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Purpose: To investigate the relationships between Wnt1 inducible signaling pathway 
protein 1 (WISP1) polymorphisms and the prognosis of platinum-based chemotherapy in 
lung cancer patients.
Patients and Methods: A total of 363 lung cancer patients were recruited in this study. All 
of them received at least two cycles of platinum-based chemotherapy. We used unconditional 
logistic regression analysis to assess the associations of 39 single nucleotide polymorphisms 
in WISP1 gene with platinum-based chemotherapy prognosis.
Results: The results indicated that patients carried rs2929973 GT or GG genotypes had increased 
risk of disease progression (HR = 0.712, 95% CI = 0.553–0.916, P = 0.015). Patients with 
rs2977551 TT genotype had a significantly decreased risk of progression-free survival than patients 
carrying CT or CC genotype (HR = 0.723, 95% CI = 0.561–0.932, P = 0.032) and overall survival 
(HR = 0.725, 95% CI = 0.552–0.913, P = 0.045). For rs2977549, patients carrying TT genotype 
had a significantly longer progression-free survival than patients with CC or CT genotypes 
(HR = 0.708, 95% CI = 0.550–0.912, P = 0.017). Among of them, rs16904853, rs10956697, 
rs2929965, rs2929973, rs7828685, rs2977551 and rs2977549 were related to progression-free 
survival, and rs10956697 and rs2977551 were related to overall survival in subgroup analyses, 
respectively.
Conclusion: WISP1 rs2929973, rs2977551 and rs2977549 may be contributed to a potential 
candidate biomarker for prediction of platinum-based chemotherapy prognosis in lung cancer 
patients.
Keywords: lung cancer, platinum-based chemotherapy, prognosis, genetic polymorphism, 
WISP1

Introduction
Lung cancer is the most common incidence and the leading cause of cancer related 
deaths worldwide.1 Two major types of lung cancer are classified as small cell lung 
cancer (SCLC) and non–small cell lung cancer and (NSCLC).2 NSCLC patients, 
approximately 85% of the total lung cancer cases, are often diagnosed in advanced 
stage and metastatic.3,4 At present, the main therapies of lung cancer are surgery, 
radiation therapy, immunotherapy and chemotherapy.5 Immunomodulatory thera-
pies have been approved as second-line agents for patients with advanced lung 
cancer as well as first-line therapy for patients with high level (>50%) of PD-L1 
expression and absence of sensitizing EGFR mutations or ALK rearrangements.6 

However, lung cancer patients with advanced NSCLC who do not fit an approved 
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molecular targeted therapy, the standard first-line treatment 
remains platinum-based doublet therapy with or without 
bevacizumab.5 The five-year overall survival rate for lung 
cancer is still approximately 18%, the prognosis for the 
advanced-stage disease is even poorer, with a median 
overall survival of approximately one year.7,8

Wnt1 inducible signaling pathway protein 1 (WISP1), 
as a member of the CCN family of proteins, is known as 
CCN4.9 The human WISP1 gene is located on chromo-
some 8q24.1–q24.3.10 The CCN family of proteins possess 
six secreted extracellular matrix associated proteins. Each 
family member contains four structural domains: an insu-
lin-like growth factor binding protein-like module 
(IGFBP), a von Willebrand factor type C repeat (VWC), 
a thrombospondin domain (TSP1), and a C-terminal 
cysteine-knot-containing (CT) domain.11 Wnt1 signaling 
pathways can modulate multiple processes that involve 
neuronal development, angiogenesis, immune cell modu-
lation, tumorigenesis, and stem cell proliferation.12–15 

Activation of WISP1 transcript and protein were detected 
in carcinomas in vivo, such as hepatocellular carcinoma, 
colon adenocarcinomas, lung carcinoma, and breast 
cancer.10,16–18 However, the role of WISP1 in clinical 
lung cancer with platinum-based chemotherapy still 
needs to be clarified.

