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ARTICLE INFO ABSTRACT

Keywords: Background: Constitutive activation of STAT3 have been shown in several tumor types including breast cancer.
STAT3 We investigate STAT3 expresion as possible molecular marker for breast cancer early detection, as well as
Breast cancer patients prognostic factor for determination of tumor agressiveness.

HER2 Methods: In this study we measure p(Y705)STAT3 expression in tumor and adjacent tissue of breast cancer
EI;S patients by Western blot. For relapse-free survival (RFS) and overall survival (OS) we used Log-Rank test.

Results: We show that average expression of p (Y705) STAT3 in tumor tissue is higher compared to adjacent
tissue. Moreover, we found that patients with HER2 positive receptors had significantly higher pSTAT3 ex-
pression compared to HER2 negative patients. We showed that patients with high mammographic density had
significantly higher tumor expression of pSTAT3 compared to patients with low mammographic density. Also,
we show that pSTAT3 expression correlates with longer RFS in the entire group of patients, as well as in the
group of ER positive, in lymph node positive and in older group of breast cancer patients (with age over 50).
Furthermore, in the entire group of patients, in ER positive, in lymph node positive and in older group of patient,
high expression of pSTAT3 showed a better survival than low expression of pSTAT3.

Conclusion: Considering that the expression of pSTAT3 is associated with longer RFS and survival, it can be used

as prognostic tools for determination of group of breast cancer patients with low-risk.

1. Introduction

Recently it has been shown that Signal Transducer and Activators of
Transcription (STATs) had an important role in tumor carcinogenesis
and that they considered as potential oncogenes. Constitutive activation
of STAT3 has been shown in several tumor tipes including breast cancer
[1]. It has been shown that STAT3 is protein which activate c-myc,
cyclin D and Bcl-2, facilitating cells to pass through the critical re-
striction point and therefore enhances breast cancer cell proliferation
[2].

Constitutive activation of STAT3 leads to proliferation of tumor cells
and prevents apoptosis, down-regulates the production of numerous
proinflamatory cytokines and chemokines and leads to secretion of
factors that prevent dendritic cell (DC) maturation that suppresses
adaptive antitumor immunity. It is known that invasive tumors need to

modulate gene expression in a manner that impairs the activity of in-
nate and adaptive immunity in immune surveillance [3,4]. STAT3 po-
sitive tumors achieve this by preventing the production of proin-
flamatory cytokines, i.e. “danger signals”. Activation of the
transcription factor STAT3 in the tumor and adjacent immune cells, as
well as, normal epithelial cells, lead to production of cytokines IL-1f,
IL-6, IL-10, IL-17, as well as VEGF creating a feedback loop that pro-
motes tumor growth, angiogenesis, evasion of immune surveillance and
metastasis [5,6]. It is of importance that activation of STAT3 within
tumors is heterogeneous and it has been found that pSTAT3 is highest
on the leading edge of tumors and that this is associated with stromal,
immune, and endothelial cells. This follows from IL-6 from cancer-as-
sociated fibroblasts or myeloid cells that in a feedback loop induces
autocrine production of IL-6 and pSTAT3 expression in tumor cells, thus
also leading to heterogeneous levels of pSTAT3 [6]. Therefore,
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considering heterogeneous tumor expression of pSTAT?3, it is of interest
to determine tumor pSTAT3 expression and use it as possible tumor
marker for early detection, as well as prognostic marker.

It has been shown that HER2 induce via Src kinases migration of
breast cancer cells [7]. Also, activation of STAT3 pathway is shown in
ER positive breast cancer lines [8]. Therefore, we investigated asso-
ciation of pathologic parameters and pSTAT3 tumor expression. Re-
cently it has been published in a few studies regarding STAT3 as
prognostic factor [9-11], although with controversial results.

It has been shown that amount of mammographic density represent
an independent predictive factor of breast cancer risk [12]. The biologic
basis for increased risk for breast cancer associated with increased
mammographic densities is not understood, and the detailed nature of
densities in cancer tissue has not been studied extensively [13-15].
Also, the association between molecular markers in tumor tissue and
calcifications on mammograms has not been investigated yet. For this
reason, we investigated association of mammographic features and
pSTAT3 tumor expression.

Now new aspects of treatment are introduced based on the mole-
cular profile of the tumor, the treatments of various tumors introduce
agents that directly or indirectly block the activity of STAT3. Moreover,
we investigate STAT3 expresion as possible molecular marker for breast
cancer early detection, as well as prognostic factor for determination of
tumor agressiveness.

