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Abstract

Cytokines are signalling proteins generated in most part by immune cells that have critical functions
in cellular lifespan. Here we present recent data on three selected anti-inflammatory cytokines: inter-
leukin (IL)-10, IL-4 and transforming growth factor B (TGF-p). IL-10 inhibits the synthesis of major
pro-inflammatory cytokines, chemokines, and mediates anti-inflammatory reactions. 1L-4 is a multi-
functional cytokine which plays a crucial role in the regulation of immune responses and is involved
in processes associated with development and differentiation of lymphocytes and regulation of T cell
survival. Transforming TGF-f, which in normal cells or pre-cancerous cells, promotes proliferation ar-
rest which represses tumour growth. In this review, we focus on the influence of IL-10, IL-4 and TGF-J3
on various types of cancer as well as potential of these selected cytokines to serve as new biomarkers
which can support effective therapies for cancer patients. This article is presented based on a review

of the newest research resullts.
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Introduction

Cytokines are signalling proteins generated in most
part by immune cells that orchestrate immune cell com-
munication and have critical functions in cellular lifespan.
For example, they initiate numerous signalling pathways
responsible for maturation, differentiation, cell migration,
cell survival and serve as activators of several immune
cells [1, 2]. Inflammation is a cytokine-mediated patho-
physiological process which rejuvenates injured tissue
and removes pathogenic agents that disturb homeostasis.
Cytokines can modulate anti-tumour responses as well as
promote cell transformation and malignancy during chron-
ic inflammation [2]. Cytokines are small molecular weight
proteins which are divided functionally into two groups:
pro-inflammatory and anti-inflammatory. Anti-inflamma-
tory cytokines suppress the activity of pro-inflammatory
cytokines and consequently downregulate the inflamma-
tory response [3, 4]. Pro- and anti-inflammatory cytokines
are also associated with cell rebalance [5]. The potential of
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immune system-based cancer therapies has driven an in-
tense interest in unravelling the complex cytokine network.

Recent studies discussed in this review were chosen to
illustrate current knowledge of interleukin (IL)-10, IL-4
and transforming growth factor § (TGF-f) cytokines, and
their effect on other cytokines, immune cells (Fig. 1) and
tumour cells [6].

Interleukin 10

IL-10 serves as a mediator of the anti-inflammato-
ry response [7] and as an inhibitor of macrophages and
dendritic cells (DCs). Interleukin 10 is the central im-
mune-regulator which affects growth and differentiation
of various hematopoietic cells. Additionally, IL-10 func-
tions in immunoglobulin class switching [8, 9]. Interleukin
10 is produced by monocytes, macrophages and various
T cell subsets. DCs, B-cells, NK-cells, eosinophilic gran-
ulocytes, myeloid-derived suppressor cells also produce
IL-10 [10, 11]. IL-10 is an anti-inflammatory cytokine
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which inhibits production of the major pro-inflammatory
cytokines (IL-1, IL-6, IL-8, IL-12 and TNF-a) by inhi-
bition of MHC II complex expression, costimulatory of
CD80 and CD86. Production of IL-10 by T regulatory
lymphocytes (Tregs) is enhanced by IL-2 through the
STATS signalling axis (STAT molecules participate in
intracellular signal transduction after cellular stimulation
by cytokines) [12]. The activity of IL-10 is mediated by
the IL-10 receptor (IL-10R) [9, 13], which triggers Janus
kinases (JAK) consequently activating STAT3 which is
both critical for expression of IL-10 and for proliferative
and anti-apoptotic functions [14-16]. Activation of STAT3
participates in IL-10-mediated homeostasis of Treg cells,
which is essential for its anti-inflammatory function [16].
In addition, production of IL-10 by Tregs has been impli-
cated in a protective mechanism against colon cancer as it
suppresses cancer-associated inflammation [17]. Previous
studies also suggest a reduced population of IL-10 produc-
ing T regulatory cells in colon cancer [18, 19]. In contrast,
IL-10 is responsible for the emergence of gastric [20, 21],
head, neck [22] and breast cancers [23].

Intratumoral CD8* T cells increase expression of in-
terferon (IFN) v in response to IL-10 [24]. Intratumoral
expression of IFN-y induces MHC class I and II expression
which is correlated with an improved clinical prognosis
[16, 25].

