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ABSTRACT

Purpose: This study aimed to determine the therapeutic potential of salinomycin (SLA) loaded on
albumin nanoparticles on cancer stem cells (CSC) of experimentally induced hamster buccal pouch
(HBP) carcinoma.

Material and methods: Thirty Syrian male hamsters were classified into three equal groups (s) (G(s))
of ten each. GI: The animals remained untreated to act as negative controls. The right pouches of
animals in GIl and GIII were painted three times a week for 14 weeks with 7,12-dimethylbenz (a)
anthracene (DMBA). In GlI: No additional treatment was administered. While the animals in GlIl,
were injected intraperitoneal with nano-albumin-bounded salinomycin (NAB-SAL) (5 mg /kg) once
every 3 days for 10 times. After the termination of the experiment, gross observations were recorded.
Then, the animals were euthanized, all pouches were surgically excised, fixed, and processed for
hematoxylin and eosin (H&E) stain examination and immunohistochemical (IHC) staining utilizing
(BCL2) as an anti-apoptotic marker and (CD44) as CSCs marker.

Results: In this research, outcomes discovered some variability across medicated G (GllI)contrasted
to GlIl. IHC of both BCL2 and CD44 have highly revealed variation among Gl & Gl as well as Gl
& GIII (p-value < 0.001).

Conclusion: NAB-SLA makes an important and useful contribution that inhibits tumor progression
through direct influence on CSCs of DMBA-induced HBP carcinoma.

Keywords: HBP carcinoma, albumin nanoparticles, salinomycin, apoptosis, CSCs.
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1. Introduction:

Oral cancer is one of the most prevalent forms of cancer worldwide. Oral squamous cell
carcinoma (OSCC) is acommon malignant tumor of the head and neck, and it accounts for more than
90% of oral cancer. Valuable knowledge about carcinogenesis has been developed throughout
experimental research on animal models. Accumulated evidence pointed out the successful results
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when utilizing histological, biochemical, immunohistochemical, and molecular investigations on
(DMBA) induced hamster buccal pouch (HBP) carcinoma®.

Conventional treatment strategies, such as surgery, radio, and chemotherapy, have improved over
the past few decades; however, they remain far from optimal. Currently, nanotechnology is focused
on improving cancer diagnosis and treatment methods. The nanotechnology-based drug delivery
systems (DDS) have been heavily investigated in the past few years, to increase the effectiveness of
treatment and reduce side effects ©.

One of the most important new concepts in stem cell biology is the tumor-initiating cells (TICs)
or CSCs which have the ability to differentiate, self-regenerate, and be highly tumorigenic, compared
to the other cancer cells and are believed to be largely responsible for the biological characteristics of
cancer due to their rapid differentiation, thereby causing tumor formation, progression, invasion,
metastasis, and resistance to Conventional treatment strategies .

Antibiotics are increasingly being used to assist in the treatment of cancers Given the double-
edged sword of antibiotics in the development of cancer therapy®). Various antibiotics have been
used in the treatment of cancers, via their anti-proliferative, pro-apoptotic and anti-epithelial-
mesenchymal-transition (EMT) capabilities®. In this case, it seems that the optimal plan to confront
cancer is to kill the cancer cells and the CSCs at the same time. Salinomycin (SAL), was an antibiotic
isolated from streptomyces albus, which show a broad spectrum of bioactivity, including
antibacterial, antiparasitic, antifungal, antiviral activity SAL as an effective agent against CSCs which
overcomes drug resistance in human cancer by suppress CSCs proliferation and inducing apoptosis.

SAL loaded nanoparticles resulted in specific targeting of CSCs through CD44 interactions SAL
mediates its anticancer effect by various mechanisms in different cancer types which shows cytotoxic
effect by disrupting the balance of sodium and potassium ions across the cell membrane and the
mitochondrial membrane, Rapid efflux of K+ from cell mem -brane and mitochondrial membrane led
to apoptosis of cells® .

