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Abstract

The human immunodeficiency virus (HIV) pandemic heavily affects sub-Saharan
Africa. It is associated with persistently active Epstein-Barr virus (EBV) infection.
To determine if this translates into increased frequency of EBV-associated gastric
cancer (EBVaGC), we evaluated molecular profiles of gastric cancer (GC) in Zambia.
Patients with GC or premalignant gastric lesions were enrolled in Lusaka, Zambia.
We used patients without any of these lesions as a control group. Chromogenic in
situ hybridization (CISH) on tumor tissue was used to identify EBVaGC. To identify
the microsatellite unstable subtype, immunofluorescence staining for MutL homolog
1 (MLH1) was used. Exposure to EBV and HIV was assessed serologically. We en-
rolled 369 patients (median age 52 years [IQR 41-65]; 198 (54%) female). Of these,
72 (20%) had GC and 35 (9%) had gastric premalignant lesions (PL). CISH identi-
fied EBVaGC in 5/44 (11%) of those with adequate tissue, while MLH1 loss was
identified in 29/45 (64%). Both GC and PL were associated with the highest titers of
antibodies to Early antigen-diffuse (OR 2.5, 95% CI 1.0-6.1, P = .048 and OR 3.9,
95% CI 1.1-12.9, P = .03, respectively) at high concentrations. Human immunode-
ficiency virus infection was associated with a range of antibodies to EBV, but not
with any cancer subtype. Despite the association of HIV with persistent EBV, the

proportion of EBVaGC in Zambia is similar to populations with a low prevalence of
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HIV infection. The proportion of microsatellite unstable tumors may be higher than

other populations.

1 | INTRODUCTION

Gastric cancer (GC) is one of the leading causes of can-
cer-related deaths in the world.! It has very poor patient
outcomes mainly due to late diagnosis and limited ther-
apeutic options.z'4 Sub-Saharan Africa has the highest
burden of human immunodeficiency virus (HIV), with
Zambia's adult population prevalence being 11.3%.> While
it has no known link to GC,6 HIV infection has been shown
to influence the persistence of active Epstein-Barr virus
(EBV) infection.”"®

Epstein-Barr virus is a DNA virus identified as a class
one carcinogen.’ It is known that 90% of the global popula-
tion has evidence of prior exposure or active infection.'*!!
Epstein-Barr virus has been implicated in the development
of about 10% of GCs.'*! Epstein-Barr virus-associated
GC (EBVaGC) was one of the subtypes described by The
Cancer Genome Atlas (TCGA) published in 2014.'* To
define the molecular subtypes of GC, TCGA used sev-
eral techniques including mRNA expression, exome se-
quencing, copy number Analysis, microRNA expression
(miRNA-seq), DNA methylation (450K arrays), protein
phosphorylation analysis, and low-pass whole-genome
sequencing on a subset. These analyses demonstrated that
EBVaGC exhibits a high prevalence of DNA hypermethyl-
ation and a strong predilection for mutations in the phos-
phatidylinositol 3-kinase, catalytic subunit alpha gene.
This has potential as a therapeutic target for EBVaGC."
Clinically EBVaGC has a relatively low rate of lymph node
metastasis conferring a slightly better prognosis with a
lower number of differentially expressed genes.lé’17 In ad-
dition, EBVaGC is more common in younger patients.18

Three other GC subtypes described by TCGA were ge-
nomically stable, high chromosomal instability, and micro-
satellite unstable tumors. Microsatellite unstable tumors tend
to display loss of MutL homolog 1 (MLH1) expression which
can be demonstrated using immunostaining.'® There is no in-
formation on the occurrence of microsatellite unstable GC in
high HIV prevalent populations such as Zambia.

