most important conclusion is that only 
immunohistological features of the epidermis are characteristic while find
ings in the dermis are not discriminatory. 
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Table 7.1. Immunohistological findings in grade II-III acute GvHD of the skin 

1. Infiltration of the epidermis and dermis by CD3+ T-cells 
2. Infiltration of the epidermis predominantly by CDS+ T -cells 
3. Infiltration of the dermis predominantly by OPD4+ T-cells 
4. Absence of CD20+ B-cells from the epidermis and dermis 
5. Inconsistent infiltration of the epidermis by CD57+ NK-cells 
6. Strong infiltration of the epidermis and dermis by CD6S+ macrophages 
7. Reduction of CD1a+ Langerhans' cells in the epidermis 

Table 7.2. Conclusions concerning the diagnostic value of immunohistological 
markers in acute GvHD of the skin 

1. The epidermis is the primary target of alloreactive T-Iymphocytes in acute 
GvHD. 

2. The immunophenotype of lymphocytes in the epidermis only is important in 
acute GvHD. 

3. The immunophenotypical analysis of lymphocytic infiltrates in the dermis is 
not informative. 

4. No single immunohistological marker or marker pattern is pathognomonic 
for acute GvHD. 

5. The combination of clinical, histomorphological, and immunohistological data 
can be helpful diagnostically. 

7.2 Immunohistological Features of Acute GvHD of the Liver 

The number of studies on the immunohistology of acute GvHD of the liver 
as compared to reports on acute GvHD of the skin is very small. In addition, 
the immunohistological analysis of hepatic GvHD is more difficult because 
of the inconsistency and uneven distribution of lesions in this organ. Pub
lished information on this topic is very limited. 

7.2.1 Immunophenotype of the Inflammatory Infiltrate 

Acute GvHD of the liver is characterized by a sparse to moderate portal 
infiltration of T-Iymphocytes, macrophages, and CD57+ NK-cells [291]. The 
T-cells infiltrate and destroy the epithelia of small intrahepatic bile ducts 
[314]. Immunohistologically, they primarily belong to the CD4+ or OPD4+ 
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Fig. 7.7. Acute GvHD of the liver. Sparse infiltration of a portal triad by CD8+ T-Iym
phocytes (arrow). Two small bile ducts are recognizable. Biopsy of a 13-year-old male 
patient with FA obtained 3 months after HLA-identical related allogeneic BMT. Acute 
GvHD of the skin was also present. CD8-immunohistology, x 420 

subtype, to a lesser extent to the CD8+ T-cell subset (Fig. 7.7; [63,170,213]). 
This pattern may change with time [314]. The portal infiltrates also contain 
macrophages and CD56+ or CD57+ NK-cells [170,291]. B-cells are only rarely 
found in acute hepatic GvHD [63]. 

From the study of liver GvHD after sex-mismatched HSCT with Y-chro
mosome-specific ISH, it is known that the majority of T-lymphocytes 
present in hepatic lesions are donor-derived [9]. This is evidence that allore
active donor T-cells in fact are active locally. It also indicates that Y-chromo
some-specific ISH is a valuable tool for confirming the diagnosis of acute 
GvHD [9]. 

7.2.2 Selective Markers of Effector Cells 

By immunolabeling with antibodies to GB4 (a serine protease present in the 
granules of activated T and NK-cells) most of the cytotoxic T-lymphocytes 
in hepatic GvHD lesions show signs of activation [170]. This again is not 
specific for GvHD. 
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7.2.3 Markers of Epithelial Target Cells 

In the early stages of acute hepatic GvHD the bile duct epithelia, but not the 
hepatocytes [325], show an increased expression of HLA-DR [63,213,314]. 
Since this response can also be observed in primary biliary cirrhosis, it is not 
pathognomonic for GvHD [213]. 

7.2.4 Immunohistological Differential Diagnosis of Acute GvHD 
of the Liver 

Several diseases immunohistologically resemble acute hepatic GvHD. These 
are autoimmune cholangitis (AI C), primary biliary cirrhosis (PBC), and 
occasionally viral hepatitis [87, 170]. Basically, an immunohistological simi-
1arity exists between acute GvHD of the liver and acute liver allograft rejec
tion [249]. In practice a distinction of these two is not required since the liv
er itself is typically not involved when acute GvHD develops after allogeneic 
liver transplantation [59,345]. There is evidence, however, that CD4+ T-cells 
dominate in hepatic GvHD [170,213] whereas CD8+ T -cells playa major role 
in liver allograft rejection [249]. Since clearcut distinction of acute hepatic 
GvHD from AI C is not possible, and since distinction from PBC is feasible by 
other means (see p. 92), only viral hepatitis is important with regard to dif
ferential diagnosis. 

