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Abstract

Background Human leukocyte antigens (HLAs) play an
important role in host defense against viral infection and
tumorigenesis. Human cytomegalovirus (HCMV) has been
linked to glioma development. This study investigated the
relationship between HLA distribution, presence of HCMYV,
and glioma development in a Han Chinese population.
Methods The study population included 150 glioma
patients and 150 tumor-free brain injury control subjects
(control-A) matched according to geography, ethnic-
ity, age, and gender. HLA allele frequency was compared
between the two groups using peripheral blood samples by
PCR sequence-based typing. These data were also com-
pared with HLA frequencies obtained from a Northern Chi-
nese Han population database (control-B). HCMV DNA
was detected in the peripheral blood of glioma patients and
control group-A by nested PCR. The expression of HCMV
proteins IE1-72 and pp65 in tumor tissues was evaluated by
immunohistochemistry.

Results The frequency of HLA-A*02:01 was decreased
in glioma patients as compared to control group-A and
-B (P < 0.001 and P = 0.001, respectively). The age/sex-
adjusted odds ratio for HLA-A*02:01 positivity vs. nega-
tivity was 0.392 (95% confidence interval 0.225-0.683).
HCMV was more frequently detected in the peripheral
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blood and tumor tissue of HLA-A*02:01-negative glioma
patients. HLA-A*02:01 and HCMV were not associated
with overall survival.

Conclusion There is a correlation between decreased
HLA-A*0201 allele frequency and glioma susceptibility.
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CI Confidence interval
GBM Glioblastoma

HCMV  Human cytomegalovirus
HLA Human leukocyte antigen
IDH Isocitrate dehydrogenase

IgG Immunoglobulin G
IgM Immunoglobulin M

MGMT O-6 methylguanine DNA methyltransferase
OR Odds ratio

(0N} Overall survival

Introduction

Glioma is the most common primary brain tumor and has
very poor prognosis [1]. To improve clinical outcome,
the mechanism of gliomagenesis must be clarified so that
new treatment approaches can be developed. Although it
is controversial [2, 3], our research group and others have
reported the presence of human cytomegalovirus (HCMV)
components in the tumor tissue and peripheral blood of gli-
oma patients [4-8]. HCMYV has also been suggested to play
arole in glioma pathogenesis [5, 9—-11].

Human leukocyte antigens (HLAs) are widely expressed
cell surface molecules responsible for antigen presentation
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and initiation of immune responses to viral infection [12],
autoimmune diseases [13—-16], and cancer [17-19]. HLA
distribution has been investigated in glioma patients, and
several HLA class I and II alleles were found to be posi-
tively or negatively associated with glioma occurrence and
prognosis [13, 20-23]. However, these studies were mainly
based on western Caucasian populations and the findings
have been inconsistent; in fact, significant ethnic differ-
ences in the distribution of HLA alleles have been reported
[24, 25].

To address this issue, the present study investigated HLA
allele frequencies in a large cohort of glioma patients and
control subjects in Northern China closely matched accord-
ing to sex, age, ethnicity, and geography. We also examined
the relationship between HLA genotype and other genetic
factors as well as the correlation between HLA distribution,
glioma occurrence, and presence of HCMV.

Materials and methods
Study population

Between January 2012 and December 2014, 209 consecu-
tive patients were diagnosed with glioma at the Neuro-
surgery Department of the First Hospital of China Medi-
cal University. Patients with other diseases, including
diabetes mellitus, acquired immunodeficiency syndrome,
multiple sclerosis, polyarthritis, ankylosing spondylitis,
and other cancers were excluded. Ultimately, 150 newly
diagnosed patients were included in the study. According
to the World Health Organization 2007 criteria, astrocy-
toma (Grade II) was diagnosed in 33 patients, anaplastic
astrocytoma (Grade III) in 22 patients, and glioblastoma
(GBM, Grade 1V) in 95 patients by two neuropathologists
from the Department of Pathology of China Medical Uni-
versity. Tumor samples were analyzed by Sanger sequenc-
ing and pyrosequencing to detect isocitrate dehydrogenase
(IDH)1/2 mutation status and O-6 methylguanine DNA
methyltransferase (MGMT) promoter methylation. All
GBM patients received postoperative radio-/chemotherapy
according to the Stupp protocol [1]; their overall survival
(OS) was recorded and used for survival analysis.

