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Abstract
Introduction: Triple negative breast cancer (TNBC) is characterized by
a worse prognosis than other breast cancer subtypes. TNBC is defined by
lack of expression of estrogen receptor, progesterone receptor and human
epidermal growth factor receptor 2. The aim of this analysis was to evaluate
the relationship between immunohistochemical expression of novel prognostic markers (erythropoietin (EPO) and erythropoietin receptor (EPO-R))
and clinicopathological features of TNBC and non-TNBC patients.
Material and methods: Our analysis was conducted on a group of 162 patients with breast carcinoma with lymph node metastasis (111 TNBC and
51 non-TNBC). All statistical analyses were performed with SPSS software v 12.0.
Results: Histopathologic subtyping of the 111 triple negative breast cancers
identified 89.1% invasive ductal carcinomas of no special type and 10.9%
other special types of cancers. TNBC more often presented EPO-R and EPO
expression (36%; 37.8%) than non-TNBC (23.5%; 29.4%). Non-TNBC subgroup showed statistically significant correlation only between Ki-67 expression and histological grade (G1-G3) (p < 0.001), while TNBC subgroup
demonstrated significant correlation between Ki-67 expression and histological grade (G1-G3) and tumor size (pT1-pT4) as well (p = 0.002; p = 0.042),
between the EPO-R expression and histological grade (G1-G3) (p < 0.001).
Conclusions: The relationship between the expression of EPO-R and histological malignancy grade in triple negative breast cancer, suggests that the present EPO-R expression in TNBC may constitute an additional prognostic factor.
Key words: triple negative breast cancer, erythropoietin receptor,
erythropoietin, immunohistochemical examination.

Introduction
Malignant tumors are the second most common cause of death after
cardiovascular diseases. The estimates made by epidemiologists indicate that the incidence and death rate for malignant tumors all over the
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world will probably grow in the coming decades
[1]. Among them, breast cancer constitutes a significant diverse group, containing cancers with
varying clinical course. Triple negative breast cancer (TNBC) is characterized by a worse prognosis
than other breast cancer subtypes. TNBC is defined by lack of expression of estrogen receptor
(ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) [2]. TNBC
is diagnosed in 12–17% of all breast cancer cases.
The risk of this type of cancer is increased before
the age of 50 years and is connected with BRCA1
mutation more than any other type. As the TNBC
cells are frequently relatively heterogeneous and
poorly differentiated, this cancer type is thought
to run an aggressive course, and is considered
more resistant to chemotherapy and more likely
to develop distant metastases. It is also associated with shorter life expectancy and disease-free
survival [2, 3].
The term TNBC is sometimes equated to basal-like breast cancer. This is a half-truth, though,
for all oncologists must be aware of distinguishing
six subtypes of basal type of TNBC, i.e. basal-like 1
(BL1), basal like 2 (BL2), immunomodulatory (IM),
mesenchymal (M), mesenchymal stem-like (MSL)
and luminal androgen receptor (LAR). However,
BL1 constitutes the great majority among the
kind of basal-like breast cancer sensu stricto
(81%); other types possess relevant features only
in about 1/2 of all cases (BL2 – 31%, IM – 58%,
M – 47%) or do not express any at all (LAR type,
which is considered a luminal A or B). In general,
50% to 80% of TNBCs are also basal-like breast
cancers [2, 4].
A great number of scientific studies have
shown that the development of different TNBC
forms is closely associated with the induction of
various signaling pathways and that TNBC cells
show greater sensitivity to different drugs. Hope
for improving the results of treatment of TNBC is
connected to drugs such as polymerase inhibitors,
serine/threonine kinase inhibitors, small molecule
HIF-1α translation inhibitors or EGFR1 inhibitors.
Identification of novel TNBC markers provides insight into processes occurring in the tumor, helps
to develop new drug combinations and chemotherapeutic strategies and allows one to estimate
prognosis. Therefore, it is important to search for
new tumor markers and study their relationship
with known prognostic factors and predictors,
making it possible to understand the TNBC biology. Recent studies showed EPO and EPO-R were
strongly correlated with clinicopathological features in many types of cancers. These molecules
seem to play a significant role in development of
different tumors, with breast cancer among them
[2, 4–6].
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Apart from its role in erythropoiesis, EPO has
a great number of other functions, both in physiological and pathological conditions. It takes part in
the cell response to injury, influences the wound
healing process, stimulates angiogenesis, and induces proliferation of smooth muscle fibers. Also
vasoconstrictive properties of EPO have been described. They allow regulation of blood pressure
and blood flow in vessels of the microcirculation.
EPO also increases iron absorption from the intestinal tract [7]. Erythropoietin acts on cells by
a transmembrane receptor (EPO-R). Although the
majority of EPO-R exist on erythroid precursors,
their existence has been observed in the brain,
myocardium, skeletal muscles, liver, lungs, retina, adrenal glands, parathyroid glands, pancreas,
placenta and endothelial cells [4]. EPO and EPO-R
are induced by hypoxia in breast cancer and could
contribute to increased survival rate of tumor cells
via counteraction of hypoxic injury [8].
The aim of this analysis was to evaluate the relationship between immunohistochemical expression of novel prognostic markers (EPO and EPO-R)
and clinicopathological features for patients with
triple negative breast cancer and non-triple negative breast cancer.

