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R L5 AR FE BT e g8 S B D) B 1) T AR e B IO SR 5 A 1 B e 2 ML . T
GEAFRM T K, A SCETEIE/RLNMPY G2 S RE R 4%, IFPRIH
X B ERG A AT | TR 28 1 SR D VR YT RS I I RIS 7R . Ak SE IR
FUIRIE S T2 W 5 AR TR 7 SR AR AR IS AT A LA

[ R8BI | ZLARMR s WRLLAS R UG Hestdls; Mg Rt
MESZES: R737.9 XERERD: A
DOI: 10.19401/j.cnki.1007-3639.2025.12.006

E£mMB: BHRARXF RS
(82172873, W2421095) ; LA AL
Bl H (ZR2024LMBO11) ; 2%
RHERSIH T (GF003) .

FEPR: (EEHFHICR R,
I AT,

HMERE: AHE,

SIRAS: ThESZ, B 41, B, 45, B
23 B SR AL AT LR ER R L S 5 RS S s
PSRk e S g [T ] . P EE
fiEZ4E, 2025, 35(12): 1140-1147.

Funding: National Natural Science
Foundation of China (82172873,
W2421095); Natural Science Foundation
of Shandong Province (ZR2024LMBO011);
Discipline Cluster Innovation Project
(GF003).

Conflicts of interest: authors all declare no
conflicts of interest.

Ethical approval: not required.

Informed consent: not required.

Cite this article: WANG X W, BI Z, LING
Y C, et al. Advances in understanding the
correlation between lymph node metastasis
and immune regulation in breast cancer
through spatiotemporal transcriptomic
analysis [ J | . Chin Oncol, 2025, 35(12):
1140-1147.

Advances in understanding the correlation between lymph node metastasis and immune regulation in breast
cancer through spatiotemporal transcriptomic analysis WANG Xiaowen"’, BI Zhao', LING Yuanchao', ZHENG
Luming’, WANG Yongsheng"?, QIU Pengfei"’
University Affiliated Tumor Hospital (Shandong Provincial Institute of Cancer Prevention and Treatment, Shandong

[ 1. Department of Breast Cancer Center, Shandong First Medical

Cancer Hospital), Jinan 250117, Shandong Province, China; 2. Shandong First Medical University (Shandong Provincial
Academy of Medical Sciences), Jinan 250118, Shandong Province, China; 3. The 960th Hospital of PLA, Jinan 250031,
Shandong Province, China |
Correspondence to: QIU Pengfei E-mail: qiu.pf@outlook.com

[ Abstract ] Breast cancer is the most common malignancy in women, and regional lymph node metastasis (LNM) is a critical

prognostic indicator. As a vital component of the immune system, lymph nodes play a complex role in the dynamic process of tumor
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evolution and immune infiltration. In recent years, the application of high-throughput technologies such as single-cell sequencing,
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spatial transcriptomics, and mass cytometry has unveiled the heterogeneity of immune cells within the breast cancer tumor
microenvironment (TME) and their pivotal role in LNM. This review summarized the dynamic changes and regulatory mechanisms
of immune cell subsets during breast cancer LNM. Specifically, it detailed several key features: shared T-cell clonality between
primary tumors and metastatic lymph nodes, which trends towards functional exhaustion; the duality of B cells, balancing between
anti-tumor immunity associated with tertiary lymphoid structure (TLS) and pro-metastatic functions mediated by regulatory B cells
(Bregs); the polarization of macrophages towards an M2 phenotype, accompanied by vascular endothelial growth factor C (VEGF-C)/
podoplanin (PDPN)-related lymphangiogenesis and a decrease in CD169" macrophages; and the reinforcement of immunosuppression
by LAMP3" dendritic cells (DCs) through the recruitment of regulatory T cells (Tregs) via the CCL17/CCL22-CCR#4 axis. These
advances collectively reveal the immunological mechanisms underlying the transformation of lymph nodes from a site of anti-tumor
immunity to a pro-metastatic microenvironment. By integrating the latest findings from multi-omics studies, this article aimed to
elucidate the deep immune regulatory network of LNM and to explore its clinical implications for emerging immunotherapeutic
strategies, such as immune checkpoint inhibitors and tumor vaccines, providing a theoretical basis and new perspectives for the future
realization of precise diagnosis and personalized treatment for breast cancer.
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FAT, FLIEC SO R R 2R BE S AR AHSCARER I R AR G o

