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Dendritic cell subpopulations in the tumor microenvironment: biological behaviors
and targeted therapeutic strategies
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[Abstract] Dendritic cells (DCs), as the core initiators and regulators of anti-tumor immune responses, have emerged as important
targets in tumor immunotherapy. Immunotherapeutic strategies targeting DCs, such as DC vaccines, have shown unique advantages in
anti-tumor treatment. However, several challenges remain, including insufficient antigen presentation efficiency, resistance from the

immunosuppressive microenvironment, and difficulties in achieving specific functional modulation. DCs in the tumor
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microenvironment (TME) exhibit high heterogeneity, and different DC subpopulations show complex diversity in differentiation and
development, immune regulation, and effector outcomes. Elucidating the precise phenotypes and functional mechanisms of DC
subpopulations is therefore crucial for developing novel DC-targeted immunotherapeutic strategies. In the TME, recruited conventional
DCs, plasmacytoid DCs, and monocyte-derived DCs can interact with tumor-infiltrating immune cells and non-immune cells within the
TME (including tumor cells, fibroblasts, endothelial cells, etc.) to activate anti-tumor immune responses. However, the TME can
suppress DC recruitment and antigen-presenting capabilities through various means, including transcriptional regulation, epigenetic
regulation, and metabolic reprogramming, and may even induce their transformation into tolerogenic DCs. Notably, newly discovered
mature DCs enriched with immunoregulatory molecules exhibit bidirectional immunoregulatory functions, yet their origins and immune
regulatory networks require in-depth research. With the development of single-cell technology and spatial omics, researchers can
systematically analyze the functional diversity of DC subpopulations and their spatiotemporal interactions with the TME at single-cell
resolution. These approaches are expected to provide new targets and insights for the development of next-generation precision
immunotherapeutic strategies.
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UG % B AR AR, REDCTETME ¥ &5 1y
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B AT B RAE 3T BRI T L
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WAMMEEERANS T2 ENEEERBERES
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W S JZ V6T R W B RS B A Ak

1 TME 8 E # # = X 48 B2 (conventional
dendritic cell, cDC)

cDC AR JRT B 8 P oyE i T 20 i, 4 e 88 R AL 20 A
F 7 DC TR & F - T0 Ak, 2 S BVAFAE 4 40 R B AL
R T AR 3A E B UM A B AR T OHC D £ 4F
A& F o AR e PN 2 5, cDC ¥] 4 ¢DC1 A7 ¢DC2
AT A% : cDCL B9 - % %% K A T 3 M o7 B BR HL 8% 4%
S H FATF #%& & 3(basic leucine zipper ATF-like
transcription factor 3,BATF3).T#H ZAFE F8
(interferon regulatory factor 8, IRF8)#1DNA £ &
#1#| E F 2(inhibitor of DNA binding 2, ID2) %,
cDC2 By A0 4K %% 3 [l F RELB J& % £ [H (RELB proto-
oncogene, RELB) . T #t % 1 ¥ [/ ¥ 4 (interferon

regulatory factor 4, IRFA)Fu4E3EE & 4 & B JRAE 2
(zinc finger E-box binding homeobox 2, ZEB2) ',
2B IE H 47 £ I, cDC2 72 TME B DC i L 48 38 50%,
cDC1 & H, 2 8%,

pDC: 2 20 M #£ DC(plasmacytoid dendritic cell);moDC:#
% 48 B A B # DC(monocyte—derived dendritic cell);
mregDC: g & %75 37 4 T & B DC(mature dendritic
cell enriched in immunoregulatory molecule),
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1.1 TME ¥ c¢DC #9 3% %
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cDC1 #9 3 & F Z R B NK 28 i 4 0 19 C—C % 7 #  [F
F B4R 5(C-C motif chemokine ligand 5, CCL5)#n
X-C &£ F # 1 H F B & 1 (X-C motif chemokine
ligand 1, XCL1) ;T 72 A K ¥ J& o , % X 42 & XCL1.
XCL2 X CCL5 # E A8, EMBEH BT, fHE
20 jE 4 wh HY FT 7 BR & E2 (prostaglandin E2, PGE2)
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234 NK 40 A & XCL1.XCL2.CCL5 By & &, ¥ 1 T 8
eDC1 £ Z ", W 4h, 4% 4 BRAF™/PTEN "~ & & 1 B &
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(fms-related tyrosine kinase 3 ligand, FLT3L)
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F, W TGF-B, 2% § cDC2 b it % M DC, A _FE A2
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PD-L1) Y & 3£,
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Wr J7 & (immune checkpoint blockade, ICB) 2% & #4
F gk HoEs . AT X TME #F eDCL ¥ B KBy 5] L, B A
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ST R T T en BB,

