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Abstract  In an attempt to define potential immunologi- 
cal dysfunctions in schizophrenia, we determined the pro- 
duction of interleukin-2 (IL-2), interleukin-4 (IL-4), inter- 
feron-y (IFN-y), and soluble IL-2 receptor (sIL-2R) in a 
whole-blood assay after stimulation with phytohemagglu- 
tinin (PHA) as well as the serum concentrations of sIL- 
2R. Because CD4+CD45RO+T cells are the main produc- 
ers of IFN-y, we determined the percentage of these cells, 
as well as of panT, CD4+T, and CD8+T cells, by flow cy- 
tometry. A whole-blood count was performed in addition. 
Two groups of patients were examined, paranoid-type and 
residual-type schizophrenics. The numbers of both mono- 
cytes and neutrophils, but not of lymphocytes, were in- 
creased significantly in the schizophrenic sample. The 
IFN-y production of the schizophrenics as a whole group, 
and of the paranoid patients, was reduced significantly in 
comparison with the control group (p _< 0.05). The resid- 
ual patients produced less IFN-y than the controls, but 
more than the paranoid patients. The latter differences did 
not reach statistical significance. The production of IL-4, 
which physiologically antagonizes the production of IFN- 
% was not significantly higher in the patient group. No 
changes in the lymphocyte subpopulations were observed. 
The production of IL-2 showed a trend toward reduction 
in paranoid patients, but not in residual schizophrenics. 
The serum sIL-2R levels were elevated slightly in schizo- 
phrenics when compared with controls. In order to rule 
out a possible effect of cortisol on cytokine production, 20 
schizophrenics were compared with 20 age- and gender- 
matched controls. However, neither elevated cortisol lev- 
els were detected in the schizophrenic sample, nor signif- 
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icant intercorrelations between cortisol levels and cy- 
tokine production, or levels of sIL-2R, respectively. In 
summary, our data reinforce the possibility of immune 
dysfunction in schizophrenia and point to the possible rel- 
evance of disease subgroups in this respect. 
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Introduction 

A multifactoral etiology of schizophrenia is generally as- 
sumed. Although genetic factors undoubtedly exert a ma- 
jor influence on the development of the disease, a variety 
of immunological abnormalities have also been observed 
in schizophrenic patients. Changes in the numbers of 
leukocytes and monocytes (DeLisi 1986) as well as in the 
percentages of T, T-helper, cytotoxic T, B, and CD5+B 
cells have been described (Coffey et al. 1983; Kolyaskina 
1983; McAllister et al. 1989; Henneberg et al. 1990; Mas- 
serini et al. 1990; Mtiller et al. 1991). A search for func- 
tional changes yielded a reduced production of IFN-cz and 
IFN-y (Moises et al. 1985; Katila et al. 1989) and IL-2 
(Villemain et al. 1987, 1989; Rabin et al. 1988; Ganguli 
and Rabin 1989; Homberg et al. 1995), and high serum 
levels of sIL-2R (Ganguli et al. 1989; Rapaport et al. 1989). 
In order to determine the capacity of immune cells of 
schizophrenic patients to produce cytokines, we measured 
the production of IL-2, IL-4, IFN-y; and sIL-2R, as well 
as serum sIL-2R levels. In addition, we determined the 
percentages of T, CD4+T, CD8+T, and CD4+CD45RO+T 
cells, which are freshly primed or memory T-cells and 
have been described as being the main producers of IFN- 
y (Sanders et al. 1988). We also intended to examine po- 
tential differences in cytokine production between pa- 
tients with acute and residual schizophrenic disease. 
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Table  1 Sociodemographic and psychopathological characteris- 
tics of the schizophrenic and the control samples 