The control group (control-A) included 150 patients
diagnosed with traumatic brain injury matched with glioma
patients according to age, gender, ethnicity, and geography,
who underwent a computed tomography and/or magnetic
resonance imaging brain scan and were found to be free
of brain tumors. Exclusion criteria were the same as those
applied to glioma patients.

For the second control group (control-B), HLA frequen-
cies for healthy Northern Chinese subjects were obtained
from a web database (http://www.allelefrequencies.net).
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HLA-A, -B, and -DRBI typing was carried out in 618
randomly selected healthy individuals of Han ethnicity in
Northern China [26]. HLA-C frequencies were determined
from a dataset of 567 bone marrow donors from a North-
ern Chinese Han population [27]. HLA-DQB1 and -DPB1
frequencies of 171 Northern Chinese subjects have been
previously reported (HLA 1991, 11th International Histo-
compatibility Conference Yokohoma, Japan, 1997, p. 237).

Peripheral blood was collected from each patient
included in the study before any medical and surgical treat-
ment. The study protocol, which was in compliance with
the Helsinki Declaration, was approved by the institutional
review board of our hospital, and written informed con-
sent for the use of tumor tissue, blood, and clinical data for
future research was obtained from each patient.

HLA genotyping

HLA genotypes were determined by PCR sequence-based
typing. Briefly, DNA was extracted from whole blood
using the QIAamp DNA Blood Mini kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions.
Class I and II locus typing was performed using the SeCore
HLA SBT kit (Invitrogen, Carlsbad, CA, USA) and results
were analyzed with Sequencing Analysis software v.5.1
(Applied Biosystems, Foster City, CA, USA) and Invitro-
gen uTYPETM SBT software (Invitrogen).

Nested PCR analysis

HCMYV DNA in peripheral blood was detected as previ-
ously described [4, 5] by nested PCR using primers specific
for the HCMV glycoprotein B (UL55) gene. The sequences
for external (E-1/E-2) and internal (I-1/I-2) primers were
as follow: E-l, 5-TCC AAC ACC CAC AGT ACC CGT-
3/; E-2, 5-CGG AAA CGA TGG TGT AGT TCG-3'; I-1,
5'-TGA CGG TCA AGG ATC AGT GGC-3'; and I-2,
5’-GTA AAC CAC ATC ACC CGT GGA-3'. The size of
PCR products was confirmed by 2.0% agarose gel electro-
phoresis with ethidium bromide staining. The identity of
the products was confirmed by direct DNA sequencing [4].
Each sample was tested at least in triplicate.

Immunohistochemistry

Expression of the HCMV proteins IE1-72 and pp65 in
tissue samples was detected by immunohistochemistry
as previously described [28, 29]. Briefly, after rehydra-
tion in a graded series of alcohol, tumor sections were
digested with trypsin and antigen retrieval was carried
out in citrate buffer at 90 °C for 4 min followed by 45 °C
for 2.5 h. Endogenous peroxidase was blocked by incu-
bation with 3% H,0, for 12 min at room temperature.
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After Fc receptor blocking, primary antibodies against
IE1-72 (1:40, MABS810; Chemicon, Temecula, CA,
USA) and pp65 (1:50, clones 2 and 6; Novocastra, New-
castle-Upon-Tyne, UK) were added at 4 °C followed by
overnight incubation. The results were independently
analyzed by Jian Deng and Zixun Wang, who were
blinded to the other results and to the clinical background
of the patients. Tissue samples were visualized and pho-
tographed under a light microscope (BX-51; Olympus,
Tokyo, Japan).

Serology

Anti-HCMV IgG and anti-HCMV IgM in the serum
was examined using specific ELISA kits (ARG80536
and ARG80537; Arigobio, Hsinchu, Taiwan), according
to the manufacturer’s instruction. Samples were diluted
1:101 with sample diluent. OD value was determined
with a microplate reader at 450 nm.