AT cDCHI R X4EEMNF, B 6 1CB 5 4 L lH F
(4o IL-12) 97 3 ¥ & & # % cDC /> 5 B9 471 i 98 3L
R BRI, B 48 5 cDC1 & H B #% 5 R
— % B K ik 38 i R 2 (solute carrier
family 38 member 2, SLC38A2) %£ 1% 1K % 4 4 & Bt
Mo RAEBLEZEFFDCl e X EEER, L2
S BT 2 5B cDCL T e R F (R 2 A8 2 A
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AN, £ 907 5 0% B R P 3E 4 3 IFN-a,
WK M Thl X Treg 48 f oh &, 5| & %92 KBk K
Rz, {EAETME 9 ,pDC & & 5 o 8k & £ E #, IFN-a
AWBETR, BRI GRELERLESL T, &
Treg %8 M ik #h AR & W2 H R, pDC 7 iZ &
TME #7 DC # & b 29 7%, Il R #F 52 & 91, TME 5 pDC #y
EREELTE URE. NERESHHENTR
R i SR
2.1 TME ¥ pDC# %%

P 8 VB M S 6 B T2 pDC 1A TME 3 £ 8 % 42 1
% [F % :CXCL12/CXCR4 /-5 pDC 4] B & 8% 4k 20 e 1
1%, CCL20/CCR6 1% # H 72 B & K & TME # 5 &,
BARXER2/ U EFTRE T LEEREEEPICE
B L AR RO AR A R R AL 4h, CXCL10.
CCL2 % 20 fL A F . % 5 1 #% pDC M 4] J& 18 21 1] TME
Wit , R E R B R E R W%,

2.2 pDC £ TME ¥ &9 %% 8 ¥ 7 ft

PDCHEEENNE G AL L EMME L, 7@
it B IR F A % B T F 2 B4R (INF-related
apoptosis—inducing ligand, TRAIL) & %%, 4 Wb B AL
B B, TNF—o & 7] 9 £ TRATL B 5 2515 98 28 ff, A
T Toll # % K (Toll-like receptor, TLR) V& & &
HREERLEFD, H 7 A& W IFN-o B 30 6] P g 3 76
T AR BERFEINSUAL, LA 3T _E R TPN R B 40
R B A Ak TR A SR AR B T I i B A AR

B 4% pDC &€ & 1E 40 fiF 98 1F A, 12 TME & & pDC %
ATHGETHRES. MFHDEALEKEF
(vascular endothelial growth factor, VEGF) #n
I1-6 i iF FEL W7 TLR 15 5 , #0 #| pDC 43~ it TFN-a; pDC &
WREREOHERTNT S E M CDILT 4% 4 B
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HANE AL P R 5 g IR M E T A E ik & & B
(high mobility group box 1, HMGB1) % 4,3 2 4f
#| TFN-a 2 b 3 % & pDC it % & AL pDC & T #Y ik
T, 40 B 75 b 2 B 3(1ymphocyte activation gene 3,
LAG3) 5 MHC IT 45 & ] 47 %l IFN-o.. |8 116, 5 4F 4
EORBEOLIEANFRFTAAELE SER,F
5T 40 #2953 B (R ok R g
2.3 e pDC 8 IF I 4 77 ok

pDC ] H B & BUTME P 0 I R, # i 2k B 4
WHZMIC [ 12 Z4 40T 20 0 B sh i g 0%, I,
473 i T 7 R B pDC o v AR B R AR R AT R T 4 LK
KA EEEBEMED . RIFTIREF 5 FUHR
pDC 370 i I8 20 B A A &R B L 0% T vk SR
TLR-7/8 ¥ 517 imiquimod B & F &k Ttk A5 e SR 78
7" TLRO ¥k 3 7 IM0-2125 7 1 #7356 = B o LAk
N, B TR T e M SR B Y

