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Investigating the cellular and molecular mechanisms
underlying interferon-alpha (IFN-a) induced depressive-like
behavior in the mouse
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Abstract

Clinical studies revealed that inflammation is highly associated with the pathogenesis
of major depression disorder (MDD). However, the causative relationship and the
cellular and molecular mechanisms of inflammation induced MDD have not been
established. Type | interferons, such as Interferon-alpha (IFN-a), function as an
inflammatory regulator that displays a unique pharmacological profile, including
induce pro-inflammatory cytokines and prevent the virus producing and replicating
the RNA and DNA. Based on these pharmacological characteristics, IFN-a is often used
for treating the autoimmune disease, viral disease, and various cancers. Chronic
treatment of IFN-a leads to one notable adverse side effect: depression. About 15% to
40% of patients were diagnosed with depression after receiving IFN-a treatment for
several months. The mechanisms of IFN-a induced depression might be similar to the
mechanisms underlying inflammation induced depression. Therefore, the IFN-a can be used
as an animal model of depression. Previous studies suggested that the activation of
myeloid cells, including microglia and perivascular macrophages, contributes to IFN-a
induced depression. Additionally, the phenotypes of conditional mutants indicated that
IFN-a Signaling in neurons is essential for the onset of the pathological behavior. This
study aimed to understand the cellular and molecular mechanism of type-l interferon
induced depression. Daily injected with IFN-a through intraperitoneal route for four
weeks induced depressive like behavior, including longer immobility time in tail
suspension and forced swim test, as well as reduced sugar intake in sucrose preference
test. In comparison, these IFN-a treated mice did not exhibit anxiety-like behavior in
elevated plus maze and open field test. We first identify the primary target brain
regions of IFN-a. Five brain regions that are involved in depression, including

hypothalamus, hippocampus, prefrontal cortex, nucleus accumbens and amygdala,

v
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were examined. The expression of inflammatory genes, TNF-a and iNOS, as well as the
downstream genes of interferon signaling, IFNRA, IRF1 and STAT1, were determined.
As we expected, our preliminary data suggested that inflammatory genes and
interferon signaling were only upregulated in hypothalamus, possibly due to the higher
permeability to blood brain barrier as a circumventricular organ. Based on the above
observations, we hypothesized that chronic treatment of IFN-a induces hypothalamic
inflammation, disrupts the normal functions of neuropeptide system and trigger
depressive like behavior or indirectly affect mesolimbic pathways to generate
anhedonia. The expressions of various neuropeptide genes in the IFN-a treated
hypothalamus were further evaluated. Numbers of neuropeptide mRNA level are
decrease. In addition, IFN-a treatment downregulated the activation of protein kinase
A, which is a major downstream target of monoaminergic receptors, in the
hippocampus and amygdala. In conclusion, our results suggested IFN-a can directly
suppress the functions of neuroendocrine system, and possibly in turn affect
serotonergic or dopaminergic system. Our finding will provide important information

about the pathological mechanisms of IFN-a induced depression.

Key word: Depression; Interferon-alpha; inflammation; hypothalamus; hippocampus;

prefrontal cortex; nucleus accumbens; amygdala
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7 % % #x(Felger et al., 2007; Zheng et al., 2014) - & &-$IFN-az 3 A ¢ DB
Wt B 5B AP > ok 7 LEIPN-0GE 3 R @R hR FI G P 7REN & fg e

Vg g LG -

2.1. IFN-a&2n g @ vE e T

IFN-a & fofk b 2 gt~ Reni@® 2035 a7 0 50 FEWRIFN-o s & @ ¥
PEAL LR T o TP b ESE FgF ST A HIFN-a e ~ 2R
A Aral g ang it > 2y ¢ g IAKJanus Kinases )~ # A IFN-a X 48 chm bz
i pl(Gauzzi et al., 1997; Ragimbeau et al., 2003; Felger et al., 2007) > &
IFN-04 5% & IFN-a % #8 + £ > JAK § 4 g pk * % 5% STAT(Signal Transducers
And Activators) 3-v S 2 re g2 4 MEREL v 0 i3 ¢ x 1 Signal transducer
and activator of transcription 1(STAT1)4=Signal transducer and activator of
transcription 2(STAT-2) & & i & 5 & ]+ (Melén et al., 2001) » & {4 27 IRF-
9(IFN Regulatory Factor-9)4p = ¥ * 25 & £z % ISGF-3(Interferon-Stimulated
Gene Factor-3):4g & +~ (Levy et al., 1989; Fu et al., 1990; Schindler et al.,
1992) > # ¥ ISGF3 ¢ i& 3| W *¢ 1% &2 DNA B 7| ¢ 1ISRE(Interferon-Sensitive
Response Element)siDNA * £4¢ % (Reich et al., 1987; Schindler et al., 1992) >
Rige g BT Ais §enigé ks i 0 4o:cGAS (Cyclic GMP-AMP
Synthase),IRF-1(IFN Regulatory Factor-1) ~ IRF-3(IFN Regulatory Factor-3) -
SOCS-1(Suppressor of cytokine signaling 1)...(Schneider et al., 2014) - k p*
YR R A Y . RINEICI R S e R T I RE R SNt £ - L

Bk T L DR & & R e e ik o

2.2. IFN-0 5 "5 ke

A AR S A LR AR AR T UFRE LRt R F o B

I
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2.3.

# LTS el e F AR OIEIEE P T E RF v iR hE
BRI A A Pendb]¢ $0IFN-02BBB2 Feht 3 it 4 B AP ipg HH
R AL - B2 T FF 5 2 fedn JIFN-Q S 8 T v R A IR B SR ek R
PAFN-oGk & 15 0 ot g S W g RIFN-ask A B H 4 o B AL 4
IFN-a£_7 &c * ¥ 12 5 &BBB(Smith et al., 1985; Greig et al., 1988; Fioravanti
et al, 2012) = § #84 ch¥ g o R DR LT L § FRBBBG A 2
BA R R FREBDwE TR RS > BINA G LT ER A
Pond Ak SLTF A A R B o 0% 2 (Menard et al., 2017) - g2 2 p @
IFN-0 % @ 7 123 iEBBBR S+ P58 4R 2 P9 » e AP ifiE }I}‘k:}%
- BBEK o <P 3 e P R d S H e anin B ] Flpt B ign g IR
T 4 - X R HP K e gzk3 # B (Circumventricular Organs,
CVOs) > CVOSh |4 =t % 2 A W2 Fwigz 3 > Am 2Bl e
?m@#,%ng~¢ﬁ,{m{%Qﬁﬁuﬁ {ﬂw¢+ﬁﬂ¢wﬁ@
o FRLE CVOsA & B+ i w2 & A PRz 3F 3 T e (Fry
and Ferguson, 2007) » F]pt 22 5 2 FIFN-a¥F 5t &%ﬁd T AR E gy i 3B IR A
PEOBHIRPE A RTFEEF R p BROERERL & X PP EAT LT

CFI RS T i AIFN-oE B R g i ALY dn £ R o

IFN-0 40 5 @ v 4 5

B ARIFN-aF # R W s> R R 2 P > L aigdawT g v },gxg\@[’%@
HIFN-a& 4 s @i Fe 77 0 A& & FH P hd L8 s IFN-afs
HONRBERDE L > THENEEFR T SRR P T Rgi Py
SEFRED AT R FaEIrFNGFEGHS DI TR WEE TR P T
g~ 50 (Felgeretal., 2013) - ¥ — & 2z~ dp ) B aiﬁz 4 EHp PR

IFN-Qi% B 40 00 3Rt & B S e > & F i3 R v i PR * Levodopa(L-
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3.1.

3.2.

DOPA)RAR BEH F gk » T2 ik B dh &R RY IFN-a > #5 4 & g i
A+ sz 4p % (Kajihara et al., 2010) - 82 2R IFN-a£ 4 (G i@ 4 52 & g @

FE o m A EEPRIEN-af AP S REF T ik

BRE AP < %Nt &

Pk B EAY 0 7B bl A R et o

g

Merrch X g R s K Bk ehE R 2 TS SR LR R
i s 0 RSB TR RE T RERE OGP R RE D B Rk

1 E R ORI EGIFEHENE RERED NPT F o

= R

)-8

& 7 (Prefrontal Cortex, PFC) » i3 &1 )];Je PRI PFC A £ & A
ARRATE Y s R 2 ER AL E N o PRC 2 R 2 B Rk

SR /T EIED o bldrh PEC oo AL R R RE L P P R
™ *% (Fry and Ferguson, 2007) » & + %1k & % (Positron Emission Tomography,
PET): 8 it %~ Bon MMD cht ¥R #cd f > » AP P 5% SEhE
B4 NF ) RNREBHF LG BT BRI R gL TR
A&~ i IR E afein(Li et al., 2011; Kang et al., 2012) - & HPA $ihen s

fd S PFC %42 32 FHTMPGA G D2 Lah | v G40 £ & -

-

b5 BRI ,Th{;m PFC szt it £ % #-¢€ ¥ HPA #hehs iy £ §#(Diorio et al., 1993)

Bk R FEA P oL S b B L g £ 8 Tk

% ¥
% ¥%(Nucleus Accumbens, NAC) @ & Z& 1 = et @ ¢ Srr TNACH % L)
# F % (Ventral Tegmental Area, VTA)® 5 = st & @3E ¢ B2 500§ o % o0

10
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3.3.

o X2 AT h R HE S A0 E IR ANAC-VTAR B P hT kg £ 3 4 (Koob
and Le Moal, 2001) o /& + $2NACH § F H B » ‘B R 4 € 318 8 000 2
PAE TR APIR G o IR R FOLRE RS HEE K PE R
ZRAF O ABEAAR - BE > EDEB AR PHRET 0 T §ER
NAC-VTA=# 5tz s 2 % £ (Saal et al.,, 2003) - m NACE T 4R 5 2. fF chff 7%

i{i&%é@ﬁ%mﬁ’§%%Kﬁ®%ﬁﬁiﬁﬁai® X%

mh}xf

Rie & 7
BRI BB T (Wise, 1996) > & fe F @ k? { #RE L XA &G
= N7 5 3% MC4R(Melanocortin 4 Receptor) » MC4R A & & 3| T 45 p 5
POMC(Pro-Opiomelanocortin)#! & = #1314 & » & POMCHz 7| 7| % (Leptin) e»
WEL i ¢ ¥ *xa-MSH(a-Melanocyte-Stimulating Hormone) 5] = ##¢ ‘g =~
MC4R(Melanocortin 4 Receptor)i& & {7 5 { § “f2 3 +v > 48 8 (7 5 x E 1
S Rk - 0 M E T R %R MCARENACY i ILE

® £ %2 F|Reward =z % (Kirkwood and Ernstoff, 1990; Lim et al., 2012) -

a5

7% B ¥ (Hippocampus) ¥ A Mo 3¢ ¥ Lenx 5 % > & fhini
BeROtE T M BB Smre 0 Fo BERTS A RHBE Y Rk
# 5 £ 9 # % v * (Long-Term Potentiation, LTP) » % /& 5 i p & & w5z e R
JR - TPER P L IEaE T X B enflis > 2 BA Sere A8 € H T EaE
%@ arp v X £ 2@ B MR Pis T = (Excitatory Postsynaptic
Potential, EPSP) % » ha § LTP# 4 cpF £ {5 >  § NIRE B R4
»z % (Long-Term Depression, LTD) » LTD ¢ fe ik §]jcf =t 22 = 7L TP » %] 5
RO EZ T A SR DRPT L o a AP SERS FAF R
WMrissmabie nLTP» % ~ £ 7% » Boa &2 5E LTD5% 4 (Kim and
Diamond, 2002) - &2 Zg £ A F4p e 055 0 /5 5 1 ORI AR ’L‘LMMDz'v’ﬂ,é,‘—g 3

11
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3.4.

3.5.

Bp {8 '3 MUl PEHE 4o 7 #842 c0k & (Sheline, 2011; Chan et al., 2016) > & * %33
WEH L FE L S Fr R (SSRNMF AN Ef 47 0 25 g s B chilff

/)E\. b o

2=

% =7 (Amygdala) s iy 2275 § i ch# G AP HiT 0 B FhE A T 2 E R Y
el 2 g enet iy Jarrard, 1993) 0 7 i 2 P x FuE F BERICL w5
4 (Kim et al., 1993; Ehrlich et al., 2009) » F]pt 4 :n i L BB W g7 o B
¥ Mg+ £ 3R = if(Magnetic Resonance Imaging, MRI){rjiz 2| § } o7 1 %
FIAR @&%"ﬁ‘ it izfiehE 02 MR B F S0 (Mervaala et al., 2000;

Hastings et al., 2004) - # i= P $ >0 R cnib 419 & 5 F 50 b E

L ERE S F LONACH > A TP RS § FIR SRER DT - deiE

i (Everitt etal., 1999) - 8R4 v edn i 2 ML L 5 A B BER L 6
PERAATEF AL BE G U E TR FFI A LECRHE H 5] <

¢ e PR R F B PHPARR § o

TARE

T L F (Hypothalamus)£ 4 A s ip » 2 & A& P Ajuehi & P F
a4 HN TS G EILE A EAREA B FE A 1 RA Y
EFRF e ¥ - TR FHILH N AR Rl o AT RS L g

TARLE s R FaH T A el B AP RRE 0 FlREHe T

/\\»

EERLPNT EAEAIL L e b w F R 2 RO o B

Mg LTS A d i CVOs REFTARE s iy » S g g gL {7

iv M A B g 2 (Fry and Ferguson, 2007) » S A KA

12
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F 35 A g TR B R o ] B R M IR USRI  Y

FEAEF R R T AP LSBT KRS

13
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Ay P i R
Ly Bz g
AT AR ¢ IR TRkt R BB BIFN-oE 7R 2 AT R R R
e R o R F LR F Rk 3 EETIFN-0GE A
BAORBERFID DL AR 2FE A NIFN-aR Hinp R Y FFEAR > 2 2
ROp 417 s B Al en R @Ap 02 0 FL S ROB AT L LG TRk L oeh
TEM oINPT E S P EEER T A
IFN-o edir ] s & et s b - 2 B > L~ £ i % 0 qRak dup E L 0 IFN-
atmre o f RS AR Y A E S e
V-2 g AnEn R R RS Al P A SE R MR RRS KFE
WA - R R0 RAG AR FHF DB A §RE DR E gD

B B2 iR e dy AR g RIS A FL L B A RS

it 4 77 I (Nie et al.,, 2018) » & *h B 4 3k B cnfpdls #2255 o @ 47
TREIEVIARSEDI R Rt IFN-aRF EH 517 2R ’
7 LB Pk R R R R TR IIFN-a A f ) g B T

P RE 2 IFN-QA S B IR E T K AR R Bt e R

F2 AT E IR o o IFN-03% 3 L TS > 27 # RIFN-a3E E B

-

Womdimenle i > 8 %3848 € D L F]3 9% i (Zheng et al., 2015)
s FeP s T ORGP~ 20 M F e chiE i (Zheng et al., 2015;
Wachholz et al., 2016)  #r| i Fimie g it v S5 4 7 & - IFN-a

AP fRA S kM) g S o LB AEF LT E R AM T
fmre ¥ i RO IFN-aX T Frdl i & @ 17 5 a2 (Zheng et al., 2014) -
@ lFN-ag2 4 @R Y STAT-14:E3 a7 7 ¢ =~ 40§ Mat > £ #STAT-1
A E M M- DB W E L RS € d]IFN-as L @i g o

(Wang et al., 2008) - ¥ * &IFN-a'% 7 % # &4 7 5 t o 4 g ] 5-
14
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HTex f8 4 = » ¥ ¥ -5 5-HT =k & (Guo et al., 2016; Murakami et al.,

2016) > A F F T BAAHLY > - KT LRk hmie 2L T )

P B

AP AL EEEDEIFN-a b | Repfip? - g7 Ao L@ r 3>
MO PGP R T B2 e TR o ¥ - AAEL N IFN-asp
B Epe T A7 7 R HIFN-0EE § # 4 % %6 ¢ SRNAZRE » kFE %IFN-

QR EHPE AP PR F AL g 0§ Lk BIFN-of i K

».

