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Preface

Traditional understanding of anti-tumor
immunity is based on the theory of immuno-
logical surveillance and it suggests function
of cytotoxic lymphocytes that can recognize
tumor-specific antigens and lyse malig-
nantly transformed cells. However tumor
development is not the direct result of
immune system disorders and even in
case of marked immuno-deficiencies, in
particular, in patients – transplant recipients,
immune dysfunction does not always lead
to higher cancer incidence comparing with
total population. This phenomenon may be
explained by the concept of immuno-editing,
which suggests that anti-tumor immunity
effectors can not only protect the organism
from tumor development, but also select low
immunogenic clones of transformed cells that
can escape from immuno-biological surveil-
lance. Mechanism of avoiding the immune
attack is primarily due to the lack of
specific antigens on tumor cell surface and
loss or down-regulation of expression rate
of molecules of major histocompatibility
complex, which are necessary factors for
initiation of adaptive immune response and
generation of antigen-specific T-lymphocytes.
Therefore recent data have more often given
evidence in favor of innate immunity being
the main weapon of immune surveillance over
tumor development. And NKs play the crucial
role as they can recognize and lyse trans-
formed cells in MHC and antigen independent
manner. An important part in realization

of anti-tumor defense is assigned to other
effectors of innate immunity as well, first
of all, as potential NK activators, such as
dendritic cells and natural killer T-cells. Along
with the mentioned functions innate immunity
effectors can have a negative regulatory effect
on anti-tumor immuno-biological surveillance
by secreting Th2 cytokines. Contemporary
standpoints in understanding mechanisms of
innate and adaptive immunity are the basis
for development and improvement various
methods of adoptive immunotherapy.

Anti-tumor immunity has been subject of
most thorough interest and detailed investi-
gation over the last decades. Nowadays more
and more specialists in medicine and adjacent
areas face the problem of immuno-biological
surveillance function. Research data on this
issue are diverse and extensive. In numerous
monographs, educational books and scien-
tific papers a keen reader can find practi-
cally any material concerning the questions
of interest. The purpose of the present
publication is to convey considerably full
and up-to-date information to the reader
in a reasonably comprehensible format. To
make the material easy for perception the
Atlas has a large number of illustrative
pictures, which also help to track interrelations
between morphological features of anti-tumor
immunity effectors and their phenotype and
functional characteristics. The Atlas is aimed
at a wide audience of students and teachers
of medical and biology faculties, specialists
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of research laboratories and diagnostics
centers, practicing oncologists and immunol-
ogists, as well as physicians of different
specializations.

The Atlas comprises over 200 figures and
schemes referring to effectors of anti-tumor
immunity and methods of anti-cancer adoptive
immunotherapy.
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1. Adoptive immunotherapy for human cancers: Flagmen signal
first “open road” then “roadblocks.” A narrative synopsis

JOSEPH G. SINKOVICS
St. Joseph’s Hospital’s Cancer Institute Affiliated with the H. L. Moffitt Comprehensive
Cancer Center at the University of South Florida College of Medicine
Department of Medical Microbiology & Immunology, the University of South Florida College
of Medicine, Tampa FL
USA

Keywords: Immune T cells, NK cells, TREG cancer vaccines, codon CUG

Abstract

There was overwhelming evidence documented in vitro in the early 1970s for lymphocyte-mediated cytotoxicity
to autologous cancer cells. Cancer-bearing patients circulated small compact lymphocytes in their blood that
promptly killed their tumor cells in vitro. These lymphocytes were identified later as CD8+ immune T cells.
Tumor cells were killed by cytoplasmic lysis with perforins and granzymes, or by nuclear clumping by Fas ligand
and related ligands. With the discovery of T cell growth factor (interleukin-2), the road for lymphocyte therapy
of human cancers appeared wide open. Then emerged the “large granular lymphocytes”. These cells occurred not
only in patients with cancer, but in healthy cancer-free individuals. The author of this article served as “negative
(healthy) control” in the cytotoxicity assays in the late 1960s and early 1970s. Some project site visitors of the
National Cancer Institute could not comprehend that “immune reactions could exist without pre-immunization”
and referred to the phenomenon as an “in vitro artifact” (worse than that: they canceled grant support for its
study). It was years later, that first in mice and then in human patients the “large granular lymphocytes” were
recognized as natural killer cells. Then emerged the “suppressor/regulatory T cells” (TREG). This lymphocyte
population is responsible for curtailing autoimmune reactions against “self ”. Tumor cells masquerading as “self ”
are protected by TREG against cytotoxicity executed by immune T cells, and even by NK cells. Adoptive immune
lymphocyte therapy of human cancer will be effectively resolved when technology develops for the neutralization
of the TREG population.

1.1. Flagmen Signaling: “The Road
Is Clear!”

1.1.1. “Starry Sky”

In the 1960s monocytes and macrophages
were given the credit for being the major

defensive cells by engulfing and digesting
cancer cells. In the “starry sky” histolog-
ically viewed phenomenon, antibody-coated
lymphoma cells were phagocytosed and
digested by macrophages. These phenomena
occurred in human Burkitt’s lymphoma and
in a retrovirally induced mouse lymphoma
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2 J.G. Sinkovics

(reviewed in references [86, 87]). This event
may result in antigen-presentation by the
macrophage to CD4 lymphocytes (vide infra).

1.1.2. Cytotoxic Lymphocytes

By the early 1970s it has become abundantly
documented that autologous lymphocytes
killed various types of human malignant
cells in vitro. In the chamber-slide assay,
it was actually visualized that small
compact lymphocytes promptly surrounded
and lysed autologous tumor cells, and
large granular lymphocytes attacked and
killed allogeneic tumor cells (reviewed
in references [82, 90, 93, 97, 98]). In
radioisotope assays, these events were
not actually seen, but the radioisotopes
released from disintegrating tumor cells
exposed to purified lymphocyte prepara-
tions were readily detectable (reviewed
in reference [93]). Figures 1.1–1.3 show

Figure 1.1. Chondrosarcoma cells established in
permanent culture in 1968–9 (cell line #1459) of
male patient (MDAH #73587). Scale bar: 20 �m

microphotographs of historical value: in 1969
the author serving as “healthy negative
control” yielded large granular lympho-
cytes from his blood that killed allogeneic
cancer (chondrosarcoma) cells in vitro.
Figure 1.2 show the patient’s autologous
small compact lymphocytes (later recog-
nized to be immune T cells) surrounding
and attacking autologous chondrosarcoma
cells. Figure 1.3 shows the healthy
control’s (JGS, author of this article) large
granular lymphocytes (later recognized to be
natural killer cells) attaching firmly to the
allogeneic chondrosarcoma cell. Figure 1.4
displays a morphological comparison of
small compact (immune T cell) and large
granular (NK cells) human lymphocytes
reacting to a sarcoma cell. Figure 1.5
depicts large granular lymphocytes (NK
cells) mobilized after immunotherapy of the
patient with a viral oncolysate vaccine.
The patient with metastatic liposarcoma was
in remission; his NK cells release their
cytoplasmic granules as they react to an
allogeneic sarcoma cell; his immune T
cells are in the minority of the reactive
lymphocyte population [93]. Figure 1.6
compare lymphocyte-mediated cytolysis and
nuclear lysis of the targeted malignant
cells.

1.1.3. Death by Design

Cancer cell death was seen to occur either
by cytoplasmic lysis or by nuclear clumping.
Perforins or granzymes released by cytotoxic
T lymphocytes caused the cytoplasmic
lysis (reviewed in reference [82, 93]). The
complement-related perforins [66] punctured
holes in the cancer cells’ cytoplasm; through
these holes the cytoplasm poured out. Fas
ligand (FasL) and related death domain ligands-
to-receptors processes (FasL-to-CD95Fas;
tumor necrosis factor-related apoptosis-
inducing ligand, TRAIL) induced a cascade
terminating in the activation of caspases and
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Figure 1.2. The patient’s (MDAH #73587) “small compact lymphocytes” (later recognized to be
immune T cells) purified from his blood, immediately surround and lyse his autologous tumor
(chondrosarcoma) cell in vitro. In a: The tumor cell targeted by the lymphocytes succumbs to

cytolysis. Scale bar: 20 �m. In b (in black and white), the tumor cell withstands the attack of the
autologous small compact lymphocytes: some of the lymphocytes undergo nuclear clumping (arrow),
other lymphocytes show fine cytoplasmic vacuolizations. These pictures were taken on September 8,

1969. Scale bar: 10 �m

nucleases clumping and cutting the cells
chromosomes and the DNA strands within in
a ladder-like fashion (reviewed in reference
[85, 92]). Thus, the phenomena of externally
induced programmed cell death (apoptosis)
were re-discovered: the processes known to
have occurred in the ontogenesis of worms
(Caenorhabditis) and insects (Drosophila)
became applicable to the host- tumor
relationships, even though physiologically,
during ontogenesis, the mitochondria-
initiated endogenous apoptosis might have
been more frequent, than the exogenous
forms of programmed cell death [92].

1.1.4. “No Immunity May Exist Without
Pre-immunization.” The Story of
NK Cells

In observing in vitro the phenomena of
lymphoid cell-induced tumor cell death, a
major controversy had arisen, when it was
found that healthy (tumor-free) individuals
yielded from their blood samples lymphoid-
like cells that killed allogeneic tumor cells
(reviewed in reference [93]). Representatives

of a major granting agency considered the
phenomenon an “in vitro artifact,” occurring
in the chamber-slide assays, inasmuch as
immune reactions without pre-immunization
were not supposed to have developed in
a healthy host. Healthy donors of those
“large granular lymphoid cells” that killed
allogeneic tumor cells in vitro were considered
to be survivors of latent cancers; this notion
was withdrawn when male donors of these
lymphoid cells (first of them the author of
this article) killed female ovarian, uterine and
breast cancer cells in vitro. Graph 1.1 shows
an early experiment, in which the author’s
lymphoid cells (the “large granular lymphoid
cells”) suppressed the growth of allogeneic
tumor cells; the reaction to this phenomenon
was reviewed in reference [93]. From the first
observation of these large granular lympho-
cytes of healthy donors killing allogeneic
tumor cells in vitro (1969) to the acceptance
that natural killer cells existed (1974–1975)
almost five years went by [42]. The ancestors
of the innate NK cells were recognized
in the ascidian protochordate, the Botryllus,
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Figure 1.3. Lymphoid cells taken from the blood
of the healthy control donor (JGS (the author of
this article)) surround, but do not immediately

attack the patient’s (MDAH #73587)
chondrosarcoma cell; the small compact

allogeneic lymphocytes refrain from attacking the
patient’s tumor cell, but the “large lymphoid cells
with granular cytoplasm” (later recognized to be
natural killer cells) firmly attach to the patient’s
tumor cell (arrows). Some 36–48 hours later the

“large granular lymphocytes” of the healthy
donor will kill the patient’s tumor cells, either by
nuclear clumping (apoptosis in the pre-apoptosis
era), or by cytolysis. These photographs, taken

on December 3, 1969, are the first pictures
showing human natural killer (NK) cells

attacking an allogeneic human tumor
(chondrosarcoma) cell. Scale bar: 10 �m

emerging during the Cambrian explosion
(cited in reference [93]).

1.1.5. The Contribution of the B-Cell
Compartment

Antibody- and complement-induced tumor
cell death was documented after the
discovery and clinical administration of
monoclonal antibodies. Even better, in the
ADCC-reaction, the Fc receptor-possessing

Figure 1.4. For comparison, in the center, a large
lymphocyte with granular cytoplasm (arrow),
later recognized to be an NK cell and a small
compact lymphocyte, later recognized to be

immune T cells, are positioned next to a
multinuclear sarcoma cell showing early signs of

cytoplasmic lysis. Scale bar: 10 �m

monocytes-macrophages and NK cells were
activated to kill tumor cells, either by perforin
release or by apoptosis induction [101].

1.1.6. Tumor Cells Armed with FasL
Are Killed by Leukocytes

When tumor cells acquire FasL expression
to kill those immune Fas+ host lymphocytes
[62, 85, 92], which express the Fas receptor
(CD95), granulocytes (polymorphonuclear
leukocytes) attack and kill (enzymatically
digest) such tumor cells [29, 62, 111].
In Epstein-Barr virus-carrier nasopharyngeal
carcinoma cells, FasL expression by tumor
cells correlated with IL-10 secretion, and with
latent membrane protein -2 (LMP) formation
[62]. These events immortalize the tumor
and suppress Th1-type immune reactions in
the host in favor of a Th2-type immune
environment in which the tumor prevails.

1.1.7. Cancer Vaccines Induce Th1-Type
Host Immune Response

The innate and adaptive immune systems are
not well united in their anticancer reactions.
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Figure 1.5. Male patient (MDAH #90641) with
liposarcoma in remission received

immunotherapy with sarcoma “viral oncolysates”
in the mid-1970s; he mobilized a great number of
large granular lymphocytes (later recognized to

be NK cells) releasing their solubilized
cytoplasmic granules (arrows), and small

compact lymphocytes (later recognized to be
immune T cells). The lymphocytes attack a

sarcoma cells (from established cell line #3743),
from which sarcoma cell line, the viral oncolysate

vaccine was prepared. Scale bar: 10 �m

Disintegrating tumor cells, fused with, or
engulfed by and within macrophages and
dendritic cells (DC), release their tumor
antigens for the expression of these peptides
on the surface of these professional antigen-
presenting (PAP) cells. Major histocompati-
bility (MHC) class I molecules ascend from
the endoplasmic reticulum, passing through
the Golgi system, to the cell surface. From the
cell’s proteasomes, transporter proteins (TAP)
move exogenous antigenic peptides into the
antigen-presenting sites (groves) of the MHC
molecules. The class I MHC molecules
present antigenic peptides to CD8+ T lympho-
cytes. Endogenous antigenic peptides synthe-
sized in the endoplasmic reticulum are

expressed by MHC class II molecules, and
are presented to CD4+ T lymphocytes. The
T cell receptor (TCR) makes contact with the
antigenic peptide, but the T cell initiates its
activation processes only after the binding of
its CD28 ligand to the costimulatory receptor
B7 of the PAP. If the expanding reactive
(immune) T cell clone secretes interferon-
gamma (INF�), the host will create a Th1
immune environment characterized by high
IL-2 and tumor necrosis factor-alpha (TNF�)
levels, and by lymphocyte-mediated cytotox-
icity carried out against tumor cells. If the
expanding reactive (immune) T cell clone
secretes IL-4, the host will create a Th2
immune environment characterized by high
IL-10 and high antibody levels and very
low, if any, lymphocyte-mediated cytotox-
icity directed at tumor cells. The placenta
of the fetus and tumor cells alike, thrive to
induce a Th2-type host immune environment.
Many pathogens, from viruses (HIV-1),
through intracellular bacteria and single-
celled pathogens (plasmodia, leishmania), to
helminths prevail in a Th2-type immune
environment of the host, but may perish
(become rejected) in a Th1-type immune
environment.

Many cancer vaccines (irradiated tumor
cells; tumor cell lysates) of the past failed to
induce Th1-type immune response in the host.
Viral oncolysates (VOs) mobilized NK cells
(and some immune T cells) (reviewed in refer-
ences [91, 94]), and exerted protection against
micrometastases left behind after surgical
removal of gross tumors. VOs were used
as vaccines to prevent relapses in malignant
melanoma [17]. Even when a VO vaccine
failed to induce a remission (in patients with
metastatic sarcoma), it rendered tumor cells
in vaccinated patients more susceptible to
co-administered or subsequent chemotherapy
[91, 95].

Dendritic cell (DC) vaccines are prepared
from DCs and autologous irradiated tumor cell
chimeras, or from DCs loaded (pulsed) with
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Figure 1.6. Comparison of cytoplasmic and nuclear lysis of targeted tumor cells by autologous small
compact lymphocytes (later recognized to be immune T cells). a Shows cytoplasmic lysis, b shows
nuclear lysis of the targeted autologous tumor cells. Scale bar: 10 �m. The author (JGS) applied to

Professor József Tímár, editor of the journal Pathology Oncology Research (Budapest, Hungary) for
permission to be granted for the reproduction of these figures from the journal’s volume

19(3):174–187, 2004

tumor antigen peptides [57]. DC vaccines are
expected to break the host’s tolerance toward
its cancer and mobilize immune CD8+ T cells.
On occasion, DC vaccines are able to mobilize
immune responses strong enough to induce
remissions of established tumors. Long stabi-
lizations of partially remitted tumors are the
most common responses to currently used DC
cancer vaccines. Patients receiving vaccina-
tions against cancer yield immune lymphocyte
clones for adoptive immunotherapy (vide
infra). For patients with metastatic prostate
cancer, a vaccine is being licensed; the vaccine
consists of antigen-presenting cells (APC)
loaded with a fusion protein; the fusion
protein is formed by the enzyme prostate-
specific acid phosphatase and granulocyte-
monocyte colony-stimulating factor (GM-
CSF). Vaccinated patients experience tumor
size reductions and significantly prolonged
survival [7].

The graft-versus-leukemia reaction was
discovered in mice [84]; it benefited human
bone marrow transplant recipients mightily for
decades, especially when the anti-leukemia

effects could be separated from the anti-
recipientattack[100].ADCvaccinepotentiates
the graft-versus-leukemia reaction [76]. DCs
transfected with tumor antigen mRNA and co-
expressing IL-12 generate anti-tumor cytotoxic
T cell clones [12]. Genetically engineered
cancer vaccines express cytokines-chemokines
for T cell (INF� or IL-2), or for DC (GM-CSF)
stimulation [35, 70]. A DC breast cancer
vaccine targets the amplified oncogene HER-
2/neu by releasing bursts of IL-12 driving
the host to create a Th1-type immunological
environment, in which cytotoxic lymphocytes
attack the target [22].

1.1.8. Costimulatory Lymphokines

The efficacy of cancer vaccines or adoptively
re-infused immune T cells/LAK cells (vide
infra) is often potentiated by the co-
administration of IL-2 or IL-12. It is
medical history that metastatic melanoma
and kidney carcinoma responded best to
IFN� and IL-2 (early results reviewed in
reference [83]). Osteogenic sarcoma, Ph+
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Graph 1.1. The lymphoid cells (Ly) of the healthy donor
(JGS (the author of this article)) taken from his blood,
consisted of small compact (in the majority) and large

granular (in the minority) lymphocytes. In August 1971, the
existence of natural killer (NK) cells was far from being
recognized. The author (JGS) and his associates (Drs. H.
David Kay and H. Thota reviewing this experiment soon
thereafter) presumed that the large granular lymphoid cell

population was responsible for the suppression of growth of
the allogeneic tumor cell lines, as shown in the growth

curves, in contrast to the sharp growth of control cell lines
not exposed to the lymphocytes: cell line #2089,

rhabdomyosarcoma; cell line #1757, osteosarcoma; and cell
line #2305, female breast carcinoma. These cell lines were

characterized in the reference “Growth of human tumor cells
in established cultures” by J. G. Sinkovics et al, Methods in

Cancer Research, Academic Press, volume XIV,
pp 243–323, 1978. The original 1971 graph was re-drawn by
an artist for the Oncology Times (in volume XVIII/7 pp 2–3,
1996) with faithful reproduction of the growth curves of the
targeted tumor cell lines. The issue of the Oncology Times

which published the graph was edited by editor S.
Stockwell; the graph is reprinted here without her objections

chronic myelogenous leukemia and hairy
cell leukemia responded to IFN�, but
somewhat less successfully. This author
predicts that the era of targeted cancer
therapy will be followed by a second
phase, when inhibitors of oncogenic kinase
pathways will be combined with biologicals
and immunogens (oncolytic viral therapy;
cancer vaccines; interferons and interleukins
and immune lymphocytes). This combined
approach will probably be applied first to the
now incurable glioblastoma multiforme. For
this tumor, vaccination with a viral oncolysate
of the autologous tumor followed by adoptive
lymphocyte therapy has been proposed in
a protocol that adds immunotherapy to the
standard (but ineffective) therapy of surgical
(incomplete) removal of the tumor, radio-
therapy to the brain and chemotherapy with
temozolomide [96].

1.1.9. Adoptive Lymphocyte Therapy

Expanded ex vivo, autologous lymphocytes
cytotoxic to the patient’s own tumor cells
are re-infused intravenously and continued to
be expanded in vivo by the co-administration
of low doses of IL-2. Again, metastatic
melanoma and kidney carcinoma respond
the best [71]; however, durable complete
responses are rare outside the NIH/NCI
clinics; instead, durable minor and partial
responses are commonly observed [93].
Joseph C. Horvath and the author reported
complete remissions induced by adoptive
lymphocyte therapy: in one patient with
ovarian carcinoma showing resolution of
intra-abdominal tumors (cited in reference
[93]), and in one patient with relapsed
Hodgkin’s disease showing Reed-Sternberg
cells in the bone marrow undergoing apoptotic
deaths upon close encounter with ex vivo
expanded and intravenously and repeatedly
reinfused autologous lymphocytes (cited in
reference [92]).
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1.1.10. Immune Gene Therapy

Transduction by retrolenti- or adenoviral
vectors of the genes that encode the receptors
of immunoreactive T cells directed at tumor
cell peptide epitopes, into naïve lymphocytes
of the host (or a healthy donor) creates a
population of specifically immunoreactive T
cells, which when expanded in vitro and
then in vivo, can secure an attacker (effector,
Teff ) and memory T cell population, that
would secure permanent immunity against
the targeted tumor cells [31, 45]. The main
targets of this new technology are metastatic
melanoma and renal cell carcinoma.

1.2. Flagmen Signaling: “Roadblocks
Ahead!”

1.2.1. The Tumor Cell Expropriates the
Host’s Immune Defense Reactions
for its Own Promotion

Human melanoma cells have been recognized
to use IL-2 and its receptor (IL-2R) in an
autocrine growth loop for self-propagation [1,
39]. Other human melanoma cells converted
the FasL-to-Fas “death domain” into an
autocrine growth loop. For the mechanism of
this activity, the melanoma cell might have
utilized some misaligned broken chromo-
somes leaving the Fas receptor expressed
on the cell surface, but uniting its intra-
cellular domain with that of the G-CSF
pathway; this way, the captured FasL would
induce cell mitoses. Indeed, the two chromo-
somes that harbor the genes for the Fas
receptor (10q23–26) and G-CSF (1p32–34)
frequently suffer breaks in melanoma cells.
The broken chromosomes misaligned may
function as a fusion oncoprotein: t(1;10)(p32–
34;q23–26) [85, 92]. Indeed, fragments of
these two chromosomes could be united ex
vivo [104]. Glioblastoma cells were shown
to utilize the FasL-to-Fas reaction as an
autocrine growth circuit [79]. Neuroblastoma

cells utilize TNF� for their own growth stimu-
lation [36]. B-lineage chronic lymphocytic
leukemia cells are driven by IFN� to grow
and are protected from apoptotic death by
stromal-derived factor-1 (SDF-1) [14, 15, 92].
Sèzary cells use IL-7 and IL-15 as their growth
factors [68].

Kaposi’s sarcoma (KS) cells harboring
their causative virus HHV-2, utilize growth
factors produced by the host: these are
IFN�� TNF�, IL-6 and nerve growth factor;
but a KSHV/HHV-8 gene also encodes
an IL-6-like molecule. The virally encoded
kaposin protein (vide infra) induces malignant
transformation in heterologous (murine) cells.
KS cells induce the host to provide neoan-
giogenic factors (vascular endothelial growth
factor, VEGF) and produce their own
neoangiogenesis-inducer growth factor, basic
fibroblast growth factor, bFGF. KS cells
harbor and express an endogenous retro-
virus (reviewed in references [88, 89]). It is
proposed that either a retrovirally encoded
and intranuclearly translocated DNA-binding
protein, or the insertion of the retroviral
proviral DNA next to the bFGF gene at the
locus 11q13 induces bFGF overproduction in
KS cells [99].

1.2.2. Regulatory T Cells. Immature
Tolerogenic DCs

The host must be protected against
autoimmunity, and successfully accomplished
immune reactions must be terminated. The
healthy host generates a population of T cells
(TREG) in the fetal thymus and in the periphery
that accomplishes these tasks. Immature
DCs in the immunological synapse estab-
lished with T cells, induce tolerance. The
CD4+CD25+FoxP3+ TREG cells expand under
the effect of IL-2 and terminate CD8+ T cell-
mediated immune reactions. Tumor cells
mobilize the chemokines (vide infra) that
attract TREG cells into the tumor’s microenvi-
ronment. There, TREG cells eliminate immune
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T cells and exempt the tumor from a Th1-type
immune attack. Immature DCs and TREG
cells by secreting IL-10 and TGF�, tolerize
��TCR+ CD8+ T cells, which abstain from
attacking tumor cells; veto T cells express
FasL and kill Fas receptor-expressor CD8+

immune T cells [64].

1.2.3. Subversion of Innate Chemokines

Notoriously, it is stromal-derived factor
(SDF-1, CXCL-12) expressed by tumor cells
(for example, by ovarian carcinoma cells)
that attracts the TREG cells expressing its
receptor, CCR4, to the tumor bed, where
the CD3+CD4+CD25+�IL-2R	 forkhead box
FoxP3+ TREG cells attack and kill CD8+

immune T cells, thus eliminating a potentially
effective anti-tumor immune reaction of the
host [78].

1.2.4. Fusions of Tumor Cells with
Macrophages, Lymphocytes
or with other Tumor Cells

Fusion of an antibody-producer plasma cell,
or a cytokine-secretory T cell with a malignant
lymphoid (myeloma) cell in the laboratory
created the B cell and T cell hybridomas
of Kohler and Milstein, and gave rise
to the industrial production of monoclonal
antibodies (reviewed in reference [86]). This
author (JGS) observed already in the 1960s
“natural hybridoma” formation in vivo in
a case of a retrovirally induced mouse
lymphoma [86, 87]. The lymphoma cells
fused with a mouse leukemia virus-specific
antibody-producer plasma cell. The fused cell
gained increased virulence and pathogenicity
and resisted lymphocyte- and antibody-
mediated immune reactions of the host,
but succumbed to macrophages engulfing
antibody-coated lymphoma cells, thus creating
the “starry sky” phenomena [87]. Since then,
many other cases of cell fusions between
a malignant cell and a host lymphocyte, or

macrophage, have been observed. In these
unions, it is usually the defensive cell that is
subverted to serve the malignant cell.

Malignant cell populations are heteroge-
neous. Individual malignant cells fused by
a fusogenic virus, may create multinucleated
tumor cell chimaeras with increased malig-
nancy [110]. In these chimaeras, two or
more oncogenic pathways, that functioned
separately in the individual tumor cells, now
operate in unison in the fused “multikaryons”.
Fusogenic viruses may infect a tumor-bearing
host naturally, or may be introduced into
a tumor-bearing host with the intention of
viral therapy of cancer, since many fusogenic
viruses are also oncolytic (like the vesicular
stomatitis virus, VSV). If the fused cancer
cells eventually succumb to oncolysis, as
in the case of VSV (reviewed in reference
[95]), the tumor-bearing host was served well.
However, if the fused tumor cells resist viral
oncolysis, the host may succumb to a tumor of
increased virulence (unless the virally fused
tumor cells display increased susceptibility to
targeted- or chemotherapy).

1.2.5. Subversion of the Tumor Stroma

The tumor stroma frequently supports the
tumor by providing growth factor chemo-,
lympho-, and cytokines, and provides the in-
growth of newly formed blood vessels. It is the
tumor that evokes these reactions by releasing
the proper inducing factors and the subverted
stroma readily obliges the tumor (reviewed in
reference [94]).

1.2.6. Induction of Blocking Antibodies

In the Th2-type host environment, antibodies
are produced that cover antigenic tumor cell
epitopes, thus “blinding” immune T cells,
which see “self ” immunoglobulins, instead a
tumor antigen. These T cells will refrain from
an attack on a “self ” structure. Experiments
carried out in vitro in the early 1970s in the
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author’s laboratory and expressed as growth
curves in graphs, showed that the anti-tumor
cell cytotoxicity of “large granular lymphoid
cells” (later recognized to be NK cells) was
frequently enhanced by antibody-pretreatment
of the tumor cells, whereas the cytotoxicity
of “small compact lymphocytes” (later recog-
nized to be immune T cells) was frequently
blocked by antibody-pretreatment of the tumor
cells (cited in reference [93]). The explanation
was revealed by the discovery of the antibody-
directed cell-mediated cytotoxiciy (ADCC)
reaction later; NK cells do, immune T cells
do not, possess Fc receptors for the capture
of the heavy chain end of immunoglobulin
molecules. This contact, the antibody’s light
chain end on its specific antigenic target
and the antibody’s heavy chain fitted into
the FcR of a macrophage or NK cell,
triggers the release of cytolytic molecules
(perforins; granzymes) from the attacker
cell that lyses the target cell. Fortuitously,
nonspecific antibodies may cover epitopes
on the melanoma cell surface and inhibit
the access of disialoganglioside-recognizing
immune T cells to their target [48].

1.2.7. Tumor Target Antigen Withdrawal

If a tumor cell can survive without the
expression of a cell surface antigen, if the
structure is not essential for the tumor cell’s
survival, under immunological attack, the
tumor cell will withdraw the expression of
that antigen, and thus exempt itself from being
subjected to an attack by a killer lymphocyte
specifically directed to that antigen. The
phenomenon is best observed when antigens
targeted by monoclonal antibodies (CD20
targeted by rituximab) disappear from the
lymphoma cells; and the expression of tumor
antigens targeted by immune lymphocytes
could be cancelled just the same. Cancer
cells readily shed their “carcinoembryonic
antigens (CA-125, CA-15-3, CEA, PSA);
ovarian carcinoma cells treated with erlotinib

and/or cetuximab release CA-125 excessively
[53]; such a reaction is not a sign of
failure to respond to the treatment. Antigenic
epitopes shed from the cell surface may
react with their specific antibodies extracel-
lularly, with no consequences to the cell
[11, 53].

1.2.8. The Codon CUG versus
the Codon AUG

Major shock waves shook up cell biolo-
gists in 1979 and again in 1981, when
human mitochondria decoded the isoleucine
code AUA as methionine and some yeast
cells defied the immutable universal genetic
code further by decoding the leucine codon
CUG as serine [37, 56, 73]. The codon
AUA was used for the initiation of protein
synthesis (translation) in the ancient Archaea
[50]. Certain proteins are synthesized (initiate
translation) not from the standard initiator,
methionine codon AUG, but from the leucine
codon CUG, therefore in the protein product,
leucine can be replaced by serine. The
consequences are biological-functional for the
protein, and immunological for the host, as
the changed protein structures may escape
recognition by immune T cells, since proteins
derived from translation initiation at CUG
are “unanticipated proteins” [77]. Some cell
surface proteins encoded by a mouse leukemia
(Moloney) retrovirus derived from CUG [67].
The Tat protein of the equine anemia retro-
virus is initiated at the CUG codon [61, 75].
The Tax protein of the human lymphotropic
retrovirus type I uses CUG as an additional
initiation codon [19]. Kaposi sarcoma cells
(vide supra) encode the neoangiogenic bFGF
both from AUG and CUG initiator codons; the
two products differ in biological behavior (and
presumably in antigenicity). The CUG product
localizes in the nucleus; the AUG product
localizes in the endoplasmic reticulum’s
secretory pathways and induces cell growth
in colonies in soft agar [3, 4, 20, 108]. The
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ORF K12 of the KS-associated herpes virus,
HHV-8, encodes the kaposin proteins. The
kaposin proteins derive from variant transla-
tional initiation at the CUG codons [58, 72].
The human proto-oncogene c-myc encodes its
proteins Myc1 and Myc2 from two initiation
codons, CUG and AUG. If targeted therapy
suppresses AUG, the tumor cell will produce
Myc proteins from CUG [9]. The pim gene
is the locus for the insertion site of retro-
viral DNA provirus in T cell leukemias; the
human Pim protein is a serine/threonine kinase
regulating Ca++/calmodulin metabolism and
it is over expressed in hematolymphoid
malignancies. The pim mRNA alternately
initiates Pim protein translation from initiator
codons AUG or CUG. The standard AUG-
derived Pim protein is induced by cytokines
and it functions as a positive (“booster”)
immunomodulatory molecule [6, 52, 74]. How
about the CUG-derived Pim? The Wilms
tumor suppressor protein WT may derive from
initiator codon AUG, or CUG [16]; would the
CUG-derived WT protein function as a tumor
suppressor? The tumor stroma may produce
AUG-derived and CUG-derived VEGF [44];
would the CUG-derived VEGF be suppressed
by bevacizumab as well as the AUG-derived
VEGF?

Defiance of the universal genetic code has
apparently been practiced widely by some
ancient plant cells (Arabidopsis) [24, 38],
plant viruses (wheat mosaic virus) [80],
viruses of mammalian cells (Sendai virus)
[55], and healthy cells (archaea; prokaryota;
single-celled eukaryota), both in nuclear and
in mitochondrial genes [65, 113]. HeLa cells
practice unconventional translation initiation
of the enzyme trypsinogen 4 isoform B at
leucine codon CUG (not at the conventional
methionine codon AUG); thus the enzyme is
expressed with a leucine N terminus [60].
When oncogenic viruses and tumor cells
assume this practice, it may serve them well in
their escape of host control. It is the TCRs that
recognize the peptides of oncogenic kinases,

and a changed amino acid in the strand could
mean non-recognition.

1.2.9. Incapacitation of Lymphocytes

It is a common observation that circu-
lating lymphocytes in a tumor-bearing host
are malfunctioning and are not capable
to activate their cytotoxic pathways. The
“activation-induced T cell death” sets in as
the antigen-engaged CD4+ T cells intrinsi-
cally activate their own FasL-to-Fas death
domain. Myeloma cell-derived glycolipids
incapacitate NK cells, which fail to respond
with IFN� production in a ligand-dependent
manner [26]. Gangliosides/glycosphingolipids
are shed from tumor cells. Kidney carcinoma
cell-derived gangliosides induce apoptotic
deaths in host immune T cells; it is TNF�
that promotes the release of these lymphotoxic
substances from the tumors cells [54, 69, 107].
Not only cytotoxic chemotherapy, but some
agents of the new targeted therapeuticals also
damage lymphocyte function. The proteasome
inhibitor bortezomib: it can induce remission
of multiple myeloma, but it incapacitates DCs.
It inhibits CD4+ T cell and NK cell activation
by DCs; DCs fail to produce TNF� or IL-
12 [102].

1.2.10. Induction of Neoangiogenesis.
Tumor Cells Become
Endothelial-Like Cells

Tumor cells either induce the stroma to
produce VEGF, and VEGF-R+ endothelial
cells respond with proliferation, or the
tumor cell itself will produce VEGF to
induce neo-angiogenesis. In a most bizarre
manner, tumor cells may transform into
endothelial-like cells and form channels for
the influx of more blood into the tumor
bed. The phenomena of “vascular mimicry”
are practiced by melanoma, glioblastoma,
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ovarian and lung carcinoma, and sarcoma
cells [27, 105]. In the placenta, extravillous
trophoblasts enter maternal spiral arteries
to settle as endothelial-like cells; these
cells create “flaccid conduits” with wide
lumens for the influx of oxygenated maternal
blood to the fetus (reviewed in reference
[93]).