¥4 &, A T FLT3L B4 & & & (Alb-FLT3L) 8y
BN T EMITW A . BT % %8 FITIL, Alb-
FIRBLA KRG AZFEMR FRBMEEFLEK. BFHMER
BALEEEN T/ N, T ESMHERRERK, 5
ICB Bk A& 7] ¥ [ #7198 , AL % 4K %t IFN-a F2 pDC, A7 fiF
BRBETRETHELY, EREENE, B
f¥ & & IFN-o 7] 8L 1 F % B I &4l 4 T RA T 8
Treg 40 A, R T 1R 3 fF & 2 & , 3R 7K IPN-a /7 3% 7 &
S & 1 KR
3 TME FHmoDC

moDC 2 B 3R JE 15 5 ¥ v . 5 4% 40 Ji 4 {0 T R 1Y
DC I 2% , 45 4 P & & 34 3£ 0 ¥ 4 F & CD11c.CD206.
CD1a.CD11b.CD209.FceR [ &k EAr £ 4, M E#R E
BehmEs, R WEEERERBALHM, BIR
X CDS THMANF RS ENEL (B
TME = ] &b 4 1009 47 &t & A, 18 38 58 | 8 AR
A1 TL-10 4wk # % & it % . moDC £ iZ J& TME &Y
DC # & b (K™, 7F 4F £ Z DC I 2%, sk 4 2 {5 i E
I B 40 89 moDC AH % i & V6 97 R -,

BRSO Z I, 1CB ¥ 9T B2 % B9 TME 5 moDC #n
Ji T8 0% R 2 40 B 2 E &, CD40 44 28 18] 81 E moDC
" 5 ICB /= 4 Hi Bl 2 KL, k7 J5 B9 moDC 4 b A % &
A — SR AT TA, (R T MR S
4h, 4 Src Bl IR 2 & B & G B & B % B B 2 (Src
homology 2 domain—containing protein tyrosine
phosphatase 2, SHP-2) % PD-1-SHP-2 1z & i ¥ & 7 4|
B A 20 B 18] moDC 4 4., Bl 55 o /i g f & . X e R,
4 %8 1 moDC HY fF B 6T $R i T BT B R R 3B .

4 TME $FHEATEDC

TME & ¥ 5 1 B A 1 % 0% 8 3 2 sE B9 DC T 2%,
XMW AR A BT HEDC. ENELAERE TR
R T8 % R, ROT A AT & AR AL ) 30 ) R E Rk
RO, Rt a B %. AXKEENBRELEAR
& MR F M DC T A : mregDC A1 Wit % DC
(tolerogenic dendritic cell, tolDC), ¥ {1& B
W B ETRRFNRBEAE,

4.1 mregDC

mregDC ( 3L #¢ DC3.LAMP3" DC) £ 2020 4 #7 % 3.
WIDC L2, HAZ QAR H & R 1k %% B A K EH
(4 CD274.CD200) , A& # #7 & % [F (47 CD80.CD86) A1
A * A H, Bl e T TLR 2 FH & %", mregDC 7
B cDC1 5% cDC2 & BUiY 8 1 & J5 4 1 ok , @ 3 & ik
B o F IS T.BNK 40 i & . 9% 28 B8 . mregDC
T2 9% TME #1DC % & He 29 8%, 2 & 66 W& TME 89 T
251 B, 18, B AR 2E P 2R Y
4.1.1 TME ¥ mregDC #y % &

