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Abstract: Compared with normal cells, tumor cells exhibit unique metabolic characteristics. The therapeutic
strategies formulated based on the energy metabolic features of tumors aim to block the energy and material supply
of tumor cells at the source, remodel the immunosuppressive tumor microenvironment (TME), and create favorable
conditions for immune cell infiltration and function. In recent years, Chinese herbal medicine-derived extracellular
vesicles have attracted attention due to their unique metabolic regulatory capabilities and targeting properties.
These extracellular vesicles can not only precisely deliver multi-component active molecules but also reprogram the
metabolic processes in the tumor microenvironment, reverse immunosuppressive conditions, and thereby enhance
antitumor immune responses. This review systematically summarizes the metabolic regulatory mechanisms of
TCM-derived vesicles and their synergistic effects in immunotherapy, and looks forward to their clinical
transformation potential and future research directions.
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Figure 1

Metabolic alterations in cells. A: Normal cells take in glucose via GLUT1/4 transporters for PPP and glycolysis, turning it into

pyruvate, which then generates ATP and water through TCA cycle and OXPHOS, Amino acids and glutamine are also metabolized for

energy and biosynthesis; B: Cancer cells undergo metabolic reprogramming to cope with adverse environments. Low ATP activates AMPK

via LKB1 or CaMKII, inhibiting mTOR and halting biosynthesis. Cancer cells also promote autophagy to provide substrates for TCA cycle

and OXPHOS, supporting survival and proliferation. GLUT1/4: Glucose transporter 1/4; PPP: Pentose phosphate pathway; TCA cycle:

Tricarboxylic acid cycle; OXPHOS: Oxidative phosphorylation; MCT1/4: Monocarboxylate transporter 1/4; LAT1: L-Type amino acid

transporter 1; ASCT2: Alanine-serine-cysteine transporter 2; HBP: Hexosamine biosynthetic pathway; UDP-GlcNAc: Uridine diphosphate

N-acetylglucosamine; CaMKII: Calcium/calmodulin-dependent protein kinase II; LKB1: Liver kinase B1; AMPK: AMP-activated protein

kinase; mTOR: Mechanistic target of rapamycin; ACC: Acetyl-CoA carboxylase; CPT1: Carnitine palmitoyltransferase 1; GLS: Glutaminase
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BRAEYEG TR, 7SRRI T, (A4 9 2% 1
25 Sk A1 i) I e 24 B %) R — ) 70 o % Ak RTAT % R

o507 R 20 L AR ETIR S, B G B O R, Dy S e A
Jf iR AN Dy R R B iE T SE A RIS . Gao %5
NSRS Iy BRI AR S it 2834, Ji i > FLBE -ASGPR
A ) e 240 L fik A B R AR ROSS 8 I HELAE T B K
caspase J i, [A] B R il HK2/PKM2 (H % i) 1 CS/
IDH1 (ZREETEIF), SEATP 38 . TR S 3230
A DL E 9 Ji 1 B A, S0 AR R (N FLER ) e B
I5 T, L0 B IR T R 45 GPCR 15 512 30 AT 15 e 401 g
M2 #4k, EA IL-10, %% & Treg/Th17 V-1, 1| NF-xB
RIEE I XA AT 5 ek PR 5 1) P[RR A, A
SR FEIE RO AR = AT S IR (E R 2 1) I
TBITARIETT % . i, v 24 S A Dy B v A 2 4

An overview of the research on the synergistic immune pathway of vesicles derived from traditional Chinese medicine. ROS:

Reactive oxygen species; TNF: Tumor necrosis factor; IL: Interleukin; NF: Nuclear factor; GAS: Cyclic GMP-AMP synthase; STING:

Stimulator of interferon genes; TAMs: Tumor-associated macrophages; PD: Programmed death; IFN: Interferon; TOR: Target of rapamycin;
DMXAA: 5,6-Dimethylxanthenone-4-acetic acid; IBD: Inflammatory bowel disease; IKK: 1B kinase

Vesicle source Application

Synergistic immune pathway Ref.

