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Background: For patients with gastric cancer (GC), adjuvant chemotherapy is a standard
therapy. However, the responses to the treatment are quite different. Mitogen-activated
protein kinase (MAPK) pathway is a core pathway that modulates the efficacy of anticancer
drugs. The purpose of our study was to investigate the clinical significance of one pivotal
functional gene polymorphism in the MAPK pathway — MAP3K1 rs889312 — in patients
with stage II GC to stage III GC.

Methods: The genotypes of MAP3K1 rs889312 were analyzed in 591 GC patients enrolled
in this study who had received radical gastrectomy. Among them, 204 patients accepted
adjuvant chemotherapy based on platinum and fluorouracil (PF) regimens after an operation.
Cox regression analysis, log-rank test and Kaplan—-Meier method were used to explore the
link between MAP3K1 rs889312 variant and overall survival (OS) of GC.

Results: Compared with the AA genotype (mean OS of 68.12 months), MAP3K1 rs889312
AC/CC significantly reduced the mean OS of 56.83 months in patients who received
adjuvant chemotherapy only. In addition, AC/CC genotype had a negative impact on OS
of patients who received oxaliplatin-based therapy (HR, 8.253; 95% CI: 1.119-60.853, log-
rank p=0.013). Stratification analysis showed that MAP3K1 rs889312 AC/CC significantly
reduced OS of patients with tumors smaller than or equal to 5 cm in size (HR, 3.706; 95%
CI: 1.329-10.335, p=0.012), poorly differentiated tumors (HR, 3.002; 95% CI: 1.076-8.377,
p=0.036) and intestinal tumors (HR, 4.780; 95% CI: 1.138-20.073, p=0.033).

Conclusion: Our findings suggested that MAP3K1 rs889312 single-nucleotide polymorph-
ism may be considered as a biomarker for adjuvant chemotherapy reaction and can predict
prognosis of GC patients who received PF-based therapy.

Keywords: MAP3K 1 rs889312, gastric cancer, biomarker, single-nucleotide polymorphism,

adjuvant chemotherapy

Introduction

Although the mortality rate of cancer patients has declined over the past decade,
gastric cancer (GC) remains a devastating disease, especially in Asia.' Tt is esti-
mated that 679,100 new GC cases and 498,000 deaths occurred in 2015 in China.?
Currently, combination therapies including surgery, chemotherapy and local radio-
therapy are options for most patients with locally advanced GC, whilst surgery
remains the only curative therapy. Postoperative chemotherapy and chemoradiation
could bring further benefits, with a 5-year survival rate increased by 8-15%.>"> So
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far, adjuvant chemotherapy based on platinum and fluor-
ouracil (PF) has been considered to be the most effective
treatment for stage II and stage III GC after an operation.
The response rate is less than 50%, though.® There is no
clear evidence — including conventional clinicopathologi-
cal parameters and molecular classification — that can
possibly distinguish patients who are likely to benefit
from PF regimen. Therefore, the identification of new
biomarkers is of great importance for guiding personalized
treatment and avoiding unnecessary toxicity and economic
burden.

Nowadays, accumulative evidence has demonstrated the
pivotal genetic effects of single-nucleotide polymorphisms
(SNPs) on GC development and progression. Investigating
SNPs in a biological pathway — rather than individual genes —
may provide a better chance to identify the genes and
mechanisms underlying disease pathogenesis.” In our pre-
vious research, functional SNPs in cancer initiation and
progression pathways were selected systematically through
literature review and pooled analysis results. Finally, the
associations between more than 20 SNPs and survival of
GC were checked in a Chinese population.*'> Based on
the concept that variation in genes involved in pathways
such as the repair of DNA damage may be important in
both the mechanisms of tumor formation and proliferation
and in the response to DNA damage induced by chemother-
apy, we hypothesized that genetic determinants of GC out-
come might be associated with chemotherapy reaction.'®!”
The polymorphisms of one-carbon metabolism pathway-
associated genes were also suggested as predictive factors
for the GC patients’ treatment with 5-FU-based chemother-
apy in our previous study.'®'?

