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Abstract. This study was designed to investigate the correlation of microsatellite status (MS) and Epstein-
Barr virus (EBV) infection with the clinical characteristics of gastric cancer (GC) patients. MS was detected
by immunohistochemistry. EBV was detected by in situ hybridization. There were 31.3% cases showed
mismatch repair-deficient (dAMMR)/ microsatellite instability (MSI) and 68.7% cases showed mismatch
repair-proficient (p)MMR)/ microsatellite stability (MSS). The dMMR/MSI was more common in the
elderly, in patients with cardia GC, smaller tumor diameter or non-poorly differentiated carcinoma.
The survival in AIMMR/MSI patients tended to be longer than that in pMMR/MSS patients. Total 7.6%
cases showed EBV-positive (EBV(+)) among 198 GC patients. EBV(+) was more common in patients
with advanced GC or poorly differentiated adenocarcinoma. MSI was more common in EBV-negative
(EBV(-)) patients than in EBV(+) patients. The dMMR/MSI patients with stage IT GC benefited from
chemotherapy. The survival of EBV(+) patients tended to be longer than that of EBV(-) patients.

Key words: Gastric cancer — Microsatellite status — EBV — Clinicopathological parameters —
Survival prognosis

Abbreviations. AMMR, mismatch repair-deficient; EBV, Epstein-Barr virus; EBVaGC, EBV-associated
gastric cancer; GC, gastric cancer; ICIs, immune checkpoint inhibitors; MLH1, mutL homolog 1;
MS, microsatellite status; MSI, microsatellite instability; MSS, microsatellite stability; MSH2, mutS
homolog 2; MSH6, mutS homolog 6; pMMR, mismatch repair-proficient; PMS2, postmeiotic segrega-
tion increased 2; TMB, tumor mutational burden.

Introduction The significant increase in GC patients is attributed to various

reasons such as genetic factors, dietary habits, living environ-
Gastric cancer (GC), one of the most common malignant tu-  ment, and gene mutations. According to the latest data from
mors in the world, causes great threat to global public health.  the International Agency for Research on Cancer (IARC) in
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2020, it is the fourth leading cause of cancer-related death
in humans and has the fifth highest morbidity among the
most common cancers (Sung et al. 2021). In 2014, based on
array-based somatic copy number analysis, whole-exome
sequencing, array-based DNA methylation profiling, mes-
senger RNA sequencing, microRNA (miRNA) sequencing
and reverse-phase protein array (RPPA), researchers have
classified GC into four subtypes, including tumors posi-
tive for Epstein-Barr virus (EBV), microsatellite instability
(MSI) tumors, genomically stable (GS) tumors and tumors
with chromosomal instability (CIN) (Petrelli et al. 2014).
The identification of these subtypes contributes to targeted
immunotherapy and long-term prognosis of GC patients.
To date, various methods, including radical surgical
resection, systemic intravenous chemotherapy or oral drug
chemotherapy, radiotherapy, immunotherapy, targeted
therapy, traditional Chinese medicine etc., have been widely
used for the treatment of GC, but it is still a challenge to
achieve a high survival rate. The 5-year overall survival of
patients with advanced GC received traditional treatments
was only 5-20% (Kahraman and Yalcin 2021). Although
immunotherapy has benefited a large number of cancer
patients, immune checkpoint inhibitors (ICIs) will cause
drug resistance and adverse reactions in patients (Flynn
and Larkin 2017). Therefore, it is particularly urgent to find
accurate biomarkers to identify the candidates for ICIs.
The currently known biomarkers associated with ICIs
include high-level microsatellite instability (MSI-H), pro-
grammed death ligand 1 (PD-L1), tumor mutational burden
(TMB) and EBV-positive (EBV(+)), which contributed to
the screening of candidates for the different treatment op-
tions (Yoon et al. 2020). Among them, MSI and EBV can
especially help clinicians formulate and optimize complete
treatment plans for relevant patients (Kawazoe et al. 2017).
Several studies have shown that there were more molecules
for the immune activation and immunosuppression in the
surrounding microenvironment of MSI-type tumors, which
suggested that the diagnosis of microsatellite status (MS) may
help predicting the efficacy of ICIs (Pino and Chung 2011).
In addition, MSI-type tumors were often accompanied by
TMB that happens to be one of the biomarkers sensitive
to immunotherapy (Gjoerup et al. 2020). EBV-associated
gastric cancer (EBVaGC) is a common malignancy with
unique clinicopathological and molecular features. However,
a controversy remains about the association of EBVaGC with
better prognosis (Yang et al. 2020). Additionally, the informa-
tion regarding the association of MSI and EBV with other
clinicopathological parameters of patients has been limited.
In this study, we investigated the relationship between MS
and EBV infection to the pathological characteristics and sur-
vival prognosis of patients with stage IB, stage II, and stage I[II GC
who received radical gastrectomy. In addition, we also integrated
data from MSI patients and EBV(+) patients for analysis. This

study is expected to identify immunotherapy-sensitive popula-
tions and provide a reference for the precise treatment of GC.

