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A B S T R A C T

Background: CD133 overexpression can increase cell proliferation, migration, and epithelial-
mesenchymal transition that promotes metastasis. CD133 expression is induced by hypoxia-
induced factor (HIF) which requires SOX2 binding in the promoter region. SOX2 is an embryonal 
transcription factor that plays a role in the development of malignancy. The study aimed to 
analyze the expression of CD133 and SOX2 with regional lymph nodes (LN) metastatic status in 
invasive breast carcinoma of no special type (NST).

Methods: The study was a cross-sectional design. Forty-five samples were retrieved from 
pathology archives in Dr. Soetomo Hospital from January to December 2018. Samples were 
divided into 2 groups, with and without regional LN metastasis. Immunohistochemistry with 
CD133 and SOX2 was applied to all samples. CD133 expression was assessed by immunoreactive 
score, and SOX2 expression was assessed by the percentage of tumor positive cells.

Results: There was no significant difference in CD 133 expression between invasive breast 
carcinoma of NST with and without regional LN metastases (P = .990). A positive correlation was 
found in SOX2 expression between breast carcinoma with and without regional LN metastasis 
(P = .000; rs = .518). There was no correlation between CD133 and SOX2 expression (P = .082), 
which means that the high expression of CD133 did not affect SOX2 expression.

Conclusions: CD133 expression was not significantly different in breast carcinoma with and 
without LN metastasis. The high expression of SOX2 was found significantly correlated with 
regional LN metastasis. SOX2 expression may become a potential prognostic marker in invasive 
breast carcinoma of NST.

INTRODUCTION

Breast cancer is the most common malignancy in 
women with an estimated 2.4 million new cases and 
a mortality rate of 523,000 per year in 2015 [1]. 
Globocan data for 2018 showed that breast cancer is 
the second most cancer worldwide after lung cancer, 
with a total number of 2,088,849 (11.6%), and the fifth-
largest mortality rate in the world at 626,679 people 
(6.6%) [2]. Basic health research data issued by the 
Ministry of Health of the Republic of Indonesia in 2013 
stated that breast cancer is second-highest cancer in 
women after cervical cancer with a prevalence of 0.5 
‰ and an estimated number of patients as many as 
61,682 people [3]. Tumor metastasis is one of the 
important factors which indicates the patient’s prognosis, 
where 90% of the patient’s death is caused by tumor 
with metastasis [4]. Several studies reported that cancer 

stem cells have an important role in the initiation and 
metastasis of cancer. One of the cancer stem cell 
markers is CD133 [5].

CD133 or Prominin-1 is a transmembrane glycoprotein 
consisting of 5 segments. As a marker of cancer stem 
cells, CD133 is first expressed in stem cells/hematopoietic 
progenitor cells [6]. CD133 was also detected in cancer 
stem cells of various solid tumors, such as brain tumors, 
colon, pancreas, prostate, lung, and liver [7]. Han et 
al. [5] in their study concluded that CD133 expression 
in breast cancer is associated with higher grade, lymph 
node metastases, negative ER / PR, positive HER2, 
increased staging, and poor survival rate. CD133 
expression is induced by hypoxia-induced factor (HIF) 
and requires binding with sex-determining region Y - 
box 2 (SOX2) and OCT4 in the P1 promoter region, but 
SOX2 and OCT4 can increase CD133 transcription without 
the involvement of HIF [8].
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SOX2 plays an important role in increasing the 
expression of CD133 [9]. SOX2 is a transcription factor 
associated with pluripotency in embryonal stem cells. 
SOX2 has an important role in the process of 
organogenesis and the embryonal development of 
several tissues. A high SOX2 expression is associated 
with a low level of differentiation. The healthy adult 
breast tissue does not show significant expression of 
SOX2, but SOX2 is detected in some patients with breast 
cancer. This suggests that SOX2 activation plays an 
important role in the development of malignancy [10]. 
Increased SOX2 expression in breast carcinoma also 
induces epithelial-mesenchymal transitions (EMT) by 
activating the Wnt/β-catenin pathway which will increase 
the potency of tumor metastasis [11].

