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Retroviral RNA identified in the cerebrospinal fluids
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Communicated by D. Carleton Gajdusek, Centre National de la Recherche Scientifique, Gif-sur-Yvette, France, January 12, 2001 (received for review
September 1, 2000)

Schizophrenia is a serious brain disease of uncertain etiology. A
role for retroviruses in the etiopathogenesis of some cases of
schizophrenia has been postulated on the basis of clinical and
epidemiological observations. We found sequences homologous
to retroviral pol genes in the cell-free cerebrospinal fluids (CSFs) of
10 of 35 (29%) individuals with recent-onset schizophrenia or
schizoaffective disorder. Retroviral sequences also were identified
in the CSFs of 1 of 20 individuals with chronic schizophrenia.
However, retroviral sequences were not identified in any of the
CSFs obtained from 22 individuals with noninflammatory neuro-
logical diseases or from 30 individuals without evidence of neu-
rological or psychiatric diseases (x2 5 19.25, P < 0.001). The
nucleotide sequences identified in the CSFs of the individuals with
schizophrenia or schizoaffective disorder were related to those of
the human endogenous retroviral (HERV)-W family of endogenous
retroviruses and to other retroviruses in the murine leukemia virus
genus. Transcription of RNA homologous to members of the
HERV-W family of retroviruses also was found to be up-regulated
differentially in the frontal cortex regions of brains obtained
postmortem from individuals with schizophrenia, as compared
with corresponding tissue from individuals without psychiatric
diseases. The transcriptional activation of certain retroviral ele-
ments within the central nervous system may be associated with
the development of schizophrenia in at least some individuals. The
further characterization of retroviral elements within the central
nervous system of individuals with schizophrenia might lead to
improved methods for the diagnosis and management of this
disorder.

Schizophrenia is a pervasive neuropsychiatric disease of un-
certain etiology. In the United States, schizophrenia has a

lifetime prevalence of greater than 1% and results in the annual
expenditure of more than 65 billion dollars (1, 2). Family and
adoption studies have demonstrated a significantly increased risk
of schizophrenia in individuals who have a first-degree birth
relative with this disease, indicating that there is a substantial
genetic component in disease pathogenesis. Epidemiological
studies have identified a number of environmental factors
associated with the development of schizophrenia, including
perinatal infections, winter–spring birth, household crowding,
and upbringing in urban areas (3, 4). These genetic and envi-
ronmental findings can be reconciled by the concept that the
disease can result from infectious processes occurring in genet-
ically susceptible individuals (5–8).

Retroviruses have been hypothesized as one of the infectious
agents involved in the pathogenesis of schizophrenia (9–11).
Humans can be infected with retroviruses such as strains of
human immunodeficiency virus (HIV) and human T-cell leu-
kemia virus. These exogenous retroviruses can replicate within
the central nervous system and cause neurological and psychi-
atric symptoms in some infected individuals. The clinical re-
sponse to infection with HIV is determined, to some extent, by
the genetic susceptibility of the infected individual (12–14).

The human genome also contains many endogenous retroviral
(HERV) elements, which have homology to known animal

retroviruses. These elements probably arose from reverse tran-
scriptase-mediated integration into the germ line of progenitors
of Homo sapiens after exogenous retroviral infection. Many of
the HERV sequences in the human genome are incomplete,
although some full-length proviral genomic sequences have been
identified. Some of these proviruses contain long open reading
frames capable of encoding complete viral proteins and engen-
dering viral particles (15–20). The tissue-specific expression of
HERVs has been associated with a number of chronic human
diseases, including multiple sclerosis, diabetes, and autoimmune
arthritis (21–23). We report the identification of retroviral
sequences in cerebrospinal f luids (CSFs) obtained from indi-
viduals with recent-onset schizophrenia, and the differential
transcriptional up-regulation of members of the HERV-W fam-
ily of endogenous retroviruses in the postmortem frontal cortex
of individuals with schizophrenia.

