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Abstract

Objective: Immune system abnormalities in schizophrenia have been previously studied. According to the present
point of view, an infection or autoimmune process might be occurring in the form of cellular and/or humoral
immune system abnormalities in schizophrenia. Furthermore, several effects of antipsychotic medication on the
immunological profile of schizophrenic patients have been demonstrated. The present study aimed to compare
the total T-lymphocytes level and the T-lymphocyte subset ratios in schizophrenia patients not treated with
antipsychotics and healthy controls. The relationship between disease duration, symptom severity, and treatment
response and T-lymphocyte profiles were investigated.

Methods: The study included 14 patients (11 antipsychotic naive, 3 antipsychotic free for at least 6 months)
diagnosed with schizophrenia or schizophreniform disorder that were compared to age- and sex-matched healthy
controls in terms of the total T-lymphocytes level and T-lymphocyte subset ratios using flow-cytometry. The
relationship of the T-lymphocyte profiles, to disease duration and treatment response was investigated.

Results: The groups were not different in terms of total T-lymphocytes level and T-lymphocyte subset ratios;
however, the antipsychotic naive patients and the group with disease duration < 2 years had lower rates of T8-
lymphocytes. Total T-lymphocytes and the T8-lymphocyte ratio increased after treatment. Clinical improvement
was correlated with total T-lymphocytes and the T4-lymphocyte subset ratio.

Conclusion: Cellular immune system abnormalities in schizophrenia may be intrinsic factors. Changes in the
cellular immune system are associated with treatment response and might be candidates for biological markers
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INTRODUCTION the era prior to the use of antipsychotics and they sup-
) ) port the view that there is in vivo damage in to cellular
The role of immune system changes in the patho- | . . _ )
. . . . ) immune system functions in schizophrenic patients.
genesis of schizophrenia has been attracting attention

since the beginning of the 20th century. The first studies
in the field focused mainly on cellular immunity due to
the technical limitations of the time. In 1903 Bruce and
Peebles (1903) reported an increase in the peripheric T-
lymphocyte ratio during the initial phases of the disorder.
Dameshek (1930) reported a decrease in T-lymphocyte
ratios and eosinophilia, in addition to T-lymphocyte in-
creases in schizophrenic patients. In the 1930’s Molholm
reported a decrease in the delayed hypersensitivity re-
sponse and Vaughan reported a decrease in the immune
response to pertussis vaccine (De Lisi, 1982). These stud-
ies are important because they were conducted during

T-lymphocyte subset ratios supply valuable informa-
tion about the state of the cellular immune system. An
increase in T8-lymphocytes suppresses cellular immuni-
ty, whereas a decrease could cause excessive functioning.
The appropriate T4/T8-lymphocyte ratio is expected to
be 2:1. Ratios below 1:1 indicate serious disorder of the
immune system (Kouttab et al., 1989). It has also been
suggested that changes in the T-lymphocyte ratio reflect
changes in the metabolism of central nervous system
cells and that they could be used as neural markers in
the analysis of psychiatric disorders (Gladkevich et al.,
2004). Many studies have been conducted on T-lym-
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phocyte subset ratios in schizophrenia and the follow-
ing findings have been reported: a decrease in peripheral
blood T-lymphocytes (Loseva and Khondkarian, 1978;
Vartarian et al., 1978; Zarrabi and Zucker, 1979; Nyland
and Ness, 1980; Koliasinka and Burbaeva, 1979), an
increase in the T4-lymphocyte level (Henneberg and
Riedl, 1980), and an increase in the T8-lymphocyte level
(Cazullo et al., 1998).

In the studies mentioned above sheep red-blood cells
were used for the purpose of detecting T-lymphocytes
and decreases in T-lymphocytes were associated with
thymic antibodies. Flow-cytometry is a modern, highly
sensitive method used for the investigation of T-lym-
phocyte subsets within peripheral blood (Rudolf et al.,
2004; Schiavon et al., 1996).

