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Abstract Animmune process,characterized by a rel-
ative predominance of the T helper-2 (Th2) system and
possibly induced by a viral infection, may be involved in
the pathophysiology of schizophrenia. In this context,
functional polymorphisms in the Interleukin-2 (IL-2)
and Interleukin-4 (IL-4) genes appear to be principal
candidates for genetic schizophrenia research. Further
evidence for these candidate genes comes from several
linkage analyses, pointing to susceptibility gene loci on
chromosomes 4q and 59, where the genes coding for IL-
2 and IL-4 are located. We carried out a case-control
study including 230 schizophrenic patients and 251
healthy persons, investigating the IL-2 -330 T/G single
nucleotide polymorphism (SNP) and the IL-4 -590 C/T
SNP. A significant association of the IL-2 -330 TT geno-
type and of the IL-4 -590 CC genotype with schizophre-
nia could be identified. Our findings may partly account
for the relative predominance of the Th2 system in
schizophrenia, although they cannot directly explain
this immunological imbalance, but may be related to an
altered antiviral immune response in patients with
schizophrenia.
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Introduction
Schizophrenia is a genetically complex disorder with an

incidence rate in the range of 0.16 to 0.42 per 1000 in the
general population (Jablensky 2000). The most probable
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genetic basis of schizophrenia involves a mode of trans-
mission with several to multiple susceptibility genes
(Sullivan et al. 2003). In addition to the hereditary com-
ponent, there is major evidence supporting pre- or peri-
natal exposure to viral infection as a risk factor for de-
veloping schizophrenia, with main focal points on the
influenza, rubella, measles, and herpes simplex viruses
(Pearce 2001). Moreover, viral infections during child-
hood (Koponen etal. 2004) and even preceding the on-
set of the illness (Leweke etal. 2004) have been associ-
ated with schizophrenia.

Given the hereditary component of schizophrenia
and the possible causative role of a viral infection, im-
munologically relevant genes may shape up as suscepti-
bility genes for schizophrenia, altering the immune de-
fence of viral infections. Accordingly, the immunological
phenotype of schizophrenic patients is altered: a large
body of evidence indicates a reduced activation of the T-
helper lymphocytes type 1 (Thl, inducing a cell-medi-
ated immune response) and a relative predominance of
Th2 cells (which induce an antibody-mediated immune
response) (Schwarz etal.2001). The key molecules in the
regulation of anti-viral immune response and in the reg-
ulation of the Th1/Th2 balance are cytokines. In this
study, we focused on the two cytokines Interleukin(IL)-
2 and IL-4. Potent antiviral activity is mediated by IL-2,
while IL-4, in sharp contrast, may increase virus viru-
lence, due to a downregulation of host type 1 immune
responses (Ramshaw etal. 1997).

IL-2 acts as a growth factor for T cells, NK cells and B
cells (Cohen and Cohen 1996; Feghali and Wright 1997).
A significantly decreased production of IL-2 by periph-
eral lymphocytes is one of the best replicated immuno-
logical findings in schizophrenia (Ganguli etal. 1992,
1995; Yang etal. 1994; Kim et al. 1998; Arolt et al. 2000).

The gene coding for IL-2 is located on chromosome
4q26-q27 (Degrave etal. 1983); some linkage studies
point to a susceptibility gene for schizophrenia in this
chromosomal region, e.g. 4q22-23, or 4q31 (Kennedy
etal. 1999; Mowry etal. 2000), although there are con-
flicting data (Paunio etal. 2001). The binding domains



for transcription factors like the nuclear factor of acti-
vated T-cells (NFAT) that are responsible for the T cell-
specific transcription of the IL-2 gene are located in the
promotor region, approximately 300 base pairs 5 proxi-
mal of the coding sequence of the IL-2 gene (Crabtree
and Clipstone 1994). This region contains a functional
T—G single nucleotide polymorphism (SNP) at position
-330 (John etal. 1998). In vitro studies using anti-
CD3/CD28 stimulated peripheral blood lymphocytes
demonstrated that homozygosity for the G allele is asso-
ciated with an early and sustained enhancement of IL-2
production (Hoffmann etal. 2001).

IL-4 plays a major role as a Th2-type response medi-
ator. It induces T-helper cells to differentiate into Th2
cells while suppressing the development of Thl cells
(Kubo etal. 1999). This major Th2 cytokine activates B
cell proliferation, antibody production, and im-
munoglobulin class-switching from IgG to IgE (Spell-
berg and Edwards Jr. 2001).

