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Abstract

Natural killer T (NKT) cells constitute a distinct subpopulation of T cells that express T-cell receptors and NKT cell markers.

NKT cells are one of the bridges that link the innate and adaptive immune systems and play a vital role in regulating immune respons-

es in tumors, autoimmune diseases, and microbial infection. Multiple myeloma is a hematologic malignancy due to the uncontrolled

proliferation of plasma cells. Multiple myeloma cells express CD1d and are sensitive to lysis by CD1d-restricted natural killer T cells. In

recent years, the antitumor effects of NKT cells in multiple myeloma have become a hot research topic. Here, we reviewed the biologi-

cal characteristics of NKT cells and their applications in multiple myeloma.
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NKT 21 fitd AR 45 T 40 Bfd 32 4K (T cell receptor,
TCR) A HT XHHE IR S0 JE 0 S v K k7 it i
JE EA CDIdARMIME, 43 Ry 3R A . T A 11 AR
T 79 NKT 4

I %9 NKT 4f jfd 3 FK 2 iNKT 4 ffl (invariant
NKT) , & 3518 22 B9 TCRa &% (7E /N BP0 Vald-Ja
18, FE N A Va24-Tal8) , [Al A HE 354 VB 4% (£ /)N
SR VB8.2 VBT B VB2, 7E AR H S VBI11) , JF:[A]
e CD1d 4> F B 2 52 A9 o= FUE 0 28 IR (-
galactosylceramide , a— GalCer) 3 1% , & #] ] a— Gal-
Cer—CD1d PU S {4 S 46 I INKT 40 ifd 45 f4E 3 38 400 35
HRAE CD4 A1 CD8 43+ By R IATE AL , N iNKT 4 iy
A F53 2k CD4* (129% ~ 36% ) .CD4 CD8 (DN ; 60% ~
85% ) .CD4 CD8a* (1% ~ 5% )iNKT 4fi Jfii""' . DN Fl
CD8a W AHFTER AT HE 2L, CD4 W 2 — 2 7

EEBML REERAFRERMLAKR (XiEH300052)

2 B R 7 A RN AZ AR 3R T T A Yl 2 A (] g 4
MuAE . CD4™NKT 20 43 2h ) 32 222 Th 4 A K40
IFN—y . TNF, 1fij CD4*"NKT 4 fg ;4= ) & Th1 1 Th2 £
Mo 7 (IFN-~ . IL-4 . IL-5  TNF . IL- 10 1L-13) , }
o, R AR A/E 3B CDANKT i, SKif , 1
/N B INKT 40 it 1] 43 CD4* (60% ~ 80% ) 1 DN iIF.
T CD8'NKT 40 WA I EAAEAE

1T %9 NKT 48 it 5298 A5 CD1d AR 1H A BETH 5]
a-GalCer, H TCR#5 K IANEHE , J&—2H E AR
211 O S = ol N N S Tl e o 7 0 4 N e | i
NKT 4 i Hofy — 20 e FLRA R A, L3R 19 TCR
RETFUN 5 CD1d 256 PR ING 11 B (sulfatide ; 3- B R >
LA b 25 Wk I ) , H TCRou BE 1 VB 4% R 1 1k 22 35
(Va3/Val FIVES.1/VE3.1) >, Hiif, il i 4 &9
Y6 HY sulfatide/CD1d PR A FRic B 23S 40 i , B 78 H:
FerE5Thae™ . i, HABR RSP 40+, 45 B-
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D-glucopyranosyl ceramide (B—GlcCer) . B—GalCer %
. %% Bg Wt £ B B% (lysophosphatidyl ethanolamine,
LPE) %5 8% B H i — 75 (lysophosphatidic triglycer-
ide, LPG) ¥ IfiL i g Bk IE A& (lysophosphatidylcholine
LPC) E BUE W 2 5 A Hh I Y NKT 20 i 1) i
6, A AR E LPCAEFF 4 bk I 2 L E
9 (multiple myeloma, MM) H GE3#3& 11 & NKT 2
J, 9 H LPC/CD1d PU SR (AR A A0 11 %8 NKT 2 i
AIBRIC , T MM SR Y S e Ll e bR

I 7% NKT 40 fifd 4% NKTBET 40, 2 — AR
i CD1d H P HEAR ST IC RO Y T 40 i A , 3k
AFZERIE TCR FINKARIC Aot THFEaeb 1
FRUEFZIREA B 7
2 NKT Zfa7E i S & R ER

