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Background: Many studies have indicated
that immune cytokines may be involved in the
pathophysiology of schizophrenia. Recently,
there have been reports that typical and atypical
antipsychotic drugs may influence the levels of
cytokines or cytokine receptors. The aim of this
study was to compare the effect of typical and
atypical antipsychotic drugs on serum interleukin-
2 (IL-2), interleukin-6 (IL-6), and interleukin-8
(IL-8) and to investigate the relationship between
the changes in cytokines and the therapeutic out-
come in schizophrenia.

Method: From April 1996 to August 1997,
seventy-eight inpatients with a diagnosis of
chronic schizophrenia (DSM-111-R) were ran-
domly assigned to 12 weeks of treatment with 6
mg/day of risperidone or 20 mg/day of haloperi-
dol. Clinical efficacy was determined using the
Positive and Negative Syndrome Scale. Serum
IL-2 was assayed by radioimmunometric assay,
and serum IL-6 and IL-8 concentrations were
measured by quantitative enzyme-linked
immunosorbent assay in patients and 30
sex- and age-matched normal subjects.

Results: Both risperidone and hal operidol
reduced the elevated serum IL-2 concentrations
in schizophrenia, and no significant difference
was noted in the reduction of serum IL-2 con-
centrations between risperidone and hal operidol
treatment. Neither risperidone nor hal operidol
showed significant influence on the higher serum
IL-6 or IL-8 concentrations in schizophrenia.
Correlations between serum IL-2 or IL-8 concen-
trations at baseline and the therapeutic outcome
were observed, demonstrating that patients pre-
senting with low concentrations of serum IL-2
or IL-8 at baseline showed greater improvement
and patients presenting with higher serum IL-2
or IL-8 concentrations at baseline showed less
improvement after treatment.

Conclusions: Both typical and atypical anti-
psychotic drugs may at least partially normalize
abnormal immune alterations in schizophrenia.
Some immune parameters at baseline may be
useful for predicting the neuroleptic response
of schizophrenic patients.
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T he precise etiology and pathophysiology of schizo-

phrenia remain unknown. Cytokines, known as
chemical messengers between immune cells with numer-
ous important functions in immune regulation, have been
one of the recent focal points of immunologic research in
schizophrenia.’ Some investigators have proposed that
interrel ationships may exist among cytokines, neurotrans-
mitter abnormalities, and symptomatology in schizophre-
nia?* Interestingly, it has been shown* that the ability of
peripherally applied interleukin-2 (IL-2) and interleukin-
6 (IL-6) could enhance catecholaminergic neurotransmis-
sionintherat frontal cortex and hippocampus, suggesting
that these cytokines play pivotal rolesin the pathophysiol-
ogy of schizophrenia.

Both in vivo and in vitro studies have provided a
number of indications that schizophrenia may be accom-
panied by alterationsin cytokines, cytokine receptors, and
cytokine activity modifiers, suggesting suppression of
some immune functions and activation of others.>® For
example, some studies have reported increased serum lev-
elsof I1L-1, IL-1 receptor antagonist (IL-1RA), IL-6, IL-6
receptors (soluble interleukin- [sIL] 6R), and tumor ne-
crosis factor (TNF)-o,,”* aswell asincreased IL-2 levels
in the cerebrospinal fluid (CSF)**" and serum.™®*® How-
ever, the results of the measure of the levels of cytokines
and cytokine receptors in schizophrenia are often contra-
dictory. For example, decreased or normal IL-2 levelsin
serum or CSF, 22! unchanged slL-2R and serum IL-6 con-
centrations,” and decreased sIL-6R concentrations have
also been observed.”

