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Abstract

Glucocorticoid and immune pathways typically interact dynamically to optimize adaptation to
stressful environmental challenges. We tested the hypothesis that a dysfunctional glucocorticoid-
immune relationship contributes to abnormal stress response in schizophrenia. Saliva samples
from 34 individuals with schizophrenia (20 male, 14 female) and 40 healthy controls (20 male, 20
female) were collected prior to and at 3 time points following completion of a computerized
psychological challenge meant to be frustrating. Salivary concentrations of cortisol and
interleukin-6 (IL-6) and their response to the challenge were examined. Both cortisol and IL-6
significantly increased in response to stress in the combined sample (both p<0.05). In controls, the
rise in cortisol following the challenge was negatively correlated to the subsequent changes in
IL-6 (r=—.461, p=.003), such that rise of cortisol immediately after stress predicts subsequently
lower IL-6 levels. In contrast, this relationship was positive in schizophrenia patients (r=.379, p=.
027). The trends were significantly different (Z=3.7, p=.0002). This stress paradigm induces a rise
in both cortisol and IL-6. In healthy controls, a more robust acute cortisol response was associated
with a steeper decline of IL-6 levels following stress, corresponding to the expected anti-
inflammatory effects of cortisol. Patients exhibited the opposite relationship, suggesting an
inability to down-regulate inflammatory responses to psychological stress in schizophrenia; or
even a paradoxical increase of IL-6 response. This finding may partially underlie abnormalities in
inflammatory and stress pathways previously found in the illness, implicating dysregulated stress
response in the chronic inflammatory state in schizophrenia.
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Stress and inflammation have been extensively studied in relationship to the disease process
in schizophrenia. Stressful life experiences in prenatal development (van Os and Selten,
1998) and early childhood (Varese et al, 2012) increase the risk of developing schizophrenia
in adult life; stressful life events in adolescence and adulthood may precipitate the first
episode of psychosis and subsequent exacerbations of the illness (Beards et al, 2013;
Docherty et al, 2009; Tessner et al, 2011). In parallel, increasing evidence indicates immune
pathway dysfunction in schizophrenia: autoimmune disorders and infections are associated
with increased risk of developing schizophrenia (Benros et al, 2011; Eaton et al, 2006);
elevated levels of pro-inflammatory cytokines are found in high risk and first episode
psychosis patients (Noto et al, 2015; Stojanovic et al, 2014) and also during symptom
exacerbations and stable phases of chronic illness (Miller et al, 2011; Potvin et al, 2008);
and genome-wide association studies have identified immune system gene loci as among the
leading associations with schizophrenia (Andreassen et al, 2015; Network and Pathway
Analysis Subgroup of the Psychiatric Genomics Consortium, 2015; Schizophrenia Working
Group of the Psychiatric Genomics Consortium 2014; Stefansson et al, 2009). As stress
responses and immune functions are two closely interacting systems (Coutinho and
Chapman 2011; Rhen & Cidlowski 2005), we hypothesized that a dysfunction in the
homeostatic interactions between glucocorticoid and immune pathways could represent a
pathophysiological mechanism contributing to chronic low-grade inflammation in the
disorder.