2. Materials and METODS
2.1. Patients

In this study we examine the expression of p (Y705) STAT3 in the
tumor and adjacent tissue samples of 80 breast cancer patients (clinical
stage I, II and III) by Western blot analysis. The study was carried out
after fulfilling all required ethical standards and tumors tissue were
investigated according to the ethical standards, with informed consent
of patients at the Institute of Oncology and Radiology of Serbia.

2.2. Tissue samples

Malignant and adjacent breast tissues (~100mg) were quickly
weighed and homogenized on ice. Homogenized tissue samples were
treated with 200 pl of lysing buffer containing 20 mM Tris-HCI buffer,
pH 7.5, 150 mM NaCL, 5 mM EDTA, 1% TRITON X-100, 0.5% for 1 h on
4 °C. After centrifugation at 10,000 rpm for 10 min at 4 °C, the obtained
supernatant fluid presents the total cell lysate. The total protein con-
centrations were measured by Bradford assay that has been adapted to
microplates [16]. Tissue lysates equivalent to 50 g protein were mixed
with equal volumes of sample buffer (4% SDS, 20% Glycerol, 0.004%
Bromophenol, 0.125M Tris HCL) and kept at room temperature for
30 min.

2.3. Western blot analysis

Expression of p (Y705) STAT3 was determined according to the
method of Horr B et al [17]. Induction of pSTAT3 expression was as-
sessed in cellular lysates by Western blotting using anti-pSTAT3 (BD
Biosciences, USA) antibodies. The expression of B actin was used for
endogenous control for western blot reaction and
munochistohemistry. The Expression of pSTAT3 in tumor tissue was
confirmed by immunochistohemistry.

im-

2.4. Quantification of p (Y705) STAT3 expression

Following Western Blotting, the band of blots was quantified using a
scanner equipped with a transparency option interfaced to an IBM PC.
Blots were scanned by using image system (Kodak Image 1D 3.6.), in a
grey scale mode at 169 mm pixel size and 1250-1650 (X-Y) pixel count,
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using the autodensity feature on a scale ranging from 0 (clear) to 255
(opaque). The pixel density was used to calculate the integrated density
of a selected band. Values of integrated density were reported in vo-
lume units of pixel intensity per mm [2]. The integrated density of each
band is reported as the mean of three different measurements of the
same blot for each sample examined in triplicate.

2.5. Pathological assessment of primary tumors

This study included 80 breast cancer patients ranged from 38 to 82
years (median 59 years) who underwent surgery as primary treatment.
According to the TNM classification of the UICC, tumor size (T) was
classified by the pathologist after surgery as T1, T2 or T3. The presence
of regional lymph node involvement (N) was assessed histologically as
No (lymph node negative) or N (lymph node positive). The presence
of distant metastases (M) was excluded by clinical, X-ray and ultra-
sound examination in all cases (Mo). Typing of primary tumors was
performed according to the WHO classification, while for grading the
Ellis and Elston system was used. Immunostaining was performed on
formalin-fixed paraffin-embedded 4 pm tissue sections using the pri-
mary mouse monoclonal antibodies for oestrogen receptor (ER), pro-
gesterone receptor (PR), HER2 receptor, Citokeratins 5/6 (CK5/6) and
epidermal growth factor receptor (EGFR/ HER1) and the primary rabbit
monoclonal antibody for Phosho- (Tyr705)Stat3 (Cell Signaling
Techology), respectively. Staining was visualized using the Envision
method (Dakocytomation, Copenhagen, Denmark) and DAB. For as-
sessment of ER, PR, HER2, CK5/6 and EGEFR staining the Allred score
was used. Samples were considered hormone receptor negative when
staining of both steroid receptors was negative and hormone receptor
positive when positive staining for one of the receptors was observed.
The DAKO-HercepTest scoring system was used to evaluate the HER2
staining. Samples with a score of 0 or 1 were defined as negative and
samples with a score of 2+ or 3+ were defined as positive or strongly
positive, respectively [18].

2.6. Image analysis

Each image was read by two radiologists: both radiologists who read
an image had to agree on an interpretation before the results were re-
corded. Mammograms were evaluated according to the American
College of Radiology Breast Imaging Reporting and Data system
(BIRADS) [19]. These mammograms were classified according to the
extent of density in the entire image by four categories (ACR1 [25%],
ACR2 [50%], ACR3 [75%], and ACR4 [100%]) [20]. Calcifications
were described in morphologic term as pleomorphic, branching, fine
linear, amorphous, and punctate. Grouped (clustered, 10 per cm2)
pleomorphic, branching, fine linear, and punctate calcification were
considered as malignant.

