OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy

3

Dove

ORIGINAL RESEARCH

OCT4,SOX2,and NANOG positive expression
correlates with poor differentiation, advanced
disease stages, and worse overall survival in
HER2" breast cancer patients

Fan Yang*
Jiaming Zhang*
Hua Yang

Department of Thyroid and Breast
Surgery, The Central Hospital of
Wouhan, Tongji Medical College,
Huazhong University of Science and
Technology, Wuhan, China

*These authors contributed equally
to this work

Correspondence: Hua Yang

Department of Thyroid and Breast
Surgery, The Central Hospital of Wuhan,
Tongji Medical College, Huazhong
University of Science and Technology,

26 Shengli Street, Wuhan 430014, China
Tel +86 27 6569 7685

Email yanghua34@126.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Objective: This study aimed to evaluate the correlations of expression of OCT4, SOX2,
and NANOG with clinicopathological features and overall survival (OS) in human epidermal
growth factor receptor 2-positive (HER2") breast cancer (BC) patients.

Methods: One hundred and thirty-four surgical HER2* BC patients who received doxorubicin
and cyclophosphamide followed by paclitaxel and trastuzumab adjuvant therapy were enrolled
in this study. Immunofluorescence assay was used to detect OCT4, SOX2, and NANOG
expressions. The median follow-up duration was 104 months, and the last follow-up date was
December 31, 2017.

Results: The expressions of OCT4 (P=0.001), SOX2 (P=0.003), and NANOG (P=0.005)
were higher in tumor tissues compared with paired adjacent tissues. OCT4 positive expression
was associated with poor pathological differentiation (P=0.028), larger tumor size (P=0.022),
advanced N stage (P<<0.001), and higher TNM stage (P<<0.001). SOX2 positive expression
was correlated with poor pathological differentiation (P=0.005), larger tumor size (P=0.013),
and increased T stage (P=0.024). NANOG positive expression was associated with poor
pathological differentiation (P=0.028), higher N stage (P=0.001), and elevated TNM stage
(P=0.001). Kaplan—Meier curves disclosed that OCT4 (P=0.001) and NANOG (P=0.001)
positive expressions were associated with worse OS, while SOX2 (P=0.058) positive expres-
sion was only numerically correlated with poor OS, but without statistical significance. Further
analyses revealed that co-expression of these three biomarkers disclosed even better predictive
value for shorter OS.

Conclusion: OCT4, SOX2, and NANOG positive expressions correlate with poor differentia-
tion and advanced disease stage, and OCT4 and NANOG present with predictive values for
poor OS in HER2* BC patients.

Keywords: clinicopathological features, prognosis, biomarker, tumor tissue, predictive value

Introduction

Breast cancer (BC) is the most common malignancy and the leading cause of cancer-
related deaths in females. It resulted in an estimated 1,676,600 new cases and 521,900
deaths in 2012 worldwide, and approximately 63,410 new cases and 40,610 deaths
were recorded in the US in 2017.12 BC is classified into several molecular subtypes,
among which human epidermal growth factor receptor 2-positive (HER2*) BC, as
a common subtype of BC, accounts for nearly 15%—20% of all BC cases. HER2*
BC patients present with more aggressive disease, greater likelihood of lymph node
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involvement, reduced estrogen receptor (ER) expression,
and increased resistance to endocrine therapy.’* In addi-
tion, the mortality of BC patients with HER2" expression
has been reported to be higher than that in patients with
HER2-negative (HER2") expression.>® Although great
improvements in general screening, accurate diagnosis,
and targeted treatments have been achieved, with the 5-year
survival rate of BC sostenuto increased, the prognosis of
HER2* BC patients is still far from satisfactory. Therefore,
it is vital to seek additional and convincing biomarkers to
monitor disease progression and acquire better prognosis in
HER2*" BC patients.

