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Abstract
Purpose We previously found that human cytomegalovirus (HCMV) infection is associated with gastric cancer (GC) devel-
opment. UL111A plays a role during HCMV productive or latent infection. However, UL111A expression profiles in GC 
tissues and their relationship with this disease are unknown.
Methods PCR and nested RT-PCR were performed to verify UL111A expression in 71 GC tissues and its transcripts in 16 
UL111A-positive GC samples. UL111A expression levels in GC patients were evaluated by immunohistochemistry on a tis-
sue microarray for 620 GC patients. The correlations among UL111A expression levels, clinicopathological characteristics, 
and prognosis were analyzed. Further, the effects of overexpression of latency-associated viral interleukin-10 (LAcmvIL-10) 
and cmvIL-10 on GC cell proliferation, colony formation, migration, and invasion were assessed.
Results The UL111A detection rate in GC tissues was 32.4% (23/71) and that of its mRNA expression was 68.75% (11/16). 
High expression of UL111A was also related to better overall and disease-free survival in GC patients. GC patients with 
TNM II/III stage expressing higher UL111A levels might benefit from adjuvant chemotherapy (ACT) after surgery. Moreover, 
high UL111A expression was also associated with increased CD4+ , CD8+ T-lymphocyte and Foxp3+ T-cell infiltration. 
In vitro assays further demonstrated that LAcmvIL-10 and cmvIL-10 overexpression inhibits GC cell line proliferation, 
colony formation, migration, and invasion.
Conclusions High UL111A expression changes the number of infiltrating T cells and is associated with favorable survival. 
Therefore, UL111A could be used as an independent prognostic biomarker and might be a potential therapeutic target for GC.
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GMPs  Granulocyte–macrophage progenitors
HFFs  Human foreskin fibroblasts
IHC  Immunohistochemistry
TMA  Tissue microarray
HR  Hazard ratio
CI  Confidence intervals
DFS  Disease-free survival
vIL-10  Viral interleukin 10
hIL-10  Human IL-10
MHC  Major histocompatibility complex
PBMCs  Peripheral blood mononuclear cells

Introduction

Gastric cancer (GC) remains an important type of cancer 
worldwide; more than 1,000,000 new cases were reported 
in 2018, with an estimated 783,000 deaths, making GC the 
fifth most frequently diagnosed cancer and the third leading 
cause of cancer-related deaths worldwide (Bray et al. 2018). 
Adjuvant chemotherapy after curative resection for GC has 
been verified to have survival benefits, but unfortunately, 
disease prognosis remains poor (Mari et al. 2000; Cunning-
ham et al. 2006). The 5-year overall survival (OS) for GC 
is generally 25–30% (Allemani et al. 2015). Thus, gaining a 
better understanding of tumorigenesis and developing new 
diagnostic and therapeutic strategies for GC are still urgently 
needed to improve clinical prognosis for these patients.

Previous studies have shown that human cytomegalovirus 
(HCMV) is related to various cancers such as glioblastoma, 
medulloblastoma, colorectal cancer, breast cancer, prostate 
cancer, and lymphoma(Cobbs et al. 2002; Baryawno et al. 
2011; Harkins et al. 2002, 2010; Samanta et al. 2003; Meh-
ravaran et al. 2017). However, the role of HCMV infection 
in tumors is still controversial (Herbein 2018). On one hand, 
HCMV infection can promote tumor development (Moss-
man et al. 2013; Teo et al. 2017), whereas, on the other 
hand, some reports also indicated that HCMV infection can 
inhibit the transformation process in cancer cells (Oberstein 
and Shenk 2017; Kumar et al. 2016). Our group previously 
confirmed that HCMV infection is associated with the 
development of GC (Zhang et al. 2017; Jin et al. 2014), but 
the mechanism underlying its effect on the occurrence and 
development of GC is still not clear.

HCMV belongs to the Betaherpesvirinae subfamily and 
contains a double-stranded DNA genome, 236 kbp in size 
(Dioverti and Razonable 2016). The UL111A gene was first 
identified in the complete DNA sequence of AD169 (Chee 
et al. 1989) and is the only gene in the HCMV genome that 
encodes a cellular cytokine homolog (McSharry et al. 2012). 
The cmvIL-10 transcript was originally discovered by two 
research groups, expressed during the productive phase of 
infection in MRC-5 cells infected with the Towne strain 

and HEL299 cells infected with the AD169 strain (Kotenko 
et al. 2000; Lockridge et al. 2000). The LAcmvIL-10 tran-
script was initially identified during latent HCMV infection 
in human granulocyte–macrophage progenitors (GMPs) 
infected with the Toledo strain (Jenkins et al. 2004). Sub-
sequent analysis revealed that the LAcmvIL-10 transcript 
is also expressed in productively infected human foreskin 
fibroblasts (HFFs) (Jenkins et al. 2008a, b). In addition to 
cmvIL-10 and LAcmvIL-10 transcripts, five other tran-
scripts have also been reported in AD169-infected MRC-5 
cells, but their biological function was not reported (Yi-Ling 
et al. 2008). However, to date, there has been no research 
regarding the function of UL111A in GC. Therefore, exten-
sive work on the UL111A gene is essential.

In this study, we investigated the expression profiles of 
UL111A in GC tissues. We also investigated the clinical 
significance of the UL111A protein in GC patients. The 
effects of LAcmvIL-10 and cmvIL-10 on GC cell growth 
and metastasis were also assessed by overexpression experi-
ments in vitro. This study thus provides a detailed under-
standing of UL111A and its functions as a novel therapeutic 
target for GC.

Materials and methods

Patients and specimens

Seventy-one patients with GC diagnosed by postoperative 
pathology were included in the study. These patients were 
treated surgically in the Second Affiliated Hospital of Wen-
zhou Medical University (Zhejiang Province, China). Paired 
specimens of GC tissues and the corresponding adjacent 
normal gastric tissues were obtained from these patients 
and stored in RNAlater Stabilization Solution (Invitrogen, 
Carlsbad, CA, USA). None of the patients were treated with 
pre-operative radiation or chemotherapy. The histological 
types of GC were classified based on the Lauren classifica-
tion. The TNM staging of GC was according to the AJCC/
UICC Classification for Carcinoma of the Stomach (8th edi-
tion). Each patient provided informed written consent and 
the study was performed after the approval of the Human 
Research Ethics Committee at the Second Affiliated Hospital 
of Wenzhou Medical University.

