et AL A TR 7 BAT AT 4 M e+
GBI T AR Rt ST

A, TR, SRR, BT, AR RAamE, BT WL, AL (L EEERDR AR AL st iR

45

BB AR, ALt 1000155 2.8 ARER AL F MY IR AL st IR BR e A% 49w 22 7TAT, L%t 100015 )

WE: T4 (hepatocellular carcinoma, HCC) J&f WG 2 —, KEZH
BEMe OO, REFRIBITILS. HCCHAK., 1278, R LR iEid sz 5
JE A E  (tumor microenvironment, TME) ZYJ#H5¢. TME & 88 40 i #5 DA A A7 10
MM IAEE, BIFEMR A AR M. A 2 Pk g0 4 RN G 2 AH G A i S A
o A4 KA F-B (transforming growth factor-B, TGF-B) & —2H GE 5 4l i A= KAl
ST AR 1, I U T TMEZE R5 I IIE G 2 i 52 A1 G 2 S0 R R~ . TGF-B2 Y
HCCH AN R R ST, i Jed 40 B S FL PR 15 m e o TGF- B 15 6 % 40 i fry 2 284
KeIge, (EitHCCH i 52 SC bz itk . [ BHTGF-BAETME A (1) % 2 1 15 1 A 8
NHCCH Py TT T AL 3T (T [ & A A bR B

KRR HAAERKE B IR R IATER MR

Immunomodulatory role of transforming growth factor-p in hepatocellular carcinoma
and its research progress
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Xiao Fan’, Wei Hongshan' (1.Department of Gastroenterology, Beijing Ditan Hospital,
Capital Medical University, Beijing 100015, China, 2.Institiute of Infectious Diseases, Beijing
Ditan Hospital, Capital Medical University, Beijing 100015, China)

Abstract: Hepatocellular carcinoma (HCC) is one of the most common types of malignant
tumor, while most patients with HCC were not eligible for surgery when diagnosed at
advanced stages. Growth, invasion, metastasis and immune tolerance of HCC are tightly
correlated with tumor microenvironment (TME), which is the cellular environment for tumor
cells to survive, including tumor stroma, adjacent cells, blood vessels, peripheral immune
cells, immune-related mediators, etc. Transforming growth factor-f§ (TGF-) is known to act
as a multifunctional cytokine involved in cell growth and differentiation and plays a central
role in keeping the balance between immune tolerance and immune activation by regulating
TME. TGF-p is involved in the establishment of the immunosuppressive microenvironment
of HCC. Tumor cells and TME can modulate the phenotype and function of immune cells
through TGF-B, promote immune tolerance and achieve immune escape. To elucidate the
immunomodulatory effect of TGF-p in TME will offer new potential targeting pathways and
biomarkers for HCC immunotherapy.
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JF4ifudE  (hepatocellular carcinoma, HCC) /&
JEUR A i B DL 2E T, 291590%. H AT, HCC
FEAEREE 6K H WIEAE , R 2 e 3R [ DS
I AL, WAL B3, FEE A
BN, AL KR F-B (transforming growth
factor-B, TGF-B) & —HZ IRedME T, 7E/RN
RIS /ANSIMEER, SHCCImY 25, Hyzik
AT N BT SE, TEEK, RIERIT RN
PRTHRTT « WEIRIT T ARG feB 2 MR iR )T
J7 3, WS A A I R RS B TR OR,
i 2 200 7 A TG F-B L 432 b i e 240 i v A2 5 1
BET-%2 k-1 (programmed death-1, PD-1) [J#45¢
FIES . SIAh, PR 4l e i TGF-B i 4 [ 45 FiE
I B 2 20 R 1 R HE e I E R, $R7RTGF-B
2 B B ) S T IR T R AE kR B AR S
TGF-BIEHCC A& A= Jx J H 1) G g% 1 45 4 FH S 9 sk
JERATERR
1 TGF-B{5 S @B IEHCCHEER
1.1 TGF-péy A 345t 201H20804E4, SpornZEl¥i
22 2| TGF-B I if5 T IE 5 B 21 4 40 o o IS A AR ) =
1709, B JE H OO INTGR-BR 45 b Bz 40 B ANtk A
YL P BV 22 A LA 3 A AR K R 1
X, TGF-BAE o309 5 K I 46 it AW 58 N 51 1)
e, w4, KREMARHTGF-pE—1MEAZ
AV DR T, TREARAEK. o
. TS, Bsh. R28. dUREAN R AR, A
A B R A B S R okt RS, B T TGF-B
BRI, WREEEQHETGE-p (1-3) . BES
KAEHEH (bone morphogenetic proteins, BMPs) .
WAk (activins) | nodalfz . A KT
(growth and differentiation factor, GDF) . flifil|&
(inhibins) . 7247 YE BT (lefty) FHOKE)E
& (anti-miillerian hormone, AMH) . BF.3h¥)
HFAE3IMTGF-BF MK, 2w NTGF-B1. TGF-B2F
TGF-B3", (RAMIFA R I, IX3FPIEAL AT 5 B AR
WIns,  FURTE R n b RS A4,
A NI 9 3 B AR e o SV Y o 4] /0N Bl s HY N A
[FERAL, SHIX3FTGE-B AALE AR N I ThREBCH
TUR. HHTGE-BIEM R RIERZ, AYTEHEER
g, S5 R f A FR B
1.2 TGF-Bfz 5 4658 % AHCCY 946 A — 7T,
TGF-BZ 5 it gt - 41 i A0 -9 400 B 049 70 A0 FD 6 B
F2 A0 B R TR B R 3 . AR s AR AR KRN
HABE ) BB AR T, TGF-B = Z i Smad i 4t i
2% AN Al Smad i m # & 15 MUY . BEAE KB
FW, TGF-BEHCCH KAEXENE, B Mg #i i
K83 3+ /R BIHCCH, BUE I TGFE-Br]