Cancer stem cells (CSCs), also called tumor-initiating
cells, present with “stem-cell”-like properties such as
self-renewal capacity and heterogeneity, which contribute
to sustaining tumorigenesis and tumor progression.>®’
As common CSC markers, OCT4, SOX2, and NANOG are
critical regulators of self-renewal as well as pluripotency of
embryonic stem cells, and all of them could regulate cell
proliferation and differentiation. According to accumulat-
ing evidence, OCT4, SOX2, and NANOG are identified as
potential biomarkers for predicting poor prognosis in dif-
ferent malignancies, such as BC, hepatocellular carcinoma,
cervical cancer, and non-small-cell lung cancer (NSCLC).% 1!
Furthermore, all of them have been reported to be frequently
involved in breast diseases, including BC, while informa-
tion is rarely known about the effects of OCT4, SOX2, and
NANOG expression on the prognosis of HER2* BC patients.
Therefore, we chose OCT4, SOX2, and NANOG as CSC
markers for investigation and conducted this study to evaluate
the correlations of expression of OCT4, SOX2, and NANOG
with clinicopathological features and overall survival (OS)
in HER2" BC patients.

Methods

Patients

One hundred and thirty-four HER2* BC patients underwent
AC—T+H adjuvant therapy at the Department of Thyroid
and Breast Surgery in The Central Hospital of Wuhan, Tongji
Medical College, Huazhong University of Science and Tech-
nology, between January 1, 2007 and December 31, 2010,
and were retrospectively reviewed in this study. The inclu-
sion criteria were as follows: 1) diagnosed with primary BC
by clinical, radiographic, and pathological findings; 2) age
above 18 years at surgery; 3) HER2" patients; 4) patients
who received AC—T+H adjuvant therapy; 5) information
on tumor properties was available to be retrieved from the

Electronic Medical Record System of The Central Hospital
of Wuhan, Tongji Medical College, Huazhong University of
Science and Technology, and the information should include
at least pathological grade, tumor size, and TNM stage,
HER?2 status, ER status, and progesterone receptor (PR)
status; 6) regularly followed up with complete OS data; and
7) corresponding paraffin-embedded tumor tissue samples
and paired adjacent tissue samples were available to obtain
from the Specimen Storehouse of The Central Hospital of
Wuhan, Tongji Medical College, Huazhong University of
Science and Technology. Patients who had secondary BC
or with a history of other solid tumors or hematological
malignancies, or those who received neoadjuvant therapies
were excluded from this study.

Ethics approval

The Ethics Committee of The Central Hospital of Wuhan,
Tongji Medical College, Huazhong University of Science
and Technology, had approved this study before initiation.
All the patients or their guardians provided written informed
consent or orally agreed to the informed consent by phone
which was recorded.

OCT4,S0X2,and NANOG determination

by immunofluorescence assay

Formaldehyde-fixed, paraffin-embedded tumor tissue
samples and paired adjacent tissue samples were obtained
from the Specimen Storehouse of The Central Hospital of
Wuhan, Tongji Medical College, Huazhong University of
Science and Technology. After being deparaffinized and
dehydrated at 65°C for 3 hours, the sections were permea-
bilized in PBS/Triton X-100 (consisting of PBS, 1% BSA,
0.1% Triton) overnight, and then treated with methanol
containing 0.3% hydrogen peroxide and autoclaved at
121°C for 10 minutes for antigen retrieval. Subsequently, the
sections were blocked with 10% goat serum and incubated
with rabbit antibody against OCT4 with dilution 1:1,600
(CST, Danvers, MA, USA), mouse antibody against SOX2
with dilution 1:400 (CST), and mouse antibody against
NANOG with dilution 1:2,000 (CST) at 4°C overnight.
After washing three times with PBS, Alexa Fluor® 488
conjugate-labeled antibody against rabbit IgG with dilu-
tion 1:500 (CST) or Alexa Fluor® 594 conjugate-labeled
antibody against mouse IgG with dilution 1:500 (CST) was
added as a secondary antibody. After staining, the sections
were counterstained using Hoechst 33342. In addition,
histological score (HSCORE) ranging from 0 (no staining)
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to 4 (maximal staining) was calculated as follows to assess
immunofluorescent staining results according to the meth-
ods described previously:'>? HSCORE = Y Pi(i+1). Here,
Pi stands for the percentage of stained epithelial cells for
each intensity which scores from 0% to 100%, i represents
the intensity of staining with a value at 1, 2, or 3 (weak,
moderate, or strong, respectively), and 1 is a correction for
optimal density. A HSCORE of 0.7 was considered as a
threshold to distinguish positivity and negativity of immu-
nofluorescent staining.'?