Materials and Methods
CSF Samples. Patients with new-onset schizophrenia. We obtained
CSF samples from 35 previously healthy individuals (presenting
to the Department of Psychiatry at the University of Heidelberg)
with symptoms consistent with new-onset schizophrenia or
schizoaffective disorder as defined by the Diagnostic and Statis-
tical Manual of Mental Disorders, 4th Ed. (25). These individuals
had not been admitted previously to the hospital for schizophre-
nia and were without manifestations of acute infectious, inflam-
matory, or neurological diseases before their admission. The
median age of these individuals was 25 years (range 18–48). CSF
samples were collected by standard lumbar puncture procedures
after admission to the hospital, clinical stabilization, and the
obtaining of informed consent. The samples were obtained a
median of 14 days (range 1–43) after admission, immediately
aliquoted, and stored at 280°C until analyzed.

Patients with chronic schizophrenia. Samples were obtained
also from 20 individuals with chronic schizophrenia or schizo-
affective disorder who were inpatients at St. Patrick’s Hospital,
County Roscommon, Ireland (24). All of these individuals were
clinically stable and on medication at the time consent was
obtained. The age range of the patients was 23–65 years, and
they had been ill for a mean of 14.6 years (range 1–37) before the
samples were obtained. None of the individuals had significant
medical problems other than their psychiatric disorder. Samples
were stored at 280°C.

Abbreviations: CSF, cerebrospinal fluid; ERV, endogenous retrovirus; HERV, human ERV.

Data deposition: The sequences reported in this paper have been deposited in the GenBank
database (accession nos. AF353706–AF353714).
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Patients with noninflammatory neurological disorders. CSF
samples were obtained also from 22 individuals (who presented
to the Department of Neurology of the Johns Hopkins School of
Medicine) for the evaluation of noninflammatory neurological
disorders. A total of 14 of these individuals had a diagnosis of
pseudotumor cerebri and 8 had a diagnosis of normal-pressure
hydrocephalus. Samples were obtained by using standard lumbar
puncture techniques, were aliquoted, and were stored at 280°C
until testing.

Controls. To address the question of potential regional differ-
ences, two control groups were recruited. (i) CSF samples were
obtained from 12 individuals undergoing spinal anesthesia at the
Department of Surgery, University of Heidelberg. None of these
patients had evidence of mental illness after thorough clinical
and standardized psychiatric evaluation, including the German
version of the structured clinical interview for the Diagnostic and
Statistical Manual of Mental Disorders, 4th Ed. (25). These
samples were processed and stored in a manner identical to that
of the samples obtained from the individuals with recent-onset
schizophrenia. (ii) At St. Patrick’s Hospital, County Roscom-
mon, Ireland, 18 healthy staff members volunteered to undergo
lumbar puncture. The age range of the volunteers was 21–46
years, and the group was composed of an equal number of males
and females. None of these individuals had any evidence of
psychiatric, neurological, or acute medical illness. These samples
were processed and stored in a manner identical to that of the
samples from the individuals with chronic schizophrenia.

Informed consent was obtained from all study participants. All
studies were approved by the local ethical committees.

CSF Preparation. Cell-free supernatant was prepared from a
400-ml aliquot of CSF by centrifugation at 1,000 3 g for 30 min
at 4°C. Particle-associated RNA was pelleted from the cell-free
supernatant by centrifugation at 100,000 3 g for 60 min at 4°C,
extracted from the pellet by reaction with guanidine isothiocya-
nate (Qiagen, Chatsworth, CA), homogenized by spinning
through a shredding device (QIAshredder, Qiagen), and purified
by using silica gel-based spin columns (RNeasy kit, Qiagen). The
RNA was eluted in 50 ml of RNase-free water and stored at
270°C until further processing.

Brain Tissue Samples. Frontal cortex tissue, Brodmann’s area 10,
was obtained postmortem from five individuals with schizophre-
nia. This brain region was chosen because the involvement of the
frontal cortices in schizophrenia is accepted generally (8, 26).

