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ABSTRACT

Objective: The aim of the present study was directed to investigate the therapeutic potential of epigallocatechin-3-
gallate (EGCG) on cancer stem cell(s) (CSC(s)) of DMBA induced hamster buccal pouch (HBP) carcinoma. Subjects and
methods: thirty Syrian male hamsters were divided into three group(s) (G(s)),10 each. GI: negative control, left untreated. The
right pouches of those in GII and GII were painted with DMBA (3times /a week/ 14 weeks). GII: positive control, not received
other treatment. GIII was injected with intraperitoneally with EGCG. After termination of the experiment, gross observations
were recorded, then, the animals were euthanized, all pouches were surgically excised and bisected. The first piece was prepared,
fixed and processed for hematoxylin and eosin (H&E) stain examination and immunohistochemical (IHC) staining utilizing CD44
and CD24. The other piece of the fresh tissue was used for flow cytometric (FCM) assessment for identification of CSCs using
CD44&CD24 fluorophore-antibodies, then, apoptosis assay of the identified CD44+CD24- CSCs was employed. Results: the
results of GIII revealed some variability compared to those observed in GII in gross observations as well as when utilizing H&E
stain, CD44 & CD24 IHC and FCM assessment of CSCs. CD44 &CD24 IHC revealed highly significant difference between GII
and GIII, (p value > 0.001). CSCs identification, CD44+CD24-& CD44+CD24+revealed highly significant difference between
GII and GIII, (p value > 0.05)}. The CD44+CD24- CSCs apoptosis recorded highly significant difference between GII and GIII
(p value < 0.001). Conclusion: EGCG significantly inhibits tumor progression and induces apoptosis in CSC of HBP carcinoma.

KEY WORDS: CSC, EGCG, HBP carcinoma.

INTRODUCTION

Oral carcinogenesis is a multistage, multi-
mechanism carcinogenesis process, comprising
mutagenic, cell death and epigenetic mechanisms,
through three separates but closely linked stages:

initiation, promotion, and progression. The chief
reason of the initiation phase is a solitary applying
of a subcarcinogenic dose of a carcinogen. In
another words, exposing to carcinogen agents that

creates eternal injuries to inherited material, which
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are almost irreversible. Promotion, the second step,
resulted via repeatedly applying of an irritating
agent. It involves cellular explosion and choosy
clonal growth which are reversible, during its primal
phases, but becomes unredeemable with time-?.

It has been established that, oral carcinogenesis
brought by-dimethylbenz (a) anthracene (DMBA)
in golden Syrian hamsters is an accepted and well
honored experimental example for memorizing bio-
chemical, histopathological, immunohistochemical
(THC) and molecular modification®. Unfortunately,
oral squamous cell carcinoma (OSCC) is associated
with high morbidity and mortality. Although, great
progress has been made in diagnosis and treatment
strategies, the 5-year survival rate of OSCC suffer-
ers remains disappointingly low, which is mainly at-
tributed to the poor drug efficacy, metastatic spread
and resistance™?.

An arising conception of carcinogenesis propos-
es that CSCs sit atop of a miscellaneous population
of cells within cancer and are defined functionally
as a subset of cells that display sternness charac-
teristics, including the capability to asymmetrically
branch, resulting in self-renewal of CSCs and the
production of heterogeneous populations of cancer
cells ©®, CSCs are largely tumorigenic compared
to the different cancer cells and are supposed to
be broadly dependable for the natural characteris-
tics of cancer, namely, rapid growth, invasion, and
metastasis. CSCs also show a greater capacity for
migration, invasion, proliferation in vitro” and they
induce far larger growths in immunocompromised
xenograft mice with fewer transplanted cells com-
pared to large numbers of unsorted cancer cells ®.
Thus, targeted curatives and diagnostics engaging
CSCs are regarded a peculiar and hopeful choosing
for effective cancer treatment through the targeting
of tumor definite features®.

