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ABSTRACT
AIM: STATs and HIFs in human solid tumors play an important role in mechanisms of tumor growth. The aim 
of this study was to determine the prognostic role of STATs and HIFs in breast cancers. 
METHODS: Twenty-four breast carcinoma cases who underwent mastectomy and axillary dissection 
were included into the study. The presence of STATs and HIFs in 24 breast cancer cases was evaluated 
immunohistochemically. We evaluated the differences in tumor grade, diameter, limits, intratumor 
desmoplasia, infl ammatory infi ltration, necrosis, axillary lymph node involvement, estrogen, progesterone and 
CerbB2 staining. 
RESULTS: In this study, the presence of STATs and HIFs expressions in breast tumors is shown. In our 
study, no statistically signifi cant correlation was found between tumor grade, diameter, limits, intratumor 
desmoplasia, infl ammatory infi ltration, necrosis, axillary lymph node involvement, CerbB2 staining status and 
STATs and HIFs expressions. However, STAT5a and estrogen staining and HIF2α and progesterone staining 
were found statistically signifi cant. In addition, STAT3 expression was found to have signifi cantly higher 
correlation with luminal breast cancer.
CONCLUSIONS: The fi ndings suggest that STATs and HIFs may play a role in the development of invasive 
ductal carcinomas; concerning their future use as treatment options due to their association with hormone 
receptors, new studies are required (Tab. 6, Fig. 7, Ref. 65). Text in PDF www.elis.sk.
KEYWORDS: Breast carcinoma, prognostic characteristics, HIF1α, HIF2α, STAT1, STAT2, STAT3, STAT5a, 
STAT5b.
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Introduction

Breast carcinomas are the most common malignant tumors in 
women, and more than 1,000,000 women worldwide each year 
are diagnosed with breast carcinoma. It is also the most common 
cause of death from carcinomas in women (1). Literature men-
tions the importance of numerous genetic and histologic param-
eters, especially patient age and early diagnosis in breast cancer 
prognosis. The most important prognostic factors are the histologic 
grade and stage of the tumor. However, there is also a need for 
new parameters for identifying new treatment strategies, prevent-
ing cancer development in people at high risk of cancer, as well 
as for predicting the prognosis. Cancer cells can survive and pro-
liferate in unusual microenvironment. Intratumoral hypoxia plays 

an important role especially in the development of fast growing 
solid tumors. The adaptation to hypoxic environment for the sur-
vival and development of tumor cells is mainly determined by the 
HIF (hypoxia inducing factor)-dependent transcription program 
(2). It is stated that high levels of HIFs in human tumors play an 
important role in tumor growth by regulating the anaerobic energy 
metabolism, angiogenesis, continuity of cells and target genes that 
play a role in drug resistance (2–7). HIF1α and HIF2α are impor-
tant proteins that induce tumor cell response to hypoxia and are 
responsible for carcinogenesis and clinical behavior of tumors (7). 
Signal transducer and activator of transcription (STAT) proteins 
are transcription factors that regulate the growth and differentia-
tion of cells, and they are activated in response to cytokines and 
growth factors, particularly to cytokines in the JAK / STAT signal-
ing pathway (8–12). As a result of the studies, STAT types have 
been found to have special functions (13). It has been reported that 
a large number of tumors are associated with increased activation 
levels of STATs, in particular with STAT3 and STAT5 (14–17). 
In studies conducted on breast carcinomas, STAT activation has 
been shown to be associated with invasive breast carcinoma, not 
with benign and in situ carcinoma (18). The aim of this study was 
to offer an immunohistochemical evaluation of the expressions of 
HIF1α and HIF2α proteins associated with vascularization and hy-
poxia in invasive ductal carcinomas as well as that of expressions 
of the STAT family (STAT1, STAT2, STAT3, STAT5a, STAT5b) 
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in relation to cell growth and differentiation. In this study, we 
aimed at a comparative evaluation of the potential relationship of 
STATs and HIFs with numerous signifi cant parameters involved 
in the prognosis of breast cancer such as the presence of lymph 
node metastasis, infl ammatory cell infi ltration, presence of des-

moplastic stromal reaction, presence of necrosis, 
histologic grade, tumor size, hormone receptor 
status, CerbB2 expression and pathological stage.

