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Abstract: Gliomas are the most common primary central nervous system (CNS) neoplasms in humans. Human cy-
tomegalovirus (HCMV) has been described to be associated with gliomas, though the exact mechanisms of HCMV 
in oncogenesis are unclear. In this study, the investigation of detecting HCMV in the tumor tissues and peripheral 
blood of patients with newly diagnosed gliomas were performed to enrich medical knowledge about the role of 
HCMV in gliomas oncogenesis. The results confirmed that HCMV IE-72 was detectable in 30 of 39 gliomas and 
pp65 tegument protein was detectable in 26 of 39 (66.7%) gliomas. HCMV DNA was found in 64.1% (25/39) tu-
mor samples and in 51.3% (20/39) peripheral blood samples by using a nested PCR analysis with primers specific 
for the HCMV UL55 gene region. HCMV DNA copy load of tumor tissues and peripheral blood mononuclear cells 
(PBMCs) was determined by using a Real-time PCR analysis with primers specific for HCMV UL123 gene region. The 
median log10 HCMV DNA copy load in glioma tissues was 3.75±1.60 per 500 ng of total DNA, which is higher than 
in peripheral blood (2.88±1.20 per 500 ng of total DNA). HCMV pp65 antigenemia is absence in all patients. In 39 
glioma patients, 36 (92.3%) were positive for anti-HCMV IgG antibodies and 7 (17.9%) were positive for anti-HCMV 
IgM antibodies. These findings support previous reports of the presence of HCMV infection in glioma tissues. HCMV 
local infection may play an active role in glioma development and pathogenesis. 
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Introduction

Gliomas are the most common primary central 
nervous system (CNS) neoplasms in humans 
[1]. More than half of patients are diagnosed 
with glioblastoma multiforme (GBM), which is 
the most common and malignant type of glio-
ma and is associated with a median survival of 
only 12-15 months [2]. In the last twenty years, 
a vast amount of studies involving environ-
ments, genetic variation and molecular signal-
ing pathways has occurred with regard to these 
tumors but the etiology of GBMs is still unknown 
[3]. In view of the fact that the GBMs had evi-
dence of chronic inflammation and the GBM 
patients exhibited evidence of immunosup-
pression with profound T-cell dysfunction, it 
seemed plausible that a viral infection might 
potentially be involved in this disease [4, 5]. 

Human cytomegalovirus (HCMV) is a beta her-
pes virus carried by most of the world popula-

tion. Acquisition of the virus occurs through pla-
cental transfer, breast feeding, saliva, sexual 
contact, blood transfusions, and organ or bone 
marrow transplants (BMTs) [6]. Infection of 
HCMV leads to lifelong persistence. In healthy 
individuals the virus becomes dormant and 
remains in latency. Initial infection or viral reac-
tivation occurs in fetuses or immune-compro-
mised individuals, leading to complicated and 
sometimes fatal diseases [7]. The HCMV gen- 
ome encodes more than 200 proteins, divided 
into three distinct classes including immediate-
early (IE), early (E), and late (L), and their expres-
sions occur in a program of sequential stages 
after infection [8].

The expression of HCMV nucleic acids and pro-
teins in gliomas was confirmed in several stud-
ies, but positive incidence variability was 
observed in different report. Some groups have 
been able to identify the presence of IE and E 
proteins in 93 to 100% of gliomas with viral 
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infection [9-11], some groups have been able 
to detect the viral protein in less than 50% of 
gliomas [12, 13]. And it is not known if the pres-
ence of HCMV is part of the pathogenesis con-
stituting a cause of tumor development and if 
the presence arises from local inflammatory 
processes constituting a consequence of tumor 
development. In this study, the presence of 
HCMV proteins and DNA in gliomas was vali-
dated by using sensitive immunohistochemis-
try and PCR approach the. HCMV specific IgG, 
IgM and pp65 antigenemia in glioma patients 
were evaluated. HCMV DNA loads in glioma tis-
sues and matched peripheral blood samples 
were also confirmed to enrich medical knowl-
edge about the role of HCMV in glioma onco- 
genesis.