B 7, TME # mregDC 8 2 & AL 4 & 7 2 BH # o
mregDC Bt 4 4 7 £ B & T TME = Wk B & & B X3,
H 5 Treg 20 B A8 B 1 Fl o % 3T 42 {K % CCR7-CCL21
A H M EE N KA A R & &3k CCL21, T
mregDC JU| % # V£ & & 34 2 4F 7 M % 4K CCR7, X f¥ 5
T B AR5 R 5 S M R A TE 3 mregDC 14 X 7%, fL
WiZE eI ALk e AR MER", K
I, A #EAT TME % mregDC Hy 25 8] 4 A AL A B 9% 8
RERE T EE L FHA,

4.1.2 mregDC £ TME # #9 %% 1 %7 7 &

mregDC 89 1 | % Z BT 4 F(BEEEZEE &
) = H X1 % % B 45 8RBy F A TME B E 8 T
#4155 F F lohypoxia—inducible factor—la,
HIF-1o) {8 3 & 4 4, & NF-«B # % # 52 PD-L1 %
EWTIME o B9 i B BRI R L R R AR 4 A 1T
PPARY. 7 & & % & 15 5 5& 1b 2 % 5% 47 %l =h g,
iF 19 845 /7 & ,mregDC &4 1L-12 % IFN IF 845 . 1L—4
U, BV 8 I A B T eDC b AXL % R B A R
¥ B (AXL receptor tyrosine kinase, AXL), ¥k /&
IL-4/13 ¥ % 04| IL-12, 1@ #E it % & TME 7 &2,

EFHRTEA AR BHR P FEAS 27
W IT B2 AE R W E ] LR G A T 40 fe % % X
4,8 & mregDC., T 40 g £ T 48 A7 % CCL19, ¥ 1E %
PD-1 40 % 7] 36 97 R B B9 UM AR 5 41, HAR LB T A
FoR B 4 PD-1 30 %) 008 57 B9 I JR R 25 0 A 77 3k
e T THAFET 4 M8 4, Treg 40 i & mregDC #Y
KPR EE Fl 48 g, W 2 1 3T CCL22/CCL17-CCR4 #5
WEF R R ASE, EARTEEEME X, A
R & 48 HE 4 Wk B PGE2 BT 3 7 7 41 ) #1Y5 b 4,
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mregDC L b 5 M 2 ML NK AR A B, 5 5 %
TR A RN X B E e B 46 18] AR
HAEA, %% T mregDCTE TME F B3 ) % 0% 18 ¥ 3 £ o
4.1.3 ¥ 1E mregDC Y i & 76 T R #

mregDC #7& /& 4 L PD-L1 o IL-4Ra & 34 . T
IL-12 %%, HFRUEMEIL-4AETEETDE LA
HIL-12 %35, 38 S R BT 28 R A R,
Fib 8 S Y $OR IL-4 15 5 38 B 7 1 A mregDC B 7
A, HAHICBIT A EE LA E .

KRB FAERER AL EEN T A M
mregDC 7 BE R # F # R R & 2 R X E T BB 7
TCE 4 A% K BE F 2(sterol regulatory element-
binding transcription factor 2, SREBF2), #f #
SREBP2 = & F& SREBF2 %k [A [ % 7& TME + CD8" T %
F, 1 5 G W AR AT, A0 A g RS b,
CD63" mregDC A 74 4% R ¥t B4 A2 4FAE, w0 E 3R oY A5
FrER A fh/ 8 ER AN RBRE N, ZAFE S K x0T
2R RL 25 VI AE K, Ay B0 1] RO B B U6 T R e 4R B
T X#E.

4.2 tolDC

tolDC 2 HAREE 5 % i it % #2802 2%, 7 49 0
IL-10 #1 TGF-B, 3 2 FUAAE M 2 F B #E# KX . 4 SRC
[ JE 2 45 44 38, % 1. & & E(SRC homology 2 domain
containing transforming protein E, SHE) . 2H fif &,
& P450 F Jk 24 T K 7k A B 7 1 (cytochrome P450
family 24 subfamily A member 1, CYP24A1) .DNA
78 8% H F 1 (DNA damage regulated
autophagy modulator 1, DRAM1).CD14 & % F & #
£, M IRF4, B 2| B 1 & % % B 3 (immediate
early response 3, IER3) . = % # & & & 36
(tripartite motif containing 36, TRIM36).CD1 %
EHHAL TR, R H#RZMHETME K &, TME F 8
tolDC A # A~k IR, — & 48 3 K Ak B cDC = 3 4% 48
A BT tolDC, — & TME % 5§ ¢DC.moDC. mregDC 2 []
tolDC# %, 5E 2 EEREFE™.

