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Abstract

Background—Human Herpesvirus-6 (HHV-6) has been associated with a diverse spectrum of
central nervous system (CNS) diseases and reported glial tropism.

Objective—To determine if HHV-6 is present in a series of pediatric brain tumors.

Study Design—Pediatric gliomas from 88 untreated patients represented in a tissue microarray
(TMA) were screened for HHV-6 by nested polymerase chain reaction (PCR), in situ hybridization
(ISH), and immunohistochemistry (IHC) and compared to non glial tumors (N=22) and control brain
(N=32). Results were correlated with tumor grade and overall survival.

Results—HHV-6 U57 was detected by nested PCR in 68/120 (57%) tumors and 7/32 (22%) age-
matched non-tumor brain (P=0.001). HHV-6 U31 was positive in 73/120 (61%) tumors and 11/32
(34%) controls (P=0.019). Seventy-two percent (43/60) of tumors were HHV-6 Variant A. HHV-6
U57 was confirmed by ISH in 83/150 (54%) tumors and 10/32 (31%) controls (P=0.021), revealing
a non-lymphocytic origin of HHV-6. HHV-6A/B gp116/64/54 late antigen was detected by IHC in
50/124 (40%) tumors and 6/32 (18%) controls (P=0.013). Interestingly, 58% of low grade gliomas
(N=67) were IHC positive compared to 19% of high grade gliomas (N=21, P=0.002) and 25% of
non gliomas (N=36; P=0.001). HHV-6A/B gp116/64/54 antigen co-localized with glial fibrillary
acidic protein, confirming the astrocytic origin of antigen. Overall, there was no primary association
between HHV-6A/B gp116/64/54 antigen detection and survival (P=0.861).
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Conclusions—We provide the first reported series of HHV-6 detection in pediatric brain tumors.
The predominance of HHV-6 in glial tumors warrants further investigation into potential
neurooncologic disease mechanisms.
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1. Background

Human herpesvirus-6 (HHV-6), a member of the beta herpesvirus family, has been associated
with several CNS diseases'3. HHV-6 has been shown to infect human oligodendrocytes and
astrocytes in vitro and in vivo, altering cytokine production, cellular proliferation, and
differentiation®=”. There are two known variants of HHV-6 (A and B); each is believed to
exhibit differential tropism and pathogenicity despite greater than 90% sequence
homology8-9. Regarding CNS tumors, HHV-6 variants have been reported in 8-37% of primary
adult brain tumors!0-12: however, it is not known whether these observations represent active
infection since only one study reported HHV-6 p41 early antigen in 4/5 adult PCR positive
brain tumors!2. In children, two cases of glial tumors in association with HHV-6 have been
reported13-14, Since HHV-6 is commonly acquired during early childhood and exhibits
neurotropism in vivo, we sought to determine the prevalence of HHV-6 DNA and late antigen
in a cohort of pediatric glial and non glial tumors and whether there is any effect on survival.

2. Materials and Methods

2.1 Pediatric brain tumor and control tissue

Brain tumor tissue from pediatric patients ages 4 months to 18 years (112 gliomas, 10
medulloblastomas, 10 meningiomas, 2 germinomas, 10 oligodendrogliomas) and non tumor
control autopsy brain tissue (ages 2months to 15 years) was provided by Children's National
Medical Center, Washington D.C., following Institutional Review Board approval. The non
tumor control tissue was obtained from pediatric autopsy cases of non neurological causes of
death with normal brain histology. Positive control HHV-6 encephalitis tissue was provided
by the National Institute of Neurological Disorders and Stroke, Division of Immunology (Dr.
Steven Jacobson).

