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i E A5 HCXCHEWALREF %4 3(CXC chemokine receptor 3, (X(R%)Z’ifiiky’rfﬁ%ﬂ:(Rables virus, RABV) &
FP KA 69 4E A, B & H RABV 3% &4k CVS-11 4= 33 & # HEP-Flury % 5 i & £ 42/ 5, 20 £ 8F % 8 2 % PCR
(Real-time quantitative PCR,qPCR)# i) 7 ] i [4] & RABV £ % 9/ # i 7 CXCR3 48 % BL ik a9 45 ok F , A B &
& Ji ¥F i % (Western blot) # ) CXCR3 #9 & & & & K F ;98 , #H C57BL/6 A &A= CXCR3 ™ s R #1 i % & 3§
RABV # 4 #k GD-SH-01, 3% & # CVS-11 4w 53 4 #k HEP-Flury , #0 J» R ofe 3 o Fo 42 46 K F & 928 F s R AL, R
B qPCRAGM F R & M i 3R BB F Ao RABV A B A5 892 ok T, &R AW DA LR EHCVS-11
THEERGABANLEF CXCLI.CXCLI0A CXCLI11# 4% F K F(P<<0.000 1), 2)5 % &4 CVS-1143k, &
% 53 Z 4 HEP-Flury T 2 # 42 & &8 CXCR3 & & & &k K F (P<C0.000 1), 3D CXCR3 5t & ofr i F Fo 37448
HEAE GER KERERERYAEFARREFZ(P>0.05) 12 2 F 3 T 55 &4 HEP-Flury & £ 5 % 9 X K
fiE P89 R A B B (P<<0.05). 43 CXCR3*T B # RABV & Aty CD4. IL-2F IL-6 4 # F KT H 2 Z A%
YR (P<<0.01) 423t S5 CD8 IFN-y #2 IgG k-L chain ¥ F K -F 6% m 253 R 2 F(P>0.05), &k, AHKET
% 4R CXCR3 i@ it 3% R 98 B 25, Bp CD4 IL-2 2 IL-6 09 2k A& RABV Bt 2 A R A — ik T W &,
KRBT A TR Foid 742 R R $R AR 32 36 L b
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The role of chemokine receptor CXCR3 in
rabies virus infection

LIAO Xilan'?, HUANG Weitao', LUO Yongwen', LUO Jun', GUO Xiaofeng"”

(1. College of Veterinary Medicine, South China Agricultural University, Guangzhou 510642, China;
2. College of Life Sciences, Fudan University, Shanghai 200438, China)

Abstract In order to analyze the role of CXC chemokine receptor 3 (CXCR3) in rabies virus (RABV)
infection, RABV virulent strain CVS-11 and attenuated strain HEP-Flury were intranasally infected mice, and
the transcription levels of ligands of CXCR3 in the brains of RABV-infected mice collected at different time
points were detected by real-time quantitative PCR(gPCR), and the protein expression level of CXCR3 was
detected by western blot. In addition, C57BL/6 mice and CXCR3 " mice were infected with RABV street
strain GD-SH-01, virulent strain CVS-11 and attenuated strain HEP-Flury, respectively, and the RABV

neutralizing antibody in the peripheral blood and clinical manifestations of each group of mice were
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monitored. At the same time, the transcription levels of some cluster of differentiation (CD)
macromolecules, cytokines and RABV genome were detected by gPCR. The results showed as follows:
1) Infection with virulent strain CVS-11 could extremely significantly increase the transcription levels of
CXCL9, CXCL10 and CXCL11 in brain tissue of mice (P<C0.000 1). 2) Compared with the virulent strain
CVS-11, infection with attenuated strain HEP-Flury could significantly increase the expression level of
CXCRS3 in brain tissue of mice (P<<0.000 1). 3) CXCRS3 knockout had no significant effects on the
production of RABV neutralizing antibody, survival, body weight change and clinical symptoms of mice (P>
0.05), but the viral load in the brain tissue of mice on the 9th day after HEP-Flury infection was significantly
increased (P<<0.05). 4) CXCR3 knockout significantly regulated the transcription levels of some cytokines
such as CD4, IL-2 and IL-6 in brain tissue of RABV-infected mice (P<<0.01) , but had no significant
influence on the transcription levels of CD8, IFN-y and IgG «—L chain (P>0.05). In conclusion, CXCR3
had effect on the resistance to RABV infection by regulating immune response in brain tissue of mice,
namely the expression of CD4, IL-2 and I/L—6, but might not play a decisive role. This study lays the
foundation for the prevention and treatment to rabies.