Single Nucleotide Polymorphisms (SNPs) represent the 
most common type of variation in the human genome, 
a single base in the DNA differs from the usual base at 
that position. SNPs are the marker of choice in genetic 
analysis and also useful in locating genes association with 
diseases.19 While the reason of SNPs effects on gene 
expression, protein binding is not completely 
understood.20 Previous study reported that WISP1 has 
been detected in scirrhous gastric carcinoma and invasive 
cholangiocarcinoma.21 Overexpression of WISP1 variants 
increases the growth rate of mouse embryonic fibroblasts 
rat kidney fibroblasts, hBMSCs and human esophageal 
cancer cells.21,22 In lung cancer cells overexpression 
WISP1 leads to an inhibition in vitro cell invasion and 
motility, as well as lung metastasis.17 The roles of WISP1 
were marked varieties in difference type of cancers. For 
example, high expression levels of WISP1 were correlated 
with poor prognosis in breast,18 rectal,23 esophageal 
cancer24 and colon cancer,25 but WISP1 expressed lower 
levels in melanoma with poor prognosis.26 Despite the role 
of WISP1 affects lung cancer progression is not clear.

In the present study, we evaluated whether genotypes 
of WISP1 in lung cancer patients could be involved in 

prognosis of lung cancer patients with platinum-based 
chemotherapy.

Methods and Materials
Study Populations
The study subjects consist of 363 patients that are diag-
nosed lung cancer in the Affiliated Cancer Hospital or 
Xiangya Hospital of Central South University (Changsha, 
Hunan, China) during 2011 to 2013. Patients clinical and 
laboratory findings were collected from medical records. 
The recruitment criteria included the following: Eligible 
patients were histologically or cytologically proven lung 
cancer who had experienced disease progression. Patients 
with a history of previous malignant tumor or concomitant 
malignancies, metastases were excluded from this cohort. 
All patients were treated with platinum-based chemother-
apy at least 2 cycles and were not given radiotherapy and/ 
or biological therapy before and during chemotherapy. All 
patients were signed informed consents were obtained 
from all study participants before chemotherapy. The clin-
ical and laboratory data including age, sex, smoking his-
tory, TNM stage, histological type and stage, 
chemotherapy regimens were collected from medical 
records.

The study was in accordance with the ethical standards 
of the institutional and/or national research committee and 
with the 1964 Helsinki declaration, and the study protocol 
was approved by the Ethics Committee of Xiangya School 
of Medicine, Central South University with a registration 
number of CTXY-110008-2.

SNP Selection, DNA Extraction and 
Genotyping
According to the data from the HapMap, or previous 
studies, we selected 39 SNPs (Table S1) of the WISP1 
gene which described previously.27,28 In brief, the follow-
ing criteria: (1) A total of them with minor allele fre-
quency (MAF) ≥0.05 in the Chinese population were 
selected. (2) The tag SNP selection was performed using 
the Tagger program implemented in Haploview version 
4.2. (3) SNPs located in the promoter region, exon region, 
and the 3ʹ untranslated region (UTR). Genomic DNA was 
extracted from the whole blood by using the FlexiGene 
DNA Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. The DNA sample was stored 
at −20 °C before usage. WISP1 polymorphism was 
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genotyped using the Sequenom Mass ARRAY System 
(Sequenom, San Diego, CA, USA).

Statistical Analysis
The statistical analysis was conducted by the SPSS version 
25.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 
(version 8, GraphPad Software Inc., San Diego, CA). We 
used Cox proportional hazards regression model to analysis 
each genetic variant and OS/PFS, measured as HRs with their 
corresponding 95% CIs. The covariates used for adjusted HR 
for PFS included age, gender, smoking status, histology, and 
clinical stage between the OS and PFS. Kaplan-Meier test 
was used to assess each genetic variant on the cumulative 
probability of PFS and OS. All association analyses were 
evaluated by three models including additive, dominant, and 
recessive. All P-values presented were two-sided, and a level 
of P < 0.05 was considered statistically significant.