Treatment

All the patients included in this study received AC—T+H
adjuvant therapy. The common treatment schedule was: dox-
orubicin 60 mg/m? d1, and cyclophosphamide 600 mg/m? d1
every 21 days for four cycles, followed by paclitaxel 175 mg/m?
dl every 21 days for four cycles and trastuzumab 4 mg/kg
for the first time, and trastuzumab 2 mg/kg every 1 week or
6 mg/kg every 3 weeks for 1 year.

Data acquisition

The patients’ characteristics including age, tumor location,
pathological grade, tumor size, TNM stage, HER2 status,
ER status, and PR status were retrieved from the Electronic
Medical Record System of The Central Hospital of Wuhan,
Tongji Medical College, Huazhong University of Science
and Technology. The TNM stage was classified according to
the sixth edition of the American Joint Committee on Cancer
(AJCC) cancer staging manual. In the routine examinations
of BC patients in our hospital, HER2* was defined as either
immunohistochemistry (IHC) 3* or in situ hybridization
ratio =2.0, while ER* and PR* were defined as =10%
staining by IHC. In addition, OS was calculated from the
time of adjuvant chemotherapy to the date of death from any
cause. The median follow-up time was 104 months, and the
last follow-up date was December 31, 2017.

Statistics

Statistical analysis was performed using SPSS Software
22.0 (IBM, Armonk, NY, USA) and GraphPad Prism 6.01
(GraphPad, La Jolla, CA, USA). Data were mainly presented
as mean * SD or count (percentage). The comparison between
two individual groups was performed using chi-squared test
or Wilcoxon rank sum test, and the comparison between
two paired groups was performed using McNemar test.
OS was analyzed by Kaplan—Meier curves and log-rank
test. Univariate Cox proportional hazards regression was

performed to detect the correlation and calculate the HR of
factors for OS analysis. P<<0.05 was considered significant.

Results

Baseline characteristics

The mean age of HER2" BC patients was 53.8+13.2 years
(Table 1). There were 52 (38.8%) patients with tumor in
the left side and 82 (61.2%) patients with tumor in the right
side. The numbers of patients with well differentiation (G1),
moderate differentiation (G2), and poor differentiation (G3)
were 15 (11.2%), 108 (80.6%), and 11 (8.2%), respectively.
There were 34 (25.4%) patients in T1 stage, 95 (70.9%)
patients in T2 stage, and 5 (3.7%) patients in T3 stage. As for
the N stage, there were 59 (44.0%) patients in NO stage,
47 (35.1%) patients in N1 stage, 23 (17.2%) patients in
N2 stage, and 5 (3.7%) patients in N3 stage. As for the
TNM stage, 10 (7.5%), 69 (51.5%), 25 (18.7%), 25 (18.7%),
and 5 (3.6%) patients were in TNM stage I, ITA, IIB, IIIA,
and IIIC, respectively. Other baseline characteristics are
shown in Table 1.

Table | Baseline characteristics of HER2* BC patients

Parameters HER2* BC patients
(N=134)
Age (years) 53.8+13.2
Tumor side, n (%)
Left 52 (38.8)
Right 82 (61.2)
Pathological grade, n (%)
Well differentiation (G1) 15 (11.2)
Moderate differentiation (G2) 108 (80.6)
Poor differentiation (G3) I1(8.2)
Tumor size (cm) 3.2+1.5
T stage, n (%)
TI 34 (25.4)
T2 95 (70.9)
T3 53.7)
N stage, n (%)
NO 59 (44.0)
NI 47 (35.1)
N2 23 (17.2)
N3 53.7)
TNM stage, n (%)
| 10 (7.5)
A 69 (51.5)
1B 25 (18.7)
A 25 (18.7)
nc 5(3.6)
ER positive, n (%) 71 (53.0)
PR positive, n (%) 60 (44.8)

Note: Data are presented as mean * SD or counts (percentage).
Abbreviations: HER2, human epidermal growth factor receptor 2; BC, breast
cancer; ER, estrogen receptor; PR, progesterone receptor.
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OCT4 high expression in
tumor tissue x50

500 pm

SOX2 high expression in
tumor tissue x50

500 ym

NANOG high expression in
tumor tissue x50

OCT4 low expression in
adjacent tissue x50

SOX2 low expression in
adjacent tissue x50

NANOG low expression in
adjacent tissue x50

Figure 1 OCT4, SOX2, and NANOG expressions in tumor tissues and paired adjacent normal tissues.
Notes: The expressions of (A) OCT4, (B) SOX2, and (C) NANOG were higher in tumor tissues compared to adjacent tissues (original magnification: x50). P<<0.05 was

considered significant.