Schizophrenics Controls 

No. of subjects 51 39 

Men/women 20/31 21/18 

Mean age (years) 36.2 • 12.7 34.6 + 12.3 

Mean duration of 9.8 (2-33) Paranoid - 
illness and range 15.8 (5-31) Residual - 

PANSS-T 59.0 • 11.5 - 
PANSS-P 30.4 +_ 8.4 - 
PANSS-N 36.6 • 12.3 - 

Subjects and methods 

Blood was obtained from 51 schizophrenic in- and outpatients (31 
females and 20 males; mean age 36.2 _+ 12.7 years) of the Depart- 
ment of Psychiatry, University of LiJbeck, and 39 blood donors (21 
females and 18 males; mean age 34.6 + 12.3 years) as a control 
group (Table 1). All patients and controls were free of acute or 
chronic infections, neoplasms, or any chronic diseases. All patients 
met DSM-III-R and ICD-10 criteria for schizophrenia. A total of 
20 patients were paranoid (DSM-III-R 295.3); 25 residual (DSM- 
III-R 295.6) and 6 patients had other diagnoses (schizoaffective 
psychosis, disorganized, undifferentiated, or latent type of schizo- 
phrenia). The mean duration of the illness was 9.8 years (range 
2-33 years) for paranoid schizophrenics and 15.8 years (range 
5-31 years) for residual patients. A total of 47 patients received 
antipsychotic medication and 4 were untreated. The most fre- 
quently used drugs were clozapine, chlorprothixene, levomepro- 
mazine, haloperidol, promethazine, and biperidene. 

A psychopathological evaluation was performed by experi- 
enced psychiatrists using the Positive and Negative Syndrome 
Scale (PANSS; Kay et al. 1987). The results are shown in Table 1. 
We tried to take a detailed history, including family history and 
nicotine and alcohol intake, from each patient. For each subject a 
whole-blood count was performed. Serum concentrations of C-re- 
active protein (CRP) and sIL-2R were measured. 

Immunological methods 

Peripheral blood mononuclear cells (PBMC) of schizophrenics or 
blood donors were cultured in a whole-blood technique as has been 
previously described (Kirchner et al. 1982). Briefly, 50 gl of he- 
parinized blood was mixed with culture medium (RPMI 1640, 
Gibco Europe, Berlin, Germany, supplemented with 10000 U/ml 
penicillin, 10 mg/ml streptomycine, and 200 mM L-glutamine) at a 
ratio of 1 : 10 and stimulated with 5 gg P H A / m l  (Buroughs-Well- 
come, Dartford, UK). All assays were performed in quadruplicate; 
two unstimulated assays served as controls. The blood suspension 
was incubated in polypropylene tubes (Greiner, Ntirtingen, Ger- 
many) at 37~ CO2 for 48 h (IL-2, IL-4) or 96 h (IFN-y, sIL- 
2R), respectively. The supematants were recovered and kept 
frozen at -80  ~ C. 

Cytokine concentrations were determined by ELISA technique. 
Recombinant cytokines were used as standards. Each concentra- 
tion was measured in duplicate. For determination of IL-2 and 
IFN-7, we used ELISA kits from Hoffmann-LaRoche, Grenzach- 
Wyhlen. 1L-4 (Research and Diagnostic Systems, Minneapolis) 
and slL-2R (T-Cell Sciences, Cambridge) were determined ac- 
cording to the manufacturer's instructions. C-reactive protein con- 
centrations were determined by laser nephelometry (BN 100, 
Behringwerke AG, Marburg, Germany). 

Additionally, in a sample of 20 schizophrenic patients and 20 
age- and gender-machted normal controls the serum levels of cor- 

tisol were detelrnined by ELISA kits (Boehringer, Mannheim, Ger- 
many), in accordance with the manufacturer's instructions. Due to 
the instructions, the normal range was defined as 55-690 nmol/1. 

For the detection of CD4 + and CD8+T cells, 100 p-1 of blood an- 
ticoagulated with ethylenediaminetetraethylacetic acid (EDTA) 
was added to 10 gl of the appropriate fluoresceine isothiocyanate 
or phycoerythrine-conjugated monoclonal antibody. The suspen- 
sion was incubated for 10 min at room temperature and then pre- 
pared with a leukocyte preparation system (Coulter Immunoprep 
EPICS; Coulter Q-Prep EPICS Immunology Work Station, Coulter, 
Hialeah, USA). For the detection of CD5 + cells and of CD45RO+T 
cells 50 [xl of blood was added to 10 gl of the appropriate mono- 
clonal antibody (FR882, FR884, DAKO GmbH, Hamburg, Ger- 
many) and incubated in the dark at 2 -8~  for 30 min. One milliliter 
of red blood cell lysing solution was added. After 5 min, the tubes 
were mixed and centrifuged for 5 min at 2000 rpm, The pellet was 
resuspended in 1 ml of phosphate buffered saline (PBS) supple- 
mented with 2% fetal calf serum (FCS) and centrifuged a second 
time. Again, the pellet was resuspended in 300 gl of PBS. By cyto- 
fluorometric analysis (EPICS-Profile II Flow Cytometer, Coulter 
Electronics, Krefeld, Germany) the percentage of cells positive for 
the respective marker was determined. By using isotype-matched 
control monclonal antibodies, nonspecific binding of mouse mon- 
oclonaI antibody to human ceil surface antigens was ruled out. 