SAL inhibited mitochondrial oxidative phosphorylation without affecting the substrate-level
phosphorylation. SAL triggers apoptotic cascade, independent of the cell-cycle arrest, p53, and
proteasome .SAL induced apoptosis even in those cells which acquire resistance to the apoptosis by
higher expression of anti-apoptotic protein Bcl-2, or 26 proteasomes®, It induced oxidative stress
and finally reduced CD44 cell population, SAL increased tumor-suppressor protein p53 and DNA
damaging protein pH2AX and decreased cyclin D1 level ,which led to cell-cycle arrest and high DNA
damage™®. In Head and neck cancer Induces cell death and decreases CD44+ population in JLO-1
and UMSSC-10B in head and neck squamous cell carcinoma in vitro®%),

Apoptosis, or programmed cell death, was found to play a pivotal role in the regulation of
0Scct?, Many signals for cellular life and death are regulated by the BCL-2 family proteins and
converge at mitochondria, where cell fate is ultimately decided, Since BCL-2 is one of anti-apoptotic
proteins, they are expected to function as oncogenes in cancer cells, cancers over-expressing Bcl-2
should have worse prognosis. However, studies analyzing the prognostic significance of apoptotic
proteins in OSCC have yielded contradictory results®®),

Many researchers have been trying to achieve a "magic bullet" concept in drug delivery systems.
especially nanocarriers that will particularly target actives to cancerous tissue. It has been reported
that the expression of several proteins is associated with CSCs features. CSC markers are unique in
the case of tumor and/or phenotype and require biological confirmation to the anticipated
phenotype®. In cancer therapy, molecularly targeted agents have the potential to maximize
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antitumor efficacy while minimizing treatment-related toxicity, A potential biological target is
the folate receptor (FR), which has been shown to be overexpressed on the surface of many cancers,
including tumors of the lungs and ovaries®.

Thus, the primary aim of this study was to determine the efficacy of NABs-SAL as a new
paradigm on cancer stem cells of DMBA induced HBP carcinoma. The evaluation depends on the
animal’s general health examinations, HBP gross observations, histological tumor tissue changes and
immunohistochemistry (IHC) examinations.

2. Material and Methods
2.1  Chemicals
DMBA (0.5%) was gathered from Sigma-Aldrich company, solubilized in paraffin oil.
SAL (Sigma-Aldrich company, USA) was prepared by Dissolved in0.9% sodium chloride (10
mg/ml).
2.2 Animals
Thirty Syrian male hamsters, weighing between 80 and 120g, and five weeks old. The
experimental hamsters were kept in standard boxes with sawdust bedding in a controlled
environment with humidity (30-40%), temperature (20 +2°C), and light (12-hour light/12-hour
dark). A healthy hamster walked regularly and smoothly, had bright, clear eyes, healthy skin, and
a soft, lustrous coat devoid of parasites, wounds, dry spots, and swellings.

Ethical Approval

Ethical approval cleared by ethical committee of Faculty of Dental Medicine (Boys- Cairo),
Al-Azhar University, Egypt (Ethical Code No. 411/1942).

2.3 _Experimental design

Three groups (Gs) of ten animals each had been created at random from animals.
following week of adjustment. While animals in GI (negative control) had been left untreated, the
right pouches of animals in GIl and GlII had been painted 3times per week for fourteen weeks with
0.5 percent DMBA in liquid paraffin. animals in GII (positive control) did not get further treatment
after that, but those in GIlI (NAB- SAL) did so following completion of 14-week DMBA painting
experiment®) . NAB-SAL will be administrated intraperitoneally 1P (5 mg /kg) once every 3 days
for 10 times times”). Then they were euthanized after 3 weeks follow up.

2.4 General health examinations

The alterations in the animal's general health were monitored throughout the experiment.
Hamsters that demonstrated any of the following signs (crowding in sneezing, anorexia, silence,
corner, diarrhea, discharge from the nose or eyes, dampness around the tail, wheezing, and hair loss)
of illness or disease were adapted®.

