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METHODS OF INHIBITING PROINFLAMMATORY NEUROIMMUNE
SIGNALING AND TREATING INFLAMMATORY DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims benefil of U.S. Provisional Application No. 62/674,379,

filed May 21, 2018, which is hereby incorporated herein by reference in its entirely.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with Government Support under Grant Nos. AA024095
and AADZ21261 awarded by the National Institutes of Health. The Government has

certain rights in the invention.

BACKGROUND

Neurosteroids are endogenous sleroids synthesized in the brain that influence
neuronal and behavioral activity. First recognized in 1941 (Selye H (1941). Proc Soc Exp
Biol Med 46; 116-121), various neurosteroids were found o alter CNS activity. Later
studies showed that endogenous steroids (3a,5a)3-hydroxypragnan-20-one (3o, 5a-THP,
allopregnanocione) and (3q,5a)3,21-dihydroxypregnan-20-one (34,50-THDGC,
fetrahvdrodeoxycorticosterone), lack genomic activity at nuclear glucocorticoid or
progesterone recepiors (McEwen BS (1891). Trends Pharmaco! Sci 12(4); 141-147), but
are potent positive modulators of GABAA receplors (Majewska MD, et al. (19886).
Science 232: 1004-1007; Mormrow AL, et al. (1987). Eur J Pharmaco/ 142 483-485).
They act upon synaptic and exirasynaptic GABA, receptors, mediating both phasic and
fonic inhibition (Harrison NL, et al. (1987). J Pharmacol Exp Ther 241: 346-353, Stall
BM, et al. (2003). Proc Natl Acad Sci U § A 100(24); 14439-14444). Consistent with their
GABAergic activily, these stercids have anesthstic, anticonvulsani, sedative, and
anxiclytic effects (Paul SM, st al. (1882). Neuroactive steroids. FASERB Joumal6: 2311~
2322}, and modulate the hypothalamic piluitary adrenal axis to reduce stress activation
(Owens MJ, et al. (1992). Brain Res 573:; 353-355; Patchev VK, et al. (1994},
Neuroscience 62. 265-271). More recent evidence shows that 3a,5a-THP has proteciive
activity in animal models of alcoholism (Beattie MC, et al. (2017). Addict Bio/ 22(2). 318-
330; Cook JB, et al. (2014). J Meurosci 34(17}: 5824-5834)}, traumatic brain injury (He ef
al, 2004b), multiple sclerosis (Noorbakhsh F, et al. (2014). Front Cell Neurosci 8. 134,
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Schumachsr M, et al. (2007}, Pharmaco! Ther 116{1). 77-108), and Alzheimer’s diseass
{rwin RW, et al. (2014}, Prog Neurobiol. 113:40-55). Significantly, pregnenocione,
progesterone and/or 30,50-THP also have efficacy in clinical studies of traumatic brain
injury (Wright DW, et al. (2007). Ann Emerg Med 49(4). 391-402)}, schizophrenia (Marx
CE, st al. (2007). Bio/ Psychiatry 81 138}, cocaine craving (Fox HC, et al. (2013).
Psychoneurpendocrinofogy 38(8): 1532-1544; Milivojevic V, st al. (20186).
Psychoneurcendocrinology 85: 44-53), and post-parium depression {(Kanes S, et al.
(2017). Lancef 390{10093): 480-489). However, the mechanism of these aclions is

unknown.

SUMMARY

As disclosed herein, neurosteroids inhibil proinflammatory signaling and enhance
anti-inflammatory through TLR receptors independent of their activity at GABA,
receptors. As a consequence, neurosiercids can be used {o treat many more conditions
than originally believed. Morsovsr, compositions and methods for determining when a
neurcostaroid will be effective are also provided. In some embodiments, these sffects ars
mediated through TLR4. In some embodiments, these effects are further mediated
through TLRZ and TLR7. In some embodiments, these effects are mediated through the
induction of the anti-inflammatory chemokine fracktalkine (CX3CL1).

Therefore, disclosed herain is a method for treating a TLR-mediated
inflammatory condition in a subject that involves administering to the subject a
neurosteroid, wherein the inflammatlory condition has its origins inside or oulside of the
central nervous system , and may be non-responsive o GABAergic drugs.

in some embodiments, the neurosteroid is pregnenolone or {34,50)3-
hydroxypragnan-20-one {3a,5a-THP) or a combination of both stercids. The
neurosteroid may alse be an analeg of these steroids that shares the ability to inhibit
TLR signaling and/or enhance frackialkine signaling. In some embodiments, the
neurasteroid is an inhibitor of toll-like receptor signaling or corticotropin (CRF) releasing
hormone signaling. in some sembodiments, the neurosteroid is an inhibitor of TLR4
receptor signaling, TLRZ signaling, TLRY signaling, or any combination thereof.

In some embodiments, the TLR-mediated inflammatory condition is a medical
disorder that is non-responsive {o GABAergic drugs or steroids acting at glucocorticoid
receptors. In some embodiments, the TLR-mediated inflammatory condition is selecled

from the group consisting of sepsis, gastrointestinal disease, chronic sbstructive
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pulmonary disease (COPD), asthma, and atheroscierosis. In some embodiments, the
TLR-mediated inflammatory condition is selscied from the group consisting of pain,
stroke, seizure, aleohol detoxification, Alzheimer’s disease, and dementia.

The disclosed method can further involve assaving a sample from the subject for
TLR signaling in peripheral blood mononuciear cells or cerebrospinal fiuid, wherein
decreased TLR signaling is an indication of a therapeutically effective amount of
neurosteroid. The method can also further involve increasing the amount of neurosteroid
administered to the subject if decreased TLR signaling in the peripheral blood
mononuclear cells or cerebrospinal fluid is not detected.

Also disclosed herein is a method for treating an inflammalory disorderin a
subject in nasd thereof that involves detscling in a sample from the subject elevated
leveis of one or more of MCP-1, TNF-o, plRF7, INF-y or HMGEB1 or deficisnt levels of
frackialkine or iL-10, or any combination thereof, and adminisiering to the subject a
therapsutically effective amount of a neurosteroid. In some embodiments, the method
further involves monitoring samples from the subject for levels of fracktalkine, IL10,
MCP-1, TNF-o, pIRF7Y, INF-y and HMGR1, or any combination thereof and
administering neurostercids to aitain an appropriate balance of pro-inflammatory and
anti-inflammatory modulators.,

In some embodiments, the inflammatory disorder is a chronic nsuropsychiatric
disorder. For example, the neuropsychiatric disorder can be selected from a group
consisting of cognitive disorders, ssizure disorders, movement disorders, traumatic brain
injury, secondary psychiatric disorders, substance-induced psychiatric disorders,
attentional disorders, and sleep disorders. In some embodiments, the neuropsychiatric
disorder is alcoholism.

In some embodiments, the TLR-mediated inflammatory condition is a disorder
that is non-responsive to GABAesrgic drugs. In some embodiments, the TLR-mediated
inflammatory condition is selected from the group consisting of sepsis, gastroiniestinal
disease, chronic obstructive pulmonary disease (COPD), asthma, and atherosclerosis.
in some embodiments, the TLR-mediated inflammatory condition is selected from the
group consisting of pain, stroke, seizure, alcohol detoxification, Alzheimers disease, and
dementia.

Also disclosed herein is a method for identifying inhibitors of proinflammaiory
neursimmune signaling that involves measuring of inhibition of MD-2 binding to TLR4 in

the presence of a candidate compound, wherein the inhibition of MD-2 binding to TLR4
3
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by a candidate compound is indicative that the candidate compound is an inhibitor of
proinflammatory neurcimmune signaling.

Also disclosed herein is a method for identifving inhibitors of proinflammatory
neursimmune signaling that involves measuring of inhibition of GABAA «2 subunit
protein binding o TLR4 in the presence of a candidate compound, wherein the inhibition
of GABAL o2 subunit protein binding to TLR4 by a candidate compound is indicative that
the candidats compound is an active agent for treating a nsuropsychiatric disorder.

in some embodiments, the candidate compound is & neurosieroid, or a
maodification, variant, derivative, or analog thereof. In some embodiments, the inhibition
of MD-2 binding to TLR4 is measured by immunoprecipitation. In some embodiments,
the method further comprises measuring of inhibition of any one of, any number of, or all
of, pTAK1, TRAFS, NF«kB p50, phospho-NF-kB- p65, pCREB, HMGB1, MCP-1 and
TNFa, pIRF7 or INF-y.

Also disclosed herein is a method for identifying inhibitors of proinflammatory
neuraimmune signaling in brain that involves measuring of inhibition of GABAAR o2
subunit binding to TLR4 in the presence of a candidate compound, wherein the inhibition
of GABALR w2 subunit binding to TLR4 by a candidate compound is indicative that the
candidate compound is an inhibitor of proinflammatory neurcimmune signaling in
neurans. In some embodiments, the candidate compound is a neurostercid, or a
modification, variant, derivative, or analog thereof. In some embodiments, the inhibition
of GABAAR w2 subunit binding to TLR4 is measured by immunoprecipitation. in some
embodiments, the meathod further comprises measuring of inhibition of upregulation of,
any number of, or all of, pTAK1Y, TRAFS, NF«B p50, phospho-NFKB 50, NFkB p85
phospho-NF-kB- p65, pCRER, HMGBE1, MCP-1, TNFq, piRF7 or INF-y.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 depicts 3a,5¢-THP inhibiting LPS-activated TLR4 signaling in RAW284.7
cells. RAW264.7 cells were treated with LPS {1 yg/mb and 3a,5¢-THP (0.5 uM or 1 uM)

and harvested after 24 hrs. The levels of pTAK1 [Fyo = 50.47, n=5/grp], MCP1 [Fie =
4
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97.27, n=5/gm], TRAFSG [Fe = 26.54, n=5/grp], NF-xB p30 [Fw = 19.89, n=5/grpl,
phospho-NF-kB p85 [F1e=37.95, n=5/grp], pCRERB [F1:=88.06, n=5/grp], HMGE1
[F19=19.64, n=5/grp], and TNF-a [F5=29.62, n=4/grp] were significantly increased in
LPS-trealed vs. untreated cells {CTL), but the increase was inhibited with 30, 5¢-THP at
both dosss studied (Fps0.05, by One-way ANCVA,; Newman-Keuls post-hoc test).

3o, Bo-THP (0.5 uM, p=0.3385, n=5/grp or 1 uM, p=0.6847, n=5/grp} did not affect TLR4
expression.

FIG. 2 depicts pregnenoione inhibiting LPS-activated TLR4 signaling in
RAW264.7 cells. RAW264.7 cells were exposed to LPS {1 ug/mb and pregnensclone (0.5
uM or 1 uM) and harvesied 24 hours later. The levels of pTAK1T [Fig = 80.0, n=5/grp],
MCP1 [Fro = 100.56, n=b/grp], TRAFG [Fie = 38.96, n=5/grp], NF-«kB p30 [Fo = 19.72,
n=5/grp], phospho-NF«B p85 [F1.=38.96, n=5/grp], pCREB [F1:=80.04, n=5/grpj,
HMGB1 [Fie=18.72, n=5/grp], and TNF-a [F5=25.54, n=4/grpl wers significantly
increased in the LPS-trealed as compared io untreated (CTL) cells bui the increase was
inhibited with pregnenclone (Freg) at both doses studied ("p<0.08, by One-way ANOVA;
Newman-Keuls post-hoc test). Pregnenoclone (0.5 uM, p=0.1763, n=5/grp or 1 uM,
p=0.9570, n=5/grp) did not affect TLR4 expression.