Materials and methods

In this study, upon the approval of the local 
ethics committee (Decision no: 2008/15), 24 cas-
es who underwent mastectomy and axillary dis-
section at the Department of General Surgery at 
Inonu University Faculty of Medicine, and were 
diagnosed with invasive ductal carcinoma at the 
Department of Medical Pathology between 2002 
and 2008, were examined through retrospective 
archival research. With a scan of glass slides of 
all the cases, histopathological parameters such 
as tumor size, tumor nuclear grade, presence of 
desmoplasia, presence and degree of concomitant 
infl ammation, presence of necrosis, tumor growth 
pattern, ER, PR and cerbB2 positivity, presence 
of lymph node metastasis and pathological stage 

were evaluated. For the study, blocks containing tumoral and non-
tumoral areas were identifi ed. Sections transferred from the select-
ed blocks to polylysine-coated glass slides were stained immuno-
histochemically with STAT1, STAT2, STAT3, STAT5a, STAT5b, 
HIF1α, HIF2α antibodies in accordance with the protocols of the 

Fig. 1. No staining was detected with STAT1 in 4/24 of tumor cases (G0) (a), G1 (b) ex-
pression in 4 cases, G2 (c) in 11 cases, G3 (d) STAT1 expression in 5 cases were detected.
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Parameters
Immunohistochemical expression of STAT 1 antibody.

Negative Positive Correlation p
Age <40

>40
0
4

4
16 0.123 0.327

Histological grade Grade I
Grade II
Grade III

1/7 (14.3 %)
0/8 
3/9 (33. 3 %)

6/7 (85.7 %)
8/8 (100 %)
6/9 (66.7 %)

0.009 0.273

Tumor diameter <2
2–5
>5

2/9 (22.2 %)
1/11 (9.1 %)
1/4 (25 %)

7/9 (77.8 %)
10/11 (90.9 %)
3/4 (75 %)

–0.030 0.627

necrosis Present
absent

2/7 (28.6 %)
2/17 (11.8 %)

5/7 (71.4 %)
15/17 (88.2 %) 0.192 0.552

Infl ammation Present 
absent

4/21 (19 %)
0/3 

17/21 (81 %)
3/3 (100 %) –0.167 1.000

Tumor growth pattern at borders Infi ltratif
expansile

3/21 (14.3 %)
1/3 (39.3 %)

18/21 (85.7 %)
2/3 (66.7 %) –0.056 0.437

cerbB2 status Negative
uncertain

4/17 (33.5 %)
0/3
0/4 

13/17 (76.5 %)
3/3 (100 %)
4/4 (100 %)

0.103 0.744

ER status Negative
positive

1/7 (14.3 %)
6/7 (85.7 %)

3/17(17.6 %)
14/17 (82.4 %) –0.038 1.000

PR status Negative
positive

0/3
3/3 (100 %)

4/21 (19 %)
17/21 (81 %) –0.167 1.000

Hormone receptor status Positive
Negative

4/21 (19 %)
0/3

17 /21 (81 %)
3/3 (100 %) –0.167 1.000

LN metastasis Present
absent 

2/12 (16.7 %)
2/12 (16.7 %)

10/12 (83.3 %) 
10/12 (83.3 %) 0.000 1.000 

Pathological stage Ib
IIa
IIb

1/11 (9.1 %)
3/10 (30 %)
0/3

10/11 (90.9 %)
7/10 (70 %)
3/3 (100 %)

–0.157 0.317

Tab. 1. STAT 1 immmunohistochemical expression and histopathological parameters.
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producer. The stained slides were examined, and 
the presence of tumor cells exhibiting cytoplasmic 
staining for HIF2α, and nuclear staining for others 
was considered as positive staining. Cytoplasmic 
staining patterns were also noted. The staining of 
epithelial and mesenchymal cells and lymphocytes 
in tumor cells and non-tumor tissues was also eval-
uated separately. The evaluation was fi rst done by 
two pathologists independent of each other, and 
later was repeated by them together. The staining 
was graded in consideration of the percentage of 
cells stained positively in 10 different areas under 
the light microscope. 

Grades 0, 1, 2 and 3, refer to staining in less 
than 10 %, 10-50 %, 51-75 % and over 75 % of 
cells, respectively. In the fi nal analysis, Grade 0 
was considered as negative, while Grades 1, 2 
and 3 were assessed as positive results. In addi-
tion to staining results and demographic data, the 
pathological stages of patients were compared 
with histopathological parameters such as the 
histological grade of tumor, tumor size, limit of tumor growth, 
presence of desmoplasia, necrosis concomitant infl ammation, 
and lymph node metastasis, as well as ER, PR and cerbB2 sta-
tus of tumor. 

Statistical analysis
The results were statistically analyzed in IBM SPSS for Win-

dows Version 22.0 package program. Numerical variables were 
summarized with mean ± standard deviation, and qualitative vari-
ables with numbers and percentages. The Kappa coeffi cient was 

a b

dc

Fig. 2. STAT2 stained glandular epithelium in non-tumor tissue, but no myoepithelial 
staining (a). G1 (b), G2 (c), G3 (d) STAT2 expression is nuclear but occasionally ac-
companied by pale cytoplasmic staining.