Statistical analysis

HLA class I and II phenotype frequencies were deter-
mined by dividing the number of alleles of each HLA
type by the total number of chromosomes. Phenotype
frequency distributions of HLA alleles in patients and
controls were compared with the x? test with Yates conti-
nuity correction for small numbers or with Fisher’s exact
test. Odds ratio (OR) with a 95% confidence interval (CI)
was calculated by multivariable logistic regression to
determine the association between HLA phenotype and
glioma risk, adjusted for age and sex. Kaplan—Meier sur-
vival curves were generated to determine the distribution
of OS according to HLA phenotype or the presence of
HCMYV; these were analyzed with the log-rank test. The
X2 test, Student’s ¢ test, and analysis of variance were
used to evaluate differences between groups. Analyses
were carried out using SPSS v.19.0 (SPSS Inc., Chicago,
IL, USA), and a two-tailed P value <0.05 was considered
statistically significant.

Results
Characteristics of study subjects

The study area was restricted to Northern China, and
all subjects were of Han ethnicity. Glioma patients and
control subjects were matched with respect to age and
sex (Table 1). The age ranges were 22-76 years (mean
47.4 years) and 22-79 years (mean 46.5 years) for cases
and controls, respectively. The male-to-female ratio was
56.7-43.3% for both groups.

Association between HLA allele frequencies and glioma
incidence

The distribution of genotype frequencies in the study pop-
ulation is summarized in Supplementary Tables 1-6. An
analysis of HLA class I (Fig. 1) and class II (Fig. 2a—)
allele frequencies revealed a lower frequency of HLA-
A*02:01 in glioma patients (0.080) as compared to control-
A (0.197; P < 0.001) and control-B (0.158; P = 0.001)
subjects (Fig. 1a). The case—control OR was 0.392 (95%
CI 0.225-0.683), even after adjusting for age and sex
(Table 2). Subsequent stratified analyses according to his-
tological type, age, and sex showed that the HLA-A*02:01
allele was negatively associated with glioma risk in all sub-
groups (Fig. 2d). The distribution of HLA-A*02:01 did not
vary with age or sex for either cases or controls (Table 1);
in the former, HLA-A*02:01 frequency was not associated
with tumor grade, IDH1/2 mutation status, or MGMT pro-
moter methylation (Table 1).

The frequencies of HLA-C*08:01:01G (P = 0.075), HLA-
DRB1%#12:02 (P = 0.077), and HLA-DRB1%¥12:01:01G
(P = 0.082) showed marginally significant differences
between cases and control-A, but not between cases and con-
trol-B (Supplementary Tables 3, 6).

Association between HLA-A*02:01 and HCMV

HCMV DNA was detected in the peripheral blood of 48
(32%) of 150 glioma patients (Table 1), including 11/33
(33.3%) astrocytoma, 7/22 (31.8%) anaplastic astrocytoma,
and 30/95 (31.6%) GBM patients. IE1-72 immunoreactiv-
ity was observed in 117 of 150 (78%) glioma specimens,
including 24/33 (72.7%) astrocytoma, 15/22 (68.2%) ana-
plastic astrocytoma, and 78/95 (82.1%) GBM patients; and
pp65 expression was detected in 99 of 150 (66%) glioma
patients, including 21/33 (63.6%) astrocytoma, 13/22
(59.1%) anaplastic astrocytoma, and 65/95 (68.4%) GBM
patients. Consistent with our previous findings [5], there
were no differences between different glioma grades in
terms of the presence of HCMV in peripheral blood and
tumor tissue, and there was no HCMV DNA detected in
the control group (Fig. 3a). Notably, HCMV was more fre-
quently detected in HLA-A*02:01-negative than in HLA-
A*02:01-positive glioma patients (Fig. 3b—e; Table 1).
Anti-HCMV IgG was detected in the serum of 112
(74.7%) of 150 glioma patients [26/33 (78.8%) astrocy-
toma, 17/22 (77.3%) anaplastic astrocytoma and 69/95
(72.6%) GBM] and in the serum of 108 (72.0%) of 150
control subjects (P = 0.602). Anti-HCMV IgM was found
in the serum of 28 (18.7%) of 150 glioma patients [5/33
(15.2%) astrocytoma, 4/22 (18.2%) anaplastic astro-
cytoma, 19/95 (20.0%) GBM] and in the serum of 23
(15.3%) of 150 control subjects (P = 0.442). There were
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Fig. 1 Distribution of HLA class I alleles. The frequencies of
HLA-A (a), HLA-B (b), and HLA-C (c¢) are shown. Control-A:
150 brain tumor-free patients diagnosed with traumatic brain injury
matched with glioma patients according to age, gender, ethnicity, and
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Fig. 2 Distribution of HLA class II alleles. The frequencies of
HLA-DPBI (a), HLA-DRBI (b) and HLA-DQBI (c) are shown. d
Stratified analyses of case—control ORs for the HLA-A*02:01 allele