Cell culture

The AGS human GC cell line was obtained from the Ameri-
can Type Culture Collection (ATCC, Manassas, VA, USA). 
Human GC cell lines BGC-823 and SGC-7901 and primary 
HFFs were obtained from the Type Culture Collection of 
Chinese Academy of Sciences (Shanghai, China). AGS 
cells were maintained in 1640 medium (Gibco, Carlsbad, 
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CA, USA), and BGC-823, SGC-7901, and HFF cells were 
maintained in Dulbecco’s modified Eagle’s medium (Gibco, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (Gibco, Carlsbad, CA, USA) and (1 ×) TransMypre 
(TransGen, Beijing, China) at 37 °C in a humidified 5%  CO2 
atmosphere. HFFs were used to amplify AD169 virus and 
Merlin virus (ATCC, VA, USA).

Construction of recombinant LAcmvIL‑10 
and cmvIL‑10 plasmid, cell transfection, 
and western blot analysis

The full-length sequence of LAcmvIL-10 and cmvIL-10 
from GC tissues, tagged with an HA tag, was subcloned 
into the pcDNA3.1(+) vector by ligating it into the BamHI/
EcoRI sites. The plasmid or parental vectors pcDNA3.1(+) 
were transfected into AGS, BGC-823, and SGC-7901 GC 
cells using Lipofectamine 2000 (Thermo Fisher Scientific, 
IL, USA) according to the manufacturer’s protocol. The cells 
were lysed using RIPA Lysis Buffer (Beyotime, China) sup-
plemented with a protease inhibitor cocktail for mammalian 
cell and tissue extracts (Beyotime). The concentrations of 
proteins were determined using an Enhanced BCA Protein 
Assay Kit (Beyotime), and 20 μg of proteins was separated 
on a 15% SDS-PAGE gel. Then, proteins were transferred 
to Immun-Blot PVDF Membranes with a 0.2 µm pore size 
(Bio-Rad, USA). After blocking with 5% skim milk for 
1 h at room temperature, the membranes were incubated 
with primary antibodies overnight at 4 °C. The next day, 
the membranes were washed three times with TBST for 
10 min each and then incubated with an HRP-linked sec-
ondary antibody against the corresponding species for 1 h 
at room temperature. GAPDH was used as an endogenous 
control. The expression of LAcmvIL-10 and cmvIL-10 in 
these transfected cells was confirmed with a polyclonal anti-
body against viral HCMV IL-10 (1:2000 dilution; AF117; 
R&D) or monoclonal antibody against the HA-Tag (1:1000 
dilution; #7074; Cell Signaling Technology), respectively.

PCR and nested RT‑PCR analysis

Total genomic DNA from 71 paired gastric tumors and 
adjacent normal tissues was extracted using a TIANamp 
Genomic DNA kit (Tiangen Biotech Co., Ltd., Beijing, 
China) according to the manufacturer’s protocol. Total 
RNA was isolated from GC tissues using TRIzol Reagent 
(Invitrogen Life Technologies, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions, followed by cDNA 
synthesis using the ReverTra  Ace® qPCR RT Master Mix 
(TOYOBO, Tokyo, Japan). The amplification of DNA or 
reverse-transcribed cDNA was performed by nested PCR 
using the 2 × Phanta® Max Master Mix (Vazyme Biotech 
Co., Ltd., Nanjing, China) or TransStart TopTap DNA 

polymerase Kit (TransGen biotech, #AP151) according to 
the manufacturer’s protocols. The UL111A gene-specific 
primer sequences used for PCR are listed in Table S2. The 
PCR products were visualized on a 1% or 2% agarose gel 
stained with GelRed (Solarbio, Beijing, china).

In vitro tumor cell proliferation, colony formation, 
migration, and invasion assays

For proliferation assays, GC cells were plated in 96-well 
plates at a density of 5 × 103 cells/well for 24 h, then, they 
were transfected with pcDNA3.1-LAcmvIL-10, pcDNA3.1-
cmvIL-10, or control pcDNA3.1(+). Cell viability at 24, 48, 
and 72 h after transfection was assayed using Cell Counting 
Kit-8 (Dojindo, Kumamoto, Japan) and the absorbance at 
450 nm was measured. For colony formation, transfected 
cells were plated in 6-well plates at a density of 5.0 × 102 
cells/well. The resulting colonies were fixed with 4% para-
formaldehyde and stained with 0.2% crystal violet for count-
ing after approximately 2 weeks of culture. Tumor cell 
migration and invasion were analyzed in 24-well Boyden 
chambers with 8 μm pore size polycarbonate membranes 
(Corning). For invasion assays, the membranes were coated 
with approximately 50 μg of Matrigel (Corning). AGS, 
BGC-823, and SGC-7901 cells were analyzed in the migra-
tion and invasion assays. For this, 1 × 105 cells for migration 
and 2 × 105 cells for invasion were resuspended in 200 μl 
serum-free 1640 or DMEM at 24 h post-transfection and 
were added to the upper compartments of the chambers; 
the lower compartments were filled with 600 μl of 1640 or 
DMEM with 10% FBS. After 20 h incubation for migra-
tion assays and 24 h incubation for invasion assays, the cells 
remaining on the upper surfaces of the membrane were 
removed. The cells on the lower surfaces of the membrane 
were fixed and stained with crystal violet. Photographs of 
five randomly selected fields were captured and the cells 
were counted with Image-Pro Plus software.

Immunohistochemical analysis

Immunohistochemistry (IHC) on the tissue microarray 
(TMA) was performed manually. We performed IHC on 
the TMA from The Second Affiliated Hospital of Wenzhou 
Medical University. The TMA was constructed as described 
previously (Xu et al. 2017). Samples were dewaxed in xylene 
and rehydrated through a series of graded alcohols. Then, 
they were immersed in distilled water. Next, antigen retrieval 
was carried out using a high-pressure cooker for approxi-
mately 20 min in citrate antigen retrieval buffer (Zhongshan 
Golden Bridge Biotechnology, Beijing, China). Endogenous 
peroxidases were blocked with 0.3% hydrogen peroxidase for 
10 min, followed by incubation in 5% normal donkey serum 
(Solarbio, Beijing, china) for 30 min to prevent nonspecific 
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antigen binding. The sections were then incubated with an 
anti-Viral HCMV IL-10 Polyclonal Goat antibody (1:50; 
AF117; R&D) in a humidified chamber at room temperature 
for 2 h. After washing three times with PBST, the sections 
were incubated with anti-goat secondary antibody (1:500; 
ab6885; Abcam) for 30 min. The sections were developed in 
3, 3-diaminobenzidine and were counterstained with hema-
toxylin. Next, the sections were dehydrated using an alcohol 
gradient and sealed with neutral gum.