Keywords rabies virus; CXC chemokine receptor 3; pathogenesis

FE R (Rabies) &2 H1 4F K 75 9% 2 (Rabies virus,
RABV) 5] ) — Fh g pif 22k A B8 3L sB AL e , Al
MR IR T 2 A Bk A A a9 RO . AR R
Jos Hl I W JC AR AR IT 25, NG RABY J5 — B
B RAE AR, JLF- 100% 6T 0 9 d IR L LIRS
G BE IV 28 I Bl 3 Ak R ) ot O M g% RIS U 1% 3K
1M G T BRI R T . AR, RABV B MUK
S, 3 R 28t g HE N G 4E 4,15 e T I I R B 1Y B
Ve, S0 A B g TR | G g A0 B RN R S M AR
IR ARG L, B RABVET P I Z R KRS
il A FHAT . W UESE , RABV 55 8 ik Bk g
MU S , T CNS iy = 4B K it B, i i &
i i 5 B A 38 37 P 4 i, A1 JEL A 8 TR T N A
4 it A CNS, T BRI RABV Y SR, 1 5
R AE S G 15 1 A R T LA T ONS = Atk 7,
I A 5 B T ¥ 4T, il f 78 DR R 4 928 40 i S e
A CNS, g &L R RABV 1 K 42 il 5|/ ™ 5 Y
Pt 28 98 E T A FE T2, He v ) ELAAAIL 1 o AN 1Y i

b F Z K CXCR3 & CXC LN FZ kR
G G R B SZ A, PR CD183, HAT 745 i
SR, 2 5 G e A i 55 48 R S RE SN, AT RE AE
P28 3R GBI I R v R AR S HEE Y . CXCR3
ZARTE Thl 40 . CTL 40 i . NK 48 fifd A1 NKT 41 Jiid
bEmFERE, BAZAN AN FEE, L CXCL4,
CXCL9.CXCLI10 M CXCL11, X 4 Fh#afk K 710 45
A T CXCR3Z A s ¥tk I F & 44 4= 1 2 D) 8 4K 6t
SR Em BN T2 kg4, CXCLY . CXCL10,
CXCL11/CXCR3 il 3= 2 /E FH T f 92 20 . 1) i 5%

A3 A TN SRE |, HE R s 4 HE T 40 A 15 Th 4 Bh 40 g
(Thl celD) iy 43 Ak, IF {40 92 40 f i B = 9 b 3
B wRgE e B, /N UM 28 9 5 R L 5 BOR ) 1
Treg 20 Mg 7 #F 55 45 9 38 2 /)5 B 35 1 20 B ik 2
S8, DT A 5 G P8 BN T R 7 L AR AR AR 4RIk
]y /b ik CXCR3 K Treg 40 il B 524 , 84 im0 1 /)
BRI Wi T U e g 7 R N5 Ak, CXCR3 ] LU
W3NG 9k CD8” T 40 i 7 2 3 &t &6 67 (1 Be 7, i
M & AEYmR B VE R, B CXCR3 B B4 59 /)N BU7E 2% s
B TS AL S B R AN BB T R
bl oA B Y B 0 IR A T v R R R IR S
(R & RE S XoF 45 1l s B 14 5E 2 OC H L {H — LB
P 2 W, 3k B A S 28 I I FN1R 28 M R R I e Sk
JE RS AL BT EE R . AMGA8T J& —
Ff TP-10-CXCR3 5 P51, a8 i 3 2> 7= 2 TFN-y 1
CD8" T 4 g F1 CD4" T 4 g 25 Ik 9 48 g ok 9 4%
HINL G 8 75 5 09 b B i i 3B 2 i . Bl 5 2,
CXCRS3TE 2 Fji 5 G th 2 55 4 92 40 B 1Y) 1 7% A
R A E O B Y S )R, 2R T CXCR3 78
RABV @& e b 2 5 2 5 5 2 & 093, M A
B