The IL-4 coding gene is located within the cytokine
gene cluster on chromosome 5q31.1 (Kelso 1998), which
is a chromosomal region again identified by linkage
analyses as containing a susceptibility gene for schizo-
phrenia (Schwab etal. 2000; Paunio etal. 2001). Rosen-
wasser and colleagues described a C>T SNP at position
-590 upstream from the open reading frame of the IL-4
gene, corresponding to the nomenclature -523 counted
from the start codon (Rosenwasser etal. 1995; Walley
and Cookson 1996). The -590 T-allele is associated with
an increased IL-4 gene expression in vitro and with in-
creased total serum IgE in vivo (Rosenwasser et al. 1995).
Besides the IL-4 -590 promotor polymorphism, two ad-
ditional polymorphisms, the -34 C—>T SNP (Taka-
bayashi etal. 1999) and a Variable-Number Tandem-Re-
peats sequence in the third intron (Buchs etal. 2000),
have been described. However, the corresponding hap-
lotypes are characterized by the T- or C-allele of the
-590 SNP (Johnson etal. 2001; Vandenbroeck and Goris
2003). The SNPs that allow the largest number of haplo-
types to be captured by the minimum number of SNPs
are called haplotype tagging SNPs (Johnson et al. 2001).
Thus, the -590 SNP serves as the haplotype tagging SNP
of the IL-4 gene. We, therefore, selected this -590 SNP to
investigate the IL-4 gene.

In view of the potential role of IL-2 and IL-4 in the
pathogenesis of schizophrenia and the linkage studies
pointing to the chromosomal regions containing the IL-
2 and IL-4 genes, the present study was designed to ex-
amine the afore-described polymorphisms with schizo-
phrenia. According to the proposed Th1/Th2 imbalance
in schizophrenia, we hypothesized an association of the
IL-2 -330 T-allele and of the IL-4 -590 T-allele with
schizophrenia.
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Methods

Patients and control persons

A total of 230 unrelated Caucasian patients suffering from schizo-
phrenia (100 female, 130 male; mean age 33.7 +12.4 years, ranging
from 17 to 78 years) were recruited at the Psychiatric Hospital of the
University of Munich. Diagnoses were established according to the
criteria of the DSM-IV (Diagnostic and Statistical Manual) by two in-
dependent experienced psychiatrists. Paranoid schizophrenia was di-
agnosed (DSM-IV: 295.3x) in 71 % of the patients, 13 % carried a di-
agnosis of disorganized schizophrenia (DSM-IV: 295.1x), 2% had a
diagnosis of residual schizophrenia (DSM-IV: 295.6x), 3% of cata-
tonic schizophrenia (DSM-IV: 295.2x), 6 % of undifferentiated schiz-
ophrenia (DSM-IV: 295.9x), 3.5% had a schizophreniform disorder
(DSM-IV: 295.4x) and 1.5% were suffering from a schizoaffective
(DSM-1V: 295.7x) disorder. The mean age of onset was 27.5£9.8
years. Sixty-four (38%) of the patients were suffering from first-
episode schizophrenia.

From the general population of Munich and surrounding areas,
251 healthy Caucasians (119 female, 132 male; mean age 40.2 +14.0
years, ranging from 19 to 76 years), representing various social
groups, were recruited as the control group. All controls were
screened for past or present psychiatric illness by interview and by
use of the Minnesota Multiphasic Personality Inventory-2 (MMPI-2).
Medical examinations including standard laboratory tests were per-
formed. History of a psychosis in a first-degree relative was ascer-
tained by interviewing the control persons and was considered an ex-
clusion criterion.

The study was approved by the local Ethics Committee and all pa-
tients and controls gave their written informed consent after the aim
of the study had been fully explained.

Genotyping

Genomic DNA was isolated from whole blood according to standard
procedures. The genotyping was performed by the fluorescence reso-
nance energy transfer method (FRET) using the Light Cycler System
(Roche Diagnostics). A detailed description of the theoretical back-
ground and methodology is given by Toyota etal. (2000).

The genotyping of IL-2 and IL-4 were carried out by means of the
fluorescence resonance energy transfer method (FRET) using the
Light Cycler System (Roche Diagnostics). For the single base poly-
morphism at position T330G in the IL-2 promotor region the follow-
ing conditions were applied: forward primer: 5- ATg CAA TTA gCT
CTT TgT gTg g - 3’; reverse primer: 5’ - TTC TTT AAA CCC CCA AAg
ACT g - 3’; donor hybridization probe: 5- TTT CTT TgT CAT AAA
ACT ACA C - fluorescein-3’; acceptor hybridization probe: 5’-
LCRed640 - ACA TgT gAA TAg CAT ATT gTg gTg gAC Aag - 3°. The
PCR was performed with 50 ng DNA in a total volume of 10 ul con-
taining 1 pl reaction mix, 0.4 pl MgCl,,0.25 pl of each primer and 0.1 pl
of each hybridization probe according to the manufacturer’s instruc-
tions for 45 cycles of denaturation (95°C, 0 s, ramp rate 20°C/s), an-
nealing (58 °C, 10 s,ramp rate 20 °C/s) and extension (72 °C, 10 s,ramp
rate 20°C/s). After amplification a melting curve was generated by
holding the reaction at 40 °C for 30 s and then heating slowly to 95°C
with a ramp rate of 0.1°C/s. The fluorescence signal was plotted
against temperature to give melting curves for each sample. Peaks
were obtained at 54 °C for the T-allele and at 51 °C for the G-allele.

