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Acupuncture alleviates chronic airway inflammation in obese asthmatic mice by

downregulating Vnnl and FAM126B
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Abstract: Objective To identify the differentially expressed genes in obese asthma versus non-obese asthma and evaluate the
effect of acupuncture on chronic airway inflammation in obese mice with asthma. Methods The key genes of obesity-related
asthma were screened using GSE110551 dataset from the GEO database, and the characteristic genes were selected from the
genes with the highest correlation with T cells using Lasso regression and SVM feature selection algorithms. Fifty C57BL/6]
mice (5-6 weeks old) were randomized equally into 5 groups, including a normal feeding (control) group, a high-fat feeding
group, and 3 high-fat feeding and ovalbumin sensitization groups with intraperitoneal injections with saline or dexamethasone
(DEX), or treated with acupuncture. Western blotting, qPCR, and flow cytometry were used to analyze the changes in the
expressions of the key genes and inflammation in the airway of the mice. Results FAM126B and VNNI1 were identified as the
characteristic genes in obesity-related asthma for subsequent analysis. The mice with high-fat feeding and ovalbumin
sensitization showed the highest expression levels of Vnnl and FAMI126B among the 5 groups, with also significantly
decreased Treg cell percentage and obvious inflammatory cell infiltration in the lungs. Treatment with DEX and acupuncture
both significantly decreased the number of infiltrating inflammatory cells and increased the percentage of Treg cells in airway
of the mouse models of obesity-related asthma. HIF-1a was identified as a key regulatory factor for asthmatic inflammation,
and its expression level was significantly increased in the asthmatic mouse models but obviously lowered after acupuncture
treatment or dexamethasone therapy. Conclusion Vnnl and FAM126B may serve as the key therapeutic targets for treatment
of obese asthma patients. Acupuncture treatment may downregulate airway HIF-1a by reducing the expressions of Vnnl and
FAM126B and increasing the number of Treg cells.

Keywords: obesity; asthma; Vnnl; FAM126B; acupuncture

i Sk — ol S AE AL SRS BRI I 5

AR B ST , X AP O ST n] 5 | A A8 PRk A

Y5 H #3:2025-06-20

ES&TH: FE A RRFE4 (82305196, 82205236) ;)7 M M X 1 =
2 RBHEIH (2025QN009)

Supported by National Natural Science Foundation of China (82305196,
82205236).

YEE I/ : 2R T IR AR 2E |, E-mail: bitou780@163.com
WEVES X E 2, W) AT BRI, A4 S0, E-mail: gzylhh@163.com

UGB R RN S S T AP I M 1) e ST A A
EC S CE Il A G S €T QNI 0 AR i i
J W) GAE AV AN 38, 5 o L) B ™ SR o A
K R I A LU R, 2 2019 4 4Bk 19
{219 A AE BT (15 39%) , #Bat 6.5 12 N RE (5
13%) ; H AT FE AR HEAE B3R5k 50% L B AR



+ 2574 -

J South Med Univ, 2025, 45(12): 2573-2584

http://www.j-smu.com

IR Y R I AR B, TR TR A2 A B o
W RN

RO R L 2, LR BRI PN 43 R i
TE L BENE IR IZ B R AT A AR R et
TNF-o IL- 1@ IL-17 45 40 i 738 e ™, IF 34 I v
IL-18"™. Peters %5 5T i B , AL Ji-22 ity ¢ AU i S 2% A4
TR RGE S AL A M B SN . HIF-1 240
i ARURZ A IR L RAEFRBE T, HIF-1o Y B A 2
R, 175 SR R AN R 7 itk R A8 R 2k il
% R HIF- 1o 202 R SAE 1) SBR[ 7, 25 FP A1
T RYBRE AT fik & HIF-1o 8405 AERE AR AAE A
20 B e A 2 B TN P SRR, TTRA 1K HIF- 1o 1 2255
AT LAER A BH ISR 7= o PRI, R Rzt £ o)
AN B HIF- 1o FOIRPEAFAE G . IR iy
SRR S o AT D A A oy IR o i A

A=A B 2 RE N I R A 22 TR R 3 2
SEFIRI T o AIFTEA AT AT 0 B I e £ 2
1) D U 15 1 BB - R N TR 12 g 25 5 L R O il 1ot
WGCNA-R A4 E 40 AR v AH DG R iy Fh ek M 4%
ARG T LBURE ST A2 IR AR ) AR b
B IR E NS HIF- 1o B R, T a A s
USFSCERIE PR 1) 23R SRR YT 22 A1 ) DG

