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ARTICLE INFO ABSTRACT

This study evaluated the associations of HER2 protein, HER2 gene amplification, and positivity for p-AKT, p-
ERK, and p-PLCy proteins with clinicopathological status and overall survival (OS) of patients who had Epstein-
HER2 Barr virus-associated gastric cancer (EBVaGC; n = 58) or EBV-negative GC (EBVnGC; n = 329). Tissue samples
Epstein-Barr virus were subjected to immunohistochemistry and fluorescence in situ hybridization (FISH). Results showed that
giﬁ?ﬁ:ﬁr EBVaGC less expressed HER2 and amplified HER2 gene. p-AKT (p = 0.035) and p-ERK (p = 0.001) were in-

hibited in EBVaGC than in EBVnGC, while p-PLCy (p = 0.034) was upregulated. Among EBVaGC patients, p-
ERK positivity was associated with Lauren classification (p = 0.023), and p-PLCy positivity was inversely as-
sociated with TNM stage (p = 0.041) and lymph node metastasis (p = 0.041). In contrast, among EBVnGC pa-
tients, HER2 expression was associated with distant metastasis (p = 0.043) and p-AKT positivity was associated
with intestinal subtype (p < 0.004), lymph node metastasis (p = 0.031), distant metastasis (p < 0.001), and
elder age (> 60y, p < 0.004). Overall analysis showed that EBVaGC patients presented better OS than EBVnGC
patients (p = 0.044). Among EBVaGC patients, p-AKT positivity (p = 0.008) was associated with worse OS; as
well as, HER2 high expression (p < 0.001), p-AKT positivity (p = 0.010), and p-PLCy (p < 0.001) were as-
sociated with worse OS in EBVnGC patients. Multivariate analysis showed that distant metastasis (95% CI: 1.559
to 4.028,p < 0.001), HER2 high expression (95% CI: 1.058 to 2.454, p = 0.026), and p-PLCy positivity (95%
CIL: 1.056 to 2.435, p = 0.027) were independent prognostic predictors of OS in EBVnGC patients. Our results
indicated that p-AKT positive patients presented worse OS than p-AKT negative ones in EBVaGC, as well as,
HER2, p-AKT, and p-PLCy are prognostic biomarkers for OS in EBVnGC patients.
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1. Introduction worldwide, with a range of 1.3-20.1% depending on the population

[9,10]. Our previous study showed that EBVaGC had an incidence of

Gastric cancer (GC) is the fifth most-common malignancy world-
wide, with 951,600 new cases and 723,100 cancer-related deaths each
year [1]. GC is associated with diet, methods of food storage, and He-
licobacter pylori infection [2,3]. Recent studies demonstrated that Ep-
stein-Barr virus (EBV) infection correlated with the occurrence and
development of GC. EBV is not only a ubiquitous human herpesvirus
and the main cause of infectious mononucleosis [4] but is also asso-
ciated with development of Burkitt lymphoma, Hodgkin's lymphoma,
gastric cancer, and nasopharyngeal carcinoma (NPC). EBV-associated
gastric cancer (EBVaGQC) [5,6] is defined by the presence of EBV in GC
cells, as detected by EBV-encoded RNA (EBER) in situ hybridization
[7,8]. EBVaGC occurs in approximately 10% of all GCs diagnosed
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6.7% (45/676) in Guangzhou, Southern China, a region where NPC is
endemic [11]. Clinically, EBVaGC has several distinct -clin-
icopathological features, such as preferential diffuse-type GC and fre-
quent occurrence in the gastric cardia and body [7]. The Cancer
Genome Atlas (TCGA) Research Network performed a comprehensive
molecular evaluation of 295 primary gastric adenocarcinoma patients
in 2014 and classified EBVaGC as a molecular subtype of gastric cancer
[12].

