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Abstract

Behavioral symptoms associated with mood disorders have been intimately linked with
immunological and psychological stress. Induction of immune and stress pathways is accompanied
by increased tryptophan entry into the Kynurenine (Kyn) Pathway as governed by the rate-limiting
enzymes indoleamine/tryptophan 2,3-dioxygenases (DO’s: Idol, 1do2, Tdo2). Indeed, elevated
DO expression is associated with inflammation- and stress-related depression symptoms. Here we
examined central (brain, astrocyte and microglia) and peripheral (lung, liver and spleen) DO
expression in mice treated intraperitoneally with lipopolysaccharide (LPS) and dexamethasone
(DEX) to model the response of the Kyn Pathway to inflammation and glucocorticoids. LPS-
induced expression of cytokines in peripheral tissues was attenuated by DEX, confirming
inflammatory and anti-inflammatory responses, respectively. Increased Kyn levels following LPS
and DEX administration verified Kyn Pathway activation. Expression of multiple mRNA isoforms
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for each DO, which we have shown to be differentially utilized and regulated, were quantified
including reference/full-length (FL) and variant (v) transcripts. LPS increased Ido1-FL in brain
(~1,000-fold), a response paralleled by increased expression in both astrocytes and microglia.
Central Idol1-FL was not changed by DEX; however, LPS-induced Ido1-FL was decreased by
DEX in peripheral tissues. In contrast, DEX increased ldo1-v1 expression by astrocytes and
microglia, but not peripheral tissues. In comparison, brain 1do2 was minimally induced by LPS or
DEX. Uniquely, Ido2-v6 was LPS- and DEX-inducible in astrocytes, suggesting a unique role for
astrocytes in response to inflammation and glucocorticoids. Only DEX increased central Tdo2
expression; however, peripheral Tdo2 was upregulated by either LPS or DEX. In summary,
specific DO isoforms are increased by LPS and DEX, but LPS-dependent Idol and Ido2 induction
are attenuated by DEX only in the periphery indicating that elevated DO expression and Kyn
production within the brain can occur independent of the periphery. These findings demonstrate a
plausible interaction between immune activation and glucocorticoids associated with depression.
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astrocyte; microglia; inflammation; stress; kynurenine

1. Introduction

The brain and immune system have a sophisticated bidirectional relationship that not only
provides protection for the brain, but also affords a mechanism whereby inflammatory
cytokines influence mood and behavior. Under most conditions, this interaction allows
appropriate immune responses to physiological stressors. However, when inappropriate
responses occur, major psychiatric sequelae may emerge (Dantzer et al., 2008). Similar to
immune-related psychiatric changes, the hypothalamic pituitary adrenal (HPA) response
occurring during immune activation and following psychological stress is intimately related
to mental wellbeing (Capuron et al., 2006; Dantzer et al., 2008). Depression is a prime
example. Major depression, the most common psychiatric disorder in the United States,
presents more often as a co-morbidity to other illnesses rather than alone (Kessler et al.,
2003). Major depression is frequently associated with elevated corticosteroid levels (Pace et
al., 2007; Pariante, 2009, 2006) and elevated pro-inflammatory cytokines (Zorrilla et al.,
2001). Defining the effect of inflammation and glucocorticoids on the brain should aid in the
development of new treatments for depression and other psychiatric disorders.

Physiological challenges such as infection, cancer, heart disease or perceived psychological
stress activate the immune system and increase HPA axis activity (McEwen et al., 2015). In
turn, resultant pro-inflammatory cytokine and adrenocortical secretions induce the Kyn
Pathway (Lawson et al., 2016). Accumulating evidence implicates increased levels of
tryptophan (Trp) metabolites (kynurenines) in precipitating or mediating psychiatric
symptomologies (Bradley et al., 2015; McCusker et al., 2014; Miura et al., 2008; Myint et
al., 2012; O’Farrell and Harkin, 2017; Savitz, 2016; Schwieler et al., 2016). Trp availability
per se does not appear to limit the Kyn Pathway in vivo as Trp concentrations remain
sufficiently high in extracellular fluids (Badawy, 2015; Dantzer, 2016). Instead, Trp entry
into the Kyn Pathway is governed by indoleamine/tryptophan 2,3-dioxygenases (DO’s: ldol,
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Ido2 and Tdo2). It is currently accepted that Idol and Ido2 are upregulated by pro-
inflammatory cytokines, whereas Tdo2 is controlled by glucocorticoids (Lawson et al.,
2016). Although inflammatory cytokines and glucocorticoids may individually contribute to
disease morbidity and mortality via DO upregulation, interacting effects of inflammatory
mediators and glucocorticoids on DO expression remain poorly defined.

Increased DO expression results in Trp — Kyn metabolism and production of downstream
kynurenines. An underappreciated aspect of this field is the cell-specific generation of
unigue kynurenines (McCusker et al., 2014). In the brain, quinolinic acid (QuinA) generated
predominantly by microglia is a glutamate receptor (NMDA-R) agonist. Kynurenine acid
(KynA) from neurons and astrocytes is a NMDA-R antagonist (Lawson et al., 2016). In
addition to neuromodulation, kynurenines are also immunomodulatory largely by the ability
of Kyn and KynA to suppress the immune response (Lawson et al., 2016). Thus, an
imbalance in kynurenines is implicated in various illnesses including neurodegenerative
disorders (Souza et al., 2016), autoimmune diseases (Merlo et al., 2017), cancer, (Zhai et al.,
2017, 2015) schizophrenia and depression (Bradley et al., 2015; McCusker et al., 2014;
Miura et al., 2008; Myint et al., 2012; O’Farrell and Harkin, 2017; Savitz, 2016; Schwieler
et al., 2016).

Idol and Ido2 genes are separated by < 8,000 bp’s on chromosome 8 (Ball et al., 2007)
while Tdo2 resides on murine chromosome 3 (Kanai et al., 2009a). It was unclear why three
DO’s evolved to perform the same activity until the realization that multiple genes driven by
distinct promoters endow the ability to regulate the Kyn Pathway in a cell/tissue-specific
manner. Ball ef a/. suggested that two murine 1do2 protein bands were due to post-
translational modification (Ball et al., 2007). At the same time, Metz ef a/. described the
presence of MRNA variants for human IDO2 (Metz et al., 2007). Ball then reported Ido1 and
Ido2 mRNA isoforms encoding different sized proteins (Ball et al., 2009) thereby linking the
existence of MRNA isoforms to alternate protein products. The use of alternate promoters
was proposed as a means to generate the full-length (FL) and truncated (variant) isoforms
differing with the choice of exon used to initiate transcription. It wasn’t until 2014 that
physiological attributes were linked to DO isoforms (Metz et al., 2014). 1do2 isoforms
differing in the splicing of an internal exon were transcribed into FL and A4 proteins with
~8-fold differences in enzymatic activity. We reported that mMRNA isoforms for Ido1, Ido2
and Tdo2 are expressed with both alternate choice of first exons (Class 1 and 2) and
alternate splicing of internal exons (Brooks et al., 2017, 2016a, 2016b; Dostal et al., 2017);
see supplementary Tables S1-S4 for isoform and gPCR assay descriptions.

