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Abstract

Programmed cell death protein-1 (PD-1) inhibitors face the challenge of strong drug resistance and
low response rate in tumor immunotherapy. Astragalus polysaccharides (APS) have the functions
of inhibiting tumor cell proliferation, regulating immunity, and may also enhance the efficacy of PD-
1 inhibitors by modulating the intestinal flora. In this paper, APS promotes the secretion of short-
chain fatty acids and other metabolites by enriching beneficial bacteria such as Bifidobacterium and
Ackermania, thereby enhancing intestinal barrier function and down-regulating tumor PD-L1 ex-
pression. APS improves the tumor microenvironment through the “gut microbiota-immune-tumor”
axis and provides a new strategy for PD-1 inhibitor resistance, but its clinical translation still needs
to explore the individualized differences and mechanism synergies of microbiota regulation.
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1. PD-1 #5570 25 304K

PD-1 FEAERGER) T 4000 B 41 &k NK 20 hkik, it 5 HA A PD-L1. PD-L2 456, 1Ll
PSS, ATRT I T i s, 4EFrfem sz, &% 3 S Rpom. TR a5 T T A0S
#KIL PD-1 40, PD-1 5HECHA PD-L1 &6 /54 T 402 A ¥ 68, 4% IL-2. IFN-y fl TNF-
o BIF=AE[1], T AHMEIIREIRES, TiE AR, PD-1/PD-L1 $iFid sk B Wrix Fhgh &k kR T 4i i
G, T ZHMREO U R FERE A, 1k 24 ) iogg 1) H AR [2]. SR BE A i 24 S e (1) i B S5 R 3
Ji9R J KT PD-1/PD-L1 i 5735 B 2596 97 M2 2821 20% (3], 7E R F I B 2R 7 M& 2]
15 40%, A TERERGEEA L 5%; MSFEBOXME R 20U S 4 AR MR PRI R G
IFN-y iB B 5 0% . CAFs Y3 7 [ K i BE R mL SR & .

2. FEEERRRSEN RERTHER

Wi R NI KIILE RV EMIAE S RS, R R R GBI DIRETT 4% 7 AR, IR
WL SEX R Se iR TT (4], JUHGE PD-1/PD-L1 SR (97 BORA U YRR AL, HHLHI 0%, WG 1
U3 T PEAMLIE AL FREPRAE SF 240 . WHFCIESE, BEOFIMEH T, &8 WA HE K5
AL TOE R AAF AR AR 3 A5 (5] BB URIL, AT RERTHS B T AR - S B DA
SRy BT FHE I 7 FEBE AR T RR (U T IR LR BOE T 4RI ThBe6], 12 BRiE m L AU Y5k
IRRIG 98 DC A PT IR 53, (ARt T 4HA ik PD-L1 BB R . HHT, =T HEBEREAKE
RTINS C O iR PD-1 N 2537 ), A T 0355 570 5 CD28 Al PD-1 fI3RiE, fERE R
iR B RS RIEEEAEH[7]. EREEES PD-1 #1717 B A E B VIORHE, X — KRR EEE
AR - R T 2 TR AT AN RIS TESE,  RF € BB 2R B A I RE S 2 2 R
PD-1 fMHIFIITATROR . G101, &SRO SR A S T 2 R 1 08 R B2 A B4 ) PD-1 47l
FRIME AR DR, 1T BG4 2% AF B0 T W B T IR 03 R R B T e BUA T IR, MHLHI A, XSUEAT R AT
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AL 1 iR RO A L PR SR SR T RE, e aE Uk LS A A TR RO B AR AR AL 8] LK, EE A al A
L HARU W (hn FE BE AR 107 BR) RE W 40 1 . T 4 IR A0 28 AU ) 400 1 240 L (MIDS Cs) 35 G 788 401 1 4
(R0 P DT IR B SR 5 ) e BE AR IR A o PR, T T A e 1 4 B3 R Ry B S e S, R
PD-1/PD-L1 {5 5@ # RGP . Fla, FREEm B~ Ress T R BR i PD-L1 ()3R5K, H558 T 4%
IR IR A R AT RE (9]0 BEAL, i T TR R A 308 1o 24 45 P e 5 4k IRV H2 R PD-1 7RI 7 28 58
B i e B m] 77 L AR T S IR NI R G, T G 51 R 4 B A SORE ST PR S . AEIXTT
T, B 5 S 1R DA HL RE NS e 2t VB0 A R 53 i o P Th BE T 26 32 57 . Amuc-1100 2 5B 5 2 3 4k
i b R M, WIS TLR2 /55, TGN 4s A 2 Bk 45 o CD8+4H il 2% T #k
EEL 200 L 1 2 SR A ) FP B T A [ 101 IR PRI FE I, %o PD-1 i) 77 o J82 (2 e (1% £ 38 g i v i M T B 1)
JEAE R