FIGS. 3A and 3B depict neurosteroids targeting the activated TLR4 signal by
inhibiting TLR4/MD-2 binding. (FIG. 3A) 3u,50-THP and pregnenocione specifically target
the activated TLR4 signal. RAWZ64.7 cells unireated (CTL) or freated with 3u,50-THP
(THP; 1 uM) or pregnenoclone (Preg; 1 uM) were harvested after 24 hrs. The levels of
pTAK1T, TRAFG, and MCP1 were similar in the neurosteroid-ireated and unireated cells,
indicating that the neurostercids specifically target only the activated TLR4 signal. (FIG.
3B) Neurostaroids inhibit TLR4 signal activation in RAWZ284.7 cells by blocking
TLR4/MD-2 binding. RAW246.7 cells were treated with LPS (1 yg/miy without or with
30,50-THP (THP; 1.0 uM) or pregnenclone (Preg; 1.0 uM) and protein extracls collecied
at 24 hrs post-treatment were immunoprecipitated {IP) with antibody to TLR4 or TLRZ2.
The precipitates were immunoblotted (IB) with MD-2 antibody. Normal IgG was used as
control. MD-2 co-precipitated with TLR4, but not normal 1gG. The levels of MD-2 co-
precipitating with TLR4 were significantly reduced by 3g,50-THFP (45 4 + 6.9%, p<0.05)
or pregnenolone (57.2 + 7.3%, p<0.05), but neither 30,5a-THP nor pregnenoclone had
any effect on the minimal, presumably background, TLR2/MD-2 interaction. HMGB1 co-
precipitated with both TLR4 and TLR2 and its levels were not altered by the

neurosteroids.
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FIGS. 4A-4C depict 3q,50-THP inhibiting TLR4 signal innately activated in PP rat
VTA by blocking TLR4/0.2 binding and TLR4/MyD88 binding. (FIG. 4A) 30,5a-THP
administration (15mg/kg) significantly reduced MCP-1 (ELISA; Student’s {{16)=2.19),
TRAFG (Student’s 1{16)=5.74}, and CRF (Student’s {{16)=3.112) levels compared to
vehicle controls, with no effect on TLR4 profsin exprassion. *p<0.05 compared fo
control. (FiG. 4B) TLR4 binds «2 in the P rat VTA, Protein exiracts from P rat VTA were
immunoprecipitated (IP) with the TLR4 or o2 antibodies or normal IgG (control) and the
precipitates were reciprocally immunobiolted (IB) with «2 or TLR4 antibodigs. Both «2
and TLR4 were seen in the anti-a2 and anti-TLR4 (but not normal 1gG) precipitates from
P rat VTA, indicative of protein-protein interaction. (FIG. 40C) 34,50-THP inhibils TLR4/x2
and the downstream TLR4/MyD88 binding in the P rat VTA. Protein exiracts obtained
from P rat VTA after 3q,5a-THP (15mg/kg) or vehicle conirol administration were
immunoprecipitated (IP) with antibody to TLR4. The precipiiates were immunoblotied
(IB) with o2 antibody. Normal 1gG was used as control. o2 co-precipitated with TLR4,
but not normal 1gG. The levels of o2 co-precipitating with TLR4 were significantly
reduced by 3a,5a-THP (62.7 £ 8.2% reduction, p<0.001). 3a,5¢-THP also inhibited the
binding of TLR4 to MyD88 (43.5 % 5.4% inhibition, p<0.05). HMGB1 bound TLR4, but
binding was not altered by 3a,5a-THP,

FIGS. 5A and 58 depict 3u,5a-THDOC effects on TLR4 signaling. FiG. 5A
shows 30,50-THDOC enhances LPS induction of pTAKT and TRAFS, but inhibits NF-xB
and MCP-1 in RAW248.7 cells. RAW264.7 cells were treated with LPS (1 pug/ml) and
3a,5a-THDOC (0.5 uM or 1 uM) and harvested after 24 hrs. The levels of TRAFS [Fig =
85.18, n=5/grp], pTAK1 [Fie = 117.03, n=5/gm], NF-kB p30 [Fi = 29.17, n=5/grp] and
MCOCP-1 [Fio = 65,16, n=5/grp], were significantly increased by LPS vs. untreated cells
{CTL}. 30,50-THDOC further elevated TRAFS and pTAK1 lsvels while inhibiting NF-«B
p50 and MCP-1 levels (*p<0.05, One~-way ANOVA; Newman-Keuls post-hoc test).
3a,5a-THDOC (0.5 uM, p=0.1908, n=b/grp or 1 uM, p=0.9807, n=5/grp) did not affect
TLR4 expression. FIG. 58 shows 30,50-THDOC treatment (15mg/kg} enhances TRAFS
and CRF in P rats VTA MCP-1 levels obtained via ELISA ars unchangsd in 30,50~
THDOC-treated compared to untreated animals. CRF protein levels are increased in
3a,5a-THDOC-treated P rats (Student’s t(13)=2.40) compared to vehicle controls as are
also the TRAFG protein levels (Student’s {{14)=2.58). *p<0.05 compared to control.
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FIG. 6 depicts a schematic of activated TLR4 signaling inhibited by
neurosteroids. LPS and GABAAR a2, respectively activate the TLR4 signal in RAW248.7
cells and P rat VTA. Signal activation initiates with LPS-induced TLR4/MD-2 complex
formation at the cell surface in RAW248.7 cells and TLR4/GABAAR o2 or TLR4/MyD88
complex formation in the P rat VTA. Complex formation is foliowed by the intracellular
signal, one direction of which is the (MyD88)-dependent pathway that activates TRAFS
and TAK1 and results in the activation (phosphorylation) of the transcription factors NF-
kKB and CREB. An aliernate pathway aclivates PKA/CREB (Aurelian et al., 2016).
Activated (phosphoryiated) transcription factors translocate to the nucleus and initiats
the production of various proinflammatory mediators, including TNFo. 3a,5a-THP inhibits
both the LPS/TLR4/MD-2 and «2/TLR4 complex formation and pregnenclone (Preg)
inhibits the LPS/TLR4/MD-2 complex formation and thereby, both inhibil resulting
intracellular signaling. The LPS-stimulated TLR4/MD-2 interaction also initiates the
ability of LPS to increase HMGB1 expression, and this is also inhibited by 30,5¢-THP
and pregnenoclons in RAW248.7 cells, apparently through inhibition of the TLR4/MD-2
complex formation. Released HMGE1 can bind TLR4 orfand modulate the production of
proinflammatory mediators through NF-kB-dependent or NF-xB -indapsndent signaling
pathways (dashed lings) {Park et al., 2004; Yang et al,, 2010; Andersson and Tracey,
2011).

FiGs. 7TAto 7C show that 3a,5a-THP inhibits the TLR2 and TLRY signals, but not
the TLRS signal in RAW284.7 celis. FIG. 7A shows RAWZ64.7 cells activated by
Pam3Cys (10 ug/ml) alone or Pam3Cys together with 3¢,50-THP {1 uM) for 30 min and
harvested afier 24 hrs. The levels of pCREB (Student’s {{18)=2.32), pERK1/2 (Sfudent’s
#(18)=2.42), pATF2 (Student's {{18)=2.11), and TRAFE (Student's {14)=2.64) were
significantly increased by Pam3Cys vs. vehicle. 3a,5¢-THPF complstely inhibited the
affect of Pam3Cys on pCREB (Student's t{16)=3.05), pERK1/2 (Student’s {{18)=3.29},
pATF2 (Student’s {{18)=2.43) and TRAFS (Student's {14)=2.28). FIG. 7B shows
RAW2ZG4 7 cells reated with imiguimod (MQ; 1 pg/mi) alone or IMQ together with 34,5
THP (1 ub) and harvested after 24 hrs. The level of pIRF7 was significantly higher in the
IMQ-treated than untrealed cells (CTL). 3u,5a-THP completely inhibiled the effect of
IMQ on pIRF7 (Student’s 1(24)=5.54). FIG. 7C shows RAW284.7 cells ireated with
Polv(1:C) (25 pg/mi) alone or Poly(1:C) together with 30,50-THP (1 uM) and harvested
after 24 hrs. The level of IP-10 (Student’s 1{8)=2.60) was significantly higher in the
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Poly(l:Ci-treated than unireated ceils (CTL). 3a,50-THP did not inhibit the effect of
Poly(.C) on IP-10. *p<0.05, *p<0.01, ***p<0.0001.

FIG. 8 shows 30,5a-THP inhibits the TLRY signal, but not the TLR3 signal in P rat
NAc. Protein extracts from nucleus accumbens (NAc) collected from female P, rats
treated with 30,50-THP (15 mg/kg, IP) or vehicle (45% wiv 2-hydroxypropyi-B-
cyclodextrin, IP) wars immunobloited with antibodies to TLR7, p-IRF7, IRF3, TRAFS
and B-Actin used as gel loading conirol and the results are expressed as densifometric
units normalized io B-Actin £ SEM. 3g,50-THP adminisiration significantly reduced TLR7
(Student’s H{16)=2.15), p-IRF7 (Student’s {(16)=2.23), and TRAF6 (Student’s {{16)=3.43)
but not iRF3 (Student’s 1{16)=1.37) levels compared to vehicle controls. *p<0.05,
**5<(.01 compared to control.

FIG. 9 shows sex differences in baseline MCP-1 (M>F) and p-IRF7(F>M)
exprassion in P rat NAc. Protein extracts from NAcC collected from naive female and
male P rats administered 3a,5a-THP (15 mg/kg, 1P) or vehicle (45% wiv 2-
hydroxypropyl-B-cyclodextrin, 1P} 45 min prior to sacrifice wsare assayed for MCP-1 using
the rat MCP-1 ELISA kit (Raybiotach - ERC-MCP-1-CL,; Norcross, GA, USA) as psr
manufacturer’s insiructions or immunobiotied with antibodiss to p-IRF7 and B-actin, as a
gel loading control. Two-way ANOVA revealed a significant sex difference for both MCP-
1{F(1,28)=7227, P<0.0001) and p-IRF7 (F {1, 32) = 9.627, P = 0.0040) lsveis.
3a,50-THP administration significantly reduced MCP-1 {Two-way ANOVAI F (1, 28) =
21.14, P < 0.0001) and p-IRF7 (Two-way ANOVA: F (1, 32) = 36.88, P < 0.0001) levels
in both female and male P rat NAc. Tukey's multiple comparisons test following Two-way
ANOVA revealed * P <0.05, **p<0.005, **** P<0.0001.

FIG. 10 shows 30,5a-THP reduced MCP-1 levels in the VTA, amygdala, and
hypothalamus of both male and femals P rats. MCP-1 was measured as described in Fig
10. Two-way ANOVA revealed no significant sex difference for MCP-1 levels in the VTA
(F (1,28)=2.070, P=0.1613), the Amygdala (F (1, 28) = 0.02030, P=0.8877), or the
Hypothalamus {F (1, 28) = 3.144, P=0.0871). 3q,50-THP administration significantly
reduced MCP-1 levels in both female (27%) and male {21%) P rat VTA (Two-way
ANOVA: F (1,28) = 14.33, P < 0.0001), Amygdala [female (47%) and male (58%)] (Two-
way ANOVA: F (1,28) = 20.92, P < 0.0001), and Hypothalamus [female (27%) and mals
(32%) (Two-way ANOVA: F (1,28) = 31.55, P < 0.0001). Tukey’s mulliple comparisons
test following Two-way ANOVA revealed "P<0.05, ™P<0.01, **P<0.001.
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FIG. 11 shows 3a,5a-THP adminisiration {o naive female and male P rals
increased the sxprassion of frackialking (CX3CLT). Rats were administered VEH or
30,50-THP (15mg/kq, IP) and sacrificed after 45 min. CX3CL1 was measured by ELISA
{(Raybiotech — ERC-CX3CL1-CL; Norcross, GA, USA) as per manufacturer’s
instructions. (Two-way ANOVA: F {1, 28) = 13.63, P < 0.001, Tukey’s muitiple
comparisons test *P<0.05).

FIG. 12 depicts the structures of 3a,5a-THP, pregnenolione and 3q,5¢-THDOC.
30,50-THP and pregnenclone have distinct A ring properties, but identical C/D ring
features, distinct from 3a,50-THDQOQC, indicating structural specificity at rings C/D for
inhibition of TLR4 binding to MD-2 and MyD88-dependent signaiing in RAW2486.7 celis.
Structural fealures of 30,5a-THP at both the Aring and C/D ring are required for
inhibition of TLR binding to GABA.R o2 subunits in VTA.

DETAILED DESCRIPTION

in the following detlailed description, embodiments of the pressnt invention are
described in detail io enable practice of the invention. Although the invention is
described with reference to these specific embodiments, it should be appreciated that
the invention can be embodied in different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodiments are provided so that
this disclosurs will be thorough and complete, and will fully convey the scope of ths
invention to those skilled in the arl. All publications cited herein are incorporated by
reference in their entireties for their teachings.

Unless otherwise defined, all technical terms used herein have the same
meaning as commoniy understood by one of ordinary skiil in the art to which this
disclosure belongs.

Also as used herein, the terms "treal,” "treating” or "treatment” may refer to any
type of action that imparts a modulating effect, which, for example, can be a beneficial
and/or therapeutic effect, {o a subject afflicted with a condition, disorder, disease or
Hiness, including, for example, improvement in the condition of the subject {e.g., in ons
or more symptoms), delay in the progression of the disorder, disease or iliness, delay of
the onset of the disease, disorder, or iliness, and/or change in clinical parameters of the
condition, disorder, disease or illness, etc., as would be well known in the ari.

As used herein, the terms "prevent,” "preventing” or "prevention of” (and
gramimatical variations thersof) may refer to prevention and/or delay of the onsei and/or
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progression of a disease, disorder and/or a clinical symptom(s) in a subject and/or a
raduction in the severity of the onsst and/or progression of the dissass, disorder andior
clinical symptom(s) relative to what would occur in the absence of the methods of the

invention. In representative embodiments, the ferm "prevent,” "preventing,” or
“prevention of (and grammatical variations thereof) refer to prevention and/or delay of
the onset and/or progression of a melabolic disease in the subject, with or without other
signs of clinical disease. The prevention can be complets, &.g., the tolal absence of the
disease, disorder and/or clinical symplom(s). The prevention can also be partial, such
that the occurrence of the disease, disorder and/or clinical symptom(s) in the subject
and/or the severity of onsetl and/or the progression is less than whatl would occur in the
absence of the present invention.