With the knowledge that HIV-infected individuals were
more likely to have active EBV infection than uninfected,®*
we hypothesized that in Zambia, the prevalence of EBVaGC
would be higher than that reported from areas with a low bur-
den of HIV infection. It is also known that persistent HIV vi-
remia and immune activation favors the onset of EBV-related
malignancies, and many malignant diseases that arise in the
setting of HIV infection tend to present at a more advanced
stage with shorter survival time.?!%

We, in addition, used multiplex serology to quantify spe-
cific EBV antibodies against Early antigen (EA-D), viral cap-
sid antigen (VCA p18), Epstein-Barr nuclear antigen (EBNA),
and BZLF1-encoded replication activator protein (ZEBRA).
Epstein-Barr nuclear antigen is a sequence-specific DNA
binding phosphoprotein with a central role in maintaining
latent EBV infection. It is required for the replication and
maintenance of the EBV genome.”* BZLF1-encoded repli-
cation activator protein is a transcription factor involved in
conversion of the virus from the latent to lytic phase.25 In
primary infection antibodies are produced against EA-D and
their persistence signifies active infection.?® These antibodies
were compared between patients with GC and those without
and patients with HIV infection and those without. To our
knowledge, the influence of HIV infection on the develop-
ment of EBVaGC has not been reported.

2 | METHODS

This was a cross-sectional study, and the analysis was con-
ducted at two levels, first with gastric adenocarcinoma and
second with premalignant lesions (PL) (chronic atrophic
gastritis or gastric intestinal metaplasia). The study was con-
ducted at the Endoscopy Unit of the University Teaching
Hopsital located in Lusaka, the capital city of Zambia with
patients referred for specialist care from all 10 provinces of
Zambia. All patients referred for diagnostic oesophagogas-
troduodenoscopy between July 2016 and April 2018 were
considered for enrollment. The inclusion criteria were pa-
tients above the age above 18 years, having given full written
consent to participate. Excluded were those with prior history
of treatment for GC, history of ingesting a caustic substance,
or unwillingness to have an HIV test.

2.1 | Oesophagogastroduodenoscopy and
study questionnaire

All patients came to the study unit having starved overnight.
A complete evaluation of the mucosa was carried out and six
biopsies taken from any gastric lesions. In addition, if no le-
sion suspicious of being GC was seen, two biopsies each were
taken from the antrum, incisura, and body. Biopsies were then
fixed in 10% neutral buffered formalin for histopathological
analysis. After the procedure, 10 mL of blood was collected
from each participant for serum extraction, which was then
stored at —80°C. Interviews were conducted using a struc-
tured questionnaire to collect demographic characteristics.
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2.2 | Histopathology and case ascertainment
Patients with chronic atrophic gastritis or gastric intestinal
metaplasia were grouped together as having PL. Gastric ad-
enocarcinomas were divided using the Lauren classification
into Intestinal type and diffuse.

2.3 | Epstein Barr virus in gastric tumors

EBV-encoded RNA (EBER) chromogenic in situ hybridiza-
tion (CISH) technique was used on formalin-fixed paraffin-
embedded gastric tumor biopsies (EBV CISH Detection
Kit; Master Diagnostica) following the manufacturer's in-
structions. In situ hybridization allows for the detection
of EBV DNA without obscuring cytopathological detail.
Digoxigenin-labeled 5" RNA oligonucleotides complemen-
tary to type 1 and 2 EBER of EBV were used for the detec-
tion of the presence of EBV-infected cells in latency (Figure

D).

2.4 | Immunofluorescence staining for
MLH1 in GC

Formalin-fixed paraffin-embedded biopsies were sectioned
and mounted onto poly-lysine slides. These were then
placed in a 60°C incubator overnight, after which they were

FIGURE 1
region (EBER) in situ hybridisation images;

Epstein-Barr encoding

(A) slide used as a positive control; (B)
slide used as a negative control; (C) positive
slide showing dark spots of EBER in gastric
adenocarcinoma and (D) slide (C) at a
higher power

Open Access,

deparaffinized and hydrated in xylene and ethanol, respec-
tively. Antigen retrieval was done using a preheated citrate-
based buffer (Vector Laboratories) for 20 minutes. The tissue
was then washed in phosphate buffered saline (PBS) before
being permeabilized using 0.2% Tween (Sigma-Aldrich) in
PBS. Blocking was done using 20% goat serum in PBS to
prevent nonspecific binding, and then incubated with pri-
mary antibody overnight (anti-MLH1 antibody ab92312;
Abcam) at a dilution of 1:500. The tissue was then washed
again in PBS before incubation with the conjugated second-
ary antibody (goat anti-rabbit ab150077; Abcam) at a 1:50
dilution for 1 hour in the dark. Once the hour had elapsed, the
tissue was washed a third time, and then mounted onto the
slide using a mounting medium with 4,6-diamidino-2-phe-
nylindole (VECTASHIELD; Vector laboratories). For each
run, positive and negative controls were included. Examples
of positive and negative MLH1 immunofluorescence stain-
ing are shown in Figure 2.

