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Abstract

Background Defective mismatch repair (IMMR) and microsatellite instability (MSI) correlate with gastric cancer (GC)
outcome. We hypothesized that MMR genetic polymorphisms that have low-penetrant effects but may cause heterogeneous
MMR capability among individuals also affect GC outcome.

Methods The polymorphisms rs1800734 in MLH1, rs2303428 and rs3732183 in MSH2, rs735943 in EXOI, and rs11797
in TREXI were selected and analyzed in independent discovery and validation sets that included 167 and 593 patients,
respectively. MSI was determined.

Results In both the discovery and validation sets, the rs2303428 TC+ CC genotype correlated with poor overall survival
(OS) in non-cardia (P < 0.05) but not in cardia GC. Multivariate models showed that for OS of patients with non-cardia GC,
the rs2303428 TC + CC genotype was an independent predictor in the validation set (HR 1.54; 95% CI 1.02-2.32; P =0.040)
and had a trend to be an independent predictor in the discovery set (HR 1.70; 95% CI 0.96-3.01; P=0.067). Furthermore, in
both patient sets, fluoropyrimidines-based adjuvant chemotherapy improved OS for non-cardia patients with the rs2303428
TC + CC genotype (HR 0.14; 95% CI 0.04-0.57; P=0.006; and HR 0.29; 95% CI 0.15-0.58; P <0.001, respectively) but
not for those with the 77 genotype. The rs2303428 genotypes were not associated with MSI frequency. The rs2303428
TC + CC genotype correlated with reduced expressions for thymidylate synthetase, P-glycoprotein and ERCC1 (P <0.05)
in non-cardia GC.

Conclusions The rs2303428 genotypes may predict prognosis and adjuvant chemotherapy benefit in non-cardia GC patients.
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Introduction
Electronic supplementary material The online version of this . .
article (https://doi.org/10.1007/510120-019-00962-8) contains Gastric cancer (GC) is the fifth most common cancer and the
supplementary material, which is available to authorized users. third-leading cause of cancer-related death worldwide, with

a particularly high prevalence in China [1, 2]. GC is a com-
plex disease with significant genetic heterogeneity among
patients [3], which limits the use of personalized therapy
and contributes to its high mortality. Identifying novel prog-
nostic and predictive markers is crucial to improve patient

P< Yonggian Shu
shuyonggian @csco.org.cn

P4 Degiang Wang
degiang_wang@aliyun.com

' Department of Medical Oncology, The Cancer Therapy outcomes of GC.
Center, Affiliated Hospital of Jiangsu University, Road DNA mismatch repair (MMR) is critical for genome sta-
Jiefang, Zhenjiang 212001, Jiangsu, China bility and defective MMR (dIMMR) can result in microsat-
? Department of Pathology, Affiliated Hospital of Jiangsu ellite instability (MSI) phenotype [4]. MSI or dMMR is a
University, Zhenjiang, Jiangsu, China prognostic predictor in patients with stage II colon cancer
3 Department of Medical Oncology, The Affiliated Cancer and may also decrease efficacy of fluoropyrimidines (FU)-
Hospital of Nanjing Medical University, Nanjing, China based adjuvant chemotherapy in these patients [5, 6]. In GC,
4 Department of Medical Oncology, The First Affiliated retrospective studies also find that FU-based adjuvant chem-

Hospital of Nanjing Medical University, Road Guangzhou,

b . otherapy improves survival in microsatellite stable (MSS)
Nanjing 210029, China

@ Springer


http://orcid.org/0000-0002-8411-312X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-019-00962-8&domain=pdf
https://doi.org/10.1007/s10120-019-00962-8

1122

X.Zhao et al.

patients but not in MSI patients [7, 8]. Despite this, one
study described no association of MSI with chemotherapy
benefit [9]. More conflicting results are reported about the
prognostic role of MSI or dAMMR [7-10].