1.2.11. Th2-Type Immune Environment
Induction

The mother’s tolerance to the fetus and
its placenta, and the host’s tolerance to
its tumor occur in a Th2-type immuno-
logical environment (reviewed in reference
[93]). Interleukins IL-4 and IL-10, TGF�
and various classes of immunoglobulins (not
necessarily virus neutralizing, or complement-
fixing, or ADCC-inducing antibodies) rule
the Th2-type environment. A large number
of infectious pathogens prevail in the host’s
Th2-type environment. In contrast, when
the CD4+ T cell disengaging from its
immunological synapse formed with an
antigen- presenting mature DC, secretes
not IL-4, but IFN�, in response, the
host will create a Th1-type immunological
environment. In the Th1-type immunological
environment the host mobilizes immune
CD8+ T cells, which attack virally infected
cells, cells infected by intracellular bacteria,
unicellular parasites, and malignantly trans-
formed cells. Cyto- and lymphokines (TNF�,
IL-2, IL-12) promote these activities at
the risk of parenchymal tissue destruction
(“collateral damage”). TREG cell clones rise
and terminate the immune reactions before
their completion [64]; IL-10 production
secures viral, bacterial and parasite persis-
tence [8, 13], new clones of malignant cells
arise that expropriate the host’s cyto- and
lymphokines for their own promotion (vide
supra).

1.3. A New Armada of Young
Oncologists Removes
the Roadblocks

1.3.1. Elimination of TREG Cells.
Neutralizing Hostile Chemokines

It is not easy to get rid of TREG cells; they
use chemokines (SDF-1) and IL-2 for their
locomotion and clonal expansion. Fludarabine
and cyclophosphamide decimate their clones,
but also kill immune CD4 and CD8 T cells
exposing the host to fungal, mycobacterial,
and protozoal infections. The CD25+ TREG
cells may be suppressed by the immuno-
toxin denileukin diftitox. Pre-immunization
of the host against the FoxP3+ TREG cells
may suppress their uprise [59]. Bicyclam
derivatives, plerixafor (Mozobil) block the
chemokines receptor CXCR, thus stem cells
are released from the bone marrow into the
circulation [30], whereas TREG cells (and
suppressor macrophages or DCs) are deprived
of their chemokines support.

1.3.2. Administering Chemotherapy After
Tumor Vaccination

Cancer vaccines receive severe criticism
because of lack of activity, not only in
therapeutic, but also in preventive clinical
trials. This author agrees that irradiated
tumor cell and tumor lysate vaccines do
not induce remissions of metastatic disease
and seldom, if ever, prevent the recur-
rence of surgically and incompletely removed
cancers. The adverse criticism conspicu-
ously left out viral oncolysates (VO), which
were proven effective as a prophylactic
vaccine against melanoma micrometastases at
Emory University (Atlanta, GA), even though
VO failed to induce remissions in estab-
lished metastatic disease (reviewed in refer-
ences [17, 94]). VO vaccination of patients
with metastatic sarcomas was combined with
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chemotherapy and, in that clinical setting, it
increased the response rates in comparison to
that of patients receiving chemotherapy alone.
In the cases of several other human tumor
categories (pancreatic cancer; prostate cancer;
small cell lung cancer), vaccinations against
the metastatic cancer failed to score signif-
icant benefits, however, vaccinated patients
experienced much improved response rates to
chemotherapy (reviewed in reference [95]).

The newly designed cancer vaccines will
refute the aspersions cast at them in general. A
melanoma vaccine co-administered with IL-
12 augmented immune reactivity of the high-
risk recipients [41]. Indeed, documentation
for generation of tumor antigen-specific T
cells in vaccinated patients is very convincing
[25, 49, 112]. Should not GM-CSF and IL-12
be a standard adjuvant for vaccination against
cancer, as this combination may surpass IL-2
[63, 103]? In the case of multiple myeloma,
the IL-12/GM-CSF combination was feasible
with a most promising performance [40].

1.3.3. Collecting Immune Lymphocytes
for Adoptive Therapy After Tumor
Vaccination

The idea that post-vaccination immune
lymphocytes will be either more immunore-
active or are produced in increased numbers
was quite an obvious one [91]. It has now been
documented that patients immunized with
HER2-neu protein or peptide vaccines, yield
immune CD4 and CD8 lymphocyte clones
that could be expanded in vitro with IL-2.
The immunoreactive clones were free of TREG
cell contamination, rendering them ready for
adoptive immunotherapy [23, 49].

1.3.4. Combining Antibody Therapy with
LAK Cell Adoptive Therapy

Monoclonal antibodies rituximab (anti-CD20)
and trastuzumab (anti-HER2-neu) lyse their
targeted B lineage lymphoma cells, or

breast cancer cells, either by complement-
or by ADCC-mediated reactions. It is the
FcR-expressor NK cells, which potentiate
the efficacy of these (and other) mcabs
[2]. Joseph C. Horvath and this author
proposed to combine these mcabs with autol-
ogous lymphokine-activated killer (LAK)
cell infusions. However, the project was
not financed; instead immunostimulatory
lympho/cytokines (IL-2; IL-12) were co-
administered at the Mayo Clinic (Rochester,
NY) to patients receiving rituximab therapy
with benefits claimed [2]. The Mount Sinai
School of Medicine (New York, NY) proved
that allogeneic NK cells potentiated the
efficacy of trastuzumab [101].

1.3.5. Combining Cancer Vaccines and
Adoptive Lymphocyte Therapy with
Lymphokine Inducers of Th1-type
Immune Reactions of the Host
(IL-12)

Joseph C. Horvath and the author used
the Emory University (Atlanta, GA) viral
oncolysate (VO) melanoma vaccine [17, 94]
with either IFN�, or IL-2, or GM-CSF
added to it subcutaneously. Other cancer
vaccines are being administered with low
dose cyto/lymphokines combined with them.
IL-12 is the latest addition. In non-
randomized clinical trials, it is not possible
to express statistically significant, evidence-
based results. The consensus of opinion is that
reduced dosage of cyclophosphamide dimin-
ishes the arousal of TREG cells; and limited
dosage of IFN� and/or IL-2 potentiate the
efficacy of certain cancer vaccines [22, 41,
49, 63, 103, 112]. In the case of melanoma
vaccines, caution is in order concerning the
adjuvant administration of IL-2, inasmuch as
an exceptional human melanoma subclone
might have expropriated the IL-2-to-IL-2R
circuit, as its growth loop (vide supra).
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1.3.6. Repairing Damaged Lymphocytes
and NK Cells. Activating
Monocytes and Dendritic Cells

Kidney cancer cells not only secrete lympho-
cytotoxic gangliosides (vide supra); the
programmed death ligand-1 (PD-L1) of the
B7 super family is paradoxically activated
in kidney cancer and melanoma cells
by IFN�. An anti-PD-L1 mcab released
immune helper CD4 lymphocytes to act
in the direction of Th1-type anti-tumor
immune reaction generation [10]. CD8+
immune T cells proliferate and react to
tumor antigens presented to them by heat
shock protein 90 (HSP90)/tumor antigen-
peptide complexes [51]. DCs expressing
the NK�V�24V�1	T cell ligand, when
pulsed with a-galactosylceramide, regain their
reactivity (that was suppressed by glycolipids
of myeloma cell derivation) to kill CFD1d+
tumor (myeloma) cells [26]. The ganglio-
sides squamous carcinoma cells release,
downregulate MHC class I antigen-presenting
molecules in DCs. Inhibition of glucosyl
transferase in the tumor cells reduces the
release of these gangliosides. Recombinant
IL-15 restored the DCs ability to present
antigens in MHC molecules to autologous
T cells [106]. One of the earliest results with
allogeneic lymphocyte therapy was reviewed
well (including adoptive lymphocyte therapy
for EBV-infected patients) [100]. Allogeneic
lymphoid cells of healthy donors are exempt
from the damages the T lymphocytes and NK
cells of tumor-bearing patients are exposed to,
and often fail to endure. Kidney carcinoma
cells are highly vulnerable to allogeneic CD8+
T lymphocytes taken from healthy donors,
preferably matched siblings [28, 46].

1.3.7. Using Genetically Engineered
Immune Lymphocytes for Adoptive
Therapy

In the USA NIH, NCI, a complete remission
was induced in a patient with metastatic

melanoma with adoptive autologous T
lymphocyte therapy; the lymphocyte were
transfected with and expressed the TCR
specific to a melanoma cell antigen [45]. The
technology to raise immune T cell clones
expressing TCR directed at specific tumor cell
antigens for adoptive therapy, has now been
readied from singled out individual patients to
clinical trials [31]. Some limitations persist;
one problem to deal with is the emergence
of tolerogenic DCs, that suppress the reactive
lymphocyte population [18, 33].

1.3.8. Converting the Stroma
from Tumor-Friendly
to a Tumor-Hostile Environment

Primary cancers developing in the hotbed
of a chronic inflammatory environment are
induced and supported by the stroma of the
tumor bed (cited in references [88, 89]) (in
which the opposite effect, the anti-sarcoma
effects the Coley toxins were marveled about).
Primary cancers induced by oncogenic viruses
or by genetic mutations eventually and subse-
quently subvert their stroma to provide growth
factors and blood vessels to the tumor. A
large and established primary cancer switches
its growth tactics after metastatic tumors
are separated from it. At this point of its
existence, the large established primary tumor
will produce neo-angiogenesis inhibitors
(endostatins; angiostatins) to suppress the
establishment of its own metastases [32].
However, the counter-strategy of the metas-
tases is to subvert their new niche for the
induction of support. Surgical removal of the
large established tumor relieves the metas-
tases from the exposure to neo-angiogenesis
inhibitors secreted by the established primary
tumor. Post-amputation osteosarcoma patients
experienced these tragic consequences quite
conspicuously. This author believes that the
pioneering Swedish natural IFN clinical trials
preventing post-amputation lung metastases
(cited in reference [81]) were due to the
anti-angiogenic effects of the IFNs. The
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author’s associates presented selected case
histories of patients with silent micrometas-
tases, which rapidly manifested and estab-
lished themselves after the surgical removal
of the primary tumor [43]. This is the
clinical setting in which postoperatively anti-
neoangiogenesis agents (endostatins, inter-
ferons), cancer vaccines, adjuvant chemo- or
targeted therapy, and all other means of tumor-
suppressive interventions should be applied.
Endostatins were tried against established
large and metastatic tumors (and failed);
endostatins should be tested in neo-adjuvant
trials against micrometastases.

There are no established treatment protocols
that would convert a tumor-friendly stroma
into a tumor-hostile environment. There
are biologically active potentially effective
compounds that may alter the activities of
stromal cells in the tumor bed. The plant
alkaloid halofuginone is a quinazolinone; it
inhibits collagen synthesis; down-regulates
the kinase p38MAPK, the apoptosis inhibitor
NF
B, the immunosuppressor and Th2-type
immunity inducer TGF�, and the proto-
oncogenes/oncogenes ErbB2 and Met; it is
anti-neoangiogenic; it may activate the tumor
suppressor gene WT. Its immunomodulatory
effects are unpredictable: it inhibits IL-4,
a pro-Th2 agent, but also may suppress
IFN� and TNF�, which are proTh1 agents
(reviewed in reference [89]). The peri- or
intratumoral injection of IL-2, IL-12, or
GM-CSF offer the best chance to alter
the circumstances in the tumor’s microenvi-
ronment from a tumor-friendly to a tumor-
hostile attitude [5, 34, 47].

1.3.9. Introducing Naturally Oncolytic or
Genetically Engineered Oncolytic
Virus Therapy in Combination
with Other Means of Therapy

Naturally oncolytic viruses often limit their
replicative cycles to tumor cells, that are
deprived of endogenous IFN production [94].

In tumor cells, the H/KRas oncoproteins, the
guaninetriphosphate (GTP)-Ras, dephospho-
rylate the enzyme of the dsRNA-activated
protein kinase (PKR). Cells with the inactive
enzyme can not initiate IFN production; thus
the Ras oncogenes create an IFN-free intra-
cellular environment within tumor cells. Most
naturally oncolytic viruses (Newcastle disease
virus, NDV; reovirus; vesicular stomatitis
virus, VSV) are suppressed by INF-producer
healthy cells; however, in tumor cells these
viruses replicate uninhibitedly and actually
kill the tumor cells when the new viral
progeny burst out of the infected cells.
The genetically engineered oncolytic viruses
(adenoviruses, herpes viruses, measles virus,
retrolentivirus) carry pro-apoptotic genes
(p53), and cyto/lymphokine genes (INF�,
IL-2, IL-12, GM-CSF) into tumor cells. In
expressing these genes, the tumor cell may
die an apoptotic death or attract immune
T cells or stimulate DCs to generate an anti-
tumor immune reaction. In themselves, or
in combination with other means of therapy
(biologicals; targeted therapy; reduced dosage
chemotherapy), viral therapy of human tumors
will be incorporated into the armamentarium
of strong antitumor agents in the very near
future [109]. An ONYX oncolytic adenovirus-
related agent is being licensed for cancer
therapy in China [21, 114].

1.3.10. Discovering New Anti-Tumor
Antibiotics

Building on the old tradition, emerging from
Rutgers’ Waksman Institute (New Brunswick,
N.J.) of the 1960s and 1970s, that antibiotics
can kill cancer cells (actinomycin), or alter
the host reactions to the tumor, in favor of
the host, several powerful antibiotics were
developed elsewhere for cancer therapy
(adriamycin and its derivatives, bleomycin,
mithramycin, mitomycin, neocarzinostatin).
Newer developments include rapamycin,
geldanamycin (ansamycin) and tunicamycin.
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Rapamycins suppress mTOR signaling,
suppress the PI3K/Akt “cell survival
pathway”, downregulate the anti-apoptotic
survivin, and upregulate the pro-apoptotic
p53. Curcumin (diferuloylmethane) imitates
rapamycin by inhibiting the phosphorylation
of the mTOR/Akt complex. The ansamycin,
17-AAG inhibits HSP90 and arrests the
cell cycle in G1. Leukemic cells arrested
in G1 undergo apoptosis. Gastrointestinal
stromal cell tumors with mutated c-kit
oncogene are killed by 17-AAG. This
geldanamycin inhibits the unison between
the ligand hepatocyte growth factor/scatter
factor and its receptor, the oncogene Met.
In bone marrow stromal cells (vide supra)
supporting mutated hematopoietic cells of
myelodysplasia, 17-AAG suppresses VEGF
production. Combined with rapamycin,
the two antibiotics switch off the consti-
tutively activated PI3K/Akt pathway in
myeloma cells. Tunicamycin inhibited the
replication of the Rous sarcoma virus. It
inhibited the locomotion and metastasis
formation of rhabdomyosarcoma cells and
prevented the activation of Ewing sarcoma
cells by mevalonates (reviewed in reference
[89]). The newest developments include
17-demethoxy-geldanamycin (to surpass
17-AAG); chrysomycins for topoisomerase II
inhibition; leptomycin analogue kazusamycin
for inhibition of nuclear translocation of
proteins, rebeccamycin for topoisomerase I
inhibition; reveromycin for EGF inhibition;
and many others to follow.

1.4. An Addition: The
Armamentarium of the United
Innate/Adaptive Immune Systems

Opsonized phagocytes, Toll-like receptors and
their ligands, chemokines and their receptors,
complement precursors, intracellular Nod-
receptors, lectin-like and other humoral
antibacterial substances in the hemolymph
and specialized cells in coeloma cavities and

in the lymph constitute the innate immune
system, that sustained unicellular and the
first multicellular organisms for millennia.
Inhibitory RNA (iRNA) was probably the first
antiviral defense (in the literature, RNAi is
used both for RNA interference and initiator
RNA at the translation initiation from a
codon). The original molecules recognized
later as proto-oncogenes fulfilled essential
biochemical tasks without inducing cancers.
The ascidian protochordate, the Botryllus, is
loaded with active retrotransposons, but it is
not known to have cancers. The ancestors of
NK cells circulate in its hemolymph. Dendritic
cells and NK cells cooperated in the innate
system, but the thymus and the mucosa-
associated lymphatic systems did not exist
before the Cambrian explosion. The lamprey
and the hagfish possess “lymphoid cells”
and these cells operate somatically rearranged
variable (V), leucine-rich receptors with anti-
cipatory diversification (D). An invariant stalk
tethers the receptor to the cell surface but
the receptor may be released (solubilized) to
encounter and neutralize the antigen in tissue
fluids outside the cell. The somatic hyper-
mutations of B cell and T cell receptors
evolved first in the ancestors of the sharks;
it was in the mucosa-associated lymphatic
tissues from the thymus down to the intestines,
where the complete V(D)J and RAG/RSS
(recombination activating genes and signal
sequences) elements of the adaptive immune
system first operated in unison. Transposons
of probable prokaryotic origin inserted the
genes of these systems into the genomes of
ancestral sharks. In the united innate and
adaptive immune systems, Toll-like receptors
respond first and induce the production
of inflammatory chemokines and cytokines,
including various forms of interferons. Profes-
sional antigen presenting cells (dendritic cells)
present MHC-restricted antigens to CD4, CD8
and NK cells. If the DC cell is fully mature and
the CD4 cell responds with INF� secretion,
a Th1-type immunological environment will
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develop, in which TNF�, IL-2 and IL-12
rule and immune CD8 T lymphocyte clones
expand to kill those host cells that express the
target antigens. Either perforins will lyse the
target cell, or a FasL-to-Fas receptor-induced
caspase cascade will result in the fragmen-
tation of nuclear DNA and the targeted cell
dies apoptotic, or programmed cell death. If
the DC is immature and the CD4 cell secretes
IL-4, a Th2-type immunological environment
will be created, in which IL-10 dominates and
the B cell compartments produces antibodies
to react with the target antigens, Of the
receptors of NK cells, antigens presented by
MHC molecules do not necessarily activate
the killer receptors; the killer receptors are
activated when the NK cell cannot find the
MHC molecules loaded with self peptides
or when the cell presents virally encoded
antigens to the NK cell. Cells with MHC
molecules loaded with self peptides activate
the inhibitory NK cell receptors and the NK
cells “let go” without launching an attack.
The trophoblast of the fetus also activates
inhibitory receptors of maternal NK cells.
Tumor cells without clear identification of
self are attacked and killed by NK cells. The
fetal thymus generates regulatory CD4 T cells,
which recognize self-reactive CD8 T cells;
the regulatory T cells release TGF� to antag-
onize clonal expansion of self-reactive CD8
T cells. Even when TREG cells are removed
from the patient’s blood by immunomag-
netic leukapheresis, these cells rapidly repop-
ulate and continue to antagonize adoptively
infused TREG cell-depleted immune T cell
populations; high-dose IL-2 failed to tilt the
balance to the favor of immune T effector
cells [3]. Could NK/LAK cells with their killer
receptors activated perform better [1, 5]? The
emergence of NKREG cells for the protection
of the fetus characterizes normal pregnancy,
whereas this NK cell population is depleted
in cases of miscarriage [4]. Do malignant
tumors enroll the help of NKREG cells?
The chemokine, stromal-derived factor-1 is

frequently produced by tumor cells and
attracts into the tumor’s microenvironment
regulatory T cells, which express the receptor
for this chemokine. Thus, the tumor with
the help of an innate chemokine subverts the
regulatory T cells for its own promotion. Even
when TIL (tumor infiltrating lymphocytes), or
NK/LAK (lymphokine-activated killer) cells
are expanded by IL-2 ex vivo and then are
re-infused into the tumor-bearing patient, the
resident regulatory T cell clones rise to oppose
this intervention of therapeutic intent. It is
not known how many subclinical tumor cell
colonies may be rejected in the lifetime of
the human host by the united innate and
adaptive immune systems; but it is clearly
evident that malignant tumors have means to
disconnect the two systems and to prevail
in opposition to them. Even when a “cancer
vaccine” fails to induce a remission, it renders
the host more susceptible for chemotherapy
[95]. In a vaccinated cancer-bearing patient,
the balance of the effector immune T cell and
the T/NKREG cell populations may favor the
former over the latter and adoptive immune
lymphocyte-mediated immunotherapy may be
more effective in the pre-vaccinated patient
(Sinkovics, J.G: Cytotoxic Lymphocytes in
the Armamentarium of the Human Host [5]).
In this volume, citations are made of the
Sendai virus, as it antagonizes TREG cells
when the virus is directly injected into tumors,
thus releasing anti-tumor immune reactions
without opposition [2].

This addition has been written in response
to a special request from Professor Mikhail
Kiselevsky, to whom the author expresses his
gratitude for the invitation to contribute a
chapter to this volume.
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Abstract

A tumor mass is an association of normal cells and epigenetically modified cells in continuous evolution.
Different normal cells are forced to survive in a hostile environment produced in contact with cancer cells. In
fact, fibroblasts and a complex infiltrate of neutrophils, macrophages, lymphocytes and mast cells work in concert
with neoplastic cells to create a distinctive microenvironment that allows tumor progression. Fibroblasts can be
considered orchestra conductors that contribute to the production of inflammatory reaction and neovasculature at
the tumor periphery. This reaction is initially an attempt to restrain tumor growth but this capacity is progressively
lost in the environment that ensues. In this review we will describe the various pathophysiological interactions
among the different cell populations carrying to the tumor stroma generation. Special emphasis will be attributed
to the interstitial fluid, neoangiogenesis and the hypoxic areas present in the tumor area that determine failure
and the evasion from the immune system in situ.
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2.1. Pathophysiologic Mechanisms
Generating Tumor Hypoxia,
Angiogenesis and Tumor
Interstitial Fluid (TIF)

The majority of human neoplasias are of
epithelial origin and cancer cells are the result
of the accumulation of somatic mutations in
these epithelial cells [41]. Neoplastic cells
however do not live alone. To survive inside
the tumor area they need to create contact and
interaction with a network of cell types that
make up the normal context of the original
tissue. The normal cell types that make up the
non-tumor components include transformed
fibroblasts (or cancer-associated fibroblasts,
CAFs), lymphocytes, neutrophils, endothelial
cells inflammatory cells, adipocytes, tumor-
associated macrophages (TAMs), eosinophils
and mast cells [77].

Neoplastic and non-neoplastic cells are in
turn embedded in a supporting structure,
the extra cellular matrix (ECM), which is
composed of a variable proportion of proteins

and polysaccharides (glycosaminoglicans,
proteoglycans and glycoproteins) organized in
a 3D network. The complex of cellular compo-
nents and ECM represent the tumor stroma.
Furthermore, ECM can act as a reservoir of
growth factors permitting both normal and
neoplastic cells to exchange information and
nutritive substances [34, 111]. Intermingled
between the ECM and the cellular context, a
liquid phase is also present. Liquid-rich areas
are particularly abundant in the tumor mass,
forming liquid pouches defined by Gullino
as the tumor interstitial fluid (TIF) [39, 40]
(Figures 2.1 and 2.2).

A tumor is a continuously evolving structure
which, according to current models, shows
two main phases: an avascular and a vascular
phase [10, 79]. The growth of tumors beyond
a critical mass >1–2 mm3 (106 cells) is
dependent on an adequate blood supply [26,
103]. Up to a distance from host vessel of
100–200 �m the initial foci of neoplastic cells
(avascular phase) receive their nutrients and
oxygen by diffusion (Figure 2.3). Beyond

Figure 2.1. Tumor cuffs around blood vessels (arrows). H&E. N: necrosis; tum: tumor cells; TIF:
tumor interstitial fluid. Scale bar: 50 �m
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Figure 2.2. Tumor microenvironments under low magnification. H&E. N: necrosis; tum: tumor cells;
TIF: tumor interstitial fluid; L: lymph vessels. Scale bar: 50 �m

Figure 2.3. Tumor mass surrounded by normal cells and recruited macrophages and fibroblasts. Until
a mass of 2 mm3, cancer cells obtain nutritive substances and oxygen by diffusion
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Figure 2.4. The principal steps which carry to the tumor neoangiogenesis are illustrated

this distance and beyond a critical mass of
2 mm3, hypoxia occurs and the need for an
adequate blood supply is crucial (vascular
phase) (Figure 2.4) [26, 103].

However, the establishment of a neovas-
cular supply in the attempt to overcome
hypoxia is inefficient, irregular and may not
keep in pace with the proliferation of the
tumor. The result is the persistence within
the tumor mass of heterogeneous micro
regions of quiescent hypoxic cells, which
are surrounded by vital, better nourished and
proliferating cells (Figure 2.5). In fact, this
constantly expanding tumor vascular network
is disorganized and as a consequence a hetero-
geneity of oxygen supply and efficiency of
waste product removal occurs [26, 103].

The genesis of new blood vessels depends
on a balance between angiogenesis inhibitors
and promoters, produced by malignant and
non-malignant stromal cells (fibroblasts,
macrophages, mast cells) [10, 25, 77]. Tumor
regional hypoxia and hypoglycemia are the
principal stimulators for the expression of
local pro-angiogenic cytokines, especially
vascular endothelial growth factor (VEGF)
(Figure 2.4) [10, 25, 26, 79, 104]. The
early response gene that encodes hypoxia
inducible factor-1 (HIF-1) and in particular

its subunits (HIF-1a and -1b) regulate VEGF
expression. HIF-1 is a protein of 120 kDa, a
member of the basic helix-loop-helix super-
family transcription factors, and its expression
is very sensitive to oxygen concentration (1%
O2) [87].

The adaptation to hypoxia by formerly
proliferating neoplastic cells results in the
induction of genes that regulate the angio-
genesis process and the stroma induction
[12]. This stroma induction has been called

Figure 2.5. A tumor cord with inner necrosis (N)
apparently nourished by lymph vessels (L) and
the tumor interstitial fluid (TIF): Hematoxylin.

GT: granulation tissue. Scale bar: 50 �m
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by some authors the tumor stromagenesis
process [7]. Recent studies have shown
that HIF-1 and VEGF transcripts are over-
expressed by several human neoplastic cells
including breast, prostate, gastric, colon, lung,
bladder and endometrium cells and they
are more active in hypoxic and necrotic
areas. VEGF is correlated to vascular density,
especially in brain tumors and it is associated
with bad prognoses [43, 58]. VEGF, which
also acts as a vascular permeability factor
(VPF) is a 32–44-KDa protein exerting
different effects on endothelial cells (EC),
going from EC motility to increased perme-
ability [43]. It becomes active by binding to
three high-affinity tyrosine kinase receptors
[VEGFR-1(flt-1), VEGFR-2(KDR/Flk-1) and
VEGFR-3(Flt-4)] which are highly expressed
on endothelial tumor vessels but not on
mature vessels [68]. They exert different
effects on endothelial cells (ECs). In
particular, VEGFR-1 mediates EC motility,
VEGFR-2 regulates vascular permeability and
VEGFR-3 lymphoangiogenesis [49]. The
increased permeability induced by VEGF
associated to an altered Starling’s equation
of capillary forces working in the tumor
context leads to TIF formation [22, 30, 64].
TIF is a fluid mixture intermingled among
the various cells that compose the stroma
and is characteristic of most solid tumors
[30, 39, 40]. This fluid is derived from
plasma leaked from venules rendered hyper-
permeable due to VPF/VEGF expression by
hypoxic tumor cells after clotting with the
tumor mass [22]. Therefore, at the moment
of its genesis, the TIF is made up of serum,
rich in nutrients and platelet-derived growth
factors. It is important to recall that in the
wound healing process, tumor stromatoge-
nesis mimics [22]. A key role of the exudate
is that of nourishing the cells of the granu-
lation tissue and carrying away their waste
products. The TIF has therefore a trophic role
for tumor and stromal cells. However, whereas
in wound healing lymphatic vessels the TIF

progressively accumulates in areas opposing
low mechanical resistance, in particular at
the necrosis edge and along the connective
tissue that sheathes muscle and nerve fibers;
furthermore, its overproduction at the tumor
edge facilitates the process of invasion. The
accumulation of TIF in confined spaces causes
a progressive increase of the tumor inter-
stitial fluid pressure (TIFP). In addition, the
TIF generates shear stress and/or mechanical
stretch that can influence the proliferation,
apoptosis and/or differentiation of malignant
and stromal cells via an integrin-mediated
mechanotransduction process [74, 94].

Starling’s law is the simplest mathematical
description of liquid compartmentalization
between the circulation and the interstitial
fluid [13, 95]. Water flux across the capillary
membrane is determined by a difference
of hydrostatic pressure existing between the
arterial and the venous end of capillary �a −
v �p�, which normally drives filtration from
the plasma into the interstitium, and the
osmotic pressure of proteins, �, which acts to
absorb fluid into the plasma. The expression
of the rate at which water moves across the
capillary wall can be expressed in quantitative
terms by the following equation:

Jv = Kf ��a −v�p−pif�–��cap −�if��–L (2.1)

where Jv is the flux of water from capillary
to interstitium, Kf is the hydraulic conduc-
tance, �cap is the osmotic pressure in the
capillary and �if is the osmotic pressure in
the interstitium. Associated with these factors,
a lymphatic drainage (L) factor must be
considered. All these parameters are altered in
the tumor. In fact, in the tumor capillary the
arterial venous pressure difference �a − v�p�
component does not exist, since the venous
pressure is near to that at the arterial end
of the capillary, due to the increased arteri-
ovenous anastomosis present in the neovas-
culature. Since albumin leaks abundantly due
to the increased permeability induced by
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VPF/VEGF in the endothelium of venules and
capillaries, the increased venous reabsorption
that normally happens at the venous end of
the capillary in cancer is lost. Lymphatics
are present at the tumor periphery but not
inside the tumor mass [5, 6, 11]. Altogether,
these factors cooperate to create a progressive
increase of TIFP from the periphery to the
center of the tumor [93].

In conclusion, from the pathophysiological
point of view, the process of tumor expansion
is characterized by rapid growth and alter-
ation of tumor microenvironment due to
the inability of tumor neovasculature to
supply oxygen nutrients at an adequate
rate. The ensuing hypoxic microenvironments
are characterized by low oxygen tension,
increased extracellular lactate concentration
leading to low extracellular pH �pHe�, high
interstitial fluid pressure, glucose deficiency,
multidrug resistance and tendency to metasta-
tization [26, 103].

2.2. Examples of Carcinomas
Microanatomy

Our group has studied two experimental
models of a solid tumor: first an Ehrlich
carcinoma induced by inoculation of Ehrlich
ascites tumor cells in the skeletal muscle
of the hind leg of a normal mouse and
currently the mammary tumors spontaneously
developed by MMTV-neu (erbB-2) transgenic
mice. Both these tumor models share the
presence of hypoxic/necrotic regions, a hyper-
cellular, granulation-like tissue at the tumor
periphery, chaotic neoangiogenesis and TIF
infiltrations (Figures 2.5 and 2.6). Cuff-like
formations around blood vessels with outer
necrosis were seen in both tumor types; in the
transgenic model tumor cords with outer capil-
laries and inner necrosis were also present.

Figures 2.5 and 2.6 show representative
tumor sections displaying malignant cell
masses with perinecrotic/hypoxic regions

[29], necrotic cells, a vascular stroma and
peripheral, granulation-like tissue.

In both models we noticed that the width
of the viable cords (peripheral blood vessels,
inner necrotic regions) or cuffs (central blood
vessel, external necrosis) of tumor cells were
in general lower than 150 �m, compatibly
with the oxygenation capacity of the vessel
and the oxygen and nutrients demand of
the tumor cells [29]. Cells distant from the
blood vessels, which receive lower concen-
trations of oxygen and blood-borne nutrients,
were seen to be quiescent and metaboli-
cally poorly active. Generally cells in the
perinecrotic region were very small, rounded
up and intertwined, forming strand-like struc-
tures. Cells closer to the blood vessels were
larger, polygonal and formed a pluristratified-
like epithelium. It is worth recalling that
although they eventually die as indicated by
the large necrotic areas, tumor hypoxic cells
have a remarkable high capacity to cope and
adapt to oxygen deprivation, low pH and
nutrient starvation [29].

As already mentioned, tumor stroma
induction has been shown to closely resemble
a wound repair process [22] in which an initial
phase of hyper- permeability of blood vessels
leads to diffuse liquid accumulation (TIF).

Figure 2.6. Detail under higher magnification of a
tumor cord. H&E. N: necrosis; L: lymph vessels;

TIF: tumor interstitial fluid. Scale bar: 50 �m
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Figure 2.7. Abundance of mast cells (arrows) in
the granulation tissue (GrT) at the tumor

periphery. A nerve can be seen. Acridine Orange.
Scale bar: 50 �m

We have previously reported that light and
electron microscopical analyses of the Ehrlich
tumor revealed non-random distribution of
stromal cells (fibroblasts, macrophages, mast
cells and adipocytes in regions involved in
angiogenesis and tumor invasion)[28].

Mast cells in particular were present in high
numbers at the tumor periphery (Figure 2.7)
[22]. This region was supported by a fibrin-
rich provisional stroma. Generally, fibrin is
formed after wounding or whenever plasma
leaks out from blood vessels forming a
fibrinous exudate that provides a scaffolding
into which new microvessels migrate [16, 22].
Besides mast cells, fibroblasts and leukocytes
were abundant in the granulation-like tissue
at the tumor invasion edge. Similar findings
were reported in colorectal cancer by Menon
et al. [60]; these AA have demonstrated that
leukocyte infiltration in the tumor epithelium
compartment was correlated with a better
prognosis, whereas leukocyte located in the
tumor stroma or at the advancing margin of
the tumor did not affect prognosis. Similar
findings have been seen by other authors for
ductal breast carcinoma [44].

We have furthermore reported that stromal
cell location within the tumor mass suggested

Figure 2.8. Iron (III)-containing mononucleated
cells in the granulation tissue (GrT). Perls’

reaction. Scale bar: 20 �m

an involvement with the preliminary phases
of angiogenesis. As a matter of fact, TIF
infiltrations with a morphology similar to
that of the irregular blood vessels, were
surrounded by mast cells, macrophages,
adipocytes and proliferating endothelial-like
cells ( Figures 2.7–2.10) [27].

An enzyme histochemical study of Ehrlich
carcinoma revealed that perinecrotic (hypoxic
cells) can be characterized by intense lactate
dehydrogenase (LDH), acid phosphatase
and purine nucleoside phosphorylase (PNP)
but low xanthine oxidoreductase activity,
compatible with the use of glycolysis, (auto)

Figure 2.9. Hemosiderin-containing macrophages
(arrows) within the tumor parenchyma. H&E.
TIF: tumor interstitial fluid. Scale bar: 50 �m
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Figure 2.10. Blood vessels (arrows) in the tumor
parenchyma. Acridine Orange. Scale bar: 50 �m

phagocytosis and purine salvage strategies
to survive in such hostile microenvironments
[29]. The poor eosinophilia of most necrotic
areas and the relative absence of macrophages
in the necrosis suggest that materials released
from dead tumor cells are utilized as nutrition
surrogates by the cells distant from the
vasculature.

TheTIFinfiltrationpatterns in the twomodels
of carcinomas were dissimilar to the infiltra-
tions seen in a poorly-vascularized but fast
growing MS2 fibrosarcoma. In this last case,
the mesenchyma-derived tumor cells appar-
ently opposed little mechanical resistance to
the infiltration of the serum-derived fluid; we
speculated that the oxygen-dissolved in the
TIF, its platelet-derived growth factors and
the plasma-bound nutrients supported tumor
growth without need for angiogenesis [29, 30].

2.3. Role Played by Stromal Cells
in Cancer Microenvironments

The neoplastic tissue can be described as a
triad formed by tumor tissue, endothelium
and cellular components of the stroma.
Several cell types constituting the stroma
have been recognized to play a critical
role in this triad, namely: fibroblasts,
macrophages, mast cells, eosinophils, tumor

infiltrating lymphocytes (TILs), regulatory T
cells �CD4+ CD25+ Foxp3�, IDO cells and
myeloid cells.

