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Abstract

BACKGROUND: The cholinergic anti-inflammatory pathway is widely involved in the development of rheumatoid arthritis. However, the immunoregulatory
mechanism of choline acetyltransferase (ChAT)/a7 nicotinic acetylcholine receptor (a7nAChR)/nuclear factor (NF)-kB signaling pathway in the pathogenesis of

rheumatoid arthritis has not been reported.

OBJECTIVE: To investigate the immunoregulatory mechanism of ChAT/a7nAChR/NF-kB signaling pathway in the pathogenesis of rheumatoid arthritis.
METHODS: Thirty-two female Wistar rats were randomly divided into healthy control group, arthritis model group, vagotomy group and sham operation group,
with eight rats in each group. Except for the healthy control group, other groups were treated with bovine type-all collagen and Freund’s complete/incomplete
adjuvant to construct the rat arthritis model. After successful molding, the vagus nerve was severed from the left vagus nerve in the neck in the vagotomy
group, while only the vagus nerve was isolated in the sham operation group. At 5 weeks after surgery, the body mass, arthritis score, joint swelling degree,
pathological changes of the spleen and joint were detected. The levels of interleukin-1, interleukin-6 and tumor necrosis factor-a in serum were detected by
ELISA. The mRNA and protein expression levels of ChAT/a7nAChR/NF-kB pathway core genes were detected by gRT-PCR and western blot, respectively, and

analyzed by immunohistochemistry.

RESULTS AND CONCLUSION: Compared with the healthy control group, the body mass of rats in the arthritis model group was significantly decreased (P <
0.05), the arthritis score was significantly increased (P < 0.01), the ankle swelling degree was aggravated, the joint space was reduced with inflammatory cell
infiltration, and the white pulp and germinal center of the spleen were enlarged and increased. Moreover, the levels of interleukin-1, interleukin-6 and tumor
necrosis factor-a were significantly increased, and the mRNA and protein expressions of a7nAChR, ChAT, IkBa, and NF-kBp50/p65 on the joint surface were also
significantly increased in the arthritis model group compared with the healthy control group (P < 0.05, P < 0.01). Compared with the arthritis model group and
the sham operation group, the body mass of rats in the vagotomy group was significantly decreased (P < 0.05), the arthritis score was significantly increased
(P<0.05, P<0.01), the swelling degree of the ankle joint was aggravated with deformity, the joint space disappeared with inflammatory cell infiltration, the
white pulp and germinal center of the spleen were enlarged and merged. Compared with the arthritis model group and the sham operation group, the levels
of interleukin-1, interleukin-6 and tumor necrosis factor-a were significantly increased in the vagotomy group (P < 0.05, P < 0.01), as well as the mRNA and
protein expressions of a7nAChR, ChAT, IkBa, and NF-kBp50/p65 were significantly increased on the joint surface (P < 0.05, P < 0.01). To conclude, the vagus
nerve regulates the cholinergic anti-inflammatory pathway and stimulates the ChAT/a7nAChR/NF-kB signaling pathway to participate in the disease progression
of rheumatoid arthritis. It indicates that the cholinergic anti-inflammatory pathway may be a potential target for the treatment of rheumatoid arthritis.
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B IRT KRBT KL v AN B, 5% T/B il B
W 21 L RS SRR 291 i S5 G 58 401 ) a8 i A T BT 4 i
PRI SRE A, SIS, MRS RE YIS Y,
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I 28 ML 22 G P R T I, T TS R T e 4
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RITIRE T, AR M 30E R E Mt NeF4E, i s
P RE R LE ok P R T i B T IR R ARG 7 324K (a7 nic-
otinic acetylcholine receptor, a7nAChR) #% 7.t JEAR S, —
HHRERML S, S 5RAHURSE RN S IR 2 B R
(choline acetyltransferase, ChAT) {7 T IEW& FE i 4 0 10 41 i A%
AL IEBR 2 B A PR ZBEREER . IR T kB
ST AR 5 8 JT S DR e S PR QB YT, VAL AE B AR SRR S B 1
IR DI RE I A, YR 9T I AR IS EE R I i
S, ARHEKERIER T HI#RIE ®9 a7nAChR (114 5 K N
CHRNA7, fEHIX#HE RGRIL, &0 R T R G50 b
LSy, REAFET R X R ™. a7nAChR
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1 ##}F1755% Materials and methods