Except the debate about the association of MSI or dAMMR
with outcome, there are some other limitations for the use of
MSI and dMMR as biomarkers. First, the present accepted
methods for testing MSI (PCR) and dMMR (immunohisto-
chemistry, IHC) still need to be standardized and validated.
Especially, the results from IHC or PCR are sometimes dif-
ficult to interpret, interobserver variability may occur and
therefore MSI or dAMMR may be misdiagnosed [11, 12].
Second, intratumoural heterogeneity can cause different
detection results and such heterogeneity in MSI GC was
reported to correlate with non-responsiveness of immune
therapy [13]. Third, varied incidences of MSI or dIMMR
were reported in GC, which may be partly dependent on
testing methods and sample types [14]. Furthermore, some
genetic defects may impact MMR function or activity other
than MMR protein expression level [15]. Specifically, com-
mon polymorphisms of MMR genes with a low-penetrant
effect that may be also insufficient to induce MSI can cause
heterogeneous MMR capability among individuals, which
correlates with cancer risk and clinical outcome [16-29].

We previously studied the association of polymorphisms
in MMR genes with GC risk [17, 18]. These polymorphisms
were required to have a minor allele frequency of greater
than 20% among Chinese and needed to be associated with
cancer risk or clinical outcome in previous reports with a
potential function. Finally, five polymorphisms in four genes
of the MMR system were selected, including rs1800734 in
MLH]I, rs2303428 and rs3732183 in MSH2, rs735943 in
EXOI, and rs11797 in TREX1.

The rs1800734 A-allele has a lower binding affinity for
transcription factors and an increased risk of hypermethyla-
tion for the MLHI promoter than the G-allele, and there-
fore is associated with morbidity of many cancers [19, 20].
The rs2303428 and rs3732183 polymorphisms may impact
the alternative splicing of MSH2 mRNA to increase can-
cer risk [16—18, 21-24]. The rs3732183 G-allele was also
an independent prognostic factor in colorectal cancer [25].
The rs11797 and rs735943 polymorphisms are independent
predictor for certain outcomes in pancreatic cancer patients
who received preoperative chemoradiotherapy; their func-
tions suggest correlating with transcriptional regulation and
protein function [26].

We demonstrate an association of some of these polymor-
phisms with GC risk [17, 18]. Given the existing functional
and clinical evidences, we hypothesized in this study that
these polymorphisms may also affect GC outcome, which
had yet to be reported. The rationality of this hypothesis is
strengthened by the advantages of polymorphisms as tumor
biomarkers, including common frequency, high stability and
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reliability, ease of analysis, short test time, low genotyping
costs, and testing independent of tissue.

Methods
Patients

The discovery set included 167 GC patients diagnosed in
2012 at the First Affiliated Hospital of Nanjing Medical Uni-
versity. The validation set enrolled 593 GC patients screened
in a prospectively designed database who were diagnosed at
the Affiliated Hospital of Jiangsu University between 2012
and 2015. Eligibility criteria for all patients included ages
from 18 to 75 years, available untreated peripheral blood
sample, and pathological diagnosis of gastric adenocar-
cinoma. Exclusion criteria included insufficient clinico-
pathological data and prior history of anti-tumor therapy
(including neoadjuvant therapy) such as chemotherapy, radi-
otherapy and biological target therapy. The American Joint
Committee on Cancer (AJCC) criteria was used for clini-
cal and clinicopathologic classification and stage. Patient
follow-up was completed on December 31, 2017. Informed
consent was obtained from all patients and the research pro-
tocol was approved by the hospital ethics committee.

Candidate polymorphisms

We searched public databases of NCBI-Pubmed and dbSNP
(http://www.ncbi.nlm.nih.gov) to identify potentially func-
tional polymorphisms within genes involved in MMR.
The select criteria and enrolled polymorphisms had been
described in introduction.

DNA extraction and genotyping

DNA was extracted from peripheral blood lymphocytes and
genotyping was conducted by Tagman allelic discrimination
assays as previously described [18].

MSI assessment

Genomic DNA was extracted from 196 macrodissected
cancer and noncancer tissues. MSI status was determined
by single fluorescent multiplex PCR using five quasimono-
morphic mononucleotide repeat markers (BAT-25, BAT-26,
NR-21, NR-24 and NR-27) [30]. Tumors were either clas-
sified as MSI when more than one marker was unstable, or
MSS.
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Immunohistochemistry analysis

Antibodies (Abcam, UK) for thymidylate synthetase (TS),
P-glycoprotein (Pgp), ERCC1 and HER2 were used for
immunohistochemistry (IHC) with a 2-step protocol and
immunohistochemical score was assessed as previously
reported [31, 32].

