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Effects of vagus nerve stimulation on Th17- and Treg-related proteins and inflammatory factors in rats with
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[ Abstract | Objective To investigate the effects of vagus nerve stimulation (VNS) on T helper cell 17 (Th17)-
and regulatory T cell (Treg)-related proteins and inflammatory factors in lipopolysaccharide (LPS)-induced acute respiratory
distress syndrome (ARDS) rats. Methods Thirty SD rats were randomly divided into control group, LPS group and LPS—+
VNS group, with 10 rats in each group. The ARDS model was established by nasal instillation of 2 mg/kg LPS into SD rats in
LPS group and LPS+ VNS group. In LPS+ VNS group, after LPS nasal instillation for 6 h, the left cervical vagus nerve was
exposed and stimulated under 5 V, 5 Hz, 2 ms for 10 min. Tissues of lung and spleen were examined after 2 h. The indicators
included lung pathological changes, lung wet to dry ratio, total protein content in bronchoalveolar lavage fluid (BALF),
inflammatory factor levels in BALF, and expression of forkhead box protein P3 (Foxp3, a transcription protein of Treg) and
retinoic acid-related orphan receptor yt (Roryt, a transcription protein of Th17) in the lung and spleen. Results Compared
with the control group, the alveolar wall of rats in LPS group was significantly thickened, inflammatory cells infiltrated into the

alveolar space; the total protein content of BALF was significantly increased (<<0.01); lung wet to dry ratio was significantly
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increased (P<<0.01); the expression of IL-1p, IL-6, IL-17 and IL-10 was significantly increased in BALF (all P<<0.01); and
the expression of Foxp3 and Roryt was up-regulated in the lung and spleen. Compared with LPS group, the pathological

manifestations of rats were alleviated in LPS+ VNS group; the lung wet to dry ratio, the total protein content of BALF, and
the levels of IL-6 and IL-17 in BALF were significantly decreased (all P<<0.05); the level of IL-10 in BALF was significantly

increased (P<<0.01); and the expression of Foxp3 was up-regulated, while the expression of Roryt was down-regulated in the

lung and spleen. Conclusion VNS may regulate the expression of inflammatory factors by regulating Th17- and Treg- related

proteins in the tissues of lung and spleen in rats, thereby alleviating the pathological changes of LPS-induced ARDS.
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regulatory T cell

[ Citation | ZHANG X, JIA G, YU L, et al. Effects of vagus nerve stimulation on Th17- and Treg-related proteins and
inflammatory factors in rats with acute respiratory distress syndrome[J]. Acad J Naval Med Univ, 2024, 45(5): 544-551. DOI:

10.16781/j.CN31-2187/R.20230761.

LVEMEEB ZEA1E (acute respiratory distress
syndrome, ARDS ) szl R H UL fa HE, g JE 4
Rk 46% " ARDS Ilfi PRI AT PERE I 5
AR [ VAR AR IALE , HEAS JB i 25 i PRI S LA
A A Y5 I B HRE SCIBE, i A A i ST 5 240 e
ARDS 5 AL LA SZ 2% F1 5% 98 18 5 0 S R AE, 5
Fe—Z AN G e AN (4% B MR 94k O 48 T
BEL MR ) AN TR R R
PR ZER PR N, AT LIEBRAA EY R, (Had
JEE ST SN P BE S B4 A . ZHEURN S8 B P i .
I, RS D A T B ML B2 107 25 R S S S
ARDS V&7 Hh g A nY B i, FHOIYE T 400 17
(T helper cell 17, Th17 ) FIE 554 T 40 ( regulatory
T cell, Treg) Jf&— %5 %Y G0 5 4 i, 2 %)
G CD4 " T 2R AH I 2 3% R RS [ 240 R 7 £
AT AR AS R, T8 ARAE B A& i F v,
Th17 A3 BE Az RN T I PR s 2 S i 4, i
Treg J& A PR IIRER SAEID I AL, PIE A Z
5 ARDS W RAEFERLIFE, HA 3 (1 S8 B 52
U] ARDS {1 95 SRR EE o Th17/Treg - 11
] F7R 19 & R FE B, 7E ARDS 1 Th17/Treg
AT R B PR TR M 22 B FiUS