Materials and methods

Patients and ethics statement

In this study 39 patients were recruited from 
the neurosurgical ward at Anhui No. 2 Province 
People’s Hospital who recently diagnosed with 
gliomas between January 2011 and December 
2014. The histological diagnosis was estab-
lished and verified by two neuropathologists 
according to the 2007 World Health Organi- 
zation (WHO) classification guidelines. All sam-
ples were acquired according to the Guideline 
for Biomedical Research Involving Human 
Subjects and approved by the Institutional 
Review Board of Anhui Medical University, 
China. Each patient signed an informed con-
sent form include their rights, the goals of the 
study, and the importance of their participation 
in this study. The procedures used for collec-
tion of samples were identical to those routine-
ly used in the clinical setting and used for 
patients not being part of this study.

Sample collection 

Glioma tissue samples were obtained by surgi-
cal resection, the percentage of tumor cells 
was assessed using a hematoxylin and eosin-
stained frozen section, prior to examination. All 
listed samples were divided into two parts, one 
was immediately sent to laboratory for DNA iso-
lation, the other was fixed by 10% formalde-
hyde for paraffin embedding. 

Peripheral blood samples were obtained with 
disposable needles before surgery. Peripheral 

blood (10 mL) was drawn into an ethylenedi-
amine-tetraacetic acid-coated test tube and 
immediately sent to the laboratory for DNA iso-
lation, plasma separating and pp65 antigen-
emia detection.

Immunohistochemistry 

Paraffin-embedded samples were cut into 4 
μm thick serial sections and baked at 68°C for 
20 min. The slides were deparaffinized in xylene 
and rehydrated through serial dilutions of etha-
nol (100%, 95%, 75%, and 50% for 5 min each). 
Endogenous peroxidase activity was blocked 
with 3% H2O2 for 20 min at room temperature. 
Antigen retrieval was performed using Citra 
Plus antigen retrieval solution for 5 min at  
97°C in a microwave. Non-specific antibody 
binding sites were blocked with 10% normal 
goat serum (dilute in phosphate buffered 
saline, PBS). All slides were incubated at 4°C 
overnight with the following monoclonal anti-
bodies: anti-IE-72 (1:200, Abcam), and anti-
pp65 (1:200, Abcam). Negative control slides 
were incubated with PBS instead of the primary 
antibody. The slides were then stained with bio-
tinylated goat anti-mouse IgG (1:500, OriGene 
Technologies Inc., China) for 30 min at 37°C, 
after being washed three times in PBS for 5 min 
each. The antigen-antibody complexes were 
visualized by peroxidase labeled streptavidin 
(OriGene Technologies Inc., China), and 3, 3-di- 
aminobenzidine (DAB) (OriGene Technologies 
Inc., China). Following the slides were counter-
stained with Hematoxylin. All samples were 
stained three times and the result was highly 
reproducible. Immunostained slides were eval-
uated under light microscopy by two indepen-
dent pathologists, who were blinded to the 
patient information and disease severity. Cases 
with disagreement were discussed until agree-
ment was achieved. The brown staining of the 
nucleus with or without a diffuse pattern was 
considered positive. The brain tissue slides 
obtained from 9 cases of primary epilepsy were 
also tested.

DNA isolation 

DNeasy blood and tissue kit (Qiagen, Valencia) 
was used for viral DNA extraction from tumor 
and whole blood samples (2 mL) according to 
the manufacturer’s instructions. The final DNA 
extracts were quantified by using Agilent 2100 
Bioanalyzer (Agilent Technologies) and stored 
at -80°C until use.
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Nested PCR 

