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Mechanism study on electroacupuncture regulating I1L-4/JAK1/STAT6 signaling pathway to
promote M2 macrophage polarization and improve intestinal mucosal barrier injury in mice

with ulcerative colitis

HU Xiao-mei'”, ZHANG Hong', TANG Ya-si', PAN Yan-ying', ZHUO Yue', DENG Shi-feng', YI Xi-gin' ('School of
Acupuncture, Tuina and Rehabilitation, Hunan University of Chinese Medicine, Changsha 410208, China; *School of
Imaging Examination and Rehabilitation, Xiangnan University, Chenzhou 423000, Hunan Province)

[ABSTRACT] Objective To observe the effect of electroacupuncture(EA) intervention on the interleukin-4 (IL-4)/
Janus kinase 1 (JAK1)/signal transducer and activator of transcription 6 (STAT6) signaling pathway in colon tissue of
chronic ulcerative colitis (UC) mouse model, in order to explore the potential mechanism of EA in promoting M2
macrophage polarization and improving intestinal mucosal barrier injury in UC mice. Methods A total of 56 eight-week-
old SPF BALB/c mice (28 males and 28 females) were stratified by sex and randomly assigned to blank group (15 mice)
and modeling group (41 mice). 3% DSS solution was used to induce the chronic UC model. The successfully induced
mice were further divided into model, EA+11B11, and EA groups. Finally, 12 mice were included in each group. Mice in
the EA+11B11 group received intraperitoneal injection of IL-4 inhibitor 11B11 (10 mg/kg) before EA, and mice in the EA
group were treated with EA(10 Hz/50 Hz, 1 mA) at “Guanyuan” (CV4), “Tianshu” (ST25), “Zusanli” (ST36) and
“Shangjuxu” (ST37) for 20 min. The treatments were performed once daily for 14 consecutive days. After the
intervention, the following aspects were evaluated. @ Symptom improvement: including disease activity index (DAI)
score, macroscopic morphology score in colon, and hematoxylin-eosin (HE) staining to observe the pathological
changes in colon tissue; @ Structure and function of intestinal mucosal barrier: including the observation of colonic tight
junction structure by transmission electron microscopy, detection of intestinal leakage by in vivo imaging with
fluorescein isothiocyanate-4D (FITC-4D) , detection of the positive expressions of tight junction protein ZO-1 and
occludin in colon tissue by immunofluorescence staining; @ Activation of IL-4/JAK1/STAT6 signaling pathway:
detection of the relative expression levels of IL-4, p-JAK1/JAK1, and p-STAT6/STAT6 proteins in colon tissue by
Western blot; @ Markers of M2 macrophage polarization: detection of the CD206'/CD86" ratio in mesenteric lymph
nodes, and CD206 and arginase-1 (Arg-1) positive expressions in colon tissue by flow cytometry and
immunofluorescence staining, respectively. Results Compared with the blank group, mice in the model group showed
significantly increased DAl score and macroscopic morphology score (P<0.05) , disorganized colonic mucosal
structure, severe intestinal fluorescence leakage, significantly decreased positive expressions of ZO-1 and occludin ( P<
0.05), reduced relative expression levels of IL-4, p-JAK1/JAK1, and p-STAT6/STAT6 proteins (P<0.05), as well as
decreased CD206°/CD86" ratio and positive expressions of CD206 and Arg-1 (P<0.05). Compared with the model
group, the EA group exhibited reduced DAl and macroscopic morphology scores (P<0.05), improved colonic mucosal
structure, and alleviated intestinal fluorescence leakage. The positive expressions of ZO-1 and occludin, and relative
expression levels of IL-4, p-JAK1/JAK1, and p-STAT6/STAT6 proteins were significantly increased (P<0.05) , along
with elevated CD206'/CD86" ratio, and CD206 and Arg-1 positive expressions (P<0.05). Compared with the EA group,
the EA+11B11 group showed higher DAl and macroscopic morphology scores (P<0.05) , disrupted colonic mucosal
structure, obvious intestinal fluorescence leakage, decreased positive expressions of ZO-1 and occludin, and relative
expression levels of IL-4, p-JAK1/JAK1, and p-STAT6/STAT6 (P<0.05), as well as reduced CD206°/CD86" ratio,
CD206 and Arg-1 positive expressions (P<0.05). Conclusion EA can promote the repair of colonic mucosal barrier in
mice with chronic UC and alleviate symptoms such as diarrhea and hematochezia, which may be associated with the
activation of IL-4/JAK1/STATS6 signaling pathway and the inducing of M2 macrophage polarization in colon tissue.
[KEYWORDS] Electroacupuncture; Ulcerative colitis; Intestinal mucosal barrier; M2 macrophage; IL-4/JAK1/
STATS6 signaling pathway
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Fig.1 Results of chronic ulcerative colitis model of mice
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Fig.2 Electroacupuncture alleviates symptoms and colon pathological morphology in mice with chronic ulcerative colitis
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Fig.3 Electroacupuncture reduces intestinal barrier permeability in mice with chronic ulcerative colitis
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Fig. 4 [Electroacupuncture improves intestinal barrier structure in mice with chronic ulcerative colitis
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Fig. 8 Electroacupuncture increases the mean fluorescence intensity of CD206(A) and Arg-1(B) positive expressions in the

