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Abstract. Microsatellite instability (MSI) detection is widely
used in the diagnosis and prognosis evaluation of colorectal
cancer. However, for gastric cancer (GC), there is no standard
panel of microsatellites (MSs) used in clinical guidance. The
present study aimed to identify useful predictors of the clinical
features and for the prognosis of GC, based on an investiga-
tion of MSI and loss of heterozygosity (LOH) in tumor-related
genes. First, from 20 tumor-related genes which were proven
to be important to the development of GC, 91 MSs were iden-
tified, and PCR amplification, short tandem repeat scanning
analysis and TA clone sequencing were used to analyze MSI
and LOH in the first set of 90 GC samples. Subsequently, the
same method was used to detect the MSI/LOH of the opti-
mized loci in the second set of 136 GC samples. MSI/LOH
in the mismatch repair genes was highly consistent with that
in oncogenes and tumor suppressor genes, respectively. The
length of the core sequence was a main factor for the MSI/LOH
rate. The MSI of 12 single loci was significantly associated
with lymph node metastasis. The MSI in TP53-1 and the LOH
in MGMT-10 were significantly associated with early stages of
tumor infiltration depth. The LOH in MGMT-10, PTN-2 and
MCC-17 was significantly associated with TNM stage. The
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LOH in TP53-1 and ERBB2-12 was associated with adenocar-
cinoma. The MSI/LOH in 6 single loci of 5 tumor-related genes
was associated with poor prognosis of GC. The present study
demonstrated that the MSI/LOH of loci in tumor-associated
genes was associated with 4 clinicopathological characteris-
tics and outcomes of GC. These results may provide potential
specific biomarkers for the clinical prediction and treatment
of GC.

Introduction

According to the global cancer statistics of 2018, gastric cancer
(GCO) is the fifth most common type of cancer (1,033,701 new
cases) and the third leading cause of cancer-associated
mortality (782,685 deaths) worldwide (1). The incidence
rate of GC has been declining in North America and most
Western European countries; however, the burden of GC
remains high in Asia, Latin America, and Central and Eastern
Europe (2). Notably, half of all cases of GC worldwide occur
in East Asia (3). Despite the progress in the development of
novel therapeutic approaches, the prognosis of GC remains
poor, as the traditional histological subtypes cannot be used
to determine the different prognoses and chemotherapeutic
responses (4-6). Emerging data have suggested that GC is a
complex and heterogenic disease. The underlying molecular
and histopathological tumor features are responsible for
the diverse outcomes and chemotherapeutic responses of
patients (7-9). The genomic and molecular classification of GC
have been addressed by The Cancer Genome Atlas and the
Asian Cancer Research Group, both of which have indicated
that microsatellite instability (MSI) GC is a separate subgroup
of GC (10,11).

MSI is a type of genetic instability, characterized by length
alteration in the tandem repeat sequence, which is referred
to as a microsatellite (MS) (12), is known as a hypermutable
phenotype and occurs due to a defective DNA mismatch repair
(MMR) system, with key MMR gene inactivations, such as
germline mutations in mutS homolog 2 (MSH2) or mutL
homolog 1 (MLH1) (13). At present, MSI detection is widely
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used in the screening of Lynch syndrome and the prognosis
evaluation of colorectal cancer (CRC) using the Bethesda (BS)
panel recommended by the American National Cancer
Institute (14). However, Hause ez al (15) identified MSI-positive
tumors in 14 out of 18 cancer types, using 5,930 cancer exomes
and the mutation-prone MS loci of different tumors were
largely distinctive, indicating that loci that are stable in one
type of cancer may be frequently altered in another. In GC,
the association between MSI and clinical features remains
ambiguous, which may be due to the arbitrary use of MS loci,
which is mostly based on CRC studies to define MSI status in
different studies, and these loci are not likely to be sufficient
for making clinical decisions. Therefore, there is an urgent
requirement to identify novel MS loci for the clinical guidance
of GC (11,16,17).

It is well-known that the alteration of tumor-related genes,
such as the inactivation of tumor suppressor (TS) genes and
the amplification of oncogenes, is a main factor in GC devel-
opment (18,19). On the other hand, MSs are frequently used
as markers for the detection of loss of heterozygosity (LOH),
which has been associated with GC progression (20). MSI and
LOH status have been considered to be valuable and indepen-
dent prognostic markers in patients with CRC (21).

The present study first focused on a wide range of MS loci
located in GC-related genes, which were likely to be associ-
ated with GC development, and aimed to identify a panel of
MS loci, which could be potential predictive biomarkers for
clinical features and outcomes of GC.