2.5 _Tumor volume measurement

After termination of the experiment, gross observations of HBP mucosa were recorded (mucosal
thickness, exudation, ulcers, and tumors). Then, the animals were euthanized, the right cheek pouch
everted, and the diameter of each tumor was measured with a Vernier calliper. The tumor volume,
where the three diameters (mm) of the tumor are D1, D2 and D3, was calculated by the formula,
Vmm3 = (4/3)  [(D1/2) (D2/2) (D3/2)] @2,

2.6 Sample collection and preparation
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The right cheek pouch was excised, fixed in 10% neutral buffered formalin, routinely processed,
and embedded in paraffin blocks to be examined histologically and IHC utilizing BCL-2 and CD44.
2.7  Histopathological examinations

Utilizing a rotary microtome, 4 pm thick tissue sections were cut from paraffin blocks,
processed, mounted on glass slides, and stained with Hematoxylin and Eosin (H&E) for light
microscopic inspection.

2.8 Measurement of the depth of invasion (DOI)

The DOI of all surgical specimens was determined using the H&E slide. The DOI was
calculated from the surface epithelium's basal layer to the deepest point of tumor infiltration.
According to the American joint committee of cancer (AJCC), it is further characterized as less
invasive at <5 mm, moderately invasive at 6-10 mm, and highly invasive at >10 mm ®® (Fig.1). The
DOI was determined by a Leica QWIN V3 image analyzer computer system (Switzerland), which
was operated via the Leica QWIN V3 software. This was done in Oral and Dental Pathology
Department, Faculty of Dental Medicine (Boys-Cairo), Al-Azhar University, Egypt.

2.9 Immunohistochemical examination %

For
IS, IHC

SR | staining,

Fig. (1): Photograph of measuring the DOI, the greatest invasion was measured
by dropping a “plumb line” from the horizon to the deepest invasive nest.

streptavidin biotin peroxidase (SBP) method, the following steps were performed according to
manufacture instructions: Paraffin blocks were cut into Sum thick sections and mounted on
positively charged glass slides. Each specimen was carried into two similar slides, one for BCL2
and one for CD44 antibody.
I-BCL2: Positive control: To specify the bcl2 antibody as data sheet recommended, tissue
sections of tonsillar tissue were stained and examined. Tissue sections revealed positive
cytoplasmic brown staining (Fig.2, A), Negative control: The primary antibody phase was
skipped, and staining process continued (Fig.2, B). 11-CD44: Positive control: To specify the
CD44 antibody as data sheet recommended, tissue sections of spleen tissue were stained and
examined. Tissue sections revealed positive membranous yellowish staining (Fig .2, C), Negative
control: The primary antibody phase was skipped, and staining process continued (Fig.2, D).
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 positive cells of the
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immunostaining. This was done in Oral and Dental Pathology Department, Faculty of Dental

Y .
Fig. (2): (A) IHC expression of BCL2 antibody in tonsillar tissues (positive control) showing
positive cytoplasmic staining (arrow) (X400). (B) The tonsillar tissues (negative control) showing
negative expression (arrow) (X400). (C) IHC expression of CD44 antibody in spleen tissues (positive
control) showing positive membranous staining (arrow) (X400). (D) The liver tissues (negative control)
showing negative expression (arrow) (X400).

2.10 Statistical analysis

The data were statistically examined, and the mean and standard deviation were calculated (SD).
A one-way analysis of variance was performed using SPSS version 17.0 for Windows (ANOVA).
With quantitative data and parametric distribution, ANOVA was utilized to differentiate between
more than two separate groups, accompanied by post hoc analysis with the LSD test. To establish
significance, the relevant p-values were used: p 0.05: significant, p > 0.05: non-significant, and p<
0.001: extremely significant.