OCT4,SOX2,and NANOG expressions
in tumor tissues and paired adjacent

normal tissues

As shown in Figure 1A—C and Table 2, the expressions of
OCT4 (P=0.001), SOX2 (P=0.003), and NANOG (P=0.005)
were upregulated in tumor tissues compared to paired adja-
cent tissues.

Co-expressions of OCT4, SOX2, and

NANOG in BC tissues

There were 36 (26.9%) patients with OCT4 positive expres-
sion, 28 (20.9%) patients with SOX2 positive expression,
and 38 (28.4%) patients with NANOG positive expression
in tumor tissues. Co-expression status of OCT4, SOX2, and
NANOG in BC tissues is presented in Table 3, which shows

Table 2 OCT4, SOX2, and NANOG expressions in tumor tissues and paired adjacent tissues

Parameters Tumor tissues Adjacent tissues

Positive, n (%) Negative, n (%) Positive, n (%) Negative, n (%) P-value
OCT4 36 (26.9) 98 (73.1) 14 (10.4) 120 (89.6) 0.001
SOX2 28 (20.9) 106 (79.1) 11 (82) 123 (91.8) 0.003
NANOG 38 (28.4) 96 (71.6) 19 (14.2) 115 (85.8) 0.005

Notes: Data are presented as counts (percentage). Comparison was performed using McNemar test. P-value <0.05 shown in bold was considered significant.
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Table 3 Co-expressions of OCT4, SOX2, and NANOG in BC
tissues

Table 4 Correlation of OCT4, SOX2, and NANOG expressions
with baseline characteristics of HER2* BC patients

Parameters HER2* BC
patients (N=134)
Patients with no positive marker, n (%) 76 (56.7)
Patients with at least one positive marker, n (%) 58 (43.3)
Patients with two positive markers, n (%)
OCT4 positive and SOX2 positive 17 (12.7)
OCT4 positive and NANOG positive 23 (17.2)
SOX2 positive and NANOG positive 17 (12.7)
Patients with at least two positive markers, n (%) | 31 (23.1)
Patients with all three positive markers, n (%) 13 (9.7)

Note: Data are presented as counts (percentage).
Abbreviations: BC, breast cancer; HER2, human epidermal growth factor
receptor 2.

that the numbers of patients with no positive marker expres-
sion, at least one positive marker expression, two positive
expressions, at least two positive markers expressions, and
all three positive markers expressions were 76 (56.7%), 58
(43.3%), 31 (23.1%), 57 (42.6%), and 13 (9.7%), respec-
tively. As for two positive markers expressions, there were
17 (12.7%) patients with OCT4 and SOX2 positive expres-
sions, 23 (17.2%) patients with OCT4 and NANOG posi-
tive expressions, and 17 (12.7%) patients with SOX2 and
NANOG positive expressions.

Correlation of OCT4, SOX?2, and

NANOG expressions with baseline
characteristics in HER2* BC patients

The positive expression of OCT4 was associated with
poor pathological differentiation (P=0.028), larger tumor
size (P=0.022), increased N stage (P<<0.001), and higher
TNM stage (P<<0.001; Table 4). The positive expression
of SOX2 was correlated with poor pathological differentia-
tion (P=0.005), larger tumor size (P=0.013), and advanced
T stage (P=0.024). The positive expression of NANOG
was associated with poor pathological differentiation
(P=0.028), elevated N stage (P=0.001), and higher TNM
stage (P=0.001). No correlation between the expression of
0OCT4, SOX2, or NANOG and other baseline characteristics
was found.