BRD ) 20224F F14% H3HH

368 3 A ) 20 PR R B G /S LR T p2 1A p 15 33 1 4100 o
AHRRIETE, RIEMEAER; BIHHCCH, TGF-pid
AR B R b B2 TR 78 it % 4k Cepithelial-to-
mesenchymal transition, EMT) FlJR 12 22 EHCC
BEEAA RS KRR, X 5K FTGF-pY
JifJR A2 28 1 K e AL FE B R IE A OGH — 3.
— 5T, TGF-BZ5 = EMTA MR M A pl. I
INRIEMHEAE KR F (platelet-derived growth factor,
PDGF) Flp-catenin/EEMTH]EEird. WRE
By, TGF-Bu]% SPDGF [0k, iS40 k4
EMT 3 30 PI3K Al Wnt/B-cateninfz 5 45 5l 1% .
HCCH i H B% A TR i FR B =2 /& (protein tyrosine
phosphatase receptor epsilon, PTPRe) 7ETGF-BHi
BT A 455 SMAD3 ¥4 SMAD34H 5 2| TGF-p 1 Y
Z4& (TGF-BRD) , #HSEMT!", B4k, TGF-pLE
AT AR B I A R R R A R S B I A AR s
RAFEEEMEH . TGF-BIFI HA {2 i & A s bt i
BRI IIRE, X BT TGF-BAE N B H
B o Bt ) — TR AMNIF FOAESE, s I TGF-B
AT P 4 A e HCC 5 LI o i
WSEAR IR 2 —, I3 A TGF-B1/KFF & 5 s
MmEREIEMK. BN RINR, HCCH &K
TGF-B1n] REAE R 8 M B ™. 2, TGF-pAl
HCCILE A8 8] 1) 5% R AT 7 it — PR R

2 b, TGF-Psif it Smad /& #i3dE % A1 9E Smadiik
RS IEE B R T A4 B P A A R S B, s ) 4 B O T A
MR, 2 5TREEMT M & £ s, f/EHCCIY)
RAR BT RIEELZER .
2 TGF-pXtHCCHY & /R AT {ER
2.1 TGF-B5 AP e % s ER st AT = NAR BRI 40
TR E 2P G A I B A R R R AR Y
PSR, LIRS 5RIER % 8. TGF-p2—
T e e 200 A e e 2 L A P BB FURI R 7,
YT A RS N S 4 L FECD4” 41, CD8™ T
M. HRFAGAM (natural killer cells, NK) . B4
M. XS4 (Kupffer cell, KC) . # IR0 M
(dendritic cells, DCs)  H LA B AT AE R 24 i P 38
FE o RIS s I ) G 2 B 25
2.2 TGF-BEHCCARF /g IR 3%, F 64 .7z it e iian
3% (tumor microenvironment, TME) 5 & FEAI )
M (RN, RRAF 4R . i A sE) Figm
Mugbm sy (AR 7. AKET R, difshit
JREE) BTG AE e 24 o] L e 52 38 of 7 PR 4%
HIE7% . TMEAMYAEHCCHIRAE . BB i
HORIERHEAE A, 1 HXRIT 3R A A TR I 520
WEFLR B, W HTHCC R BE S 2 3] I TMEAF] T 24
JNETAH A (¥ S5 A S vy T | ™. TGF-BYEHCCH



