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ABSTRACT: Current research highlighted the importance to recognize feasible
biomarkers for early diagnoses and treatment in oral cancer. Our study analyzed
the expression and spatial distribution of ALDH1A1, FGFR2, caspase-3, and CD44
in Oral Squamous Cell Carcinoma (OSCC) and leukoplakia with and without oral
mucosal dysplasia. Paraffin-embedded samples of OSCC (n=5), leukoplakia with
(n=5) and without (n=5) dysplasia obtained by incisional biopsies were processed
using conventional histochemical techniques. Immunohistochemistry was performed
using antibodies against ALDH1A1, FGFR2, caspase-3, and CD44. Images of the
immunohistochemically stained tissue sections were analyzed according to the
intensity of the immunostaining of each marker and classified in Scores. The Kruskal-
Wallis test was performed (p<0.05). Our results demonstrated a statically difference
in the expression of all immunomarkers between OSCC and leukoplakia without
dysplasia, being more significant in FGFR2 and ALDH1A1. Within the limitations of
this study, our data showed that all biomarkers were overexpressed in 0SCC and
leukoplakia with oral mucosa dysplasia, suggesting that the presence of dysplasia is
a significant clinic-pathologic predictor for malignant transformation.
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RESUMEN: La actual evidencia cientifica enfatiza la importancia de reconocer
biomarcadores viables para el diagnostico y tratamiento temprano del cancer oral.
Nuestro estudio piloto analizo la expresion y distribucion espacial de ALDH1A1, FGFR2,
caspasa-3 y CD44 en carcinoma oral de células escamosas (COCE) y en leucoplasia
con o sin displasia de la mucosa oral. Las muestras incluidas en parafina de COCE
(n=5), con (n=5) y sin (n=5) displasia fueron obtenidas mediante biopsias incisionales,
las cuales se procesaron utilizando técnicas histoquimicas convencionales. El andlisis
inmunohistoquimico se realizd utilizando anticuerpos contra ALDH1A1, FGFR2,
caspasa-3y CD44. Las imagenes de las secciones de cada muestra fueron analizadas
segun la intensidad de inmunoexpresion de cada marcador y se clasificaron en
diferentes escalas (scores). Se realiz6 la prueba de Kruskal-Wallis (valores de p<0,05).
Nuestros resultados demostraron una diferencia estadistica en la expresion de todos
los inmunomarcadores entre COCE y las muestras con leucoplasia sin displasia, siendo
mas significativa en FGFR2 y ALDH1A1. Considerando las limitaciones de este estudio,
los datos sugieren que la presencia de displasia en la mucosa oral es un importante
predictor clinico-patoldgico de transformacion maligna.

PALABRAS CLAVE: Cancer bucal; Carcinoma oral de células escamosas; Leucoplasia;

ALDH1A1; FGFR2; Caspasa-3; CD44.

INTRODUCTION

Oral squamous cell carcinoma (OSCC) repre-
sents 90% of all malignant neoplasms of the oral
cavity (1,2). The etiology of OSCC is multifactorial
(3,4) and its clinical presentation is variable (5).

Potentially malignant disorders (PMDs) are a
heterogeneous group of mucosal lesions associa-
ted with an increased risk of malignant transfor-
mation (6). The rate of malignant transformation
of PMDs to OSCC varies depending on the popula-
tion, their habits, and the site of the lesion (7,8).
Moreover, leukoplakia is the most common PMD
with a rate of progression to invasive oral cancer
in up to 36% (9).

Biopsy remains the gold standard for the
diagnosis of OSCC (10,11). The presence of epithe-
lial dysplasia is still considered the strongest
predictor of future malignant transformation (12).

The carcinogenic process requires multi-
ple molecular events for the transformation of a

normal cell into a cancer cell (13). Tumorigenesis
begins long before the growth of a clinically detec-
table lesion. Field cancerization is the replacement
of the normal cell population by a population of
cells primed for cancer development (14).