Correlation of OCT4,SOX2,and NANOG
expressions with OS in HER2* BC patients

The OCT4 positive expression was associated with worse
OS compared with OCT4 negative expression (P=0.001;
Figure 2A), and NANOG positive expression was also
associated with poor OS compared with NANOG negative
expression (P=0.001; Figure 2C). However, SOX2 positive
expression was numerically associated with shorter OS

Parameters OCT4 SOX2 NANOG
positive, | positive, | positive,
n (%) n (%) n (%)
Age
<50 years 14 (21.5) | 14(21.5) |21 (323)
=50 years 22 (31.9) | 14(20.3) | 17 (24.6)
P-value® 0.177 0.859 0.325
Tumor side
Left 13(25.0) | 7(13.5) 15 (28.8)
Right 23 (28.0) |21 (25.6) | 23(28.0)
P-value? 0.698 0.092 0.921
Pathological grade
Well differentiation (GI) 4 (26.7) 2 (13.3) 4 (26.7)
Moderate differentiation (G2) |24 (22.2) | 19 (17.6) | 26 (24.1)
Poor differentiation (G3) 8 (72.7) 7 (63.6) 8(72.7)
P-value® 0.028 0.005 0.028
Tumor size
<3 cm 8 (15.7) 5(9.8) 12 (23.5)
=3 cm 28 (33.7) |23(27.7) |26(31.3)
P-value® 0.022 0.013 0.331
T stage
TI 6 (17.6) 2 (5.9) 10 (29.4)
T2 28 (29.5) | 25(23.6) |24 (25.3)
T3 2 (40.0) 1 (20.0) 4 (80.0)
P-value® 0.136 0.024 0.509
N stage
NO 9 (15.3) 11 (18.6) | 10(l16.9)
NI I1(234) [8(17.0) 13 (27.7)
N2 14 (60.9) |6 (26.1) 12 (52.2)
N3 2 (40.0) 3 (60.0) 3 (60.0)
P-value® <0.001 0.221 0.001
TNM stage
| 0 (0.0) 0 (0.0) 1 (10.0)
I 19(20.2) | 19(20.2) |21 (223)
11l 17 (56.7) |9 (30.0) 16 (53.3)
P-value® <0.001 0.058 0.001
ER
Positive 16 (22.5) | 12(16.9) |22 (31.0)
Negative 20 31.7) | 16(254) | 16 (25.4)
P-value? 0.230 0.227 0.474
PR
Positive 13(21.7) | 12(20.0) | 16 (26.7)
Negative 23 31.3) | 16(21.6) |22(29.7)
P-value® 0.221 0.8I18 0.696

Notes: Data are presented as counts (percentage). *Comparison was performed
using chi-squared test. "Comparison was performed using Wilcoxon rank sum test.
P-value <0.05 shown in bold was considered significant.

Abbreviations: HER2, human epidermal growth factor receptor 2; BC, breast
cancer; ER, estrogen receptor; PR, progesterone receptor.

in HER2" BC patients but without statistical significance
(P=0.058; Figure 2B).

Correlation between numbers of positive
markers and OS in HER2* BC patients

Compared to patients with no positive marker, patients
with at least one positive marker had more unsatisfactory
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Figure 2 The correlations of OCT4, SOX2, and NANOG expressions with OS in HER2* BC patients.

Notes: (A) Correlations of OCT4 positive expression and OCT4 negative expression with OS. (B) Correlations of SOX2 positive expression and SOX2 negative expression
with OS. (C) Correlations of NANOG positive expression and NANOG negative expression with OS. Kaplan—Meier curves were used to analyze the correlations of OCT4,
SOX2, and NANOG expressions with OS. Comparison of two groups was performed using log-rank test. P<<0.05 was considered significant.

Abbreviations: OS, overall survival; HER2, human epidermal growth factor receptor 2; BC, breast cancer.

OS (HR 2.879, P=0.001; Figure 3A). Also, patients with
at least two positive markers presented with worse OS than
patients with one or no positive marker (HR 2.568, P=0.004;
Figure 3B). Meanwhile, patients with all three positive
markers had shorter OS compared with patients with two or
less positive markers (HR 3.773, P<<0.001; Figure 3C). These
results suggested that co-expression of the three biomarkers
disclosed even better predictive value for worse prognosis.