Results
Characteristics and Survival Status of the 
Lung Cancer Patients
In order to investigate the association of WISP1 
Polymorphisms and clinical results of platinum-based che-
motherapy, the present study consisted of 363 patients 
diagnosed with lung cancer, who had DNA samples, com-
plete data on demographic, clinical characteristics, pro-
gression free survival (PFS) and overall survival (OS). 
All patients who received at least 2 cycles of platinum- 
based chemotherapy were enrolled to investigate the asso-
ciation of WISP1 polymorphisms with chemotherapy. As 
shown in Table 1, 289 were males and 74 were females, 
with the median age of cohort was 56 (a range of 21 to 77 
years old). The patients who ever or current smokers 
accounted for 63.6%, and the ones who were never smo-
kers accounted for 36.4%. For the patient group, 244 
(67.2%) patients with presented advanced NSCLC and 
119 (32.8%) patients with SCLC, and most of which 
were with stage III/IV (65.8%).

Association of WISP1 Polymorphisms 
with Platinum-based Chemotherapy 
Prognosis in the Lung Cancer Patients
To investigate the association between WISP1 
Polymorphisms and the prognosis of lung cancer patients 
received platinum-based chemotherapy, we selected 39 
SNPs and those SNPs under investigation are shown in 
Table 2. After adjustments for age, sex, smoking status, 

histological type and TNM stage 7 SNPs (rs16904853, 
rs10956697, rs2929965, rs2929973, rs7828685, 
rs2977551, rs2977549) consistently showed a significant 
association with PFS and ⁄ or OS in lung cancer patients 
using Log rank test and multivariate Cox regression ana-
lysis (Table 2). Unconditional logistic regression analysis 
with adjustments revealed that WISP1 rs16904853 (P for 
log-rank=0.010), rs10956697 (P for log-rank=0.014), 
rs2929965 (P for log-rank=0.036), rs7828685 (P for log- 
rank=0.025) were significantly associated with lung cancer 
PFS in the additive model. WISP1 rs10956697 (P for log- 
rank=0.004), rs2929973 (P for log-rank=0.015), 
rs7828685 (P for log-rank=0.027), rs2977551 (P for log- 
rank=0.032), rs2977549 (P for log-rank=0.017) were sig-
nificantly related to lung cancer PFS in the dominant 
model. rs16904853 (P for log-rank=0.003), rs2929965 
(P for log-rank=0.013), rs7828685 (P for log-rank 
=0.023) were significant association with PFS in the reces-
sive model (Figure 1). For OS analysis, our results demon-
strated that lung cancer patients with rs10956697 were 
significantly related to better OS (HR=0.728, 95% 
CI=0.557–0.953, P =0.021) in the dominant model. 
Additionally, patients carrying TT genotype in rs2977551 
were significantly related to better OS (HR=0.725, 95% 
CI=0.552–0.913, P =0.020) (Table 2) (Figure 2).

Association Between SNPs and Lung 
Cancer Progression
Next, we evaluated the relationship between the single 
nucleotide polymorphisms were related to tumor progres-
sion with patients receiving platinum-based chemotherapy. 
As described in Table 3, the rs2929973, rs2977551 and 
rs2977549 in WISP1 gene still significantly contributed to 
T stage of lung cancer patients. Both in the univariate Cox 
regression analysis and after adjusted by age, gender, 
smoking status, histological type and stage, we found 
that patients carrying GT or GG genotype in rs2929973 
were a lower hazard to early T stage (T1 or T2) when 
compared with TT genotype (OR=0.486, 95% CI=0.271– 
0.871, P =0.015). Patients who carried the rs2977551 CT 
or CC genotype had a more significantly association with 
early T stage than patients with TT genotype (OR=0.428, 
95% CI=0.238–0.771, P =0.005). For rs2977549 com-
pared with CT or CC genotype carries, individuals with 
TT genotype tended to be association with early T stage 
(OR=0.438, 95% CI=0.246–0.781, P =0.005).
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Subgroup Analysis of Association 
Between WISP1 Polymorphisms and 
Prognosis
To better explore the WISP1 polymorphisms with OS and 
PFS of patients received chemotherapy, stratified analysis 
was performed based on the ages, gender, smoking status, 
histological type and TNM stage.