The similar immunohistological pattern of hepatic GvHD and PBC possi
bly suggests a similar pathomechanism [213], namely, activity of alloreactive 
T-cells in GvHD and of autoreactive T-cells in PBC [63,170]. 

7.2.5 Immunohistological Criteria of Acute GvHD of the Liver 

The histomorphological picture of acute hepatic GvHD, as outlined before, 
is relatively characteristic. Regarding immunohistological criteria one might 
point out that: 

1. The lymphocytic infiltration of portal triads and small bile ducts in par
ticular includes CD4+ or OPD4+ T-cells. 

2. CD20+ B-cells are absent from liver tissue. 

7.3 Immunohistological Features of Acute Gastrointestinal GvHD 

Although the involvement of the GIT plays an important role in the clinico
pathological manifestation of acute GvHD there are only few immunohisto
logical studies on gastrointestinal GvHD. This may be due in part to the 
fact that the assessment of the GIT, with use of endoscopy and biopsy, is 
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more complicated than that of the skin. Also, the histological as well as the 
immunohistological evaluation of gastrointestinal biopsies is more difficult 
because of the "physiological inflammation" of the intestinal mucosa. Ap
proximately 70% of the T-Iymphocytes normally present in the intestinal 
lamina propria carry the CD4 phenotype, while most of the intraepithelial 
T -lymphocytes carry the CD8 [342]. B-cells usually concentrate to the follicles. 
The normal presence of these cell types in the GIT, in contrast to their normal 
absence from skin and liver, complicates the evaluation. 

7.3.1 Immunophenotype of the Inflammatory Infiltrate 

If one takes into account the inherent difficulties associated with the 
immunohistological interpretation of gastrointestinal biopsies, it is not sur
prising that many findings reported are contradictory [198, 311]. However, 
most investigators agree that the number of intraepithelial CD8+ T-Iympho
cytes is increased in acute GvHD of the GIT (Fig. 7.8; [87,311,325,342]). It 
must be emphasized that donor-derived intraepithelial CD8+ T-Iympho
cytes are present in destructive lesions of acute gastrointestinal GvHD [216]. 
Some authors also report an increased infiltration of the mucosa by CD4+ 

Fig.7.S. Acute GvHD of the colon. Increased number of CDS+ T-Iymphocytes in 
crypt epithelium (arrows). Multiple apoptotic bodies are visible. Biopsy of the same 
patient as in Fig. 5.15. CDS-immunohistology, x420 
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T-cells [87,342]. No significant change has been observed with respect to 
NK-cells and macrophages [311,325]. 

7.3.2 Selective Markers of Effector Cells 

Activation markers of T -cells show no significant change in patients with 
acute GvHD of the rectal mucosa [311]. It is unknown if this finding is rep
resentative for gastrointestinal GvHD as a whole. 

7.3.3 Markers of Epithelial Target Cells 

In the early phase of acute GvHD of the GIT an increased expression of 
HLA-DR by enterocytes has been observed [216, 309, 311]. This is not a 
phenomenon characteristic for GvHD since it also occurs in other types of 
gastrointestinal damage. 

7.3.4 Immunohistological Differential Diagnosis of Acute GvHD of the GIT 

Immunohistological features resembling acute gastrointestinal GvHD have 
been observed in CMV infection of the GIT [86]. Clarification is possible by 
identifying CMV cells through immunohistochemistry (IHC) or ISH [22]. 
The his to morphological and immunohistological analysis may of course be 
more difficult when GvHD and CMV occur simultaneously [86]. 

7.4 Immunohistological Features of Acute GvHD of Other Organs 

Several papers describe the immunohistological features of acute GvHD of 
the oral mucosa and salivary glands [349]. In most instances, the results of 
immunophenotypic analysis of inflammatory infiltrates in these lesions 
closely resemble findings in the skin, liver, and GIT. Biopsies from the oral 
mucosa or lower lip are diagnostically the most relevant [274]. 