Materials and Methods

Patients and tumor tissues derived from clinical trial

The GC patients who underwent D2 radical gastrectomy
(a radical treatment of GC where the stomach was removed
along with the first and second tier nodal stations) in the First
Aftiliated Hospital of Xinjiang Medical University from Janu-
ary 2012 to December 2016 were collected retrospectively. Pa-
tients with detailed postoperative clinicopathological, follow-
up data and postoperative pathological type adenocarcinoma
(including signet ring cell carcinoma) were candidates for
inclusion. The exclusion criteria were as follows: patients who
had undergone adjuvant radiotherapy or adjuvant chemo-
therapy before surgery; patients with cancer cells that have
metastasized to the liver, lung or other distant sites found in
preoperative examinations; patients with primary malignant
tumors in other sites at the same time; and patients with liver
disease, kidney disease or other diseases that prevent treatment
and follow-up. Finally, 232 cases with stage I, II, and IIT GC
who met the requirements were screened, of which 21 were
lost to follow-up. Therefore, a total of 211 patients (male, n =
169; female, n = 42; mean age, 62.5 years) who accomplished
the MSI test were included in this study, which were classi-
fied into stage I (n = 54, including 18 cases with stage IA GC
and 36 cases with stage IB GC), stage II (n = 53) and stage III
(n = 104). Among them, 198 cases (male, n = 158; female,
n = 40; mean age, 61.4 years) completed the EBV test, which
were classified into stage I (n = 51), stage II (n = 51) and
stage III (n = 96). The postoperative pathology of the above
patients was staged based on the GC staging system of the
American Joint Committee on Cancer (AJCC). A total of 98
patients received not less than 3 cycles of 5-fluorouracil-based
chemotherapy after radical gastrectomy. The tumor tissue
sections were prepared in accordance with a previous report
with some modification (Kuboki et al. 2016). Briefly, three
representative tumor cores (2 mm in diameter) were selected
from the same formalin-fixed, paraffin-embedded tissue block
in each case. The 4-pm-thick sections were prepared for im-
munohistochemical staining and in situ hybridization (ISH).
Baseline characteristics were reviewed from medical records.

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved.

Immunohistochemical staining and evaluation

The expressions of four mismatch repair (MMR) proteins,
including mutL homolog 1 (MLHI), mutS homolog 2
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(MSH?2), mutS homolog 6 (MSH6) and postmeiotic segre-
gation increased 2 (PMS2), were detected by immunohis-
tochemistry. The primary antibodies used for immunohis-
tochemistry were anti-MLH]1 rabbit monoclonal antibody
(ab92312; experimental concentration, 1:100), anti-MSH2
rabbit monoclonal antibody (ab227941; experimental con-
centration, 1:8000), anti-MSH6 rabbit monoclonal antibody
(ab92471; 1:400), and anti-PMS2 rabbit monoclonal anti-
body (ab110638; 1:100), which were purchased from Abcam
(Cambridge, MA, USA). The secondary antibody was goat
anti-rabbit IgG (HRP polymer), which was included in the
universal two-step assay kit (PV-6001) from Zhongshan
Golden Bridge Biotechnology (Beijing, China). The whole
process of immunohistochemical staining was performed
cautiously according to the manufacturer’s instructions.
MLH1, MSH2, MSH6 and PMS2 were all located in the
nucleus, and a clear yellow or brown could be observed. The
tumor tissues with lacked expression of one or more MMR
proteins were considered to be mismatch repair-deficient
(dMMR), whereas those held expressions of all MMR proteins
were considered to be mismatch repair-proficient (pMMR).
The sections with known positive expression or from normal
gastric mucosal and interstitial lymphocytes of the same tissue
were used as positive controls. The antibody diluent instead
of the primary antibody was used as a negative control. The
results were interpreted with a double-blind manner by two
senior pathologists in the pathology department of our hos-
pital. Firstly, specimens were scored on the basis of staining
intensities of nucleus. 0, no yellow or brown; 1, light yellow;
2, yellow; and 3, brown. Secondly, three high-power micro-
scope fields were selected randomly. Specimens were scored
based on the percentage of positive (stained) nuclei in each
field. 0, less than 5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; and
4, 76% or more. For each tumor tissue, three tissue sections
were observed, and the final score was expressed as an aver-
age. Finally, the result was judged according to the product
of the above two scores. A score of 0-5 was considered to
be dMMR, while that of 5-12 was considered to be pMMR.