The class 1 reference Idol (Idol1-FL) and Ido2 (Ido2-FL) transcripts are basically
undetectable in naive mouse brain and glia, albeit highly inducible (André et al., 2008; Ball
et al., 2007; Brooks et al., 2016b; Browne et al., 2012; Croitoru-Lamoury et al., 2011; Dostal
etal., 2017; Heisler and O’Connor, 2015; Henry et al., 2009; O’Connor et al., 2009c; Park et
al., 2011; Parrott et al., 2016a; Salazar et al., 2012; Wang et al., 2010b). However, the naive
mouse brain has intrinsic Ido activity (Fu et al., 2010; Fujigaki et al., 1998; Lestage et al.,
2002; Saito et al., 1992). By contrast, Idol and Ido2 mRNA are readily detected with assays
that simultaneously quantify all isoforms, i.e. “Tot’ Ido expression (Brooks et al., 2017,
2016a, 2016b; Browne et al., 2012; Dostal et al., 2017; Fuertig et al., 2016; Gibney et al.,
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2014; Heisler and O’Connor, 2015; Liu et al., 2015; Park et al., 2011; Parrott et al., 2016a).
Thus, Idol enzymatic activity in brain is presumably derived from Idol protein encoded by
variant mRNA isoforms. The presence of variant 1dol isoforms was initially illustrated with
PCR assays that simultaneously quantify all 1dol isoforms; i.e. Ido1-Tot (Fuertig et al.,
2016; Gibney et al., 2014; Liu et al., 2015; Park et al., 2011). Likewise, the class 1 reference
Ido2-FL expression is low in the naive mouse brain (Ball et al., 2007; Croitoru-Lamoury et
al., 2011). Ido2-Tot is more readily detected (lower C;) (Brooks et al., 2016b) and more
frequently reported (Browne et al., 2012; Fuertig et al., 2016; Heisler and O’Connor, 2015;
Park et al., 2011; Parrott et al., 2016a) because 1do2-Tot assays detect both FL and variant
(v) isoforms. Tdo2 isoforms (Tdo2-FL, Tdo2-v1 and Tdo2-v2) are differentially expressed
and regulated (Brooks et al., 2017, 2016a, 2016b; Dostal et al., 2017), but studies reporting
Tdo2-Tot are overrepresented in the literature (Fuertig et al., 2016; Gibney et al., 2014;
Heisler and O’Connor, 2015; Park et al., 2011; Parrott et al., 2016a). Thus, quantifying a
single DO isoform does not necessarily reflect mMRNA levels or enzymatic activity.
Importantly, our work highlights isoform-specific DO changes routinely missed with non-
specific “Tot” assays suggesting unique and unappreciated roles for the individual DO
transcripts (Brooks et al., 2017, 2016a, 2016b; Dostal et al., 2017).

Data generated with preclinical animal models demonstrate that inflammation- or stress-
induced depression-like motivated behaviors and cognitive deficits are DO-dependent
(Dugan et al., 2016; Gibney et al., 2014; Heisler and O’Connor, 2015; O’Connor et al.,
2009b, 2009c; Salazar et al., 2012). Thus, we probed the interacting effects of LPS (to model
an acute inflammatory response) and DEX (to model glucocorticoid receptor activation by
acute stress) as a first step towards relating specific mRNA isoforms to DO-dependent
changes in physiology and behavior.

2. Materials and Methods

2.1. Animals

Male C57BL/6J mice (Bar Harbor, ME, USA), kept on a reversed 12 h light-dark cycle with
ad libitum access to food and water, were individually housed for 3 weeks prior to
experiments. Mice were handled for 5 consecutive days prior to treatment and were 15
weeks of age at the time of treatment. All animal procedures were approved by the
Institutional Animal Care and Use Committee and performed in accordance with the Guide
for the Care and Use of Laboratory Animals (National Research Council).

2.2. Intraperitoneal (i.p.) treatments

Mice were given a single injection prior to onset of the dark cycle of either saline (Control),
LPS (0.83 mg/kg, serotype 0127:B8, Sigma), DEX (10 mg/kg, 11695-4013-1, Henry Shein)
or both LPS+DEX. Doses were chosen for their ability to alter cytokine expression, activate
brain glucocorticoid receptors and induce depression-like behavior (O’Connor et al., 2009c;
Salazar et al., 2012; Schinkel et al., 1995; Wrébel et al., 2014). Mice were euthanized by
CO», asphyxiation 5 h after treatment since LPS-induced Ido1-FL expression is optimal near
this time point (André et al., 2008).
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2.3. Glia enrichment (cohort 1)

Five hours after treatment and following intracardial perfusion with PBS containing 2 mM
EDTA, brains were removed and gently homogenized. Whole brain homogenates were
sampled prior to the enrichment of astrocytes and microglia by magnet-assisted cell
separation (Miltenyi Biotec Inc.). Brain homogenate, microglia and astrocyte samples were
suspended in TRIzol and stored at =80 °C until processed for gene expression. This method
provides highly enriched viable cell populations (Dostal et al., 2017; Jungblut et al., 2012;
Matt et al., 2016; Nikodemova and Watters, 2012). Astrocyte and microglia enrichment was
further verified by comparing Glastl and Cd11b mRNA expression. Consistent with our
previous work, Glast1 expression is greater in enriched astrocytes compared to brain
(6.0+0.3 fold, p<0.001) and Cd11b expression is greater in microglia compared to brain
(19712 fold, p<0.001).

2.4. Tissue collection (cohort 2)

Five hours after treatment, blood was collected prior to intracardial perfusion. Brain, liver,
lung and spleen were harvested then stored at =80 °C. Brain and plasma were processed for
Kyn content (Dostal et al., 2017). Peripheral tissues were processed for gene expression.

2.5. Gene expression by quantitative polymerase chain reaction (QPCR)

2.6. HPLC

Methods for RNA extraction, reverse-transcription and gPCR analysis were described in
detail (Dostal et al., 2017). Within each tissue or cell-type, the expression of each test gene
was normalized to Gapdh using the 272ACt method, C; = cycle threshold (Livak and
Schmittgen, 2001). Expression in the Control group was set to 1.0 and other groups
expressed as fold of Control. DO gene structure, mMRNA transcripts and PCR assays are
found in supplementary Tables S1-S4. Custom gPCR assays were designed using the IDT
PrimerQuest® Design Tool and probe-based assays were purchased from IDT (Coralville,
lowa). Because of low expression, some transcripts are ‘not detectable’ in all samples after
amplification (C; values ‘undetermined’). For analysis, a C; value of 40 is assigned when this
occurs. Frequency of this happening, raw data and n for each treatment combination are in
supplementary Tables S5-S10.

