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Influence of hypoxia-related genetic polymorphisms
on the prognosis of patients with metastatic
gastric cancer treated with EOF
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Abstract. Tumor hypoxia is common in a number of solid
tumor types including gastric cancer, and is associated with
treatment resistance and poor prognosis. The present study
aimed to investigate the function of hypoxia-associated genetic
polymorphisms in predicting treatment response and survival in
patients with metastatic gastric cancer (MGC) treated with EOF
(oxaliplatin and 5-fluorouracil combined with epirubicin) as
first-line chemotherapy. The present retrospective study enrolled
108 Chinese patients with MGC receiving EOF as first-line
chemotherapy, and genotyped six single nucleotide polymor-
phisms (SNPs) in four hypoxia-associated genes [myoglobin
(MB) rs7292 and rs7293, ATP Binding Cassette Subfamily G
Member 2 152231142, MutL homolog 1 (MLHI) rs1800734 and
1r$9852810, and Poly(ADP-Ribose) Polymerase 1 rs1136410]. The
results of the present study indicated that the CT/TT genotype
of MB 157292, as well as the GG genotype of MLHI1 rs9852810,
were independent favorable predictive factors of progres-
sion-free survival [PFS; MB rs7292: hazard ratio (HR)=0.135,
95% confidence interval (CI)=0.057-0.321, P<0.001; MLH1
1s9852810: HR=0.494, 95% CI=0.267-0.913, P=0.024). Using
a prognostic index based on the favorable SNPs for PFS (MB
157292 CT/TT genotype, and MLHI1 rs9852810 GG genotype),
patients were classified into a low-risk group (involving one or
two of the two SNPs) and a high-risk group (involving neither of
the two SNPs), with a PFS of 180.0 and 117.0 days, respectively
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(P=0.002). The results of the present study demonstrated that
the CT/TT genotype of MB rs7292 and the GG genotype of
MLHI rs9852810 were independent favorable predictive factors
of PFS in patients with MGC treated with EOF. Identification
of those SNPs in blood samples may allow for the predic-
tion of the short-term efficacy of first-line EOF treatment in
patients with MGC.

Introduction

Notable progress has been achieved in previous years in the
treatment of metastatic gastric cancer (MGC). For instance,
trastuzumab combined with chemotherapy markedly prolongs
overall survival (OS) in comparison with chemotherapy alone
for patients with human epidermal growth factor receptor
2 (HER2)-positive MGC (1). However, HER2-positive disease
accounts for only 7-34% of all gastric cancer (GC) (1); for
patients with the HER2-negative disease, chemotherapy
alone remains the standard treatment. EOF [oxaliplatin and
5-fluorouracil (5-FU) combined with epirubicin] is one of
the classic first-line chemotherapeutic treatments for MGC.
Nevertheless, <50% of all patients respond to this treat-
ment (2), driving the demand for predictive biomarkers in
order to improve the selection of patients likely to respond to
EOF therapy.

Tumor hypoxia develops in the majority of solid tumors
due to the imbalance between the tumor growth and blood
supply (3). In GC, previous studies have revealed that
hypoxia may lead to drug resistance and stimulate the
epithelial-mesenchymal transition (EMT) of GC cells (4,5), and
the presence of low levels of oxygenation in the tumor tissues
of patients with GC has been associated with poor survival (6).
Prior studies have additionally revealed that hypoxia-inducible
factor (HIF)-1, the major transcription factor significantly acti-
vated by hypoxia, may confer hypoxia-induced drug resistance
via the inhibition of drug-induced apoptosis, a decrease in
intracellular drug accumulation and by prompting multidrug
resistance (MDR) (7). Thus, the study of genes associated with
tumor hypoxia may be of value in predicting the treatment
response and prognosis of patients with MGC.



TANG et al: GENETIC POLYMORPHISMS IN PATIENTS WITH MGC TREATED WITH EOF

Myoglobin (MB) is an oxygen-binding respiratory protein
that has been identified in various non-muscle tissues (8).
Previous studies have revealed that mRNA and/or protein
levels of MB may be induced by hypoxia and were corre-
lated with the expression of numerous hypoxia biomarkers,
including HIF-1a, HIF-2a, and carbonic anhydrase IX (CAIX)
in various types of cancer (9-13).