AR, HEMES T RIBTRALESZ B,
HOEM AR R K M2, IR, BAEN
BB o3 A1 JE 2 B o 2R E M B (vagus nerve
stimulation, VNS ) J&—F 8 i ¥ 6T 7,
30 38 A A A o 2 ] L R A I B R A
W33 RARY I VR SB P o BIFSE 2 B,
VNS 7] 38 1 30 PR BE DT 48 % ( cholinergic anti-

inflammatory pathway, CAIP ) & &= 4 41 iy
TR, ARk W 40 e PR R M2 B, A
A% ARDS 5 o Th17 W LA st 1 S i3k
e A TR, AR S, 3 4 i DA
5 CAIP WFE MMM K F AR K rESE, K
I, FATHE I VNS 7] LLiE$E ARDS H1 Th17 } Treg
AHOCHE LRI R AE A 1 Rk . AWFST L IR 2 0%
(lipopolysaccharide, LPS ) 155 ARDS K A,
TR RIS ES B, R5E VNS X Th17 K Treg
AHOCHR 23k SR AE I F /K52, #8578 VNS
U B 458 £ B A FH AL, Ryl PR B i ARDS 42 fit
Z%,

1 #EFTE %

1.1 S¥shinde £%XH 30 2 SPF JfitE SD K
Bl (6~8 Juli ) g T H KBERFR =L 5 sh i ol
[ S EF=VFfUES . SCXK (1) 2022-0016] .
KREA K, SR, WFRAEERE R 22~24 C |
HIGHRIE R 40%~60% . WIRGFARA 12 h/12 h, A
FUil i H PR R SR s e T2 D1 23t vfE
LPS Il T 3¢ [& MCE 2% w], 33k #E 5 H P3
( forkhead box protein P3, Foxp3) $ii&k. GAPDH
PR TR =AY E ARG R A A, 4 R
& #1 & 9K JL 5Z 1K yt (retinoic acid-related orphan
receptor yt, Roryt) HUIAIA TPLFHITZRAYRHA
FRA W, HRPFRICHFEPi bt T aih 24
WA EARA R A F], A7 ELISA kil i) & 350
T RO A0 TRARA R, BCAEAWKE
2 X5 £ . SDS-PAGE #E i il #5180 £ . RIPA



. 546 -+

WEREERFFEN 2024 4F 5 H 56 45 %

SRAL AN ML . SDS-PAGE FREGZ il . LA
PR 3 ATV T R AR ) B 2 R A BR A ]
ECL & VG T iR 38 = R A3 AR A BRAS A,
PVDF [ T3¢ E Millipore 23]
1.2 ARDS A Ml VNS F ¥ 30 HK Uk
ML AT EZH | LPS 4 A1 LPS+VNS 4, 44010 H.,
22 Li %' prik )7 i i ARDS BRI FIHEFT VNS T
i, LPS {1 LPSH VNS 2 K 2 M i 5 1% 1%
UL Z BRI e, 28 S S T4 2 mg/kg LPS, [R]AS
W 2o M ETS 2R S P 2 28 8 ok, AP AT BT S B
LPS+ VNS 4 A 7 S 5 7 LPS 6 h J5 45T VNS
T, R AT VNS IR IT AR A48 i 517 A
SDZ-V, FISHCHHEIE S V., % 5 Hz, kb
& 2 ms, F4E 10 min, LPS 40 AN#E17 VNS, T
2 b URERS
1.3 J4L w2 T Ak ml  BOR U 3.7%
2 R E E, A, VR EE N
Sum Y] F, R ALH-E S A, 7E6E BT
WL, ARSI R T BE ML B 10 A& 45 B 0L B
(200X ) FATHL AP
1.4 fiE T (wet to dry ratio, W/D ) #&m UK
S Ml iR =, SRS AE 60 CHEAR T4 72 h 5l
BT E, 8 WD, PEM KRR
1.5 % & % A 78 3 25 7% (bronchoalveolar lavage
fluid, BALF) && a4 40 HOICH A HE K
2 mL EER B 3 K, UK4E BALF., #£4 CF, ¥
BALF L) 800X g B.0> 10 min J5 ¥ ¥, F BCA
G E BALF FIH ) S R
1.6 BALF " % 55 B F/K-F4#n  HUBALF £ 4 C
T LA 800X g Bl 10 min, {77 Fif ., 4 ELISA
KA AUl B B A TNF-a, IL-1B, IL-6., IL-17 FlI
IL-10 B97KF-
1.7 JfiAe 4048 Foxp3. Roryt & & & ik #m
1.7.1 EEFHEE 20 mg K FUMZ 2 sk g2
2, INAGE YRTR 2 (5 1% 35 1 i SRR
BRI ) Tok FIREUSE I, BCA B EE H R
WERE, HHLBIIA RS v, WA ME. BL30 ng
FEATFES, 2 SDS-PAGE 43 J5##£ 5| PVDF i
b, ST A P R 3 30 min JE, OB
BEBCE AR —dirh, F 4 CRIRIEE IR,
2 K, ¥ TBST I ¥E 3 K. A K 8 min, JIA

AN BT =W A 1 h, PR TBST 29k 3 Ik,
R 8 min, %I ECL &G HEATER W52, M
Imagel A 73 At 25 1 245 19 0K B (B O TS AH X 3R
kit (HEASNSEAKEMENILE) .