2.7. Statistical analysis

We measured expression of p (705) STAT3 in tumor and adjacent
tissue and data obtained were analyzed by the parametric Student T
test. The expression of pSTAT3 and clinicopathological features was
analyzed using parametric Student T test. For normal distribution data
testing, the Kolmogorov-Smirnov and Shapiro-Wilk tests were used.
Descriptive methods (frequencies, percent, mean, median, standard
deviation and range) were used to summarize the data. The statistical
significance level was set at p < 0.05. Survival as evaluated with
Kaplan-Meier product-limit method. Median with corresponding 95%
CI and log-rank test were used for relapse-free survival (RFS) and
overall survival (OS). Reported P values were not corrected for multiple
testing. Analyses were performed with Statistical Package for Social
Sciences, Version 11.5 (SPSS, Inc., Chicago, IL, USA).
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Fig. 1. (a) Representative blots showing p(Y705)STAT3 expression in tumor
and adjacent tissue and expression of B actin as control. (b) The mean values
with standard deviation (mean = SD) of p(Y705)STAT3 expression show sig-
nificant increase of p(Y705)STAT3 in tumor tissue compared to adjacent tissue.
Values of integrated density were reported in volume units of pixel intensity per
mm2.

3. Results
3.1. pSTAT3 expression and clinico-pathological characteristics

We show that expression of phospho(705)STAT3 detected by
Western blotting was found in 67 of 80 investigated patients with breast
carcinomas. Furthermore, we show the expression of pSTAT3 in tumor
and adjacent tissue of breast cancer patients and expression of (3 actin as
control used in this study (Fig. 1a). Each measurement of pSTAT3 ex-
pression was conferred with expression of  actin. We confirmed that
expression of phospho(705)STAT3 detected by immunochistochemistry
was found in 63 of 80 investigated breast cancer patients (Fig. 2a).
Average expression of p(Y705)STAT3 in breast cancer patients show
that pSTAT3 had more intense band in tumor tissue when compared to
adjacent normal tissue (p = 0.03, Student T test) (Fig. 1A, B).

We found no significant difference in pSTAT3 expression between
patients who are over 50 years old than patients with breast cancers
who have less than 50 years (0.94 = 0.26 vs. 1.21 * 0.36, p = 0.09,
Student T test) (Table 1.) Also there was no significant difference in
pSTATS3 expression between patients with carcinoma ductale and car-
cinoma lobulare (1.24 + 0.37 vs. 1.13 *= 0.4), p = 0.42, Student T
test). More detailed analyze show that there was no association be-
tween p(Y705)STAT3 tumor expression and tumor size (1.35 + 0.23
vs. 1.21 * 0.41 vs. 1.13 % 0.39, p = 0.51, Student T test), as well as
between lymph node positive (LN +) and lymph node negative breast
cancer patients (LN, vs. LNy 1.19 + 0.40 vs. 1.21 * 0.38, p = 0.60,
Student T test) (Table 1.).

3.2. pSTATS3 expression in tumor tissue with respect to receptor status

We analyzed pSTAT3 expression with respect to expression of ER,
PR and HER2 expression in tumor tissue samples. There is no difference
in pSTAT3 tumor expression in breast cancer patients with
ER + compared to patients with ER- (1.39 + 0.15 vs. 1.16 * 0.17,
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b)

Fig. 2. (a) A mammogram of a 48-year-old woman with high grade, ductal
carcinoma exhibits cluster of punctate microcalcifications, characterize as
BIRADS 5. (b) Photomicrograph of tumor sample of breast cancer patient dis-
playing a ductal carcinoma (grade 2) with marked nuclear and cytoplasmic
staining of p(TYR705)STAT3 (figure is at 100 magnification).

Table 1
Patients characteristics.

Characteristics Patients n(%) p(Y705)STAT3 p
Age

<50 23(28.75%) 0.94 = 0.26

> 50 57(71.25%) 1.21 = 0.36 0.09
Tumor type

Ca ductale invasivum 46 (57.5%) 1.24 = 0.37

Ca lobulare invasivum 34 (42.5%) 1.13 + 0.40 0.42
Primary tumor size

T1 28 (35%) 1.13 = 0.39

T2 38 (47.5%) 1.21 = 0.41

T3 15 (18.5%) 1.35 = 0.23 0.51
Lymph node status

Negative 45 (56.25%) 1.21 = 0.38

Positive 35 (43.75%) 1.19 = 0.4 0.6
HER2 status

Negative 69 (86.25%) 1.49 = 0.07

Positive 11 (13.75%) 2.0 = 0.12 0.034
ER status

Negative 13 (16.25%) 1.16 = 0.17

Positive 67 (83.75%) 1.39 = 0.15 0.235
Molecular classification

Basal-like 9 (11.25%) 1.15 = 0.39

HER2+ subtype 4 (5%) 1.76 = 0.33

Luminal A 60 (75%) 1.56 = 0.17

Luminal B 7 (8.75%) 1.31 = 0.35 0.036

p = 0.235, Student T test) (Fig. 2D). However, we found significant
difference in pSTAT3 expression between HER2 + (+2, + 3) and HER2-
(0, +1) patients (2.0 £ 0.12 vs. 1.49 *= 0.07, p = 0.034, Student T
test) (Table 1.). Moreover, in this study we show that patients with
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Table 2
Mammographic features stratified according to pSTAT3 expression.