Aldehyde dehydrogenase-1 (ALDH1) promote
the intracellular oxidation of aldehydes in the
initial stages of stem cell differentiation, and,
previously was linked to treatment resistance and
poor prognosis for OSCC (15). CD44 acts in cell
aggregation, proliferation and migration, and is
a common marker for highly tumorigenic cancer
stem cells (CSC) in head and neck squamous
cell carcinomas (16). Studies suggest that CSC
present in OSCC and other types of tumors exhibi-
ted resistance to chemotherapy and radiotherapy,
and could be involved in the establishment of
metastases (15,17).

Fibroblast growth factor two (FGF-2) is one
of the prototypes of a large family of growth factors
that play a role in collagen synthesis and angioge-
nesis (18). Studies showed overexpression of the

ODOVTOS-Int. J. Dent. Sc. | No. 25-2: 103-1171, 2023 | ISSN: 2215-3411. 104



Boza & Reyes-Carmona: Immunoexpression of ALDH1A1, FGFR2, CD44 and Caspase-3

FGF receptor family, mainly FGFR-2, in high-grade
malignant tumors and malignant transformation of
normal cells (19).

Apoptosis-related disorders can promote
the development of cancer (20). Caspase-3 inhibi-
tion and downregulation have been implicated in
the formation and progression of cancer cells (21).

The stromal microenvironment is a key
regulator of self-renewal in the epithelium, and
such aberrant changes in the stroma may allow
field cancerization of the tissue (22). CSCs are
found in the invasive fronts of head and neck
squamous cell carcinomas close to blood vessels,
at the perivascular niche (23).

Signaling events initiated by endothelial
cells during angiogenesis are critical for the survi-
val and self-renewal of these stem cells (23). Thus,
this study aimed to analyze the expression and
spatial distribution of ALDH1A1, FGFR2, caspase-
3, and CD44 in 0SCC and leukoplakia with and
without oral mucosal dysplasia. The principal null
hypothesis was: (i) there is no correlation between
the immunoexpression of these markers and
tumor malignancy.

MATERIALS AND METHODS

The research protocol was approved by the
Ethics Committee of Universidad de Costa Rica
(UCR) (B9300, VR-467-2018).

Fifteen (#15) archived formalin-fixed,
paraffin-embedded samples of 0SCC (n=>5), leuko-
plakia with (n=5) and without (n=5) dysplasia
obtained by incisional biopsies, were retrospecti-
vely chosen from the archives of the Faculty of
Dentistry of the UCR.

IMMUNOHISTOCHEMICAL ANALYSES

All samples were processed using conven-
tional histochemical techniques, embedded in
paraffin, sectioned at 2-pm thickness, mounted
on glass slides, and deparaffinized. The samples
were subdivided according to the following
primary antibodies and respective dilution ratios
(n=5): rabbit polyclonal anti-FGFR2 (1:30 Sigma
Prestige Antibodies, St. Louis, MO, USA), rabbit
polyclonal anti-ALDH1A1 (1:1000 Sigma Prestige
Antibodies, St. Louis, MO, USA), rabbit polyclo-
nal anti-CD44 (1:4000 Sigma Prestige Antibo-
dies, St. Louis, MO, USA), and rabbit polyclonal
anti-Caspase-3 (1:500 Cell Signaling Technology,
Danvers, MA, USA). Proteinase K (Dako Cytomation,
Carpinteria, CA, USA) incubation was performed
for antigen retrieval, following the manufacturer’s
instructions. Nonspecific binding was blocked by
incubating sections for 1 h with goat normal serum
diluted in PBS. After overnight incubation at 4-C
with primary antibodies, the slides were washed
with PBS and incubated with the conjugated
secondary antibody SignalStain Boost detection
reagent (Cell Signaling Technology, Danvers, MA,
USA) in a humidified chamber for 30 min at room
temperature. Samples were washed, and visuali-
zation was completed using the SignalStain DAB
Substrate kit (Cell Signaling Technology, Danvers,
MA, USA) and counterstaining lightly with Mayer
hematoxylin solution.