To test this hypothesis, we used a psychological stress paradigm to evoke responses of both
the hypothalamic-pituitary-adrenal axis (cortisol) and immune system (using interleukin-6
[IL-6] as a representative inflammatory cytokine) and studied their interactions in
schizophrenia patients. Many immune markers have been associated with schizophrenia,
although few have been consistent across studies. In three quantitative reviews, Potvin et al
(2008) found an increase in IL-1RA, sIL-2R, and IL-6 and a decrease in IL-2 in
schizophrenia; Miller et al (2011) found increased IL-10, IL-6, TGF- in first episode cases
and IL-12, IFN-v, TNF-a, and sIL-2R in stable, treated patients; and Upthegrove et al
(2014) found that elevated IL-1p, sIL-2R, IL-6, and TNF-a were associated with treatment-
naive, first episode schizophrenia. Only two cytokines, IL-6 and sIL-2R, were consistently
found to be elevated in schizophrenia across these meta-analyses. Similar to how cortisol
acts as a systemic signal to coordinate stress responses, cytokines are proteins that act
systemically to regulate immunologic responses (Steinke and Borish, 2006). IL-6 is a
pleiotropic, pro-inflammatory cytokine that is released from several immune and non-
immune cell types, and mediates acute inflammatory responses to immune challenges
(Kishimoto et al 1992; Kopf et al 1994). Dysregulated IL-6 production is known to be
associated with many inflammatory and autoimmune disorders (Yao et al, 2014).
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Under normal physiological conditions, glucocorticoids and cytokines closely interact.
Cortisol exerts anti-inflammatory effects by inhibiting transcription of pro-inflammatory
cytokines, among other mechanisms (Coutinho and Chapman 2011; Rhen & Cidlowski
2005). This is why glucocorticoids are routinely used to suppress acute inflammatory
reactions in many medical conditions. Therefore, one would expect that higher cortisol
responses should be associated with lower pro-inflammatory cytokine responses. In
schizophrenia, both elevated cortisol levels (Gunduz-Bruce et al, 2007; Mondelli et al, 2010;
Ryan et al, 2004) and elevated plasma levels of IL-6 (Miller et al, 2011; Potvin et al, 2008)
have been found, suggesting a potential abnormality in cortisol-immune interaction.
However, we lack direct evidence of disrupted cortisol-immune interactions in
schizophrenia patients. Establishing a laboratory model to test interactions between the HPA
axis and immune system may provide important leads regarding the pathophysiology of
stress and inflammation in schizophrenia. Clinical laboratory investigation of such
interactions presents a methodological challenge in that these interactions involve multiple
feedback mechanisms, which must be studied within a paradigm that incorporates a dynamic
response over time. In human studies, this can be probed through the use of stress-inducing
tasks. Previous studies have demonstrated that a rise in inflammatory cytokines, along with
cortisol, can be detected following psychological challenges including computerized
cognitive tasks, cold pain and the Trier Social Stress Test (Goodin et al, 2012; Izawa et al,
2013; Kunz-Ebrecht et al, 2003; Steptoe et al, 2007). Furthermore, these studies showed an
inverse relationship between cortisol response and change in the inflammatory markers in
healthy volunteers; this suggests that the anti-inflammatory effects of cortisol can be studied
in vivo with brief stress challenges and noninvasive saliva sampling. Hence, our approach
was to examine the relationship of salivary cortisol and IL-6 responses to a stress challenge,
and to compare this relationship between schizophrenia patients and healthy controls.

2. Methods

2.1. Participants

Patients with schizophrenia spectrum disorder (schizophrenia or schizoaffective disorder)
were recruited from Maryland Psychiatric Research Center outpatient clinics and nearby
mental health clinics. Control participants were recruited through local media
advertisements. Diagnoses in patients and lack of axis | diagnosis in controls were
confirmed through use of the Structured Clinical Interview for DSM-1V. Exclusion criteria
included major medical and neurological illnesses, history of head injury with cognitive
sequelae, mental retardation, substance dependence within the past 6 months, and current
substance abuse besides nicotine. Participants were excluded if they had an active infection,
were taking an antibiotic, or took anti-inflammatory drugs on a regular basis. All study
procedures were approved by the University of Maryland Baltimore IRB. Participants
included 34 individuals with schizophrenia and 40 healthy controls. The 74 participants
selected for this study are a subsample of the participants (n~150) who have completed a
stress challenge study that is ongoing. The current sample was selected to frequency-match
patients and controls on age and gender. In addition, patients are well-known to have high
rate of smoking (de Leon and Diaz, 2005) and as reported earlier, higher rate of distress
intolerance (Nugent et al, 2014). Therefore, we also frequency-matched patients and
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controls on the proportion of distress intolerant versus non-distress intolerant individuals,
and smokers versus non-smokers. This stringent matching was used to limit the impact of
these variables on group comparisons, so that the focus is on comparing cortisol and
immune responses to stress. However, the samples after matching do not necessarily
represent the clinical characteristics of schizophrenia in the general population. The
matching was ‘blinded’ in the sense that samples were selected prior to salivary I1L-6 assays.
Of the 34 patients, 9 were diagnosed with schizoaffective disorder and 25 with
schizophrenia. Duration of illness ranged from 6 months to 39 years, with an average of 13.9
(x 12.6) years. Two of the patients were not taking medications at time of study; 4 were
taking typical antipsychotics, 17 were taking atypical antipsychotics other than clozapine, 7
were taking clozapine, and 4 were taking more than one antipsychotic.