RABV AT IH O 58 R W1, 5 16 2 bR AH LL L 59 3%
PR AE TR F 3 BB 5 T s KT (1 B4R R 2
A AT T i S5 B A A 928 DR G 2E A i A A
CNS, {HJ2, 25 5 [6] i 7 2% e w4 55 55 vk 7£ CNS
P A D TR REAR (R 3~ 4R S .
PRI, 55 B MR 55 10 w8 KT B Ak B T R R O
BEHCR FEUN Y HAK Y A AR N B S 2R R
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P, RABV 5% 2 #k CVS-11 #1553 % #k HEP-Flury 43
S BN B  BUIK P CVS-11 199 3k
%% T HEP-Flury (& 3~4 MR %) ,CVS-111%
SRy # AL T K5 T HEP-Flury 803 A1 24, SR 1l
15 7K 1 R A TR AR SR T A /N BRE T I 45 3L
[ B, CVS-11 41 /s BG4 20 vp s fk I 52 1k
CXCR3 1Y 5% s KV i F AR T HEP-Flury 41, th4h,
Callahan %" F 2004 4738 13 A &b ifi 5 5 B 45 80 8
Bk B, 8 5 i v 5 B Y T (CDAD 40 i 2 1 =5 2%
ik CD45RO fil CXCR3, #f — 4 W 58 & B, CXCR3
JE B P 20 ML 2 o ol B 5 R O bR S . 1l 7E RABV
SR Hp N B A o I T 2 T A 25 S O R R RS
BEMEBOR MR 1) R Z — .

KL, o4 43 B s A IR 7 52 fk CXCR3 £ RABV
REGe VE R A WE 9T S8 I RABV B8 8k CVS-11
F155 3 Ak HEP-Flury &4y B /N BUDL 43 B CXCR3
FRKOF 1Y 22 50 AR )5 R B Sk GD-SH-01 i 7
Pk CVS-11 #1155 7 bk HEP-Flury 43 % & 4t CXCR3
F B /N B A — 25 B E .

1 #MREFE

1.1 SHRMAXWHY

RABV 5 # ¥k GD-SH-01 ., 45 #E 2 o 38 7 ¥k
CVS-11 VU e 55 7 #k HEP-Flury H 8 5 4R b K2 4
B AR E R . WA S X
RABV # 8 %k GD-SH-01, # fif & # I RABV i &
M AH IR g0 ¥ TR R A R2= 8 W) R & 4 =)
S HEAT

S5 2 ) SPF % 6~8 J % B B /N U A 5 7
BE B R 2908 3 bt , SPF 9% 6~8 JH ik C57BL/6
ANERI A B R A YR A PR DL B6. 129P
2-Cxer3<<tm1Dgen™>/J 3 P i Bk /N BL(CXCR3 ™~
/N A 2 [# Jackson Laboratory, CXCR3 ™ /N
WA S 2 ME 1M, T A pE ARl K4 SE 56 S 0 B B
AT B H/ . A S AR R ARl KA 5
Bah Wb AT RS A R, IR
A R AR R 2 S0 B ) o0 HE AT AR B A
e
1.2 EFERXHA

RPMI-1640 41 fg 35 77 5 &G 4 1 v ¥ A
Life Technologies 2 7 . T E RNA A Trizol i
& B Mangen 2~ & o = 5% 35057 HiScriptll Q

RT Supermix for gPCR ( +gDNA wipER) . H T°
qPCR i 7 & ChamQTM SYBR® qPCR Master
Mix W H F§ 50 MERE (Vazyme) 4= #BEEE A 7 0 A
K s Wy A T A C D B AT BR A F A
Pt B-actin —PL W [ 2 = K4 P 8 AR W5 B LBt
CXCR3 — 4L {4 Abcam 7 ®] . 5 B R %06 &
(FITO#/RIE BT RABV ¥ 8 [ 26 Hi kI A 55 F
Fujirebio Inc. 24 w) o FT r AR 1 [ BRbR dEAE K
9 T BK AR 1o WHO 7™ i .

