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Human cytomegalovirus (HCMYV) has been described to
be associated with several human malignancies, though
the frequency of detection remains controversial. It is
unclear whether HCMYV plays an active role in malig-
nant tumor progression or becomes reactivated under
pathologic conditions that result in chronic inflamma-
tion or immunosuppression. In this study, we report on
the investigation of detecting HCMYV in the tumors and
peripheral blood of patients with newly diagnosed glio-
blastoma multiforme (GBM). Using immunohistochem-
istry, in situ hybridization, and polymerase chain reac-
tion amplification of viral DNA, the detection of HCMV
was investigated in tumor and blood specimens from
patients with GBM as well as in the peripheral blood of
normal volunteers and patients undergoing craniotomy
for diagnoses other than GBM. We found that a high
percentage (>90%) of GBM tumors, not surrounding
normal brain, are associated with HCMYV nucleic acids
and proteins. Furthermore, a significant proportion of
patients (80%) with newly diagnosed GBM have detect-
able HCMYV DNA in their peripheral blood, while sero-
positive normal donors and other surgical patients did
not exhibit detectable virus, suggesting either a systemic
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reactivation of HCMV within patients with GBM or
shedding of viral DNA from infected tumor cells into
the periphery. These results confirm the association of
HCMYV with malignant gliomas and demonstrate that
subclinical HCMYV viremia (presence of viral DNA in
blood without clinical symptoms of infection) is a pre-
viously unrecognized disease spectrum in patients with
GBM. Neuro-Oncology 10, 10-18, 2008 (Posted to
Neuro-Oncology [serial online], Doc. D06-00138, Octo-
ber 19, 2007. URL http://neuro-oncology.dukejournals
.org; DOI: 10.1215/15228517-2007-035)
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uman cytomegalovirus (HCMV) is a 3-herpes-
H virus endemic in the human population and

does not usually cause clinical disease except
in immunocompromised hosts."»> Human herpesviruses
have been implicated in a number of human malignan-
cies including lymphoma, nasopharyngeal cancer, cervi-
cal cancer, and Kaposi’s sarcoma.?* Recently, HCMV
antigen expression and detection of intact virus has
been reported to occur in a large proportion of malig-
nant tumors including colorectal carcinoma, prostate
cancer, skin cancer, and malignant astrocytomas.’=8
The detection of HCMV in tumors, though, has been
controversial, with conflicting reports in the literature
regarding the detection of this virus in association with
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malignancies.” " It is not known at this time whether
HCMV plays any role in the pathogenesis of malignant
brain tumors and other cancers, or whether tumor
growth simply provides an environment supportive of
local reactivation and propagation of the virus. The
presence of HCMV in tumors, whether causal or sec-
ondary to oncogenesis, may be important because of the
known potential for HCMV to modulate the growth
characteristics, invasiveness, and immunologic recog-
nition of infected cells.! 2% Because of the important
implications of an association between HCMV and
brain tumors, we chose to investigate the detection of
HCMYV proteins and nucleic acids in the peripheral
blood and tumors of patients with glioblastoma multi-
forme (GBM).

Materials and Methods

Immunobhistochemistry

Human GBM, oligodendroglioma, meningioma,
ependymoma, and normal brain surgical specimens were
obtained in paraffin blocks (with Institutional Review
Board [IRB] approval). Tumor specimens were requested
based on diagnosis only from the Preston Robert Tisch
Brain Tumor Center at Duke Tissue Bank. A total of 45
GBM cases confirmed by our neuropathologist (R.E.M.)
were selected (36 primary GBM and 9 recurrent GBM).
The group consisted of 26 males and 19 females, with a
median age of 51 years.