Material and methods
Studies were conducted in a group of 162 patients with breast carcinoma with lymph node
metastasis (111 triple negative breast cancer and
51 non-triple negative breast cancer) in the Department of Pathology, Military Medical Institute
in Warsaw. Material for the study came from biopsies, excisional biopsies and modified radical mastectomies. Tumor samples were fixed in 10% buffered formalin phosphate. After 24-hour fixation,
material was dehydrated using alcohol in gradually increasing concentrations and embedded in paraffin. Paraffin blocks were cut into serial sections
4 µm in thickness. They were then stained using
standard methods. The tumors were classified and
graded according to the WHO and the Nottingham
modification of the Scarff-Bloom-Richardson systems. In the sections stained with the routine H&E
method, the following determinations were carried out: type of neoplasm (WHO classification),
tumor grade including tubule formation, and intensity of division as well as the degree of neoplastic cell differentiation and mitotic index as the
mean number of mitotic figures in neoplastic cells
counted in 10 fields of vision at 400× magnification (surface area: 0.17 mm2).
Paraffin sections on slides covered with 2%
saline solution in acetone at 42°C were used for
immunohistochemical examination.
Routine tests were performed in order to determine immunohistochemical expression of basic
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profile of diagnostic markers, such as estrogen receptor (ER), progesterone receptor (PR) and HER2.
Monoclonal antibodies against receptors for estrogen (Monoclonal Mouse Anti-Human Estrogen
Receptor alpha, 1 : 50 dilution, Clone: 1D5, Code:
IR654, DAKO, Santa Clara, United States) and progesterone (Monoclonal Mouse Anti-Human Progesterone Receptor, 1 : 400 dilution, Clone: PR636,
Code: IR068, DAKO, Santa Clara, United States)
were used in order to determine the expression of
steroid receptors. Evaluation of the immunohistochemical markers was performed by two pathologists as follows: ER and PR were categorized as
negative – (0%), low positive – (1–10%); nuclear
staining in > 10% of tumor cells was considered
positive for ER and PR.
The study was conducted as follows: sections
were incubated at 60°C overnight and subsequently
dewaxed. The next step involved revealing the epitope by heating the slides in a buffer for 40 min.
Subsequently, preparations were left at room temperature for 20 min. Preparations were rinsed in
buffer and endogenous peroxidase was blocked by
washing in 3% H2O2 for 10 min. In the next step,
preparations were incubated with an appropriate
antibody for 30 min. After incubation, preparations
were rinsed in buffer for 10 min, and then incubated with the reagent (Visualization Reagent) for
30 min. After incubation with the reagent, preparations were washed in TBS (Tris-Buffered Saline,
Code: S1968) with pH 7.6 for 10 min, and then incubated with 3,3′-diaminobenzidine (DAB) (Substrate
– Chromogen Solution) for 10 min to visualize the
color of the reaction. At the end of the procedure,
preparations were stained with hematoxylin.
HER2 expression was determined using HercepTest (Code: K5204, DAKO, Santa Clara, United
States). It enabled detection of HER2 expression
using a polyclonal antibody against this protein
(Rb A – Hu HER2 – Rabbit Anti-Human HER2 Protein). Antigen retrieval for HER2 using HercepTest
was performed by immersing and incubating the
slides in 10-mmol/l citrate buffer in a calibrated
water bath (95–99°C) for 40 min (±1 min). After
decanting the epitope-retrieving solution, sections
were rinsed in the wash buffer and later soaked
in the buffer for 5 to 20 min before staining. The
slides were loaded onto the autostainer using the
HercepTest program, as described in the manufacturer’s insert. In the autostainer, the slides were
rinsed, placed in 200 μl of peroxidase-blocking reagent for 5 min, rinsed, placed in 200 μl of primary anti-HER2 protein (or negative control reagent)
for 30 min, rinsed twice and immersed in 200 μl
of the substrate chromogen solution DAB for
10 min. The slides were counterstained with hematoxylin and finally coverslipped. HER2 results
were determined based on the maximum area of