These individuals had a median age of death of 35 years (range
30–56) and mean duration of illness of 18.6 years (range 8–32).
Corresponding frontal cortex tissue also was obtained from six
individuals with no history of psychiatric disease. The median
age of death of these individuals was 46 years (range 34–59).
These samples were part of the Stanley Brain Collection (Be-
thesda, MD). The methods used for obtaining and processing
brain samples from this collection have been described (27).

Tissue Preparation. Total RNA was isolated from 0.5 g of tissue by
reaction with guanidinium isothiocyanate and phenol (GIBCOy
BRL) and homogenization, according to the manufacturer’s
instructions. Contaminating DNA was removed by treatment
with 30 units of RNase-free DNase I (Roche Molecular Bio-
chemicals) in DNase buffer for 15 min at 37°C followed by the
addition of 20 mM EDTA and extraction with phenoly
chloroformyisoamyl alcohol and subsequent precipitation with
ethanol. Pelleted RNA was reconstituted in RNase-free water.
The brain samples were documented to be free of DNA by the
demonstration of the absence of intron-containing c-myc DNA
by nested PCR (28).

cDNA Synthesis. First-strand cDNA was generated from a 10-ml
aliquot (CSF) or 1 mg of RNA (tissue) by using Moloney murine
leukemia virus reverse transcriptase (Super Script II, GIBCOy
BRL) and an oligo(dT) primer in combination with the SMART
II oligonucleotide (SMART PCR cDNA synthesis kit, CLON-
TECH). The second strand was then generated in a 15- (tissue)
or 22-cycle (CSF) PCR to yield 100 ml of double-stranded cDNA,
according to the manufacturer’s instructions.

Pan-Retroviral PCR. The oligonucleotide primers and conditions
used were derived from those described by Tuke et al. (29). The
first PCR mixture was performed by amplifying 1 ml of the
double-stranded cDNA reaction with the following reagents: 1
mM primer PAN-UO (59-CTTGGATCCTGGAAAGTGCy
TTAyGCCCyAC-39)y1 mM primer PAN-Dl (59-CTCAAGCT-
TCAGCyGATyGGTCATCCATyCGTA-39)y0.5 unit of ther-
mostable DNA polymerase (AmpliTaq Gold, Perkin–Elmer).
The above was brought to a final volume of 25 ml with a PCR mix
containing 0.2 mM dNTPsy2.5 mM MgCl2y13 PER buffer II
(Perkin–Elmer). The PCR was performed in a Thermal Cycler
480 (Perkin–Elmer) by using the following cycling conditions:
heat activation of the polymerase for 10 min at 95°C; followed
by 35 cycles of 95°C for 1 min, 34°C for 1 min, and 72°C for 1 min;
with a final extension at 72°C for 10 min. One microliter of this
reaction was reamplified in a seminested reaction by using the
PAN-UI (59-CTTGGATCCAGTGTyCTAyGCCCyACAAy
GGG-39) primer in combination with PAN-DI and the following
cycling conditions: 10 min at 95°C; followed by 30 cycles of 95°C
for 1 min, 45°C for 30 sec, and 72°C for 1 min; with a final
extension at 72°C for 10 min. Both PCR mixes also were treated
with 3 units of RNase-free DNase I (Roche Molecular Bio-
chemicals), followed by heat inactivation before the addition of
template, primers, and DNA polymerase to eliminate spurious
reactions caused by contaminating genomic DNA. A 10-ml
aliquot of the resulting PCR product was analyzed after elec-
trophoresis on a 2.5% low-melting-temperature agarose gel
(NuSieve, FMC) in 40 mM Tris–acetic acidy1 mM EDTA, pH 8.3
(TAE), staining with 13 SYBR Green (Molecular Probes)
in TAE and visualization with a fluorescent image analyzer
(FluorImager SI, Molecular Dynamics).