IL-10 is an immunosuppressive and anti-inflamma-
tory protein involved in cancer evasion, as previously
mentioned [26]. IL-10 also downregulates the immune re-
sponse to cancer [16] by the induction of neoplastic cell re-
sistance to cytotoxic T cell (Tc) action. This phenomenon
is caused by a low expression or inhibition of MHC I on
the cell surface likely resulting in a reduction in expres-
sion of the encoding transporters associated with antigen
processing TAP-1 and TAP-2 genes [26-28]. Hussain et al.
suggest that IL-10 induced by Helicobacter pylori can con-
trol production of immunoglobulin (Ig) E [29]. Regulatory
mechanisms of IL-10 expression are crucial for developing
therapeutic strategies directed against cancer-associated
impaired production [7]. In addition to IL-10 expression,
variants of the gene encoding IL-10 are also important. Qu
et al. showed the impact of three polymorphic sites in the
IL-10 gene: -592C>A (rs1800872), -819C>T (rs1800871)
and -1082A>G (rs1800896) on human papilloma virus and
Epstein-Barr virus-associated cancers (HEACs). Presence
of the 1082G allele increased the risk for nasopharyngeal
cancer in Asians by 74%. These data demonstrate that
changes in DNA also have an effect on circulating IL-10
and result in development of HEACs [30].

Salivary IL-10 has been implicated as a biomarker
distinguishing healthy individuals from patients with oral
squamous cell carcinoma [26]. A correlation between high-
er levels of salivary IL-10 in poorly-differentiated tumours
compared to levels within well-differentiated tumours was
found [26], and it was proposed that increases in HLA-G
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Fig. 1. Effect of IL-10, IL-4 and TGF-f on other cytokines
and immune cells

and IL-10 expression in tumours aid in immune response
evasion [26]. Subsequent studies by Xu et al. on samples
from patients with gastric cancer showed that percentages
of DC-10 (a unique subset of IL-10 producing myeloid DCs
characterized by a high expression of HLA-G) among pe-
ripheral blood mononuclear cells (PBMC) were increased
in gastric cancer patients compared to healthy controls
[31]. The authors found no correlation between HLA-G*
DC-10 and levels of plasma soluble HLA-G nor differenc-
es between mean fluorescence intensity (MFI) of HLA-G
expressed by DC-10 and plasma sHLA-G concentration
associated with TNM (tumour/node/metastasis) stages.
However, the percentage of HLA-G+ DC-10 was strongly
correlated with the tumour grade and peripheral HLA-G*
DC-10 may aid immunosuppression in gastric cancer [31].

Induction of calreticulin (CALR) expression (a chap-
erone protein which enhances DCs maturation and antigen
presentation) promoted DC type I maturation by upreg-
ulation of costimulatory molecules, MHC II expression,
enhancement of IL-12 production and reduction of IL-10
production in vitro [32]. Furthermore, monocyte activity
and differentiation to macrophages are regulated by con-
tact with tumour cells or tumour-derived microvesicles
(TMVs) [33]. Essa et al. provided evidence confirming
the hypothesis that “macrophages recruited to fight against
oral squamous cell carcinoma (OSCC) are functional-
ly differentiated within neoplastic stromata” by finding
a lower expression of tumour necrosis factor (TNF)-o and
IL-12 and a higher expression of IL-10 and M2 macro-
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phages-specific gene expression pattern. This result indi-
cates that M2 macrophages are differentiated from mono-
cytes after recruitment to tumour microenvironments [33].
A study conducted on monocyte-derived macrophages
(MDM) which were cultured with or without TMVs from
colon cancer cell lines showed that early contact of MDM
with TMVs caused a lower secretion of TNF and increased
secretion of IL-10 while late contact with TMVs had the
opposite effect [34]. Significantly higher serum levels of
immunosuppressive cytokines IL-10 and TGF-B1 were
found in patients with non-small cell lung cancer in com-
parison to healthy controls and benign tumours. Moreover,
tumour cells increased the expression of the FoxP3 gene
by demethylation of the Foxp3 gene promoter. It was sug-
gested that Foxp3* T cells were responsible for secretion
of IL-10 and TGF-p in tumour-bearing patients [35]. Stud-
ies of inflammatory response in association with a risk of
colorectal cancer recurrence showed significantly lower
plasma concentrations of IL-1, IL-6, IL-10 in patients who
had a positive prognosis in comparison to those who ex-
perienced postsurgical relapse. In addition, authors found
a linear correlation between plasma values of IL-10 and
VEGEF [36]. Colon cancer cell migration was found to be
correlated with levels of IL-10 and TNF-a [37].

