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Abstract

Purpose—Reports of cytomegalovirus (CMV) detection in high-grade gliomas (HGG)/
glioblastoma (GBM) have been conflicting. We undertook a comprehensive approach to determine
presence or absence of CMV in tissue, plasma and serum of HGG patients.

Experimental Design—In a retrospective arm, 25 fresh frozen tissues from GBM patients were
tested for CMV by real-time PCR. Tissue microarrays from 70 HGG patients were tested by
immunohistochemistry (IHC) and 20 formalin-fixed paraffin-embedded (FFPE) GBM tissues by
IHC and chromogenic /n situ hybridization (CISH), targeting CMV-encoded IE1/2 and pp65. In a
prospective arm, 18 patients with newly-diagnosed HGG provided tissue and blood samples.

Results—All retrospectively collected tissues were negative for CMV by all methods. In the
prospective cohort, 18 patients with newly-diagnosed HGG provided blood samples at the time of
diagnosis and during follow-up. Of 38 plasma specimens, CMV DNA was detected in 3 of 18
samples at baseline and 1 of 20 follow-up samples. Serum CMV IgG was positive in 8 of 15
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(53%) of patients. Among the FFPE samples tested in the prospective arm, all were negative for
CMV by IHC, CISH and PCR.

Conclusions—Uitilizing 6 highly-sensitive assays with 3 orthogonal technologies on multiple
specimens and specimen types, no evidence for CMV in GBM tissues was found. Our findings call
for multicenter blinded analyses of samples collected from different geographical areas with
agreed upon study designs and determination of causality or lack thereof of CMV in HGG/GBM
for future guidance on the necessity anti-viral and/or CMV-based therapies.
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Cytomegalovirus; glioblastoma (GBM); anaplastic astrocytoma; immunohistochemistry (IHC); in-
Situhybridization

Introduction

The question of whether cytomegalovirus (CMV) plays a role in gliomagenesis and whether
antiviral therapy would modify the prognosis and outcome of patients with gliomas, has
been intensively debated since the initial report on CMV detection in GBM tissues. While
several groups reported on their ability to detect CMV (1-9), others were unable to replicate
these finding, raising questions about the assays used and their sensitivities for CMV
detection (10-16). The ongoing controversy of CMV detection in gliomas has significant
clinical implications since suppression of CMV replication with antiviral therapy could
potentially modify the prognosis of these cancers. If CMV plays a role in glioblastomas
(GBM), future clinical trials could potentially support changes to its standard of care. In
addition to antiviral therapy, the presence of CMV in GBM may suggest that
immunotherapies, such as anti-CMV vaccines (e.g., clinicaltrials.gov NCT01109095) might
be of value (17-19).

We undertook a comprehensive approach for the detection of CMV in HGG. Using
retrospectively-collected HGG tissues, and prospectively collected samples from newly-
diagnosed HGG patients who underwent standard therapy with radiation and chemotherapy,
we investigated whether CMV was present in tumor cells or in the tumor microenvironment.
Three complementary technologies: real-time PCR for CMV DNA (two different genomic
targets), chromogenic /n situ hybridization for CMV DNA (from two distinct genome
regions), and immunohistochemical staining (against two different CMV polypeptides) were
used for this analysis.

Materials and Methods

Retrospective specimen collections

Archived HGG samples for CMV detection included fresh frozen tissue (7= 25), formalin-
fixed paraffin embedded (FFPE) whole sections (/7= 20) and a separate set of FFPE tissues
in a microarray (n = 70). Methods used for CMV detection with each sample type are
summarized in Table 1.
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Prospective cohort of newly-diagnosed HGG