Cloning and Sequencing. PCR products were ligated directly into
a plasmid vector (pCR II-TOPO, Invitrogen). Recombinant
plasmids found to contain a retroviral insert by PCR with the
PAN-UI and PAN-DI primers were sequenced by using the
fluorescent dideoxynucleotide terminator method of cycle se-
quencing on a Perkin–Elmer 373A or 377 automated DNA
sequencer. The resulting sequences were compared with each
other by using the PILEUP program (Wisconsin Package Version
9.0, Genetics Computer Group, Madison, WI) and to previously
reported sequences by using BLASTN and BLASTX algorithms. At
least seven independent clones were sequenced from each CSF

Fig. 1. Agarose gel electrophoresis of PCR products generated by the
reactions described in the text. The source of the samples is as follows: lanes
a and l, negative controls; lanes b–f, CSFs of five individuals with recent-onset
schizophrenia (b, A1; c, A2; d, A3; e, A4; f , A5); lane g, genomic human DNA;
lanes h–k, CSFs from four unaffected control individuals; and lane m, 50-bp
markers. The nucleotide sequences corresponding to the visualized bands
from the CSFs are presented in Fig. 2.
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sample. A CSF sample was considered to contain a species of
retroviral RNA if all of the sequences from each individual were
identical. CSF samples that contained mixed sequences were not
included in the analysis, because at this point, a clear distinction
between possible viral RNA copackaging (33) and contamina-
tion by genomic DNA cannot be made. Excessive DNase treat-

ment of the eluted RNA was avoided because of the risk of
hydrolyzing small amounts of RNA present in the samples. In a
few samples, regardless of clinical diagnosis, the no-reverse-
transcriptase control PCR indicated the presence of minute
quantities of contaminating genomic DNA, which necessitated
these criteria. DNA-free brain tissues were analyzed regardless
of the makeup of the retroviral sequences.

Results
We detected nucleotide sequences homologous to those of known
retroviruses in the CSFs of 10 of 35 (28.6%) individuals tested in the
acute phase of newly diagnosed schizophrenia (Fig. 1, Table 1). The
10 individuals who had retroviral sequences detected in the acute
phase of schizophrenia did not differ significantly from the 25
acutely ill individuals without detectable retroviral sequences in
terms of age, gender, length of illness, or clinical symptoms at
disease presentation. In addition, the groups did not differ in terms
of the levels of total IgG, IgM, IgA, albumin, or cells detected in the
CSF. We also found retroviral sequences in the CSF of 1 of 20
individuals with chronic schizophrenia. On the other hand, we did
not find retroviral RNA in any of the CSFs obtained from 32
individuals without psychiatric disease nor from the 22 individuals
with noninflammatory neurological diseases (x2 5 19.25, df 5 3,
P , 0.001).

The retroviral sequences identified in the CSFs of the 11
individuals with schizophrenia were compared with the corre-

Fig. 2. Alignment of nucleotide sequences (A) and predicted amino acids (B) amplified from the CSFs of 10 individuals with acute schizophrenia (A1–10) and
one individual with chronic schizophrenia (C1) compared with corresponding sequences from MSRV, ERV9, and FRD retroviruses (GenBank accession nos.
AF009668, X57147, and U27240, respectively). The depicted sequences amplified from the CSF samples represent identical sequences obtained from at least seven
independent clones. Dashes indicate nucleotides or amino acids that are identical to the reference sequence depicted on the top line. The open circles indicate
gaps in sequence. The asterisks indicate the presence of stop codons.

Table 1. Results from analysis of CSF from individuals with
recent onset schizophrenia, chronic schizophrenia, individuals
with noninflammatory neurological disorder and individuals
with no history of psychiatric disease

Patient group n

No. with retrovirus sequence

HERV-W ERV9 ERV-FRD Total

Recent onset 35 7 2 1 10 (28.6%)*
Chronic 20 1 ND ND 1 (5%)
Neurological 22 ND ND ND 0
Unaffected† 30 ND ND ND 0

Retroviral pol RNA was detected as described in Materials and Methods.
Homologies, $90%, to previously described sequences were identified by
using the BLAST algorithm. ND, not detected.
*P 5 0.0012 vs. unaffected, Fisher’s exact test (two-tailed).
†The two groups of Irish (n 5 18) and German (n 5 12) controls were
merged because they did not differ with respect to the outcome of this
analysis.