Characteristics Patients n(%) p(Y705)STAT3 p
Mammographic densities

ACR1/ACR2(25-50%) 60 (78.67%) 1.05 = 0.09

ACR3/ACR4(25-50%) 20 (21.33%) 1.27 *= 0.06 0.042
Calcifications

No 62 (77.5%) 1.18 + 0.06

Yes 18 (22.5%) 1.27 = 0.10 0.405

basal-like cancers had significantly lower pSTAT3 expression

(1.56 = 0.33vs.1.17 = 0.37, p = 0.036, Student T test) compared to
patients with luminal A tumors (Table 1.).

3.3. Mammographic features

Mammograms of 80 patients with patohistologically confirmed
cancer according to American College of Radiology (ACR) showed 60
patients with ACR1 or ACR2 density and 20 patients with ACR3 and
ACR4 mammographic density. Mammograms of patients showed 18
patients with grouped calcifications with or without masses and spe-
cifically 9 patients had pleomorphic calcifications, 3 patients had
punctate calcification (Table 2.), 3 patients had branching calcifications
and 3 patients had fine linear type of calcification. In Fig. 2b we show a
mammogram of a 48-year-old with high grade ductal carcinoma ex-
hibits cluster of punctate microcalcifications characterize as BIRADS 5.
In Fig. 2a we show a photomicrograph of tumor sample of same patients
with hormone receptor positive ductal carcinoma (grade 2) with
marked nuclear and cytoplasmatic expression of p(TYR705)STATS3.

In the entire group of patients more detailed analyze showed that
patients with high mammographic density had significantly higher
expression of pSTAT3 in their tumor tissue compared to tumor ex-
pression in patients with low mammographic density (1.27 + 0.06 vs.
1.05 = 0.09, p = 0.042, Student T test) (Table 2.). There was no as-
sociation between pSTAT3 tumor expression and presence of calcifi-
cation on mammograms (1.27 * 0.10 vs. 1.18 * 0.06, p = 0.405,
Student T test) (Table 2.).

3.4. Survival analysis

When we analyzed all patients, patients with higher expression of
PSTATS3 (detected by Western blot) in tumor tissue had a significantly
longer RFS than those with low expression of pSTAT3 (p = 0.002, Log-
Rank test) (Fig. 3A). Also, patients with higher expression of pSTAT3
(detected by immunochistochemistry) had a significantly longer RFS
than those with low expression of pSTAT3 (p = 0.003, Log-Rank test)
(data not shown). Moreover, in the group of ER positive patients, pa-
tients with the expression of pSTAT3 in tumor tissue had a significantly
longer RFS than those with low expression of pSTAT3 (p = 0.014, Log-
Rank test) (Fig. 3B). ER positive patients with expression of pSTAT3 by
immunochistochemistry had significantly longer RFS (p = 0.004, Log-
Rank test) (data not shown). Also, when patients with lymph node in-
volvement (LN+) were analyzed, patients with the expression of
pSTATS3 in tumor tissue had a significantly longer RFS than those with
low expression of pSTAT3 (p = 0.006, Log-Rank test) (Fig. 4C). Lymph
node positive patients with expression of pSTAT3 by
munochistochemistry had significantly longer RFS (p = 0.03, Log-Rank
test) (data not shown). However, in group of patients with negative
lymph node, there was no significant difference in RFS between the
high pSTAT3 expressing group and the low pSTAT3 expressing group
(p=0.09, Log-Rank test) (data not shown). Patients with age over 50
had a significantly longer RFS when they have the expression of
pSTAT3 in tumor tissue than those with low expression of pSTAT3
(p = 0.008, Log-Rank test) (Fig. 3D). Older patients with expression of
pSTAT3 by immunochistochemistry had significantly longer RFS

im-
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(p = 0.01, Log-Rank test) (data not shown).