1.3 RABV#EM/NREMALAMRE

JH RPMI-1640 K5 5% 56 3 # # #k GD-SH-01,
CVS-11 LI K& HEP-Flury # TCID,, # %% X
1.0X10 " PFU/mL,xf EWl/NR .C57BL/6 /N5
CXCR3™ /N AT IR 5 RRIE , B W1/ B4 ) Vi
£ e RABV 38 2 ¥k CVS-11 #0155 % t HEP-
Flury,C57BL/6 /N F CXCR3 ' /N R 43 51 i 5 I
Yt RABV 5 # #k GD-SH-01 .58 2 ¥k CVS-11 Fl 55
B bk HEP-Flury, & H /N BU B 4 Fh 09 9% 5 1 0
30 pL, [A] B35 B A5 6 R, B G 45 ) RPMIT-
1640 ¥ %% 5L, GD-SH-01.CVS-11 L & HEP-Flury
TR £ E 9 UM,

TR JE 3K 6 KLAKEE 9K, M 34~k
Yo rpr 5 H3 N REEAT D EVE R . FE TR A RS
o B B, BT 15 mL B0 T, BTk B E
4 °CHE 1.

1.4 RABVEZRE/MRMALAEREF. BHME
SRR AREFEHNUE

¥ RABV 38 5k CVS-11 F155 7 ¥k HEP-Flury
53 i S L B W/ B B RABV i 8¢ #k GD-SH-
01 5® Ak CVS-11 M55 8 4k HEP-Flury 43 51| & /&
Ye C57BL/6 /NEL A CXCR3 ™ /NEL, 1 YL R 46 3
K EF 6 KFNER 9 RS /IS B A 2H 20, % 2R 48 114 BRUG
T Trizol, 3 FH . 2h 241 ZUBHF B8 25 F 85 35 57, 42 BB
RNA, & % 5 i cDNA, £ M ChamQTMSYBR®
qPCR Master Mix 2¢ )& £ 850 & Ui W43, LA qPCR
il RABV 2% 2% (19 B W1/ BRUIB Y CXCR3 AH G L AR
CXCLY9,CXCL10 M CXCL11 %5 5K F, L qPCR
Kl RABV & YL () C57BL/6 /N CXCR3 /N
ki N 40 Ak B B CD4 A1 CDS, IL-2 IL-6 #1 IFN-
y SN T 2L M IgG K-L chain F1RABV % 4
sk BTG IME B ANk 13775 ,RABV genome
1 qPCR 5 #% T RABV %65 RNA JF41#%3.
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x1 ZAHEATPCRHEIHFES
Tablel Primer sequences used for gPCR in the study