4636 u www.pnas.orgycgiydoiy10.1073ypnas.061021998 Karlsson et al.



sponding sequences in the pol genes of known retroviruses. A
total of 8 of the 11 sequences showed $90% nucleotide identity
to the HERV-W species of endogenous retrovirus (Fig. 2).
Multiple sclerosis-associated retrovirus (MSRV)-associated
RNA sequences (30) have permitted the identification and
characterization of a family of homologous HERV elements,
named HERV-W, on the basis of the tryptophan tRNA motif
identified in MSRVyHERV-W sequences (31). Nucleotide se-
quences amplified from an additional two CSF samples were
approximately 92% identical to members of the endogenous
retroviral-9 (ERV9) family of retroviruses. ERV9, which was
identified originally in undifferentiated embryonal cells (32), is
70–75% identical to HERV-W in the pol gene. The remaining
CSF-derived sequence was identical to the FRD strain of
endogenous retrovirus, which was identified originally in a
human breast cancer cell line (33). The pol genes of the viruses
HERV-W, ERV9, and FRD are all related to other mammalian
C-type retroviruses, such as murine leukemia virus, gibbon ape
leukemia virus, and feline leukemia virus, on the basis of
nucleotide and amino acid sequence homology.

The retroviral sequences that we identified in the CSFs of
individuals with schizophrenia are similar to endogenous retro-
viral sequences found in human genomic DNA. We thus exam-
ined the possibility that our results could be explained by the
differential presence of DNA in the CSFs of some individuals
with acute onset schizophrenia. As depicted in Table 2, we found
that the degenerate primers used in our study amplify a diverse
set of sequences from DNA derived from these individuals, as
well as from other individuals with schizophrenia, and unaf-
fected controls. This pattern contrasts with that found after the
amplification of reverse-transcribed particle-associated RNA
extracted from the CSFs depicted in Fig. 2, in which all of the
clones from a single individual were identical to each other and
displayed homology to a single retroviral species. Furthermore,
the CSF samples that contained detectable retroviral sequences
did not differ from those that did not in terms of the concen-
trations of erythrocytes, leukocytes, or albumin. It is also
unlikely that the finding of retroviral sequences in the CSF of
acutely affected individuals is an artifact of drug therapy or
incidental environmental exposures. All but one of the acutely
psychotic individuals with retroviral RNA detected in the CSF
had received antipsychotic medications for less than 2 weeks at
the time of CSF sampling; one of the individuals had not received
any antipsychotic medications before testing. All of these indi-
viduals had been free of nonpsychiatric diseases and living in

their normal home environments before the onset of their first
psychotic episode.

Analyzing the frontal cortex tissue cDNA for retroviral pol
transcripts, we found that all samples contained retroviral RNA.
However, after sequencing of a large number of clones from each
brain and pooling the data within the two groups, two very
different frequency-distribution patterns appeared (Table 3). Of
a total of 48 clones from the five schizophrenic brains, 65%
showed greatest homology to members of the HERV-W family
of retroviruses. In two of the five brains analyzed in this group,
HERV-W was the only pol transcript detected. In the normal
brains, only 6.7% of the pol transcripts showed homology to this
family of endogenous retroviruses (P , 0.0001, Fisher’s exact
test, two-tailed).

Discussion
We found that CSF obtained from several individuals with
recent-onset schizophrenia contains retroviral sequences not
found in control samples. There are several mechanisms by
which retroviral sequences might be transcribed within the
central nervous systems of individuals with recent-onset schizo-

Table 2. Nucleotide homologies of DNA and RNA amplified from individuals with schizophrenia (SCZ) and unaffected controls

Patient group New-onset SCZ (A4) New-onset SCZ (A5) Chronic SCZ (n 5 4) Unaffected (n 5 6)
Template DNA RNA DNA RNA DNA DNA
No. clones analyzed 16 7 8 9 30 53

