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Preface 

This volume contains the contributions to the "3rd Expert Meeting in 
Psychoneuroimmunology", held in Munich, Germany in autumn 1997. 
Clinical psychiatrists, neuroscientists and researchers in basic immuno­
logy from Europe and the USA gather together annually at this new tra­
ditional meeting to discuss new findings and trends in the relationship 
between psychiatric disorders and the immune system. Pinpointed at the 
Munich meeting in particular were the possible influence of viral infec­
tions on psychiatric disorders, especially schizophrenia, and the possible 
pathophysiological mechanisms affecting psychiatric disorders. These 
mechanisms include viral-induced alteration, cytokine production, and 
the role of the HLA system. 

One chapter is devoted to the influence of viral infections during 
pregnancy; another to the first results of experimental therapy especial­
ly regarding the immune system. The immunological aspects not only of 
schizophrenia but also of depression, anxiety disorders, sleep and 
headache were also discussed at the meeting, and two further chapters 
cover methodological aspects related to clinical and experimental pitfalls 
in psychoneuroimmunology. 

The psychoneuroimmunology of psychiatric disorders is a rapidly 
expanding field, and research is increasing on the therapeutic aspects. 
This is reflected by one of the main themes of the "4th Expert Meeting 
in Psychoneuroimmunology", jointly held in autumn 1998 in Bethesda, 
Maryland, USA, with the Stanley Foundation Meeting in Neurovirology, 
devoted to therapeutic strategies deriving from psychoneuroimmunolo­
gical findings. The "5th Expert Meeting in Psychoneuroimmunology" will 
be held in 1999 in Innsbruck, Austria. 

Munich, Spring 1999 NORBERT MULLER 
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Immunogenetic aspects of viral or other 
environmental factors in schizophrenia 

R. Wank 

Institut flir Immunologie, Universitat Mlinchen, Federal Republic of Germany 

Summary 

Neuronal regulation appears to be vulnerable to cytokines of the immune 
system. Environmental microbial factors can stimulate the production of such 
cytokines. The type of cytokine, elaborated in the course of acute and chronic 
infections, depends on the individual immunogenetic disposition. Examples of 
immune reponses will be discussed that can lead to a polarized overproduc­
tion of some cytokines in dependance of the immunogenetic disposition. 

Introduction 

The essential contribution of genetic factors to the pathogenesis of 
schizophrenia has been generally accepted [1-3]. The concordance rate 
in monozygotic twins of approximately fifty percent suggests a contri­
bution of both genetic and environmental microbial factors. Recently, 
the search for such environmental factors has focussed on the role of 
viruses (reviewed in [4), and this volume). 

The purpose of this article is not to discuss arguments for or against 
a certain virus that mayor may not be involved in the schizophrenic 
syndrome. I want to raise awareness for the information that could be 
gained from inclusion of immunogenetic results in the analysis of the 
schizophrenic syndrome. 

Distorted cytokine and cytokine receptor concentrations 
and the autoimmune hypothesis of schizophrenia: 

central or peripheral origin of distortion? 

A medieval painting by Hieronymos Bosch depicts the extraction 
of the stone of folly from the brain of a quietly sitting individual [5]. 



2 R. Wank 

Where shall we search the stone of schizophrenia? Do we get fooled 
by searching pathognomonic alterations in the brain of schizophren­
ics? Certainly, there are slightly enlarged ventricles in post mortem 
brains of schizophrenics but the brilliant painter Adolph Menzel, who 
died with a brain weight of 980 grams due to a hydrocephalus, had 
no sign of mental confusion or abnormal behaviour until his death. 
Similarly disappointing in general was the fine inspection of the brain 
with the sensitive tool of the polymerase chain reaction (PCR) in 
order to identify viral agents, although reports showed elevated anti­
body titers against the probed vimses [4]. The paucity of findings in 
the brain could indicate a lack of sophisticated tools or methods, but 
could also indicate an error of pricipal strategy. If smoke makes the 
lungs cough we must not find the fire in the lungs. The hypothesis 
that autoimmune processes could be the basis of the schizophrenic 
syndrome would also agree with a location of disease processes in the 
periphery. The hypothesis of an autoimmune process would also 
agree with decreased concentrations of interleukin 2 CIL-2) in the 
peripheral blood and increased concentrations of IL-2 in the cre­
bros pinal fluid [5-7). The importance of these changes in IL-2 
concentrations for the schizophrenic disease process is illustrated by 
the observation that relapses after neuroleptica treatment are ac­
companied by increased concentrations of IL-2 in the crebrospinal 
fluid [8]. 

We have to keep in mind that changes in concentrations of IL-2 or 
other interleukines like IL-6 as well as changes in IL-2 receptor con­
centrations can be interpreted as indications for infectious disease 
processes but not as proofs. Furthermore, the distorted cytokine con­
centrations must not cause themselves schizophrenic symptoms and 
could represent simply indicators. For example, other products from 
infectious diseases like viral pep tides could interfere with receptors of 
transmitters or neurotrophines in the CNS. 

However, direct effects of IL-2 on the homeostasis of brain sig­
nalling was observed in cancer patients treated with high-dose IL-2 
because they displayed symptoms of schizophrenia that ceased with 
discontinuation of the IL-2 medication [9], 

HIA factors and the autoimmune hypothesis 
of schizophrenia 

Several investigators found vulnerability loci for schizophrenia on 
the short arm of chromosome 6 (reviewed in [10]). This evoked the 
interest in former and more recent studies of associations between 
schizophrenia and particular HLA antigens or alleles because chromo­
some 6p contains also the HLA gene region. 
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How can different HIA antigens or alleles show significant 
associations with schizophrenia? 

Results of HLA association studies in schizophrenia have met con­
siderable scepticism before the recognition of autoimmune features in 
schizophrenia. There is still perplexity about the various HLA studies 
finding different HLA antigens and alleles significantly associated 
with schizophrenia. One has to inspect three different problem­
loaded areas of HLA association studies in order to understand that 
divergent results of properly conducted HLA association studies must 
not exclude the involvement of several different HLA antigens or 
alleles: 

a) Common epitopes of HLA antigens or alleles can present the 
same peptide of viral or other origine, meaning that several allelic HLA 
molecules could present the same disease inducing peptide. An 
example would be the antigen HLA-B27 encoded by the seven differ­
ent HLA class I alleles B27*01-*07. Six of these alleles are significantly 
associated with ankylosing spondylitis. In this autoimmune disease bac­
teria espeCially yersinia, chlamydia and klebsiella are under suspect to 
deliver the disease peptides. 

b) The same Single HLA alleles, particularly "promiscuous" HLA 
class II alleles, can present peptides from different bacteria or virus. 
An example would be the HLA class II allele DQBl*0602. T cell clones 
from multiple sclerosis patients carrying the HLA-DQBl *0602 allele 
were sucessfully restimulated with pep tides derived from herpes 
simplex, helicobacter and other microbes after sensitization to myelic 
basic protein [11]. Interestingly, the same allele has been found to be 
associated also with narcolepsy (reviewed in [12]) and with schizo­
phrenia subtypes [13]. This restimulation of T cell clones by peptides 
from very different microbes illustrates how single T cells can get 
amplified by different stimuli. The amplified T cells may dominate the 
T cell response C"polarization) by producing a cytokine that in turn can 
suppress or inactivate other T cells. 

c) HLA alleles of different loci can be inherited in linkage disequi­
librium, meaning that another than the accused disease-associated 
allele is the main contributing disease factor. 

The last point was often presented in the past before the HLA genes 
could be analysed molecularly and before the complex biologic func­
tions of HLA genes were recognized. We know now that immune 
response genes are not linked to HLA genes but are themselves 
immune response genes. HLA allelic variants of LMP2/7 are involved 
in processing of viral proteins to peptides, HLA allelic variants of 
TAPl/TAP2 in selection and transport of these peptides and HLA class 
I and class II molecules in the presentation' of these pep tides at the 
cell surface. So the ability of the individual to respond successfully to 
viral challenges by proper processing and presenting viral pep tides 



4 R. Wank 

depends to a large degree on both sets of HLA allelic variants inher­
ited by the parents. 

Possible modulation of symptoms and strength of association 
by the alternate RLA haplotype 

This mutual influence of alleles of both HLA chromosomal regions 
(haplotypes) on disease expression has been elaborated mainly in juve­
nile diabetes [14]. Protectivity-associated HLA haplotypes can modify 
the effects of disease associated HLA haplotypes. This important aspect 
has been hardly appreciated in the evaluation of results. For example, 
rheumatoid arthritis seems to be protective against schizophrenia. 
Hence, HLA alleles associated with rheumatoid arthritis should be con­
sidered as protective factor in the analysis of HLA alleles associated 
with vulnerability to schizophrenia. 

HLA factors, viral infections and cytokine production 

The variability of the immune response against HIV has taught us 
much about the mutual dependence of HLA constellation, immune 
response and cytokine production. It is also interesting for the theme 
here that paranoid symptoms occur during the AIDS phase only in ten 
to twenty percent of the patients. HLA class II alleles are associated 
with fast and slow progression towards AIDS. The same HLA-class I 
alleles were reported to show a Significant correlation with resistance 
against HIV in two investigated populations [15]. It would be, most 
likely, informative to analyse the immunogenetic constellation and the 
cytokine production of HIV infected patients who develop paranoid 
symptoms. 

How do immunogenetic factors influence cytokine production? The 
best answer we can get in the moment comes from observations in 
mice. Two mouse strains, BALB/c and C57BL/6 showed a different 
T-helper 1 development if the cytokine IL-18 (formerly called IFNy 
inducer, IFIG) was used for induction but the same, if IL-12 was used 
[16]. The interest in this potentiation of IL-12 induced Thl development 
in BALB/c but not in C57BL/6 mice was raised because BALB/c mice 
develop IL-4 predominant responses to Leishmania major infection [17]. 

In this context it would be interesting to know, to which extent the 
IL-1O like cytokine from EBV [18] can influence the immune response 
between individuals because of their different immunogenetic disposi­
tions. Infection with EBV is a common event in most populations, but 
serious illness hits relatively few individuals. Antibody titers against 
capsid and/or nuclear antigens provide limited information on the 
gravity of symptoms. Similar problems exist in the evaluation of anti-
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body titers against other microbes. Twenty percent of chlamydia 
infected individuals do not produce antibodies against the respective 
chlamydial strain [19]. 

Conclusions 

The same antigen can evoke many distinct immune responses 
dependend on the presence of immunogenetic factors that differ from 
individual to individual. This implies also the production of different 
cytokines upon antigenic stimulation. Polymorphic HLA factors are 
deeply involved in the immune reponse against environmental factors 
and influence also cytokine patterns. Individual polymorphic HLA traits 
should be included therefore in the analysis of autoimmune factors in 
schizophrenia. 
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The use of subtraction libraries for the identification 
of RNA species up regulated in the brains of 

individuals with schizophrenia 

R.H. Yolken, N. Johnston, F. Leister, E.F. Torrey, 
and the Stanley Neuropathology Consortium 

The Stanley Neurovirology Laboratory, Johns Hopkins University School of 
Medicine, Department of Pediatrics, Baltimore, MD, and National Institute of 

Mental Health, St. Elizabeths, Washington, DC, U.S.A. 

Summary 

Schizophrenia is a brain disease of unknown etiology. It is likely that indi­
viduals with schizophrenia express RNAs within their brain tissues which differ 
qualitatively and quantitatively from the RNAs expressed by unaffected indi­
viduals. We developed a series of brain subtraction libraries which are enriched 
for RNAs which are differentially expressed by individuals with schizophrenia. 
Analysis of these libraries identified a number of RNA species associated with 
brain function and the inflammatory response. In addition, we identified a 
number of novel RNAs which have not been previously characterized. The 
identification of brain RNAs which are disease associated might lead to new 
modalities for the diagnosis and treatment of schizophrenia. 

Schizophrenia is a complex neuropsychiatric disorder with world­
wide prevalence. While the specific etiopathogenesis of schizophrenia 
is not known with certainty, numerous studies have indicated that 
schizophrenia is associated with abnormalities of brain structure and 
function. Furthermore, numerous studies have identified familial clus­
ters of cases, indicating possible genetic determinants of disease sus­
ceptibility [1]. These findings have led to extensive searches for genetic 
determinants of schizophrenia utilizing linkage analyses and other posi­
tional cloning techniques. These analyses have identified genomic 
regions which display increased rates of inheritance as compared to 
unaffected controls. However, despite extensive studies of large 
numbers of individuals and family kindreds, specific genetic defects 
associated with schizophrenia have not been identified [2,3,4]. This 
failure has led to the search for environmental factors which might 
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modulate gene expression in the absence of inherited alterations in 
coding sequences. The role of infection and other environmental 
factors in the etiology of schizophrenia is supported by a number of 
studies which have addressed the epidemiology and pathophysiology 
of this disease [5, 6J. 

Viruses are obligate intracellular parasites which can infect a wide 
range of host cells. In many cases, viral infection of host cells results 
in rapid cytolysis with the subsequent release of large numbers of 
progeny viruses. However, viral genetic material can also integrate into 
the host genome and alter RNA transcription in the absence of 
cytopathology. This altered transcription can result in modulation of a 
range of cellular functions without pathologic evidence of infection or 
inflammatory response. The effect of viral infection on the host can 
also be modulated by genetic factors. Genetic determinants of infec­
tion include genes which modulate the immune response, the expres­
sion of viral receptors, and the susceptibility of cells to soluble factors 
generated during the course of viral infection [7.8J. It is thus possible 
that viral infection of neuronal cells can, in combination with genetic 
determinants of susceptibility, result in the profound alteration of brain 
function typical of human neuropsychiatric diseases [9], 

The characterization of the role of genetic and environmental effects 
on RNA transcription in neuronal cells requires the unbiased measure­
ment of differentially expressed RNAs in the brains of affected individ­
uals. Recently, molecular biological technologies have been devised 
which allow for the precise characterization of RNA derived from human 
brain tissue. These methods are based on the ability of polymerase chain 
reaction (peR) to amplify low levels of RNA in a quantitative fashion and 
to distinguish levels of specific RNAs in cases and controls [10]. Several 
of these methods involve the "subtraction" of RNAs amplified from indi­
viduals with a defined disease process by RNAs derived from matched 
controls. These procedures result in the generation of pool (or library) 
or RNA sequences which is enriched for RNA species which are 
expressed at a different level in affected individuals as compared to 
unaffected controls. We have applied the method of subtractive 
hybridization to characterize RNAs which are differentially expressed in 
the frontal cortex of individuals with schizophrenia. 

Methods 

Postmortem brain samples were obtained from the Stanley Neuropathology 
Consortium (details of the consortium and the methods used for brain collec­
tion, characterization, and processing can be found at the web site 
"WWW.Stanleylab.org"). Sections were cut from frozen frontal cortex tissue of 
4 individuals with schizophrenia and 4 controls. RNA was extracted as previ­
ously described [11] and full length cDNA was prepared by the method of 
Lukyanov et al. [12] (Fig. 1). The cDNAs from the individuals with schizo­
phrenia were subtracted from cDNAS prepared from the control individuals by 
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5' end polV A+ RNA 
T""'''~AAAAA 3' 

CapSwitch 1 ~. 
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RNA/DNA hybrids 
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with high representation of 5' ends 

9 

Fig. 1. Outline of method for the preparation of full length cDNA from RNA extracted 
from brain. The method is described in detail in reference 12 (figure kindly provided 

by Dr. Luda Diatchenko, Clontech Laboratories, Palo Alto, CA) 

the method of Diatchenko et al. [13] (Fig. 2). Reagents for the cDNA genera­
tion and subtractions were purchased from Clontech. The cDNA resulting from 
the subtraction was cloned into the vector pCR2.1 using the T/ A Cloning system 
(Invitrogen). The nucleotide sequences of individual clones were determined 
using an ABI automated sequencer and the sequences were characterized using 
the BLAST, UNIGENE, and ORF programs accessed at the National Institutes 
of Health Web Site "www.ncbLnlm.nih.gov". Clones were prepared from 2 sep~ 
arate subtraction procedures each employing 2 case and 2 control brains. 
Clones which consisted of repetitive sequences such as SINE (short interspersed 
nuclear elements) or LINE Clong interspersed nuclear elements) were removed 
from the analysis. 

Results 

We analyzed a total of 97 clones from the subtraction libraries gen~ 
era ted from the RNA of brains from individuals which schizophrenia. 
These clones yielded a total of 79 unique sequences. The distribution 
of these sequences in terms of homologies to sequences contained in 
available databases is presented in Table 1. We found that 28 (35%) of 
the sequences, derived from 40 (41%) of the clones displayed identity 
of high levels of homology with genomic regions that encode genes 
of known functional significance. An additional 33 (42%) of the 
sequences, derived from 38 09%) of the clones displayed high degrees 
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Fig. 2. Outline of the method used for the subtraction of cDNAs, The method is 
described in detail in [13] (figure kindly provided by Dr, Luda Diatchenko, Clontech 

Laboratories, Palo Alto, CA) 

of homology with sequences derived from human cDNAs for which 
functions have not been determined. Most of these sequences were 
derived from expressed sequence tags (ESTs) from brain and other 
tissue libraries [14,15], Finally, we found that 18 (23%) of the sequences, 
derived from 19 (20%) of the clones were did not display significant 
levels of nucleotide homology with any known human, eukaryotic, or 
prokaryotic sequences and thus represent novel sequences. 

The homologies of the clones that yielded sequences with homolo­
gies to genes of known function are presented in Table 2, A total of 
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Table 1. Databank matches of sequences form 
subtraction libraries 

Sequences 
Known function 
Unknown function 
Novel sequence 

Total 

No. (%) Clones 

40 (41%) 
38 (39%) 
19 (20%) 

97 

No. (%) 

28 (35%) 
33 (42%) 
18 (23%) 

79 

11 

Table 2. Sequences with homologies to RNAs encoding proteins of known 
functional significance 

Sequence match 

X62996/HSU09500/ AF03542 Mitochondrial Sequences 
D87666/L08069/D86956 Heat Shock Proteins 
z 47087 RNA polymerase II elongation factor 
P34443 ras related GTP binding protein 
Q06003 D melanogaster-Probable transcription factor 
P46778 60 s ribosomal protein 
HUMPKC2 protein kinase C beta 1 gene 
ABOOll06 mRNA for glial maturation factor 
HUMNPM nucleophosmin mRNA 
HSSPMSYN mRNA for spermine synthetase 
D84296 mRNA for TPRIII Downs Syndrome Protein 
HSNCHIM mRNA for n-chimerin 
MMU10355 Mus musculus BALB/c synaptotagenin 
RNU15138 Rattus norvegicus LIC-2 dynein light chain 
D49958 fetus brain mRNA for membrane glycoprotein m6 
X98259 M phase phosphoprotein, mpp8 
HUMHNRNA nuclear ribonucleoprotein particle (hnRNP) 

C protein mRNA 
HSU94319 autoantigen DFS70 mRNA 
HUMSCP2B sterol carrier protein 2 mRNA 
KlAA0026 homeobox protein 
HSEAR3 v-erbA related ear-3 gene 
HSPTPID phosphotyrosine phosphatase. (type 6) 
HSERC55R erc-55 
KlAA0203 neuronal intermediate filiment 
HSCALMG2 calmodulin 
D78013 dihydropyrimidinase related protein-2 
HSU29943 Human ELAV-like neuronal protein 
HSITBA4 ITBA4 protein-ring finger protein 

No. 
matches 

7 
4 
2 
1 

1 
1 
1 
1 
1 

1 
1 

Genomic 
location 

M 
M 

5,17 
1,10 

1 
11 
16 
14 
5 

X 
21 
M 
18 
16 
4 

12 

1 
X 
5 
6 

15 

14 
8 
9 

Numbers and letter preceding the proteins indicate the Genbank or EMBL ascension 
numbers. Proteins are human in origin unless otherwise indicated. "M" indicates 
multiple genetic assignments. Blank spaces indicate that the genomic region is mapped 
to multiple sites or has not been unambiguously assigned 
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8 clones had homologies to sequences encoded by the mitochondrial 
origin. An additional 5 clones displayed sequence homology to heat 
shock proteins. We also found single clones of sequences homologous 
to structural proteins within the human or animal central nervous 
system, such as synaptogenin, chimerin, and neuronal intermediate 
filament. Additional expressed sequences, such as nucleophosmin, 
ribonucleoprotein C particle protein, and auto antigen dfs70 are 
structural proteins which can serve as the targets for antibodies gen­
erated as part of an autoimmune response [16,17]. We also identified 
sequences encoding proteins associated with cellular metabolism. Such 
sequences include those homologous to protein kinase C, RNA poly­
merase II elongation factor, M phase phosphoprotein mpp8, ras related 
GTP binding protein and phosphotyrosine phosphatase. Genes 
encoding these proteins are localized to a large number of human 
chromosomes. 

The homologies to human sequences of unknown function 
(expressed sequence tags or ESTs) are presented in Table 3. The table 
also presents the chromosomal location of the ESTs which have been 
mapped to specific locations. It is of note that multiple expressed 
sequence tags had been mapped to chromosomes 1, 6, 8, 11 and the 
X chromosome. All of these chromosomes contain regions that 
have been associated with susceptibility to schizophrenia [18-22]. 
Multiple ESTs were also mapped to chromosome 21, which has not 
yet been associated with susceptibility to schizophrenia but which has 
been associated with Down's syndrome. There were also single ESTs 
mapped to additional regions of the human genome as well as ones 
that have not as yet been localized to discrete genomic regions. 

We identified a total of 18 sequences that did not display 
any significant homology to known human or microbial sequences 
(Table 4). Several of these sequences have been entered into Genbank 
with ascension numbers AFOI7086-AFOI795, the remainder are avail­
able from the authors pending their addition to the Genbank database. 
Seven (38.9%) of these sequences, although they did not match known 
sequences at the nucleotide level, possessed open reading frames 
with the potential for encoding proteins with homology to viral pro­
teins. These predicated homologous proteins included components of 
human herpesvirus type 6, human papillomavirus and human variola 
virus as well as two species of rodent retroviruses and an insect poly­
hedrosis virus. 

Discussion 

The analysis of these subtraction libraries indicates that schizo­
phrenia may be associated with the increased transcription of a range 
of RNAs in brain frontal cortex. The increases in RNA transcription did 



The use of subtraction libraries for the identification 13 

Table 3. Sequences of unknown function (expressed sequence tags) 

Genbank ascension No. No. matches Chromosomal localization" 

R13524 
T33605 
H45647 
w95882 
T06692 
AA127250 
AA533286 
AA122420 
W74189 
AA653775 
AA135797 
R37789 
W72666 
N30306 
AA488130 
AA441834 
AA22902 
R13857 
AA287675 
AA045204 
H20646 
AA169656 
AA046458 
AA322788 
AA322648 
AA329697 
AA514960 
z44058 
AA465704 
R78606 
N93621 
AA074356 
R14693 

3 
2 
2 
2 

1 
1 

1 
1 

11 
6 
8 

21 
1 
1 
2 
4 
7 

11 
11 
13 
21 
X 
X 

"' Chromosomal localization as indicated by the Unigene Program, National LibralY of 
Medicine, National Institutes of Health, Bethesda, Md. Blank space indicates that the 
chromosomal localization has not as yet been determined 

not appear to be random but rather were concentrated on markers of 
cellular activation and immunity. For example, we found increases in 
RNAs encoding proteins with homology to mitochondrial and heat 
shock proteins. These findings are consistent with previous studies of 
RNA expression in the brains of individuals with schizophrenia [23,24l. 
We also found evidence of upregulation of RNAs capable of encoding 
proteins involved a number of cellular metabolic and immune­
mediated pathways. The potential role of these RNAs and proteins 
in the pathogenesis of schizophrenia is the subject of ongoing 
investigations. 



14 

Genbank ID 

AF017090 
NA 
NA 
AF017094 
NA 
NA 
AF017092 
AF017086 
AF017087 
AF017089 
AF017091 
AF017093 
AF017095 
NA 
NA 
NA 
NA 
NA 

R.H. Yolken et al. 

Table 4. Novel Sequences 

No. matches 

2 

1 
1 

1 
1 
1 
1 
1 
1 

Viral homology (predicted protein) 

Autographa californica nuclear polyhedrosis virus 
Retrovirus-rat 
Retrovirus-mouse 
Human Variola (Smallpox) virus 
Lactic Dehydrogenase Virus 
Human Herpes Virus type 6 
Human papillomavirus type 25 

NA Genbank Ascension Number not yet assigned. Sequence is available from the authors 

We also identified a number of sequences which did not match 
known human proteins but which contain open reading frames pre­
dicted to encode proteins homologous to those of pathogenic human 
and animal viruses. These RNAs may represent genomic or messenger 
RNA derived from novel viral agents. Of interest in this regard is that 
fact that several of the predicted proteins are homologous to viruses 
of non-human origin. This finding may represent the infection of 
humans with xenotropic viruses or with previously unrecognized 
human viruses with homology to viruses of non-human origin. Of 
particular interest in this regard would be the identification of human 
retroviruses with homology to animal retroviruses since such agents 
have recently been proposed to play an etiological role in other 
chromic human disease such as multiple sclerosis [25] and diabetes 
[26]. Alternately, it is possible that these RNAs encode previously 
uncharacterized human proteins with sequence homologies to 
viral polypeptides. The possible role of these viral or cellular pro­
teins in the etiology of schizophrenia is the subject of ongoing 
investigations. 

Our studies indicate that schizophrenia is associated with the upreg­
ulation of a number of different RNA species. These RNAs are thus 
unlikely to represent single genetic determinants of schizophrenia but 
rather may reflect broad alterations in cellular function within the 
central nervous system. It is also likely that the altered levels of RNA 
transcription are modulated by multiple genetic and environmental 
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factors. These findings are thus consistent with the identification of the 
non-random sharing of genetic determinants in individuals with schiz­
ophrenia but the corresponding inability to definitively associate indi­
vidual genes with disease phenotype using classical genetic linkage 
methodologies. The development of methods for the integration of 
both genetic and environmental determinants might lead to increased 
precision in terms of the identification of genes associated with disease 
susceptibility. 

Our studies indicate that subtraction hybridization methodologies 
using post-mortem brain tissue obtained from individuals with schizo­
phrenia can identify RNAs with potential etiological significance. 
Ongoing studies include the further localization and functional 
characterization of the RNAs found in the library as well as the docu­
mentation of the differential expression of the RNAs by independent 
methods such as reverse transcriptase polymerase chain reaction and 
Northern blotting. In addition, we are analyzing other brain areas such 
as the hippocampus to determine if the same RNAs are differentially 
expressed in additional anatomic sites. We are also performing 
studies with subtraction performed in the reverse orientation in order 
to identify RNAs that are down-regulated in individuals with schizo­
phrenia. Finally, we are performing similar analyses of subtraction 
libraries derived from the brains of individuals with bipolar disorder. 
The analysis of brain tissues by subtraction and other genomic method­
ologies may lead to the identification of both genetic and environ­
mental determinants of RNA transcription and hence to the 
development of new methods for the understanding, diagnosis, and 
eventual treatment of schizophrenia and other serious human neu­
ropsychiatric diseases. 
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Summary 

Schizophrenia may represent a clinical syndrome caused by various eti­
ologies and through various pathogenetic pathways. Recent studies suggest 
viruses to be a more important cause of schizophrenia than previously thought. 
Borna disease virus (BDV) causes meningoencephalitis or behaviour abnor­
malities in a broad range of animals, and accumulating data suggest a causal 
role of BDV for human neuropsychiatric disorders including schizophrenia. 
However, it is difficult to establish causality in the clinical situation. We 
addressed this problem by detailed investigations over the long term in a sug­
gestive single case. Furthermore, we hypothesized a therapeutic effect of cere­
brospinal fluid filtration (CSFF) in such case comparable to that in therapy 
resistant postinfectious Guillain-Barre syndrome (GBS). 

A variety of signs and findings in a 28 years old man indicated a subclini­
cal BDV encephalitis being responsible for DSM-IV recent onset schizophre­
nia, mainly: elevating BDV specific serum ab's, elevated CSF proteins, slow 
alpha-waves and dysrhythmia in EEG on admission (no gross neurologic abnor­
malities). Positive schizophrenic symptoms improved under psychopharmaca 
medication but not the primary negative symptoms. Therefore the patient was 
treated by CSFF in two filtration series, each over five days. Outcome was 
monitored by a battery of assessments and tests. 

Negative schizophrenic symptoms were rapidly improved under CSFF, in 
parallel neurological soft signs, performance in attention tests and EEG; this 
was similar in time pattern as GBS symptoms improve under CSFF. Clinical 
status and test performance remained on an improved level after CSFF (p < 
0.05) and improved further spontaneously over the long-term (8 months inpa­
tient, 11 months outpatient observation) to full remission. 
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We conclude, that we probably observed the natural course of a mild or 
'subclinical' BDV-encephalitis-related schizophrenia, which could be amelio­
rated by psychopharmaca and CSFF. Removing yet partially defined toxic 
factors, similar to that found in GBS, from cerebrospinal fluid may explain clin­
ical improvement under CSFF. 'Subclinical' encephalitis by BDV or other viruses 
may more frequently underly schizophrenic symptoms than previously 
detected. Our observation indicates a novel pathogenetic principle in a case 
of schizophrenia. 

I. Introduction 

Borna disease virus is a frequent cause of meningoencephalitis in 
horses and sheep in middle Europe, caused by the neurotropic nega­
tive stranded RNA virus BDV (de la Torre et ai., 1994; Schneider et ai., 
1994). According to recent studies, BDV is widely distributed over the 
world in a broad host range, although Borna disease (BD) was earlier 
described in Europe only (Rott and Becht, 1995). Pathogenesis of BDV 
encephalitis is understood as a T cell-dependent immune mechanism, 
the preferential site being the hippocampus. A mild form of BD in 
animals can result exclusively in behavioural disturbances. Therefore a 
causal relationship to human psychiatric disorders has been suggested 
(Rott et ai., 1985; Amsterdam et ai., 1985). Comparably large epidemi­
ologic studies in humans showed an increased prevalence of BDV 
serum antibodies in psychiatric and possibly neurologic patients, espe­
cially in young psychiatric patients (Bechter et ai., 1998a). However, 
the question of causality of BDV for human psychiatric disorders is 
yet open and there are considerable discrepancies in findings and inter­
pretation (Bechter et ai., 1996; Hatalski et ai., 1997; Richt et ai., 
1997a,b). 

