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Apoptosis, a systematic and harmonized sequential process, eliminates cells that contain
potentially dangerous mutations. Cancer cells evade apoptosis by interfering with the functions
of pro-apoptotic and anti-apoptotic proteins. The efficiency of ursolic acid-loaded chitosan
nanoparticles (UACNP) in modulating pro-apoptotic and anti-apoptotic markers’ expression
towards tumor inhibition was assessed using immunohistochemistry in @ 7,12-
dimethylbenz(a)anthracene (DMBA)-induced oral carcinoma in golden Syrian hamsters. An oral
tumor was developed in the buccal pouch of hamsters by painting with DMBA, three times per
week for 14 weeks. While buccal mucosa mutant p53 and Bcl-2 proteins were overexpressed,
Bax, Bid, Bad, caspase-3 and 9 were downregulated in tumor-bearing hamsters. UACNP
administration (12.5 mg/Kg b.w) to hamsters, on alternative days to DMBA exposure reverted
the immunoexpression pattern of apoptotic markers towards the inhibition of tumor formation.
The present investigation also observed that UACNP can improve apoptotic marker expression
in the chemotherapeutic phase (DMBA — UACNP) as evidenced by the reduction in the
number of tumors as well as tumor size. The observed findings thus highlight the apoptotic
efficiency of UACNP, which could probably be attributed to its tumor-preventing efficacy in

DMBA-induced oral carcinogenesis.
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Introduction

Oral cancer is an aggressive life-threatening cancer that

causes a severe health burden and high mortality around the globe.
Oral cancer affects approximately 0.4 million people every year
globally. Tobacco and alcohol abuse are pointed out as potent oral
carcinoma risk factors.! Oral carcinoma frequently arises on lips,
gums, tongue, palates and salivary glands. The treatment of oral
carcinoma still faces significant difficulties because of its
rapid progression, resistance to drugs, and lack of response,
despite advancements in oral cancer treatments such as targeted
therapy, gene therapy, and therapy with potent chemotherapeutic
drugs. Early detection, prevention and early treatment can significantly
improve oral cancer patients’ life quality.?*
Cells with potentially harmful mutations are eliminated by apoptosis,
an ordered and coordinated sequential process. Cancer cells avoid
apoptosis by interfering with the actions of pro-apoptotic and anti-
apoptotic proteins. A defect in the apoptotic mechanism would result
in uncontrollable and abnormal growth of cells that ultimately leads to
the formation of a tumor. Cellular apoptosis has been aberrantly
dysregulated at various stages of oral squamous cell carcinoma.*®
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Defects in apoptotic pathways as well as the caspase cascade were
documented in oral carcinoma. Studies utilizing natural products
against oral carcinoma revealed promising results for the induction of
apoptosis in oral malignant cells. Apoptosis-mediated cancer cell
death is characterized by apoptotic body formation, cellular shrinkage,
chromatin condensation, DNA fragmentation and cell blebbing.
Apoptotic induction in eliminating the targeted oral cancer cells has
been pointed out as a valid or effective strategy to treat or combat oral
cancer.®

Animal models could help to study the sequential precancerous to
cancerous alterations occurring in carcinogenesis and serve as ideal
preclinical models to test the efficiency of anticancer drugs before
entering into human clinical trials. Golden Syrian hamsters serve as a
suitable model to study the chemopreventive/chemotherapeutic
efficacy of natural products. Oral carcinoma induced by painting with
DMBA in the buccal mucosa has been widely studied for assessing
histological, genetic, and biomolecular alterations occurring in oral
cancer as DMBA-induced abnormalities mimic human oral
carcinogenesis.®*

Several signaling pathways involved in the development of cancer can
be inhibited by natural products because of their ability to act on
multiple targets. Traditional medicines play a vital role in the
treatment and prevention of several diseases including cancer. Ursolic
acid, a plant metabolite, has been extensively utilized by researchers to
explore its diverse pharmacological effects including cancer. Ursolic
acid exhibited antidiabetic, hepatoprotective, cardioprotective,
antioxidant, anti-inflammatory and  anticancer properties.***?
Moreover, due to its low bioavailability, nowadays ursolic acid-loaded
chitosan nanoparticles (UACNP) are synthesized to enhance their
therapeutic properties. Studies on ursolic acid nanoparticles against
experimental carcinogenesis have not been documented well.
Recently, the chemopreventive efficacy of UACNP has been explored
in our laboratory in hamster buccal pouch carcinogenesis™ and this
study was designed to evaluate the molecular mechanism behind the
anticancer potential of UACNP against DMBA-induced oral
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carcinogenesis by analyzing the immunoexpression pattern of pro-
apoptotic and anti-apoptotic markers.