2.2. Clinical assessments

Cognitive deficits are among the most debilitating aspects of schizophrenia, with processing
speed and working memory being particularly impacted (Dickinson et al., 2008; Forbes et
al., 2009). To explore how cognitive deficits might be related to abnormalities in stress
response, participants were tested with the Digit Symbol Coding task of the WAIS-3
(Wechsler, 1997) and the Digit Sequencing task from the Brief Assessment of Cognition in
Schizophrenia (Keefe et al, 2004), to assess processing speed and working memory,
respectively. Scores were calculated as t scores according to population norms for the Digit
Symbol Coding task and the Digit Sequencing task (Keefe et al, 2008). Overall psychiatric
symptoms were assessed with the mean of the 20 item Brief Psychiatric Rating Scale
(BPRS); subscales for positive psychosis symptoms and anxiety/depression symptoms were
also generated in order to test the influence of specific symptom domains (Overall and
Gorham, 1962). All cognitive and clinical assessments were completed on a separate day
from the stress-inducing behavioral paradigm.

2.3. Behavioral paradigm

The behavioral paradigm used to induce stress in participants involved two computerized
tasks, the Paced Auditory Serial Addition Task (PASAT) (Lejuez et al, 2003) and Mirror-
Tracing Persistence Task (MTPT) (Strong et al, 2003). The PASAT requires participants to
add numbers presented on the screen consecutively; they must remember the previous
number presented in order to make the correct calculation. The MTPT requires participants
to guide a cursor along the outline of a star, with the movement of the cursor opposite to the
movement of the mouse. In a practice session, the computer program recorded the
participants’ performance; this performance is used to titrate the computer program in the
testing session such that the tasks were arbitrarily difficult, with obnoxious noises played
any time the participant made a mistake. Participants were instructed that they could earn a
monetary bonus for completing the tasks, but were not told how long the tasks would last.
They were also told they can end the task at any time. If a participant quit both tasks early,
they were deemed distress intolerant (DI); otherwise they were deemed not to be distress
intolerant (non-DI). Combining the two tasks allows for a more rigorous definition of
distress intolerance by reducing the potential skill-dependent bias that would result if some
participants were particularly skilled at arithmetic or eye-hand coordination. The order of
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tasks was randomized across participants. Further details on the stressor employed in this
study have been published elsewhere (Chiappelli et al, 2014; Nugent et al, 2014).

2.4, Saliva collection and biochemical assay

Saliva was collected by passive drool at four time points — baseline, immediately following
the behavioral challenge (0 minute post-task), and at 20 minutes and 40 minutes post-task.
During the post-stress period the participants sat quietly and read magazines. All testing
sessions were held between 1200h and 1600h. Participants were asked to refrain from
eating, drinking or smoking for one hour before the testing session, and were instructed to
rinse their mouths with water about 10 minutes prior to first saliva collection. Saliva samples
were immediately stored at —80° Celsius until assay. Prior to assay, samples were thawed
and centrifuged at 10,000 x g for 10 minutes. IL-6 was measured using an enzyme-linked
immunosorbent assay (ELISA) (Salimetrics) according to protocol supplied by the
manufacturer of the kit; the IL-6 assay kit has a detection limit of 0.07 pg/mL. Inter-assay
coefficient of variance (CV) in our lab was 5.63 %, and intra-assay CV was 2.33 %. Cortisol
was also measured using an ELISA kit (Salimetrics) with a detection limit of 0.007 ug/dl,
with an intra-assay CV of 7.77% and inter-assay CV of 4.18%.

