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INTRODUCTION
India is leading in oral cancer and share one third of the total bu-
rden internationally (Gupta B, et al., 2017). The major etiology 
for oro-pharyngeal carcinoma is tobacco consumption (Laprise 
C, et al., 2016; Krishna Rao SV et al., 2013). Various forms in-
cludes smokeless tobacco, betel-quid chewing; excessive alcohol 
consumption, poor oral hygiene, nutrient-deficient diet, and 
sustained viral infections, i.e, Human Papillomavirus (HPV) are 
some of the risks associated with the occurrence of oral cancer. 
The International Agency for Research on Cancer (IARC) classi-
fied tobacco as a Group I carcinogenic substance in the oral cavity 
leading to mutations (International Agency for Research on Can-
cer, 2012). These genetic alterations may promote deregulation 
of apoptosis pathway, one of the most important mechanisms by 
which oral cancers are able to resist cell death (Loro L et al., 2005; 
Negrini S et al., 2010).
Apoptosis involve coordinated disassembly of intracellular ma-
chinery (Kumar S, 1999). Caspases, a group of cysteine proteases, 
undergoes a cascade of catalytic activation (McIlwain DR et al., 
2013). The activation of extrinsic or death receptor pathway takes 

place in response to ligand binding of death receptors superfamily 
members (Reed JC, 2000). The initiator caspase-8 activates execu-
tioner pro-caspase-3 in cytoplasm which then organizes their ac-
tivities to remove important structural proteins (Reed JC, 2000). 
Pro-caspase-3, as well as some other caspases, does not possess a 
nuclear localization signal however various mechanisms like pas-
sive diffusion and active transport have been suggested for nucle-
ar accumulation of caspase-3 during apoptosis (Susin SA, et al., 
1999; Enari M, et al., 1998; Liu X, et al., 1998). At the same time, 
some studies have reports also nuclear localization of Caspase-8 
(Boege Y, et al., 2017).
Caspases are crucial for the removal of cells with mutations by 
apoptosis, thus their erroneous activation has strong conse-
quence; it can assist in the perseverance of mutated cells, which 
support carcinogenesis (Philchenkov A et al., 2004). The zymogen 
precursor of executioner Caspase-3, is over expressed in multiple 
malignances, and this abnormal expression suggests the possibil-
ity for decisive roles of apoptotic machinery in oncogenic trans-
formation (Soung YH, et al., 2004; Peterson QP, et al., 2009).
Reports of pro-caspase-3 and 8 expressions in multistep oral 
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ABSTRACT
Introduction: Caspase a family of cysteine protease 
plays an important role in programmed cell death. 
Caspase-3 and Caspase-8 are key regulators of apop-
tosis. Caspase-8 plays principal role in conveying 
signals from death ligand receptors to intracellular 
pro-apoptotic machinery. It was found exclusively in 
the cytoplasm, however, its presence has also been 
observed in other intracellular compartments. The role 
of Caspase-8 in tumor progression is contentious. 

Caspase-3 is a chief mediator of apoptosis and is 
cleaved to create an active form. The precursor form 
of Caspase-3 is localized in cytoplasm while active 
form is translocated to nucleus. Expression of active 
form of Cassspase-3 is studied in various forms of 
carcinomas but few reports regarding pro-caspase-3 
are available. Some studies have also report the pres-
ence of inactive Caspase-3 in the nucleus.

Since caspases are located in different cellular com-
partments their deregulations might be responsible 
for the development of malignancies. We aimed to 
study the expression of pro-caspase-3 and caspase-8 
in the various intercellular compartments of tumor 
area, adjacent normal and dysplastic area in multi-
step carcinogenesis of oro-pharyngeal carcinoma.

Materials and methods: The research study was un-
dertaken in Maulana Azad Medical College New-Delhi. 
Clinically diagnosed one hundred and fifty cases of 
squamous cell carcinoma of oro-pharyngeal region 
and one hundred and twenty eight control subjects 
were studied. Caspase-8 and pro-caspase-3 proteins 
were studied in tumor area and adjacent normal-dys-
plasia, by immunostaining based on avidin-biotin per-
oxides complex technique.