2.3.1. Fibroblasts

Fibroblasts are a cell type that synthesizes
and maintains the extracellular matrix of many
animal tissues. Fibroblasts provide a structural
framework (stroma) for many tissues, and play
a critical role in wound healing. They are
morphologically heterogeneous, with diverse
appearances depending on their location and
activity (for a complete review see Eiden
[24]). Recent evidence suggests that fibrob-
lasts play a critical role not only in tumor
support but they may even help tumor
progression and metastatization [4]. Both
resident and recruited fibroblasts are involved
in tumor progression. Once recruited fibrob-
lasts become activated they proliferate and
differentiate into myofibroblasts, assuming
specific characteristics. These phenotypically
evidenced fibroblasts are generally called
CAFs (Cancer Associated Fibroblasts). CAFs
are perpetually activated cells that neither
revert to normal phenotype nor undergo
apoptosis, expressing filaments like 	-smooth
muscle actin [48]. Cross-talk through different
cytokines, chemokines and growth factors
takes part between cancer cells and CAFs.
Cancer cells recruit fibroblasts from circu-
lating CD34-positive hematopoietic progen-
itors cells in presence of TGF-
, PDGF
and GM-CSF. As these progenitor cells
reach the tumor area they secrete elevated
levels of stromal-derived factor 1 (SDF-1)
(also called CXCL12) which play a central
role in the promotion of tumor growth and
angiogenesis. CAF derived SDF-1 stimu-
lates cancer cell growth directly through the
CXCR4 receptor displayed on tumor cells
and also recruits endothelial progenitor cells
(EPCs), which play a crucial role in induced
neoangiogenesis [60, 69]. Furthermore, Silzle
et al. [91] have also emphasized the role of
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CAFs in the peritumor inflammatory reaction
(leukocyte infiltration) and in the immune
modulation.

2.3.2. Macrophages

Macrophages are defined as a population
of cells derived from progenitors cells
�CD34+� in the bone marrow, which differ-
entiate to form blood monocytes, circulate
in blood and, after entering tissues, become
tissue macrophages [45, 101]. The blood
monocytes are young cells that already
possess migratory, chemotactic, pinocytic and
phagocytic activities as well as receptors for
IgG Fc-domains and iC3b complement. Under
migration into tissues, monocytes undergo
further differentiation, becoming multifunc-
tional tissue macrophages. The principal role
of macrophages is to phagocytose foreign
invaders and to remodel the tissue.

Macrophages are attracted to a damaged
site by chemical substances through chemo-
taxis, triggered by a range of different stimuli
including damaged cells, pathogens, histamine
released by mast cells and basophils and
cytokines released by resident macrophages
already present at the damaged tissue. In the
case of tumors the hypoxic core, through the
upregulation the HIFs 1 and 2, induces a
series of cytokines and chemokines (VEGF,
M-CSF, CCL2), which recruit circulating
monocytes across the tumor vasculature. After
recruitment they become the prominent part
of the stromal compartment and exhibit
a distinctive phenotype and are termed
tumor-associated macrophages (TAMs) [76]
(Figures 2.9–2.11). TAMs are characterized
by low expression of the differentiation-
associated macrophage antigens, carboxypep-
tidase M and CD51. This shift indicates a
high constitutive expression of inflammatory
cytokines IL-1 and IL-6 associated to a low
expression of TNF-	, they are classified
according to cluster differentiation as

Figure 2.11. Simplified diagram of tumor
evasion. Cellular and factors interested

CD45+CD14+ [45, 101]. Distinctive pheno-
types have been recognized as associated to
tumor mass and have been classified as M1
and M2 phenotypes. The two phenotypes can
be distinguished by their different production
of cytokines and chemokines, L-citrulline and
iNOS, polarizing signals (IL-4, IL-13, IL-
10), lipid metabolism and tissue remodeling
[90, 102]. Inside the tumor mass the M2
type represents the prominent component of
solid tumor, which has been associated and
in some cases with poor prognosis. This
kind of polarized macrophage have many
protumoral functions and produce angiogenic
factors and immune-suppressive cytokines
such as IL-10 (Figure 2.11). We can distin-
guish further among M2 macrophages three
other subforms denominated M2a� M2b and
M2c. These subforms under the presence
of various polarizing signals show specific
functional properties. M2a. for example. in the
presence of IL-4 and IL-13 express a type
II immune response, M2b in the presence of
IC and agonists of TLRs or IL-1R activate
Th2 response, whereas M2c cells under the
pressure of IL-10 can acquire a prominent
immuno-suppressive activity [90, 102].

Phagocytosis is induced when the
phospatidylserine receptors of macrophages
come in contact with phospatidylserine
externalized on the membranes of damaged



34 G. Baronzio and I. Freitas

or dying cells. Afterwards, a down regulation
message, constituted by IL-10, TGF-
 and
prostaglandin 2 (PGE-2) is induced, which
tries to block the inflammatory response and
the remodeling activity.

2.3.3. Mast Cells

Mast cells derive from bone marrow progen-
itors that migrate into tissue, where they
become resident cells. They contain many
granules rich in histamine, heparin and serine
proteases such as tryptase and chymase.
Although best known for their role in allergy
and anaphylaxis mast cells play an important
protective role in wound healing, angio-
genesis and inflammation [19, 97]. Mast cells
under physiological conditions are localized
close to capillaries, lymphatic channels and
nerves (Figure 2.7) and their localization can
explain their involvement in tumor angio-
genesis [19]. In many solid and hemato-
logic tumors (e.g. lung carcinoma, gastric
cancer, melanoma, and chronic lymphocytic
leukemia) an increased number of mast cells
has been reported and in some cases their
elevated count has been associated with tumor
invasion [57, 80]. Among mast cells two
identifiable types can be recognized (MCT
and MCTC cells in humans) according to the
content of their granules and their respon-
siveness to stimuli. The phenotypic expression
of mast cells is not fixed and can vary
according to the environmental conditions
[19]. In addition, they are versatile and can
share many growth factors and cytokines
with TAMs, such as (Il-8, VEGF, PDGF,
histamine, PGE2). As TAMs they have a dual
role as they can either inhibit or promote
tumor growth, according to the stromal condi-
tions. Mast cell recruitment to tumors is
induced by various factors, including hypoxia,
cellular damage, tissue ischemia and tumor-
derived chemoattractants, including stem cell
factor (SCF), interleukins-3 (IL-3) and IL-4
[57]. These in turn produce various cytokines,

such as tumor necrosis factor-	 (TNF-	),
IL-1, IL-4 and IL-6, which can induce
apoptosis of tumor cells. Mast cells are also
known to stimulate anti-tumor lymphocytes
through IL-8 and RANTES [15]. Furthermore,
as demonstrated by Samoszuk et al., degranu-
lating mast cells are restricted to tumor fibrous
tissue, and in this area they abundantly secrete
heparin, which has been shown to inhibit
the growth of primary and metastatic tumors
[80]. In particular, the inhibition was observed
when colonies of UACC-812 human breast
cancer were co-cultured with fibroblasts [80].
In conclusion, the majority of experimental
studies show a correlation between mast-
cell infiltration and tumor progression. Recent
research supports this conclusion, as co-
injection of mast cells with an inoculum
of rat sarcoma tumors resulted in enhanced
tumor growth, whereas pharmacologically
decreasing the quantity of mast cells slowed
tumor growth [46, 81].

2.3.4. TILs

TILs can have prognostic significance and
are recognized as the main effector of
antitumor immune response [110]. Yu and
Fu however, outline that among the various
subset of CD4+ T cells that accumulate
in the tumor environment, a special subset
of CD4 + CD25+ regulatory T cells (T reg)
is also accumulated. These T reg are
able to suppress tumor specific T-cell
response thereby hindering tumor rejection.
Furthermore, the authors conclude that their
presence decrease the prognostic significance
of TILs [110]. The morphology of TILs and
T reg is described elsewhere in this book.

2.3.5. Eosinophils

Tumor associated eosinophilia seems a
favorable prognostic marker for many tumors
except in Hodgkin’s disease [18]. Their
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antitumor activity relies on their tight contact
with tumor cells and their interaction with
mast cells, endothelial cells and fibrob-
lasts/myofibroblasts [62]. Their interaction
with and influence on fibroblasts suggests the
importanceofeosinophils for tissue remodeling
and fpr their importance as immune effector
cells towards tumors [18, 62]. Recent studies
outlined that the principal stimuli for eosinophil
cell recruitment occur in part through signals
released from areas of necrosis and that their
presence is correlated with the persistence
of inflammation in the tumor area [17, 110].
Furthermore, eosinophils can synergize with
reactive oxygen species (ROS) produced by
macrophages to kill tumor cells [65], but as
for other cells in the tumor microenvironment,
they are regulated by surface molecules, extra-
cellular components and cell–cell interaction.
Improved methods to evaluate their activity
and contribution to tumor state are required.

2.4. Immune Competent
Cells Dysfunction Created
by Tumor Microenvironment

Although tumors are frequently infiltrated by
dendritic cells (DCs) and tumor infiltrating
lymphocytes (TILs), these immune cells are
functionally compromised. The abnormal-
ities are more evident for TILs than for
circulating lymphocytes and suggest that
such abnormalities are caused or induced
by suppressive mechanisms or environmental
conditions present inside the tumor mass.
Explanations for this failure include: insuffi-
cient activation of tumor – specific T cells,
tolerance to tumor antigens, regulatory T
cells and hostile tumor microenvironment.
As already mentioned, the hostile microen-
vironment is characterized by low oxygen
tension, low extracellular pHe, high inter-
stitial fluid pressure, glucose deficiency,
multidrug resistance, increased extracellular
lactate concentration and tendency to metas-
tatization. Emerging evidence points out that

not only tumor cells but also lymphocytes
within the tumor mass are subjected to
a stressful hypoxic and acidic environment
that can modify their response to mitogen
and their cytokine production. Several
factors have been identified: 1) Metabo-
lites �pO2� pHe� PGE2� histamine� ROS�;
2) Cytokines – growth factors (VEGF, TGF-
�, IL-10); 3) Failure of lymphocyte homing
(decreased expression of adhesion molecules);
4) presence of Suppressor T cell subsets
(T reg, Myeloid cells, IDO cells).

2.4.1. Metabolites

2.4.1.1. pO2

Oxygen concentration decreases from the
tumor periphery towards the tumor inner
areas and depends on the distance from
the nutritive vessel. The partial decrease in
oxygen tension can affect IL-2 activity and
TNF treatment, as demonstrated by Sampson
and Chaplin [82]. These authors have shown
that the response to TNF was dependent on
oxygen concentration. In fact, the resistance
to TNF treatment of cells incubated at various
oxygen tensions increased with the decrease
of oxygen concentration in the incubation
medium. Some authors have postulated that
this TNF treatment resistance was corre-
lated to the decreased induction of ROS and
to the up-regulation of endogenous soluble
receptors in the hypoxic tumor microenvi-
ronment [73, 84].

2.4.1.2. pHe

The low extracellular pHe is due to the
accumulation of H+ ions in the tumor inter-
stitium. As reported by Jain there are at
least two sources of H+ ions: lactic acid
and carbonic acid. The former results from
anaerobic glycolysis and the latter from
conversion of CO2 and H2O via carbonic
anhydrase [32]. Acidic extracellular pHe can
inhibit the proliferation of lymphocytes, can
affect the release of perforins and can lower
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the cytotoxic activity of LAK cells against
tumor cells [51]. Dendritic cell’s activity
(differentiation and antigen expression) can
also be affected by tumor micromilieu, as
demonstrated by Gottfried in a 3-dimensional
model [37]. These authors conclude that lactic
acid accumulation can contribute to tumor
escape mechanisms.

2.4.1.3. Arachidonic Acid Metabolites
�PGE2�

The role of prostaglandins in immunoreg-
ulation is complex. Prostaglandins affect
cell differentiation as well as target cell
interaction. In humans the cells respon-
sible for prostaglandin production are the
macrophages and the tumor cells themselves.
Prostaglandin synthesis is regulated by
cycloxigenase (COX) gene expression. Two
separate gene products, COX-1 and COX-
2, are expressed at high levels by tumors
interacting with effector lymphocytes. In
vitro, prostaglandins have been shown to
inhibit lymphocyte mitogenesis, cytolysis and
antibody production. Clinical studies have
demonstrated that macrophages from patients
with Hodgkin’s disease produces excess
amounts of prostaglandins E2. Furthermore,
administration of prostaglandin inhibitors
(COX2 inhibitors) to patients with breast and
lung cancers, permitted macrophages in vitro
to acquire enhanced cytotoxicity for tumor
target cells. Thus prostaglandin production
by tumor cells has been suggested as a
mechanism by which tumor cells can escape
the host’s immune surveillance [75]. Four PG
receptors have been demonstrated in mice
and humans: EP1, EP2, EP3 and EP4. The
suppression of T cells by PGE2 is mediated
via EP2 and EP4 receptors. Both receptors
share similar intracellular signaling pathways
that involve binding to G proteins, stimu-
lation of adenylate cyclase and generation of
increased intracellular levels of cyclic AMP
[106]. Furthermore, PGE2 exerts an inhibitory
action on Dendritic cells reducing their differ-

entiation, maturation and their ability to
present antigens [75, 106].

2.4.1.4. Histamine
Mast cells are the major source of histamine
(HA) and its production is under the control
of various cytokines such as IL-1, IL-3, IL-12,
IL-18, TNF-	, and macrophage colony stimu-
lating factor (MCSF) [2]. HA has been demon-
strated to polarize naïve CD4+ T cells toward
a Th2 phenotype acting upon a H2 receptor of
Dendritic cells increasing Il-10 and decreasing
Il-12 secretion [59]. In certain kinds of tumors
such as melanoma, renal cell carcinoma and
acute leukemia. HA has, however, shown an
immune boosting effect in association with
IL-2 therapy [1]. In vitro, studies indicate that
HA exerts its effect through the inhibition
of ROS generated by macrophages and on
the abrogation of their inhibitory activity on
Natural Killers [1]. Studies by Outila indicate
that HA and PGE2 together exert mainly
an inhibitory effect on the mediated cellular
immunity impairing T cell and macrophage
antitumor activity [99, 100].

In conclusion, new studies indicate that
histamine deregulates the balance between
TH1 and TH2 cells, enhancing secretion of
TH2 cytokines such as IL-4, IL-5, IL-10 and
IL-13, whist inhibiting production of TH1
cytokines IL-2 and IFN-
 and monokine IL-
12 [23, 71, 98]. Furthermore, HA endogenous
synthesis in tumor tissues suppresses local
tumor immunity and promotes colon tumor
growth in mice [98].

2.4.1.5. ROS, Myeloid Cells
Myeloid cells are immature cells found
in the bone marrow and not normally in
the peripheral blood; they are the most
primitive precursors in the granulocytic series,
that matures to develop into the promye-
locyte and eventually in granular leukocytes;
they accumulate in tumor-bearing hosts and
suppress antigen-specific T cell response. In
cancer patients, myeloid cells express the
myeloid marker CD33 but lack expression
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of the MHC class II molecule. According to
Gabrilovich, myeloid cells might represent a
source of TAMs and of endothelial cells [50,
76]. In any case, they are regulated by ROS,
which are produced in abundance in cancer
patients. ROS may affect the differentiation of
myeloid cells acting on several transcription
factors (e.g. NF-kB, AP-1) [83]. In animal
models their presence has been associated
with tumor progression and with a state of
immune suppression. They explicate their
immune suppression through the production
of TGF-
, ROS, L-arginine metabolism and
peroxinitrite [83].

2.4.2. Cytokines and Growth Factors

2.4.2.1. VEGF
Vascular endothelial factor has been demon-
strated not only to promote angiogenesis but to
suppress anti-tumor immune response, princi-
pally by hampering leukocyte recruitment [21]
and by inhibiting CD34+ cell differentiation
into dendritic cells [38]. An indirect confir-
mation to the inhibitory effect of VEGF on
DCs comes from the studies by Gabrilovich
et al. These authors have shown that the
combined treatment of peptide-pulsed DCs
and anti-VEGF antibody results in a prolonged
and much more pronounced antitumor effect
[33, 70].

2.4.2.2. TGF-

In mammals, there are three isoforms of TGF-
ß, TGF-ß1, 2, and 3 which are each the
product of a separate gene. All these isoforms
bind to the same receptors and exert similar
pleiotropic effects on cell behavior. The most
studied is TGF-ß1 which is secreted by fibrob-
lasts and the tumor itself and has a dual effect
depending on tumor stage. In fact, it can
restrain tumor growth at an early stage but can
be a promoter of invasiveness in an advanced
stage [72]. TGF-
 exert its effects on almost

all the cells of the immune system such as
lymphocytes, natural killers (NKs), DCs, mast
cells, neutrophils and macrophages, regulating
their proliferation and differentiation [56]. The
inhibitory effects of TGF-ß are the following:
inhibition of T-cell growth, of Cytotoxic
cells differentiation, of cytokine production
(IL-2; INF−
) with the shift toward Th2
pattern. Furthermore, it induces T-Cell anergy
and down-regulates cytotoxic activity and the
adhesion/co-stimulatory molecules [8].

2.4.2.3. IL-10
IL-10 is produced by tumor cells or TILs and
can down-regulate antigen-presenting activity,
cytokine expression and anti-tumor activities
of monocytes by inhibiting the production
of anti-tumor effector molecules (e.g. IL-12).
It blocks, furthermore, cell-mediated effector
cell functions by inhibiting cytokine secretion
(e.g. IFN-gamma, TNF-alpha) in Th1 cells,
and protects tumor cells from CTL-mediated
lysis. Its elevated expression in various human
tumors indicates its important regulatory role
in the regulation of the anti-tumor immune
response [61]. IL-10 cooperates with other
tumor/stroma secreted cytokines, PGE2 and
TGF-
, to increase the local production of
T regulatory cells inducing tumor tolerance
[96]. The crucial role of their association and
the immunosuppressive effect on dendritic cell
function has been highlighted and confirmed
by other authors [52, 78, 105].

2.5. STAT3

The Janus family of tyrosine kinase (Jack)
and STAT family of transcription factors
are critically important in cellular differenti-
ation, proliferation and apoptosis [78]. These
signaling proteins have been demonstrated to
be critical for DCs differentiation as well.
The excessive production of VEGF, IL-10
and gangliosides in the tumor medium can
induce the activation of Jack 2 and STAT3 in
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myeloid cells, thus inhibiting their differenti-
ation and maturation. The excessive accumu-
lation of immature DCs and myeloid cells,
as previously reported, is responsible for the
generation of tolerance and tumor immune
suppression [66, 67].

2.5.1. Presence of Suppressor T Cell
Subsets (Treg, Myeloid Cells,
IDO Cells)

2.5.1.1. Treg �CD4+CD25+� Cells
CD4+Cd25+ or regulatory T cells (Treg cells)
represent a stable proportion of 5–12% of
circulating T cells in mice and humans.
They are quiescent cells with a long lifespan,
identified by expression of 1) high levels
of Cd25 �CD25hi�, 2) the forkhead/winged
helix transcription factor (Foxp3), 3) high
levels of intracytoplasmatic T-lymphocyte-
associated antigen 4) (CTLA-4), 5) the
glucocorticoid-induced tumor necrosis factor
receptor (GITR) surface marker [36, 89,
107]. Their function is to maintain self-
tolerance and an increased pool of these cells
compared to healthy controls has been found
in the peripheral blood of patients suffering
from different epithelial malignancies. (lung,
breast, colorectal, gastric, pancreatic and
esophageal cancers) [108]. Another interesting
aspect is the over-expression of galectin-1
binding proteins on the surface of naturally
occurring regulatory cells and the fact that
their inhibition significantly reduces their
regulatory effect [35]. The over-expression of
galectin-1 binding proteins can be induced by
hypoxia, as happens for certain cancer lines
and seems associated with a modulation of
immune privilege and overall survival [53].
In fact galectin-1 has many effects on T-cell
homeostasis, survival and function ranging
from Il-2 decreased secretion to the favoring
of IL-10 secretion. Furthermore, its over-
expression in tumor stroma has been reported
to be involved in tumor progression [20].

Confirmation of the involvement of tumor
microenvironment on Treg activity comes
from the work of Curiel et al., who have
clearly demonstrated the fatal attraction of
Treg towards tumor hypoxic areas [20]. The
increased infiltration in malignant epithelial
cancers is obtained under the influence of
the chemokine CCL22, a chemokine able to
also recruit macrophages that are specifically
produced by tumor and stroma cells in the
hypoxic areas [3].

2.5.1.2. Myeloid Cells (See Above
“Myeloid Cells, ROS”)

IDO cells. Indoleamine 2,3-dioxygenase
(IDO) is a rate limiting enzyme in
the catabolism of tryptophan, induced in
various pathologic states including neoplasia.
Different in vitro studies have shown that
this induction is consequent to the activation
of antigen-presenting cells (APCs), such as
macrophages and DCs. The production of IDO
cells by specific subsets of DCs, probably
induced by the hostile tumor microenvi-
ronment [63], can influence the killing activity
of lymphocytes against cancer cells and T-cell
proliferation. IDO seems to be important for
NK cells activity as demonstrated by Kai
et al. [47], and as counter regulation of
immune activation and inflammation [47],
however the presence of these IDO cells in
the tumor draining lymph nodes can induce
tumor-tolerance and immune-evasion.
Dendritic cells. DCs are essential for the
initiation of immune responses by capturing,
processing and presenting antigens to T
cells. In addition to their important role as
professional APCs, inside the tumor area
they show a reduced activity (immaturity)
due to the over-expression of immunosup-
pressive and pro-inflammatory prostanoids
from arachidonic acid (AA) by the action
of cyclooxygenase (COX) enzymes [9, 106,
109]. Associated with PGE2 histamine,
IL10 stimulate DCs to differentiate into
Th2 cell-promoting effector DCs and to
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tumor immunity paralysis [31, 42, 109].
Other molecules over-expressed in the
tumor microenvironment, such as VEGF and
Jak2/STAT3, have been implicated in the
block of dendritic cell maturation and in a
decrease in its activity of antigen presenting
cells [31, 89].

2.6. Failure of Lymphocyte Homing

Adhesion molecules. Tumor immunotherapy
success or failure is strongly dependent on
leukocyte migration into the tumor area
[14]. In fact, leukocytes and macrophages,
before reaching the target tissue (tumor
site), undergo a series of sequential steps
during extravasation from blood into tissues:
tethering, rolling, adhesion and diapedesis.
Among these steps, the leukocytes’ adhesion
to tumor endothelium is critical and occurs
through the expression of specific adhesion
molecules, such as: L-selectin ligands,
alpha-4beta-7 integrin adhesion receptors
(a4b7) and mucosal addressing cell adhesion
molecule-1 (CAM-1). Several animal exper-
iments have shown that in the presence of
VEGF a significantly decreased expression of
these adhesion molecules occurs, determining
a decline in leukocyte arrival into the tumor
mass [14, 38, 70].
Effects of tumor environment on cytokines
production and treatment. Besides the
impaired tumor infiltration by immune
competent cells, tumor environment (hypoxia,
acidic pH) itself unfavorably modifies T
lymphocytes, NK cells and macrophage
activity [55, 88]. In fact, this kind of tumor
environment alters the pattern of secreted
cytokines towards an immunosuppressive TH2
pattern, permitting tumor escape from immune
surveillance [51, 54, 55, 86, 92].

2.7. Conclusions

In the majority of cases, cancer cells are recog-
nized as foreign by specific cytotoxic lympho-

cytes CD8+, however, they are not sponta-
neously eliminated by the immune system.
This failure to recognize cancer cells as
foreign bodies is initially found inside the
tumor mass and then becomes a peripheral
effect [86, 92]. The hostile microenvironment
that neoplastic cells create in concert with
the recruited macrophages and fibroblasts is
responsible for this failure [Figures 2.4 and
2.11]. The recruited cells lose their anti-tumor
capacity and their activity becomes able to
facilitate tumor progression [92]. Probably
hypoxia is the principal factor responsible for
all these effects. More observations on other
pathological states, such as inflammation, can
lead to a better understanding of this factor in
the near future [85].

Abbreviations. TAMs: Tumor Associated
Macrophages; VEGF: Vascular Endothelial
Growth Factor; HIF: Hypoxia-inducible
Factor; IL: interleukin; TNF-a: tumor necrosis
factor alpha; M-CSF: macrophage colony
stimulating factor; TILs: tumor infiltrating
Lymphocytes; ROS: reactive oxygen species;
TGF-
: transforming growth factor Beta;
NKs: natural killer cells; IDO: Indoleamine
2,3-dioxygenase; APCs: Antigen presenting
cells; DCs: dendritic cells; iNOS: inducible
nitric oxide synthase, IC: immune complexes;
TLRs: toll-like receptors; IL-1R: Interleukin
one receptor; Treg cells: regulatory T cells
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Abstract

Tumors can escape from adaptive immune reactions mediated by cytotoxic T-lymphocytes via down-regulation
or complete loss of major histocompatibility class I molecules. Some, and perhaps most, of tumors also seem
to lack tumor-specific antigens that may be recognized by adaptive immunity. However, transformed cells with
deficiencies in surface expression of major histocompatibility class I molecules are targets of natural killer cells –
effectors of the innate immune system. Their function does not depend on recognition of complexes of specific
antigens with major histocompatibility class I molecules. Interleukin-2 induces proliferation and activation of
natural killer cells. Lymphocytes incubated in the presence of interleukin-2 are termed as lymphokine-activated
killer cells. Lymphokine-activated killer cells have high proliferative activity and effectively lyse different types
of tumor cells.
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Natural killer (NK) cells are lymphocytes
of the innate immunity. They are different
from effectors of the adaptive immunity,
such as T- and B-lymphocytes and do
not have their specific cell surface markers
(CD3, CD19, CD20 etc.). Their morphology
is typical for large granular lymphocytes.
Numerous secretory granules in the cytoplasm
indicate their intensified activity. NK cells
comprise about 5–15% of all the lympho-
cytes. Generally lymphocytes, which express
CD16 and CD56 antigens but do not have
component of T-cell receptor CD3, are
considered to be NK cells. NK cells also
have receptors for interleukin-2 (IL-2) and
therefore may be activated by endogenous
or exogenous cytokine. In contrast to T-
cells, NK cells do not require antigen
presentation for recognition of their targets.
NK cells as well as neutrophils may be
considered an “early line of defense” of the
immune system, which includes activation of
neutrophils, tissue macrophages, monocytes,
because they can lyse transformed cells by
contact without prior activation [5, 7, 17, 20,
39, 40, 49, 51, 61, 66]. NK cells can kill
tumor cells in antigen-independent manner.
That is their major difference from T-cells.
The main mechanism of NK-cell function,
called natural cytotoxicity, is involved in
the destruction of various targets such as
tumor cells and virus-infected cells, which
generally have certain deficiencies (down-
regulation or lack) in expression of major
histocompatibility class I (MHC-I) surface
molecules. NK cells were also found to
recognize specific molecules that are up-
regulated in cellular stress. NK function
is inhibited by MHC-I molecules expressed
on normal cells. Tumor cells can have
decreased MHC-I expression and lose tissue-
specific markers during their malignant trans-
formation. They thus escape from adaptive
immunity but become targets of NK cells that
are activated as a result of lacking “self” –
MHC molecules, while T-cells recognize

foreign peptides in the context of a “self” – set
of MHC molecules expressed in a individual.
The majority of the NK cells in human
blood �≥ 95%� belong to CD56dimCD16+
cytolytic subset. These cells carry homing
receptors for inflamed peripheral sites and
contain perforin to rapidly mediate cytotox-
icity. The minor NK subset in blood �≤ 5%�
is CD56brightCD16− cells. These NK cells
have no perforin, but increasingly secrete
interferon-� �IFN-�� and tumor necrosis
factor � �TNF-�� as a result of activation
and are superior to the CD56dimCD16+

NK subset in these functions. In addition,
they display homing markers for secondary
lymphoid organs, namely CC-receptor 7
(CCR7) and CD62L (ligand). The main
activating receptors constitutively found on
all NK cells in peripheral blood are NKG2D
and natural cytotoxicity receptors (NCRs)
NKp30 and NKp46. Activating receptors bind
stress-induced ligands. For example, NKG2D
recognizes MHC-I chain-related proteins A
and B as well as UL16 binding proteins
(ULBPs) that are up-regulated on epithelial
tumors, leukemia, some melanoma and T-cell
lymphoma cell lines. Besides that, NKG2D
ligands can be induced by viral and bacterial
infections [2, 3, 9, 13, 16, 22, 25, 29, 33, 37,
38, 54, 57, 59].

Most inhibitory NK receptors recognize
MHC-I molecules on target cells. They can
be divided into two groups, detecting either
common allelic determinants of MHC-I,
or MHC-I expression in general. Killer
inhibitory receptors (KIRs) presenting the
first group recognize polymorphic HLA-B
and -C molecules. Inhibitory receptors
detecting MHC-I expression in general
are more heterogeneous. They include
the leukocyte Ig-like receptor 1/Ig-like
transcript 2 molecule with a broad speci-
ficity for different MHC-I molecules and
CD94/NKG2A heterodimer, specific for
HLA-E. MHC-I allele specific KIRs are
expressed on subsets of CD56dimCD16+
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cytolytic NKs, whereas immunoregulatory
CD56brightCD16− NK subset expresses
uniformly CD94/NKG2A and lacks KIRs.
CD56dimCD16+ cytolytic NKs are probably
terminally differentiated effectors that have
the entire panel of special activating and
inhibitory receptors to detect even allelic
HLA loss and thus can readily lyse malignant
cells. On the contrary, CD56brightCD16− NK
cells might perform an immunoregulatory
function in secondary lymphoid tissues.
Data from recent studies show that NK cells
play a major role in anti-tumor immunity.
For example, immunologically deficient
athymic-nude mice that lack all T-cells
have a similar rate of tumor development
to that of syngenic immunocompetent mice
[10, 23, 24, 28, 32, 36, 44, 45, 58, 64].
Certain cytokines, such as IL-2, increase
NK-cell cytotoxicity. Activated NK cells
are able to lyse a wide range of tumor
cells including tumor cells expressing autol-
ogous MHC-I molecules. Such cells were
termed lymphokine-activated killers (LAKs)
[21, 25, 27, 36, 47, 48].

As defined by S. Rosenberg et al. [19]
LAKs are activated killer cells, which display
LAK activity and are generated from a
lymphoid population by in vitro activation
in the presence of IL-2. The phenomenon of
lysis of isolated or cultured tumor cells by
lymphocytes activated with IL-2 in vitro was
termed LAK phenomenon or LAK activity.
Although there are no inter-individual or
interspecies histocompatibility barriers for
cell lysis, normal fresh tissues are resistant
to LAK’s lytic effect. LAK activity does
not require prior effector sensitization with
antigens of target cells. IL-2 is sufficient for
lymphocyte activation [3, 21, 25, 30, 43].

Primarily, the LAK phenomenon was
observed in the result of the activation of
the total lymphoid cell populations obtained
from different mouse and human tissues.
Such populations contained different cell
types, including T-, B- and NK cells. A

more detailed study of the phenomenon
by Yang et al. determined that most LAK
precursors are NK cells. A lot of the
following studies of LAK phenomenon
applying human lymphocytes confirmed that
most LAK precursors are found in a small
subset of peripheral blood mononuclear cells
(PBMCs) with phenotypic features of NK
cells �CD11b+� CD16+� CD56+� CD57+�.
The most active were the cells derived
from CD3−/CD16+/CD56+ precursors.
CD3+/CD16−/CD56− T-cells displayed
moderate activity when activated with
IL-2. Cell phenotypes did not change after
activation. LAK activity was due mainly to
a small subpopulation of PBMC, including
CD3−/CD56+ cells. Although another
subset of CD3+/CD56+ lymphocytes with
minor LAK activity was also described
[6, 41, 42, 55]. The LAK phenomenon
is mainly determined by lymphocytes,
which demonstrate NK-cell phenotype and
functions.

3.1. NK and LAK-Cell Mechanisms
of Action

The process of cell lysis resulting from the
interaction of LAK or NK cells with tumor
cells may be subdivided into five phases
(Figure 3.1):

• NK or LAKs recognize target tumor
cells;

• effector cells bind to target cells;
• lymphocytes release cytotoxic substances;
• target tumor cells die.

CD16+-LAKs kill antibody-coated cells
via a mechanism called antibody-dependent
cytotoxicity [32, 38]. This is mediated by
low-affinity Fc� receptor, CD16. Cytolitic
effect of LAK and NK cells on target
cells is achieved by secretion of cytotoxic
substances such as perforin and granzyme,
accumulated in cytoplasmic granules. One
of the granzymes (granzyme B) is a serine
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Figure 3.1. Schematic presentation of interactions
between LAKs and tumor cells. I – NK or LAKs

recognize target tumor cells; II – effector cells
bind to target cells; III – accumulation of

granules containing cytotoxic substances; IV –
lymphocytes release cytotoxic substances; V –
target tumor cells die (Refs. [3, 21, 25, 30, 43])

protease activating caspase-8, with subsequent
induction of apoptotic proteolytic cascade.

Activated lymphocytes express Fas ligand
(FasL) and induce apoptosis of transformed
cells by interaction of FasL with Fas receptor
(FasR) on target cells. Studies on mice
deficient in perforin, granzyme or FasL
showed that these are the main effector
molecules of cytotoxicity. FasL expression
is characteristic for many immune cells and
different tissues. IFN-� or IL-2 up-regulate
FasL expression in mononuclear leukocytes
(MNLs). FasL belongs to the TNF family,
including TNF-�, lymphotoxin, CD30L,
CD40L, CD27L, as well as TRAIL (TNF-
related apoptosis-inducing ligand). Membrane
bound FasL induces apoptosis as a result
of direct cell contact, whereas soluble form
of FasL acts as an autocrine or paracrine
factor of cell “suicide” or “murder” neighbor
cells [11, 14, 15, 26, 51, 52, 53, 56]. Thus,
perforin/granzyme or Fas/FasL mechanisms
may act simultaneously or independently to
induce apoptosis of target cells (Figure 3.2).

3.2. Generation of LAKs. Their
Anti-Tumor Effects

Activation of MNLs in vitro in the presence
of IL-2 generates LAK cells, which effec-
tively lyse tumor cells. NK cells, a major
population of LAKs, express the p75� chain
of IL-2R and LFA-1 (lymphocyte function
associated antigen-1) when stimulated by IL-
2. Therefore, MNLs incubation with IL-2
induces selective activation of NK cells and
a rapid increase of NK-activity in LAKs.
Cytotoxic activity of MNLs or NK cells alone
similarly increased during a short incubation
in the presence of IL-12. The studies showed
that the IL-12 activating rate was lower
than that of IL-2 and similar to IFN-�.
The maximal increase of NK-cell activity
was registered with a combination of IL-
2 and IL-12 as stimulating factors with
additive effect. IL-2 and IL-12 induce mRNAs
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(a)

(b)

Figure 3.2. Mechanism of antitumor activity of NK. a – Interaction of effectors of anti-tumor
immunity; b – Perforin/granzyme and Fas/FasL mechanisms (Refs. [11, 14, 15, 26, 51, 52, 56])

coding perforin and granzymes A and B
[4, 12, 31, 60, 62, 63, 67]. Earlier, cytotoxic
activity of LAKs was considered to depend
on two major populations: NK-cells and
cytotoxic T-lymphocytes. However, further
studies showed that the LAK phenomenon
was due primarily to the activity of typical NK
cells [42]. Studies with electron microscopy
and antibodies to CD16 marker conjugated
with colloid gold proved directly that NK
cells are the main mediators of LAK activity.

The results revealed that CD16+-cells of the
LAK population penetrated deep into target
tumor cells with their pseudopodia, while their
cytoplasmic granules and vacuoles accumu-
lated in the sites of cell contact [18].