7.5 Immunohistological Features of Chronic GvHD 

In contrast to acute GvHD, relatively few studies have reported on the 
immunohistology of chronic GvHD. This may be due to the ease with which 
chronic GvHD can be diagnosed clinically and/or histologically in most 
instances. There is no need for these more complex diagnostic measures. It 
may be important to note that patients with chronic GvHD frequently 
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Fig. 7.9. Chronic GvHD of the skin, lichenoid type. Infiltration of the upper dermis 
by OPD4+ T-Iymphocytes (arrow). Biopsy of the same patient as in Fig. 6.1. OPD4-im
munohistology, X 420 

receive some kind of immunosuppressive treatment. This may considerably 
modify the immunohistological findings as well as the histopathology of 
lesions. 

7.5.1 Immunohistological Features of Chronic GvHD of the Skin 

Chronic cutaneous GvHD has been studied immunohistologically much less 
frequently than the acute variety [291]. This is particularly true for chronic 
sclerodermatous GvHD which lacks a distinct inflammatory infiltrate. 
Chronic GvHD of the lichenoid type is characterized by a bandlike infiltrate 
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in the upper dermis; it contains CD3+ T-cells but no B-cells [15]. In some 
immunohistological studies a predominance of CD8+ over CD4+ T-cells is 
reported in the dermal lymphocytic infiltrates [15, 115, 148]. Other studies 
indicate that CD4+ or OPD4+ (Fig. 7.9) can exceed CD8+ T-Iymphocytes [95, 
198,349]. Whatever the truth may be, more important than the question of 
which T-cell subset predominates is the observation that both T-cell types 
possess specific anti-host cytotoxicity [171]. 

Whereas chronic GvHD of the lichenoid type lacks CD20+ B-cells, plasma 
cells are frequently present. Lesions also contain CD68+ macrophages and 
melanophages. Interestingly, NK-cells usually are not detectable immuno
histologically [15,95]. 

In chronic cutaneous GvHD, focal infiltration of the basal layers of the epi
dermis by lymphocytes, sometimes accompanied by keratinocyte apoptosis, 
indicates activity and progression of the disease. These focal epidermotropic 
lymphocytic infiltrates usually consist of CD8+ T-cells [95]. 

7.5.2 Immunohistological Features of Chronic GvHD of the Liver 

In chronic GvHD of the liver an aberrant expression of MHC class II antigens 
by bile duct epithelial cells is evident [63]. Otherwise, immunohistological 
data on chronic hepatic GvHD are very sparse. 

7.5.3 Immunohistological Features of Chronic Gastrointestinal GvHD 

The large and small intestines are not consistantly and not severely injured 
by chronic GvHD. The gut exhibits nonspecific changes including sub
mucosal fibrosis and increased infiltration by lymphocytes and plasma cells 
[291]. The few immunohistological data available are not particularly in
formative. 

7.5.4 Immunohistological Features of Chronic GvHD of Other Organs 

A predominance of CD8+ over CD4+ T-cells has been observed in lichenoid 
GvHD lesions of the oral mucosa [115, 148]. In contrast, in true lichen 
planus, histologically indistinguishable from the lichenoid type of chronic 
GvHD, CD4+ exceed CD8+ T-cells [149]. 



8 Conclusions 

GvHD represents a unique immunopathological process induced by interac
tion of alloreactive T-Iymphocytes with distinct target tissues. Nonimmuno
logical factors are involved as well. GvHD affects many organs such as the 
skin, liver, and GIT and sometimes runs a devastating or even lethal course. 
GvHD may develop in different clinical settings such as blood transfusion, 
MFT, DLI, or SOT. However, most often it is observed as a complication of 
allogeneic BMT or PBSCT. In the latter case the histomorphology of lesions 
can be modified considerably by GvHD prophylaxis or treatment. This must 
be taken into account when analyzing the clinical and diagnostic pathology 
of GvHD today. 

Understanding of the histomorphology of GvHD is considerably im
proved by knowledge of GvHD pathogenesis. Whereas the inductive phase is 
dominated by the immunologically specific action of alloreactive T-Iym
phocytes, in the effector phase nonspecific factors such as cytokines are 
also involved. In the analysis of GvHD lesions the identification of the im
munospecific components (alloreactive T-cells) appears more important 
than the detection of the later nonspecific effects. 