AWFFEIESS, T 8 NKT 4SS b s h & 15
HEWRBEITTVER] . TR S s R G iz e
i 2 L sk AR A IRE A R B  Fee AR L
T A G ZE AL, 4 NK AL DC 23 T 20 RN B 4
J, R AU S . Herh, AR AR R
A EHEARRIRIR CD1d 73 R MR AT o L&
PRI Y 28 Fas—FasL & AR (AIAF 28 REAH 1R |
IR B SR A . D3 — R e NKT 21
I TCR ] CD1d 7013 S ORS00 1
TR NKT 240 5320 Th1 F1Th2 BRI P IF375 5 NK 4t
KT FNAARREEVE T . A0 P AT Ak £ NKT 4t A ]
i3 CDAOL 5 CDA0 AR ELAE HIFE HE DC 1 ARG
o e, 23U IFN—y ] LU RO CD8'T 4L A1
DC I, FERESI bR 045 AE B s 151 DC RT3
IL-12 FITL-18, POHfEik T % NKT 4 A RO 50 IFN-
vy FIIL-2o IFN=y IL-2 LA R DC AR IL-12 S A]
PATE AL NK 2] CD8'T 2 b B . 11 AY NK 4HjiY
FICD8 T L 3 WA AL ER URLG L 33K FasL ok
AMINEEARML " ZaREHS NKT 4025 R & A e
PERAFIE PR PR 2 —, Ah, T AYNKT 4l
A AT DL 3E A 400 a5 R T A 0 o 20 Y (myeloid—de-
rived suppressor cells, MDSCs ) 175 & Pritiea o

FUR, 45 T 10284 NKT 2 M 7E A e S b i 4R
FH—Z0A & AV i AR o ZER B Y/ U
TIFFE e B, T 78 NKT 40 i & 4 90 i 470 o e e 93
AR H T 43 0 7= 25 Th2 4 A 7 1L-13 Al IL-4,
IL-13 i i IL-4R-STAT6 #&A2F H 5 TNF-a B 517
S CD11b " Gr- 1 + i £ 41 ffd K {2 3F TGF- B 1y 3£
IR TGF-B & —F 34U (Y Z2 AL e 20 A 1A
¥, H TGF-B1 AT LA CD8*T 41 il 1935 & , MM
TR EEPE T 48 Y (eytotoxic T cells, CTL) , & #4101
B RE RN o WAh  TL-13 4 7] LA i 5 5 M2 Y

LW 20 M ok A ) CDS™T ZH i RS D RE . 1 ] TL—-13 410
HF0, AT M Y TL- 13Ra2 T TGF-B A 1A a1l ik
/L MDSCs ¥ 0T LUK SE CD8'T 41 M 4T g 1 14

T IR G 2 7 T R B AR R AE R T T AR
NKT 4 A AE A BT . Ambrosino 25 BF5E &
B, £ sulfatide TG AL A 1T 7 NKT 4 A 2 10 ] a—GalCer
VIS INKCT 28 - 0 200 496 58 K - A A D P 758
N o B a—GalCer il sul-fatide [F]Ef 7 FH 2 T | 11 %Y
NKT 41 A i 2 55 75 0K 5= b it sulfatide #3080 55 o—
Galcer I IEVE 5 R}, a—Galcer Y155 sulfatide 11
TRIVER . PRI, 35 1 Y NKT 4 M A FH [R) s 4o ol
11 Y NKT 4 s8R AT 16 Y7 TR SR
3 NKT ZBBG7E MM =R FOEF

MM Sz D)3 W B 5 s B 5 33K 2 1 1) 5 4 R A B
T PN K 34 A R I ) 000 R G e . E I
MM & 58 NKT 28 B i 15 470 b8 e pse ALl 1) 5 b i
i RSSO MM R E Y T 8 NKT 46
Ji K 5 e D e b A AR BB A BT iR Ak 2
1. Dhodapkar %5 X 78 A HH 1) 5. 5 B e e BR B
IfiLiE (monoclonal gammopathy of undetermined signifi-
cance, MGUS) AEEJié BH/1E J 1 MM F8 35 Ko 1 & %o IR
AP & i AR INKT 20 B 0 AT B, B e Y
EJE R FE 5 INKT 43 30 TFN—r S5 [ 72 13 77 75 B & G
B¢, IF Hiz Dy ae st fa o] DLl i R 21 DC 4 BB o
GalCer 305 5% , [AIHEYGUE 1 NKT 41 i AT 38 2 37% £k DC
iRk R FEHTIMIREAE R o X NKT 4 i i Dy REEF 7T
] LIRS MM A P, BAA BRI
FVELE R h A FHAN A

MM F8 3 1) e 20 B 3= 2 A K e, i v
20T A0 KR S REVE FIIN LA CD 1R , 263k
CD1d 43~ 1) MM 2t ffd AT B 42 B NKT 40 i 5% K
Spanoudakis 55 5% & L, MGUS FIHI2 MM
MM 4 34 /25 26 3k CD1d 431, 1 1F J2 103 MM AR 35 1Y)
40 CD1d 73RBS PR EARE . HH, 7
MM 2 it & P & B CD1d 731 A B AR 1 B 40
MU o R, CD1d 43§V MMARY PRI A R

BEAN B 1Y iNKT 20 30 vT DA o e il 48 A6 Bl
SRS NK 20 A1 CD8T 4 A A S 1B 1 R S 240
W2 AE Favreau 28 2 I BCHT IF I R & B, G
017 DRl 988 28 A7 PRSP AT USSR N KT 41 AR AT B
T AL , S MM iR T B Bpr R B . 7Rt
G, BB W (myeloma bone disease, MBD) H
B 20 AR AR T RS L iINKCT 4 5 A D RE B SR
A 51T Spanoudakis 55T AIFSY K R, B BRI AEE Y
B B A i INKT 40 205 5 7K P RANKL, 3%
W INKT 4 f R BE -5 B A 9 PS4 5C . (Rl , Hu
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SEPSH R INKT 20 il s B2 B9 A= L/INER & B, iNKT 48
JL R L2 3 i A R 4 T A 4 B P A K R L INKT
4 Jif %k MBD 3] Ji% kS 2] o] B AR FH IR A F T3 2 19
5T