2.5. Data analysis

The null hypothesis is that IL-6 change is a function of the cortisol response: acute cortisol
rise in response to stress will be inversely associated with the subsequent post-stress I1L-6
response, and we will test whether this relationship is disrupted in schizophrenia. Repeated-
measures ANOVA of the 4 time points of saliva collection were used to examine the cortisol
and IL-6 responses to stress, with diagnosis as a between-subjects variable and sex as a
covariate, given known influences of sex over glucocorticoid and immune functions
(Chrousos, 2010; Da Silva, 1999; Duma et al, 2010). Greenhouse-Geisser corrected statistics
were used. Post-hoc exploration of the data used log-transformed IL-6 levels, which
successfully transformed the data to normal distribution. For this study, the acute cortisol
response was defined as the difference between cortisol level immediately following the
stressors (post-stress 0 minute time point) and baseline. Changes of I1L-6 following acute
stress were examined as the post-stress IL-6 response (post-stress 40 minutes minus post-
stress 0 minute). All test were two-tailed with alpha set at .05.

3. Results

3.1. Cortisol response to stressor

Baseline cortisol levels were not significantly different between controls and patients (t=.69,
p=.50). Repeated measures ANOVA for salivary cortisol levels revealed a significant effect
of time (F(2.16,153.3)=3.02, p=.048), with no significant main effect of diagnosis (p=.703)
or gender (p=.592), no significant time x diagnosis interaction (p=.399) and a non-
significant trend for a time x gender effect (F=2.74, p=.063). Post-hoc paired t-tests
comparing baseline to post-stress time points showed that cortisol levels at the post-stress 0
minute time point (Mean + s.d. =.222 +.15 ug/dL) were greater than at baseline (M=.199 .
12 ug/dL; t=2.65, p=.010). Subsequent cortisol levels at 20 or 40 minutes post-stress were
not statistically significantly different from baseline (all p>.25) (Figure 1A).
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3.2. IL-6 response to stressor

Baseline IL-6 values were not significantly different between controls and patients (t=.96,
p=.34). The repeated measures ANOVA demonstrated a significant effect of time on IL-6
levels (F(1.33,94.2)=6.80, p=.006), without a significant main effect of diagnosis (p=.892)
or time x diagnosis interaction (p=.156). There was a non-significant trend towards a time x
gender interaction (F=2.88, p=.081), as well as a non-significant, trend-level main effect of
gender (F-3.43, p=.068). Post-hoc tests showed that, in the combined sample, average I1L-6
immediately following the stressor (post0; 23.5 + 54.8 pg/mL) was significantly greater than
at baseline (13.1 £ 17.8 pg/mL; t=2.18, p=.033). Subsequent IL-6 levels at 20 or 40 minutes
post-stress were not significantly different from baseline (all p>.291) (Figure 1B). These
findings showed that the brief psychological stress paradigm is successful in evoking, on
average, transient cortisol and I1L-6 responses.

3.3. Relationship of IL-6 response and cortisol response

As predicted, controls showed a significant negative correlation (r=—.461, p=.003) between
acute cortisol response and post-stress IL-6 change. In schizophrenia patients, an opposite,
significantly positive correlation between acute cortisol response and post-stress IL-6
change was observed (r=.379, p=.027) (Figure 2A and 2B). The Fisher transformation of
these correlations indicates a significant difference (Z=3.7, p=.0002). Although there
appeared to be ‘outliers’ (Figure 2), Kolmogorov—Smirnov tests for normality showed that
these measures followed normal distributions (all Kolmogorov-Smirnov z <0.97, all p>0.29,
two-tailed). This suggests that in controls, as expected, a more robust cortisol response
inhibits subsequent pro-inflammatory response. However, a relationship in the opposite
direction was found in patients.

3.4. Relationship to behavior

We also examined the relationship between distress intolerance and the cortisol - IL6
responses. Among non-DI individuals, acute cortisol and post-stress IL-6 change were
negatively correlated (n=44, r=-.354, p=.019), while this relationship was positive among
the DI participants (n=30, r=.478, p=.025). Note that while schizophrenia patients are more
likely to be DI (Chiappelli et al, 2014; Nugent et al, 2014), the proportion of DI vs. non-DI
participants were arbitrarily matched in the current sample. Still, the Fisher transformation
revealed that these trends were significantly different (Z=3.2, p=.0013). Further dividing the
data by both diagnosis and DI phenotype, we found that the negative correlation between
acute cortisol and post-stress 1L-6 was driven by the non-DI controls (r=—.536, p=.007) and
that the positive correlation was driven by DI patients (r=.751, p=.005) (Figure 2C and
2D); the relationship between these variables was statistically insignificant in DI controls
(r=.277, p=.44) and non-DI patients (r=—.034, p=.88).