Materials and methods

Enrolled patients. The present retrospective study comprised
of patients with GC (226 specimens), who underwent surgical
resection between March 2008 and November 2014, and
in which normal adjacent mucosa and tumor tissues were
collected. In addition, clinical information from the Clinical
Data and Biobank Resource of Beijing Friendship Hospital
(Beijing, China), was also collected for these patients. This
has also been assessed and certified to meet the requirements
of the China Human Genetic Resources Management Office
and ISO certification 9001:2015. The inclusion criteria for
patients were: i) Presence of a paired tissue sample (paired
normal adjacent mucosa and tumor tissues); and ii) Complete
or partial clinical information collected in the Clinical Data
and Biobank Resource of Beijing Friendship Hospital (Beijing,
China). The following exclusion criteria were used for patient
recruitment: i) Does not have frozen tumor tissues or paired
normal adjacent mucosa; ii) Does not have any clinical
information; iii) Was not admitted between March 2008 and
November 2014; iv) And the initial surgical treatment was not
performed at Beijing Friendship Hospital (Beijing, China).
The tumor and normal adjacent mucosa tissues were collected
for research. To distinguish the normal adjacent mucosa from
the tumor tissues, the normal tissues were first defined by
its macroscopical character and then harvested by keeping a
minimum distance of 5 cm from the tumor tissue. Histological
classification was defined according to the World Health
Organization guidelines (22). Detailed information of the
patients is shown in Table I. As aforementioned, the samples
and the clinical information were collected directly from the

Clinical Data and Biobank Resource of Beijing Friendship
Hospital, and certain clinical information of a few patients
were missing, due to the lack of routine detection, such as HP
infection or other unknown reason. The Ethics Committee
of Beijing Friendship Hospital (Beijing, China) approved the
study proposal (approval. no. 2017-P2-013-03) and all patients
involved in the study provided written informed consent. A
total of 226 GC samples were defined as the validation set and
a sub-group of 90 samples among the 226 GCs was defined as
the training set.

DNA isolation. Total genomic DNA was isolated and puri-
fied from 226 tumor and normal adjacent tissues using a
standard phenol-chloroform extraction and ethanol precipi-
tation method, as previously described by Du ez al (23). In
addition, the quality of DNA was evaluated by measuring
the A260/A280 ratio with a micro-volume spectrophotometer
(NanoDrop 2000; Thermo Fisher Scientific, Inc.) and further
assessed using 1.5% agarose gel electrophoresis.

MS analysis. In total, 20 genes with mononucleotide
(mono-), dinucleotide (di-), trinucleotide (tri-), tetranucleotide
(tetra-), pentanucleotide (penta-) or compound (more than
one type of repeat motif) MSs were selected for screening.
Cancer-associated genes, including ARIDIA, APC, BAX,
BRAF, CDKNIA, CDX2, CTNNBI1, ERBB2, E2F4, MCC,
PTN, PTEN, PRRI11, RUNX3, TGFBRII and TP53, which
have been reported to be associated with GC in the litera-
ture, and MMR genes, including MSH2, MLHI, MGMT and
PMS2, were included in the present study (24-31). In total,
91 MS loci were selected from the 5' untranslated region
(UTR), intron, exon or 3'UTR of these 20 genes using the
SSRHunter software (v1.3) (Li Qiang, Nanjing Agricultural
University) and manual searching (Table SI), then primers
for each selected MS were designed based on the flanking
sequence using Primer Blast in the Pubmed website
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.
cgi?LINK_LOC=BlastHome). Subsequently, the suitability
of the designed primers was determined using PCR and the
conditions were optimized. The B5 panel (BAT25, BAT26,
D2S123, D5S346 and D17S250) which was used as the
control to compare with the loci in tumor-related genes was
also included in the present study . PCR was used to amplify
these loci and short tandem repeat (STR) scanning (fluores-
cence capillary electrophoresis) was used for the detection
of MSI, which were both performed on an ABI-3730XL
DNA Analyzer system (Applied Biosystems; Thermo Fisher
Scientific, Inc.), as previously described by Huo et al (32).
Briefly, the PCR (20 ul) was performed using a Taqg DNA poly-
merase Kit (cat. no. ROO1AM; Takara Bio, Inc.,) and included
2 pul 10X buffer, 0.5 ymol/l of each primer (synthesized by
Sangon Biotech Co., Ltd.), 125 gmol/l ANTP (4X), 1.0 U Taq
DNA polymerase, 1.5-2.5 mmol/l MgCl, and 100 ng template
DNA. The following thermocycling conditions were used:
Initial denaturation at 94°C for 5 min; followed by 35 cycles
of denaturation at 94°C for 30 sec, annealing at gradient
temperatures for each MS for 30 sec and extension at 72°C for
30 sec; and a final extension at 72°C for 5 min.

