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Abstract. The immune system of the human organism
comprises the innate system cells and the adaptive immune
cells. The former include the hematopoietic cells, mast cells,
basophils, monocytes, dendritic cells (DCs) and macrophages,
and the latter include CD4+ T cells, CD8+ T cells, T
regulatory cells (Tr) and B cells. The innate system DCs are
the major antigen-presenting cells to Tho CD4+ T cells in
lymph nodes that polarize into T helper 1 (Th1) and T helper 2
(Th2) cells, which subsequently produce different cytokines.
Polarized Th1 cells produce interleukin (IL)-2, IL-12 and
interferon (IFN)-gamma, and polarized Th2 cells and the
hematopoietic cells produce IL-4, IL-5, IL-6, IL-10 and IL-13.
In healthy individuals there is a Th1/Th2 cytokine balance, but
during microbial-induced inflammation the pathogens induce
an overproduction of the Th2 cytokines that inhibit the
adaptive immune response against the pathogen. A review of
studies on the Th1/Th2 cytokine balance in humans harboring
different tumor types revealed that tumor cells induce increased
Th2 cytokine levels in patients’ sera that can serve as indicators
for the existence of tumors. In this review, studies which
correlated the presence of increased Th2 cytokines with the
presence of early tumors and tumor progression are discussed.
It was suggested that early monitoring of human populations
for elevated Th2 cytokines may be used to identify individuals
at an early stage of tumor development. A hypothesis is
presented which suggests that increased Th2 cytokine synthesis
in cancer patients, with early and late tumors, may be treated
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with Th2 cytokine antagonists. This new approach to cancer
treatment will be supplemented by co-treatment with CpG
oligodeoxynucleotides(ODNs) which reactivate the adaptive
antitumor immune respnse. Studies that provide information
on the efficiency of CpG ODN treatment of tumors in mice
revealed that tumor regression was achieved by inducing Tolllike receptor 9+ plasmacytoid dendritic cells (PDCs) to release
large amounts of type I interferons (IFN alpha and beta),
which inhibit Th2 cytokine synthesis by hematopoietic cells and
CD4+ T cells and enhance Th1 cytokine synthesis and
activation of the adaptive immunity. It is hypothesized that
Th2 cytokine (IL-4 and IL-6) antagonists may be an effective
treatment for cancer patients since cytokine antagonists inhibit
the increased Th2 cytokines in patients. Such an approach may
replace Th2 cytokine monoclonal antibodies, the current
treatment for cancer patients. It is hypothesized that the
effective treatment of cancer patients with Th2 cytokine
antagonists, combined with CpG ODNs, will lead to the
inhibition of Th2 cytokines and reactivation of the Th1induced antitumor adaptive immunity that will destroy tumor
cells and cure cancer patients.

A. Introduction and Aims
a. The relationship between the innate and adaptive
immune systems in healthy individuals and cancer
patients
Human cancers, as well as plant remedies to treat cancer
patients, have been known since 2000 BC. At the beginning
of the 20th century, Paul Ehrlich studied the chemical
effects of paramidobensol, phenylarsenoxyl, diamidoarsenobenzol and pyocyanase on carcinomas and sarcoma
(1). These studies initiated the concept that chemicals can
be used to cure microbial infections and human tumors.
With the discovery of the structure of DNA by Watson and
Crick and the subsequent development of molecular biology
during the second part of the 20th century, research on
mutations in cellular DNA genomes caused by exposure to
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toxic chemicals and UV or X-rays have led to the
understanding of the role of human genes in tumor cell
cycle regulation. These studies allowed rational analysis of
the sequence of events that leads to tumor development (2).
Hanahan and Weinberg (2) indicated that: "tumorigenesis
in humans is a multistep process and these steps reflect
alterations that drive the progressive transformation of
normal human cells into highly malignant derivatives". The
authors suggested that: "the vast catalog of cancer cell
genotypes is the manifestation of six essential alterations in
cell physiology that collectively dictate malignant growth:
self-sufficiency in growth signals, insensitivity to growthinhibitors (antigrowth) signals, evasion of programmed cell
death (apoptosis), limitless replicative potential, sustained
angiogenesis, and tissue invasion and metastasis" (2). The
authors concentrated on the intracellular molecular events
that transform normal cells into metastatic cancer cells, but
did not deal with the impact of tumors on the host cytokine
and chemokine networks and the inflammatory processes in
the tissue microenvironment of developing tumors.
Parallel to developments in the understanding of the
molecular mechanisms governing the gradual alterations in
normal cells in vivo that lead to malignancy, molecular
targets for chemotherapy have been defined, leading to the
development of targeted cancer chemotherapy. However,
prolonged chemotherapy which caused tumor remission also
caused tumor cells to become resistant to anticancer drugs.
Tumor remission is replaced by the re-emergence of drugresistant tumors. Longley and Johnston (3) indicated that:
"acquired resistance by tumors is a particular problem, as
tumors not only become resistant to the drugs originally
used to treat them, but may also become cross-resistant to
other drugs with different mechanisms of action. Resistance
to chemotherapy is believed to cause treatment failure in
over 90% of patients with metastatic tumors." The
mechanisms of chemotherapeutic drug influx into tumor
cells are not known, but drug-resistant tumors induce
expression of the ABC transporter proteins (e.g.,
P-glycoprotein (PgP) and multidrug resistance protein
(MRP) cause drug efflux that cyclosporine inhibits, with
toxic effects, while the PgP inhibitors tariquidar and
zosuquidar are being tested in phase III clinical trials (3)).
Chemotherapeutic drugs and ionizing radiation are the
current treatments to stop the development of human
tumors. Chemotherapy has led to tumor remission, but the
development of drug-resistant relapsing tumors remains an
unresolved problem.
During the last twenty years, research on the biology and
molecular aspects of the role of the innate and adaptive
immune cells of humans has provided a better
understanding of the relationships between the early
development of a human tumor and the immune system.
The innate and adaptive immune cells are the sentinels that
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collaborate to stop the mutated tumor cells from developing
into metastatic cancer cells. Therefore, understanding the
mechanisms by which tumor cells evade the host immune
systems is the subject of the present review. Current studies
on the response of immune system cells to tumors and to
their antigens and the response of tumor cells to the host
cytokines and chemokines provide the basis for our
hypothesis that the gradual development of a tumor into a
metastatic entity depends on the tumor’s ability to inhibit
the development of the adaptive immune response by
antitumor cytotoxic T cells (CTLs) and synthesis of
antitumor antibodies. Tumors are able to enhance the
synthesis of T helper 2 (Th2) cytokines interleukin (IL)-4
and IL-10 by hematopoietic cells, members of the innate
immune system. Based on published reports, it is possible
that, by treating cancer patients with specific cytokine
antagonists and CpG oligodeoxynucleotides (ODNs),
inducers of plasmacytoid dendritic cells (PDCs) to release
large amounts of type I interferons, the adaptive immune
response of the cancer patients will be reactivated to clear
drug-resistant and -sensitive tumors and inhibit tumor
growth and progression.

b. The human innate and adaptive immune system
cells and the Th1/Th2 cytokines
The human immune systems are divided into the innate
(ancient) cell system and the adaptive immune system. The
innate system cells provide the cytokines which activate the
adaptive immune system cells.
1) The innate immune system cells. Figure 1A presents the
bone marrow-derived cell types that constitute the human
innate immune system:
(a) The monocytes are able to differentiate into
macrophages (5), scavengers of dead cell debris and
invading microorganisms, and DCs (4), the professional
antigen-presenting cells. DCs present in the skin epithelium
(Langerhans cells (LCs) (6)) and in all body tissues are the
sentinels that capture cancer cell debris and invading
pathogens. DCs and LCs use lectin-like DC-SIGN receptors
to bind tumor cell debris and microorganisms for
engulfment into the cytoplasm and degradation by the
proteasomes. The cancer cell antigens are presented by the
DC HLA class I and class II molecules to naïve T cells upon
arrival of the DCs/LCs in the draining lymph nodes. The
PDCs (7) express Toll-like receptor 9 that binds bacterial
unmethylated DNA, and release type I interferons (IFN)alpha and -beta. Monocytes and DCs release Th2 cytokines
after activation.
(b) The second type of bone marrow-derived cells,
basophils and mast cells (8), are Fc epsilon receptor
I-positive (FcÂRI+) cells that carry cytoplasmic granules
containing Th2-type cytokines (IL-4, IL-5, IL-10 and IL-13).
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Figure 1. The innate and the adaptive immune system cells. A. The innate immune system cells; B. The adaptive immune system cells.

The FcÂRI molecules on these cells serve as receptors for
the immunoglobulin IgE molecules that are synthesized by
B cells of healthy individuals at a very low level.
(c) Neutrophils produce defensins, antipathogen proteins.
2) The adaptive immune system cells. Figure 1B presents
the adaptive immune system cell types: a) bone marrowderived naïve CD4+ T0 cells travel to the thymus for
programming by resident DCs to distinguish self antigens
from foreign antigens prior to their migration to the T cell
compartments of the lymph nodes, where they reside as
naïve Th0 cells. These cells present T cell alpha/beta
receptors (9) on their cell surface which interact with DC
HLA class I and II molecules upon arrival in the lymph
nodes and are polarized into T helper 1 (Th1) and Th2
cells, respectively. T regulatory cells (Tr) with gamma/delta
receptors (9) have a dendritic shape during residence in
the skin epithelium. b) The CD8+ T cell precursors are
instructed by Th1 cells to become CD8+ T cells, which are
the cytotoxic T cells (CTLs) that contain porin which
destroys cells which present foreign antigens. c) Natural
killer (NK) cells function as scavengers of cells which have
lost their HLA class I surface molecules. d) The B cells are
another major cell type of the adaptive immune system.