Factors influencing OS analyzed by Cox
proportional hazards regression model
analysis

The univariate Cox regression analysis revealed that OCT4
positive expression (P=0.001), NANOG positive expression
(P=0.001), age =50 years (P=0.004), higher pathological
grade (P<<0.001), tumor size =3 cm (P=0.018), higher
T stage (P=0.002), higher N stage (P=0.021), and higher
TNM stage (P=0.002) were associated with worse OS, while
ER positive expression (P=0.017) and PR positive expression

(P=0.015) were correlated with better OS (Table 5). Multi-
variate Cox regression analysis showed that NANOG positive
expression (P=0.003), age =50 years (P=0.015), and higher
pathological grade (P=0.001) could independently predict
shorter OS in HER2* BC patients.

Discussion
In this study, we observed that in HER2* BC patients:
1) OCT4, SOX2, and NANOG were overexpressed in tumor
tissues compared with paired adjacent tissues. 2) The expres-
sions of OCT4, SOX2, and NANOG were positively asso-
ciated with poor pathological differentiation and advanced
disease stage. 3) OCT4 and NANOG positive expressions
were associated with worse OS, while SOX2 positive
expression correlated with poor OS but without statistical
significance. In addition, co-expression of the three biomark-
ers revealed an even better predictive value for prognosis.
OCT4, one of the most typical markers of CSCs, has been
discovered to play a critical role in the regulation of several
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Figure 3 The correlations of numbers of positive markers with OS in HER2* BC patients.

Notes: (A) Associations between OS and patients with no positive marker and patients with at least one positive marker. (B) Associations between OS and patients with
one or no positive marker and patients with at least two positive markers. (C) Associations between OS and patients with two or less positive markers and patients with
three positive markers. Kaplan—Meier curves were used to evaluate the correlation of number of positive markers with OS. Comparison of two groups was performed using
log-rank test. P<<0.05 was considered significant.

Abbreviations: OS, overall survival; HER2, human epidermal growth factor receptor 2; BC, breast cancer.

Table 5 Cox proportional hazards regression model analysis of factors affecting OS

Parameters Univariate Cox regression Multivariate Cox regression
P-value HR 95% CI P-value HR 95% ClI
Lower Higher Lower Higher

OCT4 (positive vs negative) 0.001 2.982 1.547 5.748 0.744 0.857 0.340 2.159
SOX2 (positive vs negative) 0.063 1.961 0.964 3.988 0.075 0.396 0.143 1.097
NANOG (positive vs negative) 0.001 2.908 1.510 5.599 0.003 4.375 1.640 11.669
Age (=50 years vs <50 years) 0.004 3.000 1.409 6.390 0.015 3.073 1.244 7.589
Tumor side (left vs right) 0.299 0.692 0.346 1.385 0.060 0.402 0.155 1.041
Higher pathological grade <0.001 5.939 2.958 11.924 0.001 4.321 1.880 9.932
Tumor size (=3 cm vs <3 cm) 0.018 2.585 1.177 5.677 0.809 1.141 0.391 3.329
Higher T stage 0.002 4.207 1.693 10.455 0.205 2.005 0.683 5.886
Higher N stage 0.021 1.547 1.068 2.240 0.880 0.945 0.453 1.971
Higher TNM stage 0.002 2.649 1.429 4912 0.433 1.904 0.381 9.516
ER (positive vs negative) 0.017 0.437 0.221 0.863 0.169 0.492 0.179 1.351
PR (positive vs negative) 0.015 0.403 0.194 0.835 0.662 1.266 0.440 3.645

Notes: Data are presented as P-value, HR, and 95% ClI. P-value <0.05 shown in bold was considered significant. Pathological grade was scored as: |, well differentiation; 2,
moderate differentiation; and 3, poor differentiation. T stage was scored as: |, T1; 2, T2; and 3, T3. N stage was scored as: 0, NO; I, NI; 2, N2; and 3, N3. TNM stage was
scored as: |, stage |; 2, stage II; and 3, stage IIl.

