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Increasing evidence suggests that human cytomegalovirus (HCMV) is associated with many human malignan-
cies. However, its prevalence in gastric cancer (GC) and clinical association remain unknown. HCMV IgG and
IgM antibodies in the sera of 80 GC patients and 80 healthy controls were detected using amicroparticle enzyme
immunoassay. The prevalence of HCMVUL47, UL55, UL56, and UL77 genes among 102 GC tumor tissues and ad-
jacent normal specimens was measured by polymerase chain reaction (PCR) or nested PCR. Quantitative real-
time PCR (Q-PCR) was used to determine viral load. Virus localization in neoplastic tissues was determined by
immunohistochemistry. No significant difference of HCMV IgG and IgM seropositivity was found between GC pa-
tients and the healthy group. However, the overall HCMV DNA positivity rate was significantly higher in GC can-
cerous tissue compared with in paired normal tissue (P b 0.01). HCMV infection was mainly localized in the
tumorous epithelium. Q-PCR in HCMV-positive specimens indicated that the viral copy number was notably
higher in GC tissues than in adjacent normal specimens (P b 0.001). Clinical statistical analysis indicated that
HCMV load in GC tumor tissue was positively associated with lymphatic metastasis (P = 0.043), the area
under the receiver operating characteristic (ROC) curve was 0.6638. Our data clearly provide the prevalence of
HCMV in GC patients. We conclude that HCMV infection in malignant tissues might be associated with carcino-
genesis or progression of GC and possibly relates to lymphatic metastasis.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Gastric cancer (GC) is the fourth most common malignancy world-
wide and a leading cause of cancermortality second only to lung cancer
(Torre et al., 2015). It is generally accepted that gastric carcinogenesis is
a multistep and multifactorial process with various etiologies, genetic
changes, and phenotypes (Hunt et al., 2015). Among them, infections
such as with Helicobacter pylori or Epstein–Barr virus are important
risk factors leading to GC (Abreu and Peek, 2014; Chen et al., 2015).

Human cytomegalovirus (HCMV) is a large member of the human
herpesvirus family with a double-stranded DNA genome of over
230 kb (Dunn et al., 2003). HCMV affects 30–100% of normal adults
and can cause a life-long latent infection (Ho, 2008). Recent data have
suggested that HCMV is associated with several cancers such as glio-
blastoma, colorectal cancer, breast cancer, prostate cancer, and leuke-
mia (Bishop et al., 2015; Chen et al., 2012; Geder et al., 1977; Harkins

et al., 2002; Kim and Ahn, 2015; Rahbar et al., 2013). Additionally,
HCMV can induce disorders in the gastrointestinal tract, including ulcer-
ations, erosions, and mucosal hemorrhage (Goodgame, 1993). Howev-
er, there has been little research on the relationship between HCMV
and GC other than our previous study that identified viral RNA in GC tis-
sues (Jin et al., 2014). In this present study,we used a variety ofmethods
to detect the prevalence of HCMV in GC, and to examine the possible
significant association betweenHCMV infection andGC clinical features.

2. Materials and methods

2.1. Study population and specimens

This study was approved by the Review Board of the First Affiliated
Hospital of Wenzhou Medical University (Zhejiang Province, China)
and written informed consent was obtained from all participants. One
hundred and two patients (84 male and 18 female, mean age and stan-
dard deviation, 65.29 ± 11.6 years), who underwent surgical resection
for GC between May 2014 and December 2014, were included in this
prospective cohort study. Gastric adenocarcinoma and paired adjacent
normal tissues (at least 10 cm from the negative reception margin)
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were collected. Both gastric tumorous and adjacent normal specimens
were confirmed by histopathologic diagnosis. Once specimens were
separated, they were rinsed twice in phosphate-buffered saline (PBS)
to wash off external fluid before being deposited into freezing tubes
and stored in liquid nitrogen at the tissue bank of the Division of Gastro-
intestinal Surgery, First Affiliated Hospital of Wenzhou Medical Univer-
sity. The remnant excision parts were fixed with formalin for
immunohistochemistry (IHC).

Eighty sera samples were obtained from GC patients (53 male and 27
female, mean age and standard deviation, 64.32± 9.70 years) before sur-
gery and without chemoradiotherapy or immunotherapy. Eighty age-
and sex-matched samples collected from healthy donors (48 male, 32
female, mean ages and standard deviation, 62.82 ± 8.99 years) were
used as controls. All serum samples were stored at −20 °C.

2.2. Testing of HCMV-specific serum IgG and IgM antibodies

Serum IgG and IgMantibodies againstHCMVwere detected by chemi-
luminescence immunoassay according to themanufacturer's instructions
(Cobas 8000 Analysis System and Auxiliary Kit; Roche, IN, USA). The kit
includes a blank control, negative control, and positive control.

2.3. Genomic DNA extraction

Total genomic DNA from 102 paired tumor and normal tissue sam-
ples was extracted using a QIAamp DNA mini kit (Tiangen Biotech Co.,
Ltd., Beijing, China) according to the manufacturer's protocol. The con-
centration and purity of the extracted DNA samples were quantified
using a NanoDrop 1000 spectrophotometer (Thermo, MA, USA) and
1% agarose gel electrophoresis. Sampleswere stored at−20 °C until use.