When we analyzed all patients, patients with high pSTAT3 expres-
sion detected bz Western blot in tumor tissue had significantly longer
OS compared to those with low expression of pSTAT3 (p = 0.006, Log-
Rank test) (Fig. 4A). In group of investigated patients survival rate at 5
years was 82.8% (70.1%-97.8%). Furthermore, patients with ER posi-
tive receptors and high expression of pSTAT3 in tumor had significantly
longer OS compared to ER positive patients with low expression of
pSTAT3 (p = 0.028, Log-Rank test) (Fig. 4B). In the group of hormone
positive patients survival rate at 5 years was 85.1% (72.6%-99.7%). In
the group of patients with lymph node involvement, there was sig-
nificant difference in prognosis between the high pSTAT3 expressing
group and the low pSTAT3 expressing group (p = 0.018, Log-Rank test)
(Fig. 4C). In the group of lymph node positive patients survival rate at 5
years was 86.7% (71.06%-100%). In the group of patients with age
over 50, those with the high expression of pSTAT3 in tumor tissue
showed a significantly longer OS than those with low expression of
pSTAT3 (p = 0.024, Log-Rank test) (Fig. 4D). In the group of older
patients survival rate at 5 years was 81.2% (66.2%-99.7%)

4. Discussion

Identification of novel biomarkers for breast cancer patients that
would enable a safer risk assessment and prognosis of these patients, as
well as the identification of target molecules for therapeutics represent
important targets in the treatment of breast cancer. It has been shown
that STAT3 signaling pathway is included in apoptosis inhibition,
cancer cell proliferation, angiogenesis induction and avoiding of im-
mune response (1, 7, and 21). In our research we show that malignant
tissue had expression of pSTAT3 compared to adjacent peritumor tissue.
These results are in concordance with previous published studies based
on immunohistochemistry as detection method that show a higher level
of pSTAT3 in malignant tissue compared to adjacent tissue [7,21,22],
while in our study we used Western blot, a more sensitive method. In
this sense, our results indicate that pSTAT3 expression could be used as
a diagnostic marker for breast cancer patients.

In this investigation we show that there is no association of pSTAT3
tumor expression and clinical stage of the disease. In accordance with
this result, we show that pSTAT3 tumor expression is not associated
with tumor size or lymph node involvement. Other studies had con-
troversial results regarding association of p(TYR705)STAT3 tumor ex-
pression and tumor size [10] or lymph node involvement [9,21], al-
though these studies were based on nuclear pSTAT3 expression. It is
possible that activation of pSTAT3 pathway is present during cancer-
ogenesis, as well as in all clinical stage of the disease.

In our study we show that there is no significant difference in p
(tyrosine 705)STAT3 tumor expression in patients with ductal carci-
noma compared to expression in patients with lobular carcinoma.
Furthermore, we show that there is no difference of pSTAT3 expression
and age of breast cancer patients. Other studies showed similar results
[22,23], although in these studies pSTAT3 nuclear localization was
detected, while in our study we detected cell expression of pSTATS3.
These results sugest that pSTAT3 activation is an important event in
cancerogenesis, independent from tumor type or age of patients.

The published study showed that breast cancer lines with ER and PR
positive receptors are associated with STAT3 activation [24]. We show
that there is no difference in expression of pSTAT3 in tumor tissue
beetwen patients with hormone receptor positive and hormone receptor
negative patients. It has been shown that HER2 can activate STAT3
signaling pathway [25]. Also, HER2 induce via Src kinases migration of
breast cancer cells [7]. Other study has shown that Src kinases through
pSTAT3 activation transform breast cancer cells [26]. In our study we
show that patients with HER2 overexpression had highier tumor ex-
pression of p(tyrosine 705)STAT3 compared to patients with HER2
negative receptors. In this regard, it is of importance to follow pSTAT3
expression in HER2 positive breast cancer patients as it may affect the
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Fig. 3. (a) Patients with the expression of p(Y705)STAT3 in tumor tissue had a significantly longer RFS than those with low expression of p(Y705)STAT3 in the entire
group of patients (p = 0.002, Log-Rank test), (b) in the group of ER positive patients (p = 0.014, Log-Rank test), (c) in the group of lymph node positive patients
(p = 0.006, Log-Rank test) and (d) in group of patients with age over 50 (p = 0.008, Log-Rank test).

choice of therapy.

