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e HI]
JHE A B g (HCO VX R MEF I D KL 8% L, 2020 FTITEIC L DT
KD 3L T D HCCITHT HIRTIX LET = v 7 KA FEHFEIL(ICD)
OFAIEIEN B L 2 & CIRERGE D e S v, ICT OF FIEIE D UIBR A fE
HCC BB DIEREIRIR L 7o > T D, L LD, £F LI 2R =RIT
KRE L THETED D TILRW, fiE> T, AT HCC B O T4 & dis+
D7D, RETFIN NI L DT RIGEENORENLETH 5,
FTF 2T FT— (NK) AR O 502 I B 128 TR b C B B 7 &
ZRIZLTWD, B b NKMIIECD56 & CD16 DREBIZ L -T2 oDV 7tk
v MZBE E N5, CD56Y"CD16'NK il fE i & W il i 5 E 5 M 2 /n 3723,
CD56"" "' CD16 NK TR D 7e A N oA U PEEREEH 35, NKMiE & 2D
BT v b OEERT R ERZER (PBMC) TIX# 10% . JFN U > 2Bk (THL)
Tl 30%~50%TH V. fdH A TiL, CD56"CD16" NK Al fE A3 K HY NK il a4
D 90% % 55, NKMwoRRIE, BEM/NREE (TME) (2381 A& MR
ZRKREMBTLZRIEDONRT o Ak > THE SN TV D, ABFZE Tl HCC
BEIZBIT 5 NK M OKES T2 LN THZ I8  NKfifaz L
T I OB BIRRIEN ZRET S22 L2 HIE Lz,
[xhg: & ik

F9. 42 AOEE AN HY) ORI NK #IZ31T 2 A2 SR OMEE &
BHL VB~ AP A FA MY —ZHAWTEl L7z, T, HCC BE 17
& & fEE N ORI M NK L Z i3~ 2 =012, Tl E~ v F IR
A I NK AR O SR EE & R BARDOFEL L NV Z G~ T, kIZ, HCC BFE D
FEPN NK MR D B & Rz A% . ik (Ca) & IFRAMEA% (NCa) TrHu#k
L7z, HCCEBFITI T 5 CD56" NK flife EIZFhEE SN A2 WEBIK T &H 5070
BEAN = AN DT0 HV B IEIT L 7= KA I NK A g & HCC il fa ik
® in vitro HLEEFE ATV, MPEEE FIET O 40 BEOFrE A L YA
A VR R EERICIVEE LR TH 5207 m
v X TR X D FEMENC O W T HME L7, HCC B3 & HV 2> 5 Al
L7 RRY I NK AR oo S5 =G & ADCC #& M & Ll et L. & & I hkfE
T OB BT NK Ml Z 2 210 EE L TG SIS & ADCC 1%
PEZ i U, BRERIR N 20 7Sk 2 Bk 2 v TREBL S &7 & ADCC
TEVEDKSRERIE I > WTHRE L 72,
S



HV ORI NK M 36 1) 2 REZ HEEROMmF Cld, it~ —7—Th
% CD57 & Iz 454K (ILT2. Siglec—9, Siglec—10, CD200R) DI L~
VIZF s & IEOMBEN & o 7o, xFRRAYIC | MR AR (Siglec—7, CD160,
NKp46,NKG2D, CXCR1) (Z4F-fht & BLOFEBE D & - 7=, miln#5 TIE CD57"#'Siglec—
7'°'CD160'*NKp46'°"CD56Y ™ NK Ffa23 8 hn U, [6 UAIa£ER 2% PD-1. LAG-3.
TIGIT 72 EDRETF = v J RA V Mg FZFEBL TWDH Z &R L N
> 77,

Hilp A~ v F SH7- HCC B & HV ORI NK MBI B 5 Rz /K
DI BT, HCC H# Tid CD56Y™ NK A 48 28 HV IZ R T L
TUN7=, CD56Y"NK AHfa - oI Bl sz 254K TLT2. NKG2A, CDA7 DIFEHL L~ )L
IEHV E 0 S HCCRFE THEICHE < THMHEMZ AL Siglec—7,DNAM-1(CD226) |
2B4 (CD244) DFHLL ~ VT HZ LD - 1=,

HCC FFE ORI NK AL 38 X OV LRk & FERfAR O IF N NK MRz ks 5
FRFTTlX, Ca—CD56™ @ NK Al i@ o #8 FE 1% NCa—CD56™ 0> NK #ll e D A8 FE KL 0 (K
Mo Tz, AR T CD56Y™ NK MR o> TLT2 DI ER & 46 B 1L I L Ak & bhas
LCHEIZE ., 2B4 OB & HEEITIKD > 7o, TP NK KA XA f. NK
fa kv & ILT2 Z@m%BLL TR0 Ik L b caBIHThH o1,

CD56""NK i L o> TLT2 O3B, MRk & LR T L, FER
it MILEE R CH B LA Lo, £70, Ik o853 LI HEAM T8 CD56™"
NK Afifa BT TLT2 23388l B/ Uz, APk oE®E i Tl, v/ v 7>
— VEEFLIEK S MIF) OEENE W EZHLNE Lz, VareF v b
MIF (3 B FEAYIC CDE6Y™ NK MifRIC ILT2 ORRAFE Lz, Var )
> b MIF f£7E F T® CD56%™ NK g L~ ILT2 #FiEiL, MIF OZEIKTH
% CXCR4 T %I % 1 CXCR4 HUARALBRIZ TR LT,

NK B O i f 45 =36 M & ADCC #EPETX, HCC B T HV & e L CTIKF
LTz, ILT2 Bt CD56Y™ NK (X, ILT2 MM X 0 &RV iafsE
TEM L ADCCIEME A /R L7228, B ILT2 Uik Xk » TERAy A9 [BI4E L 7=,
[&%2]

INs 1350 M O SRR RE IO B A B X D EHERRK T DO —DTH 508,
fidt i N 0> NK M TN iEs (S DI T 2 AR 28 B UHE U, PRI 2 5 IR 08
%@ﬁf&ﬂtﬁr&w%é ZLEEHELMILE, IO OERBMOENIL., EilnE

BT DA NK A OMEEIK TICEE L TWD AiEnd 5, LR
T, HCC & & HV o NK i Ehise AT 2247 5 BRIZ 1L, NK MR x4 2
MORELZETOILEND D,

Hilpad~ v F SH7- HCC B & HV ORI NK MBI B 5 Rz /K



DIz BT, CD56Y™ NK fifin o> TLT2 DR EAEE X HY & bk L T HCC
BETEA L, DNAM-1 & 2B4 ORBBZITERT L TEY ., 2T b DR RN
5. CD56Y™ NK HEAa I LN M 32 28R DR BLS JLHE L | TEMERL S AR D FE BLS
BFLTWD Z ERRBEINT-,

FFPN NK FBIORAS NK i L 0 & TLT2 Z @B H L ChB v . JEmaRk L v
AL CE B AR L7z, D56 NK Mifa B oo TLT2 I NiEIc L v 38 1
HI B0, HCC BE B W TR L 0 & AFINAEAR. B I Il Rk <@
FELTHBY ., FFHREMRE Co NK MR TICREE LT\ alaetkEn
RE X LT,

CD56"™ NK #Hfd > TLT2 i%, HCC HI 3% D MIF f£7E T C CXCRA-MIF #2#& 12 &
DRBEFEINTWDAREMELH D, HFllEEfk csBitEL Tnd
ILT2 5 NK e o iR =15 ME & ADCC IEMEIFIE T LT\ 7223, B ILT2 Hi
RALERFE NK FA OFERERIE L7- 2 & /x5 ILT2 2% CD56%™ NK il e oD 4 HE K
TG4 ThO, HCC B ITH T HHEEEML T L 72 CD56™ NK il fal > F- 1 1
LR E LTRIEEMERH D Z AR LTV D,

[ 55

HCC BB IZHB T, ILT2 1% CD56Y™ NK M O EEIR T H 50+ Th 5,
MIF-CXCR4 #H A.{EF 1% CD56™ NK ffifa Lo ILT2 & L BE L TR v . ILT2
I% NK M OB RERIE OAERY & L CTHEBET 5, 2 b ORI, TLT2 238 L
VIBRIER) CTh D AlRetE 2 "2 L T\ 5,



AXPBIOMPTHEMN LEEKEEIZLULTO LB THD

ADCC, antibody-dependent cellular cytotoxicity;
Ca, cancer;

CCL, C-C motif chemokine ligand;

CD, cluster differentiation;

CFSE, carboxyfluorescein succinimidyl ester;
CyTOF, cytometry by time-of-flight;

CXCL, C-X-C motif chemokine ligand;
CXCR, C-X-C motif chemokine receptor;
CX3CL1, C-X3-C motif chemokine ligand 1;
CX3CR1, C-X3-C motif chemokine receptor 1;
DC, dendritic cell;

DNAM-1, DNAX accessory molecule-1;
FBS, fetal bovine serum;

FCS, fetal calf serum;

F stage, fibrosis stage;

FcyRIlla, Fc-gamma receptor I11a;

GM-CSF, granulocyte macrophage colony stimulating factor;
HLA, human leukocyte antigen;

HV, healthy volunteer;

ICI, immune-checkpoint inhibitor;

IFN-y, interferon-gamma;

IHL, intrahepatic lymphocyte;

ILT2, immunoglobulin-like transcript 2;
LAG-3, lymphocyte-activation gene 3;

MIF, macrophage migration inhibitory factor;
MSI, mean signal intensity;

NCa, non-cancer; NK, natural killer;
NKG2A, natural killer group 2 member A;
NKG2D, natural killer group 2 member D;
NKp30, natural killer cell p30;

NKp44, natural killer cell p44;



NKp46, natural killer cell p46;

PBMC, peripheral blood mononuclear cell;

PD-1, programmed cell death-1;

PD-L1, programmed cell death-ligand 1;

pNK, peripheral NK;

RFS, recurrence-free survival;

Siglec, sialic acid-binding immunoglobulin-like lectin;

TIGIT, T-cell immunoreceptor with immunoglobulin and ITIM domains;
Tim-3, T-cell immunoglobulin and mucin domain 3;

TME, tumor microenvironment;

viSNE, visual stochastic network embedding.
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il

