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Abstract

Ischemic stroke (IS) is one of the leading causes of mortality and long-term disability worldwide.
Immune homeostasis imbalance represents a core pathological mechanism driving post-IS neuroin-
flammatory cascades and secondary brain injury. As a traditional non-pharmacological therapy, ac-
upuncture demonstrates significant imnmunomodulatory potential in IS treatment, yet its systematic
molecular mechanisms remain incompletely elucidated. Based on the neuro-immune-endocrine net-
work theories, this review systematically summarizes the dual mechanisms of acupuncture in regu-
lating post-IS immune homeostasis: 1) Central immunomodulation—controlling microglial M1/M2
polarization balance, astrocyte reactivity, oligodendrocyte survival, and blood-brain barrier integrity;
2) Peripheral immunomodulation—regulating T-cell subset differentiation (Th1/Th2, Th17/Treg
balance) and cytokine networks in immune organs such as the spleen and intestine. We further de-
lineate the molecular mechanisms underlying acupuncture-mediated modulation of key signaling
pathways including NF-kB, JAK/STAT, PI3K/Akt, NLRP3, and IL-33/ST2, and discuss the impact of
operational parameters (acupoint selection, stimulation frequency, intervention timing) on thera-
peutic efficacy. Finally, we analyze current limitations in standardized protocols, translational med-
icine, and multi-omics integration, proposing future directions based on single-cell sequencing, spa-
tial transcriptomics, and neuro-immune interaction networks to provide theoretical support for
precision acupuncture in IS treatment.
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1. 518

SR AE A< H (ischemic: stroke, 1S) 52 15 708 MLV (A P i 3 500 2L 4 st i, s S P45 095 140 P T 650 »
A 62.4% [1]. 1S Ja, MR EACH R 5 R % A vEdetE . S0 RO SORE IR s s, He
FBRERS KA T DR AE R 05 AN 22 Th BESRAT A% IR [2] [3]. KEWFTTRYT, [ G e Aid Mtk
GPEAE IS JE I SEDI . 2B S RS 1 R B AR BN I (4] SR, BT X h 48 SO ) B — 5T
RAYIG R AE R BRI, FORTEZI A WAL RIS [5].

BHRIVE S AR LSRR 10 1S H B TV, AE R AP e D RETUR J5 THAR 8 1 78 73 Bl AR IE S [6] [7]
AR, AFRIA) S O T HLI BT U g e, BRSO - N - R, SEBILN AR A
A1 A e R GE IR T [8] [9]. ART, B 4A 2 R AT A — U SR R s AN IE B, Sh=Z 2T NVU %
PRULH R GEPENL BB o PRI, ASSTAN “HiiX - AME” SUEZERE, RS S5EHRIR T IS 5 R ia S AL
RIALH,  FEER I FEAS LS ARKTT A o

2. 1S R R R HFE
2.1 PIRGBEBFNE

2.1.1. N R4ARE
/INJSE T 2 i (microglia) B 4 HE AR RP S R GE(CNS) A Sz 4 i, 5 BSR4 fu ) 5%~20%. 1S J5,
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545 #H > 73 745 18 (damage-associated molecular patterns, DAMPs)F1 2 g P 7383 S0 /N i ok 20, s b
o M1 B (e RIF s E) A1 M2 RYBTR AP R AT DI RER AL [10] [11]. M1 RPN 4AARIE T NF-
kB 15 SR TNF-a\ IL-18+ I1L-6 S5 28 K7, InJEI i bt % (blood-brain barrier, BBB)f IR Al i 2 i i
fis M2 BRI 336 1L-10 TGF-p1 i 4 K7, (RS SR A [12]. [EEERNA, IS )G 24h I
M2 BT, S M1 BURWTIE 2 R e BRI, PRI 5 SR A R A 4 S RE R TR 1 DR [13]

2.1.2. ERERLM

SE TR 400 (astrocytes) (5 CNS BG40 1) 50%, 7E 1S JG 24 i NG, TEa AL (435 Al
A2 (FRERI) PR EL[14]. A2 BUETEIR 40 M /- WA 4 8 R R T A RIS, SCRI & ToA7
i AL B ML N R AN 572 2E, B & 3 - PR SR B AR [15] . ok 2 T Je I 400 /6 e
FEAZ A DX T SRS SO, 7 AT BRSO 8, AR U] e A i 28 P9 A X ) B2 37 s [ 16]

2.1.3. SRR R 4 A 5 i B e P

/b5 Ji 4 9 (oligodendrocytes, OLs) [ BERHAL I REXT Fll 215 54 S B L HEE, IS J5 OLs FT- S EUI
BN, 110/ S T 7440 g (oligodendrocyte precursor cells, OPCs) )38 5 434k i A Y MEAS 52 1 S k[ 171
BBB HH A R4 SR B TR o 4 i 2 S S R R T i, HL S B MR AR T 55 5 % 42 B 1 (claudlin-5.
occludin. ZO-1){jKik. IS J5HEH 4 )8 & [ (matrix metalloproteinases, MMPs) s & i 4 fift 55 25 7 5 A1
HfAN LR, S E BBB 3% M hn A0 i & Y i K k18] [19].

