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Abstract: Apoptosis-related molecules can be abnormally expressed in cancers and underscore the hallmark of 
resisting cell death in cancer cells. This study was aimed to observe the expression patterns of apoptosis-related 
molecules in lung cancer and paired non-cancerous tissues, and to observe if there is a correlation between the 
expression of these apoptotic molecules and clinicopathologic parameters.  Immunohistochemistry (IHC) was per-
formed to analyze the expression level of CASP3, CASP8, CASP9, PARP1, Cleaved CASP3 (C-CASP3), Cleaved PARP1 
(C-PARP1), XIAP, BIRC5 (Survivin) and BCL2 in lung cancer and paired non-cancerous tissues. We found that apop-
tosis-related molecules CASP3, CASP9, BCL2, BIRC5 and PARP1 are abnormally expressed in lung cancer cells and 
their expression were correlated with histology. BCL2, BIRC5 and PARP1 are expressed at higher levels in SCC than 
in non-SCC. C-PARP1 expression might be an independent prognostic factor for NSCLC.
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Introduction

Lung cancer is the leading cause of mortality  
in China and the rest of the world [1]. 
Chemotherapy is the most important strategy 
for the treatment of advanced lung cancers. 
Recently, specific targeting of driver genes like 
the epidermal growth factor receptor (EGFR) 
and anaplastic lymphoma kinase (ALK) has 
also been successful [2]. However, most cases 
eventually develop resistance to both chemo-
therapy and targeted therapy. New strategies 
should be developed and targeting pro-apop-
totic proteins may be an ideal one.

“Resisting cell death” is one of the hallmarks of 
cancer [3, 4]. Apoptosis related signaling mole-
cules play a key role in maintaining physiologi-
cal homeostasis but they can be abnormally 
expressed during the development and evolu-
tion of a tumor. They are generally categorized 
into regulatory molecules (regulator) and effec-
tor molecules (effector) [5]. Recently, research 
on apoptosis pathways and the resistance of 
cancer cells to apoptosis has made some prog-
ress with publications on inhibitors of TARP [6, 

7] and Bcl-2 [8, 9] and CASP3 activators [10]. 
Activation of pro-apoptotic genes can be a 
promising strategy for cancer treatment and 
holds promise for translation into clinical 
practice.

In this study we observed the expression pat-
tern of apoptosis related molecules in lung can-
cer and adjacent non-cancerous tissues. 
Furthermore we analyzed the relationship 
between the expression level of apoptotic mol-
ecules and clinical prognostic parameters.

Materials and methods 

Patient selection and tumor specimens

Formalin-fixed paraffin-embedded tissues of 
139 cases of non-small-cell lung carcinoma 
(NSCLC) were collected from 2003 to 2006. 
None of the patients received chemotherapy or 
other antitumor therapy before operation, and 
clinical and pathological data were collected. 
Patients were followed-up until August 1, 2013 
or until after operation. Cancer tissue and 
matching adjacent non-cancerous tissue paraf-
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fin specimens of 26 patients were used as con-
trols. Adjacent non-cancerous tissue speci-
mens were obtained 5-7 cm away from the 
edge of the lung tissue. The tissue microarray 
(TMA) preparation instrument (Beecher Ins- 
truments) was used for preparation of the tis-
sue chips.

Main reagents and instruments

Rabbit anti-Human CASP8 (Caspase 8), CASP9 
(Caspase 9), XIAP, BCL-2, PARP1, BIRC5/Sur- 
vivin antibodies were purchased from Abcam; 
CASP3 (Caspase 3), C-CASP3 (cleaved-Cas-
pase3), C-PARP1 (Cleaved-PARP1) were pur-
chased from Cell Signaling Technology Inc. The 
Dako REAL™ EnVision™ Detection System, 
Peroxidase/DAB+, Rabbit/Mouse kit was pur-
chased from Jinqiao Company. The major 
instruments used were a Leica RM 2106 micro-
tome, a ZMN-6802 pathological tissue bleach-
ing and drying apparatus (Changzhou City 
Beverly Electronics Limited Company) and an 
optical microscope (Leica).

Preparation of the tissue microarray

Formalin-fixed and paraffin embedded samples 
were routinely prepared. For each tissue block, 
Hematoxyline-eosin (HE) staining was per-
formed to make sure there was sufficient tumor 
content for TM preparation. A core of the speci-
men from each donor tissue block was taken by 
puncture and arranged on a recipient paraffin 
block with predefined coordinates. The TMA sli-
des were subjected to immunohistochemistry 
(IHC). By staining one or two master slides, an 
entire cohort of cases could been analyzed, 
while maintaining the complete demographic 
and outcome information for each case.