Until now, in vitro experiments have provided in-
creasingly consistent results, showing decreased mitogen-
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induced lymphocyte production of IL-2 and interferon-y
(IFN-Y),2% which are probably the most robust findings
of immunologic research in schizophrenia. The reduced
production of IL-2 and IFN-y is possibly due neither to
alower number of T cells nor to an excess production of
IL-10, which is the most potent suppressor of IFN-y,
but might rather be caused by intrinsic factors that
arestill unknown.? However, conflicting results were also
reported concerning in vitro findings, for example, el-
evated production of IL-2 and IFN-y.**! Hence, the avail-
able evidence of cytokine dysregulation in schizophrenia
is quite inconsistent. Many factors, such as differencesin
techniques of measuring cytokine levels, differences in
tested material, recruitment of illness, and exposure to
neuroleptic treatment, may be responsible for the discrep-
ancies.

Immunomodulatory effects of antipsychotic medica-
tion were discovered in the 1950s.** Recently, there have
been reports* that typical and atypical antipsychotic
drugs may influencethelevels of cytokinesor cytokinere-
ceptors. For example, the typical antipsychotic drug halo-
peridol normalizes the initially increased serum IL-6 and
IL-6R,*** whereas repeated administration of atypical
antipsychotics, i.e., clozapine and risperidone, signifi-
cantly increases plasma concentrations of IL-2R, IL-6,
and TNF-0.** However, the effects of antipsychotics on
cytokine levels have a so been the subject of controversy,
since some studies have demonstrated that serum or
plasma concentrations of some cytokines or cytokine re-
ceptors, such as IL-6, sIL-2R, IL-1RA, or TNF-o, in
schizophrenia patients did not vary after treatment with
antipsychotic drugs for 6 weeks or 8 weeks.** The find-
ings of the effects of neuroleptic medications on in vitro
cytokine production, however, seem to be consistent. For
example, Bessler et al.* reported a decreased production
of IL-2 in unmedicated patients with schizophrenia, which
remained unchanged during neuroleptic treatment. More
recently, Rothermundt et al.*” also found, using a longitu-
dinal design, that neuroleptic treatment did not exert an
influence on the production of IL-2 and IFN-y production
in schizophrenic patients who were drug-naive or had not
received any drug treatment for at least 6 months, and
Arolt et a.” replicated this result. On the basis of these
results taken together, it is our view that whether neuro-
leptic drugs influence cytokine levelsin schizophreniare-
mains an important issue deserving further investigation.

Recently, our own study*® showed that serum levels of
IL-2, IL-6, and IL-8 were elevated in patients with a
chronic form of schizophrenia who were free of antipsy-
chotic medication for at least 2 weeks. Moreover, there
was a relationship between these cytokines and the clin-
ica symptoms of schizophrenia. A recent study® aso
reported significantly increased serum IL-8 levels in
schizophrenia and no effects of repeated administration
of atypical antipsychotics on serum IL-8. Until recently,
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however, most studies focused on the pathogenesis of
immunologic findingsin a cross-sectional design, and few
studies have examined the relationships between alter-
ation of serum concentrations of cytokines, psychopathol -
ogy, and al so the responses of patientsto neuroleptic treat-
ment in schizophrenia using a longitudinal study design.
In addition, it has been reported® that alterations in the
immune system are more pronounced in patients with
treatment-resi stant schizophrenia.

Therefore, on the basis of these clinical and experi-
mental reports, the present study was undertaken to assess
IL-2, IL-6, and IL-8 serum concentrations in a large co-
hort of chronic, treatment-resistant schizophrenic patients
before and after 12-week treatment with risperidone and
hal operidol using a randomized double-blind design. The
results of this clinical trial have been reported pre-
viously.® The purposes of the present study were to ex-
plore (1) whether there was a significant difference be-
tween the influence of typical and atypical antipsychotic
drugs on serum IL-2, IL-6, and IL-8 levels; (2) whether
there were any relationships between the changes in se-
rum IL-2, IL-6, and IL-8 levels and the changes to psy-
chopathol ogic symptoms; and (3) whether serum cytokine
concentrations could predict the responses of schizo-
phrenic patients to neuroleptics.