1 #RFnTT %
1.1 =55

RIPA %& i W . 25 11 1400 o) 500 0% 1 il 470 1) 551
Loading Buffer i 51055 & ( B2 N JEKE) \DAPI,
PUAEEE KB R CGAR K ) s BCA MeBEI i 1470 4 (3§
X %) ;0.2 um PVDF fi (Millipore) ; H % # . SDS ., Tris
(Bio-Rad) , S/ MR IL-1B . B-actin —3T (Affinity) ; 111
41 P (Proteintech) ; BSA ¥y K (Z3EF ) ; TBS 2%
¥ . Tween 20, ECL 8 £ 2% & O 7l . DEPC 7K
(biosharp) ; BEED3#3 (BD) s RN A it & S stk
& 1.qPCR 5 & \ROX Jert LR Hi) s 519 K Tb
YRERA A F A 8. Elisaik il & (o By )
4% Z R EE(Sigma) ; FRAR R YLK PRI (FE4E/R A
W) s 8y f S5 BE A (VL9528 ) 5 Anti-Mouse CD4
FITC.CD25 APC.Foxp3 PE.Foxp3 Staining Buffer Set
(eBioscience),
1.2 %33

5~6 JEE A MERE CSTBL/6T /NS T R 2 K2
SRt /NEE SPR AR MRISR, B
POK IFOAF 12 W12 WIS N . A 2 e 4k
)M Bs 25 R 2 sh AR B2 3 S it (/R L 5
20230314015).

50 HSLBe /N ML AT R S 41, 10 H/2H X RE AT

P Jhf 2L I e 2 g 2L b FE KA S e 2% Wi £ RN 2 M
JHERE R 2H
1.3 Jepk s AR

FRXTRRZEAN, R Al b = iRk, SRUK e
AL 9 B 53 i U WA NG % NG N O ) B =
BRI 12 B)G AT e as (4L (RIS ek )
PRI ki 20% 1)/ N BRI 2 R BB AT /N B
1.4 REREes A BAT & o7 ik

SR 30 dASRY T %, i OVA-AL(OH ) B AU,
B BEZHATRE L AN A58/ INERTESS 0.7 FN 14 KA 32
JETE ST, X A B2 A R K FE S, IAERS 15 FGE , o) R
P TRRIE , FFAESS 28 29 F1 30 KAdi 1 50 L A= BiER K
HEAT ST O /NERSRS T HL BRI EL )

FENE R b NS 15~27 KA 1 d#%3Z
0.2 mL 1% 53U Fe 228 W, Bt 78 555 28~30 K [ i ]
EALATESR 50 pg OVA TR . FEHbFE RN E L N2
TR BRI , DL 2 mg/kg AOFRIHETHE M JE K
By IFAESS 28~30 K i S JE 45 25 OVA IR . TEEH R
JE Rt g 2 b AERRI  RERR 1 d AR O E A TR
TRIT ELANE 27 K, WS 7655 28~30 KA T 5 i OVA Hil
W BT SR BUR YR SE 58 s H XA 4 R 5
I 55 3355 - /N R L/ INER T R R 3 s R
ME : ST s, 55 7 SOHE RS T MR AL, F5 3B rh e il
i< 57 T4 3 W S M R Bz e o 2 =1 AT/
JE M, 82 CR 0.3 eme BT T R SR R SE AN E TS
B AT RS 20 min, 5 min/AREHFT 1 UAEHHI(LA 200
UK /min AR EREE S Tés 20 /4 o
1.5 FefEedra B B A & TR

FESZIG R, i FEARMNAE g iy 2 A Bk it 2H A
T N FRH 2 it 2 11 /0N BRUZE A M i i A5 5 R B — R 81
TR0 A FE R AN 6 Shd D PRIk sk (5
T RS A, B A PR LR M i R A Ik i il
AOHERE . AHELZ T X R ANAC R 2H A0/ AR B I
TR 0GB AN X A BRI M e A ey FEOR AN e
W 2H A I 2 R S AC R i 2H A0 /N B ™A T i
FR T BELLANAC L A/ AR RS2 5 m . 1t
A/ N Lee's BTG T/NRIEFRIRDL A KK
DAL AR
1.6 &ia A (R,) A

