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(57) Abstract: A method for regulating macrophage polarization state, the method comprising a step of using a cholinergic anti-in-
flammatory pathway agonist and/or a vagus nerve electrical stimulation signal to activate the cholinergic anti-inflammatory pathway
of a macrophage. A cholinergic anti-inflammatory pathway agonist is used to stimulate in vitro a macrophage, or an electrical stimu-
lation signal is used to stimulate in vivo the vagus nerve, the cholinergic anti-inflammatory pathway is activated, which inhibits the
polarization of M1 type macrophages, promotes the polarization of M2 type macrophages, and achieves a regulatory effect on the
polarization type of macrophages, having a great significance in specifically regulating the function of polarized macrophages and the

diseases cause thereby.
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— PR E R AR B T i
BRI,

KGR T AR 2 BRI, B K — T B R R R RS R ITVE,
JUFLPE R I8 i PO HE A B T A G0 B T LR AR B AR AR A R O vk R AR I 2 B
ok SIS FERE AL SORE R A2 A e A N,

BREAR

R 2 2 B SR AL A o N R AR S HEN LR, e E AR oy
WIEEHT o« ARFEHGRTT L) R ThRER) 2, BRI 7 v 2 iy (M1 YD g
A (M2 ). A4 FE &K LPS 8¢ Thl 240 A ¥ (TNFo, IFNy) Zf¥E T,
I AT e AR R AR AL Ty ML 2R, SR IAAORE TR AR PR A PR AR, B A KO IR
. TEBRIR S SURIEIE S RE SN R A VE s 2 3L, £ Th2 840 K+

(IL-4, IL-13) &3 F, ERRIAEROE S M2 B, RiEHiR K+ (W TGFB,
IL-10), HAHIR 5 e gk S E R AME Z RI1ER - b4k, i1l % Krippel-like
factors (KLF4). STAT6. miR-33 SR A (1%, R e 1R 77 I 4l ) R A IR 85

TSR B, PR ANIE] B MR g B W 200 0 AE 98 AT 5 s ) R A T b A R Y
WIEAE,  AEAS B BP0 S5 0 S AS R REO , /TRUEThBE EAH 520 T RE M
M1 BIE AT A ThAE, dEFE M2 AURALAI M A B8 08 SRR, Sl 5 RE )
ARBEAAEEER. K, S —FA R 77 vE T B R R R AR,
LETRII R TT SR A S0 77 T 7 SO K. 4RIMG, Al 000 V1T I 2 A A
LA OPIRrR T

HHBS BEPT 4 I 2 (Cholinergic Anti-inflammatory Pathway, CAP) J&—Fh#f
IR I 2 GBI R IBAR  AERAEFAE T, AR NRRAERIE (afferent vagus)
F REMS TR EPIME R, FRE AL HRGEMZ (efferent vagus) BN Z
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PR (Acetylcholine, ACh) {FH]-T- E RGN, 11 AR 20 i SORE PR 1~ HUBE
A LA R JORE SRS ) A P « CAP X4 B 1 Ry 8 2ORE 2 2 A B e i b 1
DN T AT [N 7~ T BE AN 2R MF S SEAT G B R AL 1A e R . WEFUARD, il iR
BOEAEAPL RS CAP, BRGNS SVESRIE . MREAE . 1R TESERIRIEIRTT R A%
PR RE, WIMSCESIRAER . BT, RIBEREMZ /R T7 i E L E FDA
WIEMERL, WS T SRR ST R SR B TR AR T

EN KRR A PR VE SRR, RO R R A R W R R T
MWL, FURRRE, INRIESALAE TR, SFEULERZE. R0 RMAA
O T Eh BB R L . R RATEAZRI A B AT fie /e sh ik sh AR gL
Z AR R R BUR N AURZ D3R . AESIIKGRPREAL R AT, JORE R N
M1 BUtR A B SRS, A AR EE R A G KSR M AT, IR IRERE I e
PORE A IIPR JERE A J A S BRI 1 T P i AORE RO IR AR, M2 BREAR A M 4 i
BB HRTIBUR A 7, et PR R AR SIRIE R I BE . AEXT Bk s A
WAL BRI 7 R A, S M R AR AL T R B 1 M2 AR A B A
K, FR] LU Sl Bk AR SRR R AT S, B0 M2 AL Al 6 240 U =T
DL 25 0 20 K SR AR BE AL I A e R R o I R B Pk S R A A s N 2R 4390 v 3
R, M1 B AL BT o 2R 1 AR o ARG TS JOE PR R XA, iy M2 AR A
R 240 ) A1 T PORE AR AR ) [X 3