3.5. Relationship to cognition and clinical variables

Neither age nor body-mass index (BMI) was associated with acute cortisol or post-stress
IL-6 responses in either patients or controls (all p>.20). In patients, acute cortisol response
was inversely correlated with processing speed (r=—.394, p=.021) but not significantly
correlated with working memory (r=.020, p=.91). The post-stress IL-6 response was
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significantly and negatively correlated with working memory (r=—.358, p=.038) but not
processing speed (r=-.276, p=.11). CPZ of antipsychotic medications was not significantly
associated with acute cortisol response (r=-.011, p=.95) but interestingly, was significantly
associated with post-stress IL-6 response (r=—.449, p=.008) (Figure 3). A partial correlation
between acute cortisol and post-stress IL-6 changes in patients, controlling for CPZ,
revealed that the correlation remained significant (r=.419, p=.015), suggesting that the
correlation was not substantially influenced by current antipsychotic medication dosages.
Mean BPRS scores were not associated with either the acute cortisol (r=.038) or post-stress
IL-6 (r=—.183) responses in patients (both p>.05). Levels of anxiety and depression
symptoms, measured with the BPRS anxiety/depression subscale, were not associated with
baseline cortisol or IL-6, nor with acute cortisol or post-stress IL-6 response in patients or
controls (all p>.20). There was a nominally significant relationship between BPRS psychosis
subscale scores and baseline IL-6 levels in patients (r=.381, p=.031) but psychotic
symptoms were not significantly related to baseline cortisol, acute cortisol response, or post-
stress IL-6 response (all p>.15). Duration of illness was not significantly correlated with
cortisol, acute cortisol response, or post-stress IL-6 response (all p>.17). There was no
significant smoking (p=.96) or smoking x diagnosis effect (p=.57) on acute cortisol; and no
significant smoking (p=.98) or smoking x diagnosis effect (p=.19) on post-stress IL-6
response. Linear regression models were used to examine the influence of CPZ, smoking,
gender, BMI, and age on the relationship between acute cortisol response and post-stress
IL-6 response. In controls, acute cortisol was still a negative predictor of post-stress IL-6
response even after controlling for these other variables (beta=-.563, p=.001). Similarly, in
patients, acute cortisol was still a positive predictor of post-stress IL-6 response in this
analysis (beta=.398, p=.014).

4. Discussion

The brief stress-inducing behavioral paradigm employed in this study demonstrated a
classical glucocorticoid-immune dynamic in healthy controls, such that higher acute cortisol
response was associated with lower subsequent IL-6 response. This inverse relationship is
consistent with the known role of glucocorticoids in suppressing pro-inflammatory cytokine
production (Rhen and Cidlowski, 2005), and is also consistent with findings of previous
studies examining cortisol and immune responses to stress (Goodin et al, 2012; Izawa et al,
2013; Kunz-Ebrecht et al, 2003). In individuals with schizophrenia, this relationship was
disrupted such that greater acute cortisol response to stress was associated with a greater
IL-6 response in the post-stress period.