Statistical analysis

The primary endpoint was overall survival (OS) which
was defined as the interval between pathological diagno-
sis or surgery and cancer-related death or the last date of
follow-up. The second endpoint was recurrence-free sur-
vival (RFS) which was defined as the duration from the
date of operation to the date of recurrence, metastasis, or
follow-up termination. The Hardy—Weinberg equilibrium
for each polymorphism was tested by the goodness-of-fit
4 test. Comparisons for baseline characteristics used the y*
test. The Kaplan—-Meier method and the Log-rank test were
used for survival analysis. Univariate and multivariate Cox
proportional hazard regression models were used to calcu-
late hazard ratio (HR) and 95% confidence intervals (CIs)
of variables. Two-sided P < 0.05 was considered as statisti-
cally significant. Analyses were conducted using SPSS 19.0
(SPSS, Chicago, IL, USA).

Results
Patient characteristics and genotype frequencies

The proportion of patients with each characteristic (except
sex and histology grade) was significantly different between
the discovery and validation sets, verifying that these two
patient cohorts were independent (Table 1). Genotype fre-
quencies of the discovery and validation sets are presented
in Table 2. All genotype distributions among patients in
both discovery and validation sets were in Hardy—Weinberg
equilibrium.

Associations of genotypes with prognosis

In the discovery set, the rs2303428 TC + CC and rs11797
GA + AA genotypes were significantly associated with
poor OS (P <0.05; Fig. 1). In the independent validation
set, we further confirmed the prognostic association for
the rs2303428 TC + CC genotype, but not for the rs11797
GA + AA genotype (Fig. 2a and Table 3). Interestingly, the
prognostic role of the rs2303428 TC + CC genotype in our
subgroup analyses according to patient characteristics was
observed in non-cardia (P < 0.05) but not in cardia GC

Table 1 Patient characteristics

Characteristic No. of patients (%) P value
Discovery set Validation set

Age (years)
>65 53 (31.7) 263 (44.4) 0.004
<65 114 (68.3) 330 (55.6)

Sex
Male 122 (73.1) 427 (72.0) 0.790
Female 45 (26.9) 166 (28.0)

Tumor location
Cardia 60 (35.9) 288 (48.6) 0.004
Non-cardia 107 (64.1) 305 (51.4)

Histology grade
I 95 (56.9) 297 (50.1) 0.120
il 72 (43.1) 296 (49.9)

Histology type
MAC/SRCC 5(3.0) 64 (10.8) 0.002
Other ADC 162 (97.0) 529 (89.2)

TNM stage
/v 117 (70.1) 366 (61.7) 0.048
v 50 (29.9) 227 (38.3)

MAC mucinous adenocarcinoma, SRCC signet ring cell carcinoma,
ADC adenocarcinoma

(P> 0.05) in both the discovery and validation sets (Sup-
porting Fig. 1A, B, and Fig. 2b, ¢). The multivariate mod-
els showed that for OS of patients with non-cardia GC,
the rs2303428 TC + CC genotype was an independent pre-
dictor in the validation set (HR 1.54; 95% CI 1.02-2.32;
P =0.040) and tended to be an independent predictor in
the discovery set (HR 1.70; 95% C10.96-3.01; P=0.067,
Supporting Table 1).

Moreover, we combined the discovery and validation
sets to analyze the prognostic role of the MMR genotypes
in all patients. We confirmed the poor OS (Supporting
Fig. 2A, B) and the independent predictive role (Support-
ing Table 1) of the rs2303428 TC + CC genotype in non-
cardia GC. We still found no prognostic association for
other polymorphisms (Supporting Fig. 3).