For the C~T SNP at position 589 of the IL-4 promotor we chose
the following conditions: forward primer: 5’- ATC AAA CAT TgC ATT
TCA gCC -3’; reverse primer: 5’- gTT gTA Atg Cag TCC TCC Tgg - 3’;
donor hybridization probe: 5’- ggA gAA CAT TgT CCC CCA gTg CT -
fluorescein-3’; acceptor hybridization probe: 5°- LCRed640 - ggT Agg
AgA gTC TgC CTg TTA TTC TgC C - 3°. The PCR was performed with
50ng DNA in a total volume of 10l containing 1pl reaction mix,
0.8 pl MgCl,, 0.25 ul of each primer and 0.1 pl of each hybridization
probe according to the manufacturer’s instructions for 45 cycles of
denaturation (95°C, 0 s, ramp rate 20°C/s), annealing (58°C, 10 s,
ramp rate 20 °C/s) and extension (72 °C, 10 s, ramp rate 20 °C/s). After
amplification, a melting curve was generated by holding the reaction
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at 45°C for 30 s and then heating slowly to 95°C with a ramp rate of
0.2°C/s. The fluorescence signal was plotted against temperature to
give melting curves for each sample. Peaks were obtained at 67 °C for
the C-allele and at 63 °C for the T-allele.

Statistics

Statistical analyses were performed using SPSS for Windows. Results
are reported as the mean + SD. We used the t-test for independent
samples and the Chi? test. The age difference between the two groups
was compared by two-tailed Student’s t-test.

Results

The two study groups did not differ concerning their
gender (x%>=0.844, df=1, p=0.358), but the control
group was markedly older than the patients’ group
(t=>5.395, df = 479, p < 0.001).

The genotype distribution of the IL-2 -330 T—G pro-
motor polymorphism was different between the two
groups (y?>=7.418, df=2, p=0.024; see Table1). Both
groups followed the Hardy-Weinberg -equilibrium
(schizophrenic patients: 2 =0.780; df =2; p = 0.677; con-
trols: x2=2.705; df =2; p=0.259). Since homozygosity
for the T allele was overrepresented in schizophrenia,
whereas the heterozygous genotype was less frequent,
the two populations did not differ regarding the allele
frequencies (y?=0.844; df=1; p=0.358).

As for the IL-2 -330 SNP, there was also a marked dif-
ference between the two investigated groups regarding
the IL-4 -590 C—T genotypes (y2=7.323, df=2,
p=0.026, see Table2). Again, the two groups lay in the
Hardy-Weinberg equilibrium (schizophrenic patients:
x2=0.189; df=2; p=0.910; controls: ¥2=1.091; df=2;
p =0.580). Since in this case homozygosity for the poly-
morphic T-allele was extremely rare, we combined the
TT and CT genotypes for comparison with the homozy-

Table1 Genotype distribution and allele frequency of the IL-2 —=330 TG poly-
morphism in schizophrenic patients (SCH) and healthy controls (CON) with the TT
genotype being associated with schizophrenia (y2 = 7.418, p = 0.024)

IL-2-330 Allele frequency
GG GT T T G
SCH 24 (10%) 88 (38%) 118 (51%) 29.6% 70.4%
CON 20 (8%) 127 (51%) 104 (41%) 33.3% 66.7%

Table2 Genotype distribution and allele frequency of the IL-4 —590 C—T poly-
morphism in schizophrenic patients (SCH) and healthy controls (CON). The CC
genotype showed association with schizophrenia (y2 = 7.323, p = 0.026)

IL-4 -590 Allele frequency

T a CC CC Qv
SCH 4(2%) 45 (20%) 181(79%) 11.5% 88.5%
CON 4(2%) 76 (30%) 171 (68%) 16.7% 83.3%

gous CC genotype: schizophrenic patients showed a sig-
nificantly higher frequency of the CC genotype
(x?=6.830,df =1, p=0.009).

Further, we compared the subgroup of paranoid pa-
tients with the non-paranoid subtypes regarding their
genotype distribution. The two groups did not differ, re-
garding both the IL-2 -330 SNP (x2=0.083, df=1,
p=0.773), and the IL-4 -590 SNP (%2=0.006, df=1,
p=0.939).

