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Purpose: Wnt pathways control key biological processes that potentially impact on tumor progression and
patient survival. The present study analyzed the polymorphism of lipoprotein-related receptor 5 (LRPS) (gene
with key functions in Wnt signaling) and its impact on the response to chemotherapy and survival of patients
with advanced gastric cancer (AGC).

Methods: A total of 107 consecutive patients with AGC treated with first-line chemotherapy of EOF
regimen were enrolled in the present retrospective study. The association between single nucleotide
polymorphism (SNP) of rs3736228 in LRPS5 and the clinical outcomes of the patients was studied.

Results: The CC genotype of rs3736228 was significantly correlated with a higher disease control rate
when compared to the CT and TT genotypes (89.3% and 61.8%, respectively, P<0.001). A univariate
survival analysis also showed that the progression free survival (PFS) and overall survival (OS) for the patients
with the T'C and T'T genotypes of rs3736228 were worse than for the patients with the CC genotype (PFS:
3.3 and 6.7 months, respectively, HR =0.454, P<0.001; OS: 8.1 months and 18.8 months, respectively, HR
=3.056, P<0.001). A multivariate Cox model incorporates rs3736228 and clinical features, also identified
rs3736228 was significantly associated with the PFS and OS.

Conclusions: Our results firstly highlight the importance of LRPS gene of Wnt pathway in the treatment
of AGC and identify polymorphism of rs3736228 as independent predictor of disease control rate, PFS and
OS in AGC patients treated with first-line chemotherapy of EOF regimen in the Chinese Han population.
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Background remains less than one year. Among palliative treatments
for MGC, an anthracycline-containing triplet (ECF and its
modifications) (2-4), a docetaxel-containing triplet [DCF
regimen: docetaxel, cisplatin (CDDP), and 5-FU] (5),
and a platinum and 5-FU doublet are the most common

Gastric cancer, the fourth most common and the second
most deadly cancer worldwide, is highly prevalent in
developing nations with almost two-thirds of the cases occur

in developing countries and 42% in China alone (1). Despite combinations (6).

Despite numerous efforts to identify suitable predictive
markers, there is still a lack of accurate biomarkers to

the availability of chemotherapeutic agents that may
improve survival or quality of life, there is no universally
accepted standard chemotherapy regimen for the first- o . .
ccep . rapy Te& . discriminate between patients who are likely to respond
line treatment of patients with advanced and metastatic

inati h h h h .1
gastric cancer (MGC) and the median overall survival (OS) to combination chemotherapy and those who are not. Tn
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recent decades, studies have found that single nucleotide
polymorphisms (SNPs) may influence the clinical outcomes
of gastric cancer patients (7-9).

Low-density lipoprotein-related receptor 5 (LRPS) is a
protein with key functions in canonical Wnt signaling (10).
The Wnt/B-catenin signaling pathway is essential for
embryonic development and adult tissue homeostasis,
consequently mutation of many of the components result in
human birth defects, cancer and other diseases. Wnts bind
to a member of the Frizzled family of seven-transmembrane
proteins and to either LRP5 or LRP6 leading to down-
regulation of GSK-3 activity and the initiation of the
canonical Wnt/beta-catenin signaling cascade to regulate
cell proliferation, differentiation and survival (11-13).
The initiation and progression of gastric cancer have been
linked to the aberrantly activated Wnt/B-catenin signaling
pathway (14-16).

It has been demonstrated that expression of LRPS
is a common event in osteosarcoma, and may serve as a
potential novel marker for disease progression in high-grade
osteosarcoma (17). Analysis of gene expression profiles also
revealed that LRPS was overexpressed in metastatic primary
pancreatic endocrine neoplasms when compared with the
nonmetastatic samples, suggesting that LRP5 may also
promote tumor metastasis (18). But its role in gastric cancer
has not been investigated.