RFS was available in 119 patients of the discovery set
and in 391 patients of the validation set. The rs2303428
TC+ CC genotype correlated or tended to correlate with
poor RFS in non-cardia but not in cardia GC in both the
discovery and validation sets and in all patients (Support-
ing Fig. 4). The multivariate models in all patients with
non-cardia GC found that the rs2303428 TC + CC geno-
type tended to be an independent predictor for RFS (HR
1.48; 95% CI 0.97-2.25; P=0.069; Supporting Table 2).
No significant correlation was found between RFS and
other polymorphisms (data not shown).
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Table 2 Polymorphisms

. Gene SNP Patient set No. of patients® (%)
examined and genotype
frequency Major/major allele Major/minor allele Minor/minor allele
MLH]I rs1800734 Discovery 52 (31.1) 90 (53.9) 25 (15.0)
Validation 203 (35.6) 288 (50.5) 79 (13.9)
MSH?2 rs2303428  Discovery 101 (60.5) 56 (33.5) 10 (6.0)
Validation 234 (40.6) 275 (47.7) 67 (11.7)
rs3732183 Discovery 56 (33.5) 88 (52.7) 23 (13.8)
Validation 220 (38.2) 271 (47.0) 85 (14.8)
EXO1 rs735943 Discovery 86 (51.5) 70 (41.9) 11 (6.6)
Validation 307 (53.3) 233 (40.5) 36 (6.2)
TREX] rs11797 Discovery 86 (51.5) 64 (38.3) 17 (10.2)
Validation 291 (50.5) 236 (41.0) 49 (8.5)

“Less than 4% of the patients failed in genotyping in the validation set

SNP single nucleotide polymorphism, rs reference SNP identification number

Associations of the rs2303428 genotypes
with the benefit of adjuvant chemotherapy

We further analyzed the predictive role of the rs2303428
genotypes. Patients were required to have diseases of
stage IB-III after D2 radical gastrectomy and receive more
than one course FU [5-fluorouracil, capecitabine or S-1
(Tegafur, Gimeracil and Oteracil Potassium Capsules)]-
based adjuvant therapy or surgery alone. Characteristics
of these patients are shown in Supporting Table 3.

In both the discovery (Supporting Fig. 1C-F) and vali-
dation (Fig. 3) sets, FU-based adjuvant chemotherapy
significantly improved OS for the rs2303428 TC + CC
genotype in non-cardia (P < 0.05), but not in cardia
patients (P> 0.05). No significant results were found for
the rs2303428 TT genotype. The multivariate models
showed that FU-based chemotherapy was an independent
predictor for OS in patients with non-cardia GC and the
rs2303428 TC + CC genotype in both the discovery and
validation sets (HR 0.14; 95% CI 0.04-0.57; P=0.006;
and HR 0.29; 95% CI 0.15-0.58; P <0.001, respectively;
Supporting Table 4).

The predictive role of the rs2303428 genotypes were also
analyzed in all patients. We confirmed the OS benefit (Sup-
porting Fig. 2C-F) from adjuvant chemotherapy and the
independent predictive role (Supporting Table 4) of adju-
vant chemotherapy in patients with non-cardia GC and the
152303428 TC + CC genotype.

Furthermore, adjuvant chemotherapy improved RFS for
patients with non-cardia GC and the rs2303428 TC+ CC
genotype in both the discovery and validation sets and in
all patients (Supporting Fig. 5). The multivariate models in
all patients with non-cardia GC and the rs2303428 TC+ CC
genotype found that adjuvant chemotherapy was an inde-
pendent predictor for RFS (HR 0.36; 95% CI 0.21-0.63;
P <0.001; Supporting Table 5).
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Associations of the rs2303428 genotypes with MSI

As shown in Supporting Table 6, the frequencies of MSI
were 10.7% and 11.6% for the 1s2303428 TT and TC+ CC
genotypes, respectively (P =0.845). Stratified by tumor loca-
tions, there were also no significant results.

Associations of the rs2303428 genotypes
with biomarkers of drug-resistance

IHC was conducted in 361 tumor samples. Typical protein
expressions of TS, Pgp, ERCC1 and HER2 are shown in
Supporting Fig. 6. As shown in Table 4, patients with the
1s2303428 TC + CC genotype had significantly lower posi-
tive rates for TS, Pgp and ERCCI1 than those with the 7T
genotype in non-cardia (P=0.038, 0.017 and 0.015, respec-
tively) but not in cardia tumors (P >0.05).