HAT, IR BT sh B HRE AL R BT 2R T SR B AL il 2 259 (lu
A7 T S Brl 7] VLAREE ) | I SAEAR S  TNF-o. AR E (I A58 [L-1P
R TEREPLAR canakinumab) EHDHIAN L A SORE(S 5B BRI S 207, W3] p38
MAPK 2R 5658 . NADPH SALBESS RAE(S 5 70 i1 2810, IR Z A7 1

RIERIR S SR Rr 7 1k 58 B sk
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Rtk T E R R AL, BRI SORE R R AR R, XS ] B Bk R R B AL Y
TERCRA SR . BUA BOR SR XS 81T B SR AL R 7 vk b, T i 1
5 WG 4T R A 5 o 0 1 98 RE A A R R e U R, R TR B I RE 5t
AR L B T 7V, SRR SO R DRI Y R A R R
RAANE

AR T —FhEAT BRI MR AR A I vk, s 2R R
Bk R 2 BOE AL DT R B RS, R AS RIS AL E VR A B A T BE, AT
IHIRRE TR AR, FEAHIZ) K S B A BEPLK T A o

71, AMERMT —FET B R AR RAS R TR, TR a
5 SR T HEL 6L A e 48 38 B S 75 R/ ek 7 o 28 W RSB 5 Y I 2 e P R
LA E PR AR

ASEE T, SR REBR BE BT 28 38 B o BRI AT AR SR, BCR
W X R FE AN AT PR RIS, F BT T HELR B T A8 R B O OR,
T M1 B ERRATAERI R A, 2Rt T M2 B B R i R R AL .

iz, Frik REAAEHT 8@ BR PR 7 G HE 2 M R AR/ B HE A 2 A4 sl 2

iz, Frid RSz RN 25 f 45 GTS-21 (DMBX-A), J& kPN o7
W, 2, Bk HEL B 52 A4 B ) 75

GTS-21 BB W45

AHEF, AMAEBEL GTS-21 1E JyRHARREHT A B B B0, RIFFFHE E
B RETT A B RS, WH] T M1 B R PEE A E DI BE, FREE T M2 AR PEE
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WESM AR TR, RS MR VR AR A BT B T A8 2 3L 51 R s Oy T B
ISR

i, Frid ZBERHAR ALY 10~200 uM, BT B 10 pMy 50 uM.
100 uM E5, 200 uM.

ik th, FTiR GTS-21 HIHE N 5~50 uM, #lan el LU 5 uM. 10 pM. 20 pM
% 50 uM.

ik, AR REANE A S T RN Ry 3~6 V, #ltnal LU 3 V.,
4V, 5VEL6V, fRIERNS5 V.

fRidetth, Firid 2k E w22 RS 5 B i ()49 1~5 ms, #I4TAT B 1 ms.
2ms. 3ms. 4ms = 5ms, L&A 2ms.

iz b, BTk ok i 28 B A E S R E IN85ZE 2 1~5 Hz, Bl e BAE 1 He.
2Hz. 3Hz, 4Hz 5 5 Hz, ik 2Hz,

AHE T, BRSSO E L, BOnE AT ER, M T Ml
TR 5 PE ELRRAT M R T AE,  HHORRE T M2 U0 58 1 B W I A (¥ Th g

fRith, F7iR BN S RAW264.7 H1/EEE 6 IR B0 40 i .

W70, ARIERAE T AT BRI E, TR E A
5 HEL B 5 7T 24 178 2% Y8 sl 7 e o PR G A/ B8R A 2 A S A AR G

iz, ik A 6 e St ¢ 38 B Pl 1) it in B8 e P T 1) 0 AL B . T A
BEAN/BY GTS-21.

i, BTk ABEREBR AR E N 10~200 pM, BT B 10 pMy 50 pM,
100 uM B5 200 uM.

ik th, BTk GTS-21 BIWE Ky 5~50 uM, #lan el LR 5 M. 10 pM. 20 pM

B 50 uM.
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i tth, PR EE IR TRLIA 5~20 min, HU0A] PA4E 5 min, 10 min. 15 min
g% 20 min.

fLadeth, v idh ik A 40 W RS 5 HEIN R oo FH J 1o R A Ao 22 Je m R R £

ik th, Pk RS S RIREINEE N 3~6 V, BIIIATIE 3 V. 4V, 5V
oV, likiNs5V.

iz, Prik RIS S 80 [E) 2y 1~5 ms, @40l L2 1 ms. 2 ms. 3
ms. 4 ms 2 5ms, LiEHN 2 ms.