Parameters
Immunohistochemical expression of STAT 2 antibody.

Negative Positive Correlation p
Age <40

>40
0
2

4
18 0.038 0.509

Histological grade Grade I
Grade II
Grade III

0/8
2/8 (25 %)
0/9

7 (100 %)
6 (75 %)
9 (100 %)

0.033 0.178

Tumor diameter <2
2–5
>5

0/9
2/11 (18.6 %)
0/4

9/9 (100 %)
9/11 (81.4 %)
4/4 (100 %)

0.048 0.641

necrosis Present
absent

0/7
2/17 (11.8 %)

7 (100 %)
15 (88.2 %) –0.149 1.000

Infl ammation Present 
absent

2/21 (9.5 %)
0/3

19 (90.5 %)
3 (100 %) –0.111 1.000

Tumor growth pattern at borders Infi ltratif
expansile

2/21 (9.5 %)
0/3

19 (90.5 %)
3 (100 %) 0.026 1.000

cerbB2 status Negative
uncertain
positive

2/17 (11.8 %)
0/4
0/3

15/17 (88.2 %)
4/4(100 %)
3/3 (100 %)

0.048 1.000

ER status Negative
positive

1/7 (14.3 %)
6/7 (85.7 %)

1/17 (5.9 %)
16/17 (94.1 %) 0.106 0.507

PR status Negative
positive

1/3 (33.3 %)
2/3 (66.7 %)

1/21 (4.8 %)
20/21 (95.2 %) 0.333 0.239

Hormon receptor status Positive
Negative

1/21 (4.8 %)
1/3 (33.3 %)

20/21 (95.2 %)
2/3 (66.7 %) 0.333 0.239

LN metastasis Present
absent 

1/12 (8.3 %)
1/12 (8.3 %)

11/12 (91.7 %)
11/12 (91.7 %) 0.000 1.000

Pathological stage Ib
IIa
IIb

1/11 (9.1 %)
1/10 (10 %)
0/3

10/11 (90.9 %)
9/10 (90 %)
3/3 (100 %)

–0.006 1.000

Tab. 2. STAT 2 immmunohistochemical expression and histopathological parameters.
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between 0.61 and 0.80 good concordance, and > 
0.80 perfect concordance. Chi-square or Fisher’s 
exact test was utilized to check if there was any 
difference between the staining groups in terms 
of other factors. Mann–Whitney U test was used 
to determine if there was any difference in age 
between the staining groups. p < 0.05 was set as 
the signifi cance level.

Results

The age of the 24 patients included in the study 
was in range of 29–80 years (mean age 58.42). 
Twenty-three of the cases were female and 1 of 
them was male. The M / F ratio was found to be 
1/23. The largest tumor diameter was 9 cm, and 
the smallest was 1.5 cm (mean diameter 3.47 cm). 
According to the Modifi ed Bloom-Richardson 
grading system, 7 of the tumors were of grade I, 
8 were of grade II and 9 were of grade III. Out of 
12 cases without lymph node metastasis, 3 were 
of grade I, 4 of grade II, and 5 of grade III. Out of 

12 cases with lymph node metastasis, 4 were of grade I, 4 of grade 
II, and 4 of grade III. When the cases were divided into subtypes 
according to their molecular features, the majority of them were 

a b
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Fig. 3. G0 STAT 3 expression was detected in 11 of the tumor cases (a), G1 STAT 3 ex-
pression was detected in 2 of the tumor cases (b), G2 STAT 3 expression was detected 
in 7 of the tumor cases (c) G3 STAT 3 expression was detected in 4 of tumor cases (d). 
STAT3 positivity was detected in vascular endothelium (thin arrow) and fi broblasts 
(thick arrow) in stroma.

employed to present the concordance between staining results and 
other factors. Kappa coeffi cient < 0.40 was accepted to indicate 
weak concordance, between 0.41 and 0.60 moderate concordance, 

Parameters
Immunohistochemical expression of STAT 3 antibody.

Negative Positive Correlation p
Age <40

>40
2
9

2
11 –0.026 0.855

Histological grade Grade I
Grade II
Grade III

3/7 (42.9 %)
5/8 (62.5 %)
3/9 (33.3 %)

4/7 (57.1 %)
3/8 (37.5 %)
6/9 (66.7 %)

0.010 0.522

Tumor diameter <2
2–5
>5

4/9 (44.4 %)
5/11 (45.5 %)
2/4 (50 %)

5/9 (55.6 %)
6/11 (54.5 %)
2/4 (50 %)

0.007 1.000

necrosis Present
absent

8/17 (37.1 %)
4/7 (32.9 %)

9 (52.9 %)
4 (57.1 %) –0.036 1.000

Infl ammation Present 
absent

9/21 (42.9 %)
2/3 (66.7  %) 

