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Objective: Many studies have implicated
prenatal infection in the etiology of schizo-
phrenia. Cytokines, a family of soluble
polypeptides, are critically important in
the immune response to infection and in
other inflammatory processes. The goal of
this study was to determine whether sec-
ond-trimester levels of four cytokines—
interleukin-8 (IL-8), interleukin-1f (IL-1B),
interleukin-6 (IL-6), and tumor necrosis fac-
tor-a (TNF-o)—are higher in the mothers of
offspring who later developed schizophre-
nia spectrum disorders than in matched
comparison subjects.

Method: The authors conducted a nested
case-control study of maternal serum cyto-
kine levels in a large birth cohort, born
1959-1967. Cases (N=59) were subjects di-
agnosed with schizophrenia spectrum dis-
orders (mostly schizophrenia and schizo-
affective disorder) who had available
second-trimester maternal serum sam-
ples. Comparison subjects (N=105) were
members of the birth cohort, had not
been diagnosed with a schizophrenia
spectrum disorder or major affective disor-
der, and were matched to subjects with
schizophrenia for date of birth, gender,
length of time in the cohort, and availabil-

ity of maternal sera. Maternal second-tri-
mester serum levels of IL-8, IL-1p, IL-6, and
TNF-o. were determined by sandwich en-
zyme-linked immunosorbent assay.

Results: The second-trimester IL-8 levels
in mothers of offspring with schizophre-
nia spectrum disorders were significantly
higher than those of the mothers of com-
parison subjects. There were no differ-
ences between subjects with schizophre-
nia and comparison subjects with respect
to maternal levels of IL-1B, IL-6, or TNF-c.

Conclusions: Using prospectively col-
lected prenatal sera in a large and well-
characterized birth cohort, the authors
have documented a significant associa-
tion between maternal IL-8 level during
the second trimester and risk of schizo-
phrenia spectrum disorders in the off-
spring. These findings provide further
support for a substantive role of in utero
infection or inflammation in the etiology
of schizophrenia. Moreover, these results
may have important implications for elu-
cidating the mechanisms by which dis-
rupted fetal development raises the risk
of this disorder.

(Am J Psychiatry 2004; 161:889-895)

E vidence that prenatal infection plays a role in schizo-
phrenia is increasing (1). Previous investigations have re-
ported associations between schizophrenia and second-
trimester influenza (2), rubella (3), respiratory infection,
polio, measles, and varicella-zoster (4). If there is a relation
between schizophrenia and multiple infectious agents
that differ in their antigenicity, modes of transmission,
and teratogenic potential, it is likely that they share some
pathogenic mechanism. Cytokines, a family of soluble
polypeptides, could play an important role in this mecha-
nism (5). These molecules are critically important to the
immune response, acting as the systemic mediators of the
host response to infection (6). Cytokine elevations in-
crease vulnerability to developmental brain damage and
other reproductive outcomes (7-9). A second reason to ex-
amine prenatal cytokines is that many noninfectious ex-
posures are associated with both cytokine abnormalities
(10) and schizophrenia (11-13).
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In the present study, we related cytokine levels from
stored prenatal serum specimens to schizophrenia in the
offspring. We focused on four cytokines—interleukin-8 (IL-
8), interleukin-1p (IL-1f), interleukin-6 (IL-6), and tumor
necrosis factor-o. (TNF-o). This selection was based on the
reliability of these cytokines as markers of the infectious/in-
flammatory response and on their associations with in
utero infection and brain abnormalities (7, 8, 14-16).

Among these four cytokines, we had a particular a pri-
ori interest in investigating IL-8, for two reasons. First,
maternal serum levels of IL-8 are associated with histo-
logic chorioamnionitis in infants born at term (17). Sec-
ond, unlike the other cytokines, a significant correlation
between maternal and neonatal serum IL-8 levels has
been demonstrated (17).

Based on the second-trimester specificity of prenatal in-
fection in previous studies of schizophrenia, we tested the
hypothesis that maternal second-trimester cytokine levels
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would be higher among pregnancies resulting in offspring
who developed schizophrenia than among pregnancies of
matched comparison subjects. We used the birth cohort of
the Prenatal Determinants of Schizophrenia study (18).
Serum samples were prospectively drawn during preg-
nancy in virtually all mothers of cohort members, permit-
ting direct bioassay of these cytokines.

Method

The study protocol was approved by the institutional review
boards of the New York State Psychiatric Institute and the Kaiser
Foundation Division of Research.

