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SQUAMOUS CELL CARCINOMA of the head
and neck afflicts approximately

500,000 patients per year. The first-line
treatment, chemotherapy, induces a re-
sponse in only 30–40% of patients, and
tumors frequently recur. Alternative
cancer therapy approaches have been
based on oncolytic viruses, which selec-
tively attack tumor, but not normal,
cells. One of these, ONYX-015, was ini-
tially tested in a Phase I clinical trial in
April 1996. In this issue, Khuri et al. re-
port that ONYX-015, when combined
with chemotherapy, promotes tumor
regression in patients with recurrent
squamous cell cancer of the head and
neck1.

ONYX-015 is a modified adenovirus –
a DNA virus that takes over the cell’s
protein synthesis machinery, replicates,
then lyses the host cell to release its
progeny. In wild-type adenovirus, the
early regulatory protein E1B-55kDa
binds to and inactivates the host cell’s
p53 protein2 to promote its own repli-
cation. Without E1B-55kDa, adenovirus
is incapable of replication3. However,
researchers observed that an E1B-55kDa
mutant adenovirus, ONYX-015, could
replicate in and lyse p53-negative, but
not p53-positive, human tumor cells4.
As p53 is mutated in 45–70% of all cases
of head and neck cancers, ONYX-015
was developed as a tumor cell-specific
therapeutic agent.

Tumor-selective destruction has been
observed in squamous cell carcinoma
patients receiving ONYX-015; however,
clinical benefit was observed in less
than 15% of patients. Khuri et al. stud-
ied the effects of ONYX-015 in combi-
nation with standard chemotherapy1.
30 patients with recurrent squamous
cell cancer of the head and neck were
evaluated for their response to a combi-
nation of chemotherapy (cisplatin and
5-fluorouracil) and ONYX-015, which
was injected directly into tumors1.

The combined therapy was well toler-
ated and did not cause significant levels
of toxicity. The treatment caused an ob-
jective response (at least a 50% reduc-
tion in tumor size) in 19 cases, with 8
complete responses1. Tumors as large as
10 cm in diameter regressed completely

and none of the tumors that demon-
strated an objective response had pro-
gressed after a mean follow-up of 5
months. The authors concluded that
the tumor response rate, complete re-
sponse rate and time to tumor progres-
sion rate after combined therapy were
better than those observed after ther-
apy with cisplatin and 5-fluorouracil
alone. Furthermore, biopsy samples in-
dicated that ONYX-015 replicates
within tumor tissue but does not repli-
cate in normal tissue.

The concept of using a gene therapy
vector that selectively replicates in and
kills tumor cells has been around for a
number of years, but the regulatory
concern of putting a replicating vector
in patients prevented acceptance of the
idea until recently. Now, a number of
approaches based on this concept are
being investigated. Replicating on-
colytic viruses are advantageous be-
cause they would theoretically be able
to reach widespread metastases.
Furthermore, vectors such as ONYX-
015 could probably be made even more
effective if they incorporated suicide
genes like herpes simplex thymidine ki-
nase and/or cytosine deaminase.

The field of gene therapy has had a
history of unexpected turns. ONYX-015
is another. The first irony in the field
was the use of ‘gene therapy’ (actually
gene transfer), not for a genetic disease
as everyone expected, but for marking
tumor-infiltrating lymphocytes in pa-
tients with malignant melanoma5. The
first gene therapy clinical trial was for
the genetic disease ADA deficiency in
1990 (ref. 6), and by March 1995, there
were 32 trials for genetic diseases, in-
cluding 16 for cystic fibrosis and 16 for
a range of other monogenic diseases.
Although it seemed that cystic fibrosis
would be the first gene therapy success,
hemophilia was the first genetic disease
for which encouraging clinical data
were reported7.

Of the 277 gene therapy clinical trials
reported by the National Institutes of
Health Recombinant DNA Advisory

Committee (NIH RAC) in May 1999,
70% were for treatment of cancer and
only 5% were for treatment of cardio-
vascular diseases. Therefore, it seemed
that cancer would be the first ‘acquired’
disease that would be successfully
treated by gene therapy. However, re-
searchers soon after announced that di-
rect injection of the vascular
endothelial growth factor gene induced
new blood vessel formation in cardio-
vascular disease patients8.

Cancer is still the disease most fre-
quently targeted by gene therapy.
According to the March 2000 NIH RAC
database, of the 350 gene therapy clini-
cal trials, 67% are for cancer. Of those,
31% use in vitro immunotherapies, 32%
use in vivo immunotherapies, 15% are
based on pro-drug suicide therapies,
and only 2% are using a ‘vector-di-
rected cell lysis’ approach. It is there-
fore ironic that the first anti-cancer
clinical success has arisen from the last
approach and that the vector does not
even carry a ‘therapeutic’ gene.