22. ShEARERE

IS il CNS 540 % 258 B IS AR R IRIEVE SRR GRS T, 78 1S Ja KA ZE 45 R
KB A8 2 M A0 4 B R N [20] o P73 T A 2 8 i — o ah I e 22 0, T i Treglyo T 4T
7 A A R S HI DS BEY 2 [21] [22]. 5 BEiE T4 M 3h G338 0 A0 JSRESR fdar Y, T RAE AR AR
RS [23]

3. SR 1S R ERSH B RLE
3.1, RSB R PR AL S

ERfilimt 258 . 2B N AN MUM2 Al P, R R E M LRy E H IR O FL O
% 1).

Table 1. Key signaling pathways by which acupuncture regulates immune homeostasis in IS

= 1 SHRIEE IS ARSI XRESER

fR5Es LR 2Ty VA TR BRI
TLR4/MyD88, ‘ : TNF-a. IL-15. .
NF-«xB IKK 544 fre 9 B PR e 5 IL-6. iINOS i R e for
JAK/STAT IFN-y. IL-6. IL-12 l%lﬂg?;ﬁ% SOCS &M~ RAEH T ) Jﬁ;gﬁmm
. AUMIAFTE AR mTOR. NF-xB. s .
PI3K/Akt KA T TREM2 Bk GSK-3 P DR S
DAMPs, PAMPs, SN LSRN Caspase-1. IL-15. Jo P T
NLRP3 ROS e IL-18. GSDMD I A A B
o M2 B 1L s
IL-33/ST2 i UELTNIA AT IL-10. TGF-p1 WS TIRE S

7£: DAMPs FN#AAEK T PAMPS AR IR ARFE 0 T ROS NiEME4A; SOCS A4 A 1155 5 540
#E; GSDMD AWK D.
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(1) PPARy/NF-xB 8E&: i AL YBE ARG 5 0% 24K » (peroxisome proliferator-activated receptor
gamma, PPARy) & 1/ NI 4R AL I G EAZ 32 k. AR “FE &7 “RME” W] Gkl R 2 PPARy
15, Rk NF-xB p65 8 [ BRI PRz 2 A Mg, #0i M1 YR AL, [RIRS B3R IL-4. 1L-10. TGF-p1 %%
PRI FERIE[24]. ZHLHIS Kuang Z5[9]145& ] STAT6/PPAR-y il it = FE — 24

(2) a7nAChR S+ S HIRERRAEIL I EH: £ AL HE 1T S o7 JHBREY 2k AEBR 32 14 (a7 nicotinic ace-
tylcholine receptor, a7TnAChR), it JAK2/STAT3 {5 5l B3k /N BT 40 i 1) M2 BUEEAL, R I4l vt
F 2 i H 1 B1 (high mobility group box 1, HMGBL) SR NLRP3 7 /IMA IS [25] [26]. 1X— “H& -
G R IAATL T 4t I I A FE A N A28 YA PR G 2 PR RRRR AR

(3) TREM2/PI3K/Akt . HEFELHEMlA 321K 2 (triggering receptor expressed on myeloid cells 2,
TREM2) 42 /N i 53 20 4 57 M 2R 11 52 440, TR 1) DAMPs FH30 PISK/AKt 155, #i] NF-xB p65 #% 447 .
HEF T i TREM2 ik, {23F M2 SR IR 2 RGE[27].

(4) BERAEIEML: 4HlE iR ZZ KL CYLD. A20 /2 OTULIN, % NF-«B 15 5 @K 1
BOGRIE . BAKTF, CYLD M1 A20 7] LR IKK B& M) K63 i&EH2 A, OTULIN NIZKMRE Itz R
(Met1-Ub), HirEHMH] NF-xB i B i 16 [28] [29]-

3.2. T ERRRLMRINGE

e ST B TR G o 24 L P 8 47 2 TS AR A A <

SVERA(<72 hy: HEAET AT R R £ 4E R 14 2R A (glial fibrillary acidic protein, GFAP)®IA, gtk Mtk
B RAN M E, @3S ROS/TXNIP/NLRP3 Il FE il 4 h S, R A% T4 48 O 4 A [30]

WA MEHA(3~14d): 1 M GFAP AR bR ic )R, i B MVER AL, A& iR
A BIIE A R [31] -

PR vy B ATl N /K 25 4 (aquaporin 4, AQPA) i IR R B TR i A i & S /K i, [ b
W RER #4125 (1 1 (monocarboxylate transporter 1, MCT1)/E #EFLERAC M, 32 iph & oI (it it B [32]
[33].