Like the most of other human cancers, the pathogenesis of GC is
involved in risk factors-induced oncogene activation and silencing of
tumor suppressor genes [12,13]. Human epidermal growth factor re-
ceptor 2 (HER2), which belongs to the epidermal growth factor receptor
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(EGFR) superfamily, is recognized as an oncogene. In gastric cancer,
HER2 is overexpressed in 7-34% of patients [14-18] and is related to
poor tumor prognosis and aggressive behavior [14,17]. In 2010, the
Trastuzumab for Gastric Cancer (ToGA) trial demonstrated that tras-
tuzumab (a humanized monoclonal anti-HER2 receptor antibody) im-
proved the survival of patients with HER2-positive GC [18]. Our own
study identified a lower prevalence of HER2 positivity in EBVaGC cases
than EBVnGC cases (5.1% vs. 23.7%) [19]. In agreement, Lee et al.
reported that 1 of 63 (1.6%) EBVaGC patients had HER2 over-
expression, whereas 38 of 281 patients (13.5%) of EBV-negative GC
(EBVnGC) cases had HER2 overexpression [20]; Sukawa et al. reported
that HER2 overexpression occurred in only 1 of 18 (5.6%) EBVaGC
cases, but in 19 of 213 (8.9%) EBVnGC cases [21]; Song HJ et al.
presented that HER2 overexpression (strong intensity, score 3) by IHC
was less in 123 EBVaGC than in 405 EBVnGC (0.8% versus 9.4%,
p < 0.02) [22].

What is the reason for the reduced prevalence of HER2 over-
expression in EBVaGC? Our previous study firstly certified that Latent
membrane protein 2A(LMP2A), an EBV latency protein, might inhibit
HER2 transcription through a pathway involving TWIST and YB-1.
However, patients with LMP2A-negative EBVaGC also had a lower
prevalence of HER2 overexpression than those with EBVnGC (9.1% vs.
23.7%;p < 0.001) [19]. Differences in HER2 gene amplification might
possibly explain the differences in HER2 expression in these two groups
[23]. We wondered condition of HER2 amplification in EBVaGC.

Moreover, as a member of the erythroblastosis oncogene B (ErbB)
receptor tyrosine kinase (RTK) family, HER2 activates many down-
stream second messenger pathways, and crosstalk with other trans-
membrane signaling pathways can lead to diverse biological effects
[24]. Previous studies have suggested that HER2 can initiate or interact
with the phosphoinositide-3-kinase (PI3K)/AKT pathway, the mitogen
activated protein kinase (MAPK) pathway, and the phospholipase C
(PLC)-y pathway, and thereby promote growth, survival, proliferation,
and migration of cancer cells [25-27]. Because HER2 levels are lower in
EBVaGC patients, we speculated that EBV might affect the activation of
one or more of these key pathways. Sukawa et al. showed that there was
no significant difference in p-AKT expression between patients with
EBVaGC and EBVnGC [21,28], but no studies have yet measured p-ERK
or p-PLCy expression in patients with EBVaGC. The associations of p-
AKT, p-ERK, and p-PLCy proteins with clinicopathological status and
overall survival (OS) of patients with EBVaGC had not been reported.

In this study, we collected 58 EBVaGC and pTNM-classification
matched 329 EBVnGC to evaluate HER2 protein expression and gene
amplification in EBVaGC and EBVnGC. We also assessed differential
expression of HER2 downstream proteins to predict advanced tumor
phenotypes and survival of patients with EBVaGC and EBVnGC.

2. Materials and methods
2.1. Ethics statement

The use of human subjects was approved by the Clinical Research
Ethics Committee of the Third Affiliated Hospital, Sun Yat-sen
University, Guangzhou, China. All adult subjects provided informed
consent, and a patient or guardian of any children participant provided
informed consent on their behalf.

2.2. Tissue specimens

A total of 1013 surgical resection gastric adenocarcinoma cases
were collected at the Second and Third Affiliated Hospitals of Sun Yat-
sen University, Guangzhou, southern China from January 1, 2004 to
December 31, 2012. Fifty-eight cases (5.7%) were identified as EBVaGC
by EBER1 in situ hybridization (ISH). Among the 955 EBVnGC cases,
329 EBVnGC cases had pTNM classification that matched the 58
EBVaGC cases.
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Table 1
THC and FISH results of HER2 in 58 EBVaGC and 50 EBVnGC.

EBVaGC (N = 58) EBVnGC (N = 50)

FISH positive FISH negative FISH positive FISH negative

THC 0/1+ - 55 - 36
IHC 2+ - 2 2 6
THC 3+ 1 - 6 -

Clinicopathologic features and outcome data were obtained from
the archives of the four hospital. Histology of the gastric carcinomas
was classified as intestinal- and diffuse-type, according to the Lauren
classification [29]. Cancer staging was classified according to the TNM
cancer staging system of the American Joint Committee of Cancer [30].
The clinical outcome was followed up from the date of primary surgery
to the date of death or Dec.31, 2017. The median follow-up period was
26 months (range, 1-75 months).