To date, published studies of both CD133 and SOX2 
expressions related to regional LN metastasis in invasive 
breast carcinoma are limited. This study was conducted 
to analyze the correlation between CD133 and SOX2 
expressions with the metastatic status of regional LN 
in invasive breast carcinoma of NST.

METhODS

The study was an observational analytic study with 
a cross-sectional approach. Samples were obtained from 
the archives in the Laboratory of Anatomical Pathology, 
Dr. Soetomo Hospital, Surabaya, from January until 
December 2018, which met the inclusion criteria. The 
latter was invasive breast carcinoma of NST from 
mastectomy and regional lymph node dissection 
procedure which contained at least 6 LN. The Sample 
size was calculated using a formula, and a minimum 
of 20 samples per group was obtained. Forty-five 
samples of invasive breast carcinoma of NST were 
included. The samples were divided into 2 groups, 
consisting of 23 cases of breast cancer with regional 
LN metastasis and 22 cases of breast cancer without 
regional LN metastasis. Both groups had tumor size 
from T1 – T4 according to T stages. Ethical approval 
was obtained from the ethical and health research 
committee of Dr. Soetomo Hospital with the registration 
number of 1659/KEPK/XI/2019.

Immunohistochemistry with CD133 monoclonal 
antibody (dilution 1: 1000, Abcam) and SOX2 monoclonal 
antibody (dilution 1: 100, Biocare) were applied on all 
samples. CD133 is expressed in the membrane and or 
cytoplasm of tumor cells. CD133 expression was 
evaluated using immunoreactive score (IRS) by assessing 
the percentage and intensity of tumor positive cells. 
The percentage of positive cells was scored as 0 (no 
positive cells), 1 (positive cells < 10%), 2 (positive cells 
10-50%), 3 (positive cells 51-80%), and 4 (positive cells 
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> 80%). The intensity was scored as 0 (negative), 1 
(mild), 2 (moderate), and 3 (strong). IRS was calculated 
by multiplying the percentage and intensity. Final scores 
were categorized as 0-1 = negative, 2-4 = weak 
expression, 6-8 = moderate expression, and 9-12 = 
strong expression [12]. SOX2 is expressed in the nucleus 
of tumor cells. The percentage of positive cells was 
assessed as score 0 = no positive cells, 1 = positive on 
< 10% tumor cells, 2 = positive on 10% - 50% tumor 
cells, and 3 = positive on > 50% of tumor cells [10]. 

The data obtained were processed using the IBM 
SPSS 25.0 software for Windows 10.0. The statistical 
analysis of the Mann-Whitney test was performed to 
evaluate the difference in the expressions of CD133 
and SOX2 (P < .05). The correlation between CD133 
and SOX2 expressions with regional LN metastatic status 
in invasive breast carcinoma of NST was tested using 
the Spearman correlation test (P < .05).

RESULTS

All samples were female with an age range of 32 
to 69 years, and the average age of the samples was 
51.98 ± 10.8 years. The characteristics of the samples 
are described in Table 1. There was a statistical 
correlation between age groups and LN status (P = .017). 
The grading of invasive breast carcinoma was determined 
using modified Bloom and Richardson criteria, based 
on tubular formation, nuclear pleomorphism, and mitotic 
count. Most research samples were in grade 3. There 
was no significant correlation between tumor grade and 
LN status (P = .226). The tumor size was categorized 
using the 8th edition of the TNM American Joint 
Committee on Cancer (AJCC) stage. The statistical 
analysis showed a significant correlation between tumor 
size and LN status (P = .015). 

The expression of CD133 in carcinoma cells is 
depicted in Figure 1. The IRS of CD133 for both groups 
is described in Table 1. Mann-Whitney test showed no 
difference of CD133 expression in invasive breast 
carcinoma of NST with and without regional LN 
metastases (P = .990). Spearman correlation test showed 
no significant correlation between CD133 expressions with 
regional LN metastatic status (P = .990). These results 
indicated that the level of CD133 expression had no 
association with the regional LN metastasis (P > .05) 
(Figure 3a).

