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ABSTRACT

Objective: Squamous cell carcinoma of oral cavity is one of the most common cancers of Indian subcontinent with the 5-year survival rate
of 50% despite the recent advances in the treatment. The aim of the present study was to study cancer stem cell markers CD133 and Oct-4 in
oral squamous cell carcinoma (OSCC) patients and their correlation with clinicopathological variables.

Materials and Methods: This was a prospective study which included 50 cases of histopathologically proven squamous cell carcinoma
of oral cavity. Expression of CD133 and Oct-4 was evaluated by immunohistochemistry (IHC) and their expression was correlated with various

clinicopathological and demographic parameters.

Results: CD133 expression was seen in 20.6% cases of clinical Stage I-Il and in 79.4% of clinical stage of llI-IV OSCC patients, the difference
being statistically significant with the P = 0.048. There was no statistically significant association between CD133 expression and any other
clinicopathological or demographic variable. Oct-4 was expressed only in one case.

Conclusions: CD133 expression was significantly seen higher in Stage Ill-1V tumors, the stem cells may be responsible for the aggressiveness
of the OSCCs and these stem cells can be potential prognostic markers and targets for the future targeted therapy.
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Oral squamous cell carcinoma (OSCC) is the sixth most
common type of head-and-neck cancer, in the world.
India is known as the capital of oral cancer, as OSCC is the
most common cancer in man and the third most common
carcinoma in females here." Its incidence has increased by
50% in the past decade? and nearly 200,000 mortality cases
occurs annually worldwide.?# The prognosis and the overall
survival greatly depends on the stage of the tumor at the time
of diagnosis. Despite the recent advances in the treatment,
the 5-year survival rate is <50% in OSCC patients® which
could be attributed to the late stage diagnosis, high incidence
of metastasis and suboptimal response to the current
treatment modalities. An emerging concept of cancer stem
cell (CSC) theory postulates that a group of tumor cells
possess the ability of self-replication and tumorigenesis which
may be responsible for suboptimal response to treatment,
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metastasis, and recurrence of cancers such as head-and-neck
squamous cell cancers.” Identification of these CSCs is a
major challenge. CD133 also called prominin-1 is one of the
earliest and most widely used stem cell markers.® The CD133
plays a major role not only as biomarkers for classification
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and isolation of stem cells but also functions in tumor biology,
growth, and development.?®'%

Expression of CD133 has been observed in normal as well as
CSCs of tissues, comprising human OSCC.""'? Many studies
have revealed that CD133 expression in cancer cells shows
resistance toward therapies and this fact predicts that they
play a major role in defining the clinical course of OSCC.I"3!

Several other CSC markers such as Oct-4, Sox-2, Nanog,
ABCG2 have been identified in many tumors, and the role
of these cancer markers explains the involvement of CSCs
in cancer progression."" Genes of POU family regulate the
Oct-4 transcription factor and are involved in the self-renewal
of the stem cell. Oct-4 is expressed by pluripotent stem cells
and not by differentiated cells. It has been validated as a CSC
marker of stem cells in tumors of germ cell.™ The Oct-4
expression in tumor cells can be correlated with CSC behavior,
tumorigenic potential, and aggressive clinical features such
as metastasis and disease progression.!'*'”l In many studies,
expression of Oct-4 was also found to be higher in aldehyde
dehydrogenase (ALDH+) tumor cells. The ALDH is also a
known CSC marker in HNSCC.I"8!

In the present study, we studied the expression of CD133
and Oct-4 in OSCC samples by immunohistochemistry (IHC)
and correlated with various clinicopathological variables.

The present study was approved by the Institutional review
board and the stem cell ethics committee of the institute.
Written informed consent was obtained from all the patients.
Biopsies of all 50 patients with clinical diagnosis of OSCC
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were done at the Department of Surgical Oncology, King
George’s Medical University (KGMU), Lucknow, India. OSCC
patients underwent surgery, and samples were collected in
formalin. Clinical and demographical history of patients was
taken from the hospital records. The histological diagnosis
was done at the Department of Pathology, Era’s Lucknow
Medical College and Hospital (ELMC andH), Lucknow,
India (ELMCandH) by an experienced pathologist.