2.3. Tumor tissue microarrays

Twenty-one tissue microarray (TMA) blocks that contained samples
of all 1013 cases were prepared as described by Chen et al [9]. Each
TMA block contained up to 76 tissue cores from 38 cases, and each case
had 2 tissue cores. An adequate case was defined by tumor occupancy
of more than 30% of the core area. The 58 EBVaGC samples and the 329
EBVnGC samples were in 11 TMA blocks.

2.4. EBER1 in situ hybridization (ISH)

An ISH assay was performed on the TMA block sections with an EBV
oligonucleotide probe complementary to the EBV-encoded small RNA-1
(EBER-1; PanPath, Amsterdam, Netherlands), according to the manu-
facturer’s instructions. Sections (4-um thick) were cut from each tissue
array block to detect EBV using an in situ hybridization assay. The
hybridization signals were visualized with 3,3 0 -diaminobenzidine
(DAB; Vector Laboratories, Inc., Burlingame, CA), and positive signals
were recognized as dark brown nuclear staining under light micro-
scopy. Known EBER-1-positive NPC tissues were used as the positive
control, and a sense probe for EBER-1 was used as the negative control.
EBER-1 (+) and EBER-1 (-) cases were defined as EBVaGC and
EBVnGC, respectively. Among all 1013 cases, 58 cases (5.7%) were
EBVaGC.

2.5. HER2 fluorescent in situ hybridization (FISH)

Dual-probe hybridization was performed using the PathVysion HER-
2 DNA Probe Kit (Vysis, Shanghai, China). The HER2 probe and the
centromere 17 (CEP17) probe were directly labeled with
SpectrumOrange and SpectrumGreen, respectively. Using an Olympus
microscope equipped with a double-band pass filter, two investigators
visually counted FISH data for at least 100 tumor cell nuclei in two or
more separate regions of the tissue section. Averages of HER2 gene and
chromosome 17 copy number counts were rounded off to the nearest
whole number. The number of HER2 signals and CEP 17 signals were
counted for each nucleus and an overall mean HER2: CEP 17 ratio was
calculated for each case. As proposed by the ASCO/CAP guideline [31],
an absolute HER2 gene copy number lower than four or an HER2: CEP
17 ratio of less than 1.8 was considered HER2 negative; an absolute
HER2 copy number between four and six or an HER2: CEP 17 ratio
between 1.8 and 2.2 was considered HER2 equivocal, and an absolute
HER2 gene copy number greater than six or an HER2: CEP 17 ratio
higher than 2.2 was considered HER2 positive. Lymphocytes, (myo)fi-
broblasts, and normal epithelial cells served as internal controls.
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Fig. 1. H&E staining, ISH analysis of the EBV gene EBERI, IHC of HER2, and FISH of HERZ2 in two representative cases with EBVaGC. Both cases were positive for
EBERI. Case #1 had no HER2 expression (ICH = 0) and no HER2 gene amplification, whereas Case #2 had HER2 overexpression (ICH = 3+) and HER2 gene

amplification.

2.6. Immunohistochemical staining

The Envision Immunohistochemistry (IHC) system was used to
analyze the expression of HER2, p-AKT, p-ERK and p-PLCy [32]. The
slides were incubated with rabbit-derived polyclonal antibody against
HER2 (A0485, 1:200 dilution; Dako, Copenhagen, Denmark), rabbit-
derived monoclonal antibodies against p-AKT(#4060, 1:50 dilution), p-
ERK (#4370, 1:400 dilution) or p-PLCy (#8713, 1:200 dilution; Cell
Signaling Technology, Beverly, MA, USA) as the primary antibody, and

HRP-labeled secondary antibody (Dako Envision). A HER2-positive
breast carcinoma case was used as positive controls and substitution of
the primary antibodies with PBS was used as a negative control.