In patients with glioblastoma (GMB) with elevated
levels of BLyS (B lymphocyte stimulator) in circulation,
an immune response of IL-10*Breg to vaccination was not
observed. The IL-10*Bregs level remained constant before
and after administration of vaccine and was not associ-
ated with peak anti-vaccine antibody titres, BLyS levels,
patient survival rates, progression-free survival or time to
radiographic progression of disease. However, there was
a significant change in the percentages of B cells in healthy
donor PBMC samples upon soluble BLyS addition, but
the level of IL-10"Bregs remained unchanged. The authors
state that “IL10*Bregs may not be a regulatory barrier in
the use of BLyS as a humoral adjuvant for vaccine-based
cancer immunotherapy” [38]. However, Bregs, which are
significantly enhanced in tongue squamous cell carcino-
ma (TSCC) microenvironments, affects CD4*CD25- T cell
conversion into Tregs through secretion of IL-10, a predic-
tor of a worse prognosis in patients with this type of cancer
[39]. Macrophages exposed to ionizing radiation (IR) were
found to sustain cancer cell activity in colon carcinoma
[40]. Irradiated macrophages remained viable and meta-
bolically active despite DNA damage. Moreover, irradiat-
ed macrophages exhibited a decrease in anti-inflammatory
markers IL-10, CD163 and MRCI genes [40].

IL-10 production has also been found to occur during
exposure of skin to ultraviolet (UV) light in studies of skin
cancer development in immunosuppressed individuals
[7]. Ultraviolet light induced DNA damage can mediate
generation of Tregs, Tregs activating macrophages, and
keratinocytes to produce IL-10 [41]. After UV radiation,
IL-10 can be secreted by activated macrophages that mi-
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grate into irradiated skin and suppress immune response
[42, 43]. This effect was counteracted by introduction of
IL-12 (a pro-inflammatory cytokine) in animal models that
were subjected to UV irradiation. Enk et al. suggested that
IL-10 can counteract IL-12, inhibiting T helper (Th1) cell
activation and simultaneously activating Th2 cells so the
overall effect of cytokines in UV exposed skin is biased
towards immunosuppression [3, 43].

High IL-10 serum levels were found to be associated
with shorter progression-free survival and overall survival
rate in patients suffering from multiple myeloma [44]. This
suggests that serum IL-10 is a novel and powerful prog-
nostic factor for multiple myeloma [45]. IL-10 has been
proposed to be a biomarker for breast cancer although
there are no data that show significant associations [41,
46, 47]. Surgical treatment of lung cancer could also in-
crease the number of IL-10 producing cells and negatively
influence survival of patients with lung cancer [47].

It was suggested that increased levels of IL-10 could
promote cancer development as Cai et al. showed that
higher frequencies of IL-10* tumour-infiltrating B cells
were associated with a larger tumour size and disease
stage in renal cell carcinoma [48]. Moreover, expression of
IL-10 in neoplastic and stromal cells in patients with oral
squamous cell carcinoma was also higher than in control
groups [49]. Similarly, Nowak et al. found that the level
of IL-10 produced by ovarian cancer cells from patients at
an advanced stage of disease was higher than produced by
ovarian cancer cells at disease inception [50].

We conclude that the impact of IL-10 on tumour cells
differs since this cytokine can either enhance or impair an
anti-tumour response (Table 1) depending upon cancer
type. Results presented in this review have been found to
be different for each type of neoplasm.

Interleukin 4

IL-4 is a pleiotropic cytokine involved in the regulation
of immune response associated with growth and survival
factors in lymphocytes [51]. The function of IL-4 is regula-
tion of T cell differentiation via the critical anti-tumour im-
mune response mTOR pathway [52] and as a B cell stim-
ulatory factor [53, 54]. Cells with CD40L (CD40 ligand)
expression after incubation with IL-4 generate a greater
amount of B cells subsequently generating anti-tumour
CDS8* T cells [55]. IL-4 induces anti-CD40 dependent IgG
class switch resulting in synthesis of IgG and IgM anti-
bodies and production of the IgE antibody from B cells
secreted by Th2 cells [56-58]. IL-4 also promotes Th2 cell
differentiation and inhibits Th1 cells [59].