Calcifications represent one of the most important features of breast
carcinoma. It is well documented that calcifications represent one of the
earliest mammographically detectable changes associated with in situ
and invasive breast carcinomas in asymptomatic women [27,28]. Seo at
al. found that HER2 positive cancers were associated with suspicious
calcifications at mammography [29]. Considering that in our group of
investigated patients there was a small number of patients who had
HER2 positive breast cancers and presence of calcifications on mam-
mograms (only 5 patients), we did not investigate association of STAT3
expression and HER2 positive patients. We found that there is no as-
sociation between pSTAT3 tumor expression and presence of calcifi-
cations on mammograms; however patients with calcifications had
higher expression of pSTAT3. Recently it has been shown that high
mammographic density on mammograms can be a predictor of poor
prognosis of breast cancer patients [30]. For this reason we investigated
and we show that patients with high mammographic density (ACR3 or
ACR4) had significantly higher tumor p(tyrosine705)STAT3 expression
compared to patients with low mammographic density. These results
provide insight into the biological processes in breast cancer defined by
association of pSTAT3 and mammographic density and could be of use
in defining novel therapeutic and management strategies.

As novel predictive marker, pSTAT3 was investigated in a few stu-
dies showing controversial results [9,21,31]. In the present study we
show that pSTAT3 expression correlates with longer RFS in the entire
group of patients, as well as in the group of ER positive, in lymph node
positive and in the older group of breast cancer patients (with age over
50). Furthermore, in the entire group of patients, in ER positive, in
lymph node positive and in group of breast cancer patient with age over

50 high expression of pSTAT3 showed a better survival than the low
expression of pSTAT3. Doled Filhart et all showed that STAT3 expres-
sion is associated with RFS in patients that are lymph node negative,
although only nuclear expression showed significantly longer survival
[23]. On the other hand, Berclaz et al did not detect prognostic value of
pSTAT3 [21]. Different group of investigated patients and number of
patients could be the reason for the difference in the obtained results
[9,21,32]. In this regard, in our study we used Western blot as very
sensitive method for pSTAT3 detection, as well as im-
munohistochemistry, although both methods are semiquantitative. In
present study, ER positive patients with high cytoplasmatic expression
of pSTAT3 had longer survival. On the contrary to this, Aleksandarany
et al showed that ER patients had longer survival with high nuclear
PSTAT3 expression [21]. This result suggest that STAT3 signaling pre-
sent one of most sustained events in tumorigenesis of invasive breast
cancer patients with less aggressive tumor types.

Considering that the expression of pSTATS3 is associated with longer
RFS and survival, it can be used as prognostic tools for determination of
group of breast cancer patients with low-risk. Also, the shown asso-
ciation of pSTAT3 expression with mammographic density indicates
further investigations regarding molecular basis of density.
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Fig. 4. (a) Patients with the expression of p(Y705)STAT3 in tumor tissue had a significantly longer OS than those with low expression of p(Y705)STAT3 in the entire
group of patients (p = 0.006, Log-Rank test), (b) in the group of ER positive patients (p = 0.028, Log-Rank test), (c) in the group of lymph node positive patients
(p = 0.018, Log-Rank test) and (d) in group of patients with age over 50 (p = 0.024, Log-Rank test).

Competing interests

None declared.

Patient consent

Obtained.

Ethics approval

Ethical committee of the Institute of Oncology and Radiology of

Serbia.

References

[1]
[2]
[3]

[4]

[5]

[6]

[71

V. Calo, M. Migliavacca, V. Bazan, et al., STAT proteins: from normal control of
cellular events to tumorigenesis, J. Cell. Physiol. 197 (2) (2003) 157-168.

G. Konjevié, [STAT proteins in cancerogenesis and therapy of malignancies], Srp.
Arh. Celok. Lek. 137 (1-2) (2009) 98-105.

G.P. Dunn, A.T. Bruce, H. Ikeda, L.J. Old, R.D. Schreiber, Cancer immunoediting:
from immunosurveillance to tumor escape, Nat. Immunol. 3 (11) (2002) 991-998.
G. Konjevié, V. Jovié, A. Vuletié, S. Radulovié, S. Jeli¢, 1. Spuzi¢, CD69 on CD56 +
NK cells and response to chemoimmunotherapy in metastatic melanoma, Eur. J.
Clin. Invest. 37 (11) (2007) 887-896.

G. Konjevic, S. Radenkovic, T. Srdic, V. Jurisic, Stamatovic Lj, M. Milovic,
Association of decreased NK cell activity and IFNy expression with pSTAT dysre-
gulation in breast cancer patients, J. BUON 16 (2011) 219-226.

S. Grivennikov, E. Karin, J. Terzic, D. Mucida, G.Y. Yu, S. Vallabhapurapu, et al., IL-
6 and Stat3 are required for survival of intestinal epithelial cells and development of
colitisassociated cancer, Cancer Cell 15 (2) (2009) 103-113.