FEF M A g (HCC) 1X R PERFIE D 9 0 % 2 5 Db — KR CTH Y
(Llovet et al., 2021), 2020 4o 25135 1T 2 FAL B 7 B =R 5 6 i1 T
HY ., BIZEDCIRNDOE 3L Tdh > 7= (Sung et al., 2021), #EFT HCC
2T 2 IRFEII OB EIBR N AR TH D08, 5 AFLINO R R 60-70% L
EWZ ENHMETHY (Chew et al., 2012). HFUIBRHBDO Y 7 7 =7\ &
7 i #% il B AL 29 15 TlE Recurrence—free survival (RFS) Ztki#E4+ 2% 2 &
NH ¥ 2o 72 Bruix et al., 2015), YIFRAHE HCC (2%t L Cid&H b5
BENEIRE R VT 72T PO~V F XS —VIHERTH S0 FIE
PITR RPN ETR R & SN CEX 2N, BFERET = v 7R A v MNRER
(IC) DB LV REF = v 7R A > FHERK (IC1) Z2& TP HEEIL.
BREEENH E L. 7T Y ) XAv 7 RN X~ T HERIEITE YRR & 7
STW5B, T B LFEECOWNWTHET TV U Xv 7 R X2
TOFREE A T2 IMbrave050 288 E S 4v, 17.4 » A O R BIZEHIH I
WTC RFS OIER 2 HEZR &7z (Qin et al., 2023), L/ L7256, HIFRARARE
HCC 12T 57 TV U A= T L R_RNRNY I T HRBEEITRH 2 0%l2BWT
TR B S FE LT 5 (Finn et al., 2020), £72. 77V U X< 7 &
NNV X THFIERE E DT IR S A B b P EIZ DWW T H R P % 23R
L7205 Tu5 (Qin et al., 2023), 7> T, #ITHCC BEDO PR ZUHET
D70, REFIN NI L DT RIGEENORENLETH 5,
FTF 2T X T— (NK) A 3B R (2 %6 9 2 608 It 25 oD il f8 |2 B 7
#E 2 B L CTE Y (Sakamoto et al., 2021) (Yoshida et al., 2021) (Yu,
2023) (¥ 1), ICT &It 3 2 BE DORISHEIZES 5 L T % (Hazeldine and
Lord, 2013),



Innate Immunity : Adaptive Immunity

lytic :
granules, ©. " -

4 1 FEMEEE S T D A
(Yu Yanlin. 2023 L9 51H)

F 7~ WEIEN CD56+ NK Al o8 1% HCC %%@%%&TE & HHBET 5 (Chew
et al., 2012), L7=23-> T, HCC AT 1T 5 NK flfa o KRB L HERE & 7%
M35 2 &1 \#@%ﬁr;kwfﬁmﬁﬂ%%ﬁxéTbﬁ#%éo
bk NK ffEix CD56 & CD16 OFBICL > T2 o209 7Ty MIHpEIN
%, CD56"CD16'NK il fal 13 i v VMl R 45 T ME 2 7s 97203 . CD56" '#"°CD16 NK Al Al
LRSI A NI A VEAREAT D, NKHlRE 2077y FOET,
KA M EAZER (PBMC) TIXA9 10%., AU > 38k (THL) TiX 30%~50% T
HY ., FENOGREIZ NK fifa N EEEHEZH -S> TVWDHZ ENDLND
(Sakamoto et al., 2021) (Yoshida et al., 2021), fd&& N Ci. CD56*"CD16"
NK AR 23 KR NK fAEZE R O 90% L B4 58 5, HCC B2 T CDh6 "
NK AT NK AR o 350l EA2 o TR D | s CD56™ NK Al i o> 41
FEITFEFE SR CD56Y ™ NK MR IZ lE =T L Cu 7= (Yoshida et al., 2021),
L72h - T, HCC JE I D PN CERED - % 0) NK A0 A o g A 1% HCC (1
B D EBCEOBITICB W TEETHD,

NK IR O REBE 13 . TE MR a2 RSO I B 2 A 72 E O SR BRI L - T 3H
Hi 4T 5 23 (Rosen and Golden-Mason, 2020) (X 2) . %O)%\é’rﬁ,ﬁz VX E



EWUNBREE (TME) IC X AR AT 5,

NKp30

KIR3DL1/2
KIR2DL1/2/3

NKp44 ;
NKp46 |NKp46L, viral HA
CD94/NKG2C

CD94/NKG2D

CD16
[cD1ss ] TiGiT $ KIR-S[HLA |

Cytokine
receptors

Activating

Inhibitory

Coreceptors

NKp80

Siglec-3/7/9

2 NKfifgoFRm=wmBLEY TR
(Rosen and Golden—-Mason. 2020 X v 5| )

N XS RE IS B2 5 X 2 FHEETH Y . Mmic kv LiIFLIE
VIR )T 5 S B A RE 1 Z{X N 9 % (Hazeldine and Lord, 2013),
HCC <2 hn s A3 NK HIE OBERENR F 2 8 W\ TV B A BEME N & 5 ) (Sakamoto et
al., 2021) (Yoshida et al., 2021) (Hazeldine and Lord, 2013) (Sun et
al., 2019), JNfEm=° HCC DAFAED NK Al DO BEBERSE 43 T DRI E D K H
IR RIFL TV ENE KR E L TARHATH D, 2N E TOWFZE TITL
BRI LA ETH Y | HCCEBEHENER TH DL RS o7z, TDT
D, MEIZ LD NK AR ~DRBLZ B S )M L7z ECTHEBIC L 5 2% &/
BRIC L7 ToXRRE L HCC BB LALLM T 2 L NRETH 5,

AMFZETIL, NK ML 2 AT U 72 G 0 0% OB ERE 2 FEST 5 Z &L & H
e Lz, ZOHMOED, MERIZ XD NK Mg ~D 242 MR L, HCC &
FIZBIT 5 NKMifaoRmZHEBEHEL BFOFME~y FIHEZH T
gt L, & HIZ HCC BT 1T 2 KA M & N T o NK #ifa D 2% 1h 52 25
BRIZ O W THERERIICRRET L7o, £ ORES. HCC FBF CILMa s FIEME & fuik
RAFMERI RS ERE (ADCC) MR LT % ILT2'NKp46 CD56%™ NK i A3 9 15



WCBWTHHZEEML TEBY . BT ILT2 FUETRFEIC LD 2 b OFEREMR T 23 =]
W22 RAHLE, &blc, w7 n 77— iEEIEKRY (MIF) 238 NK
HPIZ BT D ILT2 OFEICHESHICEEGE L TWnWDA Z 2 A LT,

10



J5 ik

1. *xf&

ABFZEIL. 2018 4E 5 H 225 2020 4F 12 H £ TICE S EBREEN I o ¥ —
E T BIREE £ 721323 ABFA B BE T HCC 123 2 AT O Rft &2 52 1 7= S e AL
72 UE TR ERRMEL GRRAE{L [F] 25— 0, 1, 2; n=6) F 7= I13HEITH
Mt (FAF— 3, 4;n=11) OBRFITLESRLELE (F1), £, F
BN 21~82 1% T, W & )RR BB O BE{E 23 72 < | HBs HUJR, HIV
PUR. PTUHIV HUR, BLHCV FLEADNEMETH - 72 42 X4 RN (HV) % %f
RE Lz, BRI _RTOmBRENSERMICLDASN 7+ —L Feart
v M EST,

¥, AMFIEILESN EERERITE Y X — &2 AL LSk L EFE T
HY .| FMEEEERIC LV AGR S TR A [ BEE R HE 25 0 Ao A% HE il 4 1
S HHF N AVTRBEEDB 3] (NCGM-A-000275-01) (&3 &b, H
AN AT GE R B [ 23 ABFFA B R B2 (2017-GA-1118) D EEER B 21T b /KGR
Sz, £ KBFIRIZ. 1975 O~V Y U R ESOMEESHB L OEAL
FEENED- e NEERVSTICE T 5 MR EHCYERL L AP SINICEE L T
IFEBICLDRBENSONTIEMZ xS E L,

2. R

K562 FMAEKE (#JCRB0O019 ; JCRB) (X, 10%FEM@b ” v iR EMmiE (FBS) (GE
Healthcare, Chicago, IL) Z#HNL 7= RPMI-1640 55Hi (Thermo Fisher
Scientific, Waltham, MA) <THhi# L7-, Daudi fAEkE (#JCRB9071 ; JCRB)
X, 20% e 7 VBB RS (FBS) %S0 L 7= RPMI-1640 £5 M1 THs % L 7=,
Huh7 3 X Y PLC-PRF5 I, IE R & K7 R Z7RE & AR AED Y A &
B ZTHEIZLY HLE X, ARKKRFPEFZHAR FZHE 0 3R
ODITHEIZE ZTRIENTZENWe, 2D OMBEKIZ, 10%FBS, 1%
penicillin— streptomycin (P4333; Sigma-Aldrich, St. Louis, MO). 1%
MEM (M7145 ; Sigma—Aldrich). 3 X OF 10mM HEPES (Nacalai Tesque, Kyoto,
Japan) Z ¥sh0 L 7= DMEM (043-30085; Wako, Osaka, Japan) Tigd L7-, 9%
TOMBIE, B L7 5% CO,f vFaX—F—NTITCTHEELE, T
TOFERIT, ~A a7 7 A3 EEFE RV TITo 2,

3. R HAEZER (PBMC) Ol H 5 &
PBMC @ #hH 1%, HCC 3 & HV L W £HL L 7= 41l % 1 X phosphate buffered

11



saline (PBS) (Nacalai Tesque) C 1:1 T#HM L. Ficoll-Paque (d=1.077 ;
Nacalai Tesque) @ FIZFEE L. 20°C. 500xg T 20 HELSEEAZLIT OB
JE Ay ssE Doy S o THLRE L 72, S S Au7z PBMC OV E 2 R L | PBS
N ZIRFN L7 20°C, 500xg, 5 47 Ci.Loor B Lo L7z, PEiIL 2 [
K U7z, Cell Banker & #7 (ZENOAQ RESOURCE CO Ltd, Fukushima, Japan)
IZT-150C CTRAFE L 72,

4. FFIZE Y > 7)ER (THL) & BFH0 R oo fib H 5 92

THL & FFHIIE % 43 B9~ 5 7= 6012, HCC (253~ 2 AT U BR AT 00 B (2 JF i e o L
k& BEpEd D E W Ik O — A EEEL L. 2mM L-glutamine (Thermo Fisher
Scientific).25mM HEPES (Nacalai Tesque). 10%%7 > I& V2 % (FCS) (HyClone,
Cytiva, Tokyo, Japan). 3 £ O% 100U/mL penicillin- streptomycin

(Nacalai Tesque) % & &r RPMI-1640 £5#1 (Buffer 1) W CHWEMATEL., H
Bt (ENZEBRERMIEE 2 —EF Wb E 721308 AR ED) 2> 5458
F (EEBEERIEE 2 —FREMNIEE ¥ —) £ THITHEL
7eo THL REHTEEIR. TREO X 9 1THi T L7z,

O FFHLFRIZ, 2%9FCS & 0.6% Y v s 7 V7 2 v &G Te HBSS (Gibceo)
(Buffer 2) T2 [AI¥EHT 5,

@ 10cm dish BT, A% AZ 1mm 72 B9 2,

@ 50u g/L DNase I (Promega, Madison, WI) & 500mg/L collagenase
IV (Nordmark Arzneimittel Gmbh & Co. KG, Uetersen, Germany) %
WL, 5% CO02 A > F =aX—%— 37C 6047 40rpm TIREIEF
LTREERIES YD,

@ HBonT-MEBREKEE 4 0um OV A ML —7F— (Greiner) TIEiH
L 721 . Ficoll-Paque (d=1.077; Nacalai Tesque) C O % JE &) fd iz [
2V THL #5083 5.