12/21 (57.1 %)
1/3 (33.3 %) 0.111 0.576

Tumor growth pattern at borders Infi ltratif
expansile

10/21(47.6 %)
1/3(33.3 %)

11/21 (52.4 %)
2/3 (66.7 %) 0.059 1.000

cerbB2 status Negative
uncertain
positive

8/17(47.1 %)
–
0/4

9/17 (52.9 %)
–
4/4 (100 %)

0.145 0.031

ER status Negative
positive

4/7 (57.1 %)
3/7 (42.9 %)

7/17 (41.2 %)
10/17 (58.8 %) 0.137 0.659

PR status Negative
positive

2/3 (66.7 %)
1/3 (33.3 %)

9/21 (42.9 %)
12/21 (57.1 %) 0.111 0.576

Hormon receptor status Positive
Negative

9/21(42.9 %)
2/3(66.7 %)

12/21 (57.1 %)
 1/3(33,3 
%) 

0.111 0.576

LN metastasis Present
absent 

3/12(25 %)
8/12(66.7 %)

9/12 (75 %)
4/12 (33.3 %) 0.417 0.100

Pathological stage Ib
IIa
IIb

8/11(72.7 %)
1/10 (10 %)
2/3(66.7 %)

3/11 (27.3 %)
 9/10 (90 %)
1/3 (33.3 %)

0.483 0.007

Tab. 3. STAT 3 immmunohistochemical expression and histopathological parameters.
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found to be of luminal type of breast cancer (n = 
21, 87.5 %). In immunohistochemical staining per-
formed with STAT1, 16.6 % (n = 4) of the cases 
with tumors were negative, while in 16.6 % (n = 
4), 45.8 % (n = 11), and 20.8 % (n = 5), staining 
grades 1, 2 and 3 were observed, respectively (Fig. 
1). STAT1 expression was not observed in non-
tumoral epithelial and myoepithelial cells. There 
was no statistically signifi cant correlation between 
STAT1 antibody expression in tumor cells and the 
histological grade, diameter and growth limits of 
the tumor, presence of intratumoral desmoplasia, 
presence of infl ammation, presence of necrosis, 
axillary lymph node involvement, estrogen, pro-
gesterone, and cerb-B2 staining status (p > 0.05) 
(Tab. 1). When STAT2 expression was examined, 
8.33 % (n = 2) of the cases were negative, while 
in 20.8 % (n = 5), 37.5 % (n = 9) and 33.3 % (n 
= 8), staining grades 1, 2 and 3 were observed, 
respectively (Fig. 2). No signifi cant results could 
be found between the STAT2 antibody expression 
in tumor cells and analyzed histological param-
eters (Tab. 2).

Immunohistochemical staining with STAT3 revealed staining 
of the vascular endothelium, nontumoral duct epithelia, lympho-
cytes, vascular smooth muscle and fi broblasts as well as nuclear 

staining in the tumor epithelium. In our study, we identifi ed posi-
tive staining with STAT3 in 54.1 % of our cases. While 45.8 % 
(n = 11) of the cases with tumors were negative; 8.33 % (n = 2), 

a b

dc

Fig. 4. Nontumoral breast duct epithelium showed strong staining with STAT5a, no 
staining was seen in myoepithelial cells (long arrow); tumor cells in this Fig. are STAT5a-
negative (a). Expression of STAT5a was also seen in the vessel endothelium adjacent 
to the tumor site showing G1 staining (arrow head) (b). In the case evaluated as G2, 
lymphocytes STAT5a expression was common in the tumor (c). G3, STAT5a expression.

Parameters
Immunohistochemical expression of STAT 5a antibody.

Negative Positive Correlation p
Age <40

>40
1
9

3
11 0.100 0.459

Histological grade Grade I
Grade II
Grade III

3/7 (42.9 %)
3/8 (37.5 %)
4/9 (44.4 %)

4/7 (57.1 %) 
5/8 (62.5 %)
5/9 (55.6 %)

–0.004 1.000

Tumor diameter <2
2–5
>5

4/9 (44.4 %)
4/11 (36.4 %)
2/4 (50 %)

5/9 (55.6 %)
7/11 (63.6 %)
2/4 (50 %)

–0.013 1.000

necrosis Present
absent

5/17 (29.4 %)
5/7 (71.4 %)

12/17 (70.6 %)
2/7 (28.6 %) 0.373 0.085

Infl ammation Present 
absent

 8/21 (38.1 %)
2/3 (66.7 %)

13/21 (61.9 %)
1/3 (33.3 %) 0.143 0.550

Tumor growth pattern at borders Infi ltratif
expansile

9/21 (36.9 %)
1/3 (33.3 %)