Detecting the expression of antibodies by IHC

Sections of 4 µm were sliced from the TMA. 
Then sections were baked, dewaxed, rehydra-
ted, autoclaved for antigen retrieval and incu-
bated with H202 for 10 minutes to block internal 
biotin. After PBS rinsing. sheep serum was 
added and incubated for 10 minutes. Then 
CASP3, CASP8, CASP9, PARP1, C-CASP3 (Cle- 
aved-CASP3), C-PARP1 (Cleaved-PARP1), XIAP, 
BCL2 or BIRC5 first antibodies were added 
respectively for 1 h at room temperature or 
overnight at 4°C followed by the addition of a 
second antibody for 15-30 minutes at room 
temperature. Hematoxylin counterstain was 
added for 1 minute and the sections were then 
subjected to gradient alcohol dehydration fol-
lowed by xylene treatment and mounted with 
neutral resin for observation under a light 
microscope.

Interpretation of IHC results

In each sample the staining intensity (nega-
tive=0, modest=1, intermediate=2, strong=3) 
and positive cell proportion (0%=0, 1=1-10%, 
11-50%=2, 51=3-80%, 81-100%=4) were re- 
corded according to Koo et al. [15]. IHC score 
for each sample was calculated by multiplying 
the intensity score with the proportion score, 
yielding a score with a range from 0 to 12. The 
median value of all scores was used as a cut-
off value to separate high-expression from low-
expression groups.

Statistical analysis

SPSS17.0 statistical software was used for 
analysis of the experimental results. We used 
the original score to analyze the differential 

Table 1. Results of IHC analysis of apoptotic molecules in paired and unpaired lung cancer versus 
adjacent non-cancerous tissues

IHC scores
C-CASP3 CASP3 CASP9 PARP1 BIRC5 BCL2 XIAP CASP8 C-PARP1

Paired

    Cancer (n=25) 2.88±3.93 6.72±3.45 8.48±2.60 8.92±3.11 7.08±4.24 4.50±4.24 11.2±2.53 0.96±2.09 0.00±0.00

    Adjacent (n=25) 0.00±0.00 0.76±0.44 1.00±0.00 0.88±0.33 0.12±0.44 0.58±0.50 1.00±0.00 2.32±3.17 0.00±0.00

    t 3.664 8.969 14.385 13.130 8.156 4.850 20.176 -1.557 /

    P 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.133 /

Unpaired

    Cancer (n=139) 8.11±3.50 2.62±3.59 1.09±2.22 8.72±2.97 7.71±4.201 4.16±3.92 11.83±1.12 9.68±2.87 0.30±1.31

    Adjacent (n=25) 0.76±0.44 0.00±0.00 2.32±3.17 1.00±0.00 0.12±0.440 0.56±0.51 1.00±0.00 0.88±0.33 0.00±0.00

    Wilcoxon W 435.000 1250.000 10941.500 350.000 446.500 1241.500 350.000 372.000 1950.000

    P <0.001 <0.001 0.027 <0.001 <0.001 <0.001 <0.001 <0.001 0.219
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expression of proteins in paired samples. A 
paired t test was used if the data was obeying 
normal distribution, for paired samples a 
Wilcoxon signed rank sum test was used. For 

Bivariate analysis revealed that the following 
apoptotic molecules showed statistically signif-
icant correlation: adjacent tissue BCL2 and 
adjacent tissue CASP8 (r=0.490, P=0.015), 

Figure 1. (A) Representative photographs of BCL2 staining by IHC as negative 
(a), modest (b), intermediate (c) and strong (d). (B) Representative photo-
graphs of CASP3 staining by IHC as negative (a), modest (b), intermediate (c) 
and strong (d) in TMA. (C) Representative photographs of CASP8 staining by 
IHC as negative (a), modest (b), intermediate (c) and strong (d) in TMA. (D) 
Representative photographs of CASP9 staining by IHC as -(a), +(b), ++(c), 
+++(d) in TMA. (E) Representative photographs of C-CASP3 staining by IHC 
as negative (a), modest (b), intermediate (c) and strong (d) in TMA. (F) Repre-
sentative photographs of PARP1 staining by IHC as negative (a), modest (b), 
intermediate (c) and strong (d) in TMA. (G) Representative photographs of 
BIRC5 (survivin) staining by IHC as negative (a), modest (b), intermediate (c) 
and strong (d) in TMA. (H) Representative photographs of C-PARP1 staining 
by IHC as -(a), +(b) in TMA. (I) Representative photographs of PARP1 staining 
by IHC as ++(a), +++(b).