colon of mice with chronic ulcerative colitis (immunofluorescence staining, Z+s, 6 mice/group)



10 -

Acupuncture Research

S, UCTE B BS b @ T 5 e
W5, B9 S UC &R M B ML, 82k fd iz, KR Y
155 AR A 3R, B 28 W B 4 2 B, 51 & I ik
A RESY S B T IR 04 DR AL, AR S 50 3k B 6
JETCRARK TR T EE R TIRIT UC, Hp, KK
K 5558, AT R EL A I R SN2 ) B E R
KT A BT K Z A, 8T 55
=R H G AR AR S TR
FH2Z %805 o0 R /N 55 7, l AN B BH LB AS 85 5T
PRBVIES . oG, St 2 £l g R 4R OE AR AT
Z.

ARSI 25 R R, DSS i S A48 M UC B/
BRI 5T 15 ) R B L R IS il 5 SRR 5 25 T B
JEEA3 405 7 B, 235 o o5 BT 434 55 5 Z0O-1 5 occludin FH
PEF IR T, 5 g% HES FR B, 20 ) B3 K, i i
PB4 R I B E ARG 0 i AL T
TG, /N B 5 0 3 1m] T, RS | O i RE R B 2%
itt 5 45 o R BB 00 W A% L e BT 4y BE AR ; ZO-1
occludin FHE 235 7 5, I 9% & HESI A e, 40 i 7] B
g5 /0N B 1B 5B T > B g 2 T R R T 6
W o R Y LA AU 5T R 26 B eR A W 00 40
o, R & UC B8R R 45 1 41 41 ZO-1.
occludin i R ik , g3 UC HER™, h T #F — L 50
HL AR A TL-4/JAKT/STAT6 15 53l %845 %
£ R HEAR T B B AR R, A B 9 A L BT T T
UC #E RN BRIE Rl b, 7 DU 6 i 5 14 30 41 51
1IB11, &5 8oR , B8 41 /N B0 56 15 5 0% T 52
T B £ I CD206 7 /CD86 ™ [ Ik 41 g 1 151 B A
25 % W Arg-1.CD206 . ZO-1 . occludin FH 4 5 35 T
A, I 76 BES  A M IR 3 A R T o 5 I T
FWOE TL-4/JAKL/STAT6 {5 5 %, 2 iR
T 2R IKF, o0 I B R B D) RE 5 H % K bk
LIBL1 Sl osf , F 1412 S0 R 266 B6E o B &5 0 06 22 1) 3%
IR S

2 T I e B T 02 2R M UC /N BLES I e
GBS, wess UC KR, HALH 5 38005 45 W 1L-4/
JAK1/STATG6 {5 5 i 75 5 M2 B 5 W5 41 Jy i) £k
AR ARSELAAE RN Z A, R i v
JHL K e 1 < P -4 -G 0 A8 LML A it — 2B Y
RIS A 1 75 B R A7 A6 45 v %

£ % Lk

[1] MANSOURI P, MANSOURI P, BEHMARD E, et al.
Novel targets for mucosal healing in inflammatory bowel

2025, 144:

disease therapy [J]. Int Immunopharmacol,

[12]

113544.

AHREND H, BUCHHOLTZ A, STOPE M B. Microbiome
and mucosal immunity in the intestinal tract [J]. In Vivo,
2025, 39(1): 17-24.

TENA-GARITAONAINDIA M, ARREDONDO-
AMADOR M, MASCARAQUE C, et al. Modulation of
intestinal barrier function by glucocorticoids: lessons from
preclinical models[ J]. Pharmacol Res, 2022, 177: 106056.
ASSIMAKOPOULOS S F, AKINOSOGLOU K, DE
LASTIC A L, et al. The prognostic value of endotoxemia and
intestinal barrier biomarker ZO-1 in bacteremic sepsis[J]. Am
J Med Sci, 2020, 359(2): 100-107.