All cell types express the mitogen-activated protein
kinases (MAPKs). They regulate various physiological
processes such as cell growth, differentiation, metabolism,
death, etc.?® Thus far, four independent MAPK pathways
have been characterized, including ERK, c-Jun N-terminal
kinase (JNK), p38 signaling and Big MAP kinase-1
families whose relevancies with response and resistance
to antitumor agents have been recognized.”' >* For exam-
ple, activated MAPK/ERK pathway has a survival advan-
tage for squamous tumor cells treated with cisplatin.?*
P38a MAPK has been identified as a mediator of resis-
tance to 5-fluorouracil and cisplatin chemotherapy in col-
orectal cancer patients.>

Mitogen-activated protein kinase kinase kinase 1
(MAP3K1) is a serine/threonine kinase. As it localizes
upstream of all three of the ERK, JUK and p38 signaling

pathways, MAP3K 1 may play a pivotal role in the network of
phosphorylating enzymes. Large case—control and case—case
studies have shown that SNPs in MAP3KI1 can have an
influence on both the molecular biology of the tumor and
the prognosis of the patients. It was noted that MAP3K1
rs889312 polymorphism was associated with increased risk
of distant metastasis development in breast cancer.”® Patients
with lymph node metastasis had a lower mutation frequency
of MAP3K1 15702689 (GA/AA) than patients without lymph
node metastasis in colorectal cancer.?” Distant or lymph node
metastasis may reduce the survival rate and worsen the
prognosis of cancer. More direct evidences showing the
correlation between MAP3K1 rs889312 and prognosis of
tumors were identified. For instance, among premenopausal
women with breast cancer, MAP3K1 rs889312 (CC) was
significantly associated with poor distant disease-free survi-
val (DDFS), disease-free survival (DFS) or overall survival
(0S).® And the SNP rs889312 in MAP3K1 showed a sig-
nificant improvement in DDFS for heterozygotes of this SNP
and appears to demonstrate a dominant effect in early-onset
breast cancer patients.*’

In our previous study, we revealed that MAP3Kl1
rs889312 AC variant genotype was associated with a sta-
tistically significant 30% decrease in survival of GC
patients compared to the AA/CC homozygotes.*® Based
on the previous research, we hypothesized that MAP3K1
polymorphism may be associated with outcomes of adju-
vant chemotherapy in GC based on PF. Here, we explored
the clinical significance of the functional MAP3K1
rs889312 polymorphism in Chinese patients who received
PF-based adjuvant chemotherapy after GC surgery and
compared them with those who did not receive adjuvant
chemotherapy. We also investigated the prognostic asso-
ciations of MAP3K1 rs889312 polymorphism in certain
subtypes of GC.

Materials and methods

Ethics statement

All patients gave their written informed consents. The
study has been approved by the Institutional Ethical
Review Board of Nanjing Medical University, Nanjing,
China.

Study patients

Totally 591 GC patients retrospectively analyzed in this
study received their operations between 1999 and 2006 in
Yixing People’s Hospital (Yixing, Jiangsu Province). They
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had been confirmed as stage II-III diseases by histopatho-
logical diagnosis. Survival time of GC patients ranged from
operation date to death or the last follow-up in March 2009.
The median follow-up time was 68.5 months. All patients
had not received radiochemotherapy or radiotherapy before
or after surgery. Two hundred and seven of the patients
underwent PF-based adjuvant chemotherapy within 1
month after the operation. The patients’ clinical features
including sex, age, alcohol consumption, smoking, tumor
site and size, invasion, lymph node metastasis, histological
type and differentiation were collected and summarized in
Table 1. People who had smoked daily for over 1 year were
considered smokers. And all patients who had consumed
one or more glasses of alcohol weekly for at least 1 year
were considered drinkers. According to Lauren’s criteria,
tumors were classified as intestinal or diffuse type. The
stage was assessed according to Cancer Staging Manual of
the American Joint Committee on Cancer, 7th Edition.

Treatment plan

Patients received PF-based chemotherapy, including fluor-
ouracil plus cisplatin or oxaliplatin, for at least four cycles.
Chemotherapy was initiated within 1 month after the
operation. Patients given adjuvant chemotherapy were
required to satisfy the following conditions: 1) leukocyte
count was greater than or equal to 4x10°/L, 2) platelet
count was greater than or equal to 80x10°/L, 3) hemoglo-
bin level was greater than or equal to 8 g/dL and 4) there
were no signs of organ toxicities.