Using flow-cytometry, Mazzarello et al. (2004) found
a lower T8-lymphocyte level in schizophrenia patients
than in controls. Rudolf et al. (2004), on the other hand,
did not find any differences in the T-lymphocyte subset
ratios of schizophrenic patients and controls. Moreover,
some studies observed an increase in total T-lymphocytes
(De Lisi and Goodman, 1982). Pirildar et al. (2001) re-
ported that there were no differences between the schizo-
phrenic patients with damage and those without damage
in terms of T4- and T8-lymphocyte levels.

The effect of antipsychotics on the immune system
has been the subject of a number of studies. Atypical
T-lymphocytes observed in schizophrenic patients have
been associated with antipsychotic use (McAllister et
al., 1989) and it has been shown that chlorpromazine
disrupts T-lymphocyte functions in vitro (Zarrabi and
Zucker, 1979). Bilici et al. (2003) observed a decrease
in the T4/T8-lymphocyte ratio in the third month of
olanzapine therapy. It has been demonstrated that atypi-
cal antipsychotics disrupt interleukin-6 and interleukin-
IRA levels (Maes et al., 2000), and cause changes to
interleukin receptor levels (Akiyama, 1999). It has been
reported that clozapine and haloperidol change T-lym-
phocyte enzyme activity (Whatley et al., 1998).

In summary, cellular immune system dysfunction
in schizophrenia could be due to the presence of an in-
fection or autoimmune process. A thorough review by
Rothermundt et al. (2001) emphasized that the results
of studies in this field are contradictory. Against all the
effort put into the field, it has not been possible to de-
fine a study area to focus on and it has not been possible
to show whether the findings were the outcome or the
cause. On the other hand, most of the studies were con-
ducted with patients that were taking antipsychotics and

most employed technical methods of dubious sensitivity,
which could provide an explanation for the contradic-
tory results (De Lisi and Goodman, 1982; Rothermund
etal., 2001).

In the present study, the following hypotheses were
tested using the flow-cytometry method, which is con-
sidered one of the most sensitive measurement methods
(Sachivion et al., 1996): 1. In schizophrenia, when the
antipsychotic effect is excluded, there are differences in
the parameters of cellular immunity compared to healthy
controls; 2. These parameters change following therapy
and this change could be a marker of improvement in
clinical symptoms.

METHODS
Sample

The study included 14 patients that presented to
Ankara University Medical Faculty, Department of
Psychiatry between 2000 and 2002 that were subse-
quently diagnosed with schizophrenia (n= 7) or schizo-
phreniform disorder (n=7) (based on DSM-1V criteria),
and 14 healthy age- and sex-matched controls. The local
ethics committee approved the study protocol. Inclusion
criteria were as follows: aged between 15 and 65 years,
not having used antipsychotic drugs in the past 6 months,
diagnosed with schizophrenia or schizophreniform dis-
order, and agreeing to take part in the study. Because
immune system disorders have also been observed in
other psychiatric disorders (Sperner-Unterweger 2005),
patients with an Axis I or II disorder other than schizo-
phrenia were not included in the study. Due to the po-
tential effects on the immune system, exclusion criteria
included the presence of any medical, surgical, or neuro-
logical disease, alcohol/substance addiction or abuse, use
of any drug within the past 6 months with a potential to
influence the immune system, history of frequent infec-
tions, and history of allergy suggestive of an immune sys-
tem disorder. The patients who met the inclusion criteria
were invited to join the study and the patients who had
consented to take part in the study were included. Of the
25 patients that were invited to join the study, 21 agreed
to take part. Of those 21 patients, 14 were recruited be-
cause they did not meet the exclusion criteria. The study
expenses were paid for by the researchers.

Methods

Sociodemographic data on the patients and controls
were gathered using a sociodemographic information
form, and data about the general medical conditions and



allergy profiles of the patients were gathered using a sys-
tems examination form; both forms were prepared by the
researchers.

The severity of patient clinical symptoms was
measured with the Scale for the Assessment of Positive
Symptoms (SAPS) (Andreasen and Olsen, 1982; Erkog et
al., 1991a) and the Scale for the Assessment of Negative
Symptoms (SANS) (Andreasen and Olsen, 1982; Erkog
etal., 1991b).

