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antigen in Mucl-transgenic mice’.
Moreover, there has been no evidence of
normal tissue toxicity from the DC fusion
cell vaccines.

Kugler and colleagues have now devel-
oped a therapeutic vaccine for patients
with metastatic renal cell cancer by fus-
ing DCs and autologous tumor cells with
an electrical pulse. Response rates in the
treatment of metastatic renal cell cancer
with chemotherapeutic or hormonal
agents are less than 10%. Disease regres-
sions have also been demonstrated in
only a minority of patients treated with
interferons or interleukin-2. Here, the
authors report tumor responses in seven
of seventeen patients vaccinated with
the fusion cells and prolonged stabiliza-
tion of disease in two additional pa-
tients. Four patients achieved complete
regression of their disease and have had
no evidence of recurrence for periods of
up to 21 months. In these patients, re-
gressions were found in diverse metasta-
tic sites and involved large tumor
masses. Other than mild, transient fever,
and pain at metastatic sites, there were
no adverse effects. In addition, there was
no evidence of autoimmune disease. As
the authors point out, their provocative
findings were obtained in a small cohort
of patients and longer follow-up is
needed to fully assess the effect of the
vaccine. Nonetheless, the substantial re-
gressions often seen within weeks of the
first immunization indicate the potency
of these vaccines and the responsiveness
of the immune system to an adequate
stimulus.

There are many experimental issues
raised by the study of Kugler et al. that

relate to the development of an optimal
fusion cell vaccine. The authors used au-
tologous tumor cells that had been fused
to allogeneic DCs from random donors.
Allogeneic stimulation of autologous T
cells could contribute to induction of
the immune response to the tumor (Fig.
1). In contrast, fusions with autologous
DCs may be more effective in targeting
tumor cells with downregulated expres-
sion of MHC molecules (Fig. 1). Fusion
cell dosages and the number of vaccina-
tions required represent additional vari-
ables that will need to be optimized in
future studies. In cases of a mixed re-
sponse or progressive disease, fusions
with the different tumor metastases,
which could be clonal, may also be re-
quired to achieve a complete response.
Additionally, it will be important to de-
termine whether fusion cell vaccines can
induce immunity against multiple
tumor antigens, and prevent tumor cell
escape by antigen downregulation. It
will also be important to identify the
tumor antigens that best stimulate a po-
tent anti-tumor response. Kugler et al.
have already begun to address this issue
by demonstrating that the fusion cell
vaccine induces CTL activity against the
Mucl antigen, which is widely overex-
pressed in breast and other carcinomas'.

If confirmed, the results of this study
represent an unprecedented advance
in the selective and non-toxic im-
munotherapy of a disseminated and
lethal carcinoma. In addition to the po-
tential benefits for patients with
metastatic renal cell cancer, the findings
should provide the impetus for assessing
effectiveness of fusion cell vaccines in

the treatment of other tumors. The im-
munotherapy of renal cell or other can-
cers with fusion cell vaccines could
contribute to fulfilling the promise that
emanated from the work of Jenner and
has been anticipated from the success of
vaccines against smallpox, polio and
other infectious diseases.
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DESPITE GREAT RESISTANCE to the theory
that there is a genetic basis for psy-
chiatric disease, epidemiological studies
over the past 30 years have consistently
demonstrated that genetic factors are im-
portant in the etiology of schizophrenia.
Repeated analyses of family, adoption
and twin data sets suggest a 10-fold in-
crease in lifetime risk for relatives of
schizophrenics. Additionally, ‘adopted-
away’ children have the same risk as

Sane genetics for schizophrenia

Although past epidemiological studies have supported the theory that there is a genetic component to
schizophrenia, the genetic data have been inconsistent. However, an overall analysis indicates several chromosome
regions with good candidate genes for schizophrenia susceptibility.
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their biological (rather than their envi-
ronmental) families, and concordance
among monozygotic twins is approxi-
mately 50% (ref.1).

Twin studies also show that suscepti-
bility to schizophrenia has a non-genetic
component—monozygotic twins are not
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100% concordant, and dizygotic twins
(genetic siblings) have about twice the
risk of developing schizophrenia of ordi-
nary siblings. Analysis of concordance in
first-, second- and third-degree relatives
suggests that variants at three or more
separate loci are required to confer sus-
ceptibility, and that these allelic variants
increase risk in a multiplicative rather
than additive manner, with the total risk
being greater than the sum of the indi-
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Table 1 Chromosome regions giving multiple positive results for schizophrenia susceptibility’.
Chromosome  Number of findings Sample source

1932-q44 two plus breakpoint data Finland, US (mixed), Scotland

2q11-g21 four Austria, Germany, Israel, US, Australia

4931 two US (African-American), Finland

5922-931 two Ireland, Germany

6p24-p22 three plus collaboration Ireland, Germany, Israel

6q16-q22 three US (mixed, two; African-American)