12/21 (57.1 %)
2/3 (66.7 %) 0.037 1.000

cerbB2 status Negative
uncertain
positive

7/17 (41.2 %)
2/3 (66.7 %)
1/4 (25 %)

10/17 (58.8 %)
1/3 (33.3 %)
3/4 (75 %)

0.040 0.673

ER status Negative
positive

0/7
7/7 (100 %)

10/17 (58.8 %)
7/17 (41.2 %) –0.522 0.019

PR status Negative
positive

0/3
3 (100 %)

10/21 (47.6 %)
11/21 (52.4 %) –0.238 0.239

Hormon receptor status Positive
Negative

10/21 (47.6 %)
0/3

11/21 (52.4 %)
 3/3 (100 %) –0.238 0.239

LN metastasis Present
absent 

6/12(50 %)
4/12 (33.3 %)

6/12 (50 %)
8/12 (66.7 %) –0.167 0.680

Pathological stage Ib
IIa
IIb

4/11(36.4 %)
4/10 (40 %)
2/3 (66.7 %)

7/11 (63.6 %)
 6/10 (60 %)
1/3 (33.3 %)

–0.031 0.724

Tab. 4. STAT 5a immmunohistochemical expression and histopathological parameters.
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29.2 % (n = 7) and 16.6 % (n = 4) exhibited grades 1; 2 and 3 of 
nuclear staining (Fig. 3). A statistically signifi cant relationship of 
STAT3 expression with the pathological stage of tumor and cerbB2 

expression of tumor was found (p values 0.007 and 
0.031, respectively) (Tab. 3).

When only the cases with the luminal type 
of breast carcinomas were evaluated statistical-
ly, it was seen that the concordance of STAT3 
expression with the pathological stage became 
more prominent (p 0.004). Similarly, there was 
a signifi cant relationship between the expressions 
of cerbB2 and STAT3 only when luminal types 
were evaluated (p = 0.043). However, no corre-
lation was found between other histopathologi-
cal parameters and STAT3 expression (Tab. 3). 
When STAT5a staining of cases with tumor was 
evaluated, 41.6 % (n = 10) of them were found 
to be negative, while 29.1 % (n = 7), 16.6 % (n 
= 4) and 12.5 % (n = 3) exhibited grades 1, 2, 
and 3 of staining, respectively. While nontumoral 
breast ductus epithelium exhibited strong stain-
ing with STAT5a, myoepithelial cells were not 
stained. Diffuse STAT5a positivity was observed 
in vascular endothelium and lymphocytes (Fig. 
4). The expressions of STAT 5a and estrogen re-
ceptor status of the tumor were found to be sta-

tistically signifi cant (p < 0.05). However, no signifi cant correla-
tion was found between STAT5 staining and other parameters 
(p > 0.05) (Tab. 4).

Parameters
Immunohistochemical expression of Hif1α antibody.

Negative Positive Correlation p
Age <40

>40
2
18

2
2 0.39 0.05

Histological grade Grade I
Grade II
Grade III

5/7 (71.4 %)
7/8 (87.5 %)
8/9 (98.9 %)

2/7 (28.6 %)
1/8 (12.5 %)
1/9 (11.1 %)

0.036 0.644

Tumor diameter <2
2–5
>5

8/9 (88.9 %)
9/11 (81.8 %)
3/4 (75 %)

1/9 (11.1 %)
2/11 (18.2 %)
1/4 (25 %)

–0.022 0.394

necrosis Present
absent

14/17 (82.4 %)
6/7 (85.7 %)

3/17 (17.6 %)
1/7 (14.3 %) 0.022 1.000

Infl ammation Present 
absent

 18/21 (95.7 %)
2/3 (66.7 %)

3/21 (14.3 %)
1/3 (33.3 %) –0.056 0.437

Tumor growth pattern at borders Infi ltratif
expansile

17/21 (81 %) 4/21 (19 %)
– –0.167 1.000

cerbB2 status Negative
uncertain
positive

14/17 (82.4 %)

3/4 (75 %)

3/17 (17.6 %)
 –
1/4 (25 %)

0.018 1.000

ER status Negative
positive

 – 13/17 (76.5 %)
4/17 (23.5 %) 0.152 0.283

PR status Negative
positive

– 17/21 (81 %)
4/21 (19 %) 0.056 1.000

Hormone receptor status Positive
Negative

17/21 (81 %) 4/21 (19 %)
– 0.056 1.000

LN metastasis Present
absent 

8/12 (66.7 %)
–

4/12 (33.3 %)
 – 0.333 0.093

Pathological stage Ib
IIa
IIb

11/11 (100 %)
7/10 (70 %)
2/3 (66,7 %)

 –
3/10 (30 %)
1/3 (33.3 %)