Discussion

Surgery and subsequent adjuvant chemotherapy have been
established as an effective treatment for patients with early-
stage GC [33, 34]. Unfortunately, after optimal multimodal-
ity therapy, up to 30-40% of patients will relapse within
5 years [33, 34]. There are no validated prognostic or predic-
tive biomarkers for GC patients who receive adjuvant chem-
otherapy, and current patient selection is based mainly on
postoperative pathological staging. To our knowledge, our
study is the first to report the prognostic and predictive roles
of the MMR genotypes in GC. Although prospective valida-
tion is necessary, our findings have the potential to improve
patient selection for adjuvant chemotherapy and spare a
large number of GC patients from unnecessary therapy.
We found that the rs2303428 TC+ CC genotype
correlated with poor OS and RFS, but predicted the
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benefit of adjuvant chemotherapy in non-cardia patients. The
152303428 C-allele may induce partial skipping of the MSH2
exon 13, which may result in a defective MSH2 protein and
subsequent MSI [16, 21]. Nevertheless, our study failed to
find a correlation between the rs2303428 C-allele and the
MSI phenotype, which is consistent with our previous results
in 314 GC patients [18], suggesting its low-penetrant role

or other mechanisms. Recently, Liu et al. [35] found that
the MLH]I rs1800734 polymorphism in colorectal cancer
could serve as a distal enhancer for the DCLK3 gene by a
long-range chromatin interaction, which may promote an
epithelial-to-mesenchymal transition. Notably, their findings
were based on the MSS tumors. In this study, we also found
a significantly negative association between the rs2303428
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Fig.2 Overall survival in patients from the validation set by the rs2303428 genotypes and tumor locations
Table 3 Overall survival by Genotype No. OS (%:95%CI) P* HR(95%CI)  P*  HR@O5%CI) P&
the rs2303428 and rs11797
genotypes in the validation set MSH? rs2303428
T 234  68.8 (62.2-74.4) - 1.00 - 1.00 -
TC 275 64.3(58.2-69.8) 0.126 1.26 (0.94-1.69) 0.127 1.19 (0.88-1.59) 0.256
cc 67 50.4(37.8-61.6) 0.006 1.70 (1.14-2.54) 0.009 1.38(0.92-2.07) 0.115
TC+CC 342 61.6 (56.1-66.6) 0.036 1.34(1.02-1.78) 0.038 1.23(0.93-1.62) 0.149
TT+CT (vs CC) 509 66.4(62.0-70.4) 0.026 0.67 (0.46-0.96) 0.028 0.80 (0.55-1.15) 0.221
TREXI rs11797
GG 291 63.9(57.9-69.2) - 1.00 - 1.00 -
GA 236  66.2 (59.8-71.9) 0.911 1.02(0.77-1.35) 0911 1.07 (0.81-1.41) 0.647
AA 49  60.1 (44.6-72.5) 0.455 1.20(0.75-1.91) 0.453 0.96 (0.60-1.53) 0.847
GA+AA 285 64.9 (60.6-68.9) 0.737 1.05(0.80-1.36) 0.739 1.04 (0.80-1.36) 0.749
GG+GA (vs AA) 527 65.1(59.2-70.4) 0.450 0.84 (0.54-1.32) 0.454 1.08 (0.69-1.69) 0.743

OS overall survival, HR hazard ratio, CI confidence interval

*P values were calculated by the log-rank test

#HRs in univariate analyses

&HRs in multivariate analyses and covariates were adopted for their prognostic significance by univariate
analysis, including age, histology grade and TNM stage

C-allele and the protein expressions of several classical bio-
markers for drug-resistance. These findings indicate MSI-
independent pathogenic mechanisms for MMR polymor-
phisms. More studies are needed to explore the function of
rs2303428.

The rs2303428 C-allele correlates with risks of various
cancers, including GC, lung cancer, endometrial cancer,
and others [17, 18, 22-24]. However, the results of these
studies remain conflicting rather than conclusive. A few
studies also investigated the association of rs2303428 with
clinical outcomes. An early study found that the rs2303428
C-allele predicted tumor resectability in pancreatic cancer
[26]. Zhu et al. [27] recently observed that the rs2303428
genotype was an independent prognostic factor in hepatocel-
lular carcinoma. Two other studies, however, failed to show
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an association of this polymorphism with prognosis and/or
chemoradiotherapy response in rectal cancer and head and
neck squamous cell carcinoma [28, 29]. Together with our
results relating its positive correlation with GC outcome,
these findings may indicate a tumor type-dependent effect
for this polymorphism.