1. Patients with histopathologically proven diagnosis of
0scc

2. Patients who did not receive any previous treatment for
OSCC or other malignancy.

1. Patients with any other malignancy either in present or
past

2. Patients who have AIDS or any other known
Immunodeficiency disorder.

All biopsy specimens were processed as formalin-fixed
paraffin embedded (FFPE) tissue blocks. The cut sections
of FFPE were 3-5 pm thick on tissue bond chemically
coated slides for CD-133 as well as Oct-4 and de-waxed
in xylene followed by rehydration in gradient alcohol
(100%, 70%, and 50%) and distilled water. Endogenous
peroxidase activity of tissue was blocked, using 3% H,0, in
methanol for 30 min. Antigen retrieval was done using high
pH solution (DAKO, Denmark) in a pressure-cooker for one
whistle after which the slides were cooled for 15-20 min.
The slides were dipped in phosphate-buffered-saline (PBS)
solution (DAKO, Denmark) for washing at RT thrice for 3 min
each. CD-133 primary antibody (polyclonal, 1:50 dilution,
Proteintech, USA) and Oct-4 (Monoclonal, DAKO, Denmark)
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were incubated for 1.5 h at RT followed by washing with PBS
thrice. Horseradish peroxidase (Enzyme linked secondary
antibody) at RT for 30 min followed by washing with PBS
buffer thrice. Slides were immersed in diaminobenzidine
chromogen for 5-10 min followed by rinsing with water.
The counterstained using hematoxylin for 3—-5 min and then
finally rinsed with water. The tumor sections were mounted
using dibutylphthalate polystyrene xylene and covered using
coverslips and examined under microscope (Leica, Germany).
For the specificity of immunohistochemical staining, the
experiment was performed using positive (known positive
case) as well as negative (omit primary antibody) control
slides in every batch of IHC.

Statistical analysis was carried out using the IBM-Statistical
Package for Social Sciences (SPSS) version 16 (Chicago). Data
were summarized as mean =+ standard error of the mean.
Groups were compared by Chi-Square test/Fisher’s exact test.
Groups were also compared by Kruskal-Wallis (H) analysis of
variance. A two-tailed P < 0.05 was considered statistically
significant.

The study group comprised 50 cases of OSCC with 38 (76%)
males and 12 (24%) female patients. These patients were
classified according to their clinical parameters [Table 1]
such as tumor size (<2, 2—4 and > 4 cm), node involvement,
pathological grade, clinical stage, tumor stage. and
demographical parameters in OSCC [Table 2]. CD133
expression was seen in 35 (68%) cases [Figure 1] while Oct-4
was seen only in one case [Figure 2]. Significant correlation of
CD133 expression was seen only with clinical stage [Table 3]
while no significant correlation was seen with any of the
demographic parameters [Table 4]. Positive staining for CD133
[Figure 1] was detected in 20.6% samples between I-II stage
and in 79.4% samples between stages IlI-IV. Consequently, the
statistical analysis identified a significant correlation (P = 0.04)
between clinical stage and immunostaining of CD133 marker.

In this study, as Oct-4 expression was seen in only one case
so no correlation with clinicopathological or demographic
parameters was possible.

OSCC is the most common malignancy in Indian subcontinent
with the overall survival remaining at 50% unchanged
for last four decades despite all the recent advances in
treatment modalities. The main reason for treatment failure

Number of cases (%)

Gender

Male 38(76.0)

Female 12 (24.0)
Tumor size (cm)

<2 1(2.0)

2-4 34 (68.0)

>4 15 (30.0)
Node involvement

Yes 35(70.0)

No 15 (30.0)
Pathological grade

WD 26 (52.0)

MD 22 (44.0)

PD 2 (4.0)
Clinical stage

I-Il 13 (26.0)

-1V 37(74.0)
Tumor stage

T, 33(66.0)

T, 17 (34.0)
Lymph node status in 0SCC

N-N, 44 (88.0)

N 6 (12.0)

2
0SCC: Oral squamous cell carcinoma, WD: Well differentiated, MD: Moderately
differentiated, PD: Poorly differentiated

Number of 0SCC cases (%)
Tobacco chewers

Yes 42 (84.0)

No 16 (16.0)
Smoking

Yes 22 (44.0)

No 28 (56.0)
Pan masala

Yes 17 (34.0)

No 33(66.0)
Alcohol

Yes 7(14.0)

No 43 (86.0)