The differences between schizophrenic patients and the control 
group were analyzed by the Student's t-test. For the analysis of dif- 
ferences between paranoid schizophrenics, residual schizophren- 
ics, and control group, we used one-way analyses of variance with 
multiple-range tests with the help of the SPSS-PC program, SPSS 
Inc., Chicago, USA. In order to find possible correlations between 
psychopathological findings and immunological data, we deter- 
mined the Pearson's coefficient r. The level of significance was 
defined as p _< 0.05. 

Results 

We d e t e c t e d  a s ta t i s t ica l ly  s ign i f i can t  inc rease  in l euko-  
cy te  n u m b e r s ,  w h i c h  was  due  to s ign i f i can t ly  h i g h e r  n u m -  
bers  o f  neu t roph i l s  and  m o n o c y t e s  in s c h i z o p h r e n i c  pa-  
tients (p < 0,05) (Fig. 1). There  were  no changes  in the n u m -  
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Fig.1 Numbers of leukocytes, neutrophils, and monocytes in pe- 
ripheral blood of schizophrenic patients and control subjects. The 
differences were significant (p -< 0.05) for all three parameters 
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Fig. 2 IFN- 7 production in schizophrenic patients and controls af- 
ter 96 h of stimulation with PHA (5 gg/ml). The difference was 
statistically significant (p _< 0.05) 

bers  of  l ymphocy tes  or l ymphocy te  subpopula t ions  (Table 
1). A serum concentra t ion of  CRP > 0.5ml/dl ,  which  casts 
suspic ion on the exis tence of  in f l ammatory  processes ,  
was detected in 14 of  37 schizophrenics  (37.8%) and in 6 
o f  33 (15.4%) controls  (p > 0.05). The product ion  o f  IFN-  
7 was reduced  s ignif icant ly  in the who le -b lood  cultures o f  
schizophrenics ,  in compar i son  with controls  (Fig.  2; Table 
2). By separa te ly  ana lyz ing  the subgroups  of  schizo-  
phrenic  patients ,  the decrease  only reached stat ist ical  sig- 
n i f icance  in paranoid ,  but  not  in residual ,  schizophrenics ,  
a l though the IFN-  7 product ion  was also lowered  in this 
group (Fig. 3; Table 2). The  product ion  of  IL-2  did not  
show any differences  in the schizophrenics  as a whole  
group. Paranoid  pat ients  tended to have  a reduced  produc-  
t ion o f  IL-2,  whereas  res idual  pat ients  showed a trend to- 
ward  higher  values  (Fig. 4; Table 2). Serum s IL-2R levels  

1,) 
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Fig.3 IFN-7 production in paranoid and residual schizophrenics 
and controls after 96 h of stimulation with PHA (5 gg/ml). The dif- 
ference was significant only for paranoid patients vs controls 

were  higher,  espec ia l ly  in res idual  schizophrenics  than in 
controls ,  a l though this difference did  not  reach the level  o f  
s ignif icance (Table 2). The product ion  o f  s IL-2R u p o n  
s t imulat ion in vitro did  not  differ  f rom the controls.  Only  
8 of  45 schizophrenic  pat ients  and 2 of  34 control  subjects  
had IL-4  levels  above  the detect ion l imit  o f  our assay, 
which  was 3.0 pg/ml.  

We also tested the group of  untreated schizophrenics  
(n = 4) against  the group of  t reated paranoid  and res idual  
schizophrenics  (n = 41) with respect  to parameters  IL-2,  

Table 2 White blood count 
and lymphocyte subpopula- 
tions in schizophrenics and 
controls 

Controls Schizo- Paranoid Residual A Con- A Con- 
phrenics Type Type trol/ trol/ 
(whole schizo- para- 
group) phrenics noid 

A Con- A Para- 
trol/ noid 
resi- resi- 
dual dual 

Leukocytes Mean 5.59 7.48 7.10 7.70 p -< p -< p _< n.s. 
(nl) SD 1.50 1.88 1.58 2.21 0.05 0.05 0.05 

N 39 50 19 25 
Monocytes Mean 0.36 0.49 0.48 0.51 p _< n.s. p _<_ n.s. 