Riktth, Pk BREAE 5 A INRZE Sy 1~5 Hz, $IaT L2 | Hz, 2 Hz, 3
Hz. 4 Hz 5 5 Hz, L%~ 2 Hz.

BT, ASHUERAL T — A B ARACRE K 2 EA Y, Bk
G LS RO R DL % 8 BB 7

iz, Frik RE B AE ST 28 BR P 7 G HE 2T AR BRI/ B HE A 32 A sl 2

fifetth, ik AEERS2 ) 285 GTS-21.

FITik 2Py 0 & it B FE 2% ol He 2 r it . ORI B R AR R —
FEEADPFIA S

AHET, WOT B DA B B I A S Y A R EE P, AT i@
BREESS SN, 8 MRS S B e T AL, SA B TR A 97 O ML
1B B A EER AN RGO SO B H R

SEVUTS T, A F I SEAL T A 5 I i A A TR EER = 0 1 P A ) 25

E AL 2 RREAR SCHBIGIT 25 P S

Puidetth, FTIR IR LG O LB 7 A/ BN 22 R B0 I

iz th, FTRBR EAES) BRI RLAELL o
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ST, AR HECAR L ¢ MBI SRR SBIR H TT v, B

111 55 2 T P ARG A 0 28 38 B S S 750 A/ B I 2K S AP 2 B RS s AR
B LR 2 L BB B T 2K 3 I

SUERARM, ARERA W A AR

(1) AHENHCBEREIEEL GTS-21 Bk AHsEedt 2w, 6l M1 A2
RYEEWRAMA TR, fEF M2 BRI BRI A ThRE, SCIL T RE R PR R T iR
A IR 20 Jf T B JFL 51 R R0 A R «

(20 2 A ) I H 7R 300 2B A9 2 ST BB BE B A B B, AR TR AR T 20T
AR 9% 959 77 1 B A FLEE R
B Pl 52 B

B 1 AR 7 R

2 S CMEREAEAT GTS-21 #0e41 M1 Y B w40 IR TR 4 PR R

Bl 3 v ZWEAHBFT GTS-21 {2t M2 24 B 40 f AR 1L 5

B 4 VIR EMPA 5, GTS-21 0S8 I8 56 58 57 78 18 PR AL 22 2 K s AR A 4L
F) 58 i R BB 1K o
Bty

Rk — 2 [ IR A F A PR B BOR T BB LA, LU 45 2 S 4] A B 14
PG R — D i ] . AT ABEAR A, A ik 5 B A4 S 07 AR
TRRREA TG, T ARX A BB R B E

SR T RV I B AR R SR A3, H AR QLI A B SR P i A 3 R B
FAF, B WU BT BT AR B AR I A R, AT
A T T RO T M SRAS R

A B U TR A VA ML T B R T TAORE SO SR BE R, 1B
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IR R 5 . AGUR B ESEARFE, R MR B4Rk Thae .
IEGERAE R R RRITT I, EHNCL R RESEI ] 1) RS S48 IE S8
TR EL bR B 0 4 8 B 0T B R AR AR AL TR AR R s 20 R S K R A8 AL /) B AR
TR 56 1F FEL B 5 70 48 88 6 YO XoF 50 Bk 948 B A RIS R0 3= 3y Jok B e g 440 1 4
H, BRI ZBEEEIME 1 fis.

SEHER 1 B RERYR I B ME4H U iR 2 B A B 5

KN BRI IE, W TPRA T5%ERERept s FBY I BT CRE, 4
BB AR, HIFR )G E T 10 mL RPMI1640 £5573 (& 10%FBS) H; 3
WS AR B ST, BRI RENE, F 10 mL SESES (1 mL &3k Mk EbE
fi, 1 mL B VORI ES T A

MM iRl i), WERAMEFA R E 50 mL S.08 ;1000 g B0 8
min, # FiE, HE&F 10 ng/mL EWEIMRER BB ¥ (MCSF) 1) 1640 557
FEEBMM, AT 6 AR HTE SR = REWRIIEH 10 ng/mL MCSF 3%
FeHE, THEIR 3 KGRI B B SRR Y ER4E R (BMDMD.

