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Abstract

Background Two genome-wide association studies on
gastric cancer showed a previously unknown gastric cancer
susceptible locus in PLCE] at 10g23. We hypothesized that
the single nucleotide polymorphism (SNP) rs2274223 A/G
is associated with the survival rate of gastric cancer.
Methods We genotyped the above SNP in 940 gastric
cancer patients to investigate the association between the
polymorphism and gastric cancer survival by the TagMan
method.
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Results We found that patients carrying PLCE]
rs2274223 AA genotype survived for a significantly shorter
time than those carrying the AG and GG genotypes (log-
rank P = 0.046). This significance was enhanced in the
dominant model (AA vs. AG/GG, log-rank P = 0.014).
Multivariate Cox regression analyses showed that the AG/
GG genotypes were associated with a significantly
decreased risk of death from gastric cancer [adjusted haz-
ard ratio (HR)=0.79, 95% confidence interval
(CI) = 0.65-0.95]. Most of stratification analysis did not
find an enhanced association between the same genotype
and prognosis, except for patients with TNM stage III
disease (HR = 0.63, 95% CI = 0.48-0.83).

Conclusion Our findings showed that the PLCEI SNP
rs2274223 was associated with significantly improved
gastric cancer survival in a Chinese population. Further
functional studies are needed to validate our results.

Keywords PLCEI - GWAS - Gastric cancer -
Polymorphism - Survival

Introduction

As a common malignant tumor of the digestive system,
gastric cancer remains the second leading cause of cancer-
related mortality all over the world [1]. Nearly 40% of
gastric cancer cases occur in China, which has been a high-
incidence area in past decades. The 5-year overall survival
rate of gastric cancer is approximately less than 50% in
China [2]. Gastric cancer is induced by a series of factors
such as the diet, smoking, and Helicobacter pylori infec-
tion [3, 4], although the precise mechanisms regulating the
development of gastric cancer are still undetermined.
Actually, finding suitable biomarkers for prognosis in
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gastric cancer may help to increase survival rates after
surgical operations.

Single nucleotide polymorphisms (SNPs), which are
common variations in the human genome, could be suitable
molecular markers for locating and identifying genes
related to specific diseases. Previous studies have indicated
various SNPs involved in the invasion, development, and
prognosis of gastric cancer [5-10]. A two-stage genome-
wide association study (GWAS) based on a Japanese
population found that the PSCA gene was associated with
susceptibility to diffuse-type gastric cancer [11]. Two
GWAS:s, recently conducted by Abnet et al. and Wang
et al. confirmed that a notable SNP located in PLCEI
rs2274223 was associated with gastric cancer [12, 13].
These results might provide new insight into the incidence
of gastric cardia cancers, although the role of this SNP in
the prognosis of gastric cancer is still unknown.

The PLCEI at chromosome 10g23, encoding phospho-
lipase C epsilon 1 (PLCel), is a unique member of the
phospholipase family. Secondary messengers, including
inositol-1,4,5-trisphosphate and diacylglycerol, are formed
after the hydrolysis of polyphosphoinositides catalyzed by
PLCel [14]. Subsequently they take part in the process of
cell growth and differentiation [14]. PLC: ™'~ mice resist
the activation of 12-O-tetradecanoylphorbol-13-acetate
(TPA) in skin squamous tumors induced by 7,12-dime-
thylbenzanthracene [15]. Of note, variations in the human
PLCEI gene, related to nephrotic syndrome, may be a
potential factor for carcinogenesis [16].

In the present study, we have hypothesized that the
PLCE] 152274223 polymorphism is associated with the
survival of gastric cancer patients in a Chinese population.

Patients, materials, and methods
Study population

The study patients were recruited from Yixin People’s
Hospital, Yixin City, China, between January 1999 and
December 2006. The detailed population information has
been described in our previous study [17]. Briefly, we
collected data on 1,022 patients who had their surgical
resection at Yixin People’s Hospital; 78 patients (7.6%)
were excluded because of the lack of adequate follow-up
information and 4 patients (0.4%) were excluded because
they did not have adenocarcinoma. Finally, 940 patients
were entered into the survival analysis. The maximum
follow-up time for all patients was 119.0 months (last
follow-up in March 2009) and the median follow-up time
was 35.0 months.