It’s accepted that, plant derived-natural out-
comes have been under observation in recent times
in battle of cancer cure *-'". Due to the capability of
phytochemicals in apoptosis initiation, cell cycle ar-
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rest, metastasis inhibition and multitargeting capac-
ity, they are able to inhibit cancer progression'* ',
Among them, epigallocatechin-3-gallate (EGCG(
which is a natural product, was introduced to be the
most abundant catechin in green tea’¥. EGCG at-
tracted significant research interest due to its ben-
eficial health effects including anti-oxidation® and
anti-tumorigenesis activity'®. EGCG inhibit CSCs
of the breast, lung, prostate and liver, CSCs are tar-
gets of EGCG for cancer prevention and therapy”.
Commixing EGCG with cisplatin or oxaliplatin
deepened the curative effect in human colorectal
cancer cells 1%,

The main objective for the present study was to
assess the therapeutic potential of EGCG on CSCs
of DMBA induced hamster buccal pouch (HBP)
carcinoma. The assessment based on the animal’s
general health examinations, HBP gross observa-
tions, histological tumor tissue changes, IHC exam-
inations and flow cytometric (FCM) studies.

SUBJECTS AND METHODS

Chemicals: DMBA (0.5%) was obtained from
Sigma-Aldrich Company, dissolved in paraffin
oil. EGCG (E4268) were purchased from Sigma
Aldrich Company, prepared by direct dissolving
the crystalline compound in 0.9% sodium chloride
injection (10 mg/ml).

Animals: thirty Syrian male hamsters five
weeks old, weighing 80-120g were obtained from
the animal house, Cairo University, Cairo, Egypt.
The experimental animals were housed in standard
coops with sawdust coverlet under managed
environmental conditions of moistness (30-40%),
temperature (20 = 2°C), and light (12-h light/12-h
dark). All experimental animals were supplied with
standard diet and water ad libitum.

Sample size: Based on Duzgun et al (2017)
research®, a sample size of 10 in each group, in the
current study, had a 80% power to detect a difference
between means of 0.53 with a significance level
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(alpha) of 0.05 (two-tailed) at 95% confidence
intervals. In 80% (the power) of those experiments,
the p value was less than 0.05 (two-tailed) so the
results were deemed “statistically significant”. In the
remaining 20% of the experiments, the difference
between means was deemed ‘“not statistically
significant”. Report created by GraphPad StatMate
2.00.

Experimental design: After a week of
adaptation, the animals were divided randomly into
three group (G ), 10 each. While the animals in
GI (negative control) were left untreated, the right
pouches of those in GII and GIII were painted with
the 0.5% DMBA in liquid paraffin using a number 4
camel’s hair brush, 3 times a week for 14 weeks®?.
After that, the animals in GII (positive control)
not received other treatment while those in GIII
(EGCG) were injected intraperitoneally with EGCG

(10mg/kg / twice a week/ 4 weeks).

General health examinations: during the trial,
the changes in the animal’s general health were
recorded. Hamsters appeared one or further of these
characters if they were shifting with disease or injury
loss of eagerness, quiescence, piling in a corner,
sneezing, hyperventilating, and/ or discharge from
the nose or eyes, moistness around the tail, diarrhea
and hair extinction.

After termination of the experiment, gross
observations were recorded (mucosal thickness,
exudation, ulcers, and tumors.), the animals were
euthanized, the right cheek pouch everted, and the
diameter of each tumor was measured with a Vernier
caliper. The tumor volume was calculated by the
formula, Vmm3 = (4/3) =t [(D1/2) (D2/2) (D3/2)],
where D1, D2 and D3 are the three diameters (mm)
of the tumor®". Then, the right cheek pouch was
excised and bisected with one piece of the fresh
tissue in saline in order to be examined by FCM
and the other piece of the fresh tissue, fixed in 10%
neutral buffered formalin, routinely processed and
embedded in paraffin blocks in order to be examined
histologically and immunohistochemically.
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fixed
specimens were dehydrated in an ascending ethanol

Histopathological examinations: the

series, embedded in paraffin wax to form paraffin
blocks. Tissue sections of 4um thickness were cut
using rotary microtome, mounted on glass slides,
processed, and stained with hematoxylin and eosin
(H&E) for light microscopic examination.