METHOD

Subjects

Schizophrenic subjects were the same physically
healthy Chinese inpatientswho participated in the original
study.™ They were diagnosed as meeting the Diagnostic
and Statistical Manual of Mental Disorders, Third Edition
Revised (DSM-I11-R) criteria for schizophrenia using the
Structured Clinical Interview for DSM-111-R (SCID). All
schizophrenic patients were of the chronic type, with an
illness course of at least 5 years. The patients and 30 nor-
mal volunteers were recruited during the same period
from the Beijing, China, area. In view of the possible al-
teration of cytokine levels in smokers, which is reported
to occur at high rates in schizophrenic patients,® the con-
trols were intentionally chosen to match the patients in
terms of the number of cigarettes smoked per day and the
time course of smoking. Characteristics of the patients
and normal controls are summarized in Table 1.

All subjects gave informed written consent to partici-
pate in the study, which was approved by the Institute
Review Board of the Institute of Mental Health at Peking
University, Beijing, China. They were screened with
a complete physical, neurologic, and psychiatric evalua-
tion conducted by the clinical physicians. Patientswithin-
fections, alergies, or a past history of autoimmune dis-
orders were excluded. Neither the schizophrenic patients
nor the control subjects suffered from substance abuse/
dependence or were receiving immunosuppressive drugs.
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Table 1. Demographics of Schizophrenic Patients and
Normal Control Subjects

Risperidone Haloperidol Control Subjects
Characteristic? (N =41) (N=37) (N =230)
Sex, M/F, N 30/11 30/7 22/8

Age, mean+ SD, y 438+ 6.4 43.7+8.1 40.4+10.3

Duration of illness, 21.6+10.9 19.2+94 NA
mean+ SD, y

Smokers, N (%) 28 (68) 24 (65) 19 (63)

Cigarettes smoked 12.4+8.3 12.1+8.1 11.9+5.0

per day, mean + SD

Risperidone, haloperidol, and control groups did not differ from each
other on any characteristic.
Abbreviation: NA = not applicable.

Clinical Treatment and Clinical Ratings

The procedure was described in detail in our earlier re-
port.®® Briefly, the clinical trials consisted of a 2-week
placebo lead-in followed by 12 weeks of double-blind
treatment. Seventy-eight patients were randomized into
the risperidone group (N =41) or the haloperidol group
(N =37). The dose of risperidone was increased to 6
mg/day and the dose of haloperidol to 20 mg/day during
the first week of blind administration, and doses were
maintained at those concentrations until the end of the
trial. To assess efficacy, the Positive and Negative Syn-
drome Scale (PANSS)* was administered at baseline and
at posttreatment by 4 clinical psychiatrists who were
blind to treatment conditions.

Measurement of Serum IL-2,
IL-6, and IL-8 Concentrations

Serum samples were taken from the schizophrenic pa-
tients between 7:00 and 9:00 am. at the end of a 2-week
washout period and after the 12-week treatment, and once
from the control subjects at the pretreatment point.

Serum IL-6 and IL-8 concentrations were measured
by quantitative enzyme-linked immunosorbent assay us-
ing a commercialy available kit (BanDing Biological
Inc.; Chinese Academy of Sciences, Beijing, China). The
sensitivities were 0.1 ng/mL and 0.2 ng/mL, with intra-
assay coefficients of 7% and 4%, respectively, and inter-
assay coefficients of 9% and 8%, respectively. Serum
IL-2 was assayed by radioimmunometric assay, which
was performed in accordance with the manufacturer’sin-
structions. The sensitivity was 0.4 ng/mL, and intra- and
inter-assay variation coefficients were 6% and 8%, re-
spectively. All samples were measured by the sameinves-
tigator, who was blind to the clinical states and the treat-
ment conditions of patients.

Statistical Analyses

Since the majority of the interleukin variables were not
normally distributed in patients (Kolmogorov-Smirnov
l-sample test, IL-2 Z=1.75, p=.004; IL-6 Z=1.78,
p=.004; IL-8 Z=228, p=.000 at baseline; IL-2
Z=158, p=.01;IL-6 Z=1.67,p=.007; IL-8 Z=1.92,
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p=.001 at posttreatment), although all these variables
were normally distributed in normal controls (IL-2
Z=067,p=0.76; IL-6 Z=1.18, p=.34; IL-8 Z=0.78,
p = .72), the principal outcome analysis consisted of Fried-
man 2-way analyses of variance (ANOVAS) for differenc-
esin IL-2, IL-6, and IL-8 serum concentrations between
the schizophrenic patients and healthy controls at baseline
and at posttreatment.