2.2 Pediatric Brain Tumor Tissue Microarrays

For HHV-6 in-situ hybridization (ISH) and immunohistochemistry (IHC) experiments, a
pediatric glioma tissue microarray (TMA) was probed, consisting of 88 untreated patients with
glial tumors of varying WHO grades (42 Grade I, 24 Grade Il, 13 Grade 11l and 9 Grade 1V)
with known clinical information (Ages 4months to 18 years, Mean 10.4y) as previously
described.1> A separate cohort of pediatric autopsy brains and non glial tumors were used in
comparison. Due to TMA sectioning and processing, not all of the tumors were represented in
duplicate and explains why there are differences in the total number of tumors tested by ISH
and IHC.

2.3 HHV-6 Nested PCR and Subtype Analysis

Five hundred nanograms of DNA (100ng for fresh frozen tumors) were used for nested PCR
using U57 Major Capsid Protein (MCP) and U31 Large Tegument Protein (LTP)16-20, U251
cell lines infected with HHV-6A (U1102 strain) or SupT1 cells infected with HHV-6B (Z29
strain) served as positive controls. Great care was taken to avoid contamination of HHV-6
nested PCR reactions. All DNA was extracted in a facility that does not handle HHV-6
(CNMC). Fresh gloves and blades were used for each extraction. Negative controls were run
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for all PCR reactions. PCR was performed in a separate room in a sterile hood following UV
irradiation.

2.4 In Situ Hybridization (ISH)

HHV-6 biotinylated DNA oligonucleotide probes that recognize DNA/RNA corresponding to
U57 ORF4L (Major Capsid Protein) were used on TMAS, non glial tumors, and control brain
according to the manufacturer's protocol (Maxim Biotech, Bethesda MD). An HHV-6
encephalitis PCR positive sample served as positive control for in situ hybridization
experiments. Herpes simplex virus (HSV1/2) oligonucleotide probe (Maxim Biotech, Bethesda
MD) was used as the negative control (data not shown).

2.5 Immunohistochemistry (IHC) and Immunofluorescence Microscopy

Pediatric tumor and non tumor controls were probed with HHV6A/B late antigen gp116/64/54
mouse monoclonal antibody (Advanced Biotechnologies, Columbia Maryland) as previously
described”:19-21 PCR positive HHV6 encephalitis samples served as the positive
controls!6:19, For co-localization studies, rabbit anti-human GFAP FITC conjugated antibody
(Sigma, St Louis Missouri) was used at a dilution of 1:250 for 1 hour at room temperature
following addition of primary antibody (HHV6A/B gp116/54/64 at 1:50 dilution) and goat
anti-mouse 1gG Texas-red conjugated secondary antibody at 1:200 dilution (Sigma, St Louis
Missouri). Light and Fluorescence microscopy were performed using Ziess Axioskop with
Axiocam Imaging Software (Chester, VA). IHC and ISH samples were graded in a blinded
fashion as positive or negative based on a well demarcated cytosolic/perinuclear signal
observed in greater than 10% of tumor cells at 20x magnification in each of the 3 different
fields.

2.6 Statistical Analysis

Fisher's exact test, ANOVA, and Kaplan Meier progression free survival were performed using
GraphPad5 software (GraphPad Inc. San Diego CA). Error bars on column graphs represent
standard error. A P value of <0.05 was considered statistically significant.

3. Results

3.1 Detection of Human herpesvirus- 6 (HHV-6) Variants in Pediatric Brain Tumors and Age-
Matched Control Brain by In Situ Hybridization (ISH) and Nested PCR

We screened a series of more than 120 pediatric gliomas from 88 untreated patients represented
in atissue microarray (TMA), 22 non glial tumors, and 32 pediatric non tumor autopsy controls
for HHV-6 by in situ hybridization (ISH) (Fig. 1A, Table 1). Treatment with a biotinylated
oligonucleotide DNA probe corresponding to ORF4L Major Capsid Protein (MCP) of HHV-6
revealed a perinuclear/cytosplasmic signal in 57% (73/128) of glial tumors (66/114 glioma,
5/10 oligodendroglioma, 2/4 ganglioglioma) compared to 31% (10/32) of non tumor control
brain tissue (P=0.0138). Of 22 non-glial tumors (10 medulloblastoma, 10 meningioma, 2
germinoma), 45% (10/24) were positive. HHV-6 was detected by ISH more in tumor tissue
than in adjacent normal appearing brain (Fig. 1B).