SNP genotyping

The surgical specimens were treated immediately after the
operation. They were fixed in buffered paraformaldehyde
and then embedded in paraffin. By proteinase K digestion,
isopropyl alcohol extraction and ethanol precipitation, we
extracted genomic DNA from the paraffin sections.
MAP3K1 SNP genotyping was performed using the ABI
7900HT Real Time PCR System (Applied Biosystems,
Foster City, CA, USA). The sequences of the primers used
for PCR were F-primer (5-GAGATGCCCCTGCTGGAGA
AAG-3) and R-primer (5-AAGGACACAGATTTATGGG
AAGGAGTC-3"). SNPs were analyzed by ABI3130 gene
analyzer and genotypes were determined by Genemapper 4.0
software (Applied Biosystems). For quality control, two inde-
pendent researchers performed genotype analyses blindly. We
also selected 10% of the samples randomly for genotype
verification. The results were 100% consistent.

Bioinformatics analysis

HaploReg v4.1 (https://pubs.broadinstitute.org/mammals/
haploreg/haploreg.php) was used to predict the potential
functions of MAP3K1 rs889312.2' This online tool gives
information on SNPs that are in linkage disequilibrium
(LD) with the queried SNP and also provides information
on which of these SNPs lie in promoter histone marks,
enhancer histone marks, DNAse sites and protein binding
regions. Sequence conservation across mammals, the
effects of SNPs on regulatory motifs and expression
from eQTL studies are also informed. All SNPs in LD
(r2>0.8, 1000G Phase 1 Asian population) with MAP3K1
rs889312 were also selected for function annotation and
prediction.

Statistical analysis

All statistical tests were performed with two sides using
the SPSS software (version 21; SPSS Inc. Chicago, IL). If
p-value <0.05, sufficient statistical significance was con-
sidered. Dominant, recessive and codominant models were
used to estimate the genetic effects of MAP3K1 rs889312
SNP. Pearson’s chi-squared test was performed to confirm
the correlations between MAP3KI1 rs889312 SNP and
The log-rank test and
Kaplan—Meier method were utilized for survival analysis.

clinicopathologic parameters.

Cox regression analysis was carried out to determine the
independence of effects for GC prognosis.

Results

Study patients’ characteristics and survival
In this study, 591 samples were recruited after curative sur-
gery. Among them, 207 cases received PF-based adjuvant
chemotherapy, while the remaining 384 cases did not accept
chemotherapy. The average age of patients carried out che-
motherapy is 59 years, while those over 60 years tended not
to receive postoperative chemotherapy, with a mean age of
61.64 years (p=0.002). As shown in Table 1, the remaining
clinical pathological characteristics did not differ between
the two groups. Due to lack of genotype information, 16
patients were excluded for further MAP3K1 analysis. The
frequency distribution of MAP3K1 (rs889312) genotype was
22.6% (130 cases) for AA, 52.3% (301 cases) for AC and
25.0% (144 cases) for CC. There was no difference in this
SNP’s genotype distribution between the two groups. The
observed frequencies were 48.8% for allele A and 51.2% for
allele C, matching the expected frequencies in an East Asian
population (https://www.ncbi.nlm.nih.gov/snp/).
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Table | Clinicopathological features of GC patients in both cohorts

Clinicopathologic features No chemotherapy Chemotherapy p Percentage of valid data
n=384 (%) n=207 (%)
Age (years) 61.64+10.45 59.00+9.48 0.002 100.00
Sex 0.218 100.00
Male 290 (75.52) 166 (80.19)
Female 94 (24.48) 41 (19.81)
Tumor size® 0.436 100.00
<5cm 205 (53.39) 118 (57.00)
>5cm 179 (46.61) 89 (43.00)
Tumor location 0.244 91.00
Antrum 73 (19.01) 42 (20.29)
Gastric fundus and cardia 141 (36.72) 78 (37.68)
Gastric body 120 (31.25) 51 (24.64)
More than one location 26 (6.77) 7 (3.38)
Invaded depth of tumor®© 0.229 99.30
TI 5 (1.30) 0 (0.00)
T2 36 (9.38) 18 (8.70)
T3 6 (1.56) | (0.48)
T4 333 (86.72) 188 (90.82)
Regional lymph node®* 0.171 99.30
NO 87 (22.66) 47 (22.71)
NI 88 (22.92) 55 (26.57)
N2 132 (34.38) 55 (26.57)
N3 73 (19.01) 50 (24.15)
TNM stage® 0.516 100.00
Il 124 (32.29) 61 (29.47)
11l 260 (67.71) 146 (70.53)
Tumor differentiation® 0.601 99.70
Well differentiated 0 (0.00) | (0.48)
Moderately differentiated 113 (29.43) 60 (28.99)
Poorly differentiated 242 (63.02) 130 (62.80)
Mucinous 28 (7.29) 15 (7.25)
Lauren classification® 0.851 99.80
Intestinal type 116 (30.21) 64 (30.92)
Diffuse type 268 (69.79) 142 (68.60)
MAP3KI rs889312° 0.435 97.30
AA 90 (23.44) 40 (19.32)
AC 191 (49.74) 110 (53.14)
CC 90 (23.44) 54 (26.09)