Retrivirus homology

HERV-W 4 (25%) 7 (100%)* 1 (12.5%) 9 (100%)† 10 (33.3%) 14 (26.4%)
FRD 3 (19.0%) 0 1 (12.5%) 0 10 (33.3%) 14 (26.4%)
ERV9 4 (25.0%) 0 2 (25.0%) 0 5 (16.7%) 13 (24.5%)
HC2 3 (19.0%) 0 1 (12.5%) 0 5 (16.7%) 4 (7.5%)
MLN 1 (6.0%) 0 0 0 0 5 (9.5%)
HERV-K 0 0 1 (12.5%) 0 0 2 (3.8%)
Other 1 (6.0%) 0 2 (25.0%)‡ 0 0 1 (1.9%)

DNA was isolated from peripheral blood mononuclear cells from individuals A4 and A5 with newly diagnosed schizophrenia as well as from four individuals
with chronic schizophrenia and six unaffected individuals. DNA was extracted and amplified by PCR without prior reverse transcription. RNA was extracted from
the cell-free CSFs of patients A4 and A5, reverse transcribed, and amplified by PCR, as described above. Homologies shown represent those with $90% nucleotide
identity. Data presented relating to new-onset schizophrenia denote the homologies of clones derived from the indicated individuals. Data for the chronic
schizophrenia and unaffected groups represent the homologies of clones derived from four and six individuals, respectively.
*P 5 0.0013 compared to corresponding A4 DNA, Fisher’s exact test (two-tailed).
†P 5 0.0004 compared to corresponding A5 DNA, Fisher’s exact test (two-tailed).
‡Represents homology to two different uncharacterized retroviral sequences.

Table 3. Distribution of retroviral pol transcripts (species
homologies >90%) in frontal cortex tissue obtained postmortem
from unaffected individuals (n 5 6) and individuals with a
diagnosis of schizophrenia (n 5 5)

Species

No. homologous clones

Unaffected Schizophrenia

HERV-W 6 (6.7%) 31 (64.6%)*
ERV-MLN 10 (11.1%) ND
ERV-FRD 10 (11.1%) 4 (8.3%)
ERV-FTD ND 1 (2.1%)
HERV-K 8 (8.9%) 7 (14.6%)
ERV9 52 (57.8%) 1 (2.1%)*
HC2 2 (2.2%) 1 (2.1%)
Other 1 (1.1%) ND
No match 1 (1.1%) 3 (6.2%)

Total clones 90 48

Retroviral pol RNA was detected as described in Materials and Methods.
Homologies to previously reported sequences were analyzed by using the
BLASTN algorithm. ND, not detected.
*P , 0.0001, Fisher’s exact test (two-tailed).
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phrenia. For example, the long terminal repeat regions of many
retroviral RNAs contain binding sites for a number of different
transcription factors and enhancers, including ones for hormonal
and inflammatory mediators. These promoters can activate not
only retroviral sequences but also human genes located down-
stream from the site of retroviral integration (34–36). The
interaction between these transcriptional activators and endog-
enous retroviruses is of interest in light of the neuroendocrine
and immunological abnormalities that have been reported in
some individuals with schizophrenia (37, 38). Retroviral RNA
can also be transcribed differentially under the control of the
promoters of human genes located adjacent to integrated ret-
roviral elements (39). The identification of the promoter mech-
anisms involved in the activation of the endogenous retroviruses
in individuals with schizophrenia might result in the character-
ization of aspects of disease pathogenesis.

It is also possible that some of the retroviral RNAs identified
in the CSFs of individuals with schizophrenia are derived from
infection with exogenous retroviruses that have sequence ho-
mology with HERVs. The occurrence of exogenous and endog-
enous viruses with similar sequences has been documented
previously in murine, ovine, and feline species. Furthermore,
exogenous and endogenous retroviruses can recombine to gen-
erate viruses of altered pathogenicity (40, 41). It is of note in this
regard that 3 of the 11 sequences found in the CSFs of individuals
with schizophrenia would not be expected, by themselves, to be
replication competent, because of the presence of stop codons in
the polymerase region (Fig. 2).