ISH and evaluation

The EBV infection was detected by ISH method. In short,
the deparaffinizing, pretreatment, and protease digestion
procedures followed the instructions of EBV-encoded RNA
(EBER) detection kit (ISH-7001) purchased from Zhongshan
Golden Bridge Biotechnology (Beijing, China). Next, EBER
probe (digoxigenin-labeled) or blank control reagent was
added to the mixture and hybridized at 37°C for 2-4 h or
overnight, then the coverslip was removed and rinsed with
PBS buffer. Then the HRP-labeled anti-digoxigenin antibody
from Zhongshan Golden Bridge Biotechnology (Beijing,
China) was added and the mixture was incubated at 37°C for
5-20 min, and which rinsed with PBS buffer and deionized

water. Afterwards the sections were incubated with 3,3’-di-
aminobenzidine (DAB) for 10 min, and counterstained with
hematoxylin, dehydrated in alcohol, cleared with xylene and
mounted. The results were interpreted by qualified patholo-
gists in our hospital under an optical microscope. Positive
staining was localized to the nucleus. The cases could be
judged to be EBV(+) if there were brown granules in tumor
cell nuclei, while those maintained completely unstained
in cell nuclei or were stained in cell membranes, interstitial
tissue, cytoplasm and fibrous tissue were considered EBV-
negative (EBV(-)).

Follow up

All the patients were followed up after surgery until August
2019. During the follow up, we recorded the recurrence,
metastasis, or death of each patient.

Statistical analysis

Statistical analyses were performed with IBM SPSS Statistics
version 23.0 (IBM, Armonk, NY, USA). The non-normally
distributed measurement data were analyzed by Z test, and
the enumeration data were analyzed by chi-square test or
Fisher’s exact test as appropriate. Overall survival (OS) curves
were described by the Kaplan-Meier method, OS rates were
analyzed by the Log-rank method. Differences between
the groups according to MMR status, clinicopathological
characteristics and EBV status were identified by univari-
ate and multivariate analyzes by Cox proportional hazards
model. Differences were considered statistically significant
when p < 0.05.

Results

Expression of four MMR proteins

All four MMR proteins were expressed in normal gastric
mucosa and interstitial lymphocytes, whereas they were
expressed defectively in GC tissues. Among the 211 GC
tissues, 145 cases (68.7%) were categorized into pMMR
group, and 66 cases (31.3%) were categorized in the IMMR
group (Table S1 in Supplementary materials). The defective
expressions of four proteins were shown in Figure 1, and the
expression status of each MMR protein in GC specimens
was summarized in Table S1. Obviously, the defect rates of
MLH1, MSH2, MSH6 and PMS2 were 26.5% (n = 56), 7.6%
(n=16),9.0% (n =19) and 22.7% (n = 48), respectively. In
the dJMMR group, 16 (24.2%) cases were deficient in only
1 protein, 33 (50.0%) cases were deficient in 2 proteins, 11
(16.7%) cases were deficient in 3 proteins, and only 6 (9.1%)
cases were deficient in 4 proteins. It should be noted that the
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Figure 1. The defective expression of four MMR proteins in IMMR/MSI GC specimens. A. The defect rates of MLH1, MSH2, MSH6 and
PMS2 were 26.5% (1 = 56), 7.6% (n = 16), 9.0% (n = 19) and 22.7% (n = 48), respectively. B. A total of 16 (24.2%) cases were deficient in

only 1 protein, 33 (50.0%) cases were deficient in 2 proteins, 11 (16.7%) cases were deficient in 3 proteins, and only 6 (9.1%) cases were
deficient in 4 proteins.
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Figure 2. The representative immunohistochemical images of the positive and negative expression of MLH-1, MSH-2, MSH-6 and
PMS-2 proteins in GC specimens.
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deficiency of PMS2 was often accompanied by the deficiency
of MLHI1. A total of 43 cases exhibited the deficiency of
PMS2 and MLH]1, which accounting for a substantial part
(65.2%) of all AMMR cases. In addition, MLH1, MSH2,
MSH6 and PMS2 expressions were more obvious in the
basal part of the alimentary canal glands (Fig. 2).

Onset age

The onset age comparison results of patients with AMMR/
MSI and pMMR/MSS were shown in Table S2. The median
age of the 211 patients was 63 years (23-86 years). The Z test
was used for statistical comparison, and the results showed

that the difference of onset age between the two groups was
statistically significant. The onset age of GC patients with
MSI showed a trend of older than those exhibited MSS.

