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In view of the fact that insuﬃciency in immune response often correlates with poor prognosis, research in recent years
has focused on the task of describing the precise status and function of the immune system and its possible eﬀect on cancer
patients. Although more than two thirds of treated patients respond to endocrine therapy, most patients with metastatic
breast cancer develop a resistance to it. Estrogen modulates angiogenesis, partially through its eﬀects on vascular endothelial
growth factor (VEGF). It also appears that transforming growth factor-beta (TGF beta) could be another factor contributing
to this resistance. TGF beta is a highly immunosuppressive factor that inhibits natural and speciﬁc immunity against tumors
and stimulates the production of VEGF.
The purpose of the study was to monitor immune responses in patients with hormone receptor-positive breast cancer who
were resistant to hormone therapy. The examination of cellular components (CD4, CD8, HLA-DR, NK cells) and humoral
immunity (IgG, IgG subclasses, IgA, IgM,). TGF beta and VEGF production were monitored with special attention, along
with an analysis of the changes that occurred during the hormonal treatment. 68 patients included in the research project
were implemented with routine cancer treatment with endocrine therapy. Basic parameters (the histological type and grade,
the degree of expression of estrogen receptors (ER) and progesterone receptors (PR), human epidermal growth factor receptor 2 (HER2), and the proliferative marker) were established. Patients were evaluated by a cancer clinical immunologist to
exclude immune disorders, allergic or autoimmune origin. TGF beta and VEGF were measured by ELISA and antitumor
cellular immunity (CD4, CD8) was measured by ﬂow cytometry. Patients who failed in the ﬁrst line of hormone therapy
treatment were considered as resistant to hormone therapy.
Depression in cellular immunity was found especially in patients with resistance to endocrine therapy. In addition, immunoglobulin plasma levels were decreased (mainly IgG4 subtype). Most patients showed clinical symptoms of immunodeﬁciency (frequent infections of respiratory or urinary tract, herpetic infections). Signiﬁcant increases in TGF beta and
VEGF plasma were also detected.
The correlation of these factors with resistance to hormonal therapy and the state of anticancer immunity could be helpful
in the task of predicting resistance to hormonal therapy and could contribute to the selection of targeted immune therapy
in cancer patients in the future.
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Despite recent diagnostic and therapeutic advances, breast
cancer remains the second leading cause of cancer mortality in
females in aﬄuent countries. The etiology of breast cancer is
complicated and not completely understood. Recent studies have
focused on the roles of immunity and inﬂammation [1, 2].
The immune response may play an important role in cancer progression. An active antitumor immune proﬁle usually

correlates with improved chances of survival. In breast cancer,
some studies have reported that cytotoxic lymphocyte inﬁltration is associated with better survival. It has been shown that
CD8+ lymphocyte inﬁltration is an independent favorable
prognostic indicator in basal-like breast cancer [3, 4, 5].
CD8+ T cell-mediated type 1 immune responses can enhance the accumulation of distinct endogenous CD8+ and
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CD4+ T cells and facilitate their antitumor function within
the tumor microenvironment [6, 7]. Correspondingly, T cell
deﬁciency or disruption of speciﬁc cytotoxic mechanisms can
render experimental animals more susceptible to spontaneous
or chemical carcinogenesis [8, 9]. In metastatic breast cancer
patients, the number of treatment cycles inﬂuences the development of cytotoxic T cells [10].
Another factor contributing to immunodeﬁciency might
be transforming growth factor-beta (TGF beta), a neoangiogenetic and potent immunosuppressive factor reducing cellular
anti-tumor immunity (inhibition of antigen-presenting cells,
NK cells, stimulation of T regulatory cells).