Materials and Methods

Most of the biochemicals and Analar grade chemicals used for the
study were procured from Sigma Aldrich Pvt, Ltd, India. The
antibodies (primary and secondary) were procured from Santa Cruz
Biotechnology, USA and Bio Genex, USA.

Animals

Golden Syrian hamsters were purchased from the National Institute of
Nutrition, India. Hamsters were cared for by institutional ethical
committee guidelines (Approval number - IAEC/1249/7/19) at
Annamalai University’s central animal house, Annamlainagar,
Tamilnadu.

Experimental protocol

Thirty hamsters were equally divided into five groups. Group |
animals served as vehicle-treated control and received liquid paraffin
alone topically on the buccal pouches, three times a week for 14
weeks. Group Il hamsters were used to induce tumors through topical
application of 0.5% DMBA in liquid paraffin on the buccal pouches,
three times a week for 14 weeks and served as tumor-bearing animals
in the study. Group Il hamsters received DMBA topically, three times
a week, and UACNP administration (12.5 mg/Kg b.w orally), three
times a week on alternative days of DMBA application, for 14 weeks.
Hamsters that received DMBA topically on the buccal pouches (three
times a week) for 10 weeks followed by oral administration of
UACNP (12.5 mg/Kg b.w, three times a week) for 8 weeks served as
group 1V. Group V hamsters were treated with UACNP alone (12.5
mg/Kg b.w, three times a week) for 14 weeks.

Synthesis and characterization of UACNP

The synthesis and characterization of UACNP have been described in
detail in our recent publication.® Briefly, the UACNP were
synthesized using the ionic gelation method according to the
procedure of Calvo et al.'® The scanning electron microscope (SEM)
and Fourier-Transform Infrared Spectroscopy (FTIR) were used to
characterize the synthesized nanoparticles. The size and zeta potential
of the nanoparticles were found as 1440 nm and 30.5 mV
respectively. The SEM image of UACNP revealed a spherical shape
with a smooth surface.™

Immunohistochemical studies

Immunohistochemical analyses were done to analyze the status of pro-
apoptotic (mutant p53, Bax, Bid, Bad, Caspases 3 and 9) and anti-
apoptotic (Bcl-2) markers in the experimental hamsters’ buccal
mucosa tissues. In brief, the antigen-retrieved paraffin-embedded
slides were treated with monoclonal antibodies corresponding to pro-
apoptotic and anti-apoptotic markers. Following incubation, the slides
were treated with secondary antibodies labeled with horseradish
peroxidase. To visualize antigen-antibody complex, the slides were
treated with chromogen, diaminobenzidine, and subsequently
counterstained with hematoxylin. The slides were then examined for
the immunoexpression pattern of the pro-apoptotic and anti-apoptotic
markers under the microscope.

Results and Discussion

Histological studies revealed keratin pearl formation, severe
hyperplasia and dysplasia in tumor-bearing hamsters. The severity of
the above-said histological abnormalities was drastically and
moderately reduced in DMBA + CACNP and DMBA — CACNP
treated hamsters respectively.™* Immunoexpression patterns of pro-
apoptotic and anti-apoptotic markers observed among various
experimental groups are depicted in Figures 1 to 7. The
immunoexpression patterns of mutant p53 and Bcl-2 were
overexpressed in the buccal pouches of hamsters bearing oral tumors.
On the other hand, the expression patterns of Bax, Bad, Bid and
caspases 3 and 9 were downregulated in the buccal pouches of tumor-
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bearing hamsters. Oral administration of UACNP significantly
reverted the expression status of the above-mentioned apoptotic
markers in the group Il hamsters (DMBA + UACNP) to near normal
expression pattern. However, in the group IV hamsters (DMBA —
UACNP), the treatment slightly improved the expression patterns of
the studied apoptotic markers. The expression status of apoptotic
markers was similar in animals treated with liquid paraffin alone
(Group 1) and in animals treated with UACNP alone (Group V).

Oral cancer causes a significant health burden on the patients and a
severe economic burden on their families. The 5-year survival
outcome and life quality of these patients are found to be very poor
despite advancements in treatment strategies. Therefore searching for
natural products or synthetic entities with fewer side effects and potent
anticancer efficacy could enhance the overall quality of life and
survival outcome of the patients. Any defect in apoptotic cascade
signals could thus favor tumor aggressiveness and metastasis. Thus, in
this study, the pro-apoptotic and anti-apoptotic  protein
expression patterns were determined to assess the effectiveness of
UACNP in inducing apoptosis in hamster buccal pouch carcinoma.