Specimens were sectioned (6 pm) and were blocked
for endogenous peroxidase (3% H,O,, for 12 min) and
incubated with Fc receptor blocker (10 min at 20°C;
Innovex Biosciences, Richmond, CA, USA) before the
addition of a monoclonal antibody (mAb). Immuno-
histochemistry (IHC) was performed using three-stage
horseradish peroxidase detection systems (BioGenex,
San Ramon, CA, USA; Dako, Carpinteria, CA, USA;
and Innovex Biosciences) with the following mAbs:
anti—-1E1-72 (1:25; BioGenex), anti-pp65 (1:30; Novo-
castra, Newcastle upon Tyne, UK), and antismooth mus-
cle actin (1:15; BioGenex). Antibody parameters (e.g.,
postfixation, retrieval, and incubation time) were estab-
lished for each mAb using DAB (Innovex Biosciences) as
chromogen. Primary glioma cultures established for 14
to 21 days from freshly resected GBM specimens were
fixed and permeabilized using cold methanol, followed
by postfixation for 10 min with 10% neutral buffered
formalin. Blocking of nonspecific binding was con-
ducted using biotin block and avidin block (BioGenex)
and FC receptor blockade (Innovex). Incubation with
primary antibodies using isotype controls (mouse IgG1,
mouse IgG2a; Invitrogen, Carlsbad, CA, USA), CD45
antibody (BD Biosciences, San Jose, CA, USA), pp28
antibody (Virusys, Sykesvile, MD, USA), glycoprotein B
(gB; Virusys), and HIV p17 (Virogen, Watertown, MA,
USA) was conducted for 2 h or overnight at 4°C (1 pg/ml
antibody concentration) and detection conducted using
BioGenex three-stage horseradish detection system.
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In Situ Hybridization

For detection of HCMYV nucleic acids, a biotinylated
whole genomic probe specific for HCMV DNA and
biotinylated positive control probe (specific for alu
DNA) and negative control probe (insect genomic DNA)
were obtained (BioGenex). In addition, a cocktail of six
fluorescein isothiocyanate (FITC)-conjugated 40-mer
probes spanning coding regions within the HCMV
IE1 gene and negative (nonsense) and positive control
(oligo dT) probes were obtained from GeneDetect.com.
Enzyme digestion and nucleic acid denaturation of par-
affin sections were performed using a Misha thermocy-
cler (Shandon Lipshaw, Pittsburgh, PA, USA), and slides
were hybridized overnight at 37°C in a humidified cham-
ber. Probe was detected using a supersensitive detection
system (chromogen NBT; BioGenex) employing anti-
biotin or anti-FITC detection antibodies. Competitive
in situ hybridization (ISH) experiments were done using
a 50-fold molar excess of cold specific (unlabeled TE1
probe) or nonspecific probe (unlabeled nonsense probe)
included during the hybridization steps (GeneDetect
.com).

Polymerase Chain Reaction

Thirty-four tumor specimens from patients with newly
diagnosed GBM (median age 53) were obtained in accor-
dance with the IRB and after patient consent. Twenty
patients also had peripheral blood drawn intraopera-
tively at the time of resection (median age 52.5). Periph-
eral blood from 17 normal volunteers was drawn for
evaluation of CMV DNA in the blood. These volunteers
consisted of six patients (median age 42) undergoing
surgery for a nonmalignant condition (trigeminal neu-
ralgia) and 11 health care workers at Duke (median age
46). Volunteers were obtained through advertisement
within the Duke Medical Center for volunteers over the
age of 40, and the informed consent of patients over 40
was evaluated in the neurosurgery clinic by health care
staff. The median and average ages of the GBM patient
population evaluated in this study for detection of CMV
DNA in the peripheral blood (7 = 20; 52.5 years and 54
+ 11.49 years, respectively) and normal volunteers (n =
17; 42 years and 45.8 = 10.51 years, respectively) were
not significantly different (p = 2.34). Freshly resected
GBM specimens and peripheral blood were collected
in accordance with the IRB, and DNA was extracted
from 10 mg of tissue or 20 pl of whole blood using Gen-
Script TissueDirect Multiplex PCR (polymerase chain
reaction) System (GenScript) according to the manu-
facturer’s instructions. To avoid contamination, no
positive controls were used for PCR at the same time
as clinical samples, and great care was taken to avoid
cross-contamination by extracting all DNA samples in
a separate room from where PCR reactions were carried
out. DNA was amplified by real-time PCR using primers
specific for HCMV glycoprotein B (UL5S5) gene?! and
iQ SYBR Green SuperMix (Bio-Rad). Amplified DNA
products from tumors were visualized on agarose gels
with ethidium bromide, bands were cut out, and DNA
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was extracted and analyzed by automated sequencing
(ABI 3730 and 3100 PRISM DNA Sequencers, Applied
Biosystems, Foster City, CA, USA) at the Duke Univer-
sity DNA sequencing facility. Confirmation of HCMV
sequences was performed using a National Center for
Biotechnology Information BLAST search. DNA extrac-
tions, PCR amplifications, and DNA sequencing were
repeated on several tumors in a blinded fashion to con-
firm these findings. Amplification of HCMV DNA from
peripheral blood was carried out similarly using 10-20 pl
of whole blood as starting material for DNA extraction.