non-paired samples the two 
independent samples t test 
was used after checking for 
homogeneity of variance, or 
the Wilcoxon signed rank  
sum test used. For the corre-
lation of two variables a Pe- 
arson linear correlation anal-
ysis method was used. A non-
parametric Mann-Whiteney U 
test or Kruskal-Wallis tests 
was used to analyze the asso-
ciation of protein expression 
and clinical pathological data. 
The survival was estimated 
by a Kaplan- Meier curve and 
a log-rank test was used to 
compare the difference be- 
tween groups. A Cox regres-
sion (Forward Stepwise Li- 
kelihood Ratio) model was 
used for multivariate analysis 
of survival associated fac-
tors. A P value<0.05 was 
deemed as statistically sig- 
nificant.

Results

Expression levels of apop-
tosis related molecules in 
paired cancer versus adja-
cent tissues samples

In the 26 control cases of 
paired cancer versus adja-
cent tissue samples, a paired 
sample t test showed that 
molecules CASP3, CASP9, 
PARP1, C-CASP3, XIAP and 
BCL2 were all expressed in 
cancer tissue at a higher le- 
vel than in adjacent tissues 
(P<0.01). C-PARP1 was not 
detected in any of the sam-
ples and CASP8 was not sig-
nificantly differentially expre- 
ssed between cancer and 
adjacent tissue (P>0.05, Ta- 
ble 1).
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Table 2. Correlation of expression levels of apoptotic molecules with clinicopathologic factors

Parameter No. (%)
BCL2 CASP3 CASP8 CASP9 C-CASP3 C-PARP1 XIAP PARP1 BIRC5

Mean P Mean P Mean P Mean P Mean P Mean P Mean P Mean P Mean P
Age

    ≤61 y 56 (50) 4.00 0.332 8.09 0.600 1.39 0.048 9.14 0.187 3.11 0.440 0.36 0.506 11.75 0.550 9.29 0.512 7.27 0.238

    >61 y 56 (50) 4.73 8.52 0.71 8.43 2.29 0.39 11.95 9.86 8.23

Sex

    Male 74 (66.07) 4.66 0.149 8.38 0.708 0.85 0.401 8.80 0.984 2.69 0.965 0.69 0.191 11.96 0.232 10.08 0.026 8.93 0.000

    Female 38 (33.93) 3.79 8.16 1.45 8.78 2.71 0.16 11.63 8.58 5.45

Smoking status

    Never smoker 57 (50.89) 3.82 0.111 8.02 0.375 1.35 0.275 8.86 0.876 2.77 0.820 0.11 0.026 11.70 0.083 9.05 0.077 6.00 0.000

    Current or ex-smoker 55 (49.11) 4.93 8.60 0.75 8.71 2.62 0.65 12.00 10.11 9.56

Histology

    SCC 33 (29.46) 5.85 0.010 8.27 0.926 0.12 0.002 8.76 0.935 1.09 0.003 0.73 0.038 11.91 0.890 10.21 0.076 9.91 0.000

    Non-SCC 79 (70.53) 3.75 8.32 1.44 8.80 3.37 0.23 11.82 9.30 6.85

Degree of differentiation

    Poorly 17 (15.17) 6.24 0.044 8.00 0.627 1.06 0.920 8.12 0.249 2.76 0.898 0.47 0.446 12.00 0.457 10.00 0.481 8.82 0.249

    Moderately/Well 95 (84.82) 5.03 8.36 1.05 8.91 2.68 0.36 11.82 9.49 7.56

Pathol. Stage

    I-II 85 (75.89) 4.51 0.794 8.52 0.187 1.09 0.304 8.54 0.172 2.61 0.826 0.22 0.125 11.96 0.010 9.35 0.259 7.60 0.896

    III-IV 27 (24.10) 3.93 7.63 0.93 9.56 2.96 0.85 11.46 10.26 8.22

PS score

    0 63 (56.25) 3.76 0.042 8.48 0.562 1.25 0.330 8.44 0.182 3.02 0.249 0.00 0.001 11.81 0.440 9.40 329 7.81 0.954

