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A new perspective on tumor immunotherapy: the role and significance of RUNX

LIU Yingting, JIANG Jingting (Tumor Biological Diagnosis and Treatment Center, the Third Affiliated Hospital of Soochow
University, Jiangsu Tumor Immunotherapy Engineering and Technology Research Center, Cell Therapy Research Institute, Changzhou,
Jiangsu 213003, China)

[Abstract] RUNX, a member of transcription factor family, plays an important role in the regulation of mammalian cell proliferation,
differentiation, lineage development, osteogenesis and neurogenesis. The studies of RUNX have revealed the diversity of its function
and its role in tumor genesis and progression. RUNX family members have different functional manifestations in different types of
tumors and have different levels of association with various components in the tumor microenvironment. RUNX family members
regulate the lineage development and differentiation of CD4" helper T (Th) cells and CD8" cytotoxic T lymphocytes (CTLs) in the
tumor microenvironment, modulate the phenotype, differentiation, and survival of tissue-resident T-lymphocytes, and drive the
proliferation activation and tissue-resident of NK-cells. RUNX family deletion leads to MDSC proliferation and maturation activation,

which induces a tumor immunosuppressive microenvironment. The expression of RUNX family members also significantly correlates
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with the degree of infiltration of tumor-associated fibroblasts (CAFs) in the tumor microenvironment, the infiltration of different
immune cells, immune checkpoint gene expression, and drug sensitivity, which could serve as potential prognostic markers of tumors
and as targets for tumor immunotherapy, and the combination with CAR-T cell therapy has great potential for application. This review
focuses on the basic structure and function of RUNX and its role in the regulation of various components in tumor immunity and
microenvironment, aiming to provide a new perspective for tumor immunotherapy with RUNX as the main target in the future.
[Key words] RUNX; tumor microenvironment (TME); immunocyte; biological function
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] 5 w1 A2 46 (o & 1 3 (P Fn 03 (PO AN B 3 T3 %
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WeE R E M (F1B) . 5 E M K E T — & ,RUNX &
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A0S A2 e R A e BT A A R 4 A, (B TME B 1E
BT AT AR B s R AL 4 O BB (R, &
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Fi B WY UE B R B E . PR RUNX1 A7 RUNX3 41, RUNX2
BHICIZECDS TR L F", £LA%MKEH
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T(Treg) tm i
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RUNX1 A RUNX2 #£ fif J& | fifi /& A0 & & £ & %6 78 TME &Y
PR An R P AR E AR, B DAAE b R R LAMDSC
TEHENFHEHAEZETRARES 66T R E
AT,
2.2.2 RUNX & TAM

TAMEI AL R B F % Sk 8 TME 9 AF1E. 5 IEF W
B v 40 B A EL, TME 3 TAM B9 %% K 4L F (LA Fl T i B
# K. RUNX Z 7k ,RUNX3 B4 & L 5 TAM & W 3% 1%
ERAEM K. ZAMIRE /DN REA LS, TVE F 40
TGF-B. IFN-y £ CSF1 % 48 A8 A F B9 B & 4 7% & RUNX3
A EFTEFEA, m TAME & £ = R EAF,
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i 1 P T4 AL R A% A R B AR B R S e i
HA % % T %, T RUNX3 Bk 2 U B Bk 45 7 A% & v 4
FRREFEFE, DR ECFEREEHREN
B % A 5k R GBI RUNKS W A 5 2 4 £ 0 2 AR
FERRH AL EAA ARG LR,

223 RUNX 5 Treg 4 jig

Treg ZHM1E  —F¥ M H| L3, EEF EH &
GERANBFREETEER . WIE + 0 Treg 4
M2 EE % %% M M8 48 et ok I,
] IE % % % 40 BB 0 B 8 S % R AT AR YR
#

