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Abstract: Background: Small cell lung cancer (SCLC) is one of highly aggressive cancers with poor prognosis. Un-
fortunately, there are as yet no molecular targets that can be exploited to prolong survival in patients with SCLC.
This study aimed to investigate possible molecular markers associated with prognosis in limited-stage small cell
lung cancer (LS-SCLC). Methods: The demographic and clinical data for LS-SCLC patients treated in a tertiary care
hospital between January 2008 and December 2012 were retrospectively reviewed. NQO1 polymorphism and the
expression of p53, SOD2, PARP1 were examined in biopsy specimens, and the factors affecting prognosis were
identified. Results: 79 patients with LS-SCLC having available pathologic tissues were analyzed. 84.8% of them re-
ceived both chemotherapy and radiotherapy. NQO1 polymorphism was detected in 60.0% (45/79; heterozygous in
26 patients, homozygous in 19 patients). Over-expression of p53, SOD2, PARP1 was seen in 45.6% (36/79), 38.0%
(30/79) and 41.8% (33/79) of the patients, respectively. The univariate Cox proportional hazards model revealed
that serum lactate dehydrogenase (LDH) levels and PARP1 expression were associated with disease progression.
In the multivariate analysis, only PARP1 expression was a significant independent prognostic factor for progression-
free survival (hazard ratio: 0.494; 95% Cl, 0.267-0.913, P = 0.025). Conclusions: PARP1 expression is correlated
with longer progression-free survival in LS-SCLC requiring further studies to clarify the precise role of PARP1 and the
relevance of PARP1-targeted therapy.
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Introduction

Small cell lung cancers (SCLCs) represent
approximately 15% of all lung cancers [1].
Although initial treatment response is favor-
able, overall prognosis is very poor, with medi-
an survival of less than 2 years [2, 3]. A simple
staging system that classifies patients into a
limited or an extensive stage of SCLC is gener-
ally accepted in clinical practice and affects
treatment decisions [4]. In limited-stage small
cell lung cancer (LS-SCLC), combined radiother-
apy and chemotherapy improve clinical out-
comes significantly more than chemotherapy
alone [5, 6]. Although there have been many

studies of the optimal timing of radiation and
the total radiation dose [7-9], 5-year survival of
LS-SCLC patients remains below 25% at best
[10]. Therefore, many workers have sought to
identify molecular targets for treating SCLC [11,
12]. However, currently there are no targeted
therapies with beneficial effects on SCLC
patients.

NAD(P)H: quinoneoxidoreductase 1 (NQO1) is a
cytosolic flavoenzyme that reduces quinones to
less toxic hydroquinones in a single two-elec-
tron step [13]. It protects cells against endoge-
nous and exogenous quinines, and there is
some evidence that NQO1 activity can induce
apoptotic cell death in cancer tissues by regu-
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Figure 1. NQO1 polymorphism (A) and progression-free survival in 79 patients with LS-SCLC according to NQO1
polymorphism (B). NQO1 gene fragments were amplified (A) and digested with HInf1 endonuclease (B). “insufficient
DNA available for analysis; P: positive control (heterozygous NQO1).

lating the tumor suppressor gene p53 [14, 15].
Recent studies have revealed an NQO1 poly-
morphism that affects NQO1 activity: the
NQO1*2 allele is a C to T alteration in codon
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609 of NQO1 DNA that leads to weak NQO1
activity [16, 17], and there is evidence that the
C609T polymorphism can increase cancer risk
and reduce treatment responses [18-20].
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Figure 2. Immunohistochemical staining of SCLC specimens. TOP, (A-D) Negative results for NQO1, p53, SOD2 and
PARP1. Bottom, (A1-1-D1-1) Positive results for NQO1, p53, SOD2 and PARP1.

Superoxide dismutase 2 (SOD2) is an antioxi-
dant enzyme that transforms toxic superoxide
into hydrogen peroxide and diatomic oxygen
[21], and studies suggest that it is associated
with the development and prognosis of cancers
[22, 23]. There have also been many studies on
the effect of p53 expression on cancer suscep-
tibility, with conflicting results [24, 25].

Poly (ADP-Ribose) polymerase 1 (PARP1) is a
DNA binding enzyme involved in DNA repair via
the base excision repair (BER) pathway [26]. It
is overexpressed in many cancers and its level
has been associated with prognosis [27, 28].
There are indications that PARP1 inhibitors may
be novel therapeutic tools in many cancers
[29], and one study showed that the antitumor
agent B-lapachone induced PARP1-mediated
cell death in an NQO1-dependent manner [30].

In this study we aimed to investigate the fre-
quency of the NQO1 C609T polymorphism and
expression of p53, SOD2, PARP1 in LS-SCLC,
and to examine their effects on prognosis.