As used herein, the terms "modulaie,” "modulating” or "modulation” {and
grammatical variations thereof) may refer to enhancement (e.g., an increase) or
inhibition (e.g., diminished, reduced or suppresssd) of the specified activity. The term
"snhancemeant,” "enhance,” enhances,” or "enhancing” refers to an incrgass in the
specified paramster (s.g., at leasi about 3 1.1-fold, 1.25-fold, 1.5-fold, 2-fold, 3-fold, 4-
fold, 5-foid, 6-fold, 8-fold, 10-fold, twelve-fold, or even fifleen-fold or more increase)
and/or an increase in the specified activily of at least about 5%, 10%, 25%, 35%, 40%,
50%, 60%, 75%, 80%, 80%, 95%, 97%, 98%, 99% or 100%. The term "inhibit,"
“diminish,” "reduce” or "suppress” refers {0 a decrease in the spsecifisd parameter {e.g.,
ai least about a 1.1-fold, 1.25-fold, 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 8-fold, 8-fold, 10-
fold, twelve-fold, or even fifteen-fold or more decrease) and/or a decrease or reduction in
the specified activity of at least about 5%, 10%, 25%, 35%, 40%, 50%, 60%, 75%, 80%,
80%, 95%, 97%, 88%, 99% or 100%. in particular aspects, the inhibition or reduction
rasults in little or essentially no detactable activity (at miost, an insignificant amount, e.g.,
less than about 10% or about 5%).

An "effective amount” or "therapeutically effective amount” may refer {o an
amount of a compound or composition of this invention that is sufficient to produce a
desired effact, which can be a therapeutic and/or beneficial effect. The effective amount
will vary with the age, gensral condition of the subject, the severity of the condition being
ireated, the particular agent administered, during the duration of the freatment, the
nature of any concurrent treatment, the pharmaceutically acceptable carrier used, and
like factors within the knowledge and expertise of those skilled in the art. As appropriate,
an effective amount or therapeutically effsclive amount in any individual cass can be
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determined by one of ordinary skiil in the art by reference {o the pertinent texis and
literature and/or by using routing experimentation. (Ses, for example, Remingion, Ths
Science and Practice of Pharmacy (lalest edition)).

Neurcimmune signaling in the brain elevates proinflammatory cytokines,
chemokings, and their associated receptors to promote ONS disease in a progressive
feed-forward manner {(Paviov VA, et al. 2017). Naf Neurosci 20(2); 156-1686).
Proinflammatory signaling through toll-like 4 recepiors (TLR4) is elevated in
physiological stress (Walter TJ, et al. (2017). Alcohol Clin Exp Res) and fraumatic brain
injury (Ahmad A, et al. (2013). PLoS One 8(3). e57208) and contributes io the
aforementioned neuropsychiatric conditions, inciuding alcchol use disorders (He J, et al.
(2008). £xp Neurol 210(2Y. 348-358; Qin L, st al. (2008}, J Neurcinflammation 5. 10),
other addictions (Lacagnina MJ, et al. (2017). Neuropsychopharmacology 42(1). 156-
177, depression (Bhattacharya A, et al. (2018). Psychopharmacology (Berf}) 233(8):
1623-1636; Dantzer R, et al. {2008). Naf Rev Neurosci 9(1). 46-56), and epilepsy (
Maroso M, st al. (2011}, J Intern Med 270{(4); 318-328).

it is well established that inflammation in the periphery induces pro-inflammatory
signaling in the brain (Crews FT, et al. (2017). Neuropharmacology 122: 56-73;, Samad
TA, et al. (2001). Nature 410(6827): 471-475; Thomson CA, et al. (2014). J
Neuroinflammation 11. 73). The TLR4-specific ligand, lipopolysaccharide (LPS), acis on
macrophags TLR4 recepiors causing receptior dimerization on the cell membrane, and a
cascade of protein-protein interactions that produce proinflammatory cytokines and
chemokines. LPS-activation of TLR4 signaling involves formation of 2 TLR4/MD-2
(myeloid differentiation factor 2) complex that is followed by intracellular signals,
including the myeloid differentiation primary response 88 (MyD88)-dependent pathway
that activates tumor necrosis factor receptor associated facitor 8 (TRAFS), transforming
growth factor (TGF)-B-activated kinase 1 (TAK1}, and transcription faciors NF-«B and
cyclic AMP response element binding protein (CREB). Activated transcription factors
iranslocats to the nucleus and initiate a proinflammatory response that involves ths
production of chemokines and various proinflammatory cylokines (Chattopadhyay S, et
al. (2014). Cvitokine Growth Factor Rev 25(5). 533-541; Cochet F, et al. (2017}, Int J Mol
Sci18(11); Irie T, et al. (2000). FEBS Letf 467(2-3): 160-164; Kim SJ, et al. (2017). BMB
Rep 50(2). 55-57; Lu YC, st al. (2008). Cyfokine 42(2). 145-151).

TLR4 is also activated in neurons (Okun E, et al. (2011). Trends Neuwrosoi 34(5}):

269-281), but the mechanism is still unclear. TLR4 is innately activated in neurons from
11
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P rats selectively brad for alcohol intake, but not in alcohol-non-praferring (NP) rats (Liu
4, et al. (2011}, Proc Natf Acad Sci U 8 A 108(11): 4465-4470). The signal involves the
y-aminobulyric acid A receptor (GABAAR) a2 subunit and controls impulsivity and the
initiation of binge alcohol drinking and is sustained by a corticotropin releasing hormone
(CRF) amplification loop {Aurelian L, et al. (2018). Trans/ Psychiatry 6. 815, Balan |, et
al. (2017). Brain Behav Imumun. 68:138-153; June HL et al. 2015).
Neuropsychopharmacology 40(6); 1549-1559). CRF is also known to promote TLR4
signaling (dune ML, st al. (2015). Neuropsychopharmacology 40(6). 1548-1559;
Tsaisanis C, et al. (2008). J Immunol 176(3). 1869-1877; Whitman BA, et al. (2013).
Afcohol Clin Exp Res 37(12). 2088-2097). Both stress and alcohol induce CRF signaling
and both siress and alcohol play a significant role in addiction (Dedic N, et al. (2017).
Curr Mol Pharmacol. 11(1):4-31; Gondre-Lewis MC, el al. (2016). Stress 18(2): 235-247;
Koob GF, et al. (2014). Neuropharmacology 76 Pt B: 370-382; Lowery-Gionta EG, ef al.
{2012). J Neurosci 32(10). 3405-3413; Phillips T4, et al. (2015). Genes Brain Behav
14{1). 88-135}, as well as other nauropsychiatric dissases.

To gxaming the possibility that 30,5¢-THP inhibits proinflammaltory neurcimmune
signaling in the periphery and the brain, the effecis of 30,50-THP and pregnenoclone on
LPS-induced TLR4 activation was studied in mouse monocyte/macrophage RAW264.7
cells and the VTA of naive P rats, which are established model systems for analysis of
TLR4 receptor activation, as described above. Focus was on ths ventral tegmental area
(VTA) because both TLR4 and neurcactive steroid modulation in the VTA aiter drinking
behavior (Cook ef a/, 2014; June ef a/, 2015). Pregnenolone was tested because it
reduces ethanol intake in P rais (Besheer ef a/, 2010), and shares the same steroid ring
D structure of 3a,5a0-THP, but lacks intrinsic potent GABAergic activity {(Harrison ef &/,
1987; Purdy &f a/, 1980). 3a,50-THP also inhibits CRF-mediated aclivation of the
hypothalamic pituitary adrenal axis (Owens ef a/, 1992, Patchev ef a/, 1896b), but effecis
on extra-hypothalamic CRF are unknown.

The endogsnous neurcstercid (3a,5aq)3-hydroxypregnan-20-one (3a,5a-THP,
atlopregnanocione or brexanolong) has protective activity in animal modasls of alcoholism,
depression, traumatic brain injury, schizophrenia, mullipls sclerosis, and Alzheimesr's
disease that has not been well understood. Because these conditions invoive
proinflammatory signaling through toll-like receptors (TLRs), the effects of 3g,5a-THP
and pregnenoclons on LPS-induced TLR4 activation was examined in both the periphery
and the CNS. Monocytes/macrophagss (RAWZ64.7) were used as a model of peripheral
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immune signaiing and studied innately activated TLR4 in the VTA of selectively bred
alcohol-preferring (P) rats. LPS activated the TLR4 pathway in RAWZ264.7 cells as
evidenced by increased levels of pTAK1Y, TRAFS, NF«B p50, phospho-NF-kBpG5,
pCREB, HMGB1, and inflammatory mediators, including MCP-1 and TNFa. Both 3a,50-
THP and pregnenocione (0.5 — 1.0uM) subsiantially (~80%;) inhibited these effects,
indicating pronounced inhibition of TLR4 signaling. The levsis of MD-2 co-precipitated
with TLR4 were significanily reduced in the presence of 3a,5a-THP, indicating that the
mechanism of inhibition of TLR4 signaling involves blockade of TLR4/MD-2 protsin
interactions in RAW246.7 cells. In VTA, 30,5a-THP (15 mg/kg, 1P} administration
reduced TRAFG (~20%), CRF (~30%), and MCP-1 (~20%) levsls, as well as TLR4
binding to GABAA 02 subunits (~60%) and MyD88 (~40%). These data indicate that
inhibition of proinflammalory neurcimmune signaling underies protective effects of
3a,50-THP in immune cells and brain, by way of biocking protein-protein interactions
that initiate TLR4-dependent signaling. Inhibition of pro-inflammatory TLR4 signaling
rapresents a new mechanism of 3g,50-THP action in the periphery and the brain.
Therefore, disclosed herein is a method for administsring to a subject in nsed
thereof a compound or pharmaceutical compaosition for the freatment of a disorder or
disorders related to proinflammatory neurcimmune signaling. For administration, either
the compound or pharmaceutical composition is understood as being the active
ingrediant and capable of administration to a subject, and thus, in soms instances, ths
ferms are interchangeable. In some embodiments, the compounds or pharmaceutical
compositions may include at least one neurosteroid. In some embodiments, the
neurosteroid may be (3a,50)3-hydroxypregnan-20-one (3¢,5a-THP, allopregnanoione).
in some embodiments, the neurostercid may be pregnenocions. In some embodiments,
the neurcstersid may be ganaxolone. In other embodimsants, the compounds or
pharmaceutical composition may include more than one neurosteroid. In some
embodiments, the neurosteroid may be a therapeutically effective modification, variant,
derivative, or analog of 3a,5a-THP or pregnencione. In some embodiments, the
compound or pharmaceutical composition may include the following compound:

(3o, 50 3-hydroxypregnan-20-ane (30,5¢-THP, allopregnancione)
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or a modification, variant, derivative, or analog thereof.

Subijects suitable {o be treated using the methods of the present invention
include, but are not limited to mamimalian subjects. Mammals according {o the present
invention include, but are not limited 1o, canines, felines, bovines, caprines, equines,
ovines, porcines, rodents (e.q., rats and mice), lagomorphs, primates, humans and the
like, and mammals in utero. Any mammalian subject in nesd of being treated or desiring
treaimeant according to the present invention is suitable. Human subjscts of any gender
(for example, male, female or ransgender) and at any stags of development (i.s.,
neonate, infant, juvenile, adolescent, adull, elderly) may be treated according io the
present invention. In particular embodiments, the subject may be afflicted with, suffering
from or at risk for an inflammatory disorder or condition as described in greater detail
below. In soms embodiments, the inflammatory disorder may be a neurcpsychiatric
disorder or condition; it may be alceholism, pain resulting from a traumatic injury, brain
injury, multiple sclerosis (MS) or Alzheimer's disease.

The method of administration of compounds or pharmaceutical compositions is
not particularly limited, and any method that would be apprsciated by one of skili in the
art for the compounds or pharmaceutical compositions in a particular formulation as
described herein.

Compounds or pharmaceutical compositions of the present invention are suitable
for oral, rectal, topical, inhalation (e.g., via an aerosol) buccal (g.g., sub-lingual), vaginal,
fopical (i.s., both skin and mucosal surfaces, including airway surfaces), transdermal
administration and parenteral (e.q., subcutaneous, intframuscular, infradermal,
intraarticular, intrapleural, intraperitoneal, intrathecal, intracerebral, intracranially,
intraarterial, or intravenous), although the most suitable route in any given case will
depend on the naturs and severity of the condition being treated and on the nalure of the
particular active agent which is being used. Further, in preparing such pharmaceutical
compositions comprising the active ingredient or ingredients in admixture with
components necessary for the formulation of the compositions, other conventional
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pharmacoiogically acceptable additives may be incorporated, for example, carriers,
excipients, siabilizers, antiseptics, wetling agents, emulsifying agents, lubricants,
sweetening agenis, coloring agents, flavoring agents, isolonicity agents, buffering
agents, antioxidants and the like. As the additives, there may be mentioned, for
exampie, starch, sucrose, fructose, dexirose, laciose, glucose, manniisl, sorbitol,
dermabase, precipitated caicium carbonate, crystalling celiulose,
carboxymethylceliulose, dexirin, gelatin, acacia, EDTA, magnesium sigarate, talc,
hydroxypropylmethylceliulose, 2-hydroxypropyl-B-cyclodextrin, sodium metabisulfite, and
the like.

in further embodiments, the pressnt invention provides kits including one or mors
containers comprising pharmaceutical dosage units comprising an effective amount of
one or more compounds used in carrying out the present invention.