Activated TLR4/MyD88 signaling pathway; polarized M1-like macrophages; altered [44]

the tumor immune microenvironment; elevated reactive oxygen species (ROS)

Ginseng Inhibit melanoma growth
Platycodon Regulate inflammation and
grandiflorum repair lung damage

macrophages

Catharanthus roseus  Inhibit tumor growth

Increased the expression of anti-inflammatory factors; inhibited the release of [45]
inflammatory factors; controlled the glycolysis and lipid metabolism pathways of

Promoting the secretion of cytokines TNF-a and IL-2; enhanced phagocytic function; [47]

promoted macrophage polarization and lymphocyte proliferation; enhanced the

immune responses through the TNF-a/NF-«B/PU.1 axis

Artemisia annua
Garlic

Brucea javanica
Glycyrrhiza uralensis

Fisch roots
Ginseng

Aristolochia

Camellia sinensis

Inhibit lung cancer growth

Enhance the efficacy of anti-

PD-L1 immunotherapy
Inhibit the growth of breast
cancer

Inhibit the growth of
melanoma

Repair inflammatory bowel
disease (IBD)

Inhibit the proliferation of
liver cancer cells

Inhibit breast cancer growth
and metastasis

Activated cGAS-STING pathway of macrophage by delivery of mitochondrial DNA [48]
(mtDNA) drives the transition of TAMSs to an antitumor phenotype

Activated intestinal yJ T cells to release IFN-y; modified the tumor microenvironment;  [49]
worked with PD-L1 inhibitors to improve immunity against tumors

Inhibited the growth of breast cancer, metastasis and angiogenesis through the PI3K/ [51]
Akt/mTOR signaling pathway

Inhibited tumor growth and enhanced the anti-tumor immune responses by loading the  [52]
STING agonist DMXAA and surface-modifying with PD-L1 antibodies

Activated autophagy; polarized M 1-like macrophages; directly acts on intestinal [53]
epithelial cells through the IKK/IxB/NF-«B signaling pathway; restored the intestinal

barrier

Regulated amino acid metabolism and glycerophospholipid metabolism in tumor cells;  [54]
reduced lipid synthesis; induced ROS production and apoptosis; enhanced recognition

of immune cells

Promoted ROS production; killed tumor cells; regulated intestinal flora; enhanced [55]

systemic immune responses
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TR B, e LIS A I D e, ZEUMRGIT 7
T F A R 0 N A5

R 2G40 h SR B N R MR TE R B O
2 T E0E B Gl ok R 4 A U ST B 94 R S 2 )
YER o AHECT FAd R 5 1R 40 i 71 3830, rh FE 2 3800 g
IO HE R A, G B i oA B B (RIS A T ) 2 K
WETEIT o B W AN AR A b B 2R ), TR
2 R A R v AR R, Dl e B2 3 T R )
1 v s IR AR R e . R R, ASRIEA
ZEFE A, RSN FAMIEE TSN
R, Hod, NS R Re3 MBI A A B 80H A %
213 (celastrol, CEL) [ JI5 it /& (CR-Lip), ] 3% 48 il
ICD JF i 2 e 4 L P9 Jig A, AA CD8' T 4 i i it
55T e W 77 T, 9 MR 4 % 40 1 B4 B (immuno-
suppressive tumor microenvironment, ITME), P/ [F] 34 %%
G 5 Ao 25 R BELWT R0 YR T RE A N BB Rt AR
RPN Z M RTINS 2 M 2 MmN EY), XL
Z Wy KAk & W 40 ) 5% 8 {5 5 8 % (W0 STAT1.
STAT3.PI3K/Akt.mTOR %) >k ¥ PD-L1 [ ik, ik
1T 8 56 T 200 %o i 200 B FR) S 58 R A e 01 2 3 3%
T E AR O D 5 2 B R T DL AR A K
G, Guo S5 5tk I 2% 3 K AT DL i #0 HIF-1a
M1 LDH-A/lactic acid {5 5 i@ #%, Pt i J83 40 2 i) 0% 15
fifk, FEAIR PD-L1 fR 21, 384 ST G 0% S

TR B 22 (R BIF 0 N2 AR A 2 O, S 41
JIF 96 0 A S AR HE R, il oy 488 %% G 2 A B U7 5K, T
R 2GR N 2 A 0 2 B R R oL, LA R A5
Jer AR 5 G 5 388 A [R) 0 Jie g o, T RO R B R T
W1, A3 B B A RATE T 1) R
42 FERBEHEBKREIEHNEE ITFR, TR EE
TR FE, R I RE A B A R I WL, EREAE
FH T g TR 35 v 1) S e A, TR T LD RRARES, A
PEIRIT T7 IR T AR I S MOS8 . Lin S
(AT 72 B, f0 B2 B389 (Houttuynia cordata-derived
extracellular vesicles, HC-EVs) AJ it i i # B I 41 fifg 28
o A AU (Cn 490 o) 2R A4 B HL AL R B k2> ROS 77
), 1) 52 1 b e I A B AR A2 25 . HC-EVs AL B 1)
5k 20 L 3 et 23 AU ) (LR TR A%, T 4] b e
2 L Warburg 285 (47 4600H 1% fid), AN T 440 1) 98 40
WEE . Lv SR N 2 383 n] DL i 5 ARG
FIE K20 TME o M1 B B W 48 i 1) R SR K7, {2
T 40 MG 5E S5 0, G T4 SRR . AR N A SRS
BJUESE T N2 3210 1) B i s 20OR S H K mTOR-T-
bet Hl AL, T B ICs F ik /> F1 CD8” T 4 fitd 1 58,
XF NS R G R D R A OB BB 2 R, R B “ERIE