staining intensity according to the instructions in
the package insert and the ASCO/CAP guidelines
as follows: strong, circumferential membranous,
staining in > 30% of invasive carcinoma cell was
scored 3+, moderate, circumferential, membranous staining in ≥ 10% of invasive tumor cells or
3+ staining in ≤ 30% of cells was designated as
2+ staining, weak and incomplete membranous
staining in invasive tumor cells was scored 1+ and
no staining was scored 0. Tumors with 0 and 1+
staining were considered negative.
A total of 162 cases of breast cancer with metastasis to lymph nodes were assessed for expression of Ki-67 (Monoclonal Mouse Anti-Human
Ki-67 1 : 50 dilution, Clone: MIB-5, DAKO, Santa
Clara, United States); positivity was quantified as
the percentage of positive nuclear staining of the
tumor cells, and 10% was the cut-off point for active proliferation (“> 10%” and “< 10%”) [9, 10].
Immunohistochemistry was performed using EnVision + HRP DakoCytomation (EnVision Dual Link
System-HRP, DAB+, Code: K4065, DAKO, Santa
Clara, United States).
In all examined breast cancers we also assessed the expression of erythropoietin receptor
(EPO-R) using an appropriate antibody against
EPO-R antigen (Polyclonal Rabbit Anti-Human
EPO-R, 1 : 250 dilution, Clone: C-20, Santa Cruz
Biotechnology, Inc., Dallas, United States) and the
ImmunoCruz Rabbit ABC Staining System (Santa
Cruz Biotechnology, Inc., Dallas, United States) for
visualization. EPO-R staining results were scored
according to the percentage of membrane positive
tumor cells as follows: (–) < 10%; (+), 10–20%; (++)
> 20%. Moderate expression EPO-R was defined as
> 20% tumor cells with positive staining, whereas
< 20% was considered low expression [11]. The
immunoexpression of EPO-R was located mainly
within cell membranes although in most cases
also granular cytoplasmic reaction was observed.
Cytoplasmic reaction was considered non-specific
and was rejected.
Expression of erythropoietin (EPO) was also
assessed in all studied invasive breast cancers
through use of an appropriate antibody against
EPO antigen (Polyclonal Rabbit Anti-Human EPO,
1 : 100 dilution, Clone: H-162, Santa Cruz Biotechnology, Inc., Dallas, United States) and subsequent
application of the ImmunoCruz Rabbit ABC Staining System for visualization (Santa Cruz Biotechnology, Inc., Dallas, United States). EPO staining
results were scored according to the percentage
of cytoplasmic positive cells as follows: (–), < 10%;
(+), 10–20%; (++), > 20%. Moderate expression
EPO was defined as > 20% tumor cells with positive staining whereas low expression was < 20%
[12]. For EPO-R and EPO, slides of adult kidney
were used as positive controls.
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Statistical analysis
All statistical analyses were performed with
SPSS software v 12.0. The χ2 test was used to assess the relationship between EPO, EPO-R, Ki-67
and degree of histological malignancy and clinical
staging. Fisher’s exact test was used when the expected cell counts were less than 5. The results
were considered as statistically significant if the
p-value was less than 0.05 (p < 0.05).