no differences between different glioma grades in terms of
the positivity of anti-HCMV IgG and IgM in the serum.
In consistence with previous reports, neither anti-HCMV

geography; control-B: HLA frequencies for healthy Northern Chinese
subjects obtained from a web database (http://www.allelefrequencies.
net). **P < 0.01
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IgG nor IgM positivity was significantly associated with
glioma incidence [30, 31]. However, anti-HCMV IgM was
more frequently detected in HLA-A*(02:01-negative than
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Table 2 Multivariate case/

A ) Glioma Glioblastoma
control odd ratios for A*02:01
allele Cases Controls OR?® (95% CI) P Cases Controls OR? (95% CI) P
A*02:01
Negative 126 101 1 0.001 76 62 1 0.024
Positive 24 49 0.392 (0.225-0.683) 19 33 0.470 (0.244-0.906)
Statistically significant P values <0.05 are italicized
% ORs (odd ratios) were adjusted for gender, age
a
Grade IV Grade IIT Grade Il Control 100
- ) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 o
igg:: . OHCMV DNA (+)
40 WHCMV DNA (-)
* A*02:01(+) A*02:01(-)
P<0.001 P<0.001 f P=0.047
OHCMV IE1-72 (+) 40 OHCMV ppéS (+) L DAnti-HCMV IgM (+)
BHCMV IE1-72(-) mHCMV ppé5 () a0 B Anti-HCMV IgM (-)
A*02:01 (+) A*02:01(-) A*02:01 (+) A*02:01(-) ° A*02:01(+) A*02:01(-)
h i

MA02:01 (9
A'02:01 (+)
= Censored

Cum survival
-

P=0.595

.00 10.00 20.00 30.00 40.00 50.00
Overall survival (months)

Fig. 3 Association between HLA-A*02:01 and HCMV. a Detection
of HCMV ULS55 gene in the peripheral blood of glioma patients and
control subjects by nested PCR. Grade II, Grade III, and Grade IV
are different grades of glioma. b HCMV DNA was more frequently
detected in the peripheral blood of HLA-A*02:01-negative than -pos-
itive glioma patients (36.5 vs. 8.3%, P = 0.007). ¢ Representative
micrographs from glioma cases showing IE1-72 and pp65 positivity
(G1, G2, and G3) and negativity (G4). d, e Expression of HCMYV pro-
teins IE1-72 (d, 88.1 vs. 25%, P < 0.001) and pp65 (e, 73.8 vs. 25%,

in HLA-A*02:01-positive glioma patients and control sub-
jects (Fig. 3f; Table 1).