§FF - fE 0§ WA A A SeeiE i s TR R ¥PEARATAY b
R R R R L FT e o 8 2 BRE AT ALE B R
dOTH PR L R SRR R g R L AT YA

e

3 E‘, \' -
YRR AN

S
+

PRI PGP EAER AR R g T

=

Wi bW om ke dlIn o

—n
G

A g B ATIFN-aw B (8 0 kB 75 2 H ALK AR T R
IFN-am & 4 2% o B B § 52 EP w4 IFN-ate A F RE 75 1

AP IFN-oF & T8 E a7 17l 5 h kB H F 5 ok o T R
PAFoRDE TR U A S NAL AR e AR RNAT
MELZFTOLE PR ARPETREDRFL BT HORELZ ED
SR GRS S FERRY e BERE RN OGP R A
WEBGEEALR kP A B~ 2 AP kR IFN-agEL L R
g 4 F S+ A IE %ﬁt“ k¥ BIIFN-0#7 %2 % 542 % 0 d 3 IFN-a

TEEERLLFE 3 5 AP PE 1w B L IFN-adE 1 kg F o 4
u % STAT-1 - IRF-1 - SOCS-11 % IFN-ae 48 » ¥ 58 T 2§ B L s
Y F R RAFHP L BSOS S F A RE o 5 2 BN LUFN-af

15
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NHFEAAETF > TR EHF A ERFHF LTI HEIRE TR E A

#¢ SEELISARRIF F A A UFFRR > ¥ A7 R 5 kR £ 28
T ER ARG F RAKRPIF LTS ATARE N HE e B G
HTYAENLEA . BB TR DFUTFFZRERF L BB ELAE
A S REBRE L chd R ALF € Fl 5 IFN-ashk I i st e 3f

TE

s
ol

v A P AR TARE §IFN-asE s 2 g N F s 0 A
S TARE ehF T o € F1EIFN-anR A i Iec s o F A P PE 0 Bifd
AEIISRRR > T EHETETEREFRGF BRBERZTALE A 0

PRAIRNAE 1 ©

fo— 34 > AR I A S BEF Ty Vo AIFN-aiE # A 7 5 D men
T RFIZ - 0 FIR AP RE T 5 kT BPKATE L B - e 0§
a2 REhi: ki RIp-PKAM 2 PKAG A R E A TAHRE N E H o B XAy

P pochgg i o

16
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LSk
1. fFwki 2 236
AT g RAFTE Y S IFN-03 & E AR M o T S chlw e 2 0 3 X
it FRAFAUEB - - F %] RER) RFF RFL BT &5
oo fEF e e 5 kg CBTBLIBI N B % s B ] BAT p 03
G120 PR L2 120 pE S TR BT 0 S5 LS KRR E X B R
L@Es ARG e o ulR % PBS & £IFN-a(4*1051U/Kg)# p & i * vt b ch
S AEimie ) RN o @ w283 0 $29% % $30% (7L RIREE S
BEREIEWiTeh? % PBS & AIFN-a - Adi 75 RER L € R FR
PR b g R A e E SRR TFIRARE fd T o -

B4 eniT 5 2 4 0 24 andkdy € 18 (7 M B4R 3# (correlation analysis) ©

2. {7 5Pl
2.1. B3 (Open field):
R E B2 RS TS (602 A 600 A0 A)
FORAprZFpd B51044 0 TEHERPPB U E R & HL
FTHREHIME L7 T HRE P BFaRBF QR0 2200 2 )E TE P

?vﬁ&"

2.2. %% -+ 37y (Elevated plus maze, EPM):
FEd IR s A ApE(5 2 AYE 2 ARLE A )i B g T

#(25 2&*5 2 %05 A )R HFNT SarfES P T R

- B TRG A L) BEFHRBLF > B BT NR Y L
Boo o Renm 3BT 5308 >R RAMTFAD B 10 A4

=+

EERUE S A NER YRR R TORCE S EE IR
17
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2.3.

2.4.

2.5.

% & 3 2 (Tail suspension test, TST):
CRE T A RIREHESE LY o ) Rk B

FOL 4 T HEHBABIE BRL D B P T IOE PUY R 4T o

5% 18 %4 (Forced swim test, FST):
B BT B Y F R enE P Fk ¢ 0 cRENER R4F AR ) B
2R ERPIBFAAR B ARk RE6N s TS EED

RIS I SRR U Tl R R A &

¥E-K i 47 iRz (Sucrose preference test, SPT):
B BRI R o MR AR B AR AL ok 4 2 0.1%
koo L R A48 EER B oA G oK o Kook ha XN ] BB

Cr S

% 25 A ¢ (Immunohistochemistry, IHC)

12 Isoflurane #-| BURRAS 3 2 415 il 5 F Rt - B RS BRI

ol BB Fs o et Al 3 F K- 2% Paraformaldehyde(PFA) 2 4p e 18 =

FRA B BEGEI AP o R AEBI) AR B 2 »ize

2%PFA ¥ 3£ {715 Bt = X » %o X Bding R H B 4 30%H k¢ B

PO TER Y B AU 0 T RSB s AR A D N EE 2%

gelatin & 32 » i ¥ @& % A 240 20um e R B oo HERGF LI o

- A ANUPBS iy 2 A LA EF R 0.2%0 Triton X &

Fied Bl pE o BfSde L F - SR H EY 12 [ pF o AR BRI

* - &-.}"m ,—.\:

18
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(1) Rabbit anti-Iba1 antibody (1:1000, FUJIFILM Wako Pure Chemical

Corporation)

(2) Mouse anti-GFAP antibody -Astrocyte Marker ab7260(1:500, abcam)
Fe® £ 0 PBS iz =t # & 10 248 0 ot PFde » 3 o Bl BfS

# * Fluoroshield TM %t % o X~ & 2% #7 @& * - % {8 5

(1) Goat Anti-Mouse IgG Antibody, Alexa Fluor Plus 555 (1:500, Thermo)

(2) Goat Anti-rabbit IgG Antibody, Alexa Fluor Plus 488 (1:500, Thermo)

& = % 2t(Western blot)

#-dm %2 01 F- v fx dr 4] &|(Protease inhibitor)rt 2 g pi pE o4 FH
(Phosphatase inhibitor)«7% j# 5 b (lysis buffer) » 144 3@ = 38T &= 4 f2 1
™2 14,000XG #g B2 1+ g - 41* Bradford Rl < g+ Bk R 0 F Y
(Bovine serum albumin, BSA)f d! 45 & o 3% i A Lk B 3H i PR &
595nm = kg kB Fd H e EE R o -39 7 loading dye i® £ 2 =
Fov R DA O CH A4 0 10%Gel e B AT AR P o KR
B0 AfR&e? o uE PO 30Ma 7 & 400V FFE - o) BF o RS A8
PVDF #(Polyvinylidene fluoride):x iz >+ ® fg(Methanol)® - # ¥ &% & -
PVDF s gl e s e EE 7 > R B % 100V > ¢/ 700Ma # % - /]
pF oo ¥ % {5 5%BSA » 0.005%TBST % e » &% 8 7 2 40rpm - /]
o i it 4CP aiF16-18 ) F o AF Sk ATid * - Full S
(1) Mouse anti-actin antibody (1:100000, Chemicon)

(2) Rabbit anti-PKA C-a antibody (1:1000,Cell Signaling)
(3) Rabbit Phospho-PKA C-a Antibody(1:1000, Cell Signaling)

F- sl F A is > 12 01%TBST %= & » 4 » 0.05%TBST %
itd ﬁ'r%’?: B - B PF e T ij}g’—i;ti Koo AP EATR Y hZ BpAE G

19
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(1) Goat Anti-Mouse IgG Antibody, horseradish peroxidase conjugate
antibody (1:5000, Millipore)
(2) Goat Anti-Rabbit IgG Antibody, horseradish peroxidase conjugate
antibody (1:5000, Millipore)

F LB et HRE S F - T

5. quantitative Polymerase Chain Reaction (QPCR)
rilsoflurane#-| EURrpE @ SR X F F RS 0 EaRETEEEI) Haa R
T AR T E R P % 0 B F 4e » RNAZOIRRT M % K ¥ 42 8 1 4
19 e G R e B 0 s 8 12XGHF FISA BRI FR o HE
isopropanol £ =t & > #-inc ik 4+ 12 75%enthal i B {8 1 ddH20 v f - 3%
¥ %5 NanoDrop#| £ 15 » 38 M2 S e g ¢ GRNAK R > 4 > 97 % D
Primer(oligo) #-RNA £ = 2 cDNAT 4c#.65C 3 & 45 > ££F 1 £ 2 64 »
-k ~ RT-script buffer ~ dNTPs ~ RT-script enzyme ~ RNase inhibitor;® & %
dmfie > detitdr = 0 M37CAE 90~ 4518 = 2| 85 C A B 5448 o B fs U
7 5 & SYBR Green Master Mix ~ ddH20 -~ if % “Primer s 7] i& (778 &
Fmfe doitdh s o R E B E TP LR R E PR Y F R & E (Applied
Biosystem 7300 Real-Time PCR System) o & % i¢ * {¥primer& 7|4

#r1

6. Enzyme linked immunosorbent assay (ELISA)
r2|soflurane#-| EUpEE 2 HR LG F B > BB FEHFEL D N4
Pow e 0 Ben R A Crk 12/ PEIE 0 Ee e SN Bl o R R
% R4~ T % dcoating buffer® g dF et v ¢ 20 pF o 3% 1210.05% 40
Tween207i% » = = X i& 2 blocking buffer4e » 34 ¢ 1] p% o L 4c » 3§ §

20
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ghcapture antibody—- B -] pF - £ 4¢ » detection antibody- & -] FF » {8 4¢

» Avidin-HRP ' i% i85 ELISA Reader:& {7 £ :450nm ~ 570nm:# & & & 45 &

R

F B % % cnfcdy 2 GraphPad Prismic #8872 47 » B % 27 5 THEHE

o

# 4 (mean = SEM) » § &5 F 5% 22 $P 2 i@ * Student’s Testsii™ 4 45
KPR FER R LT 5 04 7 P<0.05,4 7 P<0.01 - B 5 {2 R P i 7
7 % #(multiple variable) 4 i & 42 4p B » 17 (Pearson linear correlation)
HEREEFA A0 o 275 % 1 4p B dc(correlation coefficient, r) #
o AORI 12 B A EAPM 0 OF]-15 § 4P M o S03- U EER O5% 1 i R

¥ (two-tailed test using 95% confidence level):& {7 & <_°

21
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RHREE
1. E#%3 IFN-a 32585 R A7 5
BEHIRY FREFEFRES DT LF DL Y § PEF LWk R T
(Hauser et al., 2002; Raison et al., 2005; Lotrich, 2009) - #k @ &tk ek Ji frd
®RpH R GREEH LY L ¢ IIREE 0 ik (Felger et al., 2007; Zheng et
al.,, 2014) - &R PP &P > AP * CH57BL/6 | R iei7 5 8 28 =
gzt i+ PBS/IFN-a(Zheng et al., 2014) » %28 = s A PifiE - k5| ends o (7
SRR kB IFN-o »T B it o Apl 8] Sk &2 R AP lsdk
B A g IFN-o e 3 el € B0 (Bl- A)> 11 R ks 22 X 7% 28 2 p
JEEE GF i) LB (B- B) %% 87 IFN-o e 87 ¢ B8 | a7
FE DR E NS gREN o 2r B ke R % - Kk(Zheng et al,

2014)

LR RMERGTL AP BF LhiFARE S N k%E o § AL
2 - 7 3 ¥ (Elevated Plus Maze, EPM)z 2 B <35 (Open field) - & EPM #
ENNIAACY R R N el RV & v:UHLrTC"‘j FPER LR A PER N ) B R
Bl 3 PR LR AS Brud FTRiEmIBE » ¥ P& et
fries EiL7 B (Bl- A)e B3P Bl uss ] B AP B3 f2mpk
Fo et Flanp o SR SR EFR - BB REE5DE L RIEY L1
S IFN-0 3 3 & % 8RB (B - B)e Aiga ML &7 5 B3RS % 57 IFN-
Q@3 ¢FE ) RELDP IR CHFHERNFTZDFL c GHURTFY

B% - ko IFN-a#r F N kend % 772 ¢ W E B 7 5 (Zheng et al., 2014) -

Al BB 757 1S ER E 7 %(Tall Suspension Test ,TST)2 2 53 16 %5

7 (Forced swim test, FST)en= £ p[#F » &3 —'F*f 358 Y 7 & 24 (learning helpless)
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IR RSk BT 5 o RSP EPL AEMERRARE LR TS
tath o BEAFDIFN-0 {2 R A TST 2 FST ¥ | Ramc £ 4 chd 8
B ¥ 3 4o (- C ~ D) o #-k 4l (Sucrose preference test) » {7 5 il R
32 = B ¥R 0 anhedonia stk b oo B4 AT L E R R REOK ke 2 )
Sl e TR IR o FIRE B st IFN-a b ntE 07 ) B K
EPE(Bl- E)c SR P S5 AP R A6 IFN-a7 UFH | KN AH
TR A iBs B hih v B % - 3k (Fahey et al., 2007; Felger et al.,
#

2007) - % 87 IFN-0 wen | 873 § B38| Qehig 775 0 4 7 6 WM E 0

LR .