Secondary analyses evaluated change in serum IL-2,
IL-6, and IL-8 concentrations during treatment with ris-
peridone and hal operidol using the Wilcoxon test or Mann-
Whitney test, and the relationships between changes in
IL-2, IL-6, and IL-8 concentrations and the changesin psy-
chopathology, with the Spearman correlation implemented
in response to the schizophrenic patients' skewed IL mea-
sures. Where there was significance, the Bonferroni cor-
rection was used if necessary. Demographic characteristics
of the risperidone, haloperidol, and control groups were
compared by means of Student 2-samplet test for continu-
ous variables and y? test or Fisher exact test for categorical
variables. To compare the differencesin serum IL-2, IL-6,
and IL-8 concentrations between responders and nonre-
sponders, a patient was considered clinically responsive if
there was a 20% decrease in the PANSS total score, using
a modification of the criteria of Kane et a.** The Mann-
Whitney test was used to compare the differences in cyto-
kines between subgroups. All statistical tests were 2-tailed
and were considered to be statistically significant when the
p values were less than or equal to .05.

RESULTS

Clinical Results

Five subjects dropped out during the course of study:
1 was receiving risperidone, and 4 were receiving hal oper-
idol. The details of the results have been described in a
previous study.*® Briefly, the clinical results suggest that
risperidone may be superior to haloperidol for treatment-
refractory schizophrenia, especially for negative symp-
toms, but the differences were not found for positive
symptoms.

Changes in Serum IL-2, IL-6. and IL-8 Concentrations
Before and After Treatment

Friedman 2-way ANOVA on the serum IL-2 concen-
tration showed a significant difference in the healthy
controls (3.3+ 1.4 ng/mL) and the patients at baseline
(9.6 + 5.2 ng/mL) and at posttreatment (6.7 + 4.6 ng/mL,
x?=11.89, df =2, p=.003). The serum IL-2 concen-
trations of the schizophrenia patients were significantly
lower after treatment than before treatment (Wilcoxon test,
Z =-4.33, p=.000). Compared with the healthy controls,
patients serum IL-2 concentrations were significantly
higher both at baseline and at posttreatment (Z =-3.04,
p=.002 and Z = -2.69, p = .007, respectively).
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Table 2. Comparison of Serum IL-2, IL-6, and IL-8 Levels
at Baseline and Week 12 in Risperidone (N = 41) and
Haloperidol (N = 37) Groups (ng/mL)

Table 3. Intercorrelations Between IL-2, IL-6, and IL-8
in Patients With Schizophrenia Before and After 12-Week
Treatment®

Baseline,  Week 12,
Interleukin ~ Medication mean+ SD mean+ SD z p
IL-2 Risperidone 9.8+47 72+49 -346 .0015
Haloperidol 99+52 6.1+43 -3.64 .0011
IL-6 Risperidone 0.3+0.5 023+04 -024 .6800
Haloperidol 0.2+0.3 017+02 -0.11 .9200
IL-8 Risperidone 1.2+22 072+11 -1.15 .2800
Haloperidol 09+19 073+12 -0.85 .4800

Abbreviation: IL = interleukin.

Table 2 shows the serum IL-2, IL-6, and IL-8 con-
centrations at baseline and week 12 in the risperidone
and haloperidol groups. A significant difference in IL-2
concentrations was noted before and after treatment for
both groups. There was no significant difference between
these 2 groups in IL-2 concentrations at posttreatment.
Friedman 2-way ANOVA did not display any significant
differencesin IL-6 or IL-8 concentrations among the con-
trol subjects (mean+ SD = 0.18 + 0.18 ng/mL for IL-6,
mean £+ SD =0.32+ 0.3 for IL-8) or the schizophrenic
patients at baseline and at posttreatment (Friedman 2-way
ANOVA, x*>=213, df=2, p=.27; x*=1.86, df =2,
p=.39). The serum IL-6 and IL-8 concentrations of
the schizophrenia patients did not vary before and after
treatment (Wilcoxon test, Z =-0.17, p=.86; Z=-0.21,
p =.72). When IL-6 or IL-8 concentrations in the risperi-
done and haloperidol groups at baseline and at posttreat-
ment were tested, they were not found to be significantly
different from one another (Friedman 2-way ANOVA,
x?=3.7,df =3,p=.41,%*=3.1, df =3, p=.46). No sig-
nificant difference in IL-6 or IL-8 concentrations was
noted before and after treatment in either the risperidone
group or the haloperidol group.