0.241 0.146

Tab 5. HIF-1α immmunohistochemical expression and histopathological parameters.

a b

Fig. 5. 23/24 of tumor cases in G3 (a) and 1/24 showed G2 (b) STAT5b expression.

a b

Fig. 6. HIF-1 alpha was stained in the epithelial, intraductal and infi ltrative atypical 
epithelium in non-tumor breast tissue. No staining of lymphocytes in the non-tumor 
area /No tumor epithelium staining was detected with HIF 1 alpha (grade 0).
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Nuclear and cytoplasmic staining was detect-
ed in tumor cells with STAT5b. All of the cases 
with tumor were stained with STAT5b, while in 
4.16 % of cases (n = 1), and 95.83 % of cases (n 
= 23), grades 2, and 3 of staining were observed, 
respectively (Fig. 5). Due to the fact that STAT 5b 
was expressed in all cases, no statistical analysis 
could be conducted. No correlation was found 
between the parameters related to the degree of 
staining (p > 0.05). In our study, the staining with 
STAT 2, STAT3, and STAT5a was positive also in 
nontumoral breast ductus epithelium. While 84 % 
(n = 20) of the cases were negative after staining 
with HIF1α; 8 % (n = 2), 4 % (n = 1) and 4 % (n 
= 1) exhibited grades 1; 2, and and 3 of staining, 
respectively. While the staining with HIF1α was 
present in non-tumorous breast tissue epithelium, 
intraductal and infi ltrative atypical epithelium, and 
myoepithelial cells were not HIF1α positive. No 
lymphocytes were stained in the non-tumor area. 
There was also nuclear staining of lymphocytes 
in the lymphoid response to the tumor (Fig. 6). No signifi cant 
correlation of HIF1α expression in tumors with lymphocytes and 
evaluated parameters was found (p > 0.05) (Tab. 5).

The staining with HIF2α resulted in the staining of intra-
tumor lymphocytes as well as tumor cells (Fig. 7). In addition, 

myoepithelial cells and smooth muscle cells of the vascular wall 
were also stained. The staining with HIF2 α resulted in 41.66 % 
of cases (n = 10) being negative, while 16.6 % (n = 4) and 41.66 
% (n = 10) displayed grades 1 and 2 of staining, respectively. In 
the statistical research, no statistically signifi cant correlation was 

Parameters
Immunohistochemical expression of Hif2α antibody.

Negative Positive Correlation p
Age <40

>40
2
8

2
12 –0.05 0.711

Histological grade Grade I
Grade II
Grade III

3/7 (42.9 %)
3/8 (37.5 %)
4/9 (44.4 %)

4/7 (57.1 %)
5/8 (62.5 %)
5/9 (55.6 %)

–0.004 1.000

Tumor diameter <2
2–5
>5

5/9 (55.6 %)
4/11 (36.4 %)
1/4 (25 %)

4/9 (44.4 %)
7/11 (63.6 %)
3/4 (75 %)

–0.067 0.635

necrosis Present
absent

5/17 (47.1 %)
2/7 (28.6 %)

9/17 (52.9 %)
5/7 (71.4 %) –0.164 0.653

Infl ammation Present 
absent

 9/21 (42.9 %)
1/3 (33.3 %)

12/21 (57.1 %)
2/3 (66.7 %) –0.048 1.000

Tumor growth pattern at borders Infi ltratif
expansile

8/21 (38.1 %)
2/3 (66.7 %)

13/21 (61.9 %)
1/3 (33.3 %) –0.111 0.550

cerbB2 status Negative
uncertain
positive

8/17 (47.1 %)
0/3
2/4 (50 %)

9/17 (52.9 %)
3/3 (100 %)
2/4 (50 %)

0.040 0.364

ER status Negative
positive

2/7 (28.6 %)
5/7 (71.4 %)

8/17 (47.1 %)
9/17 (52.9 %) –0.164 0.653

PR status Negative
positive

0/3
3/3 (100 %)

10/21 (47.6 %)
11/21 (52.4 %) –0.238 0.239

Hormone receptor status Positive
Negative

10/21 (47.6 %)
0/3

11/21 (52.4 %)
3/3 (100 %) –0.238 0.239

LN metastasis Present
absent 

7/12 (58.3 %)
 3/12 (25 %)

5/12 (41.7 %)
9/12 (75 %) –0.333 0.214

Pathological stage Ib
IIa
IIb

3/11 (27.3 %)
6/10 (60 %)
1/3 (33.3 %)

8/11 (72.7 %)
4/10 (40 %)
2/3 (66.7 %)

–0.252 0.326

Tab. 6. HIF-2α immmunohistochemical expression and histopathological parameters.

a b

dc

Fig. 7. HIF2 alpha showed nuclear and cytoplasmic staining in epithelial cells, nuclear 
staining rated (a). HIF2alpha was expressed in lymphocytes within the tumor (b, c, d).
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found between pathological parameters and HIF2α expression 
(p > 0.05) (Tab. 6).