3.3. PO IEAR BRABAE S i Bk B P

B3 I B0E Wnt/g-catenin #1 PIBK/AKYmTOR 15 i i, £ OPC 345 731k A e OLs, 34 in CC1
BHPEAA RO, (et ERI A A [34]. £ BBB GRY 7T, BHRI Z BN T MMPs [RIARFE: 8 Sk 1)
MMP2/9 ik AR BE 5 5 B vk W2t HSE B 11 MIMPO i i3 Py &2 #1411 (endoothelial progenitor cells,
EPCs) 5 S i1 15 H [35] [36].

4. SHHRIVETS IS BRSNS
4.1, Y T AR EEE
4.1.1. ThU/Th2 4

Thl Aifidst STATA {55 5l IFN-y. I1L-2 SE{2 KA1, Th2 4iLilid STAT6 {55 70 IL-4. IL-10
SEPRE T IS 5 ThUTh2 LETHE 54 R BUG MG, e rDaEdEEgEd R D QlEE R 5 (LA
CYP27al/bl. T if] CYP24a){ittiF PE4EA: 3 D3 Ak, REMMIH] STATA, #if STAT6, {efll CD4'T 4y
6] Th2 704k, PR G T4 [37] -

4.1.2. Th17/Treg ¥4
Th17 4HfiET RORyt 43 IL-17A JNEIFHE 20E, Treg 40iE T Foxp3 4ERE iy 2. HAE T NI
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RORyt ik, F#{% Foxp3 &K H ALK, { Thi7/Treg ELfE#& T IEH, R R IL-17A. IL-6. 1L-21,
R IL-10. TGF-p1[38] [39]-

42, PEHERBESEE

Jor - Mol R AR TR T (Y B R . AT AR ST UT I i B A R (S IR AT B . AL
TR, b KT ), PRIKBE RN HZ TNF-a. IL-18 7K F[40]. K& “Hfie” “Se5t” S a8 hn iy
WEEHBEZ AR, FRARANE ARG AZ IL-17A Fik[41]. HLE) L, EFREE R 73 TreglyoT 400 F4,
FIH IL-17 + poT A A X BT F%, IR ph 42 2 9K [42]

5. SHRIFE R ERISH X RESEBEME

BFRIGEAEME R T 5l g, T2 180 2038 6 22 SO0 1 (crosstal k) 2 il i 455 9 45

B ST 2 A S S A TP N WL 1o NF-xB 3 2 5 1 R0 1] 40 28 JORE AOAZ o i, BT RE 4
#] TLR4/MyD88 /S IKK & &%, MK NF-xB p65 #5447, FiH TNF-a. I1L-18. IL-6 2 iINOS %
R R IEF 3. JAKISTAT %25 ThUTh2 4 R4 T8 544 S, FHfliEid #ik) JAK2/STAT3 fif
fRfk, Lif SOCS B FKIL, TR R AES 5 - PISK/IAKL I8 32 40 B 773 54 O B AR 4 1k i
BT I S B L3 mTOR BERR 1L, [FIBS 4] GSK-38 1 NF-xB #% 1, KA W E #5205 . NLRP3
JORE /A BT 1) A0 A T EE R, BT RIE I PR DAMPS/PAMPS 2 ROS 7K°F-, #jiffil Caspase-1
WA A IL-1p. IL-18. GSDMD [ . 1L-33/ST2 JBE 24 AT M2 ALK E BRI LGS, i@
BORIZE RS FE IL-10 A1 TGF-g1 %k, Rt ZBE.

