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Abstract

Objective: Based on the traditional Chinese medicine (TCM) theory of phlegm-stasis intermingling
(tanyu hujie), this study explores its correlation with the pathological mechanisms underlying the
tumor microenvironment (TME), aiming to provide a theoretical basis for TME modulation with
TCM. Methods: Literature review and theoretical analysis were adopted to interpret the theoretical
connotation of phlegm-stasis intermingling from the TCM perspective, as well as its mechanistic
correspondence with the TME in immunosuppression, aberrant angiogenesis, and metabolic repro-
gramming. Results: Phlegm-stasis intermingling corresponds to TME pathological features across
three dimensions: material basis, functional outcome, and dynamic progression. Phlegm turbidity
is analogous to the immunosuppressive cytokine network and accumulation of metabolic waste;
blood-stasis mirrors aberrant angiogenesis and extracellular matrix remodeling; the binding of
phlegm and stasis recapitulates the TME transition from immune-activated to immune-suppressed
status. Conclusion: Phlegm-stasis intermingling represents not only a macroscopic TCM generaliza-
tion of tumor pathology but also partly reflects core characteristics of the TME. Single-cell tran-
scriptomics can furnish cytological evidence supporting the above-mentioned pathogenetic corre-
spondence at the cellular-subset level.
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A 9RE T 5 (tumor microenvironment, TME)SE IR A 2L KAV RS B ZORB) K 25, HARE MR
PR A FE S e ] L AR PRSI I A RS M AR (1] BN S 4 D7 (single-cell RNA
sequencing, sSCRNA-seq)Hi AR T] 7E LAl K731 TME 7 %2R 40 i AL I DhREARES, (615 TME 140 g 7+
JPEAS R TS IR fRRE (2]

I “ MR X — AR A, K2R T BT YRR “REIRT “HAET R
s, PIAREEZ Ny, MBS “R” “B” “F7 R BV, 1 R EE” WA e
HIRZ IR — (3]s HAREREE D (RHMXKY (HMEL)  (AURURERERLLY ¥R, i, i i BH A 4% ik
BT BIOGRRE . ARTT, KHALIR,  “ORFEELLE T T 2T B IR AL R 2T, H 5 I TME Ji
B2 18] (R R R R G B

gr b, ARSCUIRE R EL” B, MR A R R A E A S = AN T
R “IRFEELEE” 5 TME FJi BRS¢ R BT IR, JF45 & A s sk Al X — BUAREOR, Ty R 241
5 TME $&fit— & B A3 FIHT It 70 L 2%
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GiFHANL BT oA R R MRHEAT N ES & 2 M T RO R A, Ltk dbm . 5 8ok
YA BEEE AR [4]. F RIEANIE], AR B R A B BRI RBE AN AT AN, i
PAE KA, HATER “ a4 F— DN E AW EIRE[5].

TEMIRRTEE A, SRR 2 1, TTZEEE TME A G2 H0 1) 14 4 i BR] - 5 AR R4 3 AR R 00 = 30 e 2
FMHPRZS[6]5 % B e 2 1 T X 2 g afn A7 465 ) S LS 40 P 71 32 I (extracellular matrix, ECM)ist B3R
TR “EBE” TR IR 7] A ELA5 RO IX P M 3L P A e LRy S e e 4l 2, % OB T irbeg A= K
A e b % B A B3]

2.2. R E LR R

CRIRELE” AR KSR T AR AR, R B A AR S R B
HERR, T — MRREEEE IR BRI HA, AT SN ZE . AN 2R ZIkTTRE . KRR S IE
ATIEREBURN, KRR EAEM, JLFESE 7 Rgmkitt TME R R6]. X —IARE],
CRIEEEE” AR E PR ELIRES, T2 — AMNRFEREE R . X5 TME H e BB A S geslibl .t &
PETAIAEE ) B R IR A B A 1 I RE A (8] o

3. MMELS TME BREY R
3.1, SREING: BERAF BT

G HNHE TME BFIRZORFIE 2 — o RT3 TR 51 T 41 i (regulatory T cell, Treg). il P4 41
21 H (myeloid-derived suppressor cell, MDSC) A1 M2 Y Jifi 83 #H 5¢ |5 16 41 Hfd (tumor-associated macrophage,
TAM), FH W E40AEK-10 (interleukin-10, IL-10). #{L4E K KT B (transforming growth factor-£, TGF-
P)E G AN G EAR ML R 7, T A AT S e 18 A SR [9] [10].

SRR /R M, 5 S G M DR I K “REAE T UV AH SR IR EE 4 i PR O A B
A G A, T i I RS AR MEAE S RN T AH e N “AES” RAS[11], MUK HEDUMIE T RE .
MR “BESTHE . ToAEAR]” FREE, 5 S e VEAN L X~ R AL R 778 TME w2 SR AR 38
8L, X AP EAT AN TME #AL T S e fibilfE S R T .