Earlier we isolated BDV or a related agent from the cerebrospinal 
fluids (CSF's) of two neurologic patients with lymphocytic menin­
goencephalitis and of one psychiatric patient with acute schizophrenia 
(Rott et ai., 1991). Recently BDV specific RNA has been reported in 
post mortem human brains from patients suffering from schizophrenia 
or affective psychosis or cognitive disturbances during lifetime (de la 
Torre et ai., 1996; Salvatore et ai., 1997; Haga et ai., 1997). However, 
positive results from immunohistopathology are lacking and BD virus 
has not yet been isolated from the human brain. - There are contro­
versial results from investigations of the peripheral blood: Some 
groups reported BDV specific RNA in up to 50% of psychiatric patients 
with depression or schizophrenia (Bode et ai., 1996, Sauder et ai., 
1996), whereas other groups in Germany and USA were not able to 
detect BDV RNA in peripheral blood leukocytes in large samples of 
patients and suggested laboratory contamination as 'false' positive reac­
tions (Richt et ai., 1997b; Herzog et ai., 1997; Lieb et ai., 1997). For the 
indirect immunoflurescence assay (IIFA) as used in our human studies, 
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high specificity and sensitivity was demonstrated in parallel studies 
on horses (including brains, sera and eSF's) naturally infected 
with BDV (Herzog et aI., 1994). It is important to note that only in 
horses, not in laboratory animals, BDV serum antibody (ab) titers 
(determined by IIFA) are as low as in humans. In ongoing human 
studies over years we found in 25% of selected BDV seropositive 
psychiatric inpatients (n > 40), most of them suffering from acute schiz­
ophrenia or affective psychosis elevated BDV specific immunoglobu­
lin G (IgG) in eSF, indicating an active although slight BDV encephalitis 
(Bechter et aI., 1995), Now we observed a single case in whom a 
slight BDV encephalitis was probably the cause of recent onset schiz­
ophrenia with lasting negative symptoms. Because meningoencephali­
tis or postencephalitic Guillain-Barre syndrome (GBS) recently can be 
treated by eSF filtration (eSFF; Wollinsky et aI., 1994), we introduced 
this technique in this single case of schizophrenia (Bechter et aI., 
1998b). Our observations shed new light on the possible causality and 
pathogenesis of schizophrenic symptoms, at least in a subgroup of 
cases. 

II. Methods 

Patient 

A previously healthy 28 year old man was admitted for the first time for 
psychiatric inpatient treatment because of a gradual change of personality since 
about 3 months with severe suicidal ideation. In the patient's subjective 
experience initial symptoms were loss of energy, drive and performance. On 
admission he showed slow formal thought, psychomotor slowing, reduced con­
centration and reduced spontaneity. Furthermore he showed a mixed depres­
sive-agitated mood, inadequate affect and bizarre delusional ideas. 
Day-night-rhythm was severely disturbed. No gross neurologic abnormalities 
were found, just the following neurological soft signs: Slow motion of the arms 
when walking, slow somewhat straddling gait, bradydiadochokinesis and 
hypomimia. He complained of head pressure, but no headache and he did not 
show meningism. Body temperature was normal as was the further clinical 
examination. Routine laboratory investigations (blood, urine) showed no 
significant abnormalities. Serology for the full range of neurotropic infectious 
agents was normal, except positive BDV serum IgG ab's with a titer of 1: 20 
short after admission. CCT (Siemens Somatom plus) and MRI (Siemens-1.0 
Tesla Magnetom Expert) of the brain, including sagittal, coronal and transver­
sal Tl and T2 weighed sequences, a flair sequence and a Gadolinium contrast 
sequence, showed normal findings. A diagnosis of recent onset schizophrenia 
was made (DSM IV 295.30; lCD-lOP 20.09). The patient responded to neu­
roleptic/antidepressant medication by rapid normalization of disturbed day­
night rhythm, positive symptoms improved moderately, negative symptoms did 
not respond. Medication: flupentixol up to lOmg, amitriptyline up to 100mg, 
lorazepam up to 5mg (orally, per day). When BDV encephalitis was suggested, 
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200 mg carbamazepine was added. Medication remained unchanged from 3 
weeks before first CSFF series. 

Documentation 

The patient was treated as an inpatient for 8 months in our psychiatric depart­
ment and as an outpatient after. Standardized diagnostic instruments on psy­
chopathology applied included BPRS, SCL-90-R, PANSS, PD-S, HAMD and 
MADRS. IQ was tested by HAWIE-R and by SPM. A psychiatric interview includ­
ing specifically neurological soft signs examination was documented on video 
tape repeatedly. Information processing speed was measured by the following 
tests: Aufmerksamkeits-Belastungstest (d2-test), Zahlenverbindungstest (ZVT), 
Stroop Color-Word-Interference Test. Standardized tables from German popula­
tion were available for d2 (a letter cancellation test) and ZVT (a number con­
nection test). Test performances during four time segments were analyzed 
statistically (before and after 1st fs, after 2nd fs, and at discharge; a minimum of 
4 measurements within each segment) by analysis of variance and Scheffe-test. 

EEG 

12 channel routine paper EEG's were performed repeatedly (n = 28) and 
evaluated by 3 raters (blind, independently). The spectra of EEG's taken before, 
during and after 2nd fs were analyzed by Neurofile Program, Nihon Kohden 
Europe, from artefact free EEG periods with a minimum of 60s duration eyes­
closed-condition (mean 130.8 ± 60.0, range 60.0 - 170.9), calculated against 
common average (FP j + FP2 excluded). 

BDV immunoglobuline G (IgG) antibodies in serum and CSF were assayed 
with IIFA and immunoblot as described earlier (Herzog et a!., 1994). 

CSF filtration (CSFF) was performed as described earlier (Wollinsky et a!., 
1994). In short: By a lumbar puncture a 16-G-catheter was introduced into the 
lumbar subarachnoid space under sterile conditions and attached to the Pall­
CSF-Filter system (Pall GmbH Biomedizin, Dreieich). Automatized suction and 
reinfusion of CSF was done by a bidirectional computerized syringe pump, 
flow- and pressure-controlled Onfors, Bottmingen, Switzerland). Two filtration 
series (fs') each consisting of a daily filtration run Cfr) in the morning for five 
successive days, were performed in a time distance of 3 weeks (see Fig. 1). A 
volume of 200-250ml CSF was filtered in daily fr's, within 5-6 cycles at a rate 
of 3ml CSF/min. 

ill. Proposing cerebrospinal fluid filtration (CSFF) as therapy 

We report on the first CSFF performed in a psychiatric patient, there­
fore the reasons to propose such are discussed in detail: 

a) Assessment of a BDV specific 'subclinical' encephalitis as the 
probable cause of schizophrenic psychosis: During the first 5 weeks of 
inpatient treatment we observed an increase of BDV specific IgG serum 
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Fig. 1. CSF findings before and during both CSF filtration series (lst and 2nd fs). 
Represented are the morning values before daily filtration run. serum protein values were 
stable (not demonstrated). Development of BDV serum IgG antibody titers (BDV ab) is 
given in addition. please note the graphically extended time frame during both CSF-fs' 

ab's by 4 titer grades (from 1: 20 to 1: 160); specificity of IIFA results 
was confirmed by the immunoblot, sera recognizing the p-38 BDV 
antigen; initial EEG showed a slow 8-8.5 /s alpha rhythm, interposed 
were frequent theta waves and some dysrhythmic groups; CSF proteins 
were elevated about 3-fold above normal when investigated in the 
2nd week of inpatient treatment (see Fig. 1), demonstrating a propor­
tional blood-CSF-barrier-disturbance according to the Reiber graph 
(Reiber and Felgenhauer, 1987); BDV specific IgG was shown in CSF 
after 5-fold concentration. CCT and MRI of the brain were normal; but 
this is a frequent finding in clinical meningitis (Stark and Bradley, 1992) 
and compatible with the microscopic features of BD lesions and the 
limits of MR sensitivity (Bechter et aI., 1994), and therefore did not con­
tradict against our diagnostic conclusion. 

b) CSFF can immediately improve paresis in acute (or chronic) 
GBS and is used in ongoing controlled studies accepted by the ethics 
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committee of the University of Ulm for treating GBS or single cases 
of menginoencephalitis (Wollinsky et a1., 1994). Most GBS cases likely 
represent a postinfectious autoimmune disorder. The pathogenesis of 
BDV encephalitis however has been characterized as a delayed type 
immunopathologic reaction (Bilzer and Stitz, 1996), and a spontaneous 
autoimmune shift has been observed in animals (Rott et a1., 1993). We 
therefore hypothesized a pathogenetic similarity to GBS and a similar 
therapeutic effect in this probably BDV encephalitis related schizo­
phrenia. A prerequisite was, that by lumbar CSFF the CSF of sub­
arachnoid spaces around the brain and of the ventricles can be filtrated 
(pfausler et a1., 1995). 

c) Our patient suffered strongly from suicidal ideation related to 
the self-experienced primary negative symptoms, from which he 
desired urgently relief. For primary negative schizophrenic symptoms 
no proven treatment exists generally (American Psychiatric Association, 
1997), and these symptoms were not improved by previous treatment. 
(The risk of trying activating antidepressants possibly aggravating sui­
cidal ideation appeared at that point of time not balanced with a small 
possible effect on the clinical status.) Furthermore, the effect of CSFF 
in neurologic patients, can be considered somehow "curative" and such 
was hoped in this recent onset schizophrenia. 

Safety 

About 3-4000 CSFF's in more than 400 neurologic patients have now 
been performed since introduction of the method and no severe side 
effects have been observed yet. The risk of bacterial contamination of 
the subarachnoid spaces is controlled by sterile conditions, in the 
case of contamination treatment by antibiotics was possible. Besides, 
CSFF is used as an adjuvant treatment in bacterial meningoencephalitis 
(Pfausler et a1., 1995; Brizzi et a1., 1996; Kalischweski et a1., 1997). Other 
risks were just that of lumbar puncture, a frequent diagnostic procedure. 

Informed consent 

Premorbid personality was of a high intellectual level (SPM-IQ 127, 
HAWIE-R-IQ 132, when measured at discharge) and the patient was 
fully able to understand our explanations. He gave written informed 
consent being aware of the new approach, in accordance with the reg­
ulations for an individual treatment tria1. The patient was able to coop­
erate with the technical needs as with the manifold assessments and 
tests. He accepted transmission to the neurologic intense care ward for 
one week during each filtration cycle. Informed consent was further 
obtained from his relatives. 
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IV. Results 

Clinical course during and after CSFF 

With day 3 of the 1st fs an impressive improvement of clinical symp­
tomatology was observed: Psychomotor performance was considerably 
quicker, ego diadochokinesis accelerated by 20%, reaching a level 
similar to that at discharge according (time measurements on the video 
records). He was more alert and active. He reported improvement from 
head pressure and from feeling heavy. Test performance improved 
significantly and remained on a higher level from this point of time 
(p < 0.05; see Fig. 2). Relatives reported that from day 3 of 1st fs he 
was spontaneously talking to them, not doing so in the 5 months 
before. Because of the good effect a 2nd fs was performed 3 weeks 
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Fig. 2. Development of patient's test performance (d2-Test, ZVT, Stroop-interference­
task) and EEG basic rhythm (a-frequency) including time before, during anel after CSF 
filtration series. Test performance is given in percent ranks (PR) of age-corresponding 
normal population. Frames delineate time segments during the following therapeutic pro­
cedures: 1st fs first filtration series. 2nd fs second filtration series, cc corticoid-treatment. 
Tests performed during fs' are marked (closed squares). Upper lines delineate time seg­
ments statistically evaluated (see Results): A before 1st fs, B during and after 1st fs, C 

during and after 2nd fs, D at discharge 
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later. With the 2nd fs the patient's feelings of head pressure disap­
peared completely, social avoidance behavior and test performance (p 
< O.OS) improved further (see Table and Fig. 2). After 2nd fs a high 
dose of corticoides was given for 4 days (SOOmg methylprednisolone 
a day, intravenously) to possibly stabilize the clinical status. However, 
patient rather deterioriated for a time period of about one week (see 
Fig. 2). - In the next 2 months the patient improved spontaneously 
slightly further; psychotropic medication was then reduced a little. 
Although the patient was not fully remitted yet and was unable to take 
over his earlier occupation, he nevertheless wanted to be discharged. 
After discharge he did not take any medication further, deterioriated 
and came back to inpatient treatment 18 days later: day-night-rhythm 
was again disturbed (moderately), positive and negative schizophrenic 
symptoms slightly more intense (see also Fig. 2). Now the following 
neuroleptic/antidepressant medication (fluphenazine 3 mg, amitripty­
line 7Smg, chlorprothixen SOmg orally, daily) was given. The patient 
responded again on medication, day-night-rhythm normalized within 2 
days, and he showed a status similar to that 20 days before. He then 
joined an inpatient rehabilitation program for the next months. For 6 
weeks he was additionally prescribed 100mg fluvoxamine but no pos­
itive effect observed and fluvoxamine was stopped. Nevertheless, the 
patient improved gradually further, most obviously during the last 6 
weeks of inpatient treatment. At discharge he was in a fully remitted 
status (see Fig. 2). However, in a tentative S days off-medication phase 
shortly before discharge the patient deterioriated again slightly (nega­
tive symptoms, sleep disturbance), not the EEG. Therefore previous 
medication was again prescribed. After discharge the patient took over 
his earlier occupation successfully. An outpatient catamnesis of now 
11 months is very good (confirmed by patients' relatives), patient being 
fully working and receiving no medication since 9 months. 

EEG 

At the beginning of inpatient treatment EEG showed a 8-8.5 /s irreg­
ular alpha-rhythm, frequently interposed theta-waves and dysrhythmias 
forced during and after hyperventilation. Medication was of no obvious 
influence on the EEG in 3 off-medication phases: early (12/12-13/12), 
in the midst (4/4-21/4) and late (S/7-11/7) during the 8 months of 
inpatient treatment. EEG basic rhythm apparently showed a sponta­
neous change over the observed time period: from initial slow 
somewhat irregular alpha-basic rhythm to an (accelerated) regular 
alpha-rhythm at discharge (Fig. 2), initial frequent theta waves and dys­
rhythmia declining and eventually disappearing in parallel to alpha 
improvement (not demonstrated). Similar to this long-term changes, 
during both CSFF series the EEG improved even after single fr's: alpha 
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Table 1. Patient' sum scores in various standardized psychiatric rating scales 
tested before and after 1st CSF filtration series, after 2nd filtration series and 

at discharge 

Scales before after 1st after 2nd at 
CSF filtration filtration discharge 

filtration series series 

BPRS 3.8 3.5 3.2 2.1 
Brief Psychiatric Rating Scale 

- ANDP: Anxiety/Depression 4.5 4 3.5 2.3 
- ANER: Anergia 4.8 4.5 3.8 2 
- THOT: Thought Disturbance 4 3.8 38 2 
- ACTV: Activation 4 3.3 3.3 2.7 
- HOST: Hostile-Suspiciousness 1.3 1.3 1.3 1.3 

SCL-90-R 1.3 0.6 0.4 0.1 
Self-Report Symptom Inventory 

- somatization 1.5 0.3 0.1 0.1 
- obsessive-compulsive 1.3 0.5 0.2 0 
- interpersonal sensitivity 0.8 0.2 0.2 0.1 
- depression 2.5 1.5 1.2 0.4 
- anxiety 1.2 0.5 0.4 0.1 
- anger-hostility 0.5 0 0 0 
- phobic anxiety 0.1 0 0 0 

paranoid ideation 0.5 0.5 0.3 0 
- psychoticism 1.1 0.6 0.4 0 
- additional items 2.1 1.4 1.1 0.3 

PANSS 
Positive and Negative Syndrome 
Scale 

- Positive Scale 18 17 17 10 
- Negative Scale 27 23 21 12 
- General Psychopathology 41 36 35 22 

Scale 

PD-S 
Paranoid -Depressiveness-Scale 

- P-Scale 7 3 3 0 
- D-Scale 24 17 15 

HAMD 28 24 21 5 
Hamilton Depression Scale 

MADRS 40 24 19 5 
Mantgomery-Asberg-Depression-
Rating Scale 

For BPS and SCL-90-R sum-score / number of items, for the other scales the sum scores 
are given. Scores (or quotients') ranges (minimal to maximal): BPRS 1-7; SCL-90-R 0-4; 
PANSS Positive Scale 7-49, Negative Scale 7-49 and General Psychopathology Scale 
16-112; PD-S 0-48; HAMD 0-67; MADRS 0-60 
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Table 2. Representation of significant improvements (ace. analysis of variance 
and Scheffe test) of test performance in percent ranks during 8 months inpa­
tient treatment of the patient comparing 4 time segments A,B,C,D before and 
after CSF filtration cycles.: + = P < 0.05, 0 = not significant. Insignificant values 
in C/D, D/B and D/C of d2-test were likely explanined by reaching upper limit 
of performance in BI A and CIA, (see Fig. 2 and calculation of absolute values 

(data not shown) 

Time segments B C D 
compared to segments 

IA IA IB IA IB IC 

d2-Test + + 0 + 0 0 
[F(l7.3) = 13.67; sig of F = 0.0001] 

ZVT + + + + + + 
[F(18.3) = 101.19; sig of F = <0.00001] 

Stroop 0 + 0 + + 0 
[F(18.3) = 13.09; sig of F = 0.0001] 

Time segments: A before first filtration series, B during and after first filtration series, 
C during and after second filtration series, D time at discharge (compare Fig. 2) 

frequency was accelerated by 0.5-1.5 Is (Fig. 1), power increased and 
theta waves were fewer (also shown in a spectral analysis of the data; 
not demonstrated). EEG improvement after single fr's was not lasting 
(during both fs), that means EEG was again deterioriated the next 
morning after single fr's. However inprovement became more promi­
nent with increasing number of fr's during both weeks. 

Cerebrospinal flUid: 

CSF proteins (albumin, IgG, total protein) were initially (date 17/12) 
elevated about 3-fold above normal (Fig. 1; see also II; these measures 
were independently confirmed in the laboratories of the clinics of 
Gunzburg and of Augsburg). Cell count, glucose, and colour were 
normal, no oligoclonal bands found. - When beginning CSFF (lOth 
week of inpatient treatment) surprisingly the CSF proteins had nearly 
normalized. During 1st fs a strong increase of cells and proteins (and 
2nd fs), lowering at the end of the fs' was observed; this was expected 
from experiences with CSFF in GBS (Wollinsky et aI., 1994). Increase 
of cells was only weak during the 2nd fs. 

Tests 

Test performance improved during and after both fs' to high levels 
(>2 standard deviations in comparable population), the levels reached 
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remained widely stable thereafter (p < 0.05; Fig. 2); reaction time 
improved from 206 ± 36.8ms to 185 ± 22.2 during 2nd fs Ost fs not 
tested). Values above the mean were reached in all tests at the end of 
inpatient treatment. 

Adverse effects of CSF filtration 

No severe adverse effects were observed. When beginning the daily 
fr, a feeling of cold in the back for several minutes was reported. The 
patient further complained about the sober atmosphere of the inten­
sive care ward and therefore he was allowed to stay on the psychiatric 
ward for some hours daily, the lumbar catheter being left on site closed 
under sterile dressing. 

v. Discussion 

The etiopathogenesis of affective and schizophrenic psychoses 
remains unknown today. Viral infections might explain more cases of 
psychosis than previously thought: With improved methods of CSF 
investigation some cases were attributed to probable slight viral 
encephalitis by known viruses (Torrey, 1986); a recent study on iden­
tical twins showed evidence that a considerable part of schizophrenic 
and affective psychoses could be related to viral causes generally 
(Torrey et al., 1994); in about 40% of schizophrenic patients a decreased 
CSF flow has been found and a relationship to unknown subclinical 
viral infections was suggested (Oxenstierna et al., 1996); in about 25% 
of patients with schizophrenic or affective psychosis a slight increase 
of CSF proteins (Muller and Ackenheil, 1995) or disturbances in 
cytokine levels (Maes et al., 1994) have been reported, compatible with 
an autoimmune or a viral etiology. 

One possible viral cause of psychiatric disorders recently discussed 
is BDV, however the possible pathogenic impact remained elusive 
(Bechter et al., 1996; Hatalski et al., 1997; Richt et al., 1997a,b). Rare 
"lucky" cases played a key role to suggest a causal relationship between 
syphilis and general paresis (Bechter, 1995). We think, that the findings 
and observations in our case could playa key role for a better under­
standing of cases of schizophrenia possibly caused by subclinical viral 
encephalitis in general and to elucidate a possible pathogenic role of 
BDV for psychiatric disorders specifically: The first question in our case 
was, whether the onset of schizophrenic psychosis was related to BDV 
encephalitis. We concluded that probably yes (see III). However, the 
patient was seen as an inpatient only 3 months after gradual onset of 
symptoms. So the observed increase of BDV specific IgG in serum 
during the first weeks of inpatient treatment might have been unre­
lated to the onset of disease; on the other hand, clinical symptoms 
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were indeed deterioriating during this time period and objective mea­
sures and findings indicated a subclinical BDV encephalitis in parallel: 
CSF proteins were elevated, EEG was slow and dysrhythmic, patient 
showed neurological soft signs. So the time period when inpatient treat­
ment begun can be understood as the culmination of a protracted 
subclinical BDV encephalitis. Furthermore, all these symptoms and 
findings reversed (improved) during the 8 months inpatient treatment 
in parallel or in a time sequence pattern compatible with our inter­
pretation. And similar time courses have been observed in natural BD 
in animals (Rott and Becht, 1995). Summing up, we probably observed 
the natural course of a human BDV encephalitis causing a psychotic 
disorder classified as schizophrenia, and delayed recovery from. It is 
possible, that an increased liability to become schizophrenic preexisted 
in the patient and it remains open whether BDV encephalitis was reac­
tivated or newly acquired. 

Secondly, we observed an unknown therapeutic effect of CSFF on 
negative schizophrenic symptoms, in parallel on neurological soft signs, 
on clinical signs such as head pressure, on EEG disturbances and on 
test performance. The time pattern of improvement was similar to that 
in GBS or MS cases under CSFF (Wollinsky et al., 1994; Haas et al., 
1995). Or, could a placebo effect explain the improvement during CSFF? 
This is unplausible from several reasons: the long-lasting severe 
primary negative schizophrenic symptoms were not improved by med­
ication or psychological treatments before; the degree of alpha­
acceleration of EEG (and in parallel a decline of interposed theta 
waves) even after single fr's, the extent of improvement in test per­
formance, and the improvement of neurological soft signs in parallel 
can hardly be explained by placebo in itself. When further consider­
ing that these concerted improvements of signs and findings during 
CSFF were differentiated over time (the more simple d2 and ZVT-tests 
improved even in 1st fs, the more complicated Stroop in the 2nd fs), 
and that a certain stability on higher performance levels was reached 
after both fs' (p < 0.05), a causal interdependence of these concerted 
short -term changes embedded in a similar long-term improvement, is 
strongly suggested and cannot be explained by placebo. Learning 
effects are unlikely to explain improvement in test performance, 
because such are reported low in the tests applied and because of the 
large time gaps in between testing. Can CSFF-improved negative symp­
toms be explained by a wash-out of medication? Such can be excluded 
because (negative and other) symptoms were deterioriated during three 
off-medication phases (see results). In conclusion: a "subclinical" pro­
tracted BDV encephalitis with lasting negative symptoms could well 
fully explain the symptoms of this recent onset schizophrenia as the 
course of disease and make understandable the positive effects of CSFF. 

How did CSFF work in our case? Cells and a variety of soluble 
factors can be removed from CSF with high efficiency by CSFF (Rother 
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et al., 1995), In demyelinating disorders a soluble toxin acting as a 
sodium channel blocker has been found (Brinkmeier et al., 1996). 
Activated immune cells seem to playa crucial role in GBS pathogen­
esis (Sivieri et al., 1997), and a prominent role of activated immune 
cells is established in pathogenesis of BD in animals (Bilzer and Stitz, 
1996; Richt et al., 1997a). Because the increase of cells during 2nd fs 
was considerably smaller in our patient (Fig. 1) we speculate, whether 
the lasting positive effect of CSFF was related to removing activated 
immune cells resting, possibly producing toxic factors, within the CSF 
spaces around the brain (protein increases during CSFF are well known 
and may be understood as a reactive phenomenon on the injury from 
the catheter similar to observations after single lumbar punctures). 
Preliminary results (in preparation) from biochemical (high perfor­
mance liquid chromatography = HPLC) and cell physiological analyses 
described earlier in Guillain-Barre syndrome (Brinkmeier et al., 1996) 
showed clear evidence of toxic factors being present in the CSF of our 
schizophrenic patient also. These findings strongly support our above 
interpretation of the case from the clinical data. 

Slow alpha and increased theta activity is a frequent and most con­
Sistently reported EEG finding in acute schizophrenia 00hn et al., 
1994). Cerebral flow studies suggest disturbed neuronal circuits under­
lying recent onset schizophrenia, possibly due to unknown toxic factors 
(Andreasen et al., 1997). In this context our observations, although 
made in a single case, might be of general interest. Borderline CSF 
protein elevations, similar to that found in our patient when beginning 
1st fs (different to the strong CSF protein elevation found just 5 weeks 
before), were previously found in more BDV seropositive patients with 
acute psychosis (Bechter et al., 1995). So in this patient we may have 
been lucky to catch a time period with distinct CSF pathology or dis­
tinct CSF pathology may be present in few cases with a comparably 
strong immune reaction only (Bechter et al., 1996). 

The observed positive effect of CSFF may be of interest also from 
another point of view: Recent prospective studies suggest a slight pro­
gressive brain atrophy taking place in the first years after onset of schiz­
ophrenia (de Lisi et al., 1997) or in a subgroup of schizophrenic patients 
(Nair et al., 1997). According to preliminary studies BDV seropositive 
psychiatric patients show more frequently (slight) brain atrophy than 
matched seronegative controls (Bechter et al., 1994; Waltrip et al., 
1995), and BDV seropositive schizophrenic patients may represent a 
subgroup with more severe courses (Waltrip et al., 1997; Bechter et al., 
1998a). Brain atrophy can occur after BD in animals (Bilzer and Stitz, 
1996; Richt et al., 1997a). Regarding the unexpectedly good outcome 
in our patient and comparing the positive somehow "curative" effect 
of CSFF in GBS, meningoencephalitis or multiple sclerosis, we specu­
late, that CSFF could be a new therapeutic approach for a subgroup 
of schizophrenic patients, mainly with negative, possibly subclinical 
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encephalitis related symptoms. It seems that unknown toxic factors can 
be removed from eSF (and from the brain) by eSFF. Improving sensi­
tivity of methods to detect "subclinical" or, more correctly mild 
encephalitis appears to be a challenging research tool in schizophre­
nia research. The positive effects of eSFF in this case of schizophrenia 
were apparently due to removing toxic factors, which were similar to 
that found earlier in other chronic inflammatory eNS diseases 
(Brinkmeier et al., 1996; Koller et al., 1997), demonstrating a yet 
unknown pathogenetic principle in schizophrenia. eSFF may analo­
gously provide a unknown curative treatment perspective at least in 
some cases of schizophrenia: Available neuroleptic treatments seem to 
be rather a "symptomatic" treatment because the overall course of 
schizophrenia seems to be unimproved by neuroleptics (van Os et al., 
1997). However, the outcome of GBS can be improved by eSFF 
(Wollinsky et al., 1994; Koller et al., 1997), and we Similarly suggest a 
possible improved outcome by eSFF treatment in "subclinical" 
encephalitis related schizophrenia. 
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Summary 

In the past a possible association between Borna disease virus (BDV)­
infection and psychiatric disorders in man was proposed, We investigated sera 
from patients with schizophrenia, major depression and fibromyalgia for the 
presence of BDV-specific antibodies and examined the sensitivity of different 
detection methods for virus specific antibodies, Performing Western blot analy­
sis, immunofluorescence assay and virus neutralisation assay we received 
inconsistent results, We found a high prevalence (10%) of BDV-specific 
antibodies in the sera of schizophrenic patients using Western blot, but could 
not confirme these data by immunofluorescence or virus neutralisation assay, 
These inconsistent results indicate the need for a critical review of all reported 
results of significantly enhanced seroprevalence of BDV antibodies in 
neuropsychiatric patients, 

Introduction 

Borna disease virus is a negative-sense, single-stranded virus that 
occurs naturally in a variety of species, This highly neurotropic 
RNA virus causes immunopathological encephalomyelitis in a variety 
of infected animals, The resulting Borna disease was first described in 
horses and sheep, but the natural hosts also include rabbits (Metzler 
et aL, 1978), donkeys (Bilzer et aL, 1995), domestic cats (Nowotny 
and Weissenbock, 1995), cattle (Caplazi et aL, 1994) and ostriches 
(Malkinson et aL, 1995), 

Infected animals differ in the clinical manifestation of the resulting 
Borna disease, Most common are disorders of cognition and distur-
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bances of locomotion that can result in paralysis as described in horses, 
sheep, rabbits and rhesus monkeys (Schmidt, 1912; Zwick and Seifried, 
1925; Rott and Becht, 1995). 

In experimentally infected rats, antibodies directed against the viral 
24kDa and 38/40kDa proteins appear about two weeks after infection 
(p.i.). BDV-specific antibodies with neutralising activity cannot be 
detected prior to 60 to 80 days p.i. 

Because BDV has been also transmitted to primate species, and 
since the disease in these hosts results in changes of social behaviour 
(Sprankel et aI., 1978; Stitz et aI., 1980) speculations concerning the 
possibility of infections in humans arose. 

The fact that BDV shows a strong tropism for the limbic system 
(Narayan et aI., 1983) and excitatory fields in the hippocampus 
(Gosztonyi and Ludwig, 1984) might be of etiologic relevance in 
schizophrenia. 