The PCR preparations were carried in an iso-
lated laboratory where no previous work had 
been done on HCMV in order to prevent false 
positive results. The detection of HCMV in DNA 
samples (500 ng) was performed by developing 
a nested PCR analysis with external and inter-
nal primers specific for the HCMV UL55 gene 
region. The oligonucleotide primers used to 
detect HCMV DNA have been described previ-
ously [14]. For UL55 Nested PCR, the external 
primer sequences were the forward primer 
5’-CGCGGCAATCGGTTTGTTGT-3’ and the rever- 
se primer 5’-CGAGAAGAATGTCACCTGCC-3’, wh- 
ich amplified a 590-bp region of UL55 that 
encodes for the envelope glycoprotein B. The 
internal primers sequences were the forward 
primer 5’-TCCGAAGCCGAAGACTCGTA-3’ and 
the reverse primer 5’-GATGTAACCGCGCAACG- 
TGT-3’, which amplified a 410-bp region within 
the amplicon generated by the external primer 
set. The first round of PCR was carried out in a 
25 μL reaction contained 500 ng of DNA, 20 ng 
of primers (BGI, China), 50 mM KCl, 1.5 mM 
MgCl2, 10 mM Tris-HCl (pH 8.3), 250 μM con-
centrations of each deoxynucleoside triphos-
phate (dNTP; Life technologies, Shanghai, 
China), and 1 U of Platinum® Taq DNA Poly- 
merase (Invitrogen, USA). And 2 μL of first round 
products were subjected to second round PCR 
also in a 25 μL mixture. The conditions for 
amplification with all primer sets were 95°C for 

5 min, followed by 35 cycles at 95°C for 30 s, 
55°C for 30 s and 72°C for 40 s. The 35 cycles 
were followed by a single extension cycle at 
72°C for 5 min. The DNA extracted from cul-
tures of HCMV AD169 was used as Positive 
control. Human embryonic lung fibroblast (HEL) 
DNA was used as a negative control in each 
PCR reaction. Five microliters PCR products 
were analyzed by 1.2% agarose gel electropho-
resis stained with ethidium bromide and photo-
graphed on an ultraviolet light transilluminator. 
The length of the amplicons was established by 
comparison with the molecular weight marker 
DL2000 (Takara, Dalian, China) and the nucleic 
acid sequence of amplicons was determined  
by DNA sequencing. All of the amplicons were 
purified by using DNA Gel Extraction Kit, and 
sent to BGI Tech Solutions Co., Ltd. for DNA 
sequencing.

Real-time PCR 

Real-time PCR was used to determine the 
HCMV DNA load of tumor tissues and peripher-
al blood mononuclear cells (PBMCs). Ampli- 
fication of a 100-bp fragment within the UL123 
gene in triplicate, using the forward primer 
5’-TGACGCTTGTATGATGACCATGTAC-3’, the re- 
verse primer 5’-CAGCATCACACTAGTCTCCTCTA- 
AG-3’, and the Taqman probe 5’-FAM-ACCCG- 
ACAGAACTC-BHQ-3’ as previously described 
[15]. Each reaction mixture (20 μL) contained 
500 ng of target DNA, final concentrations of 

Figure 1. Immunohistochemical detection of HCMV pp65 and IE-72 in gliomas and control tissues. A, E. Brain tis-
sues obtained from primary epilepsy patient. B. Immunohistochemical staining of an astrocytoma I section with 
an antibody against the HCMV IE1-72 protein. C. Immunohistochemical staining of an astrocytoma II section with 
an antibody against the HCMV IE1-72 protein. D. Immunohistochemical staining of a glioblastoma section with an 
antibody against the HCMV IE1-72 protein. F. Immunohistochemical staining of an astrocytoma I section with an 
antibody against the HCMV pp65 protein. G. Immunohistochemical staining of an astrocytoma II section with an an-
tibody against the HCMV pp65 protein. H. Immunohistochemical staining of a glioblastoma section with an antibody 
against the HCMV pp65 protein.
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0.3 μM specific forward and reverse primers, 
0.2 μM specific probes, and 10 μL of the 
TaqMan Universal master mix (Applied Bio- 
systems, Foster City, CA). The PCR conditions 
were 95°C for 10 min, followed by 45 cycles of 
95°C for 15 s and 60°C for 1 min. The reaction 

The Statistical Package for the Social Sciences 
(SPSS, version 14) was used for statistical anal-
ysis. A P value < 0.05 was considered statisti-
cally significant. Positivity to HCMV was deter-
mined for each sample based on the immuno-
histochemitry and PCR results. The comparison 