Measurement of the depth of invasion (DOI):
DOI was measured for all surgical specimens based
on the H&E slide. DOI was measured from the
basal layer of the surface epithelium to the deep-
est point of tumor invasion. It has further been clas-
sified as less invasive <5 mm, moderate invasive
6—10 mm, and deeply invasive =10 mm, according
to American Joint Committee on Cancer (AJCC)®?»
. DOI was measured using Leica QWIN V3 image
analyzer computer system (Switzerland), controlled
by Leica QWIN V3 software. This was done in Oral
and Dental Pathology Department, Faculty of Den-
tal Medicine (Boys-Cairo), Al-Azhar University,

Egypt.

Oth-
er tissue sections were cut at 4um and put

Immunohistochemical examination:
on positive charged slides for the application of
standard labeled streptavidin- biotin method to
demonstrate the expression of CD44 & CD24
antibodies. The sections were deparaffinized in
xylene and rehydrated through graded ethanol
(100%,95% and 70%) each run for 5 minutes. Slides
were washed in distilled water then in phosphate
buffered saline (PBS), each for 5 minutes. Endog-
enous peroxidase activity was blocked using 3% so-
lution of hydrogen peroxide (H,0,) in methanol for
30 minutes at room temperature. Slides were then
washed in PBS. Slides were then immersed in plas-
tic jars containing 200 ml of citrate buffer (pH6).
The jars were put in microwave at maximum power
at 100°C for 3 intervals, each one 5 minutes. Slides
were left at room temperature to coal gradually.
Slides were then washed in distilled water followed
by PBS for 5 minutes. Tissue sections were received
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one or two drops of the primary antibodies (CD44
or CD24) in a dilution of 1:100 and incubated in
a humid chamber at room temperature overnight.
Slides were then washed in distilled water, followed
by PBS for 5 minutes. Biotinylated secondary anti-
body was added and incubated at room temperature
for 30 minutes. Tissue sections were then washed in
PBS for 5 minutes. One or two drops of peroxidase-
labeled streptavidin were applied for 30 minutes at
room temperature then washed in PBS. The tissue
sections were received DAB for 2-4 minutes to de-
velop color, followed by putting in distilled water.
Tissue sections were counterstained using Mayer’s
hematoxylin for one minute and then washed in tap
water. The slides were placed in two changes of
95% alcohol followed by two changes of absolute
alcohol, each for 3 minutes then mounted with DPX
and covered with plastic covers in order to be exam-
ined. Negative controls were prepared by omitting
the primary antibody. Spleen tissues were used as
positive controls for both antibodies®.

The immunostained sections were examined
using light microscope to assess the prevalence of
positive cases and the localization of immunostaining
within the tissues. In addition, image analysis
computer system was used to assess area percentage
of the positive cells of the immunostaining. This
was done in Oral and Dental Pathology Department,
Faculty of Dental Medicine (Boys-Cairo), Al-Azhar
University, Egypt.

Flow cytometric detection and identification of
CSCs

Mechanical dissociation of OSCC: the tumor
mass was placed into a 35 mm petri dish with 3 mL
of PBS. Tumor specimen was extensively washed
(2 to 3 times) in PBS to remove blood and debris.
The specimen was held firm with tissue forceps, and
using the back of a number 22 scalpel blade, the
specimen was scraped downward, and away, such
that cells are pulled off the tumor mass into the dish.
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As cells were broken from the tumor mass, strands
of connective tissue (CT) were isolated, and were
removed from the collection. The scrapping was
continued until the specimen is too small to hold
to have a large population in the dish. The tumor
solution was pipetted up and down 3 to 5 min with a
5-ml disposable pipet. Then, the solution was placed
into a 15-ml conical tube. The remaining sample
was centrifuged at 2500 rpm for 2 minutes at 4°C.
The media was aspirated off and the cellular pellet
was resuspended in PBS in an appropriate volume
needed for FCM analysis®?.

Identification of CSCs: the cellular pellet was
suspended in PBS in an appropriate volume. 10 pL
of PE-CD24, 10 uL. APC-CD44, annexin V and
PI were added to the sample. The samples were
incubated with the antibodies for 30 minutes at 4°C,
protected from light. The cells were resuspended in
PBS and acquired 50000 cells by FACSCalibur flow
cytometer (BD Biosciences) with BD FACSDiva
70 software. Cell populations were identified
using FACSCalibur flow cytometer. Firstly, Cells
were gated based on light scatters, then by positive
gating of CD44+ CD24- and CD44+ CD24+ cells,
then CD44+ CD24- were further gated for analysis
of apoptosis®. This was done in the FCM Unit,
Clinical Pathology Department, South Egypt Cancer
Institute, Assiut University, Egypt.