A result was determined to be a MSI when the PCR
product generated for the tumor sample exhibited at least one
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Table I. Association between MSI status detected using the Bethesda panel and clinicopathological characteristics in patients

with GC.
Clinicopathological characteristic Number (%) MSI-H MSI-L/MSS P-value
Mean age, years 226 (100) 65.9 624 0.074
Sex
Male 166 (73.45) 10 156 0.156
Female 60 (26.55) 7 53
Smoking status
Yes 112 (51.38) 106 0.167
No 106 (48.62) 11 95
Drinking status®
Yes 66 (30.28) 1 65 0.026°
No 152 (69.72) 16 136
TNM stage®
I 21 (9.81) 2 19 0.947
11 42 (19.63) 3 39
I 130 (60.75) 10 120
v 21 (9.81) 1 20
Depth of tumor invasion®
pT1 11 (5.19) 1 10 0.761
pT2 24 (11.32) 3 21
pT3 79 (37.26) 6 73
pT4 98 (46.23) 6 92
Lymph node involvement*
pNO 45 (21.33) 37 0.0036°
pN1-pN3a 166 (78.67) 8 158
Presence of metastasis®
MO 193 (90.19) 15 178 >0.999
Ml 21 (9.81) 1 20
HP infection®
Negative 29 (56.86) 3 26 >0.999
Positive 22 (43.14) 2 20
Pathological type*
Adenocarcinoma 128 (62.14) 9 119 0.581
Mucinous carcinoma 78 (37.86) 7 71
Histological grade®
Well-differentiated 11 (6.59) 1 10 0.571
Moderately/poorly 156 (93.41) 11 145

“Data missing due to it is not the routine detection (HP infection) or other unknown reason (drinking status, TNM stage, depth of tumor inva-
sion, lymph node involvement, presence of metastasis, pathological type and histological grade). °P<0.05. MSS, microsatellite stable; H, high;

L, low; MSI, microsatellite instability.

new peak compared with that in the product from the adja-
cent normal tissue using GeneMarker v1.75 (SoftGenetics,
LLC). For the heterozygous locus, a sample was determined
to exhibit LOH when one of the alleles was completely
or partially lost. More specifically, the ratio of the peak
height between the two alleles in the adjacent normal tissue
compared with that in the tumor tissue was <0.67 or >1.5.
The peak height was determined using GeneMarker v1.75
(SoftGenetics, LLC).

The mutation profiles of 91 MS loci in tumor-related genes
and 5 B5 loci in the training group (n=90) were firstexamined and
then validated using a sub-set of the 91 loci (n=27) and 5 BS5 loci
in the second set of samples (n=136). The present study evaluated
the efficiency of the loci using the Efficiency Score (ES). The ES
was calculated as follows: ES = RanKg,giviy + RaNKgecigiciry- The
lower the ES was, the more efficient the locus was. Sensitivity
equals the number of detected MSlI/the total. Specificity equals
the number of detected MSS/the total number.
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DNA sequencing. To validate the STR scanning results,
PCR fragments were cloned into the PMD19-T Vector (TA
cloning Vector) (Takara Bio, Inc.), and sequence analysis
was performed using an ABI 3730XL DNA Sequencer and
Sanger sequencing, and was commissioned to be completed
by Annoroad Gene Technology Co., Ltd. To define the occur-
rence of MSI, the sequencing results of the examined loci in
MSI-positive GC tissues were compared with those in the
adjacent normal tissues.

Statistical analysis. Descriptive statistics were used to
summarize the relevant clinicopathological information. The
comparation of MSI/LOH frequency, core sequence length
and repeat unit of mono-, di-, tri-, tetra- and penta- was
analyzed using one-way ANOVA and a Tukey's post hoc test.
The comparation of age in different groups was analyzed using
an unpaired t-test and the data is presented as mean + SD;
sex, smoking, drinking, lymph node involvement, TNM stage,
depth of tumor invasion, metastasis, HP infection, patho-
logical type, and histological grade, were analyzed using a
Pearson's %* test or a Fisher's exact test, and Spearman's corre-
lation analysis was used to investigate the correlation between
intrinsic features (length and repeat number of the MS core
sequence) and the MSI/LOH frequency. Overall survival [OS;
the time between the start of randomization (which means the
patients received different treatments after surgical resection)
and death] and disease-free survival (DFS; the time between
the start of randomization and recurrence of the disease)
analyses were determined using the Kaplan-Meier method,
and statistically analyzed using a log-rank test. Data analysis
was performed using SPSS Statistics v16.0 software (SPSS,
Inc.). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