So with all its twists and turns, gene
therapy seems to be turning the corner
after a very bad year. Not only has the
field been criticized for too much hype
and too few successes, but in September
1999, an 18-year old patient died as a
direct result of a gene therapy interven-
tion. But gene therapy has also
achieved success in four early stage
clinical trials – each one, surprisingly,
using a different delivery system. We
have witnessed the treatment of severe
combined immunodeficiency with a
retroviral vector9, hemophilia with an
adeno-associated viral vector7, cardio-
vascular disease with naked plasmid
DNA8 and cancer therapy using an on-
colytic adenovirus1. Although the in-
creased oversight and new monitoring
requirements will improve future gene
therapy trials, what the field really
needs are successes in Phase III trials.
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Gene therapy scores against cancer
The first Phase II clinical trial to study the combination of a replicating viral agent with chemotherapy indicates

that cancer gene therapy may finally be on the road to success. (879–885).
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Human cytomegalovirus – no longer just a DNA virus
Human cytomegalovirus (HCMV) is classified as a DNA herpesvirus. A recent study showed that the HCMV virion contains

not only DNA, but also four species of mRNA, indicating that this virus is more complex than previously believed.
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HUMAN CYTOMEGALOVIRUS (HCMV) is the
largest of the known herpesviruses,

with a genome of over 235 kb and
more than 200 potential open reading
frames1. It is a widespread opportunis-
tic pathogen that causes no obvious
clinical manifestation in healthy indi-
viduals. On the other hand, it is a lead-
ing cause of virus-associated birth
defects, including mental retardation
and deafness. It causes severe and fatal
diseases in immune-compromised indi-
viduals, such as organ transplant recip-
ients and AIDS patients, and is also
associated with atherosclerosis and
coronary restenosis.

When HCMV infects a cell, the viral
capsid is transported to the nu-
cleus, where the viral DNA is re-
leased and transcribed by the
host cell machinery (Fig. 1). It
was commonly believed that all
the newly synthesized viral pro-
teins were encoded by the viral
DNA genome2. However, in a re-
cent issue of Science, Bresnahan
and Shenk demonstrated that in
addition to viral DNA, HCMV
virus particles also carry mRNAs
into the host cell3. Using gene
array technology, they identified
four virally encoded mRNAs that
are present in highly purified
HCMV virions. These mRNAs are
delivered to the cell cytoplasm
when the viral envelope fuses
with the plasma membrane at the
start of infection. The four
mRNAs remain in the cytoplasm,
where they are translated into
proteins in the absence of gene
products encoded by viral DNA.
One of the mRNAs, UL21.5, en-
codes a protein that contains a

leader sequence that localizes it to the
Golgi network, but the function(s) of the
mRNAs or their products is unknown.

HCMV genes are classified as immedi-
ate early, early or late, depending on the
timing and conditions of their expres-
sion. Bresnahan and Shenk found that
the virally encoded mRNAs are tran-
scribed from one immediate early gene
(UL106-109), two early genes (TRL/IRL2-
5 and TRL/IRL7) and one late gene
(UL21.5) (ref. 3). These mRNAs are tran-
scribed from viral DNA and accumulate

to highest levels at late times of infec-
tion, when the virions are being assem-
bled. The association of these HCMV
mRNAs with virion is specific, as the
four viral transcripts were the only ones
found to couple with the virion.

The overall structure of the HCMV
viral particle is similar to that of other
herpesviruses. The outermost layer is
the lipid bilayer envelope that contains
cellular and virally encoded glycopro-
teins. At the core of the particle is the
viral DNA that is surrounded by an
icosahedral capsid. Between the capsid
and the envelope is an amorphous layer
referred to as the tegument. It is in this
tegument region that the mRNAs de-

scribed by Bresnahan and Shenk
most likely reside3.

The HCMV virion tegument also
contains many proteins. These in-
clude DNA polymerase, protein ki-
nase4 and a cellular topoisomerase
II enzyme (required for viral DNA
replication)5. An Fc receptor for
human immunoglobulin G is lo-
cated within the tegument, along
with the serine/threonine protein
phosphatase PP1 and the host cell-
derived phosphatase PP2A (ref. 6).
The viral gene products UL82,
UL69 and UL83 (refs. 7, 8) are also
present in the tegument. These
proteins are released into the cyto-
plasm after viral infection and are
required for viral replication and
virus-induced pathogenesis. For
example, DNA polymerase and
topoisomerase II are believed to en-
hance viral DNA replication. The
UL82 gene product, pp71 (the HSV
VP-16 homologue), enhances ex-
pression of the major immediate
early promoter, whereas UL69

Fig. 1 HCMV lytic life cycle. 1, Binding of HCMV glycoproteins
gB and gH to cellular receptors activates cellular transcription
factors, such as NF-κB and Sp1. 2, The virus then enters the cell,
releasing viral DNA, virion proteins and virion mRNA transcripts
into the cytoplasm, where virion mRNAs are translated. Viral
DNA and certain viral proteins are transported to the nucleus. 3,
In the nucleus, viral and cellular genes are expressed, with help
from the activated transcription factors, and viral DNA is repli-
cated. 4, Viral DNA, viral and cellular proteins, and virion tran-
scripts are packaged into the virion through an as yet
undetermined mechanism. During egression of the virion from
the cell, the virion envelope is constructed and an infectious viral
particle is released.
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