SKHER] 2 Z.BEAB AN RE AR AE 32 A B sh 7% M1 B 5 4 i ) RE e

¥ RAW264.7 B BMDM 43 5ll#%80T 6 FLAR T, FAR4ifss B ik 70% 70 4,
IO 5] Y 2 BERE A €0 10+ 50 100, 200 pM) B3 4H 55 A 2 7R 30771 GTS-21
(0+ 5. 10 20, 50 uM) A-FE 10 min;

{6/ AE £ 4 LPS L IFNy HIl¥i5 5 M1 EEZRAD, 24 h JSYegEgmie, e
KAPENF TNFo. IL-1B. TL-6 FIZEIA,

BN 2 i, £ LPS -5/ RAW264.7 40M T, 23 % FUANIE R 2 2.t
AHEE (Ach) A1 GTS-21 BEATALRE 24 /N, RIS HHAZ R MK+ TNFa. IL-1b

A IL-6 ARR R IL, SR EIR, LPS 855 AR B2 R IR K BES 1 £ Tt HE B A
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GTS-21 ], FFEIIKERMIME. S1H2REL, 7 IFNg 3 FH)EAE IR E R
i, ZMEREBE (Ach) A1 GTS-21 BEBEI MR A4 /2 & V5 5 TNFa.
IL-1b AT IL-6 K48 .

KR 3 ZBRAEGRAAERREE 32 AR EEhxT M2 R 5 W4 i R e

¥ RAW264.7 5, BMDM 43 Hl#80 T 6 FLARH, FRr4ifuss 5k 70% 4 4,
TN T AE Bk X HE B e 52 4493020 77) GT'S-21 4L FE 10 min;

R IL-4 FUBOE S M2 E VRN, 24 h SR, T Hi R TER TR A
BRI 1 (Argl). TGF-B. IL-10 £k,

2K 3 Bion, 75 114 53/ M2 B E R0 RAW264.7 UGB BERE
MR, CBEAHBE (Ach) AT GTS-21 fe Bt M2 A B MR i 1k,
T A e bR SR K 1 Argl. TGF BLM, IL-10 FI&RIA.

LB 4 GTS-21 BREFRIBT Apoe-/-/IN B BBk REREAL BB )

Dl R TERE (% 21%f1617, 0.15%H[EEE) MEFE Apoe-/-/NER 10 i, H4#3))
BROBFEEAR AL /INGR: 10 RIS, St/ NRBE NATR . AL 13030 Bk P A s o 2k
FEAMEEAT DI F A

] /N R GRS E S 4 mg/kg GTS-21, & 3 K —ikK, AEEAgTAE Apoe-/-/IN R s

SCESE R, HREREL 43 T M98 SORE Rk, 60 B R 3 BkdhAT I
BEH AT o

At o] [N v B S R A, TR A B AE B R K

ZERWME 4 fron, HEMZEYIEU]SERE T I AORE K+ TNFa Al IL-6 #Y
PR, FRARIEB) BKBE I e VIR A AR ST GTS-21 AbF AE s B 40 ] i
H RAEF TNFa M IL-6 7742, g g2 sl ki RO BB B TR 1

KHBRSE S (5 V. 2ms. 2 Hz) FlEsh kSRR AR AL /N B A0 2K 41
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22, RIS 48 RE [ TNFa. IL-1b 1 IL-6 [RFEIA15-2#0H], 15t 4 K+ TGF
AN IL-10 BYRIEFE =, U ) R RO A o 22 (R R S B T 3 B R AT B AR AL IR S 3
T, EE] Y M1 R E R R AL, (RBE T M2 BUEREA Sk, DSk T E)
FKESFEE AL B R I 1 o

g LRI, AR R e 24 R R SCRE A T A R e e e
SO F AR AL S ) B R AR M Tl i, AT RE R R AR R R, TE RE PRI
T3 B TR AN IE T 77 1 A B X

HE NI, A EEE I R SR i W A BB VRN T i, (B H A
HARRT LRI %, BTG A 5 L AU E I8 T T A RSt -
B R AR GUR I BAR N A RDZ I T, XA B A AR ek, %o A R A 7 i 5 IR
RS RO e S B BN . BARTT SRR A, VS AE A HE (R I
R A HE 2 A



