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Abstract

Abnormalities of protein levels of proinflammatory cytokines and their soluble receptors have
been reported in the plasma/serum of schizophrenia (SZ) patients. To examine if SZ is also
associated with the abnormal gene expression of cytokines and their membrane-bound receptors,
we studied mRNA expression of proinflammatory cytokines and their receptors in lymphocytes of
SZ patients and normal control (NC) subjects. We determined the protein and mRNA expression
of proinflammatory cytokines and mRNA expression of their receptors in lymphocytes from 30 SZ
patients and 30 drug-free NC subjects. The subjects were diagnosed according to DSM-1V criteria.
Protein levels of cytokines were determined by ELISA, and mRNA levels in lymphocytes were
determined by the gPCR method. We found that the mRNA levels of IL-6, TNF-a, IL-1R1,
TNFR1, and TNFR2, but not IL-1f, IL-1R2, IL-1RA, IL-6R, or GP130 were significantly
increased in lymphocytes of SZ patients compared with NC subjects. We also found that the
protein expression of IL-6 and TNF-a, but not IL-18, was also significantly increased in SZ
patients compared with NC subjects. These studies suggest that in addition to the reported
abnormalities of proinflammatory cytokines and their soluble receptors in the plasma of SZ
patients, an abnormal gene expression of these cytokines and their membrane-bound receptors
may be involved in the pathogenesis of SZ.
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1. Introduction

It has been observed that the immune function, in general, and cytokine abnormalities in
particular, are associated with the pathophysiology of schizophrenia (SZ) (Drexhage et al.,
2010a; Hope et al., 2009; Zakharyan and Boyajyan, 2014). The abnormalities of the immune
function in SZ are based on both direct and indirect evidence. For example, the
administration of cytokines such as interferon (IFN) to rats causes a constellation of
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symptoms known as “sickness behavior” that includes cognitive changes, slowed cognitive
speed, diminished social interactions, and reduced locomotor activity and executive
functions (Dantzer et al., 1999). Also, the administration of cytokines, such as IFN to cancer
patients induces symptoms known as sickness behavior (Capuron et al., 2001). Psychiatric
side-effects associated with IFN therapy include anxiety, depression, psychosis, mania, and
delirium (Cheng et al., 2009; Crane et al., 2003; Hosoda et al., 2000). The development of
psychosis with IFN therapy has been reported and reviewed by Cheng et al. (2009).

That inflammatory processes are also involved in SZ (Dean, 2011) are based on the
observation that proinflammatory cytokines, which are released from the immune cells as a
result of inflammation or stress, are abnormal in the serum of patients with SZ [see reviews
and meta-analyses (Modabbernia et al., 2013; Munkholm et al., 2013a; Munkholm et al.,
2013b; Potvin et al., 2008)]. There are several studies, although not always consistent, that
report increased levels of proinflammatory cytokines, such as IL-1f, IL-6, and TNF-a, and
their soluble receptors in the serum of SZ patients [see review by Potvin et al. (2008)].

Whereas proinflammatory cytokines and their soluble receptors are studied in SZ, the
membrane-bound receptors, which are involved in mediating the biological and functions
effects of cytokines have not been studied in the blood of SZ patients. Therefore, we
examined if abnormality in gene expression of proinflammatory cytokines and their
membrane-bound receptors may be associated with schizophrenic pathogenesis. We
therefore determined the gene expression of the proinflammatory cytokines, IL-1f, IL-6, and
TNF-a, and the cytokine receptors IL-1R1, IL-1R2, IL-1R antagonist (IL-1RA), IL-6R, IL-6
signal transducer (IL-6ST), also known as glycoprotein 130 (Gp130), TNFR1, and TNFR2
in the lymphocytes of SZ patients. To examine if changes in the mRNA levels of these
proinflammatory cytokines are also associated with abnormalities of their protein expression
levels, as reported by some investigators (Munkholm et al., 2013a; Munkholm et al., 2013b),
we determined the protein expression levels of these proinflammatory cytokines in the
plasma of SZ patients and NC control subjects.