B MACS >~ A7 & (Miltenyi Biotec, Bergisch Gladbach, Germany) %
FHVNTC CD45+ THL % [AlIR 4%,

©® #bH L7z THL % Cell Banker ¥ #% (ZENOAQ RESOURCE CO Ltd,Fukushima,
Japan) {2 CT-150C TIR1E L 7=,

O @ CTHEEARE.OF., FMlEE RimeRzZ SR A M2 ACK & ff
buffer (1.5M NH4Cl, 100mM KHCO3, PH7.2 |{Z#H%& L 7= 0.5M EDTA)
THE®E L, REKEZEHET D,

evdte . ARG % Percoll  (GE Healthcare Bio—-Sciences, Uppsala,
Sweden) (1. 129 g/mL) iz Ly B L C HiEE L. Cell Banker ¥ (ZENOAQ

12



RESOURCE CO Ltd, Fukushima, Japan)(Z T-150°C TERAF L 7=,

5. NK i o> HL g 07 1%

PBMC 7> & NK flim B D 72 812 NK Cell Isolation Kit(Miltenyi Biotec)
W2 MACS ¥ AT DEHWe X AT ¢ THAGEFIC LD NK Hifa 2 B
B L7z, ILT2+CD56""NK i 2 152 72, Hijff L 7= NK Mg % LIVE/DEAD™
Fixable Aqua Dead Cell Stain Kit (L34966 ; Invitrogen) . ¥t
CD3/CD14/CD19-APC—Cy7 #i{K (Biolegend, San Diego, CA), #i CD56-V450
HLIK (BD Biosciences, San Jose, CA).$HT CD16—-PE Hi{& (BD Biosciences) .
BT NKp46-APC Hi{& (BD Biosciences). #Hi ILT2-PE-Cy7 H1{& (Biolegend)
ZHNWTACT30 mARE L, RS Migid, FACS Aria I11 &b
Y — X% — (BD Biosciences) TY—7 4 > 7 %47\, ILT2+CD56""NK i jzl
7 HifE L 7=,

6. ~AH¥ A hA KU —(CyTOF) % FH\T=fif AT ik

CyTOF jEI%. FRATRFRIAVE &0 it TR & IC L 0 5B AT HE 72 4 I8 IR (A4
ILAEEHND Z LIy mAEAER—ADTr—F A AN —FHD
AT MVEEORIRZR LIC, 2EO~—H —ORKRHEZ ATEICT 5, fif
Mroldlo, BERFESINTWIEMERAEEZMFEEL, 1M > AT 7 F
(Fluidigm, San Francisco, CA) THLEE L CAMME, FEHifa % [EE L. #l
faFR N Z 37 BT D@ BAEakiix (£ 2) & 30 oA o F 2 X—
L7, MHIE 1.6%F AL AT LT b RTHEEL., Cell-IDTM
Intercalator-Ir (Fluidigm) THE# L T 27 by X T Ly hOikAl
ZHA[HEIZ L, CyTOF v A% A b A —%— (Helios, Fluidigm) % H T
L7, CyTOF > Z /L%, EQ Four Element Calibration Beads (201078;
Fluidigm) # HWC, &L OfRICE-> TEHIL LT, T—% 7 7 A4 VX
Cytobank ¥ 7 kw7 =7 (Cytobank Premium, Mountain View, CA) % T
it Uiz, Yo 7 vH7= 0 A FF 40,000 5 O CD45+ A IMILER &2 431 L 7=, NK #
fi (CD45+CD3-CD14-CD56+) . T iffifid (CD45+CD3+) . I3 L UVHLEK (CD45+CD3-
CD14+) ZRET HTDITHWT=F—T 4 7K %X 3 12789, CyTOF fif
M BAERINTZT —4 7 7 A /ViE, viSNE 7 /b I U X A2 H S < R ITHl
ERIZ T Bv, ZIRIET — A HEEERFFLIEEE, 2R A P A MY —
T—HE 2WITLTERRTDHIENTES (Kimball et al., 2018), viSNE fi#
HCid, & R —0 56485 14,000 fHO NK AN E £, T—Z 3 EH L7
FIVEREE (MSI) 2SS WTZ T 224k LT,

13



F2. vAYA AP —THEHLLE&RBIUE

Staining Catalog

Channel Isotope Marker Function of Markers Clone
Method number
89 Y CD45 lymphocytes identification HI30 surface 3089003B
106 Cd CD3 T cell identification UCHTI1 surface Custom
111 Cd CD38 NK activation HIT2 surface Custom
112 Cd ILT2 (CD85j) NK inhibitory 292305 surface Custom
113 Cd NKG2D (CD314) NK activation 149810 surface Custom
114 Cd CD56 (NCAM) NK identification HCD56 surface Custom
116 Cd TIGIT NK inhibitory 741182 surface Custom
141 Pr CD27 NK differentiation 0323 surface Custom
143 Nd HLA-DR APC identification L243 surface 3143013B
144 Nd CD69 NK activation FN50 surface 3144018B
145 Nd KIR2DLI1 NK inhibitory MAB1844 surface Custom
146 Nd CXCR6 NK differentiation 56811 surface Custom
147 Sm NKG2C (CD159c¢) NK activation MAB1381 surface Custom
148 Nd Siglec-10 Siglec family AF2130 surface Custom
149 Sm Siglec-9 Siglec family K8 surface Custom
150 Nd CXCR1 NK activation 42705 surface Custom
151 Eu CD96 NK inhibitory MAB6199 surface Custom
152 Sm Siglec-7 (CD328) Siglec family 194211 surface 3152013B
Inhibitory
153 Eu TIM-3 F38-2E2 surface 3153008B
checkpoint
154 Sm CD49a NK differentiation AF5676 surface 3154016B
155 Gd CX3CRI1 NK differentiation AF5825 surface Custom
156 Gd CDY% NK inhibitory 131412 surface Custom
158 Gd CD200R NK inhibitory 380525 surface Custom
159 Tb NKp30 (CD337) NK activation 725 surface 3159017B
160 Gd CD14 Monocytes identification = MSE2 surface 3160001B
162 Dy NKp46 (CD335) NK activation BAB281 surface Custom
164 Dy TRAIL NK activation RIK-2 surface Custom
Inhibitory
165 Ho LAG-3 (CD223) 11C3C65 surface 3165037B
checkpoint

14



166
167
168
169
170
171
172

173

174

175
176
209

Er
Er
Er
Tm
Er
Yb
Yb

Yb

Yb

Lu
Yb
Bi

CD47

NK inhibitory

KIR3DL1 (CD158el) NK inhibitory

CD160

NKG2A (159a)
2B4 (CD244)
DNAM-1 (CD226)

FasL

KIR2DL2/L3

(CD158b)

PD-1 (CD279)

NKp44 (CD336)

CD57
CDl16

NK activation
NK inhibitory
NK activation
NK activation

NK activation
NK inhibitory

Inhibitory
checkpoint

NK activation

NK differentiation
NK identification

472603
DX9
688327
7199
MAB10393
DX11
NOK-1

DX27

EH12.2H7

MAB22491
HCDS57
3G8

surface
surface
surface
surface
surface
surface

surface

surface

surface

surface
surface

surface

3166016B
3167013B
Custom
3169013B
Custom
3171013B

Custom

3173010B

3174020B

Custom
3176019B
3209002B

CXCR6, C-X-C motif chemokine receptor 6; CX3CRI1, C-X3-C motif chemokine
receptor 1; DNAM-1, DNAX accessory molecule-1; HLA-DR, human leukocyte
antigen-DR; ILT2, immunoglobulin-like transcript 2; KIR2DLI1, killer cell

immunoglobulin-like receptor 2DL1; KIR2DL2/L3, killer cell immunoglobulin-
like receptor 2DL2/L3; KIR3DL1, killer cell immunoglobulin-like receptor, three

Ig domains and long cytoplasmic tail 1; LAG-3, lymphocyte-activation gene 3;
NKG2A, CD94/NK group 2 member A; NKG2D, CD94/NK group 2 family of C-
type lectin-like receptors; NKp30, natural killer cell p30; NKp44, natural killer cell

p44; NKp46, natural killer cell p46; PD-1, programmed cell death-1; Siglec, sialic

acid-binding immunoglobulin-like lectin; TIGIT, T-cell immunoreceptor with Ig

and ITIM domains; Tim-3, T-cell immunoglobulin and mucin domain 3.