8p22-p21 three plus collaboration US (mixed, three)

9qcen-q22 three Germany, Israel, US (mixed), Australia, Finland
9q934.3 two South Africa, US (African-American)

10p14-p13 three US (Caucasian), Ireland, Germany

13914-q32 five Taiwan, US (mixed, two), UK, Iceland,

15q13-q14 three US (Caucasian), US (African-American), South Africa
18p11 two Germany, Israel, UK

22q12-q13 five plus collaboration US (mixed), US (Caucasian), UK, Germany
Xp21-p11 four UK, US (mixed), Finland

vidual risks conferred by each variant®.
As schizophrenia is a common illness
with lifetime risk of about 1% (ref. 3), the
variants must be common, on the order
of 14-20% in the general population*.

Variations in diagnostic criteria and
methods of genetic analysis have made
it difficult to compare data sets between
studies. The failure to replicate a finding
may be due to ethnic differences in the
frequency of a particular variant, to
random variation in the inputs to liabil-
ity present in two different samples,
or to lack of power. The exclusion of an
effect in a particular gene or chromo-
some region is nearly impossible, so
negative data cannot be used to rule out
possibilities. However, the situation is
improving.

Although some high-profile findings,
including the first reported schizophre-
nia linkage to chromosome 5 (ref. 5) and
another on chromosome 3 (ref. 6), have
never been replicated, analysis of the ac-
cumulated data indicates involvement of
several different chromosome regions in
susceptibility to schizophrenia” (Table I).
For some examples, such as chromosome
6p24-22, collaborative studies have
yielded positive net results, even though
many of the individual data sets were
negative, demonstrating the pitfalls of
analyzing many small samples rather
than a single, large one. Many other
chromosome regions have also been im-
plicated on more than one occasion in
smaller studies.

Several of the loci suggested to be in-
volved in schizophrenia are in regions
containing genes required for normal
neural development and function. One
of these loci encodes the alpha-7 nico-
tinic acetylcholine receptor subunit
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(CHRNA7; 15q13-14), involved in nico-
tine binding and possibly in the very
high incidence of smoking seen in
schizophrenics. Sensory gating deficit, a
secondary phenotype common in schiz-
ophrenics and rare in normal individu-
als, and normalized by both nicotine and
clozapine, has also been linked to this
gene®.

Another secondary trait associated
with schizophrenia, abnormal eye track-
ing, maps to 6p22-24(ref. 9), although
the exact gene associated with this defect
has not yet been identified. The velo-car-
dio-facial syndrome (VCEFS) locus on
chromosome 22, known to underlie a
specific defect in craniofacial develop-
ment, may also be a candidate for schizo-
phrenia susceptibility: there is a subtle
neurodevelopmental component to
schizophrenia possibly involving defec-
tive neuronal migration'’. Psychotic fea-
tures are common in VCFS patients",
and facial dysmorphology is common in
schizophrenics'.

Studies with mouse models also sup-
port the possibility of involvement of
one of these loci. Mice lacking the
NMDA receptor central subunit develop
negative symptoms commonly associ-
ated with schizophrenia, such as with-
drawal, poor social functioning and lack
of volition". The human chromosomal
region containing this gene, 9q34.3,
showed positive evidence for linkage to
schizophrenia in two independent stud-
ies of African* and African-American™
populations. In addition to findings on
9q34.3, there is considerable correspon-
dence between the results of a genome
screen of African-American families'* and
data obtained from South African Bantu
families*". Analysis of founder popula-
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tions (like the Bantu, in which a small,
usually migrant, group with a limited
gene pool gives rise to a large contempo-
rary population) are useful in the study
of schizophrenia genetics because they
have higher frequencies of liability alle-
les at certain loci.

The feasibility of using single nu-
cleotide polymorphism maps to link
locus-specific mutations to disease has
recently been shown for the non-insulin-
dependent diabetes mellitus locus
NIDDM1 (ref. 16). This study also devel-
oped useful new methods for detecting
interactions between loci on separate
chromosomes (showing that there is
much greater input to the disease from
one locus in the presence of input from
the another). Although this technique
falls short as a true multi-locus analysis,
which would allow analysis of two or
more loci simultaneously, it will provide
a tool for gaining a better understanding
the polygenic biology of a complex trait.
Large screens for human mutations in
candidate genes such as CHRNA7 and in
non-coding regulatory regions are also
underway.