2. Methods and Materials
2.1 Subjects

These studies were conducted in hospitalized patients with SZ (n = 30) admitted to the
Psychiatric Clinical Research Center, a part of the General Clinical Research Center,
University of Illinois at Chicago. This study was approved by the Institutional Review Board
of the University of Illinois at Chicago. All subjects gave informed consent for the study.

After admission to the research unit, patients were kept drug-free up to two weeks before
starting treatment. Blood samples were drawn from the patients under a fasting state in the
morning. The clinical assessments were performed at the end of the drug-free period before
the initiation of treatment.

The comparison subjects were non-hospitalized normal controls (n = 30). Control subjects
had no history of psychiatric or major medical disorders. They abstained from any
medication for at least two weeks before assessment and blood drawing.
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2.2 Clinical Assessments

Patients were diagnosed as having SZ according to the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV) criteria, derived by consensus between two
trained raters and based on clinical interviews and other available clinical information.
Diagnostic and clinical assessments were conducted at admission and at discharge. The
discharge diagnosis was considered definitive. Behavioral ratings included scores on the
Positive and Negative Syndrome Scale (PANSS).

2.3 Blood Processing

Thirty ml of venous blood was collected in tubes containing 3.8% (w/v) sodium citrate in
DEPC treated water (1 vol: 9 vol blood) for plasma. The blood was centrifuged immediately
at 210 gfor 15 min. The platelet-rich plasma (PRP) was removed for platelet isolation. To
the red blood cell (RBC) layer, 15 ml of saline was added, mixed gently, and then transferred
on Ficoll (2:1 respectively). The sample was then centrifuged at 400 g for 40 min. The upper
layer above the interface layer was removed and discarded. The interface layer was taken
and processed for lymphocyte isolation.

2.4 RNA Isolation

Total RNA was extracted from lymphocytes by resuspending the pellet in TRIZOL reagent
(Invitrogen, Grand Island, NY, USA,) according to the manufacturer's instructions and
treated with DNAse 1 (Invitrogen, Grand Island, NY, USA). The RNA yield was determined
by absorbance at 260 nm using NanoDrop®ND-1000 (NanoDrop Technologies,
Montchanin, DE, USA). RNA quality was assessed using Agilent Bioanalyzer 2100
(Aligent, Santa Clara, CA, USA). All samples had 28S/18S ratios >1.2 and RNA integrity
number (RIN) above 6.6. The mean RIN was 8.1 £ 0.7.

2.5 mRNA Determination

Expression levels of mRNA were determined using a two-step real-time RT-PCR (qPCR)
method. One ug of total RNA was reverse transcribed using 50ng random hexamers, 2mM
dNTP mix, 10 units ribonuclease inhibitor, 50 mM Tris—HCI (pH 8-3), 75 mM KCI, 3 mM
MgCI2, 10 mM DTT, and 200 units MMLV-reverse transcriptase (Invitrogen) in a final
reaction volume of 20 pl. Reverse transcription was performed at 37°C for 60 min, and
enzymes were denatured at 70°C for 15 minutes. The cDNA was stored at —20°C.

Real-time PCR was performed with a MX3005p sequence detection system (Agilent) using
pre-designed Tagman gene expression assays (Applied Biosystems, Grand Island, NY,
USA). See Table 1 for details. The stability and optimal number of housekeeping genes was
determined using geNORM version 3.4 (PrimerDesign Ltd, Southamptom, UK) according to
the manufacturer's instructions (Vandesompele et al., 2002). This comparison identified
ACTB and GAPDH as the most stable housekeeping genes. PCR efficiency for all genes,
after 5-log dilution series of pooled cDNA, was similar. For each primer/probe set, gJ°PCR
reaction was carried out using 10 pl of cDNA (diluted 1:10) in 1x TagMan Universal PCR
Master Mix (Applied Biosystems, Grand Island, NY, USA) per the manufacturer’s
instructions. Each qPCR plate included a “no reverse transcriptase” and “no template”
control to eliminate non-specific amplification and each sample was assayed in triplicate.
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For gPCR gene expression analysis, raw expression data (C;) were normalized to the
geometric mean of the two housekeeping genes. Outliers were excluded if the normalized
(delta Cy) values were greater than two standard deviations from the group mean. Relative
expression levels, reported as fold change, were determined by the 2-(2AC) method, where
AACT = (CT target — CT normalizer) subject — (CT target — CT endogenous gene) control
(Applied Biosystems User Bulletin No. 2). ACT values are used for further statistical
analysis.