Discussions

While n our study on patients with invasive ductal carcinoma, 
the STAT3 expression was concordant with the pathological stage 
and CerbB2 positivity, no correlation was found between STAT3 
expression and other parameters. Besides, there was a signifi cant 
correlation between STAT5a expression of tumor cells and estrogen 
receptor positivity whereas no signifi cant correlation was found 
between STAT5a expression and other parameters. No signifi cant 
correlation was found between the tumor expression of other im-
munohistochemical markers of STAT1, STAT2, STAT5b, HIF1α, 
HIF2α and the pathological stage of tumor, nuclear grade of tumor, 
desmoplasia in tumor, presence of necrosis and infl ammation, and 
ER, PR and CERB-B2 status of tumor. Breast carcinoma is the most 
common malignant tumor in women, while more than 1,000,000 
women are diagnosed with breast carcinoma annually (1). It is 
also the most common cause of death from carcinomas in women. 
Although breast cancer is seen in any age group, it rarely occurs 
under 25 years of age. In our study, the age of the patients ranged 
between 29 and 80 years. Breast cancer is molecularly classifi ed 
into fi ve main subtypes: luminal A, luminal B, Her2 (+), triple-
negative and normal-like (19). In accordance with literature, most 
of the cases in our study were of the luminal subtypes (n = 21). 

STAT3, the major element of the STAT family, plays an im-
portant role in cell differentiation and proliferation (9, 20) In ad-
dition, the studies on breast and hematopoietic cells have shown 
that STAT3 also plays a role as an oncogenic protein and it has 
been suggested that it may be related also to chemotherapy resis-
tance (21, 22). It is stated that STAT3 is especially activated in 
breast cancer and it contributes to cancer progression by stimulat-
ing cell proliferation, increasing angiogenesis, infl uencing escape 
from the immune system and providing resistance to apoptosis 
(23-26). Although it has been shown in the conducted studies 
that STAT3 is expressed to a certain extent in all breast cancer 
subtypes, the information on its prognostic signifi cance is con-
tradictory (27). While in some publication it was reported that 
nuclear STAT3 expression was associated with better survival, in 
some others no correlation was found with the prognosis or ER 
expression (28, 29). In a recent study, activated STAT3 has been 
reported to be an indicator of good prognosis in luminal breast 
cancers (30). In our study, STAT3 expression was concordant with 
the pathological stage, and it was found to have signifi cantly high-
er correlation with luminal breast cancer (p = 0.004). Moreover, 
in concordance with the results found by Diaz et al. (31), in our 
study, a statistically signifi cant relationship was found between 
cerbB2 positivity and STAT3 expression (p = 0.041). However, 
there was no signifi cant relationship between STAT3 expression 
and other parameters included in our study. STAT5a, another im-
portant member of the STAT family, is required for the growth, 
proliferation and differentiation of cells in the breast epithelium 
(32–35). In accordance with literature, in our study, it was ob-
served that STAT5a was also stained in nontumoral breast tissue, 