B B Y, KB 4555 F (1ymph
node metastasis, LNM ) RS H 15 i fY &
SAEbR o MR S e R T A B e Y B A
AR, WOV R R RGN 5, HATEEK
FRFTCIRE S e ShRE 2 L R 200 1 152 e
il Ry A BE S LR, DT IE 6 bk L 45 1) £
JEDIRE, (24222 0k 45 Ot — 20 R i
AT A RTRIBESE R RE XA S FLIE B LNM G
PEMPABEHATIRARE , M= im RS

AR, B AN SRS . T
TR A AR S SEEBOR A 2%, LR bR T
4% (tumor microenvironment, TME ) £ fpf
JZE 200 L ) B0 B S s T RT BB A I A S IR T
B R E R A R L AR SO E 1
FARE BT FUBRE I LNM-S S8 28 i AR Sk
1resak, DU oAl it g DX Stk L0 45 A 1R 12
AL HR ISR (1) .
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Tab.1 Major immunological advances related to lymph node metastasis (LNM) in breast cancer

Immune subset/pathway ~ Key changes in MetLNs Representative markers/axes ~ Functional impact  Clinical implication Refs.
T cells (clonal dynamics)  Clonal sharing with PD-1, TIGIT, TIM-3; Reduced Combine ICIs with [11, 12,
primary tumor; | activation genes cytotoxicity; TIM-3/NKG2A 20 ]
exhaustion in MetLNs immune escape blockade
TRM/TLS axis Intratumor TRM CXCR6, ITGAE (CD103)  Tissue residency &  Engineer CXCR6to [ 20 ]
expansion independent local control enhance CAR-T
of SLN trafficking
Bregs Tumor-educated B cells HSPA4-IgG — Src/NF-kB ~ Lymphotropism &  Target Breg circuits; [ 23-24, 31 ]
promote nodal spread — CXCR4/SDF-1a metastasis block PD-L1 loop
TLS-B cells Mature TLS supports Tth-B interaction; plasma Enhanced antigen Predict better ICI [21-22, 29]
anti-tumor immunity cell differentiation presentation/ response; induce
antibody TLS
Macrophages (TAMs) M2 polarization; VEGF-C, PDPN; TIM-3 Lymphangiogenesis; Reprogram M2; [31, 37-39]
antigen-presentation high macrophages T-cell dysfunction TIM-3 combo
defects strategies
CD169" macrophages Progressive reduction CD169 (Siglec-1) Early immune Biomarker for early [ 32 ]

Dendritic cells

with LN stage

LAMP3" DCs recruit
Tregs in MetLNs

CCL17/CCL22-CCR4

surveillance loss

Immunosuppressive
niche

LN immune failure

CCR4 blockade;
restore DC-T
coordination

[9, 11]

1 THEHaEHK
TIHRELANA (FEFRTANME ) Tafed i f Al
ST N B A BERG R B, ZERRE PR Y

BT, TAMMTERR 45 g AT B 5 1278 2 hb
IR R YEER . TAIAZ A ( T-cell receptor,
TCR) JEfAfE FTAMI R E A RE &Y, -
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=R EFRTLREN SRR S RRFEAER T H R A EE

T T MR BT R Sk . B A R SR Uy
SITCRAYTHMIHEAR & AEIGHH , 1k ) Iobed HAT
BN PE T A0, JHC X e 4 B A 42 0 R
YEHL.

