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Abstract

Identification of the human
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glioblastoma patients

Kyoungyul Lee
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The Graduate School

Seoul National University

Glioblastoma multiforme (GBM) is the most frequent brain tumor

with a median overall survival of less than 2 years. Recent studies

indicate that most of GBM tumors are associated with the human

cytomegalovirus (HCMV). However, the presence of HCMV in GBM is

still controversial because a minority of studies failed to identify the

evidence of HCMV in GBM until recently. Furthermore, the evidence

of HCMV in Asian GBM patients has never been reported. The aim of

the study is to find the evidence of HCMV in Korean GMB tumors.

We collected 98 cases of GBM from 2004 to 2012. Tissue microarray

blocks with 3 mm cores were constructed using formalin-fixed,

paraffin-embedded archival tissue blocks. To detect the low level

expression of HCMV antigen in GBM tumors, we fulfilled the essential

immunohistochemistry procedures proposed by the first reporting

group. We used two antibodies for HCMV pp65 antigen and HCMV

EA antigen. The HCMV pp65 antigen was detected in 73/90 (81.1%)

and HCMV EA antigen was found in 46/90 (51.1%) of GBM cases.

The intensity of staining was weak or moderate due to the low level

antigen expression. Moderate intensity was found in 17/90 (18.9%) for
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pp65 and 12/90 (13.3%) for EA. Co-expression of HCMV pp65 and EA

was noted in 41/90 (45.6%). In conclusion, the evidence of HCMV in

Asian GBM tumors was identified for the first time.

………………………………………
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Introduction

Glioblastoma multiforme (GBM) is the most frequent primary brain

tumor among malignant gliomas. GBM is associated with fatal clinical

course after initial diagnosis. Despite multimodality treatment options

including maximal surgical resection, radiotherapy and chemotherapy

are applied, the median survival of GBM patients is only about 15

months.
1
Gross-total resection is not frequently available to preserve

the vital function of each brain regions. In contrast to malignant

tumors of other sites including lung, breast and colon, there is no

effective targeted drug due to the lack of therapeutic target.

Human papillomavirus (HPV), hepatitis B virus, hepatitis C virus and

Epstein-Barr virus (EBV) are associated with human cancers.2 Viral

infections are responsible for about 15 percent of all human cancers.

Recently, human cytomegalovirus (HCMV) was reported to be

associated with GBM. Cobbs et al. first reported that antigens and

gene products of human cytomegalovirus were detected in virtually all

GBM tissues, but not in normal brain.3 Several additional studies

showed that HCMV proteins and nucleic acids were also present in a

number of GBM and other types of glioma.4-7 However, the presence

of HCMV in GBM is still controversial because a minority of studies

failed to identify the evidence of HCMV in GBM.8-10 Furthermore, the

evidence of HCMV infection in GBM was only detected in western

population.

HCMV is a common beta-herpes virus which infects over 70% of the

world’s population. A primary infection is generally asymptomatic, but

HCMV persists in mononuclear cells without causing clinical
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symptoms in the healthy host. In immunocompromised individuals,

HCMV may cause fatal infectious disease.
11
Several studies showed

HCMV infection was associated with multiple malignancies including

breast, colorectal, prostate and brain cancers.12-15 Despite the role of

HCMV in tumorigenesis or tumor progression remains uncertain, the

presence of viral antigens and gene products can provide therapeutic

targets of immune-based therapy. In contrast to other malignancies,

novel targeted therapy is strongly needed to improve poor survival in

GBM patients.
15,16

The aim of this study is to detect HCMV antigens

in Korean GBM patients.
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Material and Methods

Study subjects and tissue microarray (TMA)

construction

GBM tumors were collected from archived resection and biopsy

specimens at Seoul National University Bundang Hospital from 2004 to

2012. We collected 98 available GBM specimens from 90 GBM

patients. Personal data including sex, age and the type of operation

were collected through investigating electronic medical recording

system. Tissue microarray blocks with 3 mm cores were constructed

using formalin-fixed paraffin-embedded archival tissue blocks. The

mean age of GBM patients was 58.59 ± 13.221. There were 48 males

and 42 females in GBM patients. The proportion of GBM patients

under age 50 was 25.6%. GBM tissues were obtained from 87

resection and 3 biopsy procedure (Table 1).