We found retroviral sequences in the CSFs of 28.6% of
individuals with acute onset schizophrenia and in 5% of indi-
viduals in later stages of the disease process; however, we found
no retroviral sequences in individuals with noninflammatory
neurological diseases or without neurological or psychiatric
diseases. The differences in the prevalence of retroviral RNA in
the CSFs among the different patient groups should be inter-
preted with some caution in light of the fact that the samples had
been stored for different lengths of time and were obtained from
geographically distinct study populations.

Similarly, our finding of the absence of retroviral RNA in
CSFs from individuals without psychiatric diseases should also
be interpreted with some caution because of the fact that some
of the control samples also were obtained and stored under
conditions different from those of the individuals with psychi-
atric diseases. However, the 12 CSFs from control individuals,
which were matched to the group with recent-onset schizophre-
nia in terms of geographical origin and handling, had been stored
for the shortest length of time before analysis. This fact argues
against our findings being caused solely by artifacts because of
handling, storage, or other regional differences.

Many of the retroviral sequences we have identified in the
CSFs of individuals with schizophrenia are homologous to the
HERV-W family of endogenous retroviruses, a member of which
(MSRV) was identified originally in the CSFs of individuals with
multiple sclerosis. We also found evidence of increased tran-
scription of HERV-W in brain tissues obtained postmortem
from individuals with schizophrenia. A possible role for
HERV-W in the pathogenesis of schizophrenia is supported by
the identification of an HERV-W sequence by representational
difference analysis in the DNA from monozygotic twins discor-
dant for schizophrenia, indicating that individuals with schizo-
phrenia may differ from unaffected individuals in terms of de
novo integrations of viral genomes homologous to the HERV-W
family into their genomic DNA (42). It has been found recently
that the envelope protein of HERV-W is capable of causing cell
fusion and the generation of syncytia (43). It is not known
whether this function of HERV-W is related to the association
with schizophrenia.

The reason for finding similar retroviral sequences in the CSFs
of individuals with both schizophrenia and multiple sclerosis is
not known with certainty. It is possible that, although similar in
the polymerase region, the retroviruses activated in the two
diseases differ in the genes encoding other viral proteins or in the
viral long terminal repeats. It is also possible that individuals
with schizophrenia and multiple sclerosis undergo the activation
of similar retroviral sequences but differ in terms of genetically
determined responses to the retroviral activation. Schizophrenia
and multiple sclerosis are distinct clinical entities and have
different pathological manifestations, gender ratios, and clinical
courses. However, the diseases share a number of epidemiolog-
ical features (44, 45). These include similarities in ages of onset,
seasons of birth, and geographic distributions. In addition, some
patients can display clinical manifestations of both diseases
(46–49). The further characterization of retroviral sequences
transcribed within the central nervous system of individuals with
schizophrenia and multiple sclerosis might better define the
relationships between retroviral activation and human brain
diseases and lead to improved methods for the diagnosis and
treatment of these disorders.
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20. Löwer, R., Löwer, J. & Kurth, R. (1996) Proc. Natl. Acad. Sci. USA 93,

5177–5184.
21. Perron, H., Garson, J. A., Bedin, F., Beseme, F., Paranhos-Baccala, G.,

Komurian-Pradel, F., Mallet, F. Tuke, P. W. Voisset, C., Blond, J. L., Lalande,
B., et al. (1997) Proc. Natl. Acad. Sci. USA 94, 7583–7588.

4638 u www.pnas.orgycgiydoiy10.1073ypnas.061021998 Karlsson et al.



22. Conrad, B., Weissmahr, R. N., Boni, J., Arcari, R., Schupbach, J. & Mach, B.
(1997) Cell 90, 303–312.

23. Nakagawa, K., Brusic, V., McColl, G. & Harrison, L. C. (1997) Arthritis Rheum.
40, 627–638.

24. Torrey, E. F., McGuire, M., O’Hare, A., Walsh, D. & Spellman, M. P. (1984)
Am. J. Psychiatry 141, 966–970.

25. Wittchen, H. U., Wunderlich, U., Gruschwitz, S. & Zaudig, M., eds. (1997)
Strukturiertes Klinisches Interview für DSM-IV (Hogrefe, Verlag, Göttingen,
Germany).
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