B R AFAE B VA G PIBKIAKE 5 NF-xB 2 18], Akt BER 1k o] BLEEIMH] IKK 350, BHET NF-
xB #iE[43]; JAK/STAT 5 NLRP3 2 [], STAT3 #ih nl#53 ii NLRP3 ik, JERIE IRIFE[44];
IL-33/ST2 5 PPARy 2 [], IL-33 %51 M2 # ALK PPARy ) [RI¥E[9]

6. RS RITTHEI X RER
ST IUAUESE, BRI GBI A RN 32 AR SR 2 (LK 2).
Table 2. Key parameters influencing the immunomodulatory effects of acupuncture
2. SRS RBETHHENXESH
ZH IRALVE HLEI AR
H4(GV20). Hhith(LI1L). & =5

UL (ST36). 142(PCS) SREME - B AR AR B A 2

i o . & (2~5 Hz) {3t M2 #fk; =i (15~100 Hz) 75
PR ks 2/15 Hz. 2/20 Hz 8% i BBB iE
F IR AL S I(<6 h)ZE S (24~72 h) 55 G N P ULED, BT 28 S 2 koK
BITITRE HH1W, %EL:5~7d 5 A& A8 (48~72 h) .5
Tl 1~-3mA, CAILARR RS N RS RS, = R RS A B 4

VE: GV ONENK: LI AT KBE; ST NEHAEL: PC AT HIA-OAL,; BBB NIMLWKFER; M2 N M2 B/NE
BRI mA RN,

FNALIEFE T, H42(GV20). #hith(L111). /£ =H.(ST36). M <(PCB) I FRH I /AL, e i 34
NS RRGEAE - B R R S DA OG[45] . RO 5T, 2/15 Hz. 2/20 Hz B S5
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f&A(2~5 Hz) (2t M2 #4k, i40i(15~100 Hz)if45 BBB JEiEME[46]. THRHLGTH, BRI, #Hart
H(<6 h) 2 2 EHI(24~72 h) 5 G L I P ILAC,  nT BRI JORE B . Wayryr R, BH 1k, %L
5~7 d, 5RIEIEIEI(48~72 hYE S, FIBHEE T, 1~3 mA CUJLAIER GRS N R, i 0 R ok
28, e S ST A [4T] .

7. UBMELFAEERKRRE
71 FERRE

(1) PRAEALBRR: EHRISEORAI A G SR SR ML) RN, B2 T G R N R
W%, (2) FHALEAE: SHPRRIIEEAUA IS Pe L m (R s BEIRA . 328) REBUKN; Ik KBE
HLXT 58 (randomized controlled trial, RCT) X S fabs B IIA 2 . (3) MLEIRE 4k ZHt st R —
AN, B A - g - T R R T IR PE AR . (4) BRJEIR: ARG ik
PCR M LA 412 24H 1 e J5 4 1 2% 1) 73 AT ARFAE

7.2. REFE

FERFRITE T, B 4 RNA T (single-cell RNA sequencing, sSCRNA-seq) 145 i) i 5k 41 %, 4
H11S J5 NVU %255 1) G BAR IS, R0 BT R 82 FR) Ry S R AR B ME R s B T Xiao 258 [46] R “ 2=
- ka8 B AL, SRR AR A S AR A B OVE NK I, AR
i (innate lymphoid cells, ILCs). i 5 G 8 5558 % 00 R ZREF RN 254 7% (trained immunity) A5 24X
#f(immunometabolism) ffif#5; BT B E R (INFELL IL-6. TNF-a K F)AMAILER R &= I
R IR SR R G S I S Fa s SEEotisfh . (B SRR ISR AR, ST 808 fr HE 1)
BAEFIHL I T ARAL o

8. &g

IS 5475 < e acd AR o % ey A0 J& i R RE A 5, A0 B R e S R D ML ¢ B (BBB) A IR i JEE ik
ELIFRUR FNR A TR PR R S B e 2t o A lE T « AR - 487 BUANR S 1S J5 S ke s —
— W R IR I0G P Tok JEE 98 R I BRI AR T iAs, AR AR A rp o B ) A s 0 ) 3 B R KU . AP
Ga PE RN RIS X 20, AR R X 5 A0 A & s OB . (ERAXZ T, A% /N BT 40 AR AL
BRI R AN M. BBB 5e %M J2 OLs f73&, TEAMEZT, AT T AHRHE /40 F0 738 T B o 5t
TR i P9 98 i — 4 JE G e el — B s — P 453 4 I 27 (RS G B, Tl i P 4 A = 1) A R B
BAARG oG P 1B b A F T o e T ML . NF-xB. JAK/STAT. PI3K/Akt. NLRP3 % IL-33/ST2 %% i@ %
(I 288 A R4S o RO 5 it B R A PR 2 AL 22 AN 2 S R H R, TR B B A TR LRI AR,
ENEFRIVETT IS IR HEACFIbRHELL o

SE

[1] Feigin, V.L,, Stark, B.A., Johnson, C.O., Roth, G.A., Bisignano, C., Abady, G.G., et al. (2021) Global, Regional, and
National Burden of Stroke and Its Risk Factors, 1990-2019: A Systematic Analysis for the Global Burden of Disease
Study 2019. The Lancet Neurology, 20, 795-820. https://doi.org/10.1016/s1474-4422(21)00252-0