2.6 Determination of Plasma Protein Levels Using ELISA

Levels of proinflammatory cytokines were determined in plasma aliquots (100 pL) by
enzyme-linked immunosorbent assay (ELISA) using commercially available Quantakine®
kits (R & D Systems, Inc., Minneapolis, MN) for human IL-1f8, human IL-6, and human
TNF-a, according to the manufacturer’s instructions.

2.7 Statistical Analysis and Effect of Confounding Variables

We analyzed the data using SAS 9.2 statistical software package. First we used two sample
t-test to compare NC subjects with SZ patients. In order to examine the effect of
confounding variables, we used generalized linear model (PROC GLM in SAS) for each
outcome measure to compare those two groups adjusting for fixed covariates like age, sex
and race. To examine the association between group and gender we performed a contingency
chi-square test. Pearson correlation matrix was used to determine the relationship between
the behavioral rating scores and the cytokine mRNA and protein measures.

3. Results

3.1 Demographic and Clinical Characteristics of SZ Patients and NC Subjects

The demographic and clinical characteristics of SZ patients and NC subjects are summarized
in Table 2. There was no significant difference in the mean age between SZ patients and NC
subjects. Gender distribution was similar between the two groups; however, race was not
fully matched as there were more blacks in the patient group than in the control group. The
mean in-hospital drug-free period was 4.29 + 3.02 days.

3.2 mRNA Expression Levels of Cytokine Receptors in the Lymphocytes of SZ Patients
and NC Subjects

We determined the mRNA levels of membrane-bound receptors for IL-1, TNFa, and IL-6.
When we compared the two groups using a t-test, we observed that the mRNA expression of
IL-1R1 was significantly increased, but the mRNA expression of IL-1R2 and IL1RA was
not significantly different in SZ patients compared with NC subjects.

We also found that the mRNA expression of TNFR1 and TNFR2 was significantly increased
in the lymphocytes of SZ patients compared with NC subjects (Figure 1, Table 3). We
determined the gene expression of IL-6R and IL-6ST (also known as Gp130). We did not
find any significant difference in the gene expression of IL-6R and Gp130 in SZ patients
compared with NC subjects, as shown in Figure 1 and Table 3.
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3.3 mRNA Expression Levels of Proinflammatory Cytokines in the Lymphocytes of SZ
Patients and NC Subjects

We determined the mRNA levels of the proinflammatory cytokines, IL-1p, IL-6, and TNF-a
in the lymphocytes obtained from 30 SZ patients and from 30 NC subjects. The mean
mMRNA expression levels in the SZ patients and NC subjects are shown in Figure 2 and Table
3. When we compared the gene expression levels of the proinflammatory cytokines at the
baseline period between the SZ patients and the NC subjects using a t-test and group t-test
with Bonferroni correction, we found that the mRNA levels of IL-1p were not significantly
increased in SZ patients, compared with NC subjects (Figure 2, Table 3). However, the gene
expression levels of IL-6 and TNF-a were significantly increased in the lymphocytes of SZ
patients compared with NC subjects (Figure 2, Table 3).

3.4 Protein Expression Levels of the Proinflammatory Cytokines in the Plasma of SZ and

NC Subjects

We determined the protein expression levels of the proinflammatory cytokines, IL-1p, IL-6,
and TNF-a in plasma obtained from SZ patients and NC subjects. The mean protein
expression levels of IL-1p, IL-6, and TNF-a are shown in Figure 3 and Table 4. We found
that the protein expression levels of IL-6 and TNF-a, but not IL-10, were significantly
increased in the plasma of SZ patients compared with NC subjects (Figure 3, Table 4).