Statistical Analysis

Detection of HCMYV in the peripheral blood and tissue
specimens of patients diagnosed with GBM was com-
pared with that of normal volunteers, patients under-
going craniotomy for conditions other than GBM, and
patients with nonmalignant or metastatic brain tumors
using the Fisher exact test.

Results

Immunobhistochemical Detection of HCMV Proteins

To determine whether HCMYV proteins were expressed
in malignant gliomas (MGs), we examined paraffin sec-
tions from 45 GBM specimens selected from our brain
tumor bank by IHC. Detection was conducted using a
mAb specific for the HCMV-encoded antigen, IE1-72.
IE1-72 immunoreactivity was detected in 42 out of 45
(93%) specimens examined by IHC. Strong nuclear
and cytoplasmic staining was detected in tumor cells
and occasionally endothelial cells as well (Fig. 1). How-
ever, infiltrating lymphocytes and surrounding normal
brain areas were devoid of immunoreactivity to the
IE1-72 antibody. To further confirm specific detection
of HCMV, we examined 33 of the 45 cases for reactivity
to a mAb specific for the HCMV matrix protein, pp63.
Thirty of the 33 cases (91%) were immunoreactive for
pp635 in the tumor cells but not in areas of adjacent nor-
mal brain. pp635 reactivity was in general less ubiquitous
than IE1-72 detection in tumor cells, but a majority of
tumor cells in all specimens examined displayed immu-
noreactivity against the pp65 antibody (Fig. 1; Table 1).

Tumor cells have been described as having a higher
propensity to display false-positive immunoreactivity,
either due to nonspecific binding to mAbs or higher
levels of endogenous peroxidases that react with detec-
tion substrate. To rule out the possibility of nonspecific
detection in tumor cells, we performed THC on tumor
sections with isotype- and concentration-matched con-
trol mAbs. Isotype-matched, control antibodies used
at identical concentration to the HCMV-specific mAbs
showed no immunoreactivity within tumor cells, and
an isotype-matched mAb to smooth muscle actin dem-
onstrated reactivity to blood vessels within tumor and
normal brain sections (Fig. 1A) but no reactivity with
tumor cells. Examination results of meningiomas (n =
5), ependymomas (n = 5), and oligodendrogliomas (n =
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5) were negative for detection of IE1 and pp635, except
for focal endothelial staining observed in a single case of
oligodendroglioma with the IE1 monoclonal antibody
(Table 1).