Table 3 shows the correlations among IL-2, IL-6, and
IL-8 concentrations in patients with schizophrenia before
and after treatment. These correlations remained signifi-
cant when the results were adjusted by the Bonferroni cor-
rection, although with areduced p value.

Table 4 shows the correlations between the serum con-
centrations of IL-2, IL-6, and IL-8, and clinical variables.
There was a significant correlation between the reduction
rate of the PANSS total score and the change in IL-2 con-
centration before and after treatment (r = 0.38, p =.02),
as well as with IL-2 or IL-8 concentrations at baseline
(r=-0.34, p=.04; r=-0.35, p=.04). The reduction of
the PANSS positive subscore showed a significantly neg-
ative correlation with the serum IL-2 levels at baseline
(r=-0.36, p=.026), as well as with serum IL-8 levels
(r=—0.041, p=. 016) at baseline. In addition, some agi-
tation-related items from the PANSS, such as “excite-
ment,” “hostility,” “poor impulse control,” and “uncoop-
erativeness,” were examined to determine whether there
was an association with cytokine levels. No significant
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Interleukin  IL-2T1 IL-2T2 IL-6T1 [IL-6T2 IL-8T1 IL-8T2

IL-2T1 e

IL-2T2 0.41* .

IL-6T1 0.21 0.17
IL-6T2 0.15 0.12 0.38*

IL-8T1  -032* -018 017 023 ..

IL-8T2 -0.05 -006 -015 -0.12 0.36*

aT1 and T2 indicate interleukin levels at baseline and at posttreatment.
*p< .0l

Abbreviation: IL = interleukin.

association was noted when these items were examined
individually and in combination (all p > .05).

Based on the criterion of a clinical rating of “re-
sponder” or “nonresponder” on the PANSS total score, the
responder subgroup showed significantly lower I1L-8 con-
centrations at baseline (Mann-Whitney test, Z =-2.12,
p=.036) and a trend for lower IL-2 concentrations at
baseline than the nonresponder group (p = .06).

DISCUSSION

The major findings of this study are that both risperi-
done and haloperidol may reduce elevated serum IL-2
levelsin schizophrenia, with no significant difference be-
tween these 2 drugs. It appears that neuroleptic treatment
might help to normalize serum IL-2 levels. The results of
hal operidol treatment are compatible with another study*®
which showed that the plasma concentrations of IL-2
and homovanillic acid (HVA) were significantly lowered
after 8 weeks of treatment with haloperidol. However,
the results of risperidone treatment are not accordant
with a more recent study,” which showed that plasma
IL-2 concentrations were not significantly different before
and after treatment with risperidone for 4 weeks.

There is some evidence that antipsychotic drugs may
have immunosuppressive effects. In vitro studies have
demonstrated that antipsychotic drugs including chlor-
promazine, haloperidol, and clozapine significantly sup-
press mitogen-induced lymphocyte proliferation and the
production of IL-2, IL-4, and IFN-y. These effects are
probably mediated through inhibition of 1L-2 production
by activated T lymphocytes.*** Recently, haloperidol and
clozapine were proved to produce similar suppressive ef-
fects on the cytokine secretion, including an IL-2 in vitro
experiment with lymphocytes from normal subjects and
schizophrenic patients.* In combination with the present
finding, it is suggested that treatment with typical and
atypical antipsychotic drugs might produce a similar sup-
pressive effect on serum IL-2 concentrations in schizo-
phrenia.