As shown in Table 4, the risk genotype group carries 
with rs2929973 GT or GG genotypes tended to have 
a significantly increased risk of disease progression and 
PFS in subgroups of patients with ≤60 years old. For 
patients who had never smoked, carrying TT genotype 
had a significantly decreased risk of death (HR=0.617, 
95% CI=0.383–0.994, P =0.047). In the presence of GT 
or GG genotype, patients with NSCLC were markedly 
increased than those with TT genotype (HR=0.693, 95% 
CI=0.501–0.959, P=0.027). For patients who had TNM 
stage III/IV, carrying GT or GG genotype had 
a significantly increased risk of death (HR=0.649, 95% 
CI=0.470–0.896, P =0.009) and PFS (HR=1.377, 95% 
CI=1.024–1.852, P =0.034). For rs2977551, we found 
that carriers of CT or CC genotype tended to have 
a significantly increased risk of PFS in subgroups of 
younger (≤60 years old) (HR=1.413, 95% CI=1.022– 

1.954, P =0.037), never smokers (HR=1.572, 95% 
CI=1.007–2.455, P =0.047). For rs2977549, the risk gen-
otype group carriers with CT or CC genotypes tended to 
have a significantly increased risk of disease progression 
in subgroups of patients with ≤60 years old. Patients 
carrying TT genotype tend to a lower risk of PFS 
(HR=1.480, 95% CI=1.071–2.047, P =0.018). Compared 
with CT or CC genotype tend to be sensitive to platinum- 
based chemotherapy, patients with NSCLC were markedly 
increased risk of death than those with TT genotype 
(HR=1.502, 95% CI=1.087–2.075, P=0.014) and PFS 
(HR=1.358, 95% CI=1.005–1.835, P=0.046). For patients 
who had TNM stage III/IV, rs2977549 carrying TT geno-
type had a significantly decreased risk of death 
(HR=1.601, 95% CI=1.157–2.216, P =0.005) and PFS 
(HR=1.419, 95% CI=1.053–1.913, P =0.022).

Discussion
Our present study systematically investigated the clinical 
significances of the WISP1 polymorphisms on the prog-
nosis of lung cancer patients that underwent platinum- 
based chemotherapy. In the current study, we found that 
WISP1 rs2929973, rs2977551 and rs2977549 contribute to 
a significantly correlated with platinum-based prognosis. 

Table 1 Association Between Clinical Characteristics and PFS and OS of Patients with Lung Cancer

Variables Overall Survival (OS) Progression-Free Survival (PFS)

MST (Year) Death/Total P1 HR (95% CI) P2 MST (Year) Progression/Total P1 HR (95% CI) P2

Age (year)

<60 4.28 159/164 0.133 Ref. 0.134 4.32 178/242 0.611 Ref. 0.611

≥60 4.33 94/97 0.82(0.63–1.06) 4.07 102/130 1.06(0.83–1.36)

Gender

Female 4.62 49/51 0.218 Ref. 0.219 4.98 44/76 0.287 Ref. 0.288

Male 4.10 204/210 0.82(0.60–1.12) 3.89 135/296 0.85(0.64–1.14)

Smoking status

Never smoker 4.62 91/93 0.393 Ref. 0.394 4.83 101/137 0.226 Ref. 0.227

Ever smoker 3.72 161/167 0.89(0.69–1.16) 3.72 178/234 0.86(0.67–1.10)

Histology

NSCLC 4.36 137/179 0.668 Ref. 0.668 3.92 193/250 0.289 Ref. 0.289

SCLC 4.06 77/79 1.06(0.81–1.39) 4.81 87/122 0.87(0.68–1.12)

TNM stage

I/II 3.94 6/6 0.764 Ref. 0.765 4.07 7/11 0.416 Ref. 0.418

III/IV 4.42 169/175 0.88(0.39–2.00) 3.89 148/239 1.37(0.64–2.91)

LD 3.50 33/34 0.905 Ref. 0.905 4.31 37/52 0.862 Ref. 0.862

ED 4.10 43/44 1.03(0.65–1.63) 4.89 49/67 1.04(0.68–1.60)

Notes: P1, P-value for Log rank test; P2, P-value for univariate Cox hazards regression analysis; P < 0.05 are indicated in bold text. 
Abbreviations: MST, median survival time (year); HR, hazard ratio; CI, confidence interval; Ref., reference; NSCLC, lung adenocarcinoma; SCLC, lung squamous cell 
carcinoma.
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In conclusion, our investigation provided the useful basics 
to make more precise evaluation of the chemotherapy 
efficacy and then further design personalized therapy.