These cells are present in the B cell compartments of the
lymph nodes and are instructed by Th2 cells to synthesize
IgG-specific antibodies to foreign antigens.
3) The transfer of antigenic information by DCs to naïve T
(Th0) cells and B cells. The DCs, which are loaded with
debris of cancer cells, arrive in the lymph nodes after
migration via the lymph vessels (in the shape of veiled cells).
The DCs spread out their dendrites containing a multitude
of HLA class I and II molecules loaded with "foreign" tumor
antigens. The Th0 cells that interact with the HLA class I
molecules are polarized into Th1 cells, and the Th0 cells
that interact with HLA class II molecules polarize into Th2
cells. After polarization, Th1 and Th2 cells differ in their
production of cytokines. The Th1 cells are directed to
release the cytokines IL-2, IL-12 and interferon gamma,
while the Th2 cells release the cytokines IL-4, IL-5, IL-10
and IL-13 (11-16).
The function of Th1 cells is to activate the precursors of
the CD8+ T cells to become CTLs capable of clearing the
tumor cells. T regulatory (Tr) cells are also induced. In
addition to the HLA class I and II genes coding for the
HLA proteins that are involved in the presentation of
peptides derived from cellular or foreign proteins, CD1
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genes are also expressed in humans (CD1A, CD1B, CD1C
and CD1D), which enable DCs to present lipid antigens to
T cells (17). The polarized Th2 cells induce B cells (10) to
synthesize IgG, IgA or IgE antibodies to foreign antigens
(Figure 1B), depending on the presence of Th2 cytokines in
the blood.
4) The Th1/Th2 cytokine balance in healthy individuals and
the role of IL-4 delta 2. Mosmann and Coffman (18)
demonstrated that the CD4+ T0 cells in the lymph nodes
are polarized into Th1 cells and Th2 cells after binding to
DC HLA class I and class II, respectively. Based on these
studies, Kidd (19) presented a hypothesis that the Th1/Th2
differentiation is initiated by antigen-presenting DCs, and a
balance between Th1 and Th2 cytokine levels is maintained
in healthy individuals. Kidd indicated that: "overactivation
of either pattern can cause disease and either pathway can
down-regulate the other".
A more detailed analysis of the Th1/Th2 balance in
healthy people was presented by Becker (20) (Figure 2).
The scheme presents the two T cell systems, Th1 (right) and
Th2 (left), that are polarized by interaction with antigenbearing HLA class I or class II, respectively, on DCs in the
lymph nodes. In addition to the polarized Th1 and Th2 cell
production of their specific cytokines, two additional cell
types are also involved in the regulation of the Th1/Th2
cytokine balance. The PDCs, which are induced by
fragmented, non-methylated bacterial DNA that is present
in the human intestine to synthesize and release large
amounts of type I interferons (alpha and beta). These
interferons induce polarized Th1 cells to release IL-2 and
IL-12 which activate CD8+ T cell precursors to mature into
antigen-specific cytotoxic T cells after interaction with the
polarized Th1 cells.
The Th2 cell system includes the FcÂRI+ hematopoietic
cells, basophils, mast cells, monocytes and DCs which
express Th2 cytokines and contain cytoplasmic granules
filled with Th2 cytokines (IL-4, IL-5, IL-6, IL-10, IL-13 and
IL-21). These cytokines are released into the blood after
the binding of allergen-like tumor, microbial-like allergens
to the IgE/FcÂRI complex. IL-4 and IL-10 inhibit the
synthesis of IL-2, IL-12 and IFN gamma by the Th1 cell
system. The polarized Th2 cells also produce IL-4 that
binds to the IL-4 receptor (IL-4R) alpha molecules that are
present on CD4+ T cells and induces them to express the
IL-4-responsive genes: IL-4, IL-4 R alpha, HLA class II,
FcÂRI and I epsilon (precursor for IgE). The binding of IL-4
to its IL-4 R alpha on B cells stops IgG synthesis and
enhances the synthesis of large amounts of anti-allergen
IgE molecules. These IgE molecules bind to FcÂRI+
hematopoietic cells and bind allergen molecules that induce
the release of large amounts of Th2 cytokines. However,
the increased Th2 cytokine level can be balanced by the
release of interferons IFN-alpha and -beta by PDC which
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Figure 2. Th1/Th2 cytokine balance in healthy individuals.

is induced by bacterial DNA. IFN-alpha and -beta inhibit
the release of Th2 cytokines by the allergen-activated
hematopoietic cells.

c. Human natural resistance to cancer –
a hypothesis
Exposure of humans to various carcinogens culminates in
the appearance of a tumor in the human body in some of
the exposed individuals, but not all. The reason for this
seeming "resistance" to tumors is not known. It is
hypothesized that, if indeed the developing and progressing
tumors are able to inhibit the patients' adaptive immunity
by inducing the gradual increase of high levels of Th2
cytokine, individuals who produce more of the spliced
variant of IL-4, lacking the exon 2 of mRNA (designated IL-4
delta 2), than IL-4 may prevent tumor development. IL-4
delta 2 protein conserves the binding domains to the IL-4 R
alpha on T cells, but lacks the domains that induce the cells
to express the IL-4 response genes, thus serving as a natural
antagonist to IL-4. Figure 3 presents two possibilities of the
hypothesis (20, 21) for cancer-sensitive and cancer-resistant
individuals: (i) When IL-4 is produced at a higher level than
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Figure 3. The impact of the IL-4: IL-4 delta 2 ratio in human serum on the individual's resistance or sensitivity to cancer development. A. IL-4 in
excess; B. IL-4 delta 2 in excess.

IL-4 delta 2 (e.g., 10:1), IL-4 induces the IL-4 response
genes in T cells and also shuts off IgG synthesis by B cells
and induces IgE synthesis. Under these conditions, the high
Th2 cytokine level is dominant in the individual, an allergylike inflammatory condition develops, and the adaptive
immune response is inhibited and tumor development and
progession continue. (ii) If the IL-4 antagonist, IL-4 delta
2, is produced in excess of IL-4, the antagonist will block
IL-4 activities by occupying the IL-4 R alpha on CD4+ T
cells and B cells and the adaptive immune response activity
will continue to function. Demissie et al. (22) reported that
individuals who overexpressed IL-4 delta 2 are able to
control the replication of M. tuberculosis (TB) in
macrophages due to a high level of Th1 cytokines, leading
to a latent infection of the bacteria in macrophages. This
hypothesis will be discussed together with the hypothesis on
a novel approach to anticancer treatment.

d. The aims of the review
The innate and adaptive immune systems function to stop
and clear invading microbial pathogens and developing
tumor cells to prevent damage to the organism. In these
activities, the protective immune systems need to overcome
the ability of pathogens and tumor cells to evade the
adaptive immune activities by increasing the synthesis of
Th2 cytokines inhibitors of the adaptive immune response.

The over-production of Th2 cytokines and chemokines
induced by the tumor cell allergen-like glycoproteins are
used as biomarkers for the existence of a tumor in an
individual, providing early detection of the tumor, as
suggested by Etzioni et al. (23). In this review, attention was
given to the involvement of the Th1 cytokines in protection
against tumors, and Th2 cytokines as enhancers of tumor
progression. Based on the hypothesis that Th2 cytokine
antagonists may prevent the inhibition of the adaptive
immune response, a new approach to anticancer therapies
is discussed.

B. Early Diagnosis and Prognosis of Cancer is
Based on Biomarkers for Th2 Cytokine Serum
Levels in Humans
Many studies have reported that the levels of IgE, soluble
CD23 molecules (sFcÂRI) and Th2 cytokines are elevated
in cancer patients. These studies revealed that the Th2
cytokines in cancer patients are over-produced.

a. Elevated serum IgE levels in cancer patients
1. Halloten et al. (24) compared the hyperimmunoglobulinemia E (IgE) levels in the sera of 143 patients with
benign pulmonary disorders to that of 246 healthy adults.
Patients with bronchial adenoma had the best prognosis
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since the serum IgE levels were not elevated, in contrast to
patients with bronchial carcinoma, such as squamous cell
carcinoma and small or large cell carcinoma. The authors
suggested that: "the increased IgE levels in bronchial
carcinoma reflect impaired cellular immunity".
Ownby et al. (25) measured serum IgE levels in
presurgical sera from 166 non-allergic women admitted to a
comprehensive, multidisciplinary study of primary, operable
breast cancer. During the follow-up period of 48 months,
there were 71 patients with recurrences. The patients were
divided into two groups: those with IgE levels greater than
the geometric mean of 24 IU and those with levels less than
the mean. The rate of tumor recurrences was significantly
higher for the IgE more than 24 IU group. IgE was not
correlated with other known prognostic factors. The authors
concluded that: "the serum IgE level is a significant,
independent prognostic indicator in primary breast cancer".
2. Patients with the genetic disorder, hyperimmunoglobulinemia E syndrome (HIES). The genetic disorder of
HIES is caused by a Th1/Th2 cytokine imbalance that
predisposes the patient to cancer and to pathogen infection.
Mosseri (26) reported on a large T-cell lymphoma diagnosed
in a 13-year-old girl with HIES. The serum IgE level was
>20,000 IU/ml from the age of 6. The authors quote seven
additional reports on HIES patients who had developed
different tumors: 3 patients with Hodgkin’s lymphoma, 2
with large B-cell lymphoma, 1 with histiocytic lymphoma and
1 with Burkitt’s lymphoma. One patient with Hodgkin’s
lymphoma recovered and data were not available for another
patient. For 5 patients the outcome was fatal.
Chehimi et al. (27) studied 9 patients with HIES who
were infected by staphylococci, and 6 controls. It was
reported that the HIES patients expressed more IL-2, while
chemokines (CXC chemokine, ENA-78, CC chemokines,
MCP-3 and eotaxin) were markedly underexpressed. The
authors discussed contrasting results showing that IFNgamma and tumor necrosis factor-alpha (TNF-alpha)
production by circulating T cells from HIES patients was
defective (28). Borges et al. (29) reported a defective IL12/IFN-gamma pathway in HIES patients.
Shirafuzi et al. (30) studied one HIES patient and
reported that the ratio of T cells positive for IFN-gamma was
significantly reduced compared to controls, supporting the
hypothesis that a Th1/Th2 imbalance is involved in HIES.
Netea et al. (31) studied a family with 4 HIES patients (38,
37, 30 and 7 years old), who suffered from recurrent skin and
respiratory tract bacterial infections, chronic eczema and
elevated serum IgE ranging from 5,000 to 16,670 IU/ml. The
authors studied the response of blood leukocytes from the
HIES patients to heat-killed S. aureus or C. albicans and noted
a severe cytokine imbalance, with a 10- to 30-fold reduction
in the IFN-gamma/IL-10 ratio in HIES patients. The authors
concluded that: "the imbalance in the Th1/Th2 cytokine
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production may have been involved in the pathogenesis of the
recurrent infection and/or chronic eczema".
It may be concluded that the hyper-production of IgE in
HIES patients results from increased levels of the Th2
cytokines IL-4, IL-5, IL-10, IL-13 and the ability of IL-4 to
induce B cells to synthesize IgE and not IgG. Increased IgE
in HIES patients is an indication of a state of allergy in
which the adaptive immune response of the patients is
inhibited by the Th2 cytokine IL-4, an inhibitor of Th1
cytokine production by Th1 cells, preventing the activation
of the precursor cells to become cytotoxic CD8+ T cells. IL-4
induces B cells to switch to IgE synthesis and inhibits IgG
antibody synthesis (Figure 2). Moseri et al. (26) reported that
an IgE level of >20,000 IU/ml was found in a HIES patient
at age 6 and a tumor appeared at age 13. These studies may
suggest that prevention of IgE synthesis in HIES patients
may prevent the allergy and save the patients' adaptive
immune response. This may be achieved by treatment of
HIES patients with the IL-4 antagonist IL-4 delta 2.
3. Serum circulatory levels of the soluble CD23 (sCD23)
is a prognostic biomarker for B-cell chronic lymphocytic
leukemia and non-Hodgkin’s lymphoma patients
i) Prognosis of B-cell chronic lymphocytic leukemia (B-CLL).
sCD23 (FcÂRI or RII) are membrane-bound molecules that
are present on B cells, monocytes, IL-4-activated
macrophages, eosinophils, platelets and DCs. CD23 is a
low-affinity receptor for IgE and is up-regulated by IgE and
by IL-4. Molica et al. (32) analyzed the prognostic impact of
CD23 and sCD23 in an unselected series of 90 previously
untreated B-CLL patients and noted that the sCD23 levels
allowed two prognostic subgroups with different prognosis
to be identified among stage B patients. The authors
measured the circulatory levels of sCD23 in the serum of
chronic lymphocytic leukemia (CLL) patients and found
elevated levels as compared to normal controls. The sCD23
increase reflected the tumor mass as defined by the clinical
stage or bone marrow histology. It was noted that life
expectancy was significantly shorter in patients with higher
circulating levels of sCD23.
Sarfati et al. (33) conducted a prospective study to assess
the predictive value of the serum sCD23 level on disease
progression of 153 CLL patients with a median follow-up of
78 months. It was reported that patients with sCD23 levels
above the median value (>574 U/ml) had significantly
worse prognoses than patients with lower values (median
survival of 53 versus 100+ months). Patients with sCD23
above 574 U/ml had a median time to progression of 42
months versus 88 months for those with lower levels. The
author suggested that patients at stage A of the disease,
with a high risk of disease progression based on sCD23,
might benefit from earlier therapeutic approaches such as
purine nucleoside analogs or bone marrow transplantation
for younger patients.
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ii) Serum sCD23 level correlates with subsequent AIDSrelated non-Hodgkin’s lymphoma (NHL). Schroeder et al.
(34) studied AIDS patients from the multicenter AIDS
cohort study (MACS), which included homosexuals and
bisexual men who were enrolled at four metropolitan areas
in the USA from 1984-5 and 1987-1991. Of the total 5579
MACS participants, 1590 had been diagnosed with AIDS
and 167 diagnosed with AIDS-related lymphoma. The
authors reported that the serum sCD23 in B-CLL cases
increased over time in proportion to the tumor burden.
The authors indicated that sCD23 is elevated in patients
with Epstein-Barr virus (EBV)-positive NHL in
approximately one-half of AIDS patients with NHLs.
However, AIDS-positive NHL patients were found to be
EBV-positive with lower serum levels of sCD23. In a
subsequent study published in the same year, the authors
concluded that: "the serum sCD23 does not appear to be
mediated by EBV in AIDS NHL patients, but could be
related to a pathogenic mechanism of small non-cleaved
cell lymphoma" (35).