BA RPN GIER, SR W) S 2 40 e TGF-Bid %
Al REIG SRHCC R Pt e . I, HHTGF-B(E
SR TMEXHCCHE g 2 5¢ E 2

2.2.1 CD4" T4l TGF-BiEidi#iHSMAD2/33 5
TIL-213% [FfiE Enaive CD4" TR Ak M4 B T40 iy
17 Chelper T cell, Th17) . Thl7&—FhRIA{E % K
THAMMIA 217 (interleukin 17, TL-17) FIThiz Y,
A BT AERE MRG0 498 (non-alcoholic fatty liver
disease, NAFLD) HHCHIFFAT 4 REATHCCI R JE",
TGF-Bid it N A T-bet M Sox4 ) & ik 43 A4 H| Th 1 Al
Th2, X 5TGF-BEiThl [ Th2#E 4 !,

222 CD8 T4ifg CD8 4Hffu #ETH AL (cytotoxic
T lymphocyte, CTL) FEHCCHRE I bk 40 A frt) 3 2
853, AU RN o T NP Ry (interferon-
gamma, IFN-y) . IL-2FIMEARIEE F-0 (tumor
necrosis factor, TNF-a) . CD4" Tregifiid 43 TGF--
JREFAIIL-104041CD8 " CTLIR/EF" . TGF-B5
s R ATF LH [RIFIHIITEN-y (1) 5235, T4l Hedt
iR . WEFTR W, TGF-piiid N iRIL-2fc-Myc
He sk A CD4" FICDS " TR 3G SE, B30
HICD8" AU A A EE ™ 1X 5 TGF-p/Smadf& 5
B SHm KA SR (granzyme, GZM) A/B. %4l
% Fasfit/ARIIFN-y M A %

2.2.3 Treg CD4" CD25" Foxp3™ Treg/&— M EZEMT
MM HE, S5 MR e ibik, AEFrEiasds. i
o R 5 400 A 3 3 TGF-Bid #  5 Tregif P o BT 5T
FW, THHHTGF-B1ELTGF-BR I &k 2k (1) /N B 4k
Ji 1 Foxp3 ™ Treg¥tm i/ b HAb, IRIKWI K
L, HCCHE AN ML FoxP3" Treg/KF-THE, ME
IR Treg th i 25 3 'Y, Treg nl i ik 45 & 41 i
PETHR 4O AE 5C 2L (14 (cytotoxicity T lymphocyte-
associated protein 4, CTLA-4) i fiENg, 5
CD283w 5 Prlaitt 241 (antigen-presenting cell,
APC) [[JCD80/CD865F &1k, iEiFCTLA-4NF
f#5 P 7F F {2 #ECD80/CD86 B A ##ik R il
[Rltk, PATreg W% i, 8k PH BT TGF- i % Bl i 5
2 ARCTLA-4T] e & — P A7 250 1 25 T G 5 19 5 2%
R M HIHCC i 2 1 e e N2

2.2.4 DCHHML DCHH 38 20 M 5T 5 =2 R S i) 28
—. TGF-B@L /D £ EHLGUHEMEE AK (major
histocompatibility complex, MHC) I [{j&i&#DCHL
J5i% R, TMEH TGF-BE A (e EDCI) A A1 B8
RYNFE L, FILHERA G s>

2.2.5 EVRE MEAH R E W40 (tumor-
associated macrophage, TAM) ZTMEHTGF-Bf)
HESRYR. BEFREN], TGF-BrIfedtM27Y g4 i
4k, HICDS” T . NKAUAIDCHE M, ek

