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Abstract

Liver cancer is one of the leading causes of cancer-related mortality worldwide, particularly in
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China, where its high incidence and mortality rates pose significant public health challenges. With
the ongoing advancements in immunotherapy for malignant tumors, natural Killer (NK) cells have
gained considerable attention due to their unique non-MHC-dependent antitumor mechanisms.
Among them, umbilical cord blood (UCB)-derived NK cells (UCB-NK cells) have demonstrated dis-
tinctive advantages, including high proliferation potential, low risk of graft-versus-host disease, and
convenient availability. This review summarizes the epidemiological characteristics of liver cancer
and the mechanisms of NK cells in immunotherapy, with a focus on the biological properties of UCB-
NK cells and their therapeutic progress in liver cancer. Studies have shown that appropriately stim-
ulated UCB-NK cells, both in vitro and in vivo, significantly enhance antitumor activity and exhibit
synergistic effects when combined with traditional treatments such as chemotherapy, local ablation,
and irreversible electroporation. Multiple clinical trials have revealed the promising safety and ef-
ficacy of UCB-NK cell therapy, highlighting its broad potential for clinical application. This review
aims to provide a theoretical basis and novel insights for future research on UCB-NK cell-based im-
munotherapy for liver cancer.
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1. 5|8

JRHR S AR AR TS 8 3 KIRA[1]. 7RI B4, FHEMmATR =2+ g, EEmE
THEGW . TN, 3] 2040 45, EEREERI TS BORBET NSO SN 55% AL, i b E 5 1)
WHEL 591,000 451, Eb 2018 3G 50.5% [2]. FIEH LM E R S BT, 40~60 2 H9 B FFE I KI5
R TREREGL. s O S A R AR g U7 2O B E e A R m i R R R R ARy —
HEERMER, HRBEMNOTRME L. BT iPEE SRR, K AT IR T
T R, SEFE BERLROEEMIN, it T RERITRL. 5T, A IR T
P, WFERS ANBIT AT BOT RIS, ENEARZ )RR, AR EMEIEH . NK
R S 2 TV T B A SRR 9T T RERAN REIN 52 4% Ge a7 (1 R S i S5 SRR iR T e 9%

B TR YR T ST A MR N, S T VA TG IR (VR TT T T2 B FH o« NKCZH A %o e fiev g
HHAA K | 22BN BRI DGR BR RS, BT IR G B VR YT IR T I AU AR AT NK 4B e 7 0 —
A BT SARBRETR T 715, VR 2RI COUF B L 22 A PR &b (3] [4]. J:F NK 4HMI ) 427 72 LR I
PR TR TR (3] [5] [6]. NK 2 e 0% e )57 i g S 53 BB Jie H i 1R 48 i DRl 1 e AL R - 90
BERIRIERAT , A BE BB IR A, 3 RE I 5 A 38 1 e 2 I P AR B R AR F . NK 4R 4L
A FIAE — e AR RE b 2 52 s N ZE TS B 4], 693 NKC 20 R U - 14 5 NKC 4 744 P9 1) T RE T
NEB[7]. — Tk 11 R R E RV R0, NK 40351 K TR S5 9 KR 1 I G 5<[8]. fE45 E
S B A IR 2 M R R, RNRE NK AR AL T KPR A TS AR [9], X R MR 4
I NK 40 /K7 5 1 22 AE 6.

JBF T I NK 400 =5 RIE, &F RERH T 207 1 NK 48[ 10] [11], S5 MEPB)AE,
UCB-NK 4 A 5 K AE R Y516 3299 (GVHD), A8 H B[R S5 AA20 B S e v o7 1 B8 2 4xade #%512] [13],
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HEFNEE B S NK 4005, FHgiil e NK 40 E k)8, 2017 4 3 A, Glycostem A A
RAT TS 55— UCB-NK 48677 77 i oNKord FI— RIS PRI 7045 5, X TF 70 32 B4 Sk Bl
HIMPE(AML) 3, 45K %78, oNKord fE/RIT R AR B IR ZRIER, #52 oNKord 697 EH T
SENIAEARRIAR] T 50%. UCB-NK 4 PR 4% i 1) 2 A VERG 2400k, R He 006 I S48 1 8 i 7 1l
2. FERRITIRE

JHF e A2 v ) B R A S AR R, e A B e ) SRR L P T [ K R e S A A U E B
FEWTF FEHUAI(TARC) KA 1) 2022 4 AR S HTiE S 508 o, 2022 S5 E 219 36.77 7551 H1 = 9 61
(B 26.79 Fil, Lt 9.98 Fill), KIFFRLN 26.0/10 i, 44 31.65 JIFIFHREIET RG], 5 Loik
R FE T ) N E 7300 22.98 T3 N 8.68 T3 N, HHIET-ZN 22.4/10 Ji. #RHE 2023 4 KR M — D 7%,
2016 “EH EAA I 252,046 FFBIFT 212,704 FIFET AT U K F AT 8 R R 25, 53 1 AR U3 IR A 258
PUNLPER 15 £, B RIRT = AR R R S B R EE(HBV) R FI RIS, 1 2 P AT = A7 AU [
Z ¢ HBV. IREBIAN AT W EEHCV) [14]. R SCHE TR A0 A [E PG 5L X [ 15]. 592 E A