Results
Histopathological examination was performed
in tumors obtained from 162 patients suffering
from breast cancer. Among 162 breast cancer patients we identified 111 (68.5%) subjects with triple negative breast cancer (Figures 1 A, B) (TNBC
was identified as ER-negative, PR-negative, and
HER2-negative) (Figures 1 C–F) and 51 (31.5%)
subjects with non-triple negative breast cancer
(Figures 2 A–D). The mean age of patients with
TNBC was 47.8 and of patients with non-TNBC
was 60.4 years.
Histopathologic subtyping of the 111 triple
negative breast cancers identified 89.1% invasive
ductal carcinomas of no special type (IDC-NST)
(Figures 1 A, B) and 10.9% other special types of
cancers: invasive lobular carcinomas, mixed ductal
and lobular types, metaplastic carcinomas. All cases of triple negative breast cancer were grouped
according to histological grading: 3 (2.7%) cases
were grade 1 (G1), 58 (52.2%) cases were identified as grade 2 (G2) and 50 (45.1%) cases were
grade 3 (G3). Given the histological grade of malignancy, G2 and G3 tumors comprised the largest
group of triple negative breast cancers.
In our analysis TNBC were most commonly
assessed as G2 and G3 (52.2%; 45.1%), pT1 and
pT2 (34.2%; 62.1%), and pN1, pN2 (45%; 41.4%).
Non-TNBC were most commonly assessed as G2
and G3 (47%; 47%), pT1 and pT2 (39.2%; 47%)
and pN1 (52.9%). In our analysis a statistically
significant association was found only between
TNBC and non-TNBC tumor size (pT) (p = 0.0011).
Furthermore, in TNBC more commonly than in
non-TNBC the presence of necrosis in the tumor
mass was observed (36%; 19.6%) and a statistically significant correlation between TNBC and
non-TNBC in the presence of necrosis was demonstrated (p = 0.036).
In all examined breast cancers we also assessed the expression of Ki-67 and novel prognostic markers such as EPO-R and EPO but no
statistically significant relationship between TNBC
and non-TNBC was revealed. TNBC more often
presented EPO-R (Figure 1 G) and EPO expression
(36%; 37.8%) than non-TNBC (23.5%; 29.4%).
In both groups we investigated the correlation
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between EPO and EPO-R expression and features such as tumor size (pT), histological grade
(G1-G3) and the presence of lymph node metastasis (pN1-pN3). The non-TNBC subgroup showed
a statistically significant correlation only between
Ki-67 expression and histological grade (G1–G3)
(p < 0.001), while the TNBC subgroup demonstrated a significant correlation between Ki-67 expression and histological grade (G1–G3) and tumor
size (pT1-pT4) as well (p = 0.002; p = 0.042) (Figure 1 E), between the EPO-R expression and histological grade (G1-G3) (p < 0.001). Detailed data
and relationships between different parameters
are presented in Tables I–V.

Discussion
Triple negative breast cancer is most commonly
found in patients less than 50 years of age [13,
14]. Our analysis also found that TNBC is most
common among women before 50 years of age
(mean age: 47.8).
In our analysis, histopathological subtyping
of 111 patients with identified TNBC yielded
the following results: 89.1% IDC-NST and 10.9%
other special types of cancers. Infiltrating ductal carcinoma of no special type (IDC-NST) was
the predominant histopathological type. Similar results were obtained by other researchers
e.g., Nofech-Mozes et al. (2009), Williams et al.
(2009) Atik et al. (2013), Rao et al. (2013), Osman et al. (2014), Sood et al. (2014) and Tawfik
et al. (2010) (92%, 91%, 27%, 88%, 85.7%, 80.56%
and 81.9%), who found that IDC-NST is the dominant histological type in a group of triple negative
breast cancers [11, 15–20].
Given the histological grade of malignancy, the
largest group of triple negative breast cancers
encompassed tumors given G2 and G3 grade.
Statistical analysis showed no significant correlation between histological grade (G1–G3) and
triple negative tumor morphology (p > 0.05). The
following authors obtained similar results: Atik
et al. (2013) assessing 75% of cancers in the TNBC
group as G3, Carey et al. (2006), who found that in
the TNBC group most cases are G3 cancers (26%)
[16, 21]. In a study on 16 cases of TNBC, Dabbs
et al. (2006) found that all tested tumors showed
a high degree of histological malignancy [22]. Choi
et al. (2012) obtained similar results, stating that
in a group of triple negative cancers 63.1% were
G3 tumors [23]. Research by Zhou et al. (2013)
also showed that triple negative G2 (51.6%) and
G3 (45.2%) cancers were most numerous [24].
Osman et al. (2014) confirmed in their study that
G3 carcinomas (61.9%) comprised the largest
group of triple negative tumors [18], while Sood
and Nigam (2014) pointed to G2 (47.22%) and G3
(38.89%) as the most common tumors [19].
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In our analysis, tumor size was between 2 and
5 cm (62.1%) in the majority of patients, followed
by size < 2 cm (34.1%). According to studies by
Sood and Nigam (2014) in the majority of patients
tumor size was between 2.1 and 5 cm (50%) followed by < 2 cm (36.11%) [19]. Rao et al. (2013)

