
Lung cancer continues to be the leading cause of 
cancer-related deaths.1 Only 15% of all patients with 
lung cancer have more than five years of survival 
after diagnosis.2 Cytotoxic chemotherapy is the stan-
dard first-line therapy for patients with squamous cell 
lung cancer. More recent efforts have been made to 
identify novel biomarkers for the prediction of prog-
nosis and response to chemotherapy. 

Intrinsic and extrinsic apoptotic pathways use cas-
pase steps. In the intrinsic pathway, Bax and Bak are 

activated by various apoptotic stimuli through DNA 
damage or cellular signals. The activated Bax and Bak 
initiate mitochondria-dependent apoptotic pathway by 
inducingpore formation in the mitochondrial mem-
brane, leading to the release of cytochrome c and other 
factors that form an apoptosome complex.Apoptosome 
activates caspase-9. Activated caspase-9cleaves pro-
caspase-3 to generate the active caspase-3 that leads to 
DNA fragmentation. The extrinsic pathway is acti-
vated when a death ligand, such as FasL or tumor 
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ABS TRACT Objective:Apoptosis plays a critical role in carcinogenesis. Intracellular proteases known as caspase-9 directly or indirectly play 
roles inactivating apoptosis. In this study, we aimed to investigate the effect of caspase-9 level in lung skuamous cancer tumor tissues on lymph 
node metastasis, clinicopathologic parameters and prognosis. Material and Methods: The study included 50 patients diagnosed with squa-
mous cell lung cancer. The caspase-9 level in the tumor and metastatic lymph nodes was assessed using real time-polymerase chain reac-
tion(RT-PCR) methods. Results: The median age of the patients was 61 years (range, 54-68 years). All patients were men and smokers. The 
average duration of follow-up was 50.26±39.21 months, and progression-free survival was 26.34±19.50 months. Among 50 patients, 22 (44%) 
had lymph node metastasis. The caspase-9 level was studied in tumors with and without lymph node metastasis. Moreover, the caspase-9 lev-
els in tumors with lymph node metastasis were statistically and significantly lower than tumors without lymph node metastasis (p<0.001). The 
caspase-9 level decreased as the stage increased (p<0.001). In the presence of angiolymphatic invasion and poorly differentiated tumor tis-
sue, a low level of caspase-9 was identified. Conclusion: The caspase-9 level decreased with increasing stage and the presence of lymph 
node metastasis. No statistically significant association was detected between caspase-9 and survival. A literature review revealed that no 
studies have evaluated the correlation between caspase-9 in the squamous cell subtype, clinicopathological parameters, and survival. Exten-
sive studies involving a significant number of patients are required to determine the prognostic and predictive significance of the caspase-9 
level in our population.  
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necrosis factor-α interacts with cell surface receptors. 
These pathways form active caspase-8 from inactive 
procaspase-8. Caspase-8 activates caspase-3. Caspase-
3 leads to DNA fragmentation again through caspase-
activated DNase activation.3,4 

Caspase-9 can be activated using two methods. 
Apaf-1 activates caspase-9 by interacting with the 
CARD (Caspase Activationand Recruitment Do-
main) part of caspase-9 or activating the dimerization 
of the apoptosome.5-7 

Molecular events involved in caspase-9 activation 
and inhibition may affect the response to chemother-
apy drugs in non-small cell lung cancer cells.8,9 More-
over, caspase-9 plays a role in degenerative and 
developmental disorders. One study showed that a de-
creased level of caspase-9 affects muscle differentia-
tion in the musculoskeletal system.10 In another study, 
the direct effect of caspase-9 as an apoptotic factor was 
demonstrated through neural cell death.11 

Studies are lacking inthe literature,which evalu-
ated the correlation between caspase-9 in the squa-
mous cell cancer and clinicopathological parameters 
and survival. This study investigated whether the 
level of caspase-9 in tumor tissue affects the clinico-
pathological parameters and survival. 

 MATERIAL AND METHODS 
We collected data from 50 patients with squamous 
cell lung carcinoma who underwent surgery and did 
not receive neoadjuvant chemotherapy or radiother-
apy between 2011 and 2018. The patients were fol-
lowed by the Department of Medical Oncology. The 
patient data on demographic data, tumor types, and 
chemotherapies received were obtained from the hos-
pital information system.The study wasconducted ac-
cording to the Declaration of Helsinki and approved 
by the Pamukkale University Ethics Committee 
(Ethics Committee approval number: 2019/55821). 

Determination of caspase-9 expressionusing re-
verse transcriptase-polymerase chain reaction (RT-
PCR) method.This study obtained paraffin-embedded 
tissues of 50 patients with squamous cell lung carcinoma 
who attended the Medical Oncology Department, Pa-
mukkale University, Denizli, between 2011 and 2014. 
RNA was extracted from paraffin-embedded tissues us-

ingthe Qiamp DNA FFPE Tissue kit (Qiagen, Cat: 
73504, Hilden, Germany).The purity of RNA was de-
termined spectrophotometrically, and the samples were 
stored at-20 °C. cDNA was obtained from total RNA 
using IpsogenRT kit (Qiagen, Cat: 679923, Hilden, Ger-
many). The mRNA expression level of caspase-9 was 
then measured using a LightCycler480 machine from 
primer Roche Applied Science (Roche, Basel, Switzer-
land). Data were analyzed using the ΔΔCt method. 