2.4. Polymerase chain reaction detection of UL47, UL55, UL56, and UL77

To avoid polymerase chain reaction (PCR) contamination, experi-
ments were conducted as described previously (Harkins et al., 2002).
Primer information is shown in Table 1. DNA from a clinically isolated
HCMV strain or AD169 (ATCC, VA, USA) was used as a positive control,
and sterile double-distilledwaterwas used as a negative control. PCR am-
plification was performed in T100TM Thermal Cycler (Bio-Rad, CA, USA).
PCR reactions contained 200 ng DNA temple, 1× TaqMasterMix (Tiangen
Biotech Co., Ltd.), and 0.2 μMof each specific forward and reverse primer.
The total volumewas adjusted to 20 μL with double-distilled water. After
initial denaturation at 95 °C for 5 min, 35 cycles of DNA amplification
were performed (95 °C for 30 s, annealing for 30 s, 72 °C for 30 s), follow-
edby terminal extension at 72° for 10min.UL55-basednested-PCRdetec-
tion (Table 1) followed a previously reported method (Alkhawaja et al.,
2012). Finally, 5 μL of PCR product were electrophoresed on 1.2% agarose
gels stainedwith ethidium bromide.We regarded samples as HCMV pos-
itive if a band could be seen in the correct position on the agarose gel. The
PCR products were further subjected to gene sequencing to confirm spe-
cific amplification of HCMV genes.

2.5. Quantitative real-time PCR (Q-PCR)

HCMV viral loads in tumorous tissues and paired adjacent normal
tissues from GC patients were further tested by UL56 Q-PCR detection.
DNA from a clinically isolated HCMV strain or AD169was used as a pos-
itive control, and sterile double-distilled water was used as a negative
control. The human GAPDH gene was chosen as an internal control.
The reaction (20 μL) contained 200 ng DNA, 1× FastStart Essential
DNA Green Mastermix (Roche), and 0.2 μM UL56- or GAPDH-specific
forward and reverse primer. The PCR program was 95 °C for 5 min;
then 40 cycles of 94 °C for 30 s, 67 °C for 30 s, and 72 °C for 30 s. Q-
PCR was performed using a CFX96 Touch™ Real-Time PCR Detection
System (Bio-Rad). Melting curves were generated for each reaction to
verify their specificity and reactions were performed in duplicate. The
comparative viral copy (Cvirus) was normalized to the amount of
GAPDH using the 2−ΔCt method. ΔCT = CTUL56 − CTGAPDH.

2.6. Immunohistochemistry

IHC detection in paraffin-embedded pathological tumor and paired
normal specimens was performed according to a previously described
method (Chen et al., 2016). Briefly, formalin-fixed specimens embed-
ded in paraffin were sectioned into 5-μm samples and processed with
0.1% poly-L-lysine. The sections were dewaxed using dimethyl benzene
followed by immersion in distilledwater. Endogenous peroxidase activ-
ity was inhibited by incubation in a 0.3% hydrogen peroxide bath for
10 min. After washing three times with 0.01 M PBS (pH 7.4), the slides
were immersed in citrate antigen retrieval buffer (Zhongshan Golden
Bridge Biotechnology, Beijing, China) for 1.5 min. After blocking in
sheep serum for 2 h, the sections were incubated in a mouse anti-
HCMV immediate early (IE) antibody (MAB810R; Millipore, MA, USA)
diluted 1:200, in a humidified chamber at 4 °C overnight. A PBS-only
negative control was also performed. After washing three times with
PBS, the sections were incubated in horseradish peroxidase-
conjugated secondary goat anti-mouse antibodies (MaiXin Bio, Fuzhou,
China) at 37 °C for 30 min. The color reaction was developed using a
3,3′-diaminobenzidine kit (Zhongshan Golden Bridge Biotechnology)
according to the manufacturer's instructions. Slides were then counter-
stained using hematoxylin, dehydrated, and sealed with neutral gum.

2.7. Statistical analysis

The differences in the prevalence of HCMV infection in gastric tumor
and adjacent normal tissue, as well as the prevalence of sera HCMV-
specific IgG and IgM antibodies in GC patients and healthy controls,
were analyzed using the chi-squared test, the R × 2 test with Yates' cor-
rection, or Fisher's exact test. Because the HCMV viral loads fit the
Gaussian distribution, the Mann–Whitney test or Kruskal–Wallis H
test was used to evaluate the differences in viral loads between groups.
The SPSS 19.0 package (SPSS Institute, Chicago, IL, USA) and GraphPad
Prism 5.0 software (GraphPad Software Inc., La Jolla, CA, USA) were
used for statistical analyses and scientific graphing. P b 0.05 was consid-
ered statistically significant.

Table 1
Primer information.

Genea Forward primer (5′ → 3′) Reverse primer (5′ → 3′) Target Size Anneal temperature (°C)

UL47 GTACAGCCCCACGTTCCTG CCCGATACAGGTACTCGCGCT 212 bp 58
UL56 TCCTCCACGTCCTCCCCGTA AGGCGCTGAGGGAGTACAAC 200 bp 65
UL77 GCACTTTTGATCGTCACGTGCT ACGCAGATATTGCTGTTCGTGC 215 bp 65
UL55-outer GAGGACAACGAAATCCTGTTGGGCA GTCGACGGTGGAGATACTGCTGAGG 150 bp 58
UL55-inner ACCACCGCACTGAGGAATGTCAG TCAATCATGCGTTTGAAGAGGTA 100 bp 58
GAPDH CAGGGCTGCTTTTAACTCTGGTAA GGGTGGAATCATATTGGAACATGT 101 bp 58

a UL55 primers were as previous reported16.
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