(nl) SD 0.14 0.19 0.17 0.21 0.05 0.05 
N 38 50 19 25 

Neutrophils Mean 3.22 4.91 4.95 4.84 p < p < p -< n.s. 
(nl) SD 1.24 1.40 1.43 1.51 0.05 0.05 0.05 

N 38 49 20 24 
panT (%) Mean 70.1 72.7 73.5 72.2 n.s. n.s. n.s. n.s. 

SD 18.0 8.1 8.4 9.0 
N 38 42 17 19 

CD4+T (%) Mean 44.4 46.6 45.6 47.8 n.s. n.s. n.s. n.s. 
SD 12.8 7.9 7.1 8.6 
N 39 50 20 24 

CD8+T (%) Mean 25.3 25.5 25.7 25.2 n.s. n.s. n.s. n.s. 
SD 8.7 6.2 5.2 7.6 
N 39 50 20 24 

CD4 + Mean 22.4 22.0 21.5 22.8 n.s. n.s. n.s. n.s. 
CD45RO+T SD 9.1 6.4 5.6 7.7 

(%) N 36 41 16 19 
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Fig.4 IL-2 production in paranoid and residual schizophrenics 
and controls after 48 h of stimulation with PHA (5 gg/ml). The dif- 
ferences were not significant (p > 0.05) 

IFN-7, sIL-2R, numbers of leukocytes, total T-cells, CD4+ 
T-cells, and CDS+ T-cells. However, no significant differ- 
ences could be detected (data not shown). 

To determine serum cortisol levels, 20 schizophrenic 
patients and 20 age- and gender-matched controls were 
studied. In only two schizophrenics (885 and 699 nmol/1, 
respectively) and one control individual (901 nmol/1) 
serum levels exceeded the normal range (690 nmol/1). No 
significant differences, neither between schizophrenics 
and controls, nor between subgroups of schizophrenics, 
could be detected. In the schizophrenic sample, no signif- 
icant correlations were observed between the cortisol lev- 
els and the production of both IL-2 and IFN-~t, and of slL- 
2R levels, respectively (data not shown). 

There were no influences of the duration of the illness, 
family history for psychiatric disorders, or age on im- 
munological data (data not shown). The descriptions of 
alcohol intake prior to hospital admission were found 
highly unreliable, due to changing statements concerning 
types and quantities of alcohol intake. We therefore did 
not correlate alcohol consumption data to immunological 
variables. With respect to nicotine, we detected 19 smok- 
ers among the schizophrenics with an average consump- 
tion of 20 (• 16) cigarettes per day. We were again con- 

fronted with high variation, not only of individual state- 
ments, but also of nicotine concentration in different 
brands. Due to these uncertainties, we did not correlate 
nicotine intake to immunological variables, which had 
been measured with a much higher degree of precision. 
We intercorrelated the PANSS total score, positive score, 
and negative score, each with the following immunologi- 
cal parameters: IL-2, IFN- 7, slL-2R, numbers of leuko- 
cites, total T-cells, CD4+ T-ceils, and CDS+ T-cells. No 
significant correlations could be detected (data not 
shown). 

Discussion 

Our results confirm partially findings of others who have 
described immunological dysfunctions in schizophrenic 
patients (Moises et al. 1985; Villemain et al. 1987; Gan- 
gull and Rabin 1989; Ganguli et al. 1989; Katila et al. 
1989; Rapaport et al. 1989; Hornberg et al. 1995). We feel 
that the most remarkable result of our investigations was 
the significantly reduced production of IFN-y. Similar 
findings have been reported before, but only as trends 
(Homberg et al. 1995; Moises et al. 1985; Katila et al. 
1989). It is noteworthy in this respect that some resear- 
chers used other methods of stimulation and determina- 
tion of IFN-y (Katila et al. 1989). Furthermore, diagnostic 
subtypes of the disease have not been considered explic- 
itly in these studies. We found a greater reduction in IFN- 

production in acutely paranoid than in residual schizo- 
phrenics. This phenomenon was neither caused by a longer 
duration of illness nor by age differences. Although the 
difference between paranoid and residual patients was not 
significant, the reduced production in the acutely paranoid 
subsample is responsible for the significant difference be- 
tween the schizophrenic sample as a whole and the controls. 