R ¥ 41 (53" BAREE/C KB /bp
Gene Sequence (53" Tm Product length

F: CGTCCCGTAGACAAAATGGT 57.4

GAPDH 110
R: TTGATGGCAACAATCTCCAC 56.3
F: CAGTGTGGAGTTCGAGGAACC 59.3

CXCL9 176
R: AGGCAGGTTTGATCTCCGTT 58.6
F: GTCTGAGTGGGACTCAAGGGAT 59.5

CXCL10 139
R: TCAACACGTGGGCAGGATAG 59.0
F: GGAAGGTCACAGCCATAGCC 59.4

CXCL11 171
R: CTTTGTCGCAGCCGTTACTC 58.5
F: TGAGCAGGATGGAGAATTACAGG 61.0

1L.-2 120
R: GTCCAAGTTCATCTTCTAGGCAC 57.6
F: GGCATAACGCACTAGGTTT 53.0

1L.-6 117
R: GCTGGAGTCACAGAAGGAG 52.0
F: AGCAACAACATAAGCGTCATT 55.4

IFN-y 100
R: CCTCAAACTTGGCAATACTCA 55.6
F: CTGCCCAGTTCCTGTTTCTGTTAG 62.3

IgG K-L chain 112
R: TGTCCAATGGTAACCGACAAAGTG 63.8
F: AGGTCTCGCTTCAGTTTGCT 56.7

CD4 98
R: AGCCACTTTCATCACCACCA 58.3
F: CATCCTGCTTCTGCTGGCATT 62.6

CD§ 116
R: TGGGCGCTGATCATTTGTGAAA 65.9
F: AGAAGAAGCAGACATCGTCAGTTG 60. 5

RABV genome 98
R: GGAGACCACCTGATTATTGACTTTGA 63.0

1.5 Western blot # il RABV 2 3t x4 /) iR iy 42 48

CXCR3 &% 1 % M

b NN ) I R S S
R, O R S ZH SO A T IS 2 ) SR IR
#H A 5 s, 100 C4 )& % 10 min J5 10 000 r/min & O
5 min, B I 3 #E 47 SDS-PAGE H 3k , # 5 . fdi
5% i g 4= 5K PVDF i€ 37 “C3f 4] 1 h )5 , F PBST
5 e PVDF B 3 ¥k, &k 10 min, 43 5 % & $t
CXCR3 —#HL ML B-actin— Pt % . W H , H PBST
75 PE PVDF B 3K, 885 37 CF & Pt 1~2 h, FF Ik

JH PBST % ¥k PVDF i 3 ¥k, bifi J5 ¥ PVDF Jii & F
FEH MG R G IHEH ECL E k1T . fela,
I FH Image J 4K 4 % Western blot B 4% #t 17 K B {H
38T .
1.6 R RABV/MRIGERAER (T T 2 K& AR E K
Fie K OB 5 O B 1.3 %) C57BL/6 /N R 5
CXCR3™ ' /NEHEAT I 55 T B , A3 R WG D &% K
oA E AR I, R4 21 do KR/ LA A
TR RS RRUOAR R R IR L A B A I PR E
Mo K 45 B0 AT BE Y G PRORE IR 2E 47 I8 231 Hrp
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TC G PRAE AR I Ry 043, IR B 188 6 FIORS A LT 45 1 3K
FEARIC A 143, 24y A B 5l iz 20 % I8 45 ) 30 R i
R 24y IR SR SO0 R 340, R B R ok A
JEARIC A 443, FET 0 0 543 . F I Excel 2 il /1N R
FEN 2R, M F A8 1k i 2 DA B DRE TR A8 1k b 2k
1.7 R RABV /MR IMLE A A0 AR 59 46

# RABV #1##k GD-SH-01. 3 8 #k CVS-11 A1l
55 5 #& HEP-Flury 43 51l ii% & & e C57BL/6 /)N R
CXCR3™ /B, TG o 55 1A R AN 21 KA I/ R
IMLE TR BL AR IR . R GD-SH-01 #1 CVS-11
(149718 BRLIA) T 50— A A T B ) i e BB T, 0T A D
At [) AR 4 T Y HEP-Flury () C57BL/6 /N5
CXCR3™ /N AN i o 38 38 AR FE & Jik MR 1L/
BEIMBREARE T 37 °C 1 h ARG T 4CH SR )G
1500 r/min &> 10 min, BUlLIE F 56 “C/K I 30 min K
T AMA B 5 2 1 WHO 1) RABV AN 50 AR fE 5 1E
FLAEKI /N FRULE RABV H AT K

CXCLIOFHR 15K
Relative expression levels of CXCL10

kol

1.8 HiEHH

i F§ GraphPad Prism 8. 0. 1 8k {4, 2% FH WA 2
T3 22 53 M 15 3 47 B8R 43 B (+P<<0. 05, #*P<<0. 01,
wkx P<(), 001, ****P<C0. 000 1),

2 ER54HH
2.1 BEAREFFERN RABY IT/NRINAEE L

F CXCLY9.CXCL10# CXCL11% FKTH
A

qPCRZ5 3 B /R ,RABV IR YL 5 055 6 KA 9
K, CVS-11 /&4 21 1y /I B 20 23 rh b X 32 4k
CXCR3 M B & CXCLICE 1(a)) ,CXCL10CK 1
() FI CXCLITCE 1Ce)) By ¥ 5k F 1 W3 5 T
HEP-Flury & 4% 41 (P<<0. 000 1), 3 H. 78 J& Y i i
A B R BT S A b R A TR R
(B Do 4558 %W ,RABV i &k CVS-11 1] LLE T