In the long term, schizophrenia
genome studies combined with func-
tional studies in developmental biology
and neurobiology will lead to a better
understanding of the etiology of schizo-
phrenia. Understanding the pathogene-
sis of schizophrenia will require that we
initially identify at least one predispos-
ing gene, perhaps CHRNA7, which will
then allow us to begin to identify other
interacting loci. Additional expression
studies and the development of animal
models will also be required. Research
into the genetic basis of NIDDM1 has
shown that these types of studies can
begin before a full functional analysis
of the gene product is made. Discovering
the genetic basis of schizophrenia
is likely to be slow, involving the analy-
sis of many gene products. However,
combined epidemiological, genetic,
and functional genomic analyses are
needed to provide real answers to this
intractable and destructive medical
mystery.
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CANNABINOIDS HAVE HAD a long and inter-
esting medical history. Soon after the
British physician W. B. O’Shaugnessy had
brought back from India an account of
the remarkable effects of the cannabis
plant, the medical communities in
Europe and the US eagerly adopted it into
their pharmacopeias. Cannabis, noted
Robert Christison in his 1848 dispen-
satory, “promises to be an important arti-
cle in Materia Medica...which deserves a
more extensive enquiry than any hith-
erto instituted.”’ Those propitious times
would soon end, however, as a collective
mood swing pushed cannabis and its
medicinal properties into a limbo of
scientific indifference.

And there it stayed for several
decades—despite the lonely sounding of
a few ‘voices crying in the wilderness’*—
until about 10 years ago, when the
serendipitous discovery of a brain recep-
tor that binds cannabis-like compounds
brought it back into the limelight*. The
molecular cloning of the first cannabi-
noid receptor (now called CB,) was
quickly followed by the identification of
a second subtype in the immune system
(CB,) and then by the characterization of
two endogenous cannabis-like com-
pounds with their attendant pathways of
biosynthesis and inactivation®. These dis-
coveries eventually led to the chemical
syntheses of potent ligands (agonists and
antagonists) selective for either receptor
subtype, which have provided invaluable
clues to help explain how the endoge-
nous cannabinoid system may influence
physiological functions as diverse as pain,
movement control and blood pressure’.

Pot of gold for glioma therapy

Cannabinoid agonists arrest tumor progression in a rodent model of malignant glioma. Will these molecules
provide a starting point for new strategies for anti-cancer therapy (pages 313-319)?

DANIELE PIOMELLI

At the same time, these tools have rejuve-
nated Christinson’s plea for “a more ex-
tensive enquiry” into the medicinal
potential of cannabinoids, allowing re-
searchers to test popular notions such as
their appetite-stimulating or pain-killing
effects, as well as to explore newer av-
enues of research. In this issue of Nature
Medicine, a paper by Galve-Roperh et al.
provides an excellent example of the
cannabinoids’ therapeutic potential®.
Galve-Roperh et al. report findings that
indicate a new cannabinoid-based ap-
proach for the treatment of malignant
gliomas. Malignant gliomas are a rela-
tively uncommon but uniformly fatal
form of brain tumor that
can be modeled in rodents by
inoculating glioma cells (for ex-
ample, C6 cells) into the
brain parenchyma. The
resulting tumor grows very
rapidly, leading to the animal’s
death within 2-3 weeks after
the initial cell inoculation.
Galve-Roperh et al. found that ad-
ministration of cannabinoid agonists
into the tumor by means of an osmotic
pump connected to an intracerebral can-
nula eradicated the tumor in one-third of
the inoculated animals, and prolonged
the survival of another one-third for up
to 6 weeks. In the remaining group of an-
imals, the cancer was insensitive to the
cannabinoids and continued its malig-
nant course unhindered. Although in-
complete, these findings must be
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seriously considered, as glial tumors are
peculiarly resistant to traditional therapy.

To identify which receptors are in-
volved in the anti-cancer actions of the
cannabinoids, Galve-Roperh et al. turned
to a cell culture system. Based on their
earlier observation that C6 glioma cells
undergo programmed death (apoptosis)
after exposure to a cannabinoid drug,
they characterized this effect pharmaco-
logically. Unexpectedly, they discovered
that both CB, and CB, receptors are in-
volved: CB, and CB, antagonists were
able to prevent cannabinoid-induced cell
death only if they were added together to
the glioma cultures. This finding indi-
cates that each cannabinoid receptor can
trigger a full-fledged apoptotic response
independently of the other, as long as it
is free to interact with an agonist. Does

this also occur in vivo? An affir-
mative answer to this question,
which Galve-Roperh et al. did
not address in their study,
might be of considerable
therapeutic importance. It
would indicate that selective
CB, receptor agonists can ar-
rest the progression of malig-
nant gliomas without exerting the
psychotropic and hypotensive effects
that accompany the recruitment of cen-
tral and peripheral CB, receptors.

As with many other G;/G,-protein-
linked receptors, agonist binding of CB,
and CB, receptors causes inhibition of
adenyl cyclase activity and stimulation
of mitogen-activated protein kinase ac-
tivity’. However, the results reported by
Galve-Roperh et al. do not support the
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