Before discussing the histopathology it should be pointed out that 
patients with GvHD may exhibit three different types of lesions: (1) histo
morphologically characteristic, exhibiting as hallmarks of acute GvHD intra
epithelial infiltrates of T-Iymphocytes and apoptotic target cells; (2) histo
morphologically not characteristic, lacking crucial criteria for GvHD and 
hence not helpful in histological diagnosis; and (3) histomorphologically 
variable, not caused by GvHD but by microbial infections or drug toxicity, 
i. e., GvHD-associated lesions. Insufficient awareness of the existence of these 
three different types of lesions is one of the reasons for the confusion in the 
literature concerning the histological features of GvHD. 

8.1 Histomorphology of GvHD 

The present monograph focuses on practical aspects of the clinical and 
diagnostic pathology of GvHD. It contains abundant illustrations of the 
gross and microscopic characteristics of GvHD. Appreciation of the clinical 
appearance is important because diagnosis must be based on clinical as well 
as pathological findings. 
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Histologically acute GvHD lesions in the skin, liver, and GIT are charac
terized by lymphocytic infiltration of the target structures and apoptosis of 
target cells. No single histopathological phenomenon is specific, pathogno
monic for acute GvHD. However, there are histological patterns that are 
characteristic and in the appropriate clinical context permit the diagnosis of 
acute GvHD. Such patterns are: lymphocytic interface dermatitis with indi
vidual keratinocyte apoptosis, dysplasia and destruction of small bile ducts 
associated with portal lymphocytic infiltration, increased lymphocytic infil
tration of the intestinal mucosa with apoptosis of enterocytes and "explod
ing crypts:' The histological diagnosis of acute GvHD is thus based on pat
tern analysis, not on the detection of one or two specific morphological phe
nomena. 

In this context it is important to stress that the diagnostic potential of 
skin, liver, or GIT biopsies in GvHD differs, depending on its purpose. Should 
the biopsy: 

l. Confirm the clinical diagnosis? 
2. Establish a diagnosis on its own? 
3. Determine the efficacy of GvHD treatment? 

Obviously it will be much easier to answer the first and the third question 
than the second. 

The diagnostic reliability of the histological approach can be improved 
considerably and diagnostic pitfalls can be avoided by optimal timing of 
biopsies, repeated biopsies, serial sections of tissue probes, and -last but not 
least - by a close clinicopathological correlation. It should be further under
stood that whereas the GvHD lesions of the major target organs skin, liver, 
and GIT are relatively characteristic histologically, GvHD of other organs 
such as lymph nodes, thymus, and bone marrow shows only cellular deple
tion and atrophy. Diagnostic pathology therefore concentrates on the three 
classic target organs of GvHD. This holds true for both acute and chronic 
GvHD. 

8.2 Immunohistology of GvHD 

Since histomorphology is frequently insufficient in the recognition of early, 
mild, or atypical GvHD, the diagnostic potential of immunohistology has 
been studied intensively. Out of the many immunohistological parameters 
tested on paraffin sections of GvHD lesions, only the immunophenotypic 
analysis of inflammatory infiltrates has proved worthwhile diagnostically. 
CD8+ T-lymphocytes in the epidermis are characteristic of fully developed 
acute GvHD of the skin. In contrast, OPD4+ T-lymphocytes predominate in 
the dermis of such lesions. As with histomorphology, no single immunohis
tological phenomenon is specific or pathognomonic for acute GvHD. That 
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being said, the presence of CDS+ T-lymphocytes in the epidermis, in con
junction with apoptotic keratinocytes, is compatible with the diagnosis of 
acute GvHD. In contrast, the immunophenotypic analysis of inflammatory 
infiltrates in the dermis is not discriminatory and is diagnostically irrelevant. 

The results of immunophenotyping of inflammatory cells in acute GvHD 
of the liver and GIT are basically similar to those of the skin. However, 
the immunohistology of liver and GIT is more difficult to interpret and less 
informative. Early diagnosis of acute GvHD is possible neither by histomor
phology nor by immunohistology. In essence, immunohistological analysis 
only provides a modest gain of diagnostic information. 

8.3 Synopsis of Pathological and Clinical Data on GvHD 

The his to morphological evaluation of biopsies in GvHD has diagnostic as 
well as prognostic relevance. Histological grading of acute and chronic 
GvHD in the three classic target organs, skin, liver, and GIT, possesses con
siderable predictive value - in particular if the histological findings are used 
in conjunction with the clinical data. 