Table 1. Human cytomegalovirus prevalence in this study

Case Histological  
type and grade

Nested-PCR Glioma  
tissue IHC ELISA

Glioma 
tissue

Peripheral 
blood IE-72 pp65 IgG IgM

1 Glioblastoma + + + + + -
2 Astrocytoma II + + + + + -
3 Astrocytoma III + - + + + -
4 Glioblastoma + + + + + -
5 Astrocytoma III + - + + + -
6 Astrocytoma III - - + - + -
7 Astrocytoma II - - + - + -
8 Astrocytoma I + + + + + +
9 Astrocytoma III + - + - + -
10 Glioblastoma + + + + + +
11 Glioblastoma - - - - - -
12 Astrocytoma III + + + + + -
13 Astrocytoma III + + + + + -
14 Glioblastoma - - + + + -
15 Astrocytoma III + + + + + +
16 Astrocytoma II - - - - - -
17 Astrocytoma II + + + + + -
18 Astrocytoma III + + + + + +
19 Astrocytoma III - - - - + -
20 Glioblastoma + + + + + -
21 Astrocytoma III - - - - + -
22 Astrocytoma III - - - - + -
23 Glioblastoma + + + + + +
24 Glioblastoma + + + + + -
25 Glioblastoma - - - - + -
26 Astrocytoma III - - - - + -
27 Astrocytoma II + - + + + -
28 Astrocytoma III + + + + + -
29 Glioblastoma + + + + + -
30 Astrocytoma III + + + + + -
31 Astrocytoma III + + + - + +
32 Glioblastoma + + + + + -
33 Astrocytoma I + + + + + -
34 Astrocytoma II - - + + + -
35 Astrocytoma III + + + + + +
36 Glioblastoma + - + + + -
37 Astrocytoma I - - - - - -
38 Glioblastoma - - - - + -
39 Glioblastoma - - + + + -

was performed with the ABI Prism 
7500 Fast Real-time PCR system. 
A standard curve was obtained us- 
ing serial dilutions of AD169 ba- 
cterial artificial chromosome (BAC) 
mixed with 500 ng of HEL DNA as 
a genomic control [16]. The nega-
tive controls only contained 500 
ng of HEL DNA.

HCMV pp65 antigenemia assay 

The EDTA-anticoagulant peripheral 
blood sample was processed for 
antigenemia within 4 h. The deter-
mination of HCMV pp65 antigen-
emia was carried out using a 
HCMV BriteTurbo kit provided by IQ 
Products®, according to the man-
ufacturer’s instructions. The pres-
ence of antigen pp65 in polymor-
phonuclear leukocytes (PMNL) 
was determined after staining with 
fluorescein isothiocyanate-labell- 
ed pp65 monoclonal antibodies. 
The results were expressed as the 
number of positive cells per 2×105 
PMNL. A slide contains a negative 
spot (fixed CMV antigen-negative 
leukocytes) and a positive spot 
(fixed CMV pp65 antigen-positive 
cells mixed with CMV antigen-neg-
ative leukocytes) was used as  
control. The positive cells exhibit 
homogeneous yellow-green stain-
ing with round morphology and 
nucleus is not visible, and the neg-
ative cells show no yellow-green 
staining.

HCMV IgG and IgM assay 

HCMV specific IgG and IgM were 
qualitatively determined by using 
ELISA (enzyme-linked immu-nosor-
bent assay) kits (Alpco Diagnos- 
tics, Salem, New Hampshire) acc- 
ording to the manufacturers’ in- 
structions.

Statistical analysis
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of the mean HCMV DNA loads in tumor tissues 
versus peripheral blood were compared using 
repeated measures ANOVA.

Results

Presence of HCMV proteins in glioma tissues

We performed IHC in 39 glioma tissues and 9 
brain tissues obtained from primary epilepsy 
patient, to determine whether HCMV proteins 
were expressed in glioma (Figure 1). Out of 39 
glioma tissues 30 (76.9%) were positive for 
IE-72 in histological type and grade (WHO), 
including 2/3 (66.7%) for grade I astrocytomas, 
5/6 (69.2%) for grade II astrocytomas, 12/16 
(75.0%) for grade III astrocytomas and 11/14 
(78.6%) for grade IV glioblastoma (Tables 1 and 
2). The pp65 tegument protein was detected in 
26 of 39 (66.7%) glioma tissues, including 2/3 
(66.7%) for grade I astrocytomas, 4/6 (66.7%) 
for grade II astrocytomas, 9/16 (56.3%) for 
grade III astrocytomas and 11/14 (78.6%) for 
grade IV glioblastoma (Tables 1 and 2). All 
pp65 positive glioma samples were also posi-
tive for IE-72 detection. However, four IE-72 
positive glioma samples were pp65 negative. 
Both IE-72 and pp65 were negative in 9 brain 
tissues obtained from primary epilepsy patient.