Total T-lymphocyte level, T-lymphocyte subset ra-
tios, and T4/T8-lymphocyte ratio were determined by
FAC SORT (Becton DICKSON) flow-cytometry.

Procedure

Of the patients invited to join the study, those who
agreed to take part were evaluated by each of 2 psychia-
trists (SCB, HDO) and the patients with a consensus
diagnosis that met the inclusion criteria were included in
the study. The patients included in the study and their
first-degree relatives were informed by the first author
(SCB) and written informed consent was provided by
the patients and their first-degree relatives. Then, physi-
cal and neurological examinations were performed,
the sociodemographic data and systems examination
forms were administered, symptom severity was evalu-
ated with SANS and SAPS, and blood samples were
taken into tubes containing EDTA. The blood sam-
ples were transported to Ankara University Medical
Faculty, Department of Immunology and Rheumatology
Laboratory, Department of Flow Cytometry within 30
min. The control group was also informed about the scudy
and their written informed consents were obtained, after
which all of the steps described above, apart from SANS
and SAPS, were performed in the same order. At the end
of this process the patients began taking antipsychotics
prescribed by the doctors at the outpatient clinic. The
patients were invited for a re-evaluation during the third
week of treatment. In all, 10 patients came for re-evalu-
ation 3 weeks after the initiation of treatment, whereas
of the remaining 4 patients, 1 did not show up for the
re-evaluation appointment and the other 3 refused to
provide a second blood sample. It was seen that of the
10 patients who came for re-evaluation, 4 patients were
taking olanzapine 5-10 mg/day, 2 were taking quetiap-
ine 600-800 mg/day, 2 were taking pimozid 4 mg/day,
1 was taking risperidone 4 mg/day, and 1 patient was
taking trifluperazine 10 mg/day. SANS and SAPS were
administered to the 10 re-evaluated patients by the first
author (SCB), who was blind to their treatment, in order

to determine the changes in symptom severity.

Flow-cytometry Evaluation
Step 1: T-lymphocyte Labeling.

For this step, CD3, CD4, and CD8 surface fluores-
cent antibodies for T-lymphocytes and T-lymphocyte
subsets were used. The tubes were prepared according to
these antibody panels, 10 pl of the monoclonal antibody
and 100 pl of the blood sample were distributed into
the tubes and incubated under room temperature for 20
min. Then, the erythrocytes were removed from the me-
dium with approximately 2 ml of lytic solution and the
cells were washed with PBS, resuspended, and fixed.

Step 2: Measuring Process.

Before measurement of the tubes labeled with the
appropriate antibodies, flow-cytometry (FAC SORT,
Becton DICKSON) was checked, and prepared for meas-
urement every day. Measurement was carried out with
FAC SORT, which has a 450-mm argon laser source.
The T-lymphocytes were separated and their quantity
determined according to the amount and magnitude of
fluorescence they were carrying, using the simul set pro-
gram of the device, the side scatter (SSC) and forward
scatter diagrams, and the optical system. The tube with
the isotopic controls, chosen according to the mono-
clonal antibodies that were being used, was also included
in the evaluations. Thus, any possible non-specific mon-
oclonal antibody ligation was detected. For the measure-
ment process, the percentage of positive cells, with the
boundaries determined according to the isotypic control
tube, was used as a measure. After that, the printouts
were obtained and the data were recorded.

Analysis

Sociodemographic, clinical, and laboratory data
were statistically analyzed with the SPSS v.11.0 pack-
age program. The Mann-Whitney U test was used for
inter group comparison of total T-lymphocyte levels,
T-lymphocyte subset ratios, and T4/T8-lymphocyte ra-
tios, Wilcoxon signed rank test was used for inter group
comparison of the pre- and post-treatment variables, and
Spearman’s correlation test was used to determine the re-
lationship between clinical improvement and change in
T-lymphocyte level. Patients without any prior antipsy-
chotic medication use were compared with the control

group using the Mann-Whitney U test.