N. Diaz, S. Minton, C. Cox, T. Bowman, T. Gritsko, R. Garcia, et al., Activation of
stat3 in primary tumors from high-risk breast cancer patients is associated with
elevated levels of activated SRC and survivin expression, Clin. Cancer Res. 12 (1)
(2006) 20-28.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[10]

[11]

[12]

[8] N. Muhammad, S. Bhattacharya, R. Steele, R.B. Ray, Anti-miR-203 suppresses ER-
positive breast cancer growth and stemness by targeting SOCS3, Oncotarget. (2016
Aug) 10.

T. Sato, L.M. Neilson, A.R. Peck, C. Liu, T.H. Tran, A. Witkiewicz, et al., Signal
transducer and activator of transcription-3 and breast cancer prognosis, Am. J.
Cancer Res. 1 (3) (2011) 347-355.

M.A. Aleskandarany, D. Agarwal, O.H. Negm, G. Ball, A. Elmouna, I. Ashankyty,
E. Nuglozeh, M.F. Fazaludeen, M. Diez-Rodriguez, C.C. Nolan, P.J. Tighe,

A.R. Green, 1.O. Ellis, E.A. Rakha, The prognostic significance of STAT3 in invasive
breast cancer: analysis of protein and mRNA expressions in large cohorts, Breast
Cancer Res. Treat. 156 (February (1)) (2016) 9-20.

S.M. Sheen-Chen, C.C. Huang, R.P. Tang, F.F. Chou, H.L. Eng, Prognostic value of
signal transducers and activators of transcription 3 in breast cancer, Cancer
Epidemiol. Biomarkers Prev. 17 (September (9)) (2008) 2286-2290.

Y. Wang, D.M. Ikeda, B. Narasimhan, T.A. Longacre, R.J. Bleicher, S. Pal, et al.,
Estrogen receptor-negative invasive breast cancer: imaging features of tumors with
and without human epidermal growth factor receptor type 2 overexpression,
Radiology 246 (2) (2008) 367-375 2008.

N. Moshina, S. Sebupdegérd, C.I. Lee, L.A. Akslen, K.M. Tsuruda, J.G. Elmore,

S. Hofvind, Automated volumetric analysis of mammographic density in a screening
setting: worse outcomes for women with dense breasts, Radiology. 288 (August (2))
(2018) 343-352.

Y. Ji, Z. Shao, J. Liu, Y. Hao, P. Liu, The correlation between mammographic
densities and molecular pathology in breast cancer, Cancer Biomark. 22 (3) (2018)
523-531.

S.S. Nazari, P. Mukherjee, An overview of mammographic density and its associa-
tion with breast cancer, Breast Cancer. 25 (May (3)) (2018) 259-267.

M.M. Bradford, A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding, Anal. Biochem.
72 (1976) 248-254.

B. Horr, H. Borck, R. Thurmond, S. Grosch, F. Diel, STAT1 phosphorylation and
cleavage is regulated by the histamine (H4) receptor in human atopic and non-
atopic lymphocytes, Int. Inmunopharmacol. 6 (2006) 1577-1585.

S. Stankovic, G. Konjevic, K. Gopcevic, V. Jovic, M. Inic, V. Jurisic, Activity of
MMP-2 and MMP-9 in sera of breast cancer patients, Pathol. Res. Pract. 206 (April
(4)) (2010) 241-247.

E.S. Burnside, E.A. Sickles, L.W. Bassett, D.L. Rubin, C.H. Lee, D.M. Ikeda, et al., The
ACR BI-RADS experience: learning from history, J. Am. Coll. Radiol. 6 (12) (2009)
851-860.

[91]


http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0005
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0005
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0010
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0010
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0015
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0015
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0020
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0020
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0020
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0025
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0025
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0025
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0030
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0030
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0030
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0035
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0035
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0035
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0035
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0040
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0040
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0040
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0045
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0045
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0045
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0050
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0050
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0050
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0050
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0050
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0055
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0055
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0055
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0060
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0060
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0060
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0060
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0065
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0065
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0065
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0065
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0070
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0070
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0070
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0075
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0075
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0080
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0080
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0080
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0085
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0085
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0085
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0090
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0090
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0090
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0095
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0095
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0095

S. Radenkovic et al.

[20]

[21]

[22]

[23]

[24]

[25]

N.F. Boyd, L.J. Martin, M. Yaffe, S. Minkin, Mammographic density, Breast Cancer
Res. 11 (3) (2009) S4.

G. Berclaz, H.J. Altermatt, V. Rohrbach, A. Siragusa, E. Dreher, P.D. Smith, EGFR
dependent expression of STAT3 (but not STAT1) in breast cancer, Int. J. Oncol. 19
(6) (2001) 1155-1160.