Presence of HCMV DNA in glioma tissues and 
peripheral blood 

The UL55 gene was detected in 25 of 39 
(64.1%) glioma samples (Figure 2), including 
2/3 (66.7%) for grade I astrocytomas, 3/6 
(50.0%) for grade II astrocytomas, 11/16 
(68.8%) for grade III astrocytomas and 9/14 
(64.3%) for grade IV glioblastoma (Tables 1 and 
2). There were no significant differences 
between different grades of gliomas for HCMV 
DNA detection. Twenty-one HCMV DNA positive 
glioma samples were both IE-72 and pp65 po- 
sitive, while 1 HCMV DNA positive glioma sam-

ples were only IE-72 positive. HCMV DNA was 
not detected in 5 IE positive gliomas. No HCMV 
DNA was detected in the 9 control brain tissue 
samples. To determine if HCMV could be 
detected in the periphery, the presence of 
HCMV DNA in peripheral blood of patients with 
gliomas was analyzed by using Nested PCR 
(Figure 2A and 2B). We found that 20 out of 39 
(51.3%) glioma patients exhibited detectable 
HCMV DNA in their whole blood, including 2/3 
(66.7%) for grade I astrocytomas, 2/6 (33.3%) 
for grade II astrocytomas, 8/16 (50.0%) for 
grade III astrocytomas and 8/14 (57.1%) for 
grade IV glioblastoma (Tables 1 and 2). HCMV 
DNA in peripheral blood showed no significant 
correlation with HCMV components in glioma 
tissues. HCMV DNA could not be detected in 5 
PBMCs samples while it is positive in glioma 
tissues. DNA sequencing confirmed all of the 
products as specific for HCMV UL55 (Figure 
2C). 

HCMV DNA loads in glioma tissues and periph-
eral blood 

Real-time PCR that amplified a 100-bp region 
from exon 4 of the UL123 was used to quantify 
HCMV DNA loads in tumor and peripheral blood. 
The median log10 HCMV DNA copy number in 
glioma tissues was 3.75±1.60 per 500 ng of 
total DNA, which is higher than that in periph-
eral blood (2.88±1.20 per 500 ng of total DNA) 
(Figure 3). Both HCMV DNA copy number in gli-
oma tissues and peripheral blood is much 
lower than that typically found in a productive 
infection at amultiplicity of infection (MOI) of 1 
(median log10 copy number = 9.507) (Figure 
4).

HCMV pp65 antigenemia in glioma patients

Peripheral blood sample from 39 glioma pa- 
tients were analysed in this study, none of them 
were positive for pp65 antigenemia. 

Table 2. Summary of HCMV detection in different histological type and grade

Histological 
type and grade N

Glioma tissue 
HCMV DNA 

positivity (%)

Peripheral blood 
HCMV DNA 

positivity (%)

Glioma tissue 
IE-72  

positivity (%)

Glioma tissue 
pp65  

positivity (%)

Anti-HCMV  
IgG  

positivity (%)

Anti-HCMV 
IgM  

positivity (%)
Astrocytoma I 3 66.7 (2/3) 66.7 (2/3) 66.7 (2/3) 66.7 (2/3) 66.7 (2/3) 33.3 (1/3)
Astrocytoma II 6 50 (3/6) 33.3 (2/6) 83.3 (5/6) 66.7 (4/6) 83.3 (5/6) 0 (0/6)
Astrocytoma III 16 68.8 (11/16) 50.0 (8/16) 75.0 (12/16) 56.3 (9/16) 100 (16/16) 25.0 (4/16)
Glioblastoma 14 64.3 (9/14) 57.1 (8/14) 78.6 (11/14) 78.6 (11/14) 92.9 (13/14) 14.3 (2/14)
Total 39 64.1 (25/39) 51.3 (20/39) 76.9 (30/39) 66.7 (26/39) 92.3 (36/39) 17.9 (7/39)
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Seropositivity for anti-HCMV IgG and IgM anti-
bodies 