0SCC: Oral squamous cell carcinoma

and poor prognosis is due to its complex invasiveness and
recurrence.!” There is a need to identify and understand
the molecular markers in OSCC which play key role in
proliferation and survival of tumor cells. With the origin
of CSC theory in leukemias, it has been extended to solid
organ malignancies and multiple studies have established
their prognostic role in various malignancies such as
non-small cell lung carcinoma, breast cancer, intrahepatic
cholangiocarcinoma, hepatocellular carcinoma, esophageal
squamous cell carcinoma, and glioblastoma.!*!
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Total CD133 P
number of positive (%)
cases (%)

Sex
Male 38(76.0) 25 (73.5) 0.551 (NS)*
Female 12 (24.0) 9(26.5)

Tumor size (cm)
<2 1(2.0) 1(2.9) 0.355 (NS)
2-4 34 (68.0) 21(61.8)
>4 15 (30.0) 12 (35.3)

Node involvement
Yes 35(70.0) 25 (73.0) 0.427 (NS)
No 15 (30.0) 9(26.5.0)

Clinical stage
-l 13 (26.0) 7(20.6) 0.048
M-IV 37(74.0) 27 (79.4) (significant)

Tumor size
T, 33(66.0) 20 (58.8) 0.230 (NS)
T, 17 (34.0) 14 (41.2)

Nodal status
N, 15 (30.0) 8(23.5) 0.115 (NS)
N,-N, 35(70.0) 26 (76.5)

Metastatic status
M, 48 (96.0) 32(94.1) 0.322 (NS)
M, 2(4.0) 2(5.9)

Pathological grade
WD 26 (52.0) 17 (50.0) 0.600 (NS)
MP-PD 24 (48.0) 17 (50.0)

*Cm: Centimeter, WD: Well differentiated, MP: Moderately differentiated, PD: Poorly
differentiated, NS: Not significant

The CSCs derived from oral cancer play a major role in
tumor progression, metastasis, and also show the capacity
of resistance toward radiotherapy and chemotherapy.?!
Therefore, it is important to identify the mechanisms of
CSCs activation and their therapeutic role in OSCC. Altered
pathophysiology and differential expression of CSC
markers (CD133) and transcription factor (Oct-4) participate
in clonal proliferation of cells.*?

CSC marker CD133 (Prominin-1) has been found in epithelial
cells and somatic stem cells of prostate, kidney, liver,
skin, lung, colorectal, prostate, and neural tissue.”! Wu
et al. (2009) reported that CD133 positive cells showed
self-renewal, differentiation, proliferation, tumorogenicity,
clonogenicity, and EMT phenotype in OSCC.?* Chiou et al.
(2008) noticed positive correlation between Oct-4, Nanog
and high expression of CD133 with poor prognosis outcome
in patients of oral cancer.” Further studies are needed
to elucidate the positive correlation with other stem cell
markers in cancers such as OSCC for prognosis and better
therapeutic outcomes for early treatment of cancer.

CD133 P
positive (%)

Total number
of cases
(n=50) (%)

Tobacco
Yes 42 (84.0) 29 (85.3) 0.716 (NS)
No 8(16.0) 5(14.7)

Smoking
Yes 22 (44.0) 13(38.2) 0.321 (NS)
No 28 (56.0) 21 (61.8)

Panmasala
Yes 17 (34.0) 13(38.2) 0.357 (NS)
No 33(66.0) 21 (61.8)

Alcohol
Yes 7(14.0) 5(14.7) 0.834 (NS)
No 43 (86.0) 29 (85.3)
Total 50 (100.0) 34 (100.0)

Tobacco
Yes 42 (84.0) 29 (85.3) 0.716 (NS)
No 8(16.0) 5(14.7)

Smoking
Yes 22 (44.0) 13(38.2) 0.321 (NS)
No 28 (56.0) 21 (61.8)

Pan masala
Yes 17 (34.0) 13(38.2) 0.357 (NS)
No 33(66.0) 21 (61.8)

Alcohol
Yes 7(14.0) 5(14.7) 0.834 (NS)
No 43 (86.0) 29 (85.3)
Total 50 (100.0) 34 (100.0)

NS: Not significant

The Oct-4 plays a major role in the self-renewal of
embryonic stem cells and maintains their pluripotency
through interaction with other transcription factors such
as Stat3, Zic3 (Zinc family member 3) and HesX1 and some
signaling factors such as LEFTY2 (Left-right determination
factor 2), FGF2 (Fibroblast growth factor2), transcription
factor 3.7 Sju et al. have found that Oct-4 in combination
with Nanog and CD133 showed worst prognosis in
survival of OSCC, which indicates these markers being as
an invasive and predictive marker.?®! These studies have
motivated us to check the correlation between Oct-4 and
CD133 with respect to clinical and demographical data
of oral cancer.