Figure 1. Histopathological image of invasive triple negative breast cancer (TNBC) (H + E, original
magnification, 200×); A – Histological type: ductal
carcinoma of no special type of the breast, grade 3;
B – Histological type: ductal carcinoma of no special type of the breast with necrosis, grade 3 (H + E,
original magnification, 200×). C – Negative immunohistochemical staining for ER (original magnification 200×); D – Negative immunohistochemical
staining for PR (original magnification 200×); E –
Positive immunohistochemical staining for Ki-67
(original magnification 200×); F – Negative immunohistochemical staining for HER2 (original magnification 200×); G – Positive immunohistochemical
staining for EPO-R (original magnification 200×)

also qualified most of the TNBC tumors as T2
(2–5 cm) (68%) [17].
Our analysis showed expression of Ki-67
(> 10%) in 88.2% of TNBC patients. Sood and
Nigam (2014) also noted Ki-67 expression in
80.56% of TNBCs [19]. Likewise, Rao et al. (2013)
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Figure 2. Immunohistochemical image of invasive breast cancer (histological type: ductal carcinoma of no special
type of the breast) (non-triple negative breast cancer), A, B – Positive immunohistochemical staining for HER2
(original magnification, 200×); C – Positive immunohistochemical staining for ER (original magnification, 100×);
D – Positive immunohistochemical staining for PR (original magnification, 100×)

observed expression of Ki-67 (> 10%) in 64% of
TNBC patients [17]. Studies conducted by Carey
et al. (2006) and Umemura et al. (2005) demonstrated strong immunoreactivity for Ki-67 in triple negative breast carcinoma [21, 25]. Zhou et
al. (2013) found positive expression of Ki-67 in
80.6% of patients with TNBC [24]. Expression of
human Ki-67 protein is closely associated with
cell proliferation [26]. Recent data suggest that
Ki-67 is a valuable prognostic marker in primary
breast cancer and can be used for further classification of TNBCs [26].
We also assessed the proliferative index in
TNBC tumors through analysis of Ki-67 expression. In the TNBC group, Ki-67 (> 10%) expression
was noted in the group of cancers characterized
by G2 and G3 histological grading (49.5%; 46.5%),
as well as in the group of T2 tumors (66.9%), and
cancers with N2 lymph node status (43.8%).
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There are conflicting reports on the prevalence
of lymph node metastases at the time of diagnosis among patients with TNBC. In our analysis we
found that women without metastases to regional
lymph nodes (pN0) comprised the largest group of
all investigated patients with invasive triple negative breast cancer (56.7%); no statistically significant relationship between lymph node status
and histological type of TNBC (p > 0.05) was noted. Lymph node status among patients with TNBC
was reported as follows: 19.81% – N1, 19.81% –
N2, 3.6% – N3. The analysis also showed no association between tumor size and presence of lymph
node metastasis in patients with TNBC, which
stood in contradiction to the findings of Thike et al.
(2010), who demonstrated a relationship between
tumor size and presence of nodal metastases [27].
In studies by Rao et al. (2013) lymph node metastases were found in 37 of 50 patients with TNBC
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39 (76.5)

12 (23.5)

0.113
40 (36.0)
71 (64.0)

36 (70.6)

15 (29.4)

0.297
42 (37.8)
69 (62.2)

51 (100%)
Non-TNBC (ER+/PR+/HER2+)

12 (23.5)

39 (76.5)

0.053
98 (88.3)
111 (100%)
TNBC (ER–/PR–/HER2–)

13 (11.7)

P-value
Positive
(> 10%)

EPO-R expression

Negative
(< 10%)
P-value
EPO expression

Positive
(> 10%)
Positive
(> 10%)
Negative
(< 10%)

Ki-67 expression

P-value

Negative
(< 10%)

