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Abstract: Anxiety disorders affect over 3.3% of the global population, with limited treatment options
available. Both trace amine-associated receptor 1 (TAARI1) and serotonergic 2C receptor (5-HT,.R) are implicated
in various emotional activities, including anxiety. This study aims to investigate the role of TAAR1/5-HT, R in the
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development of anxiety-like behavior in rats induced by chronic unpredictable mild stress (CUMS), and the
intervention effects of a dual agonist. A CUMS-induced rat anxiety model was established. This animal research
protocol has been approved by the Yantai University Laboratory Animal Ethics Committee (animal ethics number:
YTU20240110). Anxiety-like behavior was assessed using the elevated zero-maze test and open field test. Western
blot analysis was employed to detect the expression of TAARI, 5-HT,.R, and brain-derived neurotrophic factor
(BDNF) proteins in the rat amygdala. To observe the effects of 7aarl and Htr2c gene on anxiety-like behavior in
rats, we knocked down or overexpressed these genes in the rat basolateral amygdala (BLA). Results demonstrated
that CUMS-induced anxiety significantly reduced the expression levels of TAAR1 and 5-HT, R in the amygdala of
rats. Overexpression of either Taarl or Htr2c in the BLA ameliorated anxiety-like behavior. Conversely, knocking
down Taarl or Htr2c in the BLA exacerbated CUMS-induced anxiety-like behavior. Oral administration of
PCC0105004 alleviated anxiety-like behavior in CUMS rats, while knocking down both Taar! and Htr2c in the
BLA completely abolished this effect of PCC0105004. Further investigations revealed that PCC0105004
significantly increased the expression of BDNF in the amygdala of rats. These findings indicate that TAAR1 and
5-HT,.R play crucial roles in the development of anxiety-like behavior in CUMS rats, suggesting that a dual
agonist targeting TAAR1/5-HT, R may offer a novel therapeutic strategy for anxiety disorders.
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inhibitors, MAOIs)®.  H T 52 14 47 i 14 K 245 4 47
TERERNG 2~4 ) A BRI AR Z 7R A R
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A 5-HT, R 7E 12 £ A AT 5l W 1% iR AT R 35 (chronic
unpredictable mild stress, CUMS) 5 5 [1) K R £ R FEAT
SRR R AR FE R DR S 7 ) T TR A

MR5R®
SLIGENY %k A Sprague-Dawley (SD) A7 K iR
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BRI TE BN WIE N A 88 7 R G HEAT o AHIF 7R 52
B0 7 A CAR B & K2 SEIe S A0 3 25 R e b itk
(EHES: YTU20240110).

B 5T PCC0105004 (C, H,N,S, K 1) 4l
N 95%, T 1 R i 24 B R AECHT 245 1 KA IR A L 10%.
12.5% — 7 1% PAGE F (8 B[R AR e ) i) & (Ll AR 8
FHEAYHEARA R A7, 155 EC0023-AEC0024-A);
Bl 1R 25 22 o TBS K % W - Tris- H 2 2 SDS-
PAGE SWE 5 73 H A HiL Uk 2% 1 VR < Tris H 20 BR % JiE
G (TR (RRDLEE e /R AE R A BR A\, 185
G4202-100ML-G0001-2L.G2081-1L.G2017-1L); &
Bt JRIPA ZLARE (38)BCA & I FE I s il 71 £ B
T GAPDH HU4& « B 47T f-actin Fi 44 « 1L £ P & HRP. 1L
£ $i % HRP (%% 5 : P0007.P0013B.P0012. AF0006.
AF0003.A0216.A0208) (g3 = KAEVMHE ARG R A
#]); Power SYBR™ Green PCR il V2 ¥ (3% [ Applied
Biosystems 2 &, 1% 5 : 4367659); % $it TAARL. &1
5-HT, R R BUKIRIEMZEE TR KT (brain-derived neuro-
trophic factor, BDNF) (3£ [ Immunoway Biotechnology
AN, 595 YN2695.YT4399.YT7890).
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Figure 1 The chemical structure of PCC0105004
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(PIFEAR, FE PRI 20 16 A SR TENAR X 48, Hod de XS8R
AN HD T . SIS T, K B PR A I E S5 B B
2 h, DUIE B EREE . WO R, K R AE AR N B S Bl
5 min, &R R 2 ES, @IS TopScan Wil R4t id x Hiz
GG . TR b AL RS B PR B K Hp g X ek A5 B B
6] o ARG S, 155 75% T8RS 155 25 48 R 1 LT bR
A — RS IRk