1.1 &5t BENLA RS, AR LR AT B R 3R T %
Mro

1.2 Bl AbE S26 T 2021 4F 7 A % 2022 4F 10 H7E LTS
R 24 K S R 4G A BRI R S0 == TE AR

1.3 ##+

1.3.1 SZERENY) 32 WlfErE Wistar KR, 6-8 JH#, SPF 4%,

A5 & (170+10) g, M TAL P L B FRGEY), VFAliES:

SCXK( %% )2019-0010. K K 4] 77 T+ Ll 7 Hf 2= 24 K 2 S 56 5 )
Huly, WRFE (23+2) °C, BFE (50£15)%, HH#EE. Yok, i&
MEPELEFE 1 R AR SRS . S Cdad v rh R 2 RS AR PR
Z2 1l (2019LL156), SLER BNV ISLERRIE T AT A FA,
FEIR—1)5% T 785 KPR B s D F P . SR FIAE T .

1.3.2 2R AR (Chondrex, #6'5 20022); 1K
Se4 [ A5E4a Ak (Sigma, it SLBR3877V. SLBM9362V);

KEEMBAN R 1. S0/ 5 6. MR SE R T o ELISA
WA ( BERgEAE R A R A F, b5 mlo37373,

ml102828, ml002859); FjAKE — fHLL YAl (Leagene, b5
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092337A21); 1% PRt CWE- AR 24 5 RNA SEGHI&
(Solarbio, #it5: 20211222, 20220415, 20220620); SDS-PAGE
eI ) AR L B ECL A 2 RO FH ALY, R 186G 4
8 A Ak 77 & (SABC B 284 ). DAB & 545§ . Goat Anti-
rabbit IgG. Goat Anti-mouse IgG(Boster, #lt 5: 17D28C38,
17E25C71. 17F09B08D2622. 17E10A27. BST17G08A17G54.
BST17E27C17F50); GAPDH Antibody(Abways, 15 FO76409);
CHRNA?7 Rabbit Polyclonal antibody. #% ¥ kB1 Rabbit Polyclonal
antibody. #% 4] 1- kB p65 Mouse Monoclonal antibody (Proteintech,
"5 00096475, 00095807, 10017522); Anti-IkB alpha antibody,
Anti-Choline Acetyltransferase antibody(Abcam, fit.5: GR275907-4.
GR3412008-2); M5 Sprint gPCR RT kit with gDNA remover.
Realtime PCR Super mix(Mei5bio, #t5: 22DB0705. 22CK2802),
1.4 Fik

1.4.1 FhWorH AR g 32 M Wistar KR, SR BEHL
BorRiE D N RS IR (n=8). T AR (n=8). k&
FHZE I (n=8) AT AR (n=8). &FIPEMFE 1 )5, B
TR REZE AL, HAR 3 HSR AT IR R 5 3 00 1Y RAG AU 2 .
Wb 1B S N 36 I e e AR RREE 10 1RGO A
I (L mg/mL), T REEH 4 AU 1 R TS,
FFA 0.1 mLe 7d G hnsm o, H44 1Y S ViR 3 IRAS
e IR G (1 mg/mL), IS 0.3 mL/ . 14d )5,
S H R BRI SRAENE O, RIS RVP I bR AEREAT VT 23
04y, IEH: 14y, BROCWAHLATEIEWMK: 27, BR
BT EE R A L0 LR K 34y, BT RERX
T ECHE B G AL R R I 4 4, BRORTT BALOCHT A
LB I SR RIF KT 8 73 B B Ay i BT

AN T IS EhE T T2 T AR K (B RE

EREN PRI AR IS Rt ChAT/a7nAChR/ 1% 8 T kB 15 5 4%
I G PR PR

RN SPF 4% 6-8 JARMEYE Wistar KR, ATk (170£10) g

RESRIARE  BIRE SR %2 ML MIERT %, %S SRR

e DESER JHH B B A B R P, I ARG IRT R A BEAR B M Y

YRR SFRE MM Wistar KL, T 6P L B 3780

BEREARE  OWIRGRRE: A TTRRJFEA b [R5 e A 55 LU & o A 7L
W, KRS pES, 0.1 mL; @RS AT AR A
WIRAEREFIFRER G, MEES 03mL/ A

IBERDTE  RBEHUECT LN 32 JURR 2 @ e A . 65 By

ik A REMZ AT RA, fFH8 N

ERRRIIHNERR KIEOCT R IP M ARETE 2, KT 8 - A AU R )