CD45

CD45+

[

5 AL LRI L L |

93Ir

T cells
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CD564m
NK  CD56bright

CD56

3 NK #ifim (CD45+CD3-CD14-CD56+) . T #fw (CD45+CD3+) . ¥ X OVHAER



(CD45+CD3-CD14+) Z[RET DT —T 4 > 7 BB

7. 7a—H%A A NY—% Wi ik

PBMC <> THL O R 42 D RTIZ, T X CTOMILZ FeR 7 1 v % o 733K
(130-059-901 ; Miltenyi Biotec) &2 4CT1043MA v F2X—FL
77o NK fifn oo £ JA 2 A3 5 7212, PBMC & IHL % LIVE/DEAD™ Fixable
Aqua Dead Cell Stain Kit (L34966 ; Invitrogen). ¥t CD3/CD14/CD19-APC-
Cy7 1K (Biolegend). $Hi CD56-BUV737 Hi{& (BD Biosciences). #Hi CD16-
BUV395 Hif& (BD Biosciences). $T NKp46-BV421 Hifk (BD Biosciences).
L ILT2-PE-Cy7 $ifk (Biolegend) % FH\ T 4°CT 30 Rt L7z, Fiz.
ILT2 ® VY H > REFTOT=HIZ, HCC #fk (Ca) I X OBEEE T 2 FE0 T/ ik
(NCa) OfFHifld% PE-HLA-G BL T A VHZ A Tarta— bt A Fa
NR— K L7, 2COH 7L LSRFortessa (BD Biosciences) % W T
FACSDiva ¥ 7 b v = 7 THf+ L., FlowJo 10.8.1 ¥ 7 b v =7 (BD
Biosciences) ZHWTHENT L7z, 7 —H A ~ A MU —@HTICHWTZHEK
T # 3ITRT,

#3. Zwu—HA FAM)—=THHLEHUE

Antibody Fluorophore Clone Vendor Catalog number
CD3 APC-Cy7 SK7 Biolegend 344818

CDh14 APC-Cy7 HCD14 Biolegend 325620

CD16 PE 3G8 BD Biosciences | 555407

CD19 APC-Cy7 HIB19 Biolegend 302218

CD56 V450 B159 BD Biosciences | 560360

HLA-G PE 87G Abnova MABI11223
ILT2 PE-Cy7 GHI/75 Biolegend 333712

NKp46 APC 9E2 BD Biosciences | 558051

HLA-G, human leukocyte antigen-G; ILT2, immunoglobulin-like transcript 2;
NKp46, natural killer cell p46.

8. ML EIE M & ADCC TiE P o I E
NK A o M 55 M & ADCC 1%, BE# & [FARIC 7 v —H A F A b U — T
#Hr L7z (Yamashita et al., 2016), Carboxyfluorescein succinimidyl ester (CFSE)
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(C34554; Invitrogen) THEak L 72 K562 fllfal 35 L OF Daudi #flife 2. 10%FBS #RAN
RPMI-1640 52 HulZ FERR¥ L. 96well VIAE L — K2 4X10° #2004 L
Swell TANT, BHEEL7Z NKfifa (=7 =27 % —#lifd) %, CFSE 1% K562
A L O Daudi Ml (¥ —74 > M) &, ZnEN5:1FBXTN10: 1
DT 2 B—/H =4y NET, 37TC. 5% C02 4 > F 2 X—H—HNT4
BRER A % 2 _X— h L7z, 72, K562 Mifdds L O Daudi M A HLA-G % %
BHLTwasZtltzrvan—HA AN —ZHOTHRALE (K 4), Mials
EIEM O W ERTIC sIL-2 (50ng/mL) (200-02 ; Thermo Fisher Scientific)
ZUs L. ADCC ¥& £ @ M| & Bi |2 Rituximab (10 g/mL) (HY-P9913;
MedChemExpress, Monmouth Junction, NJ) Z#{IMUL7-, F£7-. HERERI{EE
Br (X 5) ORC, HEfEL77Z ILT2+NK MfEZ ILT2 FFHiis (10 u g/mL)
(333721 ; Biolegend) E£721E7 A YV ¥ A 7Hifk (10 g/mL) (401216 ;
Biolegend) & 1 HFfilA > F =2X— K L7, AILEL L7 NK#lfE (=7 =27 &
—#ffE) % CFSE £k L 7 K562 M3 X O Daudi Mifa (# —7 >~ Mfifa) &
2.5:1 07 =7 X —/F—2 > FET37TC, 5% C02 A > F 2 X—X—NT
AWFEIA ¥ 2 X— L7, 4 RFMEER% . M %Z 7-AAD (559925; BD
Biosciences) T 10 e+ 2% = & THIMEEE M £ 7213 ADCC 1&HM: TE
EINTEAME AR TE DL 91270, LSRFortessa #HWTHIEZ
{7V, FACSDiva Y 7 7 =7 & FlowJo 10.8.1 Y 7 b7 =7 & W CTHEMT
L7z, MR EREM £ 7213 ADCC JEMEIC X 2 MIREE (1ysis) DFEE X, 4
CFSE B MEFERIARA R @ 7-AAD BEEMR OBl G Z2HE T 5 2 LIV EEL
7-o FFERAMEGEIIULTOXTEHE L ¢ % specific lysis = (% lysis
of sample cells — % lysis of control target cells) / (100% — % lysis

of control target cells),

HLA-G HLA-G

] Daudi
K562 ; —— isotype
— isotype ]

M PR

A

4 K562 flfdds & O Daudi M2 1) % HLA-G D FEH
Histograms showing the expression of HLA-G on K562 and Daudi cells as target
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cells for cytotoxicity and ADCC assays, respectively. The yellow and black lines

indicate target cells or isotype cells, respectively.

Cytotoxicity ADCC

anti-ILT2 anti-ILT2

5 M EENE & ADCCIGEEDEREREERICE T2 = —<

9. IMIEFWEMER T O W E

MIEMARIT, i L7=42im4 300Xg T 15 4y OsrEE L Tl iz-
80°C CIRAF L7, MIGHRMEK T D W EIZIL, Bio—Plex Pro™ Human Chemokine
Panel (40 plex) (Bio—-Rad, Hercules, CA)Z{HEH L7-, Z D /X)L Tik.
ULTFDrEeEhA4 oz As ) —=271L7: CCLl, CCL2, CCL3, CCL7,
CCL8, CCL11, CCL13, CCL15, CCL17, CCL19, CCL20, CCL21, CCL22, CCL23,
CCL24, CCL25, CCL26, CCL27, CX3CL1, CXCL1, CXCL2, CXCL5, CXCL6, CXCL8,
CXCL9, CXCL10, CXCL11, CXCL12, CXCL13, CXCL16, GM—CSF, IFN-vy . IL-183 .
IL-2, IL-4, IL-6, IL-10, IL-16, MIF, B X W INF-«a,

10. il RS

5X 10" f# ® Huh7, PLC-PRF5, F721% HLE Hifid & 5X 10" {E D HV 2> 5 D MACS
VAT LML CHB L NK Mt RIE, 24 v T L— T
recombinant IL-15 Ing/mL (247-ILB-005; R&D Systems, Minneapolis, MN) & 72
KeffiT o7 NI U AT b A o — M HWIZ 36553 Tld, 5 X 10" @ @ NK
Mz 0. 4umflOR Y =F LT L7 X L— |k (#353495; Corning, Glendale,
AZ) EFH W BT v N —TREE LT, 2O ORE3E TiX HV 75 5X10°
il > BB L 7= NK fife % | 10% FEME){b FBS & recombinant human MIF (289-MF-
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01M/CF; R&D Systems) & 7% HCC Hfatk D 50% Miflatss L& 2 Rm L7z
RPMI-1640 Kz T 48 BfRiEs& L, 74 Y X A 7= b o —/LHifk, DMSO,
BT MIF HT{K (MAB289 ; R&D Systems) . HT CD74 Hifk (555612;BD Biosciences) .
CXCR2 7 v % = A [ (SB225002 ; MedChemExpress). F7-1% CXCR4 7 v &
T=A K (WZ811 ; Selleckchem. com) % F\ 7,

1. HEEHEEAT

2 HE D 221X . Mann-Whitney U-test (kf 5 D 72y & D) F 721X Wilcoxon signed-
rank test (XSO H DB D) ([T VEHE L7z, 2 BERILL LD AL, Kruskal-
Wallis test with Dunn’s multiple comparison test CaFfi L 72, AHEJ1X Spearman’s
analysis CaHli L 72, #EHENT &7 — % O R[H{LIX. Prism software version 8
(Graph Pad, San Diego, CA)Z H W\ TATVN, p fEIX 0. 05 Rifi & B & L7,
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e R
AN EB T DR BIEBIOEIRT — 52 2K 1~ 21277,

# 1. HCC1 TIEBI DGR T — &

HCC

(n=17)
Age (years) 70.0 + 128
Sex (male:female) 14:3
BMI (kg/m?) 22.8 + 3.2
AST (IU/L) 45.6 + 320
ALT (IU/L) 40.9 + 409
T-bil (mg/dL) 0.8 + 0.3
Alb (g/dL) 4.1 + 0.3
Plt (x10%/uL) 16.0 + 6.1
PT (%) 103.6 + 18.3
Hb (g/dL) 13.3 + 1.2
TG (mg/dL) 130.0 + 698
T-Cho (g/dL) 187.4 + 521
yGTP (IU/L) 111.5 + 1348
ALP (IU/L) 372.1 + 2194
HbAlc (%) 6.1 + 0.7
Creatinine (mg/dL) 0.80 + 0.1
Serum iron (pg/dL) 92.3 + 450
Ferritin (ng/mL) 285.2 + 216.7
Transferrin (mg/dL) 255.9 + 499
TIBC (pg/dL) 326.1 + 593
AFP (ng/mL) 251.4 + 860.9
PIVKA-II (mAU/mL) 5314 + 13147
ALBI score -2.7 + 03
Etiology (HCV/ HBV/ NBNC/

6/3/6/2

Alc)
F stage (0/ 1/ 2/ 3/ 4) 2/0/4/5/6
Maximal tumor size (cm) 5.0 + 3.0
Histological differentiation grade U4/

(Well/ Moderately/ Poor)
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Data are presented as patient number, mean = SD, or score (range) as appropriate.
AFP, alpha-fetoprotein; Alb, serum albumin; ALBI, albumin-bilirubin grade; ALP,
alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; F stage, fibrosis stage; Hb, hemoglobin;
HbA1c, hemoglobin Alc; PIVKA-II, protein induced by vitamin K absence or
antagonist-II; Plt, platelet count; PT, prothrombin time; T-bil, total bilirubin; T-
cho, total cholesterol; TG, triglycerides; TIBC, total iron-binding capacity; TP,
total protein; YyGTP, gamma-glutamyl transpeptidase.
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F2.HV4 24 & FEwMERZ~ v F X877~ HCC BE L HV OFRIRKT — X