Adults with newly diagnosed high-grade gliomas (WHO grade 111 or IV) who were
scheduled to undergo standard chemoradiation followed by adjuvant temozolomide were
asked to participate in this IRB-approved research protocol. Formalin-fixed paraffin
embedded (FFPE) tumor tissue obtained from the surgery that led to the diagnosis of HGG
was used for CMV detection by real-time PCR, chromogenic /n-situ hybridization (CISH)
and immunohistochemistry (IHC). Serum and plasma samples, collected at baseline prior to
the start of chemoradiation, were assayed for CMV IgG avidity and real-time PCR,
respectively. Additional plasma samples were collected at follow-up visits for real-time PCR
(usually at the time of scheduled MRI scans) for as long as the patient agreed to participate.
Beta-actin was tested as a housekeeping gene (quality control) to assure sufficient DNA in
the tested samples. Serum 1gG avidity index was determined using standard ELISA analysis
(Focus Diagnostics, Cypress, CA). Interpretive criteria for the ELISA assay were: An index
of <50 was considered low, 51-59 intermediate, and > 60 high. A total of 11 FFPE whole
sections, 38 plasma samples, and 15 serum samples were tested within this prospective
cohort.

DNA extraction and real-time PCR

FFPE Tissues—FFPE blocks (prospective cohort) initially underwent pathological review
to determine tumor cellularity. Tumors were then macrodissected to remove surrounding
normal tissue. DNA was extracted using the DNA FFPE tissue kit (Qiagen, Valencia, CA),
following the manufacturer’s instructions.

Fresh Frozen Tissues—Patient samples were obtained as excess tissues not needed for
diagnosis from tissues removed from patients undergoing resection and found to have
glioblastoma or high grade gliomas by immediate frozen section analyses. Samples were
snap frozen and processed later for DNA extraction. DNA was isolated using the Qiagen
DNeasy tissue kit (Valencia, CA), following the manufacturer’s instructions.

Plasma—Plasma samples were tested for the presence of CMV DNA by both the
quantitative CMV US17 real-time PCR assay and the COBAS AmpliPrep/COBAS TagMan
CMV IVD test. DNA was isolated from plasma samples for CMV US17 real-time PCR
using automated DNA extraction on the Biorobot M48 instrument with the Virus Mini
protocol and MagAttract Virus Mini Kit (Qiagen, Valencia, CA). The sample input volume
was 400 L, and the elution volume was 100 pL. For the COBAS AmpliPrep/COBAS
TagMan CMV VD test (Roche Diagnostic Corp., Indianapolis, IN), nucleic acid extraction
is the first process performed by the instrumentation.

Real-time PCR—The US17 real-time PCR assay used for fresh frozen tissues
(retrospective collection), FFPE tissues and plasma samples (prospective cohort) targets a
151-bp fragment from a highly conserved region of the CMV genome. The primers and
probe for US17 were: forward - 5" GCGTGCTTTTTAGCCTCTGCA-3, reverse 5'-
AAAAGTTTGTGCCCCAACGGTA-3" and US17 probe FAM -5’
TGATCGGGCGTTATCGCGTTCT-3" (20). Quantification standards were prepared by
cloning the US17 amplicon in the pCR2.1-TOPO plasmid vector (Invitrogen/ThermoFisher
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Scientific, Carlsbad, CA). Serial 10-fold dilutions of plasmid from 7.0 to 1.0 logyg copies/
reaction were included with each assay and used to establish a standard curve. The
measurable range of the assay is 1.0E+02 to 1.0E+08 copies/mL and the limit of detection is
1.0E+02 copies/mL. This assay has been used extensively in our laboratory to detect CMV
DNA and measure CMV loads in different body fluids (21). Beta-actin real-time PCR was
used to assess efficiency of DNA extraction from FFPE tissues (Applied Biosystems/
ThermoFisher Scientific, Foster City, CA).

In addition to US17 real-time PCR, CMV DNA in plasma was quantified using The COBAS
AmpliPrep/COBAS TagMan CMV test which is based on simultaneous amplification,
detection, and quantification of both target CMV DNA and internal control quantitative
standard. The measurable range for this assay is 1.37E+02 to 9.10E+06 1U/mL, and the limit
of detection is 9.1E+01 IU/mL. Results can be converted manually to CMV DNA copies/mL
by multiplying the result in 1U/mL by 1.1 copies/IU.