A. Sonnenblick, A. Shriki, E. Galun, J.H. Axelrod, H. Daum, Y. Rottenberg,

T. Hamburger, B. Mali, T. Peretz, Tissue microarray-based study of patients with
lymph node-positive breast cancer shows tyrosine phosphorylation of signal
transducer and activator of transcription 3 (tyrosine705-STAT3) is a marker of good
prognosis, Clin. Transl. Oncol. 14 (March (3)) (2012) 232-236.

M. Dolled-Filhart, R.L. Camp, D.P. Kowalski, B.L. Smith, D.L. Rimm, Tissue mi-
croarray analysis of signal transducers and activators of transcription 3 (Stat3) and
phospho-Stat3 (Tyr705) in node-negative breast cancer shows nuclear localization
is associated with a better prognosis, Clin. Cancer Res. 9 (2) (2003) 594-600.

Y. Ishii, S. Waxman, D. Germain, Tamoxifen stimulates the growth of cyclin D1-
overexpressing breast cancer cells by promoting the activation of signal transducer
and activator of transcription 3, Cancer Res. 68 (February (3)) (2008) 852-860.
C.J. Proietti, C. Rosemblit, W. Beguelin, M.A. Rivas, M.C. Diaz Flaqué,

E.H. Charreau, R. Schillaci, P.V. Elizalde, Activation of Stat3 by heregulin/ErbB-2
through the co-option of progesterone receptor signaling drives breast cancer
growth, Mol. Cell. Biol. 29 (March (5)) (2009) 1249-1265.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Pathology - Research and Practice 215 (2019) 366-372

M. Zhong, Y. Shen, Y. Zheng, T. Joseph, D. Jackson, D.A. Foster, Phospholipase D
prevents apoptosis in v-Src-transformed rat fibroblasts and MDA-MB-231 breast
cancer cells, Biochem. Biophys. Res. Commun. 302 (March (3)) (2003) 615-619.
D.A. Harrison, S.W. Duffy, E. Sala, et al., Deterministic models for breast cancer
progression: application to the association between mammographic parenchymal
pattern and histologic grade of breast cancers, J. Clin. Epidemiol. 55 (2002)
1113-1118.

K.A. Bertrand, R.M. Tamimi, C.G. Scott, et al., Mammographic density and risk of
breast cancer by age and tumor characteristics, Breast Cancer Res. 15 (2013) R104.
B.K. Seo, E.D. Pisano, C.M. Kuzimak, M. Koomen, D. Pavic, Y. Lee, et al., Correlation
of HER-2/neu overexpression with mammography and age distribution in primary
breast carcinomas, Acad Radiol. 2006 13 (10) (2006) 1211-1218.

J. Holm, K. Humphreys, J. Li, A. Ploner, A. Cheddad, M. Eriksson, S. Térnberg,

P. Hall, K. Czene, Risk factors and tumor characteristics of interval cancers by
mammographic density, J. Clin. Oncol. 33 (March (9)) (2015) 1030-1037.

M.A. Aleskandarany, D. Soria, A.R. Green, C. Nolan, M. Diez-Rodriguez, 1.0. Ellis,
E.A. Rakha, Markers of progression in early-stage invasive breast cancer: a pre-
dictive immunohistochemical panel algorithm for distant recurrence risk stratifi-
cation, Breast Cancer Res. Treat. 151 (2) (2015) 325-333.

J. Bromberg, Signal transducers and activators of transcription as regulators of
growth, apoptosis and breast development, Breast Cancer Res. 2 (2000) 86-90.


http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0100
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0100
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0105
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0105
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0105
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0110
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0110
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0110
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0110
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0110
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0115
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0115
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0115
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0115
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0120
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0120
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0120
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0125
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0125
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0125
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0125
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0130
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0130
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0130
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0135
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0135
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0135
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0135
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0140
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0140
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0145
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0145
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0145
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0150
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0150
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0150
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0155
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0155
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0155
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0155
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0160
http://refhub.elsevier.com/S0344-0338(18)31029-X/sbref0160

	pSTAT3 expression associated with survival and mammographic density of breast cancer patients
	Introduction
	Materials and METODS
	Patients
	Tissue samples
	Western blot analysis
	Quantification of p (Y705) STAT3 expression
	Pathological assessment of primary tumors
	Image analysis
	Statistical analysis

	Results
	pSTAT3 expression and clinico-pathological characteristics
	pSTAT3 expression in tumor tissue with respect to receptor status
	Mammographic features
	Survival analysis

	Discussion
	Funding
	Competing interests
	Patient consent
	Ethics approval
	References