Table I. Comparison of T-lymphocyte levels, T-lymphocyte subset ratios, and T4/T8-lymphocyte ratio between the patient and control groups

(Mann-Whitney U test).

Patient (n = 14) Control (n = 14) U p
X+SD X+SD
T-lymphocyte (%) 70.3+5.6 72.8+6.2 73 0.26
T4-lymphocyte (%) 43+7.2 41.8+6.8 89.5 0.70
T8-lymphocyte (%) 26.7+5.9 30.9+6.8 57.5 0.06
Ratio (T4/T8) 1.6+0.4 1.4+0.3 65 0.13

SD: standard deviation; X: mean.

RESULTS

Mean age of the patients was 27.7 + 10.7 years
(range: 15-49 years). Average disease duration was 27
months (range: 2-6 months in patients with a diagno-
sis of schizophreniform disorder; 1-20 years in patients
with a diagnosis of schizophrenia) and 8 of the cases
were female (57.14%). The age and gender distribution
of the controls were similar to those of the patients. In
all, 78.3% of the patients (n = 11) did not have a history
of antipsychotic medication use. Although 3 patients
previously used antipsychotics (total duration of use: 2
months, 4 years, and 20 years), 1 patient was drug-free
for the past 12 months and the other 2 were drug-free
for the past 6 months.

When the patients were compared to the controls in
terms of the T-lymphocyte level, T-lymphocyte subset
ratios, T4- and T8-lymphocyte levels, and T4/T8-lym-
phocyte ratio, there were no significant differences be-
tween the groups (Table I). Among the participants, 4 in
the patient group and 1 in the control group had T-lym-
phocyte values that were at the lower end of the normal
range (15%-20% of total leukocyte levels).

Because life-long duration of antipsychotic use in
2 of the 3 patients who had stopped antipsychotic use
were long (4 years and 20 years) and because the effect of
long-term antipsychotic use on the immune system has
been previously demonstrated (Muller et al., 1991; Maes
et al., 2000), the patients without any prior use of antip-
sychotics (n= 11) were compared to the control group
separately. As a result of this comparison, no significant
differences in T-lymphocyte level, T-lymphocyte subset
ratios, T4-lymphocyte level, or T4/T8 lymphocyte ratio
were found; however, the T8-lymphocyte level was sig-
nificantly lower in the drug naive patient group than in
the controls (P = 0.02) (Table II).

In the group with disease duration of less than 2 years
(n=7) the T8-lymphocyte level was significantly lower
than in the control group (P = 0.02, u = 19.5); there
were no significant differences in any of the variables be-
tween the patient group with disease duration of more
than 2 years (n = 7) and the controls.

When the pre- and post-treatment immunological
and clinical variables were compared, a significant de-

crease in the post-treatment SAPS and SANS scores (P

Table 1l. Comparison of T-lymphocyte levels, T-lymphocyte subset ratios, and T4/T8-lymphocyte ratio between drug-naive patients and the

control group (Mann-Whitney U test).

Patient (n = 11)

Control (n = 14)

X +SD X +SD v P
T-lymphocyte (%) 69.4+5.9 72.8+6.2 50 0.14
T4-lymphocyte (%) 41.7+7.1 41.8+6.8 74 0.89
T8-lymphocyte (%) 258+5.1 30.9+6.8 36 0.02*
Ratio (T4/T8) 1.6+0.4 1.4+0.3 48 0.12

SD: standard deviation; X: mean; *statistically significant.



Table Ill. Comparison of pre- and post-treatment clinical characteristics, T-lymphocyte levels, T-lymphocyte subset ratios, and T4/T8-lym-

phocyte ratio of the patient group (Wilcoxon signed rank test).

Pre-treatment (n = 10)

Post-treatment ( = 10)

X+SD X+SD z P
T-lymphocyte (%) 70.6 +6.4 759+3.5 —-2.14 0.03*
T4-lymphocyte (%) 42.7+8.5 438+7.4 -0.11 0.90
T8-lymphocyte (%) 26.5+5.6 30.7+6.1 -1.96 0.05*
Ratio (T4/T8) 1.6+0.5 1.5+0.5 -1.27 0.20
SAPS 39+18.3 24.1+15.6 —-2.80 0.005*
SANS 61.8+16.5 53.6+18.8 -2.44 0.01*

SAPS: Scale for the Assessment of Positive Symptoms; SANS: Scale for the Assessment of Negative Symptoms; *statistically significant.