C LR 1

CD4" TregiH Y. TGF-Pi@id#4|Smad7 I TNF(Z
S S IE A AE S BRGNS 5 Gk
PETME I R
2.2.6 NK4Hffl NK4H AL iE 75 WIFN-y. TNF-a55 4
PR 7 #8 S5 Th1 40 R ¥ e g /E . TGE-poT [%
ENK Y = AE TFN-y K Fo A0 f v it % e b,
TEJEA A B R, B RN AL (myeloid-
derived suppressor cell, MDSC) wJ it 454 TGF-B
FIRINK AR B A A3 7
2.2.7 B4l fEBANML R HGEFEH, TGF-B5runttH
FKFEF RT3 (runt-related transcription factor 3,
RUNX3) #hFEVEH, #idERAFE 7 AT RL AR L
(programmed death ligand 1, PD-L1) FIIL-1041%i)
FF4m A # 1ECDS” Tk 4i i, {i¥knaive B4 A1
HIgA" B4, 5NAFLDHIS:HCCHI & %2,
2.3 TGF-pA LAk EME & IEWEHEZMET,
G BE R AT 554> T I PD-1 MICTLA-47E 2% Jig )37 v =
A SR E RIS S, gL RN A2, H
H S %M. SR, ETMEH FH g 4T 8%, b
Jo A0 ML A T O S R A AT, A T 40 e
W, ARREME A K, WA kI, TGF-BlLi@T
G Smad3 4 bt e 5 HE T M H PD-1 ) Rk,
Jih 988 41 Jfd 43 4 I TG F - E. #2119 40 g - PD- 111
P, BURTGF-BMIA G5 FEREES 5%
SRS E TS . PD-1RIE TG4 ICDS " T4l iR
I, FH5APCHEUMIR 4N FJPD-L1/2454 . PD-1
FIPD-L 1A ELAE FH AN 200 28 15 S e 2B 1
FEHEMEINLE 2 —. PD-13EIdPD-L12 5 [H M
TAUMuPT R 224K (T cell antigen receptor, TCR) {5
5, T2 i 4 E A 40 P R R LR GZMA
GZMB. TNFofIFN-y[#) 53, JL[F-SETH M FE
WP, A, TGF-Brlfgi@id _EIPD-1 S T4 M FE
5, I TGF-I5 5 vl fetd sHCCHIUIIR S
3 TGF-BAHCCHIEEATTIE S

Z W REY, TGF-BEEHCCH &£k,
TGF-BI/KF55ImtBAA R UG5, —TiRE
9 491 %o LA 9 3% B I35 (IR BE TGF-B LR {E AHCC
AT R F, TGFE-PLK B4 ARG LA bR 22,
HCCH# A0 T RS 2 B 160%5% . 78 %R 2%
KR AAT R G, SR IAE SN EDSERZ
WA AT E AT, XM R A S5 =
X, BRI T BRI A R R 2 W HHCC
IATREME . IXFE R /KF I TGE-B1 A 5] HHCC
A B . kA, TGE-BIXTHCVEHYEHCC 3
TN 6 5 R o TGF-BLA] & — > IILiE Tl ]
o AR PACAS I 1) B4 30 1 o I8 PR i ool R A e AR
X — R I 5 TME 1 () TGF-B 1 78 J A8 i dh By BX K 4%
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A T TCGA R 2 5 AT 143 43 AH 25
&, ARG 7 eE iR, POFEHCC
LR A e R B, — 56,5 196 N TCGAFE
AR FHCCHRIEMIATL M AR IR, 1E22%0H)
HCCHEAH, CTLA-4. PD-1FIPD-L1Z 42 i 25
FERRIE KT RZE . R, SRegl i imfe s
WHE. SIEWAEMIL, XEEHCCH: A Hnaive B
MR R RIAE RN . PRI . HAZ A
y-delta TZH AT M2 I AR k2D, e
fZBYHMI Treg. #1E AL RAMADCUL L A -0
MOZY E W 4 B AR XT38 0. I Se i TS B 3R BHHCC
HAEAE) 2 R, MR A S 2 CEIRIEN
PEAMML = AT 52, I PR H B HOR v P ) AR S
R NARDY . N T 35 M TME H IR i ik B 4
i ) BARRAE, AR FUCREE T 60 B A HCC B35 11
W SRS HLWEA, 435 H150002 T4
MO HEAT B B S DY IR Ss R EoR, S IR
oSS UM EL, TMERR T Y o i A7 AE 25 5
FHRPICTLA-4. PD-1. LAYNFIHAVCR2 (TIM3)
5 R IR TregfICDS ™ TAUFEM A< . HCCHE ik
IR BT ER AL TV 7L A Wb R SRR T 0 R
SEHCCHIEIGIT RN . (EHCCH, TGF-p5 %y
[EAFAERR R A OCHE, R TGF-BA2HCCH L 1
PR TR AE bR S,
4 N TGF-p5 & T ARG PR Rz FA