    1 49 (43.75) 5.14 8.08 0.80 9.02 2.22 0.86 11.90 9.80 7.67

TP53

    0-1 88 (78.57) 4.45 0.406 8.33 0.918 1.02 0.430 8.76 0.710 2.85 0.394 0.48 0.127 11.97 0.048 9.42 0.424 8.20 0.041

    2-3 24 (21.43) 4.04 8.21 1.17 8.88 2.13 0.00 11.39 10.12 6.08
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cancer tissue CASP3 and CASP9 (r=0.575, 
P=0.003), cancer tissue BCL2 and C-CASP3 
(r=-0.478, P=0.018), cancer tissue BIRC5 and 
adjacent tissues BCL2 (r=-0.407, P=0.048), 
cancer tissue BIRC5 and cancer tissue CASP3 
(r=-0.449, P=0.024), cancer tissue BIRC5 and 
adjacent tissue CASP3 (r=-0.416, P=0.038).

Expression levels of apoptosis related mol-
ecules in unpaired cancer versus adjacent 
tissues samples

In the non-paired cancers (n=139) versus adja-
cent (n=26) tissues samples, CASP3, CASP9, 
PARP1, C-CASP3, XIAP, BIRC5 and BCL2 were 
all expressed in cancer tissue at a higher level 
than in the adjacent tissues (P<0.01). A two 
independent sample Wilcoxon non-parametric 
rank test for C-PARP1 showed no significant 
statistical difference for expression in cancer 
or adjacent tissues samples (P>0.05), CASP8 
molecular expression in carcinomas was signifi-
cantly lower than in the adjacent tissues sam-
ples (P<0.05, Table 1).

Bivariate analysis revealed that the expres- 
sion levels of the following apoptotic molecu- 
les in carcinoma showed statistically signifi- 
cant correlation: BCL2 and CASP3 (r=0.267, 
P=0.001), BCL2 and CASP9 (r=0.319, P< 

Location of apoptotic molecules in the cell

In lung cancer tissues, IHC staining revealed 
that BCL2, XIAP, CASP3, CASP8, CASP9, PARP1, 
C-CASP3, C-PARP1 and BIRC5 were expressed 
with a clear location specificity, i.e., BCL2, XIAP, 
CASP3, CASP8, CASP9 and C-CASP3 in the 
cytoplasm and PARP1 and C-PARP1 mainly in 
the nuclei. Representative pictures of the ex- 
pression of each molecule are shown in Figure 
1A-I.

Expression levels of apoptotic molecules in 
relation to clinicopathologic factors

The following cases with complete clinical infor-
mation and IHC results were included to study 
the expression levels of apoptotic molecules in 
relation to clinicopathological factors: 68 stage 
I, 17 stage II, 24 stage III and 3 stage IV cases 
(total n=112). Nonparametric statistical analy-
sis of each group showed that the expression 
levels of C-CASP3 and CASP8 was higher in 
non-squamous cell carcinoma (non-SCC) than 
in squamous cell carcinoma (SCC) (P<0.05); 
The expression levels of BCL2 and PARP1 in 
SCC was higher than in non-SCC (P<0.05); 
PARP1 was also associated with male smokers 
(P<0.05); The expression of BIRC5 (survivin) in 
the male, non-smoking group was higher than 

Figure 2. Kaplan-Meir curve analysis showing the relationship between C-
PARP1 and overall survival in non-small cell lung cancer population.

0.001), BCL2 and C-PARP1 
(r=0.281, P<0.001), BCL2 and 
XIAP (r=0.353, P<0.001), BCL2 
and PARP1 (r=0.355, P<0.001), 
CASP3 and CASP9 (r=0.669, 
P<0.001), CASP3 and C-CASP3 
(r=0.311, P<0.001), CASP3 and 
XIAP (r=0.611, P<0.001), CASP3 
and PARP1 (r=0.532, P<0.001), 
CASP8 and XIAP (r=-0.166, 
P=0.035), CASP9 and C-CASP3 
(r=0.208, P=0.008), CASP9 and 
XIAP (r=0.701, P<0.001), CASP9 
and PARP1 (r=0.610, P<0.001), 
C-CASP3 and XIAP (r=0.290, 
P<0.001), PARP1 and XIAP 
(r=0.750, P<0.001), BIRC5 and 
BCL2 (r=0.399, P<0.001), BIRC5 
and CASP3 (r=0.561, P<0.001), 
BIRC5 and CASP9 (r=0.537, 
P<0.001) , BIRC5 and C-PARP1 
(r=0.219, P<0.005), BIRC5 and 
XIAP (r=0.587, P<0.001) and 
BIRC5 and PARP1 (r=0.651, 
P<0.001).
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Table 3. Analysis of the expression of apoptotic molecules and clinical factors with OS by Kaplan-Meir survival curve
PS Disease Stage N C-PARP1 PARP1 CASP3