We therefore presumed that variants within the
LRPS5 gene might be related with chemosensitivity and
survival among patients with gastric cancer. To examine
this assumption, we retrospectively investigated genetic
polymorphism of rs3736228 located in LRPS gene in
advanced Chinese gastric cancer patients who received first-
line chemotherapy of EOF regimen.

Methods
Study population

In the present retrospective study, 107 consecutive patients
with advanced gastric cancer (AGC) who received first-line
chemotherapy of EOF regimen (Intravenous epirubicin
50 mg/m’ was given on day 1, combined with a 2-h
intravenous infusion of oxaliplatin 130 mg/m’, and followed
by 5-FU 375-425 mg/m’/day as a 24-h continuous infusion
for 5 days) were enrolled. Treatment cycles were repeated
every 3 weeks until disease progression, unacceptable
toxicity, or withdrawal of consent. The tumor responses
were evaluated according to the response evaluation criteria
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in solid tumors (RECIST) guidelines. The blood samples
of the patients were collected before treatment and stored
in tissue bank of Fudan University Shanghai Cancer center.
The study was in compliance with the principles of the
Helsinki Accord and all patients signed informed consent
form of providing blood sample to the tissue bank.

Genotyping

Genomic DNA was prepared from venous blood using
standard phenol chloroform extrac-tion. We genotyped
genetic polymorphism of rs3736228 located at 11:68201295
in LRPS gene from the HapMap project database (hPFS://
www.hapmap.org) and dbSNP (hPFS://www.ncbi.nlm.nih.
gov/SNP/). We genotyped the SNP by the TagMan® assay
method using the ABI 7900 DNA detection system (Applied
Biosystems, Foster City, California, USA). All probes and
primers were designed by the Assay-on-Design service of
Applied Biosystems. The standard PCR was performed
using the Tagman® Universal PCR Master Mix (Applied
Biosystems) reagent.

Statistical analysis

We used SHEsis (19) to analyze allelic and genotypic
distributions (20). This online software integrates efficient
analysis tools for association studies and implements a Monte
Carlo simulation strategy (21). The dis-crepancies of allele
and genotype frequency between between disease control
[complete response (CR), partial response (PR), stable
disease (SD), CR + PR + SD], and progressive disease (PD)
patients were compared using y’ test. Power calculations
were performed using the G*Power program (19). All the
P values in the study were two-tailed and the significance level
was set at P=0.05. Time-dependent variables progression free
survival (PFS) and OS were estimated by the Kaplan-Meier
method. Log-rank tests were used in univariate analysis for
PFS and OS, and a multivariate analysis of prognostic factors
using the Cox proportional hazard model was performed.

Results
Patient characteristics

Between May 2009 and June 2012, One hundred and seven
unrelated Chinese Han patients with AGC and available
blood samples were recruited from Fudan University
Shanghai Cancer Center. Patients’ age ranged from 23 to
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Number of patients (%)
Characteristic CC for TC + TT for
rs3736228 rs3736228
ol 78692 34@1y
Age (years)
<60 53 (72.6) 27 (79.4)
>60 20 (27.4) 7 (20.6)

ECOG performance status

0 9 (12.3) 5 (14.7)
1 60 (82.2) 28 (82.4)
2 4 (5.5) 1(2.9)

Synchronous metastasis or relapse from surgery

Heterochronous 15 (20.5) 4(11.8)
metastases (relapse

from surgery)

Synchronous metastasis 58 (79.5) 30 (88.2)

No. of tumor sites

1 5 (4.7) 04.7)
2 7 (7.5) 1(2.9)
3 or more 61 (87.8) 33 (97.1)

ECOG, Eastern Cooperative Oncology Group.
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Figure 1 Analysis of Kaplan-Meier survival curves of PFS and
OS of all the patients. PES, progression free survival; OS, overall

survival.