To measure Kyn, brain and plasma samples were analyzed by high pressure liquid
chromatography (HPLC) with electrochemical detection using methods recently described in
detail (Dostal et al., 2017). All HPLC runs resulted in standard curves with r2 > 0.95. The
average coefficients of variation within and between assays were < 13 %.

2.7. Statistics

Data are presented as mean + SEM representing 4-6 mice per treatment group. Following
normality testing, 2-way ANOVA was performed for all data. Data that are not normally
distributed were statistically analyzed after log-transformation. Significance was set at p <
0.05. In the absence of a statistical interaction between treatments, significant main effects
of LPS or DEX are annotated with * or ¢, respectively. In the presence of a significant
statistical interaction between LPS and DEX, data are annotated with 6 to represent
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significant effects by post hoc analysis using the Holm-Sidak method for multiple
comparisons. Graphic presentation and statistical analysis were completed using CorelDraw
Graphics Suite and SigmaPlot.

3. Results

To confirm treatment effectiveness associated with this short treatment interval, changes in
body weight and food intake were quantified. Both LPS and DEX reduced body weight, but
only LPS reduced 5 h food intake (Table 1).

3.1. DEX is anti-inflammatory in peripheral tissues, not brain, when co-administered with
LPS

Fkbp5 expression was assessed to confirm glucocorticoid-receptor (GR) mediated responses.
Fkbp5 is well expressed by all 4 tissues (Fig. 1A, C; of Controls (Ctrl/-) presented above
each graph). Fkbp5 expression was increased by LPS, indicating HPA axis activation. DEX
increased Fkbp5 expression by all 4 tissues. LPS caused a smaller increase in Fkbp5
expression when compared to DEX. LPS+DEX did not result in greater Fkbp5 within
peripheral tissues compared to DEX, suggesting saturation of the peripheral GR response by
DEX alone.

Cytokine expression was quantified to verify the relative abilities of LPS and DEX to
modulate an inflammatory response. I1fny was poorly expressed in the mouse brain and not
induced by LPS or DEX. Ifny expression was highest in spleen (Fig. 1B, see Control C;
values). The increase in I1fny expression caused by LPS was abrogated by DEX in all three
peripheral tissues. Tnfa expression was increased by LPS in brain, liver, lung and spleen
(Fig. 1C). LPS-induced Tnfa was significantly attenuated by DEX for all three peripheral
tissues, but DEX did not reduce Tnfa in brain.

3.2. Kyn levels increase in brain following LPS and in plasma following DEX

Kyn was quantified to confirm Kyn Pathway activation. Plasma Kyn was elevated 5 h after
DEX administration (Fig. 2A). LPS did not increase plasma Kyn, but prevented the increase
triggered by DEX. In contrast, brain Kyn was doubled by LPS (Fig. 2B). DEX decreased
brain Kyn and tempered the increase produced by LPS.

3.3. LPS and DEX differentially regulate Idol expression in brain, glia and peripheral
tissues

Expression of the reference class 1 full-length Ido1 transcript (Ido1-FL), two class 2 mRNA
isoforms (Ido1-v1 and ldo1-v2; class based on choice of first exon) and their combined
expression (Idol1-Tot) were quantified (see supplementary materials for class designation,
treatment summaries and raw data).

Idol-FL (class 1) is poorly expressed in naive brain, astrocytes and microglia (Fig. 3A, see
Control C; values), but strongly induced by LPS. DEX did not reduce Ido1-FL expression in
these samples. In the periphery, Idol1-FL is expressed best by lungs, followed by spleens and
livers from naive mice (see Control C; values). LPS increased Ido1-FL expression in liver,
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lung and spleen. Idol1-FL induction was significantly reduced by DEX in all three peripheral
tissues. Thus, LPS-induced Ido1-FL is abrogated by DEX in peripheral tissues, but not in
whole brain, astrocytes or microglia.

Ido1-v1 (class 2) is the only Idol isoform appreciably expressed in naive mouse brains (Fig.
3B, Control C;’s) where expression was unaltered by LPS or DEX. However, LPS increased
Idol-v1 expression in astrocytes, but not microglia. Idol1-v1 expression by astrocytes, and
less so by microglia, was DEX-inducible. Elevated 1do1-v1 expression by glia without
noteworthy changes in brain might seem inconsistent. However, Ido1-v1 expression in
Control astrocytes and microglia is lower than brain (a brain C; of 33.1 represents ~13-fold
greater expression compared to the astrocyte C; of 36.8 and ~42-fold greater compared to a
microglia C; of 38.5). These data indicate that most of the Ido1-v1 in brain is not derived
from these LPS- and DEX-sensitive glia, but from an LPS- and DEX-insensitive cell-type(s).
In peripheral tissues, LPS only increased ldo1-v1 in the lung where its induction was
attenuated by DEX. LPS slightly decreased splenic Ido1-v1. Thus, DEX increased Idol-v1
expression within astrocytes and microglia, but not in whole brain from which they were
derived, indicating that detecting relevant changes in 1do1-v1 may require examination of
each tissue’s component cell-types.

Ido1-v2 (class 2) expression (Fig. 3C) was essentially absent in brain, astrocytes, microglia,
liver or spleen. Only in lung was Ido1-v2 strongly induced by LPS where its expression was
attenuated by DEX. Thus, lung was unique in its ability to express ldo1-v2.

Ido1-Tot expression (Fig. 3D) detects all three 1dol isoforms. Ido1-Tot in Control brains
reflects expression of Ido1-v1 (Figs. 3B vs. 3D, Control C;’s both ~ 33). In brain, LPS
increases Ido1-Tot expression ~10-fold, a marked attenuation relative to the ~1,000-fold
increase in Ido1-FL. Thus, the fold-change in Ido1-FL overestimates the change in total
brain Idol1. Moreover, the ability of DEX to increase Idol expression by astrocytes and
microglia is overlooked when quantifying Ido1-Tot since only glial 1do1-v1 is affected by
DEX. In liver, Ido1-Tot expression mimics Ido1-FL as only this isoform is induced by LPS
and inhibited by DEX. In lung there are no differentially regulated isoforms; therefore, Ido1-
Tot expression reflects the sum of all 3 isoforms. In the spleen, the Idol isoforms are
differentially responsive to treatment; changes in Ido1-Tot reflect LPS-induced Ido1-FL as
tempered by reduced Idol-v1.