Immunohistochemistry (IHC)

To detect the low level expression of HCMV antigens, we followed

the essential IHC procedures proposed by the first reporting group.17,18

All TMA blocks were cut at 6m thickness for optimal staining. The

slides were deparaffinized by heating in a xylen bath followed by

washing in xylene (20 min) and a serially diluted ethanol. Post-fixation

was done for 2 hours using 10% buffered formalin and slides were

digested in pepsin. Antigen retrieval was performed in citrate buffer at

90℃ for 4 minutes followed by 45℃ for 2.5 hours. To block

endogenous peroxidase, slides were incubated in 3% H2O2 for 20 min

at room temperature. Goat serum was applied to the sections prior to
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application of primary antibodies. We applied anti-pp65 (Abcam, 1:50)

and anti-IE (Biogenex, 1:100) primary antibodies. All slides were

incubated overnight at 4℃ and then stained with secondary antibody.

Counterstain was done with Harris hematoxylin. Human colon tissue

with known HCMV infection was used as a positive control.

IHC interpretation

IHC slides were carefully evaluated in all magnifications of

microscope. The brown staining of tumor cytoplasm or nucleus in any

magnification was regarded as the positive staining. The positive

staining of IHC was graded weak or moderate according to the

intensity of protein expression. Clearly positive cases in 100x

magnification of microscope were considered as moderate intensity.

Cases with one or more positive cells in all evaluated 400x

magnification fields were regarded as the diffuse staining.

Statistical analysis

The Statistical Package (SPSS, version 21) was used for statistical

analysis. ANOVA test and chi-square test were used to find the

association of onset age and IHC intensity. A  value < 0.05 was

considered statistically significant.
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Results

We investigated pathology specimens from 90 GBM patients. Among

90 GBM cases, HCMV pp65 antigen was detected in 73/90 (81.1%)

and HCMV EA antigen was found in 46/90 (51.1%) of GBM cases.

Seventeen cases (18.9%) showed moderate staining for pp65 antigen

and 12 cases (13.3%) showed moderate staining for EA antigen.

Co-expression of pp65 and EA antigens was noted in 41/90 (45.6%).

Diffuse staining was found in 41 cases (45.6%) for pp65 and in 16

cases (17.8%) for EA. Cytoplasmic staining was observed in most of

pp65 and EA positive cases. Nucleus staining was found in 42 cases

(46.7%) for pp65 and 17 (8.9%) for EA (Table 2 & Fig 1).

The mean age of pp65 IHC negative, weak positive and moderate

positive groups were 59.53, 58.84 and 56.8, respectively.. The mean age

of EA IHC negative, weak positive and moderate positive groups were

60.05, 56.68 and 58.67, respectively. ANOVA test showed no statistical

significance between 3 groups for pp65 and EA (p=0.818 for pp65 and

p=0.542 for EA). Proportion of age under 60 in pp65 IHC negative,

weak positive and moderate positive groups were 41.2%, 50.0% and

52.9%. Proportion of age under 60 in EA IHC negative, weak positive

and moderate positive groups were 40.9%, 58.8% and 50.0% (Table 3

& 4).

Six patients experienced several surgeries. The IHC results were

relatively similar. Specimens from patient #1 & patient #4 showed

same IHC staining result. The weak positive result of previous

specimen from patient #3, patient #5 and patient #6 turned to negative

in subsequent specimen. The staining result of specimens from patient
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#2 was interesting. Patient #2 received operations four times from 2007

to 2011. The first specimen from 2007 expressed moderate positivity

for pp65 and weak positivity for EA. The positivity for pp65 persisted

to the last specimen from 2011 (Table 5).