The expression of SOX2 in carcinoma cells is depicted 
in Figure 2. The scores of SOX2 expression for both 
groups are described in Table 1. Mann-Whitney test 
showed a significant difference in SOX2 expression in 
invasive breast carcinoma with and without regional LN 
metastasis (P = .001). The Spearman correlation test 
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showed a significant relationship between SOX2 
expression with regional LN metastatic status with a 
positive correlation coefficient value rs = .518 (P = .000) 
(Figure 3B). These results indicated that the higher SOX2 
expression means the higher potency for regional LN 
metastasis (P < .05).

Multivariate analysis with logistic regression, including 
age, tumor size, and SOX2 expression as variables, 

showed that only SOX2 expression retained a 
significant correlation with regional LN metastasis (P 
= .007) (Table 2). 

The Spearman statistical test showed no significant 
correlation between CD133 and SOX2 expressions (P = 
.082) (Figure 3C). This indicated that CD133 expression 
had no influence on SOX2 expression in invasive breast 
carcinoma with and without regional LN metastases.
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Characteristics Metastasis Non-Metastasis Total P

age (y.o)
     31 – 40 
     41 – 50
     51 – 60
     61 – 70

3 (13.0%)
3 (13.0%)
7 (30.4%)
10 (43.5%)

7 (31.8%)
5 (22.7%)
7 (31.8%)
3 (13.6%)

10 (22.2%)
8 (17.8%)
14 (31.1%)
13 (28.9%)

.017 c

Grading
     Grade 1 
     Grade 2
     Grade 3

1 (4.3%)
2 (8.7%)
20 (87.0%)

3 (13.6%)
3 (13.6%)
16 (72.7%)

4 (8.9%)
5 (11.1%)
36 (80.0%)

.226

Tumor size
     T1 
     T2 
     T3 
     T4 

2 (8.7%)
7 (30.4%)
6 (26.1%)
8 (34.8%)

3 (13.6%)
13 (59.1%)
5 (22.7%)
1 (4.6%)

5 (11.1%)
20 (44.4%)
11 (24.4%)
9 (20.0%)

.015 c

Estrogen receptor a

     Positive 
     Negative

19 (82.6%)
4 (17.4%)

13 (61.9%)
8 (38.1)

32 (72.7%)
12 (27.3%)

.124

Molecular subtype b

     Luminal A
     Luminal B
     HER2-enriched
     Triple-negative
     NA

1 (4.4%)
14 (60.9%)
3 (13.0%)
0 (0.0%)
5 (21.7%)

2 (9.1%)
8 (36.4%)
2 (9.1%)
6 (27.3%)
4 (18.2%)

3 (6.7%)
22 (48.9%)
5 (11.1%)
6 (13.3%)
9 (20.0%)

.441

CD133 expression
     Negative
     Weak
     Moderate
     Strong

0 (0.0%)
2 (8.7%)
8 (34.8%)
13 (56.5%)

0 (0.0%)
3 (13.6%)
6 (27.3%)
13 (59.1%) 

0 (0.0%)
5 (11.1%)
14 (31.1%)
26 (57.8%)

.990

SOX2 expression
     Negative
     Score 1
     Score 2
     Score 3

9 (39.1%)
10 (43.5%)
4 (17.4%)
0 (0.0%)

20 (90.9%)
1 (4.5%)
1 (4.5%)
0 (0.00%)

29 (64.4%)
11 (24.4%)
5 (11.1)
0 (0.0%)

.000

a = 1 non-metastasis sample did not have immunohistochemical staining
b = immunohistochemical staining were not conclusive due to equivocal HER2 or did not have any Ki67 
c = statistically significant (P < .05)

Table 1. Characteristics  
of research samples
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Figure 1. CD133 expression in the membrane and cytoplasm of 
tumor cells. (A) weak intensity, (B) moderate intensity, (C) strong 
intensity, (D) positive control with pancreatic tissue (all in 400X 
magnification).

Table 2. Variables in the equation of multivariate analysis

Variables Sig. Exp(B)
95% C.I for EXP(B)

Lower Upper

Last Step
SOX2
SOX2 (1)
SOX2 (2)

0.007
0.066
0.550

0.113
2.500

0.011
0.124

1.154
50.444

Figure 2. SOX2 expression in the nucleus of tumor cells. (A) and 
(B) show negative scores (magnification of 200x and 400x). 
(C) and (D) show score 1 with a percentage <10% (magnification 
of 200x and 400x). (E) and (F) show score 2 with percentages 
>10% and <50% (magnification of 200x and 400x).