In some embodiments, the disorder or disorders related to proinflammatory
neurcinimune signaling {o be treated by the msethods of the invention may be a
neurcpsychiatric disorder or condition. Neuropsychiatric disorders may, with no
particular imitation, include: addictions, such as substance abuse, gambling, food, sex
and alcoholism; childhood and development disorders, such as atiention deficit
hyperactivity disorder (ADHD), autism, fetal alcohol syndrome and tic disorders; eating
disorders, such as anorexia nervosa and bulimia nervossa,; degenerative diseases, such
as dementia, Parkinson's disease and Alzheimer's disease; mood disorders, such as
bipolar disorder, depression and mania; neurctic disorders, such as obsessive
compuisive disorder (OCD), trichotillomania and anxiety disorder; psychoses, such as,
but not limited to, hallucinations, delusions, bizarre behaviors, difficulty assimilating with
society and social expectations, and disorganized thinking, which may include, but is not
imited o schizophrania; and sleep disorders, such as sleep apnea, narcolepsy,
insomnia, parainsomnia and REM. In some embodiments, the disorder or disorders
related to proinflammatory neurcimmune signaling may be alcoholism. In other
embodiments, the disorder or disorders may be a result of traumatic injury {including, but
not limited o brain). In still other embodiments, the disorder or disorders may be multiple
sclerosis (MS). In still other embodiments, the disorder or disorders may be Alzhsimer's
disgase. In an embodiment, methods of the invention are directed toward the treatment
of alcoholism.

in some embodiments, the proinflammatory neurcimmune signaling related {o a
disorder or disorders may include signaling through toll-like receptors (TLRs). TLRs
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include TLR1, TLR2, TLR3, TLR4, TLR5, TLRS, TLR7, TLRS, TLRY, TLR10, TLR11,
TLR12, and TLR13. In ons embodiment, the proinflammatory neuroimmune signaling
related to a disorder or disorders includes signaling through the toll-like recepior TLR2,
TLR4 and/or TLR7. In other embodiments, the proinflammatory neursimmune signaling
related {0 a disorder or disorders inciudes signaling through any TLR that couples o
MyD88 {0 activate proinflammatory signals.

in some embodiments, the methods of the invention ars related to administration
of a compound or composition in order to modulate proinflammatory neurcimmune
signaling. In an embodiment, the modulation of proinflammatory neurcimmune signaling
inciudes modulation of signaling through toli-like recepiors. The modulation may include
inhibition of toliike receptor signaling. In some embodiments, the modulation may
include the activation of anti-inflammatory signaling like, for example, through
frackialkine or IL-10.

The inhibition of toll-like receptor signaling may inciude interference with the
interactions that rasult in the production of proinflammaiory cytokings and chemokinss.
For example, with TLR4, lipopolysaccharide (LPS) interaciing with TLR4 triggers the
interaction between TLR4 and myeloid differentiation factor 2 (MD-2), which results in an
increase in levels of pTAK1T, TRAFS, NF«B p50, phospho-NF-xB- p65 and pCREB, and
inflammatory mediators, inciuding HMGB1, MCP-1 and TNFa. In some embodiments,
the inhibition of TLR4 signaling includes inhibiling the LPS-induced upregulation of the
levels of any one of, any number of, or all of, pTAK1, TRAFEG, NFxB p50, phospho-NF-
kB- p65 and pCREB, and inflammatory mediators, including HMGB1, MCP-1 and TNFa.
in some embodiments, the inhibition of TLR4 signaling may include the inhibition of the
interaction between TLR4 and MD-2. In an embodiment, the inhibition of TLR4 signaling
may include the inhibition of the upregulation of HMGE1 expression.

Other embodiments of the invention may include methods of identifying
candidate compounds for inhibiting proinflammatory neuroimmune signaling, and
methods for ideniifying candidate compounds or active agents for treating inflammatory
disorders. The methods of identifying candidate compounds may include examining the
effect of candidate compounds on the modulation of toll-like receptor signaling, for
exampile, the inhibition of TLR4 signaling, and the effect of the candidate compound on
LPS-induced aclivation of TLR4, for example, the inhibition of the upregulation of the
leveis any one of, any number of, or all of, pTAK1Y, TRAFG, NFkB p50, phospho-NF-xB-
65 and pCRER, and inflammatory madiators, including HMGB1, MCP-1 and TNFa. In
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some embodiments, the methods of identifying candidale compounds may include
exanining the effect of the candidate compound on the interaction between TLR4 and
MD-2, for example, the inhibition of the interaclion between TLR4 and MD-2. The
methods of identifying candidate compounds through the modulation of any of the
interaction and/or actlivation of upregulation may be determined according to any method
as would be appreciated by one of skill in the art.

Example Embodiments

1. A method for inhibiting proinflammatory neuroimmune signaling
comprising the administration of an effective amount of a neurosteroid.

2. The method of embodiment 1, wherein the nsurcsieroid is pregnenoclone
or (3a,503-hydroxypregnan-28-ane or a combination of both steroids.

3. The method of embodiment 1 or 2, wherein the inhibiting of
proinflammatory neurcimmune signaling comprises inhibiting toll-like receptor signaling
or corticotropin (CRF) releasing hormone signaling.

4, The method of embodimant 3, wherein the inhibiling of toll-like receptor
signaling comprises inhibiting TLR2, TLR4, or TLR7 recepior signaling or a combination
of any of these TLRs.

5. A method of inhibiting toll-like receptor signaling comprising the
administration of an effective amount of a neurosteroid.

8. The method of embodimant 5, wherein the nsurostercid is pregnenoclons
or (3a,50)3-hydroxypregnan-20-one.

7. The method of embodiment 5 or 6, wherein the inhibiting of toll-like
receptor signaling comprises inhibiting TLR2, TLR4, or TLR7 receplor signaling or a
combination of any of these TLRs.

8. The method of any ons of embedimenis 5-7, wherein said method further
comprises inhibiting CRF signaling.

9. A method for treating an inflammatory disorder in a subject in need
thereof comprising the adminisiration of a therapeutically effective amountof a
neurcsieroid.

10. The method embodiment claim 8, wherein the neurosterocid is
pregnenolone or (3a,50)3-hydroxypregnan-20-one or a combination of both sieroids.

11. The method of embodiment 9 or 10, wherein the treating an inflammatory

disorder comprises inhibiting toll-like receptor signaling or CRF signaling.
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12. The method of embodiment 11, wherein the treating comprises the
inhibiting of toll-like recepior signaling.

13. The method of embodiment 11 or 12, wherein the inhibiling of toll-like
receptor signaling comprises inhibiting TLR2, TLR4, or TLR7 receplor signaling or a
combination of any of these TLRs.

14, The mathod of any one of embodiments 913, wherein the inflammalory
disorder is a chronic neuropsychiatric disorder.

15. The method of any one of embodiments 9-14, wherein the
neurapsychiatric disorder is selected from a group consisting of cognitive disorders,
ssizure disorders, movement disorders, traumatic brain injury, secondary psychiatric
disorders, substance-induced psychialric disorders, attentional disorders, and slesp
disorders.

16. The method of any one of embodiments 9-15, wherein the
neuropsychiatric disorder is alcoholism.

17. A method for identifying inhibitors of proinflammatory neurcimmune
signaling comprising measuring of inhibition of MD-2 binding 1o TLR4 in the presence of
a candidate compound, wherein the inhibition of MD-2 binding to TLR4 by a candidate
compound is indicative that the candidate compound is an inhibitor of proiffammatory
neurcimmune signaling.

18. The method of embodimant 17, wherein the candidate compound is a
neurosteroid, or a modification, variant, derivative, or analog thereof.

19. The method of emboediment 17 or 18, wherein the inhibition of MD-2
binding to TLR4 is measured by immunoprecipitation.

20. The method of any one of embodiments 1719, wherein the method
further comprises measuring of inhibition of upregulation of any one of, any number of,
or all of, pTAK1, TRAFS, NFkB p50, phospho-NF-kB- p65, pCRER, HMGB1, MCP-1,
piRF-7, INFs and TNFa.

21. The method of embodiment 19, wherein the method further comprises
measuring of inhibition of upreguiation of HMGEB1.

22. A method of identifying an active agent for treating a nsuropsychiatric
disorder comprising measuring of inhibition of MD-2 binding to TLR4 in the presence of 3
candidate compound, wherein the inhibition of MD-2 binding 1o TLR4 by a candidate
compound is indicative that the candidaie compound is an active agent for treating a
neurapsychiatric disorder,
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23. The method of embodiment 22, wherein the candidate compound is a
neurcsteroid, or a modification, variant, derivative, or analog thereof.

24, The msthod of embodiment 22 or 23, wherein the inhibition of MD-2
binding o TLR4 is measured by immunoprecipitation.

25. The method of any one of embodiments 22-24, wherein the method
further comprises msasuring of inhibition of upregulation of any one of, any number of,
or all of, pTAK1, TRAFS, NFkB p50, phospho-NFkB p65, pCREB, HMGE1, MCP-1,
pIRF-7, INFs and TNFa.

28, The method of embodiment 25, wherein the method further comprises
measuring of inhibition of upreguiation of HMGB1.

27. The mathod of any one of embodiments 22-26, wharein the
neuropsychiatric disorder is a chronic neuropsychiatric disorder.

28. The method of any one of embodiments 22-27, wherein the
neuropsychiatric disorder is selecled from a group consisting of cognitive disorders,
ssizure disorders, movemesnt disorders, tfraumatic brain injury, secondary psychiatric
disorders, substance-induced psychialric disorders, attentional disorders, and slesp
disorders.

29. The method of any one of embodiments 22-28, wherein the

neuropsychiatric disorder is alcoholism.

In some embodiments, the methods of the invention may take place in vifro. In
other embodiments, the methods of the invention may take place in vivo.

The present invention is more particularly described in the following examples
that are intended as illusirative only since numerous modifications and variations therein

will be apparent {o those skilled in the art.

EXAMPLES
Example 1:

Materials and Methods

Cells and reagenis. Mouse monocyie macrophage cells (RAW254.7) that
innately express the TLR4 receptor were oblained from American Type Cullure
Collection (Manassas, VA, USA). The celis were grown in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco; Gaithersburg, MD, USA) supplementad with 10% fetal bovine
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serum (FBS, Gemini, West Sacramento, CA, USA), 1% penicillin/strepiomycin 1060 X
{Gibeo} at 37°C in a 5% CO; humidified atmosphere. The TLR4-specific ligand LPS was
purchased from Sigma-Aldrich (St Louis, MO, USA) (Cal. # L3024) and added {o the
culiures (1ug/mil) 24 hrs before cell collection.

Antibodies. The following antibodies were commercially obtained and used
according to the manufacturer’'s instructions. Rabbit anti-TRAFG (AB_783348}, mouse
anti-NF«B p50 (AB_828015), mouse anti-TNFa (AB_B30341), mouse anti-TLRZ
{AB_5628364), and mouss anli-TLR4 (AB_10611320) were from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Rabbit phospho-TAK1 (Serd12) (pTAK1)
(AB_2140098), mouse phospho-NF«B p65 (Serb38) (AB_331281), rabbit phospho-
CREB (Ser133) (AB_2561044) were from Cell Signaling Technology (Danvers, MA,
USA). Mouse anti-CCL2 (MCP-1) (AB_2538512), and rabbit anti-MD-2 (AB_11155832)
were from Thermo Fisher Scientific (Waltham, MA, USA). The generation and specificity
of the rabbit-derived GABA, o2 antibody (W, Sieghari, Center for Brain Research,
Medical Universily of Vienna,; Vienna; Austria; AB_2532077) was previously described; it
recognizes aminge acids 322-357 of the o2 protein (Liu st al., 2011). Mouse anti-beta-
Actin (B-Actin) (AB_2687938), and rabbit anti-HMGB1 (AR _2232089) were from
Proteintech Group (Rosemont, iL, USA), rabbit anti-MyD88 (AB_2722690) from
NeoScientific (Woburn, MA, USA}, and rabbit anti-CRF (AB_2314240) from Peninsula
Labs (San Carlos, CA, USA). Horseradish peroxidase-labsled secondary antibodiss
were anti-rabbit [gG (AB_2099233) and anti-mouse IgG (AB_330924) from Cell
Signaling Technology.

immunoblotting. The assay used for RAWZ64.7 cell lysates and co-
immunoprecipitation was as previocusly described (Aurelian ef a/, 2016; June ef a/, 2015;
Liv ef g/, 2011). RAWZ48.7 cells grown on T-75 flasks (n=5 flasks/group) were lysed with
radicimmunoprecipitation (RIPA) buffer [20 mM Tris-HCI (pH 7.4}, 0.15 mm NaCl,