Images of the immunohistochemically
stained tissue sections were acquired using a light
microscope (Nikon, Eclipse Ti-5; Minato, Tokyo,
Japan). Five images per sample were captured at
20x magnification. Two calibrated investigators
analyzed the intensity of the immunostaining of
each marker under 20X magnification according
to the following criteria:
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(0): None (absent cell immunolabeling).

(1): Light (isolated cell immunolabeling).

(2): Moderate (cell immunolabeling detected in
specific or focal areas on the tissue).

(3): Intense (strong immunolabeling with a uniform
spatial distribution on the tissue).

STATISTICAL ANALYSIS

Data obtained were statistically analyzed
using GraphPad Prism 4 software (GraphPad
Software Inc, San Diego, CA, USA). The Kruskal-
Wallis test was performed, p values <0.05 were
considered statistically significant.

RESULTS

The statistical analysis of the data demons-
trated a significant difference in the immunoex-
pression of all immunomarkers between OSCC and
leukoplasia without dysplasia (Figure 1).

Ml Oral Squamous Cell
Carcinoma (OSCC)

B LEUKOPLAKIA WITH
DYSPLASIA

[J LEUKOPLAKIA
WITHOUT DYSPLASIA

SCORES
D

Figure 1. Immunoexpression and statistical analysis of the cell
markers in 0SCC and in leukoplakia with or without dysplasia. Each
bar represents the mean =+ standard error of the mean. * p < 0.05
represents statistical difference.

CD44 immunoreactivity was diffusely evident
in the non-neoplastic squamous epithelium (Figure
2.A, Figure 3.A). Strong intensity membranous
immunostaining for CD44 in epithelial dysplasia
and high-rate CD44 positive cells in tumor tissue,
in perivascular niche and the inflammatory infil-
trate was observed (Figure 2.B-C, Figure 3.B-D).
No positive staining for ALDHTA1 was noted in

the non-neoplastic squamous epithelium (Figure
2.D, Figure 4). Mild positive expression of ALDH1A1
were observed in specimens with epithelial dyspla-
sia. Moreover, positive ALDH1A1 was noted in
budding area, and in tumor nests (Figure 2.E-F,
Figure 4). Minimum positive FGFR2 staining was
observed in the non-neoplastic squamous epithe-
lium (Figure 2.G, Figure 5). However, mild positive
expression of FGFR2 was detected in epithelium
with dysplasia, and a high rate of FGFR2 positive
cells in tumor tissue and inflammatory infiltrate
(Figure 2.H-I, Figure 5). Immunohistochemical
mild positive staining of caspase-3 was noted in
the non-neoplastic squamous epithelium (Figure
2.J, Figure 6). In epithelial dysplasia, caspase-3
was localized in the proliferative foci of paraba-
sal cells of the epithelium. At the invasive carci-
noma, extensive positive caspase-3 staining was
observed in carcinoma cells (Figure 2.K-L, Figure
6). In-situ carcinoma caspase-3 immunostaining
was observed centrally within the cell nests, and
surrounding capillaries, arteries and blood vessels
(Figure 6).

Oral mucosa

Oral mucosa
St with dysplasi

P d

ALDH1A1

FGRFR2

Caspase-3

- 4hg

Figure 2. Representative images of CD44, ALDH1A1, FGFR2 and
caspase-3 immunohistochemical analysis in OSCC, dysplastic
mucosa and in oral mucosa without dysplasia (20X).
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Figure 3. A. CD44 immunoreactivity was diffusely evident in
non-neoplastic squamous epithelium (20X). B. Strong intensity
membranous immunostaining for CD44 in epithelial dysplasia
(20X). C-D Upregulation of CD44 positive cells in tumor tissue and
inflammatory infiltrate (20-40X).