Description of the Cohort

The Prenatal Determinants of Schizophrenia study has been
fully described previously (18) and will therefore be summarized
briefly. The mothers of the cohort members in the Prenatal Deter-
minants of Schizophrenia study were enrolled from 1959 to 1967
in the Child Health and Development Study (19). The Child
Health and Development Study recruited nearly all pregnant
women receiving obstetric care from the Kaiser Foundation
Health Plan in Alameda County, Calif. The membership of the
Kaiser Foundation Health Plan was demographically similar to
the population of that region (20).

The Prenatal Determinants of Schizophrenia study cohort con-
sisted of the subsample of 12,094 live births who were members of
the Kaiser Foundation Health Plan from Jan. 1, 1981, through De-
cember 31, 1997. Kaiser registries provided a record of each sub-
ject’s membership and psychiatric treatment status over this 17-
year interval. Hence, these dates correspond to the period of case
ascertainment; we chose 1981 as the beginning of ascertainment
because computerized records did not exist in the Kaiser Founda-
tion Health Plan before that date. Subjects were eligible for the
study if they were members of the Kaiser Foundation Health Plan
atleast until 1981. The youngest subjects with schizophrenia were
ascertained at age 14 years, and the oldest at age 38. The demo-
graphic characteristics of the sample were similar for subjects
who remained in the Kaiser Foundation Health Plan after age 10
and those who left the health plan before age 10 (18).

Collection of Maternal Sera

Maternal serum samples were collected in virtually all preg-
nancies, immediately frozen at -20°C, and archived at that tem-
perature or below since the blood draws. The mothers of all co-
hort members provided consent for human investigation at the
time of each blood draw. Because informed consent procedures
differed during the period of the pregnancies (1959-1967) from
those in use today, only verbal consent was required. At that time,
the mothers were informed that the serum samples were to be
stored for future use in a wide variety of studies, many of which
had not been developed. Under current federal regulations, this
category of research activity is exempt from the requirements re-
lating to informed consent. Therefore, consent for use of the se-
rum specimens was not obtained from offspring.

Ascertainment and Diagnosis of Schizophrenia
Spectrum Disorders

Schizophrenia spectrum disorders were defined as schizophre-
nia, schizoaffective disorder, delusional disorder, psychotic disor-
der not otherwise specified, and schizotypal personality disorder
(21). Case ascertainment occurred by means of computerized
record linkage between Child Health and Development Study and
Kaiser Foundation Health Plan identifiers. Inpatient, outpatient,
and pharmacy registries were used. Subjects with schizophrenia
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or potential schizophrenia spectrum disorders were screened
from registry diagnoses ICD 295-299 or medical records indicat-
ing antipsychotic medications, followed by psychiatrist review of
all records. Among those who screened positive (N=183), 13 were
deceased. We contacted 146 (86%) of the 170 remaining potential
subjects with schizophrenia for diagnostic interviews.

Potential subjects with schizophrenia were administered the
Diagnostic Interview for Genetic Studies (22) by clinicians with at
least a master’s degree in a mental health field who were trained
to reliability. All interviewed subjects provided written informed
consent for human investigation. Psychiatric diagnoses (DSM-
IV) were made by consensus of three experienced research psy-
chiatrists on the basis of the Diagnostic Interview for Genetic
Studies information and medical records. Given that schizophre-
nia spectrum disorders are rare in subjects without a history of
ICD 295-299 or treatment with antipsychotic medications, clini-
cal review was not performed on cohort members who were not
identified as potential subjects with schizophrenia. One hundred
seven of the 146 contacted potential subjects with schizophrenia
(73%) completed the Diagnostic Interview for Genetic Studies.
Chart review by experienced psychiatric/psychological clini-
cians, with confirmation by a research psychiatrist, was used to
diagnose the 76 potential subjects with schizophrenia who were
not available for interview.

These procedures yielded 71 total subjects with schizophrenia
and other schizophrenia spectrum disorders (44 received the
Diagnostic Interview for Genetic Studies, 27 were diagnosed by
chart review). The diagnoses were schizophrenia (N=43), schizo-
affective disorder (N=17), delusional disorder (N=1), schizotypal
personality disorder (N=5), and other schizophrenia spectrum
psychosis (N=5) (this last category was assigned to subjects with
either schizophrenia or schizoaffective disorder for whom insuffi-
cient information was available to definitively diagnose the spe-
cific condition).