The HER2 IHC staining results were scored into 0, 1+, 2+ and 3+
according to the criteria recommended by the ToGA [33]. Staining of P-
AKT [34], p-ERK [35] and p-PLCy [36] were localized in the cytoplasm
and nucleus of the tumor cells. The level of p-AKT, p-ERK and p-PLCy
expression were scored according to the intensity of staining. Five high
power fields (x200, magnification) in each section were randomly
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Table 2
Association of HER2 with p-AKT, p-ERK, and p-PLCy in EBVnGC tissue specimens.
No. p-AKT + p-ERK + p-PLCy+
N (%) p N (%) p N (%) p
HER2
IHC 0/1+ 243 141 (58.0) 0.002 108 (44.4) 0.48 47 (19.3) < 0.001
IHC 2/3+ 86 66 (76.7) 42 (48.8) 34 (39.5)

¢ analyzed by using the Pearson Chi-Square test.

Table 3
Differences expression of p-AKT, p-ERK, and p-PLCy between EBVaGC and
EBVnGC tissue specimens.

EBVaGC N (%) EBVnGC N (%) p
p-AKT
positive 28(48.3) 207(62.9) 0.035
negative 30(51.7) 122(37.1)
p-ERK
positive 14(24.1) 150(45.6) 0.001
negative 44(75.9) 179(54.4)
p-PLCy
positive 22(37.9) 81(24.6) 0.034
negative 36(62.1) 248(75.4)

@ analyzed by using Pearson Chi-Square test.

selected for analysis according to the percentage of cells stained and the
intensity of the staining. The percentage of positive cells per section was
scored as 0 (0-5%), 1 (6-25%), 2 (26-50%), 3 (51-75%), or 4 (> 75%).
The staining intensity was scored as: O (negative); 1 (weak); 2 (mod-
erate); 3 (strong). The percentage and intensity scores were added to
calculate a total score (staining score = percentage score + intensity
score). The total score was used to classify each sample as positive (=2)
or negative (< 2) [37]. All of the slides were evaluated by two ex-
perienced pathologists without knowledge of the clinicopathological
features or clinical outcome.

2.7. Statistical analysis

A chi-square test, Fisher’s exact test, or the Kruskal-Wallis test was
used for statistical analysis of the IHC results and other variables. OS
analyses were performed using the Kaplan-Meier method, the log-rank
test, and Cox multi-factor analysis. The OS time was defined as the time
from the date of surgery until Dec. 31, 2017 or death, irrespective of the
cause of death. A two-sided p-value below 0.05 was considered statis-
tically significant. All statistical analyses were performed using SPSS
13.0 for Windows (SPSS Inc., Chicago, Illinois, USA).

3. Results

3.1. HER?2 positivity and HER2 gene amplification in EBVaGC and
EBVnGC patients

We measured HER2 expression by IHC in 58 EBVaGC and 329
EBVnGC cases that were matched for pTNM classification. Gastric
carcinoma samples were defined as high (2+, 3+) and low (0, 1+)
expression of HER2 based on IHC results [33]. Only 3 (5.1%) EBVaGC
cases showed high expression of HER2. In EBVnGC, HER2 was highly
expressed in 86 (26.2%) cases, with 48 cases (14.6%) having an IHC
score of 2+ and 38 cases (11.6%) having an IHC score of 3 + . had IHC
scores of 2+ or 3+ (Table 1). EBVaGC cases exhibited a significantly
less expression of HER2 than EBVnGC cases (26.2% vs. 5.1%,
x%=15.0,p = 0.01).

To analyze HER2 amplification in EBVaGC and EBVnGC, 50
EBVnGC cases were selected from 329 EBVnGC for further HER2 FISH
study. Clinicopathological features of the 50 EBVnGC cases were

statistically matched with that of the 58 EBVaGC cases. This match of
clinicopathological features could eliminate the effect of these features
on univariate analyzing the relationship between EBV and HER2 am-
plification. FISH study showed that only 1 EBVaGC case had HER2
amplification, and 8/50 EBVnGC cases presented HER2 amplification
(1.7% vs. 16%, > = 5.417,p = 0.02).

According to ToGA test, I[HC2+ and FISH positive or IHC3 + would
be defined as HER2 positive [33]. In our cohort, 1/58 EBVaGC and 8/
50 EBVnGC were HER2 positive (1.7% vs. 16%, x> = 5.417,p = 0.02).
These results demonstrated that both HER2 expression and HER2 am-
plification were inhibited in EBVaGC.