= 0.005, z = -2.80; P = 0.01, z = —2.44, respectively)
was observed, and there was a significant increase in total
T-lymphocyte and T8-lymphocyte levels (P = 0.03, z =
—2.14; P = 0.05, z = 1.96, respectively) (Table III).

The relationship between the changes in post-treat-
ment SAPS and SANS total scores, and the changes in
T-lymphocyte counts, T-lymphocyte subset ratios, and
T4/T8-lymphocyte ratios were tested with correlation
analysis (Table IV). An inverse relationship between
the change in SAPS scores and the change in total T-
lymphocyte counts (r = —0.63, P = 0.05), and a posi-
tive relationship between the change in SANS scores and
the change in T4-lymphocyte subset ratio (r = 0.74, P =
0.01) were observed.

DISCUSSION

The present study was an experimental, controlled
clinical study in which certain markers of the cellular
immune system in schizophrenia patients without antip-
sychotic medication use were compared to healthy age-
and gender-matched controls, and the relationships be-
tween these markers, and disease duration and treatment
response were investigated.

The observation of a lack of a significant difference
in total T-lymphocyte levels and T-lymphocyte subset
ratios between schizophrenia patients without antipsy-
chotic medication use and healthy controls contradicts
studies that reported an increase (Henneberg et al. 1980,
Cazullo et al. 1998) or a decrease in the total T-lym-
phocyte level (Loseva and Khondkarian, 1978; Vartarian
etal., 1978; Zarrabi and Zucker, 1979; Nyland and Ness,
1980; Koliasinka and Burbaeva, 1979). The changes in

T-lymphocyte levels reported in previous studies could
have been due to antipsychotic use.

The results of the studies conducted with patients
that had stopped antipsychotic treatment have been con-
tradictory. Some studies reported no differences in the
T-lymphocyte level (Schleifer and Keller, 1985; Oral and
Ceylan, 1991; Achirion et al., 1994) and others that re-
ported a significant decrease in total T-lymphocyte level
(Coffey etal., 1983) and T8-lymphocyte level (Villemein
etal.,, 1999).

Among these studies, the length of time without an-
tipsychotic use was at least 6 months only in the study by
Coffey, whereas this period varied between 2 weeks and
3 months in all the other studies. In the present study
we observed a significant decrease in the T8-lymphocyte
level only when drug naive patients were compared to
the controls. The fact that this effect was absent when
the patients that stopped antipsychotic treatment for at
least 6 months were added to this group suggests that
antipsychotic medication use could have had long-term
effects on the cellular immune system or that the ob-
served decrease could also have been caused by the small
sample size.

There are 2 studies about T-lymphocyte and T-lym-
phocyte subset ratios conducted in drug naive patients.
Unterweger et al. (1999) observed an increase in the T4-
lymphocyte level of schizophrenia patients and did not
find any significant differences in terms of the other vari-
ables. In contrast, Theodoropoulo et al. (2001) did not
find any significant differences between groups in any
of the variables. With the addition of the present study,
it can be seen that contradictory results remain even af-



Table IV. The relationship between change in SANS and SAPS scores, and T-lymphocyte levels, T-lymphocyte subset ratios, and T4/T8 lym-

phocyte ratio (Spearman’s correlation analysis).