It is not clear, however, whether the higher serum IL-2
or CSF IL-2 isrelated to the pathophysiology or etiology

J Clin Psychiatry 65:7, July 2004
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Table 4. Intercorrelations Between IL-2, IL-6, and IL-8 and Clinical Variables in Patients With Schizophrenia

Before and After 12-Week Treatment®

Variable IL-2T1 IL-2T2 IL-6T1 IL-6T2 IL-8T1 IL-8T2
Age 0.04 (.78) 0.06 (.66) 0.02 (.87) 0.02 (.89) 0.08 (.55) 0.06 (.64)
Duration of illness -0.01 (.95) 0.02 (.91) 0.13 (.34) 0.15(.31) 0.18(.27) 0.09 (.50)
PANSS total score, T1  -0.19 (.12) -0.01(.93) -0.11 (.39) ~0.09 (.43) 0.17 (.14) 0.11(.37)
PANSS positive, T1 -0.31(.006)*  -0.08(.51) ~0.01 (.93) ~0.06 (.59) 0.07 (.54) 0.12 (.31)
PANSS negative, T1 0.03 (.84) 0.08 (.51) 0.07 (.56) 0.06 (.62) 0.25(.036)*  0.12(.31)
PANSStotal score, T2 —0.18(.15) -0.08 (.52) 0.08 (.49) 0.07 (.53) 0.24(.046)*  0.24 (.043)*
PANSS positive, T2 0.11(.35) -0.01 (.94) 0.01 (.93) 0.01(.92) 0.20 (.08) 0.11 (.35)
PANSS negative, T2 -0.12(.32) -0.02 (.89) 0.01 (.99) 0.01(.93) 0.29 (.01)* 0.21(.07)

&T1 and T2 indicate baseline or posttreatment, respectively. Values shown asr (p).

*Significant at p < .05.

Abbreviations: IL = interleukin, PANSS = Positive and Negative Syndrome Scale.

of schizophrenia. Moreover, the mechanism of antipsy-
chotic drugs suppression of the serum IL-2 concentra-
tions in schizophrenia remains unknown. Although de-
creased |L-2 serum concentrations in schizophrenia might
be induced, at least partially, by the direct suppressive ef-
fect of antipsychotic drugs as cited previously, there may
be another possibility: namely, that the decreased serum
IL-2 concentrations were mediated by the improvement of
symptoms in schizophrenia. Our finding that there was
a significant correlation between the reduction rate of
PANSS total score and the change of IL-2 concentrations
before and after treatment (Table 4) may provide support
for this hypothesis.

Studies have shown that IL-2 stimulates the release of
dopamine from rat striatal cells,” aswell as an increase of
dopamine turnover in the prefrontal cortex.* More inter-
estingly, a range of psychiatric manifestations including
delusions, delirium, paranoia, hallucinations, and lethargy
has been observed in patients receiving IL-2 immu-
notherapeutically.*® More recently, Kim et al .*® proved that
there were significantly positive correlations between IL-
2 and HVA and between IL-2 and the Scale for the Assess-
ment of Positive Symptoms.* Furthermore, our own re-
sults in the present study showed a significantly negative
correlation between the reduction of the PANSS positive
subscore and the serum IL-2 concentrations at baseline.
All these findings suggest that IL-2 may contribute to the
pathophysiology of schizophrenia, especially to the posi-
tive symptoms. The results of the present study showed
that both risperidone and haloperidol produced a similar
effect in the reduction of positive symptoms, which may
be associated with the medications' similar effect on
serum IL-2 concentrations. However, it is worth mention-
ing that in the present study, the inverse correlation within
the schizophrenic patients between IL-2 concentrations
and positive symptoms at baseline isin conflict with Kim
and colleagues report.’® Possible reasons for this dif-
ference may be related to the clinical status of patients.
For example, the samples in the Kim et al.'® study were
neuroleptic-free for at least 6 months and included some
neuroleptic-naive, first-onset patients, in contrast with our
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samples, who were neuroleptic-free for only 2 weeks and
were treatment-resistant as well. Moreover, there was a
marked difference in duration of illness and in age of pa-
tients in our study and that of Kim et al. *® The contradic-
tion between the 2 studies’ results seems to be further
resolved by Petitto et al.,** who demonstrated that IL-2
dose-dependently modulated rel ease of endogenous dopa-
minein abiphasic pattern, increasing release at lower con-
centrations and inhibiting release at high concentrations
from striatal neurons, thus suggesting that different IL-2
levels may play a different role in the pathophysiologic
process of schizophrenia. However, a further understand-
ing of the interactions between the positive symptoms,
dopaminergic system, and IL-2 concentration changes is
warranted before afinal conclusion can be made regarding
the relationship between IL-2 and positive symptoms in
schizophrenia. In addition, the effects of agitation on se-
rum IL levelsin schizophrenia should be considered. It is
likely that there exists an epiphenomenon—that is, cyto-
kines may increase in response to agitation rather than in
response to psychotic symptoms. This possibility may be
ruled out in the present study because there was no signifi-
cant association between agitation-related items from the
PANSS and cytokine levels.

