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Abstract

Objective: To investigate the therapeutic effects and underlying mechanisms of Huangqi Sijunzi De-
coction (HSD) on tumor progression in a prostate cancer bearing mice. Methods: Prostate cancer
xenografts were established in C57BL/6 mice and randomly divided into: (1) Model control, (2) PD-
1 mAb group, (3) HSD + PD-1 mAb, and (4) HSD + PD-1 mAb + STING inhibitor. Tumor volume and
weight were monitored. Serum levels of IFN-y, TNF-«, and TGF-f# were measured. M1/M2 macro-
phage polarization was assessed via qRT-PCR for markers (IL-12 /TNF-a for M1; IL-10/Arg1 for M2).
Pathway proteins were analyzed by Western blot. Results: Compared to PD-1 monotherapy, the HSD
combination group showed significantly enhanced tumor suppression (P < 0.05), which was atten-
uated by STING inhibition. HSD+PD-1 markedly increased TNF-«a while decreasing TGF-£ levels ver-
sus controls (P < 0.05), effects that were reversed by STING inhibition. HSD upregulated M1 markers
(IL-12/TNF-a) and downregulated M2 markers (IL-10/Arg1). STING protein expression was signif-
icantly elevated in the HSD group, while STING inhibitor abolished HSD-induced M1 polarization.
Conclusion: HSD reprograms M2-type tumor-associated macrophages (TAMs) toward M1 polariza-
tion via the cGAS-STING pathway, thereby ameliorating the immunosuppressive tumor microenvi-
ronment and enhancing anti-PD-1 efficacy in prostate cancer.
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2.2. BEblE

HEWE THHER 15, AZ9g, WHRI g KE9g, KHH 6 gMA 10 fFEM/KRIE 1 h,
I 2k, DAk, WARGAELE0.129 gmL, 7%, SiRE#HEE T 4CHKMAIRIESH.

2.3. EERFFEH

IFN-y. TNF-o 71 TGF-B ELISA i{5f & (i -84, 064 5475 & (3 H GeneCopoeia); All-in-One™
miRNA gRT-PCR Detection System (32 [E GeneCopoeia); ¢cGAS. STING Puffi(proteintech); MitoSOX 7
# (M, Invitrogen): N EE(MDA)ME X7 & (TBA %) (B R %),

2.4. {38
{RIR S B OHLCGERE Sigma). AAEREFER(EE Thermo Scientific). WG E & per IX(FEE Bio-rad
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CFX96). 1% per (3 [E Applied Biosystems). HLF{X (35 E Bio-rad). HiykiX (3% E Bio-rad).
3. ik
3.1. NRETFIBREERBNEN ., SEREHAN

e SPF 2l A & MEYE CSTBL/6 /N, RE (20 + 2) g, ERMEWTE 1 . KA 10%554 M 1)
RPMI-1640 FEAbEE 7R FETEH MM B7CL 5% COL) FH:F7 A4 AR 40 2 UK, TSR #4255
&, FABUR B RDR S B AL CGEF B R ) 3 4k, BNESS R 0.1 mL Sat 5 108 N 4HAE, ST 41
JisE R /N AL . BN BB L AR R4 . PD-1 FAdi4H(Day 9+ 15,200 ug/ik). 125 +PD-1 ¥
4. 24 + PD-1 $iht + STING ##7I(SN-011)4L(Day 10+ 16,100 ug/i%), 45 K, o5/ B K
N IR CNFISh R R TR MG E R R th 20 ¢ DNRFES 60 kg AFHERELE A
1:0.081 (N = B x0.081), MAIGKRIEN 310 mg/kg, W/NRIGRESGE N 3.8 ghkg, FHAHEEEKE
A IR . TR N R ELN 6.24 gkg, & AN IRA KR LS TR AT EKEEY . @5
7 RGY, BH LI, 42510 K. SAIRIT 21 RIGREEIEEA, & 3 RiIdFIRIE KRN, 4EjEId
SR I B CRRAE DL A Sl FAAR: AR =12 K x %8 2 (mm?)).

3.2. 4MEM IFN-y, TNF-a. TGF-£ #0

IR HEE 758 Jik MR I35 20 B/ SRMLVR, B 100 pL B0 B I 4% 08 ELISA 55 & it il b (3 E 1
i, Kl IFN-y. TNF-a. TGF-8 7KF.