Change in
T-lymphocyte level

Changein
T4-lymphocyte level

Change in
T8-lymphocyte level

Change in
T4/T8-lymphocyte ratio

Change in r=-0.63 r=0.024
SAPS scores P =0.05* P =0.95
Change in r=-0.51 r=0.74
SANS scores P=0.13 P=0.01*

r=-0.16 r=0.30
P=0.65 P=0.39
r=0.48 r=-0.05
P=0.16 p=0.88

SAPS: Scale for the Assessment of Positive Symptoms; SANS: Scale for the Assessment of Negative Symptoms; r: Spearman’s correlation con-

stant; *statistically significant.

ter the exclusion of the antipsychotic effect. A possible
variable with a potential to cause these contradictions
could have been disease duration. Rothermundt et al.
(2001) proposed that the immune system parameters
in schizophrenia should be studied with patients expe-
riencing their first psychotic attack or with those pa-
tient groups with short disease duration. In the present
study the relationship of total T-lymphocyte level and
T-lymphocyte subset ratios to disease duration was also
studied. In our sample the group with disease duration
of less than 2 years consisted entirely of schizophrenia
patients experiencing their first psychotic attack. In
this group it was observed that only the T8-lymphocyte
level was significantly lower than in the control group,
and that there were no significant differences between
the patient group with disease duration of more than 2
years and the controls. In schizophrenia patients expe-
riencing their first psychotic attack, low T8-lymphocyte
levels could be due to an intrinsic effect pertaining to
the immune system.

When pre- and post-treatment total T-lymphocyte
level and T-lymphocyte subset ratios were compared,
it was seen that during the third week of treatment
there was an increase in the total T-lymphocyte level.
This change could have been related to antipsychotic
treatment. The effect of antipsychotic medications on
the immune system has been demonstrated in previ-
ous studies (Maes et al., 2000; Dettling et al., 2001).
Furthermore, it has been reported that the use of im-
mune-modulators in schizophrenia does not improve
lymphocyte abnormalities, whereas haloperidol has a
beneficial effect (Oral and Ceylan, 1991). This post-
treatment change that we detected could be indicative
of an immune system abnormality. It has been shown
that in schizophrenia the synthesis of D2 receptors on
peripheral blood lymphocytes can be increased, in-

dependent of antipsychotic medication (Zvara et al.,
2005).

It has been suggested that T-lymphocyte level and
T-lymphocyte subset ratios could be laboratory markers
for treatment response in schizophrenia (Muller et al.,
1993). Zhang etal. (2006) have shown that post-treat-
ment clinical improvement in schizophrenia is associat-
ed with an increase in the T4-lymphocyte level. In our
study the association between improvement in negative
symptoms and increase in T4-lymphocyte level were
in line with these findings. Muller et al. (2000) sug-
gested that there are schizophrenic clinical subgroups
characterized by differences in the immune system. In
the present study the correlations detected between the
change in SAPS scores and the change in total T-lym-
phocyte level, and between the change in SANS scores
and the change in T4-lymphocyte level suggest that in
the future these parameters can be used to predict treat-
ment outcome or for follow-up, and that there is a need
for studies focusing on new and specific variables.

The fact that our study was conducted with patients
not taking antipsychotic medication has allowed us to
exclude immune system changes caused by these medi-
cations (Zarrabi and Zucker 1979), which is a strength
of the study; however, it also resulted in a small sam-
ple size. Excluding such factors as allergy and drug use,
and controlling such factors as age and gender between
the groups excludes immune system changes that could
have been caused by those factors and facilitated the
interpretation of the results. Another strength of our
study is the use of flow-cytometry, which is techni-
cally the most sensitive method for measuring T-lym-
phocytes and T-lymphocyte subsets (Rudolf et al.,
2004; Schiavon et al., 1996).

The most important limitation of the present study



is the small sample size, which could have been the cause
of the lack of difference between the patients and the
controls in terms of the parameters associated with the
immune system. Another important limitation is the
variability in the medication and drug dosages of the
patients who were evaluated pre- and post-treatment.
On the other hand, changes in the immune system can-
not be narrowed down to total T-lymphocyte level and
T-lymphocyte subset ratios, and it is not possible to
reach a conclusion about the presence or the absence of
an immune system abnormality in schizophrenia based

REFERENCES

Achirion A, Noy S, Pras E ve ark. (1994) T-cell subsets in acute
psychotic schizophrenic patients. Biol Psychiatry, 1;35(1):27-31.