74 years old, and there were more men than women. Most
of the patients had 3 or more tumor sites. For rs3736228,
the percentage of patients with CC, CT and TT genotype
were 68.2%, 29.0% and 2.8%, respectively. Detailed
baseline descriptions of demographic and clinical features
stratified by rs3736228 genotype are shown in Tible 1.

Among all the 107 gastric cancer patients in our
study, the responses to the first-line EOF combination
chemotherapy were as follows: CR (n=1, 0.9%), PR (n=40,
37.4%), SD (n=47, 43.9%), and PD (n=19, 17.8%). At
the median follow-up duration of 28.4 (range, 7.7-69.0)
months, the median PFS and OS for all the patients were 5.8
(range, 5.1-6.4) months and 14.8 (range, 10.2-19.4) months,
respectively (Figure 1).

Genotype frequency and effects on response to chemotherapy

Genotype distributions of the SNP showed no significant
deviations from Hardy-Weinberg equilibrium in either
disease control (CR + PR + SD) or PD patients. The allele
and genotype frequencies of the SNP are listed in 7able 2. For
genetic polymorphism of rs3736228, there were statistically
significant differences in allele frequencies between the
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Table 2 Allele and genotype distribution in gastric cancer patients who showed disease control and PD to chemotherapy

SNP ID Genotype frequency Allele frequency ) i

P value* X P value* Odds ratio (95% ClI)
rs3736228 CC CT T
CR +PR+SD 67 (0.761) 18(0.205) 3 (0.034) 0.000 152 (0.864) 24 (0.136) 9.251 0.002 0.304 (0.137-0.673)
PD 6(0.316) 13 (0.684) 0 (0.000) 25 (0.658) 13 (0.342)

*, Pearson’s P value; CR, complete response; PR, partial response; SD, stable disease, PD, progressive disease.

88 disease control patients and the 19 disease progressive
patients (P=0.002). The C allele and CC genotype of
rs3736228 were significantly less common in the disease
progressive group compared to the disease control group
(allele, 65.8% versus 86.4%, OR 0.304, 95% CI: 0.137-
0.673, P value <0.001; genotype, 31.6% versus 76.1%,
P value =0.002). The CC genotype was significantly
correlated with a higher disease control rate to the
combination chemotherapy when compared to the CT and
TT genotypes (89.3% for CC genotype vs. 61.8% for CT
and TT genotypes, P value <0.001).

Clinicopathological features, genotype and survival analysis

Among the clinical features [age, sex, Eastern Cooperative
Oncology Group (ECOG) performance status, histological
grade, synchronous or heterochronous metastases, primary
tumor site, liver or lung metastasis, retroperitoneal
lymphonode metastasis, ascites, pleural effusion and No.
of tumor sites], univariate analysis showed that histological
grade, retroperitoneal lymphonode metastasis, ascites and
number of tumor sites were the factors associated with the
PFS. Liver metastasis, ascites and pleural effusion were the
factors associated with the OS (Table 3).

Univariate analysis also showed that the LRPS5
polymorphism was significantly associated with the PFS
and OS (Figure 2). For rs3736228, the PFS for the patients
with the TC and TT genotypes were worse than for the
patients with the CC genotype (3.3 months and 6.7 months,
respectively, Hazard ratio =0.454, 95% CI: 0.289-0.714,
log-rank P value <0.001). Moreover, the OS for the patients
with the TC and TT genotypes of rs3736288 were worse
than for the patients with the CC genotype (8.1 months and
18.8 months, respectively, Hazard ratio =0.363, 95% CI:
0.203-0.649, log-rank P value <0.001).

The multivariate model included rs3736228 and the
clinicopathologic features listed in Table 4. For there
were significant interactions among number of metastatic
sites and sites of metastases, we did not include number
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of metastatic sites in the final multivariate model. The
multivariate analysis also showed that rs3736228 was
significantly associated with the PFS (Hazard ratio =0.500,
95% CI: 0.314-0.795, P value =0.003) and OS (Hazard ratio
=0.502, 95% CI: 0.271-0.932, P value =0.029). Among the
clinical and the pathologic features, histological grade and
retroperitoneal lymphonode metastasis also showed the
association with PFS, liver metastasis, ascites and pleural
effusion also showed the association with OS. There were
no violations of the proportional hazard assumptions in the
Cox model.