HV HCC
All (n=42) Matched P value
(n=12)
(n=12)

Age (years) 520 £ 206 729 £ 94 731 £ 9.6 NS
Sex (male:female) 21:21 9:3 9:3 NS
BMI (kg/m?) 231 £ 23 219 + 23 NS
AST (IU/L) 221 £+ 46 503 + 354 <0.05
ALT (IU/L) 193 £+ 6.8 41.1 + 47.8 <0.05
T-bil (mg/dL) - 0.8 + 0.2
Alb (g/dL) - 4.0 + 0.4
Plt (x10*/uL) 229 £+ 3.7 152 + 5.1 <0.001
PT (%) - 1053 + 20.8
Hb (g/dL) - 13.0 =+ 1.1
TG (mg/dL) - 119.8 + 584
T-Cho (g/dL) - 181.8 + 552
yGTP (IU/L) - 127.2 + 158.6
ALP (IU/L) - 4124 + 2422
HbAlc (%) - 6.0 + 0.5
Serum creatinine

- 0.80 + 0.2
(mg/dL)
Serum iron (pg/dL) - 88.5 £ 51.0
Serum ferritin (ng/mL) - 245.6 = 1283 (n=11)
Serum transferrin (n=11)

- 259.1 + 57.8
(mg/dL)
TIBC (pg/dL) - 328.5 + 67.8 (n=11)
AFP (ng/mL) - 333.7 + 1026
PIVKA-II

- 7308 £+ 15382
(mAU/mL)
ALBI score - 27 £ 03
Etiolo

i - 6/5/1

(HCV/ NBNC/ Alc)
F stage (0/ 1/ 2/ 3/ 4) - 1/0/3/5/3
Maximal tumor size

- 5.2 + 2.3

(cm)
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Histological
differentiation grade
(Well/ Moderately/
Poor)

- 1/9/2

Data are presented as patient number, mean = SD, or score (range) as appropriate.

The p-values were determined by the Mann—Whitney U-test.

AFP, alpha-fetoprotein; Alb, serum albumin; ALBI, albumin-bilirubin grade; ALP,
alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; F stage, fibrosis stage; Hb, hemoglobin;
HbATlc, hemoglobin Alc; HV, healthy volunteer; NS, not significant; PIVKA-II,
protein induced by vitamin K absence or antagonist-II; Plt, platelet count; PT,
prothrombin time; T-bil, total bilirubin; T-cho, total cholesterol; TG, triglycerides;
TIBC, total iron-binding capacity; TP, total protein; yGTP, gamma-glutamyl

transpeptidase.
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1. {5 A o> NK #6342 s o g 28

1. 1. CD56" ™ KA NK (pNK) a5 B X hnin & & Hic#mL 7=

NNiER e 2 M D B CHERE I B e B A D EHERKRF O D ThH D, £
T 42 NOEFE N O RN NK Mo B & 35 FFH O R E S AR OFHEL L~
NWaSAYA RA RN =Tl L7z, K3IZRLEZLDIT, CD56" B8 LR
CD56" " NK ffE % E# L7=, CD56*™ KA NK (pNK) AR B8 B 13 s & &
HIZHEA L, CD56" " NK ffd O #EEE 1 X3 Lz (X 6), Z Ao O m ix
BN XD 2T o Tz,

w
S
=
S
»
S

£ [=0i7 S S |r=-044 @ Male
5 [PF029 < 9% < 15{ P<0.01 . @ Female
g 2 é N 4 .
O o . & =z % 10
> L] . ° E 8 £ (XY .
Z 10 o Yoo o of o) 2 N
o Seo s s 0 ® 5 L %
0 .’.0 o 8 80 ° . 0 LK)
8 ) Py o 8 . . 8 0o u‘ )
0 20 40 60 8 10 0 20 4 6 8 10 0 20 40 6 80 100
Age (years) Age (years) Age (years)

X 6 JInw A D KAH NK i o 224k
Spearman’s correlations for peripheral CD56" NK cells, CD56%™ NK cells, and
CD56"right NK cells in HVs with age. Black and red plots indicate data for men and
women, respectively. The values of the Spearman’s correlation coefficients are

indicated.

1.2. CD56"™ KA NK (pNK) Hifa 2 m sz AR o ME iz L 5 214k
L~ — U —T&H % CD57 & 4> DT 52 254 (ILT2,Siglec—9,Siglec
10, CD200R) DIEH L~V ITFER E IEOMERH 7= (K7, £ 3), xR
2, 5 oDiEME L~ — 57— (Siglec-7, CD160, NKp46, NKG2D, CXCR1) |X4E
W AN -7 (M7, F3), CD56™ 0> NK #1380 b (5 75 M A £
DXL T 2 VA —HOEER XA TO—D>THDH-0, LLTFORERTIX
CD56""NK MRy EH L=,
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cos7 ILT2 Siglec-9 Siglec-10 CD200R

* . r=0.50 ¢ s
o et e ‘ .5 p<0.0001 =044 . . r=0.73 . o =064 - -
f o T e £, . e g p=0.004 g4 p<0.001 £ | p<0.001
0] T mos = T # : —t R : F
i » p=00001 '| g 1t 0t ot N P ! e
{ 9 wet ol o [ LN
82y F ! 50.74% HEEEEE R EEEEEEEEEEE R EEEEE R EE RS
1 h years okd years oid years ol yours ot yoars id
i
S P
—
CD57
Siglec-7 CD160 NKpds NKG2D CXCR1
100 0 r=-0.49 w© =-0.33 100
s Lt . Lo - r=-0.32
- D _ 0 ’—_l;',., Lo p 0:0009 . . p=003 . p= 0.04
e L §z‘ " P .. %, . % w el
3 > 3 3 . S e .
®° r=-056 ® | =055 . £, s R e T .
» p=0.0001 #1 p=0.0002 . 2 . 20
p- - RS S--S o % m s m o m % w6 ow e m % % m

7 KHAH CD56™ NK il ja D K i 52 A RS B EE (%) & 4 im D AH B
Representative mass cytometry plots for CD56 and CD57 on peripheral CD56%™
NK cells from a younger HV and an older HV. The remaining panels show the
Spearman’s correlations between age and the percentages of CD57, Siglec-7,
CD160, NKp46, NKG2D, CXCRI1, ILT2, Siglec-9, Siglec-10 and CD200R
expression on peripheral CD56%™ NK cells in HVs. Black and red plots indicate
data for men and women, respectively. The values of the Spearman’s correlation

coefficients are indicated.

# 3. RAH CD56"™ NK Mllfict 0> 3 1 52 A4 35 FRFH D FEH (%) & £F fiv D FH B

Correlation of %

Function of

Markers Marker r (95% CI) p
CD57 0.56 (0.31 t0 0.75) 0.0001 otk
CD27 -0.42 (-0.65 to -0.12) 0.0058 ok

NK differentiation CXCR6 -0.24 (-0.51 to 0.083) 0.1336
CX3CRI 0.15 (-0.17 to 0.44) 0.3330
CD49a 0.16 (-0.16 to 0.45) 0.3155
Siglec-7 (CD328) -0.56 (-0.74 to -0.30) 0.0001 otk
CD160 -0.55 (-0.73 to -0.28) 0.0002  ***

NKp46 (CD335) -0.49 (-0.70 to -0.22) 0.0009 ook

NK activation NKp30 (CD337) -0.29 (-0.55 to 0.024) 0.0618
NKG2D (CD314) -0.33 (-0.59 to -0.024) 0.0307 *
NKG2C

0.12 (-0.20 to 0.42) 0.4530
(CD159c¢)
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2B4 (CD244) -0.019  (-0.33 t0 0.29) 0.9034

DNAM-1

D226) 0.038  (-.28 to 0.35) 0.8114

CD69 0.51  (0.23t0 0.71) 0.0006  ***

CD38 0.16  (-0.45 t0 0.16) 0.3258

CXCRI1 032 (-0.57t0 -0.0035) 0.0418  *

HLA-DR 0.78  (0.62 to 0.88) <0.0001 **xx

NKp44 (CD336)  0.19  (-0.13 to 0.48) 0.2221

FasL 0.38  (0.078 to 0.62) 0.0128  *

TRAIL 0.51  (0.23t0 0.71) 0.0006  ***

ILT2 (CD85))  0.50  (0.34 to 0.76) <0.0001 **xx

PD-1(CD279)  0.26  (-0.055t0 0.53)  0.0934

TIM-3 0.27  (-0.045t0 0.54)  0.0829

LAG-3 (CD223) 0.28  (-0.037to 0.54)  0.0744

TIGIT 0.25  (-0.063t00.53)  0.1041

CDY6 022 (-0.50 to 0.10) 0.1635

NKG2A (159a)  -0.37  (-0.69 to -0.19) 0.0015  **
NK inhibitory ~ CD94 023 (-0.50t0 0.093)  0.1508

Siglec-9 0.44  (0.14 to 0.66) 0.0040  **

Siglec-10 0.73  (0.55 to 0.85) <0.0001 **xx

KIR2DL1 0.13  (-0.19 tp 0.43) 0.4078

KIR2DL2/L3 0.22  (-0.097 t0 0.50)  0.1579

KIR3DL1 031  (-0.57t00.0012)  0.0448  *

CD200R 0.64  (0.41 to 0.79) <0.0001 **xx

CD47 039 (-0.62t0-0.085)  0.0114  *

Spearman’s correlation rho (») values and p-values are indicated.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

1.3. [E#E Tk D57 Siglec—7""CD160""NKp46'°"CD56*™ NK il f A3 5 i L
7z

FHEH (227%) LElhE (825%) O pNK MO~ AY A hA FY —F—4

ZHM LT viSNE 7'y M THE L, @ilh#H TiF D57 Siglec-

26



7'"CD160'"NKp46'™"CD56" ™™ NK AHA AN 0 L, [ UMM 4L 28 PD-1, LAG-3,
TIGIT 7R EDHRET = v 7 KA by T HFEHLTNDL I LRI NITTR
St (K8), ZHb Dk EIT. MEISEE, R A NK I 34 B 5% 25
PR ORI ASTUME U THHER S 40K O RS WA B BIR728 5 % = L &7 L
TWo, TNbORBEMOLEAL, milnHE I 2 TER 7o NK #ljd o f6e
EEICB S LTV D ATREMER & D, L7=23 > T, HOC HFE & HV o NK i bt
WA 24T O BRICIL, NK AR K3 2 M D2 BB T L8N H D,

CD&57

Siglec-7 CD160 NKp46

22y F [ a8 || 1% et
| e

82y F

PD-1 LAG-3

' “ !
o¥ o S
{ . N
e
.