The ATP-binding cassette sub-family G member 2
(ABCG?2) promoter has been revealed to involve three hypoxia
response elements (14). Under conditions of hypoxia, ABCG2
may be induced, thus the tumor cells would be provided with
a survival advantage by reducing the accumulation of heme or
porphyrin (15).

MutL homolog 1 (MLHI), a key DNA mismatch repair
(MMR) gene, has been revealed to be specifically reduced
in tumor cells and stem cells under hypoxia (16,17), which
eventually leads to genetic instability, tumor progression and
resistance to chemotherapeutic agents including oxaliplatin,
5-FU, and irinotecan (18-21).

Poly(ADP-ribose) polymerase-1 (PARP-1) has been
demonstrated to serve important functions in carcinogen-
esis (22). Previous studies have revealed that PARP-1 interacts
with HIF-1a and HIF-2a (23,24), and that pre-exposure to
hypoxia followed by oxidative stress may lead to the over
activation of PARP-1 in human lung cancer cells (25).

In the present study, a retrospective analysis was conducted
to evaluate the effect of 6 hypoxia-associated genetic polymor-
phisms (rs7292, rs7293, rs2231142, rs1800734, rs9852810, and
rs1136410) on the treatment response and survival of Chinese
patients with MGC receiving EOF chemotherapy.

Materials and methods

Patients. The present study retrospectively enrolled
108 Chinese patients with untreated MGC from May 2008 to
June 2012 at the Fudan University Shanghai Cancer Center
(Shanghai, China). All patients had pathologically diag-
nosed gastric adenocarcinoma with metastasis confirmed by
magnetic resonance imaging or computed tomography, and
were receiving the EOF treatment (intravenous epirubicin
50 mg/m?* combined with a 2 h intravenous infusion of oxali-
platin 130 mg/m? on day 1, followed by a 24 h continuous
infusion of 5-FU 375-425 mg/m?*/day for 5 days) as first-line
chemotherapy. The chemotherapy was repeated every 3 weeks
until disease progression, intolerable toxicity, or withdrawal
of consent. The response evaluation criteria in solid tumors
(1.0) guidelines were used to evaluate tumor responses (26).
Patients who achieved complete remission, partial remission,
or stable disease were defined as ‘controlled,” and patients with
progressive disease were defined as ‘uncontrolled.” Follow-up
was conducted every 3-6 months, and OS was defined as the
interval between the dates of the beginning of treatment and
the first documentation of mortality from any cause, while
progression-free survival (PFS) was defined as the interval
between the dates of the beginning of treatment and the first
documentation of disease progression or mortality from any
cause.

The present study was approved by the Ethics Committee
of Fudan University Shanghai Cancer Center (Shanghai,
China) and was conducted in accordance with the Declaration
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of Helsinki. The blood samples obtained prior to treatment
were acquired from the tissue bank of Fudan University
Shanghai Cancer Center with written informed consent from
the patients.