We were able to demonstrate that the reduced IFN-? 
was not due to smaller numbers of CD4+CD45RO+T cells, 
which are understood as the main producer cells of IFN-~/ 
(Sanders et al. 1988). We also did not detect any signifi- 
cant differences in lymphocyte numbers or subtypes. Fur- 
thermore, the secretion deficit was not caused by a higher 
production of IL-4, a TH2-cytokine which acts antagonis- 

Table 3 Cytokine production 
and sIL-2R in schizophrenic 
and control subjects 

Controls Schizo- Paranoid Residual A Con- A Con- A Con- A Para- 
phrenics Type Type trol/ trol/ trol/ noid 
(whole schizo- para- resi- resi- 
group) phrenics noid dual dual 

IFN-~ Mean 5429.0  2736.4 2241.5 2987.5 p <_ p < n.s. n.s. 
production SD 5398.4 3037.3 1943.9 3878.8 0.05 0.05 
(pg/ml) N 38 49 19 24 

IL-2 Mean 366,9 4 0 0 . 8  2 9 7 . 8  497.9 n.s. n.s. n.s. n.s. 
production SD 322.8 2 6 0 . 5  2 3 5 . 6  273.2 
(pg/ml) N 34 50 20 24 

sIL-2R Mean 344.9 4 0 4 . 5  3 7 9 . 1  430.3 n.s. n.s. n.s. n,s. 
(serum; SD 166.4 317.7 195.2 410.5 
U/ml) N 39 51 20 25 



tically to IFN-y (Peleman et al. 1989). These results point 
to the possibility of an intrinsic defect in the producer 
cells of IFN-7, which would parallel similar considera- 
tions for the case of a reduced production of IL-2 (Ville- 
main et al. 1989). 

However, extrinsic variables may also affect the pro- 
duction of IFN- 7. Among these variables are the effects of 
IL-10, another antagonistic TH2-cytokine, which could 
not be ruled out by this study. Because cortisol has a sup- 
pressive effect on the production of IL-2 and IFN- 7 (Fow- 
ell et at. 1991; Mendelson and Glascow 1966), it must be 
questioned whether reduced cytokine levels in schizo- 
phrenia might be due to elevated cortisol levels. It is note- 
worthy in this respect that Kronfol and House (1991), 
who measured cortisol and lymphocyte response to mito- 
genes in schizophrenic patients, found elevated cortisol 
levels in schizophrenics, but no effect of cortisol on lym- 
phocyte mitogenic response. They concluded that immune 
abnormalities in psychiatric disorders cannot be explained 
solely on the basis of increased cortisol values. When we 
tested 20 schizophrenics against age- and gender-matched 
controls, we detected only very few individuals (2 schizo- 
phrenics and 1 control) in which cortisol levels were ele- 
vated. Furthermore, we did not find any significant corre- 
lations between cortisol levels and the production of cy- 
tokines, or sIL-2R, respectively. Due to these non-signifi- 
cant results, it seems unlikely that changes in cortisol lev- 
els had a major influence on the cytokine production of 
our patients. 

It is one major finding of this study that the production 
of IFN-y is significantly reduced only in acutely paranoid, 
but not in residual, schizophrenics. This observation 
points to the possibility that the IFN-y production may be 
associated with acute psychotic exacerbation in schizo- 
phrenia. Hence, there is an indication that this phenome- 
non might be understood as a state marker of schizo- 
phrenic psychoses. If this be the case, it must also be con- 
sidered whether the IFN-7 production is primarily reduced 
(in the case of an intrinsic cellular defect) or if the deficit 
production is a secondary consequence ("exhaustion") of 
an initial excess production in vivo, which has not yet 
been observed directly in any study. This question has 
likewise been raised for the production of IL-2 (Ganguli 
et al. 1995a). Due to its cross-sectional procedure, our 
study can only provide first indications, which should be 
followed by employing longitudinal study designs. 