The percentages of tumor cells that stained positive for 
UL111A were analyzed independently by two researchers. 
Positive staining for UL111A occurred in the cytoplasm and 
when > 50% of the tumor cells showed immunohistochemi-
cal reactivity for UL111A, samples were considered posi-
tive. The positive samples were then further subdivided into 
weakly positive, moderately positive, and strongly positive 
based on the intensity of staining. Finally, we defined the 
negative and weakly positive groups as the low expression 
group and the moderate and strongly positive groups as the 
high expression group.

Statistical analysis

All statistical analyses were two-sided and were performed 
with SPSS version 21.0 for Windows (SPSS, Chicago, IL, 
USA). Categorical variables were compared by a Chi square 
test and continuous variables were compared by a Student’s 
t test. For survival analysis, survival curves were calculated 
based on the Kaplan–Meier method and compared by log-
rank tests. The prognostic potentials of the parameters were 
analyzed by univariate and multivariate Cox proportional 
hazards models with stepwise forward selection. The haz-
ard ratio (HR) and 95% confidence intervals (CI) were esti-
mated. A Mann–Whitney U test was performed to compare 
the expression levels of UL111A with different infiltrating 

T cells in TMAs. A p value < 0.05 was considered statisti-
cally significant.

Results

Expression and transcript characteristics of UL111A 
in GC tissues

To evaluate the potential role of UL111A in GC tissues, we 
analyzed the percent positivity using the oLX2 + 12 prim-
ers in tumor and peritumoral (at least 5 cm from the tumor 
site) tissues samples of various stages. As shown in Fig. 1a 
and b, the positive rate of UL111A detection in GC tissues 
was 32.4% (23/71), but was only 19.7% (14/71) in matched 
peritumoral tissues. To further detect the transcript patterns 
of UL111A in GC tissues, total RNA was isolated from GC 
tissues and analyzed by RT-PCR using the UL111A-specific 
full-length primer oLX1 + 11. Following gel purification, 
cloning, and sequencing of a product of ~ 690 bp (supple-
mentary Fig. 1), we identified three transcripts, namely 
LAcmvIL-10, cmvIL-10, and an unspliced pattern. 7 of 45 
clones harbored LAcmvIL-10, representing a single splice 
event, whereas 1 of 45 clones harbored cmvIL-10, which 
was spliced twice. In addition, the remaining clones showed 
unspliced patterns (Fig. 1c and supplementary Table 1). The 
patterns of nucleotides and proteins are shown in Fig. 1d. 
Furthermore, to explore the exon–exon splice junctions of 
these two transcripts, we analyzed the cloned sequences, 
and the results are shown in Fig. 1e. Next, to confirm the 
transcripts that we detected previously, we used UL111A-
specific primers (Fig.  1f and supplementary Table  2) 
and nested RT-PCR (Fig. 1g). The diagram based on the 
oLX2 + 12 primers shows an upper band (271 bp), which 
represents the product including the first intron, and a lower 
band (195 bp), which represents the product without the first 
intron. Similarly, using the primers oLX6 + 14, we showed 
that the major band (332 bp) contained the second intron. 
The positive rate of UL111A mRNA expression in GC tis-
sues was 68.7% (11/16), but was only 14.3% (1/7) in the 
peritumoral tissue (Fig. 1h).

High expression of UL111A in GC is associated 
with better prognosis

To investigate the association between UL111A protein 
expression levels and patient survival, we performed IHC 
on our TMAs, which included 620 stage I–IV GC patients 
who underwent curative surgery and regular follow-up in 
the Wenzhou cohort. Figure 2a shows the different degrees 
of staining with GC tissues. To determine the associa-
tion between UL111A expression and patient character-
istics, the low and high UL111A expression groups were 

Fig. 1  Detection of UL111A gene and its transcripts in gastric can-
cer tissues. a The positive percentage of the HCMV UL111A gene in 
GC tissues and peritumoral tissues using PCR. b Numbers represent 
the codes of specific patients, “T” indicates tumor and “N” indicates 
peritumoral, “−” indicates negative control and “+” indicates positive 
control, genomic DNA from an HCMV strain AD169. c Proportion 
of different transcripts of the UL111A gene in clones. d The two tran-
script patterns (cmvIL-10 and LAcmvIL-10) of the UL111A gene as 
well as an unspliced pattern. The blue rectangle represents the sig-
nal peptide and the black rectangle represents the encoded protein. e 
The chromatographs show the LAcmvIL-10 and cmvIL-10 sequences 
with nucleotide positions at the identified splice junction. f Location 
of different primers of the UL111A sequence used for nested RT-PCR 
analysis. g Nested RT-PCR detection of intron retention and abun-
dance of unspliced UL111A on total RNA isolated from GC and peri-
tumoral tissues. GAPDH served as an internal reference control. “−” 
indicates negative control and “+” indicates positive control, which 
is the cDNA of HFF cells infected with AD169 virus. h Positive per-
centage of UL111A transcripts in GC tumor and peritumoral tissues

◂
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analyzed based on clinicopathologic parameters. Table 1 
lists the characteristics of the study patients. Patients with 
low expression were more likely to exhibit adverse patho-
logic features including age < 60 (p = 0.040), tumor diame-
ter ≥ 4 cm (p = 0.032), diffuse-type GC (p < 0.001), poorly 
differentiated and undifferentiated GC (p < 0.001), lymph 
node metastasis (p = 0.007), higher TNM stage (p = 0.032), 
and higher invasion depth (p = 0.061). However, the asso-
ciation with the depth of invasion was not statistically sig-
nificant. Next, Kaplan–Meier analysis showed that patients 
with high UL111A protein expression levels had longer 
OS (p = 0.002, HR = 0.509, 95% CI = 0.328–0.789) and 
disease-free survival (DFS) (p = 0.001, HR = 0.331, 95% 
CI = 0.168–0.651) than patients with low UL111A protein 
expression levels (Fig. 2b). Moreover, survival analysis 
of the four subgroups, negative, weakly positive, moder-
ately positive, and strongly positive, showed that higher 
UL111A protein expression was associated with better 
prognosis with respect to OS (supplementary Fig. 2a) and 

DFS (supplementary Fig. 2b). Furthermore, compared 
with the UL111A-negative group, the UL111A-positive 
group was also found to predict better OS (supplementary 
Fig. 2c) and DFS (supplementary Fig. 2d) in GC patients.