IL-2 or/and IL-12 induced a gradual
increase in the proportion of NK cells in
cultured MNLs. The proportion of NK cells
in the total population of LAKs reached 70%
by day 9 of incubation in the presence of
cytokines. Even low concentrations of IL-2
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Figure 3.3. Cytotoxic activity of LAKs and MNLs against allogenic (K-562) and autologous
tumor cells

combined with IL-12 led to enhanced prolif-
eration of NK cells. The number of CD56+

T-cells had increased several-fold by the
second day of PBMC incubation with IL-
2, though their cytotoxic activity was low.
However, during further cultivation, when the
percentage of CD56+ T-cell subset remained
the same, the proportion of NK cells increased
significantly and the cytotoxicity of the total
LAK-cell population rose substantially. It was
shown that IL-12 induces up-regulation of
NK-cell proliferation without augmentation of
their cytotoxicity. The data corresponds well
to the concept of the pre-stimulating effect of
IL-12 but it has minimal stimulating effect on
latent lymphocytes [1, 8, 34, 35, 68].

PBMCs from healthy donors have physi-
ological (spontaneous) anti-tumor activity
towards allogeneic tumor cells. A population
of PBMCs can be generated into LAKs
during cultivation in the presence of IL-
2. Generally, LAKs are considered as NK-
like cells, which cytotoxic effect does not
require antigen presentation in the context
of MHC-I molecules. Determination of their
cyotoxic function involves a test on NK-
sensitive immortalized cell lines such as
human leukemia K-562. LAKs of healthy
donors present higher NK activity, than
PBMCs of the same donors. They reach the

peak of their activity by the third day of
cultivation.

PBMCs of cancer patients also have high
spontaneous NK activity and lyse about 45±
6% of K-562 cells. However, their cytolytic
effect on autologous tumor cells is very
low �10 ±6%�. LAKs generated from cancer
patients’ PBMC in vitro have a higher rate
of NK activity and cytotoxicity towards
autologous tumor cells �35 ± 6%�. Therefore
PBMC activation in the presence of IL-2 leads
to the generation of LAKs that can efficiently
lyse autologous tumor cells (Figure 3.3) [25].

3.3. Phenotype, Morphology and
Cytotoxic Activity of LAK Cells

Our research group thoroughly investigated
morphological and phenotypical changes in
LAKs during the process of their generation.
LAKs may be derived from different sources
of precursor cells. The most commonly
used initial cells for activation are mononu-
clear leukocytes (MNLs). Spleens surgically
removed during gastrectomy in gastric cancer
patients can be also used as an appropriate
source of lymphocytes for subsequent LAK
generation. We also generated LAKs from
mouse (CBA line) spleens for experimental
purposes. Lymphocytes may be isolated from
malignant effusions and tumor-infiltrating
leukocytes as well.
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LAKs derived from MNLs from different
donors have variable donor-specific pheno-
typic features [65]. However, the highest
cytotoxic activity was registered in NK-LAKs
with phenotypic features of NK cells. This
finding shows that the most important pheno-
typic feature of LAKs is a high expression
rate of NK markers (CD16, CD56) and a
lower subset of T-cells characterized by the
expression of CD3, CD4 and CD8, compared
with initial MNLs. LAKs have an enhanced

expression rate of activation antigens (CD25,
CD38) and adhesion molecules (CD57, CD58)
(Figures 3.4, 3.5).

The percentage of cells expressing CD16
and CD56 (NK markers), CD58, CD25
(IL-2R subunit) and HLA-DR significantly
increased within 24 hours after the start
of cultivation with IL-2 �p ≤ 0�001�. This
tendency continued on the third day of
incubation (Figure 3.6). The number of
CD16+� CD56+� CD58+ and HLA-DR+ cells

Figure 3.4. Expression of cell surface antigens by LAKs generated from human donor PBMCs
(72 hours of incubation with IL-2). Histograms: left – isotypic control; right – samples labeled with

fluorescent dye-conjugated antibodies to cell surface antigens (CD3, CD4, CD8, CD14, CD25, CD38,
CD56, CD57, CD58, HLA-DR). Dot-plot presents forward and side light scattering. Events - number

of cells, FITC, PE – logarithms of fluorescence intensity corresponding to fluorescent dyes FITC
(fluorescein isothiocyanate) and PE (phycoerythrin)
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Figure 3.5. Expression of T-cell and NK markers by PBMC-derived LAKs (72 hours of incubation
with IL-2). Left – PBMCs; right – LAKs labeled with fluorescent dye-conjugated antibodies to cell

surface antigens (CD3/ CD16,CD56). FITC (fluorescein isothiocyanate) and PE (phycoerythrin)

was still much higher in comparison to initial
MNLs until days 5 and 7 of incubation.

Typical LAKs are large lymphoid cells.
Most of them look like prolympho-
cytes or immunoblasts with basophilic and
pyroninophilic cytoplasm (Figures 3.7–3.9).
The Pyroninophilic character of LAK
cytoplasm may be explained by RNA-
accumulation. Mitotic cells are often observed
in LAK samples (Figure 3.10).

On incubation day, two groups of large
lymphoid cells with wide rims of cytoplasm
were detected in cell cultures that were much
larger than latent lymphocytes (Figure 3.11).
They proliferated intensively and formed huge
colonies of large cells and adhered firmly
to plastic (Figures 3.12, 3.13). On day 3, a
lot of blast cells with eccentrically located
nuclei, multiple nucleoli, and a wide rim of

(a) (b)

(c) (d)

Figure 3.6. IL-2 effect on the expression of molecular markers on human PBMC cell surface
(expression rate, p± sp,%). a – Expression of T-cell markers (CD3, CD4, CD8); b – Expression of

NK-cell markers (CD16, CD56); c – Expression of adhesion molecules (CD57, CD58);
d – Expression of activation molecules (CD25, CD38)
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(a) (b)

Figure 3.7. PBMC-derived LAKs Micrographs of samples of cell suspensions: a – day 3 of
incubation with IL-2; Scale bar: 20 	m; b – day 5 of incubation with IL-2; Romanovsky-Giemsa

azure II-eosin staining; Scale
bar: 20 	m

(a) (b)

Figure 3.8. Immunoblast in LAK population Micrographs of samples of cell suspensions: a, b – day 5
of incubation with IL-2; Scale bar: 5 	m; a – Romanovsky-Giemsa azure-eosin staining; b – Brachet

methyl green – pyronine staining; Scale bar: 20 	m

(a) (b)

Figure 3.9. Pyroninophilic PBMC-derived LAKs Micrographs of samples of cell suspensions: a – day
3 of incubation with IL-2; Scale bar: 50 	m; b – day 5 of incubation with IL-2; Brachet methyl

green – pyronine staining; Scale
bar: 20 	m
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(a) (b)

Figure 3.10. Mitotic cells in LAK samples Micrographs of samples of cell suspensions: a – day 3 of
incubation with IL-2; Romanovsky-Giemsa azure-eosin staining; Scale bar: 10 	m; b – day 5 of

incubation with IL-2; Brachet methyl green – pyronine staining;
Scale bar: 20 	m

Figure 3.11. PBMC-derived LAKs on day 2 of incubation with IL-2. Micrographs of samples of cell
suspensions: Romanovsky-Giemsa azure II-eosin staining; Scale bar: 20 	m

(a) (b)

Figure 3.12. PBMCs and LAKs Micrographs of adherent cells. Ziehl fuchsin staining, a – Before
incubation with IL-2, Scale bar: 20 	m; b – After 48 hours of incubation with IL-2;

Scale bar: 10 	m
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(a) (b)

Figure 3.13. Phase-contrast micrographs of PBMC-derived LAK suspensions (48 hours of incubation
with IL-2): a – In dark field Scale bar: 20 	m; b – In bright field; Scale bar: 20 	m

basophilic cytoplasm were observed in the
cell culture. By day 5, most mononuclear
cells were presented by blasts, prolympho-
cytes and pyroninophilic lymphocytes. An
increased number of blasts and activated
lymphocytes was registered for 7–10 days
(Figure 3.14). The dynamics of cell surface
antigen expression correlated with the changes
in the percentage of activated cell forms
during PBMC incubation in the presence of
IL-2. Electron micrographs of LAKs show
their typical morphology of large granular
lymphocytes (Figures 3.15a,b). They have a
lot of mitochondria and polyribosomes in a

wide rim of cytoplasm. Active RNA biosyn-
thesis is revealed by Bernard electron histo-
chemical cell treatment (Figure 3.15c). LAKs
contact with dendritic cells and macrophage-
like cells using their cytoplasmic protrusions
(Figure 3.16).

Starting from incubation day 10, large
macrophage-like cells were seen in the
LAK population. They had eccentrically
located nuclei (the feature typical for
dendritic cells) and vacuolated basophilic
cytoplasm (Figure 3.17a), which contained
a bright pyroninophilic component
(Figure 3.17b). They displayed some other

Figure 3.14. Dynamics of cell composition in LAKs (days 1–10)
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(a)

(b) (c)

Figure 3.15. PBMC-derived LAKs day 5 of incubation with IL-2 Electron micrographs of samples of
cell suspensions: a – Lymphocytes; Scale bar: 10 	m; b – Blastic form; Scale bar: 5 	m;

c – Bernard electron histochemical cell treatment;
Scale bar: 5 	m

characteristic features of dendritic cells, such
as long membrane protrusions and sponta-
neous clustering with lymphocytes. Such
cells might provide additional stimulation of
LAK cells, by cell interaction or secretion of
cytokines such as IL-12 and IL-1.

LAKs generated from MNLs of different
origin were similar in expression rate of
different cell surface antigens and had no
significant variations.

The results have demonstrated that
incubation of MNLs obtained from different
sources (peripheral blood, spleen and tumor

infiltrates) in the presence of IL-2 leads
to the generation of activated lympho-
cytes with the morphological and phenotypic
characteristics of typical LAKs. Lympho-
cytes undergo blast-transformation and inten-
sively proliferate. They acquire the morpho-
logical features of prolymphocytes and
immunoblasts. The cells activate biosyn-
thetic processes that are revealed by RNA-
accumulation in the cytoplasm and numerous
cellular organelles necessary for biosynthesis.
The process of cell activation is also reflected
by up-regulated expression of activation
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Figure 3.16. Macrophage-like cells in PBMC-derived LAK populations. Day 14 of incubation with
IL-2. Electron micrographs of samples of cell suspensions: contacts of LAKs and macrophage-

like cells; Scale bar: 5 	m

markers (CD38, CD25 and HLA-DR) as
well as adhesion molecules (CD58). During
prolonged incubation (more than 10 days) the
lymphoid population is gradually replaced by
macrophage-like cells.

We compared cytotoxic NK-activity to the
K-562 leukemia cell line of LAKs derived
from MNLs of different origin (blood, spleen,
liver metastases and malignant effusions). All
LAK groups showed high NK-activity related
to ratios of target and effector cells. The
maximal lysis of tumor cells was observed
at the ratios of 1:2 and 1:5. However, LAKs
obtained from MNLs infiltrating metastatic
regions of livers effectively lysed tumor cells,

even at the ratio of target cells and LAKs 1:0.5
(47% of cell lysis) (Figure 3.18).

NK cells and LAKs can lyse tumor cells
of different origin [46, 47, 50]. Different
ability, of various lymphocyte populations to
respond to IL-2 stimulation and subsequently
lyse tumors, may be explained by a different
expression rate of inhibitory NK receptors on
their surfaces (KIR and CD94/NKG2A) [25].

Freshly isolated MNLs and the MNL-
derived LAKs displayed cytotoxic activity
towards tumor cells of different origin
(Tables 3.1, 3.2 and Figures 3.19–3.21). The
maximal cytotoxic activity was observed at

(a) (b)

Figure 3.17. Macrophage-like cells in PBMC-derived LAK populations. Day 14 of incubation with
IL-2 Micrographs of samples of cell suspensions: a – Romanovsky-Giemsa azure-eosin staining;

Scale bar: 20 	m; b – Brachet methyl green – pyronine staining; Scale bar: 50 	m
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Figure 3.18. NK-activity towards K-562 leukemia cell line of LAKs derived from MNLs of different
origin. PBMC – LAK generated from PBMC. MNL from spleen – LAK generated from spleen

MNLs. MNL from malignant effusion – LAK generated from malignant effusion MNLs. MNL from
liver – LAK generated from liver TIL

(a) (b)

Figure 3.19. Non-small cell lung cancer A-549 cells before a and after addition of LAKs b. Ratio of
targets/effectors 1:5. Micrographs of cell suspensions; Scale bar: a – 20 	m; b – 50 	m

(a) (b)

Figure 3.20. Erythroblastic leukemia K-562 cells before a and after b addition of LAKs. Ratio of
targets/effectors 1:5. Micrographs of cell suspensions; Scale bar: 20 	m
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(a) (b)

Figure 3.21. Ovarian cancer SKOV-3 cells before a and after b addition of LAKs. Ratio of
targets/effectors 1:5. Micrographs of cell suspensions; Scale bar: 20 	m

Table 3.1. Cytotoxic activity of PBMCs and LAKs against solid tumor cell lines (%)

Ratio
Targets/Effectors

Non-small Cell Lung
Cancer A-549

Colon
Cancer Colo

Ovarian Cancer
SKOV-3

Breast Cancer
MCF7

PBMCs LAKs PBMCs LAKs PBMCs LAKs PBMCs LAKs

1:5 58±5 77±6∗ 68±10 86±5∗ 28±9 52±10∗ 10±5 63±6∗

1:2 53±5 60±6 41±5 69±6∗ 25±9 40±9∗ 8±2 36±5∗

1:1 42±3 58±6 33±3 57±3∗ 20±5 30±8 6±3 27±7∗

∗ Statistically significant differences compared to PBMCs, p ≤ 0�05.

Table 3.2. Cytotoxic activity of PBMCs and LAKs against
hematoblastic tumor cell lines (%)

Ratio
Targets/Effectors

B-cell Lymphoma
Raji

Erythroblastic Leukemia
K 562

PBMCs LAKs PBMCs LAKs

1:5 48±3 59±4∗ 68±10 86±5∗

1:2 33±5 40±3 41±5 69±6∗

∗ Statistically significant differences compared to PBMCs p ≤ 0�05.

the ratio of tumor target cells/effectors 1:5 in
all tested cell lines.

LAKs showed significantly higher activity
compared to that of freshly isolated MNLs
in killing tumor cells at all ratios of targets
and effectors. The highest cytotoxic activity of
both MNLs and LAKs was registered towards
leukemia cell lines K-562 and Raji as well
as towards non-small cell lung cancer line A-
549. Other cell lines such as SCOV3, Colo
and MCF7 were less susceptible to the lytic
function of MNLs and LAKs.

Both MNLs and LAKs had no significant
cytotoxic effect towards normal human fibrob-
lasts and embryonic cells of the calf LEC

(lung embryonic cells) line (Table 3.3 and
Figures 3.22, 3.23).

Both MNLs and LAKs have selective
cytotoxic activity towards tumor cells of
different origin. The IL-2 effect leads to
up-regulation of NK-activity (cytolysis of
NK-sensitive cell lines such as K-562) as
well as cytotoxic activity towards other,
different tumor cell lines. Altogether LAKs
do not significantly influence the viability of
normal cells.

The maximal LAKs number was obtained
by day 3–5 of PBMC incubation with IL-
2, but high proliferation rates and cytotox-
icity were registered until day 10. Therefore,
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Table 3.3. Cytotoxic activity of PBMCs and LAKs against normal cells (%)

Ratio
Targets/Effectors

Calf Embryo Lung Cells LEC Skin Fibroblasts

PBMCs LAKs PBMCs LAKs

1:5 20±3 24±5 18±3 32±5
1:2 12±5 15±4 22±4 23±5
1:1 20±3 20±2 15±4 17±2
∗ Statistically significant difference, p ≤ 0�05.

(a) (b)

Figure 3.22. Human fibroblasts derived from donor skin before a and after b addition of LAKs. Ratio
of targets/effectors 1:5. Micrographs of cell suspensions; Scale bar: a – 30 	m; b – 50 	m

(a) (b)

Figure 3.23. Calf LEC (lung embryonic cells) line before a and after b addition of LAKs. Ratio of
targets/effectors 1:5. Micrographs of cell suspensions;

Scale bar: 20 	m

better terms for including LAKs in adoptive
anti-cancer immunotherapy are days 3–5 of
their incubation with IL-2, when they present
the optimal rate of proliferation and cytotoxic
activity.

LAKs comprise mixed populations of
mononuclear cells activated by IL-2. Their
cytotoxic activity is apparently due to their
major constituents – activated NK cells.

Selective cytotoxic effects of LAKs toward
tumor cells of different origin makes them
attractive for anti-cancer immunotherapy.
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Abstract

CD4+/CD25+ T-regulatory cells are a suppressive subpopulation of lymphocytes that play a key role in auto-
tolerance development. T-regulatory cells in cancer patients can inhibit proliferation and killer activity of cytotoxic
lymphocytes and suppress anti-tumor immune response. T-suppressor number increases with the long-term
cultivation of lymphocytes in the presence of interleukine-2 and leads to down-regulation of the anti-tumor
activity of lymphokine-activated killers. Therefore, activated lymphocytes obtained from an early period culture
with IL-2 are preferable to include in adoptive immunotherapy.

CD4+/CD25+ T-regulatory cells (Treg) in
humans account for approximately 5% of
total peripheral CD4+T-lymphocytes and
they function to maintain the homeostasis
of peripheral auto-tolerance by suppressing
the auto-reactive T-cells [31]. Tregs originate
in thymus and have an IL-2 receptor
(CD25) �-chain, express cytotoxic T-
lymphocyte associated antigen-4 (CTLA-4),
glucocorticoid-induced TNF-receptor (GITR)
and transcriptional factor FOXP3 – being the
main determinant of Treg suppressive function
[1, 5, 10, 12, 13, 23, 33, 35]. Treg lymphocytes
play the key role in mediating auto-tolerance
[11, 15] that was shown in cases with
genetic susceptibility to immune dysfunc-
tions associated with FOXP3 mutations [9]
and decreased numbers of CD4+/CD25+

T-lymphocytes [16, 19]. CD4+/CD25+Tregs
have a lower proliferative activity than
CD4+/CD25− T-cells and can inhibit in vitro
CD8+ and CD4+/CD25− T-cell activation
[21, 32, 43]. CD4+/CD25+Tregs can also
inhibit CD4+ T-helper ability to generate
cytokines [4]. Experiments on murine tumor
models demonstrated that the presence of
Tregs might reduce tumor response to active
immunization by transferred T-cells [29, 35].
Tregs are found in peripheral blood and in
sites of metastatic nodes in cancer patients
[15, 19, 40, 44]. Tregs secrete IL-10 and
may suppress proliferation of CD4+/CD25−,
CD8+ T lymphocytes and tumor-infiltrating
lymphocytes (TIL) activity [7, 10, 20, 38, 42]
and lead to inhibition of anti-tumor immunity
[2, 3, 10, 18, 20, 24, 28, 36].
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Treg cells down-regulate lytic and secretory
activity of natural killer (NK) cells and control
their proliferation [6]. Interaction between
NKG2D and Treg membrane associated TGF-
� results in inhibiting the NK function
[24]. Depletion of CD4+/CD25+ Treg
cells in homeostasis conditions results in
enhancement of NK proliferation as well as
their cytotoxicity [8].

Other studies searched for enhancing anti-
tumor immunity by the selective depletion
of the Tregs from peripheral blood mononu-
clear cells (PBMCs). The inhibiting immune
effects of Treg lymphocytes can partly be
responsible for the lower effectiveness of
immunotherapy in cancer patients. When
PBMCs are activated in vitro in the presence
of IL-2, CD4+/CD25+Tregs may be regis-
tered in the population of activated lympho-
cytes. This can be considered as the result of
the ambiguous effect of IL-2 on lymphocytes
in vitro and on the tolerance and anti-tumor
immunity or self-antigens in vivo [2, 4, 34].

Firstly, IL-2 was identified as a
T-cell growth factor since it stimulated
T-lymphocyte proliferation in culture [25].
This special feature has then become the
grounds for anti-tumor immunotherapy [26].
However, recent studies on mice deficient in
IL-2R� or IL-2 production have significantly
changed the understanding of this cytokine’s
role. Mice deficient in IL-2 production or
that had mutant gene encoding IL-2R�
developed an auto-immune syndrome with an
increased number of activated CD4+ T-cells,
antibodies production and inflammation
[22, 41, 37]. These facts led to a hypothesis
of a paradoxal role of IL-2 as a factor in
auto-tolerance processes as well as a T-cell
growth factor [26]. Moreover, IL-2 regulates
the Treg lymphocytes balance that plays
a key role in the peripheral tolerance to
self-antigens [3, 32] and as shown recently,
suppresses the anti-tumor immune response
[9, 12, 13, 34]. Thymic Tregs highly
express CD25 molecule that is part of the

high-affinity receptor IL-2R� [17]. Cytokine
IL-2 up-regulates CD25 expression in almost
all T-lymphocyte subpopulations although it
is especially important for CD4+/CD25+Treg
homeostasis, proliferation and function [45].

The IL-2 mechanism of action mediating
suppressive CD4+/CD25+Treg function is
associated with CD25 and FOXP3 expression
[13, 14, 27, 39].

Studies on CD25 deficient mice �CD25−/−�
showed no difference in the suppressive
function of FOXP3+ T-cells and the control
of lymphocytes of wild type in CD25−/−
mice. This may be associated with the lack
of an IL-2 signal and CD25 expression [12].
Within some period CD25−/− mice developed
auto-immune diseases in spite of the normal
rate of FOXP3 expression in Tregs [14, 30].
The high rate of CD25 expression increases
the sensitivity of the IL-2R� affinity to IL-
2 almost 100-fold as compared to the low-
affine receptor. This feature helps Treg cells
to compete for IL-2 and thus enhances their
survival in non-lymphoid tissues with low
cytokine expression [24].

To support normal self-tolerance processes,
Treg lymphocytes involve an IL-2 binding
to their high-affinity receptor IL-2R� that
causes FOXP3 expression necessary for the
Treg suppressive function. The essential role
of IL-2 for FOXP3 high- Treg maturation
was demonstrated in experiments with the
adoptive transfer of this cell population in
a lymphopenic environment. Despite a high
CD25 expression on the isolated Tregs,
CD25 expression rate decreased signifi-
cantly after the cell transfer to the tumor-
bearing hosts RAG-1−/−. Simultaneously,
FOXP3 was down-regulated but restored
after an additional transfer of wild-type T-
lymphocytes producing IL-2 [24].

Obviously, IL-2 stimulation, high CD25
expression rate and FOXP3 expression are
required to determine Tregs and to support
their function and homeostasis. However, IL-
2 is also a crucial factor for inducing killer
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activity and proliferation of T-lymphocyte
effectors [18, 30].

These findings seem to be very important
when immunotherapy is involved since an
increased IL-2 concentration, during a long-
term period both in the case of IL-2 infusion
in patients and generating in vitro, activated
lymphocytes with an enhanced killer activity.
There may occur a compensatory increase in
the Treg number due to a prolonged IL-2
effect on the high-affinity receptor IL-2R�
with the following FOXP3 expression. This
phenomenon may probably explain the ineffi-
cient response (15%–20%) of cancer patients
to IL-2/LAK immunotherapy.

Therefore, considering the revealed
ambiguous IL-2 effect on ex vivo activated
PBMCs, and depression of suppressive
Tregs may lead to increased immunotherapy
effectiveness [8, 17]. Since lymphokine-
activated killers are one of the key elements
in anti-cancer adoptive immunotherapy, the
role of Tregs in the population of ex vivo
generated LAKs becomes an important issue
for discussion.

A modern technique of immunomagnetic
separation that has 95%–99% sensitivity helps
to select definite cell subpopulations for
various purposes.

A study was performed to estimate the
CD4+/CD25+Treg subpopulation in LAK
culture generated from PBMCs of patients
with advanced colon cancer, disseminated
renal cancer and melanoma, as well as
that of the PBMC of healthy donors. The
results showed that the Treg percentage
varied dependent on the LAK cultivating
period.

PBMCs were isolated by a standard
gradient-density methodology and then
cultured in complete RPMI in the presence
of IL-2 (10000 IU/ml) for 3, 7 and 10
days. CD4+/CD25+T-cells were selected
by immunomagnetic separation at different
periods of cell culture and their number
was calculated and registered as percentage

Figure 4.1. Blood mononuclear cells of healthy
donors stained fluorescent antibodies to

CD4/CD25 antigens Microphotographs of double
marker stained cells in culture meal; stained

fluorescein isothiocyanat (FITS) and
phycoerithrin (PE). Scale bar: 20 �m

of LAK population. CD4+/CD25+T-cell
percentage in the LAK population generated
from the PBMC of patients with advanced
colon cancer, disseminated renal cancer and
melanoma increased gradually, correlating
with the culture period. But CD4+/CD25+T-
cell number in generated LAKs from the
PBMC of healthy donors remained virtually
constant (1.5%–4.3%) up to the 10th culture
day. Within the first 3 days of culture
CD4+/CD25+T-cell percentage in the LAKs
generated from the PBMC of patients (2.3%–
4.0%) and donors (1.5%) had no signif-
icant difference. However, prolonged PBMC
cultivation in the presence of IL-2 led to
a growing number of Tregs in the LAK
culture generated from the PBMC of patients
with advanced cancer, reaching 20% of the
total activated lymphocyte population by
day 20. The number of CD4+/CD25+T-
lymphocytes in the cell culture generated from
the PBMC of healthy donors increased less
rapidly and reached 7.8%–10.4% by day 20
(Figures 4.1 and 4.2).

The morphological examination of
CD4+/CD25+T-lymphocytes isolated from
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Figure 4.2. Expression rate of CD4/CD25 molecules in culture of MNLs and LAKs depending on
culture period a – Expression rate of CD4/CD25 molecules in culture of initial blood mononuclear

cells of a healthy donor; b – Expression rate of CD4/CD25 molecules in culture of initial blood
mononuclear cells of a disseminated melanoma patient; c – Expression rate of CD4/CD25 molecules
in culture of healthy donor LAKs (3 days); d – Expression rate of CD4/CD25 molecules in culture of

disseminated melanoma patient LAKs (3 days); e – Expression rate of CD4/CD25 molecules in
culture of healthy donor LAKs (10 days); f – Expression rate of CD4/CD25 molecules in culture of

disseminated melanoma patient LAKs (10 days)

the LAK culture by immunomagnetic
separation on days 7–10 describes large
prolymphocyte-like cells (Figure 4.3).

Immunophenotype analysis of the PBMC
of healthy donors and patients with dissem-
inated melanoma showed that 1%–3% of

PBMCs express Treg CD4/CD25 antigens.
During the period of MNL cultivation in the
presence of IL-2 CD4+/CD25+ lymphocyte
the percentage increased gradually, corre-
lating with the source of PBMCs and
the culture period. CD4+/CD25+ Tregs
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(a) (b)

(c) (d)

(e) (f)

Figure 4.3. CD4+/CD25+ lymphocytes separation scheme by magnetic beads with monoclonal
antibodies Microphotographs of lymphocytes bearing magnetic beads: a – Initial culture of

lymphokine-activated killers; Scale bar: 50 �m; b – Immunomagnetic separation of
CD19+� CD16+� CD8+ cells — lymphocytes form rosettes with beads bearing antibodies

(lymphocytes dominate in rosette complexes); Scale bar: 50 �m; c – Remained lymphocytes after
depletion of CD19+� CD16+� CD8+ cells from LAK culture (mainly blast forms and large

prolymphocyte-like cells); Scale bar: 20 �m; d–e – Immunomagnetic separation of CD4+/25+ cells
— Lymphocytes remaining after depletion of CD19+� CD16+� CD8+ cells from LAK culture form

rosettes with beads bearing antibodies to CD4/CD25 antigens (mainly blast forms and large
prolymphocyte-like cells); Scale bar: 20 �m; f – CD4+/CD25−cells in culture after depletion of
CD4+/CD25+ lymphocytes — remaining lymphocytes do not form rosettes with beads bearing

antibodies to CD4/CD25 antigens; stained Asur II-Eosin; Scale bar: 10 �m

were found in the 5 day culture of both
donors’ and melanoma patients’ LAKs and
reached 2 and 6%, respectively. On day
10, the proportion of CD4+/CD25+Treg
comprised 21% of the LAKs generated from
the PBMC of patients with disseminated

melanoma and 7% of healthy donors’ LAKs
(Figure 4.4).

CD4+/CD25+T-lymphocytes selected by
immunomagneticseparationfromlymphokine-
activated lymphocytes suppress NK-activity of
LAKs (Figure 4.5). Figure 4.6 demonstrates
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Figure 4.4. Dynamics of CD4+/CD25+ T-lymphocyte subpopulation in culture of
lymphokine-activated killer cells

Figure 4.5. Mechanism of suppression of
NK-activity by Treg (Refs. [6, 8, 10, 20, 42])

a significantly lower NK-activity of LAKs
incubated with regulatory CD4+/CD25+ T
cells than that of LAKs alone.

These results suggest that the depletion of
Tregs from LAKs generated ex vivo may be
a way to enhance efficacy of the cell-based
adoptive immunotherapy of cancer.

Figure 4.6. Comparative cytotoxicity of LAKs
and LAKs co-cultured with CD4+/CD25+

T-cells
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Abstract

The proportion of human peripheral blood CD8+ T cells that express CD57 is lower at birth but increases with
age as well as in patients with several pathologies such as the human immunodeficiency virus infection (HIV),
cytomegalovirus infection (CMV), myeloma multiple, colorectal cancer and gastric cancer. This T cell subset has
been shown to be an effector phenotype characterized by IFN-� production as well as being an important perforin
and granzyme-A expression. It has been hypothesized that this results from continuous stimulation, however,
this phenotype may be due to direct tumoral effects on CD8+ T cells. CD8+CD57+ T cells have been shown to
infiltrate tumors in different stages, suggesting that they play a role in tumor immunology. In this chapter we
analyze some basic aspects about how CD8+CD57+ T cells behave in tumor immunology.

5.1. CD8+ T Cells

One of the responses that the immune system
develops against tumors is based on CD8+ T
cells activity, mainly, memory CD8+ T cells.
Memory CD8+ T cells can be classified
into two categories, named central memory
T cell (TCM) and effector memory T cells
(TEM), according to their phenotypic markers,
effector functions and homing capabilities. In
1999, Sallusto F et al. proposed this classifi-
cation where TCM cells that express CD62L
and CCR7 can migrate to the secondary lymph
node but lacks of cytotoxic function. TEM,
characterized by the absence of CD62L and
CCR7 expression, are antigen-primed cells

that function as sentinels and mediate diverse
effector functions [43]. Klebanoff C et al.
showed in a mouse adoptive transfer model
that after an established cancer, CD8+ TCM
were superior mediators of immunity than
CD8+ TEM. This was due mainly to their
important proliferative capacity. As a conse-
quence, large numbers of these effector cells
were reached and mediated antigen or tumor
clearance [27]. A summary of these pheno-
typic markers is shown in Table 5.1. This
could be one of the most important findings
to consider for the future development of
cancer immunotherapies and tumor-antigen
vaccine trials. However, how is the differen-
tiation of CD8+ T cells that are chronically
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Table 5.1. Surface markers on naive and memory T cell
subsets. Per-GraA-: Perforine �−� and Granzyme A �−�

Naive T cell
memory

T cell
effector

T effector

CD62L+++ CD62L+
+

CD62L− CD62L−

CCR7+++ CCR7 +
+

CCR7− CCR7−

CD28+++ CD28 +
+

CD28 +
/−

CD28−

CD45RA
+++

CD45RA− CD45RA−
/+

CD45RA+

CD57− CD57 CD57 −
/+

CD57+

Per-GraA− Perlow GraA+ PerhighGraA+

stimulated by pathogens or tumors and how
much of its effector function is modified?
CD8+ T cells that have been exposed to
antigens (viral, tumoral or bacterial) for
an extensive period tend to express some
well characterized phenotypic markers such
as: CD28−� CD45RA+� CD57+ and short
telomers [8, 35] (Figures 5.1 and 5.2
CD45RA). There are two physiopathological
consequences for this cell surface expression
profile. Firstly, CD8+ T cells with a decrease
in telomere length have a very poor prolif-
erative capacity. Secondly, the number of

epitopes that are normally recognized by
CD8+ T cells is decreased due to a selective
production of TEM cells over TCM cells. The
logical result of this is that we do not have
a suitable CD8+ T cell repertory to eliminate
tumors or pathogens.

The main function of the CD8+ T cells
(TCM or TEM) is to kill infected or
tumoral cells. The mechanisms involved in
the destruction of their targets are multi-
faceted. The most important death pathways
are related to: (1) cytokine and chemokine
secretion (2) Fas/Fas ligand interactions and
(3) perforin/granzyme-mediated cell lysis
after recognition of cognate antigens.

5.2. Cytokines

Cytokines are important mediators of innate
and adaptive immunity. Their beneficial
effects in stimulating T-cell mediated
immunity, antigen presentation and T cell
proliferation are interesting for antitumor
vaccine adjuvants. It has been demon-
strated that an important variety of cytokines,
chemokines and growth factors are produced
in the local tumor environment by different
immune and tumor cells [13]. There is a long
list of tumor derived cytokines that include:

Figure 5.1. CD57 and CD45RA are co expressed on a subset of peripheral blood human CD8 T cells.
Lymphocytes were stained with monoclonal antibodies of CD8, CD45RA and CD57. The

percentage of the bright cells is indicated
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Figure 5.2. Proportion of CD8+CD57+ T cells.
Peripheral blood mononuclear cells were stained
with monoclonal antibodies of CD8 and CD57
and analyzed by flow cytometry. Results are

expressed as median using the Wilcoxon
rank-sum (Mann-Witney); the p value of the

difference between controls and TB patients is
indicated. n = 20

IL-1, IL-2, IL-4, IL-6 IL-10, IL-15, TGF-�
and TNF-� and the list is still increasing [5,
12, 24]. Some of the best characterized tumor
cytokines are IL-10 and TGF-�. Both of them
are known as immunosuppressive cytokines.
IL-10 is a cytokine that is mainly produced by
T cells, monocytes, macrophages and tumor
cells by the downregulation of HLA classes I
and II molecules. They inhibit IFN-� secretion
and T cell proliferation [54]. On the other
hand, TGF-� is a cytokine that is produced by
T cells and macrophages and is considered to
be a regulator of the maturation and activity
of different cells [29]. This cytokine mediates
suppression of cytotoxic T lymphocytes and
the production of IL-2 as well as inhibiting
the activation of the response to different
kinds of stimuli [30]. One of the most novel
cytokines with antitumor activity is IL-27,
which is an early product of activated antigen
presenting cells and is part of the IL-12 family
[37]. IL-27 is produced by antigen presenting
cells (APC) and synergizes with IL-12 to
trigger the production of IFN-� by naïve CD4
T cells but its potent antitumor activity is
mainly mediated by CD8 T cells which act
directly on the CD8 T cell or through T-bet
[18, 46].

5.3. CD95/CD95L System

Apoptosis is one of the most important
immune mechanisms for the maintenance of
tissue homeostasis and is also the mechanism
that mediates the destruction of damaged cells.
Therefore, the balance between pro-apoptotic
and anti-apoptotic mechanisms should be well
regulated. There is, however, inhibition of
the apoptotic process in several diseases such
as cancer [16]. CD95 (member of the tumor
necrosis factor (TNF)-receptor family) on the
surface of activated T cells mediates apoptosis
when triggered by its cognate ligand, CD95L.
CD95L (FasL) belongs to the TNF family and
is expressed in two different forms: on cell
membranes or as a soluble factor [25, 51].
Upon the binding of CD95L, CD95 signaling
through the adaptor molecule Fas-associated
death domain protein (FADD), procaspase-8,
procaspase-10 and FLIP [36].