b. Dysregulation of Th1/Th2 cytokines in human
cancer patients and early diagnosis of cancer
The findings reported above reveal that IgE and sCD23
molecules are markedly increased in the serum of certain
cancer patients. Since the level of IgE is increased in allergic
patients and in HIV-1/AIDS patients, it is suggested that the
increased IgE level in cancer patients may be due to
induction of the release of IL-4 and synthesis by FcÂRI+
hematopoietic cells (basophils, mast cells, DCs and
monocytes). This hypothesis was proven to be correct in
studies that reported increased Th2 cytokines and decreased
Th1 cytokines in patients with different tumors.
1. Th1 and Th2 cytokines in cancer patients. Pellegrini et al.
(36) studied the levels of IL-2, IFN-gamma, IL-4, IL-6 and
TNF-alpha in the sera from a group of colorectal cancer
patients and the proliferative response of peripheral bone
marrow cells (PBMC) to IL-2 and IL-4 was also studied.
The authors reported that the serum levels of IL-4 and IL-6
(Th2 cytokines) were significantly higher than in the
normal controls, while the IL-2 level was lower than the
control group. These findings led the authors to
hypothesize that, in cells of peripheral blood of colorectal
cancer patients, there is a dysregulation in the function of
Th1 and Th2 cells, probably through IL-4 mechanisms,
with an expansion in Th2 cytokines and a malfunction in
Th1 cytokines. The author explained the establishment of
the initial tumor by an increase in Th2 cytokines which
suppressed Th1 cell IL-2 synthesis, resulting in the
prevention of activation of CD8+ cytotoxic T cell
precursors to develop into antitumor CTLs.

2. Modulation of Th/1Th2 cytokine profiles in advanced head
and neck squamous cell carcinoma (HNSCC). Sparano et al.
(37) measured the concentration of the Th1 cytokine IL-12
and the Th2 cytokines IL-4, IL-6 and IL-10 in the plasma of
58 patients with histologically proven HNSCC. The plasma
cytokines were compared in patients by T1/T2-stage vs. T3/T4stage tumor and in patients with or without nodal metastatic
involvements. It was reported that the concentrations of IL12 were greater in the sera from patients without nodal
metastases and with T1/T2-stage tumor. The IL-10 levels were
greater in patients with nodal metastases and with T3/T4stage tumors. The IL-6 concentrations were greater in T3/T4stage tumors. It was concluded that advanced HNSCC
patients (T3/T4 stage and metastases) have diminished Th1
immune response and a stronger Th2 cytokine response when
compared with patients at the T1/T2 stage.
3. Th1/Th2 cytokines in patients with pulmonary carcinoma.
Yamazaki et al. (38) obtained serum samples from 68
Japanese patients with pulmonary adenocarcinoma before
the operation and measured the serum levels of IFN-gamma
and IL-4. Eighteen out of 22 patients were classified as
predominantly IFN-gamma-positive. This group was free
from lymph node metastases. Of the Th2 cytokine-positive
group, 5 out of 7 patients had lymph node involvement.
Sixty-two patients underwent complete tumor resection and
9 out of 19 patients in the Th1 group developed
recurrences, while no relapse of the tumor appeared in the
Th2 group during the observation period. The disease-free
interval for the Th2 group was significantly longer than that
for the Th1 group (44.2 months vs. 26.1 months, p=0.03).
The authors noted that the profiles of Th cytokines showed
a significant relationship with age and gender. Patients
70 years old or older had significantly lower serum levels of
IL-4 and 14 out of 36 patients older than 70 years produced
both IFN-gamma and IL-4. The IL-4 serum level was higher
in women than in men. The female-to-male ratio, higher in
the Th2 group and lower in the Th1 group, is based on
steroids since estrogen enhances humoral immunity and
depresses the cellular response.
Ito et al. (39) evaluated the ratios of Th1 to Th2 and T
cytotoxic cells Tc1 to Tc2 among peripheral blood
lymphocytes (PBL), regional lymph node lymphocytes
(RLNL) and tumor infiltrating lymphocytes (TILs) in 46 nonsmall cell lung carcinoma patients with and without
recurrences after surgery, and in 29 patients with lung
carcinoma. PBL from normal volunteers served as controls.
The authors reported that the Th1/Th2 and Tc1/Tc2 ratios
were significantly elevated in tumor tissues, but were
depressed in patients with tumor recurrences. It was
concluded that a favorable Th1- and Tc1-dominant pathway
is induced in the tumor tissue of operable patients, but a shift
toward Th2/Tc2 takes place with progression of the disease.
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4. Tumor-specific infiltrating T cells (TILs) in ovarian and
breast cancer produce Th1 and Th2 cytokines. Goedegebuure
et al. (40) generated CTL cultures from tumors of ovarian
cancer patients and from 3 breast cancer patients. All CTL
lines were T cell receptor (TCR) alpha/beta-positive and
predominantly CD8+. The CTLs released IFN-gamma and
TNF-alpha, but not IL-4. The authors concluded that: "the
secretion of Th1-like cytokines, as opposed to Th2
cytokines, suggests a potential for the enhancement of the
endogenous (adaptive) immune response to the tumor".
Kozlowski et al. (41) reported that the concentrations of
IL-6, IL-8 and IL-10 in blood serum of breast cancer
patients were higher than in healthy women and correlated
with the clinical stage of the breast cancer. The authors
concluded that the elevated IL-6, IL-8 and IL-10
concentrations in the sera of breast cancer patients could be
used to identify patients with a poor prognosis who may
benefit from more aggressive chemotherapeutic anticancer
treatment.
5. Th1 and Th2 cytokines in patients with prostate cancer.
Filella et al. (42) studied the expression of IL-2, IFNgamma, IL-4 and IL-10 in CD8+ and CD4+ lymphocytes,
by flow cytometry, in 12 patients with prostate cancer and
in 7 healthy subjects. It was reported that, in relation to the
healthy subjects, an increase in IL-10 expression and a
decrease in IL-2 expression was observed, leading to the
conclusion that the Th2/Th1 disequilibrium may be
implicated in the evolution of the tumor.
6. Th1/Th2 cytokine imbalance in patients with lymphoma,
leukemia and thymoma. Mori et al. (43) evaluated, by intracellular cytokine analysis, the Th1/Th2 cytokine balance in
peripheral blood Th cells in 19 patients with previously
untreated B-cell diffuse large cell lymphoma (DLCL) and
18 patients with DLCL with complete remission (CR). The
authors reported that the mean percentages of Th2 cells
among the CD4+ cells in DLCL patients, and Th1 cells in
CD4+ cells from CR patients, were significantly increased
compared to healthy volunteers. The mean Th1/Th2 ratio
was significantly lower in DLCL compared to CR patients.
The authors concluded that: "the Th1/Th2 balance was
polarized to Th2 in untreated DLCL patients and to Th1 in
CR patients, which suggests that Th1/Th2 imbalance could
play a role in lymphomagenesis and durable remission,
respectively".
Podhorecka et al. (44) studied 30 patients with newly
diagnosed untreated B-CLL and 12 healthy individuals. The
patients were classified into early stages 0-I and advanced
stages II-IV. PBLs were isolated and the three-color flow
cytometry technique was used to identify IL-4 and IFNgamma-expressing cells. It was reported that the dominance
of Th1 cells and CTL-mediated immunity in B-CLL patients
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was shifted towards Th2 cytokines, revealing Th2 cell
dominance during disease progression.
Fujisao et al. (45) studied T helper sets in the PBLs of a
66-year-old woman with acquired pure red cell aplasia and
thymoma by flow cell cytometry determination of IFNgamma and IL-4 in the cytoplasm of the peripheral CD4+
T cells. The percentage of Th1 and Th2 was counted by
FACS and the Th1/Th2 balance was evaluated by the ratio
of % IFN-gamma+ to % IL-4+ cells. Before thymectomy,
the Th1/Th2 ratio was as low as 3.4, but after the
thymectomy it rose to 6.8 and was accompanied by
hematological improvement. When a decrease in
hematopoiesis returned, the Th1/Th2 ratio declined to 4.9.
Treatment with cyclosporine A therapy dramatically
improved hematopoiesis, with a concomitant steep rise of
the Th1/Th2 ratio to 8.6.
7. Determination of IL-10 content in the sera of cancer
patients as an independent prognostic marker for cancer.
i) IL-10 in serum of metastatic melanoma patients. Dummer
et al. (46) studied the IL-10 serum levels in 104 untreated
patients at different stages of melanoma, who were
compared to healthy subjects, and 22 patients with
inflammatory dermatoses as controls. Only 1 out of 31
patients with stage I melanoma (3%) and 1 out of 2 stage II
(6%) showed detectable IL-10 levels. However, 6 out of 17
patients with lymph node metastases (stage III, 35%) and
29 out of 40 patients with widespread disease (stage IV,
73%) had IL-10 levels ranging from 15 to 480 pg/ml,
contrary to healthy persons. One control patient had a
detectable IL-10 serum level. It was concluded that IL-10 in
melanoma patients contributes to the inhibition of the
antitumor immune response in vivo.
Nemunaitis et al. (47) studied the serum IL-10 level of 41
melanoma patients and 50 normal volunteers and reported
that the median IL-10 level in melanoma patients was
8.75 pg/ml compared to <3.0 pg/ml in normal volunteers. It
was also found that the survival of melanoma patients with
IL-10 levels of above 10.0 pg/ml was 365 days, compared to
557 days for melanoma patients with IL-10 levels lower than
10.0 pg/ml. Thus, elevated IL-10 levels correlated with poor
survival.
Lauerova et al. (48) studied Th1 and Th2 cytokines and
soluble IL-2 receptor (sIL-2R) levels in 26 malignant
melanoma patients in phase III prior to and during adjuvant
immunotherapy. The control group consisted of 26 healthy
persons. The patients were treated with recombinant IFNalpha according to the EORTC melanoma group protocol
and the cytokines were quantified in patients' sera using
commercial ELISA kits. It was reported that the melanoma
patients had significantly lower levels of IL-2 and IFNgamma and pathologically elevated levels of the cytokines
IL-4, IL-6 and IL-10 compared to healthy subjects,
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suggesting a Th1/Th2 imbalance. The authors noted
increased IL-2 and IL-15 cytokine levels in some patients,
while patients who manifested early relapse during
immunotherapy had a marked decrease in IL-2 and IL-12
levels compared to patients without remission, showing
elevation of TNF-alpha and sIL-2R over 10 months of
immunotherapy. The authors suggested that measurements
of Th1/Th2 cytokines may be useful as early signals of
disease deterioration requiring evaluation of the need for
immunotherapy.
ii) Serum IL-10 levels in the prognosis of advanced non-small
cell lung cancer (NSCLC) patients. De Vita et al. (49)
measured serum IL-10 levels in blood from patients before
chemotherapy, on completion of therapy and at follow-up,
and analyzed the results in comparison with other
prognostic variables, developing a model predicting survival
and time to treatment failure. Sixty stage III or IV patients
undergoing conventional platinum-based regimens were
studied. The authors reported that the serum IL-10 levels
were elevated in cancer patients compared to healthy
people. Patients with metastatic disease showed significantly
higher levels of IL-10 than patients with undisseminated
cancer. Following the completion of treatment, the patients
were classified as responders if they had achieved complete
response, partial response, or stable disease. Nonresponders were patients with progressive disease and a
significant IL-10 increase in the serum, while the IL-10
serum values significantly decreased in responders. The
authors concluded that IL-10 measurement has independent
prognostic utility and may be useful for the detection of
disease progression.
Hatanaka et al. (50) examined IL-10 and IL-10 receptor
(IL-10R) mRNA in 82 NSCLC by RT-PCR assay and
reported that 68 out of 82 (83%) NSCLC surgical specimens
(40/50 adenocarcinoma, 22/26 squamous cell carcinoma, 5/5
large cell carcinoma and 1/1 adenosquamous cell carcinoma)
revealed intracellular IL-10 mRNA. RT-PCR also revealed
IL-10R mRNA in 79 out of 82 cases of NSCLC (96.1%). In
12 patients serum IL-10 was not elevated. Patients with
IL-10 production showed significantly poorer prognosis than
those without IL-10 production. The authors concluded that
cytoplasmic IL-10 correlated with the clinical prognosis.
Neuner et al. (51) reported that 14 NSCLC patients with
surgical resection of the tumor and high IL-2 at diagnosis
had a median survival of 86.2 months, while 19 patients
after surgical resection had low IL-2 at diagnosis and their
median survival time was 11.3 months. Thus, IL-10
inhibition of IL-2 has prognostic significance for survival.
iii) IL-10 is an independent predictor in patients with
metastatic renal cell carcinoma (MRCC). Wittke et al. (52)
evaluated the pretreatment serum level of IL-10 and its
prognostic value for 80 metastatic renal cell carcinoma
(MRCC) patients. The authors reported that an elevated