Statistical analysis

The results were recorded as the mean + standard
deviation (SD) and statistically analyzed. A one-
way analysis of variance (ANOVA) was performed
using SPSS version 17.0 for windows. The com-
parison between more than two independent groups
with quantitative data and parametric distribution
was done by using ANOVA followed by post hoc
analysis using LSD test. The p value was considered
significant as the following: p>0.05: non-significant,
p<0.05: significant and p<0.001: highly significant.
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RESULTS

Gross observations and tumor volume: GI
showed good generalized health with no gross
changes, no hair loss, no skin ulcerations, normal
pale pink color of the HBP with neither pathological
nor inflammatory changes. Their buccal pouch
lengths were about Scm for all hamsters (Fig.1A).
GII showed marked hair loss, pouch depth decrease,
skin ulcers and marked debilitation of all animals.
Animal’s pouches showed large exophytic growths
with pronounced vascularity and the pouch length
ranged from 1.5-2cm with distal necrotic end. Using
vernier caliper, the mean tumor volume of tumor-
bearing animals was 779.5 mm?® (Fig.1B). GIII
showed slight improvement in the general health.
The length of the pouches was about 2.5cm with
reduction of distal necrosis. Slight decrease in size
of the papillomatous lesions was observed. Using
vernier caliper, the mean tumor volume of tumor-
bearing animals for GIII was 409.5 mm?® (Fig.1C).

Histopathological and immunohistochemical
results: GI revealed normal thin stratified
squamous epithelium, consists of two to four layers
of squamous cells exhibiting slight keratinization;
one layer of basal cells and one, two or three
layers of spinous and thin keratinized cells with
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lacking rete ridges. Sub-epithelial CT and muscular
layer were seen (Fig.2A). The IHC staining using
CD44 antibody exhibited positive membranous
expression (mean = 35.4%) which limited to basal
and suprabasal layers (Fig.2B) while the CD24
expression showed positive membranous expression
(mean = 0.3%) which present in the upper layers of
normal epithelium (Fig.2C). GII revealed well to
moderate differentiated SCC in the form of large
papillomatous lesions with invading islands of
epithelium into underlying C.T (DOI=10.7mm) with
marked chronic inflammatory cells and necrotic
mass at the distal end of pouch. The invading
epithelial cells showed basal cell hyperplasia,
loss of basal cells polarity, hyperchromatism,
prominent nucleoli, altered N\C ratio, swirling of
spinous layer and cellular & nuclear pleomorphism
(Fig.2D). The IHC staining using CD44 exhibited
positive  membranous-cytoplasmic ~ expression
(mean=65.51%) throughout the epithelial layers
and invading tumor cells (Fig.2E) while CD24
(positive in 8 samples and negative in 2 samples)
exhibited  positive =~ membranous-cytoplasmic
expression (mean=68.6%) throughout the epithelial
layers and invading tumor cells (Fig.2F). GIII
revealed moderate to severe epithelial dysplasia
with areas of top to bottom changes or carcinoma

Ve

-

J

FIG (1) A: HBP of GI showing normal buccal pouch mucosa, which appeared pink in color with smooth surface (arrow). Fig.1B:
HBP of GII showing multiple exophytic papillary tumor masses surrounded with bleeding areas (arrow). Fig.1C: HBP of
GIII showing small size nodule with absence of ulceration and bleeding (arrow).
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in situ (CIS)were seen in five hamsters while the
other five hamsters showed superficial invasion of
malignant cells in the form of well differentiated
SCC which was limited to the nodules only, not
extended to deeper areas (DOI=1.8mm). There
was reduction of the distal necrosis, inflammatory
infiltration and increase amount of collagen fibers
(Fig.2G). The IHC staining using CD44 exhibited
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positive  membranous-cytoplasmic  expression
(mean= 50.76%) throughout the epithelial layers
and invading tumor cells (Fig.2H) while CD24
(positive in 5 samples and negative in 5 samples)
exhibited