The coordination of cortisol and IL-6 responses to stress is complex, and involves
interactions beyond the anti-inflammatory effect of glucocorticoids. Increased cytokine
production is observed in response to not only immune challenges but also physical stressors
such as intense exercise and acute psychological stress (Brydon et al, 2009; LeMay et al,
1990; Steptoe et al, 2007; Zhou et al, 1993). Pro-inflammatory cytokines can act as strong
stimulants of the hypothalamic-pituitary-adrenal (HPA) axis (Lyson and McCann, 1991;
Mastorakos et al, 1993). In turn, glucocorticoids can suppress cytokine gene transcription
via inhibition of the NF-kB pathway that normally acts positively on the IL-6 promotor (Ray
and Prefontaine, 1994; Sehgal, 1992). These neuroimmunoendocrine regulatory loops may
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be sensitive to stress or immune challenges in early development (John and Buckingham,
2003; Johnson et al, 2002a; Johnson et al, 2002b). A poorly suppressed or exacerbated
immune response to stress may lead to low-grade inflammation following everyday
psychological stress or immune challenges (Rohleder, 2012; Silverman and Sternberyg,
2012). Several recent large-scale genomic studies have identified an association of immune-
related loci with schizophrenia (Andreassen et al, 2015; Network and Pathway Analysis
Subgroup of the Psychiatric Genomics Consortium, 2015; Schizophrenia Working Group of
the Psychiatric Genomics Consortium 2014; Stefansson et al, 2009); the interaction of stress
exposure and immune risk alleles may partially contribute to elevated levels of peripheral
pro-inflammatory cytokines in schizophrenia.

Two previous studies have shown some evidence of abnormal cortisol and immune
responses to stress in schizophrenia. One study used public speaking as a stressor but found
that controls have higher cortisol and natural killer cell response to this stressor compared
with 10 medication-naive first episode psychosis patients (van Venrooij et al, 2012). This
was interpreted as ‘blunted’ cortisol and immune response in schizophrenia, although this
could be difficult to reconcile with the data of increased sensitivity to stress (Myin-Germeys
et al, 2001; Myin-Germeys and van Os, 2007) or elevated pro-inflammatory status (Miller et
al, 2011; Potvin et al, 2008; Upthegrove et al, 2014) in schizophrenia. In comparison, in the
current study schizophrenia patients were able to mount cortisol and IL-6 responses to the
brief psychological stress challenge that were statistically not different from controls, which
enabled the testing of the relationship between acute cortisol and subsequent IL-6 response.
The difference in response to different types of stressors is interesting and raises the issue of
the optimal laboratory task(s) for modeling cortisol-immune interactions in schizophrenia.
Another study found that schizophrenia patients exhibited a less robust plasma I1L-6
response after gastrointestinal surgery (Kudoh et al, 2001), which also may seem
contradictory to evidence of increased basal IL-6 in schizophrenia. However, stress from
major abdominal surgeries does not reflect the everyday stress experienced by patients. A
more modest stressor may be necessary to allow examination of the more typical temporal
relationship between glucocorticoid and immune responses. This simple laboratory
paradigm showed that the salivary IL-6 response is not necessarily increased or blunted in
schizophrenia patients. Rather, salivary IL-6 response to stress is heterogeneous in
schizophrenia patients in part depending on behavioral and initial cortisol response.

An important limitation of this study to note is that IL-6 was the only marker of
inflammation examined. This limits our ability to interpret the full immune system response
to stress. With a limited amount of biological sample available, we prioritized IL-6 based on
the meta-analyses on peripheral inflammatory markers in schizophrenia (Miller et al, 2011;
Potvin et al, 2008; Upthegrove et al, 2014) as well as previous literature suggesting that IL-6
was one of the inflammatory markers most commonly found to rise in response to
psychological stress (Steptoe et al, 2007). However, further experiments incorporating
additional measures of immune activation, ideally also measured in blood, are necessary to
confirm a dysregulation in glucocorticoid-immune interactions in schizophrenia. An
additional limitation is that the IL-6 response in some cases may be more prolonged than
could be captured in the time period examined. On average, IL-6 peaked within 0 to 20
minutes after stress and largely returned to baseline by 40 minutes. However, for those
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individuals with low IL-6 response, we cannot rule out that they may still show an IL-6
response beyond 40 minutes. Another limitation of the study is that most of the patients
were on antipsychotic medications, which may have anti-inflammatory effects (Maes et al,
1995). We found that CPZ was negatively associated with post-stress IL-6 response levels,
consistent with the anti-inflammatory hypothesis. However, the partial correlation analysis
showed that the relationship between acute cortisol and post-stress IL-6 change was
significant even controlling for antipsychotic dose. Antipsychotic medications could
potentially have masked additional findings regarding IL-6 levels in response to stress, and
thus it would be valuable to examine cortisol-immune interactions in a sample of
medication-free patients. Since our focus was on the response of participants to
psychological stress, we used saliva samples in order to avoid additional stress induced by a
blood draw, which would represent a potential confound. However, caution is necessary in
interpreting how changes in salivary IL-6 reflect systemic responses. Although cortisol
levels in the saliva show a tight correspondence with cortisol levels in blood (Dorn et al,
2007), correlation between concentration of IL-6 in the saliva and in blood is poor (Sjégren
et al, 2006), and the degree of correlation between saliva vs. blood IL-6 responses to stress
remains to be determined. Results of previous studies on cortisol levels in schizophrenia
have also been more variable when salivary measures were used as opposed to blood
measures (Karanikas et al, 2014). Still another factor to consider is that the oral cavity is
highly exposed to microbes, and variability in oral health and hygiene can contribute to
variability observed in inflammatory markers in oral fluids. In this study, we attempted to
limit this variability by restricting smoking and eating in the period immediately preceding
the stress challenge, and by having participants rinse their mouths with water 10 minutes
before saliva collection. Additionally, since our analyses were based on the relative change
in cortisol and IL-6 over time as opposed to values at a single time point, it is less likely that
our conclusions are undermined by the potential confound of variable oral health.