To confirm the specificity of HHV-6 ISH, a subset of formalin-fixed paraffin-embedded glial
tumors (N=42), non glial tumors (N=22), and control non tumor brain (N=32) were subjected
to nested PCR using HHV-6 U57 Major Capsid Protein (MCP) and U31 Large Tegument
Protein (LTP) gene-specific primers. Fifty-six percent (36/64) of paraffin-embedded tumors
were HHV-6 MCP nested PCR positive compared to 22% (7/32) of non tumor controls
(P=0.001) (Fig. 1C, Table 1). HHV-6 L TP nested PCR revealed 67% (43/64) positive compared
to 34% (11/32) of non tumor controls (P=0.019). There was no difference between non glial
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tumors and controls by either MCP (P=0.18) or LTP PCR (P=0.09). There was no difference
between PCR positivity and tumor grade (P=0.221). Overall, LTP was more sensitive than
both MCP PCR and ISH in detecting HHV-6 DNA. Five of 41 PCR positive tumors were not
detected by ISH and no tumor was negative by PCR and positive by ISH. ANOVA analysis
revealed no differences in sensitivity among the PCR or ISH assays to detect HHV-6 DNA
among paraffin embedded tumors (P=0.249) or non tumor controls (P=0.527). To validate PCR
results on formalin fixed paraffin embedded tumor material, a separate cohort of fresh frozen
glial (N=24) and non glial tumors (N=32) were subject to nested PCR. Fifty-eight percent of
fresh frozen gliomas (14/24) were HHV-6 MCP PCR positive compared to 71% (17/24) for
LTP. HHV-6 subtype analysis revealed 72% (43/60) HHV6 Variant A in all pediatric tumors
compared to 33% (4/11) in non tumor brain (P=0.025).

3.2 Detection of HHV-6A/B gp116/64/54 Late Antigen in Pediatric Brain Tumors and Age-
Matched Control Brain by Immunohistochemistry and Immunoflourescence Microscopy

We used an HHV-6 monoclonal antibody gp116/64/54 that recognizes both A and B variants
which was previously demonstrated on paraffin embedded brain tissuel6:19:22 to screen both
tumor and non tumor tissue for the presence of late antigen, suggestive of active infection.
Figure 2A reveals a cytoplasmic signal in the HHV-6 PCR positive gliomas and the encephalitis
control but not in the PCR negative gliomas. Overall, 41 of 88 (47%) gliomas were positive
compared to 18% of non tumor control brain (P=0.003). Immunoreactivity was seen in 5/10
oligodendrogliomas, while none of the non-glial tumors (germinomas N=2, medulloblastomas
N=10, meningiomas N=10) were positive (Fig. 2B). HHV-6A/B gp116/64/54 IHC was
validated by immunofluorescence microscopy (Fig. 2C) in a subset of tumors and controls. No
sample positive by immunofluorescence microscopy was negative by IHC. Similar to the ISH
findings, HHV-6A/B gp116/64/54 was not specific for tumor tissue and was seen, albeit to a
lesser extent, in areas of adjacent normal appearing brain (Fig. 2D).

