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Medulloblastoma is the most common malignant brain tumor in children. Overall survival rates have improved in recent
years as a result of risk-stratified treatment regimens. However, medulloblastoma remains associated with substantial
mortality, and survivors often experience debilitating neurological, endocrinological, and social sequelae as a result of
treatment. Targeted and less toxic therapeutic strategies are therefore needed. In this issue of the JCI, Baryawno et al.
report their findings that a large percentage of primary medulloblastomas and medulloblastoma cell lines are infected with
human cytomegalovirus (HCMV) and suggest that targeting this virus could provide a new way to treat individuals with
medulloblastoma.
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Medulloblastoma is the most common malignant brain tumor in children.
Overall survival rates have improved in recent years as a result of risk-strati-

fied treatment regimens. However,

medulloblastoma remains associated

with substantial mortality, and survivors often experience debilitating neu-
rological, endocrinological, and social sequelae as a result of treatment. Tar-
geted and less toxic therapeutic strategies are therefore needed. In this issue
of the JCI, Baryawno et al. report their findings that a large percentage of
primary medulloblastomas and medulloblastoma cell lines are infected with
human cytomegalovirus (HCMYV) and suggest that targeting this virus could
provide a new way to treat individuals with medulloblastoma.

Brain tumors account for 20% of all neo-
plasms in children and are the largest
group of solid tumors that develop in
childhood (1). Medulloblastoma is the
most common malignant pediatric brain
tumor, constituting 20%-25% of pediatric
central nervous system neoplasms (2, 3). Its
incidence is estimated at 2-6 cases per mil-
lion children per year, with approximately
540 new cases diagnosed annually in the
United States (2, 4). Medulloblastoma typ-
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ically arises in the midline cerebellum, in
the region of the mid- and inferior vermis.
Current treatment includes surgery, cra-
niospinal irradiation, and chemotherapy.
Overall survival for all medulloblastoma
patients is roughly 50%-60% in popula-
tion-based studies (S). However, as we have
gained a better understanding of clinical
risk factors, the incorporation of patient
stratification in larger, multi-institutional
studies has resulted in improved survival.
Currently, there are three major treatment
strategies for medulloblastoma patients
based on their clinical status. For patients
younger than 3-5 years, treatments are
aimed at maximizing survival while avoid-

ing radiation (6, 7). Older patients are
stratified by the extent of resection and
metastatic status. Patients with metastatic
disease or a less-than-optimal resection
are classified as high-risk and are treated
with high doses of craniospinal irradiation
(36-39 Gy) and aggressive chemotherapy.
Patients with totally, or near-totally, resect-
ed, non-disseminated disease are designat-
ed average-risk. This is the most prevalent
group, and these patients are treated with
a combination of lower-dose irradiation
and chemotherapy. This clinical stratifica-
tion has resulted in higher cure rates for all
groups, with 80% of average-risk patients
reaching progression-free survival at S years
(8, 9). Despite the improved survival,
there still remains a substantial amount
of mortality associated with medullo-
blastoma, and survivors often experience
neurological, endocrinological, and social
sequelae as a result of treatment. Thus,
many researchers are seeking to develop
new, more targeted and less toxic thera-
peutic strategies. In this issue of the JCI,
Baryawno et al. describe a potential novel
therapeutic strategy for medulloblastoma
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Valganciclovir + celecoxib

Effect of valganciclovir and celecoxib on medulloblastoma cell lines expressing HCMV proteins as observed by Baryawno and colleagues (10).
Injection of medulloblastoma cell lines expressing HCMV proteins into the flanks of nude mice results in tumors (Control), which are reduced in
size following treatment with either valganciclovir, which targets the DNA polymerase during HCMV replication, or the COX-2 inhibitor celecoxib,
which prevents HCMV replication by decreasing PGE: levels. Treatment with a combination of celecoxib and valganciclovir causes a greater
reduction in tumor size than either drug alone. LP, HCMV late protein; IE, HCMV immediate early protein.

that takes advantage of their finding that
human cytomegalovirus (HCMYV) is fre-
quently expressed in such tumors (10).

Can viruses cause brain tumors?

Whether viruses have a causal role in brain
tumor development has been hotly debated
for decades (11). Epidemiologic data point-
ing to a potential role for viruses in the
development of brain tumors include several
studies reporting an increased risk of devel-
oping a childhood brain tumor in individu-
als whose mothers were infected with vari-
ous viruses, such as those that cause chicken
pox, mumps, and rubella, during pregnancy
(12, 13). However, the largest area of inquiry
into the possibility of an infectious etiology
of brain tumors comes from studies of poly-
omaviruses, a genus of viruses that includes
simian vacuolating virus 40 (S§V40). In vitro,
the T antigen encoded by many polyomavi-
ruses readily transforms cells and induces
CNS tumors, including medulloblastomas,
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gliomas, and choroid plexus papillomas,
in a variety of animal models (14). Human
studies correlating viruses and brain tumors
include epidemiological studies suggesting
that polyoma virus-contaminated vaccina-
tions administered to women in the 1950s
and ’60s were associated with increased risk
of brain tumors in their children (15-17),
and more recently, those indicating the pres-
ence of polyoma DNA and protein in human
brain tumors, including the detection of
polyoma JC virus in medulloblastoma (18).
Despite the spate of early experiments indi-
cating a potential role for polyomaviruses in
brain tumor formation, over time it has been
difficult, some would say near impossible, to
move from correlation to cause in the arena
of human brain tumors. Over the years, the
literature has been peppered with claims
and counterclaims of polyomavirus detec-
tion in human tumor specimens (18, 19),
but definitive proof of polyomaviruses caus-
ing brain tumors is still not available.
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Can viruses be used

to treat brain tumors?

