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Abstract: Platinum-based therapy is commonly used for the treatment of lung cancer and has been widely accepted by
clinicians, but the chemotherapy responses differ greatly among individuals. TNFa/TNF-R1/R2 signal pathway can
trigger the extrinsic pathway of apoptosis after DNA damage was caused by platinum-based treatment. The aim of this
study was to investigate the association of TNFa -308 A/G, TNF-R1 -383A>C, -609T>G and TNF-R2 +676 T>G and the
response of platinum-based chemotherapy in 313 Chinese advanced-stage non-small-cell lung cancer (NSCLC)
patients. MassARRAY was used to detect these four SNPs in three apoptosis-related genes. TNFa -308 A/G was
significantly correlated with better clinical benefit. Patients carrying A allele tended to have a favorable prognosis after
treated with platinum-based chemotherapy (P=0.043, OR=0.488, 95%CI=0.244-0.979). The patients with CA genotype
have significantly reduced risk of platinum resistance compared with wild-type homozygotes CC genotype (P=0.025,
OR=0.447, 95% CI=0.220-0.906). No association was found in other polymorphisms. In conclusion, our data suggest
that TNFa -308 A/G polymorphism may serve as the indicator of platinum-based chemotherapy response in NSCLC

patients.
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INTRODUCTION

Globally, the incidence and mortality of lung cancer
rank the first above other cancers and about 1.3 million
people die each year of lung cancer on average [1].
According to the pathology classification, lung cancer
can be divided into small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC), in which NSCLC
accounts for the most, approximately 80% [2]. Due to
the lack of early symptoms and specific biomarkers,
two-thirds of the patients were diagnosed at late stage
[Il or IV with poor physical condition, loss of surgical
indications, and can only rely on drugs or radiation
therapy to prolong life and release physical burden.
The 5-year survival rate of lung cancer is very low,
about 15% and ten year survival rate is only 5% or so

[3].

The current treatment plan for advanced NSCLC is
platinum-based therapy, mainly the cisplatin or
carboplatin plus another cytotoxic drug, in which
platinum play the pivotal role [4]. Upon entering a cell,
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all platinum agents become aquatic, inclined to bond
with nucleophilic molecules within the cell, such as
DNA, RNA, and proteins, forming adducts which then
induce the activation of apoptosis signaling pathways
[5]. Clinical observations have discovered that the
response rate of platinum vary greatly among
individuals even with the same dose and same
chemotherapy regimens. Many factors contribute to
this variability in which DNA repair pathway exert the
biggest effect, as platinum mainly play the cytotoxic
role by causing the DNA damage [6, 7]. Apart from
DNA repair pathway, other important proteins in
apoptosis signaling pathways may also have certain
impact on the efficacy, toxicity and prognosis of
patients treating with platinum agents [8, 9].

Apoptosis is responsible for the deletion of tumor
cells and may affect the response of platinum
treatment. Tumor necrosis factor a (TNFa), the most
effective cytokine ever discovered, have direct
cytotoxic effect in many kinds of tumor cells, and can
cause the blood vessel damage and ischemic necrosis.
What's more, it can induce and enhance the cytotoxic
effects of NK cells and macrophages. TNFa can trigger
the extrinsic pathway of apoptosis by bonding with
death receptors which belongs to the TNF receptor
superfamily in response of the cellular stress and DNA
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damage caused by cisplatin [10]. Studies have
indicated that TNFa can enhance the cytotoxicity effect
of cisplatin on human ovarian carcinoma cells in vitro
[11, 12].