1% Nonidet P-40 (Sigma, St. Louis, MO, USA), 0.1% SDS (sodium dodecyl sulfale),
0.5% sodium deoxycholate] supplemented with protease and phosphatase inhibitor
cockiails (Sigma). The total protein was dstermined by the bicinchoninic acid assay
(BCA, Thermo Fisher Scieniific, Waltham, MA, USA, Cat# 23228 and Cat.# 1859078).
The proteins (100 pg/lane) were resclved by SDS—polyacrylamide gel electrophoresis
using freshly prepared 16x18 cm gels and transferred to polyvinylidene fluoride
membranes (PVDF, Bio-Rad, Cat.# 162-0177). Blots were blocked with 5% Blotling-

Grade Blocker (Bio-Rad, Cat. # 1706404; for non-phosphorylated primary antibodiss) or
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5% BSA (for phosphorylated primary antibodies) for 2 hrs at room temperature (RT) and
exposed {0 primary antibody overnight (4°C), followed by horseradish peroxidase-
labeled secondary antibodies for 1 h (room temp). Immunoreactive bands wers
visualized with the Plus-ECL kit reagents (Perkin Elmer, Waltham, MA, USA, Cat#
NEL105001EA) followed by exposure to high-performance chemilumingscence film
{Hyperfilm ECL; Amersham). Quantitation was by densitomelric scanning with a Bio-Rad
GS-700 imaging densitometer. Blots were siripped and re-probed with different primary
antibodies 3-5 times. Each densitomelric measurement was divided by the
corresponding B-Actin densitometric measurement and the resulis {n=5/group] are
exprassed as the mean B-Actin-adjusted densifomestric units £ SEM.

immunoblotting for whole VTA lysates was done as previously described
(Carlson ef al, 2013). Briefly, VTA micropunches (1mm thick) were lysed with Cellylic
MT (dialyzable mild detergent, bicine, and 150 mM NaCl, Sigma-Aldrich) and protease
and phosphatase inhibitor cocktail according to the manufacturer's instructions. Total
protein was determined by the BCA assay. The proteins (10 ygfiane) wers resolved by
NuPAGE™ 4-12% Bis-Tris Midi Protein Gel (Thermo Fisher, Waltham, MA) electrophoresis
and transferred using the iBlot 2 Dry Blotting System (Thermo Fisher, Waltham, MA).
Biots were then exposed fo an antibody for B-actin for normalization. Proteins were
detected with enhanced chemilumnesence (GE Healthcare, Amersham, UK).
Membranes were exposed o film under non-saturating conditions. Densitometric
analysis was conducted using NiH Image 1.57.

Co-Immunoprecipitation Assay. RAWZ64.7 celis [treated with LPS (1 ug/mi),
3a,50-THP (1ubl) or pregnenocione (1uM)] were exposed to chemical protein crosslinking
(Poulopoulos ef a/, 2009} at 24 hrs post-ireatment. Briefly, the cells were incubated (20
min on ice) with 1TmM of the cleavable, membrane-permeable crosslinker DSP {(Thermo
Fisher Scientific, Cat. # PG82081). Rat VTA homogenates were incubated (20 min on
ice) with 200 UM of DSPF. The crosslinker was quenched in 1 M Tris buffer (pH 7.5) (to a
final concentration of 10-20 mM), and the material was centrifuged at 21,000 x g for 15
min. Proteins from the cells were exiracted with Pierce 1P Lysis Buffer (Thermo Fisher
Scientific, Cat. # 87787) supplemented with protease and phosphatase inhibitor cocktails
(Sigma). Proteins from the VTA were extracied with Cellytic MT {(dialyzable mild
detergent, bicine and 150 mM NaCl; Sigma Aldrich, 8t. Louis, MG, USA, Cat. # C3228)
supplemenied with protease and phosphatase inhibifor cocktails (Sigma) according to

the manufacturer’s instructions. Co-immunaoprecipitation was done as previously
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described [Author Publication in the Journal of Biclogical Chemistry]. Specifically, protein
lysates (250 ug) were first traated (4°C; 30 min; on a rocker) with 8.1 ug of normal
mouse IgG (EMD Millipore Corporation, San Diego, CA, USA, Cat. # NI03) or normal
rabbit IgG (Cell Signaling Technology, Danvers, MA, USA, Cat. # 2729) corresponding
to the host species of the primary antibody together with 20 ui of Protein A/G Plus-
Agarose beads (Santa Cruz Bictechnology, Cat# 5¢-2003) and Pisrce Protein A/G igG
binding buffer (up to 1 ml; Thermo Fisher Scientific, Cat. # 54200). The agarose beads
were removead by centrifugation (2,500 rpm; 4°C) and the supernatants were incubaled
{(1h; 4°C; on a rocker) with TLR4, o2, TLR2 antibodies or normal igG control (5 ugleach)
and Protein A/G Plus-Agarose beads (40 pl) (overnight; 4°C; on a rocker). The
immunoprecipiates were washed four fimes with ice-cold Plerce IP Lysis Buffer (Thermo
Fisher Scientific, Cat. # 87787) and the bound proteins were eluted at 95°C (5 min) in 50
ul of denaturing solution [150 mM Tris-HCI (pH 7.0}, 5.7% S0, 14% f-mercaptoethanol,
17% sucrose, 0.04% bromthymol blue]. Proteins were resolved by SDS-polyacrylamide
gel electrophoresis, transferred {o PYDF membranes and immunoblotted with MD-2,
HMGB1, MYD88, GABANR-a2, TLR2, or TLR4 antibodies.

3u, 5a-THF Radioimmunocassay (RIA). 3a,50-THP concenirations in the
RAWZ64.7 cell media were measured by radisimmunoassay as described slsewhere
(VanDoren ef a/, 2000), modified for use with cell media (Cook ef a/, 2014). Briefly,
3a,5a-THP was exiracted from cell media three times with 3ml of ethyl acetate and
spiked with 1000 counts per minule of PH]3a,5a-THP for recovery. The extracts were
purified using solid phase silica columns (Burdick and Jackson, Muskegon, Mi) and used
for the assay (run in duplicate) and for recovery measurement. Steroid levels in the
samples were exirapolated from a concurrently run standard curve and corrected for
their respective exiraction efficiencies. The 3q,5a-THF antibody (1:500) was provided by
the late Dr. Robert Purdy at Scripps Research Institute. Antibody specificity was
previously verified and no significant cross reactivity with pregnenosione, progssierone,
pregnanoclone or 3a,5a-THDOC was found. The validity of the assay has been verified
by gas chromatography mass spectrometry determinations (Porcu ef g/, 2010). 3g,50-
THP values are expressed as ng/mi of cell media.

Animals. Selactively brad, but alcohol naive Alcohol-preferring (P) rats (male, 3
4 months old; 250550 g} (n = 7-Q/group) were obiained from the Alcohol Research
Center, Indiana University School of Medicine. Animals were double housed in Plexiglas

cages containing corn cob bedding and food and water was available ad /ibifum. The
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colony room was maintained on a normal 12 hr light-dark cycie (light onset at 0700 hr).
Procedures followed National Institutes of Health Guidelines under UNC Institutional
Animal Care and Use Commitiee approved protocols al University of North Carclina
School of Medicine. Rats were habituated o handling for 7 days prior to administration
of 30,5a-THP (15 mg/kg, IP), pregnenolone (75mg/kg, IP), 3a,5a-THDOC (15 mg/kg,
IP}, or vehicle (45% wiv 2-hydroxypropyl-B-cyclodexiring and returmed to their home
cage. Rats were sacrificed after 45 minutes and the brain was removed and frozen at -
80°C until VTA micropunches were collected from 1 mm cryostat brain ssctions. This
time point was selected because 3a,50-THP is rapidly metabolized in vivo (Purdy ef a/,
1880}, but has behavioral and pharmacological activity at this time point (Crawley ef a/,
1988},

ELISA. Brain tissue micropunches were lysed with Cellyte MT and the exiracts
were assayed for protein content by the BCA procedure (Pierce) and for MCP-1 using
the rat MCP-1 ELISA kit (Raybiotech — ERC-MCP-1-CL; Norcraoss, GA, USA) or for
frackialkine using the rat fractalkine ELISA kit (Raybiotech — ERC-CX3CLA-CL,
Norcross, GA, USA} as per manufacturer’s instructions.

Statislics. Measures in the RAWZ64.7 cells were analyzed using a one-way
analysis of variance (ANOVA) followed by the mulliple comparison Student-Newman-
Keuls test, with p < 0.05 considered statistically significant, n=5-8/group. In the VTA
micropunches, values were analyzed by Student's t-lest for comparison of 2 groups, with
n=8/group. Analyses were parformed using Graphpad Prism 5.0. Statistical details are

given in the Figure Legends and Table 1.

Table 1. Siatistical Table

Data Structure — N.D. Siatistical Test Power

PCT/US2019/033053

aFig 1. Effect of LPS on One-way ANOVAs P =0.0000
TLR signals Mewman Keuls for MCP-1 P=00193
Newman Keuls for pTAKH P=00278
Newman Keuis for TRAF P =0.0034
Newman Keuls for NFKB-p50 P =0.0036
B Fig 2. Effect of LPS on One—way ANOVAs P =0.0000
TLR signals Mewman Keuls for MCP-1 P=0.0021
Newman Keuls for pTAKH P=00154
Newman Keuis for TRAF P =0.0383
Newman Keuls for NFkB-p50 P =0.0044
“Fig 1. Pregnenoclone One-way ANOVA P =0.0000
inhibition of LPS-activated Newman Keulis for Preg 0.5 uM P =0.0003
MCOCP-1 Newman Keauls for Preg 1.0 uM P = {0.0001
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¢ Fig 1. Pregnenoclons One-way ANOVA P = 0.0000
inhibition of LPS-activated Newman Keuls for Preg 0.5 uM P =0.0003
pTAK1 Newman Keuls for Preg 1.0 uM P = 0.0001
¢ Fig 1. Pregnenclons One-way ANOVA P =0.0000
inhibition of LPS-activated Newman Keuis for Preg 8.5 uM P =0.0008
TRAF Newman Keuls for Preg 1.0 uM P =0.0008
"Fig 1. Pregnenolong One-way ANOVA P ={0.0000
inhibition of LPS-activated Newman Keuls for Preg 0.5 uM P =0.0391
NFkB-p50 Mewman Keuls for Preg 1.0 uM P=0.0161
9Fig 2. 30,5¢-THP One-way ANOVA P =0.0000
inhibition of LPS-activated Newman Keuls for 30,50 THP 0.5 uM P =(0.0000
MOCP-1 Newman Keuis for 3q,50-THP 1.0 uM P ={0.0000
MFig 2. 3a,50-THP One-way ANOVA P = 0.0000
inhibition of LPS-activated Newman Keuls for 30,50¢-THP 0.5 uM P =0.0001
pTAK1 Newman Keuls for 30,50-THP 1.0 uM P =0.0001
'Fig 2. 3a,50-THP One-way ANOVA P =0.000¢
inhibition of LPS-activated Newman Keuis for 3g,50-THP 0.5 uM P = {.0001
TRAFG Newman Keuls for 3a,50-THP 1.0 uM P =0.0009
'Fig 2. 3a,50-THP One-way ANOVA F = 0.0000
inhibition of LPS-activalted Newman Keuis for 3¢,50-THP 0.5 uM P=00128
NFkB-p58 Newman Keuls for 3a,50-THP 1.0 uM P=0.0454
K Fig 3. Effect of LPS on One—way ANOVAs P ={0.0000
TLR signals Newman Keuls for MCP-1 P=0.0114
Newman Keuls for pTAK1 P=00170
Newman Keuls for TRAF P =0.0047
Newman Keuls for NFKB-pb{ P=0.0011
'Fig 3. 3a,50-THDOC Ons-way ANOVA Newman Keuls for P = 00000
enhancement of LPS- 30, 5a-THDOC 0.5 uM Nswman Keuls for P =0.0005
activated TRAF 3a,50-THDOQC 1.0 uM F = 0.0461
" Fig 3. 30,50-THDOC One-way ANOVA P = 0.0000
enhancement of LPS- Newman Keuls for 3a,50-THDOC 0.5 uM P = 0.0024
activated pTAK1 Newman Keuls for 39,50-THDOC 1.0 uM P =0.0006
® Fig 3. 3¢,5a-THDGC One-way ANOVA P = 0.0000
inhibition of LPS-activated Newman Keuls for 3g,5¢-THDOC 0.5 yM P = 0.0327
NFkB-p50 Newman Keuls for 30,50-THDOC 1.0 uM P =0.0018
¢ Fig 3. 30,5a-THDOC One-way ANOVA P =0.0000
inhibition of LPS-activated Newman Keuls for 30,50-THDOC 0.5 uM P = 0.0002
MCP-1 Newman Keuls for 3q,5¢-THDOC 1.0 uM P = 0.0001
P Fig 4. Pregnenolone Students t-test {{15)=2 42 p=0.028
effect on MCP-1 in VTA
@ Fig 5. 30,50-THP effect  Siudenis test 1(18)=2.19 p=0.044
on MCP-1in VTA
"Fig 5. 30,50-THP effact Students tlest t{(16)=5.74 p=0.0001
on TRAFB in VTA
SFig 5. 30,5a-THP effect  Students t-test t(16)=3.112 p=0.007
on CRF inVTA
'Fig 6. 3u,5a¢-THDOC Students t-test {{14)=2 58 p=0.022
effect on TRAFG in VTA
“Fig 8. 3¢,50-THDOC Students t-test {{13)=2 .40 p=0.032

effect on CRF in VTA
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N.D. Normal distribution

Results

3a, 5a-THP and pregnenoione inhibit LPS-activated TLR4 signaling in RAWZ284.7
cells

To examine whether the neurosteroids inhibit the LPS-activated TLR4 signal,
RAW?264 7 cells were treated with LPS (1 ug/mi; 24 hrs) in the absence or presence of
3o, 5a-THP (0.5 uM, 1 pbl) or pregnenolone (0.5 uM, 1 phl), and cell extracis were
assayed for expression of MyD88-dependent pathway members, by immunoblotling with
antibodias to pTAKT, monocyte chemolactic protein (MCP-1), TRAFS, TLR4, and
transcription factor NF«B p5C (Chatiopadhyay &, st al. (2014}, Cyfokine Growth Facior
Rev 25(5): 533-541; Irie T, et al. (2000). FEBS Leff 467(2-3): 160-164,; Lu YC, st al.
(2008). Cyfokine 42{(2). 145-151).