B AR RL 7 i

XL AR 7R T B 2 B R T 3 i AE
SRR VR TT BT TE RN A, & AT R BB AR IT
HESHRAL TR ARG . RRIVB TR — PR R T AL
2 B TE AN (R S 2 () S V8 7, i 2
LR T R VR O TR A 5 R G s 4 B TR AR
W, SEIRAR U 2 3 R e % IR ITAE A
5 RESRE

e ARV Y7 I Ik BB X e 2 i B P R A 45
AR rs, AR Sk B 1) Wi g 41 L 1) 3 2 R0 470 o A
N7, O et g P A AR, R g P 4 ) B Sy L A
TG . A A AR S B 2 s — AN VR IR T VB TR
(5% = 1 Jff 9 O B, 3P B 5 AN R T o A A 1 A
AF, 24 S e 40 i (1 Th g, 1 fg f AR EHE TT R BLIg
ot A P F A1) 1 R TR 855, Ao G T A R T e 2 4 L
REFE F (R A, S B BRI B R VR T AR

W B2 T Ak G R A% O R R, TR BT TR 45 R R
H o TR, B G0 KB AR R A B8 VAT T 0 AN W
RN, R TEIIR W Z B0 . N R EL
) & DK 2% B 465 ) R LB R 1R R U 5 R 12k, 7 [ 2 0k
UL T E RN . h R T R
VOIS 05 1 B Ay, TE R R - B R - R -
T2 M h AR R X2 8 S R E 2 s —1h
BV VIR FEIHE DL . TR B2 BRI 9K 2
JEE S5 K4 (10~300 nm) I T H R IRH LR A, AT sk
LR AR BE R (A0 W R I | I i g e )Y

B & B 5T AN WTIR N, AR 30 Hh B 24 38 0 1
JRIRIT A2 i3 U T B A B AR A, R 2
i A U g R — 0% TR 5 OUE B 48 AL R, R A
Z 5 2 BRAE R 45 i 980 kP 5 v - ol 4 L 1) AR
W R, W G I RO S, MR RGBT
JIISCHE, S T 42 AU 1 20 G 3 I B MR VR 97 R
TX AR — B P 1E AL R 2 BRI X ) AR
GBI O .

Hh R 2 IR AT A 2 A A3 VI TR R AR B ) P A AR
W — G 28 U R, R R VR T IE r. RR
Tt B bR AL SR I T AR AR LR, IR T R
R I PR AT 9T, DAFE 20 B I L AE IR 9 0 S5 5%
WIRIT TR IANE . fERKRIIBT T, hER TR
RN IRIR IR T B s T B O 18 R VA 9T A, e AT
RE 8% 45 5 DL 2 WK 1 1 T80t e 400 L, [ BRF ) i JRa
R8T N AR T 2 IR A5 T LAY, i 5 3 41 B %ot
Ji I8 ) U e S AR A R, e iE BB A R AR I
TBIT TR @ 2 B AN AT LR IR T RN 8 AT
PR Bk, A2 B AT N Ek 259, LAYERE 1R N 254
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(AT RO E, R R (T 26 90 4H, S50 R 0 4 B IR
oL, P RS U O R R 2 B IE R DUR IR 48 257
BB W22 57, AT HR AR I E AL B 1, SEIURS
HEIR T, AR — AL B B BTG RS A IR IT T &
SRIT, w24 BRI 1A RIF RN S FE TS T s 1 22 Bk R, e
HE— 2 5 e B 2 BE M I AR E PE AN B &, IR
FRAFCAE AR A RO AL ) A0 S U8 4, ey Si2 30
RS A 77 A0 Joi 47 ) 558 [ L, 0 o ZERLAIT N B 5
RERANES Sy b s 2 B A0l e P2 A DA 93 G e
PERB AR RR R, JRBLLE BRI R . EATH
BONPIRIR T IR BERCR v & AR AR MRS
SESRIR T T3 %, HESIIZ T ST R R B B
NG R AR 50N 35 1 iR -

{E& STk £ 70 B R RS O E S 5y 55058 Ok
2NN 75 0k, a9 8 S FOC B B X IR A R S T 1)
Lo WA G A T K B RO 3 B 458 5 oA AT HE SR A
HL .

FUG S AT A AEH B IAAAER G PR R
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