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Abstract Several linkage analyses in schizophrenia
research point to a locus on chromosome 6p22, where
the gene coding for tumor necrosis factor-a (TNF-a) is
located. A marked influence of antipsychotic medication
on TNF-o has been described. As the involvement of an
immune process in the pathophysiology of schizophre-
nia has been discussed, a functional TNF-o polymor-
phism appears to be a candidate in genetic schizophre-
nia research. The G308A polymorphism of the TNF-o
gene was described to be associated with increased
TNEF-o production.

Boin and colleagues have already described a signif-
icant association between the polymorphic allele and
schizophrenia, investigating 84 schizophrenic patients
(21% polymorphic allele) and 138 healthy volunteers
(11 % polymorphic allele), recruited in Northern Italy.

We carried out a replication study including 157
schizophrenic patients and 186 healthy persons, who
were recruited in Southern Germany. Psychopathology
was additionally monitored by PANSS. We were not able
to replicate the findings of Boin etal., as we did not find
any difference in allele frequency or genotype distribu-
tion between our schizophrenic patients (13.7% poly-
morphic allele) and healthy controls (16.9% polymor-
phic allele). Moreover, we did not find any association
between genotype and psychopathology, as measured
by PANSS. The different results between these two stud-
ies may be due to ethnic differences.
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Introduction

Schizophrenia is a genetically complex disorder with an
incidence rate in the range of 0.16-0.42 per 1000 in the
general population (Jablensky, 2000). An association be-
tween the G308A polymorphism of the tumor necrosis
factor-o (TNF-ar) gene and schizophrenia has recently
been described (Boin etal.2001). The main finding was a
significantly higher frequency of the polymorphic TNF
-308A allele (TNF2) in schizophrenic patients (n = 84; al-
lele frequency: 0.21) compared to healthy control indi-
viduals (n=138; allele frequency: 0.11). Homozygosity
for the TNF2 genotype was only found in six of the schiz-
ophrenic patients, but in none of the healthy controls
(Fisher’s Exact test: p=0.002). The functional signifi-
cance of the TNF G308A polymorphism has been inves-
tigated using a reporter gene assay. It was demonstrated
that the TNF2 allele is a much more powerful transcrip-
tional activator than the common allele (Wilson etal.
1997). This TNF2 allele has been significantly associated
with higher TNF-o. production. We were interested in
replicating this immunogenetic result for several rea-
sons: 1) the hereditary component of schizophrenia is
well established (Lichtermann etal. 2000) and several
linkage studies point to a locus on chromosome 6p22,
where immunologically relevant genes including the
gene coding for TNF-q, arelocated (Lindholm etal. 1999;
Schwab et al. 1995);2) TNF-o.is an important component
of immune regulation (Andrews etal. 1990) and an in-
volvement of the immune system in the pathophysiology
of schizophrenia has been discussed (Schwarz etal.
2001); 3) the TNF-o system is markedly influenced by an-
tipsychotic medication, indicating a possible role of
TNEF-o in antipsychotic drug action (Monteleone etal.
1997);4) as stated by Boin and colleagues,a replication of
the genetic study with larger samples would be required.



We analyzed the TNF-ot G308A polymorphism of 157
unrelated Caucasian patients suffering from schizo-
phrenia and 186 healthy Caucasian control persons. Age
of onset, number of episodes, and psychopathology as
measured by PANSS at time of admittance to the hospi-
tal were monitored.

Methods

Subjects

A total of 157 unrelated Caucasian patients suffering from schizo-
phrenia (93 male, 64 female; mean age 33.34+11.71 years, ranging
from 17 to 65 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. In 111 of the patients, paranoid
schizophrenia was diagnosed (DSM-IV: 295.3x), 24 carried a diagno-
sis of disorganized schizophrenia (DSM-IV: 295.1x), 3 of residual
schizophrenia (DSM-IV: 295.6x). Two were diagnosed as catatonic
schizophrenics (DSM-IV: 295.2x), 9 as undifferentiated schizophren-
ics (DSM-IV: 295.9x), and 7 had a schizophreniform disorder (DSM-
IV: 295.4x). The mean age of onset was 27.6 + 9.5 years. Sixty-five of
the patients were suffering from first episode schizophrenia. Psy-
chopathology at time of admittance to the hospital was monitored by
the structured interview of the positive and negative symptoms scale
(PANSS) (Kay etal. 1987). PANSS was administered by rater trained
investigators.

From the general population of Munich and surrounding areas,
186 healthy Caucasians (88 male, 98 female; mean age 46.9+13.6
years, ranging from 22 to 76 years), representing different social
groups, were recruited as the control group. All controls were
screened for past or present psychiatric illness and were medically ex-
amined including standard laboratory tests. History of a psychosis in
a first degree relative was estimated by interviewing the control per-
sons and was considered an exclusion 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. All genotypings were performed by the fluorescence res-
onance 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 et al. (Toyota et al. 2000).
For the single base polymorphism at position -G308A in the TNF-o.
promoter region, the following conditions were applied: forward
primer: 5’- TCC TgC ATC CTg TCT ggA Ag-3’;reverse primer: 5’- gTC
TTC Tgg gCC ACT cAC Tg - 3’; donor hybridization probe: 5- TTg
Agg ggC ATg ggg ACg ggg T- fluorescein-3’; acceptor hybridization
probe: 5’- LCRed640-AgC CTC CAg ggT CCT ACA CACAAATCA gTC
- 3’.The PCR was performed with 50 ng DNA in a total volume of 10 pl
containing 1 pl reaction mix, 0.4 puM MgCl,, 0.25uM of each primer
and 0.1 uM of each hybridization probe according to the manufac-
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turer’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 at 40 °C for 30 s and subsequent
careful heating 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 63°C for the A-allele and at 68 °C for
the G-allele.