STATISTICAL ANALYSIS 
Statistical analyseswereperformedusing SPSS version 
23.0 (IBM, Chicago, IL, USA). Weused Mann-Whit-
ney U and Spearman’s correlation tests for all clinical 
parameters. Overalland progression-free survivals 
were calculated using the Kaplan-Meier test. A p-value 
of <0.05 was considered statistically significant. 

 RESULTS  
The median age of the patients was 61 years (range, 54-
68 years). All patients had a history of smoking. The 
average duration of smoking was 29 months (range, 20-
38 years). Among the 50 patients, nine (18%) had a his-
tory of cancer in the family, 28 (56%)had 
comorbidities, 22 (44%) had undergone adjuvant 
chemotherapy, and three (6%) had undergone adjuvant 
radiotherapy. The mean duration of follow-up of thep-
atients was 50.26±39.21 months. The mean disease-
free survival was 26.34±19.50 months. Moreover, 29 
(58%) had a lobectomy, 20 (40%) had a pneumonec-
tomy, and one (2%) had a wedge resection. The mor-
phology was poorly differentiated in 38 patients and 
moderatelywell-differentiated in 12 patients. The tumor 
diameter ranged from 1 cm to 10 cm, with a mean di-
ameter of 4.01±2.09 cm. Furthermore, 28 (56%) pa-
tients were identified as havingangiolymphatic 
invasion,and 22 (44%) had lymph node metastasis. 
Moreover, 33 (66%) tumors were peripherally, and 17 
(34%) were centrally located. In addition, 38 (78%) pa-
tients died during follow-up. The histopathological 
characteristics of the patients are presented in Table 1. 
The level of caspase-9 was studied in tumors with and 
without lymph node metastasis,which was 6.36±11.70 
and 50.89±29.64, respectively. The caspase-9 level in 
tumors with lymph node metastasis was statistically 
and significantly lower than in those without lymph 
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node metastasis (p<0.001). Table 2 shows no signifi-
cant association among the caspase-9 level in the tumor 
tissue with lymph node metastasis, the presence of an-
giolymphatic invasion, differentiation, and metastasis. 
The caspase-9 level decreased as the stage increased 
(p<0.001), as shown in Figure 1. Caspase-9 was nu-
merically lower in tumors with angiolymphatic inva-
sion than in those without; however, the difference was 
not statistically significant. Similarly, caspase-9 was 
numerically lower in poorly differentiated tumors than 
moderately and well-differentiated tumors; however, 
the difference was not statistically significant. 

 DISCUSSION 
Apoptosis is a process in which the cell enables sev-
eral metabolic and physiological processes for self-
destruction. A cell receiving an apoptosis signal 
moves away from its position, disconnects from its 
adjacent cells, and shrinks and gains a pyknotic ap-
pearance, with chromatin becoming dense. Caspase-
9 plays a role in activating apoptosis. 
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Parameter Number of patients(%) Mean±SD 
Age (years) - 61.94±7.61 

Gender  

Male 50 (100)  

Female 0 (0)  

History of smoking 

Yes 50 (100)  

No 0 (0)  

Duration of smoking (years) - 29.60±8.91 

Family history of cancer 

Yes 9 (18)  

No 41 (82)  

Comorbidities 

Yes 28 (56)  

No 22 (44)  

Type of operation 

Lobectomy 29 (58)  

Pneumonectomy 20 (40)  

Wedge resection 1 (2)  

Patients with lymphnode metastasis 

Yes 22 (44)  

No 28 (56)  

Stage 

1-2 28 (56)  

3 22 (44)  

Tumor Localization 

Peripheral 33 (66)  

Central 17 (34)  

TumorDifferentiation 

Low 35 (76)  

Moderate-well 15 (24)  

Angiolymphatic invasion 

Yes 28 (56)  

No 22 (44)  

Surgical margins 

Negative 47 (97)  

Positive 3 (9)  

Adjuvant chemotherapy 

Received 22 (44)  

Not received 28 (56)  

Adjuvant radiotherapy 

Received 3 (6)  

Not received 47 (94)  

Metastasis 

Yes 9 (18)  

No 41 (82)  

Progression-free survival (months) - 26.34±19.50 

Mean Overall Survival (months) - 50.26±39.21 

Caspase-9 level in tumorvia PCR - 31.30±28.27 

Caspase-9 level in lymphnodevia PCR - 28.36±20.75 

TABLE 1:  Clinicopathological and  
demographic characteristics of the patients.