BN )RR T 6.25.12.5.25.50 mg/mL 1Y
CEENRRE 0 SR N AGERE ) (R) B, 5631
RTHE /N CO, 2= B4R, AR 2 AE
PR AT R ZH S T IR 225
1.7 FE3E A

K FHHE G 1 ELISA WAL /)N BRI A 4 (418105
1§ K BALF H11L-4 . IL-5 . IL-17 /KF ) s F S0 56 i g



http://www.j-smu.com

J South Med Univ, 2025, 45(12): 2573-2584

+ 2575

0,5 {57 i 2 4 FAM 126B . HIF- 1o /1 VNN 1 & (1, I 1
A qPCRAGIN =3 mRNA 3k ; [R] i3 32 1 5 B0 7Hr
A7 JE I 1240 S A B B8] B 3t =X 0 A Az 000 G TE Treg
K-
1.8 GitF o

ARWFFE I GETH o B R 18 5 (R4S 4.1) F1 SPSS
25 G812 F 4% , CIBERSORT J7 4 T B AL e A &
i, B TR ORI B i 22 3R . X T
RGN, ZAFEASLEN L BCR T 2= 2557
M, ZHL 18] A P LA ISR FH LSD-19%: o 78 7 EANFF
BN, Z AR B Ll H Kruskal-Wallis
ANOVA KGIE; , 7 2H [1] A4 9 9 LR FH Bonferroni 723 .
2 P<0.05 0, NN ZERBA G L

2 #R
2.1 GSE110551 W Aeptum 2 57 F ik K R 0 %2

M GEO % ¥ 2 °F 4% T GSE110551 119 Series
Matrix File £04ft , iZ SCHF 0913 B GPL570, 24075 78
YUREAR B IR T A , He At BRZH 39 451, 350 4 39 141
{8 H CIBERSORT 53743 BT HE g it A A A (] S 78
SRR 2R T 22 Rl e Am i 23 B (8T 1A
R T 2R3 HM KL E (F1B) . gk
[EfFAE A BRI 10).,

SRy A i TS e 2 iy A 1) 4 36 PR MG S 5k I 46, Ay 7
WGCNA H R 55K [ 2% (B {E B=16, & 1D) , %7
S ABEHL (B 1E~F) ; o green £ 5 T 18 7 4l g
(Tregs) T 5 B AR (AR R v=-0.5,P=3x10"), &
il Metascape il [ & 42 AT /s, green BEHIE N 5
B A TR TORL L H IR A= W B G R R SN A
KA i1 g RN A A (B 2A B) . G
lasso [ )5 (6 H 13 AMRFIEFE A 18] 2C D) I SVM 4§
TEBE R (AT SOFRIESE A, K1 2E) , M green iR 124
AN R R 2 A S EE I R : FAM 126B Al VNN (58
E5rHT, B12F),

TISIDB %4l 243 BT 2 B | ik BE JCH I R 5y )]
T ST T B A A7 RS G A OC (B 3A~E)
2.2 FAM126B. VNN i#% 5 4 57

GSVA i 7k FAMI126B &5 # ik 2 % &5 &£ T
ANDROGEN RESPONSE NF-«kB /151 TNFa {5 5 .
TP AEGE % (ROS) 45 (K1 3F) s GSEA #E—2P Bk Ho e 42
FIL-1715% USSR & TNF {5585 (F 4A)
2538 B HAE M 28 A 4B Ir s . VNN i =ik A
GSVA W/ &4 T ROS# B WNT/B-# I E HfF T .
MYOGENESIS %5 (] 3G) ; GSEA #£ /5 & £ T p53 5
5 EREACIS ) TNFo {5538 B ([ 4C) , £53 % BAEX
AN 4D PR o

FAHRLIN 37 Lo Si D IL R , B AR T S
> Motif EFF cisbp  M4543 (hrififb g5 4217 NES=
7.18) , I 7R HXT R A% s - (1 4B ) . miRNA # ] B
1 19 4% 38 17 miRcode B4 72 S 1] F0 , 7 3% ) 62 4>
miRNA } 88X mRNA-miRNA #5562 (B 4F) .

2.3 iy E RIS

2.3.1 RERfeE R AR A IhE /N RS AR SR B
(EI5A.B). mlBIREE T, SCoe gl i 3eo0) gl
HEI>20% Lee'sTaET T (P<0.01) ,FF A AR AR RIE
R JRERE ity 2H A 7 w8 5 B A4 (P<0.05) , 3 %
J B — 25 T+ (P=0.0036) , UF S A0 e 127 M 3 455 1 2y
([’ 5C~E).