Genotyping. A total of six single nucleotide polymorphisms
(SNP) in four hypoxia-related genes from the National Center
for Biotechnology Information dbSNP database: MB (157292,
1s7293), ABCG2 (rs2231142), MLH1 (rs1800734, rs9852810),
and PARP-1 (rs1136410) were genotyped (Table I). Genomic
DNA extraction and SNP genotyping were performed as
described previously (27). Specifically, genomic DNA was
extracted from the peripheral blood using the standard
phenol-chloroform method. All probes and primers were
designed by the Assay-on-Design service. The primer
sequences were as follows: 1) rs7292, forward primer (5'-3'):
ACGTTGGATGCTCATGATGCCCCTTCTTCT, reverse
primer (5'-3"): ACGTTGGATGGAGGACTTAAAGAAGCA
TGG, extension primer (5'-3'): tctgAAAGAAGCATGGTG
CCAC. 2) rs7293, forward primer (5'-3"): ACGTTGGAT
GGTTTGACAAGTTCAAGCACC, reverse primer (5'-3'):
ACGTTGGATGTGGCACCATGCTTCTTTAAG, extension
primer (5'-3"): GCTTCTTTAAGTCCTCAGA. 3) rs2231142,
forward primer (5'-3'): ACGTTGGATGTGATGTTGTGA
TGGGCACTC, reverse primer (5'-3'): ACGTTGGATGGT
CATAGTTGTTGCAAGCCG, extension primer (5'-3'): ccc
tCAAGCCGAAGAGCTGCTGAGAACT. 4) rs1800734,
forward primer (5'-3'): ACGTTGGATGATCAATAGCTG
CCGCTGAAG, reverse primer (5'-3"): ACGTTGGATGAG
TGCCTCGTGCTCACGTTC, extension primer (5'-3"): gGC
TCACGTTCTTCCTT. 5) rs9852810, forward primer (5'-3'):
ACGTTGGATGTTTATGGAGCATCTACGGTG, reverse
primer (5'-3"): ACGTTGGATGACTTTCCCTGCAGGGAT
AAG, extension primer (5'-3"): atGGATAAGAGCATTAAA
TGAGATAA. 6) 151136410, forward primer (5'-3"): ACGTTG
GATGTGAGCAGACTGTAGGCCAC, reverse primer (5'-3'):
ACGTTGGATGGCTTTCTTTTGCTCCTCCAG, extension
primer (5'-3"): ccttaCTTTTGCTCCTCCAGGCCAAGG.

All SNPs were genotyped with the TagMan assay method
using the ABI 7900 DNA Detection System (Applied
Biosystems, Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The polymerase chain reaction (PCR) was performed
using the TagMan Universal PCR Master Mix reagent (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. PCR was performed at 95°C for
2 min, followed by 45 cycles at 95°C for 30 sec, 56°C for 30 sec
and 72°C for 1 min, with a final incubation at 72°C for 5 min;
the extension reactions were conducted at 94°C for 30 sec and
then 94°C for 5 sec, followed by 5 cycles at 52°C for 5 sec and
at 80°C for 5 sec for a total of 40 cycles and finally at 72°C for
3 min.

Statistical analysis. Hardy-Weinberg equilibrium and
pairwise linkage disequilibrium (LD), as well as allele
and genotype distributions, were analyzed using SHEsis
(http://analysis.bio-x.cn/myAnalysis.php) (28). The discrep-
ancies in allelic and genotype frequency between the
controlled and uncontrolled groups were analyzed using
¥? or Fisher's exact tests. OS and PFS were analyzed
using the Kaplan-Meier method with the log-rank test using
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Table I. Summary of the six SNPs in the four hypoxia-related genes in the present study.

Gene SNP ID* Chromosome® Function Allele HW test P-value
MB 157292 ch.22:35610998 Synonymous >C 0912
MB 157293 ch.22:35611028 Synonymous G>A 0911
ABCG2 rs2231142 ch.4:88131171 Missense C>A 0.479
MLH1 rs1800734 ch.3:36993455 5'UTR G>A 0.505
MLH1 19852810 ch.3:37027478 Intron variant G>A 1.000
PARP-1 rs1136410 ch.1:226367601 Missense T>C 0.878

*According to the dbSNP database; "The SNP location based on the NCBI Human Genome Build 37.5. SNP, single nucleotide polymor-
phism; HW, Hardy-Weinberg; MB, myoglobin; ABCG2, ATP binding cassette subfamily G member 2; MLH1, MutL homolog 1; PARP-1,

Poly(ADP-ribose) polymerase 1; UTR, untranslated region.

rs7292
rs7293

= rs1800734
r rs9852810 -

Figure 1. Linkage disequilibrium for the SNPs of MB and MLHI. (A) Linkage disequilibrium for MB SNPs rs7292 and rs7293; (B) Linkage disequilibrium
for MLH1 SNPs rs1800734 and rs9852810. SNP, single nucleotide polymorphism; MB, myoglobin; MLH1, MutL homolog 1.