The differential expression status of WISP1 between 
the tumor tissue and normal healthy tissue.9 High levels of 
WISP1 correlated with survival in prostate adenocarci-
noma and overall survival in primary melanoma, low- 
grade glioma, and kidney papillary cell carcinoma.29 

WISP1 could regulate complex biological process during 

disease by effecting proliferation, cell survival, and cell 
differentiation, development and disease.10,16,30,31 It had 
been pointed out that WISP1 protects lung carcinoma cells 
from intrinsic p53-dependent, but not extrinsic Fas ligand- 
activated.32 Increased epithelial cell proliferation and EMT 
induction highlight WISP1 as a possible linker of organ 
fibrosis and cancer.33 The correlation of its expression with 
clinical outcome makes WISP1 a promising target for the 
evaluation of clinical diagnosis and prognosis of cancers. 

Figure 1 Kaplan–Meier plots of lung cancer patients with different genotypes of in WISP1 gene. (A) PFS of lung cancer patients by rs16904853, rs10956697, rs7828685, 
rs2929965 genotypes using additive model. (B) PFS of lung cancer patients by rs10956697, rs2929973, rs7828685, rs2977551, rs2977549 genotypes using dominant model. 
(C) PFS of lung cancer patients by rs16904853, rs2929965, rs7828685 genotypes using recessive model.

Figure 2 Kaplan–Meier plots of lung cancer patients with different genotypes of in WISP1 gene. (A) OS of lung cancer patients by rs10956697 using dominant model. (B) 
OS of lung cancer patients by rs2977551 using dominant model.
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WISP1 signaling is critically involved in cell survival and 
growth, through regulating PI3K and Akt.12 WISP1 led to 
Akt phosphorylation in epithelial and mesenchymal 
cells.15,34 In our study, we found that WISP1 was related 
to platinum-based chemotherapy response of lung cancer.

Previous association studies that polymorphism is one 
of the factors that may affect prognosis, mainly focused on 
the mis-sense variants or coding regions of individual 
genes. In this study, we focused on the genetic alteration 
of WISP1, a total of 39 SNPs to study the prognosis effect 
platinum-based chemotherapy. Our study found WISP1 
rs2929973 carrying G variant allele are more likely to 
have an increased susceptibility of lung cancer. Patients 
with younger age (≤60), or patients who had never 
smoked, NSCLC, or advanced tumor (TNM stage III/IV), 
it had better OS when rs2929973 carrying TT genotype. 
Patients who carry the rs2977551 CT or CC genotype 

tended to have a significantly increased risk of PFS in 
subgroups of younger (≤60 years old), never smokers. 
Patients carrying TT genotype in rs2977549 better OS in 
lung cancer patient with NSCLC, had TNM stage III/IV. In 
conclusion, the WISP1 rs2929973 T allele, rs2977551 
T allele and rs2977549 T allele maybe a potential protec-
tive allele in the prognosis of lung cancer patients treated 
with platinum-based chemotherapy.

WISP1 is a downstream gene of the canonical Wnt-β- 
catenin pathway, and its mutations were reported to be asso-
ciated with multiple diseases, including asthma, hypertension 
and spinal osteoarthritis.13,34–36 Chen et al revealed that 
WISP1 was overexpressed in non-small cell lung carcinoma 
(NSCLC) samples compared with their normal lung tissue 
counterparts. Our previous studies revealed that WISP1 
genetic polymorphisms were related to susceptibility and the 
platinum-based chemotherapy response of lung cancer, and 

Table 4 Stratified Analysis of the Association Between rs2929973, rs2977551, rs2977549 and Prognosis in Lung Cancer Patients

SNP Subgroups Overall Survival (OS) Progression-Free Survival (PFS)

Death/Total HR (95% CI) P Progression/Total HR (95% CI) P

11 12/22 11 12/22

rs2929973 Age (years)
≤60 45/62 109/120 0.650 (0.458–0.924) 0.016 55/90 120/148 1.535 (1.114–2.116) 0.009

Smoking status

Never smoker 24/33 64/71 0.617(0.383–0.994) 0.047 31/50 69/85 1.457(0.952–2.231) 0.083