1.1 TCRAMMEKRELE Lk a e sh AR

Mao % ** (g BF 5 38 s 2R 40 T 40 M 52 A
( single-cell T-cell receptor, scTCR ) /7B i
S T4 M 5 2 76 AN [ 2 2 1 2 A A5 RN PR
A, KRIFEHMELS (metastatic lymph node,
MetLN ) HHCD8 T4/ . CD4 T4 a5 i v
FI TN M E AR B TCR e b & B — 3. e R0
SRR BRI S SR e R A, i AR
B0 TR I T M S B A Ik kRN | it ik L 4%
ZIa s, SR, XA B R UR B
SR ASBTIRIEE e S N, MR bR A — 3 sh A AR
G, HERA R R e ki, X —ING
LKW, wsh 51 A9 T 40 B 25 U0 i 240 i SR bt
JRIF S Z AR BRI T, MHLZ T, IERERE
SErh T 20 B A 5 5 e AR AP A, 2
73 AR 8 A S P A Iy 25 T 8 22 1) SR 2 i L RE
J1o B, FETTCRI T A4 I8 1 XA [7] 41 41
SRV H AR TCR T RS B BRAE IX 73 e 5 5 e
TN 5 55 W E TANM, AT A3 WA R % RS RS
THITA L AZ iR & TN S % ( T-cell receptor
chimeric antigen receptor T-cell, TCR-T ) JGJ7#&
ML
1.2 “ar## 33" ( pre-metastatic niche,
PMN) #9755 0z ALy sk “ARR”

TR U 45 T g S i Y A A2 B AR Y
HY)hE T BT G ie ot B A8 R i R 1 <kt
MEPT” X R AR IR ARTE M AR B IR R A Kk
AL MR — PR A PMN B B E A 30 .
TE bR A M T Ik LU 5T, R {5 AT e
WA DR - OB B4 it bt 25y =g ke
w7 Gk X R T e I BE
1y “LRIET SRR AR A P Y ek A
WPMN. FLYE . BEOAZFIEME ST, PMN
HCD4"/CD8" T L il Y 728 1k . 5 HL i B
VT PETARM (regulatory T cell, Treg) LLRMF
15, TTAE I8 20 LA B 28 Ik L 435 T ik Pl AR By
RO DRI, ML R S Y B
BT BRI A5, RE 25 e 2 A —
M RPERE TR RO, AR R — A gk R A=
7. RPN T
1.3 MetLN W T4 e L BE 4 & 5 o a4

HAT, Haifaf sty (single cell RNA

transcriptome, scRNA-seq ) CLZRENS 2 THIZRAE M
Jed R S AN M AR VE, JF HE £ 7ETME
HE TR TR R T SR, TANE
FHATEMEtLN R 28 ) 1 VR 2 0 ) il 2 38 N D fig
5, CDS8 T FICDA T 20 Ml £ FL A9 S & g
R TEREY IS B2 TMetLN ' | HMetLNH
P TH AR D e A2 B GI, FRBL S e 6 A5
ESEONS

RN IR AR ( mass cytometry,
MC ) e EA $E A [ 28 7Y 50 758 48 B S 1)
WACFITRE R . A WFSEHGE, Eid CyTOFS
B o AN [R)AE A 1) £ 5 200 B 5% 18 R0 2 fig Ve A 7
Pyt GERE I, MetLNHCD8 THITreg4l
JH e A7) S 2 e, T C D4 T 4 i Y B 5] 2L .
TE R UE R A e 3, CD4 T 40 it it P 340 B A
R IEE B Th1 40, %78 R e 3k e
) Treg FITh1 720 ML . THH M G 32 1A & o BR AR
HAITIMZ5#493, (T cell immunoreceptor with Ig
and ITIM domain, TIGIT ) HEFHEILT Z k-1
( programmed death-1, PD-1) fm3Rik, XEK
B AT DR e T 200 o 7 2 2 X6 g 4
ARG DIEE, 1PD-1/PD-L 140 51 1) e 122
Y7 % 1 S 38 3k O T 3 S A5 5 R Pk A T2 e 1)
it , AEREEATER R . i
MEVB/NI/N R FIMMTV-PyMT /) B i E 4%
WAL H|CDA T AICDS TN A L Bl />
M Treg i g 09 b 51 8 28 Ba . Sk, bR &
BICAZ T AR A L) 2 2087, AR S5
A2 A K. SR (Gene Set
Variation Analysis, GSVA ) #F—£E/x, CD4'T
0 N AN CDS TR A A I A8 A U RE P A 2 1M
FWIH AT RO Rk T 28 v A i 4 A B, BCA g
R A0 5 TR AL A A AR S R . R IRl TCDR'T
AR P TE R T BT L BIMetLN Y
CD4 T TCRE HLZKENE ', TregfIThl/
Th1 709 7 A 2 b e Sk 1R R I 2 1Y)
SR, A e i U T R s Tk as e
AR A R R ORFA R A 5, SR,
Hefb KA TP (transforming growth factor-B,
TGF-B ) MG AL FLIRFELNM 14 3 o AR 1 15
SAEH M I YIE S