3.3 Preferential Detection of HHV6A/B gp116/64/54 Late Antigen in Low Grade Glial Tumors
and Co-Localization with Glial Fibrillary Acidic Protein

To determine the cellular origin of HHV-6A/B gp116/64/54, co-localization experiments were
performed using the astrocyte marker glial fibrillary acidic protein. HHV-6A/B gp116/64/54
late antigen co-localized with glial fibrillary acidic protein in both tumor (ac) and encephalitis
(d-f) biopsy (Fig. 3A), confirming the glial distribution of HHV-6. Overall, there was no
difference in immunopositivity between non glial tumors and control brain (P=0.853). In
contrast, glial tumors demonstrated increased frequency of immunopositivity for HHV-6A/B
gpl116/64/54 late antigen compared to non glial tumors (P=0.003) (Fig. 3B). In addition, a
significant difference in immunopositivity was observed between lower grade (WHO Grade
I-11) and higher grade (WHO grade 111-1V) gliomas (42 and 19% positive, respectively)
(P=0.002) (Fig. 3C).

3.4 Lack of Association between HHV6A/B gp116/64/54 Late Antigen Detection and Survival
in Pediatric Gliomas

IHC results were correlated with known clinical data (age at diagnosis, time to disease
progression, overall survival) to determine if HHV6A/B gp116/64/54 positivity correlated with
glial tumor survival. Overall, survival was 3.08 years (0.6-15.9y; 3 deaths) for HHV-6A/B
gp116/64/54 IHC positive glioma patients compared to 3.25 years for IHC negative patients
(0.1-10.9y; 8 deaths) (P=0.245). Progression free survival was 2.67 years (0.42-7.1y) for
HHV-6A/B gpl116/64/54 IHC positive glioma patients and 2.25 years (0.1-9.3) for IHC
negative patients (P=0.653). Stratifying according to HHV-6A/B gp116/64/54 IHC status and
glioma grade, revealed no differences in survival among lower grade (WHO grade 1-2)
HHV-6A/B gpl116/64/54 IHC positive and negative (P=0.484) patients. Among higher grade
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gliomas (WHO grade 3-4), there was a tendency for HHV-6A/B gp116/64/54 positive patients
to have a shorter survival; however, this did not reach statistical significance (P=0.094) (Figure
3D).

4. Conclusions

Our results are consistent with prior studies demonstrating HHV-6 by PCR in both non tumor
(32-67%) and malignant (8.2-37%) adult brain tissue 11712, 24-25 Recently, Neves et al.
reported no detectable HHV-6 DNA by real time PCR in 35 low grade astrocytomas?®,
compared to our finding of 44 to 72% positive by nested PCR, ISH, or IHC. This discrepancy
can be explained in part by methodology. In a recent multicenter study, up to 100-fold changes
in sensitivity have been reported among various HHV-6 PCR assays used for HHV-6 detection
in serum?’. Since the detection limit of HHV-6 MCP and LTP by primary PCR is 10° and
10* copies/million cells, respectively (data not shown), the amount of detectable HHV-6 by
nested PCR reported in this study are low compared to immunocompromised patients with
active diseasel’-18: 22, Others have similarly demonstrated nested PCR is necessary for
detection in other HHV-6-associated diseases?L: 23: 28, The requirement of nested PCR for
detection of HHV-6 in our series is not consistent with chromosomally integrated
HHV-629-34_ The minimum copy number of HHV-6 to confer CNS disease is not known and
it is possible that low copy number could cause significant changes at the cellular level to
ultimately modify disease. Since the tumors in this study were from previously untreated
patients, it is less likely that HHV-6 detection is due to viral reactivation as is seen in
immunocompromised hosts. However, we cannot be certain whether detection of HHV-6 is
due to primary infection or reactivation due to a localized tumor-induced dysfunction of normal
immunosurveillance mechanisms and enhanced glial cell proliferation.

While overall and progression free survival did not correlate with HHV-6A/B gp116/54/64
late antigen detection, this does not exclude the possibility that HHV-6 may play an epigenetic
role in glial tumor biology that may affect clinical course, given our relatively small numbers
studied.