BROXEMK RABORIEHE (HiL:
100 cm, 5% FF: 10 cm), FEHBTH 70 cm, WA 5 4% £ 4@
TE RPN 2% FFTBCRIE o SCI0 AT, K h W B8 A i E Sk 56 R
Eirp 2 h, DUGE MBS . SIS, K K B TR T U
st AR IR A8 S Ak, I HL Sk S RA ) BOR J5 1a), d it
TopScan i il & 410 3% 5 min PN FF JUE 152 B4 B 1) A2 3F
ANRE . AR S 75% RS 5 55 48 6500k 5 PLiE
BRET— R IR ik .

R #8 < 7% & 3 K (adeno-associated virus, AAV)
MR AAV S RER I B L YL AL S AR
AHEl. BHICIERE D TR WA RGN AAVI Bk, H
T it %35 M FLAK Taar] (Taarl % B 9% 1% TAAR] &
H, GenBank: NM_134328.1) #l Htr2c (Htr2c 3£ K %
fih 5-HT, R & 1, GenBank: NM_012765.3) %K. HiA
R P gmis iy 5 &9 1 5 5 5 2 GV388 #ifk (CMV
bGlobin-MCS-EGFP-3FLAG-WPRE-hGH polyA), 47l
1 4 N AAV-Taar] 1 AAV-Htr2c. %5 B bR K
JFRRLAE SR, i 4 N AAVENC. #F5 K B Taar! 5%
Htr2c [f) shRNA SZ 55, i% F GV478 # & (U6-MCS-
CAG-EGFP) #J % shRNA. K i shRNA /5 [ Taar!
B A% (AAV-shTaarl) 7 5 F1 K R shRNA /i 5 1)
Htr2e B A FAK (AAV-shHtr2e) A% 1 fis. LA
& Taarl 1 Htr2c 1f] ShRNA ] AAV 1F Jy%F B4, Frid
N AAV-shNC, H 7513 1 fis.

BRABEREBEMATES RS, RN
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DV = -8.20 mm). i #E1E N 58 55, K i i 5 48 5
A4 10 min, [ 5 22 12 5] 4 DL g K PR B2 93 20 3 25 5
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Table 1 sh7aar, shHtr2¢, shNC gene sequences. Taarl: Trace

amine-associated receptor 1; Htr2c: Serotonergic 2C receptor

Gene Gene sequence (5'-3")
AAV-shTaarl-1 CGCCACAAAGCAAGGAAACA
AAV-shTaarl-2 GCTGTGTGCGACCTTTAAGA
AAV-shTaari-3 GGAACTCTTCTGCAAACTTC

AAV-shHtr2c-1
AAV-shHtr2c-2
AAV-shHtr2c-3
AAV-shNC

GCAACATTCTTGTTATCATGG
GCAAAGTGTTCGTGAATAACA
GCCGTCAAACTCTGATGTTAC
CGCTGAGTACTTCGAAATGTC

BT .

Western blot 0 K 5 I I8 vE 41 10% & L LG 2
By (3.5 mL-kg"), BRI J5, £ 00 VB 3 9 1% 4k 2% i,
BRI R I, SR 5 o B ECH A R L,
BT RRE P 7S 0 O ES, BE SR A AL AU AR
P12 000 r-min™, B0 20 min. Y _FiEW, i BCA
R R B s ) B e R IR . S0 pg B ERE
KL 10%~12.5% SDS-PAGE ¥t g i ¥k 4y &, ¥ &
T 3 O IR EAT g2 EZE ) BT o 7E 5% W RE 2R 4
B2 05, SHN P4 °CHELTR. 4 TBST ZH
WHER 3 E, M9 A 2 h 5, 4 B30
RGN AR Z G AT B O 2% R DR BRAR . R
Image) # A & A 27 3 5, 3F UL GAPDH 1 B-actin 4
WS AT IH— LAt 3.