Notes: *We used length of tumor as the measure for tumor size. ®Partial data were missing. The proportion of data that unavailable was less than 10%. All statistics used the
available data. “The TNM stage was assessed according to Washington K. 7th edition of the AJCC cancer staging manual: stomach. Ann Surg Oncol. 2010;17(12):3077-3079.57

Abbreviations: A, adenine; C, cytosine.

A flowchart of survival analysis is shown in Figure 1.
Survival analysis showed a definite link between TNM stage
and survival time of patients. Lymph node metastasis also
significantly influenced survival outcome. The median OS

was 62 months (95% CI: 48.8-75.2) in all patients. And
patients who received adjuvant chemotherapy had a mean
OS of 61.55 years. The OS was longer than that of patients
without chemotherapy (59 months), though the difference is
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Figure | The flowchart of patients included in the survival analysis.

insignificant (p=0.489). In the treated group, 105 patients had a
cisplatin plus fluorouracil (CF) regimen and 90 patients
accepted oxaliplatin plus fluorouracil regimen. No significant
difference was found in survival time between patients treated
with cisplatin-based and oxaliplatin-based
(p=0.144). The details are shown in Table 2.
MAP3K1 rs889312 polymorphism predicted OS in GC
patients who received adjuvant chemotherapy based on PF

regimens

In order to confirm the role of this polymorphism in
predicting clinical prognosis, log-rank test, Cox regression
analyses and Kaplan—Meier survival curves were used to
assess and display relationships between MAP3KI
rs889312 genotypes and OS of the two groups in different
genetic models (Table 3). When adjusted by demographic
and pathological variables, including sex, age, tumor features
and TNM stage, MAP3K1 rs889312 could act as an inde-
pendent prognostic factor for patients who had adjuvant
chemotherapy (Figure 2A). Patients carrying MAP3K1
rs889312 AA genotype had a mean OS of 68.12 months,
which was longer than that of patients with AC/CC genotype
(56.83 months). And compared with AA genotype,
MAP3K1 15889312 AC/CC genotype increased mortality

risk (HR, 3.308; 95% CI: 1.434-7.629). The post hoc tests
showed similar results. Compared with AA genotype,
MAP3K1 rs889312 AC and CC genotype both increased
mortality risk of patients who received PF-based chemother-
apy (AC vs AA: HR, 2.960; 95% CI: 1.409-6.218; CC vs
AA: HR, 2.467; 95% CI: 1.102-5.520). And compared with
AC genotype, CC genotype decreased the risk, but without
significance (HR, 0.875; 95% CI: 0.538-1.424). However,
for those who did not receive adjuvant chemotherapy,
MAP3K1 rs889312 was not related to OS (Figure 2B).

Stratified analysis of patients by

chemotherapy regimens

Patients were stratified by chemotherapy based on cisplatin
or oxaliplatin. And then, we explored the impact of MAP3K 1
rs889312 genotypes in stratified patients’ OS. As shown in
Table 4, AC/CC genotype negatively affected OS in patients
who underwent oxaliplatin-based chemotherapy in dominant
models (HR, 8.253; 95% CI: 1.119-60.853, log-rank
p=0.013). The results demonstrated that the C allele may be
a risk factor for the prognosis of patients who received
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Table 2 Relationships between clinicopathological variables and survival of GC patients

Variable Patients Deaths MST (months) Log-rank p HR (95% CI)

Age (years)

<60 270 126 77 0.261 |

>60 321 159 56 1.143 (0.904-1.445)
Sex

Male 456 216 63 0.386 |

Female 135 69 62 1.126 (0.859-1.477)

Tumor size
<5cm 323 150 65 0.259 |
>5cm 268 135 56 1.142 (0.905-1.442)