The induction of apoptosis through CD95
is the main mechanism that regulates tumor
proliferation. However, tumor cells have
developed some strategies to evade apoptosis
induction. One of these strategies is the
upregulated activity of metalloproteinase-7
(MMP-7) that mediates Fas cleavage from
the tumor cells. The consequence of this is
an increased resistance to the FasL induced
apoptosis [53]. Another alteration in this
pathway has been associated with the amount
of the Bcl-2 antiapoptotic protein. An overex-
pression of the Bcl-2 gene has been found
in several pathologies such as lymphomas,
leukaemias and some solid tumors [6, 50].
At the same level the inverse situation has
been observed; a decreased expression of pro-
apoptotic proteins has been found in some
cancers such as colon cancer [39].

5.4. Granule-Exocytosis Pathway

The third mechanism mediated by CD8+
T cells against infected cells and tumors is
the granule-exocytosis pathway. Perforin is a
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pore-forming protein that is stored together
with several granzymes (serine proteases) in
granules of the CD8+ T cells and NK cells.
Exocytosis of granules is presented after the
CD8+ T cell or NK cell establishes contact
with a target cell. This allows the release
of the granules content, activation of the
apoptotic pathway and the elimination of the
infected or transformed cell [7, 49]. In 1994
the importance of this pathway was demon-
strated by the use of perforin-deficient mice,
which showed a rapid growth and spread
of some experimental tumors [11]. Even
though perforin alone can mediate membrane
damage, granzymes are necessary to induce
apoptosis.

5.5. Antigen Recognition of CD8
T Cells

Generally, CD8+ T cells recognize cytosolic
antigens, which are presented on MHC class
I molecules. Tumoral and viral antigens can
get access to the antigen presentation class I
pathway to CD8+ T cells through a novel
mechanism named cross-presentation [17].
Cross-presentation is a process where the cell
(antigen presenting cell, APC) that contains
the antigen is unable to present it to the
T cell, so the antigen should be transferred to
another APC, which is then able to present it
to the T cells. Cross-priming is the name for
the activation of T cells by cross-presented
antigens [3]. There are some hypotheses for
this process. One of them suggests that MHC
class I molecules, located in the endoplasmic
reticulum (ER), join the new phagosomes
loaded with antigens derived from apoptotic
vesicles to acquire the new antigens [14, 20].
It is not well known whether tumor antigens
are cross-presented by apoptotic vesicles but it
has been described as a relationship between
apoptosis and the activation of T cells in mice
that were transfected with AB1 tumors and
after that treated with the apoptosis-inducing
reagent gemcitabine [32].

5.6. CD8+ T Cells that Express the NK
Cell Marker CD57

Some of the CD8+ T cells may express NK
receptors (NKRs) such as CD56, CD57 or
CD244 and have been correlated with T cell
activation and may regulate their effector
functions against tumor antigens [33, 38].
CD161 T cells have been widely described,
therefore, we are going to focus on CD8+ T
cells that express the CD57 marker. CD57,
also known as HNK-1, is a glycan expressed
on some cell-surface glycoproteins, glycol-
ipids and on unconventional T cells [22, 23,
44]. The increased expression of CD57 on
CD4+ and CD8+ T cells has been associated
with an effector/memory phenotype in several
pathologies such as citomegalovirus infection,
chronic lymphocytic leukaemia, colorectal
cancer, gastric cancer and tuberculosis. This
is probably a result of the chronic antigenic
stimulation [10, 31, 34, 40, 52]. Figure 5.3
(box) and Figure 5.4 (histograms) show
examples of the increased percentage of the
CD8+ CD57+ T cells in an infectious disease
such as pulmonary tuberculosis compared
with healthy controls.

The phenotypic profile of this T cell
subset is mainly characterized by the differ-
ential expression of some markers such as
CD28, CD62L, CCR7, CD45RA, CD57,
perforine and granzimes as well as sponta-
neous cytotoxic activity against autologous
monocytes [28, 40]. Although CD8+CD57+
T cells are not frequent in children and
younger adults, the number of CD57+ T cells
increases with age or after some viral infec-
tions, suggesting that the accumulation of
these T cells is the result of the clonal
expansion after chronic antigen exposition
[26, 45]. However, Hoji A et al., have recently
described that the differentiation of effector
CD8 + CD57+ T cells is impaired in some
cases of chronic HIV infection, suggesting a
failure in the control of the cellular immune
response against HIV [19]. In healthy donors,
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Figure 5.3. Expression of CD8 and CD57 on peripheral blood mononuclear cells (a, b).
Representative staining from a healthy control and from a tuberculosis patient

the CD57 marker is expressed in less than
10% of the peripheral blood mononuclear cells
(PBMC) [1]. However, almost 90% of the
CD57+ T cells are CD8 T cells and it has
been observed that this percentage increases
with age thus suggesting their extrathymic
origin [2]. CD8 + CD57+ T cells have
the capacity to produce large amounts of
IFN-� compared to regular ��T cells [33]
and have been shown to kill tumor cells when
activated with cytokines or superantigens [4].
Garland et al. described that CD8+CD57+ T
cells are able to spontaneously lyse allogenic
uninfected cell lines [15], whereas Mollet
et al., reported that CD8 + CD57+ T cells
can mediate spontaneous cytotoxic activity,
which may be downregulated by a recog-
nized lectin-binding soluble factor [41, 42].
We previously described that CD8 + CD57+
T cells from tuberculosis patients had sponta-
neous cytotoxic activity against autologous
monocytes when they were analyzed in an
ex-vivo assay (Figure 5.4). This suggests that
they are effector cells that may be found
in peripheral blood [40]. A large number of

studies have tried to elucidate the reason for
the expanded populations of T cell subsets
with the phenotype of cytotoxic T cells in
infectious (HIV, CMV and EBV) and tumoral
pathologies (myeloma multiple and colorectal
cancer) [21, 41, 47]. The expression of CD57
on CD8+ T cells and why they are part
of the infiltrating lymphocytes in different
tumors suggest that they play a role in the
Th1 immune response. In 2003 Chochi, K.
et al., stated that CD8 + CD57+ T cells
were significantly higher in the early stages
of gastric cancer compared to a significant
decrease found in advanced gastric cancer.
They also stated that the IFN-� production
did not correlate with the proportion of
CD8+CD57+ T cells in patients [10]. Other
recent works have described how the CD57
immunostaining on epithelial cells is a useful
adjunct to the diagnosis or prognosis of
papillary thyroid carcinoma and cutaneous
malignant melanoma [9, 48]

All these results suggest that CD8+CD57+
T cells may contribute or regulate the final
immune response against tumors or infections
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Figure 5.4. Cytotoxic activity of CD8+ T cells
subsets. CD8+CD57+ and CD8+CD57− T

cells from controls and TB-patients were tested
for cytotoxicity in a colorimetric LDH ex-vivo

assay. Non-stimulated CD8+CD57+ and
CD8+CD57− T cells were incubated with

autologous monocytes in a 4-h cytotoxicity assay.
Results represent the median from triplicate wells

from 6 individual donors. ∗p < 0�05

and it will depend on diverse factors such
as age, infection nature (viral, bacterial or
tumoral) or the elapsed time since the antigen
exposition began. We might consider that
the infiltration of CD8+ and CD57+ cells
in tumors is an important prognostic factor.
However, their interaction with tumor cells is
not completely understood. Recent evidence
indicates that CD8+ T cells that express
NK markers play an important role in the
immune surveillance in tumors. However,
more clinical trails will be necessary to
elucidate the final function of this T cell
subset.
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Abstract

Natural killer T cells are lymphocytes that express both T-cell and natural killer-cell markers. Natural killer T
cells are found in parenchymal organs such as liver, lungs, spleen etc and a small number are found in peripheral
blood. Natural killer T cells comprise a significant part of leukocyte infiltrates that occur in liver and other
organs of patients with cancer or infectious diseases. These cells have a large impact on the functional activity
of effectors of anti-tumor and anti-infectious immunity.
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Recent research studies revealed a particular
lymphocyte subpopulation called natural killer
T (NKT) cells. This is a unique T
lymphocyte subtype involved in immune
response regulation and associated with
a number of diseases including cancer,
autoimmune disorders and infections. NKT
cells can either have a stimulating or an
inhibiting effect on the immune response by
the activation of Th1 or Th2 cells to produce
regulatory cytokines. Therefore they may be
regarded as effectors for different types of
cell-based immunotherapy [20, 21, 55, 65].

NKT cells express on surface membrane
both T-cell (CD3) and natural killer-cell
markers (CD16, CD57, CD161 or NK1.1
in mice) [19, 28, 33]. According to
immunophenotype, NKT cells are divided into
two subsets: CD4+ and CD4− although they
can also express CD8 antigen in humans and
monkeys [13, 19, 28, 29, 33, 41].

NKT cells recognize glycolipid antigens
more readily than peptide ones. They
bind non-polymorphic MHC I-like glycolipid
antigen-presenting molecules CD1d, known
to be expressed on cells of hematopoietic
origin (dendritic cells, B cells, T cells and
macrophages) as well as hepatocytes [36, 58].
Considering the immunophenotype charac-
teristics some authors distinguish between
“classical” (CD1d–restricted) NKT-cells and
“non-classical” ones that express different
surface T-cell receptors and their generation
does not depend on CD1d expression on
the cell surface membrane [41, 49, 51].
Obviously NKT cells include a heterogenic
T-lymphocyte population.

Hepatic NKT cells have been most widely
characterized. The liver presents the major
components of innate immunity (NKT cells,
dendritic cells and macrophages etc.) as well
as a part of adaptive immunity effectors
such as T lymphocytes [19, 28, 39, 51,
67, 68]. During the hepatolineal period of
embryonic development the liver plays the
main hemopoietic role, however in a number

of conditions it still keeps its hemopoietic
function after birth [1, 22]. The human liver
includes stem cells (c-kit+) and develops as an
organ of ex-thymic generation of T cells, NK
cells and granulocytes. In childhood the ex-
thymic T-cell number is low but it increases
with age. The ex-thymic T-lymphocyte gener-
ation in liver involves the formation of cells
expressing T-cell receptors (TCR) as well as
markers of NKT cells (NK1�1+ TCR) [13, 22].

Most data on hepatic NKT-cell activation
and NKT-cell interaction with other immune
effectors has been obtained from experi-
ments on mice [33, 46, 63]. NKT cells
present the major part of hepatic T lympho-
cytes in mice although in thymus, bone
marrow, lymph nodes and peripheral blood
the NKT-cell number only reaches 1%
of the T-cell population [15, 19, 28, 41,
46]. Mouse NKT cells are defined as
CD4+CD8− or CD4−CD8− (double negative)
cells which display a restricted TCR�� reper-
toire (V�14/V�8� �7 or �2 TCR) [28, 46].
These TCR molecules bind the nonclassical
MHC class I-like molecule CD1d. In mice,
NKT cells comprise 30–50% of the total
hepatic T lymphocytes and have a potential
anti-tumor activity [15, 28, 46].

NKT cell activation in liver is mediated
by interleukin (IL)-12 which is produced
by antigen-presenting cells (APCs) such as
macrophages, Kupfer and dendritic cells
(DCs) in response to bacterial and viral factors
such as endotoxins as well as to malignant cell
transformation [28, 33, 46, 63] (Figure 6.1).
Hepatic NKT-cell activation is associated with
the expression of CD69 activating molecule,
enhanced NKT-cell cytotoxicity and IFN-�
secretion [69].

Another stimulating factor for NKT-cell
activation is glycosphingolipid (isolated from
the oceanic sponge Agelas mauritianus) �-
galactosylceramide (�-GalCer) that leads to
hepatic damage when administered systemi-
cally [15, 25, 26, 31, 46, 57]. Injection of
�-GalCer in mice results in the formation of
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Figure 6.1. Scheme of hepatic immunocompetent
cells distribution (Refs. [15, 19, 28, 41, 46])

venous fibrin clots and multi-focal infarctions.
A similar picture can be seen in the case
of super-acute (mediated by antibodies) or
acute (cellular) rejection of hepatic allotrans-
plants. Such disorders with hepatocellular
damage and inflammatory foci, consisting
MNLs were registered in the HBV trans-
genic mice. The authors assigned the above-
mentioned processes with NKT-cell activation
by �-GalCer resulting in a release of TNF-
� and INF-� [15, 28, 33, 68, 69]. �-
GalCer NKT-cell activation has a therapeutic
effect in diseases caused by Cryptococcus
neoformans or in viral encephalomyocarditis
and prevents the development of the intra-
heptocytic stage of Plasmodium yoelii and
Plasmodium bergheri in mice [30]. Therefore
�-GalCer NKT-cell activation may be of
clinical significance in infections and cancer
[8, 23, 64].

A proposed mechanism of action for �-
GalCer NKT-cell activation may be the
following: �-GalCer binds to CD1d and

the glycolipid-CD1d complex interacts with
restricted TCR molecules expressed by NKT
cells thus leading to activation of these cells
[44, 56]. There is a suggestion that �-GalCer-
activated NKT cells can not act as immune
system effectors and directly lyse tumor cells.
However, they can recruit and stimulate other
effectors such as NK cells and cytotoxic T
lymphocytes (CTLs) through INF-� secretion
[21, 24, 54, 61].

The activation of NKT cells by different
glycolipids and lipopolysaccharides was regis-
tered. TCR-ligand activated NKT cells
responded by a marked production of
cytokines within 1–2 hours [5, 19, 37].

Effective NKT-cell stimulation requires
direct contact between NKT cells and DCs
via CD40-CD40-ligand interaction and IL-12
produced by DCs [2, 17, 35]. In particular,
lipopolysaccharide derivatives were shown
to reduce hepatic metastases in mice after
systemic treatment [63]. This anti-metastatic
effect was assigned to hepatic NK-cell
activation in response to increasing IL-12
secretion due to a hepatic DC stimulation by
lipopolisaccharides [63].

DC-secreted IL-12 is the most important
cytokine inducing interferon (INF)-�
production by NKT cells. There are certain
data demonstrating that IL-12-activated NKT
cells function as effectors of type 1 that
produce INF-�, while �-GalCer-activated
NKT cells may function as innate immunity
effectors of type 2 producing IL-4 and IL-13
as well as INF-� [27, 60, 62, 71].

The NKT-cell function to secrete immuno-
suppressive or type 2 (humoral immune
response) cytokines such as IL-10, IL-4
and IL-13 suggests that these cells can
suppress cellular immune response. Experi-
mental studies have shown that NKT cells
can induce tolerance towards allotransplant
[10, 21, 42, 43, 52, 60, 71].

The hepatic NKT-cell lifetime is short: they
are activated, perform their effector functions
and die within several hours mainly as the
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result of apoptosis. This fact may partly
explain the decreasing number of NKT cells in
the liver relative to the CD8+ T-cell decrease.
There might be other mechanisms for NKT-
cell down-regulation including generation
disorders due to CD1d modulation, alterations
in ligand binding or cytokine homeostasis
imbalance [68].

A number of studies on mice demonstrated an
important role of the hepatic NKT cells in anti-
tumor immunity. In particular, NKT cells were
found to infiltrate liver tissue affected by the
malignant process, especially parametastatic
liver sites [15, 28, 33, 46, 63, 67, 68, 69].

The infiltration of mononuclear leukocytes
in the liver was studied in CBA mice with
inoculated ovarian carcinoma CAO-1 into the
liver [3, 38]. On day 14, after tumor cell
implantation into the murine liver, oval shaped
tumor nodules of 3–5 mm, in diameter were
seen to invade surrounding tissue (Figure 6.2).

The morphological examination of the
slide series revealed leukocyte infiltrations
in intact liver sites that concentrated mainly
in connective tissue layers around vessels of
portal tract (Figure 6.3a). The infiltrations
were rather small and included a moderate
number of leukocytes.

Figure 6.2. Ovarian carcinoma CaO-1 implant
in a CBA mouse liver M – tumor implant;

Scale bar: 1sm

A different picture was seen in paratumoral
sites (Figure 6.3b) and in tumor nodes in livers
of mice bearing tumors (Figure 6.3c). In the
areas of portal tracts there were observed vast
clusters of densely situated lymphocytes and
among hepatic cells smaller but more concen-
trated lymphocyte clusters with macrophages,
neutrophils, eosinophils and single plasmo-
cytes. An increased number of neutrophils
were registered at the sites of necrotic areas.

An immunocytochemical examination of
the murine liver with tumors showed that
all the infiltrating cells, both in connective
tissue between hepatic lobules (Figure 6.4a)
and inside lobules around sinus capillaries
(Figure 6.4b), were of mesenchymatous origin
�WIM+�. They included a large number of
NK �CD16+� cells (Figure 6.4c). Stem cell
antigen CD10 was determined on the surface
of the cells infiltrating connective tissue and
those in sinusoid lumens (Figures 6.4d,e).
A T-and B-lymphocyte progenitor marker
(Tdt) was also revealed on numerous cells of
leukocyte infiltrations (Figure 6.4f). A high
rate of positive reaction with pan-T-marker
(CD3) was observed on the cell surface in all
liver sites of mice with tumors (Figure 6.4g).
Antigen CD68 expression was noted on
macrophages found in connective tissue infil-
trates (Figure 6.4h) as well as on leukocytes
adjacent to tumor cells (Figure 6.4i). The infil-
trates of paratumoral liver sites comprised a
large number of proliferating cells that stained
intensively by proliferation marker (Ki-67)
(Figures 6.4j,k).

Lymphocytes isolated from a tumor-
affected liver comprise two subsets; one of
them is represented mostly by T lympho-
cytes and the other consists of lympho-
cytes expressing NK- and NKT-cell markers
(Figures 6.5a–d). Spleen lymphocytes from
intact and tumor-bearing mice express mainly
CD3 surface marker while NK cells are shown
to comprise less than 2.5% (Figure 6.5e) [52].
Mononuclear leukocytes (MNLs) from murine
tumor-bearing liver had a high spontaneous
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(a) (b) (c)

Figure 6.3. Microphotographs of histologic slides of intact a, paratumoral b and metastatic c liver
sites of CBA mice challenged with ovarian carcinoma CaO-1 a – leukocyte infiltrates in an intact

murine liver; b – leukocyte infiltrates in paratumoral site of a murine liver; c – leukocyte infiltrates in
metastatic site of a murine liver; stained by hematoxylin-eosin; Scale bar: a – 80 	m; b,c – 20 	m;

MNL – mononuclear leucocytes, TC – tumor cells

NK-activity and a 2-fold higher killer activity
than that of spleen lymphocytes. Hepatic
MNLs lysed autologous tumor cells more
effectively than spleen MNLs (Figure 6.6).
The intact control mice displayed a scarce
number of hepatic lymphocytes.

Therefore, when a tumor node in
a mouse liver develops it stimulates
parenchyma infiltration with MNLs including
WIM+� CD3+� CD10+� CD16+� CD68+,
Tdt+ and Ki67+-cells. Thus the lymphocyte
hepatic parenchyma infiltration seems to be a
response by local immunity to cell malignant
transformation [6, 11, 53]. The tissue NKT-
cell distribution in humans has been inten-
sively studied but unlike that of mice, a
healthy human liver has a low number of
NKT cells (0.5% of CD3+) and even less in
peripheral blood (0.02%) [34, 41].

So far, studies have revealed that a
major NKT-cell subset from a healthy
and tumor-affected human liver includes
V�24/V�11+ NKT cells [13, 19, 29, 32,
41, 49, 51]. Human hepatic NKT cells
differ from blood NKT cells by expression
of V�11-chain. NKT-cell variants display
the following profiles of T-cell marker
expression: CD4+CD8−� CD4−CD8−; they
also possess high levels of NK-cell antigens
CD56, CD161 and/or CD69 [7, 13, 19, 51].

Many authors suggest that human hepatic
NKT cells, as those of mice, have an anti-
tumor function. The activation of these cells
may significantly enhance their cytotoxic
potential. The problem is especially important
since the liver is one of the main organs
of metastases of various cancer types. About
20% of patients with colorectal cancer after
surgery develop liver metastases that cause the
patient’s death due to hepatic failure [1, 15].
M. A. Exley and M. J. Koziel’s review also
presents data on the protective role of NKT
cells in acute hepatitis and their importance
in the pathogenesis of chronic hepatotropic
infection and the fibroid process in
liver [14].

The examination of hepatic tissue from
cancer patients showed that the sites, located
far from metastases, consist of excessive
fibrous connective tissue with moderate
combined lymphoid - macrophage infiltrates
(Figure 6.7a). Practically no leukocytes were
found inside lobules (Figure 6.7b) while
in paratumoral sites around vessels of the
portal tract large leukocyte infiltrates were
revealed. They consisted mostly of lymphoid
cells but included macrophages and single
granular leukocytes (Figures 6.7c,d). Similar
cells infiltrate the area around sinusoid capil-
laries (Figure 6.7e). Immunocytochemical
examination of slides with cancer patients’
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(a) (b) (c)

(j) (k)

(g) (h) (i)

(d) (e) (f)

Figure 6.4. Microphotographs of histologic slides of leukocyte hepatic infiltrates stained by
monoclonal antibodies obtained from CBA mice challenged with ovarian carcinoma CaO-1

a,b – WIM+ cells; c – CD16+ cells; d,e – CD10+ cells; f – Tdt+ cells; g – CD3+ cells; h,i – CD68+

cells; j,k – Ki67+ cells; nuclei additional staining by hematoxylin; Scale bar: 30 	m

liver samples, using monoclonal antibodies,
revealed leukocyte infiltrates WIM+-cells of
mesenchymatous origin (Figure 6.8a). The
leukocyte infiltrates of paratumoral sites
include T cells �CD3+� with moderate

intensity of staining (Figure 6.8f) and a signif-
icant number of CD16+ cells (Figure 6.8b,c).
Inside sinusoid capillaries there are single
light positive CD10+ cells (Figure 6.8d) and
bright positive TdT+ cells, which present
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Figure 6.5. DotPlot of flow cytometry analysis reflecting expression of cell-surface markers
CD3(FITC), NK (PE) of mononuclear lymphocytes (MNL), isolated from the liver (a–c) and spleen

(d,e) of CBA mice challenged with ovarian carcinoma CaO-1 a – hepatic MNL distribution;
b – hepatic MNL distribution with double staining (CD3/NK) in R2; c – hepatic MNL distribution
with double staining (CD3/NK) in R1; d – spleen MNL distribution; e – spleen MNL distribution

with double staining (CD3/NK)

blast precursors of B and T lymphocytes
(Figure 6.8e). The antigen CD68 is expressed
in macrophages found in the wall of sinusoid
capillaries (Figure 6.8g). The proliferation

marker Ki-67 stains wall cells of paratumoral
sites (Figure 6.8h). The hepatic lymphoid
infiltrates have practically no B lymphocytes
(CD20+).
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Figure 6.6. NK-activity and cytotoxicity of MNL isolated from liver and spleen of tumor-bearing
mice against tumor cell line YAC-1 and autologous tumor cells (%)

Hepatic leukocyte infiltrates, from different
liver sites of patients with various primary
cancer types, were studied to describe their
morphological, functional and immunophe-
notypic characteristics [40, 70] (Figure 6.9).
The number of MNLs isolated from livers
of patients who had no previous radio or
chemotherapy accounted for 5–6 × 106 cells
per cm3 of the liver samples. The number

of isolated MNLs from pararumoral sites
was 1.5–2 fold higher than that of intact
liver sites. The number of MNLs isolated
from livers of patients who had received
previous radiation or chemotherapy accounted
for less than 1 × 10 cells per cm3 of the
liver samples. Patients with breast cancer
and metastases in the liver who had previ-
ously received 4–6 chemotherapy courses

(a) (b) (c)

(d) (e)

Figure 6.7. Microphotographs of histologic slides of intact (a,b) and paratumoral (c,d,e) sites of a
colorectal cancer patient’s liver with a metastatic process a,b – leukocyte infiltrates in intact liver

sites; c,e – leukocyte infiltrates in paratmetastatic liver sites; a – stained by Van Gison; b–e – stained
by hematoxylin-eosin; Scale bar: a – 80 	m; b – 30 	m; c,d – 50 	m; e – 30 	m; MNL –

mononuclear leucocyte
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(a) (b) (c)

(g) (h)

(d) (e) (f)

Figure 6.8. Microphotographs of histologic slides of leukocyte hepatic infiltrates stained by
monoclonal antibodies obtained from the liver sample of a colorectal cancer patient a – WIM+ cells;
b,c – CD16+ cells; d – CD10+ cells; e – Tdt+ cells; f – CD3+ cells; g – CD68+ cells; h – Ki67+

cells; additional nulei staining with hematoxylin; Scale bar: 30 	m

(CAF+ radiation therapy) had practically
no hepatic MNLs while the number of
MNLs isolated from patients’ livers who
had received immunotherapy (Intron A)
prior to surgery accounted for 10–15 ×
106 cells per 1cm3 of the liver samples.
Thus, the number of hepatic MNLs depends
on the type of pre-surgery treatment: after
radio and chemotherapy the MNL number
is minimal while after immunotherapy it
increases significantly, as compared to un-
treated patients. The control examination was
performed with MNLs isolated from the
liver of patients who had hepatic trauma.

Morphological histochemical analysis showed
that the intact liver presented mostly small
and medium lymphocytes that had average
pyroninophilic component in cytoplasm when
stained by Brachet (Figure 6.10). Exami-
nation of MNLs isolated from tumor-
affected liver showed that it was infiltrated
by lymphoid cells of prolymphocyte and
immunoblast types (most numerous in paratu-
moral sites). The interaction between lympho-
cytes, macrophages and dendritic cells was
noted (Figures 6.11a,b). A significant number
of lymphocytes with a bright pyroninophilic
staining of cytoplasm and nucleoli was
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Figure 6.9. Scheme of mononuclear leukocytes isolation from the liver of cancer patients with
different primary tumor localization

registered and the staining disappeared after
treatment with RNAse, which showed their
high synthesizing function (Figures 6.11c,d).
Activated pyroninophilic lymphocytes were
seen in large numbers both in the paratu-
moral sites and in the metastatic node tissue
(Figures 6.11e,f).

A comparative study of MNLs of intact
and paratumoral sites of cancer patients’

Figure 6.10. Mononuclear leukocytes (MNL)
isolated from an intact hepatic sample of a

patient with liver trauma MNL microphotographs
in cytospins; stained with methyl green-pyronin

by Brachet; Scale bar: 20 	m

liver showed that prolymphocytes and
immunoblasts accounts for 24.7% of MNLs
in intact liver sites and the number of
pyroninophilic lymphocytes reached 15.7%
(Figure 6.12a) while in paratumoral sites
most of MNLs (91.3%) were presented by
activated lymphoid cells such as prolym-
phocytes, immunoblasts and pyroninophilic
lymphocytes (Figure 6.12b).

A comparative study of the cytotoxic
activity of MNLs isolated from intact or
paratumoral liver sites, peripheral blood of
cancer patients and healthy donors revealed
that lymphocytes isolated from the paratu-
moral liver sites of cancer patients had the
highest killer activity against allogeneic (NK-
sensitive tumor cells K562) and autologous
tumor cells (90 and 62% respectively). The
cancer patients’ peripheral blood mononuclear
cells (PBMCs) had a lower rate of cytotoxic
activity compared to that of hepatic MNLs and
it was similar to the cytotoxicity of healthy
donors’. The cancer patients’ PBMCs had
practically no killer function against autol-
ogous tumor cells.

The lymphocyte population from the paratu-
moral and metastatic sites of cancer patients’
liver presents three main subsets: NK cells,
T lymphocytes and NKT cells expressing
both NK- and T-cell markers (Figures 6.13
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(a)

(d)

(b)

(e)

(c)

(f)

Figure 6.11. Mononuclear leukocytes in cytospins obtained from paratumoral a–d and metastatic e,f
liver sites of a patient with colorectal cancer a–d – microphotographs of pyroninophylic lymphocytes,

blast cells and macrophage-like cells in cytospins of a parametastatic liver site of a cancer patient;
a,b – stained by azur II –eosin by Romanovsky-Gimsa; c,d – stained with methyl green-pyronin by

Brachet; e,f – microphotographs of pyroninophylic lymphocytes, blast cells and macrophage-like cells
in cytospins of a hepatic metastasis of a cancer patient; stained with methyl green-pironin by Brachet;
Scale bar: a – 20 	m; b – 20 	m; c – 10 	m; d – 10 	m; e – 20 	m; f – 20 	m; MNL – mononuclear

leucocytes

and 6.14). The comparative immunophe-
notype analysis of MNLs isolated from the
different liver sites of cancer patients showed
that the percentage of MNLs expressing
surface antigens CD4, CD8, CD3 and CD16
were approximately the same in intact and
pararumoral sites. However, the fluorescence
intensity characterizing levels of expression
of these CD markers was 1.2–1.3 fold
higher on the surface of MNLs isolated from
paratumoral sites than that of MNLs from
intact sites.

The immunophenotype difference in
expression of antigens such as CD25, CD38
and CD56 and MNLs isolated from two
studied liver sites is insignificant. However,
the number of MNLs expressing adhesion
molecules (CD58) from the paratumoral site
is almost 3 fold higher than that of the intact
liver site. The most significant difference is
observed between the immunophenotype of
lymphocytes isolated from PBMCs of cancer
patients and the MNLs of the paratumoral
liver site. MNLs from the metastatic liver
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(a)

(b)

Figure 6.12. Cellular contents of mononuclear leukocytes isolated from intact a and parametastatic
b sites of cancer patients’ liver (%)

Figure 6.13. DotPlot flow cytometry analysis of cell-surface markers CD3(FITC), NK (PE) of
mononuclear leukocytes (MNL) isolated from parametastatic site of a colorectal cancer patient’s liver

a – hepatic MNL distribution; b – hepatic MNL distribution with double staining (CD3/CD16)
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(a) (b)

Figure 6.14. Mononuclear leukocytes (MNL) isolated from a paratumoral site of a colorectal cancer
patient’s liver a – microphotographs of MNL cytospins stained by fluorescent monoclonal antibodies

CD3/CD16 in bright field; b – microphotographs of MNL cytospins stained by fluorescent
monoclonal antibodies CD3/CD16 in dark field; 20 	m

have a much higher expression of CD8
antigen, CD38 activation antigen, NK-cell
markers (CD16 and CD56) and adhesion
molecule CD58 although the percentage of
CD4+-cells from PBMCs is 4 times higher
than that of hepatic MNLs. The obtained
data shows that MNLs from a tumor-affected
liver consists mainly of CD3+ T lymphocytes
but unlike PBMCs they also express NK-cell
antigens (CD16, CD56).

The morphological examination of MNLs
from the metastatic liver, particularly from
paratumoral sites, revealed mostly immature
and synthesizing lymphoid cells, which
is characteristic for the processes of
lymphocyte blast-transformation, differenti-
ation and activation that may result in NKT
cell subset development. This subset has a
high NK-activity and an enhanced expression
of adhesion molecules that increases their
fixation in tumor sites and interaction with
antigen-presenting DCs as well as with tumor
cells. Hepatic lymphocytes have a higher
cytotoxic activity against autologous tumor
cells than that of lymphocytes of cancer
patients’ peripheral blood. Therefore the

results of the studies support previous exper-
imental data presenting a definite NKT cell
subset in a tumor-affected liver. Their specific
characteristics may be used in the devel-
opment of immunotherapy methods for cancer
patients with metastases in liver.

Similar results were obtained through
morphologic and immunophenotypic analysis
of liver samples from patients with hepatitis
B and C (Figures 6.15 and 6.16). Histological
slides present a marked leukocyte infiltration
in the connective tissue around the vessels
of the portal tract (Figures 6.15a,b,e) as well
as hepatic parenchyma (Figures 6.15b,c,f,g).
The infiltrating lymphocytes displayed the
immunophenotype of CD3+/CD16+/CD56+-
cells (Figure 6.16). The studies also revealed
lymphocytes of the same immunophenotype in
the lymphoid infiltrates of submucous gastric
tissue (Figure 6.17) in patients with cancer of
the gastric body (Figure 6.18).

Thus, in tumor-affected liver and infection
processes, a similar leukocyte infiltration is
observed that includes NK and NKT cells.
Some approaches to involve NKT cells in anti-
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(a) (b)

(c) (d)

(e) (f)

(g)

Figure 6.15. Microphotographs of histologic slides of liver samples of patients with hepatitis B and C
a–c – leukocyte infiltrates in a liver of a patient with hepatitis B; a,b – stained by Van Gison;

c – stained by hematoxylin-eosin; d–g – leukocyte infiltrates in a liver of a patient with hepatitis C;
stained by hematoxylin-eosin; Scale bar: a – 100 	m; b – 70 	m; c – 30 	m; d – 100 	m; e – 70 	m;

f – 70 	m; g – 30 	m; MNL – mononuclear leucocytes

tumor immunotherapy on mouse models are
under investigation as well as in clinical studies.

The study on NKT-deficient Ja18−/− mice
showed that the incidence of methylholantren-

induced sarcomas in NKT-deficient mice
was much higher than in the wild type
[59]. Tumor regression was registered in
NKT-deficient mice when NKT cells were
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(a) (b)

(c)

Figure 6.16. Mononuclear leukocytes (MNL) of leukocyte infiltrates in a liver of a patient with viral
hepatitis BMicrophotographs of MNLs stained by fluorescent monoclonal antibodies: a,b – mAb to

cell-surface markers CD3/CD16 in cytospins in bright a and dark b fields; Scale bar: 50 	m;
c – mAb to cell-surface markers CD3/CD56 in frozen section; mAb conjugated with FITC or PE;

Scale bar: 80 	m

(a) (b)

Figure 6.17. Microphotographs of histologic slides of parametastatic sites of a pyloric part of the
stomach of a patient with gastric cancer a,b – leukocyte infiltrates in parametastatic site of a
submucosal layer of a pyloric part of the stomach of a patient with gastric cancer; stained by

hematoxylin-eosin; Scale bar: a – 100 	m; b – 70
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Figure 6.18. Mononuclear leukocytes (MNL) of
leukocyte infiltrates in parametastatic sites of a

pyloric part of the stomach of a patient with
gastric cancerMicrophotographs of MNLs stained

by fluorescent monoclonal antibodies to
cell-surface markers CD3/CD56 in frozen

section; Scale bar: 30 	m

adoptively transferred from wild-type mice
[9]. Similar data were obtained on the models
of sarcoma lung metastases where tumor
regression was induced with �-GalCer stimu-
lation [9, 16, 48, 50, 66].

Deficiencies in the NKT cell number or
functions are registered in many but not in
all of the types of malignancies [4, 12, 45]
although it is unclear whether such disorders
occur prior to tumor development or as the
result of cancer progression. Clinical phase
I trials studied the effect of �-GalCer or
autologous DCs loaded with �-GalCer in
cancer patients [18]. The results showed a
good tolerance to such immunotherapy [47].
The patients with the background transient
decrease of NKT and NK cell percentage
presented an augmentation in IFN-� and IL-
12 rate in the peripheral blood and as a
consequence, increased NK-cell cytotoxicity.
In addition, the patients developed an inflam-
mation process at the tumor site that was

considered to be an enhancement of the
immune response [47].