2.5 | Multiplex assay to test for EBV

Antibody responses to EBV antigens EA-D, VCA pl8,
EBNA, and ZEBRA were performed using multiplex serol-
ogy as previously described.”’ Briefly, EBV antigens were
recombinantly expressed as glutathione-S-transferase-tagged
proteins in Escherichia coli. Proteins were affinity purified on
glutathione-coupled fluorescent beads (Luminex Corp.), each
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A MLH1 Nuclear staining

FIGURE 2 Immunofluorescence
staining for MutL. homolog 1 (MLH1);

(A) positive staining for MLHI, (B)
4,6-diamidino-2-phenylindole (DAPI)
nuclear staining, (C) overlay of (A) and (B),
(D) negative control

¢ Overlay MLH1 and Dapi D

Negative staining

antigen on a bead type with a distinct internal fluorescence.
Antigen-coupled beads were mixed and incubated with serum
(dilution 1:1000). Bound serum antibodies were quantified
using a biotin-coupled secondary anti-immunoglobulin-IgA/
IgM/IgG antibody and a streptavidin-coupled reporter fluo-
rescence (phycoerythrin). A Luminex analyzer (Luminex
Corp.) then distinguished between the bead type and conse-
quently the bound antigen as well as quantified the amount
of bound serum antibody by determining the median fluores-
cence intensity (MFI) on at least 100 beads per type meas-
ured. The cut-offs for antigen-specific seropositivity were as
follows: EA-D 300 MFI, VCA p18 2500 MFI, EBNA 1800
MFI, and Zebra 200 MFI.

2.6 | Testing for HIV
Serum samples were tested for the presence of HIV antibod-
ies using Uni-Gold™ rapid diagnostic kits (Trinity Biotech).

2.7 | Data analysis and sample size
calculation

To summarize continuous variables, medians and interquar-
tile ranges were used. Associations among GC, PL, and HIV
and EBV infection were sought using Fisher's exact test, and
expressed using odds ratio and 95% confidence intervals.
Unconditional logistic regression was employed to assess the

relative contributions of the antibody titers divided into quar-
tiles and using the seronegative results as the reference. The
Kruskal-Wallis test was used for hypothesis testing of con-
tinuous variables. In all cases, a two-sided P < .05 was con-
sidered statistically significant. To calculate the sample size,
we used estimates from a previous study in Zambia in which
we found that 29% of GC patients and 9% of the controls had
positive antibodies to EBV EA.® With a ratio of one case to
three controls, we needed at least 49 cases and 147 controls to
be able to reject the null hypothesis that this odds ratio equals
1 with probability (power) 0.8. The type 1 error probabil-
ity associated with this test of the null hypothesis was 0.05.
The statistical package used was STATA version 15 (College
Station, TX, USA). All data used in this manuscript can be
made available upon request.

3 | RESULTS
3.1 | Enrolment of study participants and
histological classification

We enrolled 369 patients, of which 68 (18%) had histo-
logically confirmed gastric adenocarcinoma here referred
to as GC. In addition, four patients with obvious gastric
tumor masses and histological evidence of high-grade dys-
plasia (carcinoma in situ) were included as cases, bring-
ing the total number of cases to 72 (20%). Premalignant
lesions were present in 35 (9%) patients including chronic
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atrophic gastritis without intestinal metaplasia (n = 8) and
intestinal metaplasia (n = 27). The remaining 262 (71%)
had nonatrophic gastritis and were included as the control
group. Of the GC seen during endoscopy, 25 (35%) were
proximal while 47 (65%) were distal tumors. Forty-five tu-
mors were classified using the Lauren classification with 15
(34%) being diffuse, 28 (62%) intestinal, and 2 (4%) being
of mixed subtype.