3.3. KNIEHERIRA ERELRR M1/M2 7K E#£0

ANERURRER 5 AR BE, FEETCTE 254 N RAF BRI B 8, A8 FH PR RS 372 25 (RPMI1640/DMEM =i flii5 7 5 +
10%I6 45 L3 )W H B BE AN, 48 70 um ZHARIEM I S8 S5, D8R NN 2040 M 2R . i S b 4t i 2
BT RR 7R (RPMI1640/DMEM EifE + 10%M6 4 M35 +20 ng/mL B RE4H M R R TR 7%, 15
BB BRI BG4 R(BMDMs). ARz 5% 37°C, 5% COz. 7 RIEUEE4H L.

3.4. EBEYABE cGAS-STING BB X Is R4

/INBRURRTEE J5 AR T, e LA 1 (PR AR L 43, TR R B AR IR, K FERE N EP B (BT 8 PR ),
B EIFFHALRE. UHLSUREme): ZMEROL) = 1:10 [ EEIINEL ) A 22 E i, $E
JARHZIE H . Western blot € & 75 M H 2T ¢cGAS. STING I8 HEIX
3.5. ZRETEME (mtROS) KT

HIREHEE 7 Frk AR 1953 9/ BRI, X 100 plL B0 73 S 135 s 5 MitoSOX i8I/, R EAT ik,
HR¥E Invitrogen™ CellROX 7 Ui W1, 1 FH 5670 Je e BE VI 658 B2 » I T € B L mtROS 7KF-
R4 MDA B &4 I I35 75 — i (MDA)/KE, T84 K N mtROS 7KF .

3.6. Giit o HT

AW T BT AT S 8 OBk T =W E 925 . [ H GraphPad Prism 8 #1458 AR Koy #r,  Bdis LA

I+ bREZEIOR . TEBET BRI KT 22 40 BT (One-way ANOVA)FI t K2 Bif e K 6 4o a2 B i IEZS

PERU 22551k, WREHR AT A LS A HBAT 5 2550k, BATRR T R 307 2708t ANOVA R s i) Js
IR PRI AL B2 2 18] ) 22 57 (P < 0.05 HA A Gt 22530
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Figure 1. Effect of Huangqi Sijunzi Decoction on tumor volume and tumor weight in prostate cancer xenograft mice. Statistical
analysis was performed using one-way analysis of variance (ANOVA), followed by the Bonferroni post hoc test for multiple
comparisons. Data are presented with significance levels indicated as P < 0.05 (*) and P <0.01 (**).

E 1. RRMEF A a5 IR EEE N RBE K/ RENFN. KA ANOVA K1, FEHRIIERE Bonferroni 36
(“*”P <0.05, “**”P < 0.01)

4.2. RRMEE FAXM A5 BREEE R R R R SRR R

Elisa &3 : #EEPUH THEE /N PD-1 HUA AT AR 51 B B BU AN 7T 5
BAD IR LL, BECVUHE T & PD-1 HAPTAT DL B 520 TNF-o AP FER TGF-4 KF, Z5RAH
Gt S (P < 0.05), X—{EH% PD-1 By r AUE I, HXA STING #fIFRI LA, T AE X — I
Go XSRSV 737 ] A AT S BRI 80/ B AR AN, TR TR e A B £ TFN-y [
oy, BRI &6 T I 2 R A GG BOFATE HIEIUE Tk G PD-1 S0IATT REAE
—EFERE L3RR IFN-y K ( 2).