Thus, NKT cells present a distinguished
subset of lymphocytes that has a high
immunoregulatory potential. They play an
important role in the local anti-tumor
and anti-infectious immune responses. This
lymphocyte subset comprises a significant
part of tumor-infiltrating lymphocytes and
leukocyte infiltrates of paratumoral sites.
Considering their functional characteristics,
NKT cells may be involved in the adoptive
immunotherapy of cancer and infectious
diseases.
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Abstract

Adoptive immunotherapy of cancer involving activated cells of the immune system has been used on a extended
basis in clinical oncology. Randomized studies showed that the combination of IL-2 with LAKs was most
effective as compared with the IL-2 therapy alone. Despite the fact that the immunotherapy basic research is
focused on melanoma, renal cancer, colorectal cancer and lymphomas, there are published data related to an
effective use of IL-2/LAK-therapy in patients with other localizations. Adminstration of IL-2 and LAKs for
effusion forms of cancer led to clinical effects in 88–94% of cases. A maximum cytoreducation of tumor is an
additional way to enhance the efficacy of immunotherapy; it ensures the establishment of maximum correlation
between tumor cells and killers. A combination of methods for activation of specific and non-specific immunity
should be regarded as the most promising trend in the development of anti-tumor biotherapy. A promising
approach in immunotherapy involves simultaneous treatment with LAKs and DCs that can stimulate both innate
and adaptive anti-tumor immunity.

Current chemotherapy schemes for cancer
treatment often result in poor effectiveness,
particularly in cases of so-called immuno-
sensitive (melanoma, renal carcinoma, etc.)
or chemo-resistant malignancies such as non-
small cell lung cancer, gastric cancer and
others [7, 9, 12]. Therefore a search for
biotherapy methods that stimulate anti-tumor
immunity may lead to the improvement of
anticancer therapy. One of the biotherapy
approaches involves adoptive transfer of
lymphokine-activated killer (LAK) cells [6,
7, 11, 15, 23] and has been translated into
clinical studies after a number of successful
experimental results [15, 16, 17, 20]. Over the
last few years, biotherapy has developed yet
some other methods based on generating anti-
tumor vaccines and antigen specific cytotoxic
T-lymphocytes (CTL). However, the main
problem for achieving higher effectiveness by
these methods is lack or low expression of
MHC I on tumor cells.

Although natural killers (NK) can recognize
and lyse MHC I-negative tumor cells, this
lymphocyte subpopulation is limited and
insufficient to completely eliminate them
[3, 9, 11]. Ex vivo generation of LAKs gives
an opportunity to obtain a significant number
of lymphoid cells with a high rate of NK-
activity and then include them in adoptive

immunotherapy techniques. Systemic admin-
istration of LAKs results in an average 10%
clinical effect in cancer patients, which is
apparently due to the adhesive function of
activated T-cells in the parenchymal organs
(lungs and liver) and inefficient LAK accumu-
lation at the tumor site [8]. On the other
hand, when locoregional administration was
performed, in particular, in case of malignant
effusions or ascitis, a higher rate of marked
effect reached 77%–94% [12, 17, 21]. The
results of several studies demonstrated that
the efficiency of IL-2/LAK anti-metastatic
immunotherapy correlates with the method
of agent administration, i.e., intra-portal for
liver metastases or systemic i.v. injection
for lung metastases, as well as with the
LAK numbers necessary to lyse tumor cells
[12, 13].

Kimura et al. performed a randomized
controlled clinical study of IL-2/LAK
immunotherapy in adjuvant schemes
combined with chemotherapy or radiotherapy
on 174 lung carcinoma patients to assess
5- and 9-year survival rate. The results
showed that the suggested scheme of adoptive
immunotherapy with IL-2 and LAK cells
improved the survival of patients after
surgical resection of primary lung carcinoma
[10]. Similar results were obtained in some
other studies evaluating the effectiveness
of adoptive locoregional immunotherapy in
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Figure 7.1. Scheme of ex vivo LAK generation

esophageal cancer patients [18, 19, 22] and
in patients with recurrent glioblastoma [2].

A long-term clinical trial was performed
at the Russian Cancer Research Center
to study the effectiveness of IL-2/LAK
immunotherapy for malignant effusions [1, 3,
4, 5, 6, 11].

The study involved 85 patients with
malignant pleural effusions: 31 lung cancer
(37%), 26 breast cancer (30%), 6 mesothe-
lioma of pleura (7%) and 22 other cancer types
(26%). Prior to immunotherapy, malignant
pleural was evacuated and an appropriate
catheter was installed and drainage of
the cavity was performed for 2–3 weeks.
The MNLs isolated from the effusion
were used to generate LAKs ex vivo
(Figure 7.1). All patients received 1–3
IL-2/LAK immunotherapy courses. Every

course included 5–20 intrapleural injec-
tions of IL-2 in the dose of 0�5–1�0 ×
106 IU and 2–8 injections of 50–100 ×
106 LAK-cells. Each course continued for 2
weeks (Figure 7.2).

The clinical effectiveness of IL-2/LAK
immunotherapy reached 88% with complete
reduction of malignant effusion in 60 patients
and partial reduction in 15 patients, which
was registered by x-ray analysis (Figure 7.3).
Moreover, x-ray analysis and CT-examination
showed the absence of rough formations
on the pleura after immunotherapy that
had been common features of pleurodesis
resulting from cytostatic or sclerosing agent
effects.

Determining cell quantity and composition
of malignant effusions is of great impor-
tance for validation of treatment efficacy
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Figure 7.2. Scheme of intrapleural IL-2/LAK immunotherapy

and disease prognosis during the course of
immunotherapy.

Pleural or peritoneal malignant effusions
of cancer patients before treatment contain
small numbers of mature (not activated)
lymphocytes, which are not enough for
effective lysis of significant amounts of
tumor cells present in malignant effusion
(Figure 7.4).

We observed the process of LAK gener-
ation in vitro from mononuclear cells
separated from malignant effusions [14]. IL-
2 activated the proliferation of lymphocytes
(Figure 7.5). Our observations showed the
formation of lymphoid elements at different
stages of maturity, we registered single
mitotic events. The quantity of large activated
lymphocytes and prolymphocytes mounted.

Immunoblast-like cells appeared. The level
of expression of NK-cell markers CD16
and CD56 increased (up to 30% and 47%,
respectively) in the population of LAKs
compared with mononuclear cells isolated
from effusions. The following activation
markers were also up-regulated: CD25 up to
44%, CD38 up to 24%, adhesion molecule
CD58 up to 87%, MHC class II molecule
HLA-DR up to 49% (Figure 7.6). Freshly
isolated mononuclear cells almost completely
lacked expression of all the markers (0–
15%). By the end of the first week of
immunotherapy, a lot of activated and
immature lymphoid cells surrounding single
degrading tumor cells were observed in
patients’ malignant effusions (Figure 7.7).
By the end of the immunotherapy course

(a) (b) (c)

Figure 7.3. Images of x-ray examination of patient with malignant effusion
a – Prior to immunotherapy (malignant effusion in the left hemithorax); b – In the middle of

immunotherapy (residual malignant effusion); c – After immunotherapy (complete regression of
malignant effusion)
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(a) (b)

(c) (d)

Figure 7.4. Cytological picture of malignant effusions of cancer patients prior to intrapleural
IL-2/LAK immunotherapy Microphotographs of cytospins of effusions from patients with:

a – Breast cancer; b – Non-small cell lung cancer; c – Mesothelioma of pleura; d – Ovarian
cancer; stained with azur II-eosin

(14th day) we observed a practical absence
of tumor cells (Figure 7.8). The remaining
tumor cells were undergoing apoptotic death
(Figure 7.9).

Complete or partial reduction of pleural
effusion was achieved in those cases
where morphological examination of the
effusion showed a significant number of

(a) (b)

Figure 7.5. IL-2 activated mononuclear leukocytes of pleural effusion of a patient with breast cancer
(incubation day 5) Microphotographs of LAK-cell cytospins generated from mononuclear leukocytes

of a cancer patient’s effusion; stained with azur II-eosin. a – Scale bar 40 �m;
b – Scale bar 20 �m
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Figure 7.6. Expression of cell-surface antigens of MNLs isolated from malignant effusion of a patient
with breast cancer and incubated in the presence of IL-2 (incubation day 3) Upper line: Dot-Plot of
MNL in the selected region, histograms present: left peak cells stained with isotype control, right
peak cell fluorescence after staining with monoclonal antibodies conjugated with FITC or R-PE.

Y-axis – number of analyszed cells, x-axis – fluorescence intensity in relative units. CD —
differentiation antigens (CD34, CD14, CD80, CD83, CD86,CD1a, CD11c)
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(a) (b)

(c) (d)

Figure 7.7. Cytological picture of malignant effusions of cancer patients in the middle of
intrapleural IL-2/LAK immunotherapy (day 7) Microphotographs of cytospins of effusions from
patients with: a – Breast cancer; b – Non-small cell lung cancer; c – Mesothelioma of pleura;

d – Ovarian cancer; stained with azur II-eosin; a – Scale
bar 20 �m

activated lymphoid immunoblast-like cells
(Figures 7.6–7.8). In some cases, immuno-
logical pleurodesis was associated with
the decreasing rate of tumor markers and
reduction of size and density of metastatic
lymph nodes. Elimination of pleural effusion
was a necessary condition to success-
fully performing further radiation therapy
(one patient) or chemotherapy (15 patients)
and continue dynamic follow up exami-
nation for a period of 2 months to over
1 year when the disease was charac-
terized by other than effusion clinical
symptoms.

In case of concomitant pleural effusion and
ascitis, a simultaneous drainage of pleural
and the abdominal cavity was performed with
daily elimination of malignant liquid followed
by 1�0×106 IU IL-2 and 100×106 LAK-cells
intrapleural and intraperitoneal injection. A

2-week immunotherapy course led to
complete reduction of malignant effusion and
ascitis in these patients.

Therefore, IL-2/LAK immunotherapy was
shown to be an effective method of
treatment for malignant effusions and those
with concomitant ascitis. Intrapleural and
intraperitoneal immunotherapy was well
tolerated by cancer patients, even by
those with severe disease conditions, who
could not receive conventional anti-cancer
therapy.

7.1. Beneficial Areas for IL-2/LAK
Immunotherapy in Clinical
Practice

So far, various approaches have been made
to establish the most effective mode of
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(a) (b)

(c) (d)

Figure 7.8. Cytological picture of malignant effusions of cancer patients at the end of intrapleural
IL-2/LAK immunotherapy (day 14) Microphotographs of cytospins of effusions from patients with:
a – Breast cancer; b – Non-small cell lung cancer; c – Mesothelioma of pleura; d – Ovarian cancer;

stained with azur II-eosin; a, b – Scale bar 40 �m; c, d – Scale
bar 50 �m

immunotherapy in cancer. The results of the
studies suggest that enhanced effectiveness of
IL-2/LAK immunotherapy may be achieved
with locoregional or intrapleural or intraperi-
toneal administration of LAK-cells when cell
concentration reaches its highest rate at the
tumor site.

Another way for achieving the highest
effective ratio between LAKs and tumor
cells is performing maximal cytoreduction
of malignant lesions. Therefore, IL-2/LAK
immunotherapy can be effective for relapsed
prophylactics after radical surgery. Such
treatment should have a continuous course,
including the whole period of possible
recurrences.

The systemic method of LAK adminis-
tration (considering the LAK special charac-
teristics described above) can be effective for
prophylactics and treatment of tumors and
metastases in lungs only.

In addition, the efficiency of cell
immunotherapy may be increased by
including enriched a NK population and
its subsequent activation in the presence
of IL-2.

A promising approach in immunotherapy
involves simultaneous treatment with
LAKs and DCs, which can stimulate
both innate and adaptive anti-tumor
immunity.
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(a)

(b)

Figure 7.9. Cellular content of malignant pleural
effusion of a patient with non-small cell lung

cancer after completion of intrapleural IL-2/LAK
immunotherapy (day 16) Microphotographs of

tumor cells in apoptosis with surrounding
macrophages and lymphocytes: a – Initial stage

of apoptosis; b – Final stage of apoptosis –
Stained with methyl green-pironin by Brachet

Scale bar 20 �m
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Abstract

Dendritic cells are generally considered to be the most powerful and important among other antigen-presenting
cells. Their major functions consist of capturing and processing different microbial antigens and the subsequent
activation of naïve and resting memory antigen-specific T cells. There exist multiple dendritic cell subtypes
expressing different sets of receptors, recognizing antigens and “danger signals” (lectins, receptors for constant
fragments of antibodies, Toll-like receptors for conserved pathogen-associated molecular patterns and even
natural killer receptors targeting virus-infected or tumour cells). Due to their variability and functional plasticity,
dendritic cells are able to execute multiple functions including the initiation of immune reactions favourable for
protection against different infectious agents or the induction of tolerance towards self-antigens and allergens.
It is obvious that dendritic cell physiology should be considered in the design and production of new, more
effective vaccines. Several methods of generation of dendritic cells in vitro were developed. Vaccines based on
such dendritic cells were used successfully in mice to elicit protective T-cell immunity against pathogens and
tumours. Their usefulness in the prevention and treatment of human infectious diseases and cancer is currently
under investigation.
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Antigen presentation is a key process of
adaptive immunity reactions. It is well known
that any cells of mammalian organism are
capable of presenting antigen to CD8+
cytotoxic T lymphocytes (CTL) in the context
of major histocompatibility complex class I
(MHC-I) molecules. The effective induction
of immune reactions requires the participation
of so-called “professional” antigen-presenting
cells (APCs) (B cells, macrophages and the
most important among them – dendritic cells
(DCs)). “Professional” APCs are capable of
presenting antigen not only in the context
of MHC-I but also in the context of MHC-
II molecules to CD4+ T-helper (Th) cells.
Moreover, they express on their surface
costimulatory molecules (B7-1 (CD80), B7-2
(CD86), CD40, etc.). The interaction of these
molecules with the receptor for the costimu-
latory signal on the T-cell surface (CD28) is
necessary, as well as the ligation of the T-cell
receptor (TCR) with MHC-antigen complex,
for the successful activation of T lymphocytes.

DCs are considered to be the most powerful
“professional” APCs possessing a unique
capability to prime naïve T cells and initiate
primary immune reactions [10, 65, 80, 136].
DCs also interact directly with the B cells
and lymphocytes of the innate immune system
[133]. Activated DCs can directly induce
B-cell proliferation, immunoglobulin isotype
switching, plasma cell differentiation through
the production of B-cell activation and
survival molecules (BAFF (B-cell-activating
factor belonging to the TNF family) and
APRIL (a proliferation-inducing ligand)) and
cytokines such as interleukin (IL)-6 and
interferon (IFN)-�/�. DCs can also activate
and induce the expansion of the resting
natural killer (NK) cells through the cytokines
secreted or cell-bound (IL-12,-15) and cell-
contact-dependent mechanisms [53, 54].

8.1. Morphology and Functions
of Dendritic Cells

Skin DCs (unusual cells with multiple
membrane protrusions: “branches”/“den-

drites”) were first described by Langerhans
in 1868 [88]. However, nothing was known
for a long period of time about their actual
functions. They were even supposed to be
special skin nerve cells.

R. Steinman and Z. Cohn identified DCs
in murine spleen in 1973 [172]. According
to their observations, DCs adhered to the
glass surface along with macrophages after a
0.5–1 hour incubation in a foetal calf serum
(FCS) containing medium. They differed
greatly from them, however. First of all, they
possessed numerous membrane protrusions
(pseudopodia and dendrites). The authors
remarked on the variability of such protru-
sions, their motility and the rapid changes
in their form. Most pseudopodia were long,
uniform in width and had blunt termina-
tions but smaller spine-like processes were
also evident. The cell shapes ranged from
bipolar elongated cells to elaborate stellate
or dendritic ones. We also observed cells of
variable peculiar shapes in our DC cultures
(Figure 8.1). The DC nuclei were very large,
contorted in shape and refractile [172]. Their
cytoplasm contained numerous large circular
mitochondria. The macrophages appeared to
be much more static in comparison to the DCs.

In contrast to the macrophages DCs lacked
active endocytosis [172]. Thus, the cell
surface was not ruffled. The macrophages had
a ruffled surface because of the active endocy-
tosis. The DCs in contrast to the macrophages
had few lysosomes and endosomes. However,
immature DCs are capable to endocytize
antigens (both by phagocytosis and pinocy-
tosis) [65, 93, 109]. Steinman and Cohn
probably observed the population of mature
DCs with suppressed endocytosis. During
maturation, DCs lose their ability for endocy-
tosis and the processing of antigens [153].
According to our data, immature DCs actively
phagocytized Staphylococcus aureus cells
but they completely lost the ability after
maturation during a 24 hour incubation in
the presence of the tumour necrosis factor �
(TNF-�) (Figure 8.2) [4].
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(b) (c)(a)

Figure 8.1. The morphology of human cultured monocyte-derived DCs. a Phase-contrast micrograph
in dark field of floating immature DCs. (Original magnification (OM) × 400). b Phase-contrast

micrograph in bright field of adherent immature DCs, OM×400. c Phase-contrast micrograph in
bright field of floating mature DCs, OM × 400 Scale bar: a� b−20 �m� c−5 �m

However, mature DCs have recently been
shown to restart endocytosis under the action
of constitutive lymph node chemokines CC-
ligand (CCL)19 and CCL21, which bind CC-
receptor (CCR)7 expressed exclusively by
mature DCs [200].

R. Steinman and Z. Cohn also identified
DCs in lymph nodes and Peyer’s patches
[172]. They found cells similar in outline to
DCs in thymus but their mitochondria were
rod-like in shape. The authors also noticed
features of active endocytosis (membrane
ruffles, lysosomes, etc.) and considered that
the cells were not DCs but rather macrophages
[172]. They concluded that DCs were absent

in thymus. It is well known however, that there
is a specialized population of thymus DCs
which participates in the negative selection
of T cells [6, 65]. It clearly shows that the
morphological criterion is not sufficient for a
precise DC definition.

For a better illustration let us compare
the electron micrographs of monocyte-derived
immature human DCs and macrophages
obtained in our laboratory. In contrast to the
spleen DCs identified by Steinman R. M. &
Z. A. Cohn [172] most of the immature
monocyte-derived DCs are a rounded shape,
but not elongated cells (Figures 8.3 and 8.4a).
They have long and thin membrane

(a) (b)

Figure 8.2. Phagocytosis of S. aureus cells by immature (left) and mature (right) DCs. Micrographs
of DCs phagocytizing S. aureus during a 1.5 hour coincubation. DC maturation was achieved with a
24 hour incubation in the presence of TNF-� (20 ng/ml). (Romanovsky-Giemsa azure-eosin staining,

OM × 900 Scale bar: 5 �m)
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(a) (b)

(c)

Figure 8.3. Micrographs of ultrathin sections of human monocyte-derived DCs. a OM×100, b and c
OM × 900 Scale bar: a – 50; b,c −10 �m

protrusions. Unlike cells described by
Steinman R. M. & Z. A. Cohn monocyte-
derived DCs show numerous intracellular
vesicles and vacuoles, apparently due to
endocytosis, which makes them somehow
resemble macrophages (Figures 8.3–8.5). In
contrast to macrophages however they possess
a relatively smooth cell surface almost devoid
of microprojections and surface lacunae
(Figure 8.4a). The macrophage surface
exhibits numerous lacunae and microvilli as
a result of membrane ruffling (Figure 8.5a).

As noticed by Steinman R. M. & Z. A.
Cohn, the nuclei of DCs and macrophages
are almost indistinguishable [172]. They are
large and contorted in shape. In both the
macrophages and the dendritic cells most of
the heterochromatin is arranged along the
nuclear envelope as a thin rim (Figures 8.4a
and 8.5a–c). The nucleolus, when seen, is
small and contains typical fibrous and granular
components [172]. However, the monocyte-
derived DCs differ from the physiological
spleen DCs by the more rounded shape of
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(a)

(c)

(b)

Figure 8.4. Electron micrographs of human monocyte-derived DCs sectioned in the plane of the
adherent DC monolayer. Hchr – heterochromatin, N-nucleus, M-mitochondria, V-vesicles and

vacuoles, RER-rough endoplasmic reticulum, GA-Golgi apparatus, Ly-lysosomes.
Mvb-multivesicular bodies. Both free polysomes and membrane-bound (on the rough endoplasmic
reticulum membrane) ribosomes are evident indicated by arrows on the figure b. a ×2000, b and

c × 5000 Scale bar: a– 5; b,c −1 �m

the nucleus and its lateral position which
is closer to one side of the membrane
(Figures 8.4a and 8.5a). The cytoplasm of DCs
contains large round-shaped mitochondria
with well-developed cristae (Figure 8.4b–c).
In macrophages, mitochondria are numerous
as in the DCs but their diameters are small
and the cristae less well developed when
compared with the DCs [172]. Short slips of
rough endoplasmic reticulum are present in
DCs, generally in close association with the
mitochondria (Figure 8.4b). Immature DCs
also have a well developed Golgi apparatus,
just as macrophages do (Figures 8.4b, c
and 8.5a, c). Lysosomes (membrane-bound
electron dense granules) are present in DCs,
although less prominent than in macrophages
(Figures 8.4b, c and 8.5a–c). Ribosomes are
numerous in both cell types; they occur
usually as attached to rough endoplasmic
reticulum or as free polysomes scattered in

cytoplasm (Figures 8.4b and 8.5c) [172].
Electron microscopy with higher magnifi-
cation reveals different membrane microstruc-
tures on the DC surfaces (Figure 8.6). Most
of them are villus-like structures (Figure 8.6a)
but globular membrane protrusions are also
detectable (Figure 8.6b). They potentially
participate in endocytosis or intercellular
contacts.

It should be stressed that DC morphology
changes during their differentiation and
depends on their functional condition [65].
For example, in blood DC precursors and
immature DCs circulate, lacking prominent
DC morphology [65]. They are much smaller,
have large irregular-shaped nuclei and lack
membrane protrusions. When they transit
from the blood stream into tissues they
become interstitial DCs and develop long
membrane processes (branches). Langerhans
cells (LCs) may be considered as a special
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(a) (b)

(c)

Figure 8.5. Electron micrographs of human macrophages sectioned in the plane of the adherent cell
monolayer. Hchr – heterochromatin, N-nucleus, No-nucleolus, M-mitochondria, V-vesicles and
vacuoles, RER-rough endoplasmic reticulum, GA-Golgi apparatus, Ly-lysosomes, La-lacunae,

Mv- microvilli, Mvb-multivesicular bodies. Scale bar: 5 �m

epithelium-associated DC type although they
probably have another origin than other
interstitial DCs [65]. The interstitial DCs
actively capture antigens and thus, they
have prominent lysosomes and endosomes.
Although they are poorly phagocytic cells
compared with the macrophages [65].

In their next study R. Steinmann and M. D.
Witmer purified a mouse spleen DC fraction
on the basis of their low density and other
properties differing from macrophages [173].
Just as macrophages, the DCs adhered to glass
during a 0.5–1 hour incubation but in contrast
to them they became floating cells after a

(a) (b)

Figure 8.6. Electron micrographs of different structures formed by cytoplasmic membrane of DCs.
Scale bar: 1 �m
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night’s cultivation. The remaining contam-
inating macrophages were removed using
their capability to rosette sheep erythrocytes
opsonized with antibodies [173].

The investigators found DCs to be the
major stimulating cell type in the allogeneic
mixed leukocyte reaction (allo-MLR) [173].
The authors concluded that DCs were at
least 100 times more effective in stimu-
lating cells than other major APCs (B-
lymphocytes and macrophages). Subsequent
studies revealed their potency to stimulate
autologous T-lymphocytes in antigen-specific
systems [75]. It should be stressed, however,
that mature and immature DCs differ in
their capabilities to present antigens and to
stimulate lymphocyte proliferation [65]. It
is mainly caused by the increase of MHC
and costimulation molecule expression on the
surface of mature DCs. It makes them better
T-cell stimulators.

The functional criterion of DC definition is
considered as the most important even today.
For example, plasmacytoid DCs (pDCs) do
not resemble, in their morphology, conven-
tional DCs at all [107]. They have plasma cell
features but they do actively present antigens
when activated. Thus, there is not a clear
morphological DC criterion. We do have a
functional criterion but it is not enough for DC
identification and definition because there are
other APC types. Activated B-cells may be
as effective or even better T-cell stimulators
in allo-MLR than DCs [65, 112]. Moreover,
immature DCs are poor APCs compared with
mature ones. It makes the functional criterion
insufficient.

Numerous scientific studies lead to the
following concept of immature and mature DC
functions [65]. Immature DCs are sentinels
localized in tissues. They capture antigens
of pathogenic microbes and viruses and
process them. DCs sense pathogens using
a set of Toll-like receptors (TLRs) binding
conserved pathogen-associated molecular
patterns (PAMPs). After antigen capture and

subsequent processing they begin to mature.
They lose their ability to capture and process
antigens but increase MHC and costimu-
lation molecule expression. DC maturation
is induced by numerous bacterial and viral
factors (components of bacterial cell wall,
viral RNA, etc.) and also by pro-inflammatory
cytokines produced in response to pathogens.
Maturing DCs migrate from tissues into
the afferent lymph where they become
migrating veiled cells [65]. Initial DC-T-cell
interactions in lymph nodes are mediated
by adhesion molecules and semaphorins
such as neuropilin-1 [133]. The sponta-
neous clustering of DCs with T lymphocytes
may be observed during culture in vitro at
37 �C (Figure 8.7). The initial interactions
are followed by an engagement of the TCR
by MHC-peptide complexes (signal 1) and
the interaction of CD28 with CD80 and
CD86 (B7-1 and B7-2) (signal 2). Both
signals are necessary for the effective initi-
ation and sustaining of T-cell immunity.
Additional molecules are then up-regulated
on both cell types that determine the
nature of the ensuing T-cell response. Up-
regulated molecules include semaphorins such
as SEM4-A and members of the B7, CD28,
TNF (4-1BBL, OX40L, CD40L, etc.) and
TNFR (4-1BB, OX40, CD40, etc.) families
of costimulatory molecules [133]. The inter-
action of DCs with T cells (mainly through
the binding of CD40 to CD40L on the T-
cell surface) leads to a full maturation of
DCs. They become interdigitating DCs within
draining lymph nodes. The survival and prolif-
eration signals are also provided to activated T
cells through costimulatory molecules such as
OX40 and 4-1BB, which are cross-linked by
ligands expressed on activated DCs (OX40L
and 4-1BBL) [60, 133].

Interdigitating DCs are also found in tonsils
and spleen white pulp. They have a prominent
dendritic morphology with multiple long
membrane protrusions like immature inter-
stitial DCs but lose the capability for
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(a) (b)

(c) (d)

Figure 8.7. Spontaneous clustering of T cells with human monocyte-derived DCs during co-cultures
in vitro. a Romanovsky-Giemsa azure-eosin staining, OMx900. b-d Electron micrographs of human

sectioned cells. DC-dendritic cells, L-lymphocytes. Scale bar: a,b,d – 10; c-5 �m

endocytosis and thus, they reduce their
lysosomal-endosomal compartment [65].

Mature DCs stably express MHC-peptide
complexes on their surface [23]. In addition
to increased costimulation molecule levels,
they also express CD83 marker. CD83
is an immunoglobulin-like lectin receptor
used for DC interactions with monocytes
and some activated CD8+ T lymphocytes
[161]. It is necessary for the activation of
CTLs by DCs [162]. Mature DCs express
certain adhesion molecules such as CD54,
providing effective interactions with T-cells,
and chemokine receptors (CCR7) for consti-
tutive lymph node chemokines which is
necessary for their migration to the lymph
nodes [154]. Only mature DCs secrete enough
cytokines and chemokines, inducing T-cell

chemotaxis and activation (fms-like tyrosine
kinase-3 ligand (FLT3L), granulocyte-colony-
stimulating factor (G-CSF), IL-1�, -1�, -
2, -12, -6, CCL-2, -3, -4, -5, -17, -22
and macrophage inflammatory protein (MIP)-
2) [26]. DCs can direct the fate of naïve
CD4+ T cells depending on the type of
DC maturation stimulus (Figure 8.8) [133].
Following priming, CD4+ T cells may differ-
entiate towards the Th1 cells, which produce
IFN-� and support CD8+ CTL responses
or towards Th2 cells which secrete IL-4, -
5, and -13, support humoral immunity and
down-regulate Th1 responses. The direction
of the Th polarization is determined by
cytokines secreted by the stimulating DCs.
The secreted cytokine profile of the DCs
depends largely on the type of maturation
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Figure 8.8. DCs direct Th polarization depending on the type of maturation stimuli. Abbreviations not
mentioned in the text: MDC-macrophage-derived chemokine, TSLP – thymic stromal lymphopoietin

and LT� – lymphotoxin �.

inducer (Figure 8.8). IL-12 is a key Th1-
polarizing cytokine (Figure 8.8). DCs secrete
biologically active IL-12p70 in response to
the Th1-polarizing stimuli such as bacterial
lipopolysaccharide (LPS) or flagellin [133].
According to our data (Figure 8.9) and
studies by other groups, DCs that mature in
the presence of bacterial LPS secrete much
more pro-inflammatory cytokines (IL-1�, -6,-
12, IFN-� and TNF-�) than immature DCs
[3, 190]. We have also shown that IL-2
and IL-10 levels do not change significantly
during DC maturation but IL-4 production by
mature DCs is lower than that of immature
DCs (Figure 8.9). A monocyte-conditioned
medium or cytokine combinations mimicking
it – TNF-� and prostaglandin E2 (PGE2)
which are generally applied to activate DC
maturation, are not able to induce bioactive
IL-12p70 secretion in contrast to that of LPS
and other bacterial products [49, 69]. The
Th1 differentiation programme is mediated
largely by the transcription factors signal
transducer and activator of transcription 4

(STAT4) and T-bet [133]. Th1 polarization
can also be induced in the absence of IL-
12p70 by mechanisms that are not entirely
known but may be due in part to IL-12-
related cytokines such as IL-27. Other DC
maturation stimuli such as cholera toxin or
schistosome eggs, can differentiate DCs that
do not produce IL-12p70 and, in the presence
of IL-4, induce naïve CD4+ T cells to differ-
entiate into IL-4-secreting Th2 cells [133].
It is not clear whether Th2 polarization is
induced by specific DC cytokines or rather a
default programme carried out in the absence
of the Th1 polarization signal from the DCs.
However, DC secretion of chemokines such
as thymus and activation-regulated chemokine
(TARC) and MDC can act to stimulate a Th2
response by preferentially attracting Th2 cells
(Figure 8.8). The Th2 programme in CD4+

T cells is dependent on transcription factors
GATA-3 and c-Maf [133].

Recent studies have shown that the
actual situation is much more complicated.
The immature DCs, besides their sentinel
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(a)

(b)

Figure 8.9. Secretion of cytokines by immature DCs (imDC) and DCs matured with bacterial LPS
(mDC). a Levels of TNF-� and IL-6, b Levels of IL-1�, -2, -4, -12 and IFN-�.

∗ p < 0�05� ∗∗p < 0�001

functions (antigen capture and processing),
fulfil other tasks. In the steady state most
of the lymphoid organ DCs (in lymph
nodes, spleen and thymus) are immature and
capable to endocytize antigens and subse-
quently mature under appropriate stimuli
[191]. Immature DCs constantly present
MHC-self-peptide complexes on their surface
but this presentation is only transient and
they are rapidly degraded [192]. The major
anti-inflammatory cytokine IL-10 suppresses
DC maturation [190]. It is mainly secreted
by monocytes, macrophages, certain T-
regulatory (Treg) cells and DCs themselves

[33, 190]. When immature DCs encounter
TLR ligands (such as LPS or other PAMPs)
the transcription factor NF-	B is released
and translocated to the nucleus where it
activates gene transcription (Figure 8.10a).
The MHC and costimulatory molecule (CD80,
CD86) expression on the DC surface is
up-regulated. DCs secrete pro-inflammatory
cytokines and the soluble form of inhibitory
immunoglobulin-like transcript 4 (sILT4)
(Figure 8.10a). Autocrine cytokines as well
as cytokines secreted by macrophages sensing
microbes through interactions with their own
TLRs synergistically act to stimulate DC
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(b)

(a)

Figure 8.10. Differential effects of mature versus immature and/or IL-10-treated DCs on the T-cell
immune response. a Mature DCs efficiently induce and sustain T-cell immunity. b Immature and/or

IL-10 treated DCs down-regulate immune reactions by inducing development of Treg cells or causing
anergy. mILT means membrane bound form of ILT4 and other members of the protein family (such

as ILT3). mILTR is unidentified receptor molecule(s) on the T-cell surface recognizing ILT
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maturation (Figure 8.10a). The interaction
of membrane bound ILT4 (mILT4) on the
DC surface with unidentified T lymphocyte
receptors leads to the subsequent inhibition
of T-cell proliferation [190]. Interestingly,
murine fibroblast transfectants expressing
ILT4 induced T lymphocyte proliferation,
suggesting that the inhibitory effect of ILT4 is
in fact DC-specific [190]. sILT4 is suggested
to competitively block the T cell binding
of mILT4 and as a result, favour stimu-
lation of T cells by DCs. Naïve T cells are
primed; memory T cells are also activated
by mature DCs actively secreting pro-
inflammatory cytokines, sILT4 and expressing
high levels of MHC and costimulatory
molecules. Thus, mature DCs effectively
induce an adaptive T-cell response. IL-
10 stimulates phosphatidyl-inositol-3-kinase
(PI3K) and STAT3 [190]. PI3K activation
results in the blockade of NF-	B activation
and STAT3 blocks the binding of NF-	B
to the IL12p40 promoter (Figure 8.10b).
Consequently, the differentiation of Th1
cells is inhibited. Additionally, IL-10 inhibits
production of sILT4 favouring expression
of mILT4. Immature DCs have low levels
of MHC and costimulatory molecules, they
do not secrete pro-inflammatory cytokines
(Figure 8.10 b). Immature DCs presenting
self antigens cause T cell deletion or anergy
or induce the differentiation and expansion
of IL-10-producing CD4+ and CD8+ Treg
cells (Figure 8.10b) [133, 190]. Immature
DCs constantly presenting self antigens are
believed to maintain in such a way peripheral
self tolerance. Thus, they are termed “tolero-
genic” DCs.

There are other factors that induce and/or
maintain tolerogenic DC phenotype [133,
190]. Besides IL-10, other modulating factors
such as transforming growth factor (TGF)-�,
vitamin D3 and corticosteroids may render
DCs tolerogenic. Treg cells are also capable
to cause differentiation of tolerogenic DCs,
either through engagement of CD86 and CD80

costimulatory molecules with the cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4) or
by IL-10 secretion or unidentified mechanisms
[133, 190].

DCs may also play an important role in
preventing hypersensitivity to allergens. In
the steady state, the lung DCs constantly
encounter air-borne antigens but remain
relatively immature and constitutively migrate
into the regional lymph nodes where they
induce either anergy, deletion of T cells or
a weak Th2-like response that is eventually
down-regulated [94]. Thus, most humans and
animals fail to respond to inhaled allergens
with allergic inflammation because they either
develop a tolerance or simply fail to respond
immunologically. The autocrine production
of IL-10 by immature lung DCs can inhibit
surface expression of MHC-II and exert a
generalized inhibitory effect on T-cell prolif-
eration [94]. A danger signal must be strong
enough to overcome suppression of DC
maturation and induce T-cell response.

An injection of immature DCs pulsed
with a certain antigen was shown to induce
Treg cells and suppress antigen-specific
immune responses [18, 44, 45]. Immature
DCs presenting self antigens are suggested
for application in therapy of autoimmune
diseases [18].