RUNX-CBFB & & 41 & 4 #F Treg 41 Jil o E B 45 %
H FFoxp3 WWmRNA fn R G R R L TR F W, 2 K
RUNX 7& % 5 2! Treg 40 it 4 ft 34 42 # 1B # Foxp3 By %
ik, T 4% B 2 M FA £ Runt DNA 45 4 25 33 U # 4t
Foxp3 & 35", Foxp3 & 5 RUNX1 48 & {E fil , Treg 4
B B K RUNXL 2 R 2RI b 40, F B B4
W EH R EERFEMIgENTEFAEY, BEh
B3 EEEZMWMHEELERN, REAKLERHE-1
(developmental endothelial locus—1, DEL-1) &
1R 3t % 5 RUNX1 1R 1 B9 Foxp3 & ik, B A F AT 4
FiL 1 5 B Treg ZH BSR4, AR T RIEF B & %%
MRFEREEZBTAEY, ELEBARLKKE
P G % (B-cell acute lymphoblastic leukemia,
B-ALL) # % L RUNX1/3 ¥y & 35 T, [F] B Smad3 Fo
RUNX1 8 % ik 5 CD4'CD25 Foxp3 Treg 4 Al #k & IF 48
X", B& RUNX1 41, RUNX R & B9 7 > A& L Treg
M FRFRER D, B, A ES R EEANTR
R ILA T2 Chm e ) R S8 RE 4% 38 fm Th %% K
F RUNX3 B 4% A, 72 £ [H %% 5% B @ %W Treg 40 i
BT B
2.3 RUNX 5 TME % A /3 &9 “ 3+ % "——AF 78 48
kAR Y tm o (CAF)

CAF & TME & 9 3 Jft 40 g, REAR S A B 4 K Fn #%
B, CAFHEMEM BN LA ERRTME ER ., &
TME o, vE 1k J5 B9 CAF & 2~ 3k 281 L [H F , 40 46 4, 9% 481
e, TREE ERP B S E R L2 s T
G % 40 RO 1 IV e IR BB R IR, B BT % (K.

Jit T8 20 B A2 TME o 38 35 0 B 7 2 8 IE B kAT
G20 P, fF H R CAF, 1X S CAF £ H 4 F A& 2 , fE
HEEZBRFHATHZATERE. ELKRE
RBEA P LI, R LD ERT HCAFR 2 KA KX
B DNA B E AL 7k A, 7T RUNXL 2 2 1 il /)R,

CAF 1 RUNX1 FiE R A 5L E EFM AR TG
X, EEEE AR AL B RE A TIE S,
XN RSE L RN HERET ERHESHE
Wi £ Fo e oAb, B 4L G B4 40 R B T 40 A A 2
M . Treg 40 il .CAF o £ 35 H9 T 20 B 58 H #7138 £, 4% 7l
£ BFJE P B, RUNXL T 5 CAF Fe AR = E A i 5
HNFAA £ 7 A8 R e 6, 0 7] M dm , Sk X 46 B 7
BHDNMFEAMESLERITRUERLTERE AME
FU R I IR R AT 4 B 5 IEE R B R 2
MESKRE 8 40 R AT I RE L, BB E R R LEX
HFitDr, S 7R Bk m ko £ 4
M A AR E FHE AR, X LR E T
7§ &5 RUNX1 #2 PTEN 3% &2 48 =, B4h, & o™
RGE A 33 M A B W B 8 # ,RUNX1 B & 35 5 CAF By
S0 % 12 I K T Fn e B {5 5 3R B UE AR <, # M RUNX1
AR BN TG £ AR S, R B A K& o CAF
B %, 2 0 AT, 7 R Sk DLRUNXT 1B 4 B g 76 97 $8 &
RET ZH#E,