Statistical Analysis

The analysis was based on a nested case-control design (23) in
which the comparison subjects for each case were selected to rep-
resent the population at risk when the case was ascertained. In
the Prenatal Determinants of Schizophrenia study, subjects with
schizophrenia were ascertained on the first date of medical atten-
tion for schizophrenia spectrum disorders, as recorded in the Kai-
ser Foundation Health Plan inpatient, outpatient, or pharmacy
registries.

Subjects and Matching Procedure

Among the 71 subjects with schizophrenia spectrum disorders,
65 had at least one available prenatal serum sample. Of these, 59
had prenatal sera available from the second trimester or (generally
early) third trimester. (In order to maximize the sample size, some
subjects with sera from the third but not the second trimester were
included. These samples are referred to as “second/third trimes-
ter.”) Further trimester-specific analyses were also conducted.

Eligible comparison subjects (N=10,768) were selected from
offspring in the Prenatal Determinants of Schizophrenia cohort
after excluding siblings of subjects with schizophrenia spectrum
disorders, subjects with major affective disorders, and subjects
without prenatal sera.

We initially selected up to eight comparison subjects per sub-
ject with schizophrenia spectrum disorder. Comparison subjects
were matched to subjects with schizophrenia on membership in
the Kaiser Foundation Health Plan at the time the case was ascer-
tained in terms of date of birth (within 28 days), gender, and num-
ber and timing (within 28 days) of maternal blood samples taken
during the index pregnancy (18).

To conserve the sera, two matched comparison subjects with
available sera from the second/third trimester (N=118) were se-
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TABLE 1. Cytokine Levels During Second Trimester of Pregnancy in Mothers of Adult Offspring With Schizophrenia

Spectrum Disorders and Comparison Subjects

Mother’s Level (pg/ml)

Cytokine Mean SD Minimum 25% Quartile Median 75% Quartile Maximum
Interleukin-8
Schizophrenia 1001.0 1495.2 0.0 88.7 3229 1543.9 7166.2
Comparison 580.2 862.2 0.0 58.5 186.8 918.7 49709
Interleukin-1p
Schizophrenia 249 48.2 0.0 0.0 8.7 31.7 261.7
Comparison 36.7 109.2 0.0 0.0 11.3 44.7 1072.4
Interleukin-6
Schizophrenia 10.2 15.5 0.0 0.0 2.8 14.5 59.5
Comparison 13.6 38.4 0.0 0.0 0.0 11.0 330.0
Tumor necrosis factor-o
Schizophrenia 8.0 13.4 0.0 0.0 0.0 9.9 58.7
Comparison 9.4 239 0.0 0.0 0.0 7.8 178.8

lected at random from the pool of matched comparison subjects
for each subject with schizophrenia spectrum disorder. To match
closely for gestational timing, we further required that matched
comparison sera be drawn within 6 weeks of the case sera, lead-
ing to the exclusion of one comparison subject for some matched
sets. This selection process resulted in 105 matched comparison
samples for the main analysis.

Laboratory Assay

All procedures were conducted blind to diagnosis of the off-
spring and were carried out under Level II biohazard contain-
ment conditions. Each serum specimen was thawed and made 2
mM with respect to phenylmethylsulfonyl fluoride, a protease in-
hibitor, to prevent degradation of cytokines by serum proteases.
Measurement of IL-8, IL-B, IL-6, and TNF-o in serum was by
sandwich enzyme-linked immunosorbent assay. Matched anti-
body pairs (OptEIA sets) were obtained from BD Pharmingen
(San Diego). F(ab) 2 fragments of both capture and detection an-
tibodies were used to avoid interference by rheumatoid factor or
heterophilic antibodies in the test sera. The relevant capture anti-
body was bound to the wells of treated microplates (Costar Easy-
wash, Cambridge, Mass.) by adsorption at 4°C overnight. All sub-
sequent procedures were carried out at room temperature.

After the plates had been washed extensively, a dilution series
of a known concentration of the relevant cytokine (standard) and
appropriate dilutions of the serum samples were placed in wells
and incubated for 2 hours. Each plate contained a standard series.
The plates were again washed, biotinylated detection antibody
was added to each well, and the plates were incubated for a fur-
ther 2 hours. Following a third wash, streptavidin-horseradish
peroxidase was incubated in each well for 30 minutes. After an-
other wash, enzyme substrate (tetramethylbenzidine) was added
for a further 30 minutes, and the reaction was stopped with acid.
The absorbance of the colored product was measured at 450 nm
on a Molecular Devices V Max automated microplate reader
(Sunnyvale, Calif.), and the data were analyzed with in-house
computer programs written for the SigmaPlot 2000 graphing pro-
gram (SPSS, Chicago).