Different research groups have screened sera and blood mononu­
clear cells of humans in recent years. Especially patients with neu­
ropsychiatric disorders such as schizophrenia or major depression 
(Bechter et aI., 1992; Fu et aI., 1993; Waltrip et aI., 1995; Sauder et aI., 
1996) but also individuals suffering from chronic fatigue syndrome have 
been investigated (Kitani et aI., 1996) (Table 1). 

Sauder et al. (996) and Bechter and colleagues (992) investigated 
the frequency of Borna disease virus specific antibodies in psychiatric 
patients in general. They found prevalence rates of nearly 6% and 9.6% 
respectively, whereas controls with no psychiatric disorder showed 
antibodies in 3.5% only. Sauder et al. (996) found Borna disease virus 
RNA in peripheral mononuclear blood cells as well. Waltrip et al. (995) 
reported more than 14% antibody-positive schizophrenics, but patients 
suffering from affective disorders had antibodies in 6.5% only, as shown 
by Fu and colleagues (993). Only Deuschle et al. (997) investigated 
BDV antigen in cerebrospinal fluid. They found antibodies in no 
patients with schizophrenia or bipolar disorder but in 9.4% of those 
suffering from recurrent depression. 

Table 1. Frequency of Borna disease virus antibodies in psychiatric patients 

Reference Number of Seroprevalence Diagnoses 
patients 

Waltrip et al. (1995) 90 14.4% schizophrenia 
Sauder et al. (996) 416 9.6% all psychiatric patients 
Fu et al. (1993) 138 9.6% affective disorders 
Bechter et al. (1992) 2377 59% all psychiatric patients 
Amsterdam et al. (985) 265 4.5% major depression 
Rott and Herzog (985) 979 1.6% all psychiatric patients 
Bechter et al. (992) 569 3.5% controls 
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Purpose 

The purpose of our study was to investigate the seroprevalence of 
BDV-specific antibodies in patients with schizophrenia, major depres­
sion and fibromyalgia. By using different techniques we tried to screen 
for antibodies directed against different viral proteins. To examine the 
sensitivity of different detection methods for BDV-specific antibodies 
in psychiatric patients in addition we included cases of fibromyalgia, 
a disease which is characterised by widespread pain, extreme painful 
tender points and soft-signs such as tiredness and depressive 
symptoms. 

Methods 

Patients 

We investigated 40 depressive patients, 50 patients suffering from a schiz­
ophrenic psychosis and 40 patients with the diagnosis of fibromyalgia. The 
schizophrenics were on average about 28 years old, and the other patients 
about 40 years (Table 2). There were no significant differences in age between 
male and female patients. 

All patients came from an area known to be endemic for Borna disease in 
animals. 

Detection methods 

Western blot analysis combined with the enhanced chemiluminescence 
method was used to screen for the 24kDa and the 38/40kDa protein. E. coli 
expressed recombinant r38 kDa and r24 kDa protein were used as antigens. 
Polyacrylamid gel electrophoresis was carried out using a 15% acrylamid gel 
in reducing conditions. The proteins were blotted over night on nitrocellulose 
membranes. The membranes were blocked with a solution of PBS/0.05% 
Tween with 10% powdered milk. The sera and the peroxidase conjugated 

Table 2. Age and gender 

Diagnosis Sex N Age (mean) Age (Std.dev.) 

Major depression male 16 40.8 96 
female 24 41.3 10.6 

Schizophrenic psychosis male 32 28.2 6.4 
female 18 28.3 3.4 

Fibromyalgia male 7 40.7 8.7 
female 33 42.4 7.4 
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second antibodies were diluted in PBS/0.05% Tween with 5% powdered milk. 
To visualise bound antibodies, enhanced chemiluminescence (ECL, Amersham) 
was used. To exclude unspecific cross-reacting of non-specific antibodies with 
the recombinant proteins, the nitro-cellulose membranes were washed with 7 
molar urea after incubation with the diluted sera. 

Neutralisation assays were used to detect antibodies with neutralising activ­
ities. 

The virus neutralisation assay was performed with a modification of the 
method of Battegay et al. (1991). In 96-well plates 50ffuof BDV was incu­
bated with dilutions of sera for 11/2h at 37°C. Recloned CRL1405 cells (fetal 
carcass, chemically transformed, guinea pig) were added and after 3 hours of 
incubation 100 III of a 1: 1 mixture of 2% methylcellulose in double distilled 
water and 2 x DMEM with 10% FCS was added. After 7 days of incubation at 
37°C, infected cells were visualised by intracellular staining of BDV-specific 
proteins. The dilution of serum necessary to reduce the number of ffu by 50% 
was defined as the neutralisation titre (NTso). Serum tested in neutralisation 
assays was heat inactivated at 56°C for 30 minutes. 

In addition immunofluorescence assays were carried out, since this method 
had been used in the majority of studies to date to detect BDV-specific anti­
bodies. The samples were diluted 1 : 20 in phosphate buffered saline (PBS) and 
applied to BDV-infected Madine Darby canine kidney (MDCK) cells andunin­
fected cells of the same type. A biotinylated goat-anti human IgG antibody was 
used as secondary antibody. In a third step the slides were incubated with 
Streptavidin conjugated Fluorescein isothyocyanate. 

Questionable reactions were retested at dilutions of 1: 100, 1: 10 and 
neat. 

Results 

We found a high prevalence of BDV-specific antibodies in sera from 
schizophrenic patients using Western blot: 10% of the schizophrenic 
patients and 5% of the patients with fibromyalgia but only 2.5% of the 
patients with depression showed antibodies against the viral 24 kDa 
protein after multiple testing. Due to the small sample sizes, no 
significant differences could be found. No reaction was found against 
another major virus-specific protein Cp38/p40). In virus neutralisation 
assays 7.5% of the sera from schizophrenics and 5% of the sera from 
depressives inhibited infection of cells. However, these results could 
not be reproduced after re-testing (Table 3). 

In fact, these findings could not be confirmed by immunofluores­
cence. Additionally, there were no differences according to gender. 

Discussion 

Many authors speculate on a role of BDV in the aetiology of depres­
sion or other neuropsychiatric disorders. Although some investigators 
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Table 3. Frequency of Borna disease virus-specific antibodies in psychiatric 
patients 

Diagnosis N WE p24 WB p38/40 NT IF 

Major depression 40 2,5% 0% 5% 0% 
Schizophrenic psychosis 50 10% 0% 7.5% 0% 
Fibromyalgia 40 5% 0% 2.5% 0% 

CHf = 2,30; DF 2, n.s., WE Western Blot, NT Neutralisation Assay, IF 
Immunfluorescence 

believe that BDV infections could be responsible for depression (Bode 
et aI., 1997) or schizophrenia in humans, there has been no proof of 
this hypothesis yet. Bode and co-workers (1997) reported a single case 
of infection with Borna disease virus in an elderly woman with a 
depressive episode and symptoms of Parkinson's disease who was 
treated successfully with amantadine, Both depression and virus RNA 
disappeared after a few days of treatment. The authors concluded that 
amantadine was effective because of its antiviral capabilities, Criticism 
has to concentrate on the following points: 

1, Amantadine may be antidepressive itself. 
2. There is no convincing evidence from the literature that amantadine 

has an anti-BDV effect. 
3. Methods of antibody and RNA detection are often not reproducible, 

Our research into the prevalence of Borna disease virus antibodies 
in psychiatric patients shows inconsistent results using different inves­
tigation techniques. In particular none of the sera positive for the 
24 kDa protein recognised the 38/40 kDa protein in Western blot. In 
experimentally infected animals antibodies specific for both these pro­
teins occur in detectable levels at an early stage after infection, 

Furthermore none of the sera positive for the 24 kDa protein 
showed a positive reaction in immunofluorescence assay, Though eval­
uation of immunofluorescence assays is very subjective these assays 
have the advantage, of screening for antibodies specific for all viral 
proteins. However, Bechter and colleagues (1987) reported that 
immunofluorescence assays performed with low-titre sera are unreli­
able in the testing of human sera for BDV-specific antibodies. 

Besides this, none of the sera positive in Western blot showed neu­
tralising activity. In experimentally infected rats neutralising antibodies 
occur in a late stage after infection during the chronic phase of the 
disease, Therefore we conclude that all results reported in the litera­
ture have to be interpreted with caution, although the schizophrenics 
tested in this research show highest prevalence in accordance with the 
published data, The inconsistent findings indicate the need for a criti-
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cal review of all reported results of significantly enhanced seropreva­
lence of BDV antibodies in neuropsychiatric patients, especially if only 
one single test method was employed. 
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Summary 

The serotonergic system is known as a neuromodulatolY system present in 
the brain and participating to the homeostasis of the brain. Its major morpho­
logical and anatomical features are favoring this role. Accordingly it is involved 
in many physiological functions and a number of psychiatric dysfunctions. 
Amongst the numerous receptors involved in its functions, SHTIB receptors 
constitute a particular subtype located on neuron terminals and regulating the 
release of the corresponding neurotransmitter. These receptors are specifically 
the target of an endogenous tetrapeptide CSHT-Moduline) characterized in 
mammalian brain and regulating the functional activity of the receptor as an 
allosteric modulator. 

Immunocompetent cells were shown to also contain SHTIB receptors using 
molecular biology, immunocytochemistry and pharmacology. These receptors 
participate to the control of transcriptional activity of immediate early genes, 
and stimulate the proliferation of cells. SHT-Moduline also interacts with the 
function of SHTlB receptor at this level, playing an antagonistic role. 

The observed results indicate that the serotonergic system not only exerts 
a neuromodulatory role in central nervous tissue but presumably also con­
trols the activity of immunocompetent cells. The serotonergic system may be 
involved in the reciprocal neuroimmune relationships via mechanisms which 
implicate SHTIB receptors and their allosteric modulator SHT-Moduline. 

The serotonergic system in the central nervous system 

The neuroanatomy and the neuromodulatory role of 
the serotonergic system 

The serotonergic system is largely considered as a neuromodula­
tory system which interacts with other neurotransmissions in the brain 



46 B. Grimaldi et al. 

and participates to the elaboration of an adapted response of the central 
nervous system (eNS) to external stimuli. 

This system is strictly centralized, the cellular bodies at the origin 
of the central serotonergic innervation being essentially localized in the 
raphe nuclei. It is very ubiquitous, the 5HT neurons projecting to a 
vast majority of the brain areas (Jacobs and Azmitia, 1992; Baumgarten 
and Grozdanovic, 1994, 1997). 

Although the number of serotonergic cells in the brain is limited 
(11500 and 24000 respectively in rat and cat raphe dorsalis) (Wiklund 
et al., 1981) the serotonergic system possesses the property and the 
capacity to interact with other neurons. Indeed two main types of 5HT 
neurons have been described in the brain. It is the classical schematic 
representation of thick 5HT neurons functioning with a mode of action 
corresponding to a synaptic transmission; these neurons interact only 
with a few other neurons. Moreover, the system developed smaller 
arborescent axonal projections (Kosofsky and Molliver, 1987; Takeuchi, 
1988) possessing numerous varicosities along their axons equivalent of 
neuron terminals. It was estimated that a single axon projecting from 
the raphe to the cortex in human brain could contain up to 500,000 
varicosities and that in the rat brain, the density of the terminals in the 
cortex could reach 6 X 106 per mm3 of the tissue (Audet et al., 1989). 
A high proportion of these varicosities are non-junctional (Descarries 
et al., 1990) with a mode of so called volumic transmission (Fuxe et 
al., 1989) permitting the diffusion of 5HT in the extracellular medium 
for an action at distance on specific receptors and favouring the capac­
ity for interaction of a single serotonergic fiber with other neurons. 

Thus, the morphological characteristics of the 5HT system are in 
agreement with its modulatory role since this system is very central­
ized, ubiquitous and exhibits a high number of varicosities for a high 
capacity of communication. 

It is now clearly established that serotonin is involved in a large 
number of physiological functions as temperature regulation, sleep, 
learning and memory, behaviour, sexual functions, hormonal secretions 
and immune activity and also in pathological disorders particularly in 
stress, anxiety and depression (Zifa and Fillion, 1992). 

5H~B receptors in serotonergic activity 

At least 14 different types of 5HT receptors mediate the 5HT 
activity and among them the 5HTlB receptors play an important role in 
the function of the serotonergic system (Hoyer et al., 1994; Hartig, 
1997). 

The 5HTlB receptor subtypes correspond to the r5HTlB (rat) and 
h5HTlB (human) receptors, previously called 5HTlB and 5HTID~ respec­
tively. These receptors belong to the multigenic family of the G-protein 
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coupled receptors having a monomeric structure with seven highly con­
served transmembrane domains. We distinguish two categories of 
receptors: autoreceptors and heteroreceptors. Autoreceptors are local­
ized on 5HT varicosities where they inhibit the evoked release of 5HT 
and its biosynthesis (Middlemiss, 1984; Engel et al., 1986; Fink et al., 
1995; Hjorth et al., 1995) and also in the raphe on somatodendritic 
fibers of the serotonergic system (Piiieyro et al., 1995; Piiieyro and Blier, 
1996). Heteroreceptors are located on non-serotonergic terminals 
where they inhibit the corresponding neurotransmitters release. In sum, 
the role of the 5HTlB autoreceptors is to inhibit the release of 5HT to 
finely modulate the tonic serotonergic activity. 

Characterization and biochemical and pharmacological 
properties of 5HT-Moduline 

Few years ago, direct and non-competitive interactions of antide­
pressant drugs with 5HTJ receptor subtypes have been shown in the 
laboratory (Fillion and Fillion, 1981) and based on these experimental 
observations, it was proposed the hypothesis of the existence of an 
endogenous compound which could directly interact with 5HTJ recep­
tor subtypes to affect their activity. 

Recently, we isolated and characterized in the laboratory an 
endogenous peptide from bovine and horse brain extracts (Rousselle 
et al., 1996). This peptide which we called 5HT-Moduline is a tetrapep­
tide composed of Leu-Ser-Ala-Leu (LSAL). Then, this peptidic sequence 
was synthetized and tested in pharmacological studies to determine its 
properties. Binding experiments have shown that 5HT-Moduline inter­
acts specifically with 5HTlB receptors in a non-competitive mechanism 
with a high apparent affinity suggesting the existence of 2 sites of action 
on the receptor, one for the 5HT and another one for the peptide 
(Massot et al., 1996). 5HT-Moduline interacts specifically with the 5HTlB 
receptors and does not interact with other serotonergic and non-sero­
tonergic receptors tested. 

The functional activity of 5HT-Moduline was measured on the 
second messenger system and at cellular level on synaptosomal 5HT 
release. Indeed, the 5HTlB receptor is a G-protein related receptor 
coupled to an adenylate cyclase; the effect of a 5HTm agonist is to 
inhibit the adenylate cyclase activity and inhibit the 5HT release. So, it 
was shown that 5HT-Moduline reverses the inhibition induced by a 
5HTm agonist (CP93129) on the adenylate cyclase activity and reverses 
the inhibitory effect of a 5HTlB agonist (CGS12066B) on the synapto­
somal 5HT release. 

Furthermore intracerebroventricular injection of 5HT-Moduline 
completely reverses the action of a selective 5HTlB agonist (RU24969) 
in an in vivo model of social interaction (Massot et al., 1996). 



48 B. Grimaldi et al. 

Thus, these results indicate that 5HT-Moduline specifically interacts 
with 5HTlB receptors with a non-competitive interaction in binding 
experiments and with an antagonistic effect in in vitro and in vivo func­
tional studies. 

Distribution of 5HT-Moduline in the brain 

Then, polyclonal antibodies against 5HT-Moduline have been raised 
in the laboratory to specifically determine the immunocytochemical 
localization of neurons expressing the peptide in the mouse brain 
(Grimaldi et aI., 1997). The general distribution of the 5HT-Moduline 
immunoreactivity appeared heterogenous in the mouse brain and sug­
gests the presence of the peptide in cortical and limbic areas as well 
as in basal ganglia. These results also indicate that 5HT-Moduline is 
not a circulating substance since it is shown to be present in cellular 
structures probably neuronal cell bodies with axon-like processes sug­
gesting that the peptide is localized in neuronal cells (Grimaldi et aI., 
1997). 

Accordingly, it was shown in in vitro experiments that 5HT­
Moduline was released from rat brain synaptosomes in a Ca++/K+ 
dependent manner as a neurotransmitter (Massot et aI., 1996). 

Recently, using sequence homology, a gene coding for a novel 
chromogranin called NESP55 was cloned (Ischia et aI., 1997). The cor­
responding protein is likely the precursor of 5HT-Moduline since the 
sequence of the peptide surrounded with basic residues, well known 
to be cleavage sites, is contained in the protein sequence. Therefore, 
5HT -Moduline is potentially processed from this protein. 

The role of 5HTJB receptors and 5HT-Moduline in physiopathology 

The involvement of 5HT-Moduline in physiopathology was also 
studied. Indeed, the increase of 5HT release in stress situations which 
was previously proposed (Briley et aI., 1990) is yet demonstrated using 
microdialysis and tissue punch extraction techniques (Shimiju et aI., 
1992; Kahawara et aI., 1993; Zangen et aI., 1997). It was hypothesized 
that this phenomenon may involve 5HTJB receptors. In the laboratory, 
it was shown that rats subjected to an acute stress session as a restraint 
stress in a glass tube for 40 min, exhibited a marked decrease of the 
5HTJB receptor activity in substantia nigra (Bolanos-Jimenez et aI., 
1995). These results indicated that an acute stress of immobilization 
induced the desensitization of 5HTJB receptors and that this effect 
occurred early after stress. It could be hypotheSized that 5HT-Moduline 
was released during the stress and contributed to the observed desen­
sitization. To further test this hypothesis, the effect of intracerebral 
injections of the synthetic peptide, the scrambled peptide (ALLS) and 
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NaCl were studied on the adenylyl cyclase activity stimulated by 5HTJB 
receptors agonists in the rat substantia nigra. The results have shown 
that the peptide had a similar desensitizing effect of the autoreceptor 
as that described after a stressful situation (Seguin et al., 1997). These 
observations suggested that acute stress may induce the release of 5HT­
Moduline, i.e. the peptide desensitizes 5HTJB receptors leading to an 
increase in 5HT activity. To validate this hypothesis we examined the 
kinetic of 5HT-Moduline production following a stress of immobiliza­
tion. Using 5HT-Moduline antibodies, we observed that 5HT-Moduline 
levels markedly increased in various regions of rat brain i.e. cortex, 
hippocampus, hypothalamus, substantia nigra whereas it was not 
significantly modified in striatum. The maximal increase in 5HT­
Moduline occurred 15min to 25 min after stress depending of the brain 
region and return to basal level occurred during the first hour follow­
ing stress (Bonnin et al., 1999), 

These results indicate the existence of an efficient mechanism 
rapidly modulating the serotonergic activity in the central nervous 
system, conferring to the serotonergic system the capacity of tuning 
finely and differentially other neurotransmissions in the brain. 

The serotonergic system in the immune system 

In the central nervous system, a regulatory loop involving 5HT, 
5HTJB receptors and 5HT-Moduline is observed. It is of interest to 
examine whether this regulatory element also exists at the periphery 
and would be potentially playing a role in the interactions between 
the central nervous system and the immune system (IS). 

The neuroimmune interactions 

The classical ways of communication between the central and the 
immune system, with the main protagonists as the autonomic nervous 
system, the endocrine system, the lymphokines and cytokines systems, 
(Blalock, 1989; Rabin et al., 1989; Chaouloff, 1993; Mc Ewen et al., 
1997; Walter, 1997; Weigent and Blalock, 1997) indicated that for each 
of these systems, specific receptors i.e. adrenergic, noradrenergic, cor­
ticosteroid, lymphokine or cytokine receptors are present as on the 
immune cells for direct actions as they are on the brain cells (Stevens­
Felten and Bellinger, 1997; Garza and Carr, 1997). 

The hypothesis of the existence of common receptors and media­
tors for central and peripheral systems constituted the basis of our 
experimental work. We examined the involvement of the serotonergic 
system in the CNS-IS interactions and focused our investigations on 
the role of 5HT, 5HTJB receptors and 5HT-Moduline in mechanisms 
involved in the regulation of the IS function. 
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In order to validate this model, the experiments were carried out 
in rat and mouse on thymocytes and splenocytes, in human on lym­
phocytes and using a human T lymphoblastoid cell line, the CEM. 

5HTlB receptors in immunocompetent cells 

We have shown that 5HTlB receptors are present on immunocom­
petent cells by RT-PCR amplification, autoradiographic binding and 
immunocytochemical studies. 

The presence of mRNAs specifically coding for the 5HTlB receptors 
have been detected in the immunocompetent cells using RT-PCR 
amplification. Then, the existence of high affinity binding sites for 5HT 
was demonstrated using autoradiographic binding on rat spleen as well 
as on human leucocytes. The presence of 5HT IB receptors also was 
demonstrated on CEM by immunocytochemical studies using 5HTlB 
receptor antibodies raised in the laboratory (Grimaldi et aI., 1995). 

The obtained results demonstrated that 5HT lB receptors are present 
on immunocompetent cells (Grimaldi et aI., 1998). As yet, only one 
gene coding for 5HTlB receptor has been cloned; therefore, the same 
5HTlB receptor likely exists on neuron terminals and on immunocytes. 

Functional activity of 5HT1B receptors in immunocompetent cells 

The functional activity of 5HTlB receptors was examined on immune 
cells by measuring their capacity to induce the transcriptional activity 
of various immediate early genes (IEG). Indeed, IEG are characterized 
by their rapid and transient induction in response to a wide variety of 
extracellular stimuli. These genes encode proteins involved as tran­
scription factors regulating the expression of other target genes playing 
a role in various cellular mechanisms. We observed that specific 5HTlB 
receptors activation induces a transitory increase of JunD mRNA expres­
sion in spleen and thymus of mouse and in CEM. Indeed the JunD 
mRNA expression is rapidly and specifically induced by a 5HTlB 
agonist, CP93129 in rat and mouse immunocompetent tissues and 
L694247 in human T cells. 

Therefore, these results indicate that 5HTlB receptors are present on 
immunocompetent cells and are functional, since they specifically 
induce IEG mRNA expression (Grimaldi et aI., 1998). 

Role of 5HTlB receptors in immunocompetent cells 

Cellular proliferation of immunocompetent cells was studied to 
determine the physiological consequences of the serotonergic activity. 
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A pharmacological study on cell proliferation revealed that 5HTlB 
receptors present on the CEM specifically mediated an increase of 
their proliferation. Then, we demonstrated on CEM cells that 5HT­
Moduline inhibited the proliferative effect induced by a 5HTJB agonist, 
L694247. 

Thus, the results demonstrate that 5HT-Moduline has an antago­
nistic effect on the proliferative action of a 5HT lB agonist on immuno­
competent cells. A similar antagonistic effect was already observed in 
the central nervous system (Grimaldi et aI., 1998). 

Conclusion 

In conclusion, the results obtained in these experiments indicate 
that 5HTJB receptors are present on immunocompetent cells and they 
exhibit functional activity. Moreover it appears that 5HT-Moduline has 
the ability to interact with the activity of the immune system and thus, 
it may exert a role in the regulation of the immune response as it 
appears to do at the central nervous system. 

The existence of the potential precursor gene of the 5HT-Moduline 
and its presence in the adrenal medulla (Ischia et aI., 1997) suggests 
that the immune system may possess similarities with the central 
nervous system and may constitute a model for the study of the involve­
ment of 5HT-Moduline in numerous physiological as well as patho­
logical events as stress or immune related disorders. 

Moreover, central pathological dysfunctions as stress, anxiety or 
depression in which 5HTJB receptors and 5HT-Moduline are involved 
may produce immune disorders as immunodepression (Chaouloff, 
1993; Dantzer and Mormede, 1995; Rosch, 1995). Reciprocally, it may 
be proposed that immune disorders involving 5HT1l3 and 5HT-Moduline 
may be related to psychiatric diseases involving the serotonergic system 
as the result of reciprocal interactions between the central nervous 
system and the immune system. 

References 

Audet M, Descarries L, Doucet G (1989) Quantified regional and laminar dis­
tribution of the serotonin innervation in the anterior half of the adult cere­
bral cortex. J Chern Neuroanat 2:29-44 

Baumgarten H, Grozdanovic Z (1994) Neuroanatomy and neuro-physiology of 
central serotonergic systems. J Serotonin Res 3:171-179 

Baumgarten HG, Grozdanovic Z (1997) Anatomy of central serotoninergic pro­
jection system. Handb Exp Pharmacol 129:42-89 

Blalock JE (1989) A molecular basis for bidirectional communication between 
the immune and neuroendocrine systems. Physiol Rev 69:1-32 



52 B. Grimaldi et al. 

Bolaiios-Jimenez F, Manhaes de Castro R, Seguin L, Cloez-Tayarani I, Monneret 
V, Drieu K, Fillion G (1995) Effects of stress on the functional properties 
of pre- and postsynaptic 5-HTlB receptors in the rat brain. Eur J Pharmacol 
294:531-540 

Bonnin A, Grimaldi B, Fillion MP, Fillion G (1999) Acute stress induces a dif­
ferential increase of 5HT-Moduline tissue content in various rat brain areas. 
Brain Res (in press) 

Briley M, Chopin P, Moret C (1990) Effect of serotonergic lesion on "anxious" 
behaviour measured in the elevated plus-maze test in the rat. 
Psychopharmacoloy 101:187-189 

Choualoff F (1993) Physiopharmacological interactions between stress hor­
mones and central serotoninergic system. Brain Res Rev 18:1-32 

Dantzer R, Mormede P (1995) Psychoneuroimmunology of stress. In: Leonard 
BE, Miller K (eds) Stress, the immune system and psychiatry. Wiley, 
Chichester, pp 47-67 

Descarries L, Audet MA, Doucet G, et al. (1990) Morphology of central sero­
tonin neurons. In: Whitaker-Azmitia PM, Peroutka SJ (eds) The neu­
ropharmacology of serotonin, vol 600. Academic Press, New York, pp 81-92 

Engel G, Gathert M, Hoyer D, Schlicker E, Hillenbrand K (1986) Identity of 
inhibitory presynaptic 5-hydroxytryptamine (5-HT) autoreceptors in the rat 
brain cortex with 5-HTlB binding sites. Naunyn Schmiedebergs Arch 
Pharmacol 332:1-7 

Fillion G, Fillion M (1981) Modulation of affinity of postsynaptic serotonin 
receptors by antidepressant drugs. Nature 292:349-351 

Fink K, Zenter J, Gathert M (995) Subclassification of presynaptic 5-HT autore­
ceptors in the human cerebral cortex as 5-HTlD~ receptors. Naunyn 
Schmiedebergs Arch Pharmacol 352:451-454 

Fuxe K, Von Euler G, Agnati LF, Ogren s-o (1989) Galanin selectively modu­
lates 5-hydroxytryptamine lA receptors in the rat ventral limbic cortex. 
Neurosci Lett 85:163-167 

Garza Jr HH, Carr DJJ (1997) Neuroendocrine peptide receptors on cells of the 
immune system. In: Blalock JE (ed) Neuroimmunoendocrinology, vol 69. 
Birmingham, Ala, pp 132-154 

Grimaldi B, Cloez I, Fillion MP, Mazie JC, Hen R, Fillion G (1995) Production 
and characterization of an antibody directed against the mouse 5-HTlB 
receptor. Neurosci Res 24:97-101 

Grimaldi B, Fillion MP, Bonnin A, Rousselle 0, Massot 0, Fillion G (1997) 
Immunocytochemical localization of neurons expressing 5-HT moduline in 
the mouse brain. Neuropharmacology 36:1079-1087 

Grimaldi B, Sibella-Arguelles C, Bonnin A, Fillion MP, Massot 0, Rousselle JC, 
Prudhomme N, Fillion G (1998) Control of the serotonergic activity and 
gene expression by 5-HT-moduline. 11th ECNP Congress, Paris 

Hartig PR (1997) Molecular biology and tranductional characteristics of 5HT 
receptors. Handb Exp Pharmacol 129:176-212 

Hjorth S, Suchowski S, Galloway MP (1995) Evidence for 5-HT autoreceptor­
mediated, nerve impulse-independent, control of 5-HT synthesis in the rat 
brain. Synapse 19:170-6 

Hoyer D, Clarke DE, Fozard JR, Hartig PR, Martin GR, Mylecharane EJ, Saxena 
PR, Humphrey PPA (1994) VII. International union of pharmacology. 
Classification of receptors for 5-hydroxytryptamine (serotonin). Pharmacol 
Rev 46:157-203 



Interaction of the serotonergic and the immune systems: 5HT-Moduline 53 

Ischia R, Lovisetti-Scamihorn P, Hogue-Angeletti R, Wolkersdorfer M, Winkler 
H, Fisher-Colbrie R (1997) Molecular cloning and characterisation of 
NESPP55, a novel chromogranin-like precursor of a peptide with 5-HTIB 
receptor antagonist activity. J BioI Chern 17:11657-11662 

Jacobs B, Azmitia E (1992) Structure and function of the brain serotonin system. 
Pharmacol Rev 72:165-229 

Kawahara H, Yoshida M, Yokoo H, Nishi M, Tanaka M (1993) Psychological 
stress increases serotonin release in the rat amygdala and prefrontal cortex 
assesses by in vivo microdialysis. Neurosci Lett 162:81-84 

Kosovfsky BE, Molliver ME (1987) The serotonin innervation of cerebral cortex: 
different classes of axon terminals arise from dorsal and median raphe 
nuclei. Synapse 1:153-68 

Massot 0, Rousselle JC, Fillion MP, Grimaldi B, Cloez-Tayarani I, Fugelli A, 
Prudhomme N, Seguin L, Rousseau B, Plantefol M, Hen R, Fillion G (1996) 
5-hydroxytryptamine-moduline, a new endogenous cerebral peptide, con­
trols the serotoninergic activity via its specific interaction with 5-hydrox­
ytryptamine lB/1D receptors. Mol Pharmacol 50:752-762 