Lk, 7EFREGHEZ Mo E R & i B I~V I ER RS m[16], W2 BEC TR E 2
B, WEITMEEEAROK, 1EIT R I AR IE B A 17].
3. NK 4HiaaY 4314 B kIR

NK 42 32 B B 72 A i — PR AL ) S e RO A A, R4 S5 400 B 1) S e s vh R K
SVEF[3], AR RBIE RGN SBELL KR /3[18]

NK 2000 (1 3R H %6 %6 2 Fhsd, @5 H RS2 A ELAE AT LARU S Bods i 4 o 3% 2857 fR A0 5
TR R 200 AR S A i RO 52 AR R T AR bR T A B2 4 . NKC 20 a0 — R A0S R
HI5Z &, W NKp30. NKp46 Fil CD16 FAARFALHE A IR 40 10]. X2 R TIME S Pl e 7 el
BOEIRAE, JEOE 2R RS S M 2 AR S SR, NK UM s s, — BEGE, NK iR Lot
PR B B 1 S O AN 2F LR AR M BV RO, Bk R SRR 4 . NK 40 B e T i I pL R
Fh: PUAMKEIMEIIE R E(ADCC): # & CDI16 4rF 1) CD56%™ NK 4 ) 5 & B (R G Hl 2 —, BF
HIGWIE[19]. WET: WA R-2 (L-2). IL-15 F1 IL-21 0] DAZEAR A AMEGE R 27 18 NK 40
1. NK #4450+ a0 TriKEs. ROCK #5474+ NKCEs #l TriNKETs A LA 5 NK 48 i X i 83 2
MR AN EE 7] P AT AR anFR P RS RAE T A 1 (PD-1)FIZE 1% T bk L4l keSS A
4 (CTLA-4)n] DARH W] NK 400t a5 5 o i T AR BRI FE s o s H L], NK 40 ml f T
FPEITVE o IX L AT DAY 55 NK 40 I 40 25 P AN A0 B ER 7= 2E, SRR I e AT R SRR 40 B ) 8 (7]

5 T 40ffa Rl B AAAS A, NK 40 75 B8 (PR RO RS - I8 N TE I S2 7k R 40, NK 4 i)
DR R 531 S 0o A pA) e J e e PR R RR 2 B, 1T D 75 0 4% B MIHC PR, I R 8 R ) i NK
YRR 2 T PR R RE IS IT M E B S 53#20]. SR T 400, NK 1A SR 53 b 0 i ke
P, ANZIRT HrARE K MHC 729, WA %% iciZ21]. NK 4] Lo it R Fn 4t i e 5,
41 RANTES. T4 &K -y IFN-p)F IR R SE A T--a0 (TNF-a), X S8R 1~ ELAG 5 28 18 15 Th A6 51 5 i oA 528 41
R ThRE . NK ZHBRAE VR 3R B e 5 20 b R 2O E 42 A S/ MHC 1 2893 DLgRaEE T 2
MR A A0RE . B ATTAE XS B BRI G T R R B SR A

NK 4 B A . AR PR BAIEdEd, ADEAAE TR g 22], GGk EL 4 A
5%~15%. EAGEIE T 586 h L E W E R4 (CLP), A5 CD8+ T 4ifM Ll gn i dett, (HEv=
CD3 I T 42 f&(TCR) [23]. NK AL — Nl 72, MR i thfe, M E BEim e s &
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FXAERE . NK A0S ERr B2 MR, SIS E RSB 90ROA 5 A a3 M R 7.
NK 40 o] 385 2 FhokE3RE, @5 UCB. PB. T4UMif1 NK 40/ &R, SMRIEHSA AR S[5] (0
W2 1),

Table 1. Comparison of NK cells from different sources
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F9 LA TAIGPSC)  —PERIALRE . 7130 S R R O BRI
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4. UCB-NK 4Hfp0Sh45E ¥ 4tE