0 1 I II III IV 0 1 2 Low High Low High Low High
I-IV
    mOS / 1455±289.9 / 1076±366.7 957±292.1 382±103.7 / 1014±345.4 1084±229.2 / 382±79.2 / / / /
    χ2 2.908 36.493 21.903 7.347
    P 0.048 <0.001 <0.001 0.007
III-IV
    mOS / / / / / / / / / 1084±229.2 286±144.5 / / / /
    χ2 13.585
    P <0.001
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in the female, non-smoking group (P<0.01); 
BIRC5 (Survivin) expression in the SCC was 
higher than in non-SCC (P<0.01); The relation-
ship between BIRC5 (Survivin) and TP53 was 
negatively correlated (P=0.041) (Table 2).

Expression levels of C-PARP and survival

A Kaplan Meir survival curve showed that 
patients with a low expression level of C-PARP1 
had a relatively longer OS than patients with a 
high expression (Figure 2), suggesting that 
C-PARP1 may be an independent prognostic 
molecular marker of overall survival (OS). Other 
factors in relation to OS were personal status 
score, disease stage and N stage as listed in 
Table 3.

Multivariate Cox regression analysis for 
survival-associated apoptotic molecules

Multivariate Cox regression was performed on 
112 cases with complete clinical information 
and IHC results. Variables age, PS score, histo-
logical type, stage of disease and the molecular 
expression levels were entered into the Cox 
proportional hazard regression model. These 
variables had a P value<0.05 by univariate 
analysis and were included in the multivariable 
Cox regression model, a forward stepwise (like-
lihood ratio) method was used. The multivari-
able Cox regression model analysis showed 
that except for disease staging and histological 
type, C-PARP1 was associated with OS in 
NSCLC. Therefore, the expression level of 
C-PARP1 might be an independent prognostic 
factor for OS (Table 4).

Discussion

The most encouraging phenomenon in the 
development of modern medicine in the 21st 
century is that by studying the molecules, 

mTOR [14, 15], EML4-ALK fusion [16, 17] and 
ROS1 fusion [18] have been applied in the clini-
cal treatment of common tumors.

This study began with analyzing the expression 
levels of apoptosis signal transduction pathway 
related molecules in NSCLC. This was done to 
see if the expression levels correlated with clin-
ical and pathological factors, and to see if 
these molecules could be of potential prognos-
tic significance. Apoptotic molecules like BCL2 
and survivin may be a suitable and effective 
target for treatment. In this study, by using a 
TMA technique combined with IHC, we system-
atically tested the expression levels of impor-
tant apoptosis-related molecules in cancer tis-
sues from patients with lung cancer. These 
molecules from the apoptosis signal pathways 
were mainly upstream regulating molecules 
and downstream effectors [19], including 
CASP3, CASP8, CASP9, PARP1, C-CASP3 (acti-
vated form of cleaved CASP3), C-PARP1 (PARP1 
fragment product CASP3/7 after cleavage), 
XIAP, BCL2 and BIRC5.

The results found in the TMAIHC test containing 
139 cases (including paired paraffin speci-
mens of 26 patients with cancer and adjacent 
non-cancerous tissue), showed that whether in 
paired, or unpaired cancer versus non-cancer-
ous adjacent tissues, CASP3, PARP1, CARP9, 
XIAP, BCL2 and BIRC5 apoptosis-related mole-
cules were expressed significantly higher in 
cancer tissues. CASP3 is an important pivotal 
signaling molecule in apoptosis and this sug-
gests that CASP3, BCL2, PARP1, BIRC5 may be 
molecular markers and targets for drug in- 
tervention.