3 Results
3.1 Gross observations

Gl examination revealed no obvious alterations, neither hair loss nor skin ulcerations. The HBP was
normal pale pink with no pathological or inflammatory signs (Fig. 3 A). In Gll, all hamsters
demonstrated debilitation and observable hair loss with para-oral skin ulcerations. The right HBP
mucosa showed multiple exophytic variable size nodules with roughened granular surface. The
nodules were surrounded with ulcerative and bleeding areas. (Fig. 3 B). The mean tumors volume
measurement of tumor-bearing animals in ten animals in GIl was 773.99 mm3 (620 — 1005
mm3(Table.1).). In Gll1I, all hamsters showed slight improvement in general health compared to the
animals in GII. The right HBP mucosa showed various changes, multiple exophytic masses of small
sizes surrounded with areas of ulceration and bleeding (6 hamsters out of 10), and small exophytic

(Fig.3A): Photograph of GI showing normal buccal pouch mucosa which appeared pink in color with smooth
surface (arrow). (Fig.3B): Photograph of GII showing multiple exophytic papillary tumor masses surrounded
with bleeding areas (arrows). (Fig.3C): Photograph of GlII showing multiple exophytic small size nodules
surrounded with area of bleeding (arrow).
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nodule with absence of ulceration and bleeding (4 hamsters out of 10) (Fig.3 C). There was a decrease
in the mean tumor volume of Gl (493.11 mm3) compared to that of GlI(Table.1).

3.2. Statistical analysis results of tumor volume:

Regarding tumor volume, there had been greatly variation (p value < 0.001) among GIl &
(GI). (Table. 1 & Chart. 1).

—— _ 773.99
Tumor volume P-value for post analysis
usingLSD test 800 G |
B 700
A B
Mean + SD Range Gll e1]]] 600
500
Gll 773.99+56.27 693.2—- 860.4 -- 0.000
400
Gl 493.11+40.49 443.7-588.4 0.000 - 300
200
F 579.257 100
0o =
P-value <0.001 (HS)
Gll GllI

Tumor volume

Table (1): Comparing studied groups as ~ [22  Chart. (1): Comparing studied groups
regard to tumor volume. :(?:E regarding tumor volume level.
cells and one, two or three layers of spinous and thin keratinized cells with lacking rete ridges. Sub
epithelial CT, muscular layer and areolar layer were seen (Fig.4A). The IHC staining using Bcl-2
exhibited positive cytoplasmic expression (mean = 6.87) (Table.3), which limited to basal and
suprabasal layers (Fig.4B). The IHC staining using CD44 antibody exhibited positive membranous
expression (mean = 34.98 %) (Table.4) which limited to basal and suprabasal epithelial layers
(Fig.4C).

GII: Histological sections, using H&E stain, revealed variable changes. In 7 hamsters out of 10
exhibited well differentiated SCC and, the other 3 hamsters exhibited moderate SCC. The overlying
epithelium revealed multiple areas with dysplastic features consisting of pleomorphic,
hyperchromatic nuclei exhibited altered nuclear/cytoplasmic ratio and exhibited destruction of the
basement membrane. well differentiated SCC with true invasion of malignant cells which appeared
as epithelial pearls with keratin foci or cell nests or in the form of detached and scattered cell with
evidence of keratin formation. moderately differentiated SCC was composed of cords or islands of
neoplastic atypical epithelial cells, oval-shaped, round which infiltrated the tumoral stroma with less
keratin formation. (Fig.4D). The mean DOI revealed 9.68 mm (Table.2). The IHC staining using
Bcl-2 exhibited positive cytoplasmic expression (mean = 70.83) (Table.3) throughout the epithelial
layers and invading tumor cells (Fig.4E). The IHC staining using CD44 antibody exhibited positive
membranous-cytoplasmic expression (mean= 66.18 %) (Table.4) throughout the epithelial layers and
invading tumor cells (Fig. 4F).