Further, the low UL111A expression group had sig-
nificantly shorter cumulative survival than did the high 
UL111A expression group based on univariate analysis 
(Table 2). Other factors that significantly predicted OS 
and DFS outcomes based on univariate analysis included 
Lauren type, adjuvant chemotherapy, serum CEA, serum 
CA19-9, serum CA72-4, diameter (cm), depth of invasion, 
lymph node involvement, TNM stage, histologic grade, 
and Borrmann type (Table 2). Cox multivariate analy-
sis showed that high UL111A protein expression was an 
independent predictor of OS, with an HR of 0.463 (95% 
CI, 0.266–0.808), and of DFS, with an HR of 0.258 (95% 
CI, 0.112–0.597). These details are provided in Table 2. 
Moreover, combined data indicated that UL111A was an 
independent prognostic factor for cumulative survival.

Fig. 2  Association between UL111A expression and patient survival 
in GC. a Representative images of UL111A immunostaining in GC 
tissues. Bar = 300 μm. b High expression of UL111A predicts favora-

ble survival in patients with GC. Overall survival (OS) and disease-
free survival (DFS) are presented. Log-rank p values and HRs from 
the univariate Cox analysis are shown
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Predictive value of UL111A protein expression 
for postoperative adjuvant chemotherapy

First, we divided the patients with TNM II/III GC into two 
groups, namely with or without postoperative ACT, and 
then analyzed whether UL111A expression can be used as a 

marker to predict postoperative ACT success. Interestingly, 
for patients who had received postoperative ACT, the high 
UL111A expression group was found to have longer OS 
(p = 0.012, HR = 0.527, 95% CI = 0.315–0.880) and DFS 
(p = 0.004, HR = 0.347, 95% CI = 0.161–0.746) than the low 
expression group (Fig. 3a, b). However, for patients who did 

Table 1  The clinical 
characteristics of gastric cancer 
patients according to UL111A 
expression

CEA carcinoembryonic antigen, CA199 carbohydrate antigen; 19-9, CA72-4 carbohydrate antigen 72-4, 
TNM tumor, node, metastasis
a Values in bold are statistically significant
b According to AJCC/UICC Classification for Carcinoma of the Stomach (8th edition)

Variables Number of patients (%) p  valuea

Low expression High expression

Age (n [%]) 0.04
 < 60 277 (53.2%) 37 (41.1%)
 ≥ 60 244 (46.8%) 53 (58.9%)

Gender (n [%]) 0.331
 Male 364 (69.1%) 69 (74.2%)
 Female 163 (30.9%) 24 (25.8%)

Adjuvant chemotherapy (n [%]) 0.389
 No 153 (29.2%) 31 (33.7%)
 Yes 371 (70.8%) 61 (66.3%)

Serum CEA (ng/mL) (n [%]) 1.000
 < 5 400 (80.8%) 72 (80.9%)
 ≥ 5 95 (19.2%) 17 (19.1%)

Serum CA19-9 (U/mL) (n [%]) 0.112
 < 37 404 (84.5%) 65 (77.4%)
 ≥ 37 74 (15.5%) 19 (22.6%)

Serum CA72-4 (U/mL) (n [%]) 0.751
 < 6.9 311 (78.7%) 53 (76.8%)
 ≥ 6.9 84 (21.3%) 16 (21.3%)

Diameter (cm) 0.032
 < 4 235 (44.7%) 53 (57%)
 ≥ 4 291 (55.3%) 40 (43%)

Lauren type (n [%]) < 0.001
 Intestinal type 231 (43.8%) 74 (79.6%)
 Diffuse type 296 (56.2%) 19 (20.4%)

Grade (n[%]) < 0.001
 Well and moderately 168 (31.9%) 49 (52.7%)
 Poorly and undifferentiated 359 (68.1%) 44 (47.3%)

Depth of invasion (n [%]) 0.061
 T1 + T2 182 (34.5%) 42 (45.2%)
 T3 + T4 345 (65.5%) 51 (54.8%)

Lymph node metastasis (n [%]) 0.007
 No 227 (36.7%) 31 (50%)
 Yes 391 (63.3%) 31 (50%)

TNMb stage (n [%]) 0.032
 I 137 (26%) 36 (38.7%)
 II 110 (20.9%) 21 (22.6%)
 III 269 (51%) 36 (38.7%)
 IV 11 (2.1%) 0 (0%)
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not receive postoperative ACT, no differences in OS and 
DFS were observed between the two groups (Fig. 3c, d). 
In conclusion, we believe that UL111A protein expression 
might be used as a marker to predict postoperative ACT 
success in patients with GC.

High UL111A expression is associated 
with increased T‑cell infiltration

To investigate the relationship between different UL111A 
protein levels and infiltrating T cells, we also compared 
 CD3+,  CD4+,  CD8+, and  Foxp3+ cells in the same TMAs 
data and found that compared with those in the low UL111A 
expression group,  CD4+,  CD8+, and  Foxp3+ T cells were 

significantly upregulated in the high UL111A expres-
sion group  (CD4+, p < 0.001;  CD8+, p = 0.003;  Foxp3+, 
p = 0.001), but the association for the  CD3+ group was not 
statistically significant  (CD3+, p = 0.800; Fig. 4). Supple-
mentary Fig. 3 presents respective staining of infiltrating 
immune cells.

Ectopic expression of LAcmvIL‑10 and cmvIL‑10 
inhibits the growth capacity, migration, 
and invasion of GC cells in vitro

To explore the effect of LAcmvIL-10 and cmvIl-10 on cell 
proliferation and colony formation, we utilized the GC cell 
lines AGC, BGC-803, and SGC-7901, and transfected them 

Table 2  Cox regression analysis of UL111A protein expression and clinicopathological covariates in patients with gastric cancer

HR hazard ratio, CI confidence interval
a A Cox regression model was used in statistical analyses. Values in bold are statistically significant

Variables Overall survival Disease-free survival

Univariate analysis p  valuea Multivariate 
analysis

p  valuea Univariate analysis p  valuea Multivariate 
analysis

p  valuea

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

UL111A expres-
sion (high level 
vs low level)

0.509 (0.328–0.789) 0.003 0.463 (0.266–0.808) 0.007 0.331 (0.168–0.651) 0.001 0.258 (0.112–0.597) 0.002

Lauren type (intes-
tinal vs diffuse)

1.732 (1.334–2.249) < 0.001 1.889 (1.336–2.670) < 0.001

Adjuvant chemo-
therapy (yes vs 
no)

2.718 (1.946–3.797) < 0.001 1.547 (1.004–2.384) 0.048 3.202 (2.045–5.015) < 0.001 1.842 (1.042–3.256) 0.036

Serum CEA (ng/
mL) (≥ 5 vs < 5)