Detection of HCMV Nucleic Acids Using ISH

To demonstrate the localization of HCMV nucleic acids
in the same areas as detection by IHC within GBM
specimens, we performed ISH using a cocktail of six
overlapping 40-mer HCMV IE1 antisense DNA probes
as well as using a biotinylated whole genomic HCMV
DNA probe on selected GBM cases shown to be posi-
tive by IHC. Specific hybridization to tumor cells but
not to blood vessels or normal brain was observed in
all examined cases (7 = 16), while a guanine/cytosine
content—matched control cocktail probe consisting of
six nonsense 40-base-pair oligonucleotide probes or
negative control DNA exhibited no hybridization (Fig. 2;
Table 1). A positive-control probe specific for polyade-
nylated mRNA and alu DNA sequences hybridized with
all specimens (Fig. 2). To further confirm the specific-
ity of this detection, cold competition experiments were
performed using a 50-fold excess of unlabeled specific
or nonspecific competitor DNA. Hybridization signal
could be competed effectively with specific cold com-
petitor, while nonspecific DNA exhibited no effect on
hybridization of the IE1 probes (Fig. 2).

Immunobhistochemical Detection of HCMYV Proteins
in Primary GBM Culture

To determine whether freshly resected glioma speci-
mens from newly diagnosed patients retained virus after
propagation in vitro, we established short-term cultures
(7-14 days) from 17 GBM specimens cultured directly
after removal from the patient. Inmunohistochemical
detection of HCMYV proteins was confirmed in 16 out
of 17 GFAP-positive, astrocytic tumor cell lines using
mAbs to HCMV IE1, pp6S gB, and pp28 (Fig. 3; sum-
marized in Table 1). Isotype and concentration-matched
mAbs specific for hematopoietic cells (CD45), human
immunodeficiency virus p17, and isotypic IgG controls
showed no immunoreactivity against tumor cell lines
established in vitro.

PCR Amplification of HCMV DNA

To further confirm the presence of HCMV in MGs, we
amplified DNA extracted directly from freshly resected,
newly diagnosed GBM specimens using real-time poly-
merase chain reaction (RT-PCR). All DNA extractions
were performed in a separate tissue culture room, and
PCR amplification was conducted in a dedicated molec-
ular biology laboratory. Positive controls were validated
once and then eliminated from all test PCR amplifica-
tions, while negative controls were included on each
run to ensure that no DNA contamination occurred. To
optimize detection of HCMV, we evaluated primers and
PCR amplification conditions for six different HCMV
genes (a total of 15 different primer sets) in their capac-
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Fig. 1 (A) Immunohistochemical detection of human cytomegalovirus (HCMV) proteins: (a) negative control (no primary antibody; objec-
tive lens x10); (b) antismooth-muscle actin (mouse 1gG2a mAb; x10); (c) glioblastoma multiforme (GBM) specimen 1 stained with anti-
HCMV IE1 (mouse 1gG2a mAb, x10); (d) higher magnification of anti-1E1 staining shows positive tumor cells and endothelial cells but
negative lymphocytes and vascular intima (x20); (e) GBM specimen 2 stained with anti-HCMV IE1 showing staining of perivascular tumor
cells but lack of detection in necrotic areas (x10); (f) perivascular tumor cells stained with anti-IE1 mAb (x20); (g and h) GBM specimen
3 stained with anti-HCMV pp65 mAb showing nuclear and perinuclear staining of tumor cells scattered throughout the GBM specimen
(x10 and x20, respectively); (i and j) CMV-infected lung stained with antismooth-muscle actin mAb (x10); (k) CMV-infected lung stained
with anti-HCMV IE1 (x20); (I) CMV-infected lung stained with anti-HCMV pp65 mAb (x20). (B) HCMYV detection in matched GBM and
normal brain. Representative histochemical sections from two GBM specimens containing areas of normal brain and tumor were stained
for detection using isotype control antibodies (patient 1, left column), or anti-HCMV pp65 (patient 1 tumor, middle column; patient 2, right
column). Focal areas of reactivity against the HCMV pp65 antibody was observed throughout the tumor-involved areas, but normal brain
was devoid of immunoreactivity to the HCMV-specific antibodies (IE1 staining showed identical findings with more ubiquitous detection
of IE1 in the tumor, not shown). All photographs taken at x40 objective magnification.
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Table 1. Summary of HCMV detection in GBM specimens

GBM Primary
HCMV Tissue Specimen GBM Cultures
IE1 IHC 42/45 (93%)* 4/4 (100%)
pp65 IHC 30/33 (91%)° 12/12 (100%)
HCMYV DNA ISH 16/16 (selected cases ) not tested
gB PCR 21/34 (61.7%)° 13/17 (70.6%)
IE1 PCR 8/34 (24%)° 9/17 (63%)

Abbreviations: HCMV, human cytomegalovirus; GBM, glioblastoma multiforme;
IHC, immunohistochemistry; ISH, in situ hybridization; gB, glycoprotein B; PCR,
polymerase chain reaction.