Breast cancers are comprised of heterogeneous subtypes of
various prognoses. Hormonal therapy is the basic treatment
for patients with hormonal dependent breast cancer. Increased
expression of hormonal receptors is an important condition
of the eﬀectiveness of hormonal therapy. Despite a rise in the
use of selective aromatase inhibitors, antiestrogen therapy is
still very important. Estrogen‘s modes of actions are transmitted into the cell through nuclear receptors (estrogen receptors
(ER)/progesterone receptors (PR)). After activation, those
receptors serve (together with other regulatory molecules) as
transcription regulators. Increased expression of hormonal
receptors is an important condition in the eﬀectiveness of
hormonal therapy. Antiestrogens are the base of hormonal
treatment in patients with hormone-dependent breast cancer,
and those patients with metastatic disease receive hormonal
therapy in the neoadjuvant as well as in the adjuvant indication. Although more than 2/3 of treated patients respond to
hormonal therapy, the eﬀectiveness of hormonal treatment
is mostly time-limited as most patients develop a resistance
to this treatment. Developing resistance in patients with hormonal dependent carcinomas is a complex process, which
interferes with intracellular signal transduction on the molecular level.
Endocrine therapy is widely used for estrogen-receptor-positive breast cancer. However, many of these patients experience
a recurrence in spite of endocrine therapy, by incompletely
understood mechanisms. The variability in distant recurrence-free survival found in endocrine-treated patients may
be a result of diﬀerences in drug metabolism. There are some
publications showing that resistance to endocrine therapy
could be due to diﬀerences in activity in metabolic enzymes
as a result of genetic polymorphism [11]. However, results are
in contradiction to prior hypotheses and the present sample
size is relatively small.
Apart from human epidermal growth factor receptor 2
(HER2), there are no known predictive markers of resistance
to antiestrogen therapy. The role of TGF beta, inﬂuencing
hormonal receptors and being a potent immunosuppressive
factor reducing cellular antitumor immunity, is currently being
discussed [10]. Molecular prediction of resistance could provide an opportunity to optimize therapy strategy. Developing
resistance in patients with hormonal dependent carcinomas
is a complex process, which interferes with intracellular signal
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transduction on the molecular level. It was shown, that aside
from activated HER pathway, TGF beta plays an important
role in hormonal resistance and that TGF beta may inﬂuence
hormonal receptors [12, 13].
Paradoxical acting of TGF beta could be based on disruption of the balance between various signaling pathways, such
as Smad and Ras/MAPK pathways, which are involved in
mediating, and tumor suppressor and anti oncogenetic eﬀect
of TGF beta. Smad and Ras/MAPK pathways also seem to have
a central role in the HER signaling pathway [14].
Estrogens stimulate positive elements of growth factor signaling pathways, including cell attachment factors which may
facilitate growth factor-directed cell proliferation. Estrogens
can promote the autocrine expression of growth factor signaling pathway components and inhibit growth factor signaling
pathways. It was shown that there is an estrogen and growth
factor cross-talk and endocrine insensitivity and acquired
resistance in breast cancer [15].
Although TGF beta is known as a marker of invasiveness
and metastatic capacity in breast cancer cells, this marker has
never been considered to be introduced in routine clinical
setting. TGF beta is an ER regulated biomarker which acts
synergistically with HER2.
Clinical signiﬁcance of determination ER and HER2 status
could be improved, when they are related with TGF beta as
additional biomarker. It seems that TGF beta could make
a diﬀerence regarding prognosis and prediction in breast
cancer patients.
It was shown that TGF is involved in tumor malignancy
and lymph node metastasis and could be used clinically as
a useful tumor marker for evaluating the extension and the
outcome of the disease. There is also some clinical evidence
for a signiﬁcant association between HER2 and serum TGF ,
resulting in more aggressive phenotype of the tumor and poor
prognosis [16].
Proliferation of many breast cancer cells is under the control
of sex steroids estrogen and progesterone. Such proliferation
allows for an expansion of tumor tissue which requires new
blood vessels for nourishment.
Estrogens influence angiogenetic processes resulting
into metastasis particularly through vascular endothelial
growth factor (VEGF), natural and synthetic progestins
induce VEGF in breast cancer cells through the progesterone receptor [17]. VEGF is a key mediator of angiogenesis.
VEGF-targeting therapies have shown significant benefits
and have been successfully integrated in the routine clinical practice for other types of cancer, such as metastatic
colorectal cancer.