Further investigation is needed to identify the cause and clinical consequences of
dysregulated cortisol-immune interactions in stress response in schizophrenia. In this regard,
the negative correlations to processing speed and working memory suggest that the extent of
the post-stress IL-6 response may have clinical relevance; and is consistent with reports that
levels of cytokines are linked to cognitive abnormalities in schizophrenia (Fineberg and
Ellman, 2013; Frydecka et al, 2015). Together, these results support theories emphasizing
stress-mediated vulnerability to schizophrenia (van Winkel et al, 2008) as well as theories
that emphasize immune-mediated pathways to psychosis (Bergink et al, 2014). Disrupted
interactions of HPA axis and immune signaling following psychological stress exposure
may represent an important mechanism of the pathophysiological effects of stress in
schizophrenia.
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Highlights

-Schizophrenia patients did not differ significantly from health controls in magnitude
of salivary IL-6 response to a psychological stress task

-Acute cortisol response was inversely related to post-stress IL-6 changes in healthy
controls, but the opposite pattern was found in patients
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Figure 1.

Time courses of salivary cortisol (A) and interleukin -6 (IL-6) (B) (sex-adjusted means) in
response to the brief psychological stress. Post: minutes after the end of the stress challenge.
Error bars represent standard error mean.
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Scatterplots of the relationship between acute cortisol response and post-stress IL-6 response
in healthy controls (A) and schizophrenia patients (B); and in non-distress intolerant (non-
DI) controls (C) and distress intolerant (DI) patients (D).
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Figure 3.
Scatterplot of the relationship between antipsychotic medication dosage, calculated as

chlorpromazine dose equivalent (CPZ), and post-stress IL-6 response in patients only.
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Table 1

Demographics of the sample. Note that these data are not necessarily characteristic of either healthy controls
or schizophrenia patients as these characteristics have been pre-selected to balance key variables between
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groups.

Healthy Control (n=40) | Schizophrenia (n=34) | Test Statistic | p value

Age [years] (SD) 38.1 (14.1) 39.9 (12.9) t=.59 558
%Male 50.0 58.8 ¥2=.576 448
%Smoker 30.0 353 ¥2=.194 .659
% Distress intolerant 40.0 412 ¥2=.011 .918
Body-mass index (SD) 26.4 (4.1) 28.8 (4.6) t=2.35 021
Processing Speed (SD) 10.4 (2.8) 7.6 (3.3) t=3.84 <.001
Working Memory (SD) 43.9 (13.3) 37.2 (14.6) t=1.99 .050
BPRS Total mean (SD) n/a 2.1(.53) n/a

BPRS Anxiety/Depression subscale mean (SD) | n/a 2.2 (.94) nfa

BPRS Psychosis subscale mean (SD) n/a 2.8(1.3) n/a
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