Very few studies have been done to markers with clinical
survival parameters in OSCC patients. Expression analysis of
these two biomarkers using IHC may facilitate prognosis of
OSCC patients using clinical factors (tumor, node, metastasis;
clinical staging etc.). These factors might serve as valuable
tools for clinicians for a better prognostic and therapeutic
stratification of OSCC patients.
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In the present study, it was found that the expression of CD133
was significantly associated with clinical stage [Table 3] of
OSCC patients. Positive staining of CD133 was observed in
68% of the OSCC cases but Oct-4 staining was observed in
only 2% of the poorly differentiated cases.

Till date, a number of studies have revealed CD133 as useful
biomarker in identification of CSCs in different type of human
cancers including oral cancer,?” also with an ability to identify
cells which initiate tumor growth and are responsible for
tumor recurrence and progression including colonization of
distant organs and metastasis.”?" The present study showed a
significant association between CD133 expression and clinical
stage but lack of any significant correlation between CD133
expression and age, sex, tumor, lymph node involvement
in OSCC patients.""! The significant association of CD133
expression with clinical stage, points toward a major role
of CD133 expressing cells in the progression of OSCC and
signifies an involvement of CSCs in the progression of OSCC.!I"*

The expression of CD133 and Oct-4 in a cohort of 50 OSCC
patients demonstrated their correlation with different
demographical parameters and clinical prognostic indicators.
These findings suggest that CD133 might represent a useful
prognostic indicator with respect to clinical stage of OSCC
patients, while Oct-4 findings are less conclusive. Hence,
further studies are needed to find out the correlation of
CD133 with other CSCs markers in the development and
progression of OSCC and their suitability as prognostic and
predictive biomarkers for oral early diagnosis of oral cancer.
Studies on a larger cohort of patients may also help to identify
patients at higher risk for cancer progression and targeting
CSCs in these cases as for better therapeutic outcomes.

Authors acknowledge and thanks to Era’s Lucknow Medical
College and Hospital for providing facilities for experimental
work and Integral University, Lucknow for providing Ph.D.
registration (Manuscript number- [U/R&D/2018-MCN000244)
to Mr. Alok Singh.

Nil.

There are no conflicts of interest.

1. Sharma M, Madan M, Manjari M, Singh T, Jain S. Prevalence of

20.

head and neck squamous cell carcinoma in our population: The clinic
pathological and morphological description of 198 cases. Int J Adv Res
2015;3:827-33.

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002.
CA Cancer J Clin 2005;55:74-108.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D, et al. Global
cancer statistics. CA Cancer J Clin 2011;61:69-90.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J
Clin 2015;65:5-29.

Braakhuis BJ, Leemans CR, Visser O. Incidence and survival trends
of head and neck squamous cell carcinoma in the Netherlands between
1989 and 2011. Oral Oncol 2014;50:670-5.

Fuller CD, Wang SJ, Thomas CR Jr., Hoffman HT, Weber RS,
Rosenthal DI, et al. Conditional survival in head and neck squamous
cell carcinoma: Results from the SEER dataset 1973-1998. Cancer
2007;109:1331-43.

Langevin SM, Grandis JR, Taioli E. Female hormonal and reproductive
factors and head and neck squamous cell carcinoma risk. Cancer Lett
2011;310:216-21.

Karbanova J, Missol-Kolka E, Fonseca AV, Lorra C, Janich P,
Hollerova H, et al. The stem cell marker CD133 (Prominin-1) is
expressed in various human glandular epithelia. J Histochem Cytochem
2008;56:977-93.

Yoshikawa S, Zen Y, Fujii T, Sato Y, Ohta T, Aoyagi Y, et al.
Characterization of CD133+parenchymal cells in the liver: Histology
and culture. World J Gastroenterol 2009;15:4896-906.

Zhu Z,Hao X, Yan M, Yao M, Ge C, GuJ, et al. Cancer stem/progenitor
cells are highly enriched in CD133+CD44+population in hepatocellular
carcinoma. Int J Cancer 2010;126:2067-78.

Ravindran G, Devaraj H. Aberrant expression of CD133 and musashi-1
in preneoplastic and neoplastic human oral squamous epithelium
and their correlation with clinicopathological factors. Head Neck
2012;34:1129-35.