3.4. LPS and DEX regulate Ido2 transcripts in a manner distinct from ldo1

The reference transcript 1do2-FL, eight variants (Ido2-v1 thru v8) and their combined
expression (Ido2-Tot) were quantified to define cell- and tissue-specific profiles. 1do2-v3
and Ido2-v7 are further differentiated based on alternate splicing of exons 5 and 4,
respectively; thus, these transcripts may occur as either class 1 (Ido2-v3.1, 1do2-v7.1) or
class 2 (Ido2-v3.2, 1do2-v7.2) isoforms (see 1do2 isoform description in Table S2) based on
alternate choice of the first exon.

Class 1 Ido2 isoforms (Ido2-FL, Ido2-v3.1, Ido2-v4, 1do2-v7.1 and 1do2-v8) were readily
detected only in liver. Hepatic expression was decreased by LPS, independently of DEX
(Fig. 4A-E). Based on Control C; values, Ido2-FL is the major hepatic isoform, 1do2-v3.1
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(encoding a protein with low enzymatic activity) and 1do2-v7.1 (containing an early stop-
codon, see Table S2) are detected at a lower level.

In contrast to the hepatic specificity of class 1 isoforms, class 2 1do2 isoforms were detected
in brain, astrocytes, microglia and all 3 peripheral tissues:

Ido2-v1 (class 2) expression is greater in brain compared to astrocytes, microglia and

peripheral tissues (Fig. 4F, see Control C; values), but Ido2-v1 expression by brain is
unchanged by LPS or DEX. However, LPS increases 1do2-v1 expression in astrocytes and
microglia. The LPS induction of glial Ido2-v1 is not sufficient to change whole brain
expression because of lower basal expression levels of glia, indicating that a non-glial LPS/
DEX-insensitive cell-types (probably neurons (Fukunaga et al., 2012)) must be the primary
source of brain 1do2-v1 (mimicking Ido1-v1). In the periphery, LPS increases expression of
Ido2-v1 in liver, lung and spleen. DEX abrogates the LPS effect in lung, but synergizes with
LPS to further elevate 1do2-v1 in spleen. Thus, ldo2-v1 expression is LPS and DEX
responsive, but in a cell-type and tissue-specific manner.

Ido2-v2 (class 2) basal expression is similar in brain, astrocytes, microglia and liver, all with
greater expression than lung or spleen (Fig. 4G, see Control C; values), indicating that glia
are a major source of central 1do2-v2. 1do2-v2 expression in brain was not changed by either
LPS or DEX, but slightly elevated by LPS+DEX. This induction is not evident within
astrocytes or microglia. By contrast, Ido2-v2 expression is diminished in liver by LPS,
unchanged in lung, but increased in spleen by LPS and DEX. Thus, Ido2-v2 expression is
relatively stable in brain and glia, but regulation in the periphery is tissue-specific.

Ido2-v3.2 (class 2) is better expressed by brain when compared to astrocytes and microglia,
and in the periphery its expression is greatest in the spleen then lung (Fig. 4H, C; values).
These data illustrate that neither astrocytes nor microglia are the major source of central
Ido2-v3.2. Ido2-v3.2 expression is slightly increased by LPS in brain and by LPS+DEX in
microglia, but not astrocytes. LPS increases 1do2-v3.2 expression in lung and spleen; DEX
blocks the induction in lung. Thus, 1do2-v3.2 expression is relatively stable in brain and
astrocytes, albeit inducible in microglia, lung and spleen.

Ido2-v5 (class 2) was only detected in brain, where it was increased by LPS (Fig. 41).

Ido2-v6 (class 2) expression is greatest in the brain, but poorly expressed in astrocytes,
microglia, liver, lung and spleen (Fig. 4J, C; values). These data indicate that most of the
Ido2-v6 in brain is not within these glia. Ido2-v6 expression in brain and microglia is
unchanged by treatments, whereas astrocyte 1do2-v6 expression is increased by LPS and
DEX. LPS also increases 1do2-v6 expression in liver, lung and spleen. DEX abrogated LPS-
induced expression in liver and lung, but by itself DEX increased Ido2-v6 expression in
spleen. Thus, 1do2-v6 expression is relatively stable in brain and microglia, albeit inducible
in astrocytes; but LPS and DEX responsiveness in the periphery occurs in a tissue-specific
manner.

Ido2-Tot expression (Fig. 4K) represents the integrated effects of LPS or DEX on Ido2
isoforms. Alone however, 1do2-Tot does not adequately define the elaborate isoform-specific
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regulation of 1do2 by LPS and DEX. For example, 1do2-Tot does not reflect the ability of
LPS to induce Ido2-v1 and Ido2-v6 in astrocytes or Ido2-v1 in liver. Like Idol, Ido2
expression is likely cell-type specific within each peripheral tissue. Work similar to our
comparison of brain vs. astrocyte vs. microglia is needed to adequately define 1do2
regulation.

3.5. DEX upregulates Tdo2-FL while inflammation regulates Tdo2-v1 and Tdo2-v2

Tdo2 expression is widely viewed as glucocorticoid-inducible. Thus, we quantified the
expression of the reference isoform Tdo2-FL, variant isoforms (Tdo2-v1, Tdo2-v2) and their
combined expression (Tdo2-Tot).

Class 1 Tdo2-FL is well expressed by brain and astrocytes, less so by microglia. However,
expression is highest in liver and lowest in spleen (Fig. 5A, C; values). Tdo2-FL increases in
brain and astrocytes following DEX administration, but not in microglia (p=0.054). Tdo2-FL
also increases after DEX administration in all three peripheral tissues. LPS only induces
Tdo2-FL expression in liver. Thus, Tdo2-FL expression is glucocorticoid-inducible across
tissues and in astrocytes.

Class 2 Tdo2-v1 and Tdo2-v2 expression are similarly regulated. Tdo2-v1/v2 are best
expressed by the liver, next highest in astrocytes, then slightly lower in microglia, lung, brain
and spleen (Fig. 5B-C, C; values). Thus, astrocytes and microglia are both major sources of
Tdo2-v1/v2 in brain. Tdo2-v1/v2 expression is unchanged by LPS and DEX in brain,
astrocyte and microglia, but regulated in a tissue-specific manner within the periphery. Thus,
Tdo2-v1/v2 expression by liver and lung is glucocorticoid-inducible (not brain or spleen),
but their expression is LPS sensitive in liver and spleen (not brain or lung).