Correlation of MS with the baseline characteristics of
patients

The correlations of MS with other baseline characteristics
were analyzed and the results were summarized in Table 1.
The dMMR/MSI was more frequently observed in pa-
tients with cardia gastric cancer, in patients with smaller
tumor diameter and in those with non-poorly differenti-
ated carcinoma (p < 0.05). No statistical significance was

Table 1. Correlation of MS with baseline characteristics

. - dMMR/MSI pPMMR/MSS Chi-square
Baseline characteristics p value
n (%) n (%) test
Sex
Male 49 (74.2) 120 (82.8)
2.063 0.841
Female 17 (25.8) 25(17.2)
Nationality
Han nationality 50 (75.7) 102 (70.3)
Uighur 5(7.5) 23 (15.9) 2.786 0.453
Others 11 (16.8) 20 (13.8)
Depth of tumor invasion
T1 and T2 22(33.3) 45 (31.0)
0.111 0.119
T3 and T4 44 (66.7) 100 (69.0)
Lymph node metastasis (N)
NO 27 (40.9) 58 (40.0)
0.016 0.509
N+ 39 (59.1) 87 (60.0)
Total tumor stage
Stage I 17 (25.8) 37 (25.5)
Stage 11 20 (30.3) 33 (22.8) 1.586 0.287
Stage ITI 29 (43.9) 75 (51.7)
Differentiation degree of tumor
Poor differentiation 32 (48.5) 93 (64.1)
. L. 4.602 0.023
Non-poor differentiation 34 (51.5) 52 (35.9)
Tumor site
Cardia 25 (37.9) 25 (17.2)
10.683 0.001
Others 41 (62.1) 120 (82.8)
Tumor diameter
>5cm 25 (37.9) 57 (39.3)
6.113 0.010
<5cm 41 (62.1) 88 (60.7)
Vascular invasion
Yes 24 (36.4) 52 (35.9)
0.005 0.531
No 42 (63.6) 93 (64.1)
Nerve invasion
Yes 29 (43.9) 58 (40.0)
0.290 0.348
No 37 (56.1) 87 (60.0)

dMMR/MSTI: total number of patients 66; pPMMR/MSS: total number of patients 145; #, the number of

patients in each item.
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noted for the relationship between MS and other baseline
characteristics.

Correlation of MS and baseline characteristics with survival
prognosis

The longest follow up period in this study was 91 months.
The patients with 1-year, 3-year and 5-year survival time
were 79.1%, 61.9%, and 49.1%, respectively (Table 2).

The Cox proportional hazards model was used to obtain
independent prognostic factors for survival. The results
showed that there was no correlation between MS and
survival time of GC patients. However, the patient’s eth-
nicity, tumor diameter, degree of tumor differentiation,
depth of tumor invasion, lymph node metastasis, total
tumor stage, vascular invasion and nerve invasion had
statistically significant effects on the survival prognosis
of patients (p < 0.05). The results of multivariate analyses

Table 2. Correlation of MS and baseline characteristics with survival prognosis

1-year survival

3-year survival 5-year survival

Baseline characteristics n (%) (%) (%) (%) p value
Age (years)
=70 62 (29.4) 74.1 59.1 40.1 0.062
<70 149 (70.6) 82.1 61.1 49.3
Sex
Male 169 (80.1) 79.3 63.4 48.6 0.841
Female 42 (19.9) 78.6 54.5 48.1 '
Nationality
Han nationality 152 (72.0) 80.3 65.4 51.5
Uighur 28 (13.2) 67.5 33.8 20.3 0.007
Others 31(14.8) 83.7 65.9 54.9
Tumor site
Cardia 50 (23.7) 73.9 54.2 41.3 0.180
Others 161 (76.3) 80.7 63.3 49.7
Tumor diameter
>5cm 95 (45.0) 73.7 48.5 35.6 0,001
<5cm 116 (55.0) 83.6 72.9 56.9
Differentiation degree of tumor
Poor differentiation 125 (59.2) 75.9 55.8 39.1 0.003
Non-poor differentiation 86 (40.8) 83.7 69.9 60.4
Depth of tumor invasion
T1 and T2 67 (31.8) 88.1 82.3 76.2 <0.001
T3 and T4 144 (68.2) 74.9 51.5 34.1
Lymph node metastasis (N)
NO 85 (40.3) 88.9 83.5 78.6
<0.001
N+ 126 (59.7) 72.1 46.0 28.7
Total tumor stage
Stage I 54 (25.6) 92.6 86.8 81.1
Stage 1I 53 (25.1) 79.2 69.6 58.5 <0.001
Stage III 104 (49.3) 72.0 44.1 25.1
Vascular invasion
Yes 76 (36.0) 75.8 457 332 0,001
No 135 (64.0) 80.7 70.4 57.8 ’
Nerve invasion
Yes 87 (41.2) 74.6 46.2 38.7 0.001
No 124 (58.8) 82.3 72.4 55.4
Microsatellite status
dMMR 66 (31.3) 81.8 63.4 51.1 0.458
pMMR 145 (68.7) 77.9 61.4 46.3
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Table 3. Analyses of independent prognostic factors for survival of patients received radical gastrectomy based on Cox proportional

hazard model

Factor B Standard error Wald p value HR 95% CLofHR
lower upper
Differentiation degree of tumor -0.493 0.220 5.043 0.025 0.611 0.844 2.342
Tumor diameter —-0.430 0.198 4.698 0.030 0.650 0.441 0.960
Depth of tumor invasion 1.241 0.260 22.782 <0.001 3.460 2.078 5.761
Lymph node metastasis (N) 0.849 0.362 5.499 0.019 2.337 1.150 4.753
Total tumor stage 1.452 0.322 20.272 <0.001 4.272 2.270 8.037
Vascular invasion -0.471 0.210 5.026 0.025 0.624 0.413 0.942
Nerve invasion —0.448 0.210 4.506 0.034 0.639 0.422 0.966

HR, hazard ratio; CI, confidence interval.