1.993 (1.480–2.683) < 0.001 2.397 (1.636–3.511) < 0.001

Serum CA19-9 
(U/mL) (≥ 37 
vs < 37)

2.027 (1.466–2.804) < 0.001 1.662 (1.151–2.400) 0.007 2.528 (1.681–3.802) < 0.001 2.182 (1.395–3.415) 0.001

Serum CA72-4 
(U/mL) (≥ 6.9 
vs < 6.9)

1.896 (1.360–2.642) < 0.001 1.939 (1.261–2.982) 0.003

Diameter(cm) (≥ 4 
vs < 4)

4.046 (2.988–5.478) < 0.001 2.387 (1.579–3.608) < 0.001 5.065 (3.357–7.641) < 0.001 3.446 (2.045–5.808) < 0.001

Depth of inva-
sion (T3 + T4 vs 
T1 + T2)

6.063 (4.106–8.951) < 0.001 7.807 (4.562–
13.359)

< 0.001

Lymph node 
involvement (yes 
vs no)

5.444 (3.782–7.838) < 0.001 2.747 (1.694–4.455) < 0.001 5.992 (3.725–9.637) < 0.001 3.147 (1.668–5.938) < 0.001

TNM stage 
(III + IV vs I + II)

5.081 (3.758–6.870) < 0.001 5.498 (3.725–8.115) < 0.001

Histologic grade 
(undifferenti-
ated + poorly vs 
well + moder-
ately)

1.615 (1.217–2.144) 0.001 1.429 (1.004–2.033) 0.047 1.471 (1.024–2.111) 0.037

Borrmann type 
(3 + 4 vs 1 + 2)

2.584 (1.935–3.452) 0.003 1.454 (0.965–2.192) 0.074 3.222 (2.171–4.781) < 0.001
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Fig. 3  Relationship between UL111A protein expression and ben-
efit from postoperative adjuvant chemotherapy. Association between 
expression of UL111A and OS (a) and DFS (b) of patients with post-

operative chemotherapy. Association between expression of UL111A 
and OS (c) and DFS (d) of patients without postoperative chemother-
apy

Fig. 4  Association between various infiltrating T cells and UL111A protein expression. Infiltrating T cells grouped according to low and high 
expression levels of UL111A. Lg log 10
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with pcDNA3.1-LAcmvIL-10-HA-tag, pcDNA3.1-cmvIL-
10-HA-tag, or empty pcDNA3.1(+). The expression of LAc-
mvIL-10 and cmvIL-10 proteins was assessed by western 
blotting (Fig. 5a). CCK8 assays showed that following cul-
ture for 48 h, the proliferation ability was significantly atten-
uated as compared with that in the control group (Fig. 5b). 
Colony formation in AGS and SGC-7901 cells was also 
significantly decreased as compared with that in the control 
group (Fig. 5c). Next, to elucidate the role of UL111A in GC 
cell metastasis, its effects on the migration and invasion of 
GC cells were analyzed in vitro. Transwell assays showed 
that both the migratory and invasive activities of GC cells 
(AGS and SGC-7901) were suppressed by the expression of 
LAcmvIL-10 and cmvIL-10 relative to those in the control 
group (Fig. 5d). Therefore, our results clearly indicate that 
LAcmvIL-10 and cmvIL-10 inhibit GC cell growth and sup-
press migration and invasion in vitro.

Discussion

In this study, we reported for the first time that UL111A is 
expressed in GC tissues. Previous studies have suggested 
that viral interleukin 10 (vIL-10) can be detected in the 
peripheral blood of healthy blood donors, which suggests 
that it might play a key role in sensing or modifying the host 
environment during latency (Young et al. 2017). We then 
uncovered that LAcmvIL-10 might be the major transcript 
of UL111A in GC tissues compared with the cmvIL-10 tran-
script. In addition, an unspliced isoform was detected most 
often in these tissues. This is the first report that shows the 
expression profiles of UL111A in GC tissues. Previous stud-
ies have analyzed the functions of cmvIL-10, which was first 
identified during lytic infection (Kotenko et al. 2000; Lock-
ridge et al. 2000). However, there are few studies showing 
the biological function of LAcmvIL-10, which is expressed 
during latency. Studies have suggested that LAcmvIL-10 
plays a role in regulating cellular miRNA expression and 
that this affects the levels of specific secreted cellular pro-
teins (Fu et al. 2014).

Our IHC results also indicated that UL111A was com-
pletely distributed in the cytoplasm of GC epithelial cells 
and that patients with high UL111A expression had bet-
ter OS and DFS than those with low UL111A expression. 
Remarkably, our study is the first to reveal the predictive 

value of UL111A with respect to postoperative ACT. Specif-
ically, patients with high UL111A protein expression levels 
had superior survival after postoperative ACT.

Studies on tumor immunity have provided a wealth of 
information about tumor immune surveillance status and 
immunotherapy options (Fridman et al. 2017; Gajewski et al. 
2013). Therefore, we investigated the correlation between 
UL111A protein levels and  CD3+,  CD4+,  CD8+, and  Foxp3+ 
infiltrating T-cell density (cells/mm2). High UL111A pro-
tein expression was positively correlated with  CD4+,  CD8+, 
and  Foxp3+ T cells and patients with high-density infiltrat-
ing T cells had significantly longer survival than those 
with the corresponding low-density cells, indicating that 
higher UL111A protein might result in the recruitment of 
these infiltrating T cells. Previous evidence demonstrated 
that tumor-infiltrating lymphocytes, as well as Foxp3+ T 
cells, correlate with good prognosis in GC (Lee et al. 2008, 
2018; Feichtenbeiner et al. 2013). However, the mechanism 
underlying this association between UL111A and immune 
context requires further investigation. cmvIL-10 consists 
of three exons that encode a protein of 175 amino acids; 
however, it shares only 27% amino acid homology with 
human IL-10 (hIL-10), so its binding capacity to IL-10R1 
is stronger than that of hIL-10 (Jones et al. 2002). Some 
studies have shown that IL-10 plays a role in immunosup-
pression (Saraiva and O’Garra 2010; Ouyang et al. 2011). 
Similar to hIL-10, cmvIL-10 also has several immunosup-
pressive properties including the ability to decrease major 
histocompatibility complex (MHC) class I and MHC class 
II expression on monocytes, inhibit the production of pro-
inflammatory cytokines by lipopolysaccharide-stimulated 
peripheral blood mononuclear cells (PBMCs), monocytes, 
and monocyte-derived DCs through the IL-10 receptor, 
decrease matrix metalloproteinase activity in endothelial 
cells and cytotrophoblasts, and impair endothelial cell 
migration and cytotrophoblast invasiveness in vitro (Slobe-
dman et al. 2009; Spencer et al. 2002; Spencer 2006; Raft-
ery et al. 2004; Yamamoto-Tabata et al. 2004). In addition, 
through surface IL-10R expression in MDA-MB-231 and 
MCF-7 breast cancer cells, cmvIL-10 protein was found to 
promote their proliferation, migration, and metastatic poten-
tial (Valle Oseguera and Spencer 2014; Bishop et al. 2015). 
LAcmvIL-10, alternatively spliced from the viral UL111A 
gene, consists of 139 amino acids, has a C-terminal trunca-
tion, and can be identified during both latent and produc-
tive infection (Jenkins et al. 2004; Jenkins et al. 2008a, b). 
Similarly, like cmvIl-10, LAcmvIL-10 can also suppress 
MHC class II expression by primary human myeloid pro-
genitor cells and monocytes, but the mechanism might differ 
from that of cmvIL-10 (Jenkins et al. 2008a, b; Poole et al. 
2014; Cheung et al. 2009). Unlike cmvIL-10, LAcmvIL-10 
does not trigger the phosphorylation of Stat3, and its ability 
to downregulate MHC-II was not blocked by neutralizing 