Akiyama K (1999) Serum levels of soluble 1L.-2 receptor alpha,
IL-6 and IL-1 receptor antagonist in schizophrenia before and during
neuroleptic administration. Schizophr Res, 37(1):97-106.

Andreasen, N C, Olsen, S (1982) Negative v. positive schizophrenia.
Definition and validation. Arch Gen Psychiatry 39, 789-794.

Bilici M, Tekelioglu Y, Efendioglu S ve ark. (2003) The influence
of olanzapine on immune cells in patients with schizophrenia. Prog
Neuropsychopharmacol Biol Psychiatry, 27:483-5.

Bruce L.C, Peebles AMS (1903) Clinical and experimental observations
on catatonia. ] Ment Sci, 49:614-628.

Cazzullo CIL, Saresella M, Roda K, ve ark. (1998) Increased levels
of CD8+ and CD4+ 45RA+ lymphocytes in schizophrenic patients.
Schizophr Res, 31(1):49-55.

Coffey CE., Sullivan JL, Rice JR (1983) T-Lymphocytes in
schizophrenia. Biol Psychiatry, 18:113-119.

Dameschek W (1930) The white blood cells in dementia praecox and
dementia paralytica. Arch Neurol Psychiatry, 24:855.

De Lisi EL, Goodman S (1982) An analysis of lymphocyte
subpopulations in schizophrenic patients. Biol Psychiatry, 17;1003-1008.

Detting M, Schaub R, Mueller B ve ark. (2001) Further evidence
of HLA-Encoded susceptibility to clozapine induced agranulocytosis.
Pharmacogenetics, 11:135-141.

Etkog Sa, Arkonag¢ O, Atakli C ver ark. (1991) Negatif Semptomlart
Degetlendirme Olgeginin giivenilitligi ve gegerliligi. Diisiinen Adam, 4:16-
19.

Erko¢ Sb, Atkonag O, Ataklt C ve ark. (1991) Pozitif Semptomlar:
Degerlendirme Olgeginin giivenilirligi ve gegerliligi. Diisiinen Adam, 4:20-
24.

Gladkevich A, Kauffman HEF, Korf ] (2004) Lymphocytes as
a neural probe: potential for studying psychiatric disorders. Prog
Neuropsychopharmacol Biol Psychiatry. 28(3):559-76.

Henneberg A, Riedl B, Dumke HO ve ark. (1980) T Lymphocyte
subpopulations in schizophrenic patients. Eur Arch Psychiatry Neurol Sci,
239:283-284.

Koliaskina GI, Burbaeva GSh (1979) Modern approaches to the study
of immunity in schizophrenia. Vestn Akad Med Nauk SSSR, 7:76-84.

Kouttab NM, Prada M, Cazzola P(1989) Thymomodulin: biological
properties and clinical applications. Med Oncol Tumor Pharmacother,
6(1):5-9.

LosevaTM, Khondkarian OA (1978) Thymus-dependentlymphocytes

on these findings. In future studies the threshold for ex-
clusion criteria should be as high as it was in this study;
however, a small sample size also needs to be avoid-
ed by, for example, planning a multi-centered study.
Preferably, studies that include samples consisting of
drug naive patients with short disease duration should
be conducted by standardizing drug treatment and ex-
amining other immune system parameters (Zarrabi and
Zucker 1979) if the aim is to obtain data about the
general condition of the immune system and to clarify
the contradictions in the literature.

in multiple sclerosis and amyotrophic lateral sclerosis. Zh Nevropatol
Psikhiatr Im S S Korsakova, 78(2):182-7.

Maes M, Bocchia Chiavetto I, Bignotti S ve ark. (2000) Effects
of atypical antipsychotics on the inflamatory response system in
schizophrenic patients resistant to treatment with typical neuroleptics. Eur
Neuropsychopharmacol, 10:119-124.

Mazzarello V, Cecchini A, Fenu G ve ark. (2004) Lymphocytes in
schizophrenic patients under therapy: serological, morphological and cell
subset findings. Ital ] Anat Embryol. 109(3):177-88.