There are two kinds of TNF receptors: TNF-R1
(Tumor necrosis factor-receptor | , TNF-R1) and TNF-
R2 (Tumor necrosis factor-receptor 2, TNF-R2), in
which TNF-R1 is closely related with cell apoptosis
[13]. Most of the cells express TNF-R1 in its surface,
while TNF-R2 was restricted to immune cells. TNF-R1
is widely located in nucleated cells and have death
domain in regions inside the cells which can bind with
TNF receptor-associated death domain (TRADD) to
activate caspases and NF-xB, thus triggering the
transcription of inflammatory cytokines and chemokines
[14]. TNF-R2 mainly expressed in lymphocytes with no
death domain inside the cells, but it can induce
apoptosis and the activating of NF-xB through TNF
receptor-associated factor 2 (TRAF2), even with low
concentration [15].

Several single nucleotide polymorphisms have been
identified in TNFa, TNF-R1, and TNF-R2 genes and
some of them may contribute to discrepancy in protein
levels [16-18]. Therefore, we guess the polymorphisms
in those three genes may influence the clinical outcome
of NSCLC patients treated with platinum therapy. In
this study, we aimed to investigate the association of
polymorphisms in TNFa, TNF-R1 and TNF-R2 and
platinum-based chemotherapy response in
advanced NSCLC patients.

MATERIALS AND METHODS

Study Subjects

Patients were recruited from the Xiangya Hospital
and Hunan Province Tumor Hospital from 2012 to 2013
year in Changsha, Hunan, China. All the patients were
histologically diagnosed to be 1lI-IV NSCLC (including
lung adenocarcinoma, lung squamous carcinoma,
gland scale cancer, etc) with measurable lesions
confirmed by CT scan. Eastern Cooperative Oncology
Group (ECOG) performance status of patients was all
between 0-2. Required laboratory values for inclusion
were neutrophil count=1.5%109/L, platelet count=100x
109/L, serum creatinine <1.5xupper limit normal,
estimated creatinine clearancez60 mL/min, alanine
amino-transferase (ALT) and aspartate aminotrans-
ferase (AST)<1.5xupper limit normal;, no recent
myocardial infarction and no active congestive heart
failure or cardiac arrhyth-mia requiring medical
treatment.

Those people who have history of malignancy,
accepted the surgery or radiation therapy before, used
other chemical treatment other than platinum drugs or
have uncontrolled infectious disease or other serious
medical or psychological factors that might hamper
their adherence to the treatment schedule were
excluded.

The study protocol has been approved by the Ethics
Committee of Xiangya School of Medicine, Central
South University with a registration number of CTXY-
110008-1. The clinical research admission was
approved by Chinese Clinical Trial Registry and the
registration number is ChiCTR-RNC-12002892
(http://www. chictr.org/usercenter/project/edit.aspx?
proj=4039). All the patients signed written informed
consent before they participated in this study.

Treatment and Clinical Assessments

All the patients enrolled in the study were given first-
line platinum-based chemotherapy. The combinations
regime are as follows: DDP 75 mg/m2 or CBP (AUC)=5
mg/ml Day 1, NVB 25 mg/mz, Day 1, 8. DDP 75 mg/m2
or CBP (AUC)=5 mg/ml Day 1, GEM 250 mg/m2 Day 1,
8. DDP 75 mg/m2 or CBP (AUC)=5 mg/ml Day 1, TAX
175 mg/m® Day 1. DDP 75 mg/m® or CBP(AUC)=5
mg/ml Day 1, PEM 500 mg/m2 Day 1. DDP 75 mg/m2
or CBP(AUC)=5 mg/ml Day 1, DOC 75 mg/m2 Day 1.
All chemotherapeutic drugs were administered i.v. and
all the patients were treated for two to six cycles.

After the first two cycles of chemotherapy, response
of all the patients was assessed according to the
RECIST guideline (version 1.1) for solid tumors by
professional clinicians. Complete response (CR) or
partial response (PR) are regarded as being sensitive
to platinum agents, while resistance to platinum agents
include progressive disease (PD) or stable disease
(SD).