In cancer microenvironments, IL-4 influences pathways
involved in cancer cell survival, proliferation and metasta-
sis [60]. Additionally, IL-4 influences cancer cell migration,
invasion and metabolism. All of these processes are medi-
ated via pathways which are activated by the IL-4 receptor
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Table 1. The effects of enhancing and impairing anti-tumour response by IL-10

Cytokine The effect of enhancing The effect of impairing anti-tumour response

anti-tumour response/
use in cancer therapy

1IL-10 IL-10 induces

phosphorylation

IL-10 negatively influences the immune response against cancer by inducing a low expression
or inhibition of MHC I and reducing the expression of TAP-1, TAP-2 genes [26-28]

of STATI leading to
the expression of IFN-y

Presence of the 1082G allele causes an increased risk of nasopharyngeal cancer in Asians [30]

in intratumoral CD8+

HLA-G and IL-10 aid tumour cells in immune surveillance evasion [26]

T cells [24]

Percentages of DC-10 cells are increased in gastric cancer patients [31]

Colon cancer cell migration capacity is partly correlated with IL-10 and TNF-o concentration [37]

Percentage of HLA"G* DC-10 is strongly associated with the tumour grade [31]

Significantly higher levels of serum IL-10 and TGF-f1 were found in individuals with non-small

cell lung cancer [35]

Conversion of CD4*CD25™ T cells into Tregs by IL-10 predicts a worse prognosis in patients

with cancer

Breg CD19* in TSCC is significantly higher than in adjacent normal tissue [39]

Higher frequencies of IL-10+ cells among tumour-infiltrating B cells correlate with a larger tumour

size and higher disease stage

IL-10* B cells promote cancer development and/or inhibit anti-tumour immunity in vivo [48]

Table 2. Enhancing effects of IL-4 in anti-tumour response

Cytokine The effect of enhancing anti-tumour response/use in cancer therapy

The effect of impairing
anti-tumor response

IL-4
compared to healthy individuals [68]

Patients with Barrett’s oesophagus have a higher proportion of IL-4 producing CD4* T cells

Not reported in cited
publications

a-GalCer, MPL and E7 DNA vaccine can be a rational combination of adjuvants providing
opportunities for the development of therapeutic vaccines for cervical cancer [78]

Synergizing tumour-Gal and CpG1826 can be a tumour-specific immunotherapy against human

cancer by reduction of IL-4 and IL-5 expression [79]

Selective blocking of Kv1.1 in CD4* T resulted in exclusive secretion of TNF-a by T cells
without elevating IFN-y, IL-10 and IL-4 in patients with cancer or chronic infectious diseases [80]

Increased concentration of MCP-3 or sIL-4R tertile in serum may indicate which men are more

vulnerable to colorectal polyps [84]

(IL-4R) through JAKSs protein phosphorylation. Predom-
inant pathways are IRS/PI3K/AKT and JAK/STAT6 and
mTOR [52]. IL-4 receptors are activated and expressed in
various types of cancers: pancreatic [61], bladder [42], ma-
lignant glioma [62], ovarian [63], lung [64], breast [65] and
colon [66] cancer. Cancer cells also produce IL-4 [67] and
this cytokine functions as an activator of tumour-associated
macrophages and myeloid-derived suppressor cells which
mediate pro-tumour activity [56]. These data implicate that
IL-4 is an important regulator in tumour microenvironments
and enhances anti-tumour response effects (Table 2).
Recent data suggest that higher frequencies of 1L-4
production are involved in switching from Th1 response in
oesophagitis to a Th2 response in Barrett’s oesophagus and
in metaplastic transformation. A higher proportion of CD4*
T cells compared to healthy and tumour cells in Barrett’s tis-
sue indicating a Th2 profile [68] and IL.-4 induced Th2 cell
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proliferation [69] have recently been reported. Sahoo et al.
suggested that Th2 and Tth (T follicular helper) cells utilize
specific mechanisms for regulation of IL-4 expression. In
contrast to Th2, regulation mechanisms of Tth-derived IL-4
are not fully elucidated. Understanding molecular mecha-
nisms for IL-4 expression and function in both cell subsets
as the authors suggest, will be beneficial for the develop-
ment of future therapeutic interventions [70].

