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Abstract

Recent research indicates that the expression of long non-coding and endogenous retroviral RNAs
is coordinated with the activity of immune molecules often dysregulated in schizophrenia. We
measured the expression of TMEVPG1, NRON, HERV-W envand HERV-W gag in blood cells
from participants with schizophrenia and controls. We report that a) expression levels of these
non-coding RNAs are correlated with proinflammatory cytokine mRNA expression in all
participants, b) HERV-W transcripts are negatively correlated with atypical antipsychotic use in
participants with schizophrenia, and c) that these RNAs are transcribed in response to
proinflammatory stimuli in @ THP-1 monocyte cell line.
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1. Introduction

Persistent sub-clinical inflammation, primarily characterized by elevated expression of
proinflammatory cytokines, including IL-6, TNF-a and IFN- -y, is a well replicated finding
in the schizophrenia literature (Chase et al., 2016, 2015; Miller et al., 2011). Additionally,
we and others have shown that corresponding inflammatory cell signaling pathways (JAK-
STAT1 and NF-xB) are also affected (Sharma et al., 2016; Song et al., 2009). However, the
explanation for and potential pathophysiological consequences of inflammation in this
disorder remain to be established.

Altered activity of long non-coding RNAs (IncRNAS) has been hypothesized to contribute to
neuropsychiatric disorders, including schizophrenia (Huang et al., 2016), and IncRNAs are
shown to play critical roles in the regulation of immune function (Satpathy and Chang,
2015). For example, the INcRNA TMEVPG1 enhances the expression of IFN-y (Collier et
al., 2012), and the IncRNA NRON regulates the transcription factor NFAT, which in turn
controls the expression of a number of cytokines including IL-6 and IFN-y (Fenimore and
Young, 2016; Fric et al., 2012; Willingham et al., 2005). Reciprocally, inflammatory
cytokines and stimuli can alter the expression of INCRNAs (llott et al., 2014; Kambara et al.,
2014). Endogenous retroviral transcripts are another type of predominantly non-coding RNA
that have been implicated in inflammation, and elevated expression of human endogenous
retrovirus type W (HERV-W) has been repeatedly reported in individuals with schizophrenia
(Li and Karlsson, 2016 for review).

To our knowledge, expression analyses of InNcCRNAs related to immune function have not
been previously reported in the schizophrenia literature, nor have HERV transcripts been
measured in relation to cytokine gene expression. We hypothesized an induction of non-
coding RNAs as a consequence of chronically elevated immune activity in schizophrenia
and to investigate this we used several approaches. Firstly, we examined for a diagnostic
effect on non-coding RNA expression. Secondly, we determined whether there was an
association between long non-coding (TMEVPG1 and NRON) and endogenous retroviral
(HERV-W envand HERV-W gag) RNA levels with markers of inflammation in this human
sample. We selected IL-6 and TNF-a based on our previous findings of elevated mRNA
expression in schizophrenia (Chase et al, 2015; Chase et al, 2016), and IFN-y because of its
interaction with the selected non-coding RNAs and previously reported increased levels in
schizophrenia (Miller et al 2011). Finally, we examined the effects of stimuli that activate
immune signaling pathways shown to be altered in schizophrenia on expression of these
RNAs using a human monocyte cell line.

2. Method

2.1 Participant information and clinical measures

The study was approved by the IRB of the University of Illinois, and signed consent was
obtained prior to the initiation of study procedures. Participants with schizophrenia (17=17)
and control (7=16) groups were matched for age (36+13.9 and 39+10.4), race and BMI
(31.5£9.9 and 31.9+9.2). There were more males in the group of participants with
schizophrenia (12 males and 5 females) and more females in the control participant group
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(12 females and 4 males), however we found no effect of sex on any of the variables
measured. With regards to nicotine consumption, 3 control participants and 8 participants
with schizophrenia were self-reported smokers. Again, we found no effect of smoking status
on non-coding RNA expression. All but 2 participants with schizophrenia were taking
antipsychotic medication (2 typical and 12 atypical), and dosage was converted to
chlorpromazine (CPZ) equivalents (Danivas and Venkatasubramanian 2013; Gardner et al.
2010).