A5 955 L 5 RN B9 SR 98 7 N %) Z2 i g s B
Treg Bl -1 | VR Treght Kbl 5 K T4
&, FERRYERLN AN SRAE SR I P3 ( forkhead box
P3, FoxP3 ) AHICHE s il i PR A 7 LR /N Bl
BRIk g rp 2% B, W Re . T
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PRy IR FEATHE R SN RN 98 5E K 4545
T REM R E T, B kg 2 1 Ry
PO S e SN L G TR R ST AT 2
M OCEEALT , FEFE X B R S 1R ) e R AR
F TN ML TC Y ZOIRAS . JCRE T A AT LA 115 &
TregH: 52 H S SEE M MR BE R 2 7, Treg
) 3 k00 60 25801 T 44 D P R R4 3 12 2 o e
SRR E MR . TregfEEIA AL 410 /I
HEELE S T RIS RE ST PE L), Feak i e 1
(HELIOS., CD25F1CD39 ) () Treghfi itk 114552
R BEY B (P<0.05) ', MuEdniER
T FEE R ThIAE (FIECXCR3MIT-bet ) Treg,
HY B SRV Th B E AR (P=0.008) , W
ey USRS SIS AU N I S0 &4 S i
I R A T DA H Treg i B FL I RAF DG 1 22 5+
FIRFEH, TreghCD80/FoxP3 mRNA H{H 5 7L
T R IOWRAEAAY (disease-free survival,
DFS ) FLEAAE (overall survival, OS) £
FIEMR (P=0.032) , HAEALFREIFARIESHY)
AR AR 2 A A5 deIE
14 Xkt RELE 2
EAAEER S, Tiaos 20 FEZL M 1 J5 &
Ji 8 rh e BRZIAT 10.9% B9 4™ 388 T 4 il v b IF AR 7E
ez hEl, HERBENCXCH L 321k
6 ( CXC chemokine receptor 6, CXCR6 ) FI%&IEE
HHaEFE (integrin subunit alpha E, ITGAE )
ST EE R, $E7- 31X H0 70 T 40 A n] LAk
ST HTEIKEZE (sentinel lymph node, SLN ) [fij
2B I INTB ) = R 454 (tertiary lymphoid
structure, TLS) FrRtEifT, XLk I APLMHT
YA T R AT AR ARt TR R o,
CXCROVENHZUIE B ICIZ T ( tissue-resident
memory T cell, TRM) M Cbrilidy, Higdkik
T 5 LR S5 22 T R 114 B A R S S T A1)
BPEIRIT R N AHOC , A B A TR G i A A i
#l5 (immune checkpoint inhibitor, ICI) J7&LH)
WbREY . L, HY3ECXCR6-CXCL16%H )
ige, a5 TREFE M CAR-TAIE RS
CXCR6, W] am A g N iR, ik
e A Gy T R B RICR SR TR T M . teAh, 5y
— R F—— ARSI 42 (natural killer
group 2, NKG2A ) 5CD39—H&E A TEHLT
et} O SO I O NN S Y B - S [ =iy S
IRHEIR IR N RE SR R 0 T A i BE HL o fig e
1% o NKG2AVE R —F 24 10 S S il 4 S e
fidr i, HAETME T R TH 5 5 4l D it