Prognostic parameters

Frequency
(n = 162)
Immunohistochemistry –
basal panel for diagnosis
of breast cancer

*Statistically significant results (p < 0.05)

Table II. Relationship between immunohistochemical profile (ER, PR, HER2) and expression of novel prognostic markers (EPO, EPO-R) in invasive breast cancer with metastasis to lymph nodes

0.472
8
(15.7)
16
(31.4)
51
(100%)
Non-TNBC (ER+/PR+/HER2+)

3
(6.0)

24
(47.0)

24
(47.0)

0.513

20
(39.2)

24
(47.0)

1
(2.0)

6
(11.8)

0.011*

27
(52.9)

15
(13.8)

pN3
pN2

46
(41.4)
50
(45.0)
1
(0.9)
3
(2.7)

pT3
pT2
pT1

69
(62.2)
50
(45.0)
58
(52.3)

G2
G1

3
(2.7)
111
(100%)
TNBC (ER–/PR–/HER2–)

G3

P-value

38
(34.2)

pT4

P-value

pN1

Nodal stage
Tumor stage

Prognostic parameters

Histological grade
Frequency
(n = 162)

Immunohistochemistry –
basal panel for diagnosis
of breast cancer

Table I. Clinicopathological (G, pT, pN) and immunochemical profile (ER, PR, HER2) and relationship between those parameters in invasive breast cancer with metastasis to lymph nodes

(74% of cases) [17], and TNBC was associated with
higher rates of node-positive cases, which was in
agreement with the findings of Carey et al. (2006)
and Rakha et al. (2007) [21, 28].
In our analysis 30.9% of all tumors showed
central necrosis. In TNBC more commonly than in
non-TNBC the presence of necrosis was observed
(36%; 19.6%). Yehia et al. (2015) in their study divided breast cancers into three subgroups (TNBC,
HER2+ and ER+/PR+). 15.3% of all tumors showed
central fibrosis and tumor necrosis, which differed
significantly among the three groups (p = 0.019).
TNBC had the highest values among all groups
even after adjusting the results for age. Necrosis
was observed in 25.8% of TNBC, 9.4% of HER2+
and 10.9% of ER+/PR+ cancers [29].
Currently there are no representative research
results on EPO and EPO-R expression in triple negative breast cancer. Our analysis appears to be the
first to evaluate expression of these novel prognostic markers with particular emphasis on TNBC
and its comparison with other molecular subtypes
of breast cancer. As shown in Table II, TNBC more
often presented EPO-R and EPO expression (36%;
37.8%) than non-TNBC (23.5%; 29.4%). Also worth
highlighting is the fact that the TNBC subgroup,
but not the non-TNBC subgroup, demonstrated
a significant correlation between EPO-R expression and histological grade (G1-G3) (p < 0.001), as
presented in Tables IV and V.
Despite the fact that EPO originally had been
given only a role in the regulation of erythropoiesis, this protein turned out to be an important
link of many signaling pathways, both in multiple normal and cancerous nonhematopoietic
tissues. It seems very likely that enhanced expression of the EPO receptor in tumor cells is
inversely proportional to its degree of differentiation. In recent years functional autocrine/paracrine EPO/EPO-R systems have been described
in human cancer cells originating from breast
cancer, cervical cancer, melanoma and prostate
cancer. These data suggest that the EPO/EPO-R
axis may affect tumor growth, progression and
metastasis [30–35].
Isolated expression of EPO-R is further demonstrated on the cell surface of malignant tumors
such as breast cancer, prostate cancer, squamous
cell cancers, multiple myeloma and their metastases [36]. The presence of EPO-R sensitizes these
tissues to the effect of systemic endogenous
erythropoietin, although we cannot exclude signals from paracrine pathways as it is often the
case that EPO is produced by healthy tissues surrounding the tumor or other adjacent tissues.
Larsson et al. (2009) described expression of
EPO and EPO-R in the cell lines and breast cancer tissue samples, with particular emphasis on

P-value

Clinicopathological factors associated with novel prognostic markers for patients with triple negative breast cancer
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Table III. Analysis of relations between immunohistochemical profile (ER, PR, HER2) and pathological parameters
in invasive breast cancer with metastasis to lymph nodes
Immunohistochemistry

Frequency
(n = 162)

Prognostic parameters
Tumor necrosis

Histological type of invasive breast
cancer

Positive

Negative

P-value

IDC-NST

Other
types

P-value

0.036*

99 (89.1)

12 (10.9)

0.858

45 (88.2)

6 (11.8)

TNBC

111 (100%)

40 (36.0)

71 (64.0)

Non-TNBC

51 (100%)

10 (19.6)

41 (80.4)

*Statistically significant results (p < 0.05).