The daia ars shown in Figs. 1 and 2 and the siatistical analysis is summarized in
Table 1, where each result is indicated by alphabetical superscripts. The data show that
the levels of MCP-1, pTAKI, TRAFS, and NF«B pb0 were significantly increased in the
LP3-reated vs. untreated celis, but these increases were blocked by 3a,5«-THP (Fig. 1)
or pregnenolone {Fig. 2) at both doses. 3a,50-THP inhibited the effect of LPS activation
of TLR4 on MCP-1 by 81.5 £ 3.8% at 0.5 uM and 85.2 £ 4.5% at 1.0 pM (Fig. 2). Further,
3a,5a-THP inhibited the effect of LPS activation on MyD88-dependent pathway
members pTAK] by 37.8 £ 7.7% at 0.5 uM and 71.7 £ 3.6% at 1.0 uM and TRAFS by
545 £55% at 0.5 yM and 553 £ 2.6% at 1.0 uM, and LPS-induced NF«B p5C was
inhibited by 18.8 £7.9% at 0.5 uM and 38.3 £ 7.3% at 1.0 uM. 3a,5a-THP did not affect
TLR4 expression (Fig. 1).

Pregnenclone inhibited the effect of LPS activation on MCP-1 by 77.3 £ 7.3% al
0.5 uM and 85.8 £ 4.4% at 1.0 uM. Pregnenoclone inhibited the effect of LPS aclivation of
PTAKT by 76.2 £2.0% at 0.5 uM and 95.2 £ 2.5% at 1.0 uM. The effect of LPS activation
on TRAFS was inhibited by 73.7 £ 1.3% at 0.5 yM and 88.5 £ 6.8% at 1.0 yM. The effect
of LPS activation on NF-kB p50 was inhibiled by only 253 £ 7.4% at 0.5 uM and 28.8 &
8.7% &t 1.0 uM, indicative of the coniribution of other transcription factors {o the
neurasteroids’ effect on LPS-induced MCP-1 upregulation. Pregnenoclone did not affect
TLR4 expression (Fig. 2) and its sffects on the TLR4-activated proteins were roughly

aquivalent at both doses, indicating a masdmal sffect was obtained at 0.5 uM.
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Since pregnencione is a precursor for 3q,5a-THP, the possibility that
pregnenolone may have been convertad in the RAW264.7 calls was considered by
analysis of 3q,50-THP levels in the cell culture media at the fime of cell harvest. 3a,50-
THP was detected at less than 0.69 £ 0.11 nmol/L, indicative of less than 0.1%
conversion of 1.0 uM pregnenclone. This result indicates that the pregnenoclone effects
were not due to its conversion 1o 3g,50-THP.

FPregnenolone and 3ua,5a-THP inhibit the LPS-induced proinflammatory response
in RAWZ264.7 cells

Because the neurostercids had relatively litlle effect on NF«B p50, the possibility
that inhibition of other transcription factors and proinflammatory responses may be
involved was considered. RAW248.7 cells were treated as described above and protein
extracts were immunoblotted with antibodies to phospho-NF-xB p65, pCREB, the
proinflammatory cytokineg tumor necrosis factor alpha (TNFa), and high mobility group
box-1 (HMGB1), a highly conserved non-histone chromosomal profein, the transiocation
of which from the intra- {o sxtra-cellular environment is a critical event in inflammatory
rasponseas. Indeed, HMGB1 is currently recognized as a cylokine secreted from
activated macrophages and other inflammatory cells during the innate immune response
and it is believed to function as a TLR4 ligand. HMGB1 binds to the LPS-activated
TLR4/MD-2 complex, which initiates transduction of a signal that stimulates macrophage
release of proinflammatory cylokines, including TNFa {(Andersson and Tracey, 2011,
Scaffidi ef g/, 2002). The data summarized in Figs. 1 and 2 indicate that LPS caused a
significant increase in the levels of phospho-NF-«B p65 and pCREB (p<0.0001), but the
increase was blocked by 30,50-THP and pregnenclons at both 0.5uM and 1.0 uM
doses. 3q,5a-THP inhibiled the effect of LPS on phospho-NF-«B p65 by 80.1 £ 8.5%,
p<0.0001 at 0.5 uM and 88.9 £ 10.8%, p<0.0001 at 1.0 uM. 3a,5a-THP inhibited the
effect of LPS on pCREB by 97.2 £ 1.9%, p<0.0001 at 0.5 uM and 94.8 + 3.4%, p<0.0001
at 1.0 uM. Similar to 30,5a-THP, pregnenoclone inhibited the affsct of LPS on phospho-
NF-xB p85 by 86.7 £ 7.3%, p<0.0001 at 0.5 uM and 88.1 £ 5.5%, p<0.00C1 at 1.0 yM.
Pregnsnolone inhibited the effect of LPS on pCREB by 84.8 £ 9.8%, p<0.01 at 0.5 uM
and 83.7 £ 8.8%, p<0.01 at 1.0 uM. Thus, both steroids were sffective in inhibiting LPS
activation of nuclear transcription factors that initiate the fesd-forward proinflammatory

signaling.
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The levels of HMGB1 (p<0.0001) and TNF« (p<0.001) were also significantly
increased in the LPS-treated cells and this was inhibited by both 3q,50-THP and
pregnenolone. 3¢, 5a-THP inhibited the effect of LPS on HMGB1 by 88.9 2 11.0%,
p<C.0001 at 0.5 uM and 58.6 £ 5.5%, p<0.0001 at 1.0 uM. 3a,50¢-THP inhibited the effect
of LPS on TNFa by 77.8 £ 7.3%, p<0.01 at 0.5 uM and 70.8 £ 3.5%, p<0.01 at 1.0 pM.
Similar to 30,5a-THP, pregnenolone inhibited the effect of LPS on HMGB1 by 52.0 ¢
9.8%, p<0.01 at 0.5 uM and 57.5 £ 12.8%, p<0.01 at 1.0 uM. Pregnenolone inhibited the
effect of LPS on TNFa by 61.7 £3.6%, p<0.01 at 0.5 yM and 85,1 £ 7.7%, p<0.01 at 1.0
puM. Collectively the data indicate that the neurostercids have a broad range of inhibitory
activity in RAW248.7 cells that is ceniered on the activated TLR4 signaling pathways.
Importantly, both 3o, 5a-THP and pragnenclons (1 ub) failed to inhibit the expression of
pTAK1T, TRAFS, and MCP1 in non-activated RAWZ64.7 cells in the absence of LPS (Fig.
3A). Collectively, the dala indicate the neurosteroids specifically target the activated
TLR4 signal.

Neurosteroids inhibit TLR4 signal activation in RAW246.7 cells by blocking
TLR4/MD-2 binding.

Because signaling pathways and biclogical function are regulatsd by protein-
protein interaction (Chandrashekaran IR, et al. 2018). FEBS Left 592(2). 172-18¢;
Faraz M, et al. (2018). J Bio/ Chem 293(8): 3421-3435; Morita N, et al. (2017). FEBS
Lelt 591(12). 1732-1741), experiments were conducted to determien whether the
neurcsteroids interfere with the formation of the TLR4/MD-2 complex that initiatss signal
activation through the MyD88-dependent cascade, including TRAFS, pTAK1, and the
activated transcription factors lsading to the upregulation of HMGE1, MCP-1 and ThNFo
(Andersson U, st al. (2011). Annu Rev immunol 29: 138-162; Yang H, et al. (2010). Proc
Nail Acad Sci U 8 A 107(26): 11942-11947). RAWZ248.7 cells were treated with LPS (1
pg/mib) without or with 36,50-THP (1.0 uM) or pregnenclons (1.0 ulM) and protein
axtracts were collecied 24 hrs post-treaimeant and immunopracipitated with antibody to
TLR4. Immunoprecipitation with normal 1gG and antibody to TLR2 served as conirols. To
measure co-precipitation, the precipifates were immunoblotied with MD-2 antibody.

The data summarized in Fig. 3B, indicate that MD-2 co-precipitated with TLR4,
but not normal 1gG, indicative of TLR4/MD-2 binding. The levels of MD-2 co-precipitated
with TLR4 were significantly reduced by treatment with 3g,5a-THP (454 £ 6 9%
raduction, p<0.05) or pregnencione (57.2 £ 7.3% reduction, p<0.05). In contrasi, as a

negative control, TLR2/MD-2 co-immunoprecipitation was not altered by either 30,50
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THP or pregnenocione, indicating that both steroids inhibit TLR4/MD-2 complex formation
sslectively and theraby, prasumably, the resulting signaling pathway. Significantly, the
inhibitory effect of the neurosteroids is specific for the TLR4/MD-2 interaction that
initiates the LPS-induced HMGB1 upregulation, because immunoblotting of the
precipitates with HMGEBE1 antibody indicated that HMGB1 co-precipilates with both TLR4
and TLR2, and these protein binding interactions are not allered by ths neurosteroids
(Fig. 3B).

3a,85a-THP inhibits TLR4 signaling and TLR4 helerodimerization in the P rat
VTA.

Since the neurosiercids inhibited the TLR4 activation signal in cultured
macrophage cells, experiments were conducted o determine whether this also occurs in
the brain. Selectively bred P rats that have an innately activated TLR4 signal in the VTA
{Liu J, et al. (2011). Proc Nall Acad Sci U S A 108(11). 4465-4470), were administered
3a,50-THP (15 mg/kg, IP) or pragnenciones (75 mg/kg, 1P}, sacrificed after 45 minutes
and examined for TLR4 signaling using paraliel msasures. Since the CRF/CRFR1
sysiem has also been associated with alcohol drinking (Dedic N, et al. (2017). Curr Mol
FPharmacol. 11(1):4-31; Koob GF, et al. (2014). Neuropharmacology 76 Pt B: 370-382;
Phillips TJ, st al. (2015). Genes Brain Behav 14(1). 98-135; Quadros IM, et al. (20186).
Front Endocrino! {Lausanne) 7: 134), and CRF was shown 1o sustain the activated TLR4
signal, also in the P rat VTA (June ef a/, 2015), the effecis of the neurosteroids on CRF
were studied in parallel. 3a,5a-THP administration reduced the levels of MCP-1 by
20+8% (p<0.05), TRAFS by 19£3% (p<0.0001), and CRF by 2849% (p<0.01), with no
effect on TLR4 protein expression (Fig. 4A). Pregnenoclong administration had no effect
on TRAF6, CRF, or TLR4.

Because the aclivated TLR4 signal is downsiream of the GABAAR o2 subunit in
P rat brain, whether TLR4 formed a complex with the GABALR a2 subunitin P rat VTA
was investigated if. Prolein exiracts were immunoprecipitated with antibody 1o TLR4,
followed by immunoblotting with o2 antibody. Immunoprecipitation with normal IgG
served as control. As shown in Fig. 4B, «2 co-precipitated with TLR4, but not normal
IgG, and binding was confirmed by precipitation with GABALR o2 antibody and
immunoblotting with TLR4 aniibody. Nexi, co-immunoprecipitation studies were
conducted in the VTA from the P rats treated with vehicle {(45% wiv 2-hydroxypropyl-B-
cyclodextirin) or 30,50-THP {15 my/kg, IP), to determine if 3¢,50-THP allers complex
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formation of TLR4 with GABALR o2, MyD88 or HMGEB1. Figure 4C shows that
TLR4/GABALR o2 binding in the VTA is inhibited by 3¢,5a-THP (82.7 + 3.2%, p<0.001).
interestingly, however, TLR4/MyD88 binding was aiso inhibited by 30,5a-THP (43.5 %
5.4%, p<0.05}, indicating that 30,50-THP may bind TLR4 in 32 manner that effects iis
interactions with both GABALR o2 and MyDE88. HMGBE1 also bound TLR4, but binding
was not altered by 30,5¢-THP (Fig. 4B). Collectively the data indicate that the
neurasteroids inhibit the innately aclivated TLR4 signal in the P rat VTA, involving
TLR4/u2 and TLR4/MyD88 binding. However, the precise site of protein-protein
interactions and the possible contribution of proteins that serve as ligands or scaffolds {o
facilitate binding remain unknown.