WO 2022/052234 PCT/CN2020/124288
10

W FE KB

L. AT B R AT B AR AIRAS I 77, B 48 R FH BB £ 71 %8 1 2% ) 57
/B Rk e 4 0 e RS 5 W 0 T P RELBRR - A% S 2D

2. ARIEBNEIR 1 bRy 77, Hodr, Pk BEBE EE 5T A 8 BT G 4
POt HEL ol 1/ 5 HEL GG 32 1A B 24
- RAEBUCREEK 2 ik iy 7%, Horh, Pk EBHRZ R Bs) 25 8.4% GTS-21.
VIREEBURIELR 2 Bk r ik, Ho, BTk SBEHBR A SN 10~200 wM
v RIERCRIESR 3 Bk 7, HA, B GTS-21 BIKE N 5~50 uM.
v HHEBCHZR 1-5 PAE—TATR K 7, Hr, Pk E i 4 B RS
SR R 3~6 V;

iz, Frid AR 42 B RS 5 B INI (A 1~5 ms;

i, PR KEMNZE RIS 5 A M INARER Ay 1~5 Hz,

7 FRABE BN K 1-6 4£— T FTIR I 732, Horr, Brid B w40 i (055 RAW264.7
A/ B BE KR B AT

8. — MR E MR AN RARAIRAS R E ,  H G IS RH B R A% 8 B s 7 e N
BRI/ ER T AT £ H S T BN PR e

O, MABEBUNZLR 8 FridRI3EE , P, Pk BE Fei 4 18 B 71 i n 5
JGF T 1a) B W40 it i £ e AR RRT /2 GTS-21;

iz, Ak CBEHESRATIR N 10~200 pM;

i, BTk GTS-21 RIHKSE N 5~50 uM;

feite s, FriiEIn IR 1Ay 5~20 min.

10, MRPERCFIZR 8 FTRMAEE, Hrb, ARG Rl s 5 i n s
TG T 1 R S 20 it HRRA S s

ik, ATk RIS S RE N FB R A 3~6 V;

W

-~

wn

(@)
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fligests, Frid RIS < RUMEININ (]2 1~5 ms;

fLi s, Pk RIS 5 RN 1~5 Hz.

11, — i~ B ARACIR S R 29 E SV, HA 5 BB AL B A% 18 B
ZipilE

fLaktls, Frid B AEST R 18 B Bl 75 B 55 LB AR /B A 52 R sl 24

fLik s, FikREARAZ ABEN 25 6 GTS-21,

12, MRIEBOMER 11 Frid A MAEY), Hh, FridZyMA S WicaEs
e B AR AR . U B R P AR A e R D PR R A A

13, BURIEEK 8-10 AF— T ) e BOR/BURCHIEE R 11 8 12 Irid e 25 A
IR & JOREM SRR T 25 B R

14, MRAEBCRER 13 Fridfun A, Horp, BridBom S D s om . kil
AE RERPER 2 AP RG50S TP e R — M E R DRI A A

15, fRIEBOMEER 13 ik, Ferb, Frdscin Eah sl bk a1e .
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claims 1, 13, description, paragraphs 132-135, 219, 229, embodiments 1-3

X US 2019117979 A1 (THE FEINSTEIN INSTITUTE FOR MEDICAL RESEARCH) 25 April 1, 6-8, 10
2019 (2019-04-25)
embodiments 2-3

X US 2005125044 A1 (TRACEY, K.J.) 09 June 2005 (2005-06-09) 1-15
embodiments 1-5
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X US 2018000899 A1 (ARTAD PHARMACEUTICALS, INC.) 04 January 2018 (2018-01-04) 1-5,7-9,11-13
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A B % (CONG, Lin et al.). "FLRIBTEBSNIKEB AR EF (Effect of Electrical 1-15
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pp- 2497-2501

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (a§ specified) ) o considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y
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Nicotinic Acetylcholine Receptor: A Novel Therapeutic Target for Inflammatory Diseases)”
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 1-7

because they relate to subject matter not required to be searched by this Authority, namely:

[1] Claims 1-7 relate to a method for regulating macrophages, and pertain to methods for treating diseases
under PCT Rule 39.1 (iv). However, a search has been carried out on the basis of the uses thereof in a
drug preparation.

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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