2Other tumors tested by IHC were negative for HCMV: oligodendroglioma (n = 5;
one case exhibited focal detection of HCMV IE1 in endothelial cells but no reactivity
within tumor parenchyma); meningioma (n = 5); ependymoma (n = 5).

°PCR products were isolated from 21 gB PCR reactions and 6 IE1 PCR and confirmed
by DNA sequencing to be specific for HCMV.

ity to amplify limiting dilutions of an HCMV genomic
control template. We found primers to glycoprotein B to
be the most sensitive and consistent in detection of limit-
ing quantity of HCMV DNA and used this set of primers
to screen GBM specimens for viral DNA. We detected
HCMYV DNA in 21 out of 34 examined specimens (62%)
by PCR. Amplification of the correct size product (121
base pairs) was observed, and these bands were isolated
from agarose gels, DNA extracted, and analyzed by
direct DNA sequencing. Sequencing confirmed the prod-
ucts as specific for HCMV glycoprotein B in all 21 cases.
Variation in nucleotide sequences across the 141 base
pair products (4%-31% variation in nucleotide usage)
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demonstrated unique viral isolates in patient specimens,
indicating that viral DNA detection was not due to a
contaminating source of HCMV. Primary GBM cultures
demonstrated the presence of HCMV DNA in 13 out
of 17 cultures examined (70%). HCMV DNA was not
detected in template-negative samples or from metastatic
breast or colon cancer (7 = 3), meningiomas (n = 3),
acoustic neuromas (7 = 3), or epidermoid tumors (1 = 3;

Table 2).

Detection of HCMV in Peripheral Blood

Detection of HCMV in GBM tumors could represent a
local reactivation of virus or a systemic HCMV reactiva-
tion with specific localization of virus in astrocytomas in
the brain. To determine if virus could be detected in the
periphery, we analyzed the peripheral blood of patients
with newly diagnosed GBMs and normal volunteers for
detection of HCMV DNA using PCR. We were able to
obtain matched GBM tissue and intraoperative blood
samples from 20 patients undergoing primary tumor
resection. We found that 16 out of 20 (80%) patients
exhibited detectable viral DNA in their whole blood,
while none of the 17 normal volunteers, including 11
seropositive donors, demonstrated any detectable viral
DNA. The results indicate that HCMYV is frequently
present in patients with GBM compared with normal,
age-matched volunteers (p < 0.001). Intraoperative blood
samples taken from patients diagnosed with benign
tumors or undergoing craniotomy for metastatic tumors
also did not demonstrate detectable CMV DNA in their
blood, ruling out transient viremia induced by surgical
intervention (p < 0.01; Table 2).