2.2 Sample Collection, Processing and gPCR

Collection of blood samples, PBMC isolation, RNA extraction, DNase treatment and
quantitative real-time PCR (qPCR) were carried out according to previously described
protocols (Chase et al., 2016). Relative quantification values were calculated for TMEVPG1,
NRON, HERV-W env, HERV-W gag and IFN-y using the geometric mean of the
housekeeping genes GAPDH and ACTB. Primer sequences are available from the authors
on request.

2.3 THP-1 Cell Culture and Treatment

THP-1 cells (ATCC) were maintained in RPMI 1640 medium (Gibco) supplemented with
10% FBS (Gibco), I. glutamine and penicillin/streptomycin and incubated at 37°C with 5%
CO,. Wells of 1x106 cells were treated with a) 10 ng/ml recombinant IFN-y (BD
Pharmingen) b) 100 ng/ml lipopolysaccharide (LPS; e. coli; 0111:B4; Sigma) or c) vehicle,
and harvested at 1, 6 and 24 hour time points. RNA extraction and qPCR were carried out as
above.

2.4 Data Analysis

3. Results

SPSS (version 22.0 for Windows) was used for all statistical analyses. Independent samples
t-tests and multiple regressions controlling for covariates (age and sex) were used to
examine expression data for differences in INcCRNA and HERV transcript levels in control
participants and those with schizophrenia. Spearman’s correlations were carried out to
determine the association of IncRNA and HERV transcript expression with IL-6, TNF-a and
IFN-y mRNA expression.

3.1 No significant difference between diagnostic groups for TMEVPG1, NRON or HERV-W

transcripts

There was no effect of diagnosis (control vs participants with schizophrenia), age, or sex, on
RNA expression levels of TMEVPG1, NRON, HERV-W env or HERV-W gag when
examined using t-tests or multiple regression (Table 1). Additionally, there was no
significant difference in IFN-y mRNA expression (p=.35) in participants with schizophrenia
(M=37.79, SD=35.34) compared to controls (M=51.13, SD=42.44). IL-6 and TNF-a mRNA
expression levels had been previously collected and reported and are presented here for
completeness (Chase et al., 2016, 2015); IL-6 (p=.05) and TNF-a (p=.004) mRNA
expression levels as earlier reported are significantly elevated in participants with

Psychiatry Res. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Melbourne et al. Page 4

schizophrenia (IL-6: M=4.14, SD=2.42; TNF-a.: M=2.12, SD=.64) compared to controls
(IL-6: M=2.77, SD=1.23; TNF-a.: M=1.55, SD=.37).

3.2 Correlation of TMEVPG1, NRON and HERV-W transcripts with inflammatory cytokine
MRNA expression

Results of the correlation analyses are reported in Table 1. RNA expression of TMEVPG1,
NRON, HERV-W envand HERV-W gag demonstrated a positive correlation with 1L-6
MRNA expression in the entire participant sample (Figure 1A). Within the control
participant group RNA expression of NRON and HERV-W env were positively correlated
with IL-6 mRNA expression, and within the group of participants with schizophrenia RNA
expression of TMEVPG1, NRON and HERV-W gag were positively correlated with IL-6
MRNA levels. Across the entire sample IFN-y mRNA expression was positively correlated
with HERV-W gag transcript expression. This relationship was present in the control
participants, but not participants with schizophrenia. There was no correlation of any of the
transcripts measured with TNF-a mRNA expression, either combined or split by diagnostic
category. Because this exploratory study with a small sample is concerned with controlling
the proportion of actually falsely rejected null hypotheses, we applied the False Discovery
Rate. Using an FDR threshold of 0.05 and utilizing all p-values generated, the Benjamini-
Hochberg calculation executed by SPSS allows us to call any raw unadjusted p-value above
0.009 as a likely rejection of a false null hypothesis (Benajmini and Hochberg, 1995). This
increases confidence for several key findings in Table 1.

3.3 Correlation of HERV-W transcript expression with atypical antipsychotic use

Atypical antipsychotic CPZ equivalents demonstrated a negative correlation with RNA
expression of HERV-W envand HERV-W gag (Table 1). There was no association of
atypical antipsychotic CPZ equivalents with TMEVPG1 or NRON.

3.4 NRON and HER-W transcript expression increases following IFN-y and endotoxin
stimulation in a THP-1 monocyte cell line

NRON, HERV-W ¢envand HERV-W gag RNA expression increased following stimulation
with both the proinflammatory cytokine IFN-y, which activates the JAK-STAT1 signaling
pathway, and the bacterial endotoxin LPS, which activates the NF-xB signaling pathway

(Figure 1B). TMEVPG1 was not expressed in this cell line at baseline or after stimulation.