serum level of IL-10 in pretreatment MRCC patients was a
predictor for MRCC, suggesting a potential role of IL-10 in
the development of advanced renal cell carcinoma and the
need for therapeutic treatments.
Negrier et al. (53) also reported that increased levels of
IL-6 in the sera of MRCC patients appeared to be an
independent prognostic factor.
iv) Serum levels of IL-10 and sIL-2R as prognostic markers
for the transition from adenoma to colorectal cancer.
Berghella et al. (54) studied a group of healthy subjects,
subjects with adenoma (the precursor of colorectal cancer)
and colorectal cancer patients to identify peripheral blood
invasiveness markers during the progression from normal
mucosa through adenoma to colorectal tumor. The authors
evaluated the relationships between serum levels of IL-2,
sIL-2R, IFN-gamma, IL-4, IL-6, IL-10 and sICAM-1. The
results indicated that in normal mucosa through the
adenoma stage to tumor progression, the host immune
response proceeded from an initial Th1-mediated immune
response to a Th2 immune-suppressive response during the
stages of adenoma and colorectal tumor. During the
adenoma stage, IL-10 and sIL-2R were not involved, but
these bio-marker levels increased in the cancer patients.
Thus, IL-10 and sIL-2R are prognostic during the
progression of an adenoma to become a metastatic tumor.
v) Concentrations of IL-4 in sera of patients with early
metastatic solid neoplasms. Lissoni et al. (55) evaluated the
levels of serum IL-4, IL-6 and IL-10 in a group of 50 cancer
patients, 28 of whom showed distant organ metastases of
lung and gastrointestinal cancers. A control group consisted
of 60 healthy subjects. It was reported that the patients did
not have high levels of IL-4 and concluded that the high
levels of IL-6 and IL-10 were produced by macrophages and
not T cells in the tumor microenvironment.
vi) IL-10 and IL-4 production by basal (BCC) and squamous
cell carcinoma (SCC). Kim et al. (56) explored the possibility
that tumors may alter the host immune response by
releasing immunomodulatory cytokines, and studied skin
tumors, basal cell carcinoma (BCC) and squamous cell
carcinoma (SCC) by RT-PCR. The authors detected
cytokine mRNAs synthesized by the SCC tumor cells and by
TIL that were derived from biopsies from the patients
suffering from either one of the two tumors. It was reported
that IL-10 was expressed in SCC tumors and not in benign
tumors, and was present in the cultured tumor cell
supernatants. IL-10 mRNA was strongly expressed in BCC
cell lines, while the TILs expressed IL-4 and IL-2 and IFNgamma mRNAs. Treatment of BCC tumors by intralesional
IFN-alpha induced tumor regression with concomitant upregulation of IL-2 and down-regulation of IL-10 mRNA
expression in the tumor. The authors concluded that:
"tumor production of IL-10 may provide a mechanism of
evading the local cell-mediated immune response".
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8. Early detection of epithelial ovarian cancer (EOC). Mor et
al. (57) used blood from 86 women: 28 healthy women, 18
women newly diagnosed with epithelial ovarian cancer
(EOC) and 40 patients with recurrent disease (stage III/IV).
The average age of the disease-free individuals was 60.8
years and of the EOC patients 57.1 years. The authors
reported a blood test based on the simultaneous
quantification of 4 analytes (leptin, prolactin, osteopontin
(OPN) and insulin-like growth factor II). The authors used
microarray analysis to determine the levels of 169 proteins
in the serum of the subjects and found 4 proteins (leptin,
prolactin, osteopontin (OPN) and insulin-like growth factorII (IGF-II)) that could discriminate between disease-free
and cancer patients, including patients diagnosed with stage
I/II EOC. To evaluate the significance of their findings, the
authors evaluated, in a blind manner, the levels of the 4
proteins in 106 healthy women and 100 patients (24 stage
I/II and 76 stage III/IV). The authors concluded that: "no
single protein could completely distinguish the cancer group
from healthy controls". The final results of the test showed
a sensitivity of 95%, a specificity of 95%, a positive
predictive value 95% and a negative predictive value of
94%, in the diagnosis of EOC.
9. Evaluation of the studies on the Th1/Th2 imbalance in cancer
patients. The above studies, summarized in Table I, provide
a preliminary analysis of the skewed Th1/Th2 cytokine
balance toward the Th2 cytokine and the production of large
amounts of Th2 cytokines as their mechanism to inhibit the
antitumor adaptive immune response. The increased level of
serum Th2 cytokines and their cellular receptors in cancer
patients were suggested to be early biomarkers of the
existence of foci where a tumor is developing. Early detection
of tumors at the adenoma stage can detect early tumor
development long before the appearance of metastases and
tissue damage. The use of biomarkers to identify different
human tumors may open a new avenue for the development
of effective anticancer treatments, as suggested below.

c. Implications of the studies on the prognostic
values of the cancer biomarkers for tumor detection
and treatment
The above studies reporting on the increased levels of IgE,
sCD23 and Th1/Th2 cytokines (tumor biomarkers) that are
present in the serum of patients harboring different tumors
are presented in Table I. The information is not complete
since the Th1/Th2 cytokine levels in many additional
cancers have not been reported. On the basis of the
reported biomarkers, the human tumors studied may be
divided into 3 subgroups (A-C). Subgroup A includes 6
tumors: breast cancer, advanced HNSCC, BCC, SCC, large
T-cell lymphoma, DLCL and prostate cancer. During tumor
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Table I. Prognostic value of cancer biomarkers in the blood of cancer
patients.
Human
tumors