Abbreviations: OS, overall survival; ER, estrogen receptor; PR, progesterone receptor.
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genes or signal pathways impacting the function of carci-
noma cells. For instance, Chen et al showed that OCT4 has
the capacity to induce lung cancer cell metastasis via promot-
ing epithelial-mesenchymal transition (EMT)."* Knockout of
OCT4 decreased cell proliferation rate by modulating EMT
processes in hepatocellular carcinoma cell lines.® Moreover,
OCT4 overexpression promoted tumorigenesis while inhib-
iting cell apoptosis through regulation of miR-125b/BAK1
pathways in cervical cancer.” SOX2 is also an essential CSC
marker and regulates cancer cell physiology by promoting
oncogenic signaling. Recent studies have demonstrated
that SOX2 participates in the regulation of cell functions
including cellular proliferation, apoptosis, invasion, migra-
tion, and metastasis in various cancers.' Particularly in BC,
SOX2 increased cell proliferation, colony formation, and
cell metastasis via upregulating WNT/B-catenin pathway
and EMT, as well as downregulating AMPK/mTOR.'*!7
NANOG contributes to carcinogenesis via activating and
preserving CSC properties by regulating some genes or
pathways such as Stat3/Snail signaling, EMT, or FAK sig-
naling in many carcinomas including BC.'*% Thus, these
data suggest that OCT4, SOX2, or NONAG may act as a
critical biomarker of tumor progression and development
in various cancers.

In clinical studies, OCT4, SOX2, or NONAG is known
to be highly expressed and correlated with advanced disease
stage in various cancers such as BC, NSCLC, and renal
carcinoma.”'** For example, OCT4 is overexpressed and
correlated with higher histological grade, advanced TNM
stage, and worse lymph node metastasis in renal carcinoma
patients.?? SOX2 is exceedingly expressed and positively
associated with lymph node metastasis in NSCLC patients.?
Also, NANOG expression is increased in BC patients and
found to be correlated with lymph node metastasis.?' Thus,
the previous studies indicate that OCT4, SOX2, and NANOG
expressions are associated with advanced disease conditions
in patients with several carcinomas. In line with the previous
data, we found that OCT4, SOX2, and NANOG contributed
to poor pathological differentiation, larger tumor size, and
elevated TNM stage in HER2* BC patients. This result
might be because OCT4, SOX2, or NANOG promotes cell
proliferation, migration, and invasion via mediating multiple
functional pathways, such as WNT/B-catenin, EGFR, mTOR,
and HH signaling, thereby contributing to poor differentiation
and advanced disease stage in HER2* BC patients.

Concerning the predictive value for patients’ outcomes,
several previous studies have demonstrated that high expres-
sion of OCT4, SOX2, or NANOG is associated with shorter

OS in patients with other carcinomas including colorectal
cancer, gastric cancer, rectal cancer, and so on.?'**>! Partly
in accordance with these previous data, we discovered that
OCT4 and NANOG overexpressions were correlated with
poor OS in HER2* BC patients, which might result from
the following: 1) OCT4 and NANOG impact on cancer cell
functions such as proliferation, migration, invasion, and
metastasis via mediating multiple pathways to aggravate
disease severity, thereby leading to unfavorable progno-
sis in HER2" BC patients and 2) OCT4 and NANOG can
increase chemoresistance to weaken drug efficacy, thereby
causing poor prognosis in HER2* BC patients. However,
we also found that SOX2 positive expression was numeri-
cally associated with shorter OS in HER2* BC patients,
but without statistical significance, which might be caused
by insufficient statistical power resulting from relatively
small sample size and tumor heterogeneity in this study. In
addition, co-expression of the three CSC markers including
OCT4, SOX2, and NANOG exhibited even better prognostic
value than individual parameters, which might facilitate the
application of individual therapy in HER2* BC patients to
some extent.

There were some limitations in our study. Firstly, all
patients included in this study were from one center, and
hence, the study was subject to selection bias. Secondly,
the sample size was relatively small, which might cause
less statistical power. Thirdly, the underlying mechanisms
of OCT4, SOX2, and NANOG in HER2" patients were not
investigated in this study. Thus, further study with a larger
sample size from multiple centers is needed.

In summary, OCT4, SOX2, and NANOG positive expres-
sions correlate with poor differentiation and advanced disease
stage, and OCT4 and NANOG present with predictive values
for poor OS in HER2* BC patients.
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