Bivariate analysis revealed that the expression 
levels of several apoptotic molecules had sta-
tistically significant correlation in cancer tis-

Table 4. Association of apoptotic molecules and clinical factors 
with OS by Cox multivariate regression model
Variables Hazard Ratio 95% CI P value
Overall survival of all stages
    Disease stagea 2.47 1.76-3.47 0.000
    Histologyb 0.50 0.26-0.95 0.035
    C-PARP1c 1.20 1.03-1.38 0.019
Overall survival in stage III patients
    C-PARP1c 1.38 1.10-1.73 0.006
Label: a, Compared with stage I patients; b, Compared with SCC; c, High ex-
pression of C-PARP1 compared with low expression.

receptors and signal transduc-
tion pathways that have an effect 
on tumors, the etiology, preven-
tion and treatment of tumors can 
be brought together very well. 
With the in-depth understanding 
of the development and evolution 
of tumors, especially with the 
understanding of the mecha-
nisms of action of key genes, reg-
ulatory molecules and receptors 
for treatment, targeted inhibitors 
for EGFR [11, 12], VEGFR [13], 
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sues. These significant correlations confirmed 
the internal interactions of these apoptotic pro-
teins. Although statistical analysis does not 
necessarily represent a causal relationship, it 
cannot be denied that the possible functional 
interactions between the molecules and the 
specific mechanisms of these concurrent 
changes of apoptotic proteins needs further 
study.

This study also found that the expression levels 
of C-CASP3 and CASP8 were higher in non-SCC 
than in SCC whereas BCL2 and PARP1 expres-
sion levels in SCC were higher than in non-SCC. 
The expression of BIRC5 (survivin) in non-smok-
ing male patients was higher than in non-smok-
ing female patients; BIRC5expression in the 
SCC was higher than in non-SCC. PARP1 and 
BIRC5 were associated with factors as smoking 
and SCC, suggesting that BCL2, PARP1 and 
BIRC5 might be important targets for the treat-
ment of SCC lung cancer in smokers and other 
subsets of patients. BIRC5 and TP53 showed a 
negative relationship. It is known that wild type 
P53 inhibits the expression of survivin at mRNA 
and protein levels [20, 21]. When P53 is mutat-
ed, it cannot form P53/HDAC with repressor 
protein/deacetylation of histone (histone de- 
acecylases, HDAC) complexes to bind to sur-
vivin promoter, modify its chromosome configu-
ration, and lead to transcription factor E2F2 
void of being transformed into E2F/Rb complex-
es, resulting in the abnormal expression of sur-
vivin [22, 23]. High expression of survivin can 
also trigger the anti-apoptotic mechanisms 
leading to cell proliferation and promotion of 
tumor formation [24, 25].

A Kaplan-Meir survival curve analysis and a 
multivariate Cox regression model analysis 
showed that C-PARP1 is associated with OS in 
NSCLC. This is consisted with a previous report 
that showed that high expression of C-PARP1 
molecules is associated with a shorter median 
OS in patients with lung cancer [26]. Analysis 
suggested that C-PARP1 might be the primary 
independent adverse prognostic factor in lung 
cancer. However, its prognostic potential bio-
logical function was not clear and needs further 
study. Because the number of lung cancer 
cases in this study is limited, there is an urgent 
need to expand the sample size to verify the 
prognostic significance of the positive expres-
sion of C-PARP1 in lung cancer in future stud-
ies. Though a relation between CASP3, PARP1, 

apoptosis and prognosis of lung cancer have 
been reported in the literature, the molecular 
mechanisms of CASP3 and PARP1 affecting 
prognosis in different genotypes of lung cancer 
still needs further investigation. Other short-
comings of this study are limited sample size, 
the use of a retrospective study.

In summary, apoptosis-related molecules 
CASP3, CASP9, BCL2, BIRC5 and PARP1 are 
abnormally expressed at high levels and corre-
late with histology in lung cancer. BCL2, BIRC5 
and PARP1 are expressed at higher levels in 
SCC then in non-SCC. C-PARP1 expression 
might be an independent prognostic factor for 
NSCLC. The effects of targeting these altered 
apoptotic proteins needs further intensive 
study as they could be a good target in the 
treatment of lung cancer.

Acknowledgements

This work was supported by Guangdong Pro- 
vince Science and Technology Plan Projects 
(No. 2012B031800270), Guangzhou Medical 
College Scientific Research Project (No. 2014 
A35) and Guangzhou Municipal Health Bureau 
General Guidance Project (No. 20151A011088).