TVME ¥ tolDC & % S AL & 5 1~ B # , LA 7 5"
R I« ik 9 AR % B v 46 8 A0 Treg 4 L 40wk #9 CCL22
] F 5 V48 3 AR 38 CCRA AR Y tolDC; AiF 98 B 2 i 4
B 7= 4 B4 CCL20 MU 4 T CCR6 /5 tolDC & i i # ;
VEGF T gt 5 52 F LA™, tolDCHE T £ FAL
HE R Z W TME: % 5 T 40 B8 T AR 2K R AL T
28 B Treg 28 T, LA % CD19"*Fey 1T b" & % 14 B 48 A
B A R 5 4 3 TL-10., TGF-B. 3| %k f% 2, 3- W fn 4, B
(indoleamine 2, 3-dioxygenase, ID0) . IL-27 2 NO
LRI FTEBEIMH S ERA; BIHETE
BxAGES HAE L ARSI e R N

AP R R B, tolDC Bk R 2 Treg 48 i 4 14,
Treg 28 A T 3 3T 1110 X 4% 4 #F tolDC it & 4% 1 , iX
MR EEELERNFERT 2ERZEFELEFN
BRTF, s KA RS R, tolDC E % Fk i 8 4 4
FEE A ESARAERFMIAERTER E4H X,
BRl,tolDCFEEENATEE AER KR (%
RAWEA KN EBEXTROREBEESE L RMNH
T, FERPE BB R tolDC & A AR AL 5 3 BE
BEALA, & ok 27T 3 3T 48 [ A7 ) TME 89 to1DC, 4T 8
S JZ T % M TME B9 R, 32 7 FF 8 % 0 06 9T R

5 4 15

% T DC A2 B E LI 8 S % R A R AR R R AE
B AR DC RS EEE RN EET FIT RN .
2025 F M| A¥HETEER N 1Bl AFIRE ARG EH
SR T B E A E DCJE W B B R IEIT AT
BEFEAEMDC K S NN KA, &
M, AAEDCEE EERBNEHEI A LB EZH
M,E2RNFR ABFREEES, LITHMZR
THAFHER RO EMBEEREASGER TN,
B, 4o B850 1 TME IR DC T2 2%, F A A 5
I RE, R 4 BT S % 69T AT R R R R 77 1

E BT, 47 % TME % DC T2 9 I JR 7 3= 038 4 8
IRo B ETeNzh 4+, % & pDC &89 TLR-7/8 % 3 7l
imiquimod B | T & fik % 1 b & A0 BB R B T R o
I B 3% 36 ) BX 4 4% 32 15 pDC #9 TLRO #k 31 77 IM0-2125
N THREELEESE. 4 THRFEMATIER
BIA 5 W B, 4o #E 1 mregDC By 114 15 S FEL BT 7] . %
e] moDC # CD40 #L & . pDC & & . W 4F 7 M cDC-T 4 A
BERG LABERBEALETESF, BEMEFDC
MBETR G KW, B DCHE K FIZIET R
BT Z —

TME By DC L3 B B Z e e e 5 7] B0, 2
EENE HEM A EE LR Z2R(H,
LR —NEEE RN R EENE . BNFATIZ
W& R BENE, SR T —RKDCEHETEREER,
REMAMROBG D EH.E, LT REHFFE A
BFREEBE(DIMEFICLHENLTRESEEKE
Wk T B, L H R BB AR B A
oA 5 P AL (2O TME A 5t 2 4% A2 4o (7 4% #1845 DC
TR T K/ SRR E 8 ; (3DF A DC 18 K e
1055 0% B Y8 RS E AT E e e T AP
KEFARNEETICRFUH S FEAS B =R,
RRELBEFERETR, LGB HLEAR AIH
AT GE A AT T R, KA ZIDCA- RIS
I VBT A VAL AR AL A 1 B A
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