From the patients’ medical records, we gathered data on
clinicopathological variables such as tumor site, invasion

depth, and distant metastasis. The histopathology of tumors
was grouped as diffuse or intestinal type according to
Lauren’s criteria [18]. The tumor-node-metastasis (TNM)
stages were evaluated according to the TNM classification
of the American Joint Committee on Cancer (AJCC cancer
staging manual, 6th edition) [19]. The whole study design
was approved by the Institutional Review Board of Nanjing
Medical University.

Genotyping

Genomic DNA was obtained from paraffin sections of
patients’ tissues. The ABI 7900HT real-time PCR System
(Applied Biosystems, Foster City, CA, USA) was used for
the TagMan SNP genotyping assay. Genotype analysis was
carried out by two persons independently in a blind fash-
ion. About 10% of the samples were selected randomly for
repeated genotyping for confirmation, and the results were
100% concordant. Genotyping failed in two cases because
of DNA quality. Finally, 938 gastric cancer cases were
included in the analysis.

Statistical analysis

Survival time was calculated from the date of gastric
cancer diagnosis to the date of death or last follow-up. The
associations between survival time and demographic
characteristics, clinical features, and PLCEI rs2274223
polymorphism were estimated using the Kaplan—Meier
method and log-rank test. Mean survival time was provided
when the median survival time (MST) could not be cal-
culated. Univariate or multivariate Cox regression analysis
was fitted to estimate the crude hazard ratios (HRS),
adjusted HRs, and 95% confidence intervals (CIs). Cox
stepwise regression analysis was also performed to deter-
mine predictive factors of gastric cancer prognosis, with
P < 0.05 for entering and P > 0.10 for removing the
respective explanatory variables. The Hardy—Weinberg
equilibrium (HWE) of the case genotype distribution was
tested by a goodness-of-fit ¥ test. All the statistical anal-
yses were performed with SAS software (version 9.1.3;
SAS Institute, Cary, NC, USA) with two-sided P values,
unless indicated otherwise.

Results

Patients’ characteristics and clinical features

Patients’ characteristics and clinical data are summarized
in Table 1. The median age was 62 years (range, 28 to

83 years) for the 938 patients retained in the study. There
were 722 males (77.0%) and 216 females (23.0%) in the
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Table 1 Patients’ characteristics and clinical features

Variable Patients [n = 938 (%)] Deaths (n = 437) MST (months) Log-rank P HR (95% CI)
Age (years)

<60 441 (47.0) 202 90.1 0.247 1.00

>60 497 (53.0) 235 60.0 1.12 (0.93-1.35)
Sex

Male 722 (77.0) 333 75.5 0.442 1.00

Female 216 (23.0) 104 64.3 1.09 (0.88-1.36)
Tumor size

<5 cm 579 (61.7) 245 99.9 <0.001 1.00

>5 cm 359 (38.3) 192 49.2 1.43 (1.18-1.73)
Tumor site

Cardia 318 (33.9) 143 79.1 0.302 1.00

Non-cardia 620 (66.1) 294 64.3 0.90 (0.74-1.10)
Histological type®

Intestinal 399 (42.5) 156 57.2° <0.001 1.00

Diffuse 539 (57.5) 281 51.1 1.46 (1.20-1.77)
Depth of invasion®

Tl 148 (15.8) 45 48.6° <0.001 1.00

T2 200 (21.4) 83 90.1 1.56 (1.09-2.25)

T3 544 (58.1) 283 51.1 2.16 (1.58-2.97)

T4 44 4.7) 26 25.5 2.76 (1.70-4.48)
Lymph node metastasis

NO 374 (39.9) 131 60.1° <0.001 1.00

N1/N2/N3 564 (60.1) 306 44.6 1.75 (1.42-2.16)
Distant metastasis

MO 880 (93.8) 402 79.1 0.003 1.00

Ml 58 (6.2) 35 27.5 1.85 (1.51-2.27)
TNM stage

I 261 (27.8) 88 60.8° <0.001 1.00

I 186 (19.8) 75 90.1 1.28 (0.94-1.75)

11 396 (42.2) 220 429 2.04 (1.59-2.62)

v 95 (10.2) 54 42.1 2.10 (1.50-2.95)
Chemotherapy

No 633 (67.5) 299 61.5 0.624 1.00

Yes 305 (32.5) 138 75.5 1.01 (0.96-1.06)