In contrast to other researchers (Villemain et aI. 1987, 
1989; Ganguli et al. 1989), but also to our own previous 
findings (Hornberg et al. 1995), we did not detect a sig- 
nificant reduction in the IL-2 production in the whole 
sample of schizophrenic patients. Interestingly, there was 
a trend toward lower IL-2 production in the acutely para- 
noid schizophrenics, but not in residual patients, who 
tended towards a higher IL-2 production than the controls. 
Similar subgroup differences were reported by Rabin et 
al. (1988) and Ganguli et al. (1992). We observed a simi- 
lar phenomenon for the case of slL-2R. Unlike other re- 
searchers (Ganguli et al. 1989; Rapaport et al. 1989; 
Hornberg et al. 1995), we only observed a trend to higher 
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serum levels of sIL-2R, which was stronger in residual 
than in paranoid patients, but did not reach statistical sig- 
nificance. There are two possible explanations for these 
differences. Firstly, even slight changes in immunological 
laboratory procedures can produce major variation of results. 
The most important difference in this respect is repre- 
sented by the fact that we have used the whole-blood 
method, by which the cellular components are left in their 
natural milieu and are handled with extreme care. Also, 
different choices of ELISAs should be conceived as being 
sources of variance. However, we used the same methods 
in this study which we have used before (Hornberg et al. 
1995); nevertheless, with different results. Secondly, in 
this study we differentiated subgroups of schizophrenics, 
whereas before we recruited patients of all subgroups dur- 
ing a period of clinical recovery. This observation illus- 
trates the fact that the sampling of probands also substan- 
tially contributes to variation. Although the other cited stud- 
ies are based on similar subgroup selections, there may 
still be differences which we are still unable to detect. 

The higher leukocyte numbers (p < 0.05) were due to 
significantly elevated numbers of neutrophils and mono- 
cytes (p < 0.05). This elevation was not caused by the 
higher number of patients with an elevated CRE Abnor- 
mal leukocyte counts have been reported by several 
groups in the literature (review: DeLisi 1986). Mtiller et 
al. (1993) reported elevated numbers of CD3+ and CD4+ 
cells, whereas our group did not observe such results 
(Hornberg et al. 1995). Because flow cytometry is a high- 
ly standardized method, it contributes probably far less to 
variation than differences in the sampling of patients and 
perhaps also of controls. It is our impression that further 
studies are needed to ascertain these differences. 

Possible influences of pharmacological compounds 
may contribute to a lowered production of  IFN- and IL-2. 
In this study we were not able to detect significant differ- 
ences between treated and untreated schizophrenics with 
respect to these THl-cytokines and other immunological 
parameters, but the sample of untreated patients was very 
small (n = 4). However, there is some evidence in the lit- 
erature against a major influence of neuroleptic treatment 
on immune functions. Moises et al. (1985) did not detect 
an in vitro effect of haloperidol, neither on the prolifera- 
tion of lymphocytes nor on the IFN-7 production. In two 
clinical studies lymphocyte subpopulations were not in- 
fluenced by neuroleptic treatment (McAllister et al. 1989; 
Mtilter et al. 1991). The production of IL-2 was not af- 
fected by neuroleptic treatment in three studies (Bessler et 
al. 1995; Rabin et al. 1988; Villemain et al. 1989), nor was 
the level of sIL-2R in the supernatants (Rapaport and 
Lohr 1994). A decreased production of IL-2 was also 
found in untreated schizophrenics (Bessler et al. 1995; 
Ganguli et al. 1995a). Interestingly, Maes et al. (1994) 
and Pollm~icher et al. (1995) described elevated levels of 
sIL-2R in clozapine-treated schizophrenics. However, 
Ganguli et al. (1995 b) have been unable to reproduce this 
finding. It can be concluded that the influence of neu- 
roleptic treatment has not yet been ruled out and deserves 
further study. 
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Immuno log i ca l  dysfunc t ion  could  be a pa thogenet ic  
factor  in sch izophren ia  by  causing bra in  damage ,  perhaps  
associa ted  with vi ra l  infect ions or  the induct ion of  autoan-  
t ibodies.  On the other  hand,  it cannot  be exc luded  that  im- 
munologica l  abnormali t ies  represent  epiphenomena caused 
ei ther  by  the i l lness  i tsel f  or by  the factors causing schiz- 
ophrenia ,  e.g. bra in  damage  or changes  in neurot ransmit -  
ter metabol i sm.  It is r emarkab le  that m a n y  groups  re- 
cent ly  repor ted  immuno log ica l  f indings  in schizophrenia ,  
but  these f indings  were  he te rogenous  and diff icult  to re- 
p roduce  by  others. Our  group,  in fact,  has  thus far s tudied 
three series of  schizophrenic  pat ients  and has also found 
par t ia l ly  d ivergent  results.  Our  present  data  m a y  serve as 
a par t ia l  solut ion to the p rob lem,  because  it turned out  that 
a p rope r  c lass i f ica t ion  of  sch izophrenic  pat ients  into sub- 
groups  m a y  aid  work ing  out  immuno log ica l  dysfunct ions .  
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