SPSS software (version 19.0; IBM Corp., Armonk, NY,
USA). Risk factors with P<0.1 were further analyzed using
multivariate Cox regression models to assess the influ-
ence of genotypes on treatment-association survival. The
software Testing Haplotype Effects in Association Studies
(version 3.1) was used to perform haplotype analysis (29). A
two-tailed P<0.05 was considered to indicate a statistically
significant difference.

Results

Study population and SNPs. The study population included
108 Chinese patients with MGC receiving EOF chemotherapy.
Baseline demographic and clinical data were described in a
previous study (30). In brief, 41.0% (44/108) of the patients were
female, and the age of the patients ranged from 23-74 years.
Within the study population, 95.4% (103/108) of patients had
an Eastern Cooperative Oncology Group (ECOG) score (31)
of 0-1. All the patients had at least one unresectable lesion
including lung metastasis, liver metastasis, ascites, pleural
effusion or retroperitoneal lymph node invasion. According
to the best treatment response, 89 (82.4%) patients were

regarded as controlled and 19 (17.6%) patients were uncon-
trolled. There was no difference between the controlled and
uncontrolled patients in terms of sex, age, ECOG score, tumor
differentiation, synchronous metastasis status and number
of lesions. The median follow-up duration was 28.4 (range,
7.7-69.0) months.

Table I presents the 6 SNPs analyzed in the present study.
Each of the SNPs was in Hardy-Weinberg equilibrium.
Patients for whom data was lacking for certain SNPs (for
instance, 1/108 patients for rs2231142) were excluded from the
corresponding analysis.

LD analysis. Pairwise LD analysis revealed strong LD in
MB SNPs rs7292 and rs7293 (D'=1.000, r’=1.000; Fig. 1A),
as well as MLH1 SNPs rs1800734 and rs9852810 (D'=1.000,
r’=0.084; Fig. 1B). Since 1s7292 and rs7293 were in complete
LD (D'=1.000, r*=1.000), only rs7292 was included in the
subsequent analysis to avoid unnecessary duplication.

Association of alleles and genotype frequency with disease
control. Differences between the four SNPs analyzed in the
present study and disease control are presented in Table II.
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Table III. PFS and OS analysis with the Kaplan-Meier method and log-rank test.

Clinical Clinical Median Median

characteristic factors Patients (n) PFS (days) 95% CI P-value*  OS (days) 95% CI P-value®