MSI/LOH analysis in tumor-related genes. A total of
586 variations, including MSI and LOH events, were iden-
tified when analyzing 91 MS markers in 20 tumor-related
genes, using STR scanning in the first set of patients with
GC (n=90). It was revealed that 35 out of the 90 GC samples
(38.9%) did not exhibit any MSI or LOH. Among the 91 loci,
91.2% were mutated in =1 patient (Fig. S1; Table SII). To
validate the scanning results, one of the MSI-positive GC
sample of locus E2F4 and its adjacent normal tissue were
selected for TA clone sequencing. The STR scanning result
in adjacent normal tissue was 281/281 bp and was mutated
to 281/284 bp (+3 bp) in the matched tumor sample. In addi-
tion, there was a TGC (3 bp) insertion in the sequencing
result of the tumor tissue (Fig. 1). The MSI/LOH frequency
of the individual MSs not only varied markedly from locus
to locus, but also from gene to gene (Fig. 2A). There was no
significant difference in MS variation among MMR genes,
oncogenes or TS genes (P=0.332; Fig. 2B). However, most
MS variations in the MMR genes (16/23; 69.6%) exhibited
consistency compared with that in oncogenes, and similarly,
87.0% (20/23) of the mutations in the MMR genes were
consistent compared with that in the TS genes. In addition,
the consistency between MS variations in oncogenes (19/32,
59.4%) and TS genes (19/39, 48.7%) were much lower

(Fig. 2C). The MS variation frequency varied markedly
between the different loci; however, the differences between
the MSI/LOH profiles and the MMR genes, oncogenes and
TS genes suggested that the mutations (MSI/LOH) occur-
ring in the genes were not completely random, but followed
a certain regularity. Among the mutations that occurred
in MMR genes, only 8.70% (2/23) of MSI/LOH events
occurred in only the MMR genes, while 91.30% (21/23)
of MSI/LOH events simultaneously occurred in the MMR
genes and oncogenes or TS genes (Fig. 2C).

Effect of the intrinsic features of MS on mutations. In cancer,
the causes of MSI/LOH are not completely understood (33).
To investigate the intrinsic features, which may contribute to
MSI/LOH frequency in tumors, the present study analyzed
the repeat units, length and repeated motif of the 91 MS loci.
The MS locus number of the mono-, di-, tri-, tetra-, penta-MS
and compounds was 42, 22, 11, 9, 2 and 5, respectively
(Fig. 3A).

It was first revealed that the length and repeat number of
the MS core sequence were positively correlated with MSI
and LOH incidence (r,=0.53; P<0.001 and r=0.365; P<0.01;
Fig. 3B and C, respectively).

The MSI/LOH frequency of the di-MS group was
markedly higher compared with that in the tri- MS groups
(P<0.01); however, it was unclear if this was due to the
different repeat motifs or the different length/repeat number
of the core sequence. The core sequence length of di-MS was
significantly longer compared with mono-MS (P<0.001) and
the repeat number of mono-MS was the highest among all
the type of MS followed by di-MS (5 compound MSs were
excluded, so the loci number was 91-5=86) (Fig. 3D). Due
to the limited number of tri-, tetra- and penta-MS loci, only
the mono- and di-MS loci were selected for the next step. To
investigate whether the diversity in length and repeat number
of the core sequence contributed to the different MSI/LOH
frequency, the MSI/LOH frequency was further compared
between the di- and mono-MS groups, when the same length
or repeat number was noted. Based on the trend of the curves,
it seemed that for the same length, the MSI/LOH frequency
was not very different, since crossover was observed between
the two curves (Fig. 3E). However, for the same repeat
number, the MSI/LOH frequency of the di-MS loci was
higher compared with that in the mono-MS loci (Fig. 3F).
Therefore, it was hypothesized that the difference in the
MSI/LOH rate between mono- and di-MS was mainly due
to the different lengths rather than the repeat motif or repeat
number only.

MSI/LOH of the validation loci in 226 GC samples. Based on
the frequency and sample coverage of the MSI/LOH within
the tumor-associated genes, in the first set of samples (n=90), a
total of 27 loci in 15 genes were optimized. Subsequently, the
same method was used to detect the variation of the 27 selected
loci and 5 B5 panel loci in the second set of 136 samples
(226-90=136). The results are shown in Fig. S2.