3.2 | Basic characteristics of patients with
GC, PL, and controls

The distribution of GC cases was similar between males and
females, but GC cases and those with PL were significantly
older than the controls (Table 1). Age difference was there-
fore corrected for when analyzing for associations. Gastric
cancer was associated with rural residence and a low body
mass index. Reported alcohol intake and cigarette smoking

TABLE 1
Controls Gastric cancer
n =244 n="72 OR; 95% CI
Gender
Female 128 (52%) 39 (54%) 1.1;0.5-1.9
Male 116 (48%) 33 (46%)
Age
Less than 30 y 10 (4%) 1 2%)
30-44 y 89 (37%) 10 (14%)
45-59y 86 (35%) 24 (33%)
60 y and above 59 (24%) 37 (51%) —
Resident in rural 45 (18%) 28 (39%) 2.9;1.5-53
area
Body mass index, 25(21-28) 18 (16-21) —
median (IQR)
Married 151 (62%) 40 (56%) 0.8;04-14
Educational level attained
None 16 (7%) 13 (18%)
Primary 57 (23%) 27 (37%)
Secondary 98 (40%) 20 (28%)
Tertiary 74 (30%) 12 (17%) —
No employment 58 (24%) 26 (36%) 1.8;1.0-3.3
Family history of 6 (2%) 1 (1%) 0.6; 0.01-4.7
gastric cancer
History of smoking
Current 12 (5%) 7 (10%) 2.3;0.7-6.7
Ever 23 (9%) 12 (17%) 2.0;0.9-4.6
History of alcohol 58 (24%) 12 (17%) 0.6;0.3-1.3

intake

Values in bold were statistically significant.
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were similar between cases and controls. The prevalence of
HIV infection was 21%; it was not associated with GC or PL
(Table 1).

3.3 | Molecular profiling of GC

In order to determine the proportion of cases attributable to
EBYV and microsatellite instability, we checked for EBV and
MLHI1. Using CISH for EBER, 44 slides yielded successful
results for interpretation. Forty-five slides were successfully
stained for MLH1. The remaining paraffin embedded blocks
did not have enough identifiable tumor tissue for successful
staining or interpretation. EBER was detected in 5/44 (11%)
cases. EBER positivity was not associated with the type of
tumor (by Lauren classification; P = .31), anatomical loca-
tion within the stomach (P = 1.00), age (P = .54), or gen-
der (P = .22). Of the gastric biopsies successfully stained
for MLH1, 15/45 (36%) showed positive nuclear staining,

Basic characteristics of patients with gastric cancer or premalignant lesions and those without these lesions

Premalignant lesions

P value n=235 OR; 95% CI P value
.89 17 (49%) 0.9;0.4-1.9 72
18 (51%)
0 (0%)
10 (29%)
6 (17%)
.0001 19 (54%) — .005
.0004 8 (23%) 1.3;0.5-3.2 .50
.0001 26 (23-28) — 37
41 24 (71%) 1.5;0.6-3.6 45
1 (3%)
13 (37%)
15 (43%)
.0001 6 (17%) — 13
048 15 (43%) 24;1.1-53 .02
1.00 1 (3%) 1.2; 0.02-10.1 .39
21 3 (9%) 2.1;0.3-8.3 .39
.08 3 (9%) 1.0;0.2-3.4 1.00
21 6 (17%) 0.7;0.2-1.8 51
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and therefore 29/45 (64%) had evidence of microsatellite

L
instability. Seventy-four percent of GC patients whose age = 5 <« -
. e s = o [se) S
was 50 and above years showed microsatellite instability as a2 S S S
opposed to 30% among those below that age (OR 6.7; 95%
CI 1.2-47, P = .02). There was, however, no association O « _ -
with Lauren classification (P = .93), anatomical location § - = :
within the stomach (P = .38), or gender (P = .35). There & : 2 ;
was, therefore, no evidence of an increase in EBV-related © S o~
GC, rather an increase in microsatellite unstable tumors
compared with the original TCGA description. @ I * 9 I
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to determine if this translates into increased frequency of
EBVaGC, possibly explaining the frequent occurrence of
early-onset cancers. We found no evidence for this: the
proportion of EBVaGC was similar to that reported from
regions where the HIV burden is low and EBV exposure
lower. Instead, we found a considerably higher propor-
tion of microsatellite unstable GC than has been reported
elsewhere.'*2®

