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Abstract

SOX2 is a transcription factor that activates or suppresses genes 
involved in cellular differentiation, proliferation, and apoptosis. The 
deregulation of gene expression programs can lead to cancer ini-
tiation, promotion, and progression. The present study investigated 
SOX2 immunolocalization and expression in Invasive Ductal Carcino-
ma (IDC), and its correlation with clinical-pathological characteristics 
of the tumor. Immunohistochemical expression of SOX2 was evaluat-
ed in 19 cases of IDC and correlated with clinical-pathological tumor 
features. To investigate the correlation of SOX2 expression in IDC with 
other characteristics of human breast cancer, the same samples were 
also stained with immunohistochemical prognostic panels (estrogen 
and progesterone receptors, and HER-2). SOX2 overexpression was 
observed in 44% of the cases. Higher SOX2 expression was corre-
lated with the worst lymph node status (p<0.001) and with positive 
HER-2 immunostaining (p<0,001). The present study demonstrated 
the association of SOX2 and tumors with worse TNM staging, as well 
as its overexpression in positive HER-2 tumors. In conclusion, SOX2 
was identified as a potential biomarker for poor prognosis of human 
breast cancer. Further studies with higher patient numbers are nec-
essary to investigate and help clarify the mechanisms underlying this 
association.
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Introduction

Breast cancer is increasingly understood to be a heteroge-
neous disease. Morphologically similar breast tumors may 
present distinct molecular profiles that are not evident us-
ing routine histopathological examination. Consequently, the 
unique genetic and molecular patterns of each tumor may go 
undetected [1,2]. Although breast cancer diagnoses are mostly 
histopathological, auxiliary diagnostic tests exist to support 
it, as well as cancer classification, prognosis, and response to 
therapy. 
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The simple morphological classification used for breast 
cancer categorization is insufficient for describing these tumors. 
Identification and differentiation of molecular phenotypes in 
breast cancer through immunohistochemistry profiling is ad-
vantageous for determining cancer prognosis. The expression 
of these markers is important in choosing adequate treatment 
for each cancer type [3,4].
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The study of tumor markers makes it possible to better 
comprehend the molecular and cellular basis of cancer initia-
tion and progression [5]. SOX family proteins are a conserved 
group of transcription regulators defined by the presence of a 
highly conserved High-Mobility Group (HMG) domain that me-
diates DNA binding. The members of the SOX family may act 
as oncogenes, tumor suppressor genes, or both, depending on 
the ongoing cellular context. They can also be turned on or off by 
a variety of genetic and epigenetic mechanisms, including al-
terations in DNA copy numbers and methylation status, or by 
miRNA aberrant expression [6,7].

Sex-determining region Y-box transcription factor 2 (SOX2) 
is an embryonic transcription factor gene located on the 
3q26.3-q27 chromosome that encodes a high mobility group 
protein, which plays an essential role in maintaining the dif-
ferentiation potential and self-renewing feature of embryonic 
stem cells [8].

Studies from the past few years have demonstrated that 
SOX2 protein participates in apoptosis inhibition and promo-
tion of cell proliferation, mediating tumor aggressiveness. This 
protein has played the same roles in breast cancer, in which 
SOX2 is suggested to be overexpressed [9].

Therefore, the present study aimed to evaluate SOX2 expres-
sion and immunolocalization in invasive ductal carcinoma (IDC) 
samples from female patients, as well as correlating its expres-
sion to literature-validated predictive and prognostic factors for 
breast cancer.

Material and methods

Patient samples

The cohort of the study was composed of female patients 
(n=19) diagnosed with breast cancer, registered on the Mastol-
ogy Clinic of Maria Aparecida Pedrossian University Hospital at 
Campo Grande, Mato Grosso do Sul, Brazil.

Paraffin-embedded samples IDC tissue blocks without any 
other specifications [10], were obtained after histopathological 
examination of the surgical specimen, followed by immunohis-
tochemistry analysis for diagnostic confirmation. The tumors 
were staged according to TNM classification for malignant tu-
mors and then classified by their molecular subtype [10]. The 
Ethical Committee approved this study for Human Research of 
Federal University of Mato Grosso do Sul (document number 
3.723.300), and informed consent forms were collected from 
all patients.