Disclosure of conflict of interest

None.

Address Correspondence to: Dr. Jianqing Huang, 
Cancer Center of Guangzhou Medical University, 
Guangzhou 510095, China. Tel: +86-13802770978; 
E-mail: huangjq33@126.com

References

[1]	 Jemal A, Bray F, Center MM, Ferlay J, Ward E 
and Forman D. Global cancer statistics. CA 
Cancer J Clin 2011; 61: 69-90.

[2]	 Wang J, Hong A, Ren JS, Sun FY, Shi YJ, Liu K, 
Xie QL, Dai Y, Li ZY and Chen Y. Biochemical 
properties of C78SC96S rhFGF-2: a double 
point-mutated rhFGF-2 increases obviously its 
activity. J Biotechnol 2006; 121: 442-447.

[3]	 Hanahan D and Weinberg RA. The hallmarks of 
cancer. Cell 2000; 100: 57-70.

[4]	 Hanahan D and Weinberg RA. Hallmarks of 
cancer: the next generation. Cell 2011; 144: 
646-674.

[5]	 Guchelaar HJ, Vermes A, Vermes I and Haanen 
C. Apoptosis: molecular mechanisms and im-
plications for cancer chemotherapy. Pharm 
World Sci 1997; 19: 119-125.

mailto:huangjq33@126.com


Expression patterns of apoptosis-related molecules in lung cancer

11286	 Int J Clin Exp Pathol 2015;8(9):11278-11286

[6]	 Zorn KK. PARP inhibition in epithelial ovarian 
cancer: high hopes undergo a reality check. 
Oncology (Williston Park) 2012; 26: 128-136.

[7]	 Cheng H, Zhang Z, Borczuk A, Powell CA, Bala-
jee AS, Lieberman HB and Halmos B. PARP in-
hibition selectively increases sensitivity to cis-
platin in ERCC1-low non-small cell lung cancer 
cells. Carcinogenesis 2013; 34: 739-749.

[8]	 Sakuma Y, Tsunezumi J, Nakamura Y, Yoshiha-
ra M, Matsukuma S, Koizume S and Miyagi Y. 
ABT-263, a Bcl-2 inhibitor, enhances the sus-
ceptibility of lung adenocarcinoma cells treat-
ed with Src inhibitors to anoikis. Oncol Rep 
2011; 25: 661-667.

[9]	 Song JH and Kraft AS. Pim kinase inhibitors 
sensitize prostate cancer cells to apoptosis 
triggered by Bcl-2 family inhibitor ABT-737. 
Cancer Res 2012; 72: 294-303.

[10]	 Putt KS, Chen GW, Pearson JM, Sandhorst JS, 
Hoagland MS, Kwon JT, Hwang SK, Jin H, 
Churchwell MI, Cho MH, Doerge DR, Helferich 
WG and Hergenrother PJ. Small-molecule acti-
vation of procaspase-3 to caspase-3 as a per-
sonalized anticancer strategy. Nat Chem Biol 
2006; 2: 543-50.

[11]	 Mok TS, Wu YL, Thongprasert S, Yang CH, Chu 
DT, Saijo N, Sunpaweravong P, Han B, Margono 
B, Ichinose Y, Nishiwaki Y, Ohe Y, Yang JJ, 
Chewaskulyong B, Jiang H, Duffield EL, Wat-
kins CL, Armour AA and Fukuoka M. Gefitinib or 
carboplatin-paclitaxel in pulmonary adenocar-
cinoma. N Engl J Med 2009; 361: 947-957.

[12]	 Maemondo M, Inoue A, Kobayashi K, Suga-
wara S, Oizumi S, Isobe H, Gemma A, Harada 
M, Yoshizawa H, Kinoshita I, Fujita Y, Okinaga 
S, Hirano H, Yoshimori K, Harada T, Ogura T, 
Ando M, Miyazawa H, Tanaka T, Saijo Y, Hagi-
wara K, Morita S, Nukiwa T and North-East Ja-
pan Study G. Gefitinib or chemotherapy for 
non-small-cell lung cancer with mutated EGFR. 
N Engl J Med 2010; 362: 2380-2388.

[13]	 Huang L, Huang Z, Bai Z, Xie R, Sun L and Lin 
K. Development and strategies of VEGFR-2/
KDR inhibitors. Future Med Chem 2012; 4: 
1839-1852.