Epstein-Barr virus is transmitted from host to host
via saliva and over 90% of the world's population is in-
fected.'®® Mechanisms involved in EBV-associated gas-
tric carcinogenesis are a subject of continued investigation.
One suggestion is that EBV induces a delay in apoptosis
and cellular differentiation. Our findings suggest that HIV
does not influence gastric carcinogenesis despite promot-
ing continued EBV activity. There are various techniques
that can be employed to identify EBVaGC. We used in situ
hybridization, which is considered the gold standard for the
presence of replicating EBV in a histopathological lesion.*
This technique demonstrates EBV-encoded RNA (EBER),
which is nonpolyadenylated, uncapped noncoding RNA, in
gastric tumor cells.!

EBER is expressed in almost all EBV-infected cells. The
proportion of GC attributable to EBV was almost exactly the
same as in original TCGA report from western and Asian
countries.

By contrast, we found a much higher proportion of mi-
crosatellite unstable GC than the 13%-44% reported in the
literature.'>*® Microsatellite unstable tumors are character-
ized by hypermutation which could be induced by environ-
mental factors. The higher proportion of MLHI1 loss found
in this study, therefore, warrants further investigation for its
relationship with environmental risk factors. Loss of MLH1
was higher among patients above the age of 50 years and
less so in early onset cancers. Similarly, Carvalho et al** re-
ported that patients with early onset gastric adenocarcinoma
all had MLH1-positive tumors without germline mutations of
CDHI1, TP53, or RUNX3.

As the presence of EBV antibodies showed no significant
association with GC, we performed a quantitative analysis
of these antibodies foregoing any predetermined cut-offs.
There was an association between GC and EA-D but not
ZEBRA, VCA p18, or EBNA. These findings are similar to
our previous work, in which we found that 29% of GC pa-
tients were EA-D—positive against only 9% of the controls.®
EA-D antibodies are produced during the early phase of
EBYV replication. Their presence signifies a new infection
or viral re-activation. The association of GC and this anti-
body suggests that viral re-activation is either a cause of or
a result of EBVaGC. Antibodies to EBNA remain positive
during the convalescent stages of EBV infection and it is
therefore not surprising that we found no statistically sig-
nificant association with GC. Similarly, VCA p18 despite

being positive in early infection, it also remains detectable
during convalescent stages of the infection.

In this study, HIV infection was associated with markers
of primary EBV infection (EA-D, VCA p18, and ZEBRA),
but not the marker of chronic infection EBNA. Quantitative
analysis of the EBV antibodies showed that differences be-
tween HIV-infected and -uninfected individuals were most
pronounced at higher antibody concentrations. As EBV
is largely acquired in early in life, the high occurrence
of markers of primary infection could be signifying viral
re-activation following HIV infection. It is thought that im-
munodeficient states, such as in HIV, permit spontaneous
replication of the episomal virus in circulating B cells.” In
contrast, immunocompetent individuals control latent in-
fection. We previously showed that GC was not associated
with HIV infection and that antiretroviral therapy did not
significantly alter measures of gastric physiology.(”33 This
study has similarly shown no association between GC and
HIV infection.

We are concerned that the modest sample size might
have led to an underestimate of the proportion of EBVaGC.
However, the proportion we observed is consistent with the
global literature and our power calculation suggests that this
sample size was probably adequate for our purpose. We were
able to detect an increased proportion of microsatellite un-
stable GC. Serological evaluation of EBV antibodies has the
limitation that the infection may be harbored in any one of
myriad sites within the body. Therefore, the serological as-
sociations with gastric pathology should be interpreted with
caution.

5 | CONCLUSIONS

From these findings, we draw the conclusion that despite the
high seroprevalence of HIV in Zambian adults, and despite
the increased serological evidence of EBV activity in HIV-
infected adults, the proportion of EBVaGC in Zambia was
similar to populations with a low prevalence of HIV infec-
tion. Therefore, HIV infection does not influence the occur-
rence of EBVaGC. The proportion of microsatellite unstable
tumors is higher than reports from other populations. As mi-
crosatellite instability was mostly found in older patients, this
observation does not explain the previously reported high
prevalence of early onset GC in Zambia.
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