In 39 glioma patients, 36 (92.3%) were positive 
for anti-HCMV IgG antibodies and 7 (17.9%) 

were positive for anti-HCMV IgM antibodies 
(Table 2). There was a clear correlation between 
the positive rate of anti-HCMV IgM and high 
viral DNA copy numbers in glioma tissues and 
peripheral blood. And IE-72 and pp65 in glioma 
tissues were also detectable in all anti-HCMV 
IgM antibodies positive patients (Table 1). In 3 
anti-HCMV IgG antibodies negative glioma 
patients, HCMV proteins and DNA were also 
absence both in tumor tissues and peripheral 
blood.

Discussion

Since Cobbs and colleagues first reported the 
presence of HCMV in GBM [9], a controversy 
was generated regarding the presence or 
absence of this virus in this type of tumor. 
Following studies argued that the discrepancy 
of the results was possibly related to the sensi-
tivity of the methods used by different groups, 
and a consensus was reached that HCMV exist 
in most, but not all, GBMs [17]. However, wheth-

Figure 2. Nested PCR demonstrates that HCMV DNA UL55 gene exists in tumor tissue and peripheral blood of glio-
mas patients. A, B. HCMV DNA is detected in 25 gliomas tissues and 20 peripheral blood samples. C. Part of the 
sequencing data for the UL55 PCR product. 

Figure 3. The median log10 HCMV DNA copy num-
ber in gliomas tissue and peripheral blood. Real-time 
PCR that amplified a 100-bp region from exon 4 of 
the UL123 was used to quantify HCMV DNA loads in 
gliomas tumor and peripheral blood.
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er HCMV plays role in the progression of glio-
ma, or whether tumor growth simply provides 
an environmental support for local reactivation 
and propagation of the virus is generally 
unclear. 

In this study, the results demonstrated that 
more than half of newly diagnosed gliomas are 
positive for HCMV antigens and DNA, confirm-
ing the results of other groups [9-11]. We 
detected IE-72 immunoreactivity in 76.9% glio-
ma samples of various grades, and pp65 in 
66.7%. Samples testing positive for pp65 were 
also positive for IE-72 in this series. However, 
IE-72 or pp65 positive cells in the control brain 
tissue samples were not observed. The UL55 
gene of HCMV was detected in 64.1% of glioma 
samples, but in none of the control brain tissue 
samples. In such viral infections associated 
tumors high viral copies have often been linked 
to poor prognoses [18-21]. Exceptions to this 
paradigm include infections that result in inte-
grated viral genomes. In this study the HCMV 
DNA loads was successful quantified in all 
nested PCR positive glioma samples. And there 
was a clear correlation between HCMV DNA 
loads and band intensities from nested PCR. 
However, extensive viral DNA load variability 
was observed in all glioma samples, and there 
was not any correlation between HCMV DNA 
load and tumor staging. Why there is such vari-
ability in DNA loads is unclear, but it could be 
due to differences in the various proportions of 
non-tumor tissue affecting the ratio of HCMV 

Figure 4. Plot of median log10 (viral copy number) 
values from gliomas tissue and matched peripheral 
blood in gliomas patients. Use DNA extracted from 
HEL as negative control and DNA extracted from 
HCMV AD169 infected HEL (MOI = 1) as positive con-
trol.
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DNA to total DNA. The second possibility is that 
non-tumor cells, such as endothelial cells or tis-
sue macrophages were infected with local reac-
tivated HCMV, heighten the HCMV DNA loads in 
certain tumors. The third possibility is that 
HCMV DNA replication may have occurred in 
tumor tissue of some samples. Although viral 
proteins associated with productive replication 
were observed in tumors, there was no clear 
correlation between viral DNA copy number 
and viral protein expression in certain glioma 
samples in this study. This incongruence could 
be indicative of possibly presence of nonfunc-
tional genome remains or persistent infections 
with limited foci of viral replication. The absence 
of pp65 protein expression in some tumor tis-
sues despite the presence of readily detectable 
IE-72 protein could be an effect of the presence 
of non-permissive infection within the subset. 
In contrast, the presence of IE-72 and pp65 
protein expression in more than 60% of glioma 
samples is supportive of replication that is con-
sistent with persistent infections. 