Histology

NSCLC 57/70 109/117 0.693(0.501–0.959) 0.027 67/97 117/143 1.338(0.990–1.808) 0.058

TNM stage
III/IV 59/75 107/114 0.649(0.470–0.896) 0.009 70/102 119/143 1.377(1.024–1.852) 0.034
ED 10/10 25/27 1.002(0.466–2.156) 0.995 10/19 28/32 2.550(1.188–5.473) 0.016

rs2977551 Age (years)
≤60 26/28 130/154 1.222(0.800–1.867) 0.353 53/85 121/153 1.413(1.022–1.954) 0.037

Smoking status

Never smoker 11/12 36/47 1.858(0.434–1.695) 0.660 27/45 71/89 1.572(1.007–2.455) 0.047

rs2977549 Age (years)
≤60 54/66 104/117 1.178(0.846–1.639) 0.332 54/84 117/145 1.480(1.071–2.047) 0.018

Histology
NSCLC 56/68 114/122 1.502(1.087–2.075) 0.014 66/93 51/121 1.358(1.005–1.835) 0.046
SCLC 82/100 165/182 1.288(0.987–1.682) 0.063 77/119 133/176 1.350(1.018–1.791) 0.037

TNM stage

III/IV 55/69 115/123 1.601(1.157–2.216) 0.005 66/95 126/155 1.419(1.053–1.913) 0.022
ED 11/11 24/26 0.765(0.362–1.615) 0.482 11/20 27/32 0.481(0.232–1.000) 0.050

Notes: P < 0.05 are indicated in bold text; P, P-value for multivariate Cox hazards regression analysis with adjustment for age, gender, and histology; 11/12/22 = wild type/ 
heterozygote/homozygote. 
Abbreviations: HR, hazard ratio; CI, confidence interval; Ref., reference; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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we hypothesized that WISP1 polymorphisms may also be 
associated with the chemotherapy toxicity of lung cancer.28 

Most previous studies about the relationships of WISP1 poly-
morphisms and diseases were focused on the polymorphisms 
of WISP1 rs2929973. However, results from different studies 
often provide contradicting results or statistically non- 
significant associations. Previous study indicated that WISP1 
rs2929973 was associated with asthma and individuals carry-
ing the G allele of rs2929973 conferring lower forced expira-
tory volume in the first second.37 Patients carrying the WISP1 
rs2929973 GG and TT variant were almost twice as likely as 
those carrying the GT genotype to have estrogen receptor 
(ER)- and progesterone receptor (PR)-positive tumors.38 In 
addition, the genetic polymorphisms of WISP1 (rs2977549) 
variants were associated with lung and smoking-related cancer 
prognosis.27 Previous research found that patient carrying the 
rs10956697 AC genotype had a significantly decreased risk of 
gastric cancer (OR = 0.58, 95% CI 0.35–0.98). Smokers with 
the rs10956697 AC and AC + AA genotypes exhibited a 0.28- 
fold lower and 0.32-fold lower risk of gastric cancer.39 

Rs16904853, rs2977549, and rs2977551 polymorphisms 
were significantly associated with hematologic toxicity.27

However, our study has several limitations. Independent 
validation of correlations between association of SNPs with 
lung cancer prognosis are needed. No SNPs remained sig-
nificant by considering multiple-testing correction that cal-
culated the p value of the SNPs by FDR-BH (Benjamini & 
Hochberg (1995) step-up FDR control) correction, it perhaps 
the sample size for the study is not large enough. Moreover, 
the function represent interconnections between polymorph-
isms and prognosis of lung cancer patients with platinum- 
based chemotherapy was not determined in our study.

Conclusion
In conclusion, lung cancer patients with WISP1 rs2929973 
GT or GG, rs2977551 CT or CC and rs2977549 CT or CC 
genotypes had increased risk of disease progression, and 
patients with rs2977551 CC or CT had a significantly longer 
OS. Our results showed that those polymorphisms were 
significantly associated with the chemotherapy prognosis of 
lung cancer patients. Thus, we thought that the genotypes of 
WISP1 may be contributed to a potential candidate biomar-
ker for the prediction of prognosis in lung cancer patients.
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