Table IV. Relationship between clinicopathological features of non-TNBC and expression of novel prognostic markers (EPO, EPO-R) in invasive breast cancer with metastasis to lymph nodes
Clinicopathological
features
non-TNBC

Prognostic parameters
Ki-67 expression
Negative Positive
(< 10%) (> 10%)

Histological
grade

Tumor stage

Nodal stage

G1

3

0

G2

9

G3

P-value
< 0.001

EPO expression
Negative Positive
(< 10%) (> 10%)
1

2

15

20

0

24

pT1

8

12

pT2

4

pT3

P-value

Negative Positive
(< 10%) (> 10%)
1

2

4

19

5

15

9

19

5

14

6

16

4

20

17

7

18

6

0

1

0

1

0

1

pT4

0

6

5

1

5

1

pN1

9

18

20

7

21

6

pN2

3

13

10

6

8

8

pN3

0

8

6

2

7

1

0.127

0.168

0.088

EPO-R expression

0.564

0.101

P-value
0.247

0.415

0.112

*Statistically significant results (p < 0.05).

Table V. Relationship between clinicopathological features of TNBC and expression of novel prognostic markers
(EPO, EPO-R) in invasive breast cancer with metastasis to lymph nodes
Clinicopathological
features
TNBC

Prognostic parameters
Ki-67 expression
Negative Positive
(< 10%) (> 10%)

Histological
grade

Tumor stage

Nodal stage

1440

G1

3

0

G2

10

G3

P-value
0.002

EPO expression
Negative Positive
(< 10%) (> 10%)
0

3

48

38

0

50

pT1

9

29

pT2

4

pT3

P-value

Negative Positive
(< 10%) (> 10%)
0

3

20

30

28

31

19

41

9

22

16

28

10

65

44

25

42

27

0

3

2

1

1

2

pT4

0

1

1

0

0

1

pN1

10

40

29

21

37

13

pN2

3

43

31

15

26

20

pN3

0

15

9

6

8

7

0.042

0.054

0.087

EPO-R expression

0.236

0.627

P-value
< 0.001

0.138

0.134
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patients treated with the antiestrogenic drug
tamoxifen. All tested samples showed expression
of both proteins. EPO and EPO-R expression was
also observed in normal healthy breast tissue.
Tamoxifen treatment significantly increased recurrence-free survival (RFS) in patients with ER+/
PR+ tumors with low EPO-R expression but had no
effect on RFS in patients with high EPO-R expression. The finding that EPO-R gives prognostic information in ER+ but not in ER- breast cancers has
to be further elucidated but can support view that
EPO-R has a specific role associated with estrogen
receptor [37].
Acs et al. (2002) investigated the EPO and
EPO-R expression in breast tumor cells. Benign
cancer cells showed weak to moderate EPO and
EPO-R expression. EPO-R expression in malignant
breast cancer measured by immunohistochemistry was clearly higher than in benign tumor cells.
The most notable EPO expression was observed in
tumor cells adjacent to the areas of necrosis and
cells in the periphery of the lesion, especially in
places most infiltrating surrounding tissues. It was
also observed that EPO-R expression was greater
in highly differentiated tumors, tumors with presence of necrotic areas, invasion of lymph vessels,
metastasis to lymph nodes and those with loss
of expression of hormone receptors (ER, PR). Induction of the erythropoietin signaling pathway
represents a mechanism wherein local hypoxia
induces carcinogenesis [38].
In conclusion, we found that there is a significant link between EPO-R and the histological
grade of TNBC. In effect, the expression of this
marker in tumor cells may be considered an additional prognostic factor. However, many more prospective studies based on larger groups of TNBC
patients need to be performed in order to sufficiently establish the importance and clinicopathological meaning of this dependence.
The relationship between the expression of
EPO-R and histological malignancy grade in triple negative breast cancer (TNBC) suggests that
EPO-R expression in TNBC may constitute an additional prognostic factor.
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