An increasing amount of data is evolving in preclinical models, suggesting that ovarian steroids cause cyclical
changes, which have an impact on angiogenesis, and estrogen modulates angiogenesis, in part, through the eﬀects on
VEGF.
Progesterone mechanisms involved in progesterone eﬀects
on genes implicated in control of cell cycle, proliferation,
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angiogenesis and metastasis, such as epidermal growth factor receptor (EGFR), whose promoters lack sequences, and
VEGF which gene contains progesterone response elements
in its promoter region [18].
Therefore VEGF as well as TGF beta are suggested to act
as predictive markers of the disease progression. VEGF is
a multifunctional glycoprotein acting as a speciﬁc mitogen
for endothelial cells and increasing vascular permeability
as well. High VEGF levels were described in various human
cancer types (breast cancer, endometrial cancer, and ovarian
cancer) and the correlation of VEGF levels with the therapy
response, disease stage and bad prognosis are currently being discussed. VEGF is a neo-angiogentetic factor increasing
tumor neovascularization and metastasizing [19].
The aim of the study was to seek new predictive markers
of therapy response in breast cancer patients who were resistant to hormone therapy in particular immunity response by
monitoring TGF beta and VEGF plasma levels as well as the
cellular immunity response (CD8, CD4).
Materials and methods
Study subjects. Between 2010 and 2012, 68 patients with
breast cancer who were resistant to hormone therapy were
involved in the study. Patients who failed in the ﬁrst line of
hormone therapy treatment were considered as resistant to
hormone therapy.
The histological type and grade, the degree of expression
of ER and PR, HER2, and the proliferative marker were
established. Patients were treated according to standard
therapy protocols and indications, in standard doses. The
68 examined adult women with histologically conﬁrmed
invasive breast cancer had a median age of 56 years. Of
these women 55 were postmenopausal (81%) and 13 premenopausal (19%). 63 women underwent surgery. Ablation
with exenteration of axilla was done in 25 cases, partial
resection with exenteration of axilla in 25 cases and with
sentinel lymph node dissection in 13 cases. 5 women not
underwent surgery due to a locally advanced disease or generalization. 1 patient was staged as 0 at the time of operation
(after neoadjuvant treatment), 35 patients were staged as I,
25 as II, 5 as III and 2 as IV. From the histological point of
view it was mainly invasive ductal carcinoma, namely in 52
cases. Lobular cancer was diagnosed in 11 cases and other
histological type in 5 cases. All tumors were hormonal dependent, ER and PR were present in all of them. In 50 cases
ER were positive for more than 50% of the cells. In 16 cases,
between 5 and 50% and in 2 cases under 5%. In 35 cases PR
were positive for more than 50% of the cells. In 27 cases,
between 5 and 50% and in 6 cases under 5%. In all cases
HER2 was negative. Patients in this study have had similar
treatment cycles. All patients were treated by neoadjuvant or
adjuvant chemotherapy (AC-D [4x doxorubicin with cyclophosphamide and then 4 times docetaxel], FEC [6 cycles of
ﬂuorouracil, epirubicin and cyclophosphamide] or CMF [6

cycles cyclophosphamide, methotrexate and ﬂuorouracil])
and all patients were at least 2 years without chemotherapy
in the time of sample collection. In the ﬁrst line of hormonal
therapy 53 women were treated with tamoxifen, 14 with aromatase inhibitor and 1 with exemestane. In the second line
chemotherapy tamoxifen was given to one patient, aromatase
inhibitor to 22 women, exemestane to 3 and fulvestrant to 3
women. After progression, a third line of hormonal therapy
was given to 16 women (to 2 aromatase inhibitor and to 14
fulvestrant) and a fourth line was given to 3 women (to 2
exemestane and to 1 fulvestrant). Patients were evaluated by
a clinical immunologist to exclude immune disorders, such
as allergy, autoimmunity or immunodeﬁciency.