GI11: Histological sections, using H&E stain, revealed variable changes. In 6 hamsters out of
10, exhibited different degrees of epithelial dysplasia, 3 out of 6 hamsters revealed moderate
dysplasia, and the other 3 hamsters revealed sever dysplasia which extending more than two-thirds
of the epithelial thickness. above an intact basement membrane. In the other 4 hamsters, the dysplastic
overlying epithelium was accompanied by destruction of the basement membrane. The underlying
CT showed superficial invasion of the dysplastic epithelial cell nests and keratin pearls in the form
1466
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of well differentiated SCC, which was limited to the nodules only, not extended to the deeper areas.
There was reduction of the inflammatory infiltration and increase amount of keratin formation and
collagen fibers (Fig. 4G). The mean DOI in GlII (10 hamsters) was 3.86 mm (Table.2). The IHC
staining using Bcl-2 positive cytoplasmic expression (mean=57.51) (Table.3) throughout the
epithelial layers and superficial invading tumor cells (Fig. 4H). The IHC staining using CD44
antibody exhibited positive membranous expression (mean= 49.07 %) (Table.4) throughout the
epithelial layers and invading tumor cells (Fig. 41).

Gl Gl | Gl
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(Fig.4): A- Photomicrograph of Gl showing epithelium consists of two to four layers, superficial squamous
cells exhibiting keratinization, flattened rete ridges, C.T layer, muscular layer, and deep layer of loose areolar
connective tissue (H&E stain X100). B- The IHC expression of Bcl-2 of GI showing positive cytoplasmic
expression in basal and suprabasal epithelial layers. (Streptavidin biotin peroxidase, X 200). C-The IHC
staining using CD44 antibody exhibited positive membranous expression in almost all normal epithelial cells
(Streptavidin biotin peroxidase, X 200). D- Photomicrograph of GlI showing well differentiated SCC with
deep invasion of multiple tumor islands into the underlying connective tissue and sub-epithelial inflammatory
infiltrates (H&E stain X200). E- The IHC expression of Bcl-2 showing strong positive cytoplasmic expression
throughout invading tumor nests. (Streptavidin biotin peroxidase, X 200). F-The IHC staining using CD44
antibody exhibited positive membranous expression throughout the epithelial layers and invading tumor cells
(Streptavidin biotin peroxidase, X 200). G- Photomicrograph of GIlIlI showing well differentiated SCC
(superficial invasion) (H&E stain X100). H- The IHC expression of Bcl-2 showing positive cytoplasmic
expression throughout the epithelial layers. (Streptavidin biotin peroxidase, X 100). I-The IHC staining using
CD44 antibody exhibited positive membranous expression throughout the epithelial layers and invading tumor

cells (Streptavidin biotin peroxidase, X 100
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Regarding DOI, there had been greatly variation (p value < 0.001) among Gll & the treated Gs

(GIN). (Table. 2 & Fig.5).

DO P-value for post analysis .57

usingLSD test 12
10
Mean + SD Range Gll Gl g

Gll 9.66+1.79 | 84-13.9 - 0.000 6 3.86
4

Glll 3.86+1.10 | 2.6-5.7 0.000 m

2

Gl Gl

DOl

Table (2): Comparing studied groups
regarding DOI.

Chart. (2): Comparing studied groups
regarding DOI level.

VL JLULTOLUTUVUT ATTUTY OTO TLUOUTLO UT T11ITT

uI'IC DL ITIIY .

Regarding Bcl-2, mean area % for GI was lowest (6.87%), while mean area % for GII was greatest
(70.83%). variation among GI and GII had been highly significant (p value< 0.001). When Gl and
GIII were compared, there had been highly variation among two (p value <0.001) (Table. 3 & Chart.

3).
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P-value for post analysis
Bcl2 .
using LSD test 30 70.83
Mean + SD Range Gl Gll Gl 70 5751
60
Gl |687+x150| 42-9.1 -- 0.000 | 0.000
50
Gll |70.83+4.47(63.8—-76.8 | 0.000 -- 0.000 20
GIIl |57.51+4.31 49.6-62.3 | 0.000 0.000 - 30
20
6.87
-
0
Gl Gll Gl
- - Bcl2
Table (3): Comparison among studied
groups regarding BCL2 level. BULZ IEVEl.