BRRUNXL 4N, EERE R B EER B+ AAT
RUNX2 &5 CAF R IEAE B B tE A . BERLE F CAF & &
B G BB R £ KR A BTG A X, RUNX2 22 F% At
BHEERKX,METE,RINCTES F A% R4
. (EMT) Fo 28 B o 25 U F P 5 E# IR R AT 4
4 B A8 B, 3L AR JE CAF H B9 RUNX2 \NF-«B #1 YY1 #y /&
A E ™, 784 1B % PTEN 9/ §UBT 7| BRE 4
B i By CAF fn i 8 T 48 A oF 4 8 R A RUNX2™. B &
Bt 5% % B, RUNX1 #2 RUNX2 5 TME # &7 CAF 32 8 2 & fn
BETRBEMX. AT RUNX3 5 TME # CAF B9 %
RERARED . AFRRIN, £ L L ME W CAF
$ RUNX3 5 Myc A= TGF-B1 ¥ B 51 T 4 B 1E A, W&
TRl 5@ , RA*ALEAMBIN L ELE.

24 RUNX 5 TME ¥ & % #)“ft 4t 38" ——ECM A=
H Ak sm e B/ T

ECMEZTMEW EZH R T4, RKIEE G N 2
EOMF & ERFENEE R, EHEF LI, RUNXL
BE 1= BP g IV A iR B ol %% (collagen type IV
alpha 1 chain, COL4A1) # & , i i FAK-Src 5 5 i
BRHAFEDEEHE THEMEED, RINN2EAF
AR RE, HERSERAEKE F-1
(insulin-like growth factor—1, IGF-1) 1 ECM
THARERIBEA P REEER, A LE
AR AEKS, EEMBEE RE WM EAL +
& ., YAP-RUNX2- £ & /¥ & &R ¥ # FH F 1
(serine/arginine splicing factor 1, SRSF1) f&
S T V8 3 b 42 B 40 B9 28 F B VEGE k34 n 1 8 A&
A, E A M AEEH BN IE T REAT, BF
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FHH MR e R A LI, RINK Rk £ HEE
& o R RE R R Bt RF B R R B9 1 AL, & & ik RUNXL A0
RUNX2 fy 8 4 77 &= F (% ,RUNX1 %t % &8¢ B 2 7% % ECM
h— AT E B B %k 35, 4r STMN3. SERPINHI #u
EPHRINfE S % 4 74, /R EBHEA +
BX % RUNXL =] 407 %\ i & 40 i 38 71, ) A 42 & /s RO R
ERES, EEBFEFRINXS S5ECME A REN
20 B 25 7R A0 i B 2 B R A AR KT

40 fE I T 1F 0 4B e lel B A5 M R A B, EAE A
AT R M T A P B ST RORL BN AR B AT AR . v
RLRE B RE o R B TR K 4B B R E T AR
B JE SRR B . AR &L, RUNK Kk R AT
MEWSS>ERAEGEARE FHTREN. W
RUNX1 £ TGF-B #3697 T &k LR, [l B 1 [ fiF Jg 40
Jg 2T A% 1 %R fo EMT 9 42 Ao 3 , RUNX1 &8 38 i TGF- B &
BRETEAMBERL, TEAMHNELMEZREN
W A Y, B 1L-33 5 RUNX2 B9 48 & 1E & 9] 47 4
Smad6 #y 5 34 , [ ¥ TGF-B/Smad 15 5 % 5 7] 8 85 [L-
33 S HY RS 40 R 3 7R, A TL-33 (R i & B A
A kR R A, LR B T IL-37 REAF B R
48 A, ® RUNX1 #7 RUNX2 #9 mRNA % 3% , 3 /m RUNX3 #Y

mRNA % 1k , IL-37 #y | 1F g8 2 47 | RUNX2 19 & 34,
| E AT 2R 1Z Y. T RUNXS U o] 3 i [ 1k
EAHANFREMLAE BT AR REMR LS —F
B TGF—PB 1 Mt b 8 ot J& , % 28 g — Sh IR 1 TGF-B 18
S 4 2 Fu % 40 B 14 B M RUNX3 % vE 22 [8] B 48 B 1E 7
REHASRERHMERZ™,

£ 3R % & RUNX 5 TME B ECM DA B & 25 28 ffy
I F 2 |6 4 % % & #9146 B, 88 09 48 7~ RUNX & it &
MR 7F R R R IE .