The control group comprises of 48 healthy women with
normal laboratory results in cellular as well as in humoral
immunity, with a median age of 53 years. 39 of the women
were postmenopausal and 9 premenopausal.
TGF beta and VEGF determination assay. For each
sample, 5 ml of plasma was collected into a polypropylene
tube and stored at -20°C. Plasma TGF beta level was determined by capture ELISA according to the instructions
given by the manufacturer (R&D Systems, Inc. USA), using Monoclonal Anti-human TGF beta Antibody, (R&D
Systems, Inc. USA). Plasma VEGF level was determined
by capture ELISA Systems using Monoclonal Anti-human
VEFG Antibody R&D Systems. In brief, 100 µl of the capture
antibody was transferred to an ELISA plate and incubated
overnight at room temperature. Each well was then washed
three times with a wash buﬀer. After removing the buﬀer, the
plates were blocked by adding 300 µl of phosphate-buﬀered
saline (PBS) containing 0.05% Tween, 5% sucrose and 0.05%
NaN3 to each well and incubating at room temperature for
a minimum of 1 hour. 100 µl of blood plasma sample per well
was added, the ELISA plate was covered with an adhesive
strip and incubated for 2 hours at room temperature. 100 µl
of streptavidin HRP (R&D Systems, 1/200 in appropriate
diluent) was added to each well; the plate was covered
and incubated for 20 minutes at room temperature. After
subsequent addition of Substrate Solution and Stop Solution (both R&D Systems, Inc.), the optical density of each
well was determined within 30 minutes, using a microplate
reader set to 450 nm.
Flow cytometry. Antitumor cellular immunity (CD4,
CD8, NK cells, HLA-DR) was measured by ﬂow cytometry.
(Cytometr Navios, Software Navios, v.01 Beckman Coulter,
monoclonal antibodies: CD4-APC-Alexa Fluor 750, clone
13B8.2, IgG1, cat. no A94682 Beckman Coulter, CD8-Phycoerythrin-Cyanine7, clone SFCI21Thy2D3, IgG1, cat. no 737661
Beckman Coulter, CD16-Phycoerythrin, clone 3G8, IgG1, cat.
no A07766 Beckman Coulter, CD3/HLA-DR-Fluorescein isothiocyanate/Phycoerythrin, clone UCHT1, IgG1/IgG1, cat. no
A07737 Beckman Coulter, Isotypic Control-Fluorescein isothiocyanate/Phycoerythrin, clone 679.1Mc7, IgG1/IgG1, cat.
no A07794 Beckman Coulter, CD45/CD56/CD19/CD3-Fluorescein isothiocyanate/Phycoerythrin/Phycoerythrin-Texas
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Figure 1. TGF beta in plasma of breast cancer patients as compared
with control, the plasma levels of TGF beta were signiﬁcantly increased
[p < 0.0001].

Figure 2. VEGF plasma level in patients with breast cancer as compared
with controls, the VEGF plasma level was signiﬁcantly increased [p <
0.0001].

Red-X/Phycoerythrin-Cyanine5, clone B3821F4A/N901NKH1/J3-119/UCHT1, IgG2b/IgG1/IgG1/IgG1, cat. no 6607073
Beckman Coulter).
Determination of Immunoglobulins was done by Beckman
Coulter Immage 800 Immunochemistry System (Nelphelometry).
Statistics. For statistical analysis, Prism 4 (Graph Pad
Software Inc.) was used. The relationships between variables
were obtained using Spearman’s nonparametric test and differences between variables were determined by employing the
Mann-Whitney U-test. A statistical comparison of intra- and
inter-individual variation was carried out by use of one-way
analysis of variance (ANOVA).

pg/ml± 8.053 (median, standard error) as compared with
control 26.pg/ml ±3.456. Maximum of VEGF level measured
in patients’ plasma was 338.3pg/ml, in the healthy control 52
pg/ml.
Cellular immunity. We observed a signiﬁcant decrease
[p < 0.0001] in cell mediated antitumor immunity, mainly
lower level of CD8+ T lymphocytes (cytotoxic eﬀector cells)
(Fig.3).