The results of the MSI/LOH in the 32 loci in the first set
(n=90) and second set (n=136) of patients with GC were inte-
grated in the validation group (n=90+136=226) (Fig. 4). The
MSI frequencies of the 32 loci in the 226 samples are shown
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Figure 1. Short tandem repeats scanning and TA clone sequencing results. The microsatellite locus of E2F transcription factor 4 was used as an example.

in Fig. 4A. The MSI frequencies of the most frequent MS  7.52%), TGFBR2-35 (17/226, 7.52%), BAT26 (17/226, 7.52%),
loci were: D2S123 (19/226, 8.41%), D17S250 (19/226, 8.41%), ERBB2-12 (16/226, 7.08%), CTNNBI1-(9+10) (16/226, 7.08%),
BAT25 (18/226,7.96%),P21-1 (17/226,7.52%), MCC26 (17/226, = CTNNBI-4 (16/226, 7.08%) and ERBB2-25 (16/226, 7.08%).
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Figure 2. MSI/LOH frequency of the tumor-related genes in patients with GC. (A) MSI/LOH frequency in the 20 cancer-related genes. (B) Mean MSI/LOH
frequency among the MMR genes, oncogenes and TS genes. The dots represent the frequency of MSI/LOH in each gene. P-values were determined using
one-way ANOVA. (C) Comparison of the MSI/LOH profiles among the MMR genes, oncogenes and TS genes. MSI, microsatellite instability; LOH, loss of

heterozygosity; MMR, mismatch repair; TS, tumor suppressor.

Furthermore, the highest LOH occurrence rate was observed
for TP53-1 (37/226, 16.37%), followed by ERBB2-12 (30/226,
13.37%), CTNNBI1-(9+10) (23/226, 10.18%), D2S123 (22/226,
9.73%), MSH2-7 (22/226, 9.73%) and RUNX3-2 (21/226,
9.29%) (Fig. 4B).

MS panel for MSI-high (MSI-H) detection. In previous study,
MSI-H was defined as MSI occurrence at 240% of the loci of
the B5 panel, while occurrence at <40% of the loci has been
defined as MSI-low (MSI-L) and no MSI occurrence at all
detected loci was defined as microsatellite stable (MSS) (14).
In the present study, the B5 panel analysis revealed that
among the 226 samples, 17 (7.5%) were MSI-H, 9 (4.0%)
were MSI-L and 200 (88.5%) were MSS. The detected loci
exhibited different sensitivity and specificity (Table II). The
optimal locus to define MSI-H samples was BAT26, which had
a sensitivity and specificity of 100%. This was followed by
BAT?25 with a sensitivity of 100% and a specificity of 99.5%.
Therefore, BAT26 and BAT25 were the most sensitive loci
to identify MSI-H status in GC. The top 5 most efficient
loci were BAT26, BAT25, CTNNB1-(9+10), ERBB2-25 and
TGFBR2-35. However, the B5 panel loci, D2S123, D5S346
and D17S250 had a higher ES, which was associated with a
relatively low efficiency for the definition of MSI-H status. The
aim of this part was to compare the detection efficiency of the
loci in tumor-related genes and B5 loci and find the top 5 loci,

so we just listed the loci which score whose score was >10
(Table IT).

MSI/LOH status and clinical features. Numerous studies have
demonstrated that the MSI-H status was associated with the
clinicopathological features of patients with GC; however,
the results remain ambiguous (34,35). The present study
investigated the association between MSI-H status detected
using the B5 panel and clinicopathological characteristics.
The results indicated that MSI-H status was associated with
drinking (P=0.026) and the absence of lymph node involve-
ment (P=0.0036) In addition, MSI-H status was slightly more
common in elderly individuals (P=0.074; Table I). However,
there was no association between MSI-H status and the other
clinicopathological characteristics (Table I).

The association between the MSI/LOH profile at each
locus (n=27) in the tumor-related genes/the B5 panel (n=5) and
5 important clinical features (lymph node involvement, tumor
invasion depth, TNM Stage, pathological type and the pres-
ence of metastasis) was further analyzed in 226 GC samples
(Table I1II).

The results demonstrated that the MSI status of 12 loci,
including BAT25 (P=0.008), BAT26 (P=0.008), D2S123
(P=0.049), D17S250 (P=0.012), MLH1-2 (P=0.008),
MGMT-5 (P=0.012), CTNNBI1-(9+10) (P=0.005),
ERBB2-12 (P=0.021), ERBB2-18 (P=0.007), ERBB2-25
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Figure 3. Effect of the intrinsic features of MS on MSI/LOH occurrence. (A) Repeat motif composition of the 91 MS loci. Correlation between (B) core
sequence length and (C) repeat number with MSI/LOH frequency. P-values were determined using a Spearman's correlation. (D) Mean MSI/LOH frequency,
length and repeat number of different motif groups. P-values were determined using one-way ANOVA followed by Tukey's post hoc test. (E) MSI frequency
of different sequence lengths in the mono- and di-MS groups. (F) MSI/LOH frequency of different repeat numbers in the mono- and di-MS groups. 'P<0.05,
“P<0.01 and ""P<0.001. MS, microsatellite; MSI, microsatellite instability; LOH, loss of heterozygosity; mono-, mononucleotide; di-, dinucleotide; tetra-,
tetranucleotide; tri-, trinucleotide; penta-, pentanucleotide.