MB 157292 CC 8 71.0 50.2-91.8 0.001 2440 132.4-355.6 0.245
CT+TT 100 179.0 162.7-191.1 4650 302.8-627.2

ABCG2rs2231142  AA 13 182.0 159.2-204.7 0.705 297.0 173.2-420.8 0.278
AC+CC 94 173.0 152.3-193.7 465.0 292.0-638.0

MLHI rs1800734 AA 35 159.0 112.0-206.0 0.897 367.0 50.3-683.7 0.590
AG+GG 73 179.0 158.5-199.5 465.0 309.3-620.7

MLHI rs9852810 AA+AG 14 147.0 51.7-242.3 0.040 241.0 100.0-382.1 0.287
GG 93 178.0 155.8-200.2 4650 207.7-622.3

PARP-1 151136410 CC 17 202.0 158.0-246.0 0.528 1378.0 b 0.156
CT+TT 90 169.0 148.1-189.9 403.0 252.4-533.6

“P-value of the log-rank test. "95% CI cannot be calculated due to the fact that 10 out of 17 patients in the subgroup are censored. OS,
overall survival time; PFS, progression-free survival; MB, myoglobin; ABCG2, ATP binding cassette subfamily G member 2; MLH1, MutL
homolog 1; PARP-1, Poly(ADP-ribose) polymerase 1; UTR, untranslated region.
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Figure 2. PFS curves for MB rs7292, MLHI rs9852810, and the prognostic index among subgroups. (A) PES curves of rs7292 among subgroups. Median
PFS time for CC carriers (solid line) and CT/TT carriers (dotted line) were 71.0 days (95% CI: 50.2-91.8) and 179.0 days (95% CI: 162.7-191.1), respectively
(P=0.001); (B) PFS curves of rs9852810 among subgroups. Median overall survival time for AA/AG carriers (solid line), GG carriers (dotted line) were 147.0
days (95% CI: 51.7-242.3) and 178.0 days (95% CI: 155.8-200.2), respectively (P=0.040); (C) PFS curves of prognostic index among subgroups. The median
PFS time for low-risk (O risk, solid line), and high-risk (1 or 2 risks, dotted line) were 180.0 days (95% CI: 161.5-198.5) and 117.0 days (95% CI: 40.7-193.3)
respectively (P=0.002). The high-risk group had a 2.2-fold increased risk of progression compared with the low-risk group (HR=2.223, 95% CI=1.335-3.704;
P=0.002). PFS, progression-free survival; CI, confidence interval; HR, hazard ratio; MB, myoglobin; MLH1, MutL homolog 1.

No allele or genotype exhibited a significant association with
treatment response.

Survival analysis. In addition to pathological grade and number
of lesions, as reported in a previous study (27), the genotypes
of MB 157292 and MLHI rs9852810 were revealed to be
significantly associated with PFS (Table III). T carriers of MB
157292 had significantly more favorable PFS compared with CC
carriers (median PFS: 179.0 and 71.0 days, respectively P=0.001;
Fig. 2A). Similarly, GG carriers of MLH1 rs9852810 had signifi-
cantly longer PFS in comparison to A carriers (median PFS:
178.0 and 147.0 days, respectively; P=0.040; Fig. 2B). In the
Cox regression models, the T allele of MB rs7292 and the GG
genotype of MLHI rs9852810 were associated with decreased
risks of disease progression [rs7292: hazard ratio (HR)=0.135,
95% confidence interval (CI)=0.057-0.321; P<0.001; rs9852810:

HR=0.494, 95% CI=0.267-0.913; P=0.024, respectively],
indicating that, along with pathological grade (P=0.005) and
number of lesions (P=0.020), MB rs7292 and MLHI1 rs9852810
were independent predictive factors of PFS for patients with
MGC receiving EOF chemotherapy (Table IV). However, none
of the SNPs were revealed to have an association with OS using
Kaplan-Meier analysis (Table III).

PFS analysis based on the prognostic index. According to
the favorable SNPs for PFS (MB rs7292 CT/TT genotype and
MLHI rs9852810 GG genotype), patients were classified into
a low-risk group (involving one or two of the two SNPs) and a
high-risk group (involving neither of the two SNPs). Patients
from the low-risk group revealed a significantly longer PFS
than patients from the high-risk group (median PFS: 180.0
and 117.0 days, respectively; P=0.002; Fig. 2C). In comparison
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Table IV. Multivariate analysis of prognostic factors of PFS
following EOF treatment.

PFS
Clinical
characteristic Hazard ratio  95% CI  P-value®
Pathological grade
Low and 1 0.005
undifferentiated
Moderate and high 0.252 0.097-0.657
Unclassified 0.633 0.382-1.046
No. of lesions
1 1 0.020
2 0.159 0.030-0.854
>3 0.952 0.300-3.025
Synchronous metastasis
Presence 1 0.628
Absence 1.184 0.597-2.348
MB 157292
CC 1 <0.001
CT+TT 0.135 0.057-0.321
MLH]1 rs9852810
AA+AG 1 0.024
GG 0.494 0.267-0913

“P-value is evaluated in patients without an unclassified pathological
stage. PFS, progression-free survival; CI, confidence interval; MB,
myoglobin; MLH1, MutL homolog 1.

with the low-risk group, the high-risk group demonstrated
a 2.2-fold increased risk of disease progression (HR=2.223,
95% C1=1.335-3.704; P=0.002).

Haplotype analysis. Haplotype analysis was performed in
SNPs that were in strong LD. The analysis demonstrated that
the GA haplotype of MLH1 rs1800734/rs9852810 was asso-
ciated with unfavorable PFS (HR=1.84, 95% CI=1.07-3.16;
P=0.027), while no haplotype of MLH1 rs1800734/rs9852810
was associated with OS (Table V). The haplotypes of MB had
no significant influence on survival (Table VI).