Tdo2-Tot (Fig. 5D) expression represents a composite of the three Tdo2 isoforms. In brain,
Tdo2-Tot is not changed by LPS or DEX. When quantifying Tdo2-Tot, the stimulatory effect
of DEX on brain Tdo2-FL is overlooked because the Tdo2-Tot assay also detects two
unresponsive isoforms. With astrocytes, Tdo2-Tot expression reflects Tdo2-FL induction by
astrocytes and unchanged Tdo2 expression in microglia. In liver, all Tdo2 isoforms are
induced by both LPS and DEX; this is reflected by Tdo2-Tot. Similarly, in lung all 3
isoforms are DEX inducible, as is Tdo2-Tot. However, in spleen Tdo2-Tot expression is
problematic. Splenic Tdo2-Tot is not significantly changed by LPS or DEX, overlooking the
ability of DEX to induce Tdo2-FL and LPS to increase Tdo2-v1/v2.

3.6. Downstream Kyn Pathway enzyme regulation by LPS, DEX and LPS+DEX

Kyn production is governed by the DO’s, but Kyn is then metabolized into immune- and
neuro-modulatory kynurenines associated with various pathologies. Kynurenine
aminotransferase 2 (Kat2) converts Kyn into KynA, whereas kynurenine 3-monooxygenase
(Kmo), kynureninase (Kynu) and 3-hydroxyanthranilate 3,4-dioxygenase (Haao) act to
convert Kyn into QuinA. These downstream enzymes are expressed with tissue- and glia-
specificity.

Kat2 expression is largely unchanged albeit slightly induced in the liver by DEX (Fig. 6A).
Kat2 expression is ~10-fold higher (3.5 lower Cy) in astrocytes compared to microglia,
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reflecting the ability of astrocytes to produce KynA. Kat2 is also highly expressed in liver
supporting a well-developed ability for hepatic KynA production.

Kmo, Kynu and Haao (Fig. 6B-D) expression in brain is relatively stable, albeit Haao is
decreased slightly by LPS. Surprisingly, microglial expression of all three enzymes is
diminished by LPS and DEX. Haao expression by astrocytes is also diminished by DEX.
Microglial expression of these three enzymes is greater than that of astrocytes (see Control
C; values), reflecting microglial ability to generate QuinA. Kmo, Kynu and Haao are best
expressed by the liver compared to the other 3 tissues, reflecting hepatic ability to generate
QuinA and then NAD* from Kyn. In liver, LPS increases Kmo, but both LPS and DEX
decrease Kynu and Haao expression; since Kmo acts upstream of Kynu its action would be
offset by lowered Kynu. In lung, Kmo is induced by LPS, but remains unchanged in spleen.

4. Discussion

Immunogenic and psychological stress and their associated changes in cytokine production
and HPA axis function result in DO-dependent changes in immunophysiology, motivated
behaviors and cognition (Dugan et al., 2016; Fuertig et al., 2016; Gibney et al., 2014;
Heisler and O’Connor, 2015; O’Connor et al., 2009b, 2009c; Salazar et al., 2012;
Talarowska and Galecki, 2016). Although inflammatory mediators affect HPA axis function
and vice versa (Wang and Dunn, 1999), only recently have we started to define how
inflammation and stress-related responses interact to control DO expression. The DO’s are
regulated with remarkable specificity, illustrated by intricate interactions between
inflammatory mediators and glucocorticoids on DO expression ex vivo using organotypic
hippocampal slice cultures (Brooks et al., 2017, 2016a, 2016b). We extend those findings by
describing interacting pro-inflammatory and glucocorticoid-receptor-mediated effects on
Kyn Pathway activity and DO expression in vivo.

4.1. DEX is anti-inflammatory in peripheral tissues when co-administered with LPS

Fkbp5 induction was used as an index of glucocorticoid receptor (GR) activation. LPS-
induced Fkbp5 reflects inflammation-induced HPA-axis activation (Browne et al., 2012;
Wang and Dunn, 1999). DEX had greater effects on Fkbp5 than LPS, illustrating greater GR
activation by the GR-agonist. LPS also induces a pro-inflammatory response, confirmed
here by increased cytokine expression. DEX acted as an anti-inflammatory agent, blocking
Ifny and Tnfa induction in peripheral tissues, but not brain (Fig. 1). Thus, DEX is active in
the brain, but has stronger anti-inflammatory action in the periphery. DO expression will be
affected directly by LPS — cytokines and by DEX — GR-activation in both the brain and
periphery. DEX will alter central DO expression /ndirectly by limiting the peripheral, but not
central, inflammatory response.

4.2. Kyn levels increase in plasma following DEX and in brain following LPS

Changes in Kyn concentrations are used to demonstrate functional alterations of Trp entry
into the Kyn Pathway historically attributed to Idol induction. Here, DEX increased plasma
Kyn (Fig. 2) confirming previous reports that GR activation is sufficient to increase
circulating Kyn (Berry and Smythe, 1963; Saito et al., 1994; Young, 1981), but DEX did not
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change peripheral l1dol expression. DEX did increase spleen 1do2, as well as liver, lung and
spleen Tdo2 expression. The mechanism by which LPS attenuated the DEX effect on plasma
Kyn is currently unclear, but our data suggest that peripheral 1do2 and/or Tdo2 are involved
in GR-mediated elevations in circulating Kyn.

Since Kyn crosses the blood-brain barrier (Heisler and O’Connor, 2015), elevated plasma
Kyn would expectedly increase Kyn levels in the brain; which was not the case following
DEX. Instead, brain (Fig. 2, (Guo et al., 2016)) but not plasma Kyn levels are elevated 5 h
after peripheral LPS. We had previously shown that neuroinflammation without peripheral
inflammation increases Kyn levels in brain, not plasma (Lawson et al., 2013). These data
illustrate inflammation-dependent production of Kyn within the brain initiated by LPS. This
action is likely mediated by cytokines increasing Idol and 1do2 expression within both
astrocytes and microglia (Figs. 3-4).

Both plasma and brain Kyn levels are elevated 24 h after LPS treatment (Fujigaki et al.,
2001; Larkin et al., 2016; O’Connor et al., 2009c; Parrott et al., 2016a, 2016b). These
findings reflect acute/subacute effects of neuroinflammation on central Kyn production
along with LPS activation of the HPA axis and peripheral Kyn production. Acute
psychological stress also increases both plasma and brain Kyn (Dostal et al., 2017; Kennett
and Joseph, 1981; Pawlak et al., 2000). However, DEX increased only plasma Kyn (Fig. 2).
One difference is stress caused neuroinflammation (Dostal et al., 2017), DEX did not (Fig.
1). Although limited to a single time point (5 h) and metabolite (Kyn), we suggest that LPS
and psychological stress act via cytokines to mediate acute and subacute increases in brain
Ido1/2 expression and Kyn production, whereas DEX and stress act via GR activation to
mediate acute increases in peripheral 1do2/Tdo2 and Kyn production.