(Table 3) showed that the degree of tumor differentiation,
tumor diameter, T stage, lymph node metastasis, total
tumor stage, vascular invasion and nerve invasion were
independent prognostic factors for survival of patients
received radical gastrectomy (p < 0.05).

Correlation between MS and postoperative chemotherapy
efficacy in patients with stage IB, 1I and I1I GC

There were 36 patients with stage pT2NOMO IB, among
which 15 patients received postoperative adjuvant chemo-
therapy. The median survival time could not be obtained in
this study because of the number of deaths did not reach
half of the total number of patients with early GC. As shown

in Figure 3A, the 5-year survival rates of the patients in
chemotherapy group and non-chemotherapy group were
both higher than 70%, which were no statistical significance.
Besides, the patients with stage IB GC were divided into
dMMR/MSI group and pMMR/MSS group according to
their MS. The results suggested that there was no statistically
significant prolongation of survival time in chemotherapy
group compared with non-chemotherapy group, whether in
dMMR/MSI group or in pMMR/MSS group.

We found that there were 53 patients with stage II GC,
of which 26 cases received chemotherapy. The dMMR/
MSI patients accounted for 37.7% (20/53). It can be seen
from the Kaplan-Meier plots (Fig. 3B) that the survival
time of patients received chemotherapy had a tendency
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Figure 3. Kaplan-Meier plots of overall survival (OS) in stage IB (A), stage II (B) and stage III (C) GC patients who received chemo-
therapy (Che-) versus those didn't receive chemotherapy (Non-). In pMMR/MSS group, OS of the patients in stage ITI GC who received
chemotherapy (Che-) was prolonged than those didn’t receive chemotherapy (Non-) (p = 0.034). No statistical differences were found

in other comparisons.
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High magnification

to prolong, whether in dMMR/MSI group or in pMMR
group. However, the difference was not statistically sig-
nificant.

There were 104 patients with stage IIT GC in this study,
which included 57 patients who received chemotherapy. The
patients with dAMMR/MSI accounted for 27.9% (29/104). The
Kaplan-Meier plots (Fig. 3C) showed that the survival time
of the patients received chemotherapy was prolonged than
those received no chemotherapy in pMMR/MSS group (p =
0.034). However, this statistical significance was not found in
dMMR group. The above results indicated that the patients
with stage ITII GC in pMMR/MSS group had a more signifi-
cant benefit than those in dMMR/MSI group.

Expression of EBV

The expression of EBV in GC tissues was shown in Figure 4.
There were 15 cases with EBV(+) and 183 cases with EBV(-),
and the positive rate was 7.6% (Table S3).

Correlation between EBV infection and baseline characteristics

The correlation between EBV infection and baseline char-
acteristics in GC patients was analyzed based on chi-square
test or Fisher’s exact test using SPSS 23.0 software. The re-
sults were shown in Table 4. We found that EBV infection
was significantly correlated with tumor differentiation (p =
0.013) and total stage (p = 0.004). However, there was no
significant correlation between EBV infection and sex, age,
nationality, tumor site, tumor diameter, vascular invasion,
nerve invasion, depth of tumor invasion, and lymph node
metastasis.

Figure 4. The representative in situ hybridization
(ISH) images at low and high magnifications of EBV-
positive and EBV-negative GC specimens.

Among all patients, 63.6% (126/198) cases had poorly
differentiated carcinoma and 36.4% (72/198) cases had
non-poorly differentiated carcinoma. Among the patients
with EBV(+), 93.3% (14/15) cases had poorly differentiated
carcinoma and only 6.7% (1/15) cases had non-poorly dif-
ferentiated carcinoma. Among the patients with EBV(-),
61.2% (112/183) cases had poorly differentiated carcinoma
and 38.8% (71/183) cases had non-poorly differentiated
carcinoma. The results suggested that poorly differentiated
carcinoma was more common in patients with EBV(+) than
in those with EBV(-) (p = 0.013).