expression (mean=33.3%) throughout the epithelial

positive  membranous-cytoplasmic

layers and invading tumor cells (Fig.2I).
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FIG (2) Fig.2A: H&E stain of GI showing keratinized stratified squamous epithelium with flattened rete ridges, sub-epithelial
CT layer and muscular layer (arrows). Fig.2B: IHC expression of CD44 showing positive membranous expression which
limited to basal and suprabasal layers (arrow). Fig.2C: IHC expression of CD24 positive membranous expression which
present in the upper layers of normal epithelium (arrow). Fig.2D: H&E stain GII showing well differentiated SCC with
deep invasion of multiple tumor islands into the underlying CT (arrows). Fig.2E: IHC expression of CD44 showing posi-
tive membranous-cytoplasmic expression throughout the epithelial layers and invading tumor cells (arrow). Fig.2F: ITHC
expression of CD24 showing positive membranous-cytoplasmic expression throughout the epithelial layers and invading
tumor cells (arrow). Fig.2G: H&E stain of GIII showing well differentiated SCC (superficial invasion) (arrow). (H&E stain
X400) (arrows). Fig.2H: THC expression of CD44 positive membranous-cytoplasmic expression throughout the epithelial
layers and invading tumor cells (arrows). Fig.2I: IHC expression of CD24 showing positive membranous-cytoplasmic
expression throughout the epithelial layers and invading tumor cells (arrows).
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Statistical analysis results of tumor volume and
CD44 & CD24 expression:

Tumor volume: There was highly significant
difference between GII and GIII (p value < 0.001)
(Table.1, Fig.3).

CD44: statistical analysis results revealed that,
GI had recorded the lowest mean area percentage
(35.4%), while GII had the highest mean area
percentage (65.1 %). There was highly significant
difference between GI& GII (p value <0.001). There
was significant difference between GII & GIII (p
value = 0.002 respectively) (Table.1, Fig 4).

CD24: statistical analysis results revealed that,
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GI had recorded the lowest mean area percentage
(0.3%), while GII had the highest mean area
percentage (68.6 %). There was highly significant
difference between GI& GII (p value<0.001). There
was highly significant difference between GII and
GIII (p value < 0.001) (Table.1, Fig 4).

Correlation analysis: there was a statistically
high significant positive (direct) correlation either
between CD44 and CD24 or between tumor volume
and area percentage of CD44 & CD24 expressions
(p value > 0.001) (Table.2, Fig.5). This means that
an increase in one variable is associated with an in-

crease in the other variable and vice versa.

TABLE (1) Comparison between studied groups as regard to tumor volume and CD44 & CD24 expressions.

GI

GII GI11

(n=10) (n=10) (n=10) F P-value
Mean 779.5 409.5
Tumor volume 144.9 <0.001 HS
+sD 121.3 71.2
Mean 35.4 65.51 50.76
CD44 11.02 <0.001 HS
+SD 12.6 13.3 12.2
Mean 0.3 68.6 333
CD24 180.7 <0.001 HS
+SD 0.7 8.9 6.2
e N N
Tumor volume (mm3) CD44 &CD24
779.5
800 100 65.51 68
409.5
600
50 35 i
400
200 i 0
0 Gl GII GIIl
Control DMBA EGCG mCD44 mCD24
N\ J J

FIG (3) Bar chart representing tumor volume in the studied
groups.

FIG (4) Bar chart representing nean area% results of
CD44&CD24 experssions.
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TABLE (2) Correlation of tumor volume and CD44
& CD24 expressions.

Tumor volume

Correlation

coefficient (r) p-value

Area % of CD44 0.636 >0.001

Area % of CD24 0.595 >0.001

Identification of CSCs: two phenotypic subpopu-
lations were separated, CD44+/CD24- and CD44+/
CD24+. The percentage of CD44+/CD24- cells in
GI, GII and GIII was 0.005%, 1.33%, and 0.28%
respectively. While the percentage of CD44+/
CD24+ cells in GI, GII and GIII was 0.001%,0.11%
and 0.04% respectively. There was highly signifi-
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FIG (5) Correlation of tumor volume and area % of CD44
&CD24 expressions.

cant difference between Gl& GII (p value < 0.001).
There was highly significant difference between GII
and GIII (p value > 0.05). (Table.3, Fig .6).