Elevated level of biomarkers in cancer patients sera
IgE Increase Dysregulation
increase sCD23 Th1<Th2
(IgERI) cytokines

A
Breast cancer

+ (25)*

+ (40)

Advanced head
& neck squamous
cell carcinoma

+ (37)

Basal cell
carcinoma

+ (56)

Squamous cell
carcinoma

+ (56)

Large T-cell
lymphoma

+ (43)

Prostate cancer

+ (42)

Small non-cleaved
cell lymphoma
B-cell chronic
lymphocytic
leukemia
C
Metastatic melanoma

IL-6 + (60, 61)
IL-10 + (41)

+ (26)

B-cell diffuse
large cell
lymphoma

B
Non-Hodgkin's
lymphoma

IL-10,
IL-6
increase

+ (34)

+ (35)

+ (32, 33)

+ (48)

Metastatic renal cell
carcinoma

IL-10 + (46, 47)
IL-10 + (51, 52, 53)

Colorectal cancer

+ (36)

IL-10 + (53, 54)

Advanced nonsmall cell lung
carcinoma

+ (51)

IL-10 + (49)

Ovarian cancer

+ (40)

IL-10 + (57)

*References

progression, these tumors caused a marked increase of Th2
cytokine serum levels that inhibit the host anticancer
adaptive immune response. In breast carcinoma and large
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T-cell lymphoma, increased levels of IgE were also detected,
indicating that the increased IL-4 cytokine level induced B
cells to stop IgG synthesis and switch to IgE synthesis,
causing inhibition of the host adaptive immune response
that allows the tumor cells to proliferate and progress to
become metastatic.
Subgroup B includes 3 tumors: non-Hodgkin's lymphoma,
small non-cleaved cell lymphoma and B-CLL, which induce
increased levels of sCD23 in the patients' sera. The sCD23
protein is the soluble IgE receptor FcÂRI, suggesting that this
biomarker is released from the hematopoietic cells which
parallel the increase in IgE in the serum, similar to tumors in
subgroup A.
Subgroup C includes 5 tumors: metastatic melanoma,
MRCC, colorectal cancer, advanced NSCLC and ovarian
carcinoma. These tumors resemble subgroup A in their
ability to cause Th1/Th2 cytokine imbalance in the patients'
sera. In addition, these tumors produce large amounts of the
Th2 cytokine IL-10 into the tumor microenvironment, after
stimulation by the cytokine IL-6 produced by macrophages
that are present in the tumor microenvironment.
The preliminary analysis (Table I) provides the basis for
the development of early diagnostic tests to identify, in the
human serum, the possible existence of tumors at an early
stage of development. The presence of increased levels of
the Th1 (IL-2, IL-12, IFN-Á) and Th2 cytokines (IL-4, IL-6,
IL-10), IgE and sCD23 in a patient's serum as biomarkers for
cancer means that the possibilities that the tested individual is
not allergic or infected by HIV-1 (58) allergy-inducing viruses
need to be ruled out. The use of antibody microarray for Th2
cytokine detection and additional analyses may provide the
basis for early anticancer treatments of tumor-bearing
individuals. The tumors listed in subgroup C produce and
release IL-10 into the tumor microenvironment. IL-10
synthesis is regulated by macrophages and IL-6 present in the
tumor microenvironment. The reported results (Table I)
reveal two mechanisms by which different tumors inhibit the
Th1 cytokine synthesis and the cellular arm of the adaptive
immune response: i) systemic skewing of the Th1/Th2
balance toward Th2 cytokines involving the hematopoietic
cells, and ii) IL-6 induction of tumors to release IL-10 locally
in the microenvironment.

immunity and the DCs, CD4+ and CD8+ T cells in the
microenvironments. The following reports provide the
mechanism of the local evasion of the adaptive immune
response.
1. Human tumor cells produce cytokines to evade the host
adaptive immune response

C. Tumor Cells Respond to Chemokines and
Produce Th2 Cytokines to Evade the Host Adaptive
Immunity in the Tumor Microenvironment

b. Malignant melanoma
(i) Recruitment of immature plasmacytoid dendritic cells
(PDCs) and myeloid DCs to the tumor microenvironment.
Vermi et al. (64) analyzed the phenotype and distribution of
DCs in primary cutaneous melanoma and lymph nodes by
immunohistochemistry. It was reported that, in primary
melanoma tumors in the skin epidermis, an increased
number of DCs (CD1a+/Langerhans cell+) was noted.
Peritumoral DCs included a large population of DCSIGN+/mannose receptor+/CD1a– DCs, a small subset of

Tumors do not rely only on the systemic Th2 cytokine
increase and the inhibition of the adaptive anticancer
immunity, since innate and adaptive immune cells infiltrate
into the tumor microenvironment. Many tumors produce
IL-10, the inhibitor of Th1 cytokine synthesis. This property
of tumors ensures the local evasion of the adaptive

a. Breast tumors
(i) Dendritic cells are dysfunctional in patients with breast
cancer. Satthaporn et al. (59) studied the DCs that were
isolated from PBLs from breast cancer patients and LNDCs
after surgery. It was reported that 70-75% of purified DCs
that were isolated from patients with operable tumors
demonstrated reduced IL-12 p40 production by T cells when
incubated with purified DCs. Decreased expression of
HLA-DR, CD-40 and CD-86 (DC activation markers) were
noted on DCs from tumor-bearing women. The reason for
this phenomenon was not reported.
(ii) Local feedback mechanisms by hormones and cytokines
in breast cancer. Singer et al. (60) suggested that, since the
development and function of the breast are controlled by
local (hormones) and systemic (cytokines) signals, these
signals may also control the development of breast cancer.
One of the studies by Crichton et al. (61) reported that
estrogens markedly enhanced IL-11 expression in adipose
stromal cells in breast tissues. IL-11 and other class I
cytokines are potent stimulators of aromatase-P450
expression in human breast fibroblasts. Estradiol, made by
aromatase in fibroblasts, leads to stimulation of adjacent
tumor cells and results in up-regulation of IL-11.
Jablonska and Pietrustka (62) reported that unstimulated
and stimulated polymorphnuclear cells (PMNs) and whole
blood cells (WBC) from breast cancer patients showed
decreased ability to release soluble IL-6 receptor (sIL-6R)
in comparison to a control group. The mean concentrations
of sIL-6R and IL-6 in the sera of breast cancer patients
were higher than those in the control group.
Blais et al. (63) studied the potential action of IL-4 and
IL-13 on breast cancer cells and reported that exposure of the
ZR-75-1 breast cancer cell line to IL-4 and IL-13 for 10 days
decreased the mitogenic action of 17-estradiol by 75% and
55%, respectively, with no change of basal cell proliferation.
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CD1a+ DCs and plasmacytoid monocytes/plasmacytoid DCs
(PM/PDCs). The authors suggested that the PM/PDCs, the
major producers of type I interferons, were recruited by
SDF-1 secreted by the tumor cells. However, the expression
of the IFN-alpha-inducible protein MxA was very limited
and all DC subsets were predominantly immature. The
peritumoral T lymphocytes were with poor T cell
stimulation. The authors concluded that the peritumoral
and infiltrating DCs indicate defective maturation due to
the primary cutaneous melanoma.
(ii) Metastatic melanoma escapes the immune surveillance by
expressing and releasing IL-10. Enk et al. (65) studied the
function of melanoma tumor-derived DCs in patients with
treatment-responding (rM) or progressing (pM) melanoma
metastases. CD83+ DCs were purifed freshly from large rM
or pM tumor metastases following chemoimmunotherapy. It
was reported that the DCs were five times more potent
inducers of allogeneic T cell proliferation than control DCs.
Analysis of the culture supernatants from PM tumors
revealed the synthesis and release of the Th2 cytokine IL-10,
whereas rM tumors released the Th1 cytokines IL-2, IL-12
and IFN-gamma. The authors concluded that: "melanomaderived factors convert DC-antigen presenting function to
the induction of tolerance against tumor tissue, changing
tumor DCs to "silencers" of anti-tumoral immune response".
Steinbrink et al. (66) reported that immature DCs exposed
to IL-10 for 2 days showed a strongly reduced capacity to
stimulate a CD4+ T cell response, while mature DCs were
resistant to the effect of IL-10. Ludewig et al. (67) reported
that apoptosis of DCs was strongly enhanced by IL-10.
(iii) Role of IL-8 in metastatic human melanoma. Bar-Eli
(68) reviewed the studies on the production of IL-8, a
member of the superfamily of CXC chemokines, by
melanoma tumors and its correlation with metastasis. The
author concluded that IL-8 also serves as a very potent
angiogenic factor for melanoma cells, possibly through the
activation of the collagenase type IV metalloproteinase
MMP-2, and that IL-8 may serve as an angiogenic factor,
distinguishing benign from malignant cells.
c. Renal cell carcinoma (RCC) cell lines. Meuetrier-Caux et
al. (69) used renal cell carcinoma (RCC) cells in vitro to test
their effect on antigen presentation by DCs. The RCC cell
lines were found to release IL-6, that inhibited the
differentiation of CD34+ cells into DCs. The authors
concluded that: "the inhibition of DC development could
represent a mechanism by which tumor cells will escape
immune recognition".
d. Pancreatic carcinoma. Ebrahimi et al. (70) studied the
serum levels of vascular endothelial growth factor (VEGF)
and IL-1 alpha and beta in sera from 51 patients with
pancreatic carcinoma and from 48 to 62 healthy volunteers
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and found that the above-mentioned cytokines were not
elevated in the cancer patients. In contrast, the cytokines
IL-6, IL-8, IL-10 and IL-1R antagonist (IL-1RA) were
significantly elevated as compared to the controls. Patients
who had IL-6 levels >5.2 pg/ml or IL-10 levels >9.8 pg/ml
had significantly worse survival compared to patients who had
lower IL-6 and IL-10 levels. Patients with IL-1RA levels of
<159 pg/ml had significantly worse survival rates compared
to patients with higher IL-1RA levels. High IL-6, IL-10 and
IL-8 were associated with poor performance status and/or
weight loss. The authors concluded that the determination of
serum cytokine levels may provide a useful prognosis.
e. Multiple myeloma. Lauta (71) reviewed studies on the
cytokine network in multiple myeloma. Production of IL-6
by bone marrow stromal cells is controlled by IL-1 beta and
IL-10. IL-6 induced differentiation of myeloma
plasmablastic cells into mature plasma cells that was
influenced by IL-3 and IL-4. Increased levels of IL-6 and
sIL-6R, together with IL-3 and IL-4, may be used as
diagnostic markers to correlate with disease activity and
tumor stage. The author indicated that interferons are
mainly used in immunotherapy for multiple myeloma, but
additional clinical trials are required to evaluate the
effectiveness of anti-IL-6 antibody therapy.
1. Macrophage-derived IL-6 induces IL-10 production by
colon carcinoma cells. Herbeuval et al. (72) investigated the
interactions between macrophages and tumor cells in
humans by in vitro culturing of macrophages from pleural
effusions of patients with malignancies and from healthy
people. The macrophages from both sources strongly
stimulated IL-10 production by three different human colon
adenocarcinoma cell lines. Recombinant IL-6 (rIL-6) also
stimulated the secretion of IL-10 by the colon tumor cells,
while monoclonal antibodies (mAb) against IL-6 and IL-6
receptor (IL-6R) prevented this effect. The IL-10 gene
regulation was mediated by STAT3, which was
phosphorylated after IL-6 binding to its receptor, IL-6R.
It is of interest that macrophages in the tumor
microenvironment are the source of IL-6 that induces the
tumor cells to synthesize and release IL-10, inhibitors of the
infiltrating innate system cells, monocyte-derived antigenpresenting DCs and PDCs, the major producers of
interferon type I (IFN-alpha and IFN-beta). With the help
of IL-10 the tumor cells are protected from the PDCs.
2. Chemokines and their receptors influence the development
of tumors and their metastases. Balkwill (73) reviewed the
relationship between the host chemokine network and the
ability of a tumor to develop metastases. The chemokines
contribute to the polarization of Th2 cells and the cytokine
receptor CXCR4 is expressed on 23 different cancer types,
together with additional chemokine receptors which are
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associated with increased metastatic capacity. Preliminary
laboratory data from this study showed that chemokine
receptor antagonists inhibit macrophage infiltration into the
tumor microenvironment and can induce apoptosis of the
tumor cells and prevent metastatic spread.