SNPs Selection

NCBI dbSNPs database are used to screen key
SNPs. The main principles include: 1 SNPs that have
been demonstrated to be of biological significance,
influence gene expression or associated with disease
risk or survival according to the articles search ed from
PubMed website. 2 SNPs located at 50 flaking regions
(5FR), 5-untranslated regions (5-UTRs), coding
regions, or 3-UTRs according to NCBI dbSNPs that
may have potentially functional significance. 3
Common polymorphisms (minor allele frequency, MAF
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> 0.05 in Chinese). 1 If multiple SNPs are in close
linkage disequilibrium (LD)(r220.80), only one of them
was selected as representative.

DNA Extraction and Genotyping

Approximately 5 ml peripheral venous blood was
collected from each patient and genomic DNA was
extracted using Genomic DNA Purification Kit

(Promega, USA). Genotyping was accomplished by
Sequenom Mass Array Genotype Platform (Sequenom,
San Diego, California, USA). Detailed procedures were
described in our previous report [19].

Statistical Analyses

Chi-square test was used to compare demographic
and epidemiological features with response of

Table 1: The Basic Clinical Characteristics of Lung Cancer Patients

Stratification of patients Total (n%) Response p*
CR+PR SD+PD
(n%) (n%)
All patients 313 100(31.9) 213(68.1)
Age 0.592
<55 134(42.8) 45(45.0) 89(41.8)
>55 179(57.2) 55(55.0) 124(58.2)
Smoking status 0.801
Never 140(44.7) 44(44.0) 96(45.1)
Ever 173(55.3) 56(56.0) 117(54.9)
Gender 0.665
Male 233(74.4) 76(76.0) 157(73.7)
Female 80(25.6) 24(24.0) 56(21.3)
ECOG 0.926
0-1 330(95.8) 96(96.0) 204(95.7)
2 13(4.2) 4(4.0) 9(4.2)
Histologic type 0.007
Adenocarcinoma 162(51.7) 56(56.0) 71(33.3)
Squamous cell 127(40.5) 37(37.0) 125(58.7)
Adenosquamous 9(2.9) 4(4.0) 5(2.3)
Others* 15(4.8) 3(3.0) 12(5.6)
Platinum-based drug 0.248
Cisplatin 251(80.2) 84(84.0) 167(78.4)
Carboplatin 62(19.8) 16(16.0) 46(21.6)
Chemotherapy regimen 0.006
Platinum- gemcitabine 163(52.1) 68(68.0) 95(44.6)
Platinum- pemetrexed 114(36.4) 24(24.0) 90(42.2)
Platinum-paclitaxel 21(6.7) 6(6.0) 14(6.5)
Platinum-docetaxel 13(4.1) 2(2.0) 11(5.1)
Platinum- navelbine 2(0.6) 0(0.0) 2(0.9)
TNM stage 0.086
HNA/MNIB 73(23.3) 29(29.0) 43(20.2)
v 240(76.7) 71(71.0) 170(79.8)

*Others represent the large cell, bronchioalveolar, mixed cell, and undifferentiated NSCLC.
“P value represent response group compared with non-response group using )(2 with 2 df or Fisher’s exact test.
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platinum-based therapy. The  Hardy-Weinberg
equilibrium assumption of those 4 SNPs was assessed
by chi-square test. The unconditioned Logistic
regression analysis was used to estimate the odds
ratios (ORs) and 95% confidence intervals (Cls).
Multivariate analysis was done to find whether clinical
characteristics were considered as covariates when we
assessed the relationship  between  genetic
polymorphism and chemosensitivity. Significance was
set at 5% and all reported values are two-tailed. All
analyses were performed with the SPSS software
package, version 17.0 (SPSS Inc, Chicago, IL) and
PLINK version 1.07 (Cambridge, MA, USA).

RESULTS

The Clinical Characteristics of all Scubjects

Totally 313 patients with cytologically or
histologically confirmed NSCLC were recruited in this
study. The basic characteristics of those patients were
summarized in Table 1. 100 patients were sensitive to
platinum therapy. The overall response rate was
31.9%. The 213 patients (68.1%) were resistant to
platinum therapy.