McAllister CG, Rapaport MH, Pickar D, Paul SM. (1989) Effects of
short-term administration of antipsychotic drugs on lymphocyte subsets
in schizophrenic patients.Arch Gen Psychiatry, 46(10):956-7.

Muller N, Ackenheil M, Hofschuster ve ark. (1991) Cellular immunity
in schizophrenic patients before and during neuroleptic treatment.
Psychiat Research, 37:147-160.

Muller N, Hofschuster E, Ackenheil ve ark. (1993) T Cells and
psychopathology in schizophrenia: relationship to the outcome of
neuroleptic therapy. Acta Psychiatr Scand, 87:66-71.

Muller N, Michael R, Rudolf G (2000) The immun system and
schizophrenia an integrative view. Ann N'Y Acad Sci 917:456-467

Nyland H, Ness A (1980) Lymphocyte subpopulations in peripheral
blood from schizophrenic patients. Acta Psychiatr Scand, 61: 313-318.

Oral T, Ceylan E (1991) Sizofren hastalarda haloperidoliin bagisiklik
sistemine etkisi. Psikiyatri 27-30

Pirildar §, Veznedaroglu B, Terzioglu E ve ark. (2001) Sizofrenide
yikim olan ve olmayan hastalarin immunolojik 6zellikler bakimindan
karsilastirilmast Anadolu Psikiyatri Dergisi 2:197-203.

Rothermundt M, Arolt V, Bayer TA (2001) Review of immunological
and immunopathological findings in schizophrenia. Brain Behav Immun,
15(4):319-39.

Rudolf S, Schlenke P, Broocks A ve ark. (2004) Search for atypical
Iymphocytes in schizophrenia. World ] Biol Psychiatry. 5(1):33-7.

Schiavon V, Roth P, Bolton WE (1996). Lymphocytes subsets in
normal individuals: analysis by four color immunofluorescence and flow
cytometry on whole blood. Tissue Antigens. 48(4 Pt 1):312-8.

Schleifer S, Keller SE (1985) Depression and immunity. Arch Gen
Psychiatry, 42:129-133.

Sperner-Unterweger B. (2005) Immunological aetiology of major
psychiatric disorders: evidence and therapeutic implications. Drugs.
65(11):1493-520.

Theodoropoulou S, Spanakos G, Baxevanis CN ve ark. (2001)
Cytokine serum levels, autologous mixed lymphocyte reaction and
surface marker analysis in never medicated and chronically medicated
schizophrenic patients. Schizophrenia Res. 47:13-25.



Unterwerger BS, Whitworth A, Kemler G ve ark. (1999) T-Cell
subsets in schizophrenia: a comparison between drug naive first episode
patients and chronic schizophrenic patients. Schizophrenia Res, 38:61-70.

Vartanian ME, Kolyaskina GI, Lozovsky DV ve ark. (1978) Aspects
of humoral and cellular immunity in schizophrenia. Birth Defects Orig
Artic Ser, 14(5):339-64.

Villemain F, Chatenoud L, Galinowsky A ve ark. (1999) Aberrant
T-Cell mediated immunity in untreated schizophrenic patients: deficient
Interleukin-2 production. Am J Psychiatry, 146:609-616.

Whatley SA, Curti D, Das Gupta ve ark. (1998) Superoxide,
neuroleptics and the ubiquinone and cytochrome b5 reductases in

brain and lymphocytes from normals and schizophrenic patients. Mol
Psychiatry, 3(3):227-37.

Zarrabi MH, Zucker S (1979) Immunologic and coagulation disorders
in chlorpromazine treated patients. Ann Intern Med., 91:194-199.

Zhang XY, Zhou DF, Cao LY ve ark. (2006) The effects of
Ginkgo biloba extract added to haloperidol on peripheral T cell subsets
in drug-free schizophrenia: a double-blind, placebo-controlled trial.
Psychopharmacology 188(1):12-7.

Zvara A, Szekeres G, Janka Z and ark. (2005) Over-expression of
dopamine D2 receptor and inwardly rectifying potassium channel genes

in drug-naive schizophrenic peripheral blood lymphocytes as potential
diagnostic markers. Dis Markers, 21(2):61-9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