Tumor location®

Antrum 115 59 58 0.684 |

Gastric fundus and cardia 219 103 63 0.832 (0.604-1.146)

Gastric body 171 84 67 0.841 (0.603—1.175)

More than one location 33 16 61.23° 0.909 (0.523-1.581)
Invaded depth of tumor®

TI 5 | 86.8° 0.339 |

T2 54 23 74 0.264 (0.037-1.888)

T3 7 5 70 0.818 (0.534-1.255)

T4 521 253 59 1.336 (0.550-3.246)
Regional lymph node®

NO 134 51 72.66° 0.004 |

NI 143 67 74 1.216 (0.884—1.751)

N2 187 96 51 1.488 (1.059-2.090)

N3 123 68 36 1.871 (1.300-2.692)
TNM stage

I 185 69 75.29° <0.001 |

n 406 216 46 1.672 (1.274-2.194)
Tumor differentiation®

Well to moderately differentiated 174 71 74 0.139 |

Poorly differentiated 372 187 62 1.218 (0.926-1.601)

Mucinous 43 27 43 1.520 (0.976-2.369)
Lauren classification®

Intestinal type 180 74 74 0.085 |

Diffuse type 410 211 54 1.260 (0.966—1.643)
Chemotherapy

No 384 198 59 0.489 |

Yes 207 87 61.55° 0.915 (0.710-1.179)
Smoking

Nonsmoker 546 265 62 0.584 |

Smoker 45 20 97 0.882 (0.559-1.390)
Drinking

Nondrinker 558 268 62 0.924 |

Drinker 33 17 77 1.024 (0.626—1.675)

(Continued)
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Table 2 (Continued).

Variable Patients Deaths MST (months) Log-rank p HR (95% CI)
Chemotherapy regimens®

DDP 105 48 62 0.144 |

OXA 90 27 52.96° 0.705 (0.438-1.133)
MAP3KI rs889312*

AA 130 49 78.12° 0.009 |

AC 301 162 48 1.615 (1.173-2.225)

CcC 144 65 88 1.315 (0.907-1.906)

Notes: *Partial data were missing. All statistics used the available data. ®Partial MST could not be calculated. We provided mean survival time instead of MST.

Abbreviations: DDP, cisplatin; OXA, oxaliplatin; MST, median survival time.

oxaliplatin-based chemotherapy compared with the A allele.
However, cisplatin-based chemotherapy subgroup did not
show similar results. Figure 3 shows the survival curves of
the two subgroups using the Kaplan—-Meier method.

Stratified analysis of patients with certain
subtypes of GC

Further stratified analysis of tumors’ clinicopathologic fea-
tures were done to explore the relationships between
MAP3K1 rs889312 genotypes and survival of patients who
received adjuvant chemotherapy (Table 5). Compared to the
AA genotype, MAP3K1 rs889312 AC/CC genotype signifi-
cantly reduced the OS time of patients with tumors smaller
than or equal to 5 cm (HR, 3.706; 95% CI: 1.329-10.335,
p=0.012), poorly differentiated tumors (HR, 3.002; 95% CI:
1.076-8.377, p=0.036) or intestinal tumors (HR, 4.780; 95%
CI: 1.138-20.073, p=0.033).

Functional prediction

Rs889312 overlaps with an enhancer in 12 tissue types.
H3K4mel, H3K27ac and H3K9ac are all contributing to
the chromatin state assignment at this SNP in these cell
types. It also overlaps some motifs (Pou2f2, Zfp187) but
not those corresponding to TFs with overlapping binding
sites. And there is only a ChIP-seq result reported, GATA3
protein bound by ChIP-seq as well as 16 eQTL results. From
the eQTL results, we found that rs889312 was correlated
with STED9 expression in gastric tissues. There are 7 SNPs
in LD*>0.8 with rs889312. Only rs6450401 of them overlap
TF-binding sites, enhancer marks, promoter marks and DNse
peaks, and would be worth further investigation.

Discussion
PF-based chemotherapy after surgery in patients with
advanced GC is well accepted worldwide.*> Nowadays,

clinical stage and metastatic setting are considered as the
main clinical prognostic factors. And we ascertain the treat-
ment decision under pathological diagnoses. When given a
treatment regimen, a standard protocol is usually prescribed.
However, even stratified according to histology and other
clinical information, survival outcomes are still quite hetero-
geneous. It highlights the need for further improvements in
predictive markers.