lymphocytes and fi broblasts (36). In a study, it was stated that 
there was a decrease in STAT5a activation in metastatic tumors, 
and it was an independent factor for good prognosis in human 
breast cancer (37). STAT5a protein expression was shown not 
to be statistically signifi cant although it differed slightly. In our 
study, we observed that the loss in STAT5a expression was higher 
in lymph node positive cases, but no statistically signifi cant result 
was obtained. In another study evaluating the STAT5a protein 
expression in breast cancer, a signifi cant correlation was found 
between nuclear staining of STAT5a and increased histological 
grade (38). In our study, we observed diffuse STAT5a expression 
in the nontumoral duct epithelium in parallel with breast devel-
opment. Although the ratios were different, the comparison of 
STAT5a expression in normal and hyperplastic epithelium and in 
carcinoma cells revealed a signifi cant loss in STAT5a expression 
also in our study. However, we could not detect any correlation 
between the histological grade and STAT5a expression. In addi-
tion, STAT5a and estrogen staining (p < 0.05), which is a good 
prognostic factor, were found to be statistically signifi cant also 
in our study. STAT5a and STAT5b are involved in the develop-
ment of breast cells in conjunction with PR and are regulated by 
the PR-mediated pathway in conjunction with STAT3 in breast 
cancer. However, in our study, neither STAT3 nor STAT5a/b was 
associated with PR expression (39). In our study, no signifi cant 
result was found between STAT3 and ER and PR, but a signifi -
cant result was found between STAT5a and ER. STAT5b, pres-
ent in normal breast epithelial cells, is an isoform of STAT5a, 
resulting from gene duplication (40). STAT5b was examined 
Immunohistochemically only in one published study, in which 
however, the results of staining have not been reported (41). In 
our study, we found strong nuclear staining in all of our cases 
and therefore, we could not analyze its correlation with prog-
nostic parameters. Nevertheless, the staining of all ductal car-
cinomas suggests it might have a role in tumor development. In 
many published studies, no correlation could be shown between 
STAT1 expression in breast carcinomas and age, estrogen recep-
tor status, histological grade, primary tumor stage, lymph node 
status and tumor-node-metastasis (TNM) stage (40). In a study 
conducted although on a very large series, STAT1 staining was 
observed in 27 % of ER-positive tumors and was reported to be 
associated with shorter disease-free survival (42). In our study, 
we observed staining in 83.3 % of the cases and, in accordance 
with the majority of published studies, we could not obtain a 
statistically signifi cant result between STAT1 expression and tu-
mor parameters. STAT2 expression in human breast carcinomas 
is not well defi ned in literature. Only a few studies on cell lines 
have reported its expression in breast cancer cells (43). In our 
study, 91.6 % of the cases were found to display nuclear stain-
ing with STAT2. Both STAT1 and STAT2 are necessary factors 
for interferon response and signaling. As a result of STAT1 gene 
deletion, the interferon response is eliminated (41, 44). STAT2 
is required for IFN-γ signaling, and together with STAT1, it is 
involved in interferon response. Considering the fact that inter-
ferons are still used in the treatment of some breast cancers, we 
think that further studies with STAT1 and STAT2 will be useful.
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The adaptation to the hypoxic environment for the survival 
and development of tumor cells is mainly determined by the HIF 
(hypoxia inducing factor)-dependent transcription program. HIF1α 
and HIF2α are important proteins that initiate tumor cell responses 
to hypoxia (45). HIFs mainly increase the angiogenesis, and cause 
the progression of the tumor in an aggressive course (46, 48). The 
literature has revealed a signifi cant association between low sur-
veillance and high HIF1α levels in patients with bladder, breast, 
endometrial, cervical, oropharyngeal and esophageal carcinomas 
(45, 48–61). In addition, HIF1α has been reported to be associated 
with poor prognosis in pancreatic tumors (62). In various stud-
ies on breast carcinomas, high HIF1α levels have been reported 
to be associated with a shorter life span (45, 60, 63). Also in our 
study, there was no HIF1α expression observed in cases without 
lymph node metastasis. In addition, we found that all of the cases 
stained positive for HIF1α had lymph node metastasis with in-
fi ltrative tumor boundaries. Nevertheless, our fi ndings were not 
statistically signifi cant. Despite the lack of a thorough comparison 
of life span, our results are consistent with fi ndings in literature, 
and the presence of correlation between HIF1α expression and 
lymph node positivity, an important parameter in determining 
tumor stage, supports the negative correlation between patient 
prognosis and HIF1α. Besides, its correlation with infi ltrative tu-
mor boundary may be associated with the development and spread 
potential of the tumor. The increase in HIF1α is associated with 
breast carcinogenesis and has been reported in the literature to ex-
ist especially in cases with low differentiation (64). In our study, 
however, there was no signifi cant correlation between HIF1α ex-
pression and tumor differentiation. Hypoxia has been reported to 
trigger cell differentiation and cancer progression with the down-
regulation of ER expression. It is suggested in literature that ER 
increases the hypoxic response caused by HIF and thus leads to a 
more malignant phenotype (45, 65). In our study, all cases stained 
with HIF1α were identifi ed to be ER positive but no statistically 
signifi cant result was obtained. In a previous study on HIF2α, the 
HIF2α expression was detected in 36 % of ductal carcinomas of 
the breast. In our study though, we found HIF2α expression in 
58 % of our cases. While in the aforementioned study, there was 
no correlation between hormone receptors, Cerb-B2 and HIF2α 
expression, there was a signifi cant correlation with the presence 
of lymph node metastasis. In our study, on the other hand, there 
was an increased expression of HIF2α in PR receptor positive 
cases, and no statistically signifi cant correlation was observed be-
tween PR and HIF2α. No signifi cant correlation was found with 
the presence of lymph node metastasis, which may be due to the 
low number of cases with lymph node metastasis in our study. In 
literature, no signifi cant correlation consistent with present fi nd-
ings was found between HIF2α and Cerb-B2 expression and other 
prognostic parameters. 

Conclusion

Consequently, our study reveals that among the immunohis-
tochemical markers examined, only STAT3 expression correlates 
with an advanced pathological stage, and has a prognostic value. 
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