Represented IHC and FISH images of EBER, HER2 expression and
HER2 amplification in cancer cells were presented in Fig. 1.

3.2. p-AKT, p-ERK, and p-PLCy levels in EBVaGC and EBVnGC

We next measured positivity for p-AKT, p-ERK, and p-PLCy in
EBVaGC and EBVnGC samples. Among the 58 EBVaGC cases, 28 were p-
AKT-positive (48.3%), 14 were p-ERK-positive (24.1%), and 22 were p-
PLCy-positive (37.9%). In the 329 EBVnGC cases, these percentages
were 62.9%, 45.6%, and 24.6%, respectively. Comparisons indicated
that EBVaGC cases had significantly lower positivity for p-AKT (p =
0.035) and p-ERK (p = 0.001), and a significantly greater positivity for
p-PLCy (p = 0.034, Table 3).

The HER2 positive EBVaGC was positive for p-AKT and p-PLCy, and
negative for p-ERK. Two of the three HER2 high expressing
EBVaGC(IHC 2+, 3+) were positive for p-AKT and p-PLCy, and ne-
gative for p-ERK. In EBVnGC, p-AKT levels were increased (76.7% vs.
58%, x> =9.54, p = 0.002), and p-PLCy levels were elevated (19.3% vs.
39.5%, % = 13.95, p < 0.001) in HER2 high expressing cases com-
paring with the HER2 low expressing cases. There was no association
between HER2 expression and p-ERK levels (Table 2).

Represented IHC images of p-AKT, p-ERK, and p-PLCy in cancer
cells were presented in Fig. 2.

3.3. Association of HER2, p-AKT, p-ERK, and p-PLCy with
clinicopathological data

We next assessed associations of altered protein expression with
clinicopathological features. In EBVaGC, p-ERK levels were associated
with Lauren subtype (x? = 7.89,p = 0.023), and those with the Lauren
mixed subtype were more likely to have p-ERK positivity than those
with the intestinal subtype (p = 0.014) or diffuse subtype (p = 0.013;
Table 4). Moreover, p-PLCy positivity as associated with early TNM
stage (x> = 4.15, p = 0.041) and the absence of tumor lymph node
metastasis (x> = 4.18, p = 0.041; Table 4). However, p-AKT positivity
was not associated with any clinicopathological feature among EBVaGC
cases.

In EBVnGC, distant metastasis was associated with HER2 high ex-
pression (x2 = 4.09, p = 0.043). p-AKT positivity was associated with
distant metastasis (p < 0.001), lymph node metastasis (p = 0.031),
Lauren subtype (p = 0.004), and elder age (age > 60 years old;
p = 0.004; Table 5). However, p-ERK positivity and p-PLCy positivity
were not associated with any clinicopathological features among the
329 EBVnGC cases (Table 5).
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Fig. 2. IHC staining of representative EBVaGC tissue specimens. Each gastric carcinoma tissue was stained with H&E and antibodies against HER2, p-AKT, p-ERK, and

p-PLCy.

3.4. Association of HER2, p-AKT, p-ERK, and p-PLCy with patient overall
survival (0S)

We next determined the association of HER2, p-AKT, p-ERK, and p-
PLCy positivity with OS. We were only able to collect data from 44 of 58
EBVaGC patients and 240 of 329 EBVnGC patients due to loss of contact
for some patients. The Kaplan-Meier curves and the log-rank test results
showed a significantly better OS in EBVaGC patients than EBVnGC
patients (p = 0.044; Fig. 3A). Furthermore, analysis of EBVaGC patients
indicated p-AKT positivity was associated with significantly worse OS
(45.8 = 9.4 vs. 100.9 + 8.1 months, p = 0.008; Fig. 3B), but p-ERK

and p-PLCy positivity had no effect on OS (Fig. 3C-D).

Analysis of EBVnGC patients indicated that poor OS was associated
with HER2 positivity (31.4 = 3.3 vs. 63.6 = 4.1 months,p < 0.001;
Fig. 4A) p-AKT positivity (40.9 = 2.7 vs. 70.7 = 5.3 months, p =
0.010; Fig. 4B), and p-PLCy positivity (30.1 + 3 .1 vs. 63.1 = 4.1
months, p < 0.001; Fig. 4D). However, p-ERK positivity had no effect
on OS in EBVnGC patients (Fig. 4C).