In breast cancer patients resistant to hormone therapy,
CD8% was 24.19%, ± 8.663 (mean, standard deviation) as
compared with the control group 35.67%±3.716. There was
a signiﬁcant diﬀerence between medians of both groups [p <
0.001]. In patients, CD8% was 24± 1.051 (median, standard

Results
TGF beta. In the group of 68 patients with hormone
resistant breast cancer, the plasma levels of TGF beta were
signiﬁcantly increased [p < 0.001], as compared with the
healthy controls. The TGF beta results are demonstrated in
Fig.1. In patients, TGF beta levels were 13.02 ng/ml± 5.358
(mean, standard deviation) as compared with control group
4.927 ng/ml±2.084. There was a signiﬁcant diﬀerence between
medians of both groups [p < 0.001]. In patients, TGF beta
levels were 13.34 ng/ml± 0.6497 (median, standard error) as
compared with control 4.3 ng/ml±0.5381. Maximum of TGF
beta level measured in patients’ plasma was 23.95 ng/ml, in
the healthy control 9 ng/ml.
VEGF. VEGF plasma level was signiﬁcantly increased
[p < 0.0001] in breast cancer patients resistant to hormone
therapy (Fig.2). VEGF levels were 95.35 pg/ml ± 66.41 (mean,
standard deviation) as compared with control group 25.8pg/
ml±13.39. There was a signiﬁcant diﬀerence between medians
of both groups [p < 0.001]. In patients, VEGF levels were 80.6

Figure 3. Cytotoxic T lymphocytes (CD8%) in patients with breast cancer
as compared with controls, the level of CD8+ T lymphocytes (cytotoxic
eﬀector cells) was signiﬁcantly lowered.
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Figure 4. B cells (CD19) in patients with breast cancer as compared with
controls. The percentage and absolute number of B lymphocytes (CD19)
was decreased [ p < 0.05].

Figure 5. Immunoglobulins levels (IgG4) in humoral immunity in patients
with breast cancer as compared with controls, there was a signiﬁcant decrease [p < 0.0001] of immunoglobulins levels mainly in class IgG4.

error) as compared with the control 36%±0.9595. Minimum
of CD8% in patients was 12%, in the healthy control 30%.
Maximum of CD8% in patients’ plasma was 46%, in the healthy
control 42 %.
The percentage of B lymphocytes (CD19) was also decreased [p < 0.05]. Results are demonstrated in Fig.4. In breast
cancer patients resistant to hormone therapy, B cells % was
11.35%, ± 5.09 (mean, standard deviation) as compared with
control group 14.47%, ±2.386. There was a signiﬁcant diﬀerence between medians of both groups [p < 0.05]. In patients,
B cells % was 12± 0.6172 (median, standard error) as compared
with control 14 ±0.6162. Minimum of B cells % in patients’
plasma was 2%, in the healthy control 11%. Maximum of
CD8% in patients plasma was 11%, in the healthy control 20
%. The level of antigen presenting cells (HLA-DR positive)
was not alternate.
Humoral immunity. In humoral immunity, there was
a signiﬁcant decrease [p < 0.0001] of immunoglobulins levels
mainly in class IgG4. Results are demonstrated in Fig.5.
IgG4 levels in breast cancer patients were 0.7248 U/ml ±
1.364 (mean, standard deviation) as compared with the healthy
control group 1.149 U/ml ±0.2473. There was a signiﬁcant
diﬀerence between medians of both groups [p < 0.001]. In patients, IgG4 levels were 0.45 U/ml ± 0.1654 (median, standard
error) as compared with the control group 1.20 U/ml ±0.0639.
Maximum of IgG4 level measured in the patients’ plasma was
11U/ml, in the healthy control 1.4 U/ml. Minimum of IgG4
level measured in the patients plasma was 0.019/ml, in the
healthy control 0.66U/ml.
There were symptoms of immunodeﬁciency such as repeated infections of upper respiratory tract, infections of
urinary tract and herpetic infections, in 90 % of patients. In
50% of cases, there were recognized serological signs of active
and chronic chlamydial infections. Zoster virus was found in

4.3% and anamnestic antibodies against Borrelia were elevated
in 34.50%.