LI Y W, SHENG Q J, ZHANG C, et al. STAT6 up-
M2 macrophage anti-inflammatory

regulation amplifies

capacity mesenchymal — stem cells [J]. Int
Immunopharmacol, 2021, 91: 107266.

JAYME T S, LEUNG G, WANG A, et al. Human

through

interleukin-4-treated  regulatory = macrophages  promote
epithelial wound healing and reduce colitis in a mouse model
[J]. Sci Adv, 2020, 6(23): eabad376.

XIONG K, DENG J, YUE T H, et al. Berberine promotes
M2 macrophage polarisation through the IL-4-STAT6
signalling pathway in ulcerative colitis treatment[J]. Heliyon,
2023, 9(3): el4176.

KAZEMIFARD N, GOLESTANI N, JAHANKHANI K,
et al. Ulcerative colitis: the healing power of macrophages[J].
Tissue Barriers, 2025, 13(2): 2390218.

AR, WREL, BRI, SR TS ST RS AR T I AN R
R PR 45 I 8 W R AT 5 [T, Wi v B2, 2020, 38(7) -
124-127.

WANG H L, CHEN M, HOU B, et al. Clinical study on
Tongxie Yaofang combined with electroacupuncture in the
treatment of ulcerative colitis with disharmony between liver
and spleen (in Chinese)[J]. Journal of Sichuan of Traditional
Chinese Medicine, 2020, 38(7): 124-127.

O, IR, TS0, AF L R T IR A A
KB 957 1k 45 i 28 B9 HLIR B S LD ], B BT 52, 2023, 48
(10): 1033-1040.

XU H C, WU R L, JIANG Z W, et al. Study on the
mechanism of electroacupuncture regulating macrophage
polarization to improve ulcerative colitis in rats (in Chinese)
[J]. Acupuncture Research, 2023, 48(10): 1033-1040.
WK, HAE T, 2550, S5 A BRS04 T R /D B
C3a/C3aR i # A ICEE 11 0 #2 0 [T ], 1R b DR 24 o i
2024, 44(12): 2227-2233.

HU X M, TIAN C N, LI Q, et al. Effects of
electroacupuncture on the C3a/C3aR pathway-related proteins
in mice with chronic ulcerative colitis (in Chinese)[J]. Journal
of Traditional Chinese Medicine University of Hunan, 2024,
44(12): 2227-2233.

DAS S, BATRA S, RACHAGANI S. Mouse model of
dextran sodium sulfate (DSS)-induced colitis[J]. Bio Protoc,

2017, 7(16) : e2515.



Bt BT 5

11

[13]

[14]

[17]

[21]

[23]

[24]

SURANA R, WANG S Z, XU W, et al. IL4 limits the
efficacy of tumor-targeted antibody therapy in a murine model
[J]. Cancer Immunol Res, 2014, 2(11): 1103-1112.

TE A Rt o SRS R LA BR S E AL S 3R /D
FULTT. EFRIBRST, 2021, 46(5) : 351-352.

China Association of Acupuncture-Moxibustion. Nomenclature
and location of commonly used acupoints in experimental
animals. Part 3: (in  Chinese) [J].
Research, 2021, 46(5): 351-352.

WIRTZ S, POPP V, KINDERMANN M, et al. Chemically

mice Acupuncture

induced mouse models of acute and chronic intestinal
inflammation[ J]. Nat Protoc, 2017, 12(7): 1295-1309.
TERR, FBENEL, R0, AF BT X B T I 4 KRR
PR T R85 LR AR RCR S [T]. A B2y, 2018, 13
(10): 2547-2551.

WANG H Q, ZHENG L H, ZHU F, et al. Effects of
changyuning on inflammatory factors and the release of
calprotectin in rats with ulcerative colitis (in Chinese) [J].
World Chinese Medicine, 2018, 13(10): 2547-2551.
HUANG S W, WANG X J, XIE X Q, et al. Dahuang
Mudan decoction repairs intestinal barrier in chronic colitic
mice by regulating the function of ILC3[J]. J Ethnopharmacol,
2022, 299: 115652.

DA SILVA WATANABE P, CAVICHIOLT A M, D’ ARC
DE LIMA MENDES J, et al. Colonic motility adjustments in
acute and chronic DSS-induced colitis [J]. Life Sci, 2023,
321: 121642.

AN J, LIU Y Q, WANG Y Q, et al. The role of intestinal
mucosal barrier in autoimmune disease: a potential target[J].
Front Immunol, 2022, 13: 871713.