3 RUNXTEMEREZEBTHFHENX

B A A 58 F TCGA. Oncomine ¥ 18 2 %% 1B 4
MRINX Kk EZ BTN ELAEEFET G AU
BE MR N AR KR RN EEREHEZ
BB ERTE, 0 NMERKA, ELH KRB MWE +
RUNX2 #4 % 3£ i F RUNX1 A2 RUNX3, [&] B RUNX 8 % ik
5 ESTIMATE ¥ 4 .RNA 2 DNA T HiF 9 %, 5 4
TR LA e B S E A R B E A
KOEAE AR EH B ETEAFF . RUNX £ & K A
B R IA R BB R R LK L

®1 RUNXZIEM SR F B IR B A K T e

Al i gg 2 2 T #e ] SR
RUNX1 AL i PR AR 2 T M L e [67-68]
[iE Sk A RUNX 1 R IE 2 b7 flugk e [69-70]
(=R SR IR N 2 A =] [58,71]
SiEfpE 83 Wnt/p-catenin TGF-B il B{ (T #F EMT R I H5 e [61,72-73]
SLEMR JEIE OPN it MAPK 15 S, 38 ik it e Fne % 2] [74]
LR ot L e A R 1 AN ZEB 1 ik 98 [75]
Ji e JE T VEGFA #2013 s A & 9 [76]
RUNX2 R fEBEA TR AR 28, 175 AT TN 24 e [77-78]
JiZ g8 RN A AR fied [79]
92 I £F 4 4 35 55 1 Calpain2 it BT AL {2 2% e [80]
5 bt e R 20 B M g AN e [51]
=] GRS pS3 I TR ER , (R BBV R A 5 R AT 2 e [81-83]
BEFE RO A AR R (R A G B AT R e [84]
Jitiges fE3E EMT R FI AN i A% e [85-86]
LR TRk E % e [87-88]
RIAIIME (R R iR 28 fieda [89]
B Ry 1R Akt/B-catenin 3 B{ L HEAN 12 28 3k fied [90]
il (RRAR TR e [91-92]
RUNX3 s B ECM B AR ki #4672 e [93]
it it g8 2E AR 9 [94]
=5 b 200 B 3 4 IE RS AR 2 9 [95]
SEE M (RN T, R AT EIb [96]
LR T 1) P O A D AR A P 398 R R B 9 [97]
[RES o R 15 1 i N = R 2 2 i 9 [98-99]
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KTt —F R IR T T WT R, R TR
RE M T 4 B A ARE i M R B SRR I T Y £ B B AR,
T RUNX 5 T, 9 B - e RAMIAE X . FERATH
Jf CRISPR % °F & & H,ETS K ik 2 K B FFlil 7
T, W T B, T RUNX X4 T, -8 & E 20, Fli
B2k 38 m T RUNX 2 57 B 228 5 ¥ B, 143 RUNX 2K
THE T, B 40 HEL B A 90 5 T RE S A 8 L, XE % PR R e e
ftyE A ERA AN, wEARRI, BN
I 2 R Y B o 4 7 A — R TAEREARRICDS T 40 A 2
7, ZEILPD-1'TCF1 & A, ££ (LT PD-1 J5 & & M3
P, EZHEREF NG, AR N HIEHCDS T
AR . X 1Z TR A B A R LR A F AT, R T
0 HEFECDS T 40 & i A% £ 4 % & (high mobility
group, HMG) 1 Rel [F] J& X (Rel homology domain, RHD)
HRETWEEE S, MAEFAFHCDS THM+ ,ETS
Ao RUNX 2 5 By 7] R E 57, & PR M B 5 1 F1DNA £
A4 F 2 B9V X i, Ui B g M T B A
CDS' THMERBERKT T4 M A F 4850 B R W
FPETE R, [B] B HE O RUNX A2 #2398 14 CD8™ T 48 A o B 2y
BRPER . ZATGE R A FolE KA R R, Tk
1K RUNX3 89 CAR-T 41 FL B 3% 15 E M IR A B0 I6 7T &R .
i 3% A 2 ¥ % 35 RUNX3 89 CAR-T 28 A (RUNX3-CAR-T) ,
FEZHEFANGIFEIE M, £ L B RUNX3-CAR-T
TSN B M P AEFA AR E LT S, B P20 B RUNXS -
CAR-T 47 fE 30T E /1", 4 RUNX3 3% & 34 #9 CAR-T 40
o AKT 47 1 7 % F] 7T {2 3% CAR-T 20 f Y L L B i R &Y
HE— BT HL R K M R 3 B Fu AR I R RR
/N FIES & Mom A A oot PD-1 [T BB B A7
RUNX3 Fu fiF 28 ff, 3% 470 B Glypian—3 3t [E] 4 2 2| CAR-T 4
i JE GE Ak & CDST T 48 B X TME By 5% , 7 B A BTV &
HHlERRTe R E T TR R BT
Ja vE A,