Median age was 55 years (range 21-75), with 134
subjects (42.8%) older than 55 years. 179 subjects
(57.2%) younger than 55 years. 173 patients (55.3%)
were smokers and 173 patients (55.3%) were
nonsmokers. Overall, 233 patients (74.4%) were male.
All the patients were in advanced stage, in which 240
patients (76.7%) were at stage |V, 73 patients (16.7%)
were at stage IlIA or 1lIB. All the patients were
inoperable advanced NSCLC. Most patients (95.8%)
have well physical condition (EGFR : 0-1) and they
have received platinum-based therapy, including
cisplatin and carboplatin. 163 patients (52.1%) received
platinum-gemcitabine regimens; 114 patients (36.4%)
received platinum-pemetrexed regimens, 21 patients
(6.7%) received platinum-paclitaxel regimens; 13
patients (4.1%) received platinum-docetaxel regimens;

2 patients (0.6%) received platinum- navelbine
regimens. 251 patients (80.2%) received cisplatin-
based therapy while 62 patients(19.8%) received
carboplatin-based therapy.

Genotyping and
(HWB) Analysis

Hardy—Weinberg Equilibrium

The results of genotyping, HWB analysis, and
detailed information of TNF-a, TNF-R1 and TNF-R2
genes were listed in Table 2. The genotyping rates of
all the SNPs were all over 95%. These SNPs were all
under the Hardy—Weinberg equilibrium (P > 0.05).

Association of Polymorphisms in TNFa, TNF-R1,
and TNF-R2 and Platinum-Based Chemotherapy
Response in NSCLC Patients

Logistic regression analysis showed that TNFa -308
A/G is significantly correlated with better clinical benefit
(Table 3). Patients carrying -308 A allele had a
favorable prognosis after the treatment of platinum-
based chemotherapy (P=0.043, OR=0.488, 95%
Cl=0.244-0.979). The carriers with CA genotype
significantly reduced the risk of platinum resistance
compared with wild-type homozygotes CC genotype
(P=0.025, OR=0.447, 95% CI=0.220-0.906). In
addition, there was no significant association of
platinum-based chemotherapy efficacy and other SNP
polymorphisms.

Several subsets were selected for stratified
examination: aged <55 years, aged >55 years, women,
men, smokers, honsmokers, stage IlIA-B or stage 1V,
histologic type of adenocarcinoma or squamouscell
carcinoma, patients receiving platinum-gemcitabine, or
platinum-paclitaxel, patients receiving cisplatin-based
therapy or carboplatin-based therapy. Further
stratification analysis showed that the protective effect
of TNFa-308 A/G polymorphism is better in population
of aged >55 years (P=0.004), women (P=0.027),
never-smokers (P=0.012), adenocarcinoma (P=0.027),
and NSCLC patients receiving cisplatin-based
chemotherapy (P=0.044).

Table 2: The Genotyping and Hardy-Weinberg Balance Analysis of TNF-a, TNF-R1, and TNF-R2 Polymorphisms

Gene SNP Location in Base Call Rate MAF HWE
gene region Change
TNF-a rs1800629 -308 A/IG G/A 99.4% 0.067 0.6387
TNF-R1 rs2234649 -383A>C AlC 99.7% 0.083 0.7080
rs4149570 -609T>G T/G 96.5% 0.458 0. 5608
TNF-R2 rs1061622 +676 T>G T/G 99.4% 0.172 0.5487
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Table 3: Association of TNF-a, TNF-R1, and TNF-R2 Polymorphisms and Platinum-Based Chemotherapy Response in