Fig. 2. In situ hybridization. Detection of human cytomega-
lovirus (HCMV) nucleic acids using HCMV [E1 and whole
genomic probe. First row: CMV-infected lung hybridized
with (a) a nonsense DNA probe (negative control) and (b)
poly-AAA probe (positive control); (¢c) HCMV IE1 probe
demonstrates hybridization to large cytomegalic cells
throughout the lung specimen. Second row: (d) GBM speci-
men hybridized with nonsense DNA probe and (e) poly-
AAA antisense probe; (f) detection of HCMV IE1 in a GBM
specimen shows hybridization of tumor cells throughout
the specimen. Third row: (g) GBM specimen stained with
nonsense whole genomic probe (negative control); (h) alu
DNA probe (positive control) and (i) pan HCMV genomic
DNA probe, demonstrating HCMV detection within tumor
cells but not vasculature within the specimen. Fourth row:
Competition experiment showing ability to block detection
of IE1 hybridization using a 50-fold excess of unlabeled spe-
cific competitor DNA probe but not using an excess of the
nonsense probe; (j) lack of detection with nonsense DNA
probe; (k) HCMV IE1 antisense probe with 50-fold excess
nonsense competitor probe; (I) HCMV IE1 antisense probe
with 50-molar excess of IE1 competitor probe. Results show
localization of HCMV DNA within GBM tumor cells and
capacity to specifically compete hybridization with HCMV-
specific competitor probe.
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Fig. 3. Detection of human cytomegalovirus (HCMV) in primary glioblastoma multiforme (GBM) cultures. Short-term GBM cultures from
two patients were stained with a variety of monoclonal antibodies to detect HCMV proteins or astrocyte markers (GFAP). Cells were fixed,
permeabilized, and stained with equimolar concentrations of isotype control antibodies (mouse IgG), anti-GFAP antibody, anti-HIV p17,
anti-HCMV glycoprotein B (gB), anti-CD45, and anti-HCMYV pp28. Photos demonstrate strong nuclear reactivity of astrocytic tumor cells
to anti-HCMV gB and pp28 with scant cytoplasmic staining in two primary GBM cultures. Isotype controls and HIV p17 staining were
negative in all samples examined. CD45 immunoreactivity was observed in scattered hematopoietic cells in one culture (patient 1 GBM,

bottom left panel), but did not stain astrocytic tumor cells.

In summary, the results of our studies confirm the
association of HCMV infection with malignant astro-
cytomas initially reported by Cobbs et al.’ and dem-
onstrate a global, subclinical state of HCMV reactiva-
tion in many patients with GBM. Further studies are
warranted to determine whether HCMV plays a role in
gliomagenesis and tumor progression, or is a secondary
event resulting from global immunosuppression known
to exist in patients with MGs.

Discussion

A role for HCMV in malignant disease initiation has
long been proposed since the findings of the oncogenic
potential of the HCMYV viral particles or gene particles
in in vitro cultured cells.®?>=2% Furthermore, the estab-
lishment of lifelong latency of HCMV within progenitor
cells in the bone marrow, brain, and possibly other tis-
sues seems consistent with a predisposing risk factor for
viral transformation of immortalized and pluripotent
cell types.26=3% However, a simpler and more plausible
explanation for virus detection in cancer patients is a
secondary reactivation of virus after cancer-related, and
possibly treatment-related, immunosuppression. GBMs
are known to exert a variety of local and systemic immu-
nosuppressive effects in patients, all of which could con-
tribute to the establishment of an environment permissive
of HCMV reactivation.?! Among other immunosuppres-
sive factors, we have found that newly diagnosed patients

with GBM are often profoundly lymphopenic, with par-
ticular deficits in their CD4+ T-cell compartment that
result in impaired cell-mediated immunity.3233 Given
the known role of the cellular immune system in main-
taining viral latency, cell-mediated immunologic defects
in patients with GBM and other cancers may cause viral
reactivation and propagation. In addition to being sus-
ceptible to tumor-related immunosuppression, patients
with GBM are often placed on corticosteroids at the
time of diagnosis, which has a known capacity to elicit
further immunosuppression that could lead to HCMV
reactivation.?* Thus, our findings and those reported by
Cobbs et al.® could simply be attributed to a subclini-
cal reactivation of virus secondary to tumor-related or
treatment-related immunosuppression. However, viral
reactivation secondary to treatment-related immunosup-
pression is an unlikely mechanism because newly diag-
nosed patients with GBM at our institution have usually
undergone less than 2 weeks of corticosteroid therapy
prior to resection, and the detection of virus in the blood
and throughout the tumor specimens at the time of ini-
tial resection seems indicative of viral reactivation and a
more prolonged course of viral replication.?® Studies in
patients undergoing bone marrow transplantation and
organ transplantation who are placed on much more rig-
orous immunosuppressive regimens demonstrate a time
course of HCMYV reactivation, typically on the order of
several weeks to months posttherapy.3®3”

A few lines of evidence, however, support a more
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Table 2. HCMV gB PCR detection in matched blood and tumor samples

Blood vs. Tumor

Other Brain Tumors?