FRWRHRR, HAHTI, RS, T Esm AR IS, R LA S By 2R
o I EZ M APS. BICHT . MR RS, BA MR A a s 5E, (23 T L iy S e 5
Tife. APS et T 4 &% NK IS TE. FERIE KRBT (L-6, TNF-o)RiIEBIFIR LB RMMEM. bk
b1 APS BT LASR s MLAR XS DU 250 RBUR A, A8 290 A H SE A I R (11 ] e PR 25325 F B e 2 M Y
FEEHRAMNE, HTERZ. AAWE . BiT. . BARESURIERT & B4R,
AE R AR, RIHREIR TN MR R . AN, VRS ISR S MEAE WO S A, IS S R T g T
WA RZIN(12]. RS R RANH 7, Ve SR 2 Ml K PD-L1 (3&3L, MImE/> PD-1 5
PD-L1 45& 51 St 32 [13]. fES7ROT T, APS X T B A A M Y IA R bR Je e 26 387 1L 375 Fi R b 5 4 1Y)
KV IR SEALST 29 KRB AR, IR A T T A RO (14]; W T45 Bl K84,
A FAL A 2 24 o 375 S R M 9 T AT T S BE A B (B R ), S0 IR AT RS | 1R 2% S e #2
SETTIHI[15]; X Tl i) B, APS BKE TP &84k YT 77 58T A Rl e SUI AR /N a0 ffg 26 Blora it Jee, e
JYRERISN, 1R EEEERE[16]. ST LW, $RH APS WReEd SR IEMAR, T “miE
WA - S - R 7 =SSR, ATy PD-1 S0 75 SE A 2 I MR B 5L o

3. APS BT TS A E B A 1 PD-1 #5157 BB AL HI

APS S 38 B RE T R B DL B RS PD-1 307 R 3 D10, AT H APS Al fEiE T
Z B AL 55 PD-1 0 A BUIR RCR . B5E, APS IR HERE B AT AR R AR, AL T R A
), IR GRS LA = ) R WS 4 B R bR JR) S R e S e 2 o R R IR T IR 2 T B R ) 3
B, TiE W R ATk JETE R 2 WSS R A R REAR TR . APS W] DARG N A= ke
HENR DT I AE DR LU, andgm 1 OSUBRT B R B, (R TR B AR R, FRENR DR R N[ 17]
[18], WIAIR. TR . APS if5 FH M0 A SUEAT i AN FLAT B8 2 7= A2 T R, TR SR AR B R, ik T
MRS, dEFFRERRES. thAh, APS RIREIE I BB R 520 PD-1/PD-L1 15 S8Rk . TRRIEN
APS KN FE Yz —, CHAEM R MHIHE B % OB LEE(HDAC)EME, EiRMEHERIL, HF%
i PD-L1 JERIE KT, MNTTHG5E T 40 e 20 B i 500 AR A BE 77 [19] 6

Hk, APS i g w S EAF, (RHEFEOREG MK, EREREDRE, OB ANTFR SN
SRR RGN RAE[20]. APS REWSIE 7B W B S5 bR AR R, R R ERE (W occludin A1
claudin-1)[) &%, BGIMFR)ZEE, X AW A B T 4R e fads, seabxt e - A /R I m i,
e G 1k FEE 1) JE S ST PD-1 #IRIRIPE R, 22 J7 r B3P LA g R (211

FEMRE RS S 0, APS Y1 R TR AR R A 3 350 2 40k M 240 P PR o D RSOSEE T 248 P P 388
WIFR M, APS T-Hi)a, MLt Tregs Al MDSCs FIIRIHE L 298/, 10 T 4N E SR 34405 (NK) 40 i
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LB I . IR G L AL ) AR 5 PD-1 AR U R AR A, RT e (RIS e 1 S e B S LA

APS S BRI /E I BA e, BERESS S T MR S B B, SCRER L e BE i S Bl & B B 11
Yo XA LA HARF 3G 5 5 PD-1 B, £EBE 7 R0 (R o] BE Rk S BEAH SR A R FAF ) A AR
A EHRE L .

4. MRERESHEK

H TR T APS Xt il e A R (0 FUR 2 3 T3 WAL, IR A SR =, 75 I APS {EJEE &
BRI TR &S PD-1 ST RAR R . APS-IE R - S R G EAE AR 22 5
WAEB . DR RRG R SRR DR E LN, SR ALAT T b Rl IR A e e, s
P N R P 2 G AN g T8 TR R AL S NS /) SRS 2R R RE S it e PR T A7 APS A Dy — v 2532 54
FEPUIR T e Be S T AR — € RCR, HRIERRUN, JTRdRA, LN sz . Ak,
APS i ZiE M. ZHURMTUE . AR IEERE, FTRENESE PD-1 M AU R BN, DTk
PD-1 Vi 7R 245 [ B A 1 70 A it . R H AT APS FEIRVEYT v e 0 L ek 1 75 fir 1 T R A A5
PD-1 51 B R 77, (B F R PR T 32 N2 75 T W 1 22 Bk . APS FFARF—4b &1, T2 70 TR Va .
PEE SIS N R TR &Y. HAEMETEZ R BUR R SR T ZMAL T AR, FE
AL APS FERLr AN L P REAFAE B35 72 e FEMAMLZESR DT I, 8 P P T R AL B2 3 A%
FAPREEZ AR, FEERKMEZESR, XMZERTRESFEON APS GRS RN ANF . X T Lt
PR B, APS FIBETCIAA AE il HARERE. R RGO R LBk, A RS I b i
S AT T

SE
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