Discussion

Hypoxia is common in numerous types of solid tumor,
including GC, and is considered to be an important factor
associated with aggressive phenotypes and treatment
resistance of tumors (6,32). Several studies have investi-
gated the influence of hypoxia on the chemosensitivity,
metastasis, and prognosis of GC. Liu ef al (4) demonstrated
that GC cells developed resistance to 5-FU, vincristine,
cisplatin, etoposide, and adriamycin under conditions of
hypoxia. Matsuoka er al (5) demonstrated that hypoxia
may stimulate the EMT process of GC cells. In addition,
Osinsky et al (6) revealed that low levels of oxygenation in
tumor tissues were associated with poor survival in patients
with GC.
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The present study explored the relationship between
polymorphisms of genes associated with tumor hypoxia
and the clinical outcome of patients with MGC treated with
EOF, and to the best of our knowledge, revealed for the first
time that the CT/TT genotype of MB rs7292 and the GG
genotype of MLHI rs9852810 were independent favorable
predictive factors of PFS for patients with MGC treated
with the EOF regimen. Since PFS more directly reflects the
therapeutic effect of first-line chemotherapy, MB rs7292 and
MLHI rs9852810 may serve as biomarkers that predict the
short-term efficacy of the first-line EOF regimen in patients
with MGC.

The MB rs7292 CT/TT genotype was demonstrated to be an
independent favorable predictor of PFS for patients with MGC
treated with EOF chemotherapy, while MB rs7292 CT/TT
carriers appeared to possess a tendency toward an improved
OS compared with CC carriers (for CT/TT and CC genotypes,
median OS: 465.0 and 244.0 days, respectively; P=0.245).
Although the difference was not statistically significant,
considering the markedly separative tendency of OS curves
and the limited sample size of the present study, there may
still be a link between the CT/TT genotype and survival. With
respect to the prognostic function of MB rs7293, since MB
rs$7292 and 157293 were in complete LD (D'=1.000, r*=1.000),
the results of the analysis of the rs7293 GG genotype were
identical to those of the rs7292 CC genotype (data not shown).

The function of MB in GC has not previously been
reported, and the function of MB in tumors varies and
remains controversial. For example, one previous study
demonstrated that 71% of 1,027 breast cancer cases demon-
strated MB expression, with a significant correlation with
hypoxia markers (HIF-2a, CAIX) and an improved prog-
nosis (9). Furthermore, another previous study revealed that
MB was induced in breast cancer cells by prolonged hypoxia,
partially by HIF-1/2-dependent transactivation, and addition-
ally revealed that MB may damage mitochondria in hypoxic
cancer cells, indicating the tumor-suppressive potential of
MB in breast cancer (10). However, the function of MB in
non-small-cell lung cancer is controversial. For instance,
Galluzzo et al (33) demonstrated that overexpression of MB
in non-small-cell lung cancer cells suppressed the hypoxia
response, inhibited tumor growth, reduced vessel density,
promoted tumor differentiation and suppressed tumor metas-
tasis. On the other hand, Oleksiewicz et al (13) reported
that patients with non-small-cell lung cancer with low MB
levels had a longer survival duration than patients with high
MB expression. Hypoxia may also induce the expression of
MB in prostate cancer (11) and renal cell carcinoma (12).
However, to date, no studies have reported the polymor-
phisms of MB in malignant tumors, and the function of
MB in gastric cancer has not been previously demonstrated.
Further research is required to elucidate whether the change
of 157292 may affect the expression of MB, and whether and
how MB may influence the efficacy of the EOF treatment in
patients with GC.

The link between MLHI1 rs1800734 and rs9852810
and GC was also reported in the present study. In addi-
tion to the prolonged PFS of patients with MGC carrying
the GG genotype of MLHI1 rs9852810, MLH1 rs9852810
GG carriers were revealed to possess an improved OS
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Table V. Analyses of associations between haplotypes of MLH1 and PFES/OS.