Previous study reported that the seropositivity of HCMV IgG and

IgM among 744 pregnant Korean women was 98.1% and 1.7%.
20
The

HCMV seroprevalence of korean seemed to be higher than that of

western people. We performed additional pp65 and EA IHC staining to

exclude the possibility of HCMV antigen expression in normal tissues.

We selected a moderate intensity case including both GBM and normal

components and another normal brain tissue obtained from cerebral

hemorrhage operation. Only GBM component showed positivity for

both antigens but both antigens were not detected in normal brain

tissue.
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Discussion

We demonstrated the presence of either HCMV pp65 or EA antigens

over 80% in Korean GBM patients. The HCMV pp65 and EA antigens

were expressed in 81.1% and 51.1% of GBM cases, respectively. The

higher expression of pp65 was similar to other recent studies reporting

50-90% positivity.
4-7
The HCMV pp65 antigen was reported to be the

best performing marker irrespective of tumor type, age, gender and

grade. EA antigen was not a popular antibody for HCMV, but we

applied to our TMA due to the strong reactivity for GBM at the

previous study.5 Nevertheless, the sensitivity and intensity of EA

antigen was not superior to those of pp65 antigen. The cytoplasmic

positivity was found in 64 (87.7%) out of 73 pp65 positive samples and

in 37 (80.4%) out of 46 EA positive samples. The cytoplasm of tumor

cells is the main site of HCMV IHC. This finding was consistent with

previous reports which reported primary cytoplasmic IHC and

immunofluorescence positivity.4-7 In our study, HCMV infected cells in

positive control also showed intense cytoplasmic and nucleus staining

for pp65 and EA antigens.

Several studies failed to detect HCMV antigen expression.8-10 These

studies had some limitations in common. Sardi et al. performed IHC

with small number (n=27) of pediatric CNS tumor and only 2 cases

were diagnosed as GBM.10 Yamashita et al. performed IHC with only

10 available GBM tissues.9 German study had sufficient number of

GBM samples, but IHC method resembled the clinical method for rapid

diagnosis. Cobbs et al. who first reported the presence of HCMV

antigens in GBM, proposed crucial IHC procedures to find the low

level antigen expressions including 6 um thickness of section, antigen
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retrieval in citrate buffer and primary antibody application at 4℃

overnight incubation.
17-18

Although we obeyed recommendations as

much as possible, there was no case with strong intensity or with

positivity over 50% of tumor cells. Less than 20% of positive cases

showed moderate intensity in tumor cells. Initial conventional IHC

method did not detect the HCMV antigen expression. One study

reported about 80% of GBM cells showed HCMV IE1-72

immunoreactivity in 21 out of 21 GBM samples.
19
Proper IHC

methodology and experienced techniques might contribute to this

variation of reported results.

Increasing evidence of HCMV infection in GBM tumor suggests the

role of HCMV in GBM initiation. We compared the onset age of GBM

between negative and positive groups because the onset age might

reflect well the effect of tumor initiation. The mean age of positive

groups for pp65 and EA was a little younger than that of negative

group. However, ANOVA test indicated the gap of onset age between

the groups had no statistical significance. The proportion of GBM

patients under the onset age of 50 was not statistically different

between negative and positive groups. Some studies also failed to find

an association between glioma incidence and HCMV seropositivity.21-22

Only Iraqi study revealed a relationship between previous HCMV

infection and glioma in case-control study.6 In contrast to oncogenic

viruses like HPV or adenovirus, HCMV infection has not been proved

to induce malignant transformation from normal human tissue.

Although a few experimental studies revealed the oncogenic power of

HCMV infection,23,24 recent HCMV results including our data indicate

that HCMV infection seems to have little impact on the glioma

tumorigenesis.
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HCMV is not a typical oncovirus like HPV, EBV, hepatitis B and

adenovirus, which produces oncogenic products that affect multiple

cellular pathways under certain circumstances.
11

The term

oncomodulation was proposed to explain the indirect effect of HCMV

on pathogenesis of GBM. Oncomodulation means that HCMV infection

modulates tumor properties including proliferation, survivial, invasion

and angiogenesis by interfering with cellular pathways.