In order to find evidence for the role of HCMV in 
gliomas, each glioma sample matched blood 
sample was collected for HCMV DNA copies. 
We hypothesized that if HCMV was involved in 
the pathogenesis of gliomas, the expected 
dynamics would include peripheral viremia 
leading to viral infection of the cerebral spinal 
fluid and parenchymal brain. If the tumor 
enabled viral persistent activation, the expect-
ed dynamics would be inverted; that is, local 
persistent infection of the virus, leading to 
brain and cerebral spinal fluid infection, and 
not necessarily to peripheral viremia. 51.3% of 
peripheral blood samples were positive for 
nested PCR assay, lower than the glioma sam-
ples, but there was no statistical significance. 
The HCMV DNA copies in blood were lower than 
that in glioma samples in each patient, and the 
average HCMV DNA copies in glioma samples 
were significantly higher than that in blood. The 
anti-HCMV IgG was detected in 92.3% glioma 
patients and the anti-HCMV IgM was detected 
only in 17.9% glioma patients. In all glioma 
patients none of them were positive for pp65 
antigenemia. The presence of detectable levels 
of pp65 antigenemia may indicate individuals 
who undergoing HCMV infection. The presence 
of detectable levels of IgM may indicate a 
recent HCMV infection, since IgM is the first 
antibody generated after infection or reinfec-

tion [22]. Thus, it means that individuals who 
had gliomas more likely to be infected HCMV 
previously. It is possible that those who were 
IgM positive are individuals who are more likely 
to have HCMV reactivations throughout their 
lives, but this cannot be confirmed in this study. 
These findings indicate that the existence of 
HCMV in gliomas and it may be largely affected 
by specific local microenvironments maintained 
by tumors. Previous study was found that epi-
dermal growth factor receptors (EGFR) was 
used as a cellular binding and incorporation 
site for HCMV entry into host cells [23, 24], and 
it has been shown that EGFR is uniformly over 
expression in glioma cells but largely negative 
in normal brain cells [25]. Particularly with 
HCMV, which has lifetime latency, occurrence 
of the cancer and subsequent treatment 
induced local inflammatory and immunosup-
pression cause rea ctivation of the latent virus 
and increase the chance for infection of the 
tumor cell as well as many other normal cells. 
Presence of the viral products inside the tumor 
cells is significant and important in the down-
regulation of immunogenicity of infected cells 
through multiple mechanisms, some of which 
are exhibited by the tumor cells themselves. 
These mechanisms involve inhibition of antigen 
presentation [26], down-regulation of surface 
MHC I expression [27], elaboration of trans-
forming growth factor-beta (TGF-β) from infect-
ed cells [28], and secretion of viral IL-10 homo-
logue (vIL-10) [29]. Further support for the role 
of HCMV in the development of this tumor 
results from the use of anti-HCMV drugs. Some 
studies have shown that valganciclovir signifi-
cantly reduced the growth of HCMV positive 
gliomas [30]. Recently another study demon-
strated an increase in overall survival of glio-
blastoma patients receiving valganciclovir com-
pared with those patients who did not receive 
such treatment [31].

The results presented in this study further con-
firmed the existence of HCMV in glioma tissues 
and the presence of viral protein expression 
typical of replicative virus. The HCMV DNA cop-
ies in blood were lower than in glioma samples 
may suggested that HCMV in glioma tissues 
were obtained from local infections instead of 
from peripheral viremia. The detection of HCMV 
infections might suggest a role in gliomas 
pathogenesis. However, a more detailed study 
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of HCMV infection in glioma patients is required 
for a definitive conclusion.

In conclusion, we reconfirmed the existence of 
HCMV in glioma tissues and have demonstrat-
ed that HCMV local infection may play an active 
role in glioma development and pathogenesis.
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