Metastatic® Tumors Normal Volunteers

Detection of gB GBMs

Blood(+)/tumor(+) 10/20 (50%) 0/3 (0%)
Blood(+)/tumor(-) 6/20 (30%) 0/3 (0%)
Blood(-)/tumor(+) 1/20 (5%) 0/3 (0%)
Blood(-)/tumor(-) 3/20 (15%) 3/3 (100%)
Blood(+) overall 16/20 (80%) 0/3 (0%)

Blood(-) overall 4/20 (20%) 3/3 (100%)

0/3 (0%) NA
0/3 (0%) NA
0/3 (0%) NA
3/3 (100%) NA
0/3 (0%) 0/17 (0%)

3/3 (100%) 17717 (100%)

Abbreviations: HCMV, human cytomegalovirus; gB, glycoprotein B; PCR, polymerase chain reaction; GBM, glioblastoma multiforme.

2Other brain tumors: acoustic neuroma (1), epidermoid (1), meningioma (1).

bMetastatic tumors: breast cancer (2), colon cancer (1).

closely linked association of HCMV with GBM. The
frequency of detection of virus in tumor samples in our
studies is higher than the expected frequency of latently
infected individuals in the population (50%-70%), so
one would expect that if HCMV were simply second-
arily reactivated by immunosuppression in these patients
that a frequency more closely linked to the general
population would be found. The seropositive status of
patients whose tumors were examined from our tumor
bank is unknown, however, and much larger epidemio-
logic studies beyond the scope of this report would be
needed to provide any meaningful investigation of this
type of analysis.

As reported by Cobbs et al.,’ we have also detected
HCMYV proteins and nucleic acids in the tumors—but
not surrounding normal brain—of patients with MGs.
Preferential viral replication within astrocytomas may
be explained by the relative permissiveness of astrocytes
and neural progenitors to HCMV infection compared
with other brain-cell types.33-40 Of interest, astrocytoma
cell lines have been used for years to propagate HCMV
in vitro because they are one of the few permissive cell
lines that allow for culture of the virus.***> Another
plausible explanation for preferential viral tropism in
brain tumors is recent identification of the epidermal
growth factor receptor (EGFR) as a cellular binding and
incorporation site for the entry of HCMV into cells.*3
GBMs almost uniformly demonstrate amplified EGFR
expression, while normal brain is largely negative.*4-4¢

We noted that IHC was more sensitive in our hands in
the detection of CMV than PCR (Table 1). We attribute
this difference to the fact that normal brain and necrotic
tissue, which may be included in the gross tumor speci-
mens provided during resection, are devoid of CMV;
thus, sampling error may result in missing CM V-infected
viable tumor when directly extracting DNA from small
quantities of tissues for PCR. This sampling error is
avoided during IHC evaluation since viable tumor tissue
is selected by a trained neuropathologist prior to immu-
nohistochemical evaluation. We have also observed that
IE1 is generally more ubiquitously expressed in GBM
tissue than pp63, and in a minority of tumor samples,
focal reactivity could be observed (Fig. 1B). While evalu-
ation of the demographics and prognosis of the few cases
where a focal pattern was observed did not reveal any
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distinguishing characteristics, a more extensive evalua-
tion of the levels of CMV in GBM tissue—based on quan-
titative PCR analysis, immunohistochemical evaluation
of large areas of tumor, or intracellular FACS analysis
of CMV proteins in dissociated tumor tissue—may
reveal whether the levels of CMV or staining patterns
have any prognostic or predictive value. Such analysis is
the focus of future research.