Prognostic value of HLA-A*02:01 allele and HCMV

OS information was available for 95 GBM patients,
including 55 males (57.9%) and 40 females (42.1%)
ranging in age from 24 to 76 years (mean =+ SD:
47.2 &+ 11.8). The mean OS was 15.2 4+ 10.6 months. For
GBM, the case—control OR of the HLA-A*02:01 allele
was 0.470 (95% CI 0.244-0.906, P = 0.024; Table 2).
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P < 0.001) was more frequently detected in tumor tissue of HLA-
A*02:01-negative than -positive glioma patients. f Anti-HCMV IgM
was more frequently detected in the serum of HLA-A*0201-negative
than -positive glioma patients (21.4 vs. 4.2%, P = 0.047). g—-i Prog-
nostic value of HLA-A*02:01 allele and presence of HCMV DNA in
95 GBM patients, as determined by Kaplan—-Meier analyses. Neither
HLA-A*02:01 (g) nor HCMV (h) was associated with OS. The status
of HCMYV in conjunction with HLA-A*02:01 was also not correlated
with GBM patient survival (i)

HCMV DNA was detected in the peripheral blood of
30 GBM npatients (31.6%). The Kaplan—Meier survival
curve revealed that neither the HLA-A*02:01 allele nor
the presence of HCMV DNA was correlated with GBM
patient survival (Fig. 3g—h) or associated with the OS of
patients, as determined by Cox regression analysis. Simi-
lar results were obtained for the HCMV proteins IE1-72
and pp65 and anti-HCMYV IgG and IgM (data not shown).
In addition, the status of HCMV in conjunction with
HLA-A*02:01 was also not correlated with GBM patient
survival (Fig. 3i).
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Discussion

Multiple factors contribute to gliomagenesis, including
immune and inflammatory mechanisms [32, 33]. Given
that HLA plays a critical role in host immune responses,
it is possible that glioma is associated with specific
genotypes of the HLA system. In the present study, we
found that HLA-A*02:01 frequency was reduced in gli-
oma patients relative to control subjects. HLA-A*0201
has been detected in all populations, with a predomi-
nance in Western Caucasians. In fact, HLA-A*0201 is
the most prevalent HLA type in Caucasians (about 40%
as compared to 15.5% in Asians) [25]. The ubiquity of
the A*0201 allele underscores its importance in protec-
tive immunity; indeed, it can specifically present glioma-
associated antigenic epitopes derived from interleukin
13 receptor alpha 2 chain [34), cluster of differentiation
(CD)133 [35], and 3-beta-hydroxysteroid dehydrogenase
type 7 genes [36] to cytotoxic T lymphocytes (CTLs).
Since HLA-A*0201 was not associated with IDHI1/2
mutation status or MGMT promoter methylation, glioma
is predicted to arise via other mechanisms.

A positive association has been reported between
HLA-DRB1*14 and the presence of symptomatic cer-
ebral glioma in a Northern Italian population [21].
HLA-A*11 and lower frequencies of HLA-B*07 and
HLA-C*04 were associated with high-grade glioma inci-
dence in eastern Sicily [13]. B*13 and the B*07-Cw*07
haplotype were found to be positively associated and
Cw*01 was negatively associated with GBM in the San
Francisco Bay area; moreover, A*32 and B*55 showed
prognostic significance [22]. Another study found that
HLA-A*32 was negatively associated with GBM occur-
rence in Midwestern US [20], and DQB1*06, DQB1*05,
and DRB1*13 alleles have been linked to glioma suscep-
tibility in the US [23]. Two studies of Japanese patients
reported associations between HLA-A*24 and HLA-
B*61 and glioma incidence.

There are several possible explanations for the discrep-
ancies between these studies. (1) The subtypes of HLA-
A2 and other HLA alleles were not specified in some
of the studies. HLA-A2 subtypes differ by one or a few
amino acids, which can have a profound effect on peptide
binding characteristics and on the specificity of HLA-
A2-restricted CTL clones. HLA-A2 subtype mismatch
can elicit strong allogeneic responses in unrelated bone
marrow transplantation [25]. Therefore, analysis of HLA
allele subtype is important. (2) The glioma cases exam-
ined in each study were of different grades. The transi-
tion from low- to high-grade glioma is associated with
genetic mutations; therefore, distinct pathogenetic mech-
anisms may underlie different grades of glioma. How-
ever, we found no significant differences in HLA-A*0201

distribution among different glioma grades; similar
results were obtained when we separately analyzed GBM
cases and controls. (3) The selection of control subjects
differed among studies; some used an online database
with a large sample size, and others recruited closely
matched patients. To eliminate this confound, we com-
pared our cases to closely matched control patients (con-
trol-A) as well as to data from an online database (con-
trol-B), with no significant difference observed between
the two control groups. (4) Previous studies have exam-
ined glioma cases and controls from different populations
and ethnic groups; it is well established that there are
ethnic as well as geographic differences in the distribu-
tion of HLA alleles, with the latter possibly arising from
selection pressures in response to local pathogens [25].