H AT, HCCH e yZy7 VA B4 o SR 2 i F )
5] (immune checkpoint inhibitor, ICI) . #x&PIIRZ
A& (chimeric antigen receptor, CAR) #4558l T4H1%Z
& (T cell receptor, TCR) ¥ S TAHMEE R)VATT 4N
JRF5 S 5400 (cytokine-induced killer cell,
CIK) Jrigkbh b —FhE FDCHIMRZE ™. IR
I R T i S5y P VA fEHCCH 1 22 4 1 it
Ve, (BN R AR BB AR LR ENGE.
FETMEHR, iR ) 38 235 I 22 b fa 38 U0 1) Je

BRD ) 20224F F14% H3HH

% 1 DL IR Go s W A . TGF-B ok I8 2= 0l Pt i i
2. TAMR RSP s R B IX AT RE & HL 2
TRIT P N R BRI R R 22—

WRVFR, ZOIGKATHCERY, RIZEIT
EPITGF-BIRIT IS T — it . i, 7R/
P F YR I B B BT TGF-BHiiA B TGF-BR 1
7] (galunisertib) Fl K6 2 017 (3t
PD-L1) , HEJi40MH TGF-pRAEpkD, (kT4
MOZE IR R, FEFE R T B EN IR G 2 A i
BB HAr, BN A T 28I R 7T
(NCT03833661) [MIN&EHE . %W a2 —
2R S BN 2R T R BN TR 52 (1) S 350 Bk 30 a4 72
PERRE e B Th TR, VPEMT78244E A —Fh s 27
EHT 86T . SR N 15901 B2, fE
O A HIBEDT Ja, BUEIESE T MT7824 253697 1)
JTROREE A, FFHA R 2 e, M78242
—RINRER G R E, 454 T HiPD-L1I o BEdt
FITGF-BRIT (I fB A 45 M3k . i@ & & il i 45
ATGE-B=F WAL, FHKPD-L1EH & [ MIMES
S, UBKTMEH TGF-BHIESH S . HXNEH %
P AMH Th e 51 5 AN NV % RG0S, R
YU JEPD-L1/KF LU, 78/ BRI A ] 375 S g v
RS G et St g Ben i T TGF-pIE S E Rt
JibRg G 2 B2 R E R, IR BRI TG-S 5
HCCH IR I7 TR AL T B AL A -
5IMNESRE

ARG G A 57097 s B L I PR
JT R ABAEHCCH g N & AT F20%. (R,
BT R A Ybr B IR IR i B R AR T
ISCBESRIS . X TGF-BA s A5 1E R IRF 7T, HEshbt
TGF-BIEA G y7 1R 16T L Le R (FJHCC, 4]
TGF-BECHE A A SR AT 2 M I P I8 G 2 15 97 RS
PR 7. 52 b, BRI IRLE IR R AT 52
FUNBRBE R BN T A NI RILE R . 280,
TATH 22 Ve AR AT B i — 1A .

#F 1 TGF-p MREZEHRE = NEEEAIIGRFR
NCT% % 7 fo.5 J R LA M e BRI 2L
NCT02734160 Galunisertib TGFf RI PDL1 L2 28 3 ¥ I ORR 3%
Durvalumab

NCT03427411 M7824 TGFP RII A= PDL1 A 5Lk 7 4% & Fa M AR AT 93 I ORR 39%
NCT02517398 M7824 TGFp RII#=PDL1 EEiid] I ORR 28%
NCT02517398 M7824 TGFp RII#2PDL1 X4 b Sk BB AT I I ORR 22%
NCT02517398 M7824 TGFp RII#2PDL1 A )~ tm LA S I PDLI > 1%, ORR40%; PDL1 > 80%, ORR 71%
NCT02517398 M7824 TGFp RII#2PDL1 B PRI I ORR 20%
NCT02517398 M7824 TGFp RII#=PDL1 R I ORR 22%
NCT02517398 M7824 TGFp RII#2PDL]1 [[E I ORR 23%
NCT02517398 M7824 TGFp RII#=PDL1 HMeih v 4 H MR I ORR 3.4%

7£: ORR (objective response rate) MM R ; FH A EIEIRK E https://www.clinicaltrials.gov/,
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