Methods
Study population

The study population consisted of 79 patients
with limited stage small cell lung cancer with
available pathologic tissue. These patients
were treated at the Asan Medical Center, a
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2,700-bed tertiary referral hospital in Seoul,
Republic of Korea, between January 2008 and
December 2012. The data were retrospectively
collected from medical records and a special
data system in the Medical Center designated
ABLE (Asan Biomedical Research Environment).
Patients were followed-up until May 2014. As
this was a retrospective study written informed
consent was waived. The study protocol was
approved by the Institutional Review Board of
Asan Medical Center.

Evaluation of NQO1 polymorphism

DNA purification and detection of NQO1 gene
polymorphism were performed as previously
reported [31]. The following forward and
reverse primers were used to amplify a 230 bp
NQO1 gene fragment: 5-TCCTCAGAGTGGCATT-
CTGC-3' and 5-TCTCCTCATCCTGTACCTCT-3..
Amplification was carried with an AccuPower
TagPCR PreMix (Bioneer Corp., Daejeon, Korea).
PCR mixtures contained primers (0.5 pmol,
each) and 50 ng of genomic DNA in a final vol-
ume of 20 L. PCR conditions consisted of ini-
tial denaturing at 94°C for 5 min, 35 amplifica-
tion cycles (95°C for 30 s, 58°C for 30 s, and
72°Cfor 30 s), and a final extension at 72°C for
5 min. To examine restriction fragment length
polymorphism (RFLP), the amplified fragments
were digested with Hinfl (Thermo Scientific,
Rockford, IL) and analyzed by agarose gel elec-
trophoresis. Wild type (Prol87Ser) NQO1
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Table 1. Baseline characteristics of small cell lung
cancer limited stage (79 patients)

Characteristics
Age (mean), years + SD 62.6 £ 8.0
Gender, male 71 (89.9)
Body mass index, kg/m?(mean + SD) 23.8+4.0
Smoking (Ever smoker) 73(92.4)
Pack years 421 +221
ECOG performance
1 62 (78.5)
2 17 (21.5)
3 0
4 0
Underlying disease
Diabetes mellitus 14 (17.7)
Heart failure 1(1.3)
Chronic kidney disease 0

Liver cirrhosis 1(
Cerebrovascular accident 4 (
Previous tuberculosis history 6 (7.
Paraneoplastic syndrome 4 (
(

TNM stage
1 5 (6.3)
2 9 (11.4)
3 65 (82.3)
4 0

Values are reported as mean * standard deviation or as
frequency (%), ECOG = Eastern cooperative oncology group;
LDH = Lactate dehydrogenase. “‘LDH levels were checked in 44
patients.

P value = 0.021
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Figure 3. Progression-free survival in 79 patients
with LD-SCLC according to PARP1.

formed a 191 bp band while the homozygous
(Ser/Ser) and heterozygous (Pro/Ser) NQO1*2
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variants produced a single 151 bp band and
al91 bp and 151 bp band, respectively
(Figure 1A).

Immunohistochemistry of NQO1, p53, SOD2,
and PARP1

Immunohistochemistry was performed with
anautomated IHC staining device (Benchmark
XT; Ventana Medical Systems, Tucson, AZ).
Briefly, 4-um thick sections of formalin-fixed
paraffin-embedded (FFPE) tissue were made
and subjected to antigen retrieval by micro-
wave boiling in 0.01 M sodium citrate buffer
(pH 6.0) for 30 min. Endogenous peroxidase
activity was eliminated by exposure to 3%
hydrogen peroxide for 30 min. The slides were
then incubated sequentially with antibodies
toNQO1 (sc-32793, 1:400, Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), p53
(M7001; 1:1,500; Dako, Glostrup, Denmark),
SOD2 (sc-133134, 1:5,000, Santa Cruz
Biotechnology Inc.) and PARP1 (IHC-00279,
1:200, Bethly Laboratories Inc., Montgomery,
TX, USA) followed byperoxidase-labeled sec-
ondary antibody. Peroxidase activity was visu-
alized using an aminoethylcarbazole sub-
strate kit (Zymed Laboratories, Inc., San
Francisco, California), and the slides were
counterstained with hematoxylin.

Antibody staining was analyzed semiquantita-

tively by classifying the area of tissue stained

into four levels (0, < 10% of tumor area

stained; 1, 10%-30% of the area stained; 2,

30-60% of the area stained; and 3, > 60% of
the area stained). P53 and PARP1 expression
was evaluated at the nuclear level and NQO1
and SOD2 expressions at the cytoplasmic level
(Figure 2).