Heterogeneous impacts of MMR polymorphisms on the
clinical outcomes of cardia and non-cardia patients were
observed. Adjuvant chemotherapy even seemed to be del-
eterious for cardia patients with the rs2303428 7T genotype.
The different molecular and clinicopathologic characteris-
tics between cardia and non-cardia GC have been previously
reported [3, 30, 36]. In addition, genome-wide association
studies found different associations of genetic polymor-
phisms with disease risk between cardia and non-cardia GC
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[37]. More importantly, Kim et al. [36] observed that cardia
GC had poorer prognosis than non-cardia GC and tumor site
was an independent prognostic predictor. Then, our findings
reasonably indicate that prognostic and predictive roles of
biomarkers in GC may also be dependent on tumor location.

The current study has several limitations. First, this
is primarily a retrospective study based on a non-rand-
omized selection of patients for chemotherapy versus no

Time from operation (months)

chemotherapy. Our results need to be confirmed by rand-
omized prospective studies. Second, ethnic differences have
been observed for some MMR genotype frequencies [20],
and future studies in other countries may show some differ-
ent results from ours. In addition, the intestinal and diffuse
subtypes, frequently exhibiting marked differences, were
unavailable in our data. However, our results according to
tumor locations may indicate the different associations of
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Table 4 Associations of the rs2303428 genotypes with biomarkers of
drug resistance

Protein expression T TC+CC P value
TS
Non-cardia
Negative 28 (34.1) 49 (49.5) 0.038
Positive 54 (65.9) 50 (50.5)
Cardia
Negative 38 (50.7) 50 (47.6) 0.687
Positive 37 (49.3) 55 (52.4)
Total
Negative 66 (42.0) 99 (48.5) 0.220
Positive 91 (58.0) 105 (51.5)
Pgp
Non-cardia
Negative 42 (51.2) 68 (68.7) 0.017
Positive 40 (48.8) 31 (31.3)
Cardia
Negative 43 (57.3) 66 (62.9) 0.455
Positive 32 (42.7) 39 (37.1)
Total
Negative 85 (54.1) 134 (65.7) 0.026
Positive 72 (45.9) 70 (34.3)
ERCC1
Non-cardia
Negative 34 (41.5) 59 (59.6) 0.015
Positive 48 (58.5) 40 (40.4)
Cardia
Negative 31 (41.3) 44 (41.9) 0.939
Positive 44 (58.7) 61 (58.1)
Total
Negative 65 (41.4) 103 (50.5) 0.086
Positive 92 (58.6) 101 (49.5)
HER2
Non-cardia
Negative 77 (93.9) 95 (96.0) 0.526
Positive 5(6.1) 4(4.0)
Cardia
Negative 66 (88.0) 94 (89.5) 0.748
Positive 9 (12.0) 11 (10.5)
Total
Negative 143 (91.1) 189 (92.6) 0.588
Positive 14 (8.9) 15(7.4)

TS thymidylate synthetase, Pgp P-glycoprotein

the rs2303428 genotypes with clinical outcomes between
the intestinal and diffuse subtypes, because cardia GC owned
diffuse subtype more frequently than non-cardia GC [36].
Moreover, the mechanisms that are responsible for the asso-
ciations of the rs2303428 genotypes with clinical outcomes
are unclear, which induces a lack of theoretical basis to
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use the rs2303428 genotypes clinically that is a common
dilemma faced by biomarkers [7—10]. Furthermore, TNM
stage still was the most powerful predictor for prognosis
in GC as shown in our results, and biomarkers such as the
rs2303428 genotypes alone were rather a beneficial sup-
plement than a substitution for TNM stage. Finally, more
polymorphisms in DNA repair genes need to be evaluated
for clinical significance in GC.

In conclusion, this study shows that the rs2303428 geno-
types may be prognostic and predictive biomarkers in GC.
If validated by prospective trials, MMR genotyping has the
potential to be a convenient method to improve patient selec-
tion for adjuvant chemotherapy.
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