D. Natural and Synthetic Inhibitors of Th2
Cytokine Can Reactivate the Host Adaptive
Immunity to Clear the Tumor
a. Anti-cytokine antibody therapies
Human cancers are classified according to the tissue or
organ in which they develop (2) as a result of mutations
caused by intrinsic or extrinsic agents. Usually, the human
tumor is detected at a relatively late stage of its
development, when the cell mass of the tumor is discernible.
The cancer patient’s Th1/Th2 cytokine balance is already
skewed toward Th2 cytokines and the adaptive immune
response is partly or completely inhibited. In many tumors,
metastatic tumor cells invade essential organs and cause the
patient's demise. Many studies reported that testing the Th1
and Th2 cytokine levels in the serum of seemingly healthy
individuals may identify individuals with increased Th2
cytokine levels in the serum who will need further diagnostic
tests for the identification of a tumor at an early stage.
Based on the demonstration that tumor cells produce and
induce increased serum levels of Th2 cytokines, drugs that
reduce the level of the Th2 cytokines in the serum of cancer
patients were developed. The use of human monoclonal
antibodies against the Th2 cytokines (74, 75) is the first
attempt to prevent the damaging effects of Th2 cytokine on
the cancer patient's adaptive immune response.
1. Treatment with anti-TNF antibodies as anticancer therapy.
Mocellin et al. (76) reviewed the molecular and biological
activities of TNF as an antineoplastic and tumor-promoting
factor and anti-TNF therapy for cancer. The authors noted
that a large body of evidence supports the antineoplastic
activity of TNF, showing TNF-mediated tumor regression,
while some preclinical findings suggested that TNF may
promote cancer development and progression. The authors
reviewed the experimental and clinical evidence for antiTNF therapies. Two types of molecules are licensed for
clinical use: a) Etanercept (two molecules of the
extracellular portion of the human TNF-R-Fc (fused to the
Fc portion of human IgG), and b) Infliximab and
adalimumab (fully humanized monoclonal antibodies
specific to TNF). Tsimberidou et al. (77) reported on a pilot
study with recombinant TNF-R-Fc (Enbrel) in patients with
refractory multiple myeloma. Studies on TNF antagonists
carried out on patients with advanced melanoma or RCC
with high-dose intravenous i.v. IL-2, with or without a TNF

antagonist, revealed that there was no effect on the tumor
response rate or the severity of side-effects. A review of the
preliminary reports on breast cancer patients treated with
Etanercept alone revealed no evidence of clinical response.

b. Natural splice variants of cytokines and their
potential for treatment of cancer patients – a
hypothesis
The above attempts to use humanized monoclonal
antibodies to Th2 cytokines to decrease their damaging
impact on the cancer patient's adaptive immune system is
based on the findings that the Th1/Th2 balance in the
cancer patient is skewed toward the Th2 cytokines to which
the tumor cells contribute IL-10 that inactivates the innate
system DCs. Therefore, reducing the Th2 cytokine levels
with antibodies may have a temporary effect, since the
tumor cells continue to proliferate and to produce more
Th2 cytokines. It was reported that during the transcription
of the Th2 cytokines IL-4 and IL-6 genes, two or more
mRNA species are transcribed from the two genes which
code for splice variants IL-4 delta 2, IL-6 delta 3 and IL-6
delta 5, respectively, which function as antagonists to the
full-length IL-4 and IL-6 due to their ability to bind to the
respective receptors on different cell types. It is suggested
that these splice variants may be developed as IL-4 and IL-6
antagonists for the treatment of cancer patients. Injection
of the IL-4 and IL-6 antagonists at concentrations higher
than their levels in the serum of cancer patients will prevent
damage to the anticancer adaptive immunity by binding to
their natural receptors.
A second approach to cancer therapy, which is currently
being explored, is the use of CpG ODNs which mimic
unmethylated bacterial DNA binding to TLR9 receptors on
PDCs that induce the release of large amounts of type I
IFN-alpha and -beta, inhibitors of the synthesis of Th2
cytokines and inducers of Th1 cytokine synthesis and the
activation of CTL precursors into antitumor CTLs.
A third approach is the synthesis of RNA interfering
(RNAi) molecules that will interact with Th2 cytokine
mRNA in cancer cells that inhibit the synthesis of the
cytokines.
It is hypothesized that the use of either cytokine
antagonists, together with CpG ODNs, will be an effective
treatment against drug-resistant and -sensitive tumors that
will restore the Th1/Th2 balance and reactivate the patient's
adaptive antitumor immunity. Recent reports have shown
that the above anticancer technologies may be developed as
effective anticancer therapies.
1) IL-4 delta 2 splice variant is an antagonist of IL-4 activity by
binding to IL-4 receptors. IL-4 is a 15 kDa glycoprotein
secreted by activated Th2 cells and FcÂRI+ hematopoietic
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cells (mast cells, basophils, monocytes and DCs). The Th2
cytokine IL-4 is involved in the induction of allergies and with
the development of AIDS in HIV-1-infected people (20, 58).
The enhanced release of IL-4 from hematopoietic cells is
paralleled by increased IgE synthesis by B cells, leading to the
inhibition of Th1 cell activities in patients with tumors
belonging to subgroups A and B (Table I).
It was reported, by Alms et al. (78), that the IL-4 gene is
expressed in T cells into IL-4 full-length mRNA and a splice
variant of IL-4 mRNA lacking exon 2. These mRNAs are
translated to IL-4 and IL-4 delta 2 protein molecules,
respectively. The splice variant IL-4 delta 2 is also expressed
by B lymphoid cells (79). Activated T cells treated with
IL-4 delta 2 were inhibited since the latter occupied the
cell's IL-4 R alpha (80). Monocytes and B cells were also
inhibited by the IL-4 antagonists (81). Excess antagonist
IL-4 delta 2 competes with IL-4 and binds to the IL-4 alpha
receptor on monocytes, T and B cells and prevents binding
of IL-4 and the induction of the cells to express the IL-4responsive genes by CD4+ T cells and prevents the IL-4induced switch to the synthesis of IgE by B cells. Individuals
(about 10% of the human population) who have higher
levels of IL-4 delta 2 than IL-4 in the blood were reported
to be able to prevent the development of tuberculosis (TB)
after infection with Mycobacterium tuberculosis (82).
2) IL-6 delta 3 protein, a splice variant of IL-6 protein, is the
antagonist of IL-6. Human tumors (subgroup C, Table I)
synthesize and release the Th2 cytokine IL-10, the inhibitor
of IFN-alpha and -beta synthesis by PDCs, inhibiting the
cellular arm of the adaptive immune response, the
activation of CTL precursors to antitumor CTLs. The
synthesis of IL-10 by the tumor cells is induced by the
release of IL-6 by tumor-infiltrating macrophages.
Therefore, since inhibition of IL-10 with an IL-10 antagonist
is not yet available, it may be possible to inhibit IL-6
synthesis by infiltrating macrophages with the splice variant
of IL-6 delta 3.
Alberti et al. (83) reported that full-length IL-6 mRNA
and IL-6 delta 5 mRNA are synthesized by cultured human
peripheral blood mononuclear cells and by RCC cells. The IL-6
splice variant protein binds to IL-6R and acts as an IL-6R
antagonist. Yatsenko et al. (84) reported that three isoforms
of IL-6 mRNA were synthesized in mouse bone marrow and
spleen cells: full-length IL-6, IL-6 delta 3 and IL-6 delta 5.
Yang et al. (85) used computer-aided design based on the
crystal structure of human IL-6 (hIL-6) and its receptor,
hIL-6R, to synthesize a novel human IL-6 antagonistic
peptide (PT). It was reported that PT possessed a very high
affinity to hIL-6R and offered a practical means of imposing
a long-term blockade of IL-6 activity in vitro. PT acted as an
excellent antagonist of growth arrest and apoptosis in a
murine M1 myeloid cell line, when induced by hIL-6.
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3) Antibodies to IL-6R are IL-6 antagonists. Nishimoto and
Kishimoto (86) developed humanized antibodies to the IL-6
receptor (IL-6R) that are able to block the binding of IL-6
molecules to IL-6 receptors and reported that molecular
therapy targeting of IL-6 has been shown in clinical trials to
be therapeutically effective in inflammatory disease such as
rheumatoid arthritis. Clinical trials with the humanized IL-6
antibodies in the treatment of multiple myeloma patients
were also conducted. The administration of anti-IL-6R
antibodies to patients with arthritis and multiple myeloma
greatly improved the patients' condition for several weeks,
but the symptoms of the disease returned.
(a) IL-6 mutant protein as an IL-6 antagonist: Brakenhoff
et al. (87) reported that neutralizing antibodies specific to
IL-6 bind two distinct sites of the IL-6 protein molecule: site
I is a receptor-binding site on the 80-kDa IL-6R, and site II
is involved with the binding of gp130, the signal inducer.
The authors mutated IL-6 site II with a double mutation
Gln-160 with Glu (Q160E) and Thr-163 with Pro (T163P),
and reported that IL-6 mutant protein with a mutation in
site II could bind to the 80-kDa hIL-6R, and antagonized
the biological activity by preventing the binding of wild-type
hIL-6 to HepG2 cell IL-6R. Renné et al. (88) constructed
fusion proteins that consisted of the soluble form of hIL-6R
covalently linked to IL-6 receptor antagonists. These fusion
proteins directly bind to gp130, the signal transducer. At
concentrations of 10-50 nM, the IL-6 antagoninsts
completely neutralized the IL-6 biological activity. As IL-6
type cytokines, including IL-11 and additional family
members, the fusion proteins prevent the activity of
cytokines that act via gp130 homodimers. The authors
suggested, that due to targeting of gp130, these fusion
proteins: "might be useful therapeutic tools in disease states
that are related to IL-6 family".
The above reports on the availability of a number of
different IL-6 antagonists provide the basis for including these
IL-6 inhibitors in the treatment of cancer patients, especially
by injection into melanoma tumor microenvironments.
4) RNA interference of IL-10 in leukemia B1 tumor cells.
McCarthy et al. (89) reported that RNA interference
(RNAi) to IL-10 mRNA was designed, modeled to a hairpin
configuration, and was used to treat chronic lymphocytic
leukemia (CLL). A malignant B1 cell line (LNC), derived
from an NZB mouse (a murine model for CLL), was used
as a target for IL-10 RNAi. The authors reported that IL-10
RNAi lowered IL-10 protein synthesis by the treated cells.
At 2 ÌM IL-10 RNAi, a G2/M cellular block was initiated,
mRNA levels for the M-phase inducer phosphatase cdc25c
decreased and apoptosis was induced in the tumor cells.
These studies suggested that blocking IL-10 is of potential
value for treating certain leukemias, either alone or in
combination therapy.
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It seems logical to suggest that the use of the RNAi
technique to inhibit IL-4 and IL-6 synthesis in cancer patients
may become a useful method for treating human leukemias.
5) IFN-alpha and -beta are immunotherapeutic proteins for
treatment of cancer patients.
(i) PDCs, the producers of type I IFN, are inhibited by
tumors. IFN-alpha and -beta are produced by human cell
cultures and are used as immunotherapeutic proteins for
treatment of cancer patients (90). However, long-term
treatment with large doses of exogenous interferon
preparations may cause an autoimmune response in some
patients. It was also reported that human PDCs are the
major producers of type I IFNs in the human organism.
These cells express Toll-like receptor 9 (TLR9) that serves
as a receptor for unmethylated bacterial DNA fragments,
which induce the PDCs to release in vivo large amounts of
type I IFNs. Treatment of cancer patients with bacterial-like
unmethylated synthetic CpG ODNs also induced PDCs to
release IFN-alpha and -beta, the inhibitors of the synthesis
of Th2 cytokines by CD4+ T cells, and induce IL-4-inhibited
Th1 cells to synthesize IL-2, IL-12 and IFN-gamma that
activate the CD8+ cell precursors to differentiate into CTLs,
the antitumor adaptive immune response (91).
Vicari et al. (92) investigated the phenotype and functions
of tumor infiltrating DCs in mouse tumor models, and
reported that the DCs were immature and paralyzed.
Treatment of tumor-bearing mice with CpG ODN, together
with anti-IL-10R antibody, triggered activation and IL-12
production in normal DCs and elicited antitumor immune
memory cells.
Hartmann et al. (93) studied the presence and function of
PDCs in human solid tumors and reported that they
infiltrated the tumor tissue in patients with HNSCC. The
tumors diminished the PDCs’ ability to produce IFN-alpha
in response to CpG ODNs, since the tumor induced the
down-regulation of TLR9, the CpG ODN receptor.
However, in tumor-draining lymph nodes the suppression of
the CpG ODN induction to release PDC IFN-alpha was less
pronounced. Kemp et al. (94) tested the effect of CpG ODN
on blood PDCs and reported that PDCs are the cells that
produce large amounts of type I IFNs, inducers of TNFrelated antitumor apoptosis response.
The increase of Th2 cytokines IL-4 and IL-10 by HNSCC
tumor cells (Table IA) resulted in the down-regulation of
the TLR9 CpG ODN receptors on PDCs that infiltrate into
solid tumors. Therefore, systemic injection of CpG ODNs
to cancer patients may induce PDCs in the blood and in
unaffected lymph nodes to release large amounts of IFNalpha and -beta, with the potential to inhibit the increase of
the Th2 cytokines IL-4 and IL-10. In addition, type I IFNs
stimulate IL-4-inhibited Th1 cells to express IL-2 and IL-12,
that allow the induction of CD8+ CTL precursors to