The concentration of each cytokine in the sample was obtained
by interpolation from the standard curve that took into account
the dilution of the sample. Results were expressed as pg cytokine/
ml serum. The lower limits of sensitivity for the assays (pg/ml)
were as follows: IL-1f: 4, IL-6: 5, IL-8: 3.1, and TNF-o: 8.

Analytic Strategy

Matching by the nested case-control design ensured that each
subject with schizophrenia spectrum disorder and the corre-
sponding comparison subjects were followed for equal lengths of
time from birth until first treatment for schizophrenia spectrum
disorder. We fitted a univariate conditional logistic regression
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model (24) to estimate the unadjusted association between
schizophrenia spectrum disorders and each cytokine. For the
main analyses, the regression coefficients, their standard errors,
likelihood ratio chi-square test, and p values are reported. Statis-
tical significance was judged at alpha=0.05.

We then assessed the potential effects of confounding on the
results. We considered the following covariates as potential con-
founders: maternal age (<35 [reference] or 235); maternal ethnic-
ity (white [reference], black, or other); socioeconomic status, de-
fined as maternal education (less than high school, high school
[reference], some college, or college degree); maternal smoking
(during pregnancy or until aware of current pregnancy versus
never smoked before pregnancy [reference]); and gestational age
of the sample (to confirm adequate adjustment by our matching
criteria). The adjusted association between schizophrenia spec-
trum disorders and the cytokines was assessed by using condi-
tional logistic regression models.

Results

Both the mean and median levels of maternal second/
third-trimester IL-8 were nearly twice as high in the moth-
ers of offspring who developed schizophrenia spectrum
disorders than the mothers of matched comparison sub-
jects (Table 1). The 25th and 75th quartile IL-8 levels of
mothers of offspring with schizophrenia spectrum disor-
ders were also higher than those of mothers of compari-
son subjects (Table 1), indicating that the distribution of
IL-8 levels was shifted upward throughout the range of lev-
els of this cytokine. There were no appreciable differences
in the means or distributions of second-trimester IL-1,
IL-6, or TNF-a between mothers of offspring with schizo-
phrenia spectrum disorders and mothers of comparison
subjects.

Among the cytokines tested, maternal second/third-
trimester IL-8 was significantly associated with risk of
schizophrenia spectrum disorders in the offspring (likeli-
hood ratio test y2=5.41, df=1, p=0.02) (Table 2). There were
no statistically significant differences between subjects
with schizophrenia spectrum disorders and matched
comparison subjects with regard to maternal second-tri-
mester IL-1f, IL-6, or TNF-a. (Table 2).

For further confirmation, we conducted three addi-
tional analyses. First, we restricted the main analysis to se-
rum samples from the second trimester only (i.e., all third-
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TABLE 2. Conditional Logistic Regression of Association
Between Maternal Cytokine Levels During Second Tri-
mester of Pregnancy and Presence of Schizophrenia Spec-
trum Disorders in Adult Offspring

Likelihood
Coefficient Standard Ratio Test
Cytokine Estimate? Error*  (x?) (df=1) p
Interleukin-8 0.3 0.2 5.41 0.02
Interleukin-1p -2.0 29 0.68 0.41
Interleukin-6 —4.2 6.7 0.46 0.50
Tumor necrosis factor-o -2.6 8.4 0.10 0.75

a Per thousand units

trimester samples were excluded). There was no change in
the effect of maternal IL-8 level on schizophrenia risk
(likelihood ratio test y?=4.34, df=1, p=0.04). No effects
were observed for IL-1B, IL-6, and TNF-o. (results available
on request). Second, we excluded subjects with schizo-
phrenia spectrum disorder diagnoses other than schizo-
phrenia. Similar to our findings for schizophrenia spec-
trum disorders, we found significantly higher levels of IL-8
among individuals diagnosed with schizophrenia (likeli-
hood ratio test x2=4.12, df=1, p=0.04), and no significant
associations between IL-1p, IL-6, and TNF-o and schizo-
phrenia. Third, in a separate analysis of third-trimester IL-
8 and risk of schizophrenia spectrum disorders, we found
no evidence of a relation with risk of schizophrenia spec-
trum disorders (likelihood ratio test x?=0.10, df=1, p=0.75),
although the power to detect an association was low given
the small number of matched sets (N=8) in this analysis.