RNA $2BU5 RT-gPCR i ] RNA $&HUA 7 4
I RNA J&7, o 100 4% sl 77 & 1) 4 cDNA, B J5 1% i
B4 ] SYBR Green %454 Oligo dT 5| #iE4T qPCR
. FTH I 500 B 36 SR E DR 0 A BR
AN, WF 2R B 10 uL 96 E B R N AR R
%5 uL 2x SYBR qPCR Mix.0.5 uL #% B A (DNA/
cDNA). % 0.2 uL EJE5I PAT R 51 #7.0.2 L 2 LL 3t
KE.3.9 uL £RlF/K . K Power SYBR™ Green PCR Tl
VR A Fast 7500 S PCR R4t i#k1T € 2 PCR, 5 & 5
$oN: 95 °C i 22 1 10 min; 40 S 1F 3K : 95 °C 15 s.
60 °C 60 s; Fifi 5 i3E 47 45 i 1 26 73 #7 95 °C 15 5,60 °C
60 595 °C 30's, i Ji 37 °CAH1 30 5. FEAFE R F kK
F-LL GAPDH A N Z AT I3 — 4k, R A 22 B %
2H [a) (R AR Rk K

St BdE DIIME + drvEiR (SEM) UK,

Table 2 Primer sequences

Gene Forward (5'-3") Reverse (5'-3")
Taarl CGCCACAAAGCAA CGCCACAAAGCAAGGAAACA
GGAAACA
Htr2c ATTTGTGCCCCGTC ATTTGTGCCCCGTCTGGATT
TGGATT
GAPDH GGTCGGAGTCAAC GGTCGGAGTCAACGGATTTG
GGATTTG

K H IBM SPSS 21.0 #4743 #r, £ H GraphPad Prism
9.0 Il 3. AN JISIAEA LR FH LR A 1K 56
HAT BB, 2 AT REA LL R B R R 2
2T (ANOVA) M Bonferroni 3% J5 & I #E4T EL#E, P <
0.05 A HA G = L.

H#R
1 COMSZESERMEEARREAICHZ T TAARL 5
5-HT, R ik K FFEAR

A FEAR R ST AT O 2 AR R o 2H S EAA D B TR
LU 2A s . W 2B C flF 7~ , 5 control A L,
CUMS #5271 K R 1 242 O 2K = 114 T 0B 422 8 i 1) S =%
/D (P <0.001), #ENTFFRBUE RECE R & 25 W
2D.E fi7n, CUMS BB 2H K RAED™ 37 1) 0 X Sk A5
i TE) S D (P < 0.01), MisshE R LR FHZE . W
2F.G Fi7n, WB 45 7R, 5 control ZH#H LE, CUMS
75 0 R KR A 4% b TAART AT 5-HT, R 1R iX
IV 2 AR (P < 0.01, P<0.05). EiR&ERERMY
CUMS 5 3 1K B 0B B AR AT S, HLAS s ma s AL 20
KR EFEES).

2 Taarl ¥ Htr2c SR 5%+

AAV-shRNA 71 5 £5 JE AR AL 8 37 47 2 520K K
b £ 2 BRI TR) £ dn P 3A BT it T 3 4
ANTA] 7 41) ¥) shRNA - #t TAAR1 F1 5-HT, R [ £ ik .
& shTaarl F1 shHtr2c ) AAV-9 %% 2 (AAV-shTaarl-1 .
AAV-shTaarl-2. AAV-shTaarl-3+ AAV-shHtr2c-1+ AAV-
shHtr2c-2 Jx AAV-shHtr2c-3) 5% B P4 %1 1 (AAV-shNC)
T E SIS 2 KB BLA X8, & 3B~Dfii~, 5
2 [ # AR (AAV-shNC) 41 Et, 3 41 shTaar] 1K R AE
A8 O RRE P IUE 15 W R B AR, 7Y
O [X 355457 B4 N 0] 52 40 a3, o AAV-shTaarl-1 4
i fE B N T (P < 0.05); £ mRNA KF L, & mifk 5
5 34166 2 2 9> Taarl ) mRNA & & (P < 0.001).
2 1% % AAV-shTaarl-1 M 5 AE UK T 51 (I8 1FE AAV-
shTaarl) T G 80 55 .