Figure 3. Spearman correlation graphic. (A) Correlation between 
CD133 expression and regional LN metastasis. (B) Correlation 
between SOX2 expression and regional LN metastasis. (C) 
Correlation between CD133 and SOX2 expression with regional 
LN metastasis.

DISCUSSION

CD133 is a pentaspan-transmembrane glycoprotein 
with molecular weights of around 115-120 kDa and 
contains 850-865 amino acids. CD133 consists of 
extracellular N-terminals and 5 domains with 2 large 
extracellular-loops, 2 small intracellular-loops, and an 
intracellular C-terminal domain. The gene that encodes 
CD133 is located on chromosome 4 and contains at 
least 37 exons. This glycoprotein is called prominin 
because of its location in plasma membrane protrusion 
[13,14]. CD133 or prominin-1 is initially associated with 
cholesterol called a lipid raft and later described as a 
specific biomarker for hematopoietic progenitor cells. 
CD133 is known as an important biomarker for 
identifying and isolating cancer stem cells (CSC) in 
several malignancies, including breast carcinoma [15]. 
Several studies have shown that CD133 is an important 
biomarker in several normal tissues such as the brain, 
kidney, prostate, bone marrow, liver, pancreas, and skin, 
as well as in solid tumor tissue such as brain tumors, 
colon, pancreas, prostate, lung, and liver [7,13]. CD133+ 
cells have stemness properties, such as drug resistance, 
self-renewal, differentiation, and high proliferation 
abilities, and they can form tumors in xenograft [15].

The meta-analysis research conducted by Han et al. 
[5] of 11 previous studies included 7 studies in Asia, 2 
studies in Europe, 1 study in Oceania, and 1 study in 
Africa and involved 1,447 patients. The study reported 
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that CD133 expression in breast cancer was closely 
related to high cancer grading (P < .001), LN metastatic 
status (P < .001), higher stage of cancer (P < .001), 
negative ER expression (P = .018), negative PR expression 
(P < .001), positive HER2 expression (P = .039), and 
worse overall survival (P < .001) [5]. Research by Zhao 
et al. [16] in triple-negative breast cancer showed that 
CD133 expression was related to tumor size (P = .022), 
clinical-stage (P = .001), and regional LN metastasis 
(P = .001). CD133 expression also reflected survival rates, 
where patients with a positive CD133 showed a lower 
average survival rate of 34 months compared to patients 
with a negative CD133 of 52.3 months (P = .0001) [16].

The result of this study showed no significant 
difference in CD133 expression in invasive breast 
carcinoma with and without regional LN metastasis. The 
insignificant results may be because in this study the 
majority of samples had grade 3, so both groups showed 
equally strong CD133 expression. Research by 
Abdelrahman et al. [17] in astrocytic glioma showed 
that CD133 expression was significantly related to the 
grade and size of the tumor. Xiao et al. [18] in 
meningiomas stated that CD133 expression was 
associated with higher tumor grade. CD133 expression 
in esophageal squamous cell carcinoma also showed a 
linear relationship with LN metastasis, depth of invasion, 
tumor grade, and TNM stage, as well as the results of 
meta-analysis research conducted by Han et al. [5] who 
reported that CD133 expression in breast cancer was 
closely related to high cancer grading [5,19]. Another 
possibility of this unproven study might be due to the 
Src-FAK factor which is not activated. A literature study 
states that CD133 affects the migration of cancer cells 
by the interaction between cells or cells with the 
extracellular matrix. Research by Li et al. [20] and Jang 
et al. [21] reported that CD133 could activate the Src-
FAK pathway. CD133 interacts with Src in the amino 
acid region 845 - 857 C-terminal domain. Tyrosine-828 
and tyrosine-852 cells in the cytoplasmic-tail of CD133 
are phosphorylated by the Src kinase family which then 
activates FAK and increases migration. FAK is a kinase 
substrate of Src that is important in mediating tumor 
development and metastasis. Src-FAK complex plays an 
important role in the regulation of adhesion and cancer 
cell invasion ability.