4.3. LPS and DEX differentially regulate Idol expression in brain, glia and peripheral

tissues

Inflammation and stress induce depression-like behaviors. Importantly, increased brain Ido1-
FL (Heisler and O’Connor, 2015; O’Connor et al., 2009c; Park et al., 2011; Salazar et al.,
2012) and ldo1-Tot (Agudelo et al., 2014; Liu et al., 2015; Park et al., 2011) expression are
associated with these behaviors. While stress enhances LPS-driven depression-like behavior
(Couch et al., 2016), interactions between inflammation- and glucocorticoid-dependent Idol1
expression are poorly defined.

Idol isoforms can be generated from a single pre-mRNA containing exons 1 thru 11 with
alternate splicing to retain either exon 1 (class 1) or 2 (class 2) as the first exon within the
mature MRNA. Alternatively, generating pre-mRNA using distinct promotors to initiate
transcription at either exon 1 or 2 would also generate isoforms. Both processes allow for
generation of class 1 and 2 transcripts, but the latter allows for differential expression of the
transcripts in response to varying factors as found in the current work. Clearly the naive
mouse brain expresses only class 2 Idol1-v1, whereas naive lung and spleen express class 1
and class 2 isoforms.

Class 1 Ido1-FL is poorly expressed in naive mouse brains, astrocytes and microglia, but
central 1do1-FL is inducible by immune activation with complete Freund’s adjuvant (Kim et
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al., 2012), BCG (O’Connor et al., 2009a, 2009b), pl:C (Brooks et al., 2016a) and LPS (Fig.
3, (André et al., 2008; Brooks et al., 2016a; Browne et al., 2012; Godbout et al., 2008;
Heisler and O’Connor, 2015; Henry et al., 2009; Martin et al., 2014; O’Connor et al., 2009c;
Parrott et al., 2016a)). While several reports describe Ido1 induction by microglia (Brooks et
al., 2017; Henry et al., 2009; Wang et al., 2010a), our data show astrocytes responding just
as robustly to LPS as microglia. Class 2 1do1-v1 is the major isoform expressed in naive
brain (Brooks et al., 2016b; Dostal et al., 2017), indicating that 1do1-v1 is the only isoform
available to generate central Idol activity of unstimulated brain (Fu et al., 2010; Fujigaki et
al., 1998; Lestage et al., 2002; Saito et al., 1992). Herein we demonstrate that Ido1-v1 is
induced by LPS and DEX within astrocytes. Also, Ido1-v1 (not Ido1-FL) was induced by
stress within astrocytes, not microglia (Dostal et al., 2017) indicating that Ido1-v1
expression by astrocytes is cytokine- and glucocorticoid-sensitive. Reports also demonstrate
that inflammation (Parrott et al., 2016b) and stress (Dugan et al., 2016; Notarangelo and
Schwarcz, 2017; Pawlak et al., 2000) increase brain KynA, consistent with functional
changes in the brain mediated by astrocytes (Lawson et al., 2016). Current dogma suggests
that inflammation increases microglial 1do1 with resultant behavioral changes (McCusker et
al., 2014; Myint, 2012). Based on the current findings, astrocyte involvement in ldo1-
dependent behaviors warrants re-evaluation.

We recently reported that DEX potentiated cytokine-induced Ido1-FL expression by
organotypic hippocampal slice cultures (Brooks et al., 2016b). Since i.p. LPS does not
appreciably access the brain, central Ido1-FL induction by inflammatory stimuli is accepted
to be mediated by cytokines, especially IFNy and TNFa (O’Connor et al., 2009a). Thus,
DEX might be expected to elevate LPS-induced Ido1-FL /n vivo. However, brain, astrocyte
and microglial LPS-induced Idol1-FL are not further increased by DEX (Fig. 3A). This
discrepancy is easily explained. £x vivo, the cytokine concentration is set by the investigator
and DEX potentiates the ability of a set cytokine level to induce Idol-FL expression (Brooks
etal., 2017, 2016a, 2016b). However, DEX decreases peripheral cytokine expression,
resulting in less cytokine input to the brain. But, DEX did not attenuate central TNFa
expression, thus central expression of Ido1-FL remains elevated; presumably by a synergism
between DEX and central cytokines. Ido1-FL expression is increased by LPS and
diminished by DEX in all three peripheral tissues, as is 1do1-v1 in lung. Within the
periphery, DEX attenuates IFN-y and TNFa expression demonstrating a prototypical
inflammatory/anti-inflammatory GR-mediated response. Thus, peripheral ldol is decreased
by DEX because of the loss of peripheral cytokines.

Clearly, regulation of Idol1 expression in peripheral tissues is distinct from brain and glia
(summarized in Table S1). The recognition that brain Kyn can be elevated without changes
in plasma Kyn (Fig. 2) may help reconcile findings where plasma Kyn did not differ
between normal and depressed subjects (Bradley et al., 2015; Hughes et al., 2012; Savitz et
al., 2015). The Kyn Pathway may be elevated within the brain by the synergistic action
between central cytokines and glucocorticoids on Idol expression, but Idol induction may
be completely repressed in the periphery by glucocorticoids. Thus, an underappreciated
interaction between low-grade inflammation and elevated glucocorticoids within the brain
may drive DO-dependent clinical depression that is not reflected by circulating Kyn.
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4.4. LPS and DEX regulate Ido2 transcripts in a manner distinct from Idol

Four laboratories independently reported the existence of 1do2 (Ball et al., 2007; Metz et al.,
2007; Murray, 2007; Yuasa et al., 2007). Like Idol, Ido2 also controls Trp metabolism to
Kyn (Trabanelli et al., 2014). Despite performing the same enzymatic role, Ido1 and Ido2
have non-redundant functions (Merlo et al., 2017, 2014), likely involving cell-type specific
expression as reported within liver, kidney and epididymis (Ball et al., 2007). Similarly,
myeloid- and plasmacytoid-dendritic cells both express 1do2, but 1do1 was detected only in
myeloid-dendritic cells (Trabanelli et al., 2014). Thus, although sharing enzymatic function,
Idol and Ido2 do not necessarily co-localize and can be differentially expressed with unique
functional consequences.