MST median survival time, HR hazard ratio, CI confidence interval

? Excluding four patients with gastrointestinal stromal tumor and lymphoma

 Mean survival time was provided when MST could not be calculated

¢ Information was not available for two patients

patient panel, and all of them were gastric adenocarcinoma
cases. In a period of 119.0 months of follow-up, 437
patients died of gastric cancer. Tumor size, histological
type, depth of invasion, lymph node metastasis, distant
metastasis, and TNM stage were significantly associated
with survival time (all log-rank P < 0.01). Univariate Cox
regression analysis showed that the risk of death from
gastric cancer was significantly increased as the depth of
invasion and TNM stage increased and lymph node

@ Springer

metastasis and distant metastasis expanded (log-rank
P < 0.001 for depth of invasion, lymph node metastasis,
and TNM stage; log-rank P = 0.003 for distant metasta-
sis). Patients with tumor size of >5 cm (MST 49.2 months)
had a 43% significantly increased risk of death
(HR = 143, 95% CI = 1.18-1.73), compared with those
with tumor size of <5 cm (MST 99.9 months). Patients
with diffuse-type gastric cancer (MST 51.1 months) had a
significantly higher risk of death (HR = 1.46, 95%
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gastric cancer survival Patients Deaths MST Log-rank P HR (95% CI)*
(n = 938) (n = 437) (months)
AA 509 256 529 0.046 1.00
AG 361 150 96.4 0.78 (0.64-0.95)
GG 68 31 68.5 0.84 (0.58-1.22)
AA 509 256 52.9 0.014 1.00
) AG/GG 429 181 90.1 0.79 (0.65-0.95)
* Adjusted for age and sex
CI = 1.20-1.77), compared with those with intestinal-type A Kaplan-Meier survival estimates
(MST 57.2 months). The genotype frequencies of PLCE! 1.00
1s2274223 in the cases were in agreement with the HWE Log-rank P = 0.046
(P =0.716). < 075 1
. . E AG (150/361)
Association of PLCE] rs2274223 and gastric cancer 2
survival S 050
é AA (256/509) A
Kaplan—Meier survival curves and the log-rank test were o o GG (31/68)
used to assess the associations of PLCEI genotypes and
gastric cancer patients’ survival in different genetic models
(Table 2). In the overall model, the PLCEI rs2274223 000 y i . i . . i i . i
polymorphism was associated with the survival of gastric 0 12 24 3 48 60 72 84 9% 108 120
. . . . Survival time (months)
cancer (log-rank P = 0.046, Fig. 1a). Survival in patients
with the AG genotype (MST 96.4 months) was signifi- B TR K
cantly different compared with that of patients with the AA 100 4
genotype (MST 52.9 months), who had a 22% higher risk
of death (HR = 0.78, 95% CI = 0.64-0.95). In the domi- S
nant model, a significantly lower risk of death (HR = 0.79, 5 075
95% CI = 0.65-0.95) was found (log-rank P = 0.014), as < - T AEIES ISR
shown in Fig. 1b. 2 050 4 : S guny
.g
Stratified analyses and stepwise Cox regression model § AA (256/500)
for survival in gastric cancer patients 0.25
Among all of the independent variables, some may poten- A

tially contribute to overall gastric cancer survival. According
to these possible confounders we analyzed the association of
the rs2274223 polymorphism and survival of gastric cancer
patients. As shown in Table 3, patients carrying AG/GG
genotypes had a 21% higher survival rate than those with the
AA genotype. The protective effect was statistically signif-
icant in subgroups of patients with tumor size >5 cm
(HR = 0.75, 95% CI = 0.56-0.99), diffuse-type gastric
cancer (HR = 0.77, 95% CI = 0.61-0.98), T3 depth inva-
sion (HR = 0.68, 95% CI = 0.53-0.86), lymph node
metastasis (HR = 0.74, 95% CI = 0.59-0.93), no distant
metastasis (HR = 0.81, 95% CI = 0.66-0.99), TNM stage
IIT (HR = 0.63, 95% CI = 0.48-0.83), and chemotherapy
(HR =0.78, 95% CI = 0.62-0.98). A stepwise Cox
regression model was used to evaluate the correlation
between variables including selected demographic

r r T T T T T T T T -
0 12 24 3 48 60 72 84 96 108 120
Survival time (months)