2. % IFN-o ¢ T AR5 11E 5 5 E i IFN-a g 4 L7+
F #Y IFN-o efiek P AR el e 5 IFN-a flmre p g 4 @ ofpejss ¢
ARGty it o i e g R IFN-o ik RS B 180§ DIRE w P
5 it IFN-a e 483 4 > T A e sk IFN-a 2 8 A T8 ¢ RNA 1
wE B s4 IFN-a (&7 iRl 3] T 45 ¢ 9 IFN-a £ 485 RNA < £ 3 4 (B =
A)e i dim~ ¥ BRI IFARFE 0 AR AR ARG RLLET > 51§
CGAS # Fmz o B 1+ e STING » 32 % ¢ Bifd i icfd IRF %]+ > Ahpgiph i
1 IRF F]+ g2 r mfe Pip DR FFF 2 A 0 FFEFES T g
tRhme b T g 88 0 £ =@ STAT-1/STAT-2 %2 IRF-9 £ = %

ISGF3 & L g rmie P p At BAFILAR T EFL 2B &> 342

-

FIFHd K o d 2 IFN-a TR B A e L BT S B ARy R
Flp AP PGE T w EES (T IFN-a BRE S8 S o FaiEs ul e u
STAT-1 ~ IRF-1 ~ SOCS-1 12 %2 IFN-a % 4% - i it %% BL ¥ % 47 [FN-a ]
HATAE ¢ 44 %1 STAT-1 ~ IRF-1 - SOCS-1 57 RNA 4 % (F = A-D) -
Bk e SHesk PlfcfE IFN-a chT 250 L B F 3 B AR S A TARE H e v
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BEETE U AP ROFE BRI AP pERHZL G e B EPR
P e R A TP £ # M SOCS-112% IRF-1:7RNA LT IR F L 2
(Bl A-D) > i i % % 3 STAT-1 ~ IRF-1 » SOCS-1 :#RNA # .4 ik 2 (B I A-
D)2 4 i=4:(M~ AD)F mimsa* £ 8 > L 2 4% 5w (B AD)A P A
FWTIFN-030 L B gheniz it o i v ped o0 IFN-a B R B %
4 chp FIRSEA Gane b oann L et s (Zheng et al., 2014) - & el b
APHEE? TURPTRENZE SR T IFN-a FFRE 7584 0

BHAEP T

3. IFN-a# &% a5 1 E ¢ fRdd ik suemgd UL F

FHE w4 IFN-a 18 ¢ 8 % A A& > T2 fpdd ik 5y Bl 02 ;;w
FI FN-a g L aFF o ¢AF S EF UFFEL > 2785 % IFN-a
g A fen F ¢ R RIPEE 3% 7~ F] 5 (Tumor necrosis factor-a, TNF-a) »
TNF-0)& 4= 4% 38 R € Fri]Jp dmbe 32 £ 0 2 314 g %2 & = (Carswell et al.,
1975) » 4 @ 3% 5 A ¢ 4510 Ts B ~ R 3 AR ¥4 5% R TNF-a
% 13 4o (Decourt et al., 2017) > 28 &t & #p %5 47 IFN-a e Bla ;& » 9 TNF-
avfdles i - Bz (B~ A)e &7 NP A PSSR FLEL dun v AR -
ROIFN-a s #5 7 2B &8 L FF i d o ¥ AL Bp T ¥ - B
%1+ Interleukin 1B (IL-1B) > & & # 54w IFN-a -] B B4 % ¢ IL-1B ehd |
T3 FEMRTREFOTER A B) gt IFN-a sodp B R % ¢ 3 3R 0 IFN-a
2 IL-1B 2 B 3 ¥ #4u-T fir(Mayer-Barber et al., 2010; Novikov et al., 2011) >
Folpend 3P w5 ok R ava -‘F}fi BF chi® s 4] o s 9 S licdp ™ 1 1@
o IFN-a £ %@ s ani € B EY B LA P 0P L F]F hEmE TR
w4 TNF-o ik B e pis ¢ %8 U IL-1B ek B > o o 7 4v 0 IFN-a &% 3§
B g a g LT AR o
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™

I
g A

ik
(Immunohistochemistry, IHC)s7= 3% ks T 46 p A (g~ ik i » B

T F ARG LTS 5 IFN-a @B i APRITRET

F_*

HaFda {5 3 25 IFN-a ch@ 58 Fp A g 6 4%

TS

A il -9 Glial fibrillary acidic protein (GFAP) =T 4L F ¢ # (&~ e § &
IFN-0 &2 @ 1t 4= PBS el & 3 > 4 1% 4 & R e cid i & 4L 56 (14 A)
lbatl ek + » & BRI DI AP 2 dp2c %k > lbal Bk P AR &) R me
(microglia)iia 5 F 3B fp iu 1k - GFAP i & &~ # 3t & jk 'wm*e (Astrocytes)
TaFE SR i Flpts AL A Rwiehd gtk o B Rmie A&
OB S me & A s MEFRET RAE T 02 B A3 4R 3 i #2 (Freeman
and Rowitch, 2013) o feA¥ k4% § amh > 4 A7 S B Y ¥ § F A K e h
£ ¥ & 1* (Verkhratsky et al., 2012; Sofroniew, 2015b) > ¥ #F g+ #gerdp i &% &
FIA LA EY L §FME R e ¢ F F L FF hiE 1 (Sofroniew,
2015a) > ¥2 GFAP e mip iz lbal » € F]1 5 IFN-a ek B T ARE ¢ 3 4o i
Lz aficE (B4 B) o 0 F enS &7 M E R TARE P ¢ F] 5 IFN-a & 871
TR LTS S RNA AR E > ¥ 7 ¢ ¥k Astrocytes ' 2 microglia &7
b E o AR W EF R > TALL HITH e F AL F EIA S i
+ " 4 (Fry and Ferguson, 2007) » Flpt A 4Esk T TALE N 5 L kA
RS F RNA RGPl E TALE ¢ g L F g o AP PeiE o 48 Primer 4 B £
TNF-a ~ NOS-2 ~ GFAP - IL-6 » # izt #icdy k2 457 IFN-a f = 5@ g Wk
oo K ir bt IFN-a ¢ &% %@ chT4p ¢ E 1 TNF-a 7 RNA £ (B4 C) -
EEFAPpREHE_NOS-2 - 5 i § &7 (Nitric Oxide Synthases, NOS)&_F
FEhmie P s Smie A N g wmie Y BT kA4 - F 1§ (Nitric Oxide ,NO) -

iV § ApF- £ 4 = 544 9 5 NOS-1> NOS-2 f= NOS-3 - NOS-1 ~

|
ey

NOS-3 enf B i & hlwbesgd| ch2 b ¥2d AL A1 & 783l k
BAT Mg ER s 22 dpk chE NOS-2 | .07 & MER T dg s+ v F i o
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T2 AREE R Twe ek ko kFE 244 NO g EX VA fd
(B & % #F B o (Igbal et al., 2016) - NO &3 X * #HiF £ & enie* > NO
WHERE 3 S EARM  $F A p 5 M £ & (Fang, 2004) » & 2% ik
BRe- 3t 54 ¢HBHALGTIEEZFER DT LF K- 2L P15 IFN-a

4%
o

<Y T ARE ¢ NOS-2 s RNA 2 & 3 (B4 D) - GFAP T 4% #

F_*

e € 515 IFN-a B F @ 4% 1 (B4 E) - Interleukin 6 (IL-6) 2%  # & %]
G- fE o Al FenfERT IL-6 A EARF o B AR RMEM &L

PR LA AR HF LHRT IL-6 A ¢ 8+ 2 £ (Rose-John,
2018) » # i+ FT 4 HRIL-6 PR FH G B LGP £ AR 4o £
PAFTY L FRI6 5 b iR 2 L4 S T e Lk
oo pptm g Z 48 IL-6 ¥ 7 € F15 IFN-a chfd i m FRTARE ¢ hR REH

4‘3(@]{ F) °

BAHTARE ST AP E U kP REE S B EF LS IFN-a 93
ERAFLFFIERNALZRER g DHFFH > AR * Lo e 75 Kk p
FAEA F(RL AD)~ (2= = AD)~ a5 (Bl+=- AD)~ 1% 2 =9,
(B-+ = A-D)» &t RNA g~ 17 > 2 IFN-a g & BiEpe /s 7 o g it
FFakRlE ¢ 0 NG TAREFRGFLF B o T AF RSB F R hE N

APIRIET R E TR LM TARE O LT 5 E IFN-a &

B BT 52 & e § BRR S s el F] S 2 7 RNA
AATEE 0 AR H AT E T LAt RE e s R LT G FE A
B FL S el R R A A MR S S ek 0 Az BRIk
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Fpra 4 Biip et b > FST &2 SPT 398 5 B TALE 7 enT 32 LT
ek F] (STAT-1 > SOCS1) » 2 % X 4p B 2 FI(TNF-a > GFAP)s 2k ] 4 e %
= I i 4p M (FST/STAT-1, P=0.018; SPT/STAT-1, P=0.002; FST/SOCS-1,
P=0.044; FST/TNF-a, P=0.019; SPT/TNF-a, P=0.031; FST/GFAP, P=0.033 ) -
RAZEEAMFLIE TR NTRELEEF UBRPM - ¥ b Bt (7
B BaBa? P F L B 5 B i M E(FST/IFN-a R,
P=0.012; SPT/IFN-a R, P=0.038; FST/STAT-1, P=0.037; FST/IRF-1, P=0.024;
SPT/IRF-1, P=0.011; SPT/SOCS-1, P/0.05) » # 77 ' = "% ¥ F4f % #7ig =

SaT SRS Y e L

4. 537 IFN-a € ERTARLE 5 g 4 3
T2 IFN-0 $558 T AR cE BB E W aiE Vs 0 AP % 1 2 IFN-a
BAEF UREELT EHTARE IAH B o 5 A HPA $hehF ik I HAN P
BRI Fp APy A R g T RERAR (BT A)
BRET RPN ER %40 IFN-0 2 - X SUSEARFIRD - 20 {Hw
17 12 HPA $hen s 5o F i - A g R+ %% T46 0 CRH e RNA £ 38 » >
CRH# % ¢ F1% IFN-am :xg # RNA L R(B+ I B) > 24 ini d » HPA &
e §Of w AR iR T PR R E R Frdl 0 A Y CRH 2 & o ¥
PARN PR Y Tt T 2R ACTH ayfin > F)pt s & iF i i m
Fhig HPA ke cngit > I ¢ 2 2F %7 » ZRE£ CRHe#RNAZ#®E >
R CRH ehj—v Fek R 3 M 207 @4 IFN-a =7 ¢ #5 HPA

fhen T fF o

%7 OHPA $hh s TRE BT 5 L E el v doiiie 8 7 5 A
§o B AR ENRAE S TR SRLC Ay e BTARE Y T
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g {7 & ek - s AL S melanocortin i st (Horvath etal., 1992) » 3 & #
Fig s 7 5 9% g~ & pro-opiomelanocortin (POMC)#! %5~ 12 2 neuropeptide
Y/agouti-related peptide (NPY/AgRP)# 5~ » 3F % < [F?Ju‘ HEE - R
POMC k" 84 cndPr > £ % - e & NPY B kit 8 (7 5 enf 4 o
FEA S AIL € S0 REFDT HFAMCAR 8 BiES AN ST
T LE Rl L & B fe F A4 8 e dl(Lin et al., 2000) » Ak (hE
BRRBWRERLFL T UBERIIMEN 2275 NEFET > F POMC 12 2
NPY 2 3 i € %2 & ko &g ¢ o i7# X3 3R melanocortin i
RIETTAGHIFTE 0 I ¥ e R MCAR chst #E € #c ¢ 3 AR 04k B0k
* 4] 0 &= MC4R f—éfﬂﬁ'ﬂ'l“,f R g FmMEEFns: < Pl prd] o Flpt 78
MCA4R % it » 33 5 & anhedonia g sk 3 7 & 1 (Lim et al., 2012; Klawonn
et al, 2018) - 82 R A F % ¢ ] Rogug a RN Z L it o 7 & IRk

FL 8 (F- A~B)> 3 B AT ARE HPOMC 22 NPY Al ¢ 75 IFN-a

-

FHED N RNA cfrd] s AP A E N RS FE R DR

!

it X p 3> POMC 122 NPY :aRNA £ 3£ % - 42X 7] IFN-a v » {8 5

i@’é%,im %-y(wiaf*rwm/}l'} 3 /’"(E]C D)

TALE B R SIERRehE i 0 T OB E3F S /);}M:jﬂﬁfr%? v R BfEA G
PRARE RS R sk G B o B o 24 % (Oxytocin) g & (B2 B il (7
AIM AL AREEREOMP GRENRAFORREY 0 2 R HILH

IFN-o 5 82 % chd B 2§ NREFLE > 7 81 e B84 (B E) - o #

{7 % (Vasopressin) § #: 58 ATCH 02 & » & ¢ 2 38% HPA phen T ffr > 7 3§ &

IFN-a 4 & @k b)? » & F iR ORNAZRE X 7 §
H [ oRE (Galanin) i g 4 S @R TR T ORE R &R alaE 0 A e
i SO Er Te R REG & F i N ES M B > 72 Galanin 7 ¢
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)

pu

£ 7] IFN-0 ch B 8 m 5 2 (B G)o o his— BRI BN AT & 53
(Hypocretin/Orexin) » &£ #/;2 547 IFN-a i & 5% 9 RNA £ 8 % 7| 7 $r4
(BIH)o » 2P # 4§30 8 FAPFRIL B § B PpERDF b AN PP %o
T R R ) BP0 e 2 3F IFN-a 7 i € F8) BN RpER R 0 &
Terk i FIRT IFN-a (54 ¢ D IRpER IR nR 407 i %;bfga & 454 4 M (Raison

et al., 2010) -

5. BBz Aizfiangko fvs A€ Fl5 IFN-am 3 4 sx %

Waebdp Pl St Bmaisfhe Papt £8h1 c, B9 § = g
BW2Z BT 4 FmaripM R > 7oA PS5BS 0 5 A(Protein
kinase A,PKA) 2 2 p-PKA(Phospho- Protein kinase A)en# IL& k| & Hp %5
7 IFN-a cnsg it o 2 aF 72 B> § % ° =4 D1 w2 D2 %
W FEMEAE €514 cAMP 1 2 PKA a3 & @148 > PKA & Thr34 i-gk
Frpa i % 8 DARPP-32 #74| phosphatase-1(PP-1) &4 » @ PP-1 ahfr+)]
PlFp#] 7 TAFar S pip it R B 2 A SRR T MR Aol 8 T
+:CREB ~ c-fos % » # g i@ L4 7 e #:AMPA < #2 ~ NAMD = 4 % (Nishi et
al., 2011) - 4> DARPP-32 4 4 thicr | 43t 5 & diz v A e Bt 11 & bt 4¢
BB enF il 2 7 ARG FP SR ot B S g ) PKA S
DARPP-32 #& % ® deciit L, @3k 5 FEL L chwb i o &7 %7 P71 I BAP