Fig. 5  LAcmvIL-10 and cmvIL-10 suppress tumor proliferation, 
migration, invasion, and colony formation in vitro. a The expression 
of recombinant LAcmvIL-10 and cmvIL-10 in GC cell lines by west-
ern blotting. GAPDH was used as an internal control. The cell pro-
liferation (b), colony formation (c), and migration and invasion (d) 
of GC cells were examined. Error bars represent the standard error 
of the mean obtained from three independent experiments. *p < 0.05; 
**p < 0.01; ***p < 0.001

◂
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antibodies to hIL-10R, suggesting that LAcmvIL-10 either 
does not engage cellular IL-10R or that it utilizes it in a 
manner different from that utilized by cmvIL-10 (Jenkins 
et al. 2008a, b).

The modulation of secreted cellular proteins by HCMV 
during latent infection and productive infection has been 
reported. During latency, LAcmvIL-10 modulates cellular 
IL-10 and CCL8 secretion through changes in the cellular 
microRNA hsa-miR-92a (Poole et al. 2014). The authors 
also showed that human cytomegalovirus latency alters the 
cellular secretome, which can first result in the recruitment 
of  CD4+ T cells and then the inhibition of their antiviral 
effector functions, thereby aiding the maintenance of latent 
infection in the face of the host immune response (Mason 
et al. 2012). As is known, both  CD4+ and  CD8+ T cells play 
critical roles in the cell-mediated control of HCMV infection 
and clinical disease (Sylwester et al. 2005). Previous studies 
also suggested that latency-associated UL111A could pro-
mote MHC class II downregulation and inhibit CD4 + T cell 
activation (Cheung et al. 2009). Using a UL111A-deletion 
virus, one study found that the role of this gene is to down-
regulate the  CD4+ T cell recognition of latently infected 
cells, which probably enhances the capacity of HCMV to 
persist in a latent state within the human host (Cheung et al. 
2009). Therefore, we considered that this mechanism might 
also exist in GC patients, which needs to be further explored. 
Still, our data demonstrated that the UL111A, which encodes 
cmvIL-10 and LAcmvIL-10, was shown to effectively inhibit 
the malignancy of GC cells. Recently, one report suggested 
that cmvIL-10 rapidly and independently augments NK cell 
cytotoxicity through most activating receptors, which may 
benefit HCMV persistence or contribute to NK cell function 
against viral infections and cancers (Holder and Grant 2019). 
Therefore, we suppose that the function of UL111A on GC 
may be due to innate immune NK cells that play a part of 
the function, which requires further in vivo experiments to 
determine.

Next, we further detected UL111A transcripts in GC 
cell lines infected by the AD169 and Merlin virus (sup-
plementary Fig. 4). As previously reported in MCF-7 and 
MDA-MB-231 breast cancer cell lines, cmvIL-10 protein 
showed a tumorigenic effect (Valle Oseguera and Spencer 
2014; Bishop et al. 2015). Other researchers also found that 
cmvIL-10 protein could enhance the migration of glioma 
cancer stem cells (Dziurzynski et al. 2011). However, we 
found that exogenous cmvIL-10 had no significant effect on 
GC cell lines (supplementary Fig. 5), whereas the overex-
pression of LAcmvIL-10 and cmvIL-10 significantly inhib-
ited the growth and malignancy of GC cells. The mecha-
nism underlying this association between LAcmvIL-10 or 
cmvIL-10 and such anti-tumor effects still needs further 
investigation. Our study also has some limitations. First, 
the number of samples for detecting UL111A transcripts 

in GC tissues is too few and there may be other undetected 
transcripts. Second, considering the mechanism of tumor 
immunity, the correlation between the expression of markers 
such as PD-L1, PD-1 or CTLA-4 and the expression level 
of UL111A protein may require further study. Third, we 
carried out the present study at the in vitro level. However, 
the oncological properties of UL111A-deletion virus on GC 
cells and experiments at the animal level remain to be fur-
ther explored and verified.

Conclusions

In summary, our study showed that high UL111A expres-
sion changes T-cell infiltration and is associated with better 
patient survival. Most importantly, high UL111A expres-
sion was found to be an independent prognostic factor of 
cumulative survival and might predict superior response to 
postoperative ACT in patients with GC. However, further 
prospective studies as well as more detailed mechanistic 
studies are needed.

Authors’ contributions Conceptualization: YH, XS and XX; data cura-
tion: XL and XH; formal analysis: XL and KL; funding acquisition: 
XX, XS and CH; investigation: XL and KL; methodology: WX and 
ND; project administration: YH and XS; resources: XS and XX; soft-
ware: XH and DX; supervision: YH, XS and XX; validation: WX and 
DX; visualization: ND and CH; writing (original draft): XL; writing 
(review and editing): XL, XX and YH All authors read and approved 
the final manuscript.

Funding This work was supported by grants from the National Natu-
ral Science Foundation of China (Grant Nos.: 81672707, 31670922, 
81602165) and Natural Science Foundation of Zhejiang Province 
(Grant No.: LQ20HI90003).

Compliance with ethical standards 

Conflict of interest The authors declare no potential conflicts of inter-
est.