M3 i B A FRG i 1 R SR B UCB-NK ZiA bt PB A i) NK 415 o i (K44 oh g 3838 7 A K
(R4 PN 7 BRI [R] [ 24, W REBEIE & S8 1697 [25]. BT UCB-NK i [ K ARAS £ AL (DL CD567 A1 CD16*
FHANARE), AHELT PB SRUE A NK A, X it 23 44 i ) 48 P 25 B JJAH 04255 . {H UCB-NK 4l 1A%
TR ACT I G AL 32 AR RS I 23 7+ (In CD16+ CD2 F1 CD11a) L R 88 7K T I 52 74 NKG2A . R X —%F
m REHAT R RN AR, e iE UCB-NK 20 ik 205 s A RPIRES , {58 7 39 5 020 i 2 PR AN RE A1
[26]. fEFRIFSEARBEAE R T, SN2 HEEMRN GvHD XK. KB SFRIER NK 4iRE G677
W77, 15 UCB-NK ZHH7E ] FHPE 738538 ) A0 5 b e 4 S 7 T S gt 1 ke %% . UCB CaE 2 %
ol G 925 4 ) =F B SRV, NK A A5 UCB itk 40 30% [26]. &3 441l 1) UCB-NK 4iiff1 5 PB-NK
21 AT T LR AR AL B Al B R AR K F, {H CD56Mrieht NK 41 i B 1 5 s, RS Zh Wb KB4 R 7, dnF
YL -y IFN-y). MEIRBER 7B (TNF-B)MURLAH I - W 40 i 55 7% 1) 3 R -1-(GM-CSF) [12]. NK 4 Jfam) LA
T T A ARG A B AR B T i dT . RIAP A NK 4 278 R R Ge P g Hh A S 80 40
fEH, EAER SRR R YA B R (GVL)KIE I IEA 2 S Pt E E W (GvHD) [11]. B 7 UCB
EABELEI NK 44, UCB FIRIRIRAT B /R EE UCB SAL IR M NK 4 427 23 4t
THFEMIE RS, 4 UCB BCNILA NK Ak, thah, AHIERRI T M4 /G NK 240 5 8
FE L PB @& i 4R A SE PR [27]. PSS D SR R AT B2 UCB &8 AN AN NK 4 A 40 o, ax i
SRR A 5 NK M RI6E J7, 171 PB HHi s A X M4 . B8R UCB-NK 400 2 90 tH B i) 1L-
2 AR IR IEFEBAR I STATS BEfRIL[28], {H PB Al UCB-NK 4 /£ AN [F] #3840 N 72 4E 1) IFN-y fI1 TNF-
o BUEAARL,  HAEEAE IL-2 50 IL-15 4 /EFH IG5, Bh4h, IL-15 s UCB NK 4 it UCB i&
M40 M R RS A A RARR 2 e, RS g T 20 B PR R R v B AR e 0, FERERY SR R AL SRR )
(29 5HARRIEN NK 4L, SRIET UCB () NK 40 AT SRR (0 AR 2R P, Q0 o8 o 1) 14 5k
R, BARMANMERIE. B PR S R m SRRk, (TS & H T it r[13] [30] [31],
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14 UCB SIE (9 52877 vE A1 UCB B (48 FR R0t 7 K4 10].
5. NK 4G BT R Silek M A

R R, O RERIEIRET S GRS EUE, NK 400t T8 s [32]-[34| /69T
5770 BT SRR B PR O 58 2 7 AR AN T) 4D R s A R 2 T 00 1 R OR IS NIK 4R BRI T AE, AT B IR NK
RIS A B SBEATSN DI RE[35], NK 4 HAE SEAAR T 0o 52— @ IR il o e {8 A 5 T 40 A1
24 NK AT 501 R G2 i 25 sl r) 55, mT DAMS 5 NKZH 00 40 B 23 14 A0 75 i o A S8968 9T 7702
e NK AN A7 A B B8 SR ANES 17 2. — T 1 B R 9 [ 36 194l 17 Ja s 7 FH s 751t 1 A NIK 4T i
JTIEIE G 20 KA T R AR AE TR T MR (0 WA I B8 2 () 2 VAN T AT 1 . S5 R BR, W ThriEiadT
MEA IR B BB, RN FH s R B AR NK 4T IR A B KA 7 o — Bl e 4 36 9T 7
o SO FL[37]7 B, WEHEFE NK 40 o] DL 5 500 e 7 8. 45 SRR, WM B4 1) NK 40 v]
DA 340 12 g A I 5 3 M 4Ot T, BY5RIR T AR . B E TR A R L 2 FL(IRE) S NK 248 i e
PP IR A VRIT R VDR IR R MR, 45 SR BoR, IRE WAL G HEAT NK 4008 %2 1697 AT L= AE B [ 2L
L, R MR AR, G R R ThRE . BEGRIT AL BB LEIR YT IS =AY A M oK BLAR
/NTIRE H, HECEIRTT H B 1 2(90%) = T IRE 4H(75%, P<0.01). Ak, HZBGI7IEN S
B I TE ik R AR A AR A A7 R A B B G [38]

H AT IELE Im AR VG 7 1t NK 4EMERIFEA R 2, Horh UCB & if M40 i) 5 R UE, 7T LMEJyik
Ao A A BRARRRPE VR TT PR NK 4071 HETERZE T 20 UCB NK 4438 757k, W
PR TSR M A B A AN G i PR O AR R RT3, DA I NK A0 B R A RS T 12] . 2 T AR
B [39]-[42] R AN BE I [F) Fh S A NK 4 o) g i 4k 7 ik 22 4. A2 B RIFM AT R . UCB-
NK 4l &4k FH T A fUMsiasT, Bl EEF T —2iIm R, 41 UCB SKIE CAR NK 4l R FH T
B FB I . UCB-NK 40 a7 #h 2 BEAH 0B 55, SR PPl UCB-NK 40 M 78 16 97 T g o 1) 22 4 1 A
AT
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