[14]	 Kim EJ, Jeong JH, Bae S, Kang S, Kim CH and 
Lim YB. mTOR inhibitors radiosensitize PTEN-
deficient non-small-cell lung cancer cells har-
boring an EGFR activating mutation by induc-
ing autophagy. J Cell Biochem 2013; 114: 
1248-1256.

[15]	 Gridelli C, Maione P and Rossi A. The potential 
role of mTOR inhibitors in non-small cell lung 
cancer. Oncologist 2008; 13: 139-147.

[16]	 Antoniu SA. Crizotinib for EML4-ALK positive 
lung adenocarcinoma: a hope for the ad-
vanced disease? Evaluation of Kwak EL, Bang 
YJ, Camidge DR, et al. Anaplastic lymphoma 
kinase inhibition in non-small-cell lung cancer. 

N Engl J Med 2010; 363: 1693-703. Expert 
Opin Ther Targets 2011; 15: 351-353.

[17]	 Kwak EL, Bang YJ, Camidge DR, Shaw AT, Solo-
mon B, Maki RG, Ou SH, Dezube BJ, Janne PA, 
Costa DB, Varella-Garcia M, Kim WH, Lynch TJ, 
Fidias P, Stubbs H, Engelman JA, Sequist LV, 
Tan W, Gandhi L, Mino-Kenudson M, Wei GC, 
Shreeve SM, Ratain MJ, Settleman J, Chris-
tensen JG, Haber DA, Wilner K, Salgia R, Shap-
iro GI, Clark JW and Iafrate AJ. Anaplastic lym-
phoma kinase inhibition in non-small-cell lung 
cancer. N Engl J Med 2010; 363: 1693-1703.

[18]	 Bergethon K, Shaw AT, Ou SH, Katayama R, 
Lovly CM, McDonald NT, Massion PP, Siwak-
Tapp C, Gonzalez A, Fang R, Mark EJ, Batten 
JM, Chen H, Wilner KD, Kwak EL, Clark JW, Car-
bone DP, Ji H, Engelman JA, Mino-Kenudson M, 
Pao W and Iafrate AJ. ROS1 rearrangements 
define a unique molecular class of lung can-
cers. J Clin Oncol 2012; 30: 863-870.

[19]	 Riedl SJ and Shi Y. Molecular mechanisms of 
caspase regulation during apoptosis. Nat Rev 
Mol Cell Biol 2004; 5: 897-907.

[20]	 Yonesaka K, Tamura K, Kurata T, Satoh T, Ike-
da M, Fukuoka M and Nakagawa K. Small in-
terfering RNA targeting survivin sensitizes lung 
cancer cell with mutant p53 to adriamycin. Int 
J Cancer 2006; 118: 812-820.

[21]	 Mirza A, McGuirk M, Hockenberry TN, Wu Q, 
Ashar H, Black S, Wen SF, Wang L, Kirschmeier 
P, Bishop WR, Nielsen LL, Pickett CB and Liu S. 
Human survivin is negatively regulated by wild-
type p53 and participates in p53-dependent 
apoptotic pathway. Oncogene 2002; 21: 2613-
2622.

[22]	 Halasova E, Adamkov M, Matakova T, Kavcova 
E, Poliacek I and Singliar A. Lung cancer inci-
dence and survival in chromium exposed indi-
viduals with respect to expression of anti-
apoptotic protein survivin and tumor suppre- 
ssor P53 protein. Eur J Med Res 2010; 15 Sup-
pl 2: 55-59.

[23]	 Hoffman WH, Biade S, Zilfou JT, Chen J and 
Murphy M. Transcriptional repression of the 
anti-apoptotic survivin gene by wild type p53. J 
Biol Chem 2002; 277: 3247-3257.

[24]	 Ambrosini G, Adida C and Altieri DC. A novel 
anti-apoptosis gene, survivin, expressed in 
cancer and lymphoma. Nat Med 1997; 3: 917-
921.

[25]	 Sela B. [Survivin: anti-apoptosis protein and a 
prognostic marker for tumor progression and 
recurrence]. Harefuah 2002; 141: 103-107, 
123.

[26]	 Oliver FJ, de la Rubia G, Rolli V, Ruiz-Ruiz MC, 
de Murcia G and Murcia JM. Importance of 
poly(ADP-ribose) polymerase and its cleavage 
in apoptosis. Lesson from an uncleavable mu-
tant. J Biol Chem 1998; 273: 33533-33539.