McEwen BS, Biron CA, Brunson KW, Bulloch K, Chambers WH, Dhabhar FS, 
Goldfarb RH, Kitson RP, Miller AH, Spencer RL, Weiss JM (1996) The role 
of adrenocorticoids as modulators of immune function in health and 
disease: neural, endocrine and immune interactions. Brain Res Rev 
23:79-133 

Middlemiss DN (1984) Stereoselective blockade at [3Hl5-HT binding sites 
and at the 5-HT autoreceptor by propanolol. Eur J Pharmacol 101:289-293 

Pineyro G, Blier P (1996) Regulation of 5-hydroxytryptamine release from rat 
midbrain raphe nuclei by 5-hydroxytryptamine 1D receptors: effect of tetro­
doxin, G protein inactivation and long-term antidepressant administration. 
J Pharmacol Exp Ther 276:697-707 

Pineyro G, Castanon N, Hen R, Blier P (1995) Regulation of [3Hl5-HT release 
in raphe, frontal cortex and. hippocampus of 5-HTJB knock-out mice. 
NeuroReport 7:353-9 

Rabin BS, Cohen S, Ganguli R, Lysle DT, Cunnick JE (1989) Bidirectional inter­
action between the central nervous system and the immune system. Crit 
Rev Immunol 9:279 

Rosh PJ (1995) Future directions in psychoneuroimmunology : psychoelec­
troneuroimmunology? In: Leonard BE, Miller K (eds) Stress, the immune 
system and psychiatry. Wiley, Chichester, pp 207-231 

Rousselle JC, Massot 0, Delepierre M, Zifa E, Fillion G (996) Isolation and 
characterization of an endogenous peptide from rat brain interacting 
specifically with the serotoninergic 1B receptor subtypes. J BioI Chern 
271:726-735 

Seguin L, Seznec JC, Fillion G (1997) The endogenous cerebral tetrapeptide 5-
HT-moduline reduces in vivo the functional activity of central 5-HTJB recep­
tors in the rat. Neurosci Res 27:277-280 

Shimizu N, Take S, Hori T, Oomura Y (1992) In vivo measurement of 
hypothalamic serotonin release by intracerebral microdialysis: significant 
enhancement by immobilisation stress in rats. Brain Res Bull 28:727-
734 

Stevens-Felten SY, Bellinger DL (1997) Noradrenergic and peptidergic inner­
vation of lymphoid organs. In: Blalock JE (ed) Neuroimmunoendocrinology, 
vol 69. Birmingham, Ala, pp 99-131 



54 B. Grimaldi et al.: Interaction of the serotonergic and the immune systems 

Takeuchi Y (1988) Distribution of serotonin neurons in the mammalian brain. 
In: Osborne NN, Hamon M Ceds) Neuronal serotonin. John Wiley & Sons, 
London, pp 25-56 

Walter MR (1997) Structural biology of cytokines, their receptors, and signal­
ing complexes: implications for the immune and neuroendocrine circuit. 
In: Blalock JE (eds) Neuroimmunoendocrinology, vol 69. Birmingham, Ala, 
pp 76-98 

Weigent DA, Blalock JE (1997) Production of peptide hormones and neuro­
transmitters by the immune system. In: Blalock JE (ed) Neuro­
immunoendocrinology, vol 69. Birmingham, Ala, pp 1-30 

Wiklund L, Leger L, Persson M (1981) Monoamine cell distribution in the cat 
brain. A fluorescence histochemical study with quantification of indolamin­
ergic and locus coeruleus cell groups. J Camp Neural 203:613-47 

Zangen A, Overstreet DH, Yadid G (1997) High serotonin and 5-
hydroxyindoleacetic acid levels in limbic brain regions in a rat model of 
depression: normalization by chronic antidepressant treatment. J 
Neurochem 69(6):2477-2483 

Zifa E, Fillion G (1992) 5-hydroxytryptamine receptors. Pharmacol Rev 
44:401-458 

Correspondence: Dr. B. Grimaldi, Unite de Pharmacologie-Neuro-Immuno­
Endocrinienne, Institut Pasteur, 28 rue du docteur Raux, F-75724 Paris 
cedex, France 



The inflammatory response system activation 
model of major depression 

M. Maes 

Clinical Research Center for Mental Health, and University Department of Psychiatry, 
AZ Stuivenberg, Antwerp, Belgium 

Department of Psychiatry, Vanderbilt University, Nashville, TN, USA 

Summary 

The present paper proposes a concise inflammatory response system (IRS)­
activation model of major depression. The evidence that alterations in the IRS 
participate in the pathophysiology or even etiology of major depression con­
sists of the following. 1) Confirmed findings of in vivo IRS activation in major 
depression, such as increased numbers of leukocytes, monocytes, neutrophils, 
activated T-Iymphocytes, increased secretion of neopterin and prostaglandins, 
and increased secretion of proinflammatory cytokines, such as interleukin-1~ 
(IL-1~), IL-6 and interferon-y (IFNy). 2) A variety of antidepressants, such as 
selective serotonin reuptake inhibitors and tricyclic antidepressants, have neg­
ative immunoregulatory activities. 3) Activation of the IRS in major depreSSion 
is significantly related to some of the neuroendocrine disorders in that illness. 
4) Proinflammatory cytokines, such as IL-1, IL-6 and interferons given to 
humans or animals can produce depressive symptoms or full blown major 
depression. 5) The IRS activation model may account for the multicausal eti­
ology of major depression whereby external or psychosocial stressors (nega­
tive life events), and internal or organiC stressors are considered to play a 
pivotal role in the etiology of depression. 

Introduction 

Current models concerning the biological pathophysiology of 
depression emphasize the role of brain monoaminergic neurotransmit­
ters, such as serotonin (5-HT) and catecholamines, and hypothalamic­
pituitary-adrenal (HPA)-axis hyperactivity [1). The contemporary models 
of depression do not incorporate the immune system, even though 
immune functions may powerfully influence behavior, serotonergic and 
catecholaminergic metabolism in the brain and HPA-axis activity. In the 
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present paper we propose a concise inflammatory response system 
(IRS)-activation model of major depression. The evidence that alter­
ations in the IRS participate in the pathophysiology or even patho­
genesis of major depression consists of the following. 

Confirmed findings of increased numbers of leukocytes, 
monocytes, neutrophils, activated T-Iymphocytes, 

increased secretion of neopterin and prostaglandins 

Herbert and Cohen [2] showed, in a meta-analytical review, that 
major depression is associated with a significant increased number of 
leukocytes and neutrophils. Increased numbers of immune cells, 
including monocytes and T helper cells, were reported to occur in 
depression [3-7]. Other findings include an increased number of acti­
vated T cells [8,9] and increased secretion of neopterin, a very sensi­
tive marker of activation of cell-mediated immunity [10-13]; and 
prostaglandin PGE2 [14-16]. 

Confirmed findings on increased secretion of proinflammatory 
cytokines, such as IL-lP, IL-2 (or the IL-2 receptor, IL-2R), IL-6 

and interferon-y (IFNy) 

Increased production of IL-l~, IL-2, IL6 and IFNI' has been reported 
to be present in depression [6,17-20]. Increased Circulating levels of 
the soluble IL-2-receptor CsIL-2R) point toward T cell activation in 
depression [6,17,21]. 

Confirmed findings on the presence of an acute phase 
response in depression 

There are many reports that major depression is characterized by 
increased plasma concentrations of positive acute phase proteins 
CAPPs), such as haptoglobin (Hp), a1-antitrypsin, ceruloplasmin, a1-
acid glycoprotein, C-reactive protein, a1-antichymotrypsin; and 
decreased plasma concentrations of negative AP proteins, such as 
albumin and transferrin [22-25]. The chronic mild stress (CMS) 
model of depression in the rodent and the olfactory bulbectomized 
(OB) rat model of depression are also characterized by an AP response 
[26,27]. There is evidence that the AP response in depression is re­
lated to increased production of proinflammatory cytokines, such as 
IL-6 [22]. 
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A variety of tricyclic antidepressants and selective 
serotonin reuptake inhibitors (SSRIs) have negative 

immunoregulatory activities 

There is now evidence that antidepressants may have suppressive 
activities on the secretion of proinflammatory cytokines in vivo as well 
as in vitro and that these drugs can suppress the AP response. 
Subchronic treatment with fluoxetine has been shown to normalize 
initially increased serum IL-6 concentrations in depressed patients [28], 
Subchronic treatment with tricyclic antidepressants and SSRIs suppress 
the AP response in major depression [29] and in the olfactory bulbec­
tomized and chronic mild stress models of depression in the rat [26,271 
Xia et al. [30] found that clomipramine, imipramine and citalopram 
significantly suppressed the secretion of IL-2 by in vitro stimulated T 
lymphocytes and of IL-1 ~ and TNFa by stimulated monocytes. We found 
that clomipramine, sertraline and trazodone, at concentrations in the 
therapeutical range, significantly reduced IFNy secretion, whereas 
clomipramine and sertraline significantly increased the secretion of 
IL-I0, a negative immunoregulatory cytokine, in culture supernatants 
(Maes et al., 1999). All three antidepressants significantly reduced the 
IFNy/IL-I0 ratio (Maes et al., 1999). The above results suggest that anti­
depressants have highly specific, negative immunoregulatory effects. 

Activation of the IRS in major depression is associated 
with the neuroendocrine disorders in that illness 

The actions of cytokines offer a possible explanation to the 
serotonergic and HPA-axis dysfunctions in depression. Lower avail­
ability of tryptophan to the brain, which is one of the most frequently 
reported serotonergic abnormalities in depression, is inversely 
related to various signs of IRS activation in that illness [12,20], It is well­
known that an immune-inflammatory response with increased pro­
duction of proinflammatory cytokines, is accompanied by decreased 
plasma total tryptophan. This phenomenon may be caused by i) in­
duction of indoleamine 2,3 dioxygenase (IDO), a major tryptophan 
catabolizing enzyme, by cytokines, such as IFNy, IL-1 and IL-2; and 
ii) muscle breakdown of proteins, increased release of amino acids, 
inhibited muscle amino acid uptake, and increased use of some amino 
acids for leukocyte activity and synthesis of acute phase proteins 
[12,20]. 

It is equally well established that proinflammatory cytokines, such 
as IL-l, IL-6 and tumor necrosis factor-a (TNFa) activate the HPA-axis 
by i) stimulating the release of corticotropin releasing hormone (CRH) , 
adrenocorticotrophic hormone (ACTH) and cortisol [31]; and ii) by 
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decreasing glucocorticoid receptor (GR) expression or GR transloca­
tion from the cytoplasm to the nucleus [32). In depression, there are 
significant positive correlations between postdexamethasone cortisol or 
baseline plasma cortisol values and either serum IL-6 concentrations or 
the secretion of IL-1 and IL-6 by peripheral blood mononuclear cells 
[31). 

Proinflammatory cytokines, such as IL-l, IL-6 and IFN given 
to humans or animals can produce depressive symptoms 

and behavior 

An AP response not only encompasses a broad array of immune, 
metabolic and neuroendocrine alterations, but also a specific symptom 
complex, i.e. sickness behavior, that is psychomotor retardation, irri­
tability, anhedonia, anorexia, weight loss, loss of interest, lethargy and 
sleep disorders [33). Proinflammatory cytokines are key mediators of 
the various components of this behavioral complex [33), Acute or 
repeated administration of LPS and IL-1 to the rodent may induce "sick­
ness behavior"[33), while endotoxin administration to rats decreased 
the free consumption of saccharin, a model of anhedonia or the inabil­
ity to experience pleasure [34J. Interferons given to humans can 
produce symptoms and behavior similar, if not identical to those found 
in depression. These include affective, cognitive and vegetative symp­
toms, e.g. anhedonia, fatigue, social withdrawal, depressed mood, irri­
tability, lack of interest, psychomotor retardation, poor concentration, 
sleep disturbances, anorexia, weight loss, malaise and headache [35]. 
In depression, we found that signs of the AP response, such as 
increased plasma Hp concentrations, were significantly and positively 
related to psychomotor retardation, anorexia, weight loss, anergy, loss 
of interest in work and activities and middle insomnia [36). Thus, beside 
the possible role of proinflammatory cytokines in IRS activation and 
neuroendocrine changes in major depression, cytokines may also con­
tribute to the development of specific depressive symptoms. 

The IRS activation model accounts for the multicausal etiology 
of depression whereby external or psychosocial stressors 

(negative life events), and internal or organic stressors are 
considered to playa pivotal role in the etiology of depression 

It is generally accepted that major depression has a multicausal eti­
ology, whereby internal (organic factors) as well as external (psy­
chosocial) stressors are involved. The high prevalence of depression in 
various medical conditions is reflected in the DSM-IV diagnostic cate­
gory "depression due to a medical condition". Medical conditions, which 
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are associated with immune activation, such as infections (e.g. herpes 
virus, HIV, Borna virus, influenza), autoimmune disorders and multiple 
sclerosis, show an increased incidence of depressive symptomatology 
or depression [371 Other conditions which are also accompanied by an 
enhanced production of cytokines, e.g. stroke, Alzheimer's disease and 
the postpartum period often trigger depressive symptoms or major 
depression [371 Thus, autoimmune-, perinatal-, infectious- and stroke­
induced cytokine hyperproduction provides a reasonable mechanism to 
account for the significant higher rates of depression linked with these 
conditions. Based on the above findings, it is suggested that IRS activa­
tion is involved in the etiology and symptomatology of "depression due 
to a general medical condition" [37,38]. 

There is also evidence that external stressors may enhance the 
secretion of proinflammatory cytokines in experimental animals and 
humans. Psychological stressors, such as immobilization or open field 
stress, may increase the secretion of IL-6 in serum and IL-1 mRNA 
expression in the hypothalamus of the rodent [39-42]. Our laboratory 
found that academic examination stress in students significantly 
increased the stimulated production of various cytokines, such as IL-6, 
TNFa, IFNI' and IL-10 [43]. We found that there are two different profiles 
of cytokine secretion following psychological stress, i.e. a first with a 
predominant IFNI' versus IL-10 response (labeled IFNI' reactors) and a 
second with a predominant IL-10 versus IFNI' response (labeled IL-10 
reactors) [44]. IFNI' reactors, but not IL-10 reactors, were characterized 
by a significant stress-induced increase in anxiety and depressive feel­
ings and stimulated production of TNFa and IL-6 [44]. Thus, the pre­
dominant proinflammatory response to psychological stress is 
associated with significantly greater stress-induced feelings of anxiety 
and depression. 

In conclusion, the IRS model of depreSSion provides a mechanism 
to account for the organic (internal stress) as well as psychosocial 
(external stress) etiology of major depression, whereby both types of 
stressors cause depression, through IRS activation with increased secre­
tion of proinflammatory cytokines, which interact with serotonergic 
turnover and HPA-axis activity. 
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Summary 

Background. Studies of immune measures in schizophrenia have shown 
differences with control subjects on a number of measures. However, immune 
measures are often not detectable in the serum or CSF of human samples and 
in many studies it is not clear how this was dealt with in the analysis. Methods. 
CSF 1L-6 was measured by ELISA in 61 drug free male schizophrenic (DSM­
IIIR) patients and 25 well-screened healthy male control subjects. Serum 1L-6 
was measured in 43 of the 61 patients, and in 16 control subjects. Data were 
analyzed with and without non-detectable values to determine if this affected 
the results. Results. Using a value of "0" for non-detectable values resulted in 
significant differences between patients and controls in plasma interleukin-6. 
However, if these values were treated as missing, the difference was not 
significant. Conclusions. The treatment of non-detectable immune measures 
has demonstrable effects on the analysis and interpretation of the results. 

Introduction 

Immune studies in schizophrenia are frequently plagued by assay 
issues which have not yet been addressed consistently. In our study 
of interleukin-2 and interleukin-1a in relapse prediction in schizo­
phrenia (McAllister et aI., 1995), variance issues were raised that made 
the use of parametric tests tenable for these measures of biochemistry. 
In uncovering the reasons for the variance differences, however, it was 
determined that the distribution of non-detectable values was the 
source of the discrepancy and that using those values as "low" rather 
than missing data, could have effects on the analysis. For this finding, 
both treatments of the data resulted in the same conclusions. 
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Elevated levels of serum IL-6, or the frequency of individuals with 
such levels, have been reported in schizophrenia, however the treat­
ment of non-detectable values has not been consistently reported 
across studies. The majority of studies report the detection limits of the 
assay, but do not indicate if any samples were below this level and 
what was done with them (Maes et aI., 1995a,b, 1997; Pollmacher et 
aI., 1996; Shintani et aI., 1991; Barak et aI., 1995; Baker et aI., 1996). 
Presumably values that were not detectable were excluded from these 
analyses. Of the studies that have acknowledged these non-detectable 
values, Katila et aI. C1994a,b) reported no detectable values in schizo­
phrenic patients, while Ganguli et aI. (1994) reported 19% non­
detectable values in patients and Naudin et aI. (1996) reported 73% 
non-detectable values in patients. Attempts to incorporate information 
from these assays have included strategies of using a "0" value for the 
non-detectable levels (Naudin et aI., 1997; McAllister et aI., 1995), and 
"spiking" the assay with IL-6 to raise the baseline level for detection 
(Frommberger et aI., 1997). 

Thus, clearly there are a significant number of both schizophrenic 
and control subjects who have no detectable levels of interleukins, yet 
this has not yet been addressed as an issue in these studies. If the 
ELISA is valid, non-detectable values should be considered "low" rather 
than missing or invalid data. Moreover, if the percentage of non­
detectable values is significantly different in the patient and control 
samples, this has serious implications for the results of the analysis. In 
Ganguli et aI. (1994) the percentages were 19% and 23% respectively, 
and thus it was concluded that removing these data would not alter 
the analyses. However, most studies fail to report the incidence of non­
detectable values, thus it can not be ensured that the subsequent analy­
ses are valid. 

As an example we analyzed our IL-6 data in patients and controls 
using both strategies for the non-detectable values. Specifically, we 
repeated the analyses with the non-detectable values treated as levels 
of "0" and as missing data. 

Methods 

Schizophrenic patients 

Sixty-one (61) physically healthy, male psychiatric patients with a diagno­
sis of chronic schizophrenia or schizoaffective disorder (DSM-IIIR) (American 
Psychiatric Association, 1987), on antipsychotic maintenance treatment, partic­
ipated in the study following admission to the Schizophrenia Research Unit at 
the VA Pittsburgh Healthcare System in Pittsburgh. PA, and giving informed 
consent. The staff reviewed with each patient - and relevant others 
prodromes and previous relapses, the risk, and what actions would be taken. 
Fifty-six subjects were European-American, four were African-American, and 



Methodological concerns in the study of the immune system 65 

one was Latin American. All subjects were screened with a complete physical, 
neurologic, and psychiatric evaluation conducted by board certified psychia­
trists. Trained staff obtained the diagnostic data from a structured interview 
using the SADS-L (Spitzer and Endicott, 1979) or the scm (Spitzer et aI., 1989). 
Patients who met DSM-IIIR criteria for alcohol or substance abuse/dependence 
were excluded at the time of the study, unless they had been in remission for 
at least 6 months. Schizophrenia diagnoses included paranoid (N = 30), undif­
ferentiated (N = 22), disorganized (N = 2), and schizoaffective disorder, mainly 
schizophrenic (N = 7). 

Design and evaluation 

Upon admission, the subject's medication was gradually converted to 
haloperidol if they were not already being treated with haloperidol. Within 
6 ± 4 days of procedures on medication, haloperidol was replaced overnight 
with placebo in unmarked capsules. Drug-free procedures took place after 38 
± 13 days (range: 14-67 days). A three day mean increase in 3 points over the 
baseline (pre-drug withdrawal) psychosis ratings done by the nursing staff 
determined relapse during the drug free period as previously validated (van 
Kammen et aI., 1989, 1994). Of the 61 subjects, 31 met relapse criteria within 
six weeks. 

Normal control subjects 

Subjects were recruited from the community through newspaper ads. They 
were extensively screened to exclude histories (including family history) of 
psychiatric, immunologic, major physical disorders and recent substance abuse. 
They received a diagnostic and psychiatric interview, a similar workup as our 
patients, and a drug screen prior to testing. Eleven (11) of the 25 subjects had 
both CSF and plasma measures taken; an additional 4 subjects received plasma 
draws only. 

Lumbar puncture (LP) and blood draws 

Spinal fluid was obtained according to established procedures (van 
Kammen and Sternberg, 1980) with patients in the lateral decubitus position 
between 7:30 and 8:30 a.m. after bed rest and fasting since 10:30 pm the pre­
vious night. CSF was collected on ice in a 12 ml pool, that was divided into 
0.5 and 1.0ml aliquots. Blood for plasma IL-6 was drawn during the week of 
the LP. Samples were stored at -80DC until being assayed. 

Assays 

CSF and plasma IL-6 levels were measured by ELISA using a commercially 
available kit (CYTImmune, Sciences, Inc., College Park, MD). The sensitivity is 
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Table 1. Test of independence: percentage of non-detectable values 

Variable 

CSF 1L-6 
Plasma 1L-6 

Schizophrenics 

27/61 (44%) 
11/43 (26%) 

Control subjects 

15/25 (60%) 
11/16 (69%) 

1.76 
9.29 

p 

Ns 
0.002 

0.195ng/ml, with intraassay and interassay coefficients of 7.0 % and 11.3% 
respectively. In addition to a standard curve ranging from 0.195 to 200ng/ml, 
a reference standard for IL-6 (provided by the Biological Response Modifiers 
Program, National Cancer Institute) was used in evaluating the assay. Storage 
time was not associated with CSF or serum IL-6 concentrations. 

Statistics 

The primary concern in the statistical analysis of the IL-6 data was the treat­
ment of non-detectable values determined by our assay. Because the number 
of non-detectable values was not negligible, our analyses included tests of inde­
pendence (chi-square) of the distribution of non-detectable values as well as 
nonparametric tests for comparison between groups (Mann-Whitney) using the 
value of 0 for non-detectable. 

Results 

Table 1 shows the tests of Significance of the percentages of non­
detectable values. It can be seen that for CSF IL-6, these percentages 
were not significantly different and thus analysis of the data should be 
valid using either method. However, this is not the case for plasma IL-
6. The control subjects have a significantly higher percentage of non­
detectable values and thus treatment of these values has profound 
effects on the results. If the non-detectable values are truly "low" then 
this would indicate that schizophrenic patients most likely have higher 
plasma IL-6 values overall. In Table 2, the results of the two approaches 
to analysis are presented. It is clear that the results of the plasma analy­
sis are significant if the non-detectable values are used, while they are 
not if the non-detectable values are considered missing. 

Discussion 

Our finding of an elevation in plasma levels of IL-6 is consistent 
with the majority of studies of schizophrenia (Maes et aI., 1995a,b, 1997; 
Pollmacher et aI., 1996; Ganguli et aI., 1994; Shintani et aI., 1991). 
However, this result rests on the treatment of values not detected by 
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Table 2. Interleukin-6 (ng/m!): schizophrenic patients compared to control 
subjects with and without non-detectable levels. Sample sizes shown in the 

denominator 

With non-detectable values set to 0: Variance Wilcoxon 
test test 

Variable Schizophrenics Control F p Z P 
subjects 

CSF IL-6 0.53 (070) 025 (043) 2.62 0.011 -1.77 0.Q77 
Plasma IL-6 3.25 (3.16) 1.20 (96) 2.60 0.048 -2.74 0.006 

With non-detectable values as missing: Variance Wilcoxon 
test test 

Variable Schizophrenics Control F p Z P 
subjects 

CSF IL-6 095 (0.70) 0.62 (0.50) 1.95 ns -1.54 ns 
Plasma IL-6 437 (2.91) 3.84 (1.30) 4.97 ns -0.36 ns 

the assay. While a reasonable percentage of our values were non­
detectable (Table 1), we nevertheless observed meaningful values in 
most patients. Our approach in this study was to accept undetectable 
values as being "low" but to make no assumptions about the level 
assigned to them by using non-parametric procedures. It is not clear 
that this is the best approach; undetectable levels may not be low but 
undeterminable and in that case, should be excluded. Some investiga­
tors have excluded patients whose values fell below the sensitivity of 
their assay, which may skew the results if the allocations are different 
between patients and control subjects. Thus, more studies need to 
report this "missing" data before the best approach to analysis can be 
determined. 

lL-6 measurements can be influenced by the presence of serum pro­
teins that form complexes with lL-6, at least with conventional assays 
(May et al., 1992; Ledur et al., 1995), thus not all studies will find 
detectable levels. In addition, Ndubuisi et al. (998) have conclusively 
shown that the distinct classes of lL-6, differentiated based on molecular 
weight, have a unique detection pattern dependent on the ELISA or 
bioassay used. These authors also conclude that binding molecules in 
the blood, including autoantibodies and soluble lL-6 receptors will 
influence lL-6 determinations. The lL-6 assay chosen for our study mea­
sures total lL-6, both free and complexed, so that the potential influence 
of binding factors on our serum measurements is negligible. We conclude 
therefore, that the non-detectable levels are indeed low levels. The pres­
ence of these lL-6 binding factors in CSF has not been examined. 
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It is highly possible that these technical issues play a role in the 
discrepancies in the plasma and CSF findings of 1L-6 in schizophrenia. 
Clearly, the handling of these non-detectable values in statistical analy­
ses is of issue and will affect the interpretation of results. Future studies 
in this area should make note of this methodological issue and show 
how the data were used. 
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Summary 

Several groups have contributed to the progress of immunological research 
in schizophrenia. Early studies demonstrated partly divergent results. The 
recently improved control concerning confounding variables has lead to 
increasingly consistent findings. The influence of psychotropic medication, 
serum cortisol levels, different immunological techniques, sex differences 
and psychopathology on psychoimmunological findings in schizophrenia is 
discussed. 

Novel findings due to technical advances have strengthened the 
hypothesis that immunological dysfunction may contribute towards the 
multifactoral etiology of schizophrenia (Kirch, 1993; Syvalahti, 1994; 
Wright et al., 1993). Since the early work of Bruce and Peebles (1904) 
who reported increased leukocyte counts, especially during the acute 
phase of illness, numerous studies have focused on the role of cellu­
lar immunity in schizophrenia. One particular line of research has 
focused on investigating the numbers of immunocompetent cells. 
Nyland et al. (1980) showed a decreased number of T-lymphocytes in 
acute but not in chronic schizophrenics. An elevated number of T-cells 
was reported by two groups (Henneberg et al., 1990; Ackenheil et al., 
1991; Muller et al., 1991, 1993) while others (including ours) demon­
strated no changes in T-cell numbers (Villemain et al., 1989; Masserini 
et al., 1990; Achiron et al., 1994; Sasaki et al., 1994; Hornberg et al., 
1995; Wilke et al., 1996). Inconsistent results have also been reported 
concerning several T-lymphocyte subtypes, B-lymphocytes and natural 
killer cells (NK-cells). 

Another approach has focused on cytokine production. Cytokines 
are produced by leukocytes; they regulate the differentiation and acti-
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vation of immunologically active cells and control the communication 
between the immunocompetent cells. The production of cytokines after 
mitogen stimulation can be regarded as a functional marker of cellu­
lar immunity. 

Research on cytokines in schizophrenia has yielded increasingly 
consistent results. In response to mitogen stimulation, Kolyaskina 
(1983) showed a reduced proliferative activity of T-lymphocytes while 
serum levels of interleukin-2 (1L-2) were found to be unchanged (Barak 
et aI., 1995; Gattaz et aI., 1992). Furthermore, several groups (includ­
ing our own) have reported that the production of IL-2 by lympho­
cytes after mitogen stimulation is significantly lower in schizophrenics 
than it is in non-psychotic controls (Villemain et aI., 1989; Hornberg 
et aI., 1995; Bessler et aI., 1995; Ganguli and Rabin, 1989; Ganguli et 
aI., 1992,1995; Rothermundt et aI., 1996). The decreased IL-2 produc­
tion after mitogen stimulation of acutely ill schizophrenics compared 
to patients in remission suggests that IL-2 is a state rather than a trait 
marker for the acute illness (Ganguli and Rabin, 1993; McAllister et aI., 
1995; Arolt et aI., 1997). In a functional sense, interferon gamma (1FN­
y) and IL-2 are closely related since the production of IFN-y is stimu­
lated by IL-2. Despite this relationship the results concerning IFN-y in 
schizophrenia have so far been less impressive than those regarding 
IL-2. Serum levels of IFN-y are not on the whole elevated (Gattaz et 
aI., 1992; Becker et aI., 1990; Schindler et aI., 1986) although higher 
levels were reported by Preble and Torrey (1985), A tendency towards 
decreased production after stimulation has been reported on several 
occasions (Hornberg et aI., 1995; Katila et aI., 1989; Moises et aI., 1985). 
In a group of psychotic patients which included schizophrenics and 
depressed patients, Inglot et al. (1994) showed a decreased production 
of IFN-y. 

For a correct interpretation of the at least partially inconsistent 
immunological findings in schizophrenia it remains an important task 
to distinguish the influence of the following interfering variables that 
might influence the results and complicate interpretations: 

1. Cortisol levels 
2. Medication 
3. Immunological technique 
4. Sex differences 
5. Psychopathology 

1. Cortisol levels 

There are complex interactions between the different hormones, 
especially cortisol, and the cellular as well as humoral immunological 
subsystems. Cortisol inhibits inflammation, decreases the number of 
lymphocytes in the peripheral blood, prevents leukocytes from migrat-
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ing into the tissue and decreases the production of antibodies and 
cytokines. Only in a few psychoimmunological studies on schizo­
phrenic patients has cortisol been measured. While investigating 
both schizophrenics and a subgroup of schizophrenics with signs of 
autoimmunity Ganguli and Rabin (1993) showed that serum cortisol 
was significantly higher in patients with low IL-2 production. However, 
a negative correlation between cortisol and IL-2 production was 
demonstrated only in autoantibody positive patients. Sasaki et al. (1994) 
showed normal cortisol levels on hospital admission but increased 
levels after 8 weeks of treatment. In a study investigating 44 acute 
schizophrenic patients all patients displayed normal serum cortisol 
levels (Rothermundt et al., 1998); no differences between patients and 
controls were detected, and there were no correlations between corti­
sol levels and either IL-2 or IFN-y production. 