WEEBREEY L LR OGP R T HEE p-PKAPKA %= IFN-a 3t

AN

= 3k kueni® * (Fienberg and Greengard, 2000) - # £ #p 5 4= IFN-a & e+
e JEE PR TALE Y T AFREFARE > A WAL X T IFN-a
1 2 p-PKA/PKA en4 0T "% (B E) > 8272874 § i & p-PKA/PKA ¥ ;23 5%

L7 e & p-PKA/Actin ¥ 5 BgFchZL R > @ 2 PKA/Actin +» 3 ¥ T %%

ik

ABE o B A PSR RE S N RE PKA AT BAEPRY AR Ty
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FouohR AT AP ARIE > Flt P W

ARz ktia Bk 52 IFN-o A R R ORET i o

30
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ik

Ahe FHREERFEY w28 IFN-ais LR Henf7 57 WA F 5
A BEREF S LA R REREEY 8T LRI 0 e B g T
57 & L IPIIFN-ac73 Fiem IR > F kB S SRR L ,&—ﬁéw’vé‘%;ﬁ [FIEE" PR T4
(Bhatti and Berenson, 2007) - IFN-a#® % 8 ® 75 > 2@ p o 7 B2
TGP KGR F RS kR(Stresson A RAMAH TS o RS
B EHN B FRADLE BN S TR EE A D F G Arap
(Nie etal.,, 2018) > @ ® R+ “ggm i r v ROREBRMA > BB
SNRT RN EERFLI AR EFINRFILE R 2T ROTHREE o 2 £ P
B B4 A EARERHR 7R HRS Rehig R o FIEN-0E 7 R g e
LT R B A AR e

¥ R QR BT AT adEr > a8 IR TRV JF*rs? 8
ﬁmwﬂﬁag@@ﬂiﬁﬁﬂ’Eﬁwﬁ—“v%ﬂﬁﬂ»éﬁFMa%ﬁﬂ
e EGEF R Y EIIFN-a7 L 0 ) BT 72 ¢ BIAH 7 5 0 % 1 Cre-loxPezk
Fle e NEFEAEIFN-a S et Swie P ni RET R BT 5 £ 0
oo AP E L R IEN-O A S dm e o 4 @ if gt ﬁlgﬁf;ﬁ_mﬂwﬁ,ﬁ i &
= M&E(Zheng et al.,, 2014) - F 1+ #rit 5 IFN-aF ¢ 28T ARE 12 B 5 it o
Mo mre N AIEN-o & @R B 0 Fpt A iR s TALE 1% 5§ ¥ i £FN-
OFBBWEF LRI BEEBP R - R AP R ATARE P FRF LFE e
4o A X EeRBIFERGELF BN APRLETRETRE D
Pl B> TARE S TE A FZME e gg o NP TARE ATHRRID s
FIREv e Z5@E B AL T FOF URBRE- HFF > 2 F it 350
TR G HRBIFIF LT F g o TARE P LIRE § T TARE PR 5

Phend & > U2 BEHPA S AtenT T o ¥ L E lFN-af/gd TARE A 5
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@il g n o S BT S SRR BB Y b R RIFN-arE R § R FHPA
fih k Burd 2O 2tk Bi(Reyes-Vazquez et al., 2012) o 522X & 2 e SRR A
AEZERFTARE i B ARG IFN-00E £ 88 LT 5 8 Lk et
ROTHER > PEEP DAL RSN T TARE hR ¥ E PrdF A Grkan
RNAZ 31 -

B TARE N IRIFN-a ¢ #74|NPY 12 2 POMCit 3 RNAS L L E § B ¥ T

£

g
[

s > NPY 2 2 POMC+# % e -@”Kﬂq’% 48T (T R VAR B AR B it

AT AR RMEAFRGE AP RS 5 wd **NPY 2 2 POMCEE
WART FEA o FI A F A RBERF TR TR EE NRGF L PR o 2

A& 18 FiTH e )l%:}ﬂ 'POMC e ™ #MCAR ™ it 42 fanhedoniasig & 3 &
(Klawonn et al., 2018) » F]}*POMC &t M E F P enT 0 Ve 2 AW 7 5

LG FE AL ip M A ENPY T AT R E et b P
PIERF @5 g 23 o« SFZRAY - BATRE XDFrdland - BA G
RS AF ST R e AT R S AR EROM G SRS
P {7 % 7 B (Inutsuka and Yamanaka, 2013; Krystal et al., 2013) - # & ¥z &
‘}5‘*" ¥ 4 I pE e el 38 (Deuschle et al., 1997) > ¥ #F & IFN-a & ;5% chie
B RoF BPRT W OLR R (e DR G 5 F T % chig % (Ogawa et al., 2003) - 1
TP ERE T SEET G B RR D - AT TR 2 B W RS

Bk - AT L B o

HPA & SR ¥ 5l @R B p i & 5 3 8- 1§ R4 kippr, ¢
WAl (g ks p en T AR E € B CRHI| ™ L1 iRaE 2 2 ACTHED ¥ B & &
o T T M FRB O RRS DHURS T KR @
Pl B aiERET TR EERTARE A NT LM A F T M
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Bite o i2h ERHPART 78 ¥ iea A2 B @Rg 2 - $- AR § ¥
AP OTHWERA RS LPHME AN v R B BB F RR YR
Frd|TALE N hCRH I 2 %57 g cnACTH e # % > B 18 S HPARheh T 7
FEEL O o om fow ARk s i A BRI - BERHPAME ¥ v i R T
BFRELAEPN T RNER G ST S efrmE bl vAR K QEZRET
B LR T RN o A fEEGK LD BT HPARY L A R R
ARBE AR A PHFHRESY > P o BREEFLE LS BRI A
BEFLPIR a2 AP P skt RT &0 - BT i i IFN-aF i
EREP DR FARY AIFN-a > £ RAAST LA RT P> 3 58
FRFARTLM AER I RFREEIRRZL AT R Ak TS

R
E L 5 end kB RIFN-aE KHPASLE 2 tehs B R 7] o

Btk B P S e HR IR T IFN-ae L IR BARIE (L T BR AR A A e
Bk P FREBFLr APNTERY > L AFTRESG RPDOFR AE
2 he gk dn NIFN-oFE R § B PR B o B R 6 47 IFN-afs 4 s § e ol
Simve B T A A G A K SpeniEa)(Zheng etal., 2014) > & 2 s S b R
e s FEFHFEAE £ 8 ehd ¢ (Hastingsetal., 2004) » 7 i /s 5 i ehi & #
R EW RS KA AR PhE L% L ARPBIFN-aLE § e
| BlehE g e fia 4 o ¥ IFN-a S defe i EBBBie » # B R S A E 2
FEen o 3BT A LA @WIFN-aA ER W TR A Fn mE R Y 2 ¢ A4

B hA K EH S BT ]

\E»

it o

BRge S GRS A F Rk DI 0T SR F12 - 0§20 IFN-a
wF R By £ s o F dRw e foTimse b 4 2 IFN-a 78 3 IRHTR1A ¢
B bR # Y IFN-oFF B 7 5 1 S @SSRS E S & L5-HTH%
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FAE TR R s T G e b o] Rend 8 7 5 (Zhang et al., 2010) » §&
HRengF R IFN-af Bl (T% FREL BRI EET By 7 0 E IR s
i #<% (Levenson and Fallon, 1993) » izt #d5 7 1dp Mk i % 7 i § < I1IFN-

arpr] > 52 FEFHLE A R WAL AL T LR B o R e

=

SRV OV OUEEID s B ) hp-PKA/ACtin ! LA E P a0 @ ¥ A

!

PKA/Acting i % » § 4p i cdB 4 > F]ptjs Fie poend @ ok J BB £ F)F
Flo g o s TRIATHAERPEFE IS G AR FLE > A
e e g Frgln B ) T R MG X7 g ER
7 & & € A 4c # aversion:k g (Stevenson and Gratton, 2004) - ¥ ¢t 5 #ikcp
vl 3o R HPA k2 45 F 2 3 ' 7 (Sullivan and Dufresne, 2006;
Thurzé etal., 2016) » F]pt /5 § & &2 2 = P2 B cnPKAR 1t 2 7 50 2%k p 3 HPA

BAUBTEREBPE -

EARFHKY F-BPwAZEP LY L EE - BERE B FHEEIFN-a
Lo ir i EBBB R S et it > P W T P B gk - B
SRR o 7 B P3R5 IFN-af FBBBY 8w it dt o H - EIFN-a ¥ if
LA SALE K FIS i3 5 BRBBBIY RALR R W R o R A e [T

Mg P EEH TN 5 - A7 s R 5 0 BBBY ¥ it 7 5 IFN-ae 48 *

g3

éﬁiﬁﬁﬂiﬁﬁﬁ’ééﬁﬁﬁﬁ%%iﬁ’mggﬁ%4y_%gkp
PIFN-0 0~ 2K B3 4 LTS A - R 4 % aIFN-a s B 2 fER] A
P ik IFN-0 8 8 3 TALF FBBBE » P BN PR c AR AT R ALK
oy kin > ZIFN-04r e 7 AXBBBx % ¢ BB A K 98 1 P o 7 i IFN-a22
BBBZ et 3 fe# 4 {55 £ & hA RN H o4 7 L EHEH S 5 & f

{5 aEd TR o kL HFenR i 2 FeIFN-02 B R 2 B chb 4 o
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BaZ 2 o IFN-a ¥ g BB TRE LZ B S w i LR T o Fpt AR
N— BB 0§ IFN-a B i shie » o] Ren? f5dd i W 38 > ¢ B Ea R
¥ e Cytokine & £ 4 { 5 e IFN-a &8P k& o &~ %7 &% ik
Ttk Al 0 B YRIE S Y ko TARE §OF T 8 R AR RE T LA
4 TN TARE S AR £ 3] IFN-a B NP R 0 T ARE ¢ 7 u 5 A IFN-
asn & @R EAE S B RS L FF L F L IFN-a sl sg2 2 > R g
1y & F15 K e IFN-a 34 R ¥ hF Ju4oiHPA b % L~ POMC ~ NPY

o AL P FR o Bk B o TR IFN-a L e e A
oo IFN-as 4 @ii s ¢ 2 B X8 E 5 o2 > Pt A P3ni IFN-a &
METARE &P R G h R AHED TARE E A B Y g IFN-a L g aEee
EERBEE L AN TP L RG] PKA it o Ra mipERL T2
B rd g ) IFN-o B8 2B P F L EREBF H I T AT EL o
Fokiz@H o F ALY IFN-a @ 2 TREF R F LT LG 2R E 7 5 0 7]
A ET S ER TR E L IFNART & Flhig 2 @ !rt(conditional
mutagenesis)F= 3 % K 3 2 enlm e fE 4 > b4e POMC 4 %5~ AGRP # 5
~ ~orexin A G E MR R e B F 5 RIRE ) Rt b [ERFTFRE G LD
FEFEEE RS o ¥ AH TR FREFR S R 5rrk s £ F @
o Rt AR RA L > Ay - BB EER f@ ’
fZP 1 E (agonist & antagonist F)EFREE o ¥ ¥R B i > b

TARE ARG RERERLEC A B LR AR X e g
AP g R R EFFHENTIRE S FFLREMEE- HAITH LT

BWAE M 203 BHLPE o 2P P eaig FIRT RN P IFN-
a ;‘}?%%@F%ﬁv:}}%ﬁﬁ fRo Fdpia B2 TARE AP E R
) A I O Ao IFN-o FEBEr D328 e- HFHERAE
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A.