3.5 Effect of Confounding Variables and the Relationship to the Severity of lliness

To examine the effect of confounding variables we used generalized linear model (PROC
GLM in SAS) for each outcome measures to compare those two groups adjusting for fixed
covariates like age, sex and race. Age was found to be non-significant for all outcomes.
Gender was found significant for MRNA measure IL-1R1, and race was significant for
protein measure IL-13. Overall results for GLM approach matched with the t-test results. To
examine the association between group and gender we performed a contingency chi-square
test and found no significant association.

To examine if any of the cytokine measures were related to the severity of illness, we
examined the correlation between the cytokine measures and the severity of psychiatric
symptoms. There was no significant correlation between positive, negative or overall PANSS
scores and any cytokine measures in the SZ patients.

4. Discussion

In this study we found that the mRNA and protein levels of TNF-a and IL-6, but not IL-1f,
were significantly increased in lymphocytes or plasma of SZ patients compared with NC
subjects. We also found that the mMRNA expression of IL-1R1, TNFR1, and TNFR2 was
significantly higher in SZ patients compared with NC subjects, but the gene expression of
IL-1R2, IL-1RA, IL-6, and Gp130 was not significantly different in SZ patients from that of
NC subjects.
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The biological effects of the cytokines are mediated through their interactions with the
membrane-bound receptors through several signaling mechanisms (Dinarello, 1996) and,
therefore, it is important to study membrane-bound receptors in SZ.

For IL-1, two types of receptors have been cloned, known as IL-1R1 and IL-1R2 (McMahan
etal., 1991; Sims et al., 1989), of which only IL-1R1 initiates signal transduction while
IL-1R2 presumably function solely as a ligand sink or as a decoy receptor. Thus, most of the
IL-1 signal has been shown to be transmitted through I1L-1R1 (Kuno and Matsushima,
1994). The gene expression of IL-1R1, but not IL-1R2 or IL-1RA, was significantly
different in SZ patients compared with NC subjects.

The IL-6 receptor complex consists of IL-6R and the signal transducing protein Gp130
(Rose-John, 2003; Rose-John et al., 2006). Two subtypes of TNF receptors have been
identified known as TNFR1 and TNFR2 (Rothe et al., 1992).

Several investigators have studied the levels of cytokines and their soluble receptors in the
serum/plasma of patients with SZ. These studies in SZ have been reviewed by Dryzga et al.
(2006), Fineberg and Ellman (2013), Girgis et al. (2014), and Na et al. (2014). A meta-
analysis of these studies was recently reported by Potvin et al. (2008) and Miller et al.
(2011). In general, the proinflammatory cytokines appear to be increased in the plasma of
SZ patients compared with controls.

Although the gene expression of membrane-bound receptors has not been studied in the
blood of SZ patients, several investigators have determined the level of IL-1p, IL-6, and
TNF-a in the serum of SZ patients. These studies have been reviewed in a meta-analysis by
Potvin et al. (2008) and Miller et al. (2011). IL-6 has been studied by about 19 investigators
[see Potvin et al., (2008)]. Eleven studies find significantly lower IL-6 in SZ. Miller et al.
(2011) who reviewed studies after 2008 and found that 5 of 6 studies reported increased
levels of IL-6 in SZ. A significant increase in TNF-a was also observed in SZ patients in
these two meta-analyses. Although these two studies also found an increase in I1L-1p, we did
not find an increased in IL-1p in SZ patients compared with NC subjects.

Several investigators also found increases in STNFR1 in the serum of SZ patients. Hope et
al. (2013) reported association of TNFR1 and IL-1RA with general severity of psychotic
symptoms in SZ. Maes and colleagues (Maes, 1995; Maes et al., 1995) found that mania and
SZ are characterized by higher plasma levels of IL-6, sIL-6R, sIL-2R, and transferrin
receptor—elevated IL-6 being more specific for SZ, and IL-6R and sIL-2R being more
specific for mania. On the other hand, they also observed that IL-6R was not significantly
different between younger SZ patients and normal controls.