become antitumor CTLs and also induce B cells to
synthesize antitumor IgG antibodies. Indeed, Nakamori et
al. (95) reported that IL-12 and IL-18 immune gene therapy
against mouse colon cancer promoted the generation of
IFN-gamma production by Th1 cells with therapeutic
efficacy, reduction of tumor size and absence of metastases.
Kawarada et al. (96) investigated the therapeutic effect of
CpG ODN on established mouse tumors AG104A, IE7
fibrosarcoma, B16 melanoma and 3LL lung carcinoma. The
authors reported that repeated peritumoral injection of CpG
ODN caused complete rejection, or strong inhibition, of
tumor growth, while systemic application of CpG ODN had
only a partial effect. The tumor rejection was mediated by
NK cells and antitumor CD8+ CTLs. Heckelsmiller et al. (97)
reported that weekly injections of CpG ODN into the margin
of established tumors of syngeneic C26 tumor cells or Renca
kidney cancer cells in BALB/c mice resulted in regression of
tumors and complete cure of mice, to which tumor-specific
CD8+ T cells and innate effector cells contributed. The
authors concluded that peritumor CpG ODN monotherapy
elicits a strong CD8+ T cell response and innate effector
mechanisms that act to overcome the unresponsiveness of the
immune system toward a growing tumor.
Lonsdorf et al. (98) studied the protective antitumor
response, using a murine RMA lymphoma in a C57BL/6
mouse model, to test the effect of injection of CpG ODNs
directly into the tumor. It was reported that complete
remission was achieved in immune-competent mice, but not
in T cell/B cell-deficient RAG-1 knockout mice. The
authors determined that the tumor-specific CD4+ and
CD8+ T cell responses of the type 1 effector class were
responsible for tumor rejection, and that adoptive transfer
of these cells to RAG-1 knockout mice protected against
the RMA lymphoma.
Hafner et al. (99) studied the antimetastatic effects of
CpG-containing DNA in a mouse model of experimental
metastatic syngeneic fibrosarcoma or thymoma cells that
were injected into 4 mice strains. CpG ODN was injected
i.v. before tumor cell application and it was reported that
CpG ODN strongly inhibited tumor metastases and a high
level of type I IFN was found in the mouse sera.
Carpentier et al. (100) evaluated the ability of CpG
ODNs to cause rejection of implanted syngeneic
neuroblastomas cell line (neuro2a) by the subcutaneous
(s.c.) route in A/J mice. Daily injections of 10 mg CpG
ODNs for 15 days led to the eradication of 5-mm-diameter
tumors in one-half of the animals and significant tumor
growth inhibition (88%) as compared with the controls. The
authors concluded that immunostimulatory CpG ODNs may
induce the rejection of established tumors. In a subsequent
study, Carpentier et al. (101) inoculated Lewis rats
intracerebrally with syngeneic CNS-1 glioma cells and,
5 days later, injected CpG ODNs into the tumor bed. Of
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8 rats, 88% of the animals survived more than 90 days, while
the 14 untreated controls died within 23 days. The cured
animals were protected against a second tumor challenge.
Injection of CNS-1 tumor to nude mice by the s.c. route,
followed by injection of CpG ODNs, had no effect on tumor
progression, suggesting that CpG ODNs increased the
tumor infiltration with macrophage/microglial cells, CD8+
T cells and NK lymphocytes. The authors concluded that
treatment of malignant glioma patients with CpG ODNs,
who exhibit depressed in vivo reactivity of peripheral blood
and tumor-infiltrating lymphocytes, could lead to glioma
rejection, a new immunotherapeutic approach.
Brunner et al. (102) reported that DCs manipulated ex
vivo-induced tumor immunity in an experimental murine
tumor model and studied whether DC maturation affects
the T cell-activating potential in vitro and induction of
tumor immunity in vivo. CpG ODN-1826 stimulated the
maturation of DCs, that was in correlation with the
secretion of IL-12 and induction of T cell proliferation.
Flow cytometric analysis of costimulatory molecules and
MHC class II showed that DC maturation was stimulated
most by ODN-1862. BALB/c mice harboring rapidly
growing colon carcinoma tumors were administered with
CpG ODN 3 days after tumor challenge. Stimulated DCs
that were co-cultured with irradiated tumor cells induced
prophylactic protection most effectively. The authors
suggested that CpG ODN-enhanced DC maturation may
represent an efficient means to improve clinical tumor
vaccination.
Ballas et al. (103) reported that specific motifs of CpG
ODNs vary in their ability to induce antitumor activities in
different tumor models. CpG ODN (1585), which has a
chimeric backbone in combination with poly(G), is a potent
inducer of NK lytic activity and can induce regression of
established melanoma tumors in mice requiring the
presence of NK cells. In contrast, CpG ODN (1826), which
was optimized for activation of B cells and Th1-like cytokine
expression, had no therapeutic effects on melanoma, but
was effective at inducing regression of EL4 murine
lymphoma. The authors concluded that CpG ODN
immunotherapy requires careful analysis of the cellular
properties of the various CpG motifs.
6) Treatment with CpG ODNs enhances the efficacy of
monoclonal antibody therapy of lymphoma. Wooldridge et al.
(104) compared the efficiency of anticancer treatment with
antitumor monoclonal antibodies alone or together with
CpG ODN. It was noted that a single dose of CpG ODN
appeared to be as effective as multiple doses of IL-2 at
inhibiting tumor growth when combined with antitumor
monoclonal antibodies. Ninety percent of immunocompetent
C3H mice that were inoculated with 2,500 tumor cells i.p.
and treated with monoclonal antibody developed tumors,
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while only 20% of mice that were treated with the
monoclonal antibody and CpG ODN developed tumors.
Van Ojik et al. (105) used murine cancer models to
stimulate different effector cells to explore the combined
ability of antitumor monoclonal antibodies and CpG ODNs
A or B in immunotherapy of 38C13 syngeneic murine
lymphoma in C3H mice. The authors reported that CpG
ODNs A and B enhanced the efficacy of the antitumor
antibodies. Heckelsmiller et al. (106) reported that either
mature antigen-pulsed DCs or peritumoral injections of CpG
ODN were effective for treatment of small, established
tumors, but were ineffective against large established tumors
(1 cm diameter) in a syngeneic murine colon carcinoma. Coinjection of CpG ODN together with mature, antigen-pulsed
DCs caused rejection of large tumors, leading to a long-term
cure of the cancer-bearing mice.
These experimental results clearly demonstrated that
injection of CpG ODN into the periphery of mouse solid
tumors in vivo, or into the tumors in mice combined with
antitumor monoclonal antibodies, achieved cure of the tumors.
7) Yogurt feeding of mice inhibits promotion and progression
of experimental colorectal cancer. Perdigon et al. (107)
studied the effect of yogurt feeding on BALB/c mice which
developed colorectal carcinoma after treatment with the
carcinogen 1,2 dimethylhydrazine (DMH). Yogurt was
added to the diet for 10 consecutive days, with the
procedure repeated every 10 days for 6 months. The authors
reported that yogurt feeding increased the number of
apoptotic tumor cells and induced IFN-gamma and TNFalpha that were regulated by an increase in IL-10. In a
subsequent study (108), de Moreno de LeBlanc et al.
reported that mice treated with the carcinogen DMH and
receiving yogurt cyclically after DMH treatment did not
develop tumors (DMH-yogurt group). There was no
correlation between a high level of IL-10 and the regulatory
T cell population, while IL-4 and apoptotic cells increased
in the yogurt-DMH mouse group that received yogurt only
10 days before DMH. The authors concluded that feeding
yogurt to carcinogen-treated mice inhibited tumor
progression and promotion by stimulating cellular apoptosis.
Yogurt contains viable lactic bacteria, Lactobacillus
delbrueckii and Streptococcus thermophilus, at a density of
108 cells/ml. These bacterial cells are present in the human
intestine and, after disintegration, the unmethylated
bacterial DNA is released and degraded in the gut. TLR9positive PDCs bind the bacterial DNA fragments and
release large amounts of IFN-alpha and -beta, inhibitors of
Th2 cytokine synthesis by Th2 cells, activators of Th1 cell
cytokine synthesis, and also activate antitumor CTLs.
Hence, continued consumption of yogurt by humans may
reduce the incidence of colon cancer. It is of interest that
Sudo et al. (109) reported that dietary nucleic acid and
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intestinal microbiota synergistically promoted a shift in the
Th1/Th2 balance toward Th1-skewed immunity that induced
the development of antitumor CTLs.