Oic & TG 2K A5 B S ST I @& AR RO B
JUES B 27 A ;- () ELISA A& L35 48 A Il F /K ~F: - @ qRT-PCR
KM 5E T CHRNA7, ChAT. IkBa., 1% AT~ kB p50/p65 mMRNA £ ik;
(B Western blot F14 72 444k %} 5515 a7nAChR. ChAT. IkBa. 1%
[X-F kB p50/p65 & [1HEAT Al A i fir

BERSHUE  S250 Cd i 76 o B2 24 KA AR BE 2R S 23 4k E (2019LL156)

o
halil

5598 | DEHRTIEHR | 55274 | 5358 | 2023F 128

1.4.2 JESAMIEEMEYIWIAR G RVE PEAL G R A
KRN E, AkEMAE VIR HMEFRHAETFR F
ARidHE: ORI KRB EE, b UEREE: Qe
JoE R RA VBN B2 5 05 e, 7o & EE I, X
) AT P8 AR P RILER RIS R Y 255 D200 el ek 7 o 22 7]
REBFAR: KRBT 2 em, B4 5 A0S 5E 5
WIA)Z, 585 30 3 Nk S AEAT IR E ML, 73 B AL 5 V)
5mm fify, BFEARAMN G EAVIW; FARTERE Z A3k
KNMAE, #&6HEE: ORGP K5 185 EHIE,
(RPR 8 CNTEE I 27 N

143 FRARE REMEUIMARES EH, SHKREE
(12 h)o RH R bE AO RR IR K B, 1 3 B kL,
H U B0 (3 000 r/min 50> 10 min) /3 1.3, -80 C ¥4 1
JiE S AR FE R B, LS BROGHT (1.5 cmx0.5 cmix0.5 cm) A i fiE
(1.5 cmx0.5 cmx0.5 cm), B A 40 g/L Z R H g 2, A5
FET -80 CiHfF.

1.4.4 R BROGT B I AR B 2 A R BROG T L R IE N
40 g/L Z WL [E 2 24 h DL L, 5C75 A 10%EDTA Jit 45 9 it
B5 5, BHTERRE CEERUK. ZHIEEH . RISEH. B
5um P, 37 CHKREF . 60% BEAER Fr. — F R
B CRERLKIG, ARG — R geta, BN ARGt
2min 30s, Mk, 1% R AEEIR 5 s, Mk, RKRIE
3min30s, 1AFRr%1 80% £ 1% 30s, 4 geft 2 min, ik,
PR CBE X W AKGE I, s R ], B KT
T JE I 9 3 24 A4k

1.4.5 RERIMIE 2 A K Aill K ELISA 575 GAsr I % 25K
BUMLIE ZORE D AN 1. Adife 3= 6. MR IRSE A
Fa K, KBS, SEARESL. AL
DFESRFL B &AL ), MKIRKFRE. i, |E. Wik, B,
Zeuk, T 450 nm PRI E WO AR, i b v il S v SRR
i T RE R 7K

1.4.6 KE. ¢ a7nAChR. ChAT. IkBa. #%[X T kB p50/p65
MRNA RiE  BURAE &R RO, WA TR, KR
A4 RNA FEHUAGRI G U PO 2R RNA, a4t
JEEETHIE RNA JRFE AR, 80 CIRAF. LR (20 L
RBRLAE % ): (D 0.01-1 ug RNA £ i)z H il A\ 5xSprint gDNA
Remover Mix 2.0 uL, ddH,0 #MEZ 10 uL, 42 C 2 min, JK E
BH; @B B N 5xM5S Sprint RT Mix 4.0 ulL #ll
DEPC-ddH,0 6 L, 50 °C 5 min, 85 °C 55, —20 C{AfE4H
gRT-PCR #8%. (DBCHE qRT-PCR g W {& %: Template DNA 2 L,
2xRealtime PCR Super mix 10 uL, 12 [A] 5|4 (10 umol/L) £% 0.5 uL,
ddH,0 %hE %2 20 uL, #3413 2 fl: @ gRT-PCR 2k f: 95 C 15,
60 ‘C 15s, 72°C 45s, 350 MgHh, SIHF8IEk 1. @it
YR H SRR B N RIL R