A spectrum of genetic and epigenetic alterations in the apoptotic
signaling pathways have been documented well in oral carcinoma.’®
The defect and deregulations in the extrinsic apoptotic pathway have
been documented in oral carcinogenesis.'® The p53 is crucial for
preventing the etiopathogenesis of several carcinogenesis. Daneste et
al.Y” reported abnormal mutant p53 expression patterns in oral
carcinoma. The p53 mutation has been noticed in over 50% of human
cancers.’® Kamat et al.”® suggested that p53 expression status in oral
carcinoma can be used to identify the chances of developing local
recurrence as well as to predict survival outcomes. Novack et al.”
reported that p53 expression was abnormal in oral epithelial dysplasia.
The p53 mutation is associated with decreased survival and resistance
to chemotherapy in oral carcinoma patients.?**> Abnormal expression
of p53 has been well documented in experimental oral carcinoma as
We“.23-25

The B-cell lymphoma-2 (Bcl-2) gene plays a crucial role in the
inhibition of apoptosis by favoring the survival of cancer cells.
Elevated Bcl-2 expression contributes to the poor prognosis of several
cancers.”® Enhanced Bcl-2 expression pattern was noticed from
precancerous to cancerous lesions.”’ Abnormal expression of Bcl-2 in
oral tumor tissues was well documented.?%

FaRe e N R ST ,

Figure 1: Buccal mucosa mutant p> immunoexpression
pattern in experimental hamsters

A. There was no mutant p53 expression in the basal and parabasal
cells of control hamsters.

B. The expression of mutant p53 was greater in the keratin pearls
surrounded by dysplastic epithelial cells of tumor bearing hamsters.

C. In basal cells of DMBA + UACNP treated hamsters, little mutant
p53 expression was visible.

D. mutant p53 expression in the basal cells was low in buccal mucosa
tissues from DMBA — UACNP treated hamsters.

E. The basal and parabasal cells of hamsters treated only with UACNP
did not show the expression of mutant p53 gene.
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Overexpression of Bcl-2 was noticed in the early phases of
carcinogenesis.™ Bax, a proapoptotic gene, competes with Bcl-2 in the
process of programmed cell death. The fate of cell survival or cell
death is decided by the Bcl-2/Bax ratio and is altered in several
cancers.*¥ Higher Bcl-2/Bax ratio was reported in OSCC.* Bid and
Bad, the two important pro-apoptotic proteins, play a vital role in the
process of programmed cell death. Bid and Bad regulated the process
of apoptosis by binding with Bcl-2 protein.®

Figure 2: Buccal mucosa Bcl-2 immunoexpression pattern
in experimental hamsters

Bcl-2 was not expressed in the epithelium of control hamsters.

Bcl-2 overexpression was noticed in the buccal mucosa of DMBA
alone treated hamsters.

Hamsters treated with DMBA +UACNP showed mild expression of
Bcl-2.

Basal and parabasal cells of DMBA —UACNP treated hamsters
showed moderate Bcl-2 expression.

Hamster buccal mucosa received UACNP treatment alone revealed no
Bcl-2 expression in the basal or parabasal cells.

Figure 3: Buccal mucosa Bax immunoexpression pattern in
experimental hamsters

Control hamsters exhibited basal cell expression of Bax.

B. Hamster buccal mucosa treated with DMBA alone showed no Bax
expression.

C. Bax expression was mild to moderate in the basal cells of DMBA +
UACNP treated hamsters.

D. Bax expression in the basal cells was low in hamsters treated with
DMBA —UACNP.

E. Bax expression was noticed in the basal cells of hamsters that were
given only UACNP.
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Sinicrope et al.*® reported that bad and bid proteins can be utilized as
prognostic markers in cancer. It has also been reported that Bid is
involved in the process of DNA repair via programmed cell death.*®
Bad has a crucial role in downregulating the expression of Bcl-2.%
Abnormal expression of Bid and Bad has been reported in oral
carcinogenesis.®

Figure 4: Buccal mucosa Bid immunoexpression pattern in
experimental hamsters

A. Control hamsters displayed Bid expression throughout the
epithelial layer.

B. Hamster treated with DMBA alone had no evidence of Bid
expression.

C. Bid expression was observed throughout basal and parabasal cells
of DMBA + UACNP treated hamsters.

D. Hamsters given DMBA — UACNP exhibited mild to moderate Bid
expression.

E. Bid was expressed across the epithelial layer in buccal mucosa
tissues from hamsters that had only received UACNP treatment.