MR BA57E TME Rt 2l ingal “ IEE 7, Bl A ThReFrei iR . X— W REES T2
FKUUNREFFEFIE T 52 4K-1 (programmed cell death protein 1, PD-1). T 5Bk 8 B 2K -3 (T cell im-
munoglobulin and mucin domain-containing protein 3, TIM-3). #kE 403G FE A -3 (lymphocyte activation
gene 3, LAG-3)4% T 4HUAE i br SRR m 0L, PLACSN. T Ziia ) =51k T 4077 1w i w A2 12], A
HEMMAE, T AMFEEIR SRR S RIE, FLT RN “ R 7 MR AE S 2 T ) R —— 4 A5
SN ER MRS T AR T, EH /R MMEDURIERN DIRE, XD “RA T BRIRAS 5K

CRHANL. R SRR R A B BRI FETPHER AR - R BRI TR I i 1) B AT
IREH, B EESE TME 2745k, ECM #¥ ., [ JZ - [A] 78 %% {t (epithelial-mesenchymal transition, EMT)
753 SR R MR B A G A PR R UAH G, HoAH LR 45 0F 2 e e A R R i) i AR 13

3.2. MEEMRES ECM B RIARESR

ERE R, PR SRR ORI I A S A ECM. EE S AN 5 T o IS A 2 P JRE 134 B R A 7% A b
Bz —, HEMEH AN LEESH SR FAERE, W RICVMERATE., @@, mix
BLI14], XA FEURFEREF YL NG . X — P RES, EHEIRE AT B R R R i
T A 28 K BEL A o SRR [15]
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BN CTRBUEIE AR R A R L A AL IR, FR S CORISEUR S5 B A AR E
MESZRL, SRRSO BRI A -5 g A A I A8 AR R DR et B ek DA R iR o A I3 4 1) S
HR[16] NHERHEAS A, e L A AT AR g AE SIS 22 1 ) B 8 —— 98 2 ity BB A R PR
Ttk W SR SR E S R EREL, ZHFLFEWR AR .

ECM 5852 “Hsifin” o5 BRI 73— BRI . J AH OC AT 4E 41 i (cancer-associated fibroblast, CAF) 23 K
BRI E % ECM 5y, 38 ECM i FEUTRRABEAL17]. IXFPUTRRAIEEAL) “PRFR” BCM AMUA
JiRE 2 B AR A B S, IRE I S R AR T E Bk R 4 M Y T AT RS, IR R 3R R R BELA e 2
MiRiE. MHREMESR, ECM BRI “Hsi” fER00E s, AT A, fs i Nz,
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Figure 1. Schematic diagram of the positive-feedback closed-loop mechanism of phlegm-stasis intermingling in the tumor
microenvironment (TME)
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TME F 55 = AMZ O AE R A 0 o R 40 NS L. Warburg 2N A8 e 0EAT HERRE A, 7 A KR LR
FECTME BRAL[18]. [FIS, iR 4H A AN BT 40 Mot A5 = i . AR TR S AR K S S g e, 32
BN T A S A

J R ALK Warburg 08 3 BUALBR K& AMIE,  TME (¥ pH BEZ 6.5~6.8; [RIIN, JiRg 4l 55 2 540
JEFES AR AB LA RENTR, SEUREE FRMeE . PR, X2 RIS 7420«
AR T IREIR G ——FLRRE Y “ U SR O SRR, 7 FRARIR ISR T ORI Tk
AR FIIRZS (18] TR, SRR Z 1 RIS FLRSACHT A S A
BiH pH fE, I3l 20 S B AR A DU REIRAS[19] (it T 45, et M2 B Eggn sl tb)it—b
IJE G s, X BRI A R BOR . BRI AR BR EG A s B — B (LA 1),

4. IRBEARRATH “BRELS”
4.1. BEMFERAFHMNE

PN AL AL FPHAR DY “ PR 4G BRI DU RS LT BL. AL G AL IR 4L P (bulk RNA
sequencing) fif 152 [K RAA K dfa 2 A 2 AU ILAE 5 IME, HEas 7 AHIRERE Z IR T REZE 5201 10 TME
() PR ELEL” AEA TR 8 T A A= 1 R BRAS, ER rHEdt EARACT, WA SR “%
TRHES” AR FE A

PR SO B R e A R R AT R A A R 0 AL . A SRR S R, TG ECM DT [3], XN
CRPRILEE” R RO AR, BT AR A T RS I L TR R S A

4.2. PYARRFERAFHPETIE

B s SR 2 A AN Bh T 7R TME R EURRAE, I8 0] R 25 205 “ARR #5987 7 Sh L 3 g
W Z T () S SC 4. ITAER, LRI scRNA-seq 45 & L8 2502 . S 25 PR 484 R, Mz 2
M. I N R AN E VRGN SE AN R 4R, s T 2R T BRI R TME FOTE7E#E 5. ARERMERE 7T
% 1.