Subjects with schizophrenia spectrum disorders and
comparison subjects did not differ with regard to the fol-
lowing maternal covariates: age, race, smoking, and ges-
tational age of the serum samples (Table 3). The rate of
low maternal education (less than high school) was some-
what greater in subjects with schizophrenia spectrum
disorders. It should also be noted that the subjects with
schizophrenia and comparison subjects were matched on
several key variables (see Subjects and Matching Proce-
dure in the Method section).

Nonetheless, for further assurance, we adjusted for ma-
ternal ethnicity, education, smoking, and gestational age
in an additional analysis of maternal IL-8 and schizophre-
nia spectrum disorders. The results remained statistically
significant after adjustment for these covariates (likeli-
hood ratio test x?=3.94, df=3, p=0.05).

Discussion

We have demonstrated a significant association be-
tween mean second-trimester serum levels of IL-8 in
mothers of offspring who developed schizophrenia spec-
trum disorders compared with mothers of matched com-
parison subjects who did not develop schizophrenia. IL-8
is an 8 kDa protein and a member of a family of soluble
molecules called chemokines, which are a subclass of the
cytokine superfamily (25). This chemokine plays a critical
role in the immune response, including adherence of neu-
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trophils to endothelial cells (26), leading to their migration
into tissues, and the discharge of lysosomal enzymes from
neutrophils, resulting in oxygen free radicals (27). IL-8 also
has indirect chemotactic activity on T lymphocytes (28).

IL-8 enhances the growth-inhibitory activity of neutro-
phils to pathogens (29). Bacterial (30) and viral (31-33) in-
fections stimulate the production of IL-8. With regard to
infections during pregnancy, higher maternal IL-8 levels
have been associated with chorioamnionitis (17). Studies
suggest that maternal infection is a potential risk factor for
schizophrenia (2-4). In previous work by our group on this
same birth cohort (34, 35), we demonstrated that maternal
exposure to respiratory infection during the second tri-
mester and to influenza during the early-to-mid-gesta-
tional period were associated, respectively, with twofold
and threefold higher risks of schizophrenia spectrum dis-
orders. Hence, IL-8 may represent a marker of a maternal
infection that increases vulnerability to schizophrenia.

Alternatively, elevated maternal IL-8 may be a marker of
a noninfectious inflammatory process that contributes to
schizophrenia risk. Elevated levels of IL-8 and other cyto-
kines have also been demonstrated in several noninfec-
tious conditions, including preeclampsia (11, 36), preterm
birth (37), and elevated body mass index (13), each of
which has been associated with schizophrenia and can
adversely affect fetal development (10, 38).

The magnitude of the elevation in maternal serum IL-
8 levels in schizophrenia spectrum disorders was nearly
twofold. Cytokine elevations of a similar magnitude in
maternal sera have been observed for the noninfectious
conditions cited as well as for other maternal condi-
tions, including chorioamnionitis (17, 39) and missed
abortion (40).

In addition to its relevance to pathological states, IL-8
plays an important role in the physiology of pregnancy
and delivery. During pregnancy, IL-8 appears to be in-
volved in blastocyst implantation and placental develop-
ment (41). This may occur by IL-8-induced inhibition of
platelet-activating-factor acetylhydrolase, resulting in in-
creased platelet activating factor, which is known to facili-
tate implantation and placental growth. Choriodecidual
cells from early pregnancy tissues in vitro produce large
quantities of IL-8; interferon-gamma, which increases fol-
lowing pregnancy, appears to up-regulate the production
of IL-8 in endometrial stromal cells. IL-8 is also important
in the process of cervical ripening at birth (42) and in the
onset of labor (43). Higher levels of IL-8 that occur at term
are believed to soften the cervix through neutrophil acti-
vation and subsequent production of collagenases.