WK 3E~G i, 5725 H#Ek (AAV-shNC) 414
bt, 3 20 shHr2c (K BRTE Ry 42 O 1R B 56 b o U 15
B IS [R) R0 B 37 HR O [X 3845 B I JR) 2 46 G a3,
AAV-shHtr2c-1 #H 45 % % 9 . % (P < 0.001, P < 0.05);
£ mRNA /K k., AAV-shHtr2c-1 4 5. k> 1 Hir2ce
) mRNA & & (P < 0.05). fix & 1% £ AAV-shHtr2c-1
(1eAE AAV-shH1r2c) AR RURT 5 T )5 2E 5t .

3 ERKERiE FRIX Taarl 5% Htr2c ) mRNA & £ &
BRIEKFEIE
AAV-shRNA F1 AAV-RNA VI 5 £ [ B 2 37 AT
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Figure 2 Validation of the CUMS-induced rat anxiety model. A: Experimental workflow; B-E: Following CUMS modeling, rats exhibited

open arm residence time (B) and open arm entries (C) in the elevated zero-maze test, central zone residence time (D) and total locomotor
distance (E) in the open field test; F, G: Protein expression levels of TAARI (F) and 5-HT,.R (G) in the amygdala of rats 21 days after
CUMS modeling. n = 10 (B-E) and 6 (F, G), mean + SEM. "P < 0.05, “P < 0.01,”"P < 0.001. CUMS: Chronic unpredictable mild stress;

EZM: Elevated zero-maze test; OFT: Open field test; WB: Western blot

R 2 A % i 28 3 UM ) ) 26 a0 P 4 A TS o

qRT-PCR 45 1 (1 4B.C) &, 5 control 20 #H [,
2 3K (AAV-shNC 5 AAV-NC) 4 Taarl 1 Htr2c If]
mRNA & &G H B4 57 A8k (AAV-shNC) 4H
FILL, AAV-shTaar] F1 AAV-shHtr2c 211 mRNA ik K
SR E FEAIK (P < 0.001); 52 A #K (AAV-NC) 41 4H
Et, AAV-Taarl F1 AAV-Htr2c 41 [f) mRNA 3z % /K1 &
ZTHE (P<0.05).

WB (El4D~G) 45 KM, 5 control HAHLL, ¥
W AA (AAV-shNC 5 AAV-NC) 41 TAAR1 F1 5-HT,R [
HARIELW RN, 52 A8k (AAV-shNC) 41
tt, AAV-shTaarl F1 AAV-shHtr2c 20 118 H R IE K F
EEAL (P < 0.001, P < 0.01); 5% [ # /& (AAV-NC)
LA EE, AAV-Taar] F1 AAV-Htr2c 4111 5 1 2235 K F
BETHE (P<0.01, P<0.05).

4 I 3RIE Taarl 3 Htr2e 5F CUMS IS X R EEH
THEE N

AAV-RNA VE 5T A5 B Y 4 57 AT 5 K 1 g
[8] 4 0 & 5A Fiox . W& 5B~E fix, 555 A #4k

(AAV-NC) H tb, AAV-Taarl HL1E w22 O 3 & I UE 15
IS ) AT 47 v 0 DX 3 B 1) S22 25 5 0 (P < 0.001,

P<0.05). W& sF~1fR, 5% 833 4& (AAV-NC) H
L, AAV-Hir2c #HAE = 42 O 28 5 I 1S 45 B B () F B
Sy vt DX Sl 45 B BN IR) S22 25 38 0 (P < 0.01). 7E & T 5K
Brp, FAKXRMEBIEELEEER. LiRgER
F W, it RIE Taar] 58 Htr2e W] I8R5 CUMS 5 5 10K B
M EERRAT N, HA L AR5 3.