(P=0.005), TGFpB-11 (P=0.008) and TGFp-35 (P=0.002) the LOH in MGMT-10 (P=0.01) were also significantly
was significantly associated with the absence of lymph node  associated with T1/T2 stage of depth of tumor invasion.
involvement (Table IIT). The MSI in TP53-1 (P=0.003) or  In addition, the LOH status of MGMT-10 (P=0.0003) and
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Table II. Efficiency of MSI-H detection of the MS loci.

Sensitivity Specificity
Loci Number of MSI Rate (%) Rank Number of MSS Rate (%) Rank ES
BAT26 17 100 1 209 100 1 2
BAT25 17 100 1 208 99.5 2 3
CTNNBI1-(9+10) 16 94.1 2 209 100 1 3
ERBB2-25 16 94.1 2 209 100 1 3
TGFBR2-35 16 94.1 2 208 99.5 2 4
ERBB2-12 15 88.2 3 208 99.5 2 5
D2S123 16 94.1 2 206 98.6 4 6
P21-1 15 88.2 3 207 99 3 6
D5S346 13 76.5 5 208 99.5 2 7
D17S250 15 88.2 3 205 98.1 5 8
MLH1-2 14 824 4 209 100 1 8
PRR11-17 14 824 4 208 99.5 2 8
TGFBR2-11 12 70.6 6 208 99.5 2 8
PTN-41 12 70.6 6 208 99.5 2 8
CTNNBI1-4 13 76.5 5 206 98.6 4 9
MCC-26 13 76.5 5 205 98.1 5 10

Microsatellite; MSI, microsatellite instability; ES, efficiency score.
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Figure 4. MSI/LOH profile of the selected loci in GCs. (A) MSI profile and (B) LOH profiles of the 32 loci in the 226 samples.
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Table III. Association between the MSI/LOH profile in the tumor-related genes and clinicopathological characteristics.

MST loci LOH loci
Clinicopathological characteristic Name P-value Name P-value
Lymph node involvement
pNO BAT25 0.008 - -
BAT26 0.008
D2S123 0.049
D17S250 0.012
MLHI1-2 0.008
MGMT-5 0.012
CTNNB1-(9+10) 0.005
ERBB2-12 0.021
ERBB2-18 0.007
ERBB2-25 0.005
TGFp-11 0.008
TGFpB-35 0.002
pN1-pN3a - - - -
Tumor invasion depth
pTIT2 TP53-1 0.003 MGMT-10 0.01
pT3T4 - - - -
TNM stage
/I - - MGMT-10 0.0003
PTN-2 0.017
v - - MCC-17 0.036
Pathological type
Adenocarcinoma - - TP53-1 0.001
ERBB2-12 0.025

Mucinous carcinoma -

MSI, microsatellite instability; LOH, loss of heterozygosity.

PTN-2 (P=0.017) was associated with TNM stage I/II,
while LOH in MCC-17 (P=0.036) was significantly asso-
ciated with TNM stage III/IV. Finally, the LOH status of
TP53-1 (P=0.001) and ERBB2-12 (P=0.025) was signifi-
cantly associated with adenocarcinoma compared with that
in mucinous carcinoma (Table IIT). However, the MSI/LOH
of the loci in tumor-related genes were not significantly
associated with the presence of metastasis.

MSI/LOH status and prognosis. At present, studies analyzing
the prognostic value of MSI remain controversial (17). The
present study investigated the association between MSI status
of the BS panel and prognosis (OS, n=176; DFS, n=177; the low
number of samples for OS and DFS is because the follow-up
information of some patients were lacking). The results
revealed that there was no association between MSI-H status
and OS (P=0.9521) or DFS (P=0.8904; Fig. 5A and B).