Measurements of cortisol levels after applying the dexamethasone 
inhibition test could further our knowledge concerning a potential 
role for cortisol in bringing about the observed changes in cytokine 
production. 

2. Medication 

The influence of neuroleptic medication on immunological 
processes remains unclear at the present point in time. Much psy­
choimmunological information has been obtained from both medicated 
and non-medicated schizophrenic patients. However, certain neu­
roleptic drugs seem to influence the immune system. Typical anti­
psychotic drugs (e.g. haloperidol) seem to have negative 
immunoregulatory effects while atypical neuroleptics (e.g. clozapine 
and risperidone) showed complex in vivo immunomodulatory effects 
(Maes et al., 1994, 1995, 1996; Pollmacher et al., 1995, 1996; Smith and 
Maes, 1995; Tarazona et al., 1995). 

No differences in the numbers of T-helper cells could be shown in 
either unmedicated (Villemain et al., 1989; Masserini et al., 1990; 
Achiron et al., 1994; Nikkila et al., 1995) or medicated schizophrenic 
patients (Masserini et al., 1990; Sasaki et al., 1994; Hornberg et al., 1995; 
Wilke et al., 1996) relative to healthy individuals. Masserini et al. (1990) 
demonstrated normal CD-8 positive cell numbers in medicated 
schizophrenic patients but higher than normal numbers in drug-free 
patients while Ackenheil et al. (1991) observed higher numbers in med­
icated schizophrenics. Monteleone et al. (1991), Muller et al. (1991) and 
Rapaport et al. (1991) showed no differences between medicated and 
unmedicated patients concerning the mitogen response. 

B-lymphocytes in medicated patients were reported to be either 
unchanged (Masserini et al., 1990; Ganguli and Rabin, 1993) or ele­
vated compared to healthy controls (McAllister et al. (1989) in 30% of 
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the patients), (Rogozhnikova et aI., 1993). In unmedicated schizo­
phrenics, both unchanged (Ganguli and Rabin, 1993) and elevated 
(Masserini et aI., 1990) numbers were found. 

A decreased IL-2 production has been shown in medicated 
(Hornberg et aI., 1995; Ganguli et aI., 1992) and non-medicated 
(Villemain et aI., 1989; Bessler et aI., 1995; Ganguli et aI., 1995) 
schizophrenics. 

In several studies Rapaport et al. showed an increased serum level 
of the sIL-2R in medicated (Rapaport et aI., 1989, 1993, 1994a, b) as 
well as unmedicated (Rapaport et aI., 1994a, b) schizophrenic patients. 
Ganguli's group confirmed these results 0989, 1993). Maes et al. 0994, 
1995) demonstrated increased sIL-2R levels in both unmedicated and 
medicated patients suffering from schizophrenia, but clozapine treat­
ment seemed to increase such levels (Maes et aI., 1994). This was 
confirmed by Pollmacher et al. 0995, 1996) who showed an increase 
of sIL-2R in patients treated with clozapine but unchanged levels in 
schizophrenics treated with haloperidol. 

In order to find out how unknown serum factors such as medica­
tion influence the cytokine production in vitro we applied a "criss­
cross" technique: Cells and serum of patients and controls were 
separated before the cells underwent a washing procedure. The cells 
of each patient were incubated with the serum of the matched control 
and vice versa. In this way the possibility that the cells of control 
patients could be influenced by the sera of schizophrenic patients could 
be investigated. 

Cytokine production by patient cells incubated in control serum did 
not differ from that of patient cells incubated in their own serum after 
the separation procedure. Likewise, there was no difference in cytokine 
production after mitogen stimulation of control cells by patient serum 
as compared to control cells cultured in their own serum after the 
washing procedure. By applying the criss-cross technique it could be 
shown that serum factors did not influence cytokine production in vitro. 
The leukocytes of patients could not be positively influenced by adding 
healthy control serum and the control cells were unaffected by the 
patient serum (Rothermundt et aI., 1998). 

With this in vitro technique we were not able to investigate the in 
vivo influences of serum factors such as medication or hormones. 
However, evidence is provided that there is a genuine immunological 
dysfunction in schizophrenia since the changes in cytokine production 
are not likely to be caused by unknown serum factors. 

3. Immunological technique 

Another difficulty in interpreting psychiatric patient immunological 
findings, especially those concerning cytokine production, arises from 
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differences in the various immunological techniques applied. Some 
authors reported results from whole blood assays (Homberg et aI., 
1995; Wilke et aI., 1996; Ganguli et aI., 1992, 1993, 1995; Rothermundt 
et aI., 1996; Moises et aI., 1985; Inglot et aI., 1994) while others pub­
lished results from cells which had been separated by a washing pro­
cedure (Villemain et aI., 1989; Bessler et aI., 1995), Dealing with this 
aspect we found that the separation procedure for cells and serum 
resulted in a decreased cytokine production compared to that mea­
sured in the whole blood (Rothermundt et aI., 1998). Incubating patient 
or control cells that had undergone the washing procedure in their 
own serum also led to a lower leukocyte cytokine production than 
incubation in a whole blood assay. Such differences in mitogen stim­
ulated leukocyte cytokine production, depending on whether cells 
were cultured as whole blood in situ or with autologous serum after 
fractionation, were demonstrated for both normal and schizophrenic 
individuals (Rothermundt et aI., 1998). The true state of immunologi­
cal alterations in psychiatric disorders would be clarified if future 
studies by different groups would apply comparable immunological 
techniques. We favor the whole blood assay described by Kirchner et 
ai. (1982) as do most other groups. In this technique the cells remain 
in their natural surroundings and have access to the serum factors they 
need for a sufficient cytokine production. Furthermore, the cells do not 
undergo a washing procedure which apparently stresses the cells since 
the separated cells produce only 10% of the cytokines which can be 
produced by cells cultured in whole blood. Higher amounts of 
cytokines are easier to detect by an ELISA technique. 

4. Sex differences 

Another variable that could confound the reported findings of 
immunological alterations in psychiatric disorders is the sex of the 
investigated subjects. A gender difference in the production of IFN-y 
has previously been demonstrated by Kita et ai. (1991) in healthy sub­
jects. We confirmed these findings for healthy as well as schizophrenic 
subjects. Female schizophrenic patients as well as female controls 
showed lower levels of IFN-y production after stimulation than their 
males counterparts (p <= 0.01) (Rothermundt et aI., 1998). 

In our recent study there was a tendency towards lower sIL-2R 
levels in females as compared to males although this difference was 
not significant. Moreover, female patients showed lower levels than 
their matched controls while male patients demonstrated higher levels 
compared to their matched controls (Rothermundt et aI., 1998). In three 
studies which reported increased sIL-2R levels and in which the sex 
distribution was indicated the majority of the subjects studied were 
male (Rapaport et aI., 1994b; Maes et aI., 1994, 1995). Only one study 
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reported an equally balanced sex distribution and increased sIL-2R 
levels in schizophrenics (Rapaport et al., 1994a). 

It is therefore important that reports on psychoimmunological 
findings should always specify the sex distribution and show the results 
obtained from male and female patients separately. 

5. Psychopathology 

Previous studies have shown that immunological findings in schiz­
ophrenia differ according to the state of illness. For example acutely 
ill schizophrenics showed a decreased IFN-y production (Wilke et al., 
1996; Rothermundt et al., 1996; Arolt et al., 1997) while schizophren­
ics in remission showed no difference in IFN-y production after 
stimulation (Wilke et al., 1996). Many of the reported investigations on 
cytokines and the numbers of immunocompetent cells differentiated 
between acute and remitted schizophrenics (Becker et al., 1990; 
Ville main et al., 1989; Ganguli et al., 1992, 1995; Katila et al., 1989; 
Barak et al., 1995; Maes et al., 1994) while in other studies patients 
were not differentiated according to the state of their illness (e.g. 
Bessler et al., 1995; Moises et al., 1985; Achiron et al., 1994; McDaniel 
et al., 1992; Ghosh and Chattopadhyay, 1993; McAllister et al., 1989; 
Rapaport et al., 1991). A few studies included only first episode schiz­
ophrenic patients (Becker et al., 1990; Ganguli et al., 1995; Maes et al., 
1994). In some studies, psychotic patients with schizophrenic, schizoaf­
fective and affective disorders were all compiled into one sample 
CInglot et al., 1994; Preble and Torrey, 1985; Katila, 1994; Maes et al., 
1995; Ackenheil et al., 1991; Muller et al., 1991, 1993; Masserini 
et al., 1990; Ganguli and Rabin, 1993; Nikkila et al., 1995; Abdeljaber 
et al., 1994). 

Indeed, most studies included different schizophrenic subtypes in 
their sample (Villemain et al., 1989; Maes et al., 1995; Katila et al., 1989; 
Bessler et al., 1995; Ganguli et al., 1992; Barak et al., 1995; Rothermundt 
et al., 1996; Homberg et al., 1995) while others restricted their analy­
sis to patients with paranoid schizophrenia (Gattaz et al., 1992) or 
specifically indicated results for the different subtypes of this disease 
grouping (Wilke et al., 1996). 

In a study on 44 schizophrenic patients suffering from an acute psy­
chotic episode we divided the patients into two subgroups. One sub­
group consisted of patients suffering from the paranoid subtype of 
schizophrenia, while the other consisted of patients with disorganized 
schizophrenia as defined by the DSM IV protocol. Cytokine produc­
tion by stimulated immunocompetent cells did not differ significantly 
between the two subgroups (Table 1). 

Only a few studies were able to demonstrate correlations between 
psychopathological or clinical features and immunological findings. 
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Table 1. Cytokines and sIL-2R in pg/ml in different subtypes of 
schizophrenia 

Schizophrenic IL-2 IL-2 IFN-y IFN-y sIL-2R sIL-2R 
subtype controls controls controls 

Paranoid subtype 121.8 2778 2007.9 5569.8 2010.7 2143.6 
Disorganized 129.5 224.0 2146.6 5899.4 1769.0 1710.9 

subtype 
p n.s. n.s. n.s. n.s. n.s. n.s. 

IL-2 Interleukin-2, IFN-y interferon gamma, sIL-2R soluble Interleukin·2 receptor, n.s. not 
Significant 

Ganguli et al. (1995) reported a positive correlation between IL-2 pro­
duction and age of onset, and a negative correlation between IL-2 pro­
duction and negative symptom scores. In the study of Rapaport et al. 
(1993), the increased serum level of the sIL-2R was associated with 
both early onset of disease and negative symptoms. In our study we 
were not able to reproduce these findings. 

Conclusion 

In order to improve the comparability of future studies on immuno­
logical alterations in schizophrenia it is important to specifically indi­
cate the immunological and psychiatric methods used. Variables which 
might interfere with the immunological data such as medication status, 
cortisol levels, sex differences, schizophrenic subtypes, course of illness 
or state of illness should be taken into consideration. Although today 
there is little doubt that immunological alterations are present in schiz­
ophrenia, the quality of analysis is dependent on controlling for the 
relevant confounders. 
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Summary 

Antibrain antibodies are regarded as a hallmark of an autoimmune process 
in schizophrenia. The literature, however, is contradictory to a large extent. 
Furthermore, the older studies used now outdated methodology. The modern 
studies using Western and Immunoblot technique were greatly negative. Our 
own results on the occurrence of antibrain antibodies in schizophrenia were 
disappointing over the last years. In the present study we investigated anti­
body binding in serum from schizophrenic patients to the nuclear, membrane 
and water soluble protein fractions from human brain by Western and 
Immunoblot. There were no specific results. Therefore, we conclude that there 
is at present no proof of antibrain antibodies in schizophrenia. 

Introduction 

Antibrain antibodies are regarded as a hallmark of an autoimmune 
process in schizophrenia. Lehmann-Facius was the first in 1937 and 
1939, who reported antibodies against "Hirnlipoid" in serum and CSF 
from schizophrenic patients. In 1985 DeLisi et al. reviewed the litera­
ture concluding that there is some evidence for the presence of 
antibrain antibodies in schizophrenia. However, the results were con­
tradictory. Ehrnst et al. (1982) and Knight et al. (1990) reported nega­
tive findings. Furthermore, the methods applied in the older studies 
were now outdated tests like flocculation, agglutination, complement 
fixation and double diffusion in agar. Some authors used histological 
sections with indirect immunofluorescence staining. In the sixties Heath 
et al. (1967a) injected serum fractions from schizophrenics into the 
brain from monkeys and found EEG abnormalities. When they injected 
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antibodies to brain tissue from sheep the monkeys exhibited catatonia 
and EEG abnormalities (Heath et al., 1967b). However, these results 
were not replicated and got into discredit during the last years. 

An important point with these older studies is that the authors used 
complex antigen mixtures like histological sections and brain 
homogenates without making the attempt of characterising the target 
molecules. Today one should demand the proof of specific antigen -
antibody systems in the eNS before claiming the occurrence of 
antibrain antibodies in schizophrenia. Even in 1994 Henneberg et al. 
reported an increased prevalence of antibrain antibodies in schizo­
phrenia using immunofluorescence assay without specifying the target 
antigens. 

Our own group has investigated the issue of antibrain antibodies 
in schizophrenia for years now using modern techniques as Western -
and Immunoblot and ELISA. These techniques allow for an 
identification of target antigens when testing the binding of antibod­
ies. In this study we report the search for serumantibodies against 
human brain proteins in paranoid schizophrenia. 

Methods 

Subjects 

Controls were healthy blood donors without signs of mental disorder or 
autoimmune disease (4 men and 6 women, mean age 27.8yrs, range 21-48 
yrs). The patients with paranoid schizophrenia (5 men and 5 women, mean 
age 35.7yrs, range 21-52yrs) were diagnosed according to RDC (Spitzer et a1., 
1978). The patients were not controlled for medication. 

Experimental procedures 

Blood samples were obtained at routine venipuncture between 7:00 and 
9:00 am, centrifuged and the serum frozen at -30°C until analysis. 

Human brain was obtained at autopsy. The hippocampus was dissected 
rapidly and homogenized in ice - cold 0.25M sucrose. Thereafter, the nuclear 
fraction was separated by centrifugation at 1000 g for 20 min. The pellet was 
washed in H20 and the centrifugation was repeated. The sediment contains 
the nuclear fraction. The supernatant was centrifuged further at 57,000 g for 15 
min. The sediment contains the membrane fraction. The supernatant contains 
water soluble proteins. The proteins were dissolved in 8% SDS and 2% DTT 
by heating at 80-90°C for 5 min and undissolved particles were spun down by 
centrifugation at 10,000 rpm. The SDS-proteins from the nuclear, membrane, 
and water soluble fractions were separated on 15% homogeneous microslab 
SDS - polyacrylamide gels as described by Poehling and Neuhoff (1980). The 
gels were stained for proteins with Coomassie/phosphoric acid according to 
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Fig. 1. Electropherogram of eNS proteins. From left: MW molecular weight markers; 
1 water soluble proteins; 2 membrane proteins; 3 nuclear proteins 

Neuhoff et al. (1985) or transferred onto NC sheets by semidry blotting at 300 
rnA for 3 hours.lmmunostaining was developed according to Schott et al. (1988) 
using 4-chloro-1-naphthol as a substrate. Sera from controls and patients were 
diluted 1: 50 and the second peroxidase conjugated antibodies were diluted at 
1 : 1000. A cross-reaction of the second antibodies with the CNS antigens from 
human brain was ruled out before. The electropherograms of the CNS anti­
gens are shown in Fig. 1. 

Results 

The results of the immunostaining on NC sheets are shown in Fig. 
2 and 3. 

In the Case of antibody binding to nuclear proteins the IgM blot 
showed immunostaining of various proteins, which were identified as 
histone proteins by serological conditions. There was no difference of 
the staining pattern between controls and schizophrenic patients (Fig. 
2). The IgG blot showed only a faint background staining but no 
specific bands. 
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Fig. 2. Immunoblot of eNS proteins. A IgG blot from controls; B IgM blot from con­
trols; C IgG blot from schizophrenic patients; D IgM blot from schizophrenic patients. 
Lanes from left: molecular weight markers, two lanes of nuclear proteins, and two lanes 

of membrane proteins 

In the case of antibody binding to membrane proteins the IgM blot 
showed one immunostained protein band, but there was no difference 
between controls and schizophrenic patients (Fig. 2). This protein band 
could be identified later on as a histone protein. The IgG blot was 
empty. 

In the case of antibody binding to water soluble proteins the IgM 
blot showed a pattern of high molecular weight immunostained pro­
teins (Fig. 3). But there was no difference between controls and 
schizophrenic patients. The IgG blot was empty. 

In summary, there were no specific immunostained eNS proteins 
in schizophrenia. 

Discussion 

Although there is a plenty of literature on antibrain antibodies in 
schizophrenia this issue is still under question. As outlined in the 
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Fig. 3. Immunoblot of eNS proteins. A IgG blot from controls; B IgM blot from con­
trols; C IgM blot from schizophrenic patients; D IgM blot from schizophrenic patients. 

Lanes from left: molecular weight markers, four lanes of water soluble proteins 

Introduction the results were contradictory to a large extent. Our own 
group using Western Blot and ELISA was not able to detect autoanti­
bodies to speCific brain proteins from rat brain regions (Keller et al., 
1995), neuropeptides (Batra et al., 1995), neurotransmitters (Schott and 
Batra, 1995), brain lipids (Schott et al., 1997), and synaptic membranes 
from human brain (Schott et al., 1998). 

Only Plioplys et al. (1987) and Jankovic and Djodjijevic (1991) used 
comparable techniques like the Western Blot for characterising possible 
protein antigens from human brain. However, their results were not 
specific for schizophrenia either. Sundin and Thelander (1989) showed 
immunostaining of rat brain membrane proteins in schizophrenia but 
these results were not confirmed (Keller et al., 1995). 

Our present study again shows clearly that there is no specific 
immunostaining of proteins from nuclear, membrane, and water soluble 
fractions of human brain in schizophrenia. As a result of our studies 
we conclude that there is at present no proof of antibrain antibodies 
in schizophrenia. 
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Summary 

Disease discordance of 50% in monozygotic twins implicates genetic and 
environmental factors in the aetiology of schizophrenia. Autoimmune diseases 
are HLA associated and are thought to occur when a genetically predisposed 
individual is exposed to an essential, probably viral, environmental trigger. We 
have reported an excess of autoimmune diseases in the first degree relatives 
of schizophrenic patients, an excess of second trimester influenza infections in 
the mothers of schizophrenic patients, and a deficiency of HLA DRBl '04 alleles 
in the mothers of schizophrenic patients and in schizophrenic patients them­
selves. We have therefore hypothesised that maternal immunogenetic predis­
position interacts with the influenza virus to cause neurodevelopmentallesions 
which manifest in adulthood as schizophrenia. Our work raises the possibility 
of an (immuno)genetic predisposition to schizophrenia at pedigree, maternal, 
and proband level. 

Having a schizophrenic relative is the single most powerful risk 
factor for schizophrenia (Gottesman, 1991). However, disease discor­
dance of about 50% in monozygotic twins (MZ) both confirms the con­
tribution of genes to the aetiology of schizophrenia and implicates 
non-genetic environmental factors (Gottesman, 1991; Walker et aI., 
1991; Torrey, 1992). One hypothesis that may encompass these genetic 
and environmental aetiological contributions suggests that schizophre­
nia occurs because of genetic susceptibility to an unidentified envi­
ronmental agent. An increased frequency of autoimmune diseases has 
been found in the relatives of schizophrenic patients (MacSweeney et 
aI., 1978; Ganguli et aI., 1987; DeLisi et aI., 1991) and we have reported 
an excess of both insulin dependent diabetes mellitus (IDDM) and of 
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thyrotoxicosis in the first degree relatives of 101 psychotic patients 
when compared to 115 controls (Gilvarry et aI., 1996), and an excess 
of IDDM (but not of thyrotoxicosis) in the relatives of 121 DSM-III-R 
schizophrenic patients (Wright et aI., 1996a) when compared to con­
trols. Given the apparent contributions of both genes and environ­
mental factors to schizophrenia, these reports are of particular interest 
because autoimmune diseases are thought to occur when a genetically 
predisposed individual is exposed to an essential, probably viral, envi­
ronmental trigger. Furthermore, disease discordance of about 50% in 
MZ twins has been reported for several autoimmune diseases (Knight 
et aI., 1992). 

In this paper we discuss how immunogene-viral interactions may 
explain some of the epidemiological features of schizophrenia and will 
review the evidence implicating prenatal influenza virus as one envi­
ronmental aetiological factor. We also consider potential mechanisms 
by which influenza might increase risk for schizophrenia and propose 
a model - the teratogenic antibody hypothesis - which may explain a 
proportion of those cases of schizophrenia that appear to be related 
to prenatal influenza exposure. 

Schizophrenia - season of birth and prenatal 
influenza exposure 

Schizophrenic patients are more likely to be born during late winter 
and spring than at any other time. Almost fifty studies report a 70/0--15% 
excess of births of schizophrenic patients from approximately January 
until April in the northern hemisphere (Bradbury and Miller, 1985; 
Boyd et aI., 1986; Pallast et aI., 1994) while in the southern hemisphere 
Dalen (1975) and Parker and Neilson (1976) have reported that this 
season of birth effect was evident for schizophrenic females born from 
May to October. More recently, Welham et aI. (1993) have demonstrated 
that in Queensland, Australia, immigrant schizophrenic patients 
born in Europe exhibit the northern hemisphere excess of births in the 
early months of the year, while Australian born schizophrenic patients 
have a similarly sized excess occurring later in the year during the 
southern hemisphere's winter and spring. Methodological artefacts -
the so-called age incidence (Hare et aI., 1974) and age prevalence 
(Lewis and Griffin, 1981; Lewis, 1989) effects - may partly explain these 
findings, but even when statistical corrections are applied (Lewis and 
Griffin, 1981; Pallast et aI., 1994) or when age is calculated by month 
of birth (O'Callaghan et aI., 1995), schizophrenic patients continue to 
exhibit a season of birth effect of the order of 10%. And it goes without 
saying that southern hemisphere studies such as that of Welham et aI. 
(1993) are exempt from the methodological artefacts described above 
because the seasons of interest do not occur during the early part of 
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the year. If not artefactual, what can explain the season of birth 
effect? The mothers of schizophrenic patients do not have unusual 
patterns of conception (Hare, 1976; McNeil et al., 1976; Buck and 
Simpson, 1978; Machon et al., 1983; Watson et al., 1984; Pulver et al., 
1992) so we must look for some harmful environmental factor that 
adversely affects foetuses in utero during the winter months. 

It was recently proposed that this teratogenic environmental factor 
may be exposure to influenza during the second trimester of foetal life. 
Almost a dozen ecological studies from Finland, Denmark, England and 
Wales, Japan, Scotland, and Australia have reported a positive associ­
ation between prenatal influenza exposure and schizophrenia (Mednick 
et al., 1988; O'Callaghan et al., 1991; Sham et al., 1992; Fahy et al., 
1992; Adams et al., 1993; Takei et al., 1994; Takei and Murray, 1994; 
McGrath et al., 1994; Kunugi et al., 1995). Some studies were 
equivocal (Adams et al., 1993; Kendall and Kemp, 1989) and others 
found no association (Torrey et al., 1991; Susser et al., 1994; Selten et 
al., 1994; Cannon et al., 1994), and of course ecological studies provide 
only epidemiological evidence of association between schizophrenia 
and maternal influenza infection. However, three case-control studies 
have been undertaken. Stober et al. (1992) reported that 9 of 5506.4%) 
mothers of schizophrenic patients recalled having an infection during 
the second trimester of gestation and four of these infections were 
influenza. Mednick et al. (1994) examined the obstetric records of the 
mothers of 25 schizophrenic offspring born in Helsinki in the wake 
of the 1957 influenza pandemic, and found that 86.7% of the women 
exposed to the pandemic during the second trimester of pregnancy 
had reported symptoms of influenza, compared with 20% who had 
been exposed during the other two trimesters. Finally, we have found 
that the mothers of 121 schizophrenic patients, 87 male and 34 female, 
recalled a significant excess of influenza during the second trimester 
compared with the combined first and third trimesters of their schizo­
phrenic offspring's' gestations (11.6% vs. 1.7%; OR = 7.79, 95% CI = 
1.63 to 50.81, df = 119, x2 = 9.64, p = 0.002); we have further reported 
that schizophrenic patients whose mothers reported second trimester 
influenza had a significantly increased risk of obstetric complications 
(OCs) (OR = 4.84, Fisher's exact p = 0.011) and of a trend towards 
reduced birth weight (Wright et al., 1995). Parallels may be drawn 
between the suggestion that in utero exposure to influenza may cause 
schizophrenia - a central nervous system disorder - and (i) retrospec­
tive and prospective studies in Dublin which found that prenatal 
influenza exposure more than doubled the likelihood of neural tube 
defects (Coffey and Jessup, 1955, 1959) and (ii) Lynberg et al.'s (994) 
report of an increased risk of neural tube defects in infants whose 
mothers recalled influenza with fever about the time of, and in the 
months following, conception. Thus it may be that in the case of schiz­
ophrenia maternal influenza causes impaired foetal neurodevelopment 
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and that this in turn leads to OCs and reduced birth weight and, several 
decades later, to schizophrenia. 

The teratogenic antibody hypothesis of schizophrenia 

How could maternal influenza cause foetal brain disorder? It seems 
unlikely that influenza directly damages the foetal brain (Conrad and 
Schiebel, 1988) because influenza infection is not associated with a 
viraemia (Murphy and Webster, 1990; Laing et al., 1995). The foetus 
could suffer from alterations in maternal temperature, blood oxygen 
concentration, or acid/base or electrolyte balance brought about by 
influenza infection. However, such a mechanism would apply to most 
viral infections and schizophrenia appears to be associated only with 
prenatal exposure to influenza (O'Callaghan et al., 1994). Maternal anti­
bodies can cause foetal brain disease and influenza A virus can both 
induce antibrain antibodies in experimental animals, and cause autoim­
mune neurological disorders in humans (see below). One possibility, 
therefore, is that some influenza associated agent of either maternal or 
viral origin is capable of transmitting the harmful effect of influenza 
virus from maternal respiratory tract epithelial cells to foetal neurons. 
What might this agent be? 

Maternal IgG antibodies cross the placenta and neonatal diseases 
such as haemolytic disease of the newborn, thyrotoxicosis, myasthenia 
gravis, congenital heart block, pemphigus vulgaris, systemic lupus 
erythematosus and thrombocytopaenia are associated with the transpla­
cental transfer of such maternal antibodies (Knight et al., 1992; Kaplan 
et al., 1992). Antibodies mediate these diseases directly - neonatal 
pemphigus vulgaris, for example, is caused by maternal antibodies 
acting against the 'pemphigus vulgaris antigen', a cell-adhesion mole­
cule of the cadherin class (Amagai et al., 1991). Cadherins playa major 
role in neuronal cell-adhesion (Levitan et al., 1991) and it has been sug­
gested that ectodermal ancestry may be a feature of all autoantigens 
(Tadmor et al., 1992), given that both skin and the central nervous 
system derive from embryonic ectoderm (Edelman, 1984). Minor physi­
cal anomalies (MPAs) involving structures of ectodermal origin are asso­
ciated with schizophrenia (Waddington et al., 1990; Cannon et al., 1992) 
and it may be that MPAs and neurodevelopmental abnormalities reflect 
antibody-mediated perturbation of cell-adhesion in the developing 
foetal brain and integument respectively. Influenza may be associated 
with autoimmune neurological diseases including acute-disseminated 
encephalomyelitis following influenza-A infection (Boos and Esiri, 1986; 
Cohen and Lisak, 1987) and Guillain Barre' syndrome following vacci­
nation against swine influenza (Safranek et al., 1991) in humans. 

How could maternal influenza give rise to antibodies that cause 
foetal neurodevelopmental lesions? It may be that the influenza virus 
interacts with cell-surface sialoconjugates of CD56+ and neuronal cell 
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adhesion molecules (NCAMs) on natural killer cells and T-lymphocytes, 
or with gangliosides on inflamed maternal respiratory epithelial cells, 
and leads to the production of autoantibodies cross reactive with these 
and similar brain molecules; there is extensive amino acid sequence 
homology at functionally important regions of the influenza HAl 
protein and human embryonic cadherin for example (Blaschuk et al., 
1990). We have therefore proposed that a small proportion of schizo­
phrenia may represent an autoimmune disease (by proxy) in that anti­
bodies elicited by the influenza virus in respiratory epithelial cells in 
immunogenetically predisposed women cross the placenta and imma­
ture foetal blood brain barrier during the second trimester of gestation 
and disrupt foetal neurodevelopment by cross reacting with brain anti­
gens (Wright et al., 1993a,b). 

Support for the teratogenic antibody hypothesis 

We have attempted to provide both direct and circumstantial evi­
dence in support of the teratogenic antibody hypothesis. Thus we have 
reported that autoantibodies against a 37kDa brain protein may be 
detected in rabbits immunised with influenza-A virus (Laing et al., 1989) 
and we have preliminary data suggesting that the mothers of schizo­
phrenic patients have higher titres of antibodies to an as yet unchar­
acterised 87-88 kDa brain protein than either their schizophrenic 
offspring or controls Gameel, 1993). However, further attempts to repli­
cate this finding have proved unsuccessful. 