Results: The Caspase-8 cytoplasm expression was 
compared to adjacent normal and dysplasia group, 
significant increase in caspase-8 cytoplasm ex-
pression in tumor group was seen (P<0.001). Simi-
lar results were also observed in nuclear caspase-8 
(P=0.0001). The cytoplasm pro-caspase-3 expression 
in tumor higher than adjacent normal-dysplasia and 
was significant (P<0.001). It was also higher as com-
pared to nuclear pro-caspase-3 expression in tumor 
area (P<0.001). In overall assessment the cytoplasm 
expression of pro-caspase-3 was significantly higher 
than caspase-8 positivity in nucleus and cytoplasm.

Discussion: Caspase plays most important role in 
apoptosis, however its association with malignant 
transformation and prognosis is controversial. Cyto-
plasm expression of pro-caspase-3 in tumor region 
was significantly higher in comparison to adjacent 
normal epithelium and dysplasia. Since most of the 
pro-caspase-3 remains inactivated, its enhanced ex-
pression may be associated with poor prognosis in 
oral carcinoma.

A significant increase in nuclear caspase-8 in tumor 
area have been observed, the pro-caspase-3 may be 
directly activated in nucleus or are able to promote 
malignant progression by possibly assisting in mitotic 
cell division instead of assign the cells to p53-induced 
apoptosis. Thus possibly, altered caspases expres-
sion may be playing a decisive role in oral pharyngeal, 
multistep carcinoma progression.
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a. Tumor area
b. Normal and Dysplasia adjacent to tumor area
The Caspase-8 cytoplasm expression in tumor group was lower as com-
pared to control group but the difference was not significant (P=0.2). 
However as compared to adjacent normal and dysplasia group significant 
increase in Caspase-8 cytoplasm expression in tumor group was observed 
(P<0.001) (Table 1).
Table 1: Comparison of Caspase-8 expression in cytoplasm with con-

trols and tumor group

Caspase-8

Control-C
Mean ± SD
49.3 ± 1.6

Nor-
mal-Adj-C
Mean ± SD
13.8 ± 29.0

Dyspla-
sia-Adj-C

Mean ± SD
2.3 ± 13.3

Tumor-N
Mean ± SD
8.3 ± 20.8

Tumor-C
Mean ± SD
44.4 ± 40.1

P-value

P=0.2 P<0.001 P<0.001 P<0.001

Note: N-Nuclear, C-Cytoplasm,  P ≤ 0.05 significant

A significant decrease (P=0.002) in nuclear expression of Caspase-8 in 
tumor group was there in comparison to controls but significant increase 
in contrast to adjacent normal was observed (P=0.0001) (Table 2 and Fig-
ure 1). The nuclear expression of Caspase-8 in adjacent dysplasia was ab-
sent.
Table 2: Comparison of Caspase-8 expression in nucleus with controls 

and tumor group

Caspase-8

Control-N
Mean ± SD
2.2 ± 10.2

Normal-Adj-N
Mean ± SD
13.8 ± 29.0

Tumor-C
Mean ± SD
44.4 ± 40.1

Tumor-N
Mean ± SD
8.3 ± 20.8

P value

P=0.002 P<0.001 P<0.001

Note: No nuclear expression observed in Adjacent Dysplasia 
N-Nuclear, C-Cytoplasm, P ≤ 0.05 significant

Figure 1: Nuclear expression of Caspase-8 in squamous cell carcino-
ma of oro-pharyngeal region (Immunohistochemistry 100x).

squamous cell carcinoma are contradictory. Some studies have reported 
elevated expression in squamous cell carcinoma as compared to adjacent 
normal and dysplasia some observed decrease (Coutinho-Camillo CM et 
al., 2011; Andressakis D, et al., 2008). The cytoplasmic positivity of pro-
caspase-3 and 8 has been reported in many malignancies however their 
nuclear expression only few have reported.
In our study, we aimed to study expression and cellular localization of Pro-
caspase-3 and Caspase-8 in different stages of oro-pharyngeal malignant 
transformation.