Although the membrane-bound receptors have not been generally studied in blood cells, they
have been studied in the brain. Shelton et al. (2011) conducted a microarray analysis of
postmortem brain samples [Brodmann area (BA-10)] obtained from subjects with major
depressive disorder (MDD) and normal controls and found upregulation of a variety of pro-
and anti-inflammatory cytokines that also included IL-1a, IFN-a, and lymphotoxin-a,
suggesting upregulation of these genes in MDD.
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Dean et al. (2013) have studied TNF-a and its receptors in the postmortem brain of SZ
patients. They found that there was a significant increase in the transmembrane (tm) TNF-a
in BA-24 but not BA-46 in subjects with bipolar disorder (BD), but not in subjects with SZ.
Levels of soluble TNF-a (STNF-a) were not altered in BD or SZ subjects. They have also
shown that mMRNA levels of TNFRL1 are increased in BA-24 and BA-46 of SZ subjects,
whereas TNFR2 mRNA was decreased in BA-46 in people with mood disorders. Dean and
colleagues also found that the protein level of tm TNF-a was increased in BA-46, but not in
BA-24 in MDD subjects (Dean et al., 2010).

Drexhage and Padmos studied inflammatory genes in monocytes of bipolar and SZ subjects
and found several cytokines and chemokines altered in monocytes of bipolar and SZ subjects
(Drexhage et al., 2010b; Padmos et al., 2008).

The observation that proinflammatory cytokines and their receptors are abnormal in SZ
patients suggests that these may be useful therapeutic targets for psychoactive drugs. In fact,
clinical evidence in support of this hypothesis has been provided by a study of Tyring et al.
(2006) who studied 618 patients with moderate to serious psoriasis, a skin disorder
associated with substantial psychological and emotional effects, including depression. They
found that a large portion of patients who received etanercept had at least a 50%
improvement in Hamilton rating scale for depression (Ham-D) or Beck depression inventory
(BDI) at week 12 compared with the placebo group. This study provides strong clinical
evidence that reducing or blocking the effects of TNF-a could improve depression.

5. Limitations

Our studies have some limitations. We do not have available data on body mass index (BMI)
or on smoking history of the subjects and hence the effect of these variables on the cytokines
and their receptors could not be ascertained. Also, although the samples size is adequate it is
not large. This is primarily because we studied patients admitted to the research ward and
not the outpatients. The other limitation is that the NC subjects and SZ patients are not very
well matched for race.

6. Conclusions

To our knowledge, this is the first study of membrane-bound cytokine receptors in the blood
of SZ patients, as only soluble receptors for these proinflammatory cytokines have been
previously studied. Our studies indicate abnormal gene expression of some of these receptor
subtypes in SZ patients. Since the functional consequences of proinflammatory cytokines
and their soluble receptors are mediated through membrane-bound receptors involved in
signaling mechanisms, it is crucial to study the membrane-bound receptors in SZ.
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Figure 1.

The figure shows mean mMRNA expression levels of receptors for proinflammatory
cytokines, IL-1R1, IL-1R2, IL-1RA, IL-6R, Gp130, TNFR1, and TNFR2 in the lymphocytes
of SZ and NC subjects.

The data shows that the mean mRNA expression of IL-1R1, TNFR1, and TNF-R2 was
significantly increased i lymphocytes of SZ patients compared with NC subjects (p< .01).
There was no significant change in the mRNA expression of IL-1R2, IL-1RA, IL-6R, and
Gp-130 in lymphocytes of SZ patients compared with NC subjects. The data was calculated
as fold change in mRNA levels compared with NC expression as 1. The data are shown as
fold change in mMRNA levels. Values are fold change + S.E.M.

*p< .01
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Figure 2.

The figure shows mean mRNA expression levels of proinflammatory cytokines, interleukin
(IL)-1p, IL-6, and tumor necrosis factor (TNF)-a in the lymphocytes of schizophrenic (SZ)
and normal control (NC) subjects. The data are shown as fold change in mRNA levels, with
NC levels set as 1. Values are fold change + S.E.M.