Ethical approval Each patient provided informed written consent and 
the study was performed after the approval of the Human Research Eth-
ics Committee at the Second Affiliated Hospital of Wenzhou Medical 
University in accordance with the Declaration of Helsinki.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 



567Journal of Cancer Research and Clinical Oncology (2020) 146:555–568 

1 3

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang X-S 
et al (2015) Global surveillance of cancer survival 1995–2009: 
analysis of individual data for 25,676,887 patients from 279 pop-
ulation-based registries in 67 countries (CONCORD-2). Lancet 
385(9972):977–1010

Baryawno N, Rahbar A, Wolmer-Solberg N, Taher C, Odeberg J, 
Darabi A et al (2011) Detection of human cytomegalovirus in 
medulloblastomas reveals a potential therapeutic target. J Clin 
Investig 121(10):4043–4055

Bishop RK, Oseguera CAV, Spencer J (2015) Human cytomegalovirus 
interleukin-10 promotes proliferation and migration of MCF-7 
breast cancer cells. Cancer Cell Microenviron 2(1):261–267

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A 
(2018) Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 68(6):394–424

Chee MS, Bankier AT, Beck S, Bohni R, Brown CM, Cerny R et al 
(1989) Analysis of the protein-coding content of the sequence 
of human cytomegalovirus strain AD169. Microbiol Immunol 
154(103):125

Cheung AKL, Gottlieb DJ, Plachter B, Pepperl-Klindworth S, Avdic S, 
Cunningham AL et al (2009) The role of the human cytomegalo-
virus UL111A gene in down-regulating CD4+ T-cell recognition 
of latently infected cells: implications for virus elimination during 
latency. Blood 114(19):4128–4137

Cobbs CS, Lualhati H, Minu S, Yancey G, Suman B, King PH et al 
(2002) Human cytomegalovirus infection and expression in 
human malignant glioma. Cancer Res 62(12):3347–3350

Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde 
CJH, Nicolson M et al (2006) Perioperative chemotherapy versus 
surgery alone for resectable gastroesophageal cancer. N Engl J 
Med 355(1):11–20

Dioverti MV, Razonable RR (2016) Cytomegalovirus. Microbiol 
Spectr 4(4):DMIH2-0022-2015. https ://doi.org/10.1128/micro 
biols pec.DMIH2 -0022-2015

Dziurzynski K, Wei J, Qiao W, Hatiboglu MA, Kong LY, Wu A et al 
(2011) Glioma-associated cytomegalovirus mediates subversion 
of the monocyte lineage to a tumor propagating phenotype. Clin 
Cancer Res 17(14):4642–4649

Feichtenbeiner A, Haas M, Büttner M, Grabenbauer GG, Fietkau 
R, Distel LV (2013) Critical role of spatial interaction between 
CD8+ and Foxp3+ cells in human gastric cancer: the distance 
matters. Cancer Immunol Immunother 63(2):111–119

Fridman WH, Zitvogel L, Sautès-Fridman C, Kroemer G (2017) The 
immune contexture in cancer prognosis and treatment. Nat Rev 
Clin Oncol 14(12):717–734

Fu M, Gao Y, Zhou Q, Zhang Q, Peng Y, Tian K et al (2014) Human 
cytomegalovirus latent infection alters the expression of cellular 
and viral microRNA. Gene 536(2):272–278

Gajewski TF, Schreiber H, Fu YX (2013) Innate and adaptive 
immune cells in the tumor microenvironment. Nat Immunol 
14(10):1014–1022

Harkins L, Volk AL, Samanta M, Mikolaenko I, Britt WJ, Bland KI 
et  al (2002) Specific localisation of human cytomegalovirus 
nucleic acids and proteins in human colorectal cancer. Lancet 
360(9345):1557–1563

Harkins LE, Matlaf LA, Soroceanu L, Klemm K, Britt WJ, Wang W 
et al (2010) Detection of human cytomegalovirus in normal and 
neoplastic breast epithelium. Herpesviridae 1(1):1–10

Herbein G (2018) The human cytomegalovirus, from oncomodulation 
to oncogenesis. Viruses 10(8):408

Holder KA, Grant MD (2019) Human cytomegalovirus IL-10 augments 
NK cell cytotoxicity. J Leukoc Biol 106(2):447–454

Jenkins C, Abendroth A, Slobedman B (2004) A novel viral transcript 
with homology to human interleukin-10 is expressed during latent 
human cytomegalovirus infection. J Virol 78(3):1440–1447

Jenkins C, Garcia W, Abendroth A, Slobedman B (2008a) Expres-
sion of a human cytomegalovirus latency-associated homolog of 
interleukin-10 during the productive phase of infection. Virology 
370(2):285–294

Jenkins C, Garcia W, Godwin MJ, Spencer JV, Stern JL, Abendroth A 
et al (2008b) Immunomodulatory properties of a viral homolog 
of human interleukin-10 expressed by human cytomegalovirus 
during the latent phase of infection. J Virol 82(7):3736–3750

Jin J, Hu C, Wang P, Chen J, Wu T, Chen W et al (2014) Latent infec-
tion of human cytomegalovirus is associated with the develop-
ment of gastric cancer. Oncol Lett 8(2):898–904

Jones BC, Logsdon NJ, Kristopher J, Jennifer C, Barry PA, Walter 
MR (2002) Crystal structure of human cytomegalovirus IL-10 
bound to soluble human IL-10R1. Proc Natl Acad Sci USA 
99(14):9404–9409

Kotenko SV, Saccani S, Izotova LS, Mirochnitchenko OV, Pestka 
S (2000) Human cytomegalovirus harbors its own unique 
IL-10 homolog (cmvIL-10). Proc Natl Acad Sci USA 
97(4):1695–1700

Kumar A, Coquard L, Pasquereau S, Russo L, Valmary-Degano S, 
Borg C et al (2016) Tumor control by human cytomegalovirus 
in a murine model of hepatocellular carcinoma. Mol Ther Oncol 
3:16012

Lee HE, Chae SW, Lee YJ, Kim MA, Lee HS, Lee BL et al (2008) 
Prognostic implications of type and density of tumour-
infiltrating lymphocytes in gastric cancer. Br J Cancer 
99(10):1704–1711

Lee JS, Won HS, Sun DS, Hong JH, Ko YH (2018) Prognostic role 
of tumor-infiltrating lymphocytes in gastric cancer. Medicine 
97(32):e11769

Lockridge KM, Zhou SS, Kravitz RH, Johnson JL, Sawai ET, Blewett 
EL et al (2000) Primate cytomegaloviruses encode and express 
an IL-10-like protein. Virology 268(2):272–280

Mari E, Floriani I, Tinazzi A, Buda A, Belfiglio M, Valentini M et al 
(2000) Efficacy of adjuvant chemotherapy after curative resec-
tion for gastric cancer: a meta-analysis of published randomised 
trials. A study of the GISCAD (Gruppo Italiano per lo Studio dei 
Carcinomi dell’Apparato Digerente). Ann Oncol 11(7):837–843