Regarding CD44, the mean area % for GI was lowest (34.98%), while mean area % for Gl
was greatest (66.18%). variation among Gl and GII had been highly significant (p value< 0.001).
When GlII and GIIl were compared, there had been highly variation among two (p value <0.001)
(Table. 4 & Chart. 4).

P-value for post analysis
CD44 using LSD test
66.18
Mean +SD| Range GL | Gl | G /0
60
Gl |34.98+2.13(29.8-374| - 0.000 | 0.000 49.07
50
GIl [66.18 £3.03| 59.8—70.3 | 0.000 -- 0.000 34.98
40
GIll [49.07 +2.54| 453-54.1 | 0.000 | 0.000 - .
20
10
0
Gl Gll Glll
. . CD44
Table (4): Comparison among studied
groups regarding CD44 level. TTgTreig —— e

4 Discussion
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To address whether the value of NAB-SAL as an effective drug against cancer and CSCs for
treatment and inhibition of tumor progression of DMBA induced hamster buccal pouch carcinoma,
this study was done.

The CSC population possesses characteristics associated with stem cells, including self-renewal
and exhibits high in vivo tumorigenicity and differentiation potential, in addition to apoptotic
resistance®?, this was the first study to evaluate the efficacy NAB-SAL on DMBA induced HBP
carcinoma. The results of animal’s general health examinations, HBP gross observations, H&E stain
and IHC examination, revealed variable observations.

In the present study, the gross observation findings in GI didn’t show any change, no perioral
skin ulcerations, or hair loss. The HBP mucosa showed a normal pale pink color. These results agree
with the studies reported the same findings 2. After sacrificing, this finding reflected on H&E
staining which showed normal thin stratified squamous epithelium formed of two to four cell layers,
lacking rete ridges and thin keratin surface layer. These results agree with the studies reported by
Samah K et al. @®. These results may be due to the hamsters not being exposed to the carcinogenic
agent.

In the current study, The IHC results of Bcl-2 in G11 showed positive expression (mean = 6.7)
which limited to basal and suprabasal layers. This result may be due to bcl-2 participating in the
control of the terminal differentiation of keratinocytes by protecting their stem cells from apoptosis.
The finding of this study was in agreement of some researches®* 2. Singh n et al. @® stated that,
under normal conditions, Bcl-2 ratio determines the fate of cell survival or cell death, through the
regulation of the release of Cyt C from the mitochondria.

The IHC staining of CD44 in GI showed positive membranous expression (mean = 35.3%) in
the basal and parabasal cells with negative expression in the corneal and subcorneal layers, Kaza et
al., showed that the positive expression of CD44 observed in the generative cells of the epithelium
implicate that these cells could be the targets for malignant transformation®”. This result is in
agreement with that of other investigators 829,

In the current study, the gross observation findings in Gl showed general debilitation of animals,
perioral hair loss, and skin lesions, the HBP showed multiple exophytic variable size nodules
surrounded by area of ulceration and bleeding. The mean tumor volume of the tumor-bearing animals
was 773.99 mm?. These observations are mainly due to the strong toxic DMBA effect. This result
agrees with another investigator®® 29, This finding reflected on H&E staining in which DMBA-
induced HBP tumors were found various patterns of invasive OSCC (70% well differentiated and
30% moderately differentiated) in the form of dysplastic lesions with deeper invading islands of
epithelium into underlying connective tissues (DOI=9.66 mm) . These results in consistence with that
shown by other researchers®! %2, These findings may be referred to higher level of intracellular ROS
during DMBA application which results in chronic oxidative stress®®). Furthermore, ROS has been
implicated in all the three stages (initiation, promotion, and progression) of carcinogenesis.
Overproduction of ROS in the body causes extensive DNA damage that could in turn contribute to
neoplastic transformation. ROS-mediated DNA damage could cause structural modifications in
DNA, activation of proto-oncogene, and inactivation of tumor suppressor genes, which eventually
leads to neoplastic transformation®%.
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In the current study, IHC staining of GII showed positive cytoplasmic expression of BCL2 (70.85
%) , that was seen throughout the epithelial layers and invading tumor cells, that showed highly
significantly expression compared to Gl (p value < 0.001) These results are in agreement with those of
some studies®3") Over expression of anti-apoptotic Bcl-2 may contribute to that, Bcl-2 prolong cell
survival through inhibiting apoptosis by prevent the release of Cyt C from mitochondria and may
promote tumor development, Chen Yu et al ®®concluded that the cells located within infiltrating tumor
nests were more intensely stained in OSCC cases. Similar results were observed by other
investigators®©® 39),