Discussion
Immune-regulated pathways inﬂuence multiple aspects of
cancer development. It has been shown that T-cell abundance
in breast cancer represents prognostic indicators for recurrence-free and overall survival [20]. Evidence exists to show
that response to chemotherapy is partly regulated by these
lymphocytes. Experimental studies have recently revealed that
B and T lymphocytes can exert pro-tumor activity indirectly
by regulating the bioactivity of myeloid cells, including macrophages, monocytes, and mast cells, resulting in resistance
to endocrine therapies and the development of metastasis
[21, 22, 23].
Moreover, it was shown that stimulating T cell responseadministering the anti-CTLA4 monoclonal antibody (mAb)
tremelimumab to patients with breast cancer advanced
hormone responsive breast cancer was associated in most
patients with increased peripheral CD4+ and CD8+ T cells
[24].
Breast cancer is a heterogeneous disease composed of
diﬀerent intrinsic subtypes, each with distinctive biological
and prognostic behavior and responses to therapy. Although
the introduction of adjuvant systemic therapy (AST) has led
to a signiﬁcant reduction in breast cancer mortality, many
patients do not beneﬁt. Studies of gene expression suggest that
predictive indicators should be developed for diﬀerent breast
cancer subtypes [25, 26]. The interaction between immune
response, cancer subtype, and treatment strategy are all likely
to contribute to the outcome of the disease.
Therefore, there is a clear need for studies with suﬃcient
power for subgroup analysis, employing validated measure-
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ments of immune response, to evaluate the signiﬁcance of
immune response in breast tumors.
The aim of this study was to examine the prognostic signiﬁcance of immune response (CD8+) in breast cancer patients
resistant to hormone therapy. Our hypothesis was that CD8+
lymphocyte population and immune response is decreased in
endocrine therapy resistant breast cancer.
In patients with resistance to hormone therapy we found
mainly defects of cellular antitumor immunity – lower
expression of CD8 (the cytotoxic T lymphocytes). Levels
of both TGF beta and VEGF were increased. Decreased
humoral component of immunity, including the clinical
manifestations of immunodeﬁciency, was found in many of
these patients.
Accumulating evidence indicates that malignant cells exert
a major control on their non-malignant neighbours. Thus,
most cancer cells not only promote angiogenesis to support
tumor growth beyond the size limit that would be dictated
by a poorly vascularized microenvironment [27, 28], but also
activate metabolic circuitries whereby stromal cells are de
facto revived to function as a feeder compartment, generating large amounts of energetic products such as lactate and
ketone bodies [29, 30]. Cancer-associated ﬁbroblasts (CAFs)
are prominent sources of mitogenic and pro-angiogenic factors
such as interleukin (IL)-6 and VEGF [31]. Furthermore, cancer
cells, either directly or through CAFs, produce a wide array
of cytokines including TGF beta and IL-10 that exert potent
immunosuppressive eﬀects [32]. Altogether, these observations
demonstrate that during oncogenesis, malignant cells become
capable of co-opting the local microenvironment in order to
satisfy their own metabolic and immunological needs. TGF
beta ligands are often enriched in the tumor microenvironment
and can be produced by tumor cells or by tumor-associated
stromal and immune cells [33, 34]. These data suggest the possibility that the TGF beta pathway is involved in maintenance
of breast carcinomas [35].
Current endocrine therapies are not eﬀective in all patients
(de novo endocrine resistance), while initially responsive
tumors will sooner or later progress despite such treatments
(acquired resistance), inevitably resulting in patient relapse
and, ultimately, death. Identiﬁcation of the factors and
pathways responsible for the development of these resistant
conditions is therefore an important diagnostic and therapeutic goal in cancer research.
TGF beta plays an important role in the hormonal resistance
and may inﬂuence hormonal receptors [12, 13].