4.3. BENEFiAIRS M1/M2 8 TAMs EEf), #0%1 M2 BUH{E3 M1 2Rk

HTWIFEENE T%2 5 ML B, A TEsSsRITEE, RAMEH qRT-PCR #ll T
MI/M2 BB bR &Y, RIFHTEIE TN 7 IL-12 Al TNF-a (M1 #3:E4), FEK T IL-10 Al Arg 1
(M2 FREMHIRIE (K 3).
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Figure 2. Effects of Huangqi Sijunzi Decoction on the tumor immune microenvironment in prostate cancer-bearing mice.
Statistical comparisons among groups were performed using one-way ANOVA followed by Bonferroni’s post hoc test. P <
0.05 (*), P <0.01 (**)
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Figure 3. qRT-PCR analysis of M1 and M2 marker expression levels in each group. Data were ana-
lyzed using one-way ANOVA followed by Bonferroni post hoc test (P < 0.05 (*), P <0.01 (**))
3.qRT-PCR 4 & AR M1 M2 FRE47K F . R ANOVA 4230, /545 i% % Bonferroni
IE(*P < 0.05, “**°P < 0.01)
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Figure 4. Astragalus Sijunzi Decoction promotes mitochondrial DNA (mtDNA) release and activates the cGAS-STING sig-
naling pathway. Data were analyzed by one-way ANOVA followed by Bonferroni’s post hoc test (P < 0.05 (*), P <0.01 (**))
E 4. BEEFiAEE mDNA BFRHHUE cGAS-STING i@ . KA ANOVA #3, FHEH1IIESE Bonferroni 423
(“*”P <0.05, “**”P < 0.01)
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BT EEAIEFEE TAMs. #IH] TAMs FHZERH#% TAMs H4k[14]. 1T TAMs B BE M8k, H
PR AR R AL, X ARTE TAMs WAk Sl 7RIS 1 a 7T E [ 15]. 76 TME 5, B4
it S UL PR Tl G T K A RACE TR, TR TR BRI R B T S B4 5 2 K Lo (HIF-1a),
ST M2 B TAMs #RAb[16]. 2R1f0, @Y TME 2R 4R 1. F5 2. D RNA LRI
W AT Ak TAMs AL, H AR T B (NF-«B)FI TR I HT K F(IRF) K2 R i M1 B TAMSs it
F DB 5L SERTE IR [ 17] M1/M2 LR 0] W TAMs FIFACTERE, 1 M1/M2 EL 3R 5 s o ST 2R
R BA M. Fik, et TAMs i M1 B, B 5T 5% TME G fsiPiRas . BusyLsdt
JIR e 77, NIRRT R S v T R R TR R AI[18].

£ TME H1, M1 BUH1 M2 B TAM fAEE A F AR, 32 BRI HAE A A SR A i)
WAGANE . M1 Y TAMSs 3= B0 R RS fidgit /2 RE B 7R oK, 7 A4E —E A (NO)VFITE M (ROS), 1l /D 2k
Rtk e, KB = RER(TCAER . M, M2 B TAMs M= B AR 2R AR, 5 %5 56 1 TCA
PEIR, FEIEIL A BRI (Oxidative Phosphorylation, OXPHOS) 1 fiis i BR % At (Fattyacid oxidation, FAO)
J7 AR, ERERE AR IR, FERIEE/KFIIRZ RN 1 (Arginase-1). BT M1I/M2 2 TAMs f£7E
R, B MR PR TR E TAMs W4k, H a1 2O o B A5 S I B IR T SRS [19]
[20].

IR GMP-AMP 4 B (cGAS)-T- 4t 3 2L K K 7 (STING) 5 5 il B f2 40 B A k. 2345495 JRE
SRR T, AT ST DNA FIK 30 56 K G 2 ity , T g G A B BRI [21] £ kA& OXPHOS
THRERRRT, a2 s P (mtROS) = AE G I HFAE 2 PHAE, (2 7 26Kk DNA (mtDNA)ETR, 7]
BEHHE cGAS-STING i #[22]. ¢GAS-STING il #% 5 EME4I M) M1 BRI R R T0 %01, FFFER
Bl STING JHALfEiE 7 BRI M1 ZUA%AL, 177 STING RthR Ja B M1 MR Ak (1) B0 40 g L A7) A
HHT, STING i A IE B AT DL e e J 1, R0 S 40 e Jof e R B3 2 A S 3 SCRePE TR
Be, ML STING HI3Bh 77 TR A A8 25900t 2 R 74 s

LRk NIRRT, S5, TR, BHRIER, 7Bl TCA ¥ A OXPHOS 7=
A ATP, NWARIRERE R, IS5 REgIIETE . MRS — RPVEDIERE . LhATRERES R I
WA SR A mIDNA B, ST SRR BRI AR Y S R e A, A
T B8, ETAAL TG A, BARVREAR. B3R, BUEREER, EH TIEREE. %
RS, AR, o EAERTHUA DR F T EA BT a7 ORI IEIT)
REJRE, IEAAE. MEZEE., ERTH, My, MBI, [ZiE, BRI, BoREH
%, WEIE FaRAEL g R Fiaf R b, Minfe RS2y s emmm, B s

ZE FRTR, BATEE I EIRINUE, HEEIIE 7@ cGAS-STING @i HEE M2 B TAMs 1] M1
BURRAY,, 55 g S e R AR BT, B BT B I 1R e B VR 9T AT, RAEDUMR e AR . SR, A
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