IL-4 can also regulate proliferation, differentiation, and
apoptosis of various cell types [71-74]. IL-4 is also impli-
cated in disease stabilization and modification of the tumour
growth rate, inducing tumour shrinkage and cell death with-
out severe side effects. This suggests a possible adjuvant
role for IL-4 in the treatment of malignant diseases [4], al-
though, Li et al. states that “IL-4 is clearly a double-edged
sword for the tumour” since IL-4 has both potential in tu-
mour therapy and in tumour development [75].
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Nishio et al. suggest that IL-4 promotes morpholog-
ical changes of peripheral blood monocyte-derived mac-
rophages. Results showed that additional IL-4 exposure
significantly influenced morphology of TE-8, TE-11 and
TE-15 cell lines [69]. IL-4 is involved in differentiation of
monocytes into dendritic cells via activation of the JAK3-
STAT6 pathway, required for acquisition of the dendritic-
cell-specific demethylation and expression signature, fol-
lowing STAT6 binding. However, the IL-4R signalling
pathway can be omitted during STAT6 activation follow-
ing DC-specific methylation changes in the absence of
IL-4 [76]. Studies performed by Colangelo et al. showed
that miR-27a is a negative regulator of apoptotic and au-
tophagy pathways in human colorectal cancer cells and
suggest that miR-27a impairs the cell response to drug-in-
duced immune cell-death (ICD) through the regulatory
axis with CALR. Moreover, a high expression of miR-27a
impeded dendritic cell maturation, increased secretion of
IL-4, IL-6 and IL-8 and negatively influenced CD4* T-cell
IFN-y production and proliferation [77]. In a subsequent
study, the combined adjuvant activity of a-Galactosylcer-
amide (a-GalCer) and Monophosphoryl lipid A (MPL) in
DNA vaccine-induced protective and antitumor immunity
in a cervical cancer model was investigated. The results
showed that DNA vaccine adjuvanted with a combination
of a-GalCer and MPL caused a significant increase in lym-
phocyte proliferation, cytotoxic T cell activity, IFN-y, IL-4
and IL-12 responses, and response against tumour cells.
The combination of a-GalCer and MPL results in more ef-
fective immunostimulation compared to the DNA vaccine
combined with individual adjuvants or unadjuvanted DNA
vaccine. Therefore, application of rational combinations of
adjuvants provides opportunities for the development of
therapeutic vaccines for cervical cancer [78]. Dong et al.
suggest that vaccination by synergizing tumour-Gal and
CpG1826 (cytosine-phosphorothioate-guanine, the TLR9
(CD289) agonist) caused redirection of Th2 responses
toward Th1 with enhanced IL-2 and IFN-y and reduced
IL-4 and IL-5 expression. Thus, a novel synergized vac-
cine against murine colon cancer can be further devel-
oped as a tumour-specific immunotherapy against human
cancer [79]. A study of human T cells incubated with the
Kv1.1-selective blocker Dendrotoxin-K (DTX-K) showed
that DTX-K induced an exclusive secretion of TNF-a by
normal human T cells without elevating IFN-y, IL-10 and
IL-4 secretion unlike ‘classical’ TCR activation (via the
TCR/CD3 complex) that generates a much higher secretion
of TNF-a, IFN-y, IL-10 and IL-4. The authors hypothe-
size that selective blocking of Kv1.1 in CD4* T cells in
patients with cancer or chronic infectious diseases is ther-
apeutic due to beneficial secretion and delivery of TNF-a
to disease-affected sites, induction of recruitment and ex-
travasation of curative immune cells and factors, and im-
provement of drug accessibility to the brain and peripheral
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organs, and TNF-o-induced increases in permeability of
organ barriers [80].

A study performed on patients suffering from salivary
gland tumours to assess Th1l and Th2 cytokine levels did
not indicate any significant differences in the serum level of
IFN-y and IL-4 between tumour-bearing patients compared
to healthy control subjects or between those bearing benign
and malignant salivary gland tumours. This result suggests
that IL-4 and IFN-y are not associated with salivary gland
tumours [81]. Lam et al. studied the association between se-
rum cytokines (IL-6, IL-8, TNF-a,, IFN-y, IL-1p, IL-2, IL-4,
IL-10, IL-12 and IL-13) and oral human papillomavirus
(HPV) clearance in patients with prevalent HPV, incident
HPYV and no HPV. Cytokines such as IL-4, IL-1p, IL-12
and IL-13 displayed low detectability and the detection of
these cytokines was not associated with reduced oral HPV
clearance. Nevertheless, high serum levels of TNF-o were
associated with reduced clearance of oral HPV infection in
both men and women, while a high IL-2 concentration was
associated with reduced clearance only in men [82].

Lee et al. suggest that IMJD6 (Jumonji domain-con-
taining protein 6) induces transcription of IL-4 by binding
to its promoter region indicating that the IMJD6-1L4 axis
is important in oral cancer stem cells. Jumonji domain-con-
taining protein 6 is a molecular determinant of the cancer
stem cell phenotype and its inhibition may be an effective
therapeutic modality against oral cancer [83]. Comstock
et al. found an association between monocyte chemotactic
protein-3 (MCP-3) and soluble IL-4 receptor (sIL-4R) with
occurrence of colorectal polyps. These findings indicate
that serum factors such as sIL-4R can be potentially useful
for prediction of the occurrence of colorectal polyps [84].