[2] ladecola, C., Buckwalter, M.S. and Anrather, J. (2020) Immune Responses to Stroke: Mechanisms, Modulation, and
Therapeutic Potential. Journal of Clinical Investigation, 130, 2777-2788. https://doi.org/10.1172/jci135530

[3] Shi, K., Tian, D., Li, Z., Ducruet, A.F., Lawton, M.T. and Shi, F. (2019) Global Brain Inflammation in Stroke. The
Lancet Neurology, 18, 1058-1066. https://doi.org/10.1016/s1474-4422(19)30078-x

[4] Endres, M., Moro, M.A., Nolte, C.H., Dames, C., Buckwalter, M.S. and Meisel, A. (2022) Immune Pathways in Etiology,

DOI: 10.12677/tcm.2026.1510595 605 HRE 2


https://doi.org/10.12677/tcm.2026.1510595
https://doi.org/10.1016/s1474-4422(21)00252-0
https://doi.org/10.1172/jci135530
https://doi.org/10.1016/s1474-4422(19)30078-x

R, TR

(5]
(6]

[7]
(8]

(9]

[10]
[11]
[12]

[13]

[14]
[15]
[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

Acute Phase, and Chronic Sequelae of Ischemic Stroke. Circulation Research, 130, 1167-1186.
https://doi.org/10.1161/circresaha.121.319994

Chamorro, A., Lo, E.H., Ren(, A., van Leyen, K. and Lyden, P.D. (2021) The Future of Neuroprotection in Stroke.
Journal of Neurology, Neurosurgery & Psychiatry, 92, 129-135. https://doi.org/10.1136/jnnp-2020-324283

Li, B, Deng, S., Zhuo, B., Sang, B., Chen, J., Zhang, M., et al. (2024) Effect of Acupuncture vs Sham Acupuncture on
Patients with Poststroke Motor Aphasia: A Randomized Clinical Trial. JAMA Network Open, 7, e2352580.
https://doi.org/10.1001/jamanetworkopen.2023.52580

Birch, S. and Robinson, N. (2022) Acupuncture as a Post-Stroke Treatment Option: A Narrative Review of Clinical
Guideline Recommendations. Phytomedicine, 104, Article ID: 154297. https://doi.org/10.1016/j.phymed.2022.154297

Li, N., Guo, Y., Gong, Y., Zhang, Y., Fan, W., Yao, K., et al. (2021) The Anti-Inflammatory Actions and Mechanisms
of Acupuncture from Acupoint to Target Organs via Neuro-Immune Regulation. Journal of Inflammation Research, 14,
7191-7224. https://doi.org/10.2147/jir.s341581

Kuang, H., Zhu, X., Chen, H., Tang, H. and Zhao, H. (2024) The Immunomodulatory Mechanism of Acupuncture Treat-
ment for Ischemic Stroke: Research Progress, Prospects, and Future Direction. Frontiers in Immunology, 15, Article
1319863. https://doi.org/10.3389/fimmu.2024.1319863

Deczkowska, A., Weiner, A. and Amit, I. (2020) The Physiology, Pathology, and Potential Therapeutic Applications of
the TREM2 Signaling Pathway. Cell, 181, 1207-1217. https://doi.org/10.1016/j.cell.2020.05.003

Jurga, A.M., Paleczna, M. and Kuter, K.Z. (2020) Overview of General and Discriminating Markers of Differential
Microglia Phenotypes. Frontiers in Cellular Neuroscience, 14, Article 198. https://doi.org/10.3389/fncel.2020.00198

Gordon, S. and Martinez, F.O. (2010) Alternative Activation of Macrophages: Mechanism and Functions. Immunity, 32,
593-604. https://doi.org/10.1016/j.immuni.2010.05.007

Hu, X., Li, P., Guo, Y., Wang, H., Leak, R.K., Chen, S., et al. (2012) Microglia/Macrophage Polarization Dynamics
Reveal Novel Mechanism of Injury Expansion after Focal Cerebral Ischemia. Stroke, 43, 3063-3070.
https://doi.org/10.1161/strokeaha.112.659656

Liddelow, S.A., Guttenplan, K.A., Clarke, L.E., Bennett, F.C., Bohlen, C.J., Schirmer, L., et al. (2017) Neurotoxic Re-
active Astrocytes Are Induced by Activated Microglia. Nature, 541, 481-487. https://doi.org/10.1038/nature21029

Sofroniew, M.V. and Vinters, H.V. (2010) Astrocytes: Biology and Pathology. Acta Neuropathologica, 119, 7-35.
https://doi.org/10.1007/s00401-009-0619-8