SOX2 expression and immunolocalization by immunohisto-
chemistry

Immunohistochemistry was performed according to the 
peroxidase reaction technique, using a biotinylated secondary 
antibody for target identification (Polyclona Rabbit Anti-Goat 
Immunoglobulin Biotinylated; Dako North America; Via Real 
Carpinteria, CA, USA), and avidin-biotin detection kit (ABC Kits; 
Vector Lab’s VECTASTAIN; Burlingame, California USA). Heat-
induced antigen retrieval was obtained under pressurized hu-
mid heat (134°C in autoclave), using a citrate buffer solution 

at pH 6.0. For endogenous peroxidase blockage, slides were 
incubated three times for five minutes each in 3% H

2
O

2 metha-
nol solution. Subsequently, endogenous proteins were blocked 
by a 20-minute incubation with Protein Block Serum-Free Ready 
to Use (Dako North America; Via Real Carpinteria, CA, USA). All 
reagents were manually applied to the samples, which were in-
cubated with primary antibody for 16 hours, followed by a 
3-minute incubation with 3’3-diaminobenzidine chromogen 
(Liquid DAB+Substrate Chromogen system; Dako North Ameri-
ca, Via Real Carpinteria, CA, USA). Finally, samples were hema-
toxylin stained and washed in running water for five minutes. 
For a negative control, primary antibody incubation was not 
included on a breast IDC slide (Figure 1A and 1B and human brain 
tissue Figure 1D); and for positive control, a sample of normal 
human brain tissue was used (Figure 1C). Analyses were based 
on SOX2 tissue expression and immunolocalization, and only 
nuclear staining was considered as positive staining for SOX2. 
Two protocols for evaluating this transcription factor expression 
were applied: a protocol that did not grade staining intensity; 
and a semi-quantitative score protocol (score 1: strong nuclear 
immunostaining in less than 10% of cancer cells, considered as 
negative for SOX2 expression; and score 2: strong nuclear im-
munostaining in more than 10% of cancer cells, considered as 
positive for SOX2 expression). The counting was performed by 
a single observer, out of 1000 cells scattered in the slide, with 
the assistance of a grid. Briefly, using ImageJ grid plug-in, six 
sections were defined in the images and the upper left, middle 
bottom and upper right sections were selected to perform the 
counting until the 1000 cells were analyzed.

Statistical analysis

Descriptive and inferential statistics were applied to data 
analysis. Shapiro-Wilk’s normality test revealed a parametric 
pattern of continuous variables. Mean plus or minus standard 
deviation (mean ± SD) of the variables was calculated for subse-
quent data description. Categorical variables were descriptive 
in a number of events and percentages, and their inferential 
statistics were calculated through the chi-square test. For all 
analyses, a significance index (SI) of 5% (p<0.05) was assumed.

Correlations between SOX2 expression and breast cancer 
clinical characteristics

The patients in this study averaged 56.6 years of age, with a 
range of 36 to 78 years. The highest prevalence of SOX2 posi-
tive expression occurred in patients aged 55 to 65 years. When 
also considering cancer cell vascular invasion, lymphatic embo-
lization, and the presence of metastasis in axillary lymph nodes 
(Table 1), SOX2 overexpression was statistically significant 
(p=0.003, p=0.005, and p=0.001, respectively). In addition, sub-
sequent to TNM staging, higher SOX2 expression was observed 
in patients with more advanced cancer stages (p=0.04). Regard-
ing the expression profile of hormone receptors in the IDC ana-
lyzed samples, it was not possible to demonstrate a significant 
difference between the presence of SOX2 and lack of receptor 
expression. However, SOX2 was overexpressed in HER-2 positive 
tumors (p=0.034). There was higher SOX2 expression in sub-
types that also overexpressed human epidermal growth factor 
type 2, HER-2 (p=0.001).
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Figure 1: Immunohistochemistry (IHC) controls for SOX2 expres-
sion. Figure A and B – Negative control in breast IDC slide (Figure 
A and B), and human brain tissue (Figure D). Figure C – Positive 
control in human brain tissue [11]. All scale bars, 20 µm.

Figure 2: Immunohistochemistry (IHC) analysis of SOX2 expression 
in invasive ductal carcinoma (IDC) tissue sample. Representative 
microphotography of immunohistochemical staining. Cytoplasmic 
staining can be observed, as well as tumor cells exhibiting positive 
nuclear immunostaining (*). Figure E and F - score 1: Strong 
nuclear immunostaining in less than 10% of cancer cells, consid-
ered as negative for SOX2 expression; Figure G and H - score 2: 
strong nuclear immunostaining in more than 10% of cancer cells, 
considered as positive for SOX2 expression. All scale bars, 20 µm.

Clinicopathological parameters SOX2 high expression (%) p value

Tumor size (cm)
< 2
> 2

25
75

0.163

Lymph node metastasis 
Yes
No

50
50

0.001

Vascular invasion 
Yes
No

62.5
37.5

0.003

Lymphatic embolization 
Yes
No

75.5
25.5

0.005

ER* status
Positive 
Negative

62.5
37.5

0.410

PR** status
Positive 
Negative

75
25

0.502

HER2
Positive 
Negative

62.5
37.5

0.034

Table 1: Correlation between SOX2 expression and breast can-
cer Clinical Pathological parameters.