The data was calculated based on the ACT value. The results show significant increase in the
MRNA levels of IL-6 and TNF-a (p< .0001). IL-18 mRNA levels were not significantly
different between SZ patients and NC subjects.

*p<.0001
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Figure 3.
The figure shows mean protein expression levels of IL-10, IL-6, and TNF-a in the plasma of

SZ patients and NC subjects. Values are mean + SD.

The mean protein expression in the plasma IL-6 and TNF-a were significantly increased in
SZ patients compared with NC subjects (p < .05). There was no significant change in the
protein expression of IL-1f in SZ patients compared with NC subjects. Plasma levels of
proinflammatory cytokines were determined by the ELISA method.

*p<.05

Schizophr Res. Author manuscript; available in PMC 2016 July 11.

ONC
wSZ



Pandey et al. Page 13

Table 1

TagMan primers/probes used for qPCR analysis

TagMan accession  Probe location (exon boundary)  Assay function
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ACTB Hs99999903_m1 1-1 House Keeping (HK)
GAPDH Hs99999905_m1 3-3 HK

IL-1B Hs01555410_m1 3-4 target gene
IL-1RN (IL-1RA)  Hs00893626_m1 4-5 target gene
IL-1R1 Hs00991010_m1 7-8 target gene
IL-1R2 Hs00174759_m1 6-7 target gene
IL-6 Hs00985639_m1 2-3 target gene
IL-6R Hs01075666_m1 5-6 target gene
IL-6ST (Gp130) Hs00174360_m1 13-14 target gene
TNF-a Hs99999043_m1 1-2 target gene
TNFRSF1A Hs00533560_m1 1-2 target gene
TNFRSF1B Hs00961755_m1 9-10 target gene
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Table 2

Demographic Characteristics of Schizophrenia Patients and Normal Control Subjects

Normal Controls

Schizophrenia Patients

(n=30) (n=230)
Age (years) 34.6+13.5 30.4+10.0
Gender (M/F) 17 M/13F 20 M/10 F
Race 5 Asian 21 Black

7 Black 9 White

2 Hispanics

16 White
Mean Washout Period (days) -- 4.29 £ 3.02
Prior Antipsychotic Treatment -- 22 Yes/8 No
PANSS - Positive Symptoms - 19.21 +5.47
PANSS — Negative Symptoms -- 15.74 £7.29
PANSS — General Symptoms -- 32.13+9.08
PANSS — Overall Score - 64.40 £ 14.04

Values are the mean + SD.

Abbreviations: F, female; M, male; PANSS, Positive and Negative Syndrome Scale
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Table 3

Mean mRNA Expression Levels of Proinflammatory Cytokines and their Membrane-bound Receptors in the
Lymphocytes of Schizophrenia Patients and Normal Control Subjects

Variable Normal Controls  Schizophrenia Patients t p
(n=30) (n=30)
Mean ACT + SD Mean ACT + SD
TNF-a 9.06 = .51 8.21+ 47 -6.71 <.0001
IL-1B 7.79 + .48 7.64 .54 -1.14 .26
IL-6 13.61 + .55 12.59 + .65 -6.56 <.0001
TNFR1 4.89 + .48 4.53 + .50 =2.77 .01
TNFR2 4.77 £ .32 451 +.39 -2.79 .01
IL-1R1 7.48 + .54 713+ .44 -3.00 .004
IL-1R2 5.76 = .47 571+ 47 -.49 .62
IL-1IRA 3.05+.37 290 +.38 -1.55 13
IL-6ST (Gp130) 7.32+ .53 7.14 + .60 -1.44 15
IL-6R 6.40 = .53 6.22 + 45 -1.42 .16
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Table 4

Mean Protein Expression Levels of Proinflammatory Cytokines in the Plasma of Schizophrenia Patients and
Normal Control Subjects
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Variable Normal Controls Schizophrenia Patients t p
Mean (pg/ml) £ SD Mean((npg_;/ﬁsl)) +SD
IL-18 1.48 £ .69 -1.13 .262
IL-6 1.23 = .47 -2.15 .036
TNF-a 2.15+1.09 -3.26 .002
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