Discussion

Based on the proposed involvement of an imbalanced
immune reaction in the etiology of schizophrenia and
considering the important hereditary component, we
examined two well-established polymorphisms in the
genes coding for IL-2 and IL-4. We report a significant
association of the IL-2 -330 TT genotype and of the IL-
4 -590 CC genotype with schizophrenia.

T helper (Th) cells can be subdivided into two groups
based on the cytokine profiles they produce. Upon anti-
gen encounter in the presence of IL-12 and IFN-v, naive
Th cells can differentiate into Th1 cells that are charac-
terized by the production of IFN-y and IL-2, for exam-
ple. Alternatively, antigen signalling in the presence of
IL-4 induces the naive Th cell population to develop into
Th2 effectors secreting IL-4, IL-5 and IL-13 (Abbas etal.
1996). Both an increased production of Th2 cytokines
like IL-4 (Spellberg and Edwards Jr.2001), and a blunted
signal of Th1 cytokines like IL-2 (Suzuki etal. 1995) ac-
tivate B cell proliferation, antibody production, and im-
munoglobulin class-switching to IgE. Several studies in-
dicate an increased activation of B cells accompanied by
elevated antibody titers against several antigens in
schizophrenia; there are even data on increased IgE lev-
els in schizophrenic patients. Altogether, a relative pre-
dominance of the Th2-like immune response can be
proposed as an immunologic characteristic of schizo-
phrenia (Schwarz etal. 2001).

However, the genetic findings reported here can only
partly account for the Th2 dominated phenotype in
schizophrenia.

In vitro data show that the IL-2 -330 polymorphism
is functionally linked with an altered IL-2 production
(Hoffmann etal. 2001): the GG genotype is associated
with high levels of IL-2, while TT, but also GT, genotypes
are linked with a reduced in vitro production of the cy-
tokine. Since in our study the TT genotype was signifi-
cantly associated with schizophrenia, but the GT geno-
type was markedly less frequent in schizophrenia, our
data can only partly explain the repeatedly reported
findings of a reduced IL-2 in vitro production in schiz-
ophrenia (Ganguli etal. 1992, 1995; Yang et al. 1994; Kim
etal. 1998; Arolt etal. 2000).

Regarding the IL-4 SNP, Rosenwasser and colleagues
reported an increased promotor activity for IL-4 tran-
scription and elevated levels of serum IgE in asthmatic
families, associated with the T-allele (Rosenwasser et al.



1995). The rare T-allele is additionally associated with
pulmonary dysfunction in asthma patients (Burchard
etal. 1999) and with asthma severity (Sandford etal.
2000). On the other hand, the common C-allele is asso-
ciated with a more progressive and more destructive
form of rheumatoid arthritis (Buchs et al. 2000; Genevay
etal.2002),as well as an earlier age of onset and a higher
severity of Multiple Sclerosis (Vandenbroeck etal. 1997;
Kantarci etal. 2003). In this context, the herein-reported
association of the CC genotype with schizophrenia is
contradictory, as it would point to a more pronounced
Th1-like activation.

The -590 SNP has already been investigated as a can-
didate gene for schizophrenia in a Korean population
(Jun etal. 2003). Jun etal. reported a tendential, albeit
not significant, association of the C-allele with schizo-
phrenia (y2=3.65; df=1; p=0.056), which is in accord-
ance with our results. However, the two populations may
not be comparable due to ethnical differences in the IL-
4 genotype distribution. As demonstrated by a recent
study on the IL-4 -590 SNP in healthy Korean blood
donors, the C-allele is markedly less frequent in the
Korean population than in Caucasian populations
(Burchard etal. 1999; Choi etal. 2002). Thus, our study
represents the first association study of this IL-4 poly-
morphism with schizophrenia in a Caucasian popula-
tion.

Although the significant associations of the IL-2 and
the IL-4 genes with schizophrenia coincide with recent
linkage analyses (Kennedy et al. 1999; Mowry et al. 2000),
these results should be replicated by a large independent
cohort.

The Th2-dominated immunological phenotype of
schizophrenic patients, however, appears to be caused
not only by these genetic factors. Environmental factors
like viral infections may account for this phenomenon.
Viral infections can specifically affect immune regula-
tion and lead to inappropriate levels of Th1 or Th2 cells
in later life (Openshaw et al. 2004). Neuron-glia interac-
tions during persistent viral infections, accompanied by
a Th2 predominance in the chronic phase of the disease,
are discussed to play a key role in the pathogenesis of
schizophrenia (Hatalski etal. 1998; Sawa etal. 2004). At
least for the IL-4 -590 SNP, a modulating effect during
the antiviral immune response has been described
(Nakayama et al. 2002; Vasilescu et al. 2003). The investi-
gated cytokine gene polymorphisms may, therefore, be
involved in the susceptibility to certain viral infections.
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