Fig. 1 Kaplan—Meier survival curves for gastric cancer patients by
the genotypes of the PLCEI rs2274223 polymorphism. a Overall
survival of PLCE] rs2274223 codominant genotypes in gastric cancer
patients. b Overall survival of PLCE] rs2274223 dominant genotypes
in gastric cancer patients

characteristics, clinical features, the PLCE] r1s2274223
polymorphism, and gastric cancer survival. Consequently,
four variables (lymph node metastasis, distant metastasis,
TNM stage, and rs2274223) were included in the regression
model with a significance level of <0.05 for entering a var-
iable and >0.10 for removing it (P = 0.010 for lymph node
metastasis, P = 0.003 for distant metastasis, P = 0.020 for
TNM stage III, and P = 0.011 for rs2274223; Table 4).
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Table 3 Stratified analysis of

12274223 polymorphism Variable Genotype (deaths/patients) HR (95% CI)*
associated with gastric cancer AA AG/GG
patients’ survival
Tumor size
<5cm 143/314 102/265 0.82 (0.64-1.06)
>5 cm 113/195 79/164 0.75 (0.56-0.99)
Histological type
Intestinal 89/211 67/188 0.83 (0.60-1.14)
Diffuse 167/298 114/241 0.77 (0.61-0.98)
Tumor site
Cardia 72/146 71/172 0.80 (0.63-1.01)
Non-cardia 184/363 1107257 0.81 (0.58-1.13)
Depth of invasion
T1 29/85 16/63 0.71 (0.38-1.31)
T2 43/109 40/91 1.15 (0.74-1.76)
T3 171/292 112/252 0.68 (0.53-0.86)
T4 13/22 13/22 0.92 (0.42-1.99)
Lymph node metastasis
NO 74/202 57/172 0.86 (0.61-1.17)
N1/N2/N3 182/307 124/257 0.74 (0.59-0.93)
Distant metastasis
MO 232/473 170/407 0.81 (0.66-0.99)
Ml 24/36 11722 0.76 (0.35-1.66)
Chemotherapy
No 171/338 128/295 0.82 (0.58-1.16)
Yes 85/171 53/134 0.78 (0.62-0.98)
TNM stage
1 50/147 38/114 0.96 (0.63-1.46)
11 38/93 37/93 0.96 (0.61-1.51)
1 135/211 85/185 0.63 (0.48-0.83)
. ‘ v 33/58 21/37 1.05 (0.58-1.89)
* Adjusted for age and sex
Table 4 Rewlt ol serviv S ;s m__wa v
gastric cancer survival Lymph node metastasis (N1/N2/N3 vs. NO) 037 015 145 1.09-193  0.010
Distant metastasis (M1 vs. M0) 0.60 0.20 1.82 1.23-2.68 0.003
TNM stage (III vs. I) 0.32 0.14 1.38 1.05-1.82 0.020
1s2274223 (AG/GG vs. AA) —-0.25 0.10 0.78 0.65-0.95 0.011

Discussion

In the present study, we investigated the effect of the
PLCE] 152274223 SNP on general gastric cancer survival.
Our results indicated that the heterozygote genotype was
associated with a significantly higher survival rate of gas-
tric cancer, and the association was also observed when
analyzing the dominant model, suggesting that the PLCE]
rs2274223 G allele may be associated with survival of
gastric cancer.

PLCe¢l is a multiple-function protein with a complex
structure [14]. It interacts with small G-protein, recognizing

@ Springer

and conducting an interaction with G-protein, catalyzing
nucleotide changing of Ras family protein GTP (guanosine
triphosphate); PLCel also possesses CDC25 and shows
series connection of the RA (RalGDS/AF-6) structural
domain. Promoting PLC and RasGEF, PLC¢l induces Ca*"
migration and the activation of protein kinase C (PKC), and
serves as a guanine nucleotide conversion factor of the Ras
superfamily [20-23]. Promoted PLCe¢l also catalyzes po-
lyphosphoinositides, hydrolyzing them to inositol-1,4,5-
triphosphate (IP;) and diacylglycerol (DAG ) [14].