Morphological analysis frequently must be done today on biopsies of 
patients receiving immunosuppressive GvHD prophylaxis or treatment. 
Under such conditions a reliable histological diagnosis can be very difficult. 
It is naive to believe that the diagnosis can be based on just one histomor
phological, immunohistological, or any other parameter. GvHD diagnosis 
must be established by a combination of clinical and pathological findings. 
Clinical and pathological data separately are unreliable. If judiciously com
bined, a safe diagnosis is possible. As a matter of fact, the clues nowadays to 
the morphological diagnosis of GvHD are based on a close clinicopatholog
ical correlation. Until clinicians find a better means of diagnosis, histomor
phology and - to a modest degree - immunohistology will remain useful di
agnostic tools in GvHD. 



9 Methods Used 

Since the present monograph is focused on the clinical and diagnostic pathol
ogy of GvHD, the findings presented are exclusively based on the study of for
malin-fixed paraffin-embedded tissues, as employed in routine pathology. 
This applies to the histomorphological and immunohistological investiga
tions performed as well as to the published data cited. This should ensure that 
the findings reported are relevant to clinical and diagnostic pathology in man. 

All biopsies and post mortem tissue probes studied were fixed in 4% 
buffered formalin for 12 - 24 h and subsequently embedded in paraffin. For 
routine histology, immunohistology, and histochemistry, paraffin sections 
were used throughout. No frozen sections were employed. 

9.1 Histological Methods 

Routine histological stains and special stains were prepared as described by 
Romeis [258]. 

9.2 Immunohistological Methods 

Most of the immunohistological studies reported in this monograph were 
performed retrospectively using paraffin blocks kept in archives. In each 
instance the tissue specimen was first reexamined histologically for confir
mation of the presence of GvHD lesion(s). 

Paraffin-embedded biopsies of acute and chronic GvHD of skin, liver, and 
GIT were studied immunohistologically. Corresponding probes of non
GvHD inflammatory lesions of skin,liver, and GIT served as controls. To un
mask antigenic sites paraffin sections were either pretreated with proteases 
or by microwave exposure. Unfortunately, the latter treatment, although 
effective in epitope retrieval, frequently resulted in poor structural preser
vation of tissue sections. 

In most of the immunohistological analyses the avidin-biotin complex 
(ABC)-method was employed [34]. For the detection of CD3+ and CD8+ 
T-cells the Dako EnVision system was used [36]. To make the immunohisto
chemical reactions visible, 3-amino-9-ethylcarbazole (AEC) was employed 
as chromogen. Hematoxylin was used to counterstain the sections. 
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For immunophenotypic analysis of inflammatory infiltrates, present in 
GvHD or control lesions, the following panel of primary antibodies (ab) was 
employed: Polyclonal ab to CD3 (Dako, Code A0452) as a pan T-cell marker, 
monoclonal ab to CD8 (Dako, Code M7103) as a marker to identify this 
T-cell subset, monoclonal ab OPD4 (Dako, Code M0834) as a substitute for 
CD4 specific ab, monoclonal ab to CD57 (BioGenex, Code 314 M) to detect 
NK1-cells, monoclonal ab to CD20 (Dako, Code M755) as a pan B-cell mark
er, monoclonal ab to CD68 (Dako, Code M876) to assess cells derived from 
the monocyte-macrophage lineage, monoclonal ab to CDla (Immunotech, 
Code 1590) to identify Langerhans' cells. 

ODP4 was employed because CD4 specific antibodies applicable to paraf
fin sections are not available yet. OPD4 does not selectively recognize CD4+ 
T-Iymphocytes but a larger T-cell subset probably characterized by the 
CD45RO antigen [89]. 

For the evaluation of immunohistological reactions a semiquantitative 
scoring system was used with regard to cells that were labeled: - = none, 
+ = single, ++ = many, and +++ = very numerous (see Fig. 7.4). 

9.3 TUNEL Staining 

Programmed cell death and simple cell necrosis cannot be distinguished un
equivocally by routine histology. Therefore, in situ visualization of apoptosis 
was achieved by the terminal deoxynucleotidyl transferase (TdT)-mediated 
dUTP-biotin nick end labeling (TUNEL) method described by Gavrieli et al. 
[1l9].AEC was employed as a chromogen. 
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