Correlation between EBV infection and MS

The MS of all 211 patients was analyzed. Due to the unsuit-
ability of some specimens, only 198 patients were tested for
both MS and EBV infection. There were 30.3% (60/198)
cases with MSI and 69.7% (138/198) cases with MSS. The
patients from above two groups were divided into EBV-
positive group and EBV-negative group. The results showed
that there were 13.3% (n = 2) patients with MSI and 86.7%
(n =13) patients with MSS in EBV-positive group. In EBV-
negative group, there were 31.7% (n = 58) patients with
MSI and 68.3% (n = 125) patients with MSS. We analyzed
the above results statistically (Table S4) and found that
the differences were not statistically significant (p = 0.24).

Correlation of EBV infection status and baseline characteristics
with survival prognosis

The longest follow up time of 198 patients was 91 months.
The 1-year, 3-year, and 5-year survival rates of all patients
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were 83.8%, 56.5%, and 26.7%, respectively. The survival
curves of 198 GC patients were drawn by the Kaplan-Meier
method. The survival rate was analyzed based on the Log-
rank method. The multivariate analysis was performed
based on the Cox proportional hazards model to obtain the
independent prognostic factors for survival (Table 5). The
results indicated that the overall survival of GC patients
after radical gastrectomy was statistically related to nerve

invasion and total tumor stage. No statistical significance
was noted between the overall survival and sex, age, nation-
ality, tumor site, differentiation degree of tumor, vascular
invasion, depth of tumor invasion, lymph node metastasis,
MS and EBV infection. The results of multivariate analysis
(Table S5) showed that nerve invasion and total tumor
stage were independent prognostic factors for survival of
patients after radical gastrectomy (p < 0.05). In addition, we

Table 4. Correlation between EBV infection and baseline characteristics

. . EBV(+) EBV(-) Chi-square Fisher's exact
[V
Baseline characteristics n (%) (%) 7 (%) test test p value
Sex
Male 158 (79.8) 14 (93.3) 144 (78.7)
1.355 0.313
Female 40 (20.2) 1(6.7) 39 (21.3)
Age, years
>65 85 (42.9) 9 (60.0) 76 (41.5)
1.930 0.165
<65 113 (57.0) 6 (40.0) 107 (58.5)
Nationality
Han nationality 142 (71.7) 9 (60.0) 133 (72.7)
-1.045 0.37
Others 56 (28.3) 6 (40.0) 50 (27.3)
Tumor site
Cardia 51 (25.8) 2 (13.3) 49 (26.8)
Stomach 104 (52.5) 12 (80.0) 92 (50.3) 4.360 0.111
Pylorus 43 (21.7) 1(6.7) 42 (22.9)
Tumor diameter
>5cm 88 (44.4) 4(26.7) 84 (45.9)
2.077 0.149
<5cm 110 (55.6) 11 (73.3) 99 (54.1)
Differentiation degree of tumor
Poor differentiation 126 (63.6) 14 (93.3) 112 (61.2)
. . 6.185 0.013
Non-poor differentiation 72 (36.4) 1(6.7) 71 (38.8)
Vascular invasion
Yes 73 (36.9) 6 (40.0) 67 (36.6)
0.068 0.794
No 125 (63.1) 9 (60.0) 116 (63.4)
Nerve invasion
Yes 82 (41.4) 7 (46.7) 75 (40.9)
0.185 0.667
No 116 (58.6) 8 (53.3) 108 (59.1)
Total tumor stage
Stage I 51 (25.8) 7 (46.7) 44 (24.0) - 009
Stage IT 51 (25.8) 0 51 (27.9) : 0.018
Stage 11T 96 (48.4) 8 (53.3) 88 (48.1)
Depth of tumor invasion
T1 23 (11.6) 1(6.7) 22 (12.0)
T2 42 (21.2) 6 (40) 36 (19.7)
3.085 0.372
T3 44 (22.2) 2 (13.3) 42 (22.9)
T4 89 (45.0) 6 (40.0) 83 (45.4)
Lymph node metastasis (N)
NO 84 (42.4) 8 (53.3) 76 (41.5)
N1 33 (16.7) 2(13.3) 31 (17.0)
1.059 0.845
N2 30 (15.1) 1(6.7) 29 (15.8)
N3 51 (25.8) 4(26.7) 47 (25.7)
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divided 198 patients into EBV(+) group and EBV(-) group.
The Kaplan-Meier plots (Fig. 5A) showed that the patients
with EBV(+) tended to have longer overall survival than
those with EBV(-), but the prolongation was not statisti-
cally significant.