Our univariate analysis indicated that tumor size (p = 0.042),
Lauren classification (p = 0.011), tumor invasion (p = 0.024), lymph
node status (p = 0.018), distant metastasis (p < 0.001), and TNM
stage (p < 0.001) were all predictors of OS in EBVnGC patients,
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Table 4
Association of clinicopathological data from 58 EBVaGC patients with p-AKT, p-
ERK, and p-PLCy.
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Table 5
Association of clinicopathological data from 329 EBVnGC patients with p-AKT,
p-ERK or p-PLCy.

No. p-AKT p-ERK p-PLCy

positive P positive P positive P

N(%) N(%) N(%)

Gender
Male 53  25(47.2) 0.936 14(26.4) 0.440 22(41.5) 0.145
Female 5 3(60.0) 0 0
Age (years)
0~39 9 3(33.3) 0.675 1(11.1) 0.340  5(55.6) 0.504
40~60 30 15(50.0) 6(20.0) 11(36.7)
61~99 19 10(52.6) 7(36.8) 6(31.6)
Lauren type
Intestinal 10  4(40.0) 0.268 1(10.0) 0.023"  3(30.0) 0.714
Diffuse 40 18(45.0) 8(20.0) 15(37.5)
Mix 8 6(75.0) 5(62.5) 4(50.0)
“Tumor size
0~3cm 14 8(57.1) 0.399 5(35.7) 0.338  6(42.9) 0.706

> 3cm 43 19(44.2) 8(18.6) 16(37.2)
pTNM
I+1 22 3(59.1) 0.198 7(31.8) 0.285 12(54.5) 0.041"
I + 1V 36 15(41.7) 7(19.4) 10(27.8)
Invasion
T1+T2 7 6(85.7) 0.087 2(28.6) 1.000 2(28.6) 0.897
T3+T4 51 22(43.1) 12(23.5) 20(39.2)
Lymph node

metastasis
Absent 15 9(60.0) 0.291 4(26.7) 1.000 9(60.0)  0.041"
Present 43 19(44.2) 10(23.3) 13(30.2)
Distant
metastasis

Absent 49 26(53.1) 0.181 12(24.5) 1.000 6(42.9) 0.706
Present 9 2(22.2) 2(22.2) 16(37.2)

@ analyzed by using Pearson Chi-Square test, Continuity Correction, or

Fisher’s exact test.
b Considered to be statistically significant.
¢ One EBVaGC case without data on tumor size.

although other clinicopathological data, such as gender and age, had no
impact (Table 6). The multivariate analysis showed that distant me-
tastasis (hazard ratio [HR]: 2.506; 95% confidence interval [CI]: 1.559
to 4.028, p < 0.001), HER2 positivity (HR: 1.611; 95% CI: 1.058 to
2.454, p = 0.026), and p-PLCy positivity (HR: 1.603; 95% CI: 1.056 to
2.435, p = 0.027) were independent prognostic predictors of OS in
EBVnGC patients (Table 6).

4. Discussion

Based on a cohort containing 58 EBVaGC and pTNM classification-
matched 329 EBVnGC (p = 0.596), we suggested that both HER2 pro-
tein expression and gene amplification in EBVaGC were reduced,
compared with EBVnGC. pTNM-matching was crucial for eliminating
the influence of tumor stage when detecting the relevance among EBV
positive, HER2 expression and HER2 downstream pathway activity.

Previous studies also demonstrated that EBVaGC less expressed
HER2 [38]. To date, only few studies have reported HER2 amplification
in EBVaGC. In particular, the Cancer Genome Atlas (TCGA) Research
Network observed 17% of patients with HER2 amplification among 295
GC patients using high-throughput DNA sequencing, and 12% of 27
EBVaGC patients had HER2 amplification [12]. Our current study
showed that only 1 of 58 EBCaGC patients (1.7%) had HER2 amplifi-
cation, much less than 12% observed in the TCGA project. This in-
consistency might be due to differences in the study populations and/or
the use of different detection technologies. Additionally, the rarity of
HER2 amplification in EBVaGC patients implies that EBV might inhibit
HER2 amplification, although the potential mechanisms remain to be
elucidated. Our previous study demonstrated that LMP2A, an EBV la-
tency protein, inhibited the expression of HER2 through