There is increasing evidence that there also exists a crosscommunication between ERs and growth factor receptor
signaling, such as insulin-like growth factor-1, epidermal
growth factor (EGF), TGF alpha, and TGF beta [36, 37]. Thus,
it has been postulated that estrogens negatively modulate TGF
beta signaling in breast cancer cells [38, 39]. TGF beta is also
a potent inductor of tumor cell migration contributing to an
enhanced metastatic capacity [40]. In particular, in late-stage
tumors, the balance between positive and negative eﬀects of
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TGF beta on tumor progression may be shifted in favour of its
promoting properties, because the sensibility of cells toward
the antiproliferative and proapoptotic eﬀects of the chemokine
declines because of dysfunctional TGF beta receptors or TGF
beta signaling [41].
TGF beta mediates its biological eﬀects mainly via two types
of serine/threonine kinase receptors, TGF beta receptor I and
TGF beta receptor II, followed by an activation of the Smad
signaling pathway. After ligand binding and dimerization
of TGF beta receptor I and TGF beta receptor II, receptorregulated Smad2 and Smad3 proteins are phosphorylated
and interact with the common mediator Smad4 [42]. These
activated Smad complexes translocate into the nucleus to
regulate the transcriptional activity of Smad-responsive genes.
It has been reported that there exists a cross-communication
between estrogens and Smad activation resulting in a reduction of TGF beta functions; however, the underlying cellular
processes have not been completely elucidated [38, 39, 43]. It
was demonstrated that estrogens inhibit Smad signaling by
activation of the extracellular-regulated kinase (ERK1/2). It is
interesting that this estrogen-mediated action is transduced
via the orphan receptor GPR30 [44].
Some authors propose that the presence of an activated
TGF beta pathway is associated with intrinsic resistance to
hormone therapy. They identiﬁed 25 regulated genes that
might be strong predictors of ER+ tumor response to neoadjuvant therapy. Among these were 4 genes associated with
TGF beta signaling.
TGF beta is a multifunctional growth factor and there is
increasing evidence that its enhanced expression promotes
breast cancer progression contributing to tumor invasiveness
and metastasis. Indeed, it has been suggested that in addition
to ER, TGF beta could serve as a biomarker of poor prognosis
or hormone resistance in breast cancer patients [45].
An increasing amount of data is evolving in preclinical
models, suggesting that ovarian steroids cause cyclical changes,
which have an impact on angiogenesis, and estrogen modulates
angiogenesis, in part, through the eﬀects on VEGF.
VEGF is a key molecule in promoting blood vessel growth.
VEGF-targeting therapies are a new class of drugs designed to
target a speciﬁc molecule. One of these drugs is bevacizumab
(Avastin) which has been studied in clinical trials in metastatic
breast cancer.
Wagner at all showed that the addition of bevacizumab
to chemotherapy in patients, which have had progressed on
hormonal treatment, signiﬁcantly prolongs progression-free
survival and response rates in patients who have had previous
chemotherapy and those who have not had previous chemotherapy for metastatic disease [46]. By contrast, individual trial
results in metastatic breast cancer are highly variable and their
value is controversial.
Breast cancer is a very heterogeneous disease considering a number of biomarkers which are under investigation.
However, most important biomarkers in a clinical setting are
ER and HER2.
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VEGF as well as TGF beta was reported as a prognostic
marker in breast cancer patients.
TGF beta inhibitors have been proposed and are being
developed as anti-metastatic therapies in patients with cancer, anti VEGF therapy is currently used in breast cancer
patients.
In our study we focused on the subgroup of breast cancer
patients with resistance to hormone therapy, since there are
no published data regarding this group of patients. We did
not see any relationship between TGF beta and VEGF levels
and surgery types, but it had been previously published, that
patients with positive sentinel lymph node have higher preoperative levels of TGF beta and VEGF than patients with
negative sentinel lymph node [47]. Since it was shown that the
number of treatment cycles aﬀects immune response in breast
cancer patients, patients in this study had similar treatment
cycles. All patients were treated by neoadjuvant or adjuvant
chemotherapy (AC-D [4x doxorubicin with cyclophosphamide
and then 4 times docetaxel], FEC [6 cycles of ﬂuorouracil,
epirubicin and cyclophosphamide] or CMF [6 cycles cyclophosphamide, methotrexate and ﬂuorouracil]) and all patients
were at least 2 years without chemotherapy in time of sample
collection. We did not see any correlation between the expression levels of TGF beta and VEGF and the stages of cancers,
but this could be due to small patients number in stage I, stage
III, and IV. More research regarding this subgroup of patients
should be done in the future.