172 #EAPMFELRE WHHI MIRHE AR
G, Yl (R 5 pm) | Wil kb, Ay
BN G2 AL 3, SRS TR IR T T 3% H,O, AL B
15 min DABH W R PRt A, TH 3% 2R 107 HE
WAL 3 30 min LIS AERe R RS G o K5 T
I—HITE 4 CTFIFE 16 h, W _HifE 37 C Tk
WAHIBEE 1 h, HDAB 44, AN E Y., VA&
WA TR, BEE, ERMHEE TS, TR
PRz,

1.8 %t 542 K GraphPad Prism 9.0 %X {f
WATGE 2R T . RIEAS TR SR LA X £ s
RN, ZH A SR R R T5 2000, iz H]
Tukey AT LLER . K g /KiE (o) 2 0.05,

2 # R

21 BAXRAMHRBEATHEL g4 H-E Y
g R (K 1A) s, LPS 2k BURi BE i G As
J5, SRAE MR I B I ; LPS+VNS 4K E
R FR R AL LPS 4Hi 5%, Jili WD J BALF &K
I A2 R (B 1B, 1C) B8R, 5% R4
e, LPS ZH R B 1 B &2 (% it 7K Jihr, BALF H i
EHWZ (¥P<001) ; 5LPSYIM L, LPS+
VNS 2K BUIIK sids, BALF A B 8 P b (3
P<0.05) . R4S R KW LPS i3 1Y K Bl ARDS
TEARURE A T, T VNS BEZE fi# LPS 753 1Y K BRIt
TR AE

22 XK A BALF P £ BT AKF 55X
L, LPS 41K BALF i R K F IL-1B. 1L-6,

IL-17 K P-4 25 (34 P<<0.01) , TNF-o7K 73 &5
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Fig1 Pathological changes of rat lungs in each group

A: Hematoxylin-eosin staining; B: Wet to dry ratio; C: Total protein level of BALF. "P<<0.05, "P<C0.01. n=10, x+s. LPS:

Lipopolysaccharide; VNS: Vagus nerve stimulation; BALF: Bronchoalveolar lavage fluid.

F1 H|HEKXR BALF H&AEETF TNF-a. IL-1p. IL-6. IL-17. IL-10 7K F L%
Tab 1 Comparison of levels of inflammatory factors TNF-a, IL-1p, IL-6, IL-17, and IL-10 in BALF of rats in each group

(pg * mL "), n=10,x=*s

Group TNF-a IL-1B
Control group 168.3+21.9 100.7£5.3
LPS group 199.5+10.6 316.5+26.5"
LPS-+VNS group 186.6+16.4 238.24+55.0

IL-6 IL-17 IL-10
2078.0£271.6 190.2+£26.5 154.4421.0
4342.0+603.3" 336.84+49.9" 308.4+48.5"
2567.04262.1°"  22534237° 4613+622°"

"P<<0.01 vs control group; “P<<0.05, ““P<0.01 vs LPS group. BALF: Bronchoalveolar lavage fluid; TNF-0: Tumor necrosis
factor a; IL: Interleukin; LPS: Lipopolysaccharide; VNS: Vagus nerve stimulation.
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Fig2 Expression of Foxp3 and Roryt proteins in lung tissues of rats in each group

A: The Foxp3 and Roryt proteins were detected by Western blotting; B: The Foxp3 protein was detected by IHC staining; C: The Roryt

protein was detected by IHC staining. "P<<0.05, "P<<0.01. n=10, x*s. Foxp3: Forkhead box protein P3; Roryt: Retinoic acid-related

orphan receptor yt; LPS: Lipopolysaccharide; VNS: Vagus nerve stimulation; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;

THC: Immunohistochemistry.
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Fig3 Expression of Foxp3 and Roryt proteins in spleen tissues of rats in each group

A: The Foxp3 and Roryt proteins were detected by Western blotting; B: The Foxp3 protein was detected by IHC staining; C: The

Roryt protein was detected by IHC staining. "P<<0.05, "P<<0.01. n=10, x=*s. Foxp3: Forkhead box protein P3; Roryt: Retinoic

acid-related orphan receptor yt; LPS: Lipopolysaccharide; VNS: Vagus nerve stimulation; GAPDH: Glyceraldehyde-3-phosphate

dehydrogenase; IHC: Immunohistochemistry.
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