3a,5a-THDOC has opposing effects on various components of TLR4 signaling in
RAWZ264.7 cells and the VTA.

The effect of the GABAergic neurosteroid 30,5a-THDOC on TLR4 signal
activation was aiso measursd, both in RAW264.7 cells and the P rat VTA o shed light
on the structural reguirements for inhibition of TLR4 signaling. 30,5a-THDOC possesses
the same A ring structure as 30,50-THP, but has a ring D struclure that is distinct from
both 3a,50-THP and pregnencione. In contrast {0 30,50-THP, 3¢,50-THDOC enhanced
the effect of LPS on TRAF6 and pTAK1T expression, while showing inhibition of NFxB
80 and MCP-1 in macrophags RAW264.7 calls (Fig. 5A). 30,5¢-THDOC enhanced
LPS-induced TRAFS by 51.6 £ 8.3% at 0.5uM and 16.8 £ 5.7% at 1.0 uM, while the
effect on pTAK1 was dose dependent with a 2-fold increase at 1.0 uM. There was a
simultaneous inhibition of LPS-activated NF«B p50 by approximately 30-40%Y and
inhibition of MCP-1 by approximately 80%Y (Fig. 3B}, Furthermore, in P rat VTA, the
GABAergic steroid 30,50-THDOC (15 mg/kg, IP) increased both TRAFG (32112%, p<
0.05) and CRF (39416%, p< 0.05) levels (Fig. 5B), but had no effect on MCP-1
expression. No effect on TLR4 protein was observed. These data indicate that 3¢,5u-
THDOC does not inhibit activated TLR4 signaling through the MyD88-dependeant
pathways (TRAF6 and pTAK-1) in cultured macrophages or VTA, but rather enhances
TLR4 activation in both macrophages and brain suggesting a distinct interaction,

possibly involving CRF, with the TLR4 signaling complex.

Discussion

29



[&5]

10

15

20

25

30

WO 2019/226515 PCT/US2019/033053

These studies provide direct evidence for 3a,50-THP and pregnenolone-
mediated inhibition of TLR4 signal activation in monocyte/macrophage (RAW248.7) cell
cultures and 3a,5a-THP inhibition in the VTA of alcohol-preferring P rais. Their action at
the initiating protein-protein interaction event was documenied, as schematically
represented in Fig. 6. In RAW264.7 celis, the TLR4 agonist LPS increased the levels of
pTAK1T;, TRAFE, transcription factors NF-xB p50, phospho-NF-«B pb5, and pCREB; and
the proinflammatory mediators, HMGB1, MCP-1, and TNF-«. All of these effects werse
inhibited by both neurostercids at 0.5 and 1.0 yM doses. Neurostersid-mediatsd
inhibition was specific for the activated pathways and was not seen in the non-LPS
treated cells. Inhibition appeared to involve the ability of 30,50-THP and pregnenolone fo
biock the binding of TLR4 fo MD-2, indicating that both steroids interfere with the
initiating step of the LPS-mediated TLR4 signal activation step.

Pragnenclons is a precursor of 3q,50-THP in steroidogenic cells, but there was
no evidence of the conversion of pregnenoclone to 34,50-THP in the media of RAW264.7
cells, indicating that pregnenolone inhibition of TLR4 signaling in RAW264.7 cells is an
intrinsic property of the steroid. Further, pregnenclone produced maximal effects at
lower doses than 3a,5a-THP in the RAW264.7 cells, indicating that it may have greater
inhibitory efficacy in the TLR4 signaling pathway. The ability of both 3q0,5¢0-THP and
pregnenolone to block the binding of TLR4 to MD-2 may be related to their identical
structures in the steroid D ring.

The ability of the neurostercids to inhibit the LPS-induced upregulation of
HMGB1, apparently through inhibition of the TLR4/MD-2 complex formation is
particularly interesting, as it provides novel information on the neurosteroid activity as
well as the role of TLR4 in the regulation of HMGE1 expression. HMGB1 is a DNA-
binding intranuclear protein, but recent studies have shown that it is an actively secreted
cytokine produced by inflammalory celis during innate immune responses, placing
HMGB1 at the intersection belween the inflammatory responses of activated and non-
activated inflammatory signals. In this context, LPS, the canonical TLR4 ligand, is
recognized as an established HMGB1 inducer. However, the exact signaling pathway
responsible for the LPS effect on HMGE1 and its contribution to the inflammatory
responss are still poorly understood. This appears to involve HMGEB1 binding to
TLR4/MD?Z and results in the transduction of a signal that stimulates macrophage
release of TNF«. The binding and signaling both require ths redox-sensitive cysteine in

position 106 (Yang H, et al. (2010). Proc Nat! Acad Sci U S A 107(26): 11942-11847)
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and the signaling activates the nuclear fransiocation of activated NF-KB (Park JS, &t al.
(2004). J Biol Chem 279(8). 7370-7377). Howesver, LPS and HMGB1 signaling differ.
HMGB1 binds to TLR4 with much less affinity than LPS, and it activates gens
expression patierns that are distinct from the LPS-mediated expression patiern (Park J3,
et al. (2004). J Biol Chem 279(9): 7370-7377, Silva E, et al. (2007). Infensive Care Med
33(10): 1829-1839; Yang H, et al. (2010). Proc Nat/ Acad Sci U S A 107(26). 11842
11647). These data are consisient with these results in that the neurosteroids inhibit the
LPS-induced TLR4/MD-2 interaction and HMGRE1 upregulation. However, they do not
interfere with the ability of HMGB1 to bind both TLR4 and TLR2, indicating that they
reguiate HMGB1 production, but not its function through TLR4 receptor binding.

in the VTA of alcohol-preferring P rats, 30,50-THP inhibited several components
of the TLR4 signaling pathway including TRAFS and MCP-1, as well as CRF, consistent
with the data from the cultured macrophage cells. Furthermore, 3a,5a-THP inhibited
TLR4 dimerization with both GABAAR o2 subunit and MyD88, indicating it also blocks
the TLR4 iniliating steps in P rat brain. interestingly, pregnenocione did not inhibit TRAFS
or CRF, indicating that structural requirements for inhibition of TLR signaling arg cell
type specific, and likely related {0 the requirements of the binding pariners — both TLR4
and GABAAR «2 subunits. Inhibition of TLR4-GABALR «2 binding may require both the
structure of the steroid D ring common to 3a,50-THP and pregnenoclone, as well as the A
ring structure of the GABAergic neuroactive steroids (Harrison ef &/, 1987; Purdy ef a/,
1880). This hypothesis could explain the inhibitory activity of 3a,5a-THP in P rat VTA,
and the lack of effect of pregnenocione. While pregnencione lacks GABAergic activily,
and failed to block TRAFS or CRF, it may interfere with TLR4/MyD88 binding and/or the
PKA - pCREB pathway in the VTA.

30,5a-THP has potent actions at synaptic and extrasynaptic GABA, receptors
(Harrison NL, et al. (1887). J Pharmacol Exp Ther 241: 346-353} and inhibits stress-
induced hypothalamic CRF (Owens MJ, et al. (1882). Brain Res 573; 353-355; Patchey
VI, et al. (1996). Neuropsychopharmacology 15: 533-540). It is apparent that
GABAergic inhibition is not required for the neurosiercid effects on MyD-dependent
TLR4 signaling in RAW264.7 cells or P rat VTA, as pregnenoclone mimicked the effects
of 30,5a-THP and 34,50-THDOC failed to inhibit TRAFG in both macrophages and VTA.
Moreover, 30¢,50-THP reduced CRF in the VTA, and CRF has been shown o induce
TLR4 in the VTA (June HL, et al. (2015). Neuropsychopharmacology 40(8): 1549-1559)

and in macrophage cells (Tsaisanis C, et al. (2008). J Immunol 176(3). 1869-1877).
31



[&5]

10

15

20

25

WO 2019/226515 PCT/US2019/033053

30,5a-THP and pregnenocione inhibition of TLR4 signaling in the periphery and
3a,50-THP inhibition of TLR4 signaling ths brain, likely contribute to the therapeutic
actions of these compounds. i is well established that immune signaling via
macrophages in the periphery affects brain function and may parlicipate in the feed-
forward activation of neurcimimune signaling in the brain (Crews FT, st al. (2017).
Neuropharmacology 122 58-73, Samad TA, et al. (2001). Nature 410(6827): 471-475;
Thomson CA, et al. (2014). J Neurcinflammation 11: 73). Pregnenolone and 3g,50-THP
are synthesized in the adrenals, gonads, and neurons, including brain synthesis
independent of peripheral precursors (Morrow AL (2007). Pharmacol Ther 116(1): 1-6).
Neurosteroids, like immune factors, circulate in the bloodsiream, cross the blood brain
barrisr and diffuse betweaen different cell types due to their lipophilic characteristics,
exhibiting paracrine effects in many cells, so these neurostercids may affect
neursimmune signaling at the level of macrophages, neurons, or glial cells. However,
neurcinimune signaling differs in macrophages, glial celis, and neurons (Lawrimore CJ,
et al. (2017}, Alcohol Clin Exp Res 41(8): 838-854), consistent with the differential
affacts of nsurostercids in macrophagss and brain.

Neurcimmune signaling through TLR recepiors is activated in alcohol use
disorders {Crews FT, et al. (2017). Neuropharmacology 122: 56-73; He J, et al. (2008).
Exp Neurol 210(2): 348-358; Qin L, et al. (2008). J Neurcinflammation 5. 10), other
addictions {Lacagnina MJ, et al. (2017). Neurcpsychopharmacology 42(1); 156-177),
depression (Bhatiacharya A, ef al. (2018). Psychopharmacology (Berl) 233(9): 1623-
1636; Dantzer R, et al. (2008). Nat Rev Neurosci 8(1): 46-56), epilepsy (Maroso M, et
al. (2011). J Intern Med 270(4): 319-326), trauma of stroke (Sayeed |, et al. (2008). Ann
Emerg Med 47(4): 381-389), traumalic brain injury (Ahmad A, et al. (2013). PLoS Ons
8(3). e57208; He J, et al. (2004). Exp Neuro!l 188(2): 404-412}, Alzheimer's Disease
(Lehmann SM, et al. (2012). Nat Neurosci 158(8): 827-835), and mulliple sclerosis (Bsibsi
M, et al. (2010). J Imimunol 184(12): 6929-6937). Further, 30,5a-THP has shown efficacy
against seizures (Devaud LL, et al. (1985). Alcchol Clin Exp Res 19: 350-355, Kokate
TG, et al. (1996). Neuropharmacology 35: 1048-1058}, alcchol rsinforcement and
consumption (Beattie MC, et al. (2017}, Addict Biol 22(2}); 318-330; Cook JB, et al.
(2014). J Neurosci 34{17): 5824-5834; Morrow AL, et al. (2001). Brain Res Brain Res
Rev 37: 88-109; Porcu P, et al. {2014). Psychopharmacology (Berl) 231(17): 3257-
3272}, cocaine craving and stress-induced craving { Fox HC, et al. (2013).
Psychansurcendocrinoclogy 38(8). 1532-1544; Milivoievic V, et al. (20186).
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Psychonsuroendocrinology 65 44-53), schizophrenia (Marx CE, et al. (2009).
Neuropsychapharmacology 34(8); 1885-1803), depression (Kanes §, et al. (2017).
Lancet 380{10083): 480-489), traumatic brain injury (He J, et al. (2004b}. Restor Neurol
Neurosci 22{1): 19-31; Wright DW, et al. (2007). Ann Emerg Med 48(4): 3891-402),
multiple sclerosis (Noorbakhsh F, st al. (2014). Front Cell Neurosci 8. 134), and
Alzheimer’s disease (Brinton RD, st al. (2008). Curr Alzhsimer Res 3(1): 11-17). Cur
findings indicate that inhibition of TLR signaling may contribute to the therapeutic actions
of neuropsteroids in these conditions, ail of which exhibit TLR4 activation and
inflammation in the brain. Furthermore, this work may inform the development of novel
neurcactive steroids under development for treatment of various neurclogical and
psychiairic disorders to ensure efficacy comparable {o or belter than the endogenous
steroids.