Immunohistochemistry (IHC)

Immunostaining of glioblastoma TMA sections was performed with PowerVision kit
according to the manufacturer’s protocol (Leica Biosystems). Briefly, the slides were heated
at 60°C for 10 min, deparaffinized and hydrated through xylene, graded ethyl alcohols,
dH,0, dH,0 with 20% Tween 20 (P-7949, Sigma-Aldrich). After antigen retrieval (25
minutes of steaming in citrate buffer using Black and Decker Handy Steamer Plus), sections
were treated 5 minutes with Dual Blocking Solution (S2003, Dako) and incubated overnight
at room temperature with either mouse monoclonal antibody against CMV pp65 protein
(VP-C422, Vector Laboratories, Burlingame, CA; 1:800) or mouse monoclonal antibody
against CMV immediate early antigen (MAB810, Millipore, Billerica, MA,; 1:8000)
followed by secondary anti-mouse 1gG-reagent provided in the Powervision+PolyDAB kit
(PV6119, Leica Biosystems). Immunostaining was visualized with DAB chromogen
(D4293, Sigma-Aldrich) and sections were counterstained with Mayer’s hematoxylin.

Control experiments for CMV protein detection by IHC were carried out using human
foreskin fibroblasts passage 12-16 (ATCC, CRL-2088) that were either mock infected
(negative control cells) or infected with the CMV Towne strain (ATCC VR-977) (positive
control cells) for 72 hours (Figure 1). Cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM) containing 10% fetal bovine serum (FBS) (Gibco, Carlsbad, CA) in a 5%
CO», incubator at 37 °C. After infection cells were harvested by trypsinization, washed with
PBS and transferred to a microfuge tube that had been prepared with a 2% solidified agarose
plug at the bottom. The cells were then centrifuged to form a pellet and fixed in neutral
buffered formalin overnight at room temperature by gentle layering of formalin on freshly
isolated cell pellets and then and were processed and embedded into paraffin blocks by
slicing the tube and placing the sliced tube into a tissue cassette for tissue processing and
embedding (22) to simulate FFPE tissue. CMV positive tissues from surgical gastrointestinal
mucosal biopsies, that were fixed in formalin and processed in the CLIA clinical lab
similarly to the clinical brain FFPE tumor tissues used in this study, were also used as
additional positive controls (Figure 1). Prostate tumor and normal tissues (negative for
HCMYV DNA (23) were used to construct a tissue microarray using 48 tissue cores from 8
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patients (2-4 each tumor and normal per patient). These served as additional negative
controls for the IHC.

In situ hybridization (CISH)

In conjunction with Advanced Cell Diagnostics (ACD) we designed two probe sets that
recognize two distinct regions of the CMV genome (ACD 425971 — V-HHPV5-IE1 and
ACD 425981 - V-HHPV5-PP65) which are specific for CMV DNA and not RNA. CMV-
infected human foreskin fibroblasts prepared into FFPE blocks were used as positive control.
As a control for brain tumor tissue DNA integrity for in situ hybridization we designed an
ACD probe set that recognizes human telomeric DNA (22 and Q Zheng, C Heaphy, AM
Meeker, AM De Marzo, manuscript in process). Mock infected fibroblasts prepared
identically into FFPE were used an isogenic negative control to demonstrate specificity of
hybridizations. Chromogenic /n situ hybridization was carried out according to the
manufacturer’s instructions for RNA detection (Advanced Cell Diagnostics (ACD)
RNAscope 2.0 Brown Kit) (25). FFPE slides were baked at 60°C for 1 hour, then
deparaffinized with exposure to xylene twice, 10 minutes each time, followed by stirring in
100% ethanol twice and air-drying, then rehydration with dH,O for 2 minutes. Pretreatment
solution 1 was applied to the slides for 10 minutes at room temperature. The slides were then
boiled in pretreatment solution 2, at 100°C for 15 minutes, followed by protease digestion in
pretreatment solution 3 for 30 minutes at 40°C to allow target accessibility. ACD target
probe (HCMV IE1, ACD 425971 or HCMV pp65, ACD 425981) was applied and the slides
were incubated in a HybEZ TM Oven at 40°C for 2 hours. Slides were washed twice with
1x wash buffer for 2 min at room temperature. Signal amplification steps followed:
amplification reagents 1, 3 and 5 were incubated for 30 minutes, amplification reagents 2, 4
and 6 for 15 minutes; amplification steps 1, 2 and 4 took place in the oven at 40°C, 5 and 6
at room temperature. Slides were washed with the 1x wash buffer between each
amplification step. DAB solution was applied for 10 minutes at room temperature, and slides
were washed with dH»0. 50% Gill’s Hematoxylin was applied for 2 minutes for
counterstaining, slides were then rinsed in 0.01% ammonia dH,0 for 10 seconds. Slides
were passed through 100% ethanol, then xylene and coverslipped with Cytoseal mounting
medium. CMV-infected and non-infected human foreskin fibroblasts (Figure 1) and CMV
positive gastrointestinal (colonic mucosal) tissues (Figure 2) were used as positive controls.