NSCLC Patients

Genotypes Response Adjusted OR p?
CR+PR SD+PD (95% CI)*
n (%)
TNF-a -308 A/G
GG 80(80.8) 191(90.1) 1.000(reference)
GA 19(19.2) 19(9.0) 0.447(0.220-0.906) 0.025
AA 0(0.0)
GA+AA 0.488(0.244-0.979) 0.043
GG+GA vs AA - -
TNF-R1 -383A>C
AA 80(80.0) 181(85.4) 1.000(reference)
CA 19(19.0) 31(14.6) 0.646(0.345-1.208) 0.171
cc 1(1.0) 0(0.0) -
CA+AA 0.686(0.358-1.313) 0.255
AA+CAvs CC
TNF-R1 -609T>G
TT 27(28.4) 58(28.3) 1.000(reference)
GT 52(54.7) 103(50.2) 1.073(0.594-1.938) 0.815
GG 16(16.8) 44(21.5) 1.317(0.612-2.834) 0.482
GT+GG 1.132(0.644-1.990) 0.666
TT+GTvs GG 1.258(0.647-2.447,) 0.499
TNF-R2 +676 T>G
TT 72(72.7) 139(65.6) 1.000(reference)
GT 26(26.3) 67(31.6) 1.360(0.779-2.375) 0.279
GG 1(1.0) 6(2.8) 2.928(0.318-27.001) 0.343
GG+GT 1.417(0.819-2.450) 0.212
TT+GT vs GG 2.678(0.292-24.540) 0.384

*Adjusted for Chemotherapy regimen and histological of lung cancer.

DISCUSSION

In the present study, we found that TNFa -308 A/G
polymorphism is significantly associated with efficacy of
platinum-based chemotherapy and it may serve as the
indicators of platinum-based chemotherapy response in
NSCLC cancer patients. Additionally, our results
showed that patients carrying TNFa-308 A/G A allele
have a favorable prognosis.

The TNFa gene is located on chr 6p21, within the
class Ill region of the major histocompatibility complex,
between HLA-B and HLA-DR. TNF-a performs multiple
functions in immunity, inflammation, differentiation,
apoptosis, and the control of cell proliferation via NF-kB
through the distinct receptors: TNF-R1 and TNF-R2.

Platinum can cause the apoptosis of tumor cells by
activating the apoptosis pathway and provide the
apoptosis signal which can further cause the binding of
TNFa to specific receptors, inducing the recruitment of
the signaling proteins, further initiating apoptosis [20].

TNFa -308 A/G polymorphism was the G to A
transition , locating at 308 nucleotide upstream of the
translation initiation site in the promoter. This variation
can elevate the production of TNFa by altering the
transcription factor binding site, which is considered to
be an important enhancer of transcriptional activation
[16, 21]. Recent studies have found this SNP is
involved in increased susceptibility to different
diseases, including chronic disease such as
Alzheimer's disease [22], Parkinson’'s disease [23],



The Association of Genetic Polymorphisms of TNFa, TNF-R1

Journal of Cancer Research Updates, 2014, Vol. 3, No. 4 223

Variables+ TNF-0-308 A/'G GGs G+AA« OR (95%CI) P-value«
Age <55+ -~ 0.25(0.10,0.63) 0.004*.
>55¢ > 1.06(0.35,3.17) 0.918.
Qs Maleo - 060 (027,1.34) 0.214
Femaleo  |~— 0.24 (0.07,0.85) 0.027*.
Smoking status« Never+ —-—— 0.28(0.10,0.75) 0.012%.
. Evere —— 073(0.28,187) 0.509«
1NM stage« IITA+1I1B —— 0.39(0.10,1.54) 0.180«
o Ve —_—— 0.49(0.22,1.07) 0.075¢
Histologic type~ Adenocarcmome —~— 0.32(0.12,0.88) 0.027%*-
o Squamous cell« s 057 (0.21,157) 0.280«
Platinum¢ Cisplatine — 0.45(0.21,098) 0.044*.
o Carboplatin« —_— 042 (0.10,1.77) 0.239«
Regimen- GP+ —— 0.80(0.35,1.82) 0.600«
o PP« —— 0.34(0.09,132) 0.119«
Overall: ¢ 0.38 (0.25,0.50)