TABLE (3) Comparisons between studied groups as regard CD44+ CD24- & CD44+CD24+ and apoptosis

of CD44+ CD24-CSC.

GI GII GIII
(n = 10) (n = 10) (n = 10) F P-value
CD44+ CD24- Mean 0.005 1.33 0.28 159.4 <0.001 HS
+SD 0.002 021 0.07
Mean 0.001 0.11 0.04
CD44+ CD24+ 262 <0.001 HS
+SD 0.002 0.04 001
Mean 0.0 13 21.8
Apoptosis of CD44+ CD24-CSC 15.8 <0.001 HS
+SD 0.0 0.7 73
4 =\
30
21.8
20
10
0.005 0.001 133 o011 13 028 0.04
0 I —— I
Gl GII GIII
O0CD44+CD24- ©OCD44+CD24+ Apoptosis of CD44+ CD24-CSC
J

FIG (6) Bar chart representing mean results of CD44+ CD24- and CD44+ CD24+.
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Apoptosis assay of CD44+CD24- CSCs: GII,
1.3% of the cells underwent apoptosis while the
cells of GIII resulted in 21.8% apoptosis. There was
highly significant difference between GII and GIII
(p value <0.001). (Table.3, Fig .6).

DISCUSSION

To our knowledge, in the liberal English
literatures, this was the foremost research to
estimate the therapeutic potential of EGCG on CSCs
of DMBA induced HBP carcinoma. The results of
animal’s general health examinations, HBP gross
observations, H&E stain and THC examinations
utilizing antibodies against CD44 and CD24 CSCs
markers, revealed variable observations.

In the present study, GI showed no observable
abnormalities of the HBP with neither pathological
nor inflammatory changes. After animal’s euthani-
zation, the buccal pouches length was about (5cm)
for all hamsters with normal histological structures.
Brunaet al (2017)@9, reported the same finding. THC
staining of GI showed positive membranous expres-
sion of CD44 (35.4%) that was seen to be restrict-
ed to the basal and supra-basal layers and almost
negative in the remaining epithelial cell layers. This
result is in accordance with that of additional inves-
tigators®’?®. This observation might be attributed
to that, CD44 expression in the normal epithelium
indicates that, CD44 is needed for the conservation
of epithelial architecture as a total by the homing of
the epithelial cells. Williams et al (2013)@ stated
that, CD44 synthesizes matrix molecules and in-
teracts with a mass of elements to manage lineage
specification, discrimination, stem cell survival,
self-renewal, cell migration, cell-cell adhesion and
growth factor receptor signaling. IHC staining of GI
showed positive membranous expression of CD24
(0.3 %) that was seen in the upper, more differenti-
ated layers of normal epithelium rather than the sup-
posed stem cell niche in the basal layer. This result
is in agreement with that of other investigators ©%3,
Weichert et al (2005)@" stated that, CD24 is a small
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glycosylated, cell exterior protein that’s manifested
physiologically in the growing up pancreas, brain,
reawakening muscle, normal keratinocytes and re-
nal tubules. Its physiologic purpose is not detailed
clarified, but it seems to be enclosed in control of
cell expansion, apoptosis, and cell attachment.

In the current study, GII showed marked de-
bilitation of all animals. Animal’s pouches showed
large exophytic growths with pronounced vascu-
larity. The mean tumor volume of tumor-bearing
animals was 779.5mm3 and 100% tumor forma-
tion. The pouch length (1.5-2cm) which decreased
compared to GI due to necrosis in the distal end of
the pouch. These observations are mainly due to the
strong toxic DMBA effect®?. By using H&E stain,
a development of various patterns of invasive SCC
100% (well differentiated and moderately differen-
tiated) were seen which extended to deeper areas
of C.T (DOI=10.7mm). These observations might
be attributed to DMBA induced over production of
ROS, chronic inflammation, oxidative modification
of DNA bases, impairment in antioxidant defense
system, defect in the activities of detoxification
cascade and deregulated expression pattern of mo-
lecular markers are implicated in the promotion and
progression of oral carcinogenesis®?.