It 55 7 Ak HEP-Flury 55 5 (9 ¥4 £k I 5% 5K OF o
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Fig. 1 Transcription levels of chemokines in mice brain after infection with different pathogenic RABV

2.2 BEAFE R MK RABV 3t/ B i 42 42
CXCR3 R ik 7K F %M

AL T R SR 2 k8 G,

IR T #aTL R T2 4 CXCR37E RABV B 5 Y

FEiKKF . Western blot 45 5 B8 (K 2) , 1R YL 5 45

3R 6 KA 9K, HEP-Flury &S 28 1Y /1 Bk 20 24
ML 7 Z K CXCR3E H F B K& F CVS-
LT 2 A B2, BTy 5, 59k CVS-1141
Fe, 55 8k HEP-Flury 7] LU S /0N UK 2 20 36 38 0
K- CXCR3, 22 54 ik 25 (P<<0. 000 D,
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(a)Western blot analysis; (b)Relative protein level analysis.
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Fig. 2 Expression level of CXCR3 in mice brain after infection with different pathogenic RABV
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Pk HEP-Flury 43 51l 3 o i S & 72 &t C57BL/6 /N il

B
iz

5 CXCR3 /IR, B R W /N B & 9 AET AR
ARG, R 22 21 do AnE TR, WG 4/ BRLER) A7 6
(A 3) PR E AR - O LA R AR RT3 (E 5) 35
ZRAEFEP>0.05),

_(a) HEP-Flury (b) cvs-11
i —- C57BL/6 100 E —— C57BL/6
s —— CXCR3" ; = CRCRAT
=< | < f
SR r M2 [
2 g S0F i g SOF
L f L
: 1 1 1 1 1 : 1 1 ]
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Fig. 3 Survival rate of CXCR3 '~ mice infected with different pathogenic of RABV

2.4 CXCR3®{3t R RABV /R I iE dh Fnffk
) % M

W R W], 27 H0 A I AR A KT 8% T

0.5 IU/mL, W] AT K B 3 B 8% 44 (1 RABV 1 e 21 £

FYER . RABV I /NEUE , GD-SH-01 B YL 41 fil

CVS-11 /G H ) TR 5 55 10~12 RIET: , TEX W
2 /N BRI B8 T B SR B A0 A i, A & BR324 /)N
B389 T 7 2R S A AR K B TR R B AR (<
0.51U0/mL). % T HEP-Flury Y4, TG )5 4
14 KX ,C57BL/6 HA 4 H/NRUEAZ 0.5 1U/mL
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Fig.4 Weight change trend of CXCR3 /" mice infected with different pathogenic of RABV

(R R, 11 CXCRS 414 3 R/ A 7= 4w
H7 A AR K /9 R R AR (<<0. 5 TU/mL) . 528
14 KA, HEP-Flury B4 4 i A /N BTG J5 56
21 R AR AT B4 it v (181 6) o S5 2R E W,
CXCRS3 & B % & % GD-SH-01,CVS-11 #1 HEP-
Flury /I UL H R AR B 5% R 25 (P=>0. 05)
2.5 CXCR3BBR#ERABV/NREMALRH MM
SUTEMAEEEFENERKFENZIE
WE 7 Frs ,GD-SH-01 &4 /N BUS L 7 [ i ]
HACXCR3 /N B C57BL/6 /N B 40 41 b o5 25
A2 H A B EP>0.05), 0 CXCR3 " /NE K
CD4(P<<0. 01) F IL— 6(P<<0. 01) ¥ 5 K - 43 Bl 12
SRR rh i I R YL S ) B 2R T C57BL/6/NEG 5
C57BL/6 /N §UAH e, HEP-Flury &4 CXCR3 ™ /)N
BRUG 9 K, i 2 20 e B AR 3 R i (P<
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