Sex-determining region Y - box 2 (SOX2) is a single 
exon gene without introns located on chromosome 
3q26.3 - q27, encoding 317 amino acids, and is a 
member of the SOX transcription factor family that 
regulates mammalian development. SOX2 has a key role 
in maintaining self-renewal and pluripotential properties 
in undifferentiated embryonic stem cells and in 
maintaining the character of embryonal and neuronal 
stem cells [23]. SOX2 is expressed in early development 
and is very important for the maintenance of pluripotent 
stem cell populations. SOX2 expression changes in 

several types of tumors with varying degrees of 
differentiation, consistent with its function in maintaining 
the properties of stem cells in embryonal cells. Several 
studies showed that this gene plays an important role 
in forming the undifferentiated stem cell phenotype 
characteristics associated with basal-like breast 
carcinoma subtype [11]. Recent studies have shown that 
SOX2 is overexpressed in early breast carcinoma and 
has a positive correlation with tumor size [10]. SOX2 
is more often expressed in basal-like and triple-negative 
breast carcinoma subtypes. It increases cell proliferation 
and metastasis and is associated with shorter survival 
rates [11].

The results of this study are in line with several 
previous SOX2-related studies. Research by Neumann 
et al. [24] mentioned that the increased expression of 
SOX2 protein was significantly correlated with LN 
metastasis (P = .006), distant metastasis (P = .022), and 
tumor grade (P = .043) in colon cancer but did not 
correlate with tumor size, sex, and age of the patient. 
Research by Gao et al. [25] in esophageal squamous 
cell carcinoma showed that overexpression of SOX2 
increased migration and invasion of cancer cells. 
Research by Liu et al. [26] in squamous cell carcinoma 
of the tongue showed that SOX2 overexpression was 
related to tumor size (P = .035), cell differentiation 
(P = .042), and LN metastasis (P = .018).

Research by Wang and Xie [27] on the role of SOX2 
in breast cancer angiogenesis reported that SOX2 has 
a significant relationship with regional LN metastases 
(P < .01) and clinical stage (P < .05). Study by Lengerke 
et al. [10] in early-stage breast cancer mentioned a 
significant relationship between SOX2 expression and 
LN metastasis (P = .018) and tumor size (P = .047). Liu 
et al. [28] conducted a study of SOX2 expression in 
237 patients with triple-negative breast cancer. The 
study found that SOX2 expression was associated with 
regional LN metastases (P < .001), tumor size (P < .001), 
and clinical stage (P < .001). The research was continued 
by making a breast cancer xenograft model in mice to 
find out the role of SOX2 further. The results showed 
that SOX2 inhibition reduced tumor cell proliferation, 
reduced tumor cell invasion, and increased tumor cell 
apoptosis in triple-negative breast cancer. SOX2 inhibition 
also reduced tumorigenesis and metastasis.

Research by Li et al. [4] in breast cancer mentioned 
the relationship between SOX2 expression and tumor 
grade (P = .005), TNM stage (P = .002), and regional 
LN metastases (P < .001). The study was continued 
with a tumor model in mice. It was found that SOX2 
increased tumor cell migration and metastasis. The 
process of metastasis was further investigated. Their 
study found that SOX2 could improve the EMT process, 
induced by TGF-β. The increase in EMT by SOX2 was 
also through the β-catenin signal. EMT is known as a 
central mechanism in the invasion and metastasis of 
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in CD133 transcription so that CD133 expression 
increased.

This present study was conducted in a tertiary 
referral hospital; hence, most breast cancer patients 
come with advanced-stage and high-grade tumors. This 
may limit the study due to the limited number of cases 
in early and low grades.

CONCLUSIONS

CD133 expression was not significantly different in 
breast carcinoma with and without LN metastasis. The 
high expression of SOX2 was found significantly 
correlated with regional LN metastasis. SOX2 expression 
may become a potential prognostic marker in invasive 
breast carcinoma of NST.
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