232 MR KgE S e iAds AERERERGZH AR R MR
T e EE (SR RE R )z 0 IR ) (P<0.05, &
6 A~F) ; AL PR R 2 &1 J] i A 2 e g ok 4 i 4
T, 4278 Th BU S AE (K1 6G) o AE P12 i 2 40 BALF
P24 - (IL-4,1L-5, IL-17, TNF-o) FF55 (IEBELH vs Xt
HEZH I JPELH - P<0.0001, A P22 R 2 vis 1o FE KA E e
WEGZ 5T R B ERE G (P<0.05, K 7A)IL-1B 7E<JE
e SN PR G AR T, NP G 2 2R 3k 138 (P<0.05,
K 7B.C).

I Jhf: 2% iy 2 L AIE Treg 40 ik /0 (P<0.05) , £ 2 N

JHE I Wi 20 % 3t ZEKMMIATT X Treg YA IGTFVER , HLAT
KNSR Treg 4K E AR (P=0.0015), SR
PRI ZEFLID I o 2 o A T BUIE Wi 412 Treg 9/ fin i)
B R AE (K 7TD~F).
2.3.3 RERREeR R A ey A4 R S HIF-1o APREEERG /)N
KU 20 21 HIF-10o . FAM126B F1 Vnn1 2 [ 22 85800
HEZH B B4 (P<0.0001, Kl 8A~C) , Zeast il B b 5K
FAVAYT I , FAMI26B. Vnnl & HIF-1a 1Y 3 35 T [
(K8D).,

3 itig

R FREAE A M P ik 7 6 PR 26, T e e () 4%
AR ZE LR S A N S R E 5 W W ™ R R
FR SR A R B R s A o e
K hn>20%, Lee's a5 i , A4 G NE AR RS A A e Y
PaifE. FAAZISGER R R et L e — 20 3s i, it
SR R SR RES R e R MR N, BALF
IL-4 IL-5.IL-17 IL-1B . TNF-a 24 48 A F/KF i 35 1
], 5 PRl A B ZE A L P PR g /DN B A A SRE AR
AR —A i . AT REAE S TR A, ik
A E B A OF Rt ROS 3l ik & TNFo B, il
R G A , R RAE P P

AT 5 8 2ok AR WA S A 43 BT O Y Vonl R
FAM126B 1E 4 B Bt 22 g i A% 0 PR3 I -, H =38 5



+ 2576 ¢

J South Med Univ, 2025, 45(12): 2573-2584

http://www.j-smu.com

A

Relative percent

logFC

100%-

80%-

60%-|

40%-

20%-

0%-

Volcano

T cells regulatory (Tregs)
T cells CD4 memory resting

osinophils
Mast cels resting

B cels naive

8
o
8
e

E

T cells CD8

o

B celis naive o031

T cells regulatory (Tregs) 0.18
oo o »
et 04 ey s, [ o 8

Mast cells resting -0.11 -0.01 ~0.08

) - i

~0.09 014 02 0.1

T cells CD4 memory activated 028 022

Macrophages M2 019 003

Macrophages M1 -0.11 -0.12 -012 0.4 -0.02 -0.09

Dendritic cells resting -0.06 ~0.14 ~0.14 0.15

o [l o

022 -008 026 O

=

Monocyles 003 015 02 -01 =028 O

e coarane [ s
.

T cells follicular helper 0.01 043

002 -0.12
Neutrophils

B cells memory 043

T cells gamma detta 0.3

023 -005 -0.41 -0.1

003 0 -005 -042

—_

2
-log10 (P value)

T Plasma cells -0.01 =027 0.03 -0.09 -0.06 -0.12

4 Macrophages MO -0.02 o 021

Mast cells activated

N cetsresting 003 2038 0z a0s -0os 013

T cells CD4 memory activated
Macrophages M2

-0z

Macrophages M1

oa e o e o a0

o -022 001
022 -047 -0.09

027 on

014 -0.12 014

042 014

014 0.