The present study further analyzed the association between
MSI/LOH status in the tumor-related genes and survival. The
results demonstrated that the MSI or LOH in 6 loci in the
tumor-related genes were significantly associated with prog-
nosis (Fig. 5). The MSI in PRR11-6 (P=0.019) and MGMT-10

(P=0.018) was associated with poor OS (Fig. 5C and D).
Furthermore, the MSI in PRR11-6 (P=0.0045), RUNX3-2
(P=0.0008), MCC-17 (P=0.04) and MGMT-5 (P=0.0507) were
significantly associated with poor DFS (Fig. 5E-H). In addi-
tion, the LOH in P21-1 (P=0.0437) was significantly associated
with worse DFS (Fig. 51). Notably, all six loci predicted a poor
prognosis, and none of these loci were mononucleotide loci.

Discussion

Increasing evidence suggests that MSI is one of the most robust
subgroups of GC with specific molecular features (10,11). In
recent years, MSI has also been developed as a predictive
biomarker for the response to immune checkpoint inhibitors
(programmed cell death protein 1/programmed death-ligand 1
blockade) in GC. For example, it was proved that PD-L1 posi-
tive tumors had the best outcome observed for patients with
MSI-high/PD-L1 positive tumors and those with MSS/PD-L1
negative tumors had the worst outcome (36). However, one
of the most important problems, which seriously hinders the
practical application of MSI in GC, is that a wide variety
of different MS markers have been used to investigate MSI
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Figure 5. Association between MSI/LOH and the prognosis of gastric cancer. Association between MSI-high status of the Bethesda panel and (A) OS or
(B) DFS. Association between MSI in (C) PRR11-6 and (D) MGMT-10 with OS, and MSI in (E) PRR11-6, (F) RUX3-2, (G) MCC-17 and (H) MGMT-5
with DFS. (I) Association between LOH of p21-1 and DFS. P-values were determined using Kaplan-Meier analysis and the log-rank test. MSI, microsatellite
instability; LOH, loss of heterozygosity; OS, overall survival; DFS, disease-free survival; MSS, microsatellite stable; H, high; L, low.

status (37). This includes the MS panel used in the study
by Angell et al (36), containing five mononucleotide repeat
markers (NR27, NR21, NR24, BAT25 and BAT26). This was
different from numerous other studies, which used a different
panel of loci, for example: A combination of mono- and
dinucleotide markers (i.e., BAT25, BAT26, D1S104, D2S123,
D3S1611, D5S107, D175261 and D18S342) (38), only dinucleo-
tide markers (i.e., D2S123, D3S966, D3S1076, D5S82, DP1,
D10S197, D115S904, D13S175 and NM23) (39), only one mono-
nucleotide marker (i.e., BAT26) (40) and the present study
(B5 panel and markers in tumor-related genes). Therefore, it
is important to identify more efficacious and specific loci for
GC MSI detection.

The present study examined the MSI of 91 loci, all of
which were located in GC-related genes in 90 GC samples.
To further characterize the genetic alterations found in the
GC samples, the present study also evaluated LOH, using

the same panel of loci. As expected, the majority of the loci
(91.2%) exhibited MSI/LOH mutations. The results revealed
that, in a patient who possessed a mutation in the oncogenes
or TS genes, this was usually accompanied by a mutation in
the MMR genes; however, there was no significant associa-
tion between the mutation profile of oncogenes and TS genes.
This suggested that instability in the MMR genes served an
important role in the mutation status of the oncogenes and
TS genes. This is in accordance with previous studies, which
indicated that the loss-of-function of the MMR genes was
associated with a highly mutated phenotype in key oncogenes
and TS genes (41,42). Human MS evolution research has illus-
trated that the fragility is primarily determined by the base
composition (33,43). According to the present data, the MS
mutation rate was more likely determined by the length of the
core sequence, but not by the type of repeat motif or the repeat
number only.
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To identify the effective loci which have a potential role
in the prediction of clinical features or the prognosis of GC,
the present study further analyzed 27 potential loci among
the 91 loci in the tumor-related genes. In addition to the B5
panel, 27 loci were detected in the second set of GC samples.
Subsequently, the mutations at these sites, in the two sets of
patients were integrated. The results demonstrated that the B5
loci, D2S123 (8.41%), D175250 (8.41%) and BAT25 presented
a relatively higher potential of variation, whereas the locus
D5S346 did not exhibit a high rate of MSI or LOH in GC.
The results indicated that, although recommended as classic
markers in CRC, not all of the five loci in the B5 panel were
sensitive to MSI in GC. In addition, TP53-1 was considered
to be the most LOH-prone locus, which was in line with a
previous study, which suggested that TP53 was the most
mutated gene (18).