0.00

1.00 «

Figure 1: Stratification analysis of association between TNF-a-308 A/G polymorphism and platinum-based chemotherapy

response in NSCLC patients.

diabetes [24] malignant tumor like breast cancer [25],
and Cervical Cancer [26]. In this study, we found that
TNFa -308 A/G polymorphism was significantly
correlated with the preferable effect of platinum-based
chemotherapy. We speculate that the A allele elevated
the mRNA level, inducing the high concentration of
TNFa, which further increased the apoptosis of tumor
cell , thus decreasing the risk of resistance to platinum.
Moreover, after further stratification analysis, we found
that the protective effect of TNFa -308 A/G
polymorphism is more significant in population of aged
>55 years, women, never-smokers, adenocarcinoma,
and NSCLC patients receiving cisplatin-based
chemotherapy which shows that the protective effect of
-308 A/G present in multitude subgroup. Our findings
indicate that the increased level of TNFa can modulate
the therapeutic effect of platinum agents and TNFa -
308 A/G may serve as the indicator of platinum-based
chemotherapy response.

TNF-R1, the major receptor for TNFa, can activate
NF-xB, mediate apoptosis, and regulate inflammation.
Although we did not find the association between TNF-
R1 -383A>C and -609T>G and clinical response, this
two SNPs has been reported to be associated with
increased risk of many diseases [27, 28] and clinical
outcome [29]. Those two polymorphisms are located in

the promoter region of the TNF-R1 and may have
effect on transcriptional control. Lee et al. [29] found
that the TNF-R1 -609T allele was associated with poor
overall survival and disease-free survival in NSCLC
patients. Further confirmatory experiment are needed
to clarify the effects of those polymorphisms

TNF-R2 is another receptor of TNFa and
researches show that it could enhance the function of
TNF-R1 in TNF-mediated toxicity [30]. TNF-R2 has a
higher binding affinity to TNFa than TNF-R1 [31], but
we did not find any association existing in the efficacy
of platinum-based chemotherapy. TNF-R2 +676 T>G is
the change of T to G in the exon 6 of TNF-R2 that can
cause a functional amino acid substitution at codon196
from methionine (Met) to arginine (Arg) which is
supposed to produce a soluble form of TNF-R2, further
impairing NF-xB signaling and affecting TNFa induced
apoptosis [32]. Based on previous studies, TNF-R2
+676 T>G are associated with susceptibility and
survival of breast cancer patients [33]. Also, Guan et al.
[34] found TNF-R2 +676 T>G polymorphism can
predicts survival of NSCLC patients treated with
platinum-based chemoradiotherapy, in which GG
genotype was associated with a significantly better OS
of NSCLC. However, our study did not find any
association between this SNP and the efficacy of
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platinum treatment, so the exact biological mechanism
underlying this association in our study remains to be
investigated.

Our study have several advantages: 1 We
systematically studied the association between four
SNPs and platinum response through candidate gene
strategy, those SNPs are potential functional that can
be further analyzed for internal mechanism. 2 All the
patients went through strict screening to ensure the
homogeneity of population. 3 We include only NSCLC
patients so as to eliminate the bias of pathological
classification. However, our study inevitably has some
limitations: 1 We did not include all the gene variation
in TNFa, TNF-R1, and TNF-R2. 2 Chemotherapy
regimens are platihum-based combination and
heterogeneity is unavoidable. However, we adopted
the unconditioned logistic regression to correct the
possible confounding factors. 3 We are unable to
screen all the genes in apoptosis pathway, as it is a
complex process that involves the participation of many
other signaling molecules. 4 Although our study are at
a relative large sample size, independent samples are
still needed for further verification.

In conclusion, our findings showed that the TNFa -
308 A/G mutant allele is significantly correlated with
preferable efficacy. Patients carrying TNFa -308 A/G
mutant allele have low risk of resistance to platinum-
based chemotherapy. This SNP might be a new
predictive genetic marker of clinical response of
platinum-based chemotherapy.
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