8.2. Phenotype of Dendritic Cells
and the Origin of Dendritic Cells
and their Classification

The phenotypic definition of DCs is rather
difficult because the DC-specific cell surface
molecules have not yet been identified
[65, 101]. DCs are usually defined as
Lin−MHCII+-cells because they do not have
cell surface lineage-specific antigens, which
are expressed by B lymphocytes (CD19,
CD20 and CD24), T lymphocytes (CD3),
and NK cells (CD16, CD56 and CD57).
However, DCs and their precursors may
have variable levels of the LPS receptor
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component CD14 
CD14low/dim/high�, which is
considered to be specifically expressed by
monocytes/macrophages 
CD14high� [34, 65,
180]. DCs constantly possess a high density
of MHC-II molecules. There are several
studies characterizing blood DC subtypes
which carry CD16 
Fc�RIII� – a cell surface
antigen specific for NK cells, neutrophils and
monocytes/macrophages [101, 159].

Immature blood DCs almost completely
lack the costimulation molecules CD86 and
CD80 but they may have low levels of
CD40 [65]. LCs were shown to express
CD40 and low levels of CD86, CD80. Upon
their maturation DCs rapidly up-regulate the
surface expression of MHC classes I and II
as well as of costimulatory molecules [65].
Variable (high on activation) levels of costim-
ulation molecules are detected on the cell
surface of other APCs (B-cells, macrophages).
Thus, costimulatory molecules expression is
not suitable for DC definition. Another cell
surface antigen associated with DC maturation
is CD83 [65]. It should be stressed that
CD83 expression is not restricted to mature
DCs. The receptor was found on uniden-
tified brain cells [161], some on activated
B-cells [65] and on a specialized subtype of
helper NK cells with the following phenotype
CD83+/CCR7+/CD56+/CD25+ [102]. The
NK subtype migrates to the lymph nodes,
responding to constitutive chemokines CCL19
and CCL21. Thus, CD83 marker expression is
not sufficient for identification of the mature
DCs in lymph nodes.

Today it is clear that DCs originate from
bone marrow precursors [65]. However, there
are numerous contradictory data concerning
classification of whole DC-type and subtypes
such as lymphoid or myeloid lineages [7]. This
fact and the existence of multiple DC subtypes
make their phenotypic definition even more
complicated.

Interstitial DCs and LCs are traditionally
considered as myeloid ones and indeed
evidence generated by different experimental

approaches supports the concept [94]. LCs
differ from interstitial DCs by E-cadherin
expression and by the presence of Birbeck’s
granules – unique intracellular organelles
taking part in endocytosis [61, 94]. LCs also
express CD1a molecules participating in non-
peptide antigen presentation [74, 94, 113]. The
CD1 surface protein family is related to MHC
class I molecules. They also form complexes
with �2-microglobulin but in contrast to
MHC-I, they serve for the presentation of non-
peptide antigens. TGF-� is required for LC
differentiation. Other DC types can develop in
the absence of TGF-�. CD1a is also expressed
by thymocytes [149].

LCs capture antigens via a lectin-type
receptor – langerin (CD207) [61, 113].
Langerin is localized on the cell surface as
well as inside the cell in close association
with Birbeck’s granules. Interstitial DCs
utilize another set of lectins for endocytosis:
mannose macrophage receptor (MMR)
(CD206) (also expressed by macrophages) and
dendritic-cell-specific-intercellular-adhesion-
molecule-grabbing-nonintegrin (DC-SIGN)
(CD209) (expressed by macrophages as well)
[61, 62, 113]. DEC-205 (CD205) lectin is
expressed by both interstitial DCs and LCs
and also by thymus epithelial cells [113].

The myeloid origin of these DC subtypes
is proved by studies in vitro in which
murine or human monocytes or interme-
diate myeloid precursors that retained the
capacity to generate macrophages, gave
rise to cells resembling interstitial DCs
or LCs [7]. Precursors with the dual
potential of differentiation either into DCs
or macrophages were identified in mouse
bone marrow [111]. Randolph G. J. et al.
have demonstrated DC differentiation from
monocytes capturing zymosan molecules in
a model of transendothelial trafficking [143].
The model imitates monocyte migration
from the tissues into the lymph nodes.
Afterwards, in vivo differentiation of
dermal CD11b+� F4/80− phagocytic cells
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(considered to be monocytes) into DCs upon
migration to the lymph nodes has been
reported [144]. At last, a recent study by Leon
B. et al. undoubtedly proved monocytes to be
immediate DC precursors in vivo [92]. They
injected purified monocytes intravenously into
irradiated mice and observed the regeneration
of all spleen DC subtypes.

CD11c+ myeloid blood DCs, which express
myeloid cell-specific cell surface molecules
such as CD13 and CD33, are supposed to
be immediate precursors of tissue mDC [94].
Blood mDCs have monocytoid morphology.
Analogous cells were identified in murine
blood [130].

The major part of human blood mDCs
(mDC1) strongly expresses CD11c

CD11chigh� and CD1c (blood dendritic cell
antigen-(BDCA)-1) [46]. They also carry
on their cell surface low levels of IL-3
receptor (R) (CD123), which is regarded
as a prominent feature of plasmacytoid
DCs (pDCs). mDC1s express myeloid
antigens CD13, CD33, Fc-receptors (CD32,
CD64 and Fc�RI). Moreover, they have
the following phenotypic characteristics:
CD4+, Lin (CD3, CD16, CD19, CD20,
CD56)−� CD2+� CD45RO+, CD141

BDCA-3�low, CD303 
BDCA-2�−, CD304

BDCA-4/neuropilin-1�−. A small proportion
of mDC1s expresses CD14 and CD11b.
CD1c-antigen is also found on CD1a+ DCs,
generated in vitro from monocytes and
CD34+-precursors, LCs and on some of the
small resting blood B lymphocytes [46].
mDC1s spontaneously mature upon one day’s
cultivation in the presence of IL-3 and begin
to express the pDC-specific surface antigen
CD304 (BDCA-4/neuropilin-1) [46].

The minor mDC population (mDC2)
resembles mDC1s in their monocytoid
morphology but differ in the phenotype
[46]. They strongly express CD141
(BDCA-3). Besides, they are CD4+,
Lin (CD3, CD16, CD19, CD20,
CD56)−� CD11cdim� CD45RO+� CD123−�

CD2−, CD303 
BDCA-2�−, CD304

BDCA-4/neuropilin-1�−. As with CD1c+-
mDC1s, they have myeloid cell surface
antigens CD13 and CD33 but they lack
Fc-receptors (CD32, CD64 and Fc�RI). A
low level of CD141 is detected on monocytes,
pDCs and mDC1s. This antigen is absent on
the surface of CD1a+ DCs generated in vitro
from monocytes and CD34+-precurssors. It
is interesting that the level of expression of
the main “mDC2-specific” surface antigen
CD141 significantly increases on the surface
of mDC1s and pDCs upon their spontaneous
maturation after one day’s cultivation in the
presence of IL-3 in vitro [46]. Thus, this
surface antigen is not specific for mDC2.

Many studies support the concept of the dual
(myeloid-lymphoid) origin of DCs [7, 94].
Thymic DCs participating in the negative
selection of T lymphocytes are traditionally
considered as lymphoid cells [6]. The earliest
murine thymic precursors, namely CD4low-
cells, which generate T, B and NK cells
but not myeloid cells were assayed for their
capacity to generate DCs upon intrathymic
transfer into irradiated mice [5, 195]. These
experiments showed that CD4low-precursors
could reconstitute fully the thymic population
of DCs expressing CD8� in mice and led to
the concept of lymphoid DCs [5]. Equivalent
results were obtained in studies using human
early thymic precursors [36, 81, 103, 145]
and lymphoid bone marrow precursors [58].
Wu L. et al. showed that CD4low-precursors
reconstitute CD8�+ DCs but not CD8�− DCs
upon intravenous injection into irradiated mice
[196]. The data lead to the hypothesis that
mouse CD8�+ DCs were lymphoid cells and
CD8�− DCs were myeloid ones. However,
the hypothesis was not supported by further
studies. First of all, CD4low-precursors were
demonstrated to generate both murine DC
subpopulations (CD8�+ and CD8�− DCs)
[104, 197]. Other studies showed that CD8�+
and CD8�− DCs could be derived from either
myeloid (such as monocytes) or lymphoid
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precursors [92, 183]. Thus, the concept must
be revised. CD8� expression is not enough for
the precise definition of mouse DC lineages
(myeloid or lymphoid).

pDCs have a particular place among
other DCs [107]. In human blood there
were identified pDC precursors (pre-pDCs)
as immature CD11c− cells [63]. Pre-pDCs
express CD4 and lack TCR-�, -�, -� and
-
 chains and CD3. They do not have
B-cell (CD19, CD21) and myeloid cell-
specific (CD13, CD14, CD33) cell surface
antigens. Pre-pDCs, purified from human
blood, express CD303 (BDCA-2) and CD304
(BDCA-4/neuropilin-1) [46]. CD303 is a
lectin molecule used for antigen capture [47].
pDCs completely lose the lectin from their
surface upon spontaneous maturation after
2 days cultivation in the presence of IL-3
[46]. CD304 (BDCA-4/neuropilin-1) is also
present on the surface of mature mDC1
(as mentioned earlier). This semaphorin is
important in the initial DC-T-cell interac-
tions in lymph nodes (as mentioned above).
Furthermore, neuropilin-1 is a neuron receptor
governing axon growth as well as a receptor
of endothelial cells and some tumour cells
for vascular endothelium growth factor [48].
CD304 is also expressed by follicular memory
Th cells [48].

Pre-pDCs mature into potent APCs upon
cultivation in the presence of IL-3 and CD40L
[63]. They also mature and secrete large
amounts of IFN-�/� in response to viral or
bacterial infection [79].

pDCs were identified not only in blood but
also in lymphoid tissues (lymph nodes, tonsils,
spleen, thymus, bone marrow and Peyer’s
patches) [107]. They also accumulate in sites
of inflammation.

pDCs have absolutely a different set of
TLRs than mDCs. mDCs express TLR-
1, -2,-3,-4,-5,-7 and -8 and pDCs have
only TLR-7 and -9 [68, 85]. TLR-7
binds viral single-stranded RNA and TLR-
9 interacts with microbial DNA containing

non-methylated CpG-sequences [107]. Thus,
they may respond and induce subsequent T-
cell reactions in response to the different types
of pathogens.

Pre-pDCs were also identified in murine
blood [129]. At approximately the same
time, several research groups found in
murine spleen, lymph nodes and thymus cells

CD11clo-int� B220+� analogous to human
pDCs, which secreted IFN-�/� [8, 13, 124,
130]. B220 (Lyb-5, CD45, common leukocyte
antigen) is a tyrosine phosphatase expressed
by almost all types of leucocytes [149].
It is especially interesting that in contrast
to human pDCs, mouse pDCs express low
levels of the myeloid cell-specific cell surface
antigen CD11c.

The origin of pDCs is unclear. In contrast
to mDCs, they express high levels of
IL-3R (CD123) and need IL-3 for their
differentiation, not GM-CSF [62]. Moreover,
thymic pre-pDCs express pre-TCR-�, which
associates with pre-TCR-� to form pre-TCR
[146]. The transfection of CD34+CD38−
precursors from foetal liver with inhibitors of
DNA-binding (Id)-2 and Id-3 blocked their
differentiation into pDCs, B and T lympho-
cytes but not into NK and myeloid cells [170].

However, there is experimental evidence
supporting the concept of the myeloid origin
of pDCs. DCs, which expressed high levels of
IL3R, were obtained from CD34+ precursors,
caring M-CSF receptor [132].

Comeau M. R. et al. have shown recently
that CD123bright blood pDCs might be
subdivided into subtypes, differing by their
functional and phenotypic characteristics,
more or less lymphoid or myeloid [32].
They suggest that pDCs is a population(s)
of lymphoid cells undergoing conversion to
myeloid lineage.

The identification of a new DC subtype
possessing mDC as well as NK-cell features
has made the DC story even more puzzling.
The DC subtype has been characterized
in mice by several independent laboratories
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[24, 71, 141, 160, 178]. The authors term
the cell type as CD11c+ CD11b+ NK cells
[160] or NK-DCs [71, 141] or IFN-producing
killer-DCs [24, 178]. However, it is very
likely that they are all talking about the
same cell type. The cells express myeloid
markers (CD11c and CD11b), NK-cell surface
antigens (NK1.1, Dx5, NKG2D, Ly49) as well
as common leukocyte antigen B220 (CD45).
This DC subtype was found in normal mouse
spleen, liver, lymph nodes and thymus [141].
They infiltrate tumours, accounting for up
to 20% of CD11c+-cells [178]. NK-DCs are
capable of lysing NK-sensitive tumour-cell
lines both in vitro and in vivo [24, 141, 178].
Depending on the stimulus applied (different
types of CpG-oligonucleotides), they secrete
significant levels of IFN-�/�, IL-12 and IFN-
� (through the autocrine action of IL-12)
[24, 141]. Actually, they secrete more IFN-
� than typical NK cells [141, 178]. Tumour
cell lysis depends on TRAIL-molecule (TNF-
related apoptosis-inducing ligand) expression
by NK-DCs [178]. After tumour cell lysis NK-
DCs up-regulate MHC-II and costimulation
molecules on their surface and become active
APCs [24, 141]. NK1�1+ CD11c+B220+ NK-
DCs are capable of presenting in vivo antigen
(ovalbumin peptide) even better than common
spleen NK1�1− CD11c+B220− DCs [141].

The field of NK-DC study is largely
unexplored. Thus, there are uncertainties
whether to classify some subtypes as NK
cells or NK-DCs. For an example, Fujii
S. et al. described the CD11c+Dx5+ cell
population secreting IFN-� in response to
glycolypids �-galactosylceramide and �-C-
galactosylceramide [57]. By formal criteria,
the cells should be classified as NK-DCs but
the authors consider them to be NK subtype.

An analogous cell type has not yet been
identified in humans [168]. However, there
are reports concluding that human NK
cells have capacities to effectively present
antigens themselves [64]. Un-activated human
NK cells have low levels of MHC-II on

their surface. The MHC-II surface level
is greatly up-regulated and costimulation
molecule expression is gained after NK-cell
activation in the presence of IL-2 or target-
cell lysis (NK-sensitive tumour-cell lines
and influenza-virus-infected cells). Strikingly,
MHC-II (HLA-DR, -DP, -DQ) and costimu-
latory (CD80, CD86, OX40L) molecules were
expressed by all NK-cell clones, indepen-
dently from the type of NK-receptor expressed
[64]. Activated NK cells proved to be
active APCs and effectively initiated primary
immune reactions. NK cells expressing
MHC-II and costimulation molecules were
also identified in vivo in inflamed tonsils
and samples from deciduae obtained from
cytomegalovirus-infected mothers [64]. The
data obtained by the group challenges the
results of studies using a murine model and
raises the question of whether mouse NK-
DCs is a DC subtype or a NK subtype
or they are simply NK cells converting
to APCs? The recent study by Chen L.
et al. [25] obviously excludes the possibility
of mouse NK-cells differentiation into NK-
DCs. Although, NK-DCs are able to generate
conventional DCs and perhaps are at the
intermediate stage of their development. The
authors have shown that NK1�1+CD11c+-
NK-DCs differentiate into NK1�1− DCs
with concomitant MHC-II up-regulation.
However, NK1�1+CD11c−-NK cells did not
reconstitute NK1�1+CD11c+-NK-DCs upon
adoptive transfer into irradiated mice. Chen
L. et al. considered that possible NK-
DC precursors might be Ly6C+ monocytes
because they generated NK1�1+CD11c+ as
well as NK1�1−CD11c+ cells.

Thus, we may draw the following conclu-
sions:

1. There are several types of DCs
differing in many features. No common
DC-specific markers have yet been
identified. However, all DC subtypes
(in an activated state) strongly express
MHC-II molecules. Major DC subtypes
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do not express/or have low levels of
lineage-specific cell surface antigens of
other immune cell types.

2. Different DC subtypes may be identified
using complexes of specific markers.
However, it should be stressed that
the usage of single markers might be
misleading because antigens expressed
exclusively by a DC subtype have not
been found (perhaps, the exception is
langerin expressed by LCs). Usually, all
these markers are expressed by other
DC subtypes, monocytes/macrophages
(related to mDCs) as well as by
completely different cell types including
neurons. The morphological and
functional criteria must also be taken
into account. The existence of multiple
DC subtypes may be explained by their
functional specialization for recognition
and their further induction of specific
immune responses against different
types of pathogens (Th1 against intracel-
lular microbes, Th2 during helminthic
infections, etc.).

3. The origin of certain DC subtypes
(pDCs, thymic DCs, CD8�+ murine
DCs, NK-DCs) has not yet been
completely discovered.

8.3. Generation of Dendritic Cells
In Vitro and a Comparison
with Dendritic Cells In Vivo

In vitro assays helped tremendously in eluci-
dating the DC differentiation pathways and
factors indispensable for their development.

8.3.1. Generation of Human Dendritic
Cells

In vitro studies of the differentiation of human
DCs have been greatly influenced by the aim
of optimizing culture systems to allow an
efficient production of DCs for use in cancer
immunotherapy.

First of all, DCs may be obtained directly
from human blood by gradient centrifugation
[73]. However, one leukopheresis procedure
gives only 5×106 DCs.

Two main protocols to generate DCs, from
either monocytes or CD34+ precursors, have
been described and generally involve a first
differentiation phase followed by a maturation
step [7].

8.3.1.1. Monocyte-Derived Dendritic
Cells

GENERATION OF DENDRITIC CELLS IN THE

PRESENCE OF GM-CSF AND IL-4

Today, mature DCs are usually obtained from
CD14+ monocytes using a well-known two-
stage method [150, 152]. During the first
stage, monocytes generate immature DCs after
a 5–7 day cultivation in the presence of GM-
CSF and IL-4. Immature monocyte-derived
DCs have great capacities for antigen capture
[152]. During the second step, DCs mature in
response to the inflammatory factors (TNF-�,
LPS, IFN-�, CD40L, etc.)

Importantly, the functional repertoire of
DCs derived from monocytes by standard
protocol appears to be significantly restricted
in comparison to their physiological counter-
parts. Perhaps, their major limitation is their
low capacity for migration. It was shown
that most of the DCs were unable to leave
the site of injection and reach the lymph
nodes upon the intradermal injection [116].
Moreover, they were not able to stimulate NK
and CD4+Th2 cells [182] and poorly stimu-
lated humoral immunity [42]. Clearly it is very
important because NK cells play a major role
in anti-cancer and anti-viral immune responses
by eliminating cells that are deficient in MHC-
I-expression.

It is suggested that the cause of monocyte-
derived DC functional restrictions is the
absence of phospholipase A2 (PLA2) [182].
This is an enzyme that cleaves membrane
phospholipids generating arachidonic acid and
takes part in the synthesis of thrombocyte
activation factor (TAF). Enzyme synthesis
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is inhibited by IL-4. Thus, DCs differenti-
ating in the presence of IL-4 are unable to
produce TAF as well as other arachidonic
acid derivatives (prostaglandins, leukotrienes
and lipoxins), which play an important role in
leukocyte migration, NK-cell activation and
Th2-cell differentiation.

Importantly, DCs generated by standard
protocol are unstable and revert to
monocytes/macrophages upon withdrawal
of the cytokines [150]. Moreover, the
reversal of TNF-�-mediated maturation
of monocyte-derived DCs occurred when
TNF-� was removed [125]. This fact, besides
their functional deficiencies mentioned
above, might have important implications
regarding their use in cancer immunotherapy
and suggests that monocyte-derived DCs
might not have a physiological counterpart.
However, we cannot exclude the possibility
of DC conversion to monocytes/macrophages
in vivo. As mentioned above, monocytes are
able to generate DCs in vivo [92, 144].

It is interesting to note a recent study
by Roy K. C. et al. [151]. They obtained
DCs from monocytes in the presence of
only IL-4 without the addition of GM-
CSF. The morphology, phenotype and phago-
cytic activity of the DCs did not differ
from DCs generated by the standard method.
However, they did not express CD1a. DCs
produced in the presence of only IL-4
produced more IL-12, in response to CD40L
or the combination of LPS with IFN-�, than
conventional monocyte-derived DCs. They
stimulated Th1-response in allo-MLR more
potently. However, the method gave fewer
cells than the standard protocol.

We generated DCs by the standard method
of cultivation of peripheral blood monocytes
in the presence of IL-4 and GM-CSF during
6 days [150, 152]. The DC morphology was
typical for immature monocyte-derived DCs
[82]. DCs floated or loosely adhered to plastic
(Figure 8.11a). They were large, irregularly
shaped cells with laterally positioned nuclei

and an abundant foamy (highly vacuolated)
cytoplasm (Figure 8.11b–d). Immature DCs
had basophilic lightly stained cytoplasm with
a more intense staining in the centre of the
cells (Figure 8.11b). Their phenotype was
also typical for immature DCs. They greatly
expressed CD86, had variable levels of CD40
and did not express or had low levels of CD83,
CD14 and CD80.

Analogous results were obtained by
numerous scientists who generated DCs from
peripheral blood monocytes in the presence
of IL-4 and GM-CSF [66, 116, 140, 184].
The authors of the studies described immature
monocyte-derived DCs as large floating or
adherent irregular-shaped cells, which signif-
icantly expressed CD86 (53%–100%) and
HLA-DR (80%–100%), did not express or
have low levels of CD14 (0%–14%) as
well as CD83 (0%–23%). In most of the
studies, DCs expressed another costimulation
molecule (CD80) weaker than that of CD86.
According to different data its expression
varied significantly and was detected on 2%–
87% of the immature DCs.

The maturation of DCs occurred after the
cultivation with TNF-�. Their maturation
manifested, primarily, in appearance on their
surface of CD80 costimulatory molecules and
marker of mature DCs CD83 (Figures 8.12
and 8.13). Besides, cells up-regulated the
CD40 and CD86 expression (Figure 8.12).
Most of the mature DCs were floating
cells and exhibited prominent membrane
protrusions (Figure 8.14) but usually mature
DC cultures combined adherent and non-
adherent cells. Percentages of adherent
and non-adherent cells varied significantly
between experiments applying blood samples
from different donors. The levels of CD83
and costimulatory molecule expression were
similar in both adherent and non-adherent
DC fractions. Different authors contradict
each other in their descriptions of mature
monocyte-derived CD83+DCs and describe
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(a) (b)

(c) (d)

Figure 8.11. Human immature monocyte-derived DCs. a Phase-contrast micrographs in dark field,
OMx400. Scale bar: 20 �m. b Romanovsky-Giemsa azure-eosin staining, c and d Ziehl fuchsin

staining, Scale bar: 10 �m, OMx900

them either as non-adherent cells [134] or
even as firmly adherent cells [204].

We also used LPS from different species
of gram-negative bacteria as an inducer of
DC maturation [27]. Immature human DCs
were shown to be very labile in their routes
of differentiation. In response to LPS, they
turned into a mixed population of CD14+

macrophages and DCs at different stages of
maturation (Figure 8.15). Macrophages are
of great importance for anti-bacterial immune
response. A minor part of the cells became
fully mature CD83+ DCs. A major part of
the DCs was on an intermediate level of
maturation. They expressed high levels of
costimulation molecules but did not have

a CD83-marker. Interestingly, LPS was a
poorer CD83 and CD80 inducer than TNF-�.
However, it was as good or superior to the
TNF-� in the up-regulation of CD86 costim-
ulatory molecule expression. Strikingly, the
best inducers of DC maturation (LPS from
Escherichia coli and Shigella sonnei) turned
out to up-regulate CD14 expression to the
highest levels in mixed macrophage/DC
populations. This fact obviously evidences the
absolute necessity of the receptor molecules
for the optimal activation of cells by LPS.
It is possible that CD14+ macrophages
actively secrete pro-inflammatory cytokines in
response to LPS, assisting in such a way the
maturation of CD14− DCs. Altogether, they
could be producers of soluble CD14, which
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Figure 8.12. Phenotypic features of DCs matured with TNF-�. Events-number of cells, FITC, R-PE –
logarithms of fluorescence intensity corresponding to fluorescent dyes FITC (fluorescein

isothiocyanate) and PE (phycoerythrin). M1 – marker, comprising cells with fluorescence greater than
in isotypic control. Isotypic control is delineated by a simple black line. Coloured histograms show

samples labelled with antibodies to cell surface antigens

might be necessary for LPS binding by CD14−

DCs [187].
Costimulation molecule (CD80 and CD86)

expression was significantly up-regulated on
all the cells of the mixed leukocyte population

obtained under LPS action including CD14+

macrophages. It is conceivable that all the
cells from mixed population have good
capacities for antigen presentation. It is well
known that macrophages are capable of

(a) (b)

Figure 8.13. Expression of costimulatory molecule CD80 and marker of mature DCs CD83 by DCs,
which matured upon 2 days cultivation in the presence of TNF-�. Micrographs of DCs labelled with
FITC-conjugates of antibodies to a CD80 (OMx400) or b CD83 (OMx200), Scale bar: a 15, b 30 �m
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(a) (b)

Figure 8.14. Micrographs of human monocyte-derived DCs, which matured upon 2 days cultivation
in the presence of TNF-�. a Phase-contrast microscopy in bright field of floating mature DCs,

OM×400. b Ziehl fuchsin staining, OM×900, Scale bar: 10 �m

differentiating into mature DCs [134]. We
suggest that activated macrophages, devel-
oping from immature DCs under LPS action,
are capable of generating mature DCs in
certain conditions.

We observed the development of cells
expressing the marker of mature DCs (CD83)
as well as monocyte/macrophage-specific cell
surface antigen (CD14) upon LPS stimu-
lation of immature DCs (Figure 8.16). Cells
coexpressing CD14 and CD83 are probably
intermediates capable of differentiating either
to macrophages or to mature DCs, depending

on the conditions. Lyakh L. A. et al.
generated mature DCs from monocytes under
serum-free conditions in the presence of
GM-CSF, LPS and other maturation factors
and identified cells with similar phenotype

CD14+� CD83+� [84, 100]. Another research
group detected transient CD83 expression on
LPS-stimulated monocytes and macrophages
[20]. Chomarat P. et al. showed the
importance of pro-inflammatory cytokine
IL-6/TNF-� balance in determining the differ-
entiation fates of monocytes and macrophages
[30]. IL-6 up-regulates the expression of

(a) (b)

Figure 8.15. Mixed population of floating DCs and highly adherent macrophages obtained from
immature human monocyte-derived DCs upon culturing in the presence of E. coli LPS.
a Phase-contrast micrograph in bright field of adherent macrophages and floating DCs.

b Phase-contrast micrograph in bright field focusing on the adherent macrophages, OM×400, Scale
bar: 10 �m. Notice contaminating lymphocytes
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Figure 8.16. Expression of CD83 (marker of
mature DCs) and CD14 (component of LPS
receptor, monocyte/macrophage marker) by
mixed leukocyte population obtained from
immature DCs upon stimulation with LPS.

Immature DCs were stimulated with E. coli LPS

1 �g/ml� during 1 day. Cells were labelled

simultaneously with specific antibodies to CD83
(PE-conjugated) and CD14 (FITC-conjugated).

CD14-FITC and CD83-PE - logarithms of
fluorescence intensity corresponding to

fluorescent dyes FITC and PE. Quadrant was set
using isotypic control

M-CSF receptor and facilitates M-CSF inter-
nalization, resulting in a predominant gener-
ation of macrophages from monocytes and
probably from immature DCs, whereas,
TNF-� down-regulates M-CSFR expression
and skews monocyte differentiation from
macrophages to mature DCs and prevents
the conversion of immature DCs into
macrophages.

Altogether, there are numerous contradic-
tions concerning LPS potency as an inducer
of DC maturation in comparison to pro-
inflammatory factors [31, 134]. According to
Nakamura I. et al., the maturation state of
mouse DCs activated by LPS was instable
[123]. DCs reached the maximal level of

costimulatory molecule expression and the
maximal T-cell activation potency after 6
hours incubation with LPS. However, in a 48
hour period they returned to an immature state.
Interestingly, they even completely restored
their endocytic capacities. Another research
group obtained practically a homogenous
and stable human mature DC population
under LPS stimulation [134]. However, they
remarked on the instability of mature DCs
with intermediate levels of CD83 expression.
Such cells, depending on the conditions,
generated either completely mature DCs or
macrophages. Thus, the stability of mature
DCs is probably determined not by the nature
of the stimuli applied but by the degree of
maturation state achieved by DCs in a study.

Maturation of DCs in response to LPS
depends on their ability to produce pro-
inflammatory factors under its action. Besides
pro-inflammatory cytokines, LPS induces the
secretion of anti-inflammatory cytokine IL-
10 [33]. IL-10 suppresses pro-inflammatory
cytokine secretion. It helps the organism
to regulate inflammatory reactions and DC
maturation. The presence of LPS during
monocyte differentiation into DCs leads to
the generation of immature DCs, which are
unresponsive to LPS stimulation and fail to
mature under its action [148, 199]. However,
such DCs mature in the presence of exogenous
TNF-� and PGE-2 [148]. DCs generated
from monocytes derived from different donors
differ in their capabilities to mature in
response to LPS [148]. Thus, many different
factors, including cell concentration, period of
incubation, etc., may influence DC maturation
in response to LPS. It explains the contra-
dictions of different authors considering LPS
potency as a DC maturation factor.

GENERATION OF DENDRITIC CELLS FROM

MONOCYTES IN THE PRESENCE OF GM-CSF

AND IFN-�/� DCs may be generated from
peripheral blood monocytes in the presence
of GM-CSF and IFN-� and/or −� (IFN-DCs)
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[155]. Under the action of the cytokine combi-
nation, monocytes differentiated into floating
DCs during 3 days. The DCs had higher
levels of costimulatory molecules (CD80,
CD86, CD40) as well as adhesion (CD54) and
HLA-DR (MHC-II) molecules, than that of
DCs derived in the presence of the standard
cytokine combination (IL-4 and GM-CSF).
About 30%–40% of cells expressed CD83 and
thus they were mature DCs. IFN-DCs also
were more potent stimulators in allo-MLR.
T cells stimulated by IFN-DCs in allo-MLR
secreted significantly more IFN-� than T cells
activated by conventional monocyte-derived
DCs. Thus, IFN-DCs polarize T cells towards
Th1-type immune reactions. IFN-�/� induced
IL-15 secretion by DCs. The cytokine is of
great importance for APC-T-cell interactions,
the induction of Th1-immune response and
the viability of memory T cells. The full
maturation of the DCs was achieved under
LPS action during 2 days.

Besides, autologous IFN-DCs pulsed with
inactivated HIV-1 (human immunodeficiency
virus) particles, induced a much more potent
proliferative response than DCs generated by
standard protocol [155]. SCID-mice (severe-
combined-immunodeficiency-syndrome) were
reconstructed with human leukocytes and
autologous IFN-DCs pulsed with inacti-
vated HIV-1. Potent primary immune
reactions developed, which manifested in
viral antigen-specific antibody production.

IFN-DCs, like NK-DCs, expressed TRAIL
and killed Jurkat tumour cells sensitive to
TRAIL-induced apoptosis. TRAIL expression
by DCs may have dual functions. First of all,
TRAIL may induce the death of virus-infected
or tumour cells sensitive to TRAIL-induced
apoptosis. Secondly, it may induce apoptosis
in DCs themselves after the fulfilment of
their functions. A significant proportion of
IFN-DCs (40%) bound annexin-GFP (green
fluorescent protein) conjugated on the 5th day
of incubation, revealing their early apoptotic
state. On the 6th day their quantities signifi-
cantly diminished.

The authors suggested that monocytes in
vivo differentiated into DCs during infec-
tions in response to IFN-�/� secreted by
pDCs [155].

GENERATION OF DENDRITIC CELLS FROM

MONOCYTES IN THE PRESENCE OF IL-4 AND IL-3

IL-3 is a key cytokine for pDC generation
from pre-pDCs having high levels of IL-3R.
However, monocytes do express low levels
of the receptor. Ebner S. et al. obtained DCs
from human monocytes in the presence of
IL-3 (instead of GM-CSF) and IL-4 [50].
The yield of the cells was as high as in
the standard protocol. DC morphology and
their phenotype (CD markers and TLRs)
were similar to DCs derived by the standard
method. However, the cells, like the DCs
obtained with IL-4 alone (mentioned above),
did not express CD1a. The DCs generated in
the presence of IL-3 and IL-4 secreted less
IL-12 and induced IL-4 and IL-5 secretion
by naïve CD4+ T cells in allo-MLR, thus,
governing the induction of Th2-type reactions
in contrast to DCs derived by the standard
protocol.

8.3.1.2. Generation of Dendritic Cells
from CD34+ Precursors In Vitro

DCs may be derived from CD34+ bone-
marrow or blood precursors [21, 22]. The
differentiation of DCs occurred after a rather
long (about 2 weeks) incubation in the
presence of GM-CSF and TNF- � [21]. The
yield of the cells was increased by the addition
of stem cell factor (SCF) or FLT3L [22].

Such cultures generated mixed populations
of immature DCs resembling LCs and inter-
stitial DCs. During culturing, two independent
intermediate DC types developed: CD14+pre-
DCs and CD1a+ pre-DCs. In further
incubation, CD14+ CD1a−cells differentiated
into DCs, which did not express E-cadherin.
They resembled immature dermal interstitial
DCs or mature lymphoid organ interdigi-
tating DCs. In the presence of M-CSF, the
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intermediates generated macrophages. This
fact pointed to their myeloid origin.

CD14− CD1a+intermediates differentiated
into LC-like DCs expressing E-cadherin and
langerin.

LC-like DCs were also obtained from
CD11b− fraction of CD14+ CD1a− interme-
diates by the addition of TGF-� [76]. LC-like
DCs differentiated also from monocytes or
CD11c+ blood mDCs in vitro in the presence
of GM-CSF, IL-4 and TGF-� [7]. Maturation
of the cells was achieved by the addition of
IL-1 and TNF-�.

We obtained immature DCs from human
bone-marrow precursors by culturing in the
presence of IL-4 and GM-CSF or their combi-
nation with TNF-� [166]. The yields of DCs
were significantly improved by the addition
of TNF-� to the cell culture medium cell. The
DCs resembled monocyte-derived immature
DCs (Figure 8.17a–d). We observed mitotic
cells (Figure 8.17f) as well as DCs with two
nuclei (Figure 8.17e) in the cell cultures.
Some contaminating macrophage-like cells
were also evident (Figure 8.17a and f). The
profile of costimulatory molecule expression
on the DC surface largely correlated with the
immature monocyte-derived DCs.

Several studies showed CD34+ progenitor-
derived DCs to be more potent CTL activators
than monocyte-derived DCs [52, 118].

8.3.1.3. Differentiation of Dendritic Cells
from Multipotent Lymphoid
Precursors In Vitro

CD34+CD10+Lin− bone-marrow progen-
itors endowed with T-, B- and NK-cell
but not myeloid differentiation capacity,
produced DCs after culture with IL-1�,-7,
GM-CSF, SCF and FLT3L [58]. Interestingly,
CD34+CD1a− lymphoid-committed thymic
precursors generated DCs after culture with
IL-7, TNF-�, SCF and FLT3L in the absence
of GM-CSF. However, this cytokine improved
the yield of DCs [36, 81]. Nevertheless, it was
reported that CD34+CD1a− thymic precursors

generated monocytes when cultured with
M-CSF, indicating that they retained some
myeloid capacity [36]. This result might
support the theory that human thymic
non-plasmacytoid CD11c+ DCs are myeloid-
derived. In this sense, a thymic CD11b+

DC subset expressing the myeloid markers
M-CSFR, CD14, CD33 and CD64 has been
described [7]. Moreover, a common differ-
entiation pathway for DCs and monocytes
from thymic CD34+CD1a− precursors,
independent of T-cell differentiation pathway,
has been identified [7].