4. Discussion

To our knowledge, this is the first study to demonstrate an association of INCRNA
(TMEVPGL1 and NRON) and HERV-W (envand gag) transcript expression with I1L-6 and
IFN-y mRNA expression in primary cells from human participants. IL-6 expression is
elevated in schizophrenia and has been associated with positive symptom severity as well as
cognitive dysfunction (Chase et al. 2016; Frydecka et al. 2015). We did not demonstrate an
association with TNF-a mRNA expression, another proinflammatory cytokine that is
elevated in individuals with schizophrenia.
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The association of TMEVPG1 and NRON IncRNA levels with IL-6 mRNA expression is
consistent with the current literature as both IncRNAs are shown to be involved in the
regulation of proinflammatory cytokine gene expression (Satpathy and Chang, 2015). While
TMEVPGL is thought to play a role in IFN-y expression, we did not find an association of
expression of these RNAs in our participant sample. The association of HERV-W transcript
and IL-6 and IFN-y mRNA expression supports findings of altered HERV-W expression in
diseases with an inflammatory component (Li and Karlsson, 2016). Whether HERV-W
expression may be a cause and/or consequence of inflammation is still the subject of debate.
At least /n vitro, our THP-1 cell culture results support the hypothesis that these transcripts
can be secondary to inflammation, as the expression of HERV-W envand gag transcripts
increased following treatment with two independent pro-inflammatory stimuli, IFN-y and
LPS, which activate the JAK-STAT1 and NF-xB signaling pathways shown to be
dysregulated in individuals with schizophrenia (Sharma et al., 2016; Song et al., 2009).
Interestingly, direct binding of transcription factors to HERV promoter elements following
cytokine stimulation, and a subsequent increase in expression, has recently been
demonstrated for the HERV-K family of endogenous retroviruses (Manghera et al., 2016).

Based on the finding that IL-6 mMRNA expression is significantly greater in participants with
schizophrenia (Chase et al. 2015), and the positive correlation between IL-6 mMRNA
expression and TMEVPG1, NRON and HERV-W transcript expression that we demonstrate
here, we might expect that these RNAs would also be elevated in the group of participants
with schizophrenia. The lack of a significant diagnostic effect is possibly due to the small
sample size. The negative correlation of HERV-W envand gag with atypical antipsychotic
CPZ equivalents indicates that these medications may have an inhibitory effect on HERV-W
transcript expression, and like immune function, has important implications in the clinical
course of schizophrenia.

There are clear limitations to this preliminary and exploratory study, including the small
number of RNA molecules investigated, sample size, and the lack of treatment naive
participants with schizophrenia. However, given the well documented findings of altered
immune activity at multiple stages of illness in individuals with schizophrenia as well as the
already active literature with regards to the critical involvement of IncRNAs and endogenous
retroviruses in immune function, a larger genome-wide approach is warranted, focused on
treatment naive participants as well as those with long-term illness. Furthermore, the specific
effects of psychotropic medication on the expression of these RNAs will be a future research
objective.
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Highlights
. Expression of InNcRNAs and cytokines are correlated in human blood cells.
. Expression of HERV transcripts and cytokines are correlated in human blood
cells.
. These INcRNAS/HERVs are responsive to inflammatory stimuli in a monocyte
cell line.
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Figure 1. Long non-coding and endogenous retroviral RNA levels correlate with
proinflammatory gene expression, and are responsive to proinflammatory stimuli

A) RNA expression levels of TMEVPG1, NRON, HERV-W envand HERV-W gag are
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positively correlated with mRNA expression of IL-6 in PBMCs from the entire participant

sample (2-tailed; 7=33). RNA expression of HERV-W gag is positively correlated with

MRNA expression of IFN-y. Data points for participants with schizophrenia and controls are
displayed as filled and hollow points, respectively. B) Fold change relative to vehicle of non-
coding and endogenous retroviral transcript expression following IFN-y and LPS treatment
at 1, 8 and 24 hour time points in THP-1 cells (7=2). One-way ANOVA with Tukey’s post-

hoc **p<0.01, *p<0.05
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