Table 5. The univariate analysis of prognosis in 198 GC patients

Baseline characteristics n  Chi-square test p value
Sex
Male 158
1.637 0.201
Female 40
Age, years
>65 85
0.002 0.965
<65 113
Nationality
Han nationality 142
0.253 0.615
Others 56
Tumor site
Cardia 51
Stomach 104 5.785 0.055
Pylorus 43
Differentiation degree of tumor
Poor differentiation 126
. . <0.001 0.987
Non-poor differentiation 72
Vascular invasion
Yes 73
0.746 0.388
No 125
Nerve invasion
Yes 82
6.009 0.014
No 116
Total tumor stage
Stage I 51
Stage II 51 12.352 0.006
Stage IIT 96
Depth of tumor invasion
T1 23
T2 42
5.388 0.145
T3 44
T4 89
Lymph node metastasis (N)
NO 84
N1 33
3.195 0.363
N2 30
N3 51
Microsatellite status
MSI 60 2.690 0.101
MSS 138 ’ ’
EBYV infection
EBV-positive 15
. 0.108 0.743
EBV-negative 183

Correlation between EBV infection status and survival
prognosis in patients with stage I and stage I1I GC after
gastrectomy

There were 51 patients with stage I GC (EBV(+), n = 7;
EBV(-), n = 44) and 90 patients with stage III GC (EBV(+),
n = 6; EBV(-), n = 84). The overall survival curves of the
stage I and stage III GC patients in EBV(+) group and
EBV(-) group were depicted based on the Kaplan-Meier
method, and the results were shown in Figure 5B and C.
We found that the difference in overall survival between the
patients (with stage I or stage III GC) in EBV(+) group and
the patients in EBV(—) group was not statistically significant.

Discussion

Microsatellites are short tandem repeats (1-6 nucleotides)
scattered throughout the genome that are prone to mutation.
MSI is defined as a hypervariable phenotype that occurs in
genomic MS in the presence of dMMR mechanisms (Baretti
and Le 2018). The MS status can be determined by detecting
the expression of MMR by immunohistochemistry, and four
antibodies including MLH1, MSH2, MSH6 and PMS2 are
often used (Luchini et al. 2019). MS status was obtained by
the above method in this study. The results showed that there
were 66/211 cases had defective expression of MMR, and the
defect rate was 31.3%, which was consistent with the 5-37%
defect rate reported in the previous research (Choi et al. 2014;
Polom et al. 2018). Besides, the defect rates of MLH1, MSH2,
MSHG6 and PMS2 were 26.5% (n = 56), 7.6% (n = 16), 9.0%
(n=19) and 22.7% (n = 48), respectively. Moreover, MSI had
a high degree of DNA methylation, which often accompa-
nied by MLHI deficiency and abundant genetic mutations
(Usui et al. 2021). The high defect rate of MLH1 in this study
coincided with this notion. These results suggested that the
defective expression of MLH1 may be the main oncogenic
mechanism of GC exhibiting MSI/dMMR.

MSI was more likely to occur in the elderly in this study
(p = 0.047), which was consistent with the result of Velho
et al. (2014). In addition, this research concluded that MSI
of patients with stage I, II, and III GC was significantly cor-
related with tumor site, tumor diameter, and differentiation
degree of tumor. MSI was more frequently observed in
patients with cardia gastric cancer, in patients with smaller
tumor diameter and in patients with non-poorly differenti-
ated carcinoma. MSI was not statistically related to the depth
of tumor invasion, lymph node metastasis, total tumor stage,
vascular invasion and nerve invasion in GC tumor tissues.
The 1-year, 3-year and 5-year survival rates were slightly
higher than the overall survival rate of AIMMR/MSI-patients,
which was consistent with the results of a convincing meta-
analysis about MSI based on a large cohort (about 1500
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Figure 5. Kaplan-Meier plots of overall survival (OS) about all (A), stage I (B) and stage III (C) GC patients with EBV(+) versus with
EBV(-). No statistical difference was found in OS between the EBV(+) and EBV(-) patients.

cases) tumor specimen. This meta-analysis revealed that
the patients with dMMR/MSI-type GC had a longer overall
survival than those with pMMR/MSS-type GC (Pietrantonio
etal. 2019).

MSI has become a research hotspot, and abundant stud-
ies on its guiding role in chemotherapy have also appeared.
Previous research showed that there was no significant
difference in the effect of MS on the disease-free survival
curve of patients with stage I, IL, Il and IV GC. Moreover,
the patients with MSS showed better prognosis than those
with MSI-H after chemotherapy (An et al. 2012). For the
patients with stage IB and stage II GC after chemotherapy
in this study, no significant difference was noted in the
prolongation of overall survival between dMMR/MSI group
and pMMR/MSS group. Among patients with stage III GC,
the pMMR/MSS group had significant benefit compared
with the dMMR/MSI group. Although there were some
differences, the results of this study were basically con-
sistent with previous studies, which may be related to the
small sample size and the limitations of the retrospective
study. The results may have guiding significance for the
formulation of chemotherapy regimens for patients with
stage III GC.