Statistical analysis

Statistical analyses were performed using SPSS for windows (Version
10.0.7). Results are reported as means + SD. Genotype and allele fre-
quencies for comparison of the following groups were calculated us-
ing Chi? test: 1) patients vs. controls, 2) the herein investigated control
group vs. the control population published by Boin etal., (2001), 3)
first vs. multiple episode patients. The relationship between genotype
and age of onset or PANSS ratings was established by ANOVA test. A
two-tailed p value of at least 0.05 was considered significant. Together
with genotype distribution, significancies for allele frequencies are
reported. For estimation of the power of our sample to replicate the
original finding, we used SOLO Power Analysis (J.L. Hinze, 1992,
BMDP Statistical Software, Los Angeles).

Results

We could not replicate the finding reported by Boin and
colleagues: there was no difference between schizo-
phrenic patients and healthy controls, neither regarding
genotype distribution, nor regarding allele frequency.
Homozygosity for the TNF2 allele was present in only
two patients (1.27 %) and five control persons (2.69 %).
Homozygosity for the wildtype allele was found in
73.89 % of the schizophrenic patients and 68.82 % of the
healthy controls, in contrast to the findings of Boin and
colleagues, who reported allele frequencies of 66 % and
79 %, respectively. The A allele (TNF2) was present in 43
of our schizophrenic patients (13.7%; Boin et al.: 21 %)
and in 63 of the healthy control persons (16.9 %; Boin et
al.: 11%).

The power to replicate the described allele frequen-
cies was 0.82 at a p value of 0.05, indicating a sufficient
number of cases in our replication study.

Table 1 shows the lack of relationship between TNF-
o genotype and psychopathology as measured by the
PANSS scores. Additionally, we found no association be-
tween age of onset and genotype distribution among pa-
tients (age of onset - AA:38.0 £ 1.4 years; AG:29.0£11.8
years; GG: 26.9 + 8.6 years; ANOVA: F=1.45; p=0.24).
Comparison of the two ethnically different control pop-
ulations, as investigated in the present study and in the

Table1 The relationship between psychopathol-

ogy as measured by the PANSS ’positive’, 'negative’, Genotype distribution ANOVA
‘global’, and "total’ scores and TNF-o. A308G geno- PANSS scores AA AG GG F p
type, calculated by ANOVA
Positive 15.5+12.0 (7-24) 22.2+5.9(10-36) 21.2+6.0 (8-35) 144 024
Negative 18.5+£12.0(10-27)  23.0+7.6 (7-44) 23.5+8.1 (4-45) 0.45 0.64
Global 38.5+27.6(19-58)  45.8+11.0(27-72)  43.3£10.9(10-75) 0.98 0.38
Total 72.5+51.6 (36-109)  91.0+£20.9 (53-129)  88.0+19.9 (48-145) 0.93 0.0
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Table2 Comparison of the two control groups, investigated in the present study
and in the study published by Boin et al. (2001) regarding TNF-c. G308A allele fre-
quency. Statistical calculation unraveled a significant difference: Chi? = 4.860,
df =1,p=0.0275

Population Gallele Aallele
Southern German 309 63
Northern Italian 247 29

study published by Boin etal. (2001), showed a signifi-
cantly higher frequency of the A allele in the Southern
German population (Table 2).

Discussion

We have investigated the TNF-o. G308A polymorphism
in schizophrenia using a case-control study design. Our
study does not replicate the positive association of the
TNEF?2 allele (308A) with schizophrenia as published by
Boin etal. (2001). The divergent findings of the two stud-
ies may be due to ethnic differences between the patient
and control groups. Boin etal. investigated persons re-
cruited in Northern Italy, whereas the herein investi-
gated groups have been recruited in Southern Germany.
Statistical comparison of these two control groups un-
raveled a significantly higher frequency of the A allele in
the German group. Former studies have confirmed the
differences in the TNF2 allele frequency between ethnic
groups: Milicic etal. (Milicic etal. 2000) described a sig-
nificant reduction in TNF2 alleles only in patients suf-
fering from ankylosing spondylitis recruited in South-
ern Germany, but not in those recruited in the UK.
Another study showed that the TNF2 allele was signifi-
cantly correlated with self-reported childhood asthma
in the UK, but not in a South Asian population (Win-
chester etal. 2000). Additionally, Gallagher etal. (Gal-
lagher etal. 1997) argued that important ethnic differ-
ences in the TNF2 allele distribution may exist.
Nevertheless, the differences in the sample sizes have to
be considered. Therefore, a statistical artifact based on a
small number of cases has to be considered as possible
cause for the different results.

In conclusion, our study did not confirm the hypoth-
esis of a possible gene-environment interaction based
on a higher frequency of the polymorphic TNF2 allele in
schizophrenia.
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