Tissue microarray construction

FFPE glioblastoma tissues were obtained from the pathology archives of Johns Hopkins
Hospital for the construction of a TMA (tissue microarray) by the Oncology Tissue Services
Laboratory at the Johns Hopkins Medical Institutions. Details of TMA preparation have
been described elsewhere (26). Each tumor was spotted 4-8 times for TMA construction
with 0.6 mm punches.

Statistical considerations

All outcome data are presented with standard descriptive summaries.
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Results

Retrospective tissue dataset analysis

Fresh frozen tissues from 25 patients with GBM were analyzed by a highly sensitive US17
real-time PCR for presence or absence of CMV. All 25 patients had the diagnosis of GBM
(WHO grade 1V). Median age was 46 (range, 2-79; 56% male, 44% female). All samples
were negative for CMV by real-time PCR (Supplemental Table 1). Positive control tissues
consisted of DNA isolated from FFPE tissue biopsies with known positive CMV status from
both colon and gastric mucosal biopsies.

The presence of CMV DNA was also interrogated by two novel /in situ hybridization assays
developed in conjunction with ACD, in which each probe set detects a different region of the
CMV genome. This approach, which is identical to using ACD RNAScope, except the
probes are designed to hybridize to the antisense DNA strand instead of the transcribed
sense strand of RNA, has been shown to detect single molecules in single cells (25, 27).

Both probe sets (ACD 425971 — V-HHPV5-1E1 and ACD 425981 — V-HHPV5-PP65)
showed strongly positive hybridization signals in the control HCMV infected cells but not in
the mock infected cells (Figure 1). The majority of the signals were nuclear, but some signal
was also present in the cytoplasm, consistent with the life cycle of CMV. We verified that the
assay was specific for DNA by pre-treating slides with either RNAse or DNAse and found
that there was no signal reduction with RNAse, but a substantial reduction with DNAse
pretreatment (data not shown).

To gain insight into the sensitivity of these assays, we infected the same human fibroblasts
used as negative control cells with different multiplicity of infection plaque forming units (2,
0.2, 0.02, 0.002) and harvested the cells after 3 hours of infection before new viral particles
were produced. Supplemental Figure 1A shows that both probe sets displayed robust signals
in cells infected with MOI of 2, with many less cells with signals using a MOI of 0.2. No
signals were detected in cells infected with MOI of 0.02 or 0.002.

Assay performance was also confirmed using known CMV positive human biopsy tissues
which were strongly positive for hybridization signals using both probe sets (Figure 2).
Using these /n situ hybridization assays on a set of 30 cases (11 prospective and 19
retrospective) of high grade glioma FFPE clinical specimens showed that none were positive
for either probe (summarized in Supplemental Table 2; representative example in Figure 3)i.
As a positive control for DNA integrity for /n-situ hybridization using this ACD technology,
we used a novel probe set against human telomeric DNA, and as shown in Supplemental
Figure 2, there were robust signals within nuclei consistent with telomeric DNA foci (22) in
all samples tested.

The presence of CMV proteins in tissue samples was tested by IHC assays, targeting either
IE1 or pp65, using the same tissues in which adequate tissue was present (N= 27 of 30).
Figures 1 and 2 show that the IHC assays show similar specificity to the /n-situ probe sets.