Oncomodulatory effects of HCMV infection may lead to tumor

progression.
25

The evidence of HCMV infection in GBM provides additional

therapeutic options. The Swedish group performed a randomized

double-blind clinical trial involving 42 GBM patients to investigate the

efficacy of Valganciclovir as an adjuvant therapy for GBM in addition

to the standard therapy. After 6 months antiviral therapy, median

overall survival was similar in both groups. However, explorative

analysis showed overall 2-year survival rate in patients receiving

antiviral therapy for more than 6 months was significantly higher

compared to 2-year survival rate (50% vs 20.6%, p<0.001) in control

patients.26 The same group suggested additional data that 2-year

survival rate of antiviral therapy group was 62% compared with 18%

of contemporary control group (p<0.001) with a similar clinical

situation.26 Another group conducted a clinical trial to examine the

efficacy of autologous HCMV specific T cells combined with

conventional chemotherapy for 19 recurrent GBM patients whose

median survival was known for 6 months. The median overall survival

of patients receiving HCMV-specific T cells which were expanded in

vitro, was 403 days. Moreover, 4 of 10 treated patients remained

progression-free during the trial.28 Successfully persistent HCMV
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immunity event was reported after vaccination using dendritic cells

with autologous GBM lysate. This study found that 4.4% of CD8+ T

cells were specific for HCMV pp65 after vaccination.
29
As above, the

identification of HCMV antigens in GBM may contribute to potential

therapeutic options for GBM patients.

There are some limitations in our study. The intensity of IHC

staining of pp65 and EA was not satisfactory to evaluate. We followed

the recommendations strictly and changed several procedures including

the introduction of post-fixation, the use of higher concentration

antibody, and the prolongation of incubation time after primary

antibody application; however we were not successful to find the

stronger antigen expression. Further study is required to conclude the

meaning of weak intensity whether it is the result of technical error

or the characteristic of Korean GBM tumors. Because we used TMA

blocks with 3mm core for IHC, we did not exclude a possibility of

false-negative result. When we reviewed H&E slides of GBM, we

found some GBM cases showing pathologically heterogeneous

components. But we could only evaluate a small area of GBM.

Although molecular study is required to confirm the evidence of

HCMV infection in GBM, we have not completed nested PCR to

identify the genetic product of HCMV. Our PCR experiment is

currently under way.

In conclusion, we identified the evidence of HCMV in GBM by

performing IHC in Korean patients. It is the first report of HCMV

infection in Asian GBM tumors. The presence of HCMV antigens in

the majority of GBM tumors indicates the need to study further how

HCMV infection influences the pathogenesis and progression of GBM.
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Our study result emphasizes the necessity of immunotherapeutic

treatment targeting HCMV antigen for GBM patients.
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Variables Number of cases 
in pp65 IHC (%)

Number of cases 
in EA IHC (%)

Staining intensity
Negative 17 (18.9%) 44 (48.9%)

weak 56 (62.2%) 34 (37.8%)
moderate 17 (18.9%) 12 (13.3%)

Diffuse staining 41 (45.6%) 16 (17.8%)
Cytoplasm staining 64 (71.1%) 37 (41.1%)
Nucleus staining 42 (46.7%) 17 (8.9%)
Gemistocyte staining 50 (55.6%) 28 (31.1%)
Co-expression of pp65 and EA 41 (45.6%)

Characteristics Number of GBM patients (%)
Age
Mean ± SD 58.59 ± 13.221

< 50 23 (25.6%)
≥ 50 67 (74.4%)

Gender
Male 48 (53.3%)

Female 42 (46.7%)
Specimen type

Biopsy 3 (3.3%)
Resection 87 (96.7%)

Tables and figures 

Table 1. Characteristics of GBM patients

Table 2. Results of pp65 and EA IHC staining for GBM specimens 
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pp65 negative 
staining group 