Autoimmune diseases are characterised by positive and negative 
associations with other autoimmune diseases and associations with 
human leucocyte antigens (HLA) - rheumatoid arthritis is associated 
with HLA DRBl*04 alleles, for example - and we have investigated 
such associations in schizophrenia in an effort to further support our 
theory. Almost 50% of schizophrenic patients have either autoimmune 
diseases or autoantibodies (Ganguli et al., 1987), a number of recent 
studies have reported increased rates of thyrotoxicosis and 1DDM in 
the relatives of schizophrenic patients (DeLisi et al., 1991; Gilvarry et 
al., 1996; Wright et al., 1996a) and a negative association has been 
repeatedly demonstrated between schizophrenia and rheumatoid 
arthritis (Eaton et al., 1992). These findings suggest that a proportion 
of schizophrenia may be autoimmune in origin and thus may exhibit 
HLA association, and it has been postulated that the alleles associated 
with rheumatoid arthritis and with schizophrenia may be mutually 
exclusive (Knight et al., 1992). We therefore tested the hypothesis that 
there is genetic association of schizophrenia with HLA DRB1 *04 alleles 
(Wright et al., 1993a) and found that DRB1*04 was present in 26.9% of 
schizophrenic patients and in 44.6% of comparison subjects (OR = 0.46, 
95% C1 = 0.25 to 0.81, df = 1, x2 = 8.11, P = 0.004) (Wright et al., 
1996b). Three other genotyping investigations of the DRBl locus have 
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found no associations (Zamani et al., 1994; Sasaki et al., 1994; Gibson 
et al., 1997) but Blackwood et al. (1996), using HLA serotyping rather 
than genotyping, reported that 29.7% of Scottish schizophrenic patients 
and 41.2% of comparison subjects had DR4. We have recently reported 
a trend for the preferential non-transmission of DRB1 *04 alleles 
from heterozygous parents to schizophrenic offspring (16 of 23 alleles 
not transmitted, x2 = 3.5, p = 0.06) (Wright et al., 1997) in 23 pedigrees 
and Schwab et al. (1998) has found similar results in a larger 
sample of 55 pedigrees using affected sib-pair analysis (x2 = 6.43, 
p = 0.012). 

It is believed that clearance of influenza infection depends on cyto­
toxic T lymphocyte killing of infected cells (Silver et al., 1992) and that 
HLA All A21 A3 are vital to the human immune response to influenza 
because they present the virus to T cells (DeBrino et al., 1993; Morrison 
et al., 1992). We therefore examined HLA AI, A2 and A3 in the mothers 
of 121 schizophrenic offspring, but found no overall differences in the 
frequency distributions of HLA All A21 A3 in these women compared 
with controls (Wright et al., 1995). 

Conclusions 

Our work raises the possibility of an (immuno)genetic predisposi­
tion to schizophrenia at pedigree, maternal, and proband level. We 
have reported an excess of autoimmune diseases in the first degree 
relatives of schizophrenic patients (Wright et al., 1996a) and a 
deficiency of HLA DRB1 *04 alleles in the mothers of schizophrenic off­
spring and in schizophrenic patients who were unrelated either to these 
mothers or to each other (Wright et al., 1996b). The excess of second 
trimester influenza infections in the mothers of schizophrenic patients, 
and the association between these infections and obstetric complica­
tions and reduced birth weight (Wright et al., 1995), are in keeping 
with our hypothesis that maternal (and perhaps also proband) immuno­
genetic predisposition could interact with the influenza virus to cause 
neurodevelopmental lesions which manifest in adulthood as schizo­
phrenia. Schizophrenia is associated with reduced fertility and one 
would have expected that the predisposing genes and the disease itself 
would have been progressively eliminated from the gene pool and the 
population. However, the relatives of schizophrenic patients are less 
susceptible to viral infections (Huxley et al., 1964; Carter and Watts, 
1971) and the schizophrenia genotype may enhance resistance to infec­
tions such as influenza. Ironically, therefore, it may be that the genes 
responsible for the uniquely human devastation called schizophrenia 
may encode a biological advantage at all times other than when mater­
nal influenza infection occurs within a discrete window of risk during 
mid-gestation. 
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Summary 

This paper is an interrum analysis of a longitudinal project designed to 
ascertain whether immune activation is a trait marker for a small subset of 
patients with the syndrome we call schizophrenia. We present data from over 
70 schizophrenic patients and 50 matched normal volunteers. The patients were 
evaluated on 2 occasions at least 30 days apart. The preliminary analyses 
suggest that some patients with schizophrenia may have an immune modu­
lated component to their disorder and this seems to be a relatively stable trait 
marker of the syndrome for these patients. 

Introduction 

This section of the paper establishes the rationale for the investi­
gation of the immune system in schizophrenic patients by: (A) review­
ing systemic illnesses which effect the central nervous system (CNS), 
(B) reviewing recent evidence implicating the immune system in schiz­
ophrenia, and (C) proposing a model linking TH1 cell activation to 
schizophrenia. 

A. Systemic illness and central nervous system disturbance 

There are considerable data suggesting that systemic illnesses may 
cause significant neuropsychiatric dysfunction. Tertiary syphilis is an 
historical example of systemic illness which once had profound neu­
ropsychiatric effects. Although rare today, it was once common to see 
patients with dementia, poor impulse control, and paranoid behavior 
secondary to syphilis. Sydenham's chorea [1-41 and AIDS are two con-
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temporary examples of infectious diseases which may have significant 
neuropsychiatric effects [1-4]. Sydenham's chorea is a post­
streptococcal sequela associated with the production of cross-reactive 
antibodies which preferentially bind to brain tissue [1,4]. Patients with 
Sydenham's chorea may have abnormal movements, mood instability, 
and manifest symptoms of psychosis. Neuroleptics are the treatment of 
choice, and the illness recedes with the decrease in autoantibody titers 
[7]. Studies suggest that Sydenham's chorea may be associated with the 
development of obsessive-compulsive disorder in some individuals [4]. 
Autoimmune disorders such as multiple sclerosis and CNS lupus ery­
thematosus have also been found to have significant neuropsychiatric 
consequences [1-4]. Central Nervous System lupus causes the devel­
opment of psychotic symptomatology in 12 to 27% of patients and 
often presents in a manner that is indistinguishable from schizophre­
nia [4]. A number of patients with CNS lupus have been admitted to 
our psychiatric service with delusions and auditory hallucinations all 
of whom required neuroleptics until the immunosuppressive therapy 
ameliorated their symptoms. 

B. Studies of immune dysfunction in schizophrenia 

There were reports of leukocytosis in acute psychosis, of sera from 
schizophrenics precipitating brain extracts, and of blunted delayed 
hypersensitivity in schizophrenic subjects before neuroleptics were 
developed [5]. However, the results of the older studies of the immune 
system and schizophrenia were equivocal [4-8]. Limitations in the older 
literature are caused by: (1) differences in criteria used to diagnose 
schizophrenia (RDC vs. ICD vs. DSM) which alters the composition of 
the patients; (2) racial heterogeneity of study populations which affects 
HLA frequencies and other immune marker frequencies; (3) small 
sample sizes which limit the statistical power of many studies; (4) 
methodological differences in assays which may have yield different 
results for the same parameter; (5) failure to account for the effects of 
alcohol, smoking, and drugs of abuse on immune function; and (6) 
failure to account for the effects of neuroleptics on immune function. 

Many newer studies investigating immune function and schizo­
phrenia address these problems, and the data are more consistent. More 
recent investigations have found decreased lL-2 production in mitogen­
stimulated lymphocyte cultures from schizophrenic subjects [9-16]. 
Several groups have also suggested that there may be an increase in 
serum lL-6 levels (a marker of macrophage activation) in some but not 
all schizophrenic patients [12,14,15], Homberg, Arolt, Wilke, Kruse and 
Kirchner reported that a subgroup of schizophrenic subjects had 
increased serum SIL-2R, decreased mitogen stimulated lL-2 and IFN-y, 
and worse Strauss-Carpenter Scale scores [15]. The majority of work in 
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this area has focused on studies of immune activation in patients who 
have acutely exacerbated [10-12,14-18], These groups have described 
immune activation decreasing with treatment of psychosis [14-18]. Our 
group has been the main group investigating immune functioning in 
chronically ill schizophrenic patients and one consistent finding has 
been the elevation of serum S1L-2Rs. We and other have reported that 
S1L-2Rs is not markedly elevated in other psychiatric disorders [19,20] 
and are not subject to significant month-to-month variation [21], imply 
that further exploration of the peripheral cytokine network and schiz­
ophrenia is reasonable. 

We believe that there are 2 distinct types of immune activation occur 
in patients with schizophrenia. One form of immune activation is 
general nonspecific immune activation which correlates with acute 
exacerbation's of psychosis and seems to resolve with stabilization on 
neuroleptics [13-18]. The other form of immune activation is due to 
chronic TH1 cell activation and is associated with intrinsic problems 
with movement disorders, and poor prognosis. 

C. A model linking llil cell activation to schizophrenia 

The S1L-2R is a 45 kd portion of a shed surface receptor (a-chain) 
which binds 1L-2 with the same affinity as the low affinity surface 1L-2 
receptor [22]. S1L-2R are produced by activated T-cells, B-cells, and 
activated macrophages. S1L-2Rs are markedly elevated during acute 
infections, leukemias, transplant rejections, and autoimmune disorders 
and may be mildly increased by smoking [22]. 1L-2 stimulates the pro­
duction of S1L-2Rs which are thought to be a component of the neg­
ative feedback loop to modulate 1L-2 [22]. 

Cytokines are proteins which when first discovered were found to 
be important in the regulation of the immune system, but recently 
cytokines have been implicated in the modulation of a variety of 
processes including fever, sleep, CRF and neurotransmitters [23-31]. 
Studies show in vivo synthesis of cytokines occurs within the brain 
[24,26,28], that there is potential communication via circumventricular 
organs (which have no blood-brain barrier) between the periphery and 
the CNS , and that there are active transport systems for cytokines from 
the periphery into the CNS [30,31]. Activated T-cells have been demon­
strated to cross normal blood brain barriers in autoimmune diseases 
such as multiple sclerosis, and there are now reports of similar findings 
in some, but not all, schizophrenic patients [32]. One study in child 
psychiatry evaluated CSF cytokine levels in schizophrenia, OCD, and 
ADHD. The majority of schizophrenic patients had detectable levels of 
1L-2 and 1L-4. However, 3/22 schizophreniC patients had detectable 1FN­
y levels and two of these patients had very high 1FN-y levels [33]. These 
findings may identify a minority of schizophrenic patients with an 
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immune modulated disorder and suggests that there are variety of 
mechanisms by which peripheral immune activation could modulate 
CNS function. 

Developments in immunology show that patterns of cytokine secre­
tion are linked to specific T-helper lymphocyte repertoires: type 1 CD4+ 
helper T-cells (THl) elaborate IFN-y and IL-2 but not IL-4 or IL-5, 
while type-2 helper-T cells (TH2) preferentially secrete IL-4 and IL-5 
but not IFN-y or IL-2 [34-36]. This is a positive mediator for TH1 cells 
which are associated with delayed type hypersensitivity and other 
effector functions related to macrophage interaction and T-cell medi­
ated immunity; IL-10 seems to stimulate TH2 cells which modulate 
atopic and allergic reactions and helminthic infections [34-36]. This dif­
ferentiation of the functions of cytokines in both immune and CNS 
modulation helps to increase our understanding of immune findings in 
schizophrenia, and it puts the findings in an understandable context. 

Our work and the work of other researchers, found that serum 
SIL-2R is markedly elevated (greater than 2 SD beyond the mean of 
controls) in 30 to 40% of schizophrenic patients but not in other psy­
chiatric disorders. Some schizophrenic subjects also have been found 
to have diminished IL-2 production in response to mitogen exposure 
[10,11], increased peripheral IL-6 levels [12,14,15], increased CSF IL-2 
levels [37], and increased T-cells in their CSF despite intact blood brain 
barriers [32]. This pattern of immune activation is consistent with TH1 
cell activation. Increased IL-2 levels may be important because IL-2 
has been demonstrated to modulate central dopaminergic and opioid 
tone [26,27]. In animal models it has been shown that IL-2 can be syn­
thesized in the striatum and stimulates dopamine activity in the caudate, 
putamen, and nigro-striatal areas [26]. Dr. Kirk Denicoff and colleagues 
have found that some cancer patients undergoing LAK therapy have 
very high CSF IL-2 levels, and they develop severe neuropsychiatric 
dysfunction, including psychotic symptoms, which are remedied by 
Haloperidol treatment [38]. 

The importance of motor dysfunction in schizophrenia has been 
recognized since Kraepelin; however, the study of spontaneous move­
ment disorders of putative extrapyramidal origin (Parkinsonism and 
dyskinesia) and volitional movement disorders (catatonia, mannerisms, 
and stereotypies) have become increasingly prominent since the intro­
duction of neuroleptics Recent studies suggest that spontaneous dysk­
inesia may have an illness-based etiology particularly in schizophrenic 
patients with intellectual impairment and negative symptoms. However, 
we demonstrated in previous studies [39] that there was an association 
between TD and elevated serum SIL-2R levels, and a relationship 
between motor abnormalities and serum SIL-2R levels. We studied 
motor instability in 32 schizophrenic subjects to determine whether 
motor abnormalities were associated with increasedSIL-2Rs (2 SD 
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beyond the mean of controls). The force instability score was greater 
for the 13 patients with high SIL-2Rs levels (mean = 3.7 + 1.4) vs. the 
19 patients with low SIL-2R levels (2.9 + 0.6: U = 7.3, Z = 2.65, P = 
0.008). In a second analysis, we examined the relationship between 
degree of force instability and SIL-2R levels for the cohort of 32 
patients. We found a correlation: (r = .54, df 31, p = .001), and this 
correlation held even when we looked only at the small cohort of neu­
roleptic naive patients in the sample, (r = 0.73, df 9, p = 0.02) [40]. 
These findings suggest that disturbance in the control of muscle force 
is not only pathognomonic to neuroleptic-induced hyperkinesia but 
may represent a marker of vulnerability 

Based on a synthesis of the data presented, we hypothesized that 
TH1 cell activation causes increased IL-2 production; and that 
increased IL-2 production, possibly in concert with decreased 
dopaminergic feedback inhibition from the mesocortical dopamine 
system, increases mesolimbic and nigrostriatal dopamine system activ­
ity to cause the positive symptoms of psychosis and motor dysfunc­
tion. We postulate that a subgroup of schizophrenic patients have TH1 
cell activation driving their illness. These patients will have more 
psychopathology, more objective signs of movement disorders, and 
will have a worse clinical course. If this model or a variant of it is 
correct, we will be able to subtype biologically some patients with 
schizophrenia. 

Methods 

Criteria for selection of schizophrenic subjects 

Participants had a scm interview, PANS, SANS, SAPS, AIMS. Subjects must 
receive a DSM-IV diagnosis of schizophrenia. Subjects may meet lifetime cri­
teria for other Axis I disorders, but these disorders must be in remission. The 
diagnosis of TD was using the Schooler and Kane criteria. We also performed 
the Scale of Functioning (SOF). 

Evaluation before entrance into the study 

All subjects had complete medical histories, physical examinations, and 
screening laboratory work. Age of onset, clinical course, history of medication 
exposure, family history of psychiatric illness or autoimmune illness, state of 
illness, and frequency of alcohol and tobacco have been gathered as part 
of the evaluation. Subjects were excluded if they had current infections, cur­
rently active allergies, cancer or history of cancer, take medications that 
affect the immune system, or met diagnostic criteria for alcohol or substance 
dependence. 
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Preparation and storage of samples 

Between 7:30 and 9:30 A.M., blood were drawn from non-fasting subjects 
both serum and samples for lymphocyte culture will be drawn in EDTA con­
taining tubes. Serum were obtained from clotted blood by centrifugation at 
500 g for 10 minutes. Samples were be frozen at -soac. 

Soluble interleukin 2 receptor (SIL-2RJ assay 

The SIL-2Rs will be measured using the Cellfree SIL-2R kit manufactured 
by T-Cell Sciences, Cambridge, Massachusetts. This is a commercial sandwich 
ELISA which uses 2 monoclonal antibodies which react with different epito­
mes of the SIL-2R. Intra-and inter-assay CV are 5 and 10 percent. 

IL-2, IL-4, IFN-y, IL-J 0 Assays 

Assessment of cytokines will be done by commercially available, competi­
tive enzyme immunoassays purchased from CytoImmune Sciences of College 
Park, Maryland. The procedure relies on the competition between conjugated 
cytokine and specific cytokines in standards or samples for a limited number 
of specific antibody binding sites. Data are analyzed by computer-assisted logit­
log transformation of the resultant ODs using an automated ELISA reader. The 
limit of sensitivity of the assay is O.lng/ml, with intra- and inter-assay CVs of 
7% and 15%, respectively. An aliquot of frozen serum from a healthy, normal 
control who has donated a large serum sample will be used as a batch control 
in each assay. 

Quantitative assessment of bradykinesia 

A platform instrumented with a rotation sensor attached to a handle (elec­
trogoniometer) is used to record wrist rotation. Low voltage current from a 
bridge amplifier is passed through the electrogoniometer. Changes in wrist rota­
tion results in a proportion change in the resistance to that current and effected 
a proportional change in voltage. The voltage output from the electrogo­
niometer is digitized at 100 samples/second using a l2-bit analog-digital board 
(Real Time Devices, PA) installed into a microcomputer. Custom software will 
be used to convert the digitized signal to a large cursor displayed on the 
monitor. The position of the cursor along the horizontal plane is calibrated in 
degrees of rotation. In addition to the rotation-based cursor, target boxes are 
displayed on the monitor, also along the horizontal plane and are located at 
25 or 45 degrees left of midline for right wrist flexion, and right of midline for 
left wrist flexion. Subjects sit facing a computer monitor while they hold the 
electrogoniometer handle with one hand. When a target box appeared on the 
screen, subjects flexed their wrist "as quickly and as accurately as possible" to 
reach the target. The target remains displayed for 2 seconds with an inter­
stimulus interval of 2 seconds. If the subject needs clarification, instructions 
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are repeated with emphasis on "speed of movement". Thirty-two trials or move­
ments, consisting of 16 trials for each of two randomly presented target loca­
tions are administered for each hand, for a total of 64 movements. 

Because the movement task involves rapid ballistic wrist flexion the task 
may be considered an example of open loop control, that is, movements that 
do not depend or make use of proprioceptive feedback. However, since the 
task also involves movement to a visually displayed target, visual feedback 
processes may potentially interact with the open loop processes in the pro­
duction of wrist flexion. 

Current theories of motor control suggest that an important role of feed­
back is to provide information about the state of the motor system prior to 
movement, such that the motor system programs the endpoint of the move­
ment based on this information [41-43]. 

Figure 1 shows waveforms for displacement (waveforms A and C) and 
velocity (waveforms B and D) from two subjects during execution of the motor 
task. The waveforms selected to demonstrate normal (B and D) and abnormal 
(A and C) adjustments to velocity during rapid movements to targets varying 
in distance. The figure shows that abnormal performance is characterized by 
velocity peaks for the more distant target (45 degrees) that are indistinguish­
able from the velocity peaks for the nearer target (25 degrees). In contrast, 
normal performance shows increased velocity for the 45 degree target relative 
to the 25 degree target. Although the pattern of increasing velocity to meet the 
demands of the task is demonstrated in the figure, the "law" does not hold for 
every trial. 
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Fig. 1. Exemplary rotation and velocity waveforms showing systematic changes in 
velocity for the normal condition (right) and failure to adjust velocity in the abnormal 

condition (left) 
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Also noteworthy in this figure are the negative velocity peaks indicating 
rapid movements back to the starting point. Interestingly, at least in the present 
example, negative velocities appear to be scaled to distance in the abnormal 
condition. This is not inconsistent with our contention that neuromotor deficits 
are associated with failures to scale velocity to meet the demands of the task 
since the task did not require the subject to return to the starting point with 
any degree of accuracy. Thus, tasks which include a specific target or end­
point presume that velocity is programmed prior to movement, whereas in the 
absence of a target, movement velocity is not a control parameter [41]. 

Data from 32 trials from each hand are incorporated into separate linear 
regression analyses to obtain the slope coefficient of the peak velocity/peak 
rotation linear function. The slope coefficient serves as the index of velocity 
scaling and is derived from the equation: y = mx + b, where y represents peak 
instantaneous velocity in degrees/second; x, rotation in degrees; m, the slope 
coefficient; and b, the intercept constant. 

Results 

We have assayed samples from 76 schizophrenic patients at two 
time points and over 50 controls. We demonstrate consistently elevated 
levels for the SIL-2Rs in some patients. We detected serum levels of IL-
2 and interferon y for the majority of patients. However, we did not 
detect consistent levels of IL-6, IL-4 or IL-10; We performed analyses 
to determine whether age, gender, or smoking history accounted for 
consistent elevations of SIL-2Rs at Visit 1 and Visit 2. 3 x 2 X2 analy­
ses were not significant for any of these analyses (p = 0.599; P = 0.422, 
P = .154). When only consistently high SIL-2R patients and low SIL-2R 
patients were contrasted on smoking history there was no difference 
between the 2 groups (p = 0.340). If only high SIL-2R patients were 
contrasted for current smoking there was no effect but over 80% of 
these patients did smoke. If only low SIL-2R subjects were evaluated, 
there was a trend for Visit 1 (p = 0.067). 

Our initial hypotheses were: that some schizophrenic patients 
would manifest signs of T-helper cell Type I immune activation; would 
be characterized by soft neurological signs, negative symptoms, extra­
pyramidal side effects, movement disorders, and the deficit syndrome; 
immune function would be stable over a period of 30 days. As is 
evident in Table 2, Caucasian schizophrenic patients were different 
from Caucasian normal volunteers on measures of immune activation. 
50% of schizophrenic patients manifested SIL-2R levels >SD beyond the 
mean of the controls. Table 1 contrasts serum and mitogen stimulated 
immune function for high (>2 SD) versus low SIL-2R schizophrenic 
patients. Anti-smooth muscle autoantibodies were the only autoanti­
body conSistently elevated with 40% of patients being autoantibody 
positive. Autoantibody status did not correlate with "high" versus 
"low" immune status. Analysis of the relationship between clinical 
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Table 1. Visit 1 mean cytokine and cytokine-receptor levels for "high" and 
"low" schizophrenic patients and normal controls 

High (SD) Low (SD) Normal controls 

SUP IL-2 23.9 (410) 23.8 (48.6) 11.91 (13.72) 
SUP IL-lO 401.1 (474) 583.7(344.9) 773.87 (744.55) 
SUP IFN-y 340.9 (708.6) 466.8 (945.0) 15139 (412.74) 
SER SIL-2R 1,490.6 (750.1) 486.5 (1516) 511.25 (127.58) 
SER IL-2 48.9 (47.0) 304 (7.2) 2970 (7.01) 
SER 1L-4 7.2 (54) 8.9 (75) Not dectable 
SER IL-6 110.8 (307.2) 36.7 (622) 37.08 (99.56) 
SER SIL-6R 2,048 (5,234.5) 2,637 (188.4) 188.14 (8236) 
SER IL-10 129 (I 1.7) 204 (8.7) Not detectable 
SER IFN-y 2100.8) 19.98 (2.5) 24.96 (26 79) 

functioning and immune activation is incomplete. The mean clinical 
ratings for "high" vs. "low" immune activation were: BPRS-18 48.8 00.3) 
vs. 4S.4 (9.5), SAPS-Tot 8.5 (4.4) vs. 7.1 (3.4), SANS-Tot 10.5 (S.5) vs. 
9.4 (S.5); PANS-Tot 8S.7 09.4) vs. 76.6 (16.1) (p = 0.01); SOF-Tot 3S.2 
(6.4) vs. 38.0 Cl.8) (p = 0.22). We did not find a correlation between 
increased immune activation and the Deficit Syndrome. Other analy­
ses are in progress. 

Although there were dramatic differences between cytokine levels 
only SIL-2R levels were statistically Significant at p < O.OS. 



110 M.H. Rapaport et al. 

Table 2. Visit 2 mean cytokine and cytokine­
receptor levels for "high" and "low" schizophrenic 

patients 

SUP IL-2 
SUP IL-1O 
SUPIFN-y 
SER SIL-2R 
SER 1L-2 
SER 1L-4 
SER 1L-6 
SER 1L-10 
SER 1FN-y 

High 

17.2 (9.3) 
369.8 (322.7) 
136.2 (289.9) 
877. 7 (483.3) 
111.4 (40.1) 

35 (99) 
63.2 (61.9) 

9.9 (4.6) 
11.6 (27.9) 

Low 

30.1 (28.9)' 
960.3 (1,691. 7)** 
337.4 (625.6)*** 
422.1 (109.8)**** 

82.4 (41.1) 
2.4 (54) 

43.8 (32.2) 
8.2 (45) 
55 (6.2) 

*F = 3.73 P = .059 **F = 2.74 P = .103 ***F = 359 p= .063 
**** F = 4.31 P = .045 

Sixty-five percent (24/38) of individuals with SIL-2Rs >2 SD beyond 
the mean of controls maintained the status at Visit 2. As is evident in 
Table 2, schizophrenic patients with increased SIL-2Rs at Visit 2 were 
distinctly different from those schizophrenic patients with normal SIL-
2R levels. 

Because of lack of funds we did not perform SIL-6R assays at Visit 
2, and only performed normal control SIL-2R assays at Visit 2. A further 
constraint was that detectable levels of 1FN-,¥, 1L-4, 1L-6, and 1L-10 varied 
significantly between Visit 1 and Visit 2. Changes in detectable levels 
did not correlate with clinical variables. The McNamara Test demon­
strates that a Significant number of immune activated patients have a 
consistent immune presentation at both Visit 1 and Visit 2. When we 
compare and contrast the clinical characteristics of patients "high" SIL-
2Rs vs. "low" SIL-2Rs: BPRS-18 46.6 00.1) vs. 43.5 (9.6); SAPS - Tot 
8.8 (4.4) vs. 7.8 (3.8); SANS - Tot 10.6 (5.1) vs. 10.1 (5.7); PANS - Tot 
82.1 07.3) vs. 80.1 07.9); SOF - Tot 35.7 (6.7) vs. 38.8 (6.7) (p = 0.19). 

We have previously published data suggesting a relationship 
between the presence of and an objective measure of the risk of devel­
oping tardive dyskinesia electroergomonically measured tremor. As 
illustrated in Fig. 3, we have determined that bradykinesia is correlated 
with serum IL-2 levels. 

Discusson 

As is the case with all science, actual data do not precisely match 
hypothesized expectations. In general these data suggest that some 
patients with schizophrenia manifest immune activation which may be 
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best conceptualized as possibly related to TH1 activation at this time. 
(It is clear as our knowledge of immunology and autoimmunity evolve, 
that the triggers for TH1-like and TH2-like cytokine dysregulation asso­
ciated with autoimmune diseases maybe the overproduction or under­
production of modulatory factors/cytokines such as TNF-a or 1L-2.) We 
consistently find that some schizophrenic patients do possess serum 
S1L-2Rs that are 2 SD > the mean of controls and that this cannot be 
explained by medications, smoking, or other clinical factors. We find 
a pattern of purified lymphocyte mitogen-stimulated cytokine produc­
tion which is suggestive of TH1-like activation. Yet, it was only statis­
tically significant at the second evaluation point. We postulate that 2 
factors contribute to this: first, we and others feel that whole blood 
assay results are possibly more representative of the internal biologi­
cal milieu and give more robust levels of cytokine production; and 
second, at the second sampling point only 65% of the initial cohort of 
high patients remained high and these individuals seem to be more 
clearly differentiated from the low S1L-2R patients. At this time we do 
not know why some patients shifted groups since none of the clinical 
variables evaluated accounted for this transition from high to low. Only 
one subject switched from low to high and this person developed man­
ifestations of an acute infection after the sample was drawn. The data 
presented at Table 2 includes all subjects evaluated at time 2, however, 
when we evaluated patients who were low at both time points and 
the 14 patients who went from the high group to the low group, we 
did not see any statistically or clinically significant differences in 
cytokine profiles. The clinical variables most closely correlated with 
immune activation continue to be motor dysfunction. However, as seen 
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in Fig. 2, patients in the high group tended to have more psy­
chopathology and were less functional, although SOF differences did 
not reach statistical significance at this time. Part of this may lack of 
significance be a floor effect since we recruited a large number of clin­
ically ill conservatorized patients into this study. These findings suggest 
to us that further careful evaluation of this cohort is necessary to ascer­
tain: (1) the etiology of immune activation in these patients, (2) whether 
these signs of peripheral immune activation are indicative of eNS 
immune activation (3) the stability of THI-like activation longitudinally, 
(4) the relationship between immune activation, measures of psy­
chopathology and motor dysfunction 
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Summary 

Neopterin can be regarded as a sensitive marker of the activity of cell­
mediated immunity. In chronic schizophrenic outpatients as well as in acute 
schizophrenic inpatients neopterin values were found within the normal range. 
Acutely ill schizophrenic patients had lowest neopterin levels at the day of 
admission, showing significantly decreased values when being compared to 
matched controls. Kynurenine data showed the same development as neot­
perin whereas tryptophan levels were rather unchanged. 

These results support the hypothesis of an immune dysfunction in the acute 
state of schizophrenia. 

Immunology being involved in the pathophysiology or in the eti­
ology of schizophrenia has been addressed in numerous studies and 
although the results are controversial there are at least three hypothe­
ses left which can be supported by the most consistent immunologic 
findings: 

- an autoimmune process being involved in schizophrenic disorder 
(Knight, 1985; Ganguli, 1993, 1994) 
a viral infection or even slow virus infection being the cause of schiz­
ophrenic illness (Goodall, 1932; Menninger, 1928; Crow, 1984; Delisi 
und Crow, 1986) 
an immunological dysregulation mainly refering to the T-cell system 
due to a yet unknown mechanism (Sperner-Unterweger, 1989; 
Hornberg, 1995; Rothermundt, 1996). 

In the three outlined hypotheses the expected immunologic alter­
ations are primarily refering to cell-mediated immunity (CM!). Assessing 
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the activity of CMI, neopterin, a low molecular weight compound 
deriving biosynthetically from guanosine triphosphate can be regarded 
as a sensitive and validated marker (Fuchs, 1988). It is released in large 
quantities mainly by activated cells of the monocyte/macrophage 
lineage which have been stimulated by gamma-interferon (lFN-gamma) 
derived from activated T-cells (Huber, 1984; Werner, 1989; Wachter, 
1992). Increased neopterin excretion in urine or in serum was demon­
strated in diseases connected to cellular immune mechanisms (e.g., 
acute viral infections, graft vs. host disease, Aids) (Fuchs, 1988). 