Regardless of whether HCMV is an early or late
event associated with gliomagenesis, the presence of
the virus within tumor cells holds significance for sev-
eral reasons: (1) HCMYV is known to down-regulate the
immunogenecity of infected cells through inhibition of
antigen presentation, down-regulation of surface MHC
expression, elaboration of TGF-B from infected cells
(particularly astrocytes), and secretion of a viral inter-
leukin 10 homologue (vIL-10).#7-* All of these factors
may contribute to the immunologic evasion of infiltra-
tive tumor cells and make MGs more difficult for the
immune system to eradicate. (2) HCMV could modu-
late other properties that could contribute to a more
malignant phenotype in tumor cells, including increas-
ing angiogenesis, invasiveness, and cell proliferation, as
well as decreasing susceptibility of infected tumor cells
to cell death through blockade of apoptopic pathways.!”
(3) The presence of viral antigens specifically in tumor
cells lends the potential for targeting HCMV as a tumor-
associated antigen in gliomas, lending the vast array of
reagents and extensive experience in immunotherapeutic
targeting of HCMV as tools to leverage against malig-
nant brain tumors.*°

Three other groups recently investigating the pres-
ence of HCMV in gliomas have failed to confirm the
findings published by Cobbs et al.’ and reported by us
in this manuscript.'>"'* While the reasons for these dis-
crepancies are unclear, one possibility is differences in
the sensitivities of the assays employed by the different
investigators’ laboratories. We have found, for instance,
that detection of HCMV by IHC in brain tumors
requires optimal antigen retrieval as well as blockade
of nonspecific binding of isotype controls; IHC proto-
cols using less optimized processes revealed negative
detection in tumors. Nonoptimized staining protocols,
however, were sufficient for detection of HCMYV in cases
of HCMV pneumonia used as positive controls in this



study. While quantification of viral load was not exam-
ined in this study, these results, and the fact that GBM
patients do not exhibit clinical signs of HCMV infec-
tion, suggest that very low levels of virus may propagate
within these patients and require more sensitive detec-
tion methods than are necessary for detection in cases
of symptomatic viral infection. Also, extensive compari-
son of primer sets and PCR detection methods revealed
variability among the sensitivities of various primer sets
and PCR conditions using known concentrations of viral
standards. Our efforts at optimizing the recovery of low
levels of viral DNA and PCR amplification of HCMV
DNA have demonstrated that detection of HCMV levels
present in patients with MG is not a trivial issue; there-
fore, controls having limiting quantities of virus should
be used to ensure retention and detection of small num-
bers of viral copies per sample. Ultrasensitive detection
techniques run the risk of detecting latent viral genomes
persistent in a very small fraction of cells present in nor-
mal hosts. However, our inability to detect HCMV viral
DNA in the whole blood of normal hosts or patients with
nonmalignant brain tumors indicates that our detection
methods are likely not sensitive enough to pick up latent
virus and demonstrates a specific association of HCMV
with GBM tumors.

We found that direct isolation of DNA from tumor
samples and blood was consistently more reliable in
detection than using DNA purification prior to PCR
amplification, where detection of low-copy viral DNA
required considerably larger sample size in order to
purify sufficient viral DNA (Mitchell et al., unpublished
data). Because we have confirmed the amplification of
HCMYV by DNA sequencing in more than 21 GBM
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samples, we are confident that our detection is due nei-
ther to artifact nor contamination by laboratory viral
DNA. Consistent negative results obtained in samples
from normal patients further support this conclusion.
Finally, it is possible, based on the demographic profile
of patients examined within various laboratories report-
ing on HCMYV detection, that wide variation in HCMV
association may exist, although we do not think this is
likely to explain the inability of some laboratories to
detect HCMYV in association with GBM.

These findings warrant further study to determine
whether the presence of viral DNA in the blood or
tumors of patients, or quantification of viral load among
HCMV-positive patients with GBM, holds any prog-
nostic or predictive significance. Studies are underway
in our laboratory to determine the clinical significance
of HCMYV detection in patients with GBM, along with
efforts aimed at targeting these tumors through use of
HCMV-targeted immunotherapy.
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