Sucrose Preference Test
Intraperitoneal injection l

of IFN-a (4X1051U/kg) [ ‘I
/ / | | I I
| [ | | | |
1 28 9 30 31
E|e\a'ated PIUS Maze Tissue Couection
/ Tail-Suspension Test
Open Field Test
/ Forced Swim Test
8+ 4 IFN-a
B © PBS
. a 6_
28- & IFN-a I
© PBS s
c 44
261 =
e $ 2]
£ 24+
D
g Y N ¥ o
221 o
ik q',h:" q&;v n&:b q,'\a«
& 2 ) &
20

day?7 dayld day21 day28 day 31

o

Locomotor
5000

4000 -
3000

2000 +

Total distance (cm)

10004

) o
® &
Bl- ) Qi s IFN-a & e A4 12 88 i o

(A) st g @E%ss FN-a = - A2 50 65 205 efag % 3

S

WEUEREF % % 30 R RGFHCHIPRBENE RUFATHR 0 LE A 29

®
T 31 E&FA X RiRdERF o Had&xd a2 25 IFN-a- ]| &
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kA2 RHABEE > AN AE 7142212831 2 esnf ke ] R
(N=9)iz 4] & | B(N=10)- (C)it & 75 » 2edr - L - A Fl= L A3 2 F ]
BE % e kR B ] &(N=3)E4] 2 B(N=4)o (D)i# i+ » (7 %
R kR L R G g B0 B A s RIN=12)5 4 e
E(N=12) o :#% #¥12 mean + SEM % 7 » 11 T-test i {7 43t A 47 » *4 7

P<0.05,** % 7= P<0.01 -

37

DOI:10.6814/NCCU202100467



>

Elevated Plus Maze

600- Elevated Plus Maze

mm PBS 2000+
- IFN-a =
5 £ [
g 400 L
o QD
3 2
2 gz
E 200 2
[
- k
0 T T
K o s
oqzv o\o‘ﬂ \(5\
0\“ &
.\\6\ .\\‘Q
B C. |
* Forced Swim Test
Open Field Test
8004 -
mm PBS 30 *%
E —
IFN-a =
T 600 — el
g o]
g 400 E = 2001
k2 1 = c
@ w— O
0o O
ig 200 o 2
E ~ 100-
£
0- 3
& & 2
'&G Q'Z"\ 0 :
.({‘z' \ ¢
<8 ,\,\@0 ((‘\
D Eo
. ) . Sucrose Preference Test
Tail Suspension Test
30-
300+ *
E b
a —
g E *
— 200-
EE 5 T
5 8 =
o 3 £
£ =100+ 5
i
(o]
|_
0- r .
2 <l S
& ¢ &

Blo RS IFN-Qis3 A RRrar 42 B F5 -

"E‘_Y‘\
F_L
#
S
v

£ AW B IFN-a- Rl RET § R Epa sl

38

DOI:10.6814/NCCU202100467



At (&) 35 e ]l BRN=12)i 4 ] 8(N=12)  (B) | & tdsss % %1 ot
AR S M-H A B S B 23 ¢ (Open Field) » o zed ] B A w3 f2d & ok 3
fod s E R E R 0 R % e BIN=12)i 4] ] 8(N=12) o (C)*5 477 w % i
B A i B A B P (p=0.009) > @ B e ) B(N=12)f 4] e ] &
(N=12) o (D)} R &0 & 5 o chi7 5 ¢ > ] BIEE # # enpF F(p=0.0252) » 7 %
o] B(N=7)i 4] k) B(N=8) o (E)| B ki * 4&-k 1§ (p=0.0284) - @ % k-]
E((N=12) 41 e ] BU(N=12) - 3% #icdg 1 mean + SEM 4 51 > 12 T-test :£ {7 4t

470 4 7 P<0.05,**4& 7+ P<0.01 -

39

DOI:10.6814/NCCU202100467



>
os)

IFN-a Receptor
8- *

STAT-1

Relative expression
®

Relative expression
F-9

O
o

IRF-1 S0OCS-1

Relative expression
Relative expression

Z IFN-a & & 745 ¢ e |FN-a 2 & @ iR s b e F+ o

o BE B354 IFN-a (s % P2 7 45 HRNA # 1% i RT-gPCR & i mRNA -
(A) IFN-a Receptor mRNA # £ (p=0.0184) ; (§ 2% 2 N=5;3=+41] % N=6) - (B)
STAT-1 " mRNA £ 3£ (p=0.0438) ; (7 & ‘= N=6;i#]% N=5) - (C) IRF-1 &1
MRNA # 3 & (p=0.0109);(F 2% 2. N=6 - #7#] 2 N=6) - (D) SOCS-1 5 mRNA
# L # (p=0.0283);(F 2% 2= N=5» =42 N=4) - ¥ % #F 2 mean + SEM 4 7+ »
1 T-test :& {7 53t &~ 45 » & 12 Delta-delta CT &3 ;Y27 4 47 » *& 7 P<0.05,**

% 1 P<0.01 -

40

DOI:10.6814/NCCU202100467



IFN-a Receptor

25- STAT-1
3 é 2.0 .
5 . i
e n s 1.5
o 2 °® 3
Qo -1 Q -
= ; 1.0
Q@ 1]
21 —a— T 0.5-
B o .
@
or | 0.0 . ...
= &
0 r g N
PBS IFN-a ? €
S0CSs-1
15- IRF-1
c " 25 - .*.
— [ =
a2 S 20- —
2 10- 2 20
Q @
x § 15
g | 3 N
: g -
& kS
oL~ " &
v —.-—
> 5 —
L & 0

Bl IFN-aiv &2 AdnEE AT HIFN-a & @f o b 5F 5 o

o HE i IFN-a S #PHE w3 E L RNA ¥ 158 RT-gPCR &7
mRNA - (A) IFN-a Receptor mRNA % I & (% % %2 N=6;#7 4] = N=6) - (B)
STAT-1 c7nmRNA % L8 (F % = N=6;374] % N=6) - (C) IRF-1 7 mRNA # 7
$:(% % ® N=6 » £ 2 N=6);(p=0.0109) - (D) SOCS-1 #5» mRNA % & ;(%
%% 2 N=6 > ¥4 %2 N=6) (p=0.0357) - % 5 #¥3 r+ mean + SEM £ 7 > 12 T-test
BT AL 7 0 T2 Delta-delta CT e g7 047 o *4& 51 P<0.05,"*% 7+

P<0.01 -

41

DOI:10.6814/NCCU202100467



>
™

IFN-a Receptor

25- ] 2o STAT-1
n
c
S 2.0 . g —_—
g —p— g 1.5
@
£ 1.54 s x
> S0 — 1 —
@104 —— ® b
® ! = —_—
S 0.5 s 037 .
x ole © L4
0.0 . . 0.0 : .
) & ) o
L & & &
Cl 15 DI
. IRF-1 6 SOCS-1
(=]
-g . g
2 10' 'a 4 .
5 g .
> £ ~y—
] »
2 5] o 2
g °
@ g o o | ®
e vl 5 *
0 ; . =
roo Q‘\» > .
X Q;o Q.G
Q 3

B7 IFN-a 7 # %2 A & &5 P hIFN-a 2 & B yEEe 5 b ehF 3 o

%] BE ¥4 IFN-0 15 £ 58 &+ ¢ RNA 135 i RT-gPCR & 7 mRNA -
(A) IFN-a Receptor mRNA # L& (7 % = N=6;#7 4] %2 N=5) - (B) STAT-1 1
MRNA # 38 (F %% 2 N=6;4741% N=4) - (C) IRF-1 o mRNA # 38 ;(F % =
N=8 > $=4] % N=8) - (D) SOCS-1 - mRNA # £ ;(? 5% = N=8 » £~ 4|2 N=6) -
F %% ¥chp 1 mean £ SEM % 5+ 5 1 T-test :& {7 5i3t 4 47 » 1 12 Delta-delta CT

it i A o

42

DOI:10.6814/NCCU202100467



>
&

IFN-O Receptor
STAT-1

B~
L
Relative expression
[V ] -9
L L
°

Relative expression

4
[

o
)
0\5‘
%
o
)

0O
o

IRF-1 S0OCS-1

Relative expression
L] E
L L
.
Relative expression
e
°

Bl IFN-o & L 284 7% 5 se @ 1 |FN-a 2 4 @ iE8 2 b enF] 5 o

$ 8L #2547 IFN-a 153 B~ 2 /4 § ¢ 57 RNA £ 35 RT-QPCR £ 7 mRNA -
(A) IFN-a Receptor mRNA 4 3£ (p=0.0134);(§ =% = N=8;ir4]= N=8) - (B)
STAT-1 7 mRNA % 3. (p=0.0263);(# 2% = N=7;#7#4]2 N=8) - (C) IRF-1 1
mMRNA # 3L # (p=0.0399);(F %% = N=8 » #~4] = N=8) - (D) SOCS-1 #» mRNA
# L (p=0.0283);(F % 22 N=8 » 4= 4|2 N=6) - 9 % #c¥i 2 mean + SEM % 7 >
2 T-test i& (7 ¥+ & 47 » & 11 Delta-delta CT #= V2 (7 4 47 » *4 7 P<0.05,**

% 1 P<0.01 -

43

DOI:10.6814/NCCU202100467



IFN-a Receptor ) 3- STAT-1

2.0 c
c (*] °
% 15 @ 2 -1
[=% »
g Z 11
g 0.5- < :
[ o 1

0.0 T 0 = :

) &
® & ® &
c D. SOCS-1
. 2.0- IRF-1 204

5 5
3 154 B 1.5 o
] A _T_ ]
E [ ] =4
o ) =3
310 | 3104 —
'] @
2 - % L
® o5 8 .5
Q [-1]
o o

0.0 T T 0.0 T T

) & % S
® \Q\“ & \Q\&

Bl= IFN-a 7 # % # & 2 iz ¢ en|FN-a 2 & @i F caF 5 o

o RE#H53 [FN-a (& %22 2 =129 RNA T % i RT-qPCR i& i+ mRNA -
(A) IFN-a Receptor mRNA # 3.E (7 &% ‘= N=6;#74]% N=5) - (B) STAT-1 s
mRNA # £ (§ % 2 N=6;# 412 N=5)- (C) IRF-1 57 mRNA # L& ;(F % =
N=4 > ¥=#]% N=6) - (D) SOCS-1 5o mRNA # L& ;(F % 2 N=4 > F= 4] N=6) -
F % #cp 2 mean + SEM % ¢ > 12 T-test i& {7 5t3+ 4 47 > 12 Delta-delta CT

2

o S A

44

DOI:10.6814/NCCU202100467



>

-

(%]

o
1

1000 -
- sk —
E e 2 8004
100 =
2 o
o £ 600+ sk
s o —
] [=]
o S 400
o 504 (8]
L @
z Ty 200
0- T 0 T
2 2 &
& & &

B~ s TR gaar Fanag Lo

P REY 4 IFN-a = - - A BRPIZH LY Pff LT+ E 5 I - (A)
&% TNF-a % € (p=0.0041); (F % = N=4;#4] N=4)- (B)s % * IL-1B
# L (p=0.0072);(§ % 2 N=8;:4] % N=8) - ¥ % #c3} 1* mean + SEM 4 = » >

v T-test g (7 5e3+ 4 47 » *4 77 P<0.05,**4 7+ P<0.01 -

45

DOI:10.6814/NCCU202100467



o o ) =) ) o
~ ~ -

. (pur01,5°) 13d)
< opfoonse Jo JoquinN

PBS

HT
* Ly
%

T T 1
o w o

. (pwr 015"} 42d)
00 elbosdiw jo sequinN

164

GFAP

-

TNF

[ ]
* ] L
* a D\v
4
@ L
Ly
@Q
& 2 % 3 %
uoissaldxa anlje|ay
_ B
_.- _ %,
Ly
@Q

40 4

= (= =
~ o~ -

uoissaldxa anne|oy

46

DOI:10.6814/NCCU202100467



N

IL-6 D
200 - NOS-2
* 30
=
S 1504 - .
; . : -
£ 100+ E 204
S 8
£ s 101 o_o
-l-ﬂl @
T 0] —Seuepee— 2
* S 01 'uoIouo
=50 . . o
& & 10 . .
N S

B4 BTN E %2 L F RS 5 IFN-am & o

E@posgm IFN-a = 4 - 2 88 > s E TARE 5 LR o (A LS4 o
e GFAP £3- B 4 e i L E (p=0.0327);(% % = N=6i14l 2
N=6)- (B) i sk ¢ ch= Niask lbal £+ A4 S hd RE
(p=0.0002);(# % ‘= N=6i3 4l N=6)- (C)T it.5 ¢ TNF-a :» mRNA £ E
(p=0.0425); (3 % = N=6;:4] 2 N=4) - (D) TR ¥ NOS-2 5'mRNA % R 2
(% % & N=6:17 4] 2 N=4) - (E)T 4% ¢ GFAP s7mRNA % 3£ (p=0.0055);(F
S 2 N=8 » 4% N=6) . (F) T4L5 ¢ IL-6 7» mRNA £ 3.2 (p=0.0357);(% %
2 N=6 > 4] N=5) o ¥ Z#ic#h 2 mean+ SEM 4 7 > » 1 T-test it 7 532 A
¥ 0 ¥ * RT-gPCR % % #ic3} e 2 Delta-delta CT ¢h= ;4 ig 7 4 47 » *4 7

P<0.05,** % 7+ P<0.01 -

47

DOI:10.6814/NCCU202100467



2.5+ TNF-a 34 NOS-2
c c
=] - L X ]
S 20 . - L
2 b
g 191 g =
> X4y —1
g 1.04 g I
= - | ] ]
(] © -
3 0.5- ;T —.
o o
0.0 * T '1 T T
& & 2 &
£ & y
IL-6
3- GFAP
c . 40-
2 5 301
@ 2 %
= 5 20
o 3
21 2 104
3 g
K o 0 —=m=—
o
0 r . -10 r .
) & > &
o5
Q‘b {<‘\ ] ({\&

B+ IFN-a % 2&2a &nipE L Fine 8 L 53 oRNA LA E -

O RED w4 IFN-a 2322 w3 E A 0 RNA 338 RT-gPCR &7
mRNA - (A)TNF-a mRNA % 3L (% % = N=6;17 42 N=6) - (B) NOS-2 ¢h:h
MRNA # L8 (F % ‘= N=6;474] % N=6) - (C) GFAP 7" mRNA % L& ;(§ % =
N=6 » #z4] % N=5) - (D) IL-6 5" mRNA % L £ ;(F % 2 N=6 » #-4] % N=5) - ¥
% ¥cdy 2 mean £ SEM 4 % > 12 T-test ie {7 su3t 4 45 » & 11 Delta-delta CT

AR AR (o

48

DOI:10.6814/NCCU202100467



>
®

2.5 TNF-a 3- NOS-2
§ 20- 5 oo
@ e —_—
£ 15 * . g
g 7 é .1
o [ o 1 —T
g 10 —; ¢ 1
® { 1) T ol N
T 0.54 E— . 3 0 S
o o
0.0 T T -1 T T
> o =)
QQ’ \QY\ QQ; QY\
GFAP
3- 6- IL-6
c u c
=] .% 4 n
] .
8 2 . —
3 g 1
o a 2
: I
3 < 0 (T Y
o o I
0 T T '2 T T
) & ] &
Q # 0 G
< & ) &

B+ - IFN-a 7 %23 & &3t 3 L 73 S9RNA 2 g o

4] BE #54 IFN-a {42 H & 4% 0 RNA # %58 RT-qQPCR i£ {7 mRNA -
(A)TNF-a mRNA # 3.2 (§ & = N=6;#74] % N=5) - (B) NOS-2 7" mRNA # 1
B (§ % 2 N=5374]%2 N=4) - (C) GFAP "mRNA # ¥ ;(§ % ‘= N=5 ¥4
i N=5) < (D) IL-6 7 mRNA % & ;(F % 2= N=5- 41 N=6) - § = #cdy
mean + SEM # 7+ » 12 T-test i& {7 k3t & 457 » & 12 Delta-delta CT &3 Vg 7 4

e -

49

DOI:10.6814/NCCU202100467



25 - TNF-a
c
S 20 4
7] —
@ ]
£ 15 -
>
@ ]
g 10 { —m—0———r
E
o 0.5 4
©
0.0 T T
= &
® &
6- GFAP
&
E 4 o
E n
% ———
® 21
2
8 . L ol b
Tol b |
'2 T T
o o
® &