Freshly isolated lymphoma cells activated by multim-
eric CD40L and IL-4 in order to support their survival in
vitro varied in sensitivity to lenalidomide, and the regula-
tory effect of Tregs on lymphoma cells ranged from sup-
pression to a benefit in individual patients. Lenalidomide
potentiated or attenuated Treg effects on the survival of
freshly isolated lymphoma cells [85].

Transforming growth factor-3

TGF- is a cytokine involved in several functions in
a variety of cell types, including regulation of prolifera-
tion, differentiation, wound healing, development, cyto-
kine secretion and motility in cancer cells. These process-
es have critical functions in tumour progression [86-88].
TGF-f binds with high affinity to the transmembrane
TGF-B type II receptor via receptor TGF-3 type I to ac-
tivate TBR1 kinase [89]. Activated TBR1 phosphorylates
associated SMAD family member receptors (Receptor
regulated Smads — R Smads) Smad2 and Smad3. Phos-
phorylated Smad2/Smad3 creates a complex with Smad4
termed the Smad factor and translocates into the nucleus.
Inactivation of Smad4 results in impairment of the TGF-3
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Table 3. The influence of TGF-§ on tumour microenvironment

Cytokine The effect of enhancing anti-tumour response/use in cancer therapy

The effect of impairing anti-tumour response

TGF-B TGF-f leading to tumour suppression functions through an EMT and

mediated disruption of a lineage-specific transcriptional network [96]

Up-regulation of CXCR2 and TGF-f leads to
changes in ovarian cancer towards a more invasive
phenotype [111]

Zyxin activation can play a critical role in regulation of Yap protein
TGF-f and the Hippo pathway may be good therapeutic targets against
cancer [97]

The PRRX2 gene may be involved in a mechanism
contributing induction of TGF- and in
consequence invasion of epithelial mesenchymal
transition in breast cancer [43]

Salinomycin as an inhibitor of TGF-f1-induced EMT may be a new
class of anti-cancer drugs [105]

The E2F5/p38/pSMAD3L axis plays an important
role in converting tumour-suppressive TGF-§
signalling into pro-tumorigenic signalling in
prostate cancer cells

Reduction of E2F5 and p38 genes leads to the arrest
of prostate cancer cells in the G1 phase of the cell
cycle [115]

Breaking of the TGF-B/Crk axis may be an effective target of cancer
therapy
TGF-f increases CrkI which plays a central role for EMT [100]

B2M which is regulated via the TGF-f signalling
pathway is a positive regulator in the proliferation,
migration and invasion of ovarian cancer cells [116]

Cdhl could be a therapeutic target for endometrial cancer and other
human cancers and shows inverse relationship between: Cks1/Skp2
and p27 and/or dysregulated TGF-f signalling [101]

TRIM25 promotes cell migration and invasion by
activating the TGF-f pathway [117]

TGF-BRII and FZD-7 inhibit proliferation and metastasis of human
hepatocellular carcinoma (HCC) cells [102]

TGF-P rather than activin is crucial for mediating
IR-induced effects on cell motility [118]

PX-866 and raloxifene downregulate the PI3K/Akt pathway and
upregulate TGF-f and in consequence decrease proliferation of breast
cancer cells [104]

Androgen may inhibit expression of TGF-f in mesenchymal stem cells
and blockade treatment in prostate cancer therapy [106]

Silencing of the USP4 gene can inhibit invasion of cancer via the
Relaxin/TGF-B1/Smad2/MMP-9 signal
The USP4 gene is an attractive target for breast cancer therapy [107]

Curcumin may inhibit invasion and metastasis of papillary thyroid

cancer by suppressing the TGF-B/Smad2/3 pathway and down-regulating

expression of MMP-2 and MMP-9 genes [108]

Nobiletin has an influence on TGF-B1/Smad3 signalling and prevents
epithelial-mesenchymal transition [109]

The TGF-B-PMEPAL axis could be a new therapeutic target for breast
cancer [110]

SDPR expression is downregulated in breast cancer tissues and supresses

breast cancer by blocking TGF-B-induced EMT [113]