In the current study, IHC staining of GII showed
positive membranous-cytoplasmic expression of
CD44 (65.51%) that was seen throughout the epi-
thelial layers and invading tumor cells, that showed
highly significantly expression compared to GI
(p value < 0.001). This result is in agreement
with that of other investigators®* . Paulis et al
(2015)69 concluded that, CD44 expression esca-
lated the assaultiveness of tumor cells behavior. On
the other hand, Margaritescu et al (2011)%® showed
a limited usefulness of CD44 expression in identify-
ing the CSCs in OSCCs. This shortening in the role
of the CD44 may be due to improper selection of the
examined tissues, which may have massive areas
of inflammation leading to a false result in expres-
sion of the CD44. Moreover, the difference in the
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sorting techniques, than the IHC, for identification
the CD44 expression in tissue as western blotting
and flow cytometric assessments may demonstrate
different results.

In the present study, IHC staining of GII showed
positive membranous-cytoplasmic expression of
CD24 (68.6%) that was seen throughout the epi-
thelial layers and invading tumor cells, that showed
highly significantly expression compared to GI (p
value < 0.001). CD24 showed positive expression
in 8 samples and negative in 2 samples. This result
is in agreement with that of other investigators®’=%.
Yang et al (2017)%” found that, in human naso-
pharyngeal carcinoma cell lines, cells with higher
CD24+ expression have increased growth and tu-
mor sphere formation in vitro.

In the current study, the percentage of CD44+/
CD24- and CD44+/CD24+ cells in GII were 1.33%
and 0.11% respectively, with highly significant dif-
ference between GII and GI (p value < 0.001). This
is in consistence with that shown by other stud-
ies®404D Ghuwalewala et al (2016)“? revealed that,
CD44+CD24- cells is able to form larger spheres
than CD44+CD24+within a few days, indicative of
its ability to undergo asymmetric division. CD44
CD24- cells were actually, more mobile and inva-
sive under in vitro circumscriptions. Although these
cells did not expand any quick, despite altered cell
cycle, but under clonal affections, could give rise to
holoclone- analogous communities, a typical hall-
mark of stem cells with extensive differentiation po-
tential. Conversely, Han et al (2014)® found that,
CD24+/CD44+ cells were more proliferative and in-
vasive in vitro and more tumorigenic in vivo form-
ing larger tumors in immunodeficient mice equated
to its carbon copyCD24-/CD44+ cells. In addition,
CD24+/CD44+ cells were scarcely more resistant
to chemotherapeutic agencies likened to CD24-/
CD44+ cells.

By FCM, the current study revealed that, only
13% of CD44+CD24- CSCs undergo apoptosis
with highly significant expression compared to GI
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(p value < 0.001). These results are in agreement
with other researchers“*? Todoroki et al (2016)“V
found that, anti-apoptotic genes such as Bcl-2 and
CFLAR were more highly expressed in the CD44+/
CD24- cells using real-time PCR assays.

In the present study, GIII showed slight im-
provement in the animal’s general health. The
pouch length (2.5cm) decreased compared to GII
due to reduction of the inflammatory infiltration and
distal necrosis. Slight decrease in size of the pap-
illomatous lesions was observed. The mean tumor
volume of tumor-bearing animals was 409.5mm3.
These findings conflicted on H&E staining in which
five hamsters revealed moderate (10%) to severe
epithelial dysplasia (20%) or CIS (20%) while the
other five hamsters showed superficial invasion of
well differentiated SCC (50 %) which was limited
to the nodules only, not extended to deeper areas
(DOI=1.8mm). These results are in agreement with
other studies “**>, Yoshimura et al (2019)“* reported
that, EGCG diminished tumor growth, induces cell
cycle arrest and apoptosis in OSCC cells, resulting
in antiproliferative effects in vitro and in vivo: in a
mouse model, significant growth inhibition of the
OSCC tumor was observed in EGCG-treated mice.
Other mechanism for EGCG inhibitory effect was
proposed by Rawangkan et al (2018)“® in which
EGCG inhibited PD-L1 expression in NSCLC, in-
duced by both IFN-y and epidermal growth factor
(EGF) in addition, EGCG reduced PD-LL1 mRNA
expression about 30% in melanoma cells. In brief,
EGCG is an alternative immune checkpoint inhibi-
tor that inhibits PD-L1 expression.