MATERIALS AND METHODS
The research study was undertaken in Maulana Azad Medical College 
New-Delhi. One hundred and fifty clinically diagnosed cases of squamous 
cell carcinoma of oro-pharyngeal region and one hundred and twenty 
eight control subjects were included in the study. The oral biopsy speci-
mens were taken from the representative area of each case of squamous 
cell carcinoma. The diagnosis was confirmed by the presence of character-
istic histopathological features. The control group included those subjects 
having non-specific mild clinical changes on oral mucosa and histology 
showing minimum inflammation in sub epithelium, not specific for any 
pathology. The study was cleared by the ethical committee of the institute 
and an informed consent was obtained from each subject. The expression 
of Pro-caspase-3, Caspase-8 was studied in all the cases.

Immunohistochemical staining
Staining was done with monoclonal mouse anti-human Caspase-3, and 
Caspase-8 antibodies (Novacasta). According to the manufacturer speci-
fication Caspase-3 antibody recognizes unprocessed Caspase-3 and 
Caspase-8 antibody identifies active sub unit p-18 of Caspase-8.
Proteins were detected by immunostaining based on avidin-biotin per-
oxides complex technique. The tissue section were deparaffinised and re-
hydrated. The endogenous peroxidase was inactivated with 3% H2O2 in 
methanol and non-specific protein binding was blocked by incubation 
with 5 gm milk in 100 ml of phosphate buffer saline (pH-7). Slides were 
then incubated overnight with 40 µgm of diluted primary antibody (20:1) 
at 4°C. Biotinylated horse antimouse IgG secondary antibodies were then 
applied for 30 min (Novacastra, Newcastle, U.K). The sections were incu-
bated for 30 min with avidin-horse peroxides complex (Novacastra, New-
castle, U.K). All intermediate rinsing steps were performed by phosphate 
buffer saline (pH-7). The brown color was developed by diaminobenzi-
dine. The positive expression of these antibodies was observed in the 
cytoplasm, nucleus and nucleus-cytoplasm. The expression was verified 
according to presence or absence of proteins.

Statistical analysis
The means and standard deviation for various parameters were calculat-
ed. The difference between two groups was tested by student t-test. The 
data which was not normally distributed was transformed logarithmically 
before applying student t-test. A P-value of <0.05 was considered as statis-
tically significant.

RESULTS
A total of two hundred and seventy eight (n=278) subjects were included 
in the study. The squamous cell carcinoma of oro-pharyngeal region was 
studied, in one hundred and fifty cases (n=150). The mean age of squa-
mous cell carcinoma group was 51 yrs (SD=17.10).The control group com-
prised of one hundred and twenty eight cases (n=128) mean age was 28.91 
yrs (SD=7.55).
Immune expressions of Pro-caspase-3, Caspase-8, were studied according 
to the cellular areas i.e. nucleus and cytoplasm in following area of squa-
mous cell carcinoma:
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Table 4: Comparison of Pro-caspase-3 and Caspase-8 expressions in 
tumor-group

Caspase-8

Tumor-C
Mean ± SD
44.4 ± 40.1

Tumor-N
Mean ± SD
8.3 ± 20.8

Dys-Adj-C
Mean ± SD
2.2 ± 13.3

Pro-Caspase-3
Tumor-C

Mean± SD
53.6 ± 37.9

P value

P=0.03 P<0.01 P<0.01

Tumour-N
Mean ± SD
4.2 ± 14.4

P value

P<0.01 P<0.01 P=0.1

Dys-Adj-C 
Mean ± SD
4.6 ± 17.9

P value

P<0.01 P=0.002 P=0.1

Note: P-value ≤ 0.05 is significant, N-Nuclear, C-Cytoplasm

The comparison of cytoplasm and nuclear caspase-8 expression between 
tumor grades was statistically insignificant. A significant decrease in cyto-
plasm Pro-caspase-3 expression from well differentiated to moderately 
differentiated and poorly differentiated was observed.