The Slug/Wnt-5b/MMP-10 signalling axis is stimulated by TGF-3

in human oral squamous cell carcinoma and supresses expression of
SDPR which could reduce cell proliferation, invasion and promote cell
apoptosis [114]

signalling pathway which is often found in pancreatic
cancer [86]. With regards to cancer, TGF-f has contrary
functions as a tumour suppressor in invasion metastasis
and as a promoter in later stages (Table 3) [86, 87, 89]. In
lung cancer cells, it was demonstrated that epigenetically
silenced TGF-B co-receptor endoglin takes advantage of
the pro-invasive and pro-metastatic effects of TGF-f. In
the case of melanoma formation, TGF-f signalling leads
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to secretion of IL-8, leading to the formation of capillaries
and angiogenesis. TGF-f signalling also supports tumour
phenotypes and associated fibroblasts, promotes epitheli-
al-mesenchymal transition (EMT), increases local invasion
and cancer [87]. In early cancer stages, the role of TGF-f
has been well documented [87, 90], however, TGF- may
also promote tumour progression in more advanced stages
[91]. TGF-B mediates the inhibition of T cell proliferation,
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reduces IL-2 production, downregulates c-myc, upregu-
lates cyclin-dependent kinase inhibitors, and mediates the
inhibition of T cell proliferation. T cells proliferation can
be restored by costimulation with CD28 which is important
in blocking TGF-f [92, 93].

In summary, TGF-f is expressed in most cell types and
when it is bioactive, it can bind to various non-receptor cell
surface proteins such as decorin and betaglycan which also
regulate its bioavailability [94]. Additionally, this protein
in normal cells or pre-cancerous cells promotes prolifer-
ation arrest and consequently represses tumour growth
while in advanced tumour cells promotes EMT and tu-
mour metastasis. These contrary functions can arise from
the complex regulation network among various types of
parallel TGF-3 pathways [94, 95].

David et al. studied dual effects of TGF-f in pancreat-
ic ductal adenocarcinoma. The authors showed that TGF-
can act pro-tumorigenic by induction of an epithelial-mesen-
chymal transition (EMT). On the other hand, it also caused
lethal EMT by converting TGF--induced transcriptional
factor Sox4 from pro-tumorigenic into pro-apoptotic [96].
Hypoxia-induced TGF- may also participate in regulation
of Hippo signalling (a pathway which affects the control
of organ size, cell growth and tissue homeostasis) through
Zyxin. Moreover, TGF-$ also affects functioning of tumour
suppressors (Lats2) and oncogenes (Yap). Thus, it has been
suggested that investigations concerning mutual regulation
of hypoxia by TGF-f and the Hippo pathway may afford
therapeutic strategies against cancer [97]. Moreover, it was
demonstrated that hypoxia promoted the secretion of exo-
somes in cancer cells which contain the immunosuppressive
cytokines TGF-3 and IL-10 [98]. Farhana et al. showed that
micro RNA miR-1207 is involved in regulating stemness in
colonic epithelial cells in African-Americans. Additionally,
miR-1207 induced a higher expression of TGF-f in normal
human colonic epithelial cells [99]. New signalling cooper-
ation between TGF- and Crk (signalling adaptor protein)
forms was found by Elmansuri ef al. and they suggest that
the TGF-B/Crk axis may become an effective target for
cancer therapy [100]. Cadherin-1 (Cdh1) was found to be
the master regulator of TGF-B-induced preservation of p27
tumour suppressor activity. Consequently, Cdhl appears
to be a potential therapeutic target for endometrial cancer
and other human cancers showing an inverse relationship
between Cks1/Skp2 and p27 and/or dysregulated TGF-f3
signalling [101]. Chen et al. demonstrated that simulta-
neous blocking of TGF-f3 and the Wnt/B-catenin pathway
by short hairpin RNA (shRNA) silencing TGF-f receptor
IT (RIT) and Frizzled receptor (FZD)-7, exerted a synergis-
tic anti-tumour effect on human hepatocellular carcinoma
(HCC) cells. These data suggest the development of a nov-
el treatment strategy which may have better efficiency in
treatment of HCC [102]. It was also shown that PX-866 (an
inhibitor of phosphoinositide-3-kinase) [103] and raloxifene
(a competitive ligand of oestrogen receptor) downregulate
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the PI3K/Akt pathway and upregulate TGF-f caused by
a decrease in transcription of hTERT (human telomerase
reverse transcriptase) and Cyclin D1 and other genes which
consequently decrease proliferation of breast cancer cells
[104]. Moreover, salinomycin (a potassium ionophore anti-
biotic) can be used in breast cancer therapy as an inhibitor
of TGF-B1-induced EMT and may be a promising tool of
anti-cancer treatment [105]. In another study, the authors
agreed with previous studies indicating that androgen might
inhibit expression of TGF-B in mesenchymal stem cells
(MSCs) and can block treatment in clinical prostate cancer
therapy. Androgen blockade may elicit the expression of
TGF-B in mesenchymal stem cells leading to transforma-
tional androgen-dependent human prostate cancer cells in
an androgen-independent manner [106].