To date, only two independent GWASs have discovered
that a novel locus at PLCEI was associated with
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susceptibility to gastric cancer, although there have been
no related studies on prognosis, to our knowledge. Previous
research on PLCE] has mainly focused on its impact in
diseases of the urinary system, including nephrotic syn-
drome (NS), focal and segmental glomerulosclerosis
(FSGS), and diffuse mesangial sclerosis (DMS) [24-27].
Results of experiments with PLCe™'~ mice suggested a
crucial role of PLCe¢ in ras oncogene-induced de-novo
carcinogenesis, introducing PLCe¢ as a possible molecular
target for the development of anticancer drugs [14]. Our
results in the present study indicate that the survival of
gastric cancer patients differs between populations with
different genotypes of PLCEI, suggesting a probable role
of PLCE] in the treatment of cancers.

Tumor size, depth of invasion, lymph node metastasis,
distant metastasis, and TNM stage were potential factors
related to the survival of gastric cancer patients according
to our findings on clinical features. These findings may
be considered as indicating the normal cancer process
especially in patients mainly with advanced gastric can-
cer and a late diagnosis. Based on our observations in the
present study, cancer sites (cardia gastric cancer and non-
cardia gastric cancer) were not associated with patients’
survival. Diffuse-type gastric cancer which is reportedly
increasing in prevalence worldwide [28], is also a risk
factor for reduced survival compared to the intestinal
type, by our observation. In the present study, on ana-
lyzing the overall survival of gastric cancer patients, we
found that individuals carrying PLCE] rs2274223 AG/
GG genotypes had a higher survival rate than those
carrying the AA genotype, which suggested to us that the
rs2274223 G allele may be associated with prognosis in
gastric cancer patients. The recent GWAS showed that
the PLCE] rs2274223 G allele was associated with risk
of gastric cancer. A case—control study, based on a
population from the same region as ours (i.e., Jiangsu
province), which is a high-risk area of gastric cancer,
reproducibly indicated that this SNP rs2274223 was
associated with gastric cancer susceptibility in a Chinese
population [29]; thus, Jiangsu province, as a high-risk
area of gastric cancer, may be considered as a good study
region. In contrast to the above study [29], we found that
the PLCE] 152274223 G allele conferred a favorable
survival for gastric cancer. Few functional studies have
focused on the association between this SNP and gastric
cancer before. Wang et al. [13] showed that more cells in
esophageal squamous cell carcinoma and gastric cardia
adenocarcinoma tissues contained PLCE1 than cells in
normal tissues. Considering that the mechanisms under-
lying gastric cancer susceptibility are complicated and
still largely unknown, it is difficult to assess the effect of
this SNP on gastric cancer prognosis. The discrepancy
between our study and the above case-control study [29]

might be attributable to the biological variations between
susceptibility and prognosis in gastric cancer patients.
Further functional studies are warranted, and our findings
on this polymorphism might also predict the survival of
gastric cancer.

As we know, the survival rate of gastric cancer patients
remains low. Individual therapy is needed to improve the
prognosis of these patients. A useful marker for prevention
and for monitoring of treatment is not yet available. Such a
marker might open a brand new avenue of research at the
molecular level. Our previous study recommended the
PSCA gene, which was established in another GWAS [11],
as a candidate biomarker for diffuse gastric cancer [17].
The present results also indicated a new potential marker.
Our figures on cumulative survival indicated different
outcomes between our overall model and the dominant
model.

Some limitations of the present study should be
mentioned. First, PLCEI rs2274223 was the only poly-
morphism examined. SNPs at other loci which may be
linked with rs2274223 were neglected. Second, Helico-
bacter pylori, as a known crucial factor in gastric car-
cinogenesis, was not considered due to the lack of related
follow-up information. Third, we rechecked the database
and medical records, and found that the treatment of
most patients was a surgical operation. The proportion of
patients who received chemotherapy was relatively low,
at 32.5%, and all the chemotherapy treatments were
administered after surgery. A significantly lower risk of
death was observed in patients with chemotherapy after
surgery, although the association was marginal. A larger
number of patients will be needed to assess the associ-
ation between the SNP rs2274223 at PLCEI and gastric
cancer survival in future studies. Finally, functional
assays are required for further studies.

In conclusion, we found a notable SNP rs2274223 at
PLCE] that may be associated with the prognosis of gastric
cancer patients. The survival of patients in the dominant
model was significantly better than the survival in the
overall model, suggesting that the mutant allele may serve
as a suitable marker for the survival of gastric cancer
patients, especially in a Chinese population. Further func-
tional evaluations of this polymorphism are warranted to
validate our findings.
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