22y F

-_—

82y F

8 HEE (227%) Lm#mE (827%) @ pNK"#HAE D viSNE 71 v K
The panels show the expression of the indicated surface proteins: CD57, Siglec-7,
CD160, NKp46, PD-1, LAG-3, Siglec-10, ILT2, KIR2DL2/L3, and TIGIT. The
color scale indicates a gradient from high (red) to low (blue) expression of the
relevant protein. The red circles with dashed and solid lines indicate the CD56%™
NK subpopulation that was specifically detected in the older individual and not in

the younger individual.

2. HCC &3 1Tk 1T 5 NK fllfa > 21k
2.1. HCC B Tl D56 NK M D BEE MK T L Tz

HCC FBF L i A NK Ml & Lhig 3 A2 7212, il L Rl 2~ v F 387
HCC i & HV ZEhl L7- (5% 2), HCC H3 TlE CD56Y™ NK i o> 45 FE A% HV

27



WZHE_THRAD LT 25, CD56™ " NK fifa 0B IXRZE CTh -7 (K 9),

*
~ 157 I 1 -~ 0.8+
g 2
~ +
i v 0.6
P O R
) 10 2
£ .
2 2
9 a
o ° (&)
[ ]
0 T T -0.2 I T
HV HCC HV HCC

X 9 HCC A 21T D AR NK Al #8E D 4 Ak
Percentages of CD56%™ NK cells and CD56¢" NK cells among total PBMCs
from HVs (n=12) and HCC patients (n=12). Data are presented as mean = SD.
*p<0.05, by the Mann—Whitney U-test.

K

2.2. HCC &3 @ CD56"™ NK M I LN M 2 S8R DR BLAS JLE L, TEMER
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HCC f35 & HV @ CD56%™ NK Flifid o> 35 FH¥A O R = B D3 BL L~ L (MST)
EHBEHEE (%) 2N, BB LANALOMREe— vy TRLE (K 10),
CD56""NK Hifid DIl = 5K Toh 5 ILT2, NKG2A, CD47 DHEHL L~ /L%
HV kv HCC BETHEICELS ., HHEMEZHFEAKRTH S Siglec—7, DNAM-1
(CD226) . 2B4 (CD244) ORI L ~)VITHEIZIE N - 7= (K 11), F 7=, NKp46
kCM6@NKw%wigﬁﬁﬁﬂ%@%T%é&ﬁiéMTwéﬁmww
et al., 2015). NKp46 & CD16 DIEEL L~ L% HCC BB & HV O R Tl
Hovm (K 11), w%mPMﬁmkmlmzw%ﬁﬁf%Hka@Lme
BT EA L, DNAM-1 & 2B4 OFBUBHELITIR T Lz (X 12), RAH M NK A
oD~ AV A F ANV —F—X &AL viSNE 71 v MRS CTIX, RT
AR TLT2 BG Pk NK" MR i, &P 52 258 4K NKp46, NKG2D, CD160, 2 B4 MK
TLTBY., MHEAZAEAK Tin-3, CD200R, Siglec—10 DI 2R ® 7~ (X
13), ZTHHDOFEHE G, HCC FBF @ CD56™  NK Al 13 #1152 45 4K o> s B
NICHE L, fEMERZREOBHMET LTS I ERREBINT,
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The horizontal axis represents 35 surface markers on CD564™ NK cells. The
vertical axis represents the samples from HCC patients and HVs. The red region
represents upregulated markers and the blue region represents downregulated
markers. The red circles indicate surface markers that were highly expressed on
CD56%™ NK cells from HVs compared with HCC patients (Siglec-7, DNAM-1,
2B4). The blue circles indicate surface markers that were highly expressed on
CD56%™ NK cells from HCC patients compared with HVs (NKG2A, ILT2, CD47).
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MSI values for ILT2, NKG2A, CD47, Siglec-7, DNAM-1, 2B4, NKp46 and CD16
expression on CD56%™ NK cells from HCC patients (n=12) and HVs (n=12).
*p<0.05, ***p<0.001, by the Mann—Whitney U-test.
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a mean line. **p<0.01, ***p<0.001, by the Mann—Whitney U-test.
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The panels show the expression of the indicated surface proteins: ILT2, NKp46,
NKG2D, CD160, 2B4, CD57, Tim-3, CD200R and Siglec-10. The color scale
indicates a gradient from high (red) to low (blue) expression of the relevant protein.
The red circles indicate the peripheral ILT2+CD56%™ NK subpopulation.
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Percentages of intrahepatic CD56%™ NK cells (CD45*CD3"CD14 " CD56%™) and
CD56"right NK cells (CD457CD3 CD14 CD56¢h) from HCC tissue. *p<0.05, by
the Mann—Whitney U-test.

3.2. JEES CD56Y™ NK MM I W T ILT2 OB EMHEN EH L Tz
AL (Ca) & AR (NCa) o CD56°™ NK i Lo REZAEROREIE L
AL (MST) & BEEE (%) Z bl U7=, LA Cix. CD56Y™ NK #ilfin o> ILT2 o
S L BEEE T, IR ERAAR L i L CAEICE <. 2B4 DI BL L B E I
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MSI values for ILT2 and 2B4 expression on Ca-CD56%™ NK cells and NCa-CD56%™ NK cells.
*p<0.05, **p<0.01, by the Wilcoxon signed-rank test.
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16 HCC B DY ES & FEHA F A NK el 2% 171 52 8 8 D FE BB E O i
Frequencies (%) of ILT2 and 2B4 expression on Ca-CD56%™ NK cells and NCa-CD56%™ NK
cells. *p<0.05, by the Wilcoxon signed-rank test.

3.3. HCC FBFE @ NK""ffu > TLT2 XKML LV RN CTE <, B TR El
ToHoT=

X BT, [Al— HCC BFI2HI1T 5 CD56Y™ NK M oD ILT2 DOFEL &2 Ky & AT
WE Tkl L=, W NK‘““‘ ﬁlﬂﬂ@ IIRRS NKYm i L v & &y ILT2 LL %
AU, FEEEH LD QEHTEWREBZ R L (K 17), ®HERAYIZ, CD56™ NK
AR B> 2B4 DFRBLL ~)LE, 2 DO TEN P oT (M 17), Zh
HOFERE D CD56Y™ NK MM oD ILT2 1ZTBEZE OFEEIC L » TE{LL T
DAREME N BV . T OFEEIIRMIM X v b FFALAE . R R ARk T
WIZ ENREINTZ, N NK fiflaD~ A A4 A M) —F—FXEFH L=
viSNE 71 v RN TIL. R T ILT2 Btk NKY™ MR 1%, SRRy I & [FEE T
TEMER 2 25K NKp46, NKG2D. CD160. 2B4 2MET L TH Y . I#IHZ5IK
Tim-3. CD200R, Siglec—10 DR AR D= (X 18), ZH b DR FICE D =,
AFZETIIIMHEIRZ RILTH D ILT2 & HCC BF TR T D NK M o GE 7y
+E& LTHEHHLL,
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MSI values of ILT2 and 2B4 expression on peripheral, intrahepatic NCa, and Ca
CD56%™ NK cells. *p<0.05, ***p<0.001, by the Friedman test with Dunn’s multiple

comparison test.
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NKp46 NKG2D CD160

HPHIE
Tim-3 CD200R Siglec10

18 AFAY ILT2+NK“"#ifid > viSNE 7"
The panels show the expression of the indicated surface proteins: ILT2, NKp46,
NKG2D, CD160, 2B4, CD57, Tim-3, CD200R and Siglec-10. The color scale
indicates a gradient from high (red) to low (blue) expression of the relevant protein.
The red circles indicate the intrahepatic ILT2+CD56%™ NK subpopulation.

4. CD56Y"NK I 31T 25 TLT2 3 H 7%
4.1. HCC OIFAEIC X vV CD56Y"NK M (C ILT2 FEFHE S /-

HCC FBEICEIT D CD56%™ NK i o> ILT2 FFED A =X L EFTHD -
. HV 22 5 EY L 72 NK flifa & HCC ek (Huh7/PLC-PRF5/HLE) @ in vitro
238 24T > 7=, CD56NK ffa o> ILT2 DB 1L, Huh7 M DO FELE T THY
MUz (K 19), Z D% 1%, PLC-PRF5 Ml & HLE Ml & o ch F
FHHERTE (K20), F7=. CD56™ NK ffa L o> ILT2 ORI ITHEIZ., F
v AY =LA L7- Huh? Mif & o JEEf R 5238 CH A Lo 7

(K 21), Z OfEHI%L, PLC-PRF5 Mifid & HLE fifld TH ZNE MR T2

(X 22), 26 DOREED G HCC M H 2k O AT MK 728 TLT2 D58 IZ B
HLTWDZ ENRBINT,
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19 Huh7 #HAEIC X % CD56Y™ NK ML b o> TLT2 3 BLFE &
Representative flow cytometry plots showing the expression levels (%) of ILT2 on
CD56%™ NK cells from NK cells only or NK cells co-cultured with Huh7 cells for
72 h with 1 ng/mL IL-15. ***p<0.001, by the Mann—Whitney U-test.
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20 PLC-PRF5 #ilfid & HLE MIf@IZ X % CD56" NK #ifie o> TLT2 F&BLFE
Expression levels (%) of ILT2 on CD56%™ NK cells from NK cells only or NK cells
cocultured with PLC-PRF5 or HLE cells for 72 h with 1 ng/mL IL-15. **p<0.01,
by the Mann—Whitney U-test.
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ILT2, CD56 subset 1 ILT2, CD56 subset
854

T
NK tNK+HuH7

21 Huh7 g & O IEREMRILEL# (L % CD56"™ NK fifa o> TLT2 33
i

Representative flow cytometry plots showing the expression levels (%) of ILT2 on

CD56%m NK cells from NK cells only or NK cells co-cultured indirectly with Huh7

cells using transwell inserts for 72 h with 1 ng/mL IL-15. ***p<0.001, by the Mann—