MAP3K 1 mutations were frequently found in GC with a
percentage of 35.0%, higher than that of other tumors.** For
nasopharyngeal adenocarcinoma, the frequency was 10%.>*
Koh J et al determined somatic mutational profiles of stage
IV/III GCs according to their tumor microenvironment
immune types (TMITs), which classify cancer based on
co-assessment of PD-L1 expression and CD8+ tumor infil-
trating lymphocytes. And MAP3K1 mutations were
enriched in the TMIT II (48.0%) and III (50.0%) groups.**
Therefore, variants of MAP3K1 may play a certain role in
the occurrence and development of GC. However, there
were few studies that discussed the role of it in GC and
there were controversies. MAP3K1 rs16886448 was signif-
icantly associated with GC risk in both the pooled and meta-
analysis results, whereas heterogeneity across the analyses
was found.*® And only at a high enterolactone level the A
allele of MAP3K1 rs252902 was associated with a reduced
risk of GC.** In our previous study, we revealed that
MAP3KI1 rs889312 AC variant genotype was associated
with a statistically significant 30% decrease in survival of
GC patients compared to the AA/CC homozygotes.>°

MAP3KI1 may also guide personalized treatment. For
example, in epirubicin-treated triple negative breast cancer
(TNBC) samples and cells, MAP3K1 was obviously
enriched, possibly contributing to the epirubicin resistance
in TNBC.* The genetic variants of MAP3K1 may also
predict chemotherapy reactions. For non-small cell lung
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Figure 2 Kaplan—Meier survival curves of patients received or not received chemotherapy classified by MAP3KI rs889312 genotypes. (A) MAP3KI rs889312 SNP
associated with OS in GC patients performed chemotherapy based on PF regimen (p=0.012). (B) MAP3K| rs889312 SNP was not associated with OS in GC patients who

did not accept PF-based chemotherapy (p=0.149).

Table 4 Associations between MAP3K| rs889312 SNP and OS of GC patients among chemotherapy subgroups in dominant model

Regimen Genotype Patients Deaths MST Log-rank p HR (95% CI)?
OXA AA 19 I 61.39° 0.013 I

AC/CC 71 26 49.19° 8.253 (1.119-60.853)
DDP AA 20 6 62.05° 0.149 I

AC/CC 82 41 52 1.914 (0.808-4.532)

Notes: *Adjusted for sex, age, tumor size and location, tumor differentiation, Lauren classification and TNM stage. PPartial MST could not be calculated. And we provided

mean survival time instead of MST.
Abbreviations: MST, median survival time; OXA, oxaliplatin; DDP, cisplatin.

factors, mild hyperosmolarity, proinflammatory cytokines,
cold temperature, etc. and then phosphorylates and acti-
vates the MAPK kinase (MAPK2) and in turn phosphor-
ylates the MAPK. The MAPK finally regulates the effects
of downstream signaling on multiple cancer genes.’'>
MAP3KI1 rs889312 SNP was first identified in 2007 and
confirmed as a susceptibility locus for breast cancer.’>>*
The SNP rs889312 is located in the region containing the
MAP3KI gene. The AC/CC genotype may alter the trans-
lation of MAP3KI gene and increase the expression of
translated protein, consequently activate the MAPK sig-
naling pathway and induce drug resistance.

PIK3CA mutations are known to confer resistance to
chemotherapy.””® SNP variants at the MAP3K1/SETD9
locus 5q11.2 were found to be associated with somatic
PIK3CA variants in breast cancers. A direct association
between both MAP3K1 and SETD9 overexpression and
PIK3CA somatic mutation (SM) status were found.>* The
bioinformatics analysis of MAP3K1 rs889312 indicated its
potential link with the regulation of the expression of

SETD9 in gastric tissue. We hypothesized that MAP3K1

rs889312 may influence the expression of SETD9, conse-
quently alter the status of PIK3CA SM and affect drug
reaction. However, the exact mechanisms are largely
unknown and need further investigation.