Liu, Z. and Chopp, M. (2016) Astrocytes, Therapeutic Targets for Neuroprotection and Neurorestoration in Ischemic
Stroke. Progress in Neurobiology, 144, 103-120. https://doi.org/10.1016/j.pneurobio.2015.09.008

Hesp, Z.C., Goldstein, E.A., Miranda, C.J., Kaspar, B.K. and McTigue, D.M. (2015) Chronic Oligodendrogenesis and
Remyelination after Spinal Cord Injury in Mice and Rats. The Journal of Neuroscience, 35, 1274-1290.
https://doi.org/10.1523/jneurosci.2568-14.2015

Jiang, X., Andjelkovic, A.V., Zhu, L., Yang, T., Bennett, M.V.L., Chen, J., et al. (2018) Blood-Brain Barrier Dysfunction
and Recovery after Ischemic Stroke. Progress in Neurobiology, 163, 144-171.
https://doi.org/10.1016/j.pneurobio.2017.10.001

Yang, C., Hawkins, K.E., Doré, S. and Candelario-Jalil, E. (2019) Neuroinflammatory Mechanisms of Blood-Brain Bar-
rier Damage in Ischemic Stroke. American Journal of Physiology-Cell Physiology, 316, C135-C153.
https://doi.org/10.1152/ajpcell.00136.2018

Ajmo, C.T., Collier, L.A., Leonardo, C.C., Hall, A.A,, Green, S.M., Womble, T.A., et al. (2009) Blockade of Adrenore-
ceptors Inhibits the Splenic Response to Stroke. Experimental Neurology, 218, 47-55.
https://doi.org/10.1016/j.expneurol.2009.03.044

Benakis, C., Brea, D., Caballero, S., Faraco, G., Moore, J., Murphy, M., et al. (2016) Commensal Microbiota Affects
Ischemic Stroke Outcome by Regulating Intestinal yo T Cells. Nature Medicine, 22, 516-523.
https://doi.org/10.1038/nm.4068

Wang, Y., Chen, Y., Meng, L., Wu, B., Ouyang, L., Peng, R., et al. (2023) Electro-Acupuncture Treatment Inhibits the
Inflammatory Response by Regulating yé T and Treg Cells in Ischemic Stroke. Experimental Neurology, 362, Article
ID: 114324. https://doi.org/10.1016/j.expneurol.2023.114324

Courties, G., Herisson, F., Sager, H.B., Heidt, T., Ye, Y., Wei, Y., et al. (2015) Ischemic Stroke Activates Hematopoietic
Bone Marrow Stem Cells. Circulation Research, 116, 407-417. https://doi.org/10.1161/circresaha.116.305207

AR, BCE, HKANIE, 2. HELAHETE PPARYINF-«B 15538 B 75 5 /NI 5 40 A A sk A28 dt of 448 3 24 K R,
VRG], EHHIAE 5T, 2025, 50(10): 1152-1160.

Ma, Z., Zhang, Z., Bai, F., Jiang, T., Yan, C. and Wang, Q. (2019) Electroacupuncture Pretreatment Alleviates Cerebral
Ischemic Injury through A7 Nicotinic Acetylcholine Receptor-Mediated Phenotypic Conversion of Microglia. Frontiers

DOI: 10.12677/tcm.2026.1510595 606 R 2


https://doi.org/10.12677/tcm.2026.1510595
https://doi.org/10.1161/circresaha.121.319994
https://doi.org/10.1136/jnnp-2020-324283
https://doi.org/10.1001/jamanetworkopen.2023.52580
https://doi.org/10.1016/j.phymed.2022.154297
https://doi.org/10.2147/jir.s341581
https://doi.org/10.3389/fimmu.2024.1319863
https://doi.org/10.1016/j.cell.2020.05.003
https://doi.org/10.3389/fncel.2020.00198
https://doi.org/10.1016/j.immuni.2010.05.007
https://doi.org/10.1161/strokeaha.112.659656
https://doi.org/10.1038/nature21029
https://doi.org/10.1007/s00401-009-0619-8
https://doi.org/10.1016/j.pneurobio.2015.09.008
https://doi.org/10.1523/jneurosci.2568-14.2015
https://doi.org/10.1016/j.pneurobio.2017.10.001
https://doi.org/10.1152/ajpcell.00136.2018
https://doi.org/10.1016/j.expneurol.2009.03.044
https://doi.org/10.1038/nm.4068
https://doi.org/10.1016/j.expneurol.2023.114324
https://doi.org/10.1161/circresaha.116.305207

FAE, TR

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

in Cellular Neuroscience, 13, Article 537. https://doi.org/10.3389/fncel.2019.00537