KB HEANR G VI, Hi, BHEINKG2A-
HLA-Ef5 55 Sl i BA B RBGIT I 1. 48
NKG2AR e SR ( Umonalizumab ) BEUSH
A0 HIL A7 o X N 40 L A C DS T 240 i 114y L = 1 il
HH 5k 5 PD-1/PD-L Ul S B A6 FH %) S s
A BRI IR YT I 245 1) R SR BB 1 e

2 BHRaEEK

B AR e R G AL DAL A, HAE b
9o S TR A R O &2 2 A ELA RGP, BT
HlfbRg A, AT L i . LR 20 (g B
WO T BAM ML AR AL . S ARIRES . ST
DARC S TME P A AN AR T AR 22
2.1 TLSY¥ ) %52 F 4K

FETMET, B 5 3= 22 A e b g oy i 4 21
HEHAENTLSH B HEMS 5 . KIS
A B IR = 2RI R BAI ML . 101ZBARAE
AU, EATREETLSHBANEER Y, 5
JEWAHBIPETZIAE ( follicular helper T cell, Tth)
R EAE, TERUE R OHESTH . FETLSINHE,
Bt ot 2 ML TR R . e, E
RSP R R IR AN, BAN A RE 0% 5 8 R AR
KU, WG TAML . HYK, TETCha A i B
T, B R RS 5 W = R AL B B A
ISR AN, 3 S BT AR 1) 4t L A %) 240 A
YERSEHLEIE BRI A0 . eAh, BAIMIARE ST
WR R AR AR 7, ORI IR SaE 1)
ROR o TLSIAFETE 5 BB & FL IR IR 55 22 Fh S 1
Jo A RO TS B X ICT R SR A A s o R
PN R0 % B 1 B A IR TR 2 B X IC TR A
TR Y 2 ROk IR YT SRS AT LB TR
JIEE NS FTLSHIE A, DL “fR” e iR
JiEE
2.2 Bl AR B ALK . A FEB@ G
(regulatory B cell, Breg) /-3 #9 % J% 47 )

BN AR E AR, JUHEBreg, 7EMEE
e T X MM E. IR b
TEYIE R BAAE” FEFL IR/ B L 45 rh sy FE AR
R, RIHBFERHBRE. BregFE M5
WAIL-10 ., TL-35FNTGF-BA5 40 il 14 4 Jfa IR >k &
FEIHE, XL A R AT DL BRI A A
THKEL 4 ( cytotoxic T lymphocyte, CTL ) i
NKZH AL D Re, B 2115 S Treg M4 35 >k 57
FEEMRI RS . Lius ) & SR 9L B4
WAL/ BRIk L g5 i s EE AR R, X 4B AT i
T I A R ) PG T A G 514 (heat shock
protein family A member 4, HSPA4 ) IgGHiik
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=R EFRTLREN SRR S RRFEAER T H R A EE

fiih %% Jier 5 40 0 P Y Sre/NF-x BS54 5 18
HR W B9 CXCR4/SDF 1 it il fi% t 22 34 55 Jif 28 240
1 R L 45 AT A FIR 22, X 5 Ganti® Y e
B16-F102 (0 R AI ) k3 —3L, T2-MZP#Y
(B220", IgMf . CD21f . CD23") Bregftifk
s rh A SE R HAR SR AR K