DISCUSSION
Apoptosis is a physiological phenomenon, in which activated caspases 
cleave vital proteins to execute cell death (Kumar S, 1999; McIlwain DR, 
2013). They are synthesized as pro-caspases and they serve as the cyto-
plasmic regulator of apoptosis, conversely after being activated, they are 
translocated to other intracellular compartments, such as the Endoplasmic 
Reticulum (ER) and the nucleus (Shikama Y et al., 2001). 
Caspase play main role in apoptosis however its association with malig-
nant transformation and prognosis is controversial. Low expression levels 
or inactivation of caspases has been reported in cancer cells which quit 
possibly makes the cells resistant to environmental stresses and treatments 
(Xerri L et al., 1997; Winter RN et al., 2001; Nakopoulou L, et al., 2001). On 
the other hand, the over expression of caspases may release growth-stimu-
lating signals that assist the non-apoptotic tumor cells to proliferate and 
survive under stress conditions (Estrov Z, et al., 1998). We studied change 
in the expression of Caspase-3 and Caspase-8 in cellular areas like cyto-
plasm and nucleus of tumor, adjacent regions like dysplasia and normal 
epithelium of oro-pharyngeal carcinoma.
Caspase-8 plays an important role in transmitting signals from, death re-
ceptors to intracellular pro-apoptotic proteins (Declercq W et al., 2009). 
On the other hand its role in tumor progression is contentious. Decline 
in Caspase-8 expression was observed in neuroblastoma (Barbero S, et 
al., 2009) and neuroendocrine lung tumors, (Harada K, et al., 2002) it is 
also associated with a poor prognosis in ovarian cancer (Kim M et al., 
2016) and hepatocellular (Frisch SM, 2008) carcinoma. Conversely high 
Caspase-8 expression has been observed in many different carcinomas 
(Frisch SM, 2008; Helfer B, et al., 2006) including head and neck squamous 
cell carcinoma.
In our study we observed a insignificant decrease in cytoplasm expression 
of Caspase-8 in tumor areas as compared to controls, but significant in-
crease, in contrast to adjacent dysplasia and normal epithelium. The sig-
nificant increase in Caspase-8 expression indicated possibly promotion of 
tumor cells mortality resulting in improvement of prognosis.

The cytoplasm Pro-caspase-3 positivity in tumor group was high as com-
pared to controls not significant (P=0.6), it was also higher than adjacent 
normal and dysplasia and was significant (P<0.001) (Table 3 and ).
There was absence of Pro-caspase-3 expression in control and adjacent 
normal-dysplasia group. A significant increase in cytoplasm expression of 
Pro-caspase-3 as compared to nuclear expression was observed in tumor 
area (P<0.001) (Table 3 and 

Figure 2

).
Table 3: Comparison of Caspase-3 expression in cytoplasm with con-

trols and tumor group

Pro-Caspase-3

Control-C
Mean ± SD
51.3 ± 37.3

Nor-
mal-Adj-C
Mean ± SD
10.6 ± 4.8

Dyspla-
sia-Adj-C

Mean ± SD
4.6 ± 17.9

Tumor-N
Mean ± SD
4.2 ± 14.4

Tumor-C
Mean ± SD
53.6 ± 37.9

P=0.6 P<0.001 P<0.001 P<0.001

Note: P-value ≤ 0.05 is significant,  N-Nuclear, C-Cytoplasm
No caspase-3 positivity was observed in controls, adjacent normal and 
dysplasia

Figure 2: Cytoplasmic expression of Caspase-8 in squamous cell car-
cinoma of oro-pharyngeal region (Immunohistochemistry 100x).
In the overall picture the cytoplasm expression of Pro-caspase-3 was sig-
nificantly higher than Caspase-8 positivity in nucleus and cytoplasm in 
tumor area (Table 4).

Figure 3: Expression of Pro-caspase-3 (nucleus and cytoplasm) in 
squamous cell carcinoma of oro-pharyngeal region (Immunohisto-
chemistry 100x).
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The squamous cell carcinoma generally develops in stepwise manner from 
normal through the stages of premalignancy to invasive carcinoma. The 
available studies do not discuss about step wise transition of caspase ex-
pression and also the alterations in their cellular expression. We observed 
that cytoplasm and nuclear expressions of Pro-caspase-3 and Caspase-8 
were significantly higher in tumor area as compared to adjacent dysplasia 
and normal epithelium. It is a protective mechanism by which caspases 
being important enzymes are stimulated to eliminate abnormal cells and 
avoid cancer growth.

