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Summary

Caspases (cysteine-aspartic proteases) represent a family of 
enzymes that modify several functions crucial for cell ho-
meostasis such as inflammation and apoptosis. According 
to their implication in the apoptotic pathways, caspases are 
characterized as initiators and executioners, respectively. In 
the first group have been inserted caspase-2,-8,-9, and -10, 
whereas caspase-3,-6, and-7 belong to the second category. 
All of these normal actions of the caspase complex that in-
duce apoptosis are altered in carcinoma progression and 
establishment. In cancer tissues, programmed cell death is 
inhibited due to a deregulation in expression of apo- and 
anti-apoptotic proteins. This genetic imbalance drives the 
cancer cell to immortalization which reflects the aberrant 
tissue proliferation. For this reason, caspases and the other 

apoptotic molecules are considered as important targets for 
specific targeted therapeutic strategies for enhancing the 
apoptotic levels inside the malignant tumor cells cores. In 
the current review we explored the role of caspases deregula-
tion in laryngeal squamous cell carcinoma (LSCC). In ma-
lignancies -including LSCC- its deregulation leads the cells 
to immortalization due to apoptosis inhibition and telomer-
ase overexpression.  Caspase-dependent apoptotic rates are 
decreased in LSCC. For this reason, caspases are considered 
a very promising target for applying targeted therapeutic 
strategies in order to  enhance apoptosis in the corresponding 
patients suffering of LSCC.

Key words: apoptosis, carcinoma, caspase, larynx,

Introduction

 Tissues homeostasis is critical for the corre-
sponding functions provided by their activity. Im-
balances in genes that normally control cell surviv-
al and death lead to an extensive, abnormal cell life. 
Cell immortalization, also due to telomerase aber-
rant expression, is a frequent genetic event during 
the multi-step carcinogenetic process [1]. In order 
to prevent this malfunction, a programmed form of 
death has been developed inside every cell involv-
ing cytoplasmic and nuclear protein cascades in 
different but interacted pathways [2]. Apoptosis is 
the term that refers to the genetically programmed 
cell death mediated by a complex of proteins which 
influence positively or negatively intrinsic and 

extrinsic pathways. In this energy consumption 
(ATP-dependent) based procedure, enzymes such as 
proteases and endonucleases split and break down 
the main domains of the cell entity: cytoplasm and 
nucleus. The morphological result of this activity 
is shrinkage of the cell volume combined with con-
densation of the cytoplasmic micro-enviroment. 
Nuclear pyknosis due to chromatin condensation 
and also DNA fragmentation follows cytoskeleton 
disorganization and disruption. Finally, the cell is 
transformed to apoptotic bodies enclosing cellular 
components exposed to phagocytosis mediated by 
macrophages [3]. Two main pathways are involved 
in the previous described apoptotic procedure:
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intrinsic and extrinsic, respectively. In both of 
them, several proteins are characterized as induc-
ers or inhibitors of apoptosis [4]. The first uses 
mitochondrial proteins with prominent the cyto-
chrome C from the inter-membrane space of the 
organelle. Its activity in the cytoplasm activates 
caspases (especially caspase-9) complex under the 
control of p53 and Bcl-2 (B-cell lymphoma-2) pro-
teins. In this version, the apoptotic signal is trig-
gered by inside the cell stress conditions including 
hypoxia, DNA damage, and altered protein accu-
mulation. Concerning the extrinsic pathway, this 
is based on receptor-ligand complexes that are ac-
tivated when the cell receives on its surface (mem-
brane) the corresponding signals from the intercel-
lular environment. The main receptors and their 
ligand binding molecules are tumor necrosis factor 
receptor-1(TNFR-1)/tumor necrosis factor-a (TNF-
alpha) and Fas Receptor (FasR)/Fas ligand (FasL). 
In fact, biochemically apoptosis, as a natural cell 
death mechanism is characterized by the produc-
tion and development of an intracellular domain 
called ‘’apoptosome’’ [5]. It can be described as a 
multi-protein complex structure including cyto-
chrome C and Apaf-1 (apoptotic protease activat-
ing factor-1) which activates caspases interacting 
also with Bcl proteins. In the current review we 
explored the role of caspase complex in laryngeal 
squamous cell carcinoma (LSCC).

The caspase protein family: genes and 
functions 

 Among the proteins that are involved in apop-
tosis, caspases are critical molecules acting as its 
inducers. Caspases (cysteine-aspartic proteases) 
represent a family of enzymes that influence sev-
eral functions crucial for cell homeostasis such 
as inflammation, pyroptosis (a distinct aspect of 
programmed cell death mediated by microbial 
infection that triggers also an immune response) 
necroptosis, tissue differentiation and develop-
ment in the embryonic early stages of life [6]. They 
also act as tumor suppressor genes, whereas their 
role in the ageing process is under investigation. 
Approximately, 15 proteins’ proteases have been 
identified and cloned, implicating 8 chromosomes 
(1, 2, 4, 7, 10, 11, 16, and 19) . The corresponding 
protein products are initially inactive (pro-caspas-
es) enzymes. Their dimerization or oligomerisa-
tion creates the final functional heterotetramer 
domain due to a cleavage process which develops 
an active heterodimer complex consisting of two 
units: a small and large one. According to their 
implication in the apoptotic pathways, caspases 
are characterized as initiators and executioners, 