Tumor (RT-PCR) 
Factors n Mean±SD p-value 
Age (years) 

≤65 33 33.82±35.52 0.75 

>65 17 26.40±25.04  

Lymph nodemetastasis 

Yes 22 6.36±11.70 <0.001 

No 28 50.89±29.64  

Tumor Differentiation 

Low 15 28.98±32.14 0.23 

Moderately-well 38 34.90±31.78  

Angiolymphaticinvasion 

Yes 12 26.90±32.72 0.072 

No 29 36.89±31.54  

Metastasis 

Yes 9 31.45±25.07 0.85 

No 41 31.26±33.91  

Stage 

1 31 42.59±31.44 <0.001 

2 14 15.72±28.41  

3 5 4.90±3.56  

TABLE 2:  Effect of clinicopathological parameters  
on caspase-9 level in tumors

*Analyzed with univariate analysis, a Mann-Whitney U test and a Kruskal-Wallis test.* 
P<0.05 was considered statistically significant. 



The results of this study showed that there is a 
statistically significant association between the tissue 
level of caspase-9 and lymph node metastasis. Ercan 
et al. also demonstrated lower levels of caspase-9 in 
tumors with lymph node metastasis.12 

We observed a statistically significant association 
between stage and the tissue level of caspase-9. Yılmaz 
et al. identified an association between the CASP-9 
(rs1052576) TT genotype and stage in prostate cancer.13 

Our study results revealed that caspase-9 was nu-
merically lower in poorlydifferentiated tumors 
(25.49±17.42) than moderate and well-differentiated 
ones (41.30±39.39); however, the difference was not 
statistically significant. Shen et al. investigated caspase-
9 levels using RT-PCR in patients with stage II colon 
cancer. They found lower caspase-9 levels in poorly 
differentiated tumors than well-differentiatedtumors.14 
In this study,caspase-9 was numerically lower in tu-
mors with angiolymphatic invasion (28.98±32.14) than 
in those without (36.89±31.54); however, the differ-
ence was not statistically significant.  

Caspase 9 plays a role in carcinogenesis in several 
tumor types. Previous studies have reported that cas-
pase-9 polymorphism affects caspase-9 levels and 
poses a susceptibility to lung cancer.15,16 Asadi et al. 
investigated caspase-9 levels in colorectal cancer and 
reported that caspase gene mRNA expression has an 
effect on the development of colorectal carcinoma.17 
On a literature review of studies examining caspase-9 
levels in patients with breast cancer, Theodoropoulos 
et al. reported that caspase-9 rs4645978 and rs4645981 

gene polymorphisms posed a susceptibility to breast 
cancer.18 Zhang et al. found that miR-224 decreased 
caspase-9 levels and induced carcinogenesis in patients 
with triple-negative breast cancer.19 Özdoğan et al. re-
ported a protective effect of the presence of CASP-9 
[rs1052576] mutant A allele in patients with brain tu-
mors.20 Marques et al. examined caspase-9 and sur-
vival in renal cell carcinoma and found an association 
between the CASP9+83CT/TT genotype and the de-
velopment of renal cell carcinoma.21 

Caspase 9 has a predictive role in response to treat-
ments. Sharifi et al.showed that caspase-9 levels de-
creased in patients with breast cancer who were resistant 
to paclitaxel.22 Kemper et al. observed that apoptosis in-
creased after administering inducible caspase-9 into col-
orectal cancer stem cells and inducible caspase-9 
enhanced apoptosis and tumor regression in patients re-
sistant to 5-fluorouracil, as caspase-9-induced apoptosis 
does not use the mitochondrial pathway when compared 
with 5-fluorouracil-induced apoptosis.23 Kuwahara et al. 
reported that the inhibition of caspase-9 activity resulted 
in cisplatin resistance in patients with head and neck car-
cinoma.24 Iwani et al.demonstrated that miR-96-5p in-
hibited apoptosis by targeting CASP9.25 

No statistically significant association was ob-
served between caspase-9 level and survival, although 
we believed that statistical significance could not be 
achieved because of the low number of patients. Strater 
et al. reported that high levels of caspase-9 are associ-
ated with poor prognosis in colorectal cancer.26 Terlizzi 
et al. reported an association between elevated levels 
of caspase-4 in tissues and decreased overall survival in 
an analysis of caspase-4 levels using the enzyme-linked 
immunosorbent assay.27 Liu et al. established an asso-
ciation between caspase-8 polymorphism. It decreased 
overall survival in a study of 555 patients diagnosed 
with advanced-stage adenocarcinoma in which cas-
pase-8 polymorphism was analyzed in peripheral blood 
samples.28 Theodoropoulos et al. examined caspase-8 
and caspase-9 gene polymorphisms in patients with 
colon cancer and revealed better prognosis in patients 
with the CASP9-1263 GG genotype.29 

 CONCLUSION 
Caspase-9 expression differs in patients with lymph node 
metastasis and stage. The caspase-9 level decreased with 
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FIGURE 1: Graphic showing the tumor caspase-9 level and stage of association.



increasing stage and the presence of lymph node metas-
tasis. In addition, a numerically lower level of caspase-9 
was noted in the presence of angiolymphatic invasion 
and poorly differentiated tumors. No association was 
found between caspase-9 and survival. This is the first 
study in the literature to examine caspase-9 in tumors 
and lymph nodes using RT-PCR. Further extensive stud-
ies involving asignificantnumber of patients are required 
to evaluate its effects on our population.  
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