The infection of EBV can be monitored based on the
characteristic that EBV can exist in the nucleus by binding
to ribonucleoprotein. ISH technique was considered to be
the gold standard for diagnosing EBV infection (Park et
al. 2015). In this study, EBER ISH was used to detect the
EBV infection. The results showed that there were 7.6%
(15/198) cases with EBV(+) in GC tumor tissues. It has
been reported that the proportion of EBVaGC varies widely
around the world. Europe had the highest incidence (about
13.9%), while Asia had the lower incidence (7.5%) (Cheng
et al. 2015). The proportion of EBVaGC in this study was
consistent with previous reports.

In this study, EBV infection was significantly correlated
with tumor differentiation and total stage. There was no
significant correlation between EBV infection and sex, age,

nationality, tumor site, tumor diameter, vascular invasion,
nerve invasion, depth of tumor invasion and lymph node
metastasis. However, the mechanism involved between
EBV infection and clinicopathological parameters is still
unclear. Therefore, elucidating the mechanism based on
a large number of specimens will become our next im-
portant task.

Previous studies have shown that the patients with EBV
and MSI may exhibit complex clinical responses in the
immune system such as high levels of tumor-infiltrating
lymphocytes (Chang et al. 2018). We explored the relation-
ship between MS and EBV infection, the results showed
that 13.3% patients had both MSI and EBV(+), and 68.3%
patients had both MSS and EBV(-). It is worth noting that
the patients with both MSI and EBV(+) may be immuno-
therapy sensitive.

No EBV(+) patients with stage II GC were observed in
this study, so we only described the survival curves of pa-
tients with stage I and III GC used Kaplan-Meier method.
The results showed that EBV infection had no statistical
significance in prolonging the survival time of patients after
chemotherapy. Further clarification of prognostic factors for
EBVaGC is required.

In conclusion, we compared the baseline characteristics,
MS, EBV infection, and survival prognosis of 211 patients
with stage L, II, and III GC. We found that the patients in
dMMR/MSI group and those in pMMR/MSS group had
different clinicopathological parameters. The depth of
tumor invasion, lymph node metastasis, total tumor stage,
tumor diameter, differentiation degree of tumor and vas-
cular/nerve invasion were independent prognostic factors
for survival of patients who received radical gastrectomy.
There was no significant difference in the overall survival
time and chemotherapy response between the patients after
who received radical gastrectomy in dMMR/MSI group
and those in pMMR/MSS group. In addition, we found
a low incidence of EBV(+) GC. The clinicopathological
characteristics of EBV(+) GC were not significantly differ-
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ent from those of EBV(-) GC. Besides, nerve invasion and
total tumor stage were prognostic factors for GC patients
who received radical gastrectomy. There was no significant
difference in the effect of EBV infection on the overall
survival time. The results of this study are still slightly dif-
ferent from existing reports, which may be attributed to
geographical differences, single source and small number of
research objects. There is no doubt that this study provides
some ideas for the prognosis analysis of GC. However, the
mechanism still needs to be analyzed in depth based on
a large number of specimens.
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Supplementary Tables

Table S1. The expression status of MLH1, MSH2, MSH6, PMS2 proteins in pMMR and dMMR GC patients

Group n Percentage MLH1 MSH2 MSH6 PMS2
pPMMR 145 68.7% + + + +
6 - - - -
7 - + + +
3 + - + +
2 + + - +
4 + + + -
dMMR 3 31.3% - - - +
4 - + - -
4 - - + -
29 - + + -
3 - + - +
1 + + — —

GC, gastric cancer; MLH1, mutL homolog 1; MSH2, mutS homolog 2; MSH6, mutS homolog 6; PMS2, postmeiotic
segregation increased 2; pMMR, mismatch repair-proficient; AIMMR, mismatch repair-deficient. There were 68.7%
(145/211) pMMR cases and 31.3% (66/211) dMMR cases among 211 GC patients.

Table S2. Onset age comparison of patients in dMMR group and Table S3. Expression of EBV in GC tissues
pPMMR group
EBV status 1 (%)
Group Median age, years (P,5, P75) p value EBV-positive 15 (7.6)
dMMR/MSI 66 (54.75,73) 0.047 EBV-negative 183 (92.4)

pMMR/MSS 62 (54, 69) Total 198 (100)
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Table S4. Correlation between EBV infection and MS in GC tumor specimens

Microsatellite status n (%) EBV(+) n (%) EBV(-) n (%) Fisher's exact test p value
MSI 60 (30.3) 2 (13.3) 58 (31.7)

0.24
MSS 138 (69.7) 13 (86.7) 125 (68.3)

Table S5. Multivariate analysis of prognosis based on Cox proportional hazards model

95% CI of HR
Factor B Standard error Wald p value HR
lower upper
Nerve invasion 0.772 0.238 10.571 0.001 2.165 1.359 3.448
Total tumor stage —-1.249 0.609 15.749 0.001 0.287 0.061 1.05

HR, hazard ratio; CI, confidence interval.