Discussion

To the best of our knowledge, this is the first study of LRPS
gene polymorphism on treat-ment response and survival
in AGC patients from the Chinese mainland. Our findings
suggested that LRPS polymorphism have a predictive effect
on the response to first-line chemotherapy of EOF regimen,
and associate with the PFS and OS, even after adjusting
for clinical features. And this result has not been reported
before.

Deregulation of the WNT signalling pathway has been
implicated in numerous cancers; however, only in colorectal
cancer (CRC) it has been shown to be the driving mutation.
More than 90% of colorectal tumors (colon cancer
cells) harbor activating mutations in APC or CTNNBI1
(B-catenin) (21,22). In contrast to CRC, the mutations
that drive gastric cancer are much more unclear. Although
mutations of APC and B-catenin are frequently observed in
CRC, they are rare in gastric cancer.

Recently, it has been demonstrated that LRPS and 6 are
indispensable coreceptors of the canonical Wnt pathway
by interacting with several key components of the Wnt
signaling pathway. It has been shown that LRPS5 is required
for Wntl-induced mammary tumor formation (23), and
that LRPS is overexpressed in some types of malignant
tissues (17,18). Furthermore, it has been established
that LRP5/6 antagonist Dkk1 is a proapoptotic tumor
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Clinical features Median OS 95% Cl P Median PFS  95% CI P

Gender
Male 17.8 10.7-24.9 0.434 6.1 4.6-7.5 0.226
Female 12.4 8.2-16.6 5.5 4.7-6.3

Histological grade

Moderate and high 29.2 5.7-52.7 0.178 12.7 5.9-19.4 0.001
Low/undifferentiated 13.4 8.2-18.7 5.2 4.5-5.9
Unclassified 12.2 5.4-19.1 6.0 5.2-6.8

Synchronous or heterochronous metastasis
Heterochronous metastases (relapse from surgery) 18.8 5.7-32.0 0.902 6.9 4.2-9.6 0.137
Synchronous metastasis 14.8 9.8-19.8 5.5 4.8-6.3

No. of tumor sites

1 32.8 26.5-52.2 0.063 18.2 3.9-32.4 0.025
2 19.0 1.2-36.8 13.7 4.9-22.5
3 or more 12.4 7.6-17.2 515 4.7-6.3

ECOG, Eastern Cooperative Oncology Group; PFS, progression free survival; OS, overall survival.
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Figure 2 Analysis of Kaplan-Meier survival curves of patients with different genotypes of rs3736228. (A) Showed median PFS for the
patients with the T'C and TT genotypes of rs3736228 was worse than for the patients with the CC genotype (3.3 and 6.7 months,
respectively, P value <0.001); (B) showed median OS for the patients with the TC and TT genotypes of rs3736228 was worse than for the
patients with the CC genotype (8.1 and 18.8 months, respectively, P value <0.001). PFS, progression free survival; OS, overall survival.

Table 4 Multi-factorial analysis of prognostic factors for PFS and OS time

Clinical factor PFS oS
Sig HR 95% ClI for HR Sig HR 95% Cl for HR

rs3736228 0.003 0.500 0.314-0.795 0.029 0.502 0.271-0.932
Histological grade 0.015 - - - - -
Retroperitoneal LNM 0.013 1.832 1.136-2.955 - = =
Ascites 0.145 0.701 0.434-1.130 0.013 0.412 0.204-0.833
Pleural effusion 0.076 0.508 0.241-1.073 0.023 0.386 0.170-0.876
Liver metastasis - - - 0.001 0.328 0.171-0.630

PFS, progression free survival; OS, overall survival; LNM, lymph node metastasis.

suppressor (24,25). These data support the notion that
LRPS5 and 6 are potential oncogenic proteins. However, the
molecular and cellular mechanisms underlying LRP5/6-
induced Wnt/B-catenin signaling and tumorigenesis remain
to be elucidated. And the role of LRP5 in gastric cancer is
unknown.