I0ccasional weak signals were detected in a small minority of cells for both probes; these cases are considered negative (e.g. signals
are considered non-specific background) since similar weak nuclear signals can be seen at times using bacterial probes in human cells.
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In terms of sensitivity of the IHC assays, there were robust signals in human fibroblasts
infected with HCMV MOI of 2, and 0.2, with some positive staining for IE1 protein down to
an MOI of 0.02 (Supplemental Figure 1B). While these results do not reveal a precise
number of molecules per cell that can be detected, it is clear that even rare cells infected
with low levels of HCMV DNA can be detected after 3 hours of infection.

All 27 human brain tumor tissues were negative for CMV IE1 and pp65 protein
(Supplemental Table 2). To expand the number of and type of specimens examined, we
performed IHC using the same antibodies on samples from a tissue microarray (TMA) of 68
GBM (WHO grade 1V) and 2 malignant gliomas (WHO grade 111), that included 24 pediatric
tissue samples (age <18 years). IHC was negative in all of the TMA samples (Supplemental
Table 3; representative example in Figure 3). To determine the tissue integrity for IHC
staining we performed IHC against vimentin (28) and the proliferation marker Ki67, which
is commonly used in both clinical and research laboratories for IHC. All tissues with enough
tumor tissue available showed robust staining for both markers (Supplemental Table 2, and
Supplemental Figure 3). We did not perform in situ hybridization on the TMA because
samples were significantly older (taken between 1987 and 2009) and we have found that
ACD in situ hybridization signals on tissues more than 5 years old are generally markedly
diminished (J Baena Del Valle, Q Zheng, AM De Marzo, manuscript in process).

To further assess the specificity of our IHC assay and to determine whether altered
conditions could generate false positive signals, we performed another set of experiments in
which we altered the dilution of our antibodies for IHC staining. We reasoned that any
signals obtained in our negative control fibroblast cells, that are consistently negative for
CMV DNA by a highly sensitive PCR assay, are false positive signals. Using the 8B1.2
mouse monoclonal antibody (Millipore #MAB810), our determined optimal antibody
dilution was 1:8000. However, when we used a higher concentration of antibody (from e.g.
1:500), there was false positive staining and this was even more marked at a final dilution of
1:50 (Supplemental Figure 4A). Thus, by simply altering the concentration of the primary
antibody we can generate false positive signals. Similarly, we obtained false positive staining
using the anti-pp65 monoclonal antibody by IHC when we dropped the dilution from our
optimal dilution of 1:800 to either 1:50 or 1:10 (Supplemental Figure 4B). In terms of
detecting CMV protein in human brain tumor FFPE sections, when we applied the 8B1.2
1E1 antibody at 1:50 to a number of the same brain tumor samples used above, we obtained
positive staining (ranging from weak to robust) in all cases that had tumor tissue to evaluate
(18 of 20). An example of intermediate levels of staining with the IE1 antibody is shown in
(Supplemental Figure 5). These results showing that we can readily obtain positive IHC
signals in human brain tumors with both antibodies when using suboptimal antibody
concentrations (without changing any other parameters of staining) provide a plausible
explanation why some studies using IHC have found positive staining in human high grade
gliomas; false positive staining can be readily achieved simply by using high antibody
concentrations with antibodies that are otherwise thought to be specific.
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Prospective patient cohort

Between September 2012 and August 2013, 18 patients with newly-diagnosed HGG were
enrolled in a prospective protocol. These included 10 patients with GBM, 2 with
gliosarcoma and 6 with anaplastic astrocytomas. The median age of the participants was 56
years (range, 30-89) and 50% were male. Available tissue samples were analyzed for CMV
using real-time PCR, CISH and IHC, using the same protocol as for the retrospective tissue
samples (see above). Real-time PCR for CMV was negative in all samples (n=8; 3 tissues
were eliminated from the analysis due to a negative p-actin PCR result; for 7 tissues, no
sufficient tissue was available for analysis as part of this research study). Analysis by CISH
(n=11) and IHC (n=8) was also negative (Table 2). The serum IgG avidity index for CMV
was determined at enrollment to assess for recent or past prior infection. Eight of 15 (53%)
patients were CMV-seropositive (n=15; index range, 0.55 to 0.82), a prevalence consistent
with the lower end of that reported in the general population (20, 21). Of 38 plasma samples
that were collected at baseline and during participation in the study, low level viremia was
detected by US17 real-time PCR in 3 samples at baseline (Table 2) and only in one follow-
up sample. Of the 4 low level positive samples by the CMV US17 assay, 3 were also low
level positive by the COBAS AmpliPrep/COBAS TagMan CMV test. All 4 patients with
positive CMV DNA were seropositive at baseline as determined by the serum 1gG avidity
index.