Whitney U-test.
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Expression levels (%) of ILT2 on CD56%™ NK cells from NK cells only or NK cells
cocultured indirectly with PLC-PRFS5 or HLE cells using transwell inserts for 72 h
with 1 ng/mL IL-15. *p<0.05, by the Mann—Whitney U-test.
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4.2. MIF 28 CD56d““NK HRELZ TLT2 %\éfﬁ L7

WK I X D E 2 MRS 572912 Huh7 flj s b O B38BT B & 55
Lzt :7)\ CD56™ NK ffifa o> TLT2 FELAE M L= (¥ 23), LT,
Huh7 M 083 FIEIC2WT 40 O T A A NI A V&R~
2o EOFER ., CCL21, CXCL5, CX3CL1, CXCL1, CXCL8, MIF, CCL20, CXCL12,
CCL25 D EFE A Huh7 M By CEno7z (K 24), ZhHDKRFDOHF T,
MIF (3> PLC-PRF5 #lifi (X 25) & HLE fifm (X 26) o BT EH L=
Mg—DRFTHo7-, WIZ, HV O NK fifie %2 £ % 72 IR B @D recombinant MIF
THE#E L. ILT2 OB A Fﬂf\to recombinant MIF | &K FHIIZ CD56"
NK fRLC TLT2 DR B 2FHE L 7= (¥ 27), recombinant MIF (2 X 0 #FE X
AU7z TLT2 Btk NKU™ AL, KA <o PN TLT2 Bt NKO" #lif @ phenotype
& RRE, TE M2 254K NKp46., NKG2D, CD160 2ME T L Tk Y . Iz 5K
Siglec—10 O FHZFBH E L7z (X 28),
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23  Huh7 £53% EyEI12 X 5 CD56Y™ NK #ifd o> ILT2 F B35 E
Induction of ILT2 expression by culture supernatants of Huh7 cells. **p<0.01, by
the Mann—Whitney U-test.
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Analysis of 40 chemokines and cytokines in culture supernatants of an HCC cell
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Analysis of 40 chemokines and cytokines in culture supernatants of an HCC cell
line (PLC-PRFY).
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Analysis of 40 chemokines and cytokines in culture supernatants of an HCC cell
line (HLE).
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Induction of ILT2 expression by recombinant MIF. *p<0.05, ***p<0.001, by the

Kruskal-Wallis test with Dunn’s multiple comparison test.
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NKp46 CD160 NKG2D Siglec10
ua =0.05 ok
2600+ I | 600 lp_'l 850 *%k 20000- 1
hd I I L ]
2400- 1 550 * goo-{ *°
£ T E . E T « E 15000
5 S 500 5 s 5 .
X 22004 | . X X 7504 |_t X
E ¥ Z 450 o Z DR I E 10000-
— 2000~ - kS — 700~ - o9
i i i 400 . i i
= 1800- = 350- . i. = oo = 5000~
1600 T ; 300 . . 600 . . 0 . ;
ILT2-  ILT2+ ILT2- ILT2+ ILT2- ILT2+ ILT2- ILT2+

28 rMIF T XV #5347z ILT2+NK " #ifid @ Phenotype
Expression levels of NKp46, CD160, NKG2D and Siglec-10 on ILT2-CD56%™ NK
cells and ILT2+CD56%™ NK cells determined by flow cytometry. **p<0.01, by the
Mann—Whitney U-test.

4.3. CD56"™ NK Hifiid ~ TLT2 FEBLFHEIZIEL MIF & CXCR4 23 B 5 L Tz

MIF OZFR 7 7 2 U —IZ1% CXCR4, CXCR2 B LT CD74 BAMESIN TV D
(Bernhagen et al., 2007), 7w —HA KA KU —|ZT CD56"" NK flifa kD
INLDOZHEEROBEEZR =L A, CD74 35 L O CXCR4 M FHL L T/

(X 29), %\ T, CXCRA BLONCDTA IZH T H~YAF U IHEZHANWT 7 1
X T EBRELIT -T2, MIF fFE FTO CD56Y™ NK il E o> ILT2 & FEELIT
HE X, HL CXCR4 PURALERFL (2 L7 (IX 30), —J5C, CXCR2 35 L TN CD74
T APUARTIZ, ILT2 ORBTEL IS S e o7z (K 30),

S 5T, NK A & Huh7 fpa B3 & o L5238 10 B W THL MIF Hifk B X O
CXCR4 PUIATHLEEF 25 Z & T NK Aifd £ oo TLT2 o R B TCHE R MH S 7z (K
31), L7=M > T, HCC KD MIF & # D5 %K CXCR4 X, CD56°™ NK i fa i
BIFDILT2 OFEICEEG L THWDREMEND 5,
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29 CD56"™ NK ffifid k> CXCR2, CXCR4 35 X ¥ CD74 DHEHL
Expression levels of CD74, CXCR4, and CXCR2 as receptors of MIF on CD56%m
NK cells determined by flow cytometry. Representative dot plots and histograms
showing CXCR2*, CXCR4", and CD74" cells among CD56%™ NK cells are

presented.
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Inhibition of induction of ILT2 expression by recombinant MIF (5 pg/mL) for 48 h
in the presence of CXCR2 antagonist, CXCR4 antagonist, anti-CD74 blocking
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antibody, DMSO, or isotype antibody. *p<0.05, by the Kruskal-Wallis test with

Dunn’s multiple comparison test.

*
%Kk *
e g | 10 |
S ns
§ . i
5 ¥ i
O [ ]
=
0- T T T T
¥ R O & o> o>
¥ R & &
\S{‘xg ,9“ x® o“'o 6"0
*Qo x‘,o ,(b'Q,"b'
‘\"& é*. xQOQ §
£ &g
& =
&

31 Huh7 MR OEFFE EIFIC & 2 NKlfL B~ TLT2 5 B35 8 O #i)
Inhibition of induction of ILT2 expression by Huh7 cell culture supernatants for 48
h in the presence of CXCR4 antagonist, anti-MIF blocking antibody, CXCR4
antagonist, anti-MIF blocking antibody, DMSO, and isotype antibody. *p<0.05,
**%p<0.001, by the Kruskal-Wallis test with Dunn’s multiple comparison test.

5. ILT2 |% CD56%" NK #fd OFEREIK F2%F 50 7+ Ch D
5.1. ILT2+CD56"™ NK fflfe 1 ZHEAEIR T L C Uiz
HCC FRE & HV 72> S (AN L 72 NK MR O BEARE 4 bl L7z, NK A o #l f 5 &
JEME & ADCC {E ML, HCC HBE TIZHV Lt L TR F L Tz (X 32),
WIZ. CD56"™ NK Al RE 22 TLT2 & NKp46 D3I DO FLE T ILT2+NKp46—#l
fl . TLT2-NKp46+#lifd, TLT2-NKp46—#lifu > 3 > DM+ 7 & » Moy THl
R EIGME & ADCC VEMEZ bl L7z, £ OR55E, ILT2+CD56%" NK AHAEI%,
NKp46 DOFEBLIZ 23 53, ILT2-NK flifa & bl U THEREIR T L Tz (X
33),
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32 HCC /A& & HV oMl 5% 5 & ADCC % 1
Cytotoxicity and ADCC assays of peripheral NK cells from HVs and HCC patients
against K562 cells treated with 200 U/mL IL-2 or Daudi cells treated with 10 pg/mL
rituximab were performed at 5:1 or 10:1 effector/target (E:T) ratios, respectively.
*p<0.05, ***p<0.001, by the Mann—Whitney U-test.
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33 ILT2+CD56"™ NK i DB T
NKp467ILT2*, NKp46“ILT2", or NKp46 ILT2™ subpopulations of CD56%™ NK
cells were sorted by flow cytometry. Cytotoxicity and ADCC assays of these
subpopulations against K562 cells treated with 200 U/mL IL-2 or Daudi cells
treated with 10 pg/mL rituximab were performed at 2.5:1 E:T ratio. The red plots
represent NKp46 1LT2" cells, the blue plots represent NKp46*ILT2™ cells, and the
yellow plots represent NKp46 ILT2™ cells. *p<0.05, ***p<0.001, by the Friedman

test with Dunn’s multiple comparison test.
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5.2. FEREMX T L CTu % ILT2+CD56"NK M 1ZHT TLT2 HUiALE I X v B RE
mE L7

NK fifia O BERIE OFER) & LT ILT2 O A REMEZ FEAi+ 5 7212, ILT2

IR 5~ A% 0 ZHURIELE T T NK #l iR o # 5 =M 3 L OY ADCC 1%

Z Rl L7=, B ILT2 HUAALEE# . NK Ml ofetc E4 R 7= (X 34),

EBHIZ,ILT2 DY H v RTH D HLA-G 1T, AR XL v & HCC FALig T &

FHL Tz (X 35),

I ORESIE, TLT2 2% CD56dim NK Hifd DHEHER 70 - Todh v | HCC FBFE I

BIF HHEREML T L7= CD56Y™ NK Mo FEMEL DEH & L CHREMERH 5
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Functional recovery of ILT2*CD56%™ NK cells by anti-ILT2 blocking antibody
treatment. The cytotoxicity and ADCC assays of ILT2*CD56%™ NK cells treated
with anti-ILT2 blocking antibody. The cytotoxicity and ADCC capacities of
ILT2*CD56%™ NK cells with anti-ILT2 blocking antibody treatment were evaluated
by the fold changes in the presence or absence of the anti-ILT2 blocking antibody.
*p<0.05, ***p<0.001, by the Mann—Whitney U-test.
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Histograms showing the expression levels (%) of HLA-G on NCa and Ca liver tissue

evaluated by flow cytometry. The red, blue, and black lines indicate Ca liver tissue,

NCa liver tissue, or isotype, respectively. *p<0.05, by the Mann—Whitney U-test.
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NK e VG e %2 (2 6 1T 2 B R X HI 2 - T\ 5 2%, HCC D IEE U1
BREL (TME) IZB W THEREAX T L T 5 (Sung and Jang, 2018), AMHFFE T
%, NKAIARIZ )9 2 Nis D24 B & 722 L, HCC JBF T 1T 5 CD56M"
NK fifE o> TLT2 OB EH ZFE L7, ILT2 (X MIF (2 &L » TRIFHE S
AU, NK Al ofgRe 2K T W7,