CONCLUSION
Our results highlight the sub-cellular localization of Pro-caspase-3 and 8 
in different stages of squamous cell carcinogenesis. More research needs to 
be done to study possible role of caspases in progression from dysplasia to 
carcinoma in oral cancer progression and prognosis.
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It is established that apoptosis is triggered via activation of death receptors 
by Caspase-8 present in cytoplasm however its nuclear translocation has 
not been studied in detail. Apoptotic neurons studies have indicated that 
Caspase-8 may be involved in the cleavage of DNA repair enzyme PARP2 
in nucleus (Benchoua A, et al., 2002). In addition to cytoplasmic, many 
studies have reported nuclear localization of Caspase-8 in cancer cells, 
signifying a possible non-apoptotic function of Caspase-8 in malignancy 
(Barbero S, et al., 2008).
Studies have reported high Caspase-8 nuclear expression. It correlated 
with disease progression in hepatocellular, (Koschny R, et al., 2013) mel-
anoma (Müller I, et al., 2020), prostate (Müller I, et al., 2020) and breast 
carcinoma (de BA, et al., 2016). We studied gradual progression of nuclear 
Caspase-8 expression from adjacent normal to dysplasia then carcinoma. 
A significant increase in nuclear Caspase-8 in tumor cells was observed 
as compared to controls and adjacent dysplasia. However in comparison 
to cytoplasm expression a significant decrease was observed in nucle-
ar expression of Caspase-8. Studies suggest that, cells expressing nuclear 
Caspase-8 levels are able to promote malignant progression by possibly 
assisting in mitotic cell division instead of assign the cells to p53-induced 
apoptosis. Our result suggests that, may be in squamous cell carcinoma 
oropharyngeal region, Caspase-8 plays non-apoptotic role however, it 
needs to be further investigated.
Caspase-3 plays central role in the execution of apoptosis process. In re-
sponse to various death signals, the Caspase-3 proenzyme is cleaved to 
generate the active subunits (Julien O and Wells JA, 2017). The precursor 
form of Caspase-3 is localized in the cytoplasm and after initial cytoplasm 
activation it is translocates to the nucleus leading to morphological apop-
totic changes (Enari M, et al., 1998). Research studies have established the 
cytoplasmic activation of procaspase-3 by immune-localization (Ramuz 
O, et al., 2003).
The Pro-caspase-3 expression has been studied in various types of can-
cers. However conflicting reports are available. Over expression of Pro-
caspase-3 have been reported in neuroblastoma, (Nakagawara A, et al., 
1997) solid tumors like breast, (Blazquez S, et al., 2006) esophageal, (Wang 
XS, et al., 2014) gastric, (Kania J, et al., 2003) pancreatic, (Jakubowska K, et 
al., 2016) and stomach carcinoma (Yoo NJ, et al., 2002). Under expression 
was observed in prostate (Winter RN et al., 2001) and hepatocellular car-
cinoma (Persad R, et al., 2004).
We studied the cytoplasmic expression of Pro-caspase-3 in tumor region, 
it was significantly higher in comparison to adjacent normal epithelium 
and dysplasia but no difference was observed as compared to normal epi-
thelium. Our results are similar to other available studies in which levels of 
Pro-caspase-3, in oral squamous cell carcinoma of tongue (Liu PF, et al., 
2017) and buccal mucosa (Huang JS, et al., 2017) were significantly higher 
compared to those in adjacent normal tissues. Since most of the Caspase-3 
remains uncleaved and inactivated, its enhanced expression may be asso-
ciated with poor prognosis.
Caspase-3 plays a significant role in the nuclear morphological changes 
in apoptotic cells despite the cytoplasmic localization of Pro-caspase-3. It 
has been suggested that the nuclear translocation of active Caspase-3 is de-
pendent on active nuclear transport. Our immune histochemical staining 
was also observed Pro-caspase-3 in the tumor cells nucleus of oro-pharyn-
geal carcinoma.
Although some experimental studies have reported the nuclear presence 
of Pro-caspase-3, (Kamada S et al., 2005) however no immune histochem-
ical studies have reported the nuclear presence of Pro-caspase-3 in cancer 
cells. In our study nuclear positivity was observed in tumor area. A signifi-
cant decrease in nuclear expression in tumor as compared to cytoplasm 
and total positivity of pro-caspase-3 was observed. It is possible that since 
caspase-8 presence in nucleus have been reported, the pro-caspase-3 may 
be directly activated in nucleus.
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