RE IR BN (tumor infiltrating B cell,
TIB ) A4 A1 HAE TME Hh i 5 R T i . 15 51
FEAS R 0 TIBTE AR T AT RE LA H
ABR T R 7 AR L Pl i 2 L K AE
MEAHLULH LB TIE . 7ETMES, B4HH
STh4IMIE L TLS, $#nFUvmn RiFfs, H
FEAE SALIT B KA SR T R A 5 Y
Z I SRS T Mg 2 1 Breg ™ A HIIL-10 .
IL-35FITGF-B45 i i 1755 Treg A 2 B 4 il CTL Y
TIHE Hir B S8 5 S eI R RS O L A S — T3
BFgErf, Liue W FE LI /08 BRUBER g 3|
WL X BRI D, X5 Z AT AFSE 4G
WA . ERIEETE T, S5 B 54 I
EAHERGESHR R E BN, TRy, PBK-
AKT-mTOR . WEEEf#E XM R30I F o (tumor
necrosis factor-alpha, TNF-o) {55%% 5 1
IINF-«BfF5 & T, Ui BAIMAE#
M i gmFE T, [FIAERIN i v e 3R
Y P A DL R HE R BE T 98055 o LA JfL 3 5 (A
F2 (myocyte enhancer factor 2CC, Mef2c ) HE
WEAE N ISR N VR BAIME A = A, T A
17 P 22 T Y il 41 ) DX - B SH3 5 M 3l 45 B R 11 S
( domain binding protein 5, SH3BP5 ) n] gl
BN A B BN, —HHRIH BENER
Kk
2.3 B AEMetLN P 69K 5 5 16 R 410

B il fEMet LN Y 73 #F R 228 AL A N T41 i
B Xu R K MR FTMetLN B 4 i 3R
VI HEBAN M FNICAZBAR ML, A ] 3% BR Al 1
P ZHEBAN MR, A A S YIMKI-677F
CIZB AR A B IR R AR R B A T AR ) At 43
SURNBGFARAS, 5 HAIAEIE I AE IR S U
G AR TR DI RERR AR AT . ek AR 1 g
WILNIGHAMIGHG , U sk R T I3E K KLF-6
LS HENREE R4, 5 - MR A 85 1 5 1) 4 it i
RIMARCKS, [RIBFAEZHERICZ BN & B 3
ik, FRWIMetLN 1 452 4 A 34 4 15 2K H iz 3l 1
K.

ABFSE O I U T M O 2R A PR 23k
A5 L A S T D TR L AR TE R AU

IR 5 A O 58 rroUE I 3] A B2 R A T R S, X UEB
MR 2RI “FERIRAER” , HA R
WY A S T A A OG, (HAE e T
KGR HE PR ik mT AT £ B A AF, X R BB
7 BAM T HE g S e SE BRI BTk 0 R Bk
T FEE, M5 A R b 0 Rk KR
X, AN, Huang%s CUMRIBR T —%4t
IKCD24F1CD27#Breg ( CD24hiCD27" Breg ) 7
MetLNH [ &4 #/E F, CD24hiCD27" Bregiliid /)
WM/ %6 (interleukin-6, 1L-6 ) FITNF-a
S, AR LR TR A Y 22 24T 24 AT A
FEREPE, LA s 40 i S8 i:F CD4OLFIPD-L1
&S S P S 1) 3TE CD24hiCD27” Breg, 43X
i IE S A B 4 PD-L 1 FELIBTESE , /)N BRUf g A 28 v
MetLNAR A= 58 2 22 ( pathological complete
response, pCR) R ERE, WIEEED
TR IR T RIS PR L T H 2R
3 EmEZEAaEH K

ATTEFT 2 A, LNMA PR 4T T LA
FEFPEFRIACD169AY E WA, X Fh A0 i Bl 1Y
AT RESE TCD4 T4 . CD8 T4 M Y98/ 5k
CI IV EE 1 R Gi Mk S AE 1) A8 Ak 55 HoAth fo 32 2% e 3%
B, LB LA P R i — 20 i . >k A 5841
BE4T4 U A SRS R, CD169'H
W% 210 3 114) 3% 3457 U 2 55 9 T 45 1) i B 2 43 AH G
(P=0.022) , 598K/ B 4% g i AR AR
X, XHERILEICD169" H EAII LA KRG S S
W, AERE AR EL A b 0 o A B S D RE T
S B TR R B S8R T RO, (L BRI
WFFEARBEXTCD 169" 5 1k 40 i s /D R P AE B B
5 H A AN AR A A AR A IR AT