Figure 4. A. Minimum immunostaining for ALDH1A1 was obser-
ved in non-neoplastic squamous epithelium (20X). B. Mild positive
expression of ALDH1A1 in a specimen with epithelial dysplasia
(20X). C. Positive ALDH1A1 in budding area (20X). D. Immunostai-
ning of ALDH1A1 in cell groups, tumor nests (40X).

e

Figure 5. A. Minimum FGFR2 immunostaining was observed in
non-neoplastic squamous epithelium. B. Very mild positive expres-
sion of FGFR2 in epithelium with dysplasia. C-D High rate of FGFR2
positive cells in tumor tissue and inflammatory infiltrate (20-40X).

B ) e e NS
Figure 6. Representative images of Caspase-3 immunohistoche-
mical analysis in 0SCC showed high-intensity expression within the
cell nests and surrounding angiogenic structures. (20-40 X).

DISCUSSION

This study analyzed the expression and
spatial distribution of ALDH1A1, FGFR2, caspase-
3, and CD44 in OSCC and leukoplakia with and
without oral mucosal dysplasia. Summarizing, all
immunomarkers were upregulated in OSCC and
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leukoplakia with oral mucosa dysplasia, leading to
the rejection of the principal null hypothesis.

Oral carcinoma is the fourth most common
region of cancer incidence and the second most
common region for cancer-related mortality world-
wide (24). Studies showed that tumor mass has
heterogeneous cell content. A subpopulation of
cells with self-renewal potential, high prolifera-
tive capacity, differentiation ability, resistance to
therapy, and tissue invasion were named cancer
stem cells (CSC) (15,22,24)

CD44 and ALDH1A1 are common markers
for CSCs in OSCC (24,25). Our study showed
that CD44 and ALDH1A1 immunoreactivity was
diffusely evident in the non-neoplastic squamous
epithelium. However, strong intensity membra-
nous immunostaining for both CSCs markers was
demonstrated in epithelial dysplasia. Upregula-
tion of CD44 positive cells in tumor tissue and
inflammatory infiltrate was denoted in OSCC, and
ALDH1A1 was evident in the budding area. Moreo-
ver, we observed that in the region with differen-
tiated cells, CD44 was weak or almost absent.
Mascolo et al. (2012) (26) demonstrated that
54% of the head and neck carcinomas showed
high expression of CD44, of which 33% repor-
ted recurrence, metastasis, and death. Moreover,
ALDH1A1 and CD44 expression did not showed
a pattern of distinct spatial distribution, except in
OSCC that was noted at the budding area and in
the inflammatory infiltrate. ALDH1A1 is predomi-
nantly found in aggressive tumors and demons-
trated correlation with metastases, lymph nodes,
and high tumor stage (27), being important as a
prognostic marker for worse survival rates (24).

FGFR2 plays an important role in collagen
synthesis and angiogenesis in several cancers (28).
Our data revealed minimum, almost imperceptible
FGFR2 expression in leukoplakia with no dyspla-

sia. The upregulation of this marker expression
was cytoplasmatic and more observed in basal
and parabasal layers of oral mucosa with dyspla-
sia and was evident in OSCC tumor cells and in
the tumor stroma. Previous studies also demons-
trated FGFR2 expression in cancer and precan-
cer (28,29), the staining intensity increased at all
levels of dysplasia and was more intense in carci-
nomas, in accordance with our data.

FGFR2 signaling due to their overexpression
can lead to the protection of apoptosis which is one
of the hallmarks of cancers (28,30). Caspase-3 is
a member of a family of cysteine proteases and
is a key enzyme in apoptosis (31). Studies related
apoptosis markers downregulation in cancer
(31-33). The opposite tendency was observed in
our study. We observed that with the transition
from no dysplasia to oral mucosa with dysplasia
to OSCC, Caspase-3 intensity increased. Parado-
xically, current evidence reported upregulation of
procaspase-3 and caspase-3 in a variety of cancer
types (34,35). Overexpression of a pro-apoptotic
protein in cancer has been a matter of research.
Recently was suggested that caspase-3 activity
promotes oncogenic transformation (35).