*ER: Estrogen receptor; **PR: Progesterone receptor

Discussion

Increasing evidence supports the hypothesis that cancer 
stem cells, or tumor initiating cells, control and maintain several 
types of human malignancies [12]. Healthy and cancer stem cells 
share phenotypes that may reflect activity of common signaling 
paths such as overexpression of SOX2, among others [13]. The 
role of SOX2 in organogenesis or breast tissue functioning is still 
little understood, although in a healthy normal mammary tis-
sue, there is no significant expression of SOX2. In breast cancer 
cells, on the other hand, this transcription factor was found to 
be overexpressed by both mRNA by RT-qPCR and western blot-
ting techniques [3]. Corroborating such findings, all IDC samples 
in this study exhibited strong nuclear SOX2 immunostaining, 
and SOX2 was overexpressed in almost half of the samples. 
Data based on research with breast cancer cell lines support an 
active role for SOX2 during mammary tumorigenesis, in which 
SOX2 promotes cell proliferation and tumorigenesis in vitro, 
partially favoring G1/S transition in cell cycle and regulating, 
alongside β-catenin, the expression of effector genes such as 
CCND1 [9]. High levels of SOX2 appear to be intimately related 
to several processes during tumor development, including tu-
mor initiation, invasion, and metastasis. Thus, SOX2 seem to 

participate in tumor invasion and metastasis, since the expres-
sion of this transcription factor correlates to increased tumor 
size and stage, lymph node metastasis and substantial cancer 
cell invasiveness [14].

A close association among vascular invasion, lymphatic em-
bolization, and lymph node metastasis was consistently dem-
onstrated in this work. More importantly, a correlation among 
these markers of poor cancer prognosis and SOX2 expression 
in patients presenting high TNM staging at the initial diagno-
sis phase was established. This was mostly due primarily to 
lymph node status since in this study, the SOX2 transcrip-
tion factor proved to be overexpressed in samples from patients 
that had IDC metastasis in their lymph nodes. Approximately 
70% to 75% of breast cancer cases express estrogen receptor 
alpha (ERα), which is associated with a better prognosis, and 
studies already reported that mammary stem cells express low 
levels of estrogen receptors or do not express them at all [15]. 
A previous study indicated that cancer stem cells showing high 
levels of SOX2 lack or express low levels of estrogen receptors, 
are more resistant to Tamoxifen and have a less differentiated 
cell phenotype [16]. Since ER was not included in the current 
study, it was not possible to examine the relationship between 
the expression of estrogen receptors and SOX2. Nevertheless, 
the results consistently identified SOX2 overexpression in HER2 
positive tumors. It is well known that 15% to 20% of all breast 
cancers express HER2 and that this oncogene is directly related 
to prognosis and therapeutic response, playing a pivotal role in 
cancer-free overall survival. HER2 expression in IDC samples 
was concomitant with the expression of the transcription fac-
tor SOX2 in the present study. These results partially differ from 
others which showed significantly higher SOX2 expression in 
triple-negative tumors from the basal subtype [17]. This dis-
crepancy might derive from the samples used in the previous 
study that collected tumors from a larger number of patients 
going through pre-menopause stages, and from patients that 
carried BRCA1 mutations.
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Breast cancer classification falls into three main subtypes, 
based on the presence or absence of molecular markers for 
estrogen or progesterone receptors, and for the human epi-
dermal growth factor 2 receptor (HER2). The triple negative 
breast cancer subtype has a higher recurrence rate than the 
other two subtypes, associated with an 85% survival rate of 
five years for stage I cancer, while the subtypes expressing 
a receptor for hormones and HER2 have a survival rate of 94% to 
99%. Additionally, there is a one-year average overall survival 
for the metastatic triple-negative breast cancer, compared to 
the five-year survival estimated for the other two subtypes. 

The results presented in this paper revealed SOX2 overex-
pression in HER2 positive tumor subtypes, in contrast with the 
lack of expression of this transcription factor in tumor subtypes 
expressing hormone receptors. These findings corroborate 
previous ones that relate SOX2 expression to poorer therapeu-
tic responses, indicating that SOX2 levels are higher in patients 
that failed to respond to endocrine therapy, as well as in their 
primary tumors, in comparison to patients that achieved a suc-
cessful response [18]. To summarize, all the data taken together 
indicate that the SOX2 transcription factor has a demonstrated 
potential as a biomarker for prognosis and survival of breast 
cancer patients and that it must be included in future lists 
of emerging biomarkers for this type of cancer. Hence, further 
studies involving SOX2 and breast cancer may provide valuable 
diagnostic and therapeutic insights for handling this disease.

Conclusion

This study succeeded in demonstrating the presence of 
SOX2 protein in the analyzed IDC samples. More than half of 
the IDC samples exhibited a positive score for the expression of 
this transcription factor. Immunohistochemistry revealed SOX2 
nuclear expression in cancer cells. Expression of this protein was 
not evaluated in other cell types from the tumor microenviron-
ment.

Importantly, an association of SOX2 and lymph node status 
was established by displaying the overexpression of this tran-
scription factor in more advanced tumor stages, as well as in 
HER2 positive tumors. Additionally, SOX2 expression proved to 
be absent or reduced in patients whose tumors expressed ER 
and PR hormone receptors.
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