Currently, the loci used in GC research, particularly the
B5 panel recommended by the National Cancer Institute, are
mainly based on hereditary non-polyposis CRC research (44).
In the present study, as defined by the B5 panel, MSI-H GC
accounted for 7.5%, which was consistent with previous
studies, revealing that the MSI-H incidence of GC ranges
between 5.6 and 33.3% (45,46). A combination of the sensi-
tivity and specificity for the detection of MSI was used to
evaluate the efficiency of the loci. Notably, the top 5 effec-
tive loci (BAT26, BAT25, CTNNBI1-(9+10), ERBB2-25 and
TGFBR2-35) were mononucleotide MSs, which was similar
to the results of a study, which indicated that mononucleo-
tide markers are more effective for the identification of MSI
status compared with that in dinucleotide markers (47). The
predictive and prognostic role of MSI status has been well
established in CRC; however, there is still a large heterogeneity
in the results regarding the association between MSI and clini-
copathological features across different GC studies (34,35).
To the best of our knowledge, few studies have explored the
association between drinking and MSI (48,49). The present
study demonstrated that the MSI-H status of the B5 panel was
significantly associated with drinking (P=0.026). In addition,
the results revealed that the MSI-H status of the BS panel was
also significantly associated with the absence of lymph node
involvement (P=0.0036) and slightly more common in elderly
people (P=0.074). This was similar to the results reported in a
previous meta-analysis (50).

The present study subsequently evaluated the association
between the MSI/LOH in the loci of tumor-related genes and
clinicopathological characteristics, which are likely to affect
GC treatment, including lymph node involvement, the depth
of tumor invasion, presence of metastasis, TNM stage and
pathological type.

It remains a challenge to predict the presence of lymph
node metastasis in clinical settings, even following surgery,
due to the preference of limited resections (51). Due to its
significance in the prognosis of GC, a previous study investi-
gated lymph node metastasis according to MSI status and the
result indicated that MSI-H phenotype was significantly asso-
ciated with the presence of lymphatic invasion (P=0.036) (52).
In the present study, the MSI status of 12 single loci, including
4 from the B5 panel and 8 from the tumor-related genes, was
significantly associated with lymph node metastasis as previ-
ously reported. In addition, it was revealed that patients with
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a MSI in TP53-1 or a LOH in MGMT-10 were more prone
to having earlier stages of depth of tumor invasion. Patients
presenting with LOH in MGMT-10 or PTN-2 were more
likely to be in earlier TNM stages, while patients with LOH in
MCC-17 were likely to present with advanced TNM stage. The
LOH in TP53-1 or ERBB2-12 was higher in adenocarcinoma
compared with that in mucinous carcinoma. These findings
indicated that the MSI/LOH at these loci may serve an impor-
tant role in lymph node metastasis, tumor invasion, TNM or
pathological type, and may be useful and applicable for the
prediction of clinical features in patients with GC.

The association between the survival of patients with GC
and MSI has yet to be determined. As evaluated by the BS panel,
patients with GC and MSI-H or MSI-L/MSS status exhibited
similar outcomes with respect to OS and DFS. The results from
the present study are inconsistent with a previous study, which
demonstrated that the prognosis of patients in the MSI group
was improved compared with that in patients with MSS GC (50).
This could be due to the different loci used for the determina-
tion of MSI. However, the present study found that mutations of
6single loci in tumor-related genes, including MSI in five loci
and LOH in 1 loci, were associated with poorer outcomes with
respect to OS or DFS. Among these valuable loci (Fig. 5), only
the MSI status of MGMT-5 was significantly associated with
lymph node involvement (Table IIT), which indicates that lymph
node involvement maybe an important factor in the association
between the MSI status of MGMT-5 and survival. In the present
study it was found that, with the exception of the MSI status in
MGMTS-5, all the other MSI/LOH events, which were associated
with prognosis, were not associated with the clinical features,
indicating that the MSI/LOH status of these loci maybe a
prognostic factor without the affect from other clinical features.
However, the predictive impact of MSI or MMR status and
survival remains a contentious issue (50). The possible reasons
may be due to i) Numerous other important clinical features
not being analyzed and ii) Not enough patients with GC were
included in the present study.

There are also additional limitations to the present study.
The 91 MS loci selected from the 20 genes were predetermined
based on the PCR amplification efficacy, and not all MS loci in
these tumor-related genes were included, potentially missing
other important MSI loci in these genes. However, it was
identified that the same repeat motif and similar repeat unit
locus in the same gene exhibited highly consistent distribution
and frequency of MSI events (data not shown). An important
challenge for the future is to standardize the laboratory meth-
odology for MSI detection in GC.

In conclusion, the present study provided several valuable
MS biomarkers for the prediction of clinical features and
prognosis, and has important implications for MSI detection
in clinical applications and practice.
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