Table 1. Empirical studies on Chinese medicine for “resolving phlegm and removing blood-stasis” based on scRNA-seq

% 1. BF scRNA-seq MRS “WIREEM" SIEM5

i CCL22+ W FE IR YT A 11 5 A0 R g%

ZHAMEY  scRNA-seq+ 75 #HIZhEE; TMEMI31 4 TNF {55 @5/

(SBIDD) [21] T HAFLSHIE T CCL22"W SR AUAA B, T BB /NEE
TRl HiE 2% 225 1 i el 98 2 1) 5 T A 1

MG RS T R e 2
457 ISR BT, R R
AR DA S e )

MiFZEE + M I P B S Dy Rt )

_FHEARZER ‘Eu /\g fs’ oy V2 VAN Bx“—éj‘ ~ “ o o
IR e P e AAS, Gl Sy

scRNA-seq R S P 2 L R SR S B

) o L[ A M2 B TAM BARIE LT “5%

2 3 2 1 L 7 | A
,%%fi% ?ﬂ]ﬁ?ﬂ M2 1‘&4{, liﬁlég/um TAM IjJFJb %» u,mg%ﬁ;%l%i%qz@j

ERHFENZ T RW], scRNA-seq REWSRE T 25 7 1K) “ALRALIS " RO HT 5 A A S i - s
[ G B A SRR, BORTR A N AR, BOS A B M2 Wfb . X2 A By
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B HIgHRE T PP MOIESE . (AR HNE, AR Z AR —ZTBEEINEIRER, Hh=
PAFRBRIERD N 70 E RS . L TME ZR R D9 3 FE AR R et I AROR TR AL A “HE7RY - 4Hif
RISl S 17115 S IV A N1 i 2 KO i 21 AT S R 8 v/ MR = RPN S e S S R

5. MW ELEHT
5.1. “HERER” JAERAE

T R HE” 5 TME BRI RIOCR,  “ARAER AR IR AT A=A E . H—, “fk
IR 7 ETXF TME I 52 IHPIRES , 15 BR S #0144 it D] D9 2 AR R D B AR, Pk 52 % 2 B ) 70 g
iRE. WERCEM, WIEAEFIT % (resolving phlegm and removing stasis therapy, RPST) [24]i@ it Z#E 5. £
W ARIETUMRER, W AOHE AR T, 6T . WM 25580 . L=, HuitE %S TME f
AR E R BCM B3, B 7 ok R L . G 5R2G05 I8 R S e AR . AT S AN T A
FERRH B, TH. AN RO IRN, B R O T RN A R TR R ) AR R FE[16]
K=, AR SHERE I RNGTTBRAS A R BRIEIN, B AESTR “ DR BEURS . BIRAER ” W PEER, T
Wi TME %% IR .

5.2. N\IERBISCRR

COSRELLE” SRR, AR TG R R RIE SR, 105 2 A PR S Bk SR A Bk 45
S 7E 25 2T, BRI 24 (K03 S22 AN TME LA SUARHAE () 340 5 — — L SR G 3 40761 A M2 280 TAM
A9, TR 245 0 P IS 0 258 2 5 A PR A P 250 2 L L 25 ) (23] R A 24 il
HOF ECM SR At U 245 W 1 306 R 20 38 T8 5 P B 4 MO Sh A A0 ECM AR R 25l FiA . 46
SAGEFEOINIR) [16]: WBFFUZBT, “PHeHLE” e Ay v 26 BRI 70 I Ve SR AL T 71« scRNA-seq
SERARBIEIN, fF AU FRIMIGREE RSN TR, oy R B2 R A iRt TR AR KA.

6. g

ABFIURT P IELLE” 5RO B R T IS R R, e LRI — P “s”
PR RLEE MRS, RSB TR T . M M2-TAM [RIE 2 5 s b
SRR, FESR . BN, ARE AT . R R RS WG — BRI
We, ZARBEEIT T AN SR 2 RV TR S5 3 st, ob BIR T b RS i IR
PRI REA, MRS AR ELEAEHE, Y m AR/ B DL P R . = R 2R b 2
I e LRI, DU BTN RE LS 2k T TR, ME LA S8 #5081 ST AR, I PR
B M T HUEHR R A2«

JE SR TR B AR A T 5 EMS KR AR, ST, 4 TR, e o
JES SR EAARE, SEIIG R UE B S F FEARTCN s SR ADWRIESS G2 A - B I R
VEREAR B IE A A V2 O I 16% X028 15 MR FMCPR 40 7 F A ) S
7. G55

CHRPR L S P BN IR B AR O MRS, S AR TME B BT (AR AE A TEXS 8L o “ R ”
X I B A ) A P AL PR 2 AR R B A, ORI 6 IS AR p R R ECML B, IR LA
AR TME A S B0 1] S e fi] A sh A5t o At i e S A A X A AR BOR O IX — BRI 3R fit
T AR RIS, WOy “AIRFER” IR REITRE TR RS . ARRIT TR 23— P IRR B
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