Statistical analysis

For statistical analysis antibody staining was
divided into two levels (negative including the
above scores 0, 1 and 2 vs. positive including
score 3). Comparisons of baseline characteris-
tics and treatments were made using Student’s
t-test or the Mann-Whitney U test for continu-
ous variables, and the chi-square or Fisher’s
exact test for categorical data. All P-values
were two-tailed, with statistical significance set
at P < 0.05. Kaplan-Meier analysis was used to
evaluate differences in progression-free sur-
vival, and risk factors for progression were ana-
lyzed with Cox proportional hazards models.
Statistical analyses were performed with SPSS
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Table 2. Treatment and clinical course of small cell lung can-

cer limited stage (79 patients)

Characteristics

Initial chemotherapy regimen

Etoposide + Cisplatin

Etoposide + Carboplatin
Thoracic radiotherapy
Operation

Sequential chemotherapy only

Sequential chemotherapy and radiation therapy
Concurrent chemoradiation therapy
Chemotherapy + sequential radiation therapy
Prophylactic cranial irradiation
Median follow up days (range, interquartile range)
Overall death

male. Eastern cooperative oncolo-
gy group (ECOG) performance was
1 (78.5%) or 2 (21.5%), and diabe-
tes mellitus was the most com-
mon comorbidity (17.7%). Other

ey characteristics are presented in
6°(82.3) Table 1.
67 (84.8)
6(7.6) Treatments and clinical course of
4 the patients
2
46 (58.2) Table 2 gives the treatment and
21 (26.6) clinical courses of the LS-SCLC
25 (31.6) patients. All 79 LS-SCLC patients
535 (301-874) rehcelvi?] chemothgrapy. The flr:St
40 (50.6) chemotherapy regimen was cho-

Values are reported as frequency (%).

Table 3. Prediction factors for progression in patients with
small cell lung cancer limited stage assessed by Cox propor-

tional hazard model

sen by the attending physician
(Etoposide + Cisplatin in 17.7% of
the patients, Etoposide + Car-
boplatin in 82.3%). 84.8% of the
patients (67/79) received thoracic
radiotherapy, and 31.6% (25/79)

Hazard P underwent prophylactic cranial
Parameters ratio 95% Cl value irradiation triatpr)ngnt. 15.2% of
Univariate analysis patients (12/79) did not receive
Age 1.004 0.966-1.044 0.825 thoracic radiotherapy because of
Gender, male 1.101 0.466-2.603 0.826 refusal (5 patients), old age (3
Smoking (Ever smoker) 0.710 0.279-1.806 0.472 patients), or poor general condi-
ECOG performance 1327 06581327 0430  Uon (4 patients). The median fol-
Paraneoplastic syndrome 0.044 0.000-6.186 0.215 iior:i[l;zuadrl:irlaetlonravr\:zz 5%%1(:1;;:
LDH value 1.003 1.000-1.005 0.020 days). All-cause mortality was
TNM stage 1.615 0.388-6.725 0.804 50.6% (40/79).
Thoracic radiotherapy 1.491 0.534-4.164 0.446
Prophylactic cranial irradiation 0.603 0.321-1.133 0.116 NQO1 polymorphism, expression
Concurrent chemoradiation therapy 0.897 0.466-1.727 0.745 of p53, SOD2, PARP1
NQO1 polymorphism 0.670 0.299-1.502 0.331
Positive p53 0.675 0.370-1.231 0.200 NQO1 polymorphism was detect-
Positive SOD2 0.866 0.4751.578 0.63g  ©din57.0% ofthe patients (45/79,
Positive PARP1 0.500 0.271-0.925 0.027 Eﬁﬁ;‘;ﬁ%ﬁ ] 1'g ) ;ieentzf‘tl'\legésl’
Multivariate analysis IHC staining was positive in 29.4%
Age 1001 0.964-1.039 0.964 of the wild type tissues (10/34),
ECOG performance 1.163 0.566-2.391 0.681 11.5% of the heterozygous tissues
Prophylactic cranial irradiation 0.611 0.317-1.178 0.141 (3/26) and 5.3% of the homozy-
Positive PARP1 0.494 0.267-0.913 0.025 gous tissues (1/19). P53, SOD2,

version 18.0 for Windows (SPSS, Inc., Chicago,
IL).

Results
Patient characteristics

The mean age of the 79 LS-SCLC patients was
62.6 + 8.0 years, and 89.9% (71/79) were

6747

and PARP1 IHC staining was posi-

tive in 45.6% (35/79), 38.0%
(30/79) and 41.8% (33/79) of the total study
population, respectively.