The next major findings of this study are that both ris-
peridone and haloperidol produced no significant influ-
ence on the increased serum IL-6 or IL-8 concentrations
in schizophrenia. First, the result of no significant effects
of antipsychotic agents on serum IL-6 concentrations
is in contrast to the results obtained by Maes et a.,***
who found that in vivo, typical antipsychotic drugs sup-
press plasma IL-6, whereas repeated administration of
atypical antipsychotics (i.e., clozapine or risperidone)
significantly increases plasma IL-6, TNF-o,, and IL-2R
concentrations.** However, some other reports,®* in-
cluding a study by Maes et al.,° have demonstrated that
antipsychotic treatment did not have an effect on the se-
rum IL-6 levels. Several factors, such as clinical status of
patients (acute vs. chronic, active phase vs. remission),
ethnicity, illness course, and the different techniques used
to measure IL-6 levels might be responsible for the dis-
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crepancy. More recently, Song et al.* found that an in
vitro experiment with haloperidol and clozapine at con-
centrations within the therapeutic range produced no ef-
fects on IL-6 production, which suggests that antipsy-
chotic drugs may not affect the concentrations of serum
IL-6 in schizophrenia

IL-8 is a chemokine cytokine produced by monocytes,
macrophages, endothelial cells, and activated T cells.
IL-8 is essentia for the directional migration of leuko-
cytes during normal and inflammatory processes. In the
present study, the negative findings concerning the effects
of haloperidol and risperidone on the elevated serum IL-8
concentrations are in agreement with previous findings
that repeated administration of atypical antipsychotics,
including clozapine and risperidone, has no significant ef-
fects on serum IL-8.% These results, together with another
finding in the present study of a significantly higher IL-8
concentration at baseline in the nonresponder subgroup
than in the responder subgroup, suggest that serum IL-8
concentrations may serve asatrait mark for a subgroup of
antipsychotic-resistant patients. At present, however, the
role of IL-8 in the immune system and the IL-8 levelsin
the central nervous system, together with the relationship
between peripheral IL-8 and central IL-8 or IL-8 and neu-
rotransmitters in the brain, remain unknown; the mecha-
nism underlying our finding about IL-8 in the response to
the neuroleptic drugs in schizophrenia cannot be made
clear. A further replication study will be needed to eluci-
date the clinical importance of this relationship.