ETRINXATMEF THHM X E e R, H
IR AL 2E FF 46 B 72 LA RUNX 1E B8 %0 5% 76 97 B9 B Ar 8
A& .tk M 52 % 4F B RUNXS ¥] 3 3% _F 38 CCL3 An
CCL20 f& # CD8" T 44 fi 9 3 & , ¥ %% Jifi iR /& TME ' iy
HIEFENRAS, BIRINGS FTE A B AEHE L, 5
EEEEREMAEEETHE S, TR E X F
FRBEET MR, EB B F8 F X I ,RUNX3 6
5 T-bet ¥ Bl ¢ %2 CD147°CDS" T 48 A B 470 if 985 )X 1z
3 I G RE T 28 B B BB o T 28 B #5 4k ] F CXCLY #n
CXCL10 72 TME W Wy R 3k , T & B3 2 % 0% 16 97 M e R
JORLM™, 1F %% RUNX3 W Ak g (2 #F CD8' TIL 3% i ,
R /> CD8" T 4 it #2358 , /N IR 52 Bo 4, & B, RUNX3 41 21
Wbk S WH CDS' T 4 ML B9 2 0E BT, AT, 4
., RUNX3 B 8B & 4 T % 0% 36 97 N & R M B &

A,

LA R DL TE B T S
BRI AR T 40 8% LY B
B ST G RUNK A K A A I
Falls R A

4 REERE

TARE T BN R R B MR EIRE T & KA
& 40 FELT e B R AT A e R % R R
BB R, H, @& MR E TR E R
FUTRIE R, TR T RIG T TR, 2
JERBET RN EE T H . RINNA R F A mA
FEER,BFHEPEDTHARNE TRy 2 S
BRIZ RGN KBS TR, B A RUNX 8 SLah 4 0%
AANIER, A EEH 2 E RESRER FEL
& 1 E R ek F AT T B B AR A, LRI
T 16 A B %% 06 T B8 BV A .

RUNX 64 2 18 B H 5 TME 5 &4 4t de B 6 Fl, 72
MENAARREIR P REREHRITEN AR,
BETRIXEEZ MW ES M ERHETEA,
5 Sk 40 %) K — A RUNX Ak R A8 Hb, RUNX B 58 2598
K 2 A7 R 40 B HY R AR s . 18 33 X RUNX R ik & ik
RZ 8 H X RATBARIEEFR T, 7% % RUNX 2 F
e IR B R B R IA R R 0 4 LY 2 3 A i i
AL, 2T RUNX R Ik 4 F 0B 08 16 Rl o %% 06
ITRBEH LT H
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