The controversy surrounding the poten-
tial causal role of viruses in brain tumor
development has been swirling for years.
More recently, however, interest in viral
CNS tumor pathogenesis has yielded to the
related field of viral therapy for brain tumors
(20). Oncolytic viral therapy uses replication-
competent viruses to selectively infect and
kill cancer cells while leaving normal, non-
transformed cells intact. Viruses used in this
way in clinical trials for malignant glial brain
tumors include herpes simplex viruses, ade-
noviruses, reoviruses, and Newcastle disease
viruses (20). Although in trial for malignant
gliomas, this strategy has not yet been evalu-
ated for the treatment of medulloblastoma.
However, preclinical data exist suggesting
that measles virus might be an effective
oncolytic virus in individuals with medul-
loblastoma (21). Studebaker et al. demon-
strated that the measles virus receptor CD46
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was expressed in 13 of 13 medulloblastoma
samples tested and that exposure to measles
virus led to substantial cell death in medullo-
blastoma cell lines and xenografts (21). Sim-
ilar preclinical data suggest that oncolytic
viral therapy using myxoma virus (22) and
picornavirus (23) could also be effective for
the treatment of medulloblastoma. However,
thus far, clinical trials evaluating the poten-
tial efficacy of oncolytic viral strategies for
the treatment of brain tumors have revealed
several barriers, including the host antiviral
immune response (which is emerging as an
issue for virus-based therapies in general);
the need to develop ways to minimize neu-
rotropism and thereby neurotoxicity while
maintaining oncolytic efficacy; and the need
to optimize viral delivery to the tumor (20).

Can the presence of virus be used to
target brain tumors therapeutically?
HCMYV DNA and proteins have been found
in tumors of different origins, including
90%-100% of high-grade glial brain tumors
(24). Unlike polyomaviruses, CMV is not
considered to be oncogenic itself and has
likewise not been used as an oncolytic
virus. In this issue of the JCI, Baryawno et
al. report their work examining the preva-
lence of HCMV in medulloblastomas and
whether the presence of the virus can be
used to target medulloblastoma therapeu-
tically (10). Of the 37 primary medulloblas-
tomas examined by Baryawno et al. for the
presence of HCMYV, 92% expressed HCMV
immediate early proteins and 73% expressed
late proteins. Similarly, HCMV proteins
were detected in all 8 medulloblastoma cell
lines tested, including within the CD133*
putative tumor-initiating cell population.

Baryawno and colleagues then went on to
test whether either ganciclovir, which targets
the DNA polymerase during HCMV replica-
tion, or the COX-2 inhibitor celecoxib, which
prevents HCMYV replication by decreas-
ing PGE; levels, affected medulloblastoma
growth (10). They found that ganciclovir
decreased the clonogenic capacity of HCMV-
positive cell lines but had no effect on HCMV-
negative lines. This effect was augmented by
the addition of celecoxib. While this study did
not address these questions, it will be impor-
tant to test what effect the drugs have on cell
growth in vitro, and whether the effects are
Cytotoxic or cytostatic.

In a flank xenograft model, Baryawno
et al. found that medulloblastoma tumor
volume could be reduced by approximately
40% in mice treated with either valganci-
clovir or celecoxib alone, and by 72% with
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a combined drug regimen (10). Similar to
the in vitro data, HCMV-negative xeno-
grafts were not affected by the drug treat-
ment, supporting the hypothesis that the
effect was specific to HCMV-positive tumor
cells. Future preclinical studies looking at
whether this drug treatment can extend the
survival of mice in an orthotopic xenograft
model and whether these drugs can be effec-
tively combined with other chemotherapeu-
tic agents and/or radiotherapy will be key.
The data presented by Baryawno et al.
demonstrating in vivo reduction of tumor
size following treatment with valganciclo-
vir and celecoxib (ref. 10 and Figure 1) are
intriguing, as they raise a new potential route
through which viruses may be exploited to
treat brain tumors. The relatively low toxic-
ity and good blood brain barrier penetration
of these agents make them attractive for
clinical use, eliminating many of the barriers
that still face oncolytic viral therapies. How-
ever, the claim of Baryawno and colleagues
that their observations suggest a pathogenic
role for HCMV in medulloblastoma (10) is
less well substantiated. As for polyomavirus,
a causal role for HCMV in medulloblastoma
development has yet to be shown.

Conclusion

Whether viruses are a major cause of brain
tumors may never be conclusively deter-
mined. However, as shown by Baryawno et
al. (10), we may be able to exploit our knowl-
edge of the presence of viruses and viral
antigens in brain tumors to develop novel
therapies for these devastating diseases.
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