Discussion

Using 3 different highly-sensitive and specific tissue-based detection methods (real-time
PCR, CISH, and IHC) and several different specimen procurements, including fresh frozen
tissue samples and archived FFPE samples, we did not detect CMV in tissues from patients
with HGG. This included patients who were CMV seropositive (53% of patients in the
prospective cohort). Our data are consistent with other reports that also did not identify
CMV in tissue of patients with these cancers (10-16), but they stand in contrast to several
studies by other investigators that reported on detection of CMV in the majority of tissues
and cells analyzed (1-9). The key question underlying this controversy is how different
investigators and laboratories could come to entirely opposite conclusions when studying the
same cancer type and virus. Reporting on absence of CMV in gliomas, especially if several
other groups reported high detection rates, raises the question of whether our results may be
false negative due to technical problems or lack of sensitivity of our assays. This question
has been previously raised in the literature in the context of a report stating that CMV could
not be detected with standard pathological and virological diagnostics (12). It was argued
that the detection limit of the IHC assay used with standard techniques may have been too
low, leading to false negative results (12, 27). Since we used several rigorous and highly
sensitive methodological approaches, the probability that CMV was prevalent in the tissue
samples and yet could not be detected is very low. The US17 real-time PCR assay is highly-
sensitive and can detect CMV DNA down to a level of a few copies per reaction. Recent
advances in the ability to perform C/SH on FFPE tissues using commercially available
probes and staining kits have led to dramatic improvements in the ability to routinely
interrogate the presence, localization and relative levels of RNA or DNA species /n situ (25,
27, 30). Improvements in assay specificity results from the requirement for simultaneous
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hybridization of two separate but adjacent probes for signal detection, and assay sensitivity
results from amplification of the signals based on both branching DNA hybridizations and
enzymatic reactions. The Advanced Cell Diagnostics (ACD) commercial C/SH assay can
detect a single DNA or RNA molecule in individual cells (25, 27, 31). Moreover, almost half
of our prospective population was CMV seronegative, and it would be highly unlikely that
relatively high tissue levels of CMV would be present without evidence of prior infection by
serum immunological measures such as the one used here. In all, the combination of several
techniques applied in this study is appropriately powered to detect low level CMV and poor
sensitivity is an unlikely to explanation for our results.

The blood-based analysis of patients in the prospectively studied cohort in this report
highlights several key points: Although the number of patients was small, results from the
CMV IgG avidity assay were consistent with seropositivity rates in the general population.
In other words, the rate of seropositive patients was not increased, which might have
supported the hypothesis of a linkage between CMV reactivation and gliomagenesis. Three
patients had detectable but relatively low CMV DNA copies at baseline, prior to
chemoradiation. Interestingly, however, in these patients CMV DNA was not detected during
follow-up testing. Only one patient was found to have viremia during follow-up.

Our study had several limitations. These included the relatively low number of patients that
were enrolled in the prospective cohort and in some cases the limited amount of available
tissue so that not all tissues could undergo analysis by real-time PCR, IHC and CISH (Table
2).

Our findings do not support an association of CMV with HGG or a role of CMV infection in
gliomagenesis. Nonetheless, there are reports suggesting potential activity of antiviral
agents, including valganciclovir, in gliomas (32, 33). Based on our findings and findings by
others, however, we suspect that this phenomenon is unrelated to CMV, and that if indeed
these drugs have clinically relevant anti-tumor activity in these patients, then it is likely that
those effects may have another, CMV-independent antineoplastic effect in gliomas.