FARCAS R A, ALMASRI M, GRAD S, et al. Breaking
barriers in functional dyspepsia: a systematic review and meta-
analysis on duodenal tight junction protein expression [J]. J
Neurogastroenterol Motil, 2024, 30(3): 281-289.

hE R ELS S s Bt RPN ELS G2 E
(D). P E Y BESS 4 2, 2024, 44(9) : 1029-1035.
Chinese Association of Integrative Medicine. Guidelines for
diagnosis and treatment of ulcerative colitis with integrative
medicine (in Chinese) [J].
Traditional and Western Medicine, 2024, 44(9): 1029-1035.
KUO W T, ODENWALD M A, TURNER J R, et al. Tight

Chinese Journal of Integrated

junction proteins occludin and ZO-1 as regulators of epithelial
proliferation and survival[J]. Ann N'Y Acad Sci, 2022, 1514
(1): 21-33.

GORECKA A, JURA-POLTORAK A, KOZMA E M, et
al. Biochemical modulators of tight junctions (‘TJs) : occludin,
claudin-2 and zonulin as biomarkers of intestinal barrier
leakage in the diagnosis and assessment of inflammatory bowel
disease progression[ J]. Molecules, 2024, 29(19): 4577.

WU P, GUO Y G, JIAFY, etal. The effects of armillarisin
a on serum IL-18 and 1L-4 and in treating ulcerative colitis[ J].
Cell Biochem Biophys, 2015, 72(1): 103-106.

GUBATAN J, MITSUHASHI S, LONGHI M S, et al.

[26]

[28]

[31]

Higher serum vitamin D levels are associated with protective
serum cytokine profiles in patients with ulcerative colitis [J].
Cytokine, 2018, 103: 38-45.

YANG Z H, LIN S S, FENG W Y, et al. A potential
therapeutic target in traditional Chinese medicine for ulcerative
colitis: macrophage polarization[J]. Front Pharmacol, 2022,
13: 999179.

BN, B, S, S IR B RS A 9/ N M2 B
FUE AN AR [T ], = PR 25, 2025, 46(2): 76-81.
ZHAO X Y, YANG Y, MA J G, et al. Effects of Qingqi
Capsules on M2 macrophages in a mouse model of ulcerative
(in Chinese) [J].
Chinese Medicine and Materia Medica, 2025, 46(2): 76-81.
CAO L, XU H X, WANG G, et al. Extracellular vesicles

colitis Yunnan Journal of Traditional

derived from bone marrow mesenchymal stem cells attenuate
dextran sodium sulfate-induced ulcerative colitis by promoting
M2 macrophage polarization [J].
2019, 72: 264-274.

FHEae, XUeL, KA, & B TRz g B e R T 7 I
L5l S 7 i AL 7] VTP P e 2y, 2022, 53(11): 55-57.
FU Y Q, LIU W, ZHOU S S, et al. Exploration on the

Int Immunopharmacol,

method and mechanism of electroacupuncture in the treatment
of ulcerative colitis based on data mining (in Chinese) [J].
Jiangxi Journal of Traditional Chinese Medicine, 2022, 53
(11): 55-57.

MR PR A2, SRR SR AR TS ER T R AMA A TS 1 N IR
TR IR I N 2R B T I 98 A W RCR e M (D] B 2
I e 2% 3, 2025, 37(1) : 176-180.

YE D B, YANG H J, GAO Z Y. Analysis of the effect of
external treatment of acupuncture with lifting-thrusting-
reducing methodcombined with oral administration of Tongxie
Decoction in the treatment of ulcerative colitis patients (in
Chinese) [J]. Clinical
Medicine, 2025, 37(1): 176 - 180.

VERIHT, /g8, B, 55 MR RE it 2 58] 97 P 45 R
M e Seinyr [T]. i RS, 2025, 38(1): 19-24.

XU X Q, WANG X J, ZHAO H, et al. Exploring the

Journal of Traditional Chinese

pathogenesis and treatment of ulcerative colitis from the
perspective of spleen deficiency, turbidity, and toxicity (in
Chinese) [J]. Traditional Chinese Medicine Research, 2025,
38(1): 19 - 24.

FRR, Mgk A, s, 4§ . AR A 45 NLRP3/Caspase-1/
GSDMD 17 5 1 % 400 1 240 H £ 1 040 35 358 955 1 445 M 9 /) L &5
W N A 03 [T ). RIS, 2025, 50(3) : 277-286.
WANG X H, LIU J D, QU Y, et al. Electroacupuncture
improves colonic mucosal barrier damage by regulating
NLRP3/Caspase-1/GSDMD signaling pathway and inhibiting
mice (in Chinese) [J].

pyroptosis in ulcerative colitis

Acupuncture Research, 2025, 50(3): 277-286.

i i H 51 :2025-05-24 & [8] H 1 : 2025-08-04