TLRs, particularly TLR4, are associated with a lifetime of alcohol consumption
and adaptation, despite current disagreement about which TLRs are mostimportant in
various species (Mavfield J, et al. (2017}, Nsuropsychopharmacology 42(1): 376}
Systemic injection of the TLR4-specific ligand LPS increases voluntary alcohol
consumption in mice, and human alcoholics have slevated levels of plasma LPS
(Alfonso-Loeches S, et al. (2016). Neurochem Res 41({1-2): 193-209; Blednov YA, et al.
{2011). Brain Behav immun 25 Suppl 1. 5$92-5105; Crews FT, et al. (2017b).
Psychopharmacology (Berl) 234(8-10); 1483-1488; Leclercy 8, et al. (2012). Brain
Behav mmun 26(6): 911-818; Pandey SC (2012). Br J Pharmacol 165(5): 1316-1318;
Pascual M, et al. (2011). Brain Behav Immun 25 Suppl 1. 380-91). Significantly, the
activated TLR4 signal also regulates impulsivily and the predisposition to initiate alcohol
drinking in alcohol-naive P rats (Aurelian L, et al. (2018). Transl Psychialry 6: e815; June
Hi, et al. (2015). Neuropsychopharmacology 40(6} 1548-1559), likely indicalive of the
presence of an innalely aclivated signal resulting from the selective breeding for alcohol
preference. In this contexd, it is also important to point out that pharmacologic and
genetic studies have shown that alcohol induces CRF signaling and CRF plays a
significant role in addiction (Dedic N, et al. (2017). Curr Mol Pharmacol 11(11:4-31;
Gondre-Lewis MC, et al. (2018}, Siress 18(2); 235-247,; Koob GF, et al. (2014},
Neuropharmacology 76 Pt B: 370-382; Lowery-Gionta EG, et al. (2012). J Neurosci
32(10): 3405-3413; Phillips TJ, et al. (2015). Genes Brain Behav 14(1): 98-135; Quadros
iM, etal (2018). Front Endocrinel (Lausanns) 7. 134). CRF is known to aclivate or
anhance TLR4 signaling and it sustains the innately activated TLR4 signal in P rais
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(June HL, et al. (2015). Neuropsychopharmacology 40(6). 1549-1559; Tsatsanis C, et al.
(2006). J immunol 176(3): 1889-1877,; Whitman BA, et al. (2013). Alcchol Clin Exp Res
37(12): 2086-2097). Thus, the data presenied herg may be particularly relevant for
neurasteroid actions in the context of TLR activation by stress and/or alcohe! addiction,
conditions that are ofien co-morbid with depression, post-traumatic siress, and seizures.
in conclusion, inhibition of proinflammaiory neurcimmune signaling can be a
method for the freatment of several chronic neuropsychiatric diseases. Nonetheless,
neursimmune signaling has important protective as well as deleterious effects under
various conditions and the appropriate balance is needed for optimal brain and immune
function {(Laing JM, et al. (2010). J Neurocheam 112(3): 662-676; Sanada T, et al. (2008).
J Biol Chem 283{(48); 33858-33864; Vartanian K, et al. (2018). Transl Stroke Res 1(4);
252-260; Winkler Z, et al. (2017). Behav Brain Res 334: 119-128). The present data
indicate a beneficial role for 30,50-THP in these processes. Combined with potent
activity on GABA, receptors and the inhibition of CRF signaling, 3a,5a-THP inhibition of
proinflammatory signaling in the periphery and brain may provide a novel strategy {o

address inflammatory disease.

Example 2:

The neurostercid 3a,56-THP (1 ph) inhibits TLR2 and TLR7 activation and
signaling in mouse macrophage cells and brain. This exiends the previously disclosed
finding on inhibition of TLR4 activation and signaling. These TLRs are activated by
distinct agonists but often recruited with activation of TLR4 and other inflarmmmatory
molecules. Hence the neurosteroid has greater protection against inflammatory
signaling than previously disclosed. (Figurs 7 and 8)

The neurosteroid 3a,5a-THRP (1 uM) inhibits the inflammatory cylokine MCP-1
across mulliple brain regions, establishing the ubiquity of this effect. Sex differences in
basal MCP-1 levels are found in NAC, suggesting that endogenous levels of the steroid
may impact basal levels.

The nsurostercid 30,50-THP {1 pM) inhibits the inflammaiory cytoking IRF7. Sex
difference in the inflammatory chemokine IRF7Y ars also found in NAC, suggesting that
TLR7 activation is greater in females than males.

The neurosteroid 3g,5a-THP (1 uM) increases expression of the anti-

inflammatory cytokine CX3CL1 (also known as Fracktalkine) in rat brain (NAc) and
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human macrophages. Anti-inflammatory cytokines are protective in many inflammatory
diseases. This is another new mechanism of neurosieroid action.

Because multiple TLRs signal through MD-2, TRAF-6 and MyD-88, the specificity
of the neurosteroid 3a,5a-THP on TLR2, TLR3 and TLRY signal activation was
examined in RAW264.7 celis (Figure 7). Pam3Cys (10 ug/mi) activated TLRZ signaling,
avidenced by increasss in pCRER, pERK1/2, TRAFS and pATF-2, that were sustained
for 24 hrs and inhibited by 3a,5a-THP (1 uM) (50-60% compared to vehicle). Likewiss,
TLR7 was activated by exposure to imiguimod (1 ug/mi) for 24 hours, resulling in the
30% increase in pIRF7 and this signal was completiely inhibited by 3g,5a-THP (1 uM).

in contrast, exposure {o the TLRS agonist Poly-IC (25 ug/mi; 24 hrs.) resulied in
a 90% incrsase in IP-10 (also known as CXCL10) expression, that was not altersd by
30,50-THP (1 uM). The data suggest that 30,50-THP selectively inhibils the aclivation of
TLR2, TLR4 and TLR7, all of which signal primarily through MyD88, without affecting the
activation of TLR3, which primarily signais through TRIF. Coupled with recent
observation {(Balan et al, (2019) Sci Rep. 8(1):1220) that 30,5a-THP {1 uM) inhibils
TLR4 signaling via blockade of TLR4 interaction with MD2, MyD88 or the GABAAR o2
subunit {o inhibit MyD88-dependent signaling in both RAWZ284.7 cells and rat brain, the
data suggest that the neurosteroids selectively inhibit MyD88-dependent signaling
through multiple TLRs o reduce inflammatory signaling throughout the innate immune
system.

To determine if 30,50-THP allered TLR3 or TLRY signaling in the rat brain (Fig
8), the P rat was again utilized, because it exhibils innate activation of TRAFS and MCP-
1, markers of TLR-MyD88-dependent signal activation in several brain regions including
the veniral tegmental area (VTA), the nucleus accumbens (NAC) and the central nucieus
of the amygdala {CeA) {Liu J, et al. (2011}, Proc Natf Acad Sci {/ 8 A 108(11); 4465-
4470); June HL, et al. (2015}, Neurcpsychopharmacology 40(8). 1549-15590; Aurelian L,
et al. (2016). Trans! Psychiatry 6. e815). Systemic administration of 3a,5a-THP (15
mgikg, 1.P.) to naive female P rats inhibited the expression of TLR7 {(40%), pIRF7 (40%),
and TRAFS (40%) in P rat NAz, with no effect on IRF3. Similar resulis were obtained in a
sgparate study of the male P rats. These resuits suggest that 3¢,5¢-THP inhibits TLRY
expression and activation in rat brain, consistent with the data in RAW264.7 cells
suggesting that 3q,5a-THP inhibits MyD88-dependent signaling, but not TRIF-dependent

signaling.
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Nexi, potential sex differences were directly examined in baseling or 3g,5a-THP
inhibition of MCP-1 and p-IRF7 expression in female vs. male P rat NAc (Fig. 9). An
unexpecied sex difference was found in baseline MCP-1 and p-IRF7 expression, where
male rais exhibited 55% higher MCP-1 protein levels compared to females, while
femnales exhibited 45% higher p-iRF7 protein levels compared {o males. Systemic
administration of 30, 5a-THRP (15 mg/kg, LP) to naive female and male P rats inhibiled
the expression of MCP-1 (40 % in female rat NAc; 25 % in male rat NAQ). Likewise,
3a,50-THP administration to naive female and male P rals inhibited the expression of
pIRF7 to the same extent, (55 % in female rat NAc; 55 % in male rat NAc). There was
aiso no sex difference in 3q,50-THP inhibition of TRAFS6 in female (40%) vs. male (45%)
P rais.

To determine if the sffects of 30,50-THP on MCP-1 wers selective for P rat NAg,
the effects of 3g,50-THP administration in VTA, Amyvgdala and Hypothalamus of both
female and male P rats was examined. Figure 10 indicates that 3q,5a-THP reduces
MCP-1 exprassion in all brain areas tested, although the greatsr inhibilion was observed
in amygdala, similar to NAC,

Activation of TLR4 signaling can resull in the production of both pro-inflammatory
and anti-inflammatory cyickines in P rat brain, but the factors that determine the
ouicoms of TLR4 activation are unknown. Therefore, the sffscts of 30,50 THP on the
anti-inflammatory chemokine CX3CL1 (also known as Fractalkine) was examined in the
P rat brain that exhibits innaiely activated TLR4 signaling (Fig 11). 30,50-THP
administration to naive female and male P rats enhanced the expression of CX3CL1 by
890 % in female rat NAc and 34 % in male rat NAc. No sex difference in the effect of

3a,50-THP was observed.

Unless defined otherwise, all technical and scientdific terms used herein have the
same meanings as commonly understood by one of skill in the art to which the disclosed
invention belongs. Publications cited herein and the materials for which they are cited
are specifically incorporated by reference.

Those skilled in the art will recognizs, or be abls to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended {o be encompassed by the following

claims.

38



WO 2019/226515 PCT/US2019/033053

WHAT IS CLAIMED I8!

1. A method for treating a TLR-mediated inflammalory condition in a subject,
comprising administering to the subject a neurosteroid, wherein the inflammatory
condition is either not a neuropsychiatric disorder, or is a neuropsychiatric disorder that
is non-responsive to GABAsrgic drugs.
2. The method of claim 1, wherein the neurosteroid is pregnenoione, (30,50)3-
hydroxypregnan-20-one (30,50-THP), or a combination thereof,
3. The method of claim 1 or 2, wherein the neurosiercid is an inhibitor of toll-like
receptor signaling or corticotropin {CRF) releasing hormone signaling.
4. The method of claim 3, wherein the neurostercid is an inhibitor of TLR2, TLR4 or
TLR7 receplor signaling.
5. The method of any one of claims 1 to 4, wherein the TLR-mediated inflammatory
condition is a neuropsychiatric disorder that is non-responsive {0 GABAergic drugs.
6. The method of any one of claims 1 {o 4, wherein the TLR-mediated inflammatory
condition is selecied from the group consisting of sapsis, gastrointestinal dissase,
chronic obstructive pulmonary disease (COPD), asthma, and atherosclerosis.
7. The method of any one of claims 1 to 4, wherein the TLR-mediated inflammatory
condition is selected from the group consisting of pain, stroke, seizure, alcohol
detoxification, Alzheimer's disease, and dementia.
3. The method of any one of claims 1 to 7, further comprising assaving a sample
from the subject for TLR signaling in peripheral blood mononuclear cells or cerebrospinal
fluid, wherein decreased TLR signaling is an indication of a therapeutically effective
amaount of neurosteroid.
a. The method of any one of claims 1 {o 8, further comprising increasing the amount
of neurosteroid administered to the subject if decreased TLR signaling in the peripheral
blood mononuclear cells or cerebrospinal fluid is not detected.
10. A method for freating a neuropsychiatric disorder in a subject in need thereof
CoOMprising
{a) detacling in a sample from the subject elevated levels of one or more of
MCP-1, TNF-o, pIRF7 and HMGB1, piRF7, and INFs; decreased levels ong or
more of fracktalkine and {L-10; or any combination thereof, and
(b} administering to the subject a therapeutically effective amount of a

neurostereid.
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1. The method of claim 10, further comprising monitoring samples from the subject
for lsvels of frackialking, 1L10, MCP-1, TNF-o, pIRF7 and HMGB1, piRF7, INFs, orany
combination thereof.

12. The method of claim 10 or 11, wherein the neuropsychiatric disorder is a chronic
neurapsychiatric disordsr.

13. The method of any one of claims 10 {0 12, wherein the neuropsychiatric disorder
is selected from a group consisting of cognitive disorders, seizure disorders, movement
disorders, traumatic brain injury, secondary psychiatric disorders, substance-induced
psychiatric disorders, atientional disorders, and sleep disorders.

14, The method of any one of claims 10 to 12, wherein the nsuropsychiatric disorder
is alcoholism.

15. A method for identifying inhibitors of proinflammatory neuroimmune signaling
comprising measuring of inhibition of MD-2 binding to TLR4 in the presence of a
candidaie compound, whersin the inhibition of MD-2 binding 1o TLR4 by a candidats
compound is indicative that the candidate compound is an inhibitor of proinflammatory
neursimmune signaling.

18. The method of claim 15, wherein the candidate compound is a neurosteroid, or a
modification, variant, derivative, or analog thereof.

17. The method of claim 15 or 18, whersin the inhibition of MD-2 binding o TLR4 is
measurad by immunoprecipitation.

18. The method of any one of claims 15 1o 17, wherein the method further comprises
measuring of inhibition of upregulation of any one of, any number of, or all of, pTAKA1,
TRAF8, NF«B p50, phospho-NF-«B- p65, pCREB, HMGB1, MCP-1, p-IRF7, INFs and
TNFa.
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