Figure 5: Buccal mucosa Bad immunoexpression pattern in
experimental hamsters

A. Control hamster buccal mucosa tissues displayed Bad expression
was noticed throughout the epithelial layer, of control hamsters.

B. Hamster bearing tumors showed low Bad expression.

C. Buccal mucosa of DMBA + UACNP treated hamsters showed
expression of Bad throughout the epithelial layer.

D. Buccal mucosa from DMBA —UACNP treated hamsters exhibited
a mild Bad expression in the basal cells.

E. Bad expression was low throughout the buccal mucosa from
hamsters that had only received UACNP treatment.
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Figure 6: Buccal mucosa caspase-3 immunoexpression pattern
in experimental hamsters

A. Caspase-3 was expressed in the basal cells of buccal mucosa from
control hamsters.

B. Caspase-3 expression was very low in the buccal mucosa of
hamsters received only DMBA treatment.

C. Caspase-3 was expressed in the basal cells of buccal mucosa from
hamsters that had been treated with DMBA + UACNP.

D. DMBA — UACNP treated hamsters exhibited very mild to
moderate caspase-3 expression.

E. The basal and parabasal cells expressed caspase-3 in the buccal
mucosa of hamsters that had received only UACNP treatment

= e b
se-9 immunoexpression pattern
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Figure 7: Buccal mucosa caspa
in experimental hamsters
A. In the basal cells of control hamsters, caspase-9 expression was
observed.
B. Caspase-9 expression was low in hamsters received DMBA alone.
C. Caspase-9 expression was noticed in the basal cells of DMBA +
UACNP treated hamsters.
D. In DMBA— UACNP treated hamsters, Caspase-9 expression was
mild to moderate in the basal and parabasal cells.
E. Caspase-9 expression was observed in the basal cells of hamsters
that were given only UACNP.

Apoptotic initiation and execution are regulated by caspases, a vital
apoptotic signaling molecule.®* Apoptotic initiation is triggered by
caspases 8 and 9 and the apoptotic execution is achieved by caspases
3, 6 and 7. Caspase 3 downregulation was noticed in various cancers.
The expression pattern of caspase-9 in experimental oral cancer was
found to be downregulated.”® In the current investigation,
overexpression of mutant p53 accompanied by enhanced Bcl-2

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

expression and downregulation of Bax, Bid, and Bad expression
revealed the deregulations of apoptotic cascade in tumor-bearing
hamsters. Ursolic acid-induced p53 and caspase expression and
downregulated Bcl-2 expression in melanoma cells.* Ursolic acid
inhibited hepatocarcinoma cell proliferation through apoptotic
induction by activating the p53 pathway.“ Wang et al.** reported that
ursolic acid stimulated the expression of caspases 3 and 9 in both in
vitro and in vivo conditions. Cervical cancer cell growth was inhibited
through apoptotic induction by ursolic acid nanoparticles.* Shan et
al.® reported that ursolic acid can upregulate caspases 3 and 9 and
downregulate Bcl-2 in colorectal carcinogenesis. The present results of
the study corroborate these findings. The present study noticed an
upregulation of Bax, Bid, Bad, caspases 3 and 9 and downregulation
of mutant p53 and Bcl-2 in the chemopreventive phase
(DMBA+UACNP) and improvement in the expression of the above
markers in the chemotherapeutic phase (DMBA —UACNP). Oral
administration of ursolic acid nanoparticles modulated the expression
of pro-apoptotic and anti-apoptotic markers towards tumor inhibition
in the chemopreventive phase (group I11) and towards reduction in the
tumor numbers and size in the chemotherapeutic phase (group V) that
explains the apoptotic efficiency of UACNP in DMBA induced oral
carcinogenesis. Thus, the observed findings postulate that UACNP has
either activated or stimulated the apoptotic cascade in tumor cells. The
above findings were further confirmed with the decreased caspases-3
and 9 expression in tumor-bearing hamsters.

Conclusion

The present study revealed that UACNP can modulate the expression
pattern of apoptotic markers towards inhibition of oral tumor
formation in golden Syrian hamsters since UACNP modulated both
pro-apoptotic and anti-apoptotic proteins towards inhibition of tumor
formation in DMBA-induced oral cancer.
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