SNP rs3736228 lies in chromosome 11 and was located
on LRPS gene. rs3736228 was reported to associated with
bone mineral density (26,27). The correlation between
rs3736228 and cancer has not been investigated before.
Our work showed that the CC genotype of rs3736228 was
significantly correlated with a higher disease control rate, a
longer PFS and OS time compared with the patients with

© Chinese Journal of Cancer Research. All rights reserved.

the TC and TT genotypes of rs3736228. Additionally,
these effects also remained in stratification analyses. The
results suggest that the polymorphism of LRPS gene play an
important role in the chemosensitivity and clinical outcome
among AGC patients. Clearly, LRP5 pathway harbors
great potential for future applications in gastric cancer
diagnostics, staging, and therapy.

Gastric cancers are deadly cancers that are often diagnosed
at a stage when treatment options are limited and have
limited effectiveness, therefore identifying genetic variants
that predict survival and chemotherapy response for this
cancer is particularly important. Although our results do not
establish the biological mechanism by which LRP5 affects
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chemosensitivity and survival, our results suggest that
LRP5 genetic variants should be considered as promising
prognostic and predictive factors for gastric cancer, and
warrant further study. rs3736228 may serve as a novel
biomarker for the efficacy of first-line chemotherapy with
EOF regimen in AGC patients. Moreover, LRP5 can serve
as potential novel targets for developing anti-cancer drugs.

It is well known that some clinicopathological characteristics,
such as tumor stage, PS status and No. of tumor sites, are
associated with prognosis of cancer patients. Among the
clinical features, histological grade and retroperitoneal
lymphonode metastasis had been identified as independent
prognostic factors of the PES in our study, liver metastasis,
ascites and pleural effusion had been identified as
independent prognostic factors of the OS, which had been
confirmed in other studies (20,28).

The present study has some limitations. First, our sample
size is relatively small and it’s a retrospective study, which
may lead to statistical bias in the analyses. Replicating
studies with larger samples and with prospective design
will be necessary to clarify the correlation between LRPS
gene and gastric cancer. Second, we didn’t identify the
exact mechanism by which LRP5 SNP influence response
and gastric cancer survival. Basic researches are needed to
elucidate the molecular and cellular mechanisms underlying
LRP5-induced Wnt/B-catenin signaling and tumorigenesis
and by which LRPS5 affects chemosensitivity in gastric
cancer cells. Third, we used the only one SNP in our
investigation, which did not include all representative SNPs
in the entire gene. The effect of a single SNP on death risk
or clinical outcomes may be limited as one would expect,
and some other functional SNPs, which may influence
survival, may have been missed and need to be investigated
in larger studies. Forth, genetic studies to date have focused
on subjects of Asian ethnicity, and further research needs to
be undertaken in other ethnic groups. Fifth, there was no
independent replication population readily available for the
present study, which should be done in the future to validate
our findings.

Conclusions

In conclusion, our results firstly suggest that LRPS
polymorphisms of SNP rs3736228 might be predictive
of the response to chemotherapy and correlate with the
PFS and OS in patients with AGC in the Chinese Han
population treated with first-line chemotherapy of EOF
regimen. The results of this study indicate a genetic profile
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that influences the response rate and survival of patients
with advanced disease in addition to known clinical and
pathologic features. This information does not simply
address the analysis of a novel predictive marker, but
rather, it is strictly related to the possible development
and optimization of target therapies that exploit the LRPS
pathway. Replication and confirmation of our findings in
independent series would open new perspectives in the
management and the treatment of patients with advanced
gastric cancer.
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