IS ILRE R Z RIT L, RS MR ORISR L 5 2 5 EMTFH
TRERATHDH, MEICEELZ THBEOKER2ITIZHMEIATWD
M (Carrasco et al., 2022). NK Ao I#Es & O BBEMRIZHOW TCIL F 72
DHEMNH 5B, Fx L, CD56™ NK HMifc B EE Il & & i+ 2 =
& (®6), ILT2 25T < DO NI 2 55K O FS B NS & I O FH R %
R, EMRZRIAORBIIOMBEEZRTZEERHLE (K7),
Bxo7r—421%, EEBICEIT 2 NKMRORRZAEERIT, Tz S8
FECTHEHERTZ T ATOLD LT RETHDLZI EER LT,

Fln LR Z2~ v F S 72 HCC BE L HV O iz BT HCC B E Tk
CD56%™ NK Al AE OB EE 23 HV IZ TR LT Y (¥ 9). CD56™ NK i
FOILTZ OB EHR L TnWs2Z xR L (K11, 12), S 5IiZ, HCC
T TR AR T I IR B AR & bl LT CDB6Y NK MM O #EEE TR T L TR Y

(X 14), CD56%™ NK fifid Eo> ILT2 MBEBH EH L TWDH Z L2 LML
7= (X 15, 16, 17),

ILT2 1% 1997 I NK MR TR TR A S 4L, Z Oz T Mk, B AL, #f
WAl (DC) 7¢ E g fifaic /A < B L T Y . Immunoreceptor tyrosine-
based inhibitory motif (ITIM)% £ >N ifi| B 5 KK T & % (Samaridis and
Colonna, 1997), ILT2 iX HLA-A/B/C 2. FEH A2 MHC 7 F A 1 45+
ToHHHLA-G E BMAEEHT D ENHRESIILTUVAS (Colonna et al.,
1997), HLA-G %t M OGO RERMAIZHEL L TE Y (Kovats et al.,
1990) . ILT2 & OFHAERIC LY 75 N OB NK # A o B 2 L T
JER-FHRDOGEEERICHEE L TWD Xu et al., 2020),

ILT2-HLA-G fHAAEA 1%, NK MO~ L s SR TREF = v 7 R
A hEFZLNTVD, NKMICEIT 5 ILT2 oRBITLEIX. A, B
CAER AR, BMERYE R PR x RIREECTHE ST 5 (Wang et al.
2014b), U NN HT 4 7N A (INBC) RCBIFMEEFE TIL. KM NK rﬁlﬂ
fa B> TLT2 BB EH U, ILT2 2 EH L72 KR NK AR XS REAR T &2 it =
L Cu 5 (Roberti et al., 2015) (Lorenzo—Herrero et al., 2023), HCC
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B TIE, HLA-G OFBUTEIT Lol &5 < B LT\ 5 23, HCC FRF (T
BT D NKHIE £ ILT2 @ X 9 72 HLA-G ZRIKO RIS\ T, RIEZH
REN TV o 7= (Amiot et al., 2015),

AHFFECTIE HCC ¥ 5B HH Taiz’C CD56%™ NK flifim o> ILT2 OFH|W EH L T b
ZEEHLMZL (K15, 16, 17), HLA-G 23 FEHEMME L 0 & @ik < & 38
HLTWHZ EERHLE (ﬂ 35) s

NK #IfIC B 5 ILT2 BB EF DA =X L%, EEA2HT 5Kk E D
HIZBWT, FEHLMCENTW W, LLATOMFZE TiX, TGF-8 2
CD56"CD16" NK e o> TLT2 FEBLTLHEIZEI 5 L T2 AIREME S /R IR S 4,
NK A DOREREIS o7 AN b — o R @Sk & B L T 7= (Zhang et al.,
2022), AHFZETIL. CD56Y™ NK Al o> ILT2 DI ELHS HCC AL AR I e
HIFEHEMLU B  FEMEOFEICLVFEINTI &5 (X19-23)
JFlig& o> TME CHEJ T 2 [K 123 NK M o RELRZAVIZEE 5 L TV % AREMER
IRIE X Tz,

FFAMAR R S DR MEIN F- 2R L= & 2 A, TGF-B Tid7e < MIF A% NK #iji
O ILT2 REEZHMEEL2ERDO—H>THDLZ L RWH LT (X 24-27),
MIF 1%, INF, IFN-y . IL-18. IL-2, IL-6, IL-8 72 X DRJEMEY A K A
YOREAZEEL, BIE, RIENIS, HOARERBOREICEEG LTS
ﬁ%ﬁ%ﬁ%@ﬁ%@ﬁ%ﬂﬁﬂ.%f%é (Calandra and Roger, 2003),

JEEE H ok MIF o S ENILLRTIC HE S TR Y . MIF O Fi%
Bllx HCC. HNEL¥E. iié@@ﬂ@“%ﬁkﬁ&ﬁ‘%@%‘é%&:%@qu\f:
(Ren et al., 2003, Krockenberger et al., 2008, Repp et al., 2000),
HARMIZ X, MIF @ mRNA O BLE, 1% Rk & ek L < HeC ik < L&
L (Ren et al., 2003). HCC #EfkiZ 1T 5 MIF OFE L~ L1, BT 59E
MEE AT M4 L b < (Wang et al., 2014a). b ho HCC Tlk. 2% A BHE#E
HMEZEAMAL (CAF) 25 MIF Z Wi L. Z AN H i s o g il #mfm  (MDSC) %
U&w—%bfﬁ&%ﬁ@ﬁﬁ¢ﬁﬁ%¢ofwé:kﬁ%%éhfmé
(Zhu et al., 2023), F7=, MIF NEMEREAEICE > THE XL, NKfilaz
LT MR EEEEZRE ST 5 & HE SN TWS (Repp et al., 2000),
MIF 1X. CD74/CD44, & WA 44 CXCR2, CXCR4 ¥ 7 T /VIRER K &
L C. CAF & BAE. DC, MDSC, HAER, NK fMpu., T HIfE7Ze & Dz &
DODHHEAERT A Z & THER ZHIH I 5 (Krockenberger et al., 2008,
Calandra and Roger, 2003, Zhu et al., 2023), AH#FZFETIL. MIF & fHA
YEF 9 2% NK e o052 2 4K13 CXCR2 X° CD74 Tld72 < . CXCR4 23R 5 L T
HZENbhotm (429-31),
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HCC Iz 27 =7 X —L LCO NKMImO&ENL, KOS T

FELEFITHENL S LT W, BUE, S i U7 CD8+T Al iu o FRi& Ak
L. ICT Z AW TR RO FE R T e —F0—>2Th b, L
MLBNG, TT VIV AT RN X< T7 O —kIEHE T HCC BE D 20%
DETHEREZRT Z &2 BET H L (Finn et al., 2020), NK #ifgz 4
L7z EEEE2 Nz 5 2 &%, ICT ICkd 5 — kP2 Lk 5 7=
DIZENTHDAREERH D,

AMFFEC HCC BT 3T NK AL O MR 5 E 15 & ADCC IEMEE T L C
B, HCCHEEBIZHB W THREL EF L CTu 7z ILT2+NK i oo Ml fn 45 = iE v &
ADCCIEMENE T L TCWi2Z L &2HALMNC Lz (K32, 33), 72, HLA-G
NI L bR TEBEHR LTV e (X 35), ARk
TORZERBEIZ BT ILT2-HLA-G FH AA/ER BB 5 L TV 5 Al REME A2 F1 6O C
wE LT,

HCC 125684 % NK fla 159 Tl HCC @ T0% I I EL L T 5 28 IE & AT Al fa
IIFE L TWARWZ U vl -3 (GPC-3) A=/ &4 2 HUA % v 7= NK Hl i
® ADCC ¥EMEIC L % HCC Mlifid 2 AR & Lo ik, 24T o%E
W7o 7z (Ishiguro et al., 2008), Z OfF 2%, ILT2-HLA-G fA A
TERIZ X 2 NK M OB REAR T AN L CWIZrTEEMED B 5, AWFZE TiX,
B ILT2 HUERDOEMAS in vitro TO ADCCIEMEZ #E L2 & v b, ILT2 F
TIWEZEDOY HYy RThDH HLA-G #IER L T2 2 &N, 5% OMIE ORI
ERN S BT ENREBINT,
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A A

1. ﬂnﬁa%a:ﬁéu\ fid i N o> NK MR IS TLT2 % & Lol M 52 AR O FE Bl 78 Ji itk
L IEMRISZ AR O BN Lz,

2, Eﬁf& MERI %~ F &8 72 HCC fRE & HV ol Tl HCC BEFIC R
C CD56%™ NK AR O BEEE A HV (T T L, ILT2 % & de il il &2
ROIEBANTOHE U, IEHIRIZ BEROFBNET LTz,

3. J@EHEB CD56°™ NK ML OAEFE 13K T L, #HE CD56™ NK Ml 35T ILT2
DOFRBLEBEENEFH L T\,

4. HCC DIFAEIZ XV CD56Y"NK M C TLT2 2N FEHLFHE S, CD56Y™ NK #l
fo~o TLT2 ZEELFHEE I 1L MIF & CXCR4 SEH 5 L Tuviz,

5. TLT2+CD56"™ NK i il 13 Al a5 5 & ADCC G MEDME T L T2y, 1%
REAL T LT D ILT2+CD56Y"NK #Hfc 1T Ht ILT2 HUiRLERIZ X v #ERERI1E
L7z,

Graphic abstract
HV HCC

CD160 ‘}(\
H NKdim
NKp46

CD57 .X_/

CXCR4

Anti-ILT2

antibody
HCC
Cytotoxicity +4++ + + 4+
ADCC +++ + ++

L% LR — HCC BFIZI T A MG MIF ¥ B0 fTFHL ik < MIF 3£l & PBMC
KON THL 12831 D ILT2+CD56™NK Ml fd O B EUZ DWW TR T DL ENH 5,
F 72, ICT {REBE ORI R & Mif MIF JEFE & RRY M TLT2+CD56"NK #
FADFBUZ DN TR N HELEZ D,
S B2, HLA-G Bl HCC Mg 2z H W@ EBRE T LIZHB W T
[LT2+CD56""NK HE e, TLT2-CD56"NK flifa & H1 ILT2 Hrik DIRE R IZ OV T
MAT o R&ELEEZD,
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