15. NOS-2
5 .
@ L ]
g .04 ——
g —
[ H]
@
Z 05
K
Q
(v 4
0.0
) S
& &
3- IL-6
c ) "
[=]
‘B 2
(7]
2
5 1-
2
B o o’
i
[+
-1 T r
=] &
® &

B+-=- IFN-a 72 2&a g 5w ¢ F LFF RNAZRE -

¥ RE #2547 IFN-a & % B2~ H j3 § 2 9RNA 7 1% i RT-qPCR i& 7 mRNA -

(A)TNF-o mRNA % 7 (% % 2 N=5;3-4] = N=5) « (B) NOS-2 " mRNA % 7

B (F % 2 N=9;374] 2 N=8) - (C) GFAP " mRNA # £ ;(§F 5% & N=7 > 4]

% N=6) - (D) IL-6 7 mRNA # & ;(F %2 N=8 > y= 4|2 N=7) o 9 5 #ichh 12

mean + SEM % 7+ » 12 T-test i& {7 53t & 457 » & 12 Delta-delta CT &3 Vg 7 4

e -

DOI:10.6814/NCCU202100467



A. NOS-2
TNF-a 2.0-
2.5- —_——
S 2.0- —_— s
9 B 15
ﬁ 1.5 g C=
£ 40l — T — % 1.0
o ¢ @ -
2 051 * 2
©  —— S 051 .
e 0.0 &
0.5 . . 0.0 T T
) o S o
& & ® &
C. GFAP D' IL-6
254 2.0
§ 20 — 5
G 1 ] ® 15
] ]
g 1.5 S
% — YL 5 1.0
.g 1l0- % .g
& B 0.5,
gos{ _L_ g
0.0 . . 0.0 . .
2 P ) &
& & ¢ &

Bl = IFN-a 7 £2 3 & % =429 2345 L 513 HRNA 2 L E -

] RE W54 IFN-a s B2 2 = 257 RNA ¥ i i RT-QPCR i& {7 mRNA -
(A)TNF-a mRNA # 3.2 (§ & = N=4;#24] %2 N=5) - (B) NOS-2 7" mRNA # 1
£ (% %2 N=6474] 2 N=5) - (C) GFAP 51 mRNA % £ (% % 2 N=5 > 4]
& N=5) - (D) IL-6 &2 mRNA 2 3£ (% &2 N=5- 7412 N=6) - 7 5 #cdy
mean + SEM # 7+ » 14 T-test i& {7 st3+- 4 47 » ¥ 12 Delta-delta CT 7= ;4 :& {7 &

e -

51

DOI:10.6814/NCCU202100467



= E_ EE _ 2
TcTEE _Z 22
CSAFEIGL T4
EEEEE%%@ZEEE%
SPT @
TST
FST
STAT-1(HT)
NEGWE EXD EEZI
SOCS-1(HT) 0.09
TNF-a(HT) 0.23 N
GFAP(HT) p-4spo. 0.26
IL-6(HT) 0.21
IFN-a R(HIP)

STAT-1(HIP)
IRF-1(HIP)
SOCS-1(HIP)

Blte £ IFN-ar )] RHE 75 2 H X959 ann 3 A eniphf B o
EE R p g MA R AR AR M r B IR EARR

1 R E AT 0 ARRE SR e A

52

DOI:10.6814/NCCU202100467



5- CRH

E 400+ * 5 4 .
£ | 2
S 3004 o 34
g 2 ] T
g @ O CE
S % N = _rJTl_
% 2 0 —_—
Q o -
]
5 K
=] T T T
© & v & &

< & Q &

B+ 1 HPA k52 IFN-a 2 B cfp 3 8% o

o)

s
3

L E %47 IFN-a % - s 2 HPA kA p ok g o (A)s & ¥
Corticosterone # 3. & (p=0.0282); (7 =% = N=4;##]% N=4) - (B)* L5 p CRH

4 8 (F 2% 2 N=8;3 4] 2 N=8) -

53

DOI:10.6814/NCCU202100467



>

207 NPY B. 2, POMC
L ]
— c
@ b 8
£ 10 —}— - 7 —
e 5
© 05 . 2.5+
% . _"b_ i '% - *k%
g —ast 201 ** anmmmEn”
05 : . 0.5 . .
o 2 A N
QQ \Qé Q® Q‘\
C. Oxvtocin Vasopressin
2.5 Y 3 N
o c
& =] —
S 2.0 s
] -1 @ 24
o @ -
g "1 3 —_
>
@ [ ] e 1 —1—
> 107 N A/ 2 | PN |
2 2 I
£ % ol -
g 0.5- " % I
0.0 —f— y . |
) & 5 N
QQ’ \Q‘} Qq’ \Q&
3. Galanin : 2. Hypocretin
[ ]
5 € )
8 % 3 1.5-
7]
2 - @
3 5
m 1- % 5 1l0- I
3 © 8 051 *
& S T
-1 T . 0.0 . S
=] o o N
QQ, \Q‘é Qq’ \(S‘

Bt TARE A A gokrsenst o By e
#] RE #5 4 IFN-a 4 & 23 T 45 (7 RNA ¥ % # RT-gPCR i * mRNA -

(A) NPY 5smRNA # 3£ (p=0.0020); (7 % £ N=6;#+4] 2 N=7) - (B)POMC =

54

DOI:10.6814/NCCU202100467



mRNA # 3£ (p=0.0008); (F 2 = N=7 » =42 N=7) - (C)Oxytocin » mRNA
2 8 ;(F %2 N=4 > 324 %2 N=4) - (D)Vasopressin # & (F % = N=4;#-4]
2 N=4)- (E) Galanin : mRNA # 3B #(F % 2= N=4;3= 4] = N=4)-
(F)Hypocretin 57 mRNA # £ (p=0.0243);(% 5% & N=4 > }-41] 2 N=4) o ¥ 3% #ic
¥574 mean + SEM 4 7= > 2 T-test e 7 sezt 2 47 » ¥t RT-gPCR § 5 #icdj 4 12

Delta-delta CT 7= ;4 :& {7~ 47 » *4 57 P<0.05,**% 5+ P<0.01 -

55

DOI:10.6814/NCCU202100467



pPKAIPAK
e = = 0w
m ® b o

4
o
I

pPKAIPAK

0.0-

PFc

NAc

PBS IFN-a
p'PKAl_.oob‘n...-- I
PKA [== == = o o v G |
B-Actin [ == *= == w= == & ==

P-PKA (e e b @ we v e o |

PKA [GhS e b & cut s G5 oo

B-ACtN [ wee wd WP S —o e

Hippocampus

Amygdala

Hypothalamus

o
I

o
n
1

p-PKA I B-Actin(fold)
> & 5 3
PKA [ B-Actin(fold)

P-PKA [ e =gl == e Sl
PKA (I SIS & 8 we wo =]

B'Actinl» -— ---Y'-‘ vv-l

PKA [ GO e o

B'ACtinl-- — --—~|

p-PKA[s- e,

PKA [swe wo o oo o
B-Actin [we —= = = e — -
1.5 PFc 1.5+
5 —
el o
< [ s
_g 1.0 g 1.0
[ 3 <
< Zos
§ 0.5 L
& x
0.0 0.0
N % s
& i &
2.0 NAc 2.0+

56

DOI:10.6814/NCCU202100467



o
~N

Hippocampus 25- Hippocampus 25- Hippocampus
5 &
o 51 e 2
< £ £
10 < S z
i * 3
Y b — — @
0.5 ] <
o &
Q
0.0
= &
Q KX o &
¢ & & &
E. 20 Amygdala 4 Amygdala 3, Amygdala
=) —_
1.54 g 3 %
x = e
: + -
Py Q
5 1.0 a 2 * ;
s P —— =
0.5 X 1 g
o o
[-%
0.0
o & S
& & &
3 Hypothalamus
. 1.5+ Hypothalamus 2.0 Hypothalamus 20
5 -
—_1 2 1.54 % 1.5
X 104 E =3
z 3 o '
< < 1.0 & 1.0
4 b~ a
X =
a 0.54 L ;
Ef. 0.5 g 0.5
a
0.0 0.0- 0.0
2 & G & &
Q‘b «\3 Q@ \Q\k @Q

B+ *i%d 3 pF AR EDR ¥ B IFN-a {8 i -

o RESH w4 IFN-a 550 30 8(70 > 582 447> (A)d9 FR AR
(% % 2 N=8;4r4] 2 N=8) - (B)# 3 £ AL ¥ o (C)itr o (D)ix B ix - (E)2 =4 o
(F)T4e o 7 % #cyp)t mean + SEM % 7 » . T-test i& 753447 o "% 7

P<0.05,"* % -+ P<0.01 -

57

DOI:10.6814/NCCU202100467



Hypothalamus

IFN-q 4= === ===—==——=— f )
1 . : b~
| 1 S IFN-at pathway T R
STAT-1 U N \PFd_ HIP DA system | KC )

] Inflammatory  'Mmune cell “\\
cytokine | X
IRF-1 1 " ‘\ NAc —

l
DA syst 1
\\ BLA system

A P~ HT [ IFN-a pathway T

Cytokine T
_Neuropeptide | )

PNS FN-g *============= ) L
1 e
I i HPA Axis
IFN-at signaling pathway  nflammatory Immune cell L
cytokine 1 s
1 e
oy H L
s 0 . 1 o
Y L
— Cortisol

Bl- ~CIFN-a 313 B8 {7 5 ik o
% IFN-a i i vt shie ~ o] Blan® fRAd 55k 5is 0 € B8 % @ «h Cytokine
FREBEML 55 IFN-a e i mE > o x5 7 298 % i IR R4
Bl ATARE ¢ T g A N i & BRI EH R A L F S S F S
IFN-a ¢ thigz v 2 > RS A G 5 exafs € Fla R AIFN-aF E N RE ¥ o
F 4o HPA 36 & 5t ~ POMC ~ NPY & o &3 B ix ¥ & ¥ &R T] IFN-a 3 G

[ EVR = IR N »13‘75 Ap ek e PKA erE i b o % 3 #IRG X 5

IFN-a chfirdlsadk o 2 B anEALFUE G AflEmaL 2 4R -

58

DOI:10.6814/NCCU202100467



54 2

Arion D, Unger T, Lewis DA, Levitt P, Mirnics K (2007) Molecular evidence for increased
expression of genes related to immune and chaperone function in the
prefrontal cortex in schizophrenia. Biol Psychiatry 62:711-721.

Bhatti Z, Berenson CS (2007) Adult systemic cat scratch disease associated with
therapy for hepatitis C. BMC Infect Dis 7:1-4.

Boutrel B, Kenny PJ, Specio SE, Martin-Fardon R, Markou A, Koob GF, de Lecea L (2005)
Role for hypocretin in mediating stress-induced reinstatement of cocaine-
seeking behavior. Proceedings of the National Academy of Sciences 102:19168-
19173.

Boyle MP, Brewer JA, Funatsu M, Wozniak DF, Tsien JZ, Izumi Y, Muglia LJ (2005)
Acquired deficit of forebrain glucocorticoid receptor produces depression-like
changes in adrenal axis regulation and behavior. Proceedings of the National
Academy of Sciences 102:473-478.

Brown AS, Derkits EJ (2010) Prenatal infection and schizophrenia: a review of
epidemiologic and translational studies. Am J Psychiatry 167:261-280.
Burguillos MA, Deierborg T, Kavanagh E, Persson A, Hajji N, Garcia-Quintanilla A, Cano
J, Brundin P, Englund E, Venero JL (2011) Caspase signalling controls microglia

activation and neurotoxicity. Nature 472:319-324.

Burke HM, Davis MC, Otte C, Mohr DC (2005) Depression and cortisol responses to
psychological stress: a meta-analysis. Psychoneuroendocrinology 30:846-856.

Carson DS, Guastella AJ, Taylor ER, McGregor IS (2013) A brief history of oxytocin and
its role in modulating psychostimulant effects. Journal of psychopharmacology

27:231-247.

59

DOI:10.6814/NCCU202100467



Carswell E, Old LJ, Kassel R, Green S, Fiore N, Williamson B (1975) An endotoxin-
induced serum factor that causes necrosis of tumors. Proceedings of the
National Academy of Sciences 72:3666-3670.

Chan SW, Harmer CJ, Norbury R, O’Sullivan U, Goodwin GM, Portella MJ (2016)
Hippocampal volume in vulnerability and resilience to depression. J Affect
Disord 189:199-202.

Chemelli RM, Willie JT, Sinton CM, Elmquist JK, Scammell T, Lee C, Richardson JA,
Williams SC, Xiong Y, Kisanuki Y (1999) Narcolepsy in orexin knockout mice:
molecular genetics of sleep regulation. Cell 98:437-451.

Cryan JF, Mombereau C (2004) In search of a depressed mouse: utility of models for
studying depression-related behavior in genetically modified mice. Mol
Psychiatry 9:326-357.

D'haenen HA, Bossuyt A (1994) Dopamine D2 receptors in depression measured with
single photon emission computed tomography. Biol Psychiatry 35:128-132.

Dai D, Li Q-C, Zhu Q-B, Hu S-H, Balesar R, Swaab D, Bao A-M (2017) Direct involvement
of androgen receptor in oxytocin gene expression: possible relevance for mood
disorders. Neuropsychopharmacology 42:2064-2071.

Dantzer R, O'Connor JC, Freund GG, Johnson RW, Kelley KW (2008) From inflammation
to sickness and depression: when the immune system subjugates the brain.
Nature reviews neuroscience 9:46-56.

Decourt B, K Lahiri D, N Sabbagh M (2017) Targeting tumor necrosis factor alpha for
Alzheimer’s disease. Current Alzheimer Research 14:412-425.

Deuschle M, Schweiger U, Weber B, Gotthardt U, Kérner A, Schmider J, Standhardt H,
Lammers C-H, Heuser | (1997) Diurnal activity and pulsatility of the

hypothalamus-pituitary-adrenal system in male depressed patients and

60

DOI:10.6814/NCCU202100467



healthy controls. The Journal of Clinical Endocrinology & Metabolism 82:234-
238.

Diorio D, Viau V, Meaney MJ (1993) The role of the medial prefrontal cortex (cingulate
gyrus) in the regulation of hypothalamic-pituitary-adrenal responses to stress.
Journal of Neuroscience 13:3839-3847.

Eaton WW, Byrne M, Ewald H, Mors O, Chen C-Y, Agerbo E, Mortensen PB (2006)
Association of schizophrenia and autoimmune diseases: linkage of Danish
national registers. Am J Psychiatry 163:521-528.