The HLA region is known for its linkage disequilibrium,
therefore, another genetic entity linked with HLA-A could
be responsible for decreased HLA-A*0201 frequency.
For example, TNFA and TNFB is located on chromo-
some 6 and is in close proximity of HLA-A. Decreased
TNF alleles, such as TNFB4, have been associated with
glioma risk [37]. Thus, linkage disequilibrium of TNF with
HLA-A might influence HLA-A*0201 allele frequency.
Other potential glioma-related genes located in the prox-
imity chromosome 6 that might affect HLA-A*0201 fre-
quency include VEGFA [38], PARK2 [39] and CDKNIA
[40]. Further research is required to explore the possible
internal correlation.

HCMV infection and expression have been linked to
glioma initiation and progression [5, 10, 32], although the
underlying mechanism is not well understood. We found
that HCMV was present in the tumor tissue and periph-
eral blood of HLA-A*0201-negative glioma patients. The
HLA-A*0201 gene product presents peptides from several
intracellular pathogens, including influenza, Epstein—Barr,
and hepatitis B viruses as well as malaria [12, 25]. HLA-A2
mutations negatively affected the binding of various viral
peptides [41]. Whether the absence of the HLA-A*0201
allele facilitates HCMYV infection and promotes gliomagen-
esis remains to be determined. The presence of anti-HCMV
IgM in the serum is known to indicate a recent HCMV
infection or reactivation. We found that anti-HCMV IgM
was more frequently detected in HLA-A*0201-negative
individuals. Thus, our results support that HLA-A*0201-
negative individuals may be more susceptible to HCMV,
possibly due to inadequate HLA-A*0201-restricted T cell
immunity. In this study, we cannot ascertain whether the
HCMV components were present before the development
of glioma or whether they may be a product of glioma pro-
gression. We showed that the positivity of anti-HCMV IgM
was similar between glioma patients and control subjects,
and so was anti-HCMYV IgG, in consistency with previ-
ous reports [30, 31]. Therefore, it seems unlikely that the
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presence of HCMV components in the patients was due to
the onset of HCMV secondary to the appearance of glioma,
in which case we would expect more anti-HCMV IgM pos-
itive cases in the glioma patients than in control subjects.
The fact that the frequency of the HLA-A*0201 allele and
presence of HCMV components did not vary with tumor
grade and were not associated with glioma prognosis sug-
gests that these two factors are associated with glioma
pathogenesis but not progression. On the other hand,
HCMYV is known to inhibit HLA-A and -B expression and
impair viral antigen presentation to CD8+4 T cells [42].
Hence, it is possible that HCMV may be involved in the
development of HLA polymorphisms in glioma patients.
Preclinical studies of glioma immunotherapy have
attempted to identify HLA-A*02:01-restricted CTL epitopes
[34-36]. Our findings indicate that these epitopes are not suit-
able for immunotherapy of Northern Chinese glioma patients
in whom HLA-A*02:01 allele frequency was markedly
decreased. Since HCMYV is detected at a higher frequency
in HLA-A*02:01-negative glioma patients, these individuals
may be more responsive to HCM V-specific anti-tumor immu-
notherapy [43, 44] or antiviral therapy [45] than those who
are positive for the HLA-A*02:01 allele. Consistent with our
observations, one group described a GBM patient express-
ing HCMV pp65 in tumor tissue who developed a robust
HCMV-specific CD8+ T cell response; however, another
HLA-A*02:01 4+ GBM patient failed to show an increased
CMV-specific anti-tumor immune response after vaccination,
and HCMYV pp65 was not detected in the tumor sample [43].

Conclusion

The results of this study indicate a possible correlation
between decreased HLA-A*0201 allele frequency and gli-
oma susceptibility.
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