Other Cytokines

Since pregnancies complicated by chorioamnionic in-
fection in the newborn are associated with higher levels of
maternal IL-1f, IL-6, and TNF-a (8, 9, 14-16), we might
have also expected associations with schizophrenia; yet
none were observed. There are several potential explana-
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TABLE 3. Potential Confounders of Cytokine Levels During Pregnancy in Mothers of Adult Offspring With Schizophrenia

Spectrum Disorders and Comparison Subjects

Subjects With Schizophrenia

Comparison Subjects

Confounder (N=59) (N=105) Analysis?
N % N % X2 df p
Maternal age (years) 0.13 1 0.72
>35 10 17 16 15
<35 (reference) 49 83 88 85
Maternal ethnicity 3.54 2 0.17
White (reference) 29 50 54 52
Black 26 45 36 35
Other 3 5 13 13
Maternal smoking 0.24 1 0.63
No (reference) 29 57 52 55
Yes 22 43 42 45
Maternal education 6.02 3 0.11
Less than high school 14 26 10 10
High school (reference) 23 43 45 47
Some college 9 17 26 27
College degree 7 13 15 16
Mean SD Mean SD a df p
Gestational age (days) 159 38 161 32 0.18 1 0.67

a Likelihood ratio chi-square test from univariate conditional logistic regression.

tions. First, most studies linking elevated maternal levels
of IL-1B, IL-6, and TNF-o with intrauterine infection were
based on measures of these cytokines in nonserologic
specimens, such as amniotic fluid. One study (17) did not
show an elevation of these other maternal cytokines in
term pregnancies complicated by chorioamnionitis.

Second, with regard to TNF-q, the median levels in our
study were generally lower than those reported in preg-
nant comparison subjects from some previous serologic
studies (17, 39). This may have blunted differences be-
tween subjects with schizophrenia and comparison sub-
jects. With regard to IL-6, the median levels were compa-
rable to or higher than those observed in previous studies
(39), although some studies (44) demonstrated higher me-
dian levels than we observed in our study. For IL-1f, the
median levels in our study were either comparable to (17,
44) or greater than (37) corresponding levels from previ-
ous studies.

A third potential explanation for the specificity of the IL-
8 finding is the fact that it belongs to the more specific
class of cytokines termed “chemokines.” Possibly, the
unique properties of IL-8, such as potent neutrophil at-
traction and activation, may lead to developmental brain
anomalies involved in the pathogenesis of schizophrenia.

A study based on the Collaborative Perinatal Project (12)
also found a trend for higher levels of maternal IL-8 in
pregnancies of subjects destined to develop psychoses
(12). The lack of a significant IL-8 effect may have resulted
from low statistical power because of a small sample. That
study is not completely comparable to the Prenatal Deter-
minants of Schizophrenia study, however, because the
case sample in that cohort was somewhat more heteroge-
neous and the serum samples were generally drawn at the
time of delivery rather than in the second trimester. One
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positive finding of that study (12) was an association be-
tween higher levels of maternal TNF-o and psychosis in
offspring. This discrepant finding may have resulted from
elevated TNF-o levels in nonschizophrenia psychotic dis-
orders, but this appears unlikely because the number of
such cases was relatively small compared with the entire
sample.

Limitations

The sera in the present study had been frozen for more
than 30 years. Possibly, storage for this lengthy period may
have altered the cytokine levels. Several factors may
militate against this possibility. First, careful visual inspec-
tion of our samples and consultation with the lead Child
Health and Development Study investigators (personal
communication) revealed no evidence of previous freeze-
thawing. Second, the comparison subjects were matched
to subjects with schizophrenia spectrum disorders on date
of birth and gestational timing, and the samples were uni-
formly handled and stored, suggesting that storage time
should not have biased the associations. Third, the levels
of IL-8 and IL-1 in the present study were robust, and our
IL-6 levels were comparable to or greater than levels found
in several previous studies (see preceding discussion). Al-
though serum levels of TNF-a were generally lower than
those found in most previous studies, these investigations
varied widely among each other with regard to the magni-
tude of TNF-a levels.

Second, the cytokine response is governed not only by
environmental insults but also by genetic factors. The
present study did not include sufficient data on family his-
tory to permit an analysis of genetic vulnerability and pre-
natal cytokines.
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Conclusions

The present study supports the hypothesis that higher
levels of second-trimester IL-8 are associated with a greater
risk of schizophrenia. There are two possible explanations
for this finding. First, in utero infection may have led to the
elevation of IL-8 in mothers of subjects who developed
schizophrenia spectrum disorders. Second, a noninfec-
tious exposure associated with a pro-inflammatory cyto-
kine response may have been responsible. Further work is
essential to clarify the relationship between prenatal in-
sults associated with elevated cytokines and schizophre-
nia; for example, the preservation of placental tissue would
permit the investigation of the contribution of inflamma-
tory processes such as chorioamnionitis to schizophrenia
risk. Nonetheless, these findings suggest a promising ave-
nue of exploration that may ultimately facilitate the pre-
vention of schizophrenia and reveal its etiopathogenic
mechanisms.
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