Ehrlich I, Humeau Y, Grenier F, Ciocchi S, Herry C, Luthi A (2009) Amygdala inhibitory
circuits and the control of fear memory. Neuron 62:757-771.

Engelmann M, Landgraf R, Wotjak CT (2004) The hypothalamic—neurohypophysial
system regulates the hypothalamic—pituitary—adrenal axis under stress: an old
concept revisited. Front Neuroendocrinol 25:132-149.

Everitt BJ, Parkinson JA, Olmstead MC, Arroyo M, Robledo P, Robbins TW (1999)
Associative processes in addiction and reward the role of amygdala-ventral
striatal subsystems. Ann N'Y Acad Sci 877:412-438.

Eyding D, Lelgemann M, Grouven U, Harter M, Kromp M, Kaiser T, Kerekes MF, Gerken
M, Wieseler B (2010) Reboxetine for acute treatment of major depression:
systematic review and meta-analysis of published and unpublished placebo
and selective serotonin reuptake inhibitor controlled trials. BMJ 341:c4737.

Fahey B, Hickey B, Kelleher D, O’'Dwyer A-M, O’Mara SM (2007) The widely-used anti-
viral drug interferon-alpha induces depressive-and anxiogenic-like effects in
healthy rats. Behav Brain Res 182:80-87.

Fang FC (2004) Antimicrobial reactive oxygen and nitrogen species: concepts and

controversies. Nature Reviews Microbiology 2:820-832.

61

DOI:10.6814/NCCU202100467



Felger JC, Alaghe O, Hu F, Mook D, Freeman AA, Sanchez MM, Kalin NH, Ratti E,
Nemeroff CB, Miller AH (2007) Effects of interferon-alpha on rhesus monkeys:
a nonhuman primate model of cytokine-induced depression. Biol Psychiatry
62:1324-1333.

Felger JC, Mun J, Kimmel HL, Nye JA, Drake DF, Hernandez CR, Freeman AA, Rye DB,
Goodman MM, Howell LL (2013) Chronic interferon-a decreases dopamine 2
receptor binding and striatal dopamine release in association with anhedonia-
like behavior in nonhuman primates. Neuropsychopharmacology 38:2179-
2187.

Fienberg AA, Greengard P (2000) The DARPP-32 knockout mouse. Brain Res Brain Res
Rev 31:313-319.

Fioravanti J, Medina-Echeverz J, Ardaiz N, Gomar C, Parra-Guillén ZP, Prieto J,
Berraondo P (2012) The fusion protein of IFN-a and apolipoprotein Al crosses
the blood-brain barrier by a saturable transport mechanism. The Journal of
Immunology 188:3988-3992.

Frank MG, Baratta MV, Sprunger DB, Watkins LR, Maier SF (2007) Microglia serve as a
neuroimmune substrate for stress-induced potentiation of CNS pro-
inflammatory cytokine responses. Brain Behav Immun 21:47-59.

Freeman MR, Rowitch DH (2013) Evolving concepts of gliogenesis: a look way back and
ahead to the next 25 years. Neuron 80:613-623.

Fry M, Ferguson AV (2007) The sensory circumventricular organs: brain targets for
circulating signals controlling ingestive behavior. Physiol Behav 91:413-423.

Fu X-Y, Kessler DS, Veals SA, Levy DE, Darnell J (1990) ISGF3, the transcriptional

activator induced by interferon alpha, consists of multiple interacting

62

DOI:10.6814/NCCU202100467



polypeptide chains. Proceedings of the National Academy of Sciences 87:8555-
8559.

Gauzzi MC, Barbieri G, Richter MF, Uzé G, Ling L, Fellous M, Pellegrini S (1997) The
amino-terminal region of Tyk2 sustains the level of interferon a receptor 1, a
component of the interferon a/B receptor. Proceedings of the National
Academy of Sciences 94:11839-11844.

Gawin FH, Kleber HD (1986) Abstinence symptomatology and psychiatric diagnosis in
cocaine abusers: clinical observations. Arch Gen Psychiatry 43:107-113.

Gold P, Chrousos G (2002) Organization of the stress system and its dysregulation in
melancholic and atypical depression: high vs low CRH/NE states. Mol Psychiatry
7:254-275.

Greig NH, Fredericks WR, Holloway HW, Soncrant TT, Rapoport SI (1988) Delivery of
human interferon-alpha to brain by transient osmotic blood-brain barrier
modification in the rat. J Pharmacol Exp Ther 245:581-586.

Guo J, Zhang W, Zhang L, Ding H, Zhang J, Song C, Zhang Y, Xia N, Li M, Liang Y (2016)
Probable involvement of p11 with interferon alpha induced depression. Sci Rep
6:1-15.

Haenisch B, Bilkei-Gorzo A, Caron MG, Bonisch H (2009) Knockout of the
norepinephrine transporter and pharmacologically diverse antidepressants
prevent behavioral and brain neurotrophin alterations in two chronic stress
models of depression. J Neurochem 111:403-416.

Hara J, Beuckmann CT, Nambu T, Willie JT, Chemelli RM, Sinton CM, Sugiyama F, Yagami
K-i, Goto K, Yanagisawa M (2001) Genetic ablation of orexin neurons in mice

results in narcolepsy, hypophagia, and obesity. Neuron 30:345-354.

63

DOI:10.6814/NCCU202100467



Harris GC, Wimmer M, Aston-Jones G (2005) A role for lateral hypothalamic orexin
neurons in reward seeking. Nature 437:556-559.

Hastings RS, Parsey RV, Oquendo MA, Arango V, Mann JJ (2004) Volumetric analysis of
the prefrontal cortex, amygdala, and hippocampus in major depression.
Neuropsychopharmacology 29:952-959.

Hauser P, Khosla J, Aurora H, Laurin J, Kling M, Hill J, Gulati M, Thornton A, Schultz R,
Valentine AD (2002) A prospective study of the incidence and open-label
treatment of interferon-induced major depressive disorder in patients with
hepatitis C. Mol Psychiatry 7:942-947.

Heaton RK, Nelson LM, Thompson DS, Burks JS, Franklin GM (1985)
Neuropsychological findings in relapsing-remitting and chronic-progressive
multiple sclerosis. J Consult Clin Psychol 53:103.

Hedlund PB, Huitron-Resendiz S, Henriksen SJ, Sutcliffe JG (2005) 5-HT7 receptor
inhibition and inactivation induce antidepressantlike behavior and sleep
pattern. Biol Psychiatry 58:831-837.

Heinrichs M, Domes G (2008) Neuropeptides and social behaviour: effects of oxytocin
and vasopressin in humans. Prog Brain Res 170:337-350.

Horvath TL, Naftolin F, Kalra SP, Leranth C (1992) Neuropeptide-Y innervation of beta-
endorphin-containing cells in the rat mediobasal hypothalamus: a light and
electron microscopic double immunostaining analysis. Endocrinology
131:2461-2467.

Inutsuka A, Yamanaka A (2013) The physiological role of orexin/hypocretin neurons in
the regulation of sleep/wakefulness and neuroendocrine functions. Front

Endocrinol (Lausanne) 4:18.

64

DOI:10.6814/NCCU202100467



Igbal S, Hayman EG, Hong C, Stokum JA, Kurland DB, Gerzanich V, Simard JM (2016)
Inducible nitric oxide synthase (NOS-2) in subarachnoid hemorrhage:
Regulatory mechanisms and therapeutic implications. Brain circulation 2:8.

Isella V, lurlaro S, Piolti R, Ferrarese C, Frattola L, Appollonio I, Melzi P, Grimaldi M
(2003) Physical anhedonia in Parkinson’s disease. J Neurol Neurosurg
Psychiatry 74:1308-1311.

Jarrard LE (1993) On the role of the hippocampus in learning and memory in the rat.
Behav Neural Biol 60:9-26.

Kajihara M, Montagnese S, Khanna P, Amodio P, Schapira AH, Dusheiko GM, Morgan
MY (2010) Parkinsonism in patients with chronic hepatitis C treated with
interferon-a2b: a report of two cases. Eur J Gastroenterol Hepatol 22:628-631.

Kang HJ, Voleti B, Hajszan T, Rajkowska G, Stockmeier CA, Licznerski P, Lepack A, Majik
MS, Jeong LS, Banasr M (2012) Decreased expression of synapse-related genes
and loss of synapses in major depressive disorder. Nat Med 18:1413-1417.

Kim JJ, Diamond DM (2002) The stressed hippocampus, synaptic plasticity and lost
memories. Nature Reviews Neuroscience 3:453.

Kim JJ, Rison RA, Fanselow MS (1993) Effects of amygdala, hippocampus, and
periaqueductal gray lesions on short-and long-term contextual fear. Behav
Neurosci 107:1093.

Kirkwood JM, Ernstoff MS (1990) Role of Interferons in the Thearpy of Melanoma. J
Invest Dermatol 95.

Klawonn AM, Fritz M, Nilsson A, Bonaventura J, Shionoya K, Mirrasekhian E, Karlsson
U, Jaarola M, Granseth B, Blomqvist A (2018) Motivational valence is
determined by striatal melanocortin 4 receptors. The Journal of Clinical

Investigation 128:3160-3170.

65

DOI:10.6814/NCCU202100467



Koob GF, Le Moal M (2001) Drug addiction, dysregulation of reward, and allostasis.
Neuropsychopharmacology 24:97-129.

Krystal AD, Benca RM, Kilduff TS (2013) Understanding the sleep-wake cycle: sleep,
insomnia, and the orexin system. The Journal of clinical psychiatry 74:3-20.

Kuteeva E, Hokfelt T, Wardi T, Ogren S (2008) Galanin, galanin receptor subtypes and
depression-like behaviour. Cellular and molecular life sciences: CMLS 65:1854-
1863.

Lammel S, Lim BK, Malenka RC (2014) Reward and aversion in a heterogeneous
midbrain dopamine system. Neuropharmacology 76:351-359.

Legros J-J (2001) Inhibitory effect of oxytocin on corticotrope function in humans: are
vasopressin and oxytocin ying—yang neurohormones?
Psychoneuroendocrinology 26:649-655.

Levenson JL, Fallon HJ (1993) Fluoxetine Treatment of Depression Caused by
Interferon-a. American Journal of Gastroenterology (Springer Nature) 88.

Levy DE, Kessler D, Pine R, Darnell J (1989) Cytoplasmic activation of ISGF3, the positive
regulator of interferon-alpha-stimulated transcription, reconstituted in vitro.
Genes Dev 3:1362-1371.

Li N, Liu R-J, Dwyer JM, Banasr M, Lee B, Son H, Li X-Y, Aghajanian G, Duman RS (2011)
Glutamate N-methyl-D-aspartate receptor antagonists rapidly reverse
behavioral and synaptic deficits caused by chronic stress exposure. Biol
Psychiatry 69:754-761.

Lim BK, Huang KW, Grueter BA, Rothwell PE, Malenka RC (2012) Anhedonia requires
MC4R-mediated synaptic adaptations in nucleus accumbens. Nature 487:183-

189.

66

DOI:10.6814/NCCU202100467



Lin S, Storlien LH, Huang X-F (2000) Leptin receptor, NPY, POMC mRNA expression in
the diet-induced obese mouse brain. Brain Res 875:89-95.

Loomer HP, Saunders JC, Kline NS (1957) A clinical and pharmacodynamic evaluation
of iproniazid as a psychic energizer. Psychiatr Res Rep Am Psychiatr Assoc.

Lotrich FE (2009) Major depression during interferon-a treatment: vulnerability and
prevention. Dialogues Clin Neurosci 11:417.

M Schmidt F, C Kirkby K, Lichtblau N (2016) Inflammation and immune regulation as
potential drug targets in antidepressant treatment. Curr Neuropharmacol
14:674-687.

Mayer-Barber KD, Barber DL, Shenderov K, White SD, Wilson MS, Cheever A, Kugler D,
Hieny S, Caspar P, Nufiez G (2010) Cutting edge: caspase-1 independent IL-13
production is critical for host resistance to Mycobacterium tuberculosis and
does not require TLR signaling in vivo. The Journal of Immunology 184:3326-
3330.

Melén K, Kinnunen L, Julkunen | (2001) Arginine/lysine-rich structural element is
involved in interferon-induced nuclear import of STATs. J Biol Chem 276:16447-
16455.

Menard C, Pfau ML, Hodes GE, Kana V, Wang VX, Bouchard S, Takahashi A, Flanigan
ME, Aleyasin H, LeClair KB (2017) Social stress induces neurovascular pathology
promoting depression. Nat Neurosci 20:1752-1760.

Mervaala E, Fohr J, Kbnonen M, Valkonen-Korhonen M, Vainio P, Partanen K, Partanen
J, Tiihonen J, Viinamaki H, Karjalainen A-K (2000) Quantitative MRI of the

hippocampus and amygdala in severe depression. Psychol Med 30:117-125.

67

DOI:10.6814/NCCU202100467



Meyer JH, Kriger S, Wilson AA, Christensen BK, Goulding VS, Schaffer A, Minifie C,
Houle S, Hussey D, Kennedy SH (2001) Lower dopamine transporter binding
potential in striatum during depression. Neuroreport 12:4121-4125.

Meynen G, Unmehopa UA, van Heerikhuize JJ, Hofman MA, Swaab DF, Hoogendijk W)
(2006) Increased arginine vasopressin mRNA expression in the human
hypothalamus in depression: a preliminary report. Biol Psychiatry 60:892-895.

Miller AH, Raison CL (2016) The role of inflammation in depression: from evolutionary
imperative to modern treatment target. Nature reviews immunology 16:22.

Montgomery SA (1997) Reboxetine: additional benefits to the depressed patient.
Journal of psychopharmacology (Oxford, England) 11:S9.

Murakami Y, Ishibashi T, Tomita E, Imamura Y, Tashiro T, Watcharanurak K, Nishikawa
M, Takahashi Y, Takakura Y, Mitani S (2016) Depressive symptoms as a side
effect of Interferon-a therapy induced by induction of indoleamine 2, 3-
dioxygenase 1. Sci Rep 6:1-12.

Nazimek K, Strobel S, Bryniarski P, Kozlowski M, Filipczak-Bryniarska |, Bryniarski K
(2017) The role of macrophages in anti-inflammatory activity of antidepressant
drugs. Immunobiology 222:823-830.

Nestler EJ, Carlezon Jr WA (2006) The mesolimbic dopamine reward circuit in
depression. Biol Psychiatry 59:1151-1159.