In two previous studies we measured urinary neopterin in chronic 
schizophrenic outpatients as well as in patients admitted to hospital 
due to acute schizophrenic psychosis (Sperner-Unterweger, 1989, 
1992). For both patients groups neopterin levels were found within 
the normal range and the comparison between chronic schizophrenic 
patients and healthy controls did not show a statistically significant dif­
ference. Inpatients with acute symptomatology had lowest neopterin 
values at the day of admission, showing a statistically significant dif­
ference when being compared to healthy, sex- and age-matched 
controls (p < 0.01). After 7 days of treatment in hospital neopterin nor­
malized and did not show any further differences in comparison to 
healthy probands. Evaluating the correlation between neopterin und 
psychopathology a positive correlation was found for patients suffer­
ing from chronic schizophrenia of the residual type whereas inpatients 
suffering from acute schizophrenia of the paranoid type showed a neg­
ative correlation (Sperner-Unterweger, 1989, 1992). 

In a more recent study neopterin values, measured in sera of acutely 
ill schizophrenic patients, were found with the lowest concentrations 
at the day of admission followed by a Significant increase at the end 
of treatment which consequently led to a Significant difference in the 
comparison between schizophrenic patients and healthy controls (p < 
0.03), The increase of neopterin observed in this study does not sup­
port the hypothesis of an CMI-activation in acute schizophrenia 
because neopterin values still remained inside the 95th percentile of 
age-matched controls. In accordance with our previous investigations 
(Sperner-Unterweger, 1989, 1992) and with the data published by 
Dunbar (1992) these results militate against the active involvement of 
viruses in the etiology of acute schizophrenia since neopterin can be 
regarded as a sensitive marker of viral infection such presenting with 
much higher neopterin values then those found in this study (Wachter, 
1989). Similarly, the mainly normal neopterin values measured in these 
acutely ill schizophrenic patients stand in marked contrast to the ele­
vations observed in autoimmune diseases (Wachter, 1989), It is impor­
tant to note, however, that while CMI does not appear to be activated 
in these patients, the possibility remains that CMI might have been 
active earlier in the course of their illness, perhaps causing damage 
well before schizophrenia was clinically evident. Although in this study 
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lowest neopterin values were found in the acute state of the illness fol­
lowed by a slight increase occuring concomitantly with a continous 
stabilization of psychopathology it seems rather unlikely that antipsy­
chotic medication could be responsible for this development because 
neither our group nor Dubar (1992) found an influence of medication 
on neopterin levels (Sperner-Unterweger, 1989, 1992). 

Besides measuring neopterin, tryptophan and kynurenine concen­
trations were also evaluated in serum of the acutely ill schizophrenic 
patients. The kynurenine data of this investigation showed the same 
development as neopterin with lowest values on day 0 followed by a 
significant increase during treatment without presenting remarkable 
elevations which would be expected in the state of immune stimula­
tion due to an acceleration of the kynurenine pathway metabolism 
(Heyes, 1992). 

By interpreting the tryptophan data one has to keep in mind that 
tryptophan is substrate for two enzymic pathways: (1) tryptophan-5-
hydroxylase converts tryptophan to 5-hydroxy-tryptophan to finally 
form the neurotransmitter 5-hydroxy-tryptamine (serotonin), (2) tryp­
tophan pyrrolase and indoleamine (2,3)-dioxygenase (IDO) respec­
tively, catalyse the degradation of tryptophan via the kynurenine 
pathway. The activity of tryptophan-5-hydroxylase as well as degrada­
tion of trytophan by IDO are both directly and indirectly associated 
with immune activation. IFN-gamma, released during states of cellular 
immune activation, will activate GTP-cydohydrolase I in various cells, 
the key enzyme for the biosynthesis of pteridines. In most cells this 
will lead to increased formation of 5, 6, 7, 8-tetrahydrobiopterin and 
initiate the formation of serotonin if tryptophan 5-hydroxylase is 
present (Fuchs, 1991). By contrast, in human monocytes/macrophages 
large amounts of neopterin are formed instead of tetrahydrobiopterin 
(Fuchs et al., 1988; Werner, 1989). Our data presenting rather 
unchanged tryptophan levels during the observation peri ode do not 
support an acute state of CMI activation. Small fluctuations of trypto­
phan levels are probably due to changes in nutrition, assuming that 
some acutely ill schizophrenic patients do not eat regularly as long as 
they are outpatients; with admission to hospital they get regular meals 
containing sufficient amounts of essential aminoacids like tryptophan. 
The low kynurenine levels in patients at study entry would support the 
view of decreased endogenous levels of IFN-gamma. 

Another study dealing with T-cell-subsets in schizophrenia showed 
highest values of total T-lymphocytes (CD3+) and T-helper cells 
(CD4+) in the acute state of schizophrenic psychosis, whereas remit­
ted patients showed normal values. In contrast, NK-cells were found 
with lowest counts in acutely ill patients followed by normalization 
in remission of psychosis. Summarizing the results of these studies 
dealing with the cell mediated immune system in schizophrenia, the 
hypothesis of an immune dysfunction in the acute state of the illness 
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is supported by low or subnormal neopterin, low kynurenine, low NK­
cells, elevated CD3+ and CD4+ cells. These observations could be due 
to an inbalance of the TH-1 and TH-2 immunity (subclassification of 
T-helper-cells) (Parker, 1993). Decreased or low neopterin point to low 
or decreased production of IFN-gamma in schizophrenia. TH-1 and TH-
2 derived cytokines negatively regulate the production of each other 
(Romagnani, 1994). This data would support the concept of a dimin­
ished TH-1 type immune response probably due to an activated TH-2 
type immune response. The changed balance of these T-helper sub­
types would be typical for a chronic infection. However, serological 
studies will be needet to confirm this assumptions. 
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Summary 

The intercellular adhesion molecule-l (sICAM-l) and the vascular adhesion 
molecule;l (VCAM-l) are involved in the penetration of lymphocytes through 
the blood-brain-barrier (BBB). Since a BBB disturbance has been observed in 
some schizophrenic patients, but also a lack of the CNS/peripheral immune 
system has been hypothesized to be involved in schizophrenia, we measured 
the serum levels of soluble ICAM-l (sICAM-1) and soluble VCAM-l (sVCAM-
1) in unmedicated schizophrenic patients and the relationship to psy­
chopathology. The results show lower levels of sICAM-l in schizophrenics, but 
no difference between schizophrenics and controls regarding the sVCAM-l 
levels. Patients with more pronounced negative symptoms showed higher 
levels of sICAM-l and lower levels of sVCAM-l. These results point out that 
the ICAM-l related adhesion system is involved in schizophrenia, while the 
VCAM-l system plays a minor role. The regulatory process of antigen recog­
nition and cellular immune activation and/or the regulation of the BBB is 
impaired at least in a subgroup of schizophrenic patients. 

Introduction 

The intracellular adhesion molecule-1 (ICAM-l) and the vascular 
adhesion molecule-1 (VCAM-l) are expressed on blood cells and tissue. 
Both molecules are involved in the adhesion of lymphocytes and the 
penetration of immune cells from the blood into target organs. 
Adhesion molecules are activated by pro inflammatory cytokines such 
as interleukin-1 OL-1) or 1L-2 (De Vries et aI., 1994), which are dis­
cussed to be involved in the pathogenesis of schizophrenia (Licinio 
et aI., 1993; Katila et aI., 1995; McAllister et aI., 1995; Sirota et aI., 1995). 

A multiple receptor - ligand system mediates adhesion. A great 
variety of cell adhesion molecules belongs to this system (Springer, 
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1990). The cell adhesion system has three functions: (1) accumulation 
in the vessels of the target organ by adhesion, (2) diapedesis through 
the endothelium of certain lymphocyte subpopulations, and (3) traffic 
into the parenchyma (Raine et aI., 1990; Hampel et aI., 1996). The 
ligands of VCAM-l and ICAM-l, the very late antigen-4 (VLA-4) and 
the lymphocyte function-related antigen-l (LFA-l) are expressed on 
leukocytes and on endothelium. In the CNS, VCAM-l and ICAM-l are 
expressed on astrocytes and microglial cells, and also on neurons 
(Raine et aI., 1990; Fabry et aI., 1992; Hery et aI., 1995; Hampel et aI., 
1996). 

VCAM-l and ICAM-l are part of the regulatory system of the blood­
brain barrier (BBB). Soluble ICAM-l (sICAM-l) is a reliable marker of 
BBB impairment (Rieckmann et aI., 1993; Schwarz et aI., 1998a). Serum 
levels of sICAM-l are related to the expression of ICAM-l on the cell 
surface, because sICAM-l is shed from the cell surface (Rothlein et aI., 
1991). Moreover, since one of the major sources of sICAM-l are acti­
vated macrophages (Krenn et aI., 1997), the key cells for antigen pre­
sentation, and activation of the immune answer, the level of sICAM-l 
in the blood is a marker for the activation of the immune system. On 
the other hand, ICAM-l expression on endothelial cells mediates the 
lymphocyte traffic into CNS parenchyma, and thus sICAM-l levels are 
also related to a functioning BBB. 

Since a disturbance of the BBB is found in about 200/0--30% of 
schizophrenic patients and especially schizophrenic negative symptoms 
are related to the albumin and immunoglobulin G levels of the CSF 
(Muller and Ackenheil, 1995), we hypothesized that the levels of 
sICAM-l and of sVCAM-l are also altered in schizophrenia and related 
to the schizophrenic symptomatology, especially to the schizophrenic 
negative symptoms. 

Material and methods 

Serum samples were obtained from 36 unmedicated schizophrenics (16 
females, 20 males; mean age 33 ± 10 years, range from 18 to 63 years) with 
a mean duration of illness of 70 ± 90 months. All patients fulfilld the DSM III­
R criteria for schizophrenia. Sixteen of the patients were having their first 
episode of schizophrenia and had never been medicated with neuroleptics. 
The remaining 20 patients had a wash-out period for at least four months 
before the study. Psychopathology was monitored using the PANSS score 
before treatment at the time of blood sampling. 

Informed consent was obtained from all subjects partiCipating in the study. 
Control serum samples were taken from 38 age and sex matched healthy 

subjects (15 females, 23 males, mean age 28 ± 6 years). Individuals suffering 
from infectious or autoimmune disorders or alcohol abuse were excluded from 
the study; nicotine abuse was noted. To exclude any additional disease, blood 
count, blood sedimentation rate, and C-reactive protein were measured in all 
serum samples. In 28 of the patients and in 30 of the control subjects, soluble 
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VCAM was also measured (mean age of patients: 32 ± 10; mean age of con­
trols: 29 ± 7 years). 

The soluble proteins sICAM-1 and sVCAM were estimated with the follow­
ing commercially available ELISA kits: ICAM-1 (Cellfree® sICAM-1 ELISA, 
Endogen, USA) and human sVCAM-1 (R&D Systems, Minneapolis, USA). The 
laboratory staff was not informed about the subject and diagnosis of the serum 
probes. 

Statistics 

For statistical evaluation we used Pearson's correlation test, t test for inde­
pendent samples, t test for paired samples, one-way ANOVA, and Mann­
Whitney U-Wilcoxon rank sum W test. The program SPSS 6.1.3 (SPSS Inc.) 
was used for statistical analysis. 

Results 

Serum concentrations of sICAM-1 were significantly lower in 
unmedicated patients than in the healthy control subjects (patients: 247 
± 94ng/ml; controls: 321 x 72ng/ml; independent samples' t test: t = 
-3.76; p = .000) (see Fig. 1). 

In contrast, serum levels of soluble VCAM-1 did not differ between 
the groups (patients: 506 ± 120ng/ml; controls: 559 ± 139ng/ml) (see 
Fig. 2). 
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Fig. 1. Serum levels of soluble ICAM-l are significantly lower in 36 unmedicated 
schizophrenic patients than in 38 healthy controls 
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Fig. 2. Serum levels of soluble VCAM-1 in 28 unmedicated schizophrenic patients and 
30 healthy controls 

I!! 
0 
W 
Gl 
> 
;I 
CII 
01 
Gl 
c 

rJ) 
rJ) 
z 
<C 
Il. 

45 
40 
35 
30 
25 
20 
15 
10 

I 

5 l o I 

0 

• 

100 

• 4> 

• 
• 

•• • • 

.+ • 

+ 

200 300 400 500 
sICAM-1 [ng/ml] 

Fig. 3. Significant positive relation between serum levels of soluble ICAM-1 and 
schizophrenic negative symptomatology rated by PANSS negative score 

Gender, age, duration of illness, nicotine abuse, or the occurance 
of a first episode of schizophrenia, had no influence on sICAM-1 or 
sVCAM-1 levels. 

High concentrations of sICAM-1 in unmedicated patients were 
directly related to high values for the PANSS-negative score and the 
PANSS-total score (negative score: r = .39, p = .019; total: r = .38, p = 
.024) (see Fig. 3). 

Concentrations of sVCAM, however, showed an inverse relation to 
psychopathology: high levels of sVCAM-1 were related to low PANSS-



I!! 
0 

III 
CD 
> 

:;::0 
CII 
CI 
CD 
c 

(J) 
(J) 
z « 
Q. 

Levels of soluble adhesion molecules in schizophrenia 

45 l 40 

:1 25 

:~ I 
200 

• 
• 

• •• • • 

• 
• 

300 400 500 600 700 800 900 

sVCAM [ng/ml] 

125 

Fig. 4. Significant negative relation between serum levels of soluble VCAlvI-1 and 
schizophrenic negative symptomatology rated by PANSS negative score 

negative scores and to low PANSS-total scores (negative: r = -.43, P = 
.021; total: r = -.42, p = .026) (see Fig. 4). 

Discussion 

Two major findings have to be highlighted: the decreased levels of 
sICAM-l in schizophrenics, and the relation between soluble adhesion 
molecules and schizophrenic psychopathology. 

Psychopathology 

The close relation between sICAM-1 levels and schizophrenic neg­
ative symptoms agrees with earlier findings (Miiller and Ackenheil, 
1995). Although no direct interrelation between BBB parameters and 
schizophrenic negative symptoms has been observed before, high CSF­
albumin and -IgG levels, which correlated with more pronounced neg­
ative symptoms, are often found in patients with a BBB disturbance. 
Since sICAM-l levels are related to a BBB disturbance (Schwarz et al., 
1998a), higher scores for negative symptoms would be expected in 
patients with higher sICAM-1 levels. Accordingly, the higher PANSS 
total score in patients with high sICAM-l levels seems to be mainly 
due to the higher PANSS negative score. However, the biological 
meaning of decreased sICAM-1 levels and the possible mechanisms 
behind this relation between schizophrenic negative symptoms and 
sICAM-l levels are unclear. 

Definitive conclusions about sVCAM-1 levels cannot be drawn 
either. It seems that sVCAM-1 plays not a pivotal role in schizophre-
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nia, because its serum concentration is not altered. However, the 
inverse relation between sVCAM-1 levels and the schizophrenic nega­
tive symptoms needs to be explained. It indicates that high sVCAM-1 
concentrations are associated with low schizophrenic symptoms and 
vice versa. This finding suggests two conclusions. First, sVCAM-1 is also 
part of the regulatory system of the BBB, and an impairment of CNS­
blood communication mediated by sVCAM-1 may be associated with 
more marked disease symptoms. Second, the VCAM-l/VLA-4+ system 
acts as a co-stimulatory signal in the immune activation and antigen 
recognition (Burkley et al., 1991). Low sVCAM-1 levels may indicate a 
lack of immune activation, which accompanies more pronounced 
schizophrenic symptoms. 

sCAM-levels 

While increased levels of sICAM-1 occur in inflammatory and 
autoimmune disorders, including those of the CNS (Rieckmann et al., 
1993; Sharief et al., 1993), decreased levels of sICAM-1 have not been 
reported in the literature. They have, however, been observed in schiz­
ophrenic patients (G. Wieselmann, personal communication). Since our 
schizophrenic patients have not been treated with antipsychotic med­
ication, low levels of sICAM-1 cannot be an effect of treatment. Other 
aspects of sICAM-1 levels in schizophrenic patients have been investi­
gated in our group: Relatively increased sICAM-1 serum concentrations 
are found in those schizophrenis patients who also show other signs 
of immune activation, e.g., increased levels of heat-shock protein 60 
(Schwarz et al., 1998b). In CSF higher levels of sICAM-1 levels were 
found to be related to an impairment of the BBB (Schwarz et al., 
1998a). 

Since ICAM-1 has two different functions, a disturbance of the 
ICAM-1 system may have different implications for schizophrenia. 
These two functions are (1) a costimulatory signal in immune activa­
tion and (2) the facilitation of adhesion and penetration through the 
BBB. 

In the first function ICAM-1 acts as an important costimulatory mol­
ecule for lymphocyte. activation (Van Seventer et al., 1990; Kuhlmann 
et al., 1991). When ICAM-1 expression is decreased, the peripheral 
immune system may not be activated accordingly. The concept of an 
impaired stimulatory signal in schizophrenia fits well with the hypoth­
esis that antigen presentation/recognition is impaired in acutely ill 
schizophrenics. This hypothesis is supported by the following obser­
vations: schizophrenic patients show a reduced lymphocyte stimulation 
to specific antigens (Muller et al., 1991), a reduced production of 
interferon-y in lymphocyte cultures (Rothermund et al., 1996), and a 
clearly reduced immune answer to hepatitis B vaccination (Russo et 
al., 1994) compared with controls. 
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In the second function, low levels of sICAM-1 may indicate impaired 
communication between the peripheral immune system and the CNS. 
It can be speculated that decreased sICAM-1levels reflect a disturbance 
in the T-cell system, which penetrate the BBB and patroill within the 
brain. Since an increase of activating cytokines such as IL-2 or IL-6 may 
be involved in the pathogenesis of schizophrenic psychoses, an acti­
vation of the peripheral immune system including an increase of ICAM-
1 expression in parallel to an increase of activating cytokines in the 
CSF would be expected. However, impaired communication between 
the CNS and the peripheral immune system may also result in inade­
quate activation of the peripheral immune system, including insufficient 
activation of the adhesion system (Marker et aI., 1995), CNS viral infec­
tions have shown that immune activation in the CNS and increased 
communication between the CNS and peripheral immune systems 
predict a better outcome than impaired activation, that can be associ­
ated with poor outcome (Lewandowski et aI., 1994). 

Several studies have reported signs of an autoimmune process in the 
peripheral immune system of one-third of schizophrenics, often in 
chronic cases or cases with a poor therapeutic outcome (McAllister 
et aI., 1989; Kilidirias et aI., 1992; Muller and Ackenheil, 1995). 
Antipsychotic treatment seems to contribute to an activation of the 
immune system and to antibody production (bzek et aI., 1971; Gallien 
et aI., 1977; Zarrabin et aI., 1979; Muller et aI., 1997). During antipsy­
chotic treatment increases the expression of the cellular surface mole­
cules VLA-4 and LFA-1 on CD4+ cells (Muller et aI., 1999) and it has been 
observed in another study that the levels of sICAM-l increase slightly, 
but not significantly during antipsychotic treatment (Schwarz et aI., 
1999). Further studies have to evaluate whether especially high sICAM-
1 levels correspond not only with an impaired BBB but also with longer 
or more intense antipsychotic medication. However, the phYSiological 
mechanism of sICAM-l is not yet fully understood. Although the serum 
level of sICAM-l is related to the cellular expression of ICAM-l, sICAM-
1 acts as a functional antagonist of ICAM-l that inhibits lymphocyte 
attachment to cerebral endothelial cells (Rieckmann et aI., 1995). 

Moreover, the interelation between the regulatory mechanism in the 
ICAM-l/LFA-l system and the VCAM-l/VLA-4 system is only partly 
understood (Oppenheimer-Marks et aI., 1991). 

Our findings suggest that sICAM-l may be strongly involved in 
schizophrenia, whereas sVCAM-l plays a minor role. Moreover, the reg­
ulatory process of antigen recognition and immune activation of T -cells 
and/or the regulation of the BBB may be impaired in schizophrenia. 
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Summary 

Interferon-alpha (lFN-alpha) exerts strong antiviral effects and was among 
the first cytokines suspected to contribute to alterations of sleep during 
infectious challenge. A short review of the relevant literature is provided. 
Administration of IFN-alpha in rabbits increased body temperature and, in par­
allel, slow wave sleep (SWS). These findings were taken to suggest a sleep 
promoting effect of the cytokine. However, experiments in monkeys, although 
indicating increased behavioral signs of fatigue, did not reveal changes towards 
enhanced sleep after IFN-alpha. In cancer patients treated with high doses of 
IFN-alpha enhanced fatigue is commonly observed. We conducted a first 
study in healthy young men, evaluating the effects of IFN-alpha given at a 
fairly low dose (1000 and 10,000IU/kg body weight, subcutaneously) on 
nocturnal sleep. The cytokine was administered subcutaneously at 19.00 h prior 
to sleep. It distinctly reduced SWS during the early night and, at the high dose, 
REM sleep across the entire night. Effects on sleep were accompanied 
by increased feelings of tiredness, increased pituitary-adrenal secretory activ­
ity, increased growth hormone secretion and increased IL-6 plasma con­
centrations. Body temperature remained almost unchanged. These results 
support an acute disrupting effect of IFN-alpha on nocturnal sleep in humans. 
Similar disruptive effects have been observed in previous studies after admin­
istration of IL-6 in healthy humans. Together, the data support the view 
that enhanced release of proinflammatory cytokines in humans acutely im­
pairs sleep. Given that the pattern of changes after IFN-alpha and also 
after IL-6 is in some of its essential features is reminiscent of the symptoms 
seen in depressed patients, a contribution of host defense mechanisms to 
this disease and associated sleep disruption should be taken into 
consideration. 
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Introduction 

Interferons (IFNs) represent a class of cytokines which is most crit­
ical in the regulation of the antiviral defense (DeMaeyer and DeMaeyer­
Guignard, 1994, for a review of immunological properties). IFN­
alpha like IFN-~, belongs to the type I IFNs which act via the same 
cell-surface receptor. Probably all cells of the organism including those 
of the central nervous system, are capable to produce IFN-alpha, 
although not spontaneously. Viruses are the most efficient natural 
inducer of IFN-alpha, but other infectious agents can also induce the 
production of this cytokine. IFN-alpha differes significantly from type 
II IFN-gamma which is produced mainly by lymphocytes and natural 
killer cells, binds to separate receptors and displays less intiviral activ­
ity than IFN-alpha. Released upon viral infection, IFN-alpha is most 
effective in prohibiting the proliferation of the infected cells and in 
inducing the expression of class I MHC molecules thereby facilitating 
the recognition of the endogenous target antigens. In vitro, IFN-alpha 
has been shown to facilitate the production of a number of other 
cytokines including IL-1~ and IL-6. 

IFN-alpha was one of the first cytokines suspected to induce 
feelings of sleepiness and sleep associated with the response to infec­
tious agents. This view was stimulated also by clinical observations 
that in some infections known to be caused by viruses changes in the 
structure of sleep and of the sleep-wake rhythm belong to the most 
prominent symptoms. Encephalitis lethargica which is presumed to be 
a viral central nervous infection, was epidemic at the beginning of 
this century and in more than 80% of the patients was associated 
with severe alterations of sleep (von Economo, 1930). Mononucleosis 
resulting from infection with Epstein Barr Virus in a subgroup of patients 
is associated with increased total sleep time and shortened sleep latency 
(Guillminaut and Mondini, 1986). Distinct changes in sleep have been 
revealed also in patients infected with the immunodeficiency virus (HIV) , 
even during the asymptomatic period (Norman et al., 1990, 1992; Kubicki 
et al., 1988). Correspondingly, the chronic fatigue syndrom characterized 
by daytime tiredness and unrefreshing sleep, has been supposed to be 
induced by viral infection (Moldofsky, 1995), Together, these observa­
tions tempted speculations that the marked alterations of sleep 
representing major symptoms of psychiatric disorders such as depression 
and schizophrenia could likewise point to an underlying infectious 
process. 

However, the observation of changes in sleep architecture in con­
junction with infectious challenge does not allow for any conclusion 
as to whether or not the sleep alteration reflect a specific regulatory 
aspect of host defense. To resolve this issue, studies were undertaken 
in animals and, more recently, also in humans which aimed to deter­
mine the influence of specific cytokines on regular sleep. Some of these 
studies have been devoted to the effects of IFN-alpha. 
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Effects of IFN-alpha on sleep in animals 

Changes in sleep after administration of IFN-alpha were investigated 
in rabbits, rats and monkeys. Krueger and coworkers (1987) treated 
two groups of male New Zealand white rabbits intravenously with, 
respectively, 15 X 106U human recombinant IFN-alpha2 and intracere­
broventricularly with 1-2 x 106 U IFN-alpha2. On the corresponding 
control conditions, saline (0.5 ml) and artificial cerebrospinal fluid 
(0.3ml) was administered. Substances were administered between 8.00 
and 10.00h. (Although domestic rabbits usually display increased activ­
ity during the day, sleep occupied up to 50% of the daylight hours in 
these animals). Figure 1 summarizes the effects of IFN-alpha after the 
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Fig. 1. Effects of intravenous administration of IFN-alpha2 (15 x 106U, solid lines) versus 
saline (dashed lines) on brain temperature, percentages of REM sleep and SWS in rabbits 
(n = 6). Means (+/- SEM) are indicated. IFN-iduced fever and excess of SWS was first 
evident during the second hour post-infusion, then persisted for the rest of the assay 
period. The reduction in REM sleep following IFN-alpha2 was signifcant during the first 

3 hours post-injection (from Krueger et al., 1987) 
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intravenous administration. Brain temperature increased within 3 hours 
by 1.1 DC on average, and the cytokine concurrently enhanced the per­
centage of time spent in SWS. The time course of the effect on SWS 
paralleled that of the fever response: While during the first hour after 
IFN-alpha administration, time in SWS was similar to that obtained in 
the control condition, SWS distinctly increased during the second hour 
post-infusion. This increase persisted during the remaining 3 hours of 
the recording epoch. An inhibiting effect of IFN-alpha-2 on REM sleep 
appeared to be less pronounced, although this effect revealed to be 
highly signifcant during the first 3 hours post-infusion. Even stronger 
increases in brain temperature and SWS were obtained after intra cere­
broventricular administration of the cytokine. But contrasting with the 
effects of intravenous IFN-alpha, the intracerebroventricular route of 
administration did not induce a transient suppression of REM sleep. 
The cyclic structure of sleep and waking seemed to be unaffected by 
the cytokine. 

Considering that the intravenous dose of IFN-alpha required to elicit 
SWS effects was only 10-15 times the effective intracerebroventricular 
dose, Krueger et ai. (1987) suggested that the cytokine elicited its sleep 
promoting effect most likely via a messenger system with direct and 
easy access to those brain structures controlling sleep and SWS. Even 
IFN-alpha itself can enter the brain after systemic administration (Habif 
et aI., 1975; Smith et aI., 1985), and receptors binding IFN-alpha have 
been identified in central nervous tissues (Janicki, 1992). Since, the sup­
pression of REM sleep by lFN-alpha in the rabbits was seen only with 
the intravenous route of administration, this effect in contrast with that 
on SWS, appears to reflect a primary systemic action, possibly by sti­
mulating pituitary-adrenal release of adrenocorticotropin (ACTH) and 
corticosteroids (Spath-Schwalbe et aI., 1989). Administration of these 
hormones has been shown to inhibit REM sleep, although in one study 
in rabbits the effect turned out less consistent (Kawakami et aI., 1965; 
Born et aI., 1989). 

The view of an enhancing effect of lFN-alpha on sleep and SWS 
received some support from subsequent experiments in rats (DeSarro 
et aI., 1989). In those experiments, IFN-alpha microinjected into the 
locus ceruleus induced a transient enhancement of sleep and EEG slow 
wave activity. However, promoting effects on sleep and SWS have been 
likewise observed following administration of lL-1~ in rabbits and rats. 
Considering that lFN-alpha can induce the production of lL-1P, the 
somnogenic effect of lFN-alpha could prove to be mediated by lL-1~ 
(Krueger and Majde, 1994). 

Experiments in monkeys yielded results somewhat diverging from 
those in rabbits and rats. Reite et al. (1987) intravenously injected 20 
x 106U/m2 lFN-alpha in pigtail monkeys at approximately 8.30h in the 
morning following a baseline night of sleep. The effects on sleep were 
recorded in the two succeeding nights. A total of 13 lFN injections was 
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studied. The animals exhibited increased evidence of behavioral sleep­
iness on the days IFN-alpha was administered. However, sleep archi­
tecture appeared to be unaffected by the cytokine, except for a distinct 
decrease in REM sleep latency. The effect was present on both nights 
following injection of IFN-alpha. Notably, a decrease in REM latency 
in conjunction with subjective tiredness is frequently observed also in 
depressed patients suffering from sleep disturbances. 

Effects of IFN-alpha on sleep in humans 

In clinical trials in cancer patients treated for extended periods of 
time with high doses of IFN-alpha observations have been made of an 
increased sleepiness and lassitude in these patients (e.g., Smedley et aI., 
1983). However, somnopolygraphic recordings of sleep were not con­
ducted in those studies. Also, the doses used for therapeutic 
purposes induced blood IFN concentrations which presumably are 
hardly comparable with the increases accompanying normal viral 
infection. Here, we will therefore concentrate on a first study which we 
conducted in young healthy men to determine the influence of a single 
administration of rather low doses of IFN-alpha on nocturnal sleep 
(Spath-Schwalbe et aI., 1999). This study is the second in an ongoing 
series of studies initiated in our laboratory which aims to differentiate 
effects of proinflammatory and inhibitory cytokines on human sleep. 
The first study (Spath-Schwalbe et aI., 1998), investigated somnogenic 
effects of IL-6, and has been discussed in greater detail in a previous 
volume of this series (Born and Spath-Schwalbe, 1997). 

The effects of human recombinant IFN-alpha subcutaneously admi­
nistered at doses of 1000 and 10,000IU/kg body weight, were evalu­
ated in a placebo controlled double-blind study in 18 healthy men aged 
between 21 and 31 years. The subjects were screened by medical 
history, a phYSical examination, laboratory investigations and electro­
cardiogram to exclude any acute and chronic illness. They had normal 
sleep-wake rhythms and had not participated in night work for at least 
4 weeks prior to the experimental nights. The study was designed 
according to a within-subject comparison. After a night of adjustment 
to the laboratory, each man participated in 3 experimental nights sep­
arated by at least 10 days. 