respectively. In the first group caspase-2,-8,-9, and 
-10 have been inserted, whereas caspase-3,-6, and-
7 belong to the second category [7]. Concerning 
the previous described intrinsic apoptotic pathway, 
the most important protease is caspase-9 which is 
recruited and activated by cytochrome C/APAF-1 
complex. Caspase-9 triggers the activation of the 
executioner caspases-3 and -7, leading finally to 
many proteins cleavage inside the cytoplasm. In 
contrast to this, another critical protein, caspase-8, 
is activated in the extrinsic pathway by the FasL 
binding to FasR leading also to recruitment and 
overexpression of executioner caspases-3,-6, and 
-7. The result is the degradation of cellular proteins 
and organelles, a destruction similar to the previ-
ous referred action of caspase-9 [8]. Novel studies 
have also shown that caspase-8 is implicated in 
cell adhesion and migration, increasing its role in 
cell homeostasis and interactions inside the tissues 
[9]. As it has been mentioned before -besides apop-
tosis- caspases are involved also in the pyroptosis 
process. Caspase-1,-4,-5, and-11 are involved in this 
inflammatory procedure. Especially, caspase-1 acti-
vates a variety of pro-inflammatory cytokines and 
then secretes their mature products, interleukins 
(IL) IL-1α, IL-1β, and IL-18. In addition, there exists 
an initial evidence that the complex caspase-1/cas-
pase-7 activates the transcription of nuclear factor-
κB (NF-κB), a molecule that modifies the function 
of TNF, IL-6, and IL-8 [10]. All of these normal ac-
tions of the caspase complex that induce apoptosis 
are altered in carcinoma progression and establish-
ment. In cancer tissues, programmed cell death is 
inhibited due to a deregulation in  the expression 
of pro- and anti-apoptotic proteins. This genetic 
imbalance drives the cancer cell to immortaliza-
tion which reflects the aberrant tissue proliferation. 
For this reason, caspases and the other apoptotic 
molecules are considered as important targets for 
specific targeted therapeutic strategies for enhanc-
ing the apoptotic levels inside the malignant tumor 
cells cores [11].

Caspase deregulation in LSCC

 LSCC is characterized by an aggressive pheno-
type including poor prognosis, moderate response 
rates to chemo-radiotherapy and targeted therapeu-
tic agents, such as monoclonal antibodies (mABs) 
or tyrosine kinase inhibitors (TKIs). In fact, at the 
time of diagnosis, 60-70% of the patients present 
with advanced disease. Interestingly, HPV-associat-
ed Head & neck squamous cell carcinoma (HNSC-
Cs) demonstrate differences regarding gender, mo-
lecular, epidemiological, and prognostic features 
compared to alcohol and tobacco depended ones 
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[12]. Recently published experimental studies have 
shown that specific drug agents modify caspase ac-
tivity in LSCC leading to altered apoptotic rates.  
A study group analyzed the effect of combined 
or not cisplatin/ cetuximab targeted therapy that 
induce endoplasmic reticulum (ER) stress associ-
ated apoptosis in  a subset of LSCC patients with  
overexpression of thioredoxin domain containing 
protein 5 (TXNDC5). They reported that inhibition 
of the TXNDC5 protein leads to increased influence 
of cisplatin in the apoptotic process by enhancing 
caspase 3 activity [13]. Similarly, the mAB cetuxi-
mab positively regulated ER stress associated apo-
ptosis in LSCC cells by inhibiting the expression 
of TXNDC5 protein. Another study group explored 
the role of Beclin1 protein expression in LSCC cell 
cultures. The authors concluded that the molecule’s 
activity is modified in vitro by cisplatin applica-
tion. In fact, a combination of decreased Bcl-2 and 
increased caspase-8/-9/-3 expression was identified 
under the influence of cisplatin treatment leading 
to elevated apoptotic rates [14]. Besides the previ-
ously referred agents, natural flavonoids, such as 
luteolin, seem to demonstrate anti-cancer activi-
ties, including increased apoptotic rates. A study 
group reported that luteolin affects critically Hep-2 
cell cultures by inhibiting cell proliferation and 
enhancing apoptosis by activating the complex 
caspase-3/caspase-8 [15]. Concerning caspase-8, 
its downregulation in HPV-positive human squa-
mous cell carcinomas leads to decreased apoptotic 
rates affecting negatively cisplatin-based treatment 
[16]. Another natural agent, the epigallocatechin-
3-gallate (EGCG), the most important substance of 
green tea polyphenol, is considered as a significant 
cell proliferation inhibitor and also a positive apop-

totic agent by activating caspase-3 combined with 
decreasing telomerase activity [17]. Interestingly, 
some drugs with antibiotic activity, such as bleo-
mycin-A2, have demonstrated an anti-tumour role 
by increasing caspase-dependent apoptotic rates 
in vitro in Hep-2 laryngeal carcinoma cells [18]. In 
addition, another natural formed agent - galangin 
- isolated from propolis and Alpinia officinarum 
Hance, acts as a suppressor factor in LSCC cells 
by inhibiting malignant cell proliferation and in-
ducing caspase-3 expression leading to increased 
apoptotic rates [19].  Furthermore, novel genetic 
markers that modify the sensitivity of malignant 
cells to targeted therapeutic strategies and also 
to the new immunotherapeutic regimens seem to 
be closely related to apoptotic pathways. Immune 
inhibitory receptor programmed cell death 1 (PD-
1)/programmed cell death ligand 1 (PD-L1) com-
plex is a major target for specific immunotherapy 
via monoclonal antibodies, such as nivolumab. A 
study group analyzing the PD-1/PD-L1 molecules 
suggested that the altered genes affect negatively 
apoptosis via caspase-7 overexpression [20]. 
 In conclusion, the caspase complex is a major 
regulator in apoptosis. In malignancies -including 
LSCC- their deregulation leads to cells’ immortali-
zation due to apoptosis inhibition combined with 
telomerase overexpression.  Caspase-dependent ap-
optotic rates are decreased in LSCC. For this reason, 
caspases are considered a very promising target for 
applying targeted therapeutic strategies in order to 
enhance apoptosis in patients suffering of LSCC.
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