Although the brain is frequently studied as a whole, a detailed evaluation of DO isoforms is
needed to accurately assess MRNA changes because of regional-, cell- and isoform-specific
regulation. For instance, LPS slightly increased hippocampal and frontal cortex ldo2-Tot
expression (Browne et al., 2012; Park et al., 2011; Parrott et al., 2016a), although not within
whole brain (Fig. 4), suggesting regional regulation. LPS and desipramine (an anti-
depressant) interact to differentially modulate astrocyte and microglial 1do2 expression
(Brooks et al., 2017), indicating isoform- and cell-type-specific responses. Indeed, 1do2-v1
is not increased by LPS or DEX in whole brain, but LPS induced Ido2-v1 expression in
astrocytes and microglia (Fig. 4F), whereas only astrocyte ldo2-v6 expression was increased
by LPS and DEX. Since expression of these isoforms in whole brain is largely unaffected by
LPS or DEX, another non-responsive cell-type(s) must also express these 1do2 isoforms.
Overall, changes in Ido2 expression are cell-type-specific and not necessarily evident by
analysis of the resident tissue.

Of the nine 1do2 isoforms, eight were detected within the liver (Fig. 4). Here two class 2
Ido2 transcripts were increased and one was decreased by LPS, whereas LPS decreased all
five class 1 Ido2 isoforms (reflected by decreased Ido2-Tot). The decrease in hepatic Ido2-
Tot expression by LPS is consistent with reduced hepatic 1do2 in malaria infected mice (Ball
etal., 2007). Stress also decreased hepatic expression of class 1 Ido2-FL, Ido2-v3 and Ido2-
v4 (Dostal et al., 2017), but DEX alone did not regulate hepatic Ido2 (Fig. 4) suggesting that
stress-induced down-regulation of hepatic 1do2 isoforms is not mediated thru
glucocorticoids, but by cytokines (Dostal et al., 2017). In the lung, several 1do2 isoforms
follow an expected inflammatory induction by LPS and anti-inflammatory reduction by
DEX. Spleen does not follow the same pattern as several 1do2 isoforms are induced by LPS
and either further induced or not changed by DEX. Likely, these changes reflect cell-type
specific responses within each tissue (as seen in the brain).

The Ido2 transcripts can be generated from a single pre-mRNA (exons 1 thru 11) spliced to
retain either exon 1 or 3, or by the usage of alternate promotors to initiate transcription at
either exon 1 (class 1) or 3 (class 2). The latter alternative allows for differential regulation
of transcripts. This is best exemplified by class 1 isoforms that were decreased by LPS only
in liver. In contrast, all samples express class 2 isoforms, suggesting that only the liver
efficiently uses the promoter for exon 1 (the class 1 promoter would be ~21,500 bp upstream
of a promoter for exon 3 (see Table S2)). Utilizing this upstream promoter endows the
ability to independently downregulate class 1 1do2 isoforms in response to LPS, whereas
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class 2 isoforms are generally increased by LPS. Currently the physiological relevance of
this finding is unclear. However, as visualized in Table S2, the Kyn Pathway may be elevated
within the brain by both inflammation- and glucocorticoid-driven 1do2 expression, but
repressed in the periphery by one or both stimuli. Thus, an underappreciated upregulation of
central 1do2 may be involved in DO-dependent depression that is not evident in the
periphery.

4.5. DEX upregulates Tdo2-FL while inflammation regulates Tdo2-v1l and Tdo2-v2

The first papers confirming the existence of DO isoforms reported higher Tdo2-v1 and
Tdo2-v2 in mouse liver compared to brain (Kanai et al., 2009b); results we extend to include
Tdo2-FL (Fig. 5, (Brooks et al., 2016b; Dostal et al., 2017)). Within the liver, Tdo2 activity
is glucocorticoid-dependent (Berry and Smythe, 1963; Saito et al., 1994; Soichot et al.,
2013; Young, 1981), in line with DEX elevating Tdo2 expression. Class 1 Tdo2-FL was also
elevated in brain, astrocytes, liver, lung and spleen by DEX suggesting that Tdo2-FL is a
glucocorticoid-sensitive Tdo2 isoform. We directly confirmed this by showing that DEX
increases Tdo2-FL ex vivo (Brooks et al., 2016a, 2016b).

Tdo2-v1/v2 expression by brain and glia is unresponsive to LPS or DEX /n vivo and
unresponsive to the direct effects of DEX ex vivo (Brooks et al., 2016a, 2016b), at first
leading us to believe that these class 2 isoforms are LPS and glucocorticoid unresponsive.
However, LPS (liver, spleen) and DEX (liver, lung) increase their expression in the
periphery. A putative glucocorticoid response element (GRE, Table S3) lies5” of the
transcription start site for Tdo2-FL (Kanai et al., 2009b). Since only Tdo2-FL is directly
glucocorticoid-inducible (Brooks et al., 2016a, 2016b), the promoter for Tdo2-FL probably
utilizes this GRE element. However, this putative GRE element resides within exon 0
utilized as the first exon by class 2 transcripts. Corticosteroids appear unable to directly
drive Tdo2-v1 and Tdo2-v2 since they initiate transcription upstream of this GRE element.
Thus, inflammation- and glucocorticoid-dependent signals (not necessarily glucocorticoids
per se) drive peripheral Tdo2-v1/v2 expression, whereas glucocorticoid-mediated signals
likely directly drive brain and peripheral Tdo2-FL.

Tdo2 isoforms can be generated either by alternate splicing from a single pre-mRNA (exons
Oa/b-1 thru 12) or by independent transcription of distinct pre-mRNA species using alternate
promotors to initiate transcription at either exon 1 (class 1) or 0 (class 2); the latter allows
for differential regulation of transcripts as found in the current study, but clearly all 4 tissues
and glia are able to express both class 1 and 2 Tdo2 transcripts. Differential expression of
Tdo2 isoforms is likely a cell-type specific phenomenon. Within the brain, Tdo2 is
expressed best by neurons and astrocytes (Ohira et al., 2010; Wu et al., 2013) where Tdo2-
FL induction by DEX would result in production of neuroprotective KynA. Within liver,
Tdo2 is present in hepatocytes and bile ducts (Niimi et al., 1983; Streckfuss-Bomeke et al.,
2014). Only within the liver and spleen does LPS induce Tdo2 expression, but it is unknown
if this occurs in hepatocytes or bile ducts with different physiological consequences.
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4.6. Downstream Kyn Pathway enzyme regulation

While the DO’s are rate-limiting, downstream enzymes are expressed with cellular
specificity and define which downstream kynurenines are produced (supplementary Fig. S1,
(Lawson et al., 2016; McCusker et al., 2014)). These kynurenines include neuroprotective
and immunosuppressive metabolites (Kyn and KynA) or the neurotoxic and NAD* precursor
QuinA. Some of the actions of the kynurenines are mediated extracellularly by
transmembrane receptors, requiring cellular release. Other actions are mediated by
intracellular receptors. The latter case does not require release into the extracellular fluid and
as such changes in the Kyn Pathway can affect the physiology of only that cell, making
physiological relevance of tissue metabolites difficult to interpret. The best example,
extracellular QuinA is neurotoxic via the NMDA-R (Schwarcz, 2016), but intracellular
QuinA used to generate NAD™* is neuroprotective (Braidy et al., 2011). Changes in
downstream enzymes could shift the relative production of these kynurenines.