Our data suggested that the presence of
dysplasia is a significant clinic-pathologic predic-
tor for malignant transformation in precancer, in
accordance with previous studies (28,32,34).
Moreover, we observed a statistical difference in
the marker’s expression between OSCC and leuko-
plakia without oral mucosa dysplasia, being more
significant for ALDH1A1 and FGFR2. Our results
can be useful for evaluating progression and
malignant transformation to improve early diagno-
sis and treatment. However, our study presented a
strong limitation regarding the number of samples
validated, thus it was performed as a pilot study.
Further studies must be done in a large cohort to
sustain further conclusions.

ODOVTOS-Int. J. Dent. Sc. | No. 25-2: 103-111, 2023 | ISSN: 2215-3411. 108



Boza &

Reyes-Carmona: Immunoexpression of ALDH1A1, FGFR2, CD44 and Caspase-3

CONCLUSION

Within the limitations of this pilot study,
ALDH1A1, FGFR2, Caspase-3, and CD44 appear
to be upregulated in OSCC and leukoplakia with
oral mucosa dysplasia, suggesting to be impor-
tant cell markers to evaluate carcinogenesis and
tumor progression.

AUTHOR CONTRIBUTION STATEMENT

Conceptualization: J.R.-C.

Methodology: Y.B.0., J.R.-C.

Validation: Y.B.0., J.R.-C..

Formal analysis: Y.B.0., J.R.-C.

Investigation: Y.B.0., J.R.-C.

Resources: Y.B.0., J.R.-C.

Data curation: Y.B.0., J.R.-C.

Writing-original draft preparation: Y.B.0., J.R.-C.
Writing-review and editing: Y.B.0., J.R.-C.Visuali-
zation: Y.B.0., J.R.-C.

Project administration: J.R.-C.

Funding Acquisition: J.R.-C.

All authors have read and agreed to the published
version of the manuscript.

CONFLICTS OF INTEREST
The authors declare no conflict of interest.
ACKNOWLEDGMENTS

This research was funded by Grants in
Vicerrectoria de Investigacion, Universidad de
Costa Rica.

REFERENCES

1. D’souza S., Addepalli V. Preventive measures
in oral cancer: An overview. Biomedicine and
Pharmacotherapy. 2018; 107 (May): 72-80.

2. Paré¢ A., Joly A. Cancers de la cavité buccale:
facteurs de risque et prise en charge. Presse
Medicale. 2017; 46 (3): 320-30.

10.

I1.

12.

Ermani V., Saba N.F. Oral cavity cancer:
Risk factors, pathology, and management.
Oncology (Switzerland). 2015; 89 (4): 187-95.
Wong T.S.C., Wiesenfeld D. Oral Cancer.
Australian Dental Journal. 2018; 63 (1): S91-9.
JTocca O., Sollecito T.P., Alawi F., Weinstein
G.S., Newman J.G., De Virgilio A., et al.
Potentially malignant disorders of the oral
cavity and oral dysplasia: A systematic review
and meta-analysis of malignant transforma-
tion rate by subtype. Head and Neck. 2020; 42
(3): 539-55.

Warnakulasuriya S. Clinical features and
presentation of oral potentially malignant
disorders. Oral Surgery, Oral Medicine, Oral
Pathology and Oral Radiology. 2018; 125
(6): 582-90.

Warnakulasuriya S. Oral potentially malignant
disorders: A comprehensive review on clinical
aspects and management. Oral Oncology.
2020; 102 (December 2019): 104550.
Chaturvedi A K., Udaltsova N., Engels E.A.,
Katzel J.A., Yanik E.L., Katki H.A., et al.
Oral leukoplakia and risk of progression to
oral cancer: A population-based cohort study.
Journal of the National Cancer Institute.
2020; 112 (10): 1047-54.