Studies conducted on breast cancer cells show that
silencing the USP4 gene can inhibit invasion of this can-
cer via a Relaxin/TGF-B1/Smad2/MMP-9 signal mak-
ing this gene an attractive target for breast cancer thera-
py [107]. Moreover, curcumin may inhibit invasion and
metastasis of papillary thyroid cancer by suppressing the
TGF-p/Smad2/3 pathway and subsequently downregu-
lating expression of MMP-2 and MMP-9 matrix metal-
loproteinases [108]. Nobiletin, a polymethoxy flavonoid
from Citrus depressa, also has an influence on TGF-1/
Smad3 signalling and prevents EMT [109]. Addition-
ally, the TGF-B-PMEPA1 axis (PMEPAI1 - prostate
transmembrane protein, androgen-induced 1) could
serve as a new therapeutic target for breast cancer treat-
ment [110]. Interestingly, volatile anaesthetics increased
the expression of TGF-3 and other genes, while upreg-
ulation of TGF-f enhanced ovarian cancer aggressive-
ness [111]. It has been suggested that TGF-3 can induce
bladder cancer via mTORC?2 signalling [112] whereas
upregulation of PRRX2 (paired related homeobox 2)
gene may be a mechanism contributing to TGF-B-induced
invasion and EMT in breast cancer [43]. Tian et al. showed
that the expression of serum deprivation response factor
(SDPR) was decreased in breast cancer tissue and SDPR
supressed progression of breast cancer by blocking TGF-
B-induced EMT [113]. Moreover, TGF-f is involved in
invasion of oral squamous cell carcinoma through the
upregulation of matrix metalloproteinase (MMP)-10 ex-
pression [114]. The E2F5/p38/pSMAD?3L axis is involved
in converting tumour-suppressive TGF-f signalling into
pro-tumorigenic signalling in prostate cancer cells [115].
A study of epithelial-type ovarian tumours showed that
beta-2-microglobulin (B2M) is involved in regulation of
proliferation, migration and invasion of ovarian cancer
cells regulated via the TGF-f signalling pathway [116]. In
addition, a study on gastric cancer showed that Tripartite
Motif Containing 25 (TRIM25) might promote cell migra-
tion and invasion by activating the TGF-f pathway [117].

Rao et al. tested ionizing radiation (IR), a major cancer
treatment modality, on lung and pancreatic carcinoma cells
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in view of the possibility that IR leads to secondary malig-
nancies. The authors observed that IR induced the synthe-
sis and secretion of both TGF-f1 and activin A as well as
hyperactivation of intracellular TGF-fB/activin signalling.
Generally, the results obtained indicated that irradiation
contributes to EMT-associated changes like metastasis,
cancer stem cell formation and chemoresistance of tumour
cells via activation of TGF-p signalling [118].

In conclusion, a better understanding of the TGF-f
pathway will improve our ability to target it, provid-
ing more tools for cancer prevention [44]. Studies have
demonstrated that microRNAs also take part in controlling
pathways that play a critical role in cellular processes [119,
120]. For example, miR-187 was shown to suppress the
progression of colorectal cancer by controlling TGF-f/
Smad-mediated EMT [121]. It has been suggested that
siRNA may provide a potential therapeutic application for
patients with various tumour types [121].

Conclusions

The data described herein show variation in the influ-
ence of IL-10, IL-4 and TGF-f cytokines and the differ-
ences depend on the type of cancer. These results are likely
due to the complexity of pathways and axes in which other
molecules participate; this results in changes in protein con-
formation, methylation profile and regulation of the expres-
sion level. Moreover, besides having anti-cancer properties,
cytokines facilitate cancer cell evasion from immunosur-
veillance mechanisms, thereby promoting survival of cancer
cells. Elucidation of IL-10, IL-4 and TGF- function, path-
ways in which they participate, and processes in which they
are regulated by other molecules such as non-coding RNAs
such as miR-27a, miR-187, and miR-1207 is needed for the
realization of new effective therapies for cancer patients.
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