In contrast to another herpes virus, HHV8, which since its initial report of detection was
confirmed to be the cause of AlDS-associated Kaposi’s sarcoma (KS) (34), in the case of
CMV, its inconsistent detection in GBM led to the hypothesis that when present it might
modulate the behavior of this cancer. However, as we show in our study many patients with
GBM are seronegative for CMV, and the virus cannot be detected in tumor tissue in either
seropositive or seronegative individuals using three diagnostic modalities with 6 different
tests. While our methods are highly sensitive for detection of CMYV, it is still possible that
there is CMV present in some patients (e.g. less than a few copies per many thousands of
tumor cells), but that it is below the level of detectability. However, we submit that in this
case there are no known molecular or cellular mechanisms by which such low levels could
drive cancer. Further, we provide a plausible explanation regarding the reports of positive
IHC staining in that a positive stain can be technically achieved by simply changing the
antibody concentrations.
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A number of recent studies used bioinformatics approaches to test for the presence of
HCMYV DNA in unmapped, non-human, next generation sequencing reads, and these studies
reported either the complete absence of HCMV, or, the present of sporadic low level HCMV
reads homologous to HCMV laboratory expression vector sequences (Supplemental Table
4).

In summary, our findings support prior studies indicating absence of CMV in human glioma
tissues. Because of the importance of this topic, and the continued controversy (e.g. a
consensus conference proceedings published in 2012 indicated that “there is sufficient
evidence to conclude that HCMV sequences and viral gene expression exist in most, if not
all, malignant gliomas”) (35), we suggest that an independent study, coordinated by a central
neutral laboratory with expertise in human viral-disease related testing and research be
performed. Identical proficiency samples could be distributed by the coordinating center to
multiple investigators for CMV testing by their individual respective methods. To increase
the credibility of the final study results, the study would also be designed to include centrally
coded blinded control samples (both positive and PCR-negative) for both solution-based and
in-situbased (e.g. in-situ hybridization and IHC) methods. A similar approach was used
previously to help settle questions regarding another highly controversial association
between a virus and human diseases (e.g. prostate cancer and chronic fatigue syndrome) (36,
37).

Statement of Translational Relevance

Over the past years, there has been significant controversy regarding a potential association
between cytomegalovirus (CMV) and glioblastomas (GBM) and other high-grade gliomas
(HGQG). This is of great importance as clinical trials are being conducted that are based on
the hypothesis that CMV is associated with and/or has a causative relationship with HGG/
GBM. Despite comprehensive analysis of several different specimen collections, including
fresh frozen and formalin-fixed, paraffin-embedded tissue, with 6 highly sensitive assays, we
did not detect CMV in any of the samples studied. Our results call for an independent
multicenter blinded analysis of samples collected from different geographical areas
throughout the world with agreed upon study designs and determination of causality or lack
thereof of CMV in HGG for future guidance on anti-viral and/or CMV-based vaccine
therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Analytical validation of CISH and IHC in human fibroblast cell lines
Human foreskin fibroblasts were uninfected or infected with a human CMYV Towne for 72 h.

Cells were then fixed in neutral buffered formalin overnight and processed into paraffin
blocks. CISH assay depicts targeting IE1 DNA in uninfected (A) and CMV-infected (B), and
pp65 DNA in uninfected (C) and CMV-infected cells (D). Representative figures for IHC
staining of IE1- and pp65 proteins in uninfected (E,G) and CMV-infected (F,H) cells are
shown (all images are original magnification of x400).
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Figure 2. CMV detection by CISH and IHC from CM V-positive human tissues
CISH assays targeting IEL DNA (A), pp65 DNA (B); IHC staining for IE1 (C), pp65 (D)

proteins performed on a colonic biopsy with known CMV infection (all images are x100).
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Figure 3. Lack of CMV detection in human high grade gliomas
IE1 (A) and pp65 (B) CISH assays performed on FFPE samples of a representative high

grade glioma were negative for their corresponding DNA segments. By
immunohistochemistry the same sample was negative for IE1 (C) and pp65 (D) proteins as
well (all images are x200).
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