Caldeira P.C., Maria A., Soto L., Martins
C.C., Cassia M., Aguiar F. De. Tumor depth
of invasion and prognosis of early-stage oral
squamous cell carcinoma : A meta - analysis.
Oral Dis. 2020; 26 (7): 1357-65.

Abati S., Bramati C., Bondi S., Lissoni A.,
Trimarchi M. Oral Cancer and Precancer : A
Narrative Review on the Relevance of Early
Diagnosis. Int J Environ Res Public Health.
2020; 17 (24): 9160.

Warnakulasuriya S., Newell W. Johnson, Van
Der Waal I. Nomenclature and classification
of potentially malignant disorders of the oral
mucosa. J Oral Pathol Med. 2007; 36 (1):
575-80.

Simple M., Suresh A., Das D., Kuriakose
M.A. Cancer stem cells and field canceriza-

ODOVTOS-Int. J. Dent. Sc. I No. 25-2: 103-1171, 2023 | ISSN: 2215-3411. 109



ODOVTOS-International Journal of Dental Sciences

13.

14.

15.

16.

17.

18.

19.

20.

21.

tion of Oral squamous cell carcinoma. Oral
Oncology. 2015; 51 (7): 643-51.

Curtius K., Wright N.A., Graham T.A. An
evolutionary perspective on field canceriza-
tion. Nature Reviews Cancer. 2017; 18 (1):
19-32.

Marangon Junior H., Melo V.V.M., Caixeta
A.B., Souto G.R., Souza PE.A., de Aguiar
M.C.E,, et al. Immunolocalization of Cancer
Stem Cells Marker ALDH1 and its Associa-
tion with Tumor Budding in Oral Squamous
Cell Carcinoma. Head and Neck Pathology
[Internet]. 2019; 13 (4): 535-42. Available
from: http://dx.doi.org/10.1007/s12105-018-
0985-4

Krishnamurthy S., Dong Z., Vodopyanov D.,
ImaiA., Joseph 1., Prince M.E., et al. NIH Public
Access. Cancer Res. 2010; 70 (23): 9969-78.
Krishnamurthy S., Nor J.E. Head and neck
cancer stem cells. Journal of Dental Research.
2012; 91(4): 334-40.

Nayak S., Goel M.M., Makker A., Bhatia V.,
Chandra S., Kumar S., et al. Fibroblast growth
factor (FGF-2) and its receptors FGFR-2
and FGFR-3 may be putative biomarkers
of malignant transformation of potentially
malignant oral lesions into oral squamous
cell carcinoma. PLoS ONE. 2015;10 (10).
Sasada R., Kurokawa T., Iwane M., Igarashi
K. Transformation of mouse BALB/c 3T3
cells with human basic fibroblast growth
factor cDNA. Molecular and Cellular
Biology. 1988; 8 (2): 588-94.

Min F,, Liu X, Li Y., Dong M., Qu Y., Liu
W. Carmosic Acid Suppresses the Develop-
ment of Oral Squamous Cell Carcinoma via
Mitochondrial-Mediated Apoptosis. Frontiers
in Oncology. 2021; 11 (November): 1-11.
Choo Z., Loh A.H.P., Chen Z.X. Destined to
die: Apoptosis and pediatric cancers. Cancers.
2019; 11 (11): 1-21.

Curtius K., Wright N.A., Graham T.A. An
evolutionary perspective on field cancerization.
Nature Reviews Cancer. 2017; 18 (1): 19-32.

22.

23.

24.

25.

26.

27.

28.

Krishnamurthy S., Nor J.E. Head and neck
cancer stem cells. Journal of Dental Research.
2012; 91 (4): 334-40.

Leinung M., Ernst B., Doring C., Wagenblast
J., Tahtali A., Diensthuber M., et al. Expres-
sion of ALDHI1A1 and CD44 in primary head
and neck squamous cell carcinoma and their
value for carcinogenesis, tumor progression
and cancer stem cell identification. Oncology
Letters. 2015 Oct 1; 10 (4): 2289-94.