Wang, Q., Wang, F., Li, X., Yang, Q., Li, X, Xu, N., et al. (2012) Electroacupuncture Pretreatment Attenuates Cerebral
Ischemic Injury through A7 Nicotinic Acetylcholine Receptor-Mediated Inhibition of High-Mobility Group Box 1 Re-
lease in Rats. Journal of Neuroinflammation, 9, Article No. 24. https://doi.org/10.1186/1742-2094-9-24

Xu, H., Mu, S. and Qin, W. (2018) Microglia TREM2 Is Required for Electroacupuncture to Attenuate Neuroinflamma-
tion in Focal Cerebral Ischemia/Reperfusion Rats. Biochemical and Biophysical Research Communications, 503, 3225-
3234. https://doi.org/10.1016/j.bbrc.2018.08.130

Lin, X., Zhan, J., Jiang, J. and Ren, Y. (2021) Upregulation of Neuronal Cylindromatosis Expression Is Essential for
Electroacupuncture-Mediated Alleviation of Neuroinflammatory Injury by Regulating Microglial Polarization in Rats
Subjected to Focal Cerebral Ischemia/Reperfusion. Journal of Inflammation Research, 14, 2061-2078.
https://doi.org/10.2147/jir.s307841

Xu, H., Wang, Y. and Luo, Y. (2021) OTULIN Is a New Target of EA Treatment in the Alleviation of Brain Injury and

Glial Cell Activation via Suppression of the NF-«B Signalling Pathway in Acute Ischaemic Stroke Rats. Molecular
Medicine, 27, Article No. 37. https://doi.org/10.1186/s10020-021-00297-0

YLHR, s/, B8, . BT ROS-TXNIP-NLRP3 {5538 B4t 70 LSl i s 00 7 v K BB T M o 4 v 44,
HIFERALHI]. e BEZ24T, 2025, 43(7): 162-167.

HULDL, BB, VSR Ry e st L/ P A O B K B o 8 S R T J A S Ml [J]. ) 224, 2022, 53(6): 705-
710.

MRochE, LA, W, S BT R TR 5T A RIS 1 SR e I R TR I 1) B VA AR 22 A R I SRR AT 9], R
HHER 2K 4R, 2021, 37(5): 688-695.

Lu, Y., Zhao, H., Wang, Y., Han, B., Wang, T., Zhao, H., et al. (2015) Electro-Acupuncture Up-Regulates Astrocytic

MCT1 Expression to Improve Neurological Deficit in Middle Cerebral Artery Occlusion Rats. Life Sciences, 134, 68-
72. https://doi.org/10.1016/j.1fs.2015.05.014

Choi, B., Lee, H., Jung, D., Kim, N. and Shin, H. (2022) Effects of Electroacupuncture on the Functionality of NG2-
Expressing Cells in Perilesional Brain Tissue of Mice Following Ischemic Stroke. Neural Regeneration Research, 17,
1556-1565. https://doi.org/10.4103/1673-5374.330611

Dong, H., Fan, Y., Zhang, W., Wang, Q., Yang, Q. and Xiong, L. (2009) Repeated Electroacupuncture Preconditioning
Attenuates Matrix Metalloproteinase-9 Expression and Activity after Focal Cerebral Ischemia in Rats. Neurological Re-
search, 31, 853-858. https://doi.org/10.1179/174313209x393960

Lu, T., Luo, Y., Sun, H., Qin, W. and Li, Y. (2013) Electroacupuncture Improves Behavioral Recovery and Increases
SCF/C-Kit Expression in a Rat Model of Focal Cerebral Ischemia/Reperfusion. Neurological Sciences, 34, 487-495.
https://doi.org/10.1007/s10072-012-1081-2

TR, =L, BOCE, . HESRER R R B ok 28 K BB LRI B2 JE X CYP27al/bl. CYP24a JAHIE 4
YR T RIK L[], SR AL, 2024, 49(5): 463-471.

R, HIRE, M, 2. HSkEEEE RORyt itk IL-17A+Th17/FOXP3+Treg 41H-F-#1 Z%f% MCAO K iR ki b
I PSR T E[3]. BRI 9T, 2024, 49(2): 135-144.

XUER, Mhs s, BAh, 25 LT Dnmtl /-1 Foxp3 FFEALAN Treg/Th17 P45 7t o Skt S fivi ol i o R S5l I 17 J5
X JORE S ML R[] A R 2GS B 4 &, 2026, 33(3): 89-97.

IR, R, MRk, %5 B 5 BT T TR R AR B K B0 48 ThRE K 1 B B 4[], EH LT
TEWE T, 2023, 27(17): 2692-2698.