E. Discussion, Hypothesis and Implications
a. Discussion
The present review analyzed the published reports on three
aspects of human cancer: (i) the skewing of the cancer patients’
Th1/Th2 balance toward Th2 cytokines and the use of the
patients’ serum for monitoring the Th2 cytokine levels, which
are the bio- indicators of the existence of a tumor (provided
that the individual does not have an allergy); (ii) the ability of
tumor cells to release IL-10 into the tumor microenvironment,
inhibiting the infiltrating innate and adaptive immune cells;
and (iii) new approaches to reactivate the inhibited adaptive
immunity of cancer patients by treatment with cytokine
antagonists combined with CpG ODNs. This combination
biotherapy is designed to inhibit the activity of the Th2
cytokines IL-4 and IL-6 by blocking their receptors on CD4+ T
cells, B cells and macrophages, respectively. The combined
treatment with CpG ODN enhances the release of type I IFNs,
inducers of Th1 cell synthesis, and release of IL-2, IL-12 and
IFN-gamma, leading to the activation of CTL precursors to
become antitumor CTLs.
(i) Determination of Th2/Th1 cytokines in the blood of
healthy human populations to identify the tumor-bearing
individuals. Reports on the levels of Th1 and Th2 cytokines
have indicated that all human tumors studied in different
tissues of individuals have a common effect on the Th1/Th2
balance, causing a marked increase of Th2 cytokines (Table
I and Figure 3A) compared to healthy individuals (Figure
2). The authors of these reports suggested that a marked
increase in IL-4, IgE, sCD23, IL-10 and IL-6 should be
considered as cancer biomarkers, which allow early
detection of the existence of a tumor in individuals in whom
a high level of Th2 cytokines has been detected. Since
increases of IgE and Th2 cytokine levels were reported in
inflammations caused by allergens or infection with
pathogenic microorganisms, it will be necessary to develop a
blood test that will ensure that the tested individuals are not
suffering from allergy or microbial infection or suffering
from a genetic disorder that skews the Th1/Th2 cytokine
balance toward Th2 cytokines.
(ii) The role of tumors in the inhibition of the innate and
adaptive immune cells in the tumor microenvironment. IL-10
is one of the Th2 cytokines which inhibit the cancer patients’
adaptive immune response and the ability of PDCs to release
type I IFNs. Therefore, the ability of tumors to synthesize
and release IL-10 into the tumor microenvironment is
designed to inhibit the tumor-infiltrating leukocytes such as
DCs and PDCs. The reported studies showed that tumor-

infiltrating macrophages that synthesize and release the Th2
cytokine IL-6 locally induce the expression of the IL-10 gene
and the release of the IL-10 cytokine by the tumor cells.
Therefore, the combined Th2 cytokine increase in the
patients’ blood and the tumor local production of IL-6 and
IL-10 are additive and lead to the collapse of the antitumor
adaptive immune response, allowing tumor progression
without interference by the adaptive immune system.
b. Cancer biotherapy: new approaches to reactivate the
inhibited anticancer adaptive immunity of cancer patients
– a hypothesis.
The experimental data that was reviewed above led to the
conclusion that tumor cells either release allergen-like
glycoproteins early in the tumor development or that
systemically skew the Th1/Th2 cytokine balance toward Th2
cytokine dominance (Figure 3A). The Th2 cytokine IL-4
inhibits Th1 cytokine synthesis and induces B cells to stop
IgG synthesis and switch to IgE production. With the
gradual decline of the patient’s adaptive immune response,
the tumor increases in mass and releases cells that migrate
to lymph nodes and other organs, forming metastatic
tumors. It is possible to assume that the tumor cells are
responsible for the destruction of the host’s protective
immune response. The logical conclusion may be that
skewing of the Th1/Th2 cytokine balance may be prevented
by inhibiting the biological activity of IL-4, IL-6 and IL-10
by blocking IL-4R and IL-6R by the respective cytokine
antagonists IL-4 delta 2 and IL-6 delta3. In the absence of
the Th2 cytokines, the polarized Th1 cells will produce IL-2,
IL-12 and IFN-gamma, and the antitumor CTLs will
eliminate the tumor cells. Figure 3B presents a hypothesis
suggesting that individuals who produce more of the IL-4
antagonist IL-4 delta 2 than IL-4 may be resistant to tumors.
Therefore, testing the natural levels of IL-4 delta 2 in
human serum is needed to determine the presence of
tumor-resistant individuals in population studies (Figure
4A). Similarly, testing for the level of IL-6 delta 3 in the
serum may provide information on tumor resistance.
It is also hypothesized (Figure 4B) that injection of the
IL-6 antagonist IL-6 delta 3 into the tumor microenvironment
will block IL-6 receptors (IL-6R) on the tumor cells and will
prevent the induction of IL-10 synthesis and release.
A new approach to prevent the skewing of the Th1/Th2
cytokine balance toward Th2 cytokines by tumor cells was
presented in recent experimental studies, reporting that
CpG ODNs which bind to TLR9+ PDCs induce the release
of large amounts of type I IFNs alpha and beta. The IFNs
inhibit the release of Th2 cytokines from the hematopoietic
cells, induce B cells to switch from IgE to IgG synthesis and
induce Th1 cells to release cytokines that activate the CTL
precursors to antitumor CTLs.
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Figure 4. The molecular-immunological basis for treatment of cancer
patients with the cytokine antagonists IL-4 delta 2 (A) and IL-6 delta 3
(B). A hypothesis.

c. Implications for cancer diagnosis and treatment.
The analysis of the experimental data reviewed above leads
to the following conclusions:
i) The adaptive immune response in tumor-bearing
individuals is inhibited long before a tumor can be
diagnosed by conventional methods. Therefore, routine
blood tests to determine the Th1/Th2 cytokines in the serum
of healthy and diseased individuals needs to be carried out
to determine the levels of the Th2 cytokines IL-4, IL-5,
IL-6 and the levels of Th1 cytokines IL-2, IL-12 and IFNalpha, IFN-beta and IFN-gamma.
ii) Individuals who display increased Th2 cytokine levels
in the serum should be tested for increased IgE and sCD23
serum levels. The presence of allergy or microbial infection
must be ruled out.
iii) At an early stage of tumor development, biotherapy
treatments should include IL-4 and IL-6 antagonists (after
determination of their efficacy in experimental models of
cancers). The treatment of tumor-bearing individuals should
be with cytokine antagonists combined with CpG ODNs
(Figure 5).
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Figure 5. Biotherapy of human cancers with a combination of cytokine
antagonists of IL-4 and IL-6 and interferon type I inducer CpG ODN – a
proposal.

iv) In individuals who had been diagnosed at a later stage
of tumor development, the levels of the serum Th2
cytokines will determine the amounts of the cytokine
antagonists required for biotherapy. Chemotherapy
treatment could be used to reduce the tumor mass.

F. Conclusion
The current use of chemotherapy and X-irradiation to
reduce tumor mass in cancer patients has led to
improvements in the health of cancer patients and remission
and even complete cure of different types of tumors.
However, these techniques did not take into consideration
that the clearance of a tumor depends on the patients'
adaptive immune response. The understanding of the
molecular and immunological mechanisms of the innate and
adaptive immune system cells led to the search for Th2
cytokine antagonists that counteract the increase of Th2
cytokines by tumor cells. Reactivation of the anticancer
adaptive immunity by using anti-Th2 cytokine monoclonal
antibodies in combination with CpG ODNs and Th2 cytokine
antagonists in combination with CpG ODNs will provide new
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avenues for anticancer treatments, with the potential to
develop curative antiviral drugs for cancer biotherapy. The
biotherapy approach aims to protect and reactivate the
patients' adaptive immunity against the tumor cells.
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