Clay M.R., Tabor M., Owen J.H., Carey T.E.,
Bradford CR, Wolf GT, et al. Single-marker
identification of head and neck squamous cell
carcinoma cancer stem cells with aldehyde
dehydrogenase. Head & neck. 2010 Sep; 32
(9): 1195-201.

Mascolo M., Ilardi G., Romano M.F., Celetti
A., Siano M., Romano S., et al. Overexpres-
sion of chromatin assembly factor-1 p60,
poly(ADP-ribose) polymerase 1 and nestin
predicts metastasizing behaviour of oral
cancer. Histopathology. 2012 Dec; 61 (6):
1089-105.

Curtarelli R.B., Gongalves J.M., dos Santos
L.G.P, Savi M.G.,, Nor J.E., Mezzomo
L.AM., et al. Expression of Cancer Stem
Cell Biomarkers in Human Head and Neck
Carcinomas: a Systematic Review. Stem
cell reviews and reports. 2018 Dec; 14 (6):
769-84.

Nayak S., Goel M.M., Makker A., Bhatia
V., Chandra S,. Kumar S., et al. Fibro-
blast growth factor (FGF-2) and its recep-
tors FGFR-2 and FGFR-3 may be putative
biomarkers of malignant transformation of
potentially malignant oral lesions into oral
squamous cell carcinoma. PLoS ONE. 2015
Oct 14; 10 (10).

Wakulich C., Jackson-Boeters L., Daley
T.D., Wysocki G.P. Immunohistochemi-
cal localization of growth factors fibroblast
growth factor-1 and fibroblast growth factor-2
and receptors fibroblast growth factor recep-
tor-2 and fibroblast growth factor receptor-3 in

ODOVTOS-Int. J. Dent. Sc. | No. 25-2: 103-111, 2023 | ISSN: 2215-3411. 110



Eoza

1 & Reyes-Carmona: Immunoexpression of ALDH1A1, FGFR2, CD44 and Caspase-3

29.

30.

31.

normal oral epithelium, epithelial dysplasias,
and squamous cell carcinoma. Oral surgery,
oral medicine, oral pathology, oral radiology,
and endodontics. 2002 May; 93 (5): 573-9.

Haugsten E.M., Wiedlocha A., Olsnes S.,
Wesche J. Roles of fibroblast growth factor
receptors in carcinogenesis. Molecular cancer
research : MCR. 2010 Nov; 8 (11): 1439-52.
Sasada R. Transformation of Mouse BALB/c
3T3 Cells with Human Basic Fibroblast
Growth Factor ¢cDNA. Vol. 8, MOLECU-
LAR AND CELLULAR BIOLOGY. 1988.

Li S.X., Chai L., Ca1 Z.G,,Jin L.J,, Chen Y.,
Wu H.R,, et al. Expression of survivin and
caspase 3 in oral squamous cell carcinoma and

32.

33.

34.

peritumoral tissue. Asian Pacific Journal of
Cancer Prevention. 2012; 13 (10): 5027-31.
Choo Z., Loh A.H.P., Chen Z.X. Destined to
die: Apoptosis and pediatric cancers. Cancers.
2019 Nov 1; 11 (11).

Chen T., Yang I., Irtby R., Shain K.H., Wang
H.G., Quackenbush J., et al. Regulation of
caspase expression and apoptosis by adeno-
matous polyposis coli. Cancer research. 2003
Aug 1; 63 (15): 4368-74.

Boudreau M.W., Peh J., Hergenrother P.J.
Procaspase-3 Overexpression in Cancer: A
Paradoxical Observation with Therapeutic
Potential. ACS chemical biology. 2019; 14
(11): 2335-48.

[@osle

ODOVTOS-Int. J. Dent. Sc. | No. 25-2: 103-1171, 2023 | ISSN: 2215-3411. 111