The IHC staining of CD44 in GlI showed positive membranous expression of (mean=66.18 %) (that
was seen throughout the epithelial layers and invading tumor cells, that showed highly significantly
expression compared to Gl (p value < 0.001). In agreement with the present study results, Mirhashemi
M et al, showed that higher expression of CD44 was reported in the OSCC with higher grade and stage
“9)_Similar to the present study, the results of Tanushree K. et al“?, Tetsuya T. et al?, confirmed that
increased expression of CD44 would increase the risk of malignancy. Paulis et al® concluded that,
CD44 expression increased the aggressiveness of tumor cells behavior. On the other hand, Margaritescu
et al showed a limited usefulness of CD44 expression in identifying the CSCs in OSCCs.

In the present work, Gl showed relatively slight improvement in the animal’s general health
compared to the animals in GII. The right HBP mucosa showed a relative decrease in size of exophytic
nodules. There was a decrease in the mean tumor volume (493.11 mm3) compared to that of Gll. These
findings conflicted on H&E staining in which six out of 10 hamsters revealed different degrees of
epithelial dysplasia {(moderate (3), severe (3)}, while the other four hamsters showed well
differentiated SCC with superficial invasion of the malignant cells to the underlying CT which was
limited to the nodules only, not extended to the deeper areas. There was a reduction of inflammatory
infiltration and an increase in the amount of keratin formation and collagen fibers. The mean DOI was
(3.86 mm) that was decreased compared to GII with high significantly difference expression compared
to Gl (p-value = 0.001). These results are in agreement with Paik et al*> whom reported that, the tumor
volume of the NAB-SAL had significantly decreased by 50% compared with controls. Daily monitoring
of animals throughout the therapy showed acceptable tolerability with no unfavorable side effects such
as changes in body weight, mobility, posture, or feeding habits.

The IHC staining of GIII using Bcl-2 positive cytoplasmic expression (mean=57.51) throughout
the epithelial layers and superficial invading tumor cells which revealed that OSCC treatment with
NAB-SAL displayed higher apoptosis than GIlI with high significance difference (p value <0.001).
These results are in agreement with other studies® 4", Singh A et al “® reported that, NAB-SAL
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.

The IHC staining of Gl using CD44 antibody showed positive membranous expression (mean=
49.07 %) throughout the epithelial layers and invading tumor cells, that showed highly significantly
expression compared to Gl (p value < 0.001) CD44 down-regulation indicates NAB-SAL could inhibit
CSCs or induce CSCs transforming, which is one key target for suppression of tumor progression.
These results agree with that of other investigators “9-5), Wang Q et al 2 found that, Co-delivery of
SAL with NAB decreased CD44 expression, suggesting that NAB-SAL exerted the strongest inhibition
efficacy of CSCs.

5 Conclusion
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NAB-SAL significantly inhibits tumor progression through direct influence on CSCs of DMBA
induced HBP carcinoma. targeted NAB-SAL makes an important and useful novel effective agent
against CSCs. Furthermore, the approval of antibiotics as an effective agent against CSCs modality
in the treatment of OSSC has started a new era in combinatorial therapeutic approaches for this
disease. Further investigations need to appreciate both the benefits and the risks posed by inhibiting
these alternative therapeutic pathways and ultimately how they impact the tumor microenvironment.
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