Kat2 facilitates Kyn metabolism to KynA. Kat? is preferentially expressed by astrocytes and
neurons. Stress and LPS increase brain KynA without changes in Kat2 expression (Fig. 6,
(Dostal et al., 2017; Dugan et al., 2016; Parrott et al., 2016b; Pawlak et al., 2000;
Vecchiarelli et al., 2015)), indicating that KynA generation is dependent on Kat2 substrate
availability, i.e. Kyn produced by astrocyte DO’s. Kmo, Kynu and Haao generate QuinA
from Kyn. In brain, these enzymes are well-expressed by microglia. LPS and/or DEX halved
Kynu and Haao expression in microglia, liver, lung and spleen, albeit doubling Kmo in liver
and lung. These finding agree with other work showing minor changes in these enzymes by
inflammation (Parrott et al., 2016a) and stress (Dostal et al., 2017; Vecchiarelli et al., 2015).
Again, these data suggest that changes in QuinA are primarily dependent on expression of
the rate-limiting DO’s.

Our data define unique expression profiles for the DO’s with minimal changes in
downstream enzymes. Clearly, DO isoform expression is uniquely regulated in brain, glia
and peripheral tissues. Investigators assessing chronic adaptations of DO expression should
consider cell-specific regulation of the different isoforms for both preclinical and clinical
studies. Whether DO isoforms map to unique cellular processes remains untested.

4.7. Conclusions

We identify 1dol, 1do2 and Tdo2 isoforms uniquely adapted to independently change in
response to inflammation and glucocorticoids with elaborate cell-, tissue- and isoform-
specificity /n vivo. Although only the first step towards defining the biological significance
of their expression, our data begin to unravel the complex interactions between inflammation
and stress regarding activation of Kyn Pathway enzymes under these often comorbid
conditions. Importantly, different assays are required to identify treatment-specific changes
in DO expression. Our current findings provide novel evidence of a brain-specific pattern of
DO induction without discernable counter-regulatory effects of glucocorticoids, but complex
positive and negative interactions between inflammation and glucocorticoids within the
periphery (visual summary in Tables S1-S3). These finding may define a unique mechanism
pivotal to the depression susceptibility of individuals affected by chronic inflammatory
disease.
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Highlights

. Kynurenine is increased in brain by LPS and plasma by DEX

. Idol, Ido2 and Tdo2 expression by astrocytes and microglia are uniquely
regulated
. DEX attenuates cytokine induction by LPS in peripheral tissues, not brain

. DEX mitigates Idol and Ido2 induction by LPS in peripheral tissues, not
brain

. Idol, 1do2, Tdo2 are adapted to respond with cell- and tissue-specificity
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Figure 1. DEX is anti-inflammatory in peripheral tissues when co-administered with LPS
Brain, liver, lung and spleen were obtained from mice 5 h after treatment with saline

(Control), LPS, DEX, or LPS+DEX to assess HPA activity by quantifying (A) Fkbp51
expression and to assess an inflammatory response by quantifying (B) Ifny and (C) Tnfa
expression. * p < 0.05 main effect of LPS. ¢ p < 0.05 main effect of DEX. & p < 0.05 post
hoc mean separation (brackets) in the presence of a significant LPS x DEX interaction.
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Figure 2. Kyn levels increase in brain following LPS and in plasma following DEX
(A) Plasma and (B) brains were obtained from mice 5 h after treatment with saline

(Control), LPS, DEX, or LPS+DEX to assess Kyn levels. * p < 0.05 main effect of LPS. ¢ p
<< 0.05 main effect of DEX. ® p < 0.05 post hoc mean separation in the presence of a
significant LPS x DEX interaction.
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Figure 3. LPS and DEX differentially regulate Idol expression in brain, glia and peripheral
tissues

Brain, astrocytes, microglia, liver, lung and spleen were obtained from mice 5 h after
treatment with saline (Control), LPS, DEX or LPS+DEX to assess the relative changes in the
MRNA expression of (A) Idol-FL, (B) Idol-v1, (C) Idol-v2 and (D) ldol-Tot. * p < 0.05
main effect of LPS. ¢ p < 0.05 main effect of DEX. & p < 0.05 post hoc mean separation in
the presence of a significant LPS x DEX interaction.
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Figure 4. LPS and DEX regulate 1do2 transcripts in a manner distinct from Idol
Brain, astrocytes, microglia, liver, lung and spleen were obtained from mice 5 h after

Page 27

treatment with saline (Control), LPS, DEX or LPS+DEX to assess the relative changes in the
mMRNA expression of (A) Ido2-FL, (B) 1do2-v3.1, (C) ldo2-v4, (D) Ido2-v7.1, (E) Ido2-v8,
(F) 1do2-v1, (G) Ido2-v2, (H) Ido2-v3.2, (1) Ido2-v5, (J) Ido2-v6 and (K) Ido2-Tot. * p <
0.05 main effect of LPS. ¢ p < 0.05 main effect of DEX. & p < 0.05 post hoc mean separation
in the presence of a significant LPS x DEX interaction.
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Figure 5. DEX upregulates Tdo2-FL while inflammation regulates Tdo2-v1 and Tdo2-v2
Brain, astrocytes, microglia, liver, lung and spleen were obtained from mice 5 h after

treatment with saline (Control), LPS, DEX or LPS+DEX to assess the relative changes in the
MRNA expression of (A) Tdo2-FL, (B) Tdo2-v1, (C) Tdo2-v2 and (D) Tdo2-Tot. * p < 0.05
main effect of LPS. ¢ p < 0.05 main effect of DEX. & p < 0.05 post hoc mean separation in
the presence of a significant LPS x DEX interaction.
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Figure 6. Downstream Kyn Pathway enzyme regulation by LPS and DEX
Brain, astrocytes, microglia, liver, lung and spleen were obtained from mice 5 h after

treatment with saline (Control), LPS, DEX or LPS+DEX to assess the relative changes in the
MRNA expression of (A) Kat2, (B) Kmo, (C) Kynu and (D) Haao. * p < 0.05 main effect of
LPS. ¢ p < 0.05 main effect of DEX. & p < 0.05 post hoc mean separation in the presence of
a significant LPS x DEX interaction.
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Table 1
LPS and DEX effects on body weight and food intake.

Control LPS Dex LPS+DEX

Change in body weight (g) 0.2+0.1 -1.3+0.1 -02+0.1 _5o400%¢

Foodintake () 1.3+0.1 02+02 16%02 (714+002%

*
p < 0.05 for LPS,

¢p < 0.05 for DEX.
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