15 003 -008 -0.02 -0

B cells naive

B cells memory

Plasma cells

T cells CD8

T cells CD4 naive

T cells CD4 memory resting
T cells CD4 memory activated
T cells follicular helper

T cells regulatory (Tregs)

T cells gamma delta

NK cells resting

NK cells activated
Monocytes

Macrophages MO
Macrophages M1
Macrophages M2

Denditic cells resting
Dendritic cells activated
Mast cells resting

Mast cells activated

Eosinophils
Neutrophils
g = b3 %
H H e 3 o § 2
2 > 3 & 2 2 o ¥
2 g 2 3 , g 8 &£ 2
8 2 §FE g2z 2 358 32¢% 8
g § E 3 o 2 £ 3 =2 £
£ 8 2 2858 3328 g 23 =
|§ 3 8 8 5§ 8 8 3 8 x é
2 o~ 2 -~ & 2 2 £
'
013 =03 o3 . 001 -001 -002 ~004 ~003 -0

015 018 013 -027

o oo [l
”
1 o] 022 o

005 0 -009 -0.13 -007 005

022 -025 02 023 003 003
001

-0.08 ~0.02 -0.06 -0.04

-
R

037,
o4

019 014

006 008

001 003

041 006 033 018 001 -001 -0.03

011 -015 003 003 -0.21 008 0.08

022 003

-0.09 =012 003 ©

04 o018

041 0 -04 042 -0.12 -0.15 009 ~0.13 0.0

006 032 025 -019 001 041 -0.11 -0.48 041 004

008 023 029 0.05 -0.03 0.06

e on s o [

04 =043 -0.15 001

016 -0.02 003 -003 02

-0.04 015 024 004 -004 049 -0.04 -002 003 -0.03
008 012 -021 001 004 -012 ~021 -0.04 o
-0.04 -0.04 034 ~0.16 -0.18 ~0.07 ~0.01 -0.07 ~0.03 0.06 -0.08

015 0.

019 0.05 043 004 -0.2 -0.18 -0.07

-0.13 -0.05 -0.15 ~0.11 -01 016 -0.04 0.04 -0.07 -0.08 -0.06 ~0.07 0.07 036

B e e

-0.04 0.21 -0.07 ~0.06

15 032 ~0.26 -007 ~0.06 ~0.03 -0.08 ~0.03 0.08 02

004 006 0.16 -0.06 013 -006 0.8

022 -0.43 -0.07 -0.03 ~0.15 0.07
008 022

007 003 -0.02 -008

016 -013 005
013 -003 003 028

-006 ~0.15 -002 0.04

Dendritic cells activated -0.16 ~0.14 0.02 -0.01 -0.04 -0.06 0.04 0.01 -0.03 -0.03 -0.04 -0.06 0.2 0.18 007 -0.08 0.23
-1
D Scale independence Mean connectivity E Module-trait relationships
g w© B —_— 1617181920
s
€ = 348 ET LEET 8
8 S 1
5
@ 2 : £ 5 <
£ 8- = MEturquoise ©5  ©h o @ow om om o0 61 @n oy
- =
3 5
3 < 8 g
= 3 £
g ‘B
~ | &
2 = s g
8 s s o | om0 om  om oow om ooz e | [ 05
i 2 ] 4 MEyellow ©8 | @M ©® ©n (©2 ©5 On ©8 05 04
® 6
8 1 & 7 8 91011121314151617181920
T T T T T T T
5 10 15 20 5 10 15 20
Soft Threshold (power) Soft Threshold (power)
-7 -0 02  om  -021 04 04 03 0 015
MEblue @ @a  Gon @90 oo  Gew @ own o5 on || [0
F Gene dendrogram and module colors
S
< L
-0% 02 0x 03  -031 | =08 o6 -0 001 015
MEgreen ©0) 00 002 (0 (0 @08 (02 ©8) ©9) ©2) L —05
© i
2 J
£
k=
T «©
= s ME 02 013 032 0025 0032 028 -0.41 014 0028 0008
grey 00 02 (©05 ©f o o) @y 02 05 (4
=1
=
S
< - R O > S\ N \ U
& (\b\@ 0@‘)‘\ .,{0\06 & /\@d’ bé@ 0«3‘} 0‘__’@ 9;»\‘
¥ F LTS EL QS
& O % PSS
2" o8 S & 4 F K KL K
¥ O P O & O
& & & O o F
A F e @ @ ¥ ¥
Dynamic Tree Cut [$) Q°‘ ,\00 N A
¢ O &
N
A «db

B 1 ERFRIAERE(DEGs)HIfHE REZEEEIN WGCNA
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