T I D) B8R U RT3 in R AN B
YRR, B X SEBE R A A M /E TME 55
£, Z B TMESR IR 15 5 iV H & A= i
I AT I RE A A, (I S e A0 %) 1 5 R
B 1334 B A SC E AN ( tumor-associated
macrophage, TAM ) ETMERREIR MY FE 4]
B A, H UL A3 2R AR i A W b 2 A Ay
AR BIM BRI A M2 B, i & AT 55 Y
PUR R IIRE, REMSIMTE ThI R GRE N, A 4%
A 9 RN I IR VR FH 5 5 o8 D00 22 300, o 5 4100+
P, BT T SRR R . M2 B I 2 A A
MY S LNM b AR BRE K  ies 4 A 231k
25 D) K FLIRR 2 R RS T A B A e
TEfR AL, A e 057G A0 Ak P 5
PR, WOSTHM N, Sk A R—ZL S 8
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MIVCECHEAR (R4, MetLN, IEHE KL, )
B HEA R, TAMEAEZE DT R AL B 5 23 15
SECRE T EEE (P<0.001) , HKMH
rli Sk dE K ( HLA-A/B/C/E) fETAMMY Rk
ik O H LR 9 I R S MetLN, TAM
SR IETCH R e 22 5, R TR R Y B
Y FRI = AR [ TR SRR 44
¥t (interferon-induced protein 44-like, IFI44L )
FIFI27 ], $E7R Dt s 47 26 S0 W 30 1) 992
Mok 1. MetLNT1LICD14, CD68, CDl16a%
I8 A RRAIE ) 0 200 i R k3 b o e 5 D) E B A
AR AEY [ TN S BR AR ARG R 45 A
M3 ( T-cell immunoglobulin and mucin domain-
containing protein 3, TIM-3) | )ik 2
55 (1 T 4 B0 A v 0 6 958 T 32 K i — 20 (2 4l i
Jod SR ek, PD-1/PD-L 14 il 1) 1A ¥ i)
TIM-3 /5 ve BT T BE 0 TN R #6427
BN RO o

AWFFE T HRGE , 7R LR
TAMWEHFFELNM TP R FECHEVE T, A8 N B2 2R
£ FC (vascular endothelial growth factor C,
VEGF-C ) ik B TAMAE JF 2L B g ik B2 48 A Bl
Mk fRZE, | BEREEEAFE2EN
( podoplanin, PDPN ) Z:5TAMWHE Kbk I A J¢
RLAIRE , 5L AR I L 45 R o a5 B
R R AR RIS Y TMEfR R TAMM A,
M2, fEHC AR PUR R, H R
A HE AR VET AN Y FE IR FI L) REFE RS . Shen
Xt GEO$E 2 149 luminal BREFL I H & AY A
R E IR HEAT o0 AT, RS MetLN ' i 35 s AE M2
RUE WA, HAE SR s A2 B 7% rh A OC
JLH (TREM2. MMP-14. C5ARI) fFik/KF
B, BRESTIERKRESPIEEIM, K
R FE ] 2238 A Zh YA A v O 2t R B A
M2 L 20 A 52 THTC e e e s e, ekt LR
e A TS PR R & .
4 HZAREEAE ( dendritic cell, DC ) B#A

D C 2 55 K B 5 4 i vp i 35 22 40 i 22 3 4
FL, E A M S 0 B e B O EEVE T . R
A fesErh, DO T I T 45577 2 bk 1 45
AT S 3l 96 R e P 928 By, o BT i
W 0 0 57 B T 40 M SR R R B B 1 0L
TMESk = DCIZIENT, TN AHT IR 16 P 8
55 140 R S8 L R 9 S E TR B Y BT O O &
K A R H A R R AR k4 . & A BF
75 AEW], DCHIAES 5 FLARE A LNMd e,

HIEWMEE AL, 58 09 SLN 48 i K+ 1)
e, DCUPAIL-8 ., IL-1B. IL-6., TNF-a
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