5 BUR Taarl 0 Htr2e 5F CUMS i S HI K B EEHIT
Vel EALD

AAV-shRNA 7F i £ FE B g 57 AT R 22 0k 2L
i 2FL 2R BRI 1) 28 40 1 6A BT . i 6B~E FTow,
523 QAR (AAV-shNC) 41H t, AAV-shTaar] 41K i
E T 52 O XK B TR IRUE 45 B2 ) 18] S5 35 ik (P < 0.05); 4l
6F~1 7R, 525 1 #i4k (AAV-shNC) ZH# Lk, AAV-
shHmr2c¢ K BRAEW 3 0 IX 35045 B I J) & 5 PR AIG
(P<0.05). 7E& IS0, &40 K RS 3 IE 5 0
R, LREREFY, MUK Taar! T Hor2c 7] 3 58
CUMS ¥ SRR M ERFET R, B AR B FiE3)
ANZ R .
6 Taarl F1 Htr2c ALK fG PCC0105004 X CUMS i
SHARREEFIT AN

AAV-shRNA 7F 5 £ JE A g 57 A7 4 22 It
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| Adaption | AAV injection | EZM and OFT | Taking amygdala for qRT-PCR
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Figure 3 Screening of Taarl or Htr2c knockdown virus sequences. A: Experimental workflow; B—D: Following stereotactic injection of
the Taarl knockdown virus and CUMS modeling, rats exhibited open arm residence time (B) in the elevated zero-maze test and central zone
residence time (C) in the open field test, and expression of 7uar! mRNA (D) in each group; E-G: Following stereotactic injection of the
Htr2c knockdown virus and CUMS modeling, rats exhibited open arm residence time (E) in the elevated zero-maze test and central zone
residence time (F) in the open field test, and expression of Hfr2c mRNA (G) in each group. n =10 (B, C, E, F) and 6 (D, G), mean + SEM.
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Figure 4 mRNA and protein expression levels of Taarl or Htr2c in the amygdala of rats 15 days after viral vector injection. A:
Experimental workflow; B, C: Expression of 7aar! (B) and Htr2¢ (C) mRNA in each group; D - G: Expression of TAARI1 (D, E) and
5-HT,R (F, G) protein in each group. n = 6, mean + SEM. “P<0.01,""P<0.001; P <0.05, "P<0.01
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Figure 5 Effects of Taarl or Htr2c overexpression in the BLA on CUMS-induced anxiety-like behavior in rats. A: Experimental
workflow; B-E: Following stereotactic injection of the Taar! overexpression virus and CUMS modeling, rats exhibited open arm residence
time (B) and open arm entries (C) in the elevated zero-maze test, central zone residence time (D) and total locomotor distance (E) in the
open field test; F—1I: Following stereotactic injection of the Htr2c overexpression virus and CUMS modeling, rats exhibited open arm
residence time (F) and open arm entries (G) in the elevated zero-maze test, central zone residence time (H) and total locomotor distance (I)

in the open field test. n = 10, mean + SEM. P <0.001; "P<0.05, “P<0.01, P <0.001. BLA: Basolateral amygdala
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Figure 6 Effects of knocking down Taar! or Htr2c¢ in the BLA on CUMS-induced anxiety-like behavior in rats. A: Experimental
workflow; B-E: Following stereotactic injection of the Taarl knockdown virus and CUMS modeling, rats exhibited open arm residence
time (B) and open arm entries (C) in the elevated zero-maze test, central zone residence time (D) and total locomotor distance (E) in the
open field test; F—I: Following stereotactic injection of the Htr2¢ knockdown virus and CUMS modeling, rats exhibited open arm residence
time (F) and open arm entries (G) in the elevated zero-maze test, central zone residence time (H) and total locomotor distance (I) in the open
field test. n = 10, mean + SEM. "P < 0.05, ""P < 0.001; P < 0.05
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Figure 7 Effects of PCC0105004 on anxiety-like behaviors in CUMS-induced anxious rats following knockdown of Taar! and Htr2c in

the BLA. A: Experimental workflow; B—E: Following stereotactic injection of the 7aar! and Htr2c knockdown virus and CUMS modeling,

rats exhibited open arm residence time (B) and open arm entries (C) in the elevated zero-maze test, central zone residence time (D) and total

locomotor distance (E) in the open field test; F, G: Protein expression levels of BDNF in the amygdala of rats. n = 10 (B=E) and 6 (F, G),
mean + SEM. ""P < 0.001; “P < 0.05, “*P < 0.001. BDNF: Brain-derived neurotrophic factor
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