In the present study, IHC staining of GIII showed
positive membranous-cytoplasmic expression of
CD44 (61.6%) that was seen throughout the epi-
thelial layers and invading tumor cells, that showed
significant difference compared to GII (p value
= 0.002). This result is in agreement with that of
other investigators“’#®. Chung et al (2015)“” found
that EGCG selectively block STAT3 phosphoryla-
tion, hence inhibiting STAT3 translocation into the
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nucleus. Interaction between STAT3 and NFkB was
weakened in the nucleus due to the lack of pSTAT3.
As a result, the expression levels of STAT3-NFkB
target genes were decreased. The decreased expres-
sion levels of these target genes downregulated the
CD44 expression. IHC staining of GIII showed
positive membranous-cytoplasmic expression of
CD24 (33.3%) that was seen throughout the epi-
thelial layers and invading tumor cells, that showed
highly significant difference compared to GII
(p value < 0.001). CD24 showed positive expres-
sion in 5 samples and negative in 5 samples. This
result is in agreement with that found by Mayr et al
(2015)%, EGCG reduced mRNA levels of the two
stem cell-related genes CD24 and CD133, known to
be associated with enhanced aggressiveness, higher
tumorigenic potential and stem cell status in biliary
tract cancer.

In the present study, there was a statistically
significant positive (direct) correlation either be-
tween CD44 and CD24 or between tumor volume
and area % of CD44 & CD24 expressions (p value
> 0.001). This result was in agreement with other
studies®® 39, Wang et al (2017)Pfound that, high
CD44 and CD24 expressions were associated with
more invasive tumor and poor overall survival rate.
In addition, CD24 was shown to positively corre-
late with tumorigenesis and cancer progression in
gene expression profile. Moreover, CD44+/CD24—
cell lines of breast cancer have highly invasive and
metastatic properties.

In the current study, the percentage of
CD44+CD24- and CD44+CD24+ cells in GIII were
0.28% and 0.04% respectively with highly signifi-
cant difference between GII and GIII (p value <
0.001). This is in consistence with that shown by
other studies ®*33, Our result verify that, EGCG
can target CSCs which explained by Chen et al
(2012)%% in their study on human breast CSCs,
EGCG exhibit inhibitory properties of cell prolif-
eration and mammosphere formation, suppression
of CD44+CD24- cell populations and activation of
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AMPK signaling pathway. FCM results revealed
that, OSCC treatment with EGCG resulted in higher
apoptosis of CD44+/CD24- CSCs (21.8%) than GII
with high significance difference between GII and
GIII (p value < 0.001). This is in consistence with
that shown by other studies®>*®. EGCG are sup-
posed to act as potent radical scavengers, in particu-
larized, under expanded oxidative stress conditions.
additionally, they’ve been appeared to persuade
apoptosis in several approaches, similar as modu-
lating pro- and anti-apoptotic protein (Bax, Bcl-2,
Bcl-XL) and cell cycle controller proteins (cyclins,
CDKs). EGCG are also capable to target genes and
proteins that are associated with cell expansion
and apoptosis, involving receptor tyrosine kinases
(RTKs)®7.

CONCLUSION

In conclusion, the current study demonstrated
that EGCG could significantly inhibit tumor pro-
gression and induce apoptosis not only in non-CSC
OSCC but also in CSC OSCC. On the other hand,
CSCs can promote tumor progression either by im-
munoediting for CSCs that are more suitable to sur-
vive in an immunocompetent host or by establishing
conditions that facilitate tumor outgrowth within
the tumor immune-microenvironment. OSCC is ag-
gressiveness and highly invasive neoplasm that have
direct correlation between CD44 and CD24 expres-
sions. Finally, EGCG as an anticancer is a promis-
ing novel targeted therapy for treating OSCC.
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