8.3.1.4. Differentiation of Plasmacytoid
Dendritic Cells In Vitro

Blom B. et al. obtained pDCs from blood
CD34+CD45RA−CD123−-cells after culture
in the presence of FLT3L [14]. Their
maturation into antigen-presenting DCs was
induced with IL-3 and CD40L [63] or
IL-3 and TNF-� [83]. Whereas, the IL-
3 and IL-4 combination induced apoptosis
in pDCs indicating their differential require-
ments compared with mDCs [83].

8.3.2. Generation of Mouse
Dendritic Cells

8.3.2.1. Differentiation of Murine
Dendritic Cells from
Bone-Marrow Progenitors
In Vitro

Murine DCs are usually obtained by culturing
mouse bone marrow in the presence of GM-
CSF or its combination with IL-4 [99, 105].
However, it should be noticed, that this
method yields impure DC populations (70%–
95% purity depending on a method applied for
DC generation and time of incubation), which
also comprises granulocyte and macrophage
contaminations [99]. Following subsequent
DC maturation in the presence of TNF-�,
or other inducers (LPS, CD40L), a pheno-
typically homogenous population of mature
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(a) (b)

(c) (d)

(e) (f)

Figure 8.17. Micrographs of human bone-marrow-derived immature DCs. a Phase-contrast
micrograph in bright field of fixed but uncoloured cells, OM×400, Scale bar: 10 �m.

b–f Romanovsky-Giemsa azure-eosin staining b–e OM×900, Scale bar: 10 �m f OM×200,
Scale bar: 50 �m

DCs develops. The DCs express significantly
costimulatory (CD80, CD86 and CD40) and
MHC-II molecules but do not have CD8�.

In contrast, when bone-marrow Lin−

cells were incubated with GM-CSF, SCF
and TNF-�, followed by maturation with
GM-CSF and TNF-�, two mature DC
subtypes with different phenotypes were
generated [201]. Both were CD11c+, MHC-
IIhigh� CD86high� CD40+ and negative for

CD8� and DEC-205 (an endocytic receptor
expressed by mouse interstitial DCs and LCs).
The populations differed in their expression of
E-cadherin, M-CSFR and non-specific esterase
(NSE). E-cadherin−M-CSFR+NSE+ DCs
developed from CD11c+CD11b+ immature
DCs, which also generated macrophages
when cultured with M-CSF. This result
indicates that CD11c+CD11b+ immature
DCs are myeloid intermediates. By contrast,
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E-cadherin+M-CSF−NSE− DCs, displaying
characteristics of epidermal LCs, were derived
from CD11c+CD11b− immature DCs without
the capacity to differentiate into macrophages.

The generation of LC-like DCs from
CD11c+CD11b− intermediates is not
dependent on the presence of TGF-�1, which
is required for the differentiation of LCs in
vivo [15]. It is conceivable that the process
of LC generation in vitro in the absence of
TGF-�1 is incomplete. Their phenotype does
not fully correspond to their physiological
counterparts. An alternative differentiation
protocol for LCs from bone-marrow Lin−

cells requires the addition of GM-CSF
and TGF-�1 followed by maturation with
GM-CSF and TNF-� [202]. The method
gives E-cadherin+DEC-205+ LC-like DCs.
The expression of DEC-205 by these DCs
could correspond to a more mature and/or

physiological phenotype and might reflect
the requirements for TGF-�1 for the in vivo
differentiation of LCs.

Interestingly, culture of bone-marrow
Lin− cells with FLT3L alone followed
by maturation with either LPS or IFN-
�, generated both CD8�−CD11bhi and
CD8�+CD11blow DCs [17]. The data suggest
that FLT3L is a key cytokine to drive
the in vitro differentiation of DCs with a
similar phenotype to that described for their
physiological counterparts. However, when
defining the cytokine requirements of DC
differentiation and maturation pathways it is
important to take into account that certain
cytokines can be produced endogenously
during culture. In this sense it was shown that
antibodies against IL-6 but not IL-2, -3,-4,
-7, -11, 15, G-CSF, CSF-1 or TGF-�1 could
block FLT3L-driven differentiation of DCs

(a) (b)

(c) (d)

Figure 8.18. Generation of mouse DCs from bone-marrow precursors. Phase-contrast micrographs in
bright field of different stages of DC generation. a Bone-marrow cells. (First day). Scale bar: 20 �m

b Third day. c Fifth day. d Seventh day of incubation. Scale bar: 10 �m
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revealing an essential role for IL-6 in the
FLT3L-mediated generation of
CD8�−CD11bhi and CD8�+CD11blow DCs
[7, 17].

We obtained mouse DCs from bone-marrow
progenitors by culture in the presence of
murine recombinant GM-CSF and IL-4 during
7 days [105]. We followed the process of
DC generation from small bone marrow
precursors (first day) to immature DCs
(seventh day) [3, 91] (Figure 8.18). As a result
the cultures produced typical mouse DCs
– large irregular-shaped cells, which floated
or loosely adhered to plastic (Figures 8.18d
and 8.19a). They showed high phagocytic
capacities for bacterial cells (Figure 8.19d and
e). Their phenotype was the following: MHC-
II+� CD14low� CD80+� CD86low� CD83−�

CD40low (Figure 8.20) and fully corresponded
to reference data [99, 105].

Maturation of mouse DCs was induced with
LPS or TNF-�. As noticed by other authors,
TNF-� was a less efficient maturation inducer
of mouse bone-marrow derived dendritic cells
than bacterial LPS [99]. Even on the third
day of incubation with the cytokine, some
DCs remained adherent cells although they
exhibited prominent membrane protrusions
(Figure 8.21 a–e). The expression of costim-
ulatory and MHC-II molecules was stimu-
lated moderately by the addition of TNF-�.
Mature DCs down-regulated the phagocytosis
of bacteria (Figure 8.21f).

Bacterial LPS proved to be a much better
inducer of DC maturation. DC proliferation
was down-regulated. They became floating
stellate cells showing numerous membrane

(a) (b)

(c) (d) (e)

Figure 8.19. Micrographs of mouse immature bone-marrow-derived DCs. a Phase-contrast
microscopy in bright field of mouse immature DCs on the 7th day of culture in the presence of IL-4
and GM-CSF, OM×400. b Ziehl fuchsin staining, OM×900. c Romanovsky-Giemsa azure-eosin
staining, OM×900. d and e Immature mouse bone-marrow-derived DCs, which phagocityzed S.
aureus cells during 1 d or 3 e hours of coincubation. Romanovsky-Giemsa azure-eosin staining,

OM×900. Scale bar:a – 20; b,c,d - 10 �m
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Figure 8.20. Phenotype of mouse immature bone-marrow-derived DCs. Events-number of cells,
FITC, PE – logarithms of fluorescence intensity corresponding to fluorescent dyes FITC (fluorescein
isothiocyanate) and PE (phycoerythrin). M1 – marker, comprising cells with fluorescence greater than

in isotypic control. Isotypic control is delineated by a simple black line. Coloured histograms show
samples labelled with antibodies to cell surface antigens

protrusions (Figure 8.22). Costimulatory and
MHC-II molecule expression was prominently
up-regulated. Interestingly, mouse DCs,
like human DCs, up-regulated the CD14
expression in response to LPS.

The presence in the medium of immunosup-
pressive ganglioside GM1 during the last three
days of DC generation caused a prominent
decrease in costimulatory molecule expression
on their surface. The cells actively proliferated
and formed large clusters (Figure 8.23). Thus,
the presence of different factors in the DC
culture medium may significantly influence
their proliferation, endocytosis, expression of
costimulatory molecules and, as a result, their
capacities for antigen-presentation.

8.3.2.2. Generation of Dendritic Cells
from Mouse Monocytes

Although human monocytes are the most
common source for further DC generation, a
detailed protocol for murine DC generation

from monocytes has been described only
recently by Leon B. et al. [92]. The method is
completely analogous to the protocol applied
for human DC generation. However, we
should also remark on a study by Schreus M.
W. J. et al., who obtained DCs from uncharac-
terized murine adhering mononuclear cells by
culture in the presence of the same cytokine
combination (IL-4 and GM-CSF) [163].

8.3.2.3. Mouse Dendritic Cell Generation
from Multipotent Thymic
Lymphoid Precursors

DCs may be obtained by culture of CD4low

lymphoid progenitors in the presence of IL-1,
-3, -7, TNF-�, SCF and FLT3L without GM-
CSF required for myeloid precursor devel-
opment [156]. In contrast to physiological
thymus DCs the cells derived in vitro did
not express CD8�. This fact probably reflects
requirements for other unidentified factors for
physiological DC differentiation.



Major Properties of Dendritic Cells 139

(a) (b)

(c) (d)

(e) (f)

Figure 8.21. Mouse bone-marrow-derived DCs matured with TNF-�. 1 a or 3 b–f days of incubation
with the cytokine. a and b Phase-contrast micrographs, OM×400. c Brachet staining revealing

cellular RNA, OM×900. d Shabadash periodic acid-Schiff staining, OM×900. e
Romanovsky-Giemsa azure-eosin staining, OM×900. f DCs phagocityzing S. aureus cells during an

hour coincubation. Romanovsky-Giemsa azure-eosin staining, OM×900.
Scale bar: a, b, c, d, - 20; e, f - 10 �m

8.4. Application of Dendritic Cells
in Medical Practice

Vaccination provides the most effective
and low-cost method for infectious disease
prophylaxis. However, today we lack
effective vaccines for many dangerous
human infectious diseases including AIDS,

hepatitis C, tuberculosis and malaria. In
the opinion of Ralph M. Steinman, founder
of the DC study field, and his colleague
Melissa Pope, research in the field may
be effectively applied for the devel-
opment of more effective vaccines as
well as for the generation of anti-tumour
vaccines [174].
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Figure 8.22. Phase-contrast micrograph in bright
field of mouse floating bone-marrow-derived

DCs matured with 2 day incubation in the
presence of E. coli LPS, OMx400, Scale bar:

20 �m.

8.4.1. Dendritic Cells in Anti-cancer
Therapy

The idea to use DCs as anti-cancer
vaccines became especially attractive after
the discovery of tumour-associated antigens
[77, 135]. There are several types of
tumour-associated antigens. First of all, there
are antigens of oncogenic viruses such as
hepatitis B and C viruses, papilloma virus,
etc. Secondly, there are mutated proteins
generated as a result of somatic mutations. Of
special interest, tumours often express certain
proteins expressed in embryos but not in
normal adult organisms (�-fetoprotein, telom-
erase, CEA-carcinoembryonic antigen, etc.).
Also, some of the normal tissue antigens
are hyperexpressed by tumours (melanoma
and prostate-cancer antigens). Certain tumour-
specific peptide epitopes may be derived from
self antigens such as the commonly expressed
ceramide synthase Lass5 [186]. They are
not presented by normal cells and appear
only at the surface of tumour cells with

Figure 8.23. Phase-contrast micrographs in bright
field of clusters of proliferating mouse immature

DCs formed in response to addition of
ganglioside GM1 into culture medium, OMx400,

Scale bar: 20 �m.

impaired function of transporter associated
with antigen processing (TAP). Such peptides
act as immunogenic neoantigens and may
be exploited for immune intervention against
processing-deficient tumours. Thus, it is
commonly agreed that many tumours express
antigens recognized by the immune system
[56]. Nevertheless, in most cases an adequate
immune response does not develop. Tumours
and oncogenic viruses have a variety of ways
to escape immune reactions. Most tumour
antigens, perhaps except for viral ones, are
poorly immunogenic. Tumour cells and virus-
infected cells are generally MHC-I-deficient.
In many cases, tumour cells secrete immuno-
suppressive factors or factors suppressing
APC development such as gangliosides and
prostanoids [19, 108, 137, 165, 167, 169, 193].

Today, mature DCs are believed to
be the most effective anti-cancer vaccines
(Figure 8.24) [43]. A study using murine
models has shown that immunization with
mature DCs pulsed with a tumour antigen
effectively protected mice against further
challenge with lowly immunogenic tumour
(all mice in the experimental group survived)
[26]. Immature DCs pulsed with the same
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Figure 8.24. Anti-cancer DC-vaccines. Autologous DCs for vaccination purposes are usually
generated using a patient’s peripheral blood monocytes by the method described above [150, 152].

They are loaded (pulsed) with tumour antigens, matured with different stimuli and reintroduced back
to the patient

antigen were completely ineffective (all the
mice died). DCs pulsed with an antigen in the
presence of factors inducing their maturation
(TNF-� IL-1�, LPS, monocyte-conditioned
medium, etc.) can effectively present antigens
and induce T-cell response. This fact was
proved by a number of studies in vitro, experi-
ments applying the mouse model; even several
healthy volunteers took part in the tests [26,
42, 105, 128]. When DC vaccines were tested
with the participation of healthy volunteers, it
was shown that the T-cell immune response
developed rapidly during 7 days but CD4+
as well as CD8+ T-cell reactions peaked
only 1–3 months after immunization [42]. T-
cell memory was generated. However, the
authors remarked that a natural viral infection
induced more robust immune reactions and
long-lasting memory.

It should be stressed once more that
immunization with immature DCs pulsed with
an antigen does not induce an effective
immune response and even suppresses it or
blocks the development of immune reactions
[18, 44, 45, 114]. For example, the injection of
immature DCs pulsed with an influenza-virus

matrix peptide lead to the development of
a tolerance towards the antigen in a group
of healthy volunteers [44]. Jonuleit H. et al.
compared directly the effectiveness of mature
and immature tumour peptide-pulsed DCs
in patients with metastatic melanoma [78].
They injected DCs into lymph nodes. Only
mature DCs induced a melanoma-specific
CTL response. As shown by another research
group, only mature DCs are capable of
migrating effectively from the site of the
injection into the lymph nodes [189].

Nevertheless, there is a report of a
positive clinical response in a patient with
a fibrosarcoma treated by a subcutaneous
injection of DCs pulsed with a tumour lysate
in the absence of any maturation inducers [59].
Unfortunately, the phenotype of the DCs was
not determined. We cannot exclude the possi-
bility of DC maturation under the action of
unidentified factors in tumour lysate (viruses
and heat shock proteins [28]).

Besides DC type the source of tumour
antigens and routes of DC delivery obviously
play an important role in vaccine efficacy.
Several types of antigen (peptides, proteins,
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cell lysates, RNA, DNA and viral vectors,
heat shock proteins and apoptotic bodies) were
successfully tested in animal models [10]. In
clinical studies, the major sources of tumour
antigens are peptides and proteins, tumour
lysates are used less frequently [43, 80].
The major drawback of vaccines based on
peptides and proteins is implicated by the fact
that not all tumour antigens have yet been
identified. Moreover, tumour cell populations
are heterogenous and not all the cells of
a tumour may express a separate antigen
[43]. Tumour lysate obviously contains a
wide spectrum of different antigens including
unidentified ones. Nevertheless, there is a risk
of an autoimmune condition developing upon
immunization with DCs pulsed with a total
tumour lysate [80]. Reassuringly, until now,
no autoimmune reactions upon immunization
with tumour lysate-pulsed DCs have been
observed [43].

Recently, the application of DCs transfected
with total tumour RNA for the treatment
of metastatic lung and colon cancer has
been reported [121]. The DCs induced CTLs
able to specifically lyse tumours. Another
example of RNA-transfected DC-vaccines
is a clinical experience of Vieweg and
colleagues in which patients with prostate
cancer vaccinated with DCs transfected with
mRNA encoding tumour antigens such as PSA
and patients with renal cancer vaccinated with
DCs transfected with unfractionated tumour-
derived mRNA developed tumour antigen–
specific CD8+ T-cell responses [67, 176].
The hallmark of the early clinical experience
from this group is that virtually all vaccinated
patients responded immunologically with the
induction of measurable T-cell responses.
Furthermore, clinically related responses such
as the reduction in PSA levels were often
seen in the vaccinated patients in the prostate
cancer trials [67].

In the opinion of O’Neill D. W. et al.
DCs pulsed with either tumour lysates, killed
tumour cells or tumour proteins proved to be

the most effective in cancer therapy [133].
They explain it by the fact that exogenous
antigens may be presented by DCs both in
context with MHC-II molecules to CD4+
Th cells and in context with MHC-I to
CD8+ CTLs in a process of so-called cross-
presentation. This process is considered to
be DC-specific. Thus, in this case CTLs
obtain help from Th cells. Whereas RNA
provides antigenic epitopes only for MHC-I
presentation, antigenic peptides are presented
in context either with MHC-I or MHC-II
molecules.

The way of delivery may significantly
influence DC migration and immunogenicity.
Morse M. A. et al. have demonstrated that
human DCs successfully reached lymphatic
nodes upon intradermal but not intravenous
injection [117]. A recent study by Mullins
D. W. et al. has fully supported their
results [120]. However, Fong L. et al. have
demonstrated that antigen-specific reactions
developed upon intravenous as well as
intradermal injection of human DCs [55].
Upon intravenous injection a more effective
specific-antibody response developed. A
comparative study based on the murine model
suggested that DCs injected intravenously are
less immunogenic than ones delivered intra-
dermally [90]. Some groups injected DCs
directly into lymph nodes and induced the
development of prominent immune reactions
towards tumour antigens [55, 73]. However,
the technique is rather difficult.

In recent years a number of early phase
clinical trials have been performed and have
demonstrated the safety and feasibility of DC
immunotherapy [43, 60, 77, 119, 126, 128,
133, 203]. Let us cite a few examples.

Hsu F. J. et al. treated 4 patients suffering
from follicular lymphoma with injections
of blood DCs pulsed with tumour-specific
idiotypic antibodies [73]. Tumour regression
was observed in 3 patients.

Nestle F. O. et al. used monocyte-derived
DCs for the treatment of metastatic melanoma
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[127]. As a source of antigens they utilized
either melanoma peptides or tumour lysate.
They injected DCs into the undamaged lymph
nodes of 16 patients. 11 patients showed a
delayed type hypersensitivity (DTH) reaction
in response to peptide-pulsed DCs. Objective
tumour regression was observed in 5 of them.
In another study, 11 patients with IVth stage
metastatic melanoma were treated with mature
DCs pulsed with melanoma peptide MAGE-
3A1 [181]. Each of the patients received 3
subcutaneous and 2 intravenous DC-vaccine
injections. Antigen-specific immune reactions
developed and MAGE-3A1-specific CTLs
expanded. In 6 patients regression of separate
metastases was observed. Interestingly, non-
regressing metastases did not express MAGE-
3 mRNA. These promising results inspired
randomized phase III clinical trials of autol-
ogous DC vaccines in comparison to standard
chemotherapy implying dacarbazine (DTIC)
for treatment of patients with metastatic
melanoma [158]. As vaccines, the researchers
utilized autologous monocyte-derived DCs
pulsed with peptides from melanocyte-
specific proteins (tyrosinase, MAGE-1, -3,
Melan-A analogue, etc) after their maturation
in the presence of the combination of pro-
inflammatory factors TNF-�, IL-1�,-6 and
PGE-2. Unfortunately, neither protocol of
treatment gave any significant positive results.
An objective response was observed in 3
of the 55 patients (5.5%) in the case of
standard DTIC therapy and in 2 of the 53
patients (3.8%) of the group vaccinated with
autologous DCs. However, the authors noted
that in comparison to standard chemotherapy,
the DC-vaccination significantly increased the
complete life expectancy in subgroups of
patients with unimpaired general health status
(Karnofsky=100) or HLA-A2+/HLA-B44-
gaplotypes. The following factors may explain
the low efficacy of their DC-vaccine. First of
all, the conditions for DC maturation were
not optimal [60]. The authors used the combi-
nation of pro-inflammatory factors without

the addition of TLR-agonists, which are
important for complete DC maturation and IL-
12 secretion (discussed below). Furthermore,
they used for DC-pulsing peptides, which
have numerous disadvantages, as discussed
earlier.

Promising results were obtained in trials of
autologous DC vaccines for the treatment of
metastatic forms of prostate, kidney, breast,
colon, thyroid gland and uterus cancer and
myeloma [42, 73, 76, 122].

We tested the DC-vaccine efficacy in
cancer treatment using mouse models of
B16 melanoma and Ehrlich carcinoma. Every
2 weeks mice were immunized with an
injection of different quantities of autol-
ogous DCs pulsed with tumour lysate. Finally,
they received 3 injections of syngeneic DC-
vaccine. After immunization some mice were
sacrificed. Lymphocytes were separated from
their spleens. We determined their cytotoxic
activity towards tumour cell lines used for
immunization as well as towards unrelated
immortalized cell lines. As a control we
used lymphocytes obtained from unvacci-
nated animals. Lymphocytes obtained from
immunized mice showed statistically a signif-
icant increase of their killer activity towards
tumour cell lines used for the immunization
in comparison to the lymphocytes of intact
animals. However, we did not observe any
increase of lymphocyte cytotoxic activity
towards the unrelated CaO-1 ovarian cancer
tumour cell line. These experimental data
show that DC-vaccination leads to an increase
of specific cytotoxicity towards tumour cell
lines used for DC pulsing. It was found that the
optimal dose of DCs utilized for vaccination
was 1×106 cells per mouse. A further increase
in the quantity of DCs used for vaccination did
not improve the cytotoxic activity of lympho-
cytes. The maximal cytotoxic activity was
observed after 2–3 injections of the vaccine.
When the optimal vaccine dose and number of
vaccinations were determined we designated
a protocol of mouse immunization. Mice were
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immunized with 3 injections of 1×106 autol-
ogous tumour lysate-pulsed DCs. Two weeks
after the final immunization, the mice were
challenged with different doses of tumour
cells (B16 melanoma or Ehrlich carcinoma).
Tumour nodules developed much later in
vaccinated animals than in unvaccinated mice.
They lived significantly longer than animals
in the control group which did not receive the
vaccine. However, all the animals, including
vaccinated ones finally developed tumours
and died. Vaccine efficiency dramatically
lowered with an increase of a tumour cell
infecting dose. The best vaccine efficiency
was observed only when we applied the
lowest infecting dose leading to the devel-
opment of tumour nodules and final death
in 100% of challenged unvaccinated animals
(control group) – 5 × 104 tumour cells for a
mouse.

DC anti-cancer vaccines do not provoke any
negative side effects. In some cases they gave
certain, although not very prominent, positive
clinical effects. It is encouraging because all
the studies until now have been conducted
with the participation of incurable patients
with metastatic cancer after the failure of
all generally used therapies. It is tempting
to assume that DC-vaccines might be much
more effective for the treatment of cancer
patients with less severe disease after maximal
cytoreduction by surgery or chemotherapy.
In support though, anti-cancer DC-vaccines
proved their efficiency in preventing liver
carcinoma recurrence in mice [72].

8.4.2. Application of DC-Vaccines for
Infectious Disease Prophylaxis

Presently, anti-infectious DC-vaccines are not
used in clinical practice. However, there is
experimental evidence suggesting them as
an effective and safe method for infectious
disease prophylaxis. Encouraging results were
obtained in assays applying models in vitro,
studies based on animal models and even

clinical trials with the participation of human
volunteers [1, 2, 9, 16, 97, 106, 138, 147, 164,
175, 188, 194].

There are reports of protective DC-vaccine
effects against Chlamydia trachomatis
infection. Su H. et al. showed that mouse
DCs phagocytized killed bacteria; secreted
IL-12p40 and presented bacterial antigens
to CD4+ T cells [175]. Moreover, mice
immunized with DCs pulsed with killed C.
trachomatis bacteria developed an effective
protective immunity towards the genital tract
infection. At the same time, Shaw J. et al.
demonstrated that immunization of mice with
syngeneic DCs pulsed with recombinant major
membrane protein of C.trachomatis did not
raise a protective immune response [164].
Moreover, DCs unexpectedly stimulated an
unfavourable Th2-type immune response
instead of a protective Th1-type immune
response. However, the same DCs in vitro
secreted IL-12 and stimulated proliferation of
CD4+ T cells. The authors suggested that the
nature of an antigen used for the pulsing of DCs
influenced the type of the immune response
induced. The same conclusions were drawn by
Rey-Ladino J. et al. [147]. They showed that
DCs pulsed with viable C. trachomatis had
high levels of MHC-II, CD80, CD86, CD40
and ICAM (intracellular adhesion molecule)-1
and produced significant amounts of IL-12 and
TNF-�. The DCs effectively activated CD4+ T
cells. In contrast, DCs pulsed with the inacti-
vated microbes showed low levels of CD40
and CD86 costimulatory molecules but had
higher levels of MHC-II, ICAM-I and CD80.
Such DCs secreted less pro-inflammatory
cytokines. The DCs pulsed with the viable
bacteria had more prominent protective effects.

Worgall S. et al. demonstrated that 45%
of mice immunized with DCs pulsed with
Pseudomonas aerogenosa survived longer
than 14 days after the challenge with the
bacteria [194]. At the same time, all unvac-
cinated animals and mice who obtained DCs
activated by LPS from E. coli died during 72
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hours. The protection was provided by CD4+
T cell response because vaccination protected
CD8(-/-), but not CD4(-/-) mice.

Bacci A. et al. used RNA from Candida
albicans to generate a DC-vaccine [9].
The RNA-transfected DCs expressed fungal
mannoproteins on their surface, up-regulated
expression of MHC-II and costimulatory
molecules, secreted IL-12 and induced anti-
fungal specific protective Th1 type immune
resistance in mice [9, 138].

Analogous DC-vaccines were shown to
induce an effective protective immunity
in cases of protozoan infections with
Toxoplasma gondii [16] and Leishmania
major [188] as well as in cases of spiro-
chetoses induced by Borrelia burgdorferi in
mouse models [106]. The anti-infectious DC-
vaccine also proved to be effective against
viral infection of mice with the lymphocytic
choriomeningitis virus (LCMV) [97].

Several research groups tried to apply
DCs as more effective anti-tuberculosis
vaccines. Demangel C. et al. introduced
DCs infected with Bacillus Chalmette Guerin
(BCG) into the mouse trachea [40]. As
expected, the infected DCs appropriately
matured in vitro and induced, the specific Th1-
type immune response in the draining lymph
nodes. However, the response was not higher
than that induced by simple subcutaneous
BCG vaccination. In their subsequent study,
Demangel C. et al. utilized DCs producing
more Th1-polarizing cytokine IL-12 because
of the activation through CD40 binding to
CD40L [41]. The CD40-stimulated BCG-
infected mouse DCs displayed an increased
capacity to release bioactive IL-12 and
activate IFN-�-producing T cells in vitro.
However, although mice immunized with the
DC vaccine demonstrated increased levels
of type 1 cytokine production in vivo, the
response did not increase lung resistance to
intrapulmonary infection with the virulent
Mycobacterium tuberculosis. Feng C. G. et al.
employed, for mouse DC infection, a viral

construct expressing the mycobacterial CD8+
T cell peptide epitope [51]. The construct-
infected DCs were more effective than BCG-
infected DCs in activating antigen-specific
CD8+ T cells to secrete IFN-� in vitro
suggesting that the use of such peptide
constructs might eventually be useful in
genetic vaccines against M. tuberculosis.

We undertook a series of studies in order to
determine the protective effect of DC-vaccines
against Klebsiella pneumoniae (K2 strain)
lethal infection employing a mouse model.
The vaccine showed a very high protective
efficiency. Depending on the immunization
protocols and dose of bacteria per injection,
83%–100% of vaccinated animals survived,
whereas in the control group of unvaccinated
animals almost all the mice (80%–100%) died.

Akbar S. M. et al. have demonstrated a
very high efficacy of vaccines based on DCs
pulsed with the recombinant hepatitis B-virus
antigen (HBsAg) in comparison to HBsAg-
vaccination in the mouse model of chronic
hepatitis B [1]. Subsequently they have shown
the safety and efficiency of this approach for
the treatment of humans with chronic hepatitis
B [2]. This method might also be effectively
used for the vaccination of non-responders to
the HBsAg-vaccination.

Lu W. et al. showed, first in rhesus
macaques infected with SIV (simian immun-
odeficiency virus) [95] and subsequently in
patientschronically infectedwithHIV[96], that
DCvaccination inducedrobustT-cell responses
in most vaccinees and that this correlated
with a marked reduction in viral titres.

Thus, DC-vaccines might be of great help
in protection against and even in treatment
of infectious diseases that are not effectively
prevented by contemporary vaccines.

8.4.3. New Approaches in Dendritic
Cell-Based Vaccination

As discussed earlier, DC-based vaccines are
safe and seem to have a great potential
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for protection against infectious diseases and
probably even in cancer treatment. However,
DC-vaccines are often not as effective as
they should be. First of all, anti-cancer DC-
vaccines turned out to be not as effective as we
had hoped. Thus, there are numerous projects
intending to improve DC-vaccine efficacy or
develop new DC-based strategies.

Improving the maturation protocol is
obviously a central challenge. The most
widely used maturation protocol for the
human monocyte-derived DCs consists of
four reagents: TNF, IL-1�, IL-6, and PGE2,
also known as monocyte-conditioned media
mimic or cytokine cocktail. A recent phase
III clinical trial (discussed earlier) failed to
show that vaccinating melanoma patients with
cytokine cocktail–matured DCs provided any
benefit over standard DTIC chemotherapy
[158]. It is not inconceivable that the subop-
timal nature of the maturation conditions
and hence the suboptimal immunogenicity
of the DCs was a primary reason for the
failure. It is tempting to speculate that the
main culprit in the cytokine cocktail formula
was PGE2. The rationale for including PGE2
in the maturation protocol is to endow the
ex vivo–generated DCs with the capacity to
migrate [98, 157] but PGE2 in the context
of the tumour microenvironment can mediate
Th2 polarization and promote the differen-
tiation of DCs secreting the immunosup-
pressive cytokine IL-10 [115]. Therefore, the
key negative impact of PGE2 on the function
of ex vivo–generated DCs is probably that
PGE2 abolishes both the responsiveness of
mature DCs to stimulation through CD40
and their ability to synthesize IL-12 when
they reach the lymph node and encounter
cognate T cells [157]. Sporri and Reis e
Sousa have shown that the optimal activation
of DCs requires TLR signalling, which this
maturation protocol does not provide [171].
Moreover, a recent study comparing several
maturation protocols found that cytokine
cocktail–matured DCs were most effective,

even more than immature DCs, at expanding
a population of immunosuppressive Treg cells
expressing the forkhead box transcription
factor FOXP3 [11].

As mentioned earlier, DC-vaccines should
induce a CTL response as well as a Th
response necessary for the effective initiation
of CTL reactions [133]. Thus, when using
peptides as a source of antigens for DC
pulsing, investigators should use such peptides
or their combinations that are presented to
both CD8+ and CD4+ T cells. When peptides
are used as antigens their compatibility with
the patient’s allelic types of MHC molecules
must be taken into account as well. This
problem is eliminated by using proteins,
tumour lysates or killed tumour cells for
DC pulsing. The cross-presentation involving
presentation of exogenous antigens in the
context with both MHC-I and –II molecules
to CD8+ as well as to CD4+ T cells can
be stimulated by the binding of TLR ligands
to their specific TLRs on the DC surface
[38]. The process of cross-presentation is also
stimulated by the targeting of antigens to Fc-
receptors using their complexes with antigen-
specific antibodies [142].

The process of DC-vaccine preparation in
vitro is difficult and expensive. Therefore,
many scientists attempt to recruit DCs, load
them with an antigen and induce their
maturation in vivo. Chemokines, such as MIP-
3�, may be used to attract DCs to the site
of antigen injection [87]. Ex vivo derived
immature DCs can be induced to mature
in situ by a preceding injection of TLR
agonists [122]. DCs that matured in situ were
shown to be better inducers of anti-tumour
immune response than those that matured
in vitro [122]. This approach seems to be
preferable to DC maturation in vitro because
certain important cytokines, such as IL-12,
are secreted only transiently after DC contact
with inducers of maturation and then DCs
are “exhausted” and are unable to secrete
more IL-12 in response to interaction with
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antigen-specific T cells. Besides, the TLR-
ligand treatment of sites of immature
DC-injection may improve their survival
and migration to lymph nodes. CpG-
oligodeoxiribonucleotides, either injected at
the same time with a protein antigen or conju-
gated with it, can induce DC maturation in
situ [29, 110]. Belli F. et al. showed that
the immunization of metastatic melanoma
patients with the autologous tumour-derived
heat shock protein gp-96-peptide complexes
induced DC maturation in situ, initiated
immune reactions and even led to positive
clinical responses [12].

Kumagi T. et al. demonstrated that the
injection of immature DCs into mouse tumour
nodules necrotized by ethanol injection led
to their regression and prolonged survival
of the animals [86]. The authors associate
the effect with anti-cancer immunity devel-
oping in response to necrotized tumour
antigenic material processed by the DCs.
The decrease of tumour size associated with
massive leukocyte infiltration was observed
by Triozzi P. L. et al., who injected
immature DCs into metastatic nodules of
cancer patients [184].

In addition, several rapid 2–3 day “fast-DC”
protocols have been developed that generate
DCs able to stimulate T-cell responses in
vitro as effectively as DCs generated by
standard protocols, which usually require
7–9 days of culture [39, 89, 155]. In a
recently published clinical trial, HER2/neu-
positive breast cancer patients vaccinated
with peptide-loaded DCs generated in a 2
day culture of monocytes incubated with
IFN-� and LPS induced HER2/neu-specific
CD4+ and CD8+ T cell responses and
measurable decreases in tumour volume
[35]. Importantly, in vitro analysis suggests
that DCs generated in such a manner are
mature, as judged by phenotypic analysis,
and transiently secrete IL-12 but are not
“exhausted” because they are able to respond

to CD40 signalling by producing more IL-
12 [35].

Some tumour cells, for example neurob-
lastoma and melanoma, hyperexpress ganglio-
sides (non-peptide antigens). As it was
demonstrated by Wu D. Y. et al., DCs
were capable to present melanoma-specific
ganglioside GD3 to NKT cells [198]. The
data may be used for the development of an
effective anti-tumour therapy.

The efficacy of DC-vaccines may be
increased by the blocking of inhibitory
molecules such as CTLA-4 (cytotoxic T
lymphocyte-associated antigen) on the T-
cell surface or by inhibiting Treg cells.
It was shown that effects from anti-
tumour vaccines, including DCs pulsed
with tumour peptides, increased if CTLA-
4 was blocked by inhibitory antibodies [70,
139, 185]. However, the approach induced
severe autoimmune disorders in experimental
animals and cancer patients. Treg cells may
be inhibited or depleted by using cytotoxic
antibody-conjugates to CD25 (IL-2R subunit
constantly expressed by Treg cells) or IL-
2-conjugates with cytotoxic molecules [133].
Tanaka H. et al. showed that lowly immuno-
genic mouse tumours decreased in size but did
not completely disappear after the depletion of
CD4+CD25+ Treg cells [179]. The immune
responses to mature antigen-loaded DCs were
enhanced in mice depleted from CD4+CD25+
Treg cells [131]. In a recent phase I/II
clinical trial, Dannull et al. were able to
show that partial removal of Treg cells can
further increase DC-vaccine–induced immune
responses in cancer patients [37]. The combi-
nation of Treg-cell depletion with CTLA-
4 blockade synergistically enhances immune
responses to an anti-tumour vaccine [177].

In conclusion, investigations of DCs and
their interactions with other immune cells
are of the greatest importance for devel-
oping effective DC-based vaccines as well as
for improving the efficiency of conventional
vaccines and vaccination protocols.
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