147 K K 5% 7% a7nAChR. ChAT. IkBa. 1% [H - kB p50/
P65 £ /KR HUAAT B 25 2R BROCTT, A ik &
By, N1 mL 2R 10 uL 8 H EE 57 A0 10 pL PMSF i
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%1 | 514957 ZH K BRAA BT [ AIC (P < 0.05), KT & PP/ i 3 1l v (P < 0.01),
Table 1 | Primer sequences BG4 B, 5 SRR A L A 7 4
HUsE  BRE SIS (53') P (bp) PR O TR AL, BT A
B AR J5T B AR (P < 0.05), K5 & 1F4) (H% ) 23 T (P < 0.05,
CHRNA7 NM_012832.4 : TCACTG GACCTG CAAATGC 133 . o . ) ) ) ]
: TGA CAT CTG GGT ATG GCT C P<0.01), BRI EFMNAK, AT BILEHE, SkEm
ChAT NM_001170593.1 F: ATT TGC AGC CTG CCT CATCT 508

: GTG GGT GTC ACT GAG CTCTC

: TGT GAT CCT GAG CTCCGAGA 502

F
R
F
R
IkBa F
R: AGG GCA ACT CATCTT CCG TG
F
R
F
R
F
R

NM_001105720.2
#%IA-F- kB p50 NM_001276711.1 F: AAC GCA TCC CAA GGT GCT GGAA 189
: GCA GCT GGAAAAGCT CAAGCCA

: TTC CCT GAA GTG GAG CTAGGA 185
: CAT GTC GAG GAA GAC ACT GGA

: ATG ACT CTACCCACGGCAAG 75

: TGG GTT TCC CGT TGA TGA CC

%A kB p65 XM_039079521.1

GAPDH NM_017008.4

KHREWH, Tk L#E 30 min, 4 °CF 2000 r/min &0
30 min, HX 3%, BCA vEAa il &5 HKk A L 46, -80 C R4+
%M. B4 30 ug, SDS-PAGE Hijk, 5% ¥k 4k 80 V
30 min, 10% 43 55k 160 V 45 min, %% 230 mA 90 min 34 &
1% 7% 22 PVDF JI5, 5% Wi/ 95k = iR 8RB 2 h, 23 50m
A —#i: GAPDH(1 : 5000)., a7nAChR(1 : 1000). ChAT(1 :
5000). IkBa(l : 5000). #[FF kB p50(1 : 1000). #%RHF
KB p65(1 : 2000), 4 CHFEIIH. WKHE—HuFpJE s mmA
ZPUFEPiA 18G(1 1 5000) A HIES/NR 18G(1 5 000),

FEIRPEE 2 h, TBST 740Uk, # L ECL Bl A RO .t
B AR A AT B 5, B Image J BRI T K FEEAE 70 4T
1.4.8 K T a7nAChR. ChAT. IkBa. #% [T kB p50/p65
S A BT BT LT IR RO U v, R Kb
JE TR UG K, ARF 50 2 3%H,0, Z il K& 5 min,

PBS 11k, EDTA HiiJ5if& & 95 C 10 min, A H R =5
PBS 13k, 5%BSA 37 C 35141 30 min, 43 i3 A\ PBS Rk 10—t

a7nAChR(1 : 600), ChAT(1 : 500). IkBa(l : 50). #% K ¥+
kB p50(1 : 200). #%[A T kB p65(1 : 300), 4 Cid®k. —H
37 ‘CH%%& 30 min, PBS Mk, SABC YA 37 ‘CH##E 30 min,

DAB & (A i €4 3 min, [ R/Kige, ARIEE ARk A E ik
PR FAT HAKE E B, WEECTT I a7nAChR, ChAT, IkBa,

1% KF kB p50/p65 £ [IAF A FHPEFRIEIX, FIF IHC Profiler 4
PG F MR I X 55

1.5 BRI SAHRBAETE. T RIPHFOETT I
JRRE. R = B ARk, MiE A& 1. Ay
% 6. MBEIRBEIN T o /K, ChAT/a7nAChR/ %A kB i@ it
1Z 0 BER mRNA KB RIS,