The aim of our study was to ﬁnd out whether TGF beta
and VEGF plasma levels as well as the cellular immunity
correlate with the hormonal resistance development. Our
results suggest that the overproduction of neoangiogenetic
and immunosuppressive factors is enhanced in patients
resistant to endocrine therapy. The correlation of these factors with resistance to hormonal therapy and immune status
could reﬁne the prediction of resistance and contribute to
any targeted immune intervention therapy and targeted selection of cancer treatment. In the future this ﬁnding could
help to seek new risk predictive markers in breast cancer
patients. These patients may beneﬁt from immunomodulatory treatment (substitution of immunoglobulins, immune
cell stimulation, etc.).
More studies are necessary in order to show whether those
factors can be used for adjusting individual therapy in patients
with hormonally dependent breast cancer. A detailed immunologic exam, specially focused on TGF beta and VEGF
level determination, could identify the risk group of patients
with early or late resistance to hormonal therapy. Patients
with elevated TGF beta or VEGF levels can receive intensive
dispensary care, or chemoprevention could possibly be recommended. In the case of conﬁrmed TGF beta or VEGF elevation
and alteration of cellular immunity in a wider study, another
prognostic-predictive marker inﬂuencing therapy protocol
could be obtained. TGF beta and VEGF determination could
serve as an additional marker monitoring clinical status during
endocrine therapy. In the future it would also be important

to evaluate disease-free time and overall survival time. In the
case of correlation of high TGF beta or VEGF plasma level
with overall survival time additive immunotherapy could be
recommended (suppression of VEGF or TGF beta overproduction with monoclonal antibodies, stimulation of antigen
presentation, NK cells an CD8 cells support). Clear statement
about the role of VEGF and TGF beta and possible correlation
with resistance to hormonal therapy and impaired status of cellular immunity (mostly inhibition of CD8 eﬀector lymphocytes
killing the tumor cells) could not only support the prediction
of resistance and help to choose appropriate therapy, but could
also help to decide other important questions: whether or not
to choose more aggressive therapy. Such correlation can even
show new possibilities regarding immunotherapy (stimulation
of antitumor immunity, stimulation of antigen presenting cells
and downregulation of TGF beta and VEGF overproduction
combined with hormonal therapy.)
Besides the signiﬁcant decrease of CD8 T lymphocytes we
observed also decrease of total CD 3 (n.s). T lymphocytes with
cytotoxic function (CD8) are forced and exhausted because
of recurrent infections, probably also due to IgG4 immunodeﬁciency.
In cancer patients, immunity defense is decreased not only
because of cancer disease, but also owing to repeated infections
connected with IgG4 immunodeﬁciency. This immunodeﬁciency is supported with the production of immunosuppressive
factors (TGF beta and VEGF).
It could be assumed that defective anti-infective as well as
anticancer immune response could be compensated by higher
activity of NK cells-in our patients we found either higher NK
percentage in peripheral blood or other activation of immune
system (HLA-DR expression was not enhanced). This immune
suppression is probably due to an overproduction of suppressive mediators such as TGF beta or VEGF. Immunosuppression
and insuﬃcient anticancer immune defense might also be due
to exhausted immune system caused by repeated bacterial and
viral infections.
Based on our results and experience, we assume that
describing and investigating basic immunity parameters in
cancer patients should be a part of oncology care. In the case
of proved immunodeﬁciency, patients may beneﬁt from immunomodulatory therapy according to the guidelines used in
clinical immunology in the treatment of immunopathologic
disorders.
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