Factors associated with progression-free
survival

The univariate Cox proportional hazards model
revealed that only serum lactate dehydroge-

Int J Clin Exp Pathol 2014;7(10):6743-6751
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Table 4. Association with NQOZ1 polymorphism and other gene

expression, TNM stage

Homozygote Heterozygote Wild type

Although chemotherapy and radi-
ation therapy have developed
remarkably, the treatment of

(N =19) (N = 26) (N = 34) Pvalue S.CI._C remains a challenge. It is
P53 expression 9(47.4)  10(385) 17(50.0) 0.663 difficult to develop novel thera-
SOD2 expression 8 (421)  10(385) 12(35.3) 0.886 E:;U;r-zgatbegfsmb;zaZSZ- SSthLC?
. [ u us disti

PARP1 expression 5(26.3) 10 (38.5) 18 (52.9) 0.155 routes [14]. );\Iso there is still a
TNM stage 0.700 lack of data concerning prognosis
1 2(10.5) 2(7.7) 1(2.9) and survival in SCLC patients; our
2 1(5.3) 3(11.5) 5(14.7) study was aimed at establishing
3 16 (84.2) 21 (80.8) 28(82.4) the clinical significance of several

4 0 0 0 genetic markers.

Values are reported as frequency (%).

nase (LDH) levels and PARP1 expression were
associated with progression. In the multivariate
analysis, PARP1 expression was a significant
independent prognostic factor for disease pro-
gression (hazard ratio: 0.494; 95% ClI, 0.267-
0.913, P = 0.025). Covariates in the full model
were age, ECOG performance, prophylactic cra-
nial irradiation and PARP1 expression. LDH was
not included because values were frequently
missing (44.3%), and TNM stage was excluded
because of its strong correlation with ECOG
performance (Table 3). Also, PARP1 expression
was related to progression-free survival of the
LS-SCLC patients (Figure 3).

Relationship between NQO1 polymorphism,
expression of other genes and progression-
free survival

NQO1 genotype was not associated with p53,
SOD2, PARP1 expression or TNM stage (see
Table 4). Also, NQO1 polymorphism was not
related to progression-free survival of the
LS-SCLC patients (Figure 1B).

Discussion

Our current study showed that while NQO1 poly-
morphism did not affect prognosis and expres-
sion of the other genes examined, PARP1
expression was related to longer progression-
free survival. We focused on the limited stage
of small cell lung cancer, and found that age,
sex, ECOG performance, TNM stage, and pro-
phylactic cranial irradiation were unrelated to
cancer progression. This underscores the
importance of identifying new genetic markers
in small cell lung cancer.
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We found that NQO1 polymor-

phism was not associated with
p53, SOD2, or PARP1 expression or with TNM
stage. Also, we did not detectany association be-
tween NQO1 polymorphism and prognosis.
There is still controversy concerning the rela-
tion between NQO1 polymorphism and non-
small cell lung cancer (NSCLC). Studies have
suggested that the presence of the NQO1*2
allele is associated with NSCLC susceptibility
[19], locoregional recurrence [20] or even poor
overall survival [32] whereas others have
reported no relationship with NSCLC suscepti-
bility [33] or that it has a protective effect on
NSCLC [34]. In the case of SCLC, there is a lack
of evidence in relation to NQO1 polymorphism,
but one study has claimed that it is associated
with the development of SCLC [35]. Thus, fur-
ther study of NQO1 polymorphism in SCLC
patients is needed.

There have been many studies of PARP1
expression in human cancers [36-38]. In breast
cancer, there is growing evidence that PARP1
expression is related to a worse prognosis [27]
and PARP1 inhibitors are potential treatments
especially in patients harboring BRCA muta-
tions [39]. There are very little data on PARP1
expression in lung cancer. One study has sug-
gested that PARP1 expression is associated
with a poor prognosis in NSCLC [28], but anoth-
er found PARP1 and other marker expression
related with prolonged survival within untreat-
ed patients [40]. In the case of SCLC, there is
limited evidence that PARP1 expression is high-
er in SCLC than NSCLC, and PARP1 inhibitors
could provide potential treatment strategies via
several pathways [41, 42]. PARP1 inhibition
causes down-regulation of essential DNA repair
genes including RAD51, and PARP1 inhibitor

Int J Clin Exp Pathol 2014;7(10):6743-6751
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alone or in combination with chemotherapy
seem to be effective in cell lines. However, the
study referred to only compared protein expres-
sion in cell lines and there were no clinical data.
To the best of our knowledge, our study is the
first to evaluate the association between PARP1
expression and prognosis in SCLC.

There are limitations to this study. First, since it
was retrospective in design and non-interven-
tional, there could be selection bias. Second,
as it was performed at a single center in Korea
and involved a relatively small number of
patients, it would be unwise to generalize our
results. Further studies with larger numbers
are needed.

In summary, NQO1 polymorphism and p53 and
SOD2 expression were not associated with
prognosis in LS-SCLC. However, PARP1 expres-
sion was independently related to longer pro-
gression-free survival.
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