Mason GM, Poole E, Sissons JGP, Wills MR, Sinclair JH (2012) 
Human cytomegalovirus latency alters the cellular secretome, 
inducing cluster of differentiation (CD)4+ T-cell migra-
tion and suppression of effector function. Proc Natl Acad Sci 
109(36):14538–14543

McSharry B, Avdic S, Slobedman B (2012) Human cytomegalovirus 
encoded homologs of cytokines, chemokines and their receptors: 
roles in immunomodulation. Viruses 4(11):2448–2470

Mehravaran H, Makvandi M, Samarbaf ZA, Neisi N, Kiani H, Rad-
mehr H et al (2017) Association of human cytomegalovirus with 
Hodgkin’s disease and non-Hodgkin’s lymphomas. Asian Pac J 
Cancer Prev 18(3):593–597

Mossman KL, Lepiller Q, Abbas W, Kumar A, Tripathy MK, Herbein 
G (2013) HCMV activates the IL-6-JAK-STAT3 axis in HepG2 
cells and primary human hepatocytes. PloS One 8(3):e59591

Oberstein A,  Shenk T (2017) Cellular  responses to 
human cytomegalovirus infect ion:  induction of  a 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/microbiolspec.DMIH2-0022-2015
https://doi.org/10.1128/microbiolspec.DMIH2-0022-2015


568 Journal of Cancer Research and Clinical Oncology (2020) 146:555–568

1 3

mesenchymal-to-epithelial transition (MET) phenotype. Proc Natl 
Acad Sci USA 114(39):E8244–E8253

Ouyang W, Rutz S, Crellin NK, Valdez PA, Hymowitz SG (2011) Reg-
ulation and functions of the IL-10 family of cytokines in inflam-
mation and disease. Annu Rev Immunol 29:71–109

Poole E, Avdic S, Hodkinson J, Jackson S, Wills M, Slobedman B et al 
(2014) Latency-associated viral interleukin-10 (IL-10) encoded 
by human cytomegalovirus modulates cellular IL-10 and CCL8 
secretion during latent infection through changes in the cellular 
microRNA hsa-miR-92a. J Virol 88(24):13947–13955

Raftery MJ, Wieland D, Gronewald S, Kraus AA, Giese T, Schön-
rich G (2004) Shaping phenotype, function, and survival of 
dendritic cells by cytomegalovirus-encoded IL-10. J Immunol 
173(5):3383–3391

Samanta M, Harkins L, Klemm K, Britt WJ, Cobbs CS (2003) High 
prevalence of human cytomegalovirus in prostatic intraepithelial 
neoplasia and prostatic carcinoma. J Urol 170(3):998–1002

Saraiva M, O’Garra A (2010) The regulation of IL-10 production by 
immune cells. Nat Rev Immunol 10(3):170–181

Slobedman B, Barry PA, Spencer JV, Avdic S, Abendroth A (2009) 
Virus-encoded homologs of cellular interleukin-10 and their con-
trol of host immune function. J Virol 83(19):9618–9629

Spencer JV (2006) The cytomegalovirus homolog of interleukin-10 
requires phosphatidylinositol 3-kinase activity for inhibition of 
cytokine synthesis in monocytes. J Virol 81(4):2083–2086

Spencer JV, Lockridge KM, Barry PA, Lin G, Tsang M, Penfold MET 
et al (2002) Potent immunosuppressive activities of cytomegalo-
virus-encoded interleukin-10. J Virol 76(3):1285–1292

Sylwester AW, Mitchell BL, Edgar JB, Taormina C, Pelte C, Ruchti 
F et al (2005) Broadly targeted human cytomegalovirus-specific 
CD4+ and CD8+ T cells dominate the memory compartments of 
exposed subjects. J Exp Med 202(5):673–685

Teo WH, Chen H-P, Huang JC, Chan Y-J (2017) Human cytomegalovi-
rus infection enhances cell proliferation, migration and upregula-
tion of EMT markers in colorectal cancer-derived stem cell-like 
cells. Int J Oncol 51(5):1415–1426

Valle Oseguera CA, Spencer JV (2014) cmvIL-10 stimulates the inva-
sive potential of MDA-MB-231 breast cancer cells. PloS One 
9(2):e88708

Xu JF, Zhao ZG, Ye LL, Zhuge W, Han Z, Zhang TM et al (2017) 
Prognostic significance of Daxx NCR (nuclear/cytoplasmic ratio) 
in gastric cancer. Cancer Med 6(9):2063–2075

Yamamoto-Tabata T, McDonagh S, Chang HT, Fisher S, Pereira L 
(2004) Human cytomegalovirus interleukin-10 downregulates 
metalloproteinase activity and impairs endothelial cell migra-
tion and placental cytotrophoblast invasiveness in vitro. J Virol 
78(6):2831–2840

Yi-Ling L, Pei-Ching C, Yixiang W, Mengtao L (2008) Identification 
of novel viral interleukin-10 isoforms of human cytomegalovirus 
AD169. Virus Res 131(2):213–223

Young VP, Mariano MC, Tu CC, Allaire KM, Avdic S, Slobedman 
B et al (2017) Modulation of the host environment by human 
cytomegalovirus with viral interleukin 10 in peripheral blood. J 
Infect Dis 215(6):874–882

Zhang L, Guo G, Xu J, Sun X, Chen W, Jin J et al (2017) Human 
cytomegalovirus detection in gastric cancer and its possible asso-
ciation with lymphatic metastasis. Diagn Microbiol Infect Dis 
88(1):62–68

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Overexpression of the human cytomegalovirus UL111A is correlated with favorable survival of patients with gastric cancer and changes T-cell infiltration and suppresses carcinogenesis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients and specimens
	Cell culture
	Construction of recombinant LAcmvIL-10 and cmvIL-10 plasmid, cell transfection, and western blot analysis
	PCR and nested RT-PCR analysis
	In vitro tumor cell proliferation, colony formation, migration, and invasion assays
	Immunohistochemical analysis
	Statistical analysis

	Results
	Expression and transcript characteristics of UL111A in GC tissues
	High expression of UL111A in GC is associated with better prognosis
	Predictive value of UL111A protein expression for postoperative adjuvant chemotherapy
	High UL111A expression is associated with increased T-cell infiltration
	Ectopic expression of LAcmvIL-10 and cmvIL-10 inhibits the growth capacity, migration, and invasion of GC cells in vitro

	Discussion
	Conclusions
	References