(n=17)

pp65 weak 
staining group 

(n=56)

pp65 moderate 
staining group 

(n=17)
p-value

Age     

Mean ± SD 59.53 ± 12.709 58.84 ± 13.867 56.82 ± 12.058 p=0.818

< 60 7 (41.2%) 28 (50.0%) 9 (52.9%)  

≥ 60 10 (58.8) 28 (50.0%) 8 (47.1%) p=0.999

 
EA negative 

staining Group 
(n=44)

EA weak 
staining group 

(n=34)

EA moderate 
staining group 

(n=12)
p-value

Age     

Mean ± SD 60.05 ± 12.684 56.68 ± 14.088 58.67 ± 13.048 p=0.542

< 60 18 (40.9%) 20 (58.8%) 6 (50.0%)  

≥ 60 26 (59.1%) 14 (41.2%) 6 (50.0%) p=0.548

Table 3. Relationship between pp65 IHC intensity and onset age

Table 4. Relationship between EA IHC intensity and onset age
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patient ID case 
number year pp65 

staining EA staining

patient #1 5 2007 weak 
positive

weak 
positive

patient #1 10 2008 weak 
positive

weak 
positive

patient #2 6 2007 moderate 
positive

weak 
positive

patient #2 20 2009 moderate 
positive

weak 
positive

patient #2 113 2010 weak 
positive negative

patient #2 123 2011 weak 
positive

weak 
positive

patient #3 41 2010 weak 
positive negative

patient #3 56 2011 negative negative

patient #4 31 2009 weak 
positive negative

patient #4 111 2010 weak 
positive negative

patient #5 32 2009 weak 
positive negative

patient #5 50 2010 negative negative

patient #6 110 2010 weak 
positive

weak 
positive

patient #6 57 2011 weak 
positive negative

Table 5. IHC results of specimens from the same patient
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Figure 1. IHC for CMV pp65 and EA. Results from representative GBM
tissue are shown for pp65 and EA. A, B Positive control shows strong
nuclear and cytoplasmic staining for pp65 and EA. C, D GBM cases stained
negative. E GBM tissue shows weak nuclear staining. F GBM case shows
weak cytoplasmic stain. G, H GBM cases show moderate staining
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요약(국문초록)

한국인의 교모세포종에서

거대세포바이러스 항원단백질 발현

확인

교모세포종은 전체생존률이 2년 이하인 악성 원발성 뇌종양이다. 최근 여

러 연구에서 교모세포종이 인간 거대세포바이러스 감염과 연관이 있다고

주장하고 있다. 그러나 여전히 소수의 연구는 교모세포종 내 거대세포바

이러스 감염의 증거를 찾지 못하고 있다. 게다가 교모세포종의 거대세포

바이러스 감염의 증거는 오직 서양인들에서 발생한 교모세포종에서만 관

찰되었다. 이 연구의 목적은 한국인에서 발생한 교모세포종의 거대세포바

이러스의 감염 증거를 발견하는 것이다. 우리는 2004년부터 2012년까지

분당서울대병원에서 수술받은 98개의 검체를 이용하여 3mm 크기의

tissue microarray를 제작하였다. 이전 연구에서 적은 양의 항원이 발현된

다는 점이 알려져 있어서 최초 발견 그룹의 면역조직염색 절차를 충실히

이행하였다. 거대세포바이러스의 항원으로 알려진 pp65와 EA 항원의 검

출을 면역조직화학 염색을 통하여 시도하였다. 거대세포바이러스의 pp65

항원은 81.1% (73/90) 검체에서 발견되었으며 EA 항원은 51.1% (46/90)

검체에서 발견되었다. 염색의 강도는 약한편이였으나 중등도의 염색상은

18.9% (17/90)와 13.3% (12/90)에서 나타났다. 45.6%에서 두가지 항체를

모두 발현하였다. 결론적으로 우리는 아시아 사람들에서 발생한 교모세포

종에서 최초로 거대세포바이러스 감염의 증거를 발견하였다.
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