1.6 it o4 B SPSS 24.0 Giit ik or Kt , s st
RULxts KoR, 3L, 2 H WBER IR 25 2 34T
P<0.05 NERHBEMER L. XEGHHTFECLE
PO P 2 K S SR e 2 Bt B R AR AZ

2 258 Results

21 EBhMBE,A EHERERICRRIET, A 32
HKREFHNGE R

22 BUAXKBARREAXTMIRNELER KHAKXRAERE
AT MK, W 1. SRR, T R AR

ZUIWHAR L, RFARAE KR &R & (P < 0.05), XT54%
PEAr (M) B3 NI (P<0.05, P<0.01), BROCH MK FEER .
23 ZLAKRAXTP AMIEREZAMNLE R FHRKRITHM
JIR I B A A N 5 SR s, DL 20 g RN R ZH K B O T T
i EEE, KTRIMBA MR, ST BRI KR
s BR4E /N, O A 4R, MR IR EL R A A R
PO A IR . R LIRS DI D SR R, ST ERR L
PR, SRTTHOR & A AR, BT I BE AT AR R 0
WRELE, JOREME. RFARLEI R, AR
WD, R RN AR R D
2.4 BB K R KRB TR R g E AR
b, OGHT AR K RMTE 4 3= 1. H4iiE N % 6.
R IR FER T o ZKF (B ) @ (P < 0.05, P<0.01); 5
AT RAETI LA L, 2B 28 W 21 K SRS (B 4 A %= 1.
FIAAEAN 2 6. BIRIIRSEIE 1 o ZKF (1) 224 (P<0.05,
P<0.01); S¥kEMSUINHM, RFARHKR M =4
MR 1. B4/ 3R 6. MIRIRAER T a 7K B 25 PRI
(P<0.01), WA 3.
2.5 ZZHK R A F CHRNA7. ChAT. IkBa. 4% E - kB p50/
p65 mRNA %A L& 4.

aRT-PCR il 45 R BoR, SERETHRAIAHLE, DGy 28 M5
HUZH R B OG5 CHRNA7 mRNA RIA R B3y, 28 G B 35 1k
& (P>0.05), ChAT. IkBa. #%[AT- kB p50/p65 mRNA Kk
(F% ) WS (P<0.05, P<0.01); X795 KA,
K 7E R 2 Y7 2H K B 957 CHRNA7. ChAT. IkBa. 1% F kB
p50/p65 MRNA ik (1) B &M = (P<0.05, P<0.01); 5
HEMEUIMAM L, RFARH KRG CHRNA7, ChAT,
IkBa, 1% KT kB p50/p65 MRNA ik 1 i 2 41 (P < 0.01).
2.6 &1 KR A F a7nAChR. ChAT. IkBa. #4%E -F kB p50/
p65 & & & ik JLE 5.

Western blot # il £5 R Box, S{@Fxs AL, k5
28 T ZH K BR 5571 a7nAChR, ChAT. IkBa. #% [AlF kB p50/
P65 Fik (H ) B EME (P<0.05, P<0.01); 5575 LA
HAHLE, HEPIEYIWIZH KRR ST a7nAChR, ChAT, IkBa.
%K1 kB p50/p65 Fik (Hz ) W& W= (P<0.05, P<0.01);
5 ket & V) B 4 AE b, R TR 4K R S TT a7nAChR,
ChAT. IkBa. ¥ kB p50/p65 ik (# ) i 25 FEAIL (P < 0.05,
P<0.01).
2.7 B IS KR A F oa7nAChR. ChAT. IkBa. #H-F kB
p50/p65 %75 LA 54T ULIE 6.

ALY m R E R, % H KR ICT  ChAT/
a7nAChR/ #% Kl 7 kB i@ 12 3 A AN R FE LRI, FEEAL
T . SRR R4 L, T R A K R T R
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Figure 1 | Body mass and joint swelling of rats in each group
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Figure 2 | Pathological changes in the joint and spleen of rats in each group
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Figure 3 | Levels of serum inflammatory factors of rats in each group
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Figure 5 | a7nAChR, ChAT, IkBa, and NF-kBp50/p65 protein expression in
the rat joint in each group
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