The distinction between viral disease causation and association is an important one to address.
Our results do not suggest HHV-6 as a direct cause of brain tumors and should not be over
interpreted. Only through the development of an animal model system, together with more
reliable testing for viral macromolecules, will these questions be answerable. We feel that the
association of HHV-6 in brain tumors, glial tumors in particular, is an important observation
and worth further investigation. Our lab is currently working on a rigorous genomic analysis
of HHV-6- induced changes in malignant astrocytes to more fully understand potential
oncogenic and neuroimmune dysregulatory mechanisms of HHV-6 CNS infection.
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Figure 1. Detection of HHV-6 by In Situ Hybridization in Pediatric Brain Tumors and Non Tumor
Brain

A. Nested HHV-6 MCP PCR positive (a-e,i) and negative (f-g) paraffin-embedded pediatric
brain tumors were probed with biotinylated oligonucleotide probe corresponding to HHV-6
Major Capsid Protein. At 20x magnification (a,b) perinuclear cytoplasmic staining is observed
diffusely throughout the tumor (t) but is not observed in surrounding stromal tissue (s) as shown
in b (insets 40x magnification). Areas of representative HHV-6 positive ISH signal is indicated
by black arrows while negative signal is shown by white arrows. No staining was observed in
PCR negative tumors (f-g) or non tumor brain (h) compared to HHV-6 encephalitis positive
control (i).

B. HHV-6 MCP ISH of a pediatric glioma containing tumor (a.) and adjacent non-tumor (b.)
reveals an increased perinuclear/cytoplasmic signal in the tumor containing region compared
to adjacent normal apprearing brain. C. Statistical analysis of HHV-6 PCR and ISH findings
show a significance between tumor samples and control brain for MCP PCR (P<0.001), LTP
PCR (P<0.019) and MCP ISH (P<0.021).
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Figure 2. Detection of HHV-6A/B gp116/64/54 Late Antigen by Immunohistochemistry and
Immunofluorescence microscopy in Pediatric Brain Tumors and Control Brain

A. Immunohistochemistry using HHV-6A/B gp116/64/54 late antigen antibody of PCR
positive pediatric tissue microarray gliomas (a-d) at 20x magnification reveals both positive
(black arrows) and negative (white arrows) containing regions. Staining is preferentially
observed in lower grade gliomas (a-c) and HHV-6 encephalitis positive control (f) compared
to high grade glioma (d) or non tumor control tissue (€). B. HHV-6A/B gp116/64/54 late antigen
staining is observed in an oligodendroglioma (a) but not in other non glial tumor subtypes
meningioma (b,c), medulloblastoma (d), or germinoma (e) compared to positive control
HHV-6 encephalitis (f). C. Immunofluorescence microscopy using HHV-6 A/B gp116/64/54
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late antigen further reveals cytosolic signal in PCR positive gliomas (a-d) but not age-matched
control brain (e) compared to HHV-6 encephalitis positive control (f). D. HHV-6A/B
gp116/64/54 IHC of a pediatric glioma containing tumor (a) and adjacent non tumor (b) areas
reveals increased signal in the tumor containing region.
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Figure 3. Detection of HHV-6A/B gp116/64/54 Late Antigen in Cells of Glial Origin and Correlation
between Tumor Type, Grade, and Progression Free Survival

A. Immunofluorescence microscopy of pediatric glioma (a-c) and HHV-6 control encephalitis
(d-f) paraffin embedded samples dual stained with HHV-6A/B gp116/64/54 late antigen(a,d)
and glial fibrillary acidic protein (b,e) reveals colocalization (c,f) indicative of HHV-6 antigen
in cells of glial origin. B. Statistical analysis of gp116/64/54 IHC results shows predilection
of immunopositivity in glial tumors compared to non glial tumors (P<0.003). C. HHV-6A/B
late antigen gp116/64/54 is preferentially detected in lower grade (1-2) gliomas compared to
higher grade gliomas (3-4) (P<0.002). D. Kaplan Meier progression free survival analysis
stratified by HHV-6A/B gp116/64/54 IHC status and tumor grade demonstrates no significance
among IHC positive or negative lower grade (P=0.484) or higher grade (P=0.094) gliomas.
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