Mannelli G, Magnelli L, Deganello A, Busoni M, Meccariello G,
Parrinello G, et al. Detection of putative stem cell markers,
CD44/CD133, in primary and lymph node metastases in head and neck
squamous cell carcinomas. A preliminary immunohistochemical and
in vitro study. Clin Otolaryngol 2015;40:312-20.

ChenY'S, WuM]J, Huang CY, Lin SC, Chuang TH, Yu CC, et al. CD133/Src
axis mediates tumor initiating property and epithelial-mesenchymal
transition of head and neck cancer. PLoS One 2011;6:¢28053.
Charafe-Jauffret E, Ginestier C, Iovino F, Wicinski J, Cervera N,
Finetti P, et al. Breast cancer cell lines contain functional cancer stem
cells with metastatic capacity and a distinct molecular signature. Cancer
Res 2009;69:1302-13.

Looijenga LH, Stoop H, de Leeuw HP, de Gouveia Brazao CA,
Gillis AJ, van Roozendaal KE, et al. POUSF1 (OCT3/4) identifies
cells with pluripotent potential in human germ cell tumors. Cancer Res
2003;63:2244-50.

Kim RJ, Nam JS. OCT4 expression enhances features of cancer stem
cells in a mouse model of breast cancer. Lab Anim Res 2011;27:147-52.
Chang CC, Shieh GS, Wu P, Lin CC, Shiau AL, Wu CL, et al. Oct-3/4
expression reflects tumor progression and regulates motility of bladder
cancer cells. Cancer Res 2008;68:6281-91.

Masood R, Hochstim C, Cervenka B, Zu S, Baniwal SK, Patel V, et al.
A novel orthotopic mouse model of head and neck cancer and lymph
node metastasis. Oncogenesis 2013;2:e68.

Deng J, Gao G, Wang L, Wang T, Yu J, Zhao Z, et al. CD24 expression
as a marker for predicting clinical outcome in human gliomas. J Biomed
Biotechnol 2012;2012:517172.

Soni P, Qayoom S, Husain N, Kumar P, Chandra A, Ojha BK, et al.
CD24 and nanog expression in stem cells in glioblastoma: Correlation
with response to chemoradiation and overall survival Asian Pac J Cancer
Prev 2017;18:2215-9.

12 National Journal of Maxillofacial Surgery / Volume 9 / Issue 1/ January-June 2018



21.

22.

23.

24.

25.

Singh, et al.: CD133 and Oct-4 expression in oral cancer

Shrivastava S, Steele R, Sowadski M, Crawford SE, Varvares M,
Ray RB, et al. Identification of molecular signature of head and neck
cancer stem-like cells. Sci Rep 2015;5:7819.

Chambers I, Colby D, Robertson M, Nichols J, Lee S, Tweedie S, et al.
Functional expression cloning of nanog, a pluripotency sustaining factor
in embryonic stem cells. Cell 2003;113:643-55.

Chikamatsu K, Takahashi G, Sakakura K, Ferrone S, Masuyama K.
Immunoregulatory properties of CD44+cancer stem-like cells
in squamous cell carcinoma of the head and neck. Head Neck
2011;33:208-15.

Wu'Y, Wu PY. CD133 as a marker for cancer stem cells: Progresses and
concerns. Stem Cells Dev 2009;18:1127-34.

Chiou SH, Yu CC, Huang CY, Lin SC, Liu CJ, Tsai TH, et al.
Positive correlations of Oct-4 and nanog in oral cancer stem-like

26.

27.

28.

29.

cells and high-grade oral squamous cell carcinoma. Clin Cancer Res
2008;14:4085-95.

Tsai LL, Yu CC, Chang YC, Yu CH, Chou MY. Markedly increased
Oct 4 and nanog expression correlates with cisplatin resistance in oral
squamous cell carcinoma. J Oral Pathol Med 2011;40:621-8.

Vaiphei K, Sinha SK, Kochhar R. Comparative analysis of oct4
in different histological subtypes of esophageal squamous cell
carcinomas in different clinical conditions. Asian Pac J Cancer Prev
2014;15:3519-24.

Siu A, Lee C, Dang D, Lee C, Ramos DM. Stem cell markers as
predictors of oral cancer invasion. Anticancer Res 2012;32:1163-6.
Zhang Z, Filho MS, Nor JE. The biology of head and neck cancer stem
cells. Oral Oncol 2012;48:1-9.

National Journal of Maxillofacial Surgery / Volume 9 / Issue 1/ January-June 2018 13