PFS oS
Haplotypes Haplotype frequencies (%) HR 95% CI P-value HR 95% CI P-value
AG* 51.00
GA® 6.73 1.84 1.07-3.16 0.027 1.50 0.75-3.00 0.253
GG* 4231 0.95 0.70-1.27 0.712 0.87 0.58-1.30 0.490

"Haplotype was composed in the order of rs1800734 then rs9852810; AG was the most common haplotype. PFS, progression-free survival;
OS, overall survival; CI, confidence interval; HR, hazard ratio; MLH1, MutL homolog 1.

Table VI. Analyses of associations between haplotypes of MB and PFS/OS.

PFS oS
Haplotypes Haplotype frequencies (%) HR 95% CI P-value HR 95% CI P-value
TA® 75.00
CG* 25.00 1.09 0.79-1.51 0.60 1.20 0.78-1.84 041

“Haplotype was composed in the order of rs7292 then rs7293. PFS, progression-free survival; OS, overall survival; HR, hazard ratio;

CI, confidence interval; MB, myoglobin.

compared with A carriers (for GG and AA/AG genotypes,
median OS: 465.0 and 241.0 days, respectively; P=0.287).
The results demonstrating that OS difference did not reach
statistical significance may be attributed to the relatively
small sample size and the therapy following first-line chemo-
therapy. Additionally, haplotype analysis revealed that the
GA haplotype of MLHI rs1800734/rs9852810 was associated
with poorer PFS compared with the common haplotype AG;
the reason may be that the GG genotype of rs9852810 had a
significantly favorable PFS.

As a key DNA MMR gene, the expression of MLH1
was demonstrated to be reduced under hypoxia as a result
of transcriptional, translational, or methylation modifica-
tion (18,34,35). In addition, several studies have revealed
that methylation of the MLH1 gene promoter was associated
with the stages of carcinogenesis and progression as well as
oxaliplatin resistance in GC (36-38).

With respect to the influence of the polymorphisms of
MLHI1 on cancer, Langeberg ef al (39) reported that the
rs9852810 A allele was associated with a higher risk of
prostate cancer incidence and recurrence, as well as being
associated with more aggressive types of prostate cancer.
Furthermore, rs1800734 was located in the CpG island of
MLHI, and the A allele of rs1800734 was significantly associ-
ated with MLH1 methylation and high-degree microsatellite
instability in colorectal cancer (40-42). In GC, Zhu et al (43)
demonstrated that the G allele of MLH1 rs1800734 was asso-
ciated with a decreased risk of GC. However, the present study
demonstrated no significant association between rs1800734
and the clinical outcome of patients with MGC who received
EOF chemotherapy, a result that may be explained by the
controversy surrounding the influence of microsatellite

instability on GC (44,45). Since the influence of the two
polymorphisms on the survival and treatment response
of patients with MGC has, to the best of our knowledge,
never previously been reported, and additionally whether
the two SNPs may alter the function of MLH1 and subse-
quently influence GC progression is unknown, additional
work is required to validate the predictive value of those
polymorphisms for GC.

When the patients were classified into a low-risk group
and a high-risk group according to the number of favorable
SNPs for PFS (MB rs7292 CC genotype and MLHI rs9852810
A allele) they possessed, the high-risk group was revealed to
possess a significantly shorter PFS; thus, this type of classi-
fication may assist in a more comprehensive identification of
patients with poor prognosis.

To conclude, to the best of our knowledge, the present study
revealed for the first time, that in Chinese patients with MGC
treated with the EOF regimen as first-line chemotherapy, the
CT/TT genotype of MB rs7292 and the GG genotype of MLH1
rs9852810 were independent favorable predictive factors of
PFS, and that these may serve as biomarkers to predict the
short-term efficacy of the first-line EOF regimen in patients
with MGC. Since all the SNPs of the four hypoxia-associated
genes investigated in the present study have seldom been
reported in GC, the results of the present study will require
confirmation with larger cohort studies and further functional
investigations.
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