The third major finding of this study isthat there were
correlations between the serum IL-2 or IL-8 concentra-
tions at baseline and the therapeutic outcome, demon-
strating that patients presenting low concentrations of
serum IL-2 or IL-8 at baseline showed greater improve-
ment and patients presenting higher serum IL-2 or IL-8
concentrations at baseline showed less improvement after
treatment, which means that these serum cytokines could
be used to predict the responses of patients to neuro-
leptics. Few immunologic factors have been reported to
be markers of the therapeutic outcome of neuroleptic
treatment in schizophrenia, except for increasesin CD3+
and CD4+ T cells™ or higher serum IL-6 concentrations.
In the present study, further analysis on the basis of a
clinical rating of “responder” or “nonresponder” on the
PANSS total score demonstrated that the responder sub-
group showed a significantly lower IL-8 concentration
(p=.036) or atrend for the significantly lower IL-2 con-
centrations (p=.06) at baseline than the nonresponder
subgroup. These results also suggest that patients who are
responders to neuroleptic therapy displayed compara-
tively “normalized” immune indices at baseline, whereas
poor responders presented more abnormal immune pa-
rameters. Therefore, it seemsthat serum IL-8 or IL-2 con-
centrations may be useful for predicting the neuroleptic
response of schizophrenic patients. However, this postu-
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lation needs to be substantiated further by other studies
before afinal conclusion can be made.

Several limitations of the present study should be
noted here. First is the measure of I1L-6 and IL-8 levels:
about 30% of patients and 47% of controls had undetect-
able serum IL-6 levels, and serum IL-8 levels were not
detected in about 24% of patients and 53% of controls.
Moreover, the results showed that the mean values for
IL-6 and IL-8 levels are smaller than the standard devia-
tions, indicating considerable heterogeneity in the levels
of these cytokinesin this group of patients. Hence, the re-
sults of serum IL-6 and IL-8 levels in the present study
may be deviated due to values that were undetectable by
our assays. The findings of the relationship of serum IL-6
and IL-8 levels to the outcome of treatment may be of
limited value due to the shortcomings in measuring IL-6
and IL-8 levelsin the current study.

Second, the possible effects of neuroleptics on pa-
tients' cytokine levelsin the current study should be con-
sidered. The patients in our study had been in long-term,
chronic treatment with antipsychotic drugs. Although
there was a 2-week washout period before the study, no
data are available to determine whether a 2-week washout
is adequate to reverse possible drug effects on cytokine
levels. The patients might not have returned to a normal
physiologic state after withdrawal from the medicine.
Hence, it would be helpful to clarify this issue in future
research by examining the effects of antipsychotic drugs
on cytokine levels in naive, first-episode schizophrenic
patients.

Third, it should be noted that interpretation of the asso-
ciation between cytokines and psychotic symptoms to be
causal ishighly speculative. Thereisno direct evidenceto
support the notion that cytokine elevation in schizophre-
niamight produce psychotic symptoms. Moreover, our in-
terpretation of the reduction of initially elevated serum
IL-2 levels in schizophrenia induced by haloperidol and
risperidone treatment is also predicated on an assumption
and is lacking supportive evidence. Therefore, to date, the
exact mechanism underlying the effects of antipsychotic
drugs on the cytokine levels in schizophrenic patients is
unknown.

A further consideration is the effect of stress on serum
IL levelsin schizophrenic patients who experienced acute
exacerbation of symptoms when withdrawn from neuro-
leptic treatment, sinceimmunol ogic aspects of the periph-
eral blood are more readily influenced by external con-
ditions including stress.* Indeed, plasma IL-6 or IL-6
production by peripheral blood mononuclear cells is el-
evated in rodents following restraint or immobilization
stress.**>? Moreover, interplay between the immune, ner-
vous, and endocrine systems is most commonly asso-
ciated with the pronounced effects of stress on immu-
nity.>*>* The hypothalamic-pituitary-adrenal (HPA) axis
is the key player in stress responses, and it is well estab-
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lished that both external and internal stressors activate the
HPA axis. The HPA system communicates bidirectionally
with neuro-immune-endocrine interactions.>® Therefore,
it is possible that differences in serum IL levels may be
related to whether subjects feel stressed by their symp-
toms. Furthermore, hormone levels related to the HPA
axis may play a role in producing psychotic symptoms
and in the treatment response to neuroleptic drugs. Fur-
ther studieswill need to evaluate the role of stressin these
findings through, for example, the measurement of hor-
mone levels related to the HPA axis.

Drug names: chlorpromazine (Thorazine and others), clozapine
(Clozaril and others), haloperidol (Haldol and others), risperidone
(Risperdal).
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