Nie X, Kitaoka S, Tanaka K, Segi-Nishida E, Imoto Y, Ogawa A, Nakano F, Tomohiro A,
Nakayama K, Taniguchi M (2018) The innate immune receptors TLR2/4 mediate
repeated social defeat stress-induced social avoidance through prefrontal
microglial activation. Neuron 99:464-479. e467.

Nishi A, Kuroiwa M, Shuto T (2011) Mechanisms for the modulation of dopamine D1

receptor signaling in striatal neurons. Front Neuroanat 5:43.

68

DOI:10.6814/NCCU202100467



Novikov A, Cardone M, Thompson R, Shenderov K, Kirschman KD, Mayer-Barber KD,
Myers TG, Rabin RL, Trinchieri G, Sher A (2011) Mycobacterium tuberculosis
triggers host type | IFN signaling to regulate IL-1B production in human
macrophages. The journal of immunology 187:2540-2547.

Ogawa Y, Kanbayashi T, Yano T, Sawaishi Y, Saito Y, Shimizu T (2003) Cerebrospinal fluid-
orexin decreases during intraventricular a-interferon therapy of the patients
with subacute sclerosing panencephalitis. Sleep Biol Rhythms 1:143-145.

Ozsoy S, Esel E, Kula M (2009) Serum oxytocin levels in patients with depression and
the effects of gender and antidepressant treatment. Psychiatry Res 169:249-
252.

Pariante CM, Lightman SL (2008) The HPA axis in major depression: classical theories
and new developments. Trends Neurosci 31:464-468.

Perry VH, Holmes C (2014) Microglial priming in neurodegenerative disease. Nature
Reviews Neurology 10:217-224.

Ragimbeau J, Dondi E, Alcover A, Eid P, Uzé G, Pellegrini S (2003) The tyrosine kinase
Tyk2 controls IFNAR1 cell surface expression. The EMBO journal 22:537-547.

Raison CL, Rye DB, Woolwine BJ, Vogt GJ, Bautista BM, Spivey JR, Miller AH (2010)
Chronic interferon-alpha administration disrupts sleep continuity and depth in
patients with hepatitis C: association with fatigue, motor slowing, and
increased evening cortisol. Biol Psychiatry 68:942-949.

Raison CL, Borisov AS, Broadwell SD, Capuron L, Woolwine BJ, Jacobson IM, Nemeroff
CB, Miller AH (2005) Depression during pegylated interferon-alpha plus
ribavirin therapy: prevalence and prediction. The Journal of clinical psychiatry

66:41.

69

DOI:10.6814/NCCU202100467



Ramboz S, Oosting R, Amara DA, Kung HF, Blier P, Mendelsohn M, Mann JJ, Brunner D,
Hen R (1998) Serotonin receptor 1A knockout: an animal model of anxiety-
related disorder. Proceedings of the National Academy of Sciences 95:14476-
14481.

Reich N, Evans B, Levy D, Fahey D, Knight E, Darnell J (1987) Interferon-induced
transcription of a gene encoding a 15-kDa protein depends on an upstream
enhancer element. Proceedings of the National Academy of Sciences 84:6394-
6398.

Reyes-Vazquez C, Prieto-Gémez B, Dafny N (2012) Interferon modulates central
nervous system function. Brain Res 1442:76-89.

Rose-John S (2018) Interleukin-6 family cytokines. Cold Spring Harb Perspect Biol
10:a028415.

Ross S, Renyi A (1969) Inhibition of the uptake of tritiated 5-hydroxytryptamine in brain
tissue. Eur J Pharmacol 7:270-277.

Saal D, Dong Y, Bonci A, Malenka RC (2003) Drugs of abuse and stress trigger a common
synaptic adaptation in dopamine neurons. Neuron 37:577-582.

Saracco G, Olivero A, Ciancio A, Carenzi S, Rizzetto M (2003) Therapy of chronic
hepatitis C: a critical review. Current Drug Targets-Infectious Disorders 3:25-32.

Schindler C, Fu X-Y, Improta T, Aebersold R, Darnell JE (1992) Proteins of transcription
factor ISGF-3: one gene encodes the 91-and 84-kDa ISGF-3 proteins that are
activated by interferon alpha. Proceedings of the National Academy of Sciences
89:7836-78309.

Schneider WM, Chevillotte MD, Rice CM (2014) Interferon-stimulated genes: a

complex web of host defenses. Annu Rev Immunol 32:513-545.

70

DOI:10.6814/NCCU202100467



Schultz W (1998) Predictive reward signal of dopamine neurons. J Neurophysiol 80:1-
27.

Sheline YI (2011) Depression and the hippocampus: cause or effect? Biol Psychiatry
70:308.

Shi L, Fatemi SH, Sidwell RW, Patterson PH (2003) Maternal influenza infection causes
marked behavioral and pharmacological changes in the offspring. Journal of
Neuroscience 23:297-302.

Smith AS, Agmo A, Birnie AK, French JA (2010) Manipulation of the oxytocin system
alters social behavior and attraction in pair-bonding primates, Callithrix
penicillata. Horm Behav 57:255-262.

Smith RA, Norris F, Palmer D, Bernhardt L, Wills RJ (1985) Distribution of alpha
interferon in serum and cerebrospinal fluid after systemic administration. Clin
Pharmacol Ther 37:85-88.

Sofroniew MV (2015a) Astrocyte barriers to neurotoxic inflammation. Nature Reviews
Neuroscience 16:249-263.

Sofroniew MV (2015b) Astrogliosis. Cold Spring Harb Perspect Biol 7:a020420.

Stevenson CW, Gratton A (2004) Basolateral amygdala dopamine receptor antagonism
modulates initial reactivity to but not habituation of the acoustic startle
response. Behav Brain Res 153:383-387.

Strauss GP, Gold JM (2012) A new perspective on anhedonia in schizophrenia. Am J
Psychiatry 169:364-373.

Sullivan RM, Dufresne MM (2006) Mesocortical dopamine and HPA axis regulation:

role of laterality and early environment. Brain Res 1076:49-59.

71

DOI:10.6814/NCCU202100467



Tatsumi M, Groshan K, Blakely RD, Richelson E (1997) Pharmacological profile of
antidepressants and related compounds at human monoamine transporters.
Eur J Pharmacol 340:249-258.

Thurzé B, Jaszberényi M, Bagosi Z, Pataki |, Kadar E, Szabé G, Telegdy G (2016) Evidence
of the dopamine-2 receptor mediated inhibition of the hypothalamic-pituitary-
adrenal system; a rodent model of hypercortisolism in chronic neuropsychiatric
disorders.

Traskman L, Asberg M, Bertilsson L, Sjiistrand L (1981) Monoamine metabolites in CSF
and suicidal behavior. Arch Gen Psychiatry 38:631-636.

Tsai H-C, Zhang F, Adamantidis A, Stuber GD, Bonci A, De Lecea L, Deisseroth K (2009)
Phasic firing in dopaminergic neurons is sufficient for behavioral conditioning.
Science 324:1080-1084.

Turan T, Uysal C, Asdemir A, Kili¢ E (2013) May oxytocin be a trait marker for bipolar
disorder? Psychoneuroendocrinology 38:2890-2896.

Tye KM, Mirzabekov JJ, Warden MR, Ferenczi EA, Tsai H-C, Finkelstein J, Kim S-Y,
Adhikari A, Thompson KR, Andalman AS (2013) Dopamine neurons modulate
neural encoding and expression of depression-related behaviour. Nature
493:537-541.

Verkhratsky A, Sofroniew MV, Messing A, delanerolle NC, Rempe D, Rodriguez lJ,
Nedergaard M (2012) Neurological diseases as primary gliopathies: a
reassessment of neurocentrism. ASN Neuro 4:AN20120010.

Wachholz S, ERlinger M, Plimper J, Manitz M-P, Juckel G, Friebe A (2016) Microglia
activation is associated with IFN-a induced depressive-like behavior. Brain

Behav Immun 55:105-113.

72

DOI:10.6814/NCCU202100467



Wang J, Campbell I, Zhang H (2008) Systemic interferon-a regulates interferon-
stimulated genes in the central nervous system. Mol Psychiatry 13:293-301.

Willner P, Lappas S, Cheeta S, Muscat R (1994) Reversal of stress-induced anhedonia
by the dopamine receptor agonist, pramipexole. Psychopharmacology (Berl)
115:454-462.

Willner P, Towell A, Sampson D, Sophokleous S, Muscat R (1987) Reduction of sucrose
preference by chronic unpredictable mild stress, and its restoration by a
tricyclic antidepressant. Psychopharmacology (Berl) 93:358-364.

Wise RA (1996) Addictive drugs and brain stimulation reward. Annu Rev Neurosci
19:319-340.

Yohn CN, Gergues MM, Samuels BA (2017) The role of 5-HT receptors in depression.
Mol Brain 10:1-12.

Zhang H, Wang W, Jiang Z, Shang J, Zhang L (2010) Differential involvement of 5-HT1A
and 5-HT1B/1D receptors in human interferon-alpha-induced immobility in the
mouse forced swimming test. Arzneimittelforschung 60:109-115.

Zheng L-S, Kaneko N, Sawamoto K (2015) Minocycline treatment ameliorates
interferon-alpha-induced neurogenic defects and depression-like behaviors in
mice. Front Cell Neurosci 9:5.

Zheng L-S, Hitoshi S, Kaneko N, Takao K, Miyakawa T, Tanaka Y, Xia H, Kalinke U, Kudo
K, Kanba S (2014) Mechanisms for interferon-a-induced depression and neural

stem cell dysfunction. Stem cell reports 3:73-84.

73

DOI:10.6814/NCCU202100467



>

Wa— 4 2 % Rk (Lysis Buffer)pe =

Lysis Buffer Component volume
0.5M Tris-HCL PH=8 1.214¢g
1.5M NaCl 1.7532¢
EDTA 0.1488¢g
NP40 2ml
Distilled water Final to 200ml

"it4% = :loading dye fiz >
5X Loading Dye Component volume
0.25M Tris-HCL PH=6.8 1.25ml
0.5M DTT 0.38¢
10% Sodium Dodecyl Sulfate(SDS)|  0.5g
0.5% Bromophenol Blue 0.025¢
50% Glycerol 2.5ml
Distilled water 1.25ml
Total Sml
't4% = :Running Gel pe =
4% Running Gel volume
Distilled water 3.97ml
30% Acrylamide 3.33ml
0.5M Tris-HCI, PH 8.8 2.5ml
10% Sodium Dodecyl Sulfate(SDS) [  100ul
10% Ammonium Persulfate 100ul
TEMED gul
Total 10 ml
74

DOI:10.6814/NCCU202100467



'it4 2 :Stacking Gel fz =

4% Stacking Gel volume
Distilled water 2.1ml
30% Acrylamide 0.48ml
1.5M Tris-HCI, PH 8.8 0.9ml

10% Sodium Dodecyl Sulfate(SDS) 36ul

10% Ammonium Persulfate 36ul
TEMED 4.8ul
Total 3.6 ml
"4 1 :Tank Buffer fe =
10X Tank Buffer volume
Tris 30.28g
Glycine 144.13¢
SDS 10g
Total Find to 1L
'“t45%- :Transfer Buffer fiz =
10X Transfer Buffer volume
Tris 30.3¢g
Glycine 144¢
Distilled water Find to 1L
1X Transfer Buffer volume
10x Transfer Buffer 100ml
Methanol 150ml
Distilled water 750ml
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xﬁ-@@——“ RT R & %48

Component volume
10X RT-script buffer 2 ul
RNase ingibitor 0.5 ul
dNTP solution 1 ul
RT-script enzyme 0.5 ul
Nuclease-free water 6 ul
Total 20 ul

45 ~ CDNA 8 & 7 &8

Component volume
cDNA Lul
Primer F(10nM) 1 ul
Primer R(10nM) 1 ul
Nuclease-free water 7 ul
SYBER Green Master Mix 10 ul
Total 20 ul

Wterd @ B ¢ @ % ehprimer 122 2R

GAPDH Forward: 5-GCACAGTCAAGGCCGAGAAT-3’ 56
Reverse: 5’-GCCTTCTCCATGGTGGTGAA-3

IEN-a R Forward: 5-AGCCACGGAGAGTCAATGG-3’ 56
Reverse: 5-GCTCTGACACGAAACTGTGTTTT-3

STAT-1 Forward: 5-GCCTCTCATTGTCACCGAAGAAC-3’ 56
Reverse: 5-TGGCTGACGTTGGAGATCACCA-3’

IRF-1 Forward: 5-TCCAAGTCCAGCCGAGACACTA-3 56
Reverse: 5-ACTGCTGTGGTCATCAGGTAGG-3’

SOCS-1 Forward: 5-CTGCGGCTTCTATTGGGGAC-3’ 56
Reverse: 5-AAAAGGCAGTCGAAGGTCTCG-3’

TNF-q Forward: 5-CCCTCACACTCAGATCATCTTCT-3 56
Reverse: 5-GCTACGACGTGGGCTACAG-3’

NOS-2 Forward: 5-CTTTGCCACGGACGAGAC-3’ 56
Reverse: 5-TCATTGTACTCTGAGGGCTGAC-3’

POMC |Forward: 5-CCATAGATGTGTGGAGCTGGTG-3’ 56
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Reverse: 5-CATCTCCGTTGCCAGGAAACAC-3’
CRH Forward: 5-CCTCAGCCGGTTCTGATCC-3 56
Reverse: 5-AGCAACACGCGGAAAAAGTTA-3
NPY Forward: 5-TACTCCGCTCTGCGACACTA-3’ 56
Reverse: 5-GATGAGGGTGGAAACTTGGA-3’
GEAP Forward: 5-CGGAGACGCATCACCTCTG-3 56
Reverse: 5- AGGGAGTGGAGGAGTCATTCG-3
) Forward: 5-CTGTGCTGGACCTGGATATGCG-3’
Oxytocin 56
Reverse: 5-AGCTCGTCCGCGCAGCAGATG-3’
_ |Forward: 5-GCCAGGATGCTCAACACTACG-3’
vasopressin 56
Reverse: 5-TCTCAGCTCCATGTCAGAGATG-3’
~ |Forward: 5-GTCGCCAGAAGACGTGTTC-3
Hypocretin 56
Reverse: 5’-GGTGGTAGTTACGGTCGGAC-3’
Galanin Forward: 5-GGCAGCGTTATCCTGCTAGG-3’ 56
Reverse: 5-CTGTTCAGGGTCCAACCTCT-3
IL-6 Forward: 5-TAGTCCTTCCTACCCCAATTTCC-3’ 56
Reverse: 5-TTGGTCCTTAGCCACTCCTTC-3’
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