No. HER2 p-AKT positive  p-ERK p-PLCy
IHC2/3+ N N(%) positive N(%)  positive N
(%) (%)

Gender
Male 223 58(26.0) 142(63.7) 102(45.7) 50(22.4)
Female 106 28(26.4) 65(61.3) 48(45.3) 31(29.2)
“p 0.938 0.679 0.938 0.179
Age (years)
0~39 22 5(22.7) 14(63.6) 14(63.6) 7(31.8)
40~60 137 34(24.8) 72(52.6) 67(48.9) 33(24.1)
61~99 170 47(27.6) 121(71.2) 69(40.6) 41(24.1)
p 0.796 0.004>¢ 0.074 0.720
Lauren type
Intestinal 220 57(25.9) 149(67.7) 93(42.3) 51(23.2)
Diffuse 105 26(24.8) 54(51.4) 54(51.4) 28(26.7)
Mix 4 3(75.0) 4(100) 3(75.0) 2(50.0)
p 0.099 0.004" 0.152 0.291
“Tumor size
0~3cm 106 24(22.6) 69(65.1) 48(45.3) 27(25.5)

> 3cm 218 62(28.4) 135(61.9) 98(45.0) 52(23.9)
p 0.267 0.580 0.955 0.750
PTNM
I+1I 137 35(25.5) 80(58.4) 56(40.9) 35(25.5)
I + IV 192 51(26.6) 127(66.1) 94(49.0) 46(24.0)
] 0.836 0.151 0.147 0.742
Invasion
T1+T2 82  21(25.6) 47(57.3) 31(37.8) 21(25.6)
T3+T4 247 65(26.3) 160(64.8) 119(48.2) 60(24.3)
p 0.900 0.226 0.102 0.810
Lymph node metastasis
Absent 98  22(22.4) 53(54.1) 43(43.9) 27(27.4)
Present 231 64(27.7) 154(66.7) 107(46.3) 54(23.4)
P 0.321 0.031>¢ 0.684 0.422
Distant metastasis
Absent 272 65(23.9) 159(58.5) 122(44.9) 62(22.8)
Present 57 21(36.8) 48(84.2) 28(49.1) 19(33.3)
P 0.043>¢ < 0.001>¢ 0.556 0.093

% Analyzed by using Pearson Chi-Square test, Continuity Correction, or
Fisher’s exact test.

" Five EBVnGC cases without data on tumor size.

¢ Considered to be statistically significant.

downregulation of the TWIST and YB-1 pathways [19]. This finding
may partly explain why EBVaGC patients had lower HER2 expression
than EBVnGC patients.

In present study, we observed that EBVaGC patients with HER2
amplification had increased positivity for p-AKT and p-PLCy, but lower
positivity for p-ERK. Among EBVnGC cases positivity for p-AKT and p-
PLCy were associated with HER2 positivity. This finding suggests that
the HER2 protein may preferentially induce the PI3K/AKT or PLCy/PKC
pathway, rather than the RAS/MAPK pathway in GC. Previous studies
reported that different phosphorylation sites within the cytoplasmic
domain of HER2 led to its activation [24,27], which in turn activated
the RAS/MAPK pathway. Indeed, the most common HER2 phosphor-
ylation sites (Tyrosine 1139, 1222, and 1248) are associated with ac-
tivation of the RAS/MAPK pathway, while phosphorylation at Tyr1196
is associated with activation of the PISK/AKT pathway [17]. These
results should be cautiously considered when treating GC patients with
lapatinib, an anti-HER2 dual tyrosine kinase inhibitor [39].

We also identified a trend in EBVaGC patients of presenting lower p-
AKT positivity (48.3% vs. 62.9%) and p-ERK positivity (24.1% vs.
45.6%), but higher p-PLCy positivity (37.9% vs. 24.6%) than EBVnGC
patients. No previous studies have systematically analyzed the asso-
ciation between EBV and HER2 downstream pathways in GC. Only
Sukawa et al. reported no statistically significant difference in p-AKT
expression among 18 EBVaGC cases and 204 EBVnGC cases [21]. Ex-
pression of p-ERK and p-PLCy in patients with EBVaGC has not been
reported previously. We hypothesis that the high rate of p-PLCy
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Fig. 3. Kaplan-Meier curves and the log-rank test of overall survival (OS) stratified by positivity for different markers in patients with EBVaGC (n = 44) and EBVnGC
(n = 240). (A) OS in EBVnGC vs. EBVaGC cases. (B) OS in EBVaGC patients stratified by p-AKT positivity. (C) OS in EBVaGC patients stratified by p-ERK positivity.
(D) OS in EBVaGC patients stratified by p-PLCy positivity. Here and below: HR, hazard ratio; CI, confidence interval.

positivity in our EBVaGC cases may be due to activated PLCy in EBV-
transformed human B cell lines [40], consistent with the report that
LMP1 activated the PLC/PKC pathway in NPC [41,42].