Further stratification analysis showed that patients who
received oxaliplatin-based chemotherapy could benefit from
longer survival times with MAP3K1 rs889312 AA genotype.
Cisplatin and oxaliplatin are widely prescribed compounds
with antineoplastic effects. All platinum drugs form adducts
with tumor DNA. However, compared with other platinum,
the cytotoxicity of oxaliplatin added. And it forms fewer
DNA adducts.>® Mutations in MAPK/ERK pathway, includ-
ing mutations of MAP3K1, were not associated with survival
or response to carboplatin-based therapy in non-small cell
lung cancer. In our study, the prediction of MAP3KI1
rs889312 was not significant in the cisplatin-based therapy.
DNA repair pathway may be more important than MAPK
pathway for the efficacy of cisplatin. However, the expres-
sion of MAP3K1 was correlated with cisplatin GI50 (con-
centration that causes 50% growth inhibition) values, but not
with carboplatin and/or oxaliplatin GI50.°° It may be one of
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Figure 3 Kaplan—Meier survival curves of treated patients among chemotherapy subgroups. (A) MAP3KI| rs889312 SNP had no difference in OS in cisplatin-based
chemotherapy (p=0.149). (B) MAP3KI rs889312 AA genotype had a positive effect on OS of GC patients who had oxaliplatin-based regimen (p=0.013).

Table 5 Stratified analysis of patients with certain subtypes of GC

Clinicopathologic features Deaths/patients p HR (95% CI)®
AA AC/CC
Tumor size
<5cm 4/25 43/92 0012 3.706 (1.329-10.335)
>5cm 4/15 35/72 0.252 1.867 (0.641-5.435)
Lauren classifcation®
Intestinal type 2/13 29/51 0.033 4.780 (1.138-20.073)
Diffuse type 6/27 49/112 0.076 2.159 (0.923-5.054)
Tumor differentiation®
Well to moderately differentiated 3/12 27149 0.139 2.566 (0.737-8.932)
Poorly differentiated 4/25 42/102 0.036 3.002 (1.076-8.377)
Mucinous 1/3 9/12 0.282 3.164 (0.388-25.781)
Tumor location®
Antrum 2/9 19/32 0.109 3.377 (0.761-14.981)
Gastric fundus and Cardia 2/14 30/63 0.050 4.182 (0.999-17.517)
Gastric body 2/11 15/39 0.282 2.302 (0.504-10.517)

Notes: *Adjusted by sex, age and tumor stage. "Partial data were missing. All statistics used the available data.

Abbreviations: A, adenine; C, cytosine; GC, gastric cancer.

the gene signatures for cisplatin. The intrinsic properties of
the platinum drugs lead to differences in their activity and
resistance profiles. The exact underlying cause remains to be
elucidated.

In our previous study, rs889312 heterozygous AC geno-
type was significantly associated with an increased rate of
mortality among patients with diffuse-type GC.*° Further,
stratified analysis found that that no significant influence of
1rs889312 in diffuse-type GC patients who received PF-based
therapy was revealed. However, the relationship between
rs889312 heterozygous AC genotype and diffuse-type GC
outcome was still significant in patients without PF-based
therapy (HR, 1.431; 95% CI: 1.033-1.983, p=0.031). We

considered that PF-based chemotherapy may improve the
prognosis of patients with rs889312 heterozygous AC geno-
type. However, due to the limited number of patients in our
study, the interpretations should be treated with caution.
Further validation of our findings in a larger cohort is
warranted.

As we have seen, this may be the first report revealing the
relationship between MAP3K1 rs889312 polymorphism and
survival of advanced GC patients performed adjuvant treat-
ment based on PF regimen. However, our study has some
limitations. First of all, we only examined MAP3KI
rs889312, leaving other MAPK pathway polymorphisms
and their synergistic effects untested. Secondly, Helicobacter
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pylori infection participated in the occurrence and develop-
ment of GC. And Her-2 status was considered as an important
aspect of the therapy regimens. However, the status of H.
pylori infection and Her-2 was not included due to lack of
medical records. Thirdly, to validate our results, longer fol-
low-up time and more samples are needed.

In conclusion, MAP3K1 rs889312 polymorphism may
serve as a prognostic biomarker for stage II and III GC patients
with PF-based chemotherapy after surgery. Moreover,
MAP3KI1 rs889312 genetic models have specific effects on
the outcomes of PF-based chemotherapy in certain subtypes of
GC. Combined with clinical pathological parameters,
MAP3K1 15889312 SNP could help us to make a clinical
decision for personalized treatment. The underlying mechan-
isms and further prospective clinical trials should be per-
formed to validate our findings.
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