An experimental night lasted between 18.00 and 8.00h. Throughout 
this period the subject stayed in bed in a supine position. Placebo and 
the two doses of IFN-alpha were injected at 19.00h before lights were 
turned off at 23.00h. Sleep was allowed until 7.00h the next morning, 
when the man was awakened. At 21.30h and in the morning after 
sleep, subjective feelings of fatigue, activation and mood were assessed 
by a standardized adjective check list Qanke and Debus, 1978). 
Standard polysomnographical recordings were conducted between 
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23.00 and 7.00h. To determine plasma concentrations of ACTH, corti­
sol, growth hormone (GH) and thyroid stimulating hormone (TSH) 
blood was collected every 30 min. Plasma concentrations of IFN-alpha, 
lL-6, IFN-gamma and of C-reactive protein were determined in samples 
collected at 18.30, 22.30, 1.30, and 6.30 h. During the wake periods 
prior to and after sleep body temperature (sublingual), blood pressure 
and heart rate were measured every hour. 

The adjective check list applied before sleep indicated that subjects 
following the high dose of IFN-alpha felt more tired and less activated 
than following placebo (p < 0.05). Table 1 summarizes the effects of 
IFN-alpha on sleep. Both doses of IFN-alpha distinctly reduced time 
spent in SWS. A separate analysis of the first and second half of 
sleep revealed this suppressing effect of the cytokine on SWS to con­
centrate on the first half of the night (Fig. 2). The time spent in REM 
sleep was also suppressed after IFN-alpha. But, this effect reached 
significance for the high dose of IFN-alpha, only. Also, statistical 
significance for the suppression of REM sleep was revealed, only, when 
the entire night was analyzed. High doses of IFN-alpha, in addi­
tion, exerted an increasing influence on time spent in stage 1 sleep. 
Together, these changes indicate an acute disrupting effect of IFN-alpha 
on sleep which was more pronounced after the high than low dose 
administered. 

The reduction in SWS following IFN-alpha concentrating during the 
first half of the night was accompanied by significantly enhanced 
plasma levels of cortisol, ACTH and GH (Fig. 3). Plasma levels of TSH 
tended to be decreased after lFN-alpha. However, the effect did not 
reach significance. 

plasma concentrations of IFN-alpha measured at 22.30h as well as 
at the succeeding points in time, as expected, did not reveal any 
significant increase after administration of the cytokine. This was not 
unexpected since the estimated plasma levels after such low doses of 
exogenous IFN-alpha remain below the detection limit of the assays 
currently available. IFN-alpha at the dose of 10,000IU/kg bodyweight 
increased concentrations of lL-6, measured at 1.30h (mean +/-SEM: 
10.8 +/- 4.2 versus 1.74 +/- O.5pg/ml on the placebo condition, p < 
0.01) and at 6.30h (3.0+/-0.6 versus 1.64 +/- 0.4, p < 0.05) which 
clearly indicates that the cytokine was biologically active even at the 
fairly low concentrations induced. Also, the high dose of IFN-alpha 
enhanced plasma concentrations of IFN-gamma at 6.30h (24.3 +/- 8.4 
versus 17.1 +/- 10.4pg/ml, following placebo, p < 0.05). Measures of 
C-reactive protein remained unaffected. 

At the doses administered, IFN-alpha did not induce fever, although 
in the morning following sleep temperature was slightly increased (by 
0.37°C on average) following the high dose of IFN-alpha as compared 
with the effect of placebo (p < 0.005). Blood pressure and heart rate, 
in gernal were not affected by the cytokine. 
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sws 

Total 1 st half 

REM 

Total 1st half 

2nd half 

** II 

2nd half 

c::=::::J Placebo 

~ 1,000 IU/kg IFN-a 

- 10,000 IU/kg IFN-a 

Fig. 2. Mean (+/- SEM) per cent of time spent in SWS (top) and in REM sleep (bottom) 
following administration of placebo (empty columns), a low dose of IFN-alpha 
(1000IU/kg body weight, hatched columns) and a high dose of IFN-alpha (10,000 
IU/kg/body weigth, black columns). Percentages were calculated for the entire noctur­
nal sleep period ("Total", left) as well as separately for the first (middle) and second half 
of the night (right). Substances were administered subcutaneously at 19.00 h prior to 
experimental nights. (n = 18). **-p < 0.01, *-p < 0.05, for pairwise comparisons between 

the effects of any two treatments (data are from Spath-Schwalbe et aI., 1999) 
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Fig. 3. Mean (+/- SEM) plasma concentrations of (from top to bottom) adrenocorti­
cotropin (ACTH), cortisol, growth hormone (GH), and thyroid stimulating hormone 
(TSH) following administration of placebo (empty columns), a low dose of lFN-alpha 
(lOOOIU/kg body weight, hatched columns) and a high dose of lFN-alpha 
(lO,OOOIU/kg/body weigth, black columns). Average concentrations were calculated 
for the entire nocturnal sleep period ("Total", left) as well as separately for the first 
(middle) and second half of the night (right). Substances were administered subcuta­
neously at 19.00h prior to experimental nights. (n = 18). **-p < 0.01, *-p < 0.05, for 
pairwise comparisons between the effects of any two treatments (data are from Spath-

Schwalbe et aI., 1999) 
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Table 1. Sleep onset, total sleep time and absolute time (in min) spent in the 
different sleep stages and latency (in min) for each sleep stage after placebo 
and subcutaneous administration of lPN-a (1000 and 10,000IU/kg body weight) 

Sleep onset 
Sleep Time 

Wake 
Sl 
S2 
SWS 
REM 

Latency 
S2 
SWS 
REM 

Placebo 
(P) 

Mean 
16.7 

4457 

37.6 
42.2 

212.6 
777 
75.6 

5.53 
28.25 

10}78 

1000IU/kg 
lPN-a (L) 

10,000IU/kg 
lPN-a (H) 

SEM 
4.2 
7.3 

10.1 
4.0 

13.9 
7.6 
7.4 

Mean 
21.3 

441.0 

38.8 
43.4 

213.7 
65.1 
80.1 

0.7 5.60 
9.6 23.10 

16.8 12375 

SEM 
6.8 
9.5 

130 
5.8 

13.0 
5.5 
6.4 

Mean 
34.2 

428.2 

37.2 
55.0 

215.2 
64.2 
567 

SEM 
11.7 
12.9 

8.6 
7.6 

138 
6.5 
7.6 

0.9 4.44 0.5 
52 24.03 65 

18.4 161.60 26.7 

Significance 
P< 

P-L 

0.03 

P-H 

0.04 

0.07 
0.03 

0.02 

L-H 

0.002 

51, 52 sleep stage 1 and 2; 5W5 slow wave sleep, i.e. sleep stages 3 + 4; REM rapid eye 
movement sleep. Right columns indicate significant differences between the effects of 
any two of the treatments. P Placebo, L low dose of IFN-a, H high dose of IFN-a 

Comparison of effects of IFN-alpha and IL-6 

Since in a foregoing study (Spath-Schwalbe et al., 1998) the effects 
of 1L-6 (0.5 /lg/kg body weight, injected subcutaneously at 19.00 h) on 
nocturnal sleep in healthy men were examined under nearly identical 
conditions, a comparison of the influences of both cytokines is tempt­
ing. While lPN-alpha is a cytokine critically involved in the immune 
defense against viral infection, lL-6 seems to play an equally important 
role in the regulation of the immune defense against bacterial infec­
tious challenge. 

As depicted in Table 2, the profile of action of 1L-6 in essential 
aspects bears striking similarities with that obtained for lPN-alpha. Both, 
lPN-alpha and lL-6 acutely reduced SWS with this effect concentrating 
during the first half of the night. Also, the time spent in REM sleep was 
diminished across the entire nocturnal period of sleep after the high 
dose of IFN-alpha as well as after lL-6. Self-report measures indicated 
that after both cytokines subjects felt less activated and more tired as 
compared to the effects of placebo. 1L-6 in addition impaired mood in 
that subjects following 1L-6 administration scored lower on the "high 
spirits" scale of the EWL adjective check list. With regard to endocrine 
measures, IFN-alpha like 1L-6 stimulated the release of ACTH and cor­
tisol from the pituitary-adrenal system. After both cytokines, the effect 
concentrated during the first half of the night. 
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Table 2. Comparison of effects of lL-6 and IFN-a in humans 

Central nervous sleep: 

Self-report: 

Endocrine system: 

Immune system: 

lL-6 

SWS during early sleep J­
REM sleep J-
Deactivation and fatigue i 
High Spirits J-
ACTH during early sleep i 
Cortisol during early sleep i 
GH - no effect 
TSH J-
Heart rate i 
Body temperature i 
CRP i 
IFN-y - no effect 

IFN-a 

SWS during early sleep J­
REM sleep J-
Deactivation and fatigue i 

ACTH during early sleep i 
Cortisol during early sleep i 
GH during early sleep i 
TSH - not significant 

Heart rate - no effect 
Body temperature - no effect 
CRP - no effect 
IFN-y i 
IL-6 i 

Effects after subcutaneous injection of IL-6 0.5 ~g/kg body weight and of IFN-a 
10,000IU/kg body weight at 19.00h prior to experimental sleep in young healthy humans 

But, divergent actions were also revealed: Solely, IFN-alpha induced 
a pronounced increase in GH concentrations during the first half of 
the night. On the other hand, a decline in TSH levels revealed to be 
significant solely following IL-6. Reductions in TSH concentrations after 
IFN-alpha were weaker and failed to reach significance. In addition, 
lL-6 induced distinct increases in body temperature and heart rate 
whereas corresponding changes following IFN-alpha remained negli­
gible. Moreover, after lL-6 a delayed increase in concentrations of c­
reactive protein was obtained which did not occur after IFN-alpha. On 
the other hand, IFN-alpha administration induced an increase in IFN­
gamma plasma concentrations which was not revealed after lL-6. 

Concluding remarks 

The acute changes in sleepiness and sleep and in the associated 
endocrine activity observed following administration of IFN-alpha 
shared remarkable similarities with those observed following lL-6, sug­
gesting common mechanisms mediating the central nervous effects of 
both cytokines. In this respect, the stimulating effect on the release of 
IL-6 observed following the administration of IFN-alpha, points to a 
possible contribution of endogenous IL-6 to the effects of IFN-alpha. 
However, the increase in IL-6 concentrations after IFN-alpha did not 
develop immediatley after administration of the cytokine: i.e., the con­
centrations measured at 22.30h (3.5 hours post-injection) were still 
comparable for the placebo and IFN-alpha conditions. Moreover, an 
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enhancement in IL-6 concentrations was obtained after the high dose 
of IFN-alpha, only, although reduced SWS and increased concentra­
tions of ACTH/cortisol were observed during the first half of noctur­
nal sleep likewise after the low dose of IFN-alpha. These temporal and 
pharmacodynamic features warn against an overestimation of the role 
of IL-6 in mediating the influences of IFN-alpha. 

Both cytokines stimulated secretory activity of the pituitary-adrenal 
system which is consonant with foregoing findings in patients 
CMastorakos et al., 1993; Spath-Schwalbe et al., 1989, 1994). Ad­
ministration of cortisol and ACTH in humans has been shown to inhibit 
REM sleep (Born et al., 1989), Accordingly, the decreasing effect of the 
cytokines on REM sleep was most likely a consequence of their stim­
ulating influence on this endocrine axis. Enhanced secretion of corti­
sol may also explain the decline in TSH concentration, since 
glucocorticoids are known to inhibit TSH release (Wilber and Utiger, 
1969; Brabant et al., 1987). However, stimulation of pituitary-adrenal 
secretory activity cannot explain the acute suppressing influences of 
IFN-alpha and IL-6 on SWS. Neither administration of cortisol nor of 
ACTH, in previous studies in humans revealed a similar effect. Also, 
the increased subjective tiredness after cytokine administration can be 
hardly explained by increased release of cortisol and ACTH (Plihal et 
al., 1996; Born et al., 1990). A mediation of these effects by changes 
body temperature and heart rate is likewise excluded, since after IFN­
alpha the feelings of tiredness and suppression of SWS developed 
without any significant concommitant changes in these parameters. 
These changes, therefore, probably involve different as yet unknown 
mechanisms. Since systemic IFN-alpha and IL-6 have been shown to 
enter the cerebrospinal fluid compartment (Smith et al., 1985; Banks 
et al., 1994), a direct action on central nervous structures involved in 
sleep regulation is conceivable. 

Effects on sleep observed in healthy humans after the administra­
tion of IFN-alpha and IL-6 contrast with those observed in rats and 
rabbits. In rabbits, IL-6 did not affect sleep (Opp et al., 1989) whereas 
IFN-alpha in rats and rabbits - as described above - distinctly enhanced 
SWS. However, REM sleep was transiently diminished after IFN-alpha. 
In humans, an acutely disrupting effect of IFN-alpha as well as of IL-
6 on sleep prevailed with, both the amount of SWS and of REM sleep 
being distinctly reduced. The effects on SWS concentrated during early 
sleep. It has been suggested in this context, that the sleep promoting 
effect of proinflammatory cytokines may be modulated by circadian 
oscillations and, hence, could depend on the time of day of cytokine 
administration. Effects on daytime sleep of cytokines in humans have 
not been examined so far. However, in previous studies, Pollmacher's 
group CPollmacher et al., 1993; Korth et al., 1996) demonstrated that 
the administration of endotoxin mimicking a bacterial infectious chal­
lenge with distinct increases in the release of IL-6 and TNF-alpha, did 
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not increase SWS in humans irrespectively of whether administered in 
the evening or in the morning. Therefore, a species specifity in the 
regulatory influence of IFN-alpha on central nervous sleep processes 
cannot be ruled out, and may pertain also to other proinflammatory 
cytokines. 

Interestingly, in several aspects the central nervous effects observed 
after IFN-alpha and IL-6 are reminescent of symptoms that can be 
observed in depressed patients who have been found also to display 
increased plasma concentrations of IL-6 (Maes et ai., 1995, see also 
Maes, this volume). Depressed patients typically complain of feelings 
of deactivation and subjective fatigue. But, at the same time, their sleep 
is disturbed showing reduced SWS and a dysregulation of REM sleep 
(e.g., Benca et ai., 1992; Kupfer and Reynolds, 1992). Hyperactivity of 
pituitary-adrenal secretion belongs to a major symptom in these 
patients (Halbreich et ai., 1985; Barden et ai., 1995), In addition, depres­
sion can be associated with diminished TSH release (Mason et ai., 
1995), Following IL-6, healthy subjects also displayed signs of impaired 
mood as evaluated by self-report. In light of these parallels a contri­
bution of host defense mechanisms to the disease has to be taken into 
consideration. 
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Summary 

Alterations of the immunesystem in different kinds of psychiatric disorders 
are well known in literature in the last two decades. While there is a remark­
able impact of these findings for patients suffering from "endogenous psy­
choses", the role of the immunesystem in former called "neuroses" is still not 
clarified. Previous attempts to evaluate these ideas showed a relationship 
between anxiety disorders and alterations of the immunesystem. 

The aim of this pilot study was to investigate the possible role of the 
immune system (cellular activity, humoral/polyclonal activation) in patients suf­
fering from bulimia nervosa (DSM-IV 307.51) and to compare these data to 
those of sex and age matched anxiety disorder patients. 

The significance of immunological alterations in both groups of mental dis­
orders was verified but the causes for these alterations remain unclear and 
need further research. 

Introduction 

Alterations of the immunesystem in psychiatric disorders are well 
known in the literature. While there is a remarkable impact of these 
findings for patients suffering from "endogenous psychoses" 
(Wieselmann et aI., 1997), the role of the immune system in so called 
"neuroses" is still not clarified but there is a high incidence of psy­
choimmunological alterations in patients suffering from anxiety disor­
ders (Surmann et aI., 1986; Stein et aI., 1988). 

Pomeroy et al. (994) investigated the role of interleukin-6, tumor 
necrosis factor-alpha and transforming-growth-factor-beta in anorexia 
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nervosa. Both were significantly elevated during starvation and 
returned to levels comparable to those of normal-weight controls 
after weight gain. The aim of this pilot study was to investigate 
immunological alterations in patients suffering from bulimia nervosa 
and to compare these data with those of sex and age matched anxiety 
patients. 

Methods and materials 

23 females suffering from bulimia nervosa (BN) were compared to 23 sex 
and age matched anxiety disorder patients (AD) (mean age 22.98, sdev. 3.36, 
range from 17 to 31). 

EN-patients 

All patients were sent to the outpatient unit and underwent the following 
diagnostic clarification: 

- patient's history 
- Three factors Eating Questionnaire (TFEQ, germ. vers.) 
- physical examination 
- ECG, EEG 
- routine laboratory test 
- bTSH, fT3, fT4 
- clinical examination of the Temporo-Mandibular-Joint (TMJ)-system 
- immuneseraprofile (to evaluate the cellular activity as well as the 

humorallpolyclonal activation): 

soluble-interleukin-2-receptors (s-IL-2R, 529-913 U/ml) , cardiolipin anti­
bodies (max. 12 U/ml) , beta2-microglobulin (Eeta2M max. 2,4mgll), T8 
038-533 U/ml) , intracellular adhesion molecules (I-CAM 129,9-297Ilg/ml), 
gammaglobulin synthesis (IgG 6,8-15,3g/l; IgA .74-3.74g/l; IgM .40-2.48g/l), 
circulating immunecomplexes (CIC max. 4IlEq/ml), complementfactors C3 
(.75-1.35 gil), C4 (.18-.45 gil), auto-antibodies to nuclear factors (ANF 
pos/neg), auto-antibodies to ds-DNA (pos/neg), auto-antibodies to glomeru­
lobasementmembrane (GEM, pos/neg), auto-antibodies to basementmembrane 
type I and -type II (pos/neg.) and anti-neutrophile-cytoplasma-antibodies (ANCA 
pos/neg). These specific and nonspecific parameters were quantitated by neph­
elometry and indirect immunofluorescence. 

AD-patients 

We selected 23 age matched females, according to DSM-IV criteria for 
"anxiety disorder": 8 panic, 9 panic with agoraphobia, 2 PTSD and 4 GAD. All 
patients were drugnaive. 
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Fig. 1. Number of the DSM-IV criteria for "anxiety disorder" 

Diagnostic clarification: - patient's history 
- SCID-Interview 
- physical examination 
- ECG, EEG 
- routine laboratory test 
- bTSH, fT3, IT4 
- drug urine screening 
- clinical examination of the TMJ-system 
- immuneseraprofile 

Results 

Because of the main objective of this study the authors only will 
deal with the following findings: 

Description of the Eody-Mass-Index (EM!) 

- mean BMI (Body-Mass-Index) = 20,09 / median = 19,72 / sdev. 
2.4 / from 16.3 to 26.8 (two patients scored slightly under 17.5) 

All BN-patients suffered from recurrent episodes of binge eating 
associated with selfinduced vomiting (median = 7.5 per week). The 
mean duration was 80.8 months (median = 62 months) (DSM-IV 
307.51). One patient misused sometimes appetite suppressants, five 
patients seldom misused laxatives. 

BN-patients with immunological alterations did not differ from BN­
patients without immunological alterations in any of the parameters as 
shown before. 
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Drug-treatment 

Eight patients were absolutely drugnaive, the other bulimics were 
former treated by general practitioners and/or psychiatrists with fluox­
etine and/or thioridazine, dixyrazine or amytriptiline, one patient was 
additionally on naltrexone. After a washout-period of 1 week we took 
the bloodsample of these patients and did all the other investigationes 
as mentioned above. 

Three-Factor Eating Questionnaire (TFEQ, Stunkard and Messick, 
1985, germ. Verso Pudel and WestenhOfer, 1989) 

Results of TFEQ (Table 1): 

Table 1. Results of three-factor eating questionnaire 

TFEQ-cognitive restraint scale 
TFEQ-disinhibition scale 
TFEQ-hunger scale 

Mean Std Dev 

12,7778 
12,3889 
9,8889 

4,2086 
3,4324 
3,4792 

TFEQ-cognitive restraint scale (Mean = 12,7778; sdev = 4,2086) 
TFEQ-disinhibition scale (Mean = 12,3889; sdev = 3,4324) 
TFEQ-hunger scale (Mean = 9,8889; sdev = 3,4792) 
Concerning these three scores there are no differences between BN­

patients with or without immunealterations. 

Alterations of the immunesystem 

Abnormal immune profiles are rather frequent in both groups (BN 
13 normal, 6 slightly abnormal and 4 pathological) and immunolo­
gical alterations are more common in the anxiety group (AD 8 normal, 
10 slightly abnormal and 5 pathological), (Table 2) mainly in the 

Table 2. Immunealterations in different patient groups 

Bulimia nervosa 
Anxiety disorder 

Normal 

13 
8 

21 

x' = 2,30159; df = 2 P = .31 n. S. 

Slightly abnormal 

6 
10 
16 

Abnormal 

4 
5 
9 

Total 

23 
23 
46 



T
ab

le
 3

. 
Im

m
u

n
o

lo
g

ic
al

 p
ar

am
et

er
 d

if
fe

re
n

ce
s 

b
et

w
ee

n
 t

h
e 

tw
o

 p
at

ie
n

t 
g

ro
u

p
s 

P
ar

am
et

er
 

M
ea

n
 b

u
li

m
ic

 /
 

M
ea

n
 a

n
x

ie
ty

 /
 

d
f 

p 
N

u
m

b
er

 o
f 

p
at

ie
n

ts
 w

it
h

 
N

u
m

b
er

 o
f 

p
at

ie
n

ts
 w

it
h

 
sd

ev
. 

sd
ev

. 
th

e 
p

at
h

. 
p

ar
am

et
er

s 
-

th
e 

p
at

h
. 

p
ar

am
et

er
s 

-
b

u
li

m
ia

 
an

x
ie

ty
 

i 
in

cr
ea

se
d

 
i 

in
cr

ea
se

d
 

J-
d

ec
re

as
ed

 
J-

d
ec

re
as

ed
 

Ig
G

 
10

,5
35

7 
/ 

2,
29

4 
15

,2
53

9 
/ 

2,
56

7 
6,

57
 

44
 

,0
00

 
1 

I 
12

1 
Ig

A
 

1,
81

91
 /

 
,5

37
 

2
,3

2
8

3
/ 

,7
66

 
2,

61
 

39
,4

2 
,0

13
 

0 
0 

Ig
M

 
1,

59
87

 /
 

,4
94

 
1

,9
9

6
4

/ 
,8

64
 

1,
92

 
35

,0
1 

,0
63

 
0 

7
1

 
B

et
a2

M
 

1,
29

55
 /

 
,2

68
 

1,
54

35
 /

 
,4

77
 

2,
16

 
34

,9
4 

,0
38

 
0 

1 
I 

C
IC

 C
1q

 
2,

67
41

 /
 2

,3
91

 
1,

62
32

 /
 1

,4
19

 
1,

77
 

34
,1

6 
,0

85
 

5
1

 
3

1
 

"0
 ., g. §} fg ~
 

::l
. 

eE
 ~ u [ ., ~ '" ., ;;i §. ~
 

&
: '" o i .....
 

it
 



150 G. Wieselmann et al. 

part of slightly abnormal immune parameters. However statistical 
significant levels could not be reached (X2 =2,30159; df = 2 P = .31 
n. s). 

The analysis of the sera immune parameters showed differences 
between the patients groups (Table 3). Both groups showed increased 
CIC-Ievels, but there was an increase of gammaglobuline synthesis in 
the group of the AD-patients only. 

No significant differences were found for C3, C4, T8, I-CAM, ds­
DNA, sIL-2r. No abnormal alterations could be seen in both groups 
concerning: antibodies to cardiolipin, ANCA, auto-antibodies to 
basementmembrane-type II. 

One BN-patient showed auto-antibodies to GBM, one AD-patient 
showed auto-antibodies to basementmembrane-type 1. Some positive 
ANF alterations were found. However, these results did not reach sta­
tistical significance. 

Discussion 

The analysis of this pilotstudy showed abnormal immune-profiles 
of different combinations in BN-patients as well as in AD-patients. 
Increased levels of CIC had the highest prevalence of immunological 
alterations in both groups, whereas elevated gammaglobuline­
synthesis is much more specific for AD-patients. These results are in 
accordance to previous findings in patients suffering from anxiety dis­
orders (Langs et al., 1997). 

The question arises if there are specific immunological markers for 
different mental disorders. However, the significance of immunologi­
cal alterations in mental disorders was verified again in this study; but 
the causes for this alterations remain unclear and need further 
investigations. 
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Summary 

Neurogenic inflammation of dural vessels has been hypothesised to be an 
essential part of migraine physiopathology. Analysis of lymphocyte subpopu­
lations and integrin expression in the peripheral blood of headache patients 
(migraine and chronic tension type headache) showed an elevated proportion 
of T-helper cells and T-helper memory cells as well as a higher expression of 
LFA-l on T-helper and T-suppressor cells. This could be a sign of enhanced 
endothelium and lymphocyte interaction as it would be expected in an 
inflammatory process of cranial vessels. 

Introduction 

Interactions between the nervous and the immune system - well­
known in the mediation of inflammatory pain - have been hypothe­
sised to be an essential part of the pathophysiology of migraine, 
following the animal model of neurogenic inflammation. In animals, 
antidromic trigeminal stimulation causes the release of sensory neu­
ropeptides as substance P, neurokinin A and calcitonin-gene related 
peptide, leading to endothelial activation, plasmaextravasation and 
platelet activation in the postcapillary venules of the dura mater 
(Dimitriadou et aI., 1991), effects, that could be blocked by migraine 
drugs such as sumatriptan, ergotamin or aspirin (Buzzi et aI., 1992, 
1989; Goadsby and Edvinsson, 1993). In humans, an elevation of CGRP 
in the blood of the jugular vein could be shown during migraine attacks 
(Goadsby et aI., 1990), with a normalization subsequent to the admin-
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istration of sumatriptan and the relief of headache CGoadsby and 
Edvinsson, 1993). 

However, despite the fact, that drugs resolving acute migraine 
attacks block neurogenic inflammation in the animal model, the exis­
tence of neurogenic inflammation as an essential part in the human 
pathophysiology of migraine remains to be demonstrated. Otherwise, 
the efficacy of anti-inflammatory analgesics in different types of 
headaches, suggests that neurogenic inflammation may even serve as 
a model for the pathophysiology of other primary headaches. 

Endothelium and T-cell interaction in neurogenic 
inflammation 

Since an inflammatory process of blood vessels is accompanied by 
endothelial activation, as shown in the animal model, and endothelial 
activation leads to enhanced adhesion of T cells to the veinous vas­
cular endothelium (Roil et al., 1998), markers of enhanced interaction 
like the expression of integrins on lymphocytes (LFA-1 and VIA-4), that 
are essential for lymphocyte adhesion to the endothelium (Roit et al., 
1998) and possibly contribute to T-cell activation (Lub et al., 1995; van 
Schooten and Quan, 1993), should be observed. 

To evaluate the possible interaction of lymphocytes with the cere­
bral endothelium, we analyzed the expression of integrins on lympho­
cytes CLFA-1 and VLA-4) as well as the proportion of lymphocyte subsets 
(CD3+, CD4+, CD8+, and CD45RO+) as a possible indicator for immuno­
logical activation in the peripheral blood of 20 patients with primary 
headache (migraine with and without aura, chronic tension type 
headache, as defined by the IHS-criteria) by trichromic flow cytometry. 
The results were compared with those of 16 headache-free controls. 

Patients with chronic headache, during attacks or in attack-free 
periods, showed higher proportions of CD4+ T-helper cells (46.9)< 10%, 
vs. 40.6 x 4.9%, p ::; 0.006), a higher proportion of CD4+45RO+ memory 
cells (23.5 x 5.3% vs. 16.7 x 5.8%, p ::; 0.001), and a significantly higher 
expression of LFA-1 on CD4+ cells (30.1 x 6.8% vs. 23.0 x 4.5%, p ::; 
0.002) and on CD8+ cells (49.6 x 13.6% vs. 29.8 x 5.0%, P ::; 0.005). In 
the expression of VLA-4 on CD4+ or CD8+ cells as well as in the pro­
portion of CD3+, CD8+ and CD8+CD45RO+ cells, no differences could 
be found. 

Possible significance of the enhanced 
endothelial-T-cell-interaction in the peripheral blood 

The increased expression of LFA-1 on CD4+ lymphocytes as well as 
the higher proportion of CD4+ helper and CD4+CD45RO+ helper 
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memory cells as a sign of previous stimulation suggests an immuno­
logical activation, as the expression of LFA-1 (occurring between 48 
and 72 hours following an immunological stimulus) is upregulated fol­
lowing cell activation (Vermot Desroches et aI., 1991) and is a prere­
quisite for the endothelial-T cell interaction. For the enhanced 
expression of LFA-1 on CD4+ cells even in the headache free periods 
may account, that once strongly expressed after stimulation in vitro, 
LFA-1 expression remains on a relatively high level even after 10 days 
(Pryce et aI., 1997), a quite normal interictal delay for patients con­
sulting a headache clinic. Otherwise, the expression of VLA-4 is down­
regulated much faster (Pryce et aI., 1997), which may help to explain 
why we did not see elevated VLA-4 levels. The interpretation of upreg­
ulated LFA-1 expression on lymphocytes may be limited by the missing 
determination of the activation state of LFA-1 by FACS-analysis, as the 
conformation of LFA-1 is essential for the functional role in adhesion 
and activation (Lub et aI., 1995). 

Furthermore, the finding that the expression of VLA-4 (very late 
antigen-4) is unchanged, may reflect the fact that the expression of 
VLA-4 in vivo is upregulated locally (p.e. in rheumatoid arthritis in the 
synovial liquid), but this local expression is not noticeable in the 
peripheral blood (Laff6n et aI., 1991). 

As the enhanced expression of LFA-1 and higher proportion of CD4+ 
and CD4+45RO memory cells were also observed in patients with 
chronic tension type headache, these preliminary results indicate a pos­
sible contribution of inflammatory reactions also to primary headache 
syndromes other than migraine. Further investigations of the patho­
physiology of headaches, considering the possibilities of suppression 
of inflammatory reactions, may open new therapeutical options for 
headaches. 
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