None studies had reported the relationship between p-AKT, p-ERK
or pPLCy expression with clinicopathological features or prognosis in
EBVaGC. We observed no associations between p-AKT positivity and
the clinicopathological features of EBVaGC patients, even though p-
AKT-positive EBVaGC cases had worse OS. In EBVnGC, Cinti et al.
showed that high p-AKT expression was associated with depth of in-
filtration, positive lymph nodes, and poor clinical outcome [43]. Other
research reported that activated AKT signaling predicted worse clinical
outcome of GC patients [21,28]. Meanwhile, Murakami et al. reported
p-AKT positivity in 81 (58%) of 140 GC patients, but found no asso-
ciations of p-AKT positivity with clinicopathological features of these
patients [44]. Our present study identified an association of p-AKT
positivity with worse OS in both EBVaGC and EBVnGC.

Moreover, activation of PLCy pathway was considered to promote
tumor cell growth and migration. In breast cancer, studies showed that

PLCy activation contributed to metastasis [36,45,46] and a study of oral
squamous cell carcinoma also showed that PLCy activation contributed
to the development of this cancer [47]. In EBVnGC, we found that
patients with p-PLCy expression presented worse OS, and the Cox
multivariate analysis confirmed p-PLCy as an independent prognostic
predictor for these patients. However, in EBVaGC, p-PLCy positivity
was inversely associated with pTNM stage and lymph node metastasis,
but not with OS. These EBVaGC data are novel, and may indicate a
special influence from EBV on PLCy pathway. Further study is needed
to further clarify the role of PLCy in EBVaGC.

In conclusion, our current study validated that EBV inhibit HER2
expression and gene amplification in GC. HER2 preferentially activates
the AKT and PLC pathways over the MAPK pathway in EBVnGC.
Relative to EBVnGC patients, EBVaGC patients had a lower rate of
positivity for HER2 downstream signaling molecules (p-AKT and p-
ERK), but a higher rate of positivity for p-PLCy. Moreover, p-AKT po-
sitivity is associated with worse clinical outcome in EBVaGC patients,
and HER2, p-AKT, and p-PLCy are prognostic biomarkers for OS in
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Table 6
Univariate and Multivariate analyses of overall survival in EBVaGC and
EBVnGC.

Univariate analysis Multivariate Cox regression

survival analysis in EBVnGC

EBVaGC EBVnGC p- HR 95% CI
(N = 44) (N = 240) values
Lower  Upper
Gender p=0.971 p = 0.905
Age (years) p =0.146 p = 0.064
Lauren type p = 0.032 p =0.011" 0.919 0.981 0.674 1.426
Tumor size p=0.674 p = 0.042" 0.573 1.154 0.701 1.900
pTNM p =0.078 p < 0.001°
Invasion p = 0.527 p = 0.024" 0.199 1.473 0.816  2.659
Lymph node p=0054 p=0018" 0502 1.185 0.721 1.948
metastasis
Distant p = 0.737 p < 0.001" < 2.506 1.559  4.028
metastasis 0.001"
HER2 NA p < 0.001° 0.026" 1.611 1.058 2.454
expression
p-AKT p = 0.008" p = 0.010" 0.104 1.438 0.928 2.228
expression
p-ERK p = 0.534 p = 0.080
expression
p-PLCy p = 0.948 p < 0.001" 0.027* 1.603 1.056 2.435
expression

Abbreviations: NA, not available.

2 Considered to be statistically significant.

EBVnGC patients. Further investigation is needed to determine the
exact roles of EBV, HER2, AKT, ERK, and PLCy in the pathogenesis of
GC, and to validate their use as biomarkers for the early detection and
prognosis of GC.
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