B, XECR, A, S KRERT RN R B ik ke 2K AR 2 DR S i E TR R[], REER R 2 K
1, 2025, 44(5): 426-434.

Wang, Y., Meng, L., Chen, Y., Ouyang, L., Wu, B., Peng, R., et al. (2023) Electro-Acupuncture Treatment Ameliorates

Intestinal Inflammatory Injury in Cerebral Ischemia-Reperfusion Rats via Regulating the Balance of Treg/yd T Cells.
Brain Research, 1803, Article ID: 148233. https://doi.org/10.1016/].brainres.2023.148233

Liu, W., Wang, X., Yang, S., Huang, J., Xue, X., Zheng, Y., et al. (2016) Electroacupunctre Improves Motor Impairment
via Inhibition of Microglia-Mediated Neuroinflammation in the Sensorimotor Cortex after Ischemic Stroke. Life Sciences,
151, 313-322. https://doi.org/10.1016/].1f5.2016.01.045

Chen, A., Fang, Z., Chen, X., Yang, S., Zhou, Y., Mao, L., et al. (2019) Microglia-Derived TNF-o. Mediates Endothelial
Necroptosis Aggravating Blood Brain-Barrier Disruption after Ischemic Stroke. Cell Death & Disease, 10, Article No.
487. https://doi.org/10.1038/s41419-019-1716-9

Liu, S., Wang, Z., Su, Y., Qi, L., Yang, W., Fu, M., et al. (2021) A Neuroanatomical Basis for Electroacupuncture to
Drive the Vagal-Adrenal Axis. Nature, 598, 641-645. https://doi.org/10.1038/s41586-021-04001-4

DOI: 10.12677/tcm.2026.1510595 607 Hh s

$
i


https://doi.org/10.12677/tcm.2026.1510595
https://doi.org/10.3389/fncel.2019.00537
https://doi.org/10.1186/1742-2094-9-24
https://doi.org/10.1016/j.bbrc.2018.08.130
https://doi.org/10.2147/jir.s307841
https://doi.org/10.1186/s10020-021-00297-0
https://doi.org/10.1016/j.lfs.2015.05.014
https://doi.org/10.4103/1673-5374.330611
https://doi.org/10.1179/174313209x393960
https://doi.org/10.1007/s10072-012-1081-2
https://doi.org/10.1016/j.brainres.2023.148233
https://doi.org/10.1016/j.lfs.2016.01.045
https://doi.org/10.1038/s41419-019-1716-9
https://doi.org/10.1038/s41586-021-04001-4

ZEIGFE, FHLGR

[46] Xiao, Y., Wu, X., Deng, X., et al. (2013) Optimal Electroacupuncture Frequency for Maintaining Astrocyte Structural
Integrity in Cerebral Ischemia. Neural Regeneration Research, 8, 1122-1131.

[47] Liu, S., Wang, Z., Su, Y., Ray, R.S., Jing, X., Wang, Y., et al. (2020) Somatotopic Organization and Intensity Depend-
ence in Driving Distinct NPY-Expressing Sympathetic Pathways by Electroacupuncture. Neuron, 108, 436-450.e7.
https://doi.org/10.1016/j.neuron.2020.07.015

DOI: 10.12677/tcm.2026.1510595 608 HRE 2


https://doi.org/10.12677/tcm.2026.1510595
https://doi.org/10.1016/j.neuron.2020.07.015

	针刺治疗缺血性脑卒中免疫调节机制的研究进展
	摘  要
	关键词
	Research Progress on the Immunomodulatory Mechanism of Acupuncture in Ischemic Stroke
	Abstract
	Keywords
	1. 引言
	2. IS后的免疫应答特征
	2.1. 中枢免疫应答
	2.1.1. 小胶质细胞
	2.1.2. 星形胶质细胞
	2.1.3. 少突胶质细胞与血脑屏障

	2.2. 外周免疫应答

	3. 针刺调节IS免疫稳态的中枢机制
	3.1. 调控小胶质细胞极化平衡
	3.2. 调节星形胶质细胞功能
	3.3. 保护少突胶质细胞与血脑屏障

	4. 针刺调节IS免疫稳态的外周机制
	4.1. 调节T细胞亚群平衡
	4.1.1. Th1/Th2平衡
	4.1.2. Th17/Treg平衡

	4.2. 调节肠道免疫与菌群

	5. 针刺调控免疫稳态的关键信号通路网络
	6. 影响针刺疗效的关键因素
	7. 现有研究不足与未来展望
	7.1. 主要不足
	7.2. 未来方向

	8. 结论
	参考文献