Chang 25 LPC 1 CD1d DU BRIR LS S 1E Jhric
SR A I B R RB A B At RS AL il v g T 784 NK'T 4
Ji, B B R R v S A i s ek [ R R 0
TH2 40 i A 5, 4% 5] 2 113, B6:3E 1 11 %) NKT 40 g
FEGTH B9 o vh & FE AR R, O L T A
I T 780 NKT 4 f T =5 9 /K75 MM Y & 5 A7 7E EL#%
KA.
4 NKT ZHpf7E MM SE 77T R RU{E R

i T BT T 1% NKT 20 3 04 25 227 e P r o
54 F R B B, I ELXF T MM A7 (0 BIF 5% 4
D ARSCEENT TR NKT 40 7E MM S 3697 P A
FHMEATIS A o ST IivJed 40 i B Ao b 2 ) &2 2= 1 A
HAEF PP iNKT 20 (4 385075 AS BE 72 43 b & FE T
JER . L, AR T A e AR AT d KL g
TPEIRIT AR o REAERSE R B, S e i 1 2459
(immunomodulating agents , IMiDs ) V) ] e N HoA R
YRR BE R (1enalidomide , LEN) YA 55 B 1% (pomalido-
mide ) 7E I PR _E A0 A A 2 B2 8 T MM IR ITIT
BTG o X RPN T EAE A T 0T LIZE AT 40
AL 4E NKT 240 ML R v 8 % & i A rh A e s £
5, JF AT DA gk L A A P ) A ) I Mo
T8 A0 B 5 B BRI B 2 ) B A AR R R AR BTR
PLIAE A A M A5 AVE R o Dhodapkar 55 2 fifF
¥ W1, LEN AT DL L fi B RN MM A8 5 e AR
FHED 38 INKT 240 M B X a—GalCer B W E 1. IF
H., 764 LEN (9380 -, B a—GalCer BE& DCs S5 Y
INKT 40 il A5 %5 B8 3 43 04 TEN—r F RE J1 o 1% IMiDs
UVD ) B e Ko FCATT A= e 5 b ZERAR IR oK A
R T e R o 25 2R AR T 245 9002 H RITRYT MM I a3,
I HE TR S T 858738

E AT 1 T 9e 200 BEL A A oo D e Ak il s i
RETH T BRI $AOS (R G AR K g bt i
S5 B A TR TR T S8 SRR RE E T ) e SR . AR
T, iINKT 41 2 A LA a—GalCer B 4E H— R K A 44
FR KA S AATRE R IV 2R e S T, B 455 e L
MM, Richter %% 6 il JCAEIR Y MM £ 35 51 7
T 3R a-GalCer B4 DCs AL & ) LEN G
J7 BB T RIAFEIRITRCR , BEMMEAHE T
R, $27% LEN X iNKT 20 A (%) fi 145 1 FH o] 58 HL A i {4
MM, 3G iNKT 20 i A% 4455036 97 AT R vt A S 13 B
KR e PR AR B . Hong 554 a—GalCer B &
MOPC315BM B i 968 4 A 53 v 1 1 31 MM /) BRAR Y

Hh A R AR s A A 5 T A R T R A
BHLIESEAF/ N R IR 52 . i F R4 R, a—Gal-
Cer Ik B 200 5 B A SO AE E 1/ B 2L v
INKT {1 ) e e 532 , JF %8 MM & HiAth 323k CD1d
O3 W IR A 1 LR A i S BE AL Y S IR T
ig 8

5 NKT4BB7EiATT MM R EI Bk SR

JE K AR © 38 B NKT 4 MU 7EAS [R] A9 90

CELAE iR ) RSN R 2 22 A IR 15 VR T (H2 A1 T

X S 200 I A O Ml P S B P SR A AT AL TR D B

Bro JRINTE T C NKT 4 IEYT R 2 8 LU/ N R

RS B AR /D51 B8 25 R E R 4, JF HCRIIN B4R Y

NKT 28 S r o 9 FE AN ] = /) LA P4 ) ENKCT 248 i L

{51120 5 221 A2 T T %0 NKCT 48 it L 3] 22 B i /0>

T A& NKT 4 7E /)N BRI A P 7 A= 1 A= 0 VR

FEAER R ZE 50 . Rt , 50 H Hi I 5 it i T A7 PR Eds

A5t I PR AT 52 ) B AT ] 4518 35 A B8R 1) JR FR

PEo SR, B4 NKT 20 i 8 6] V5 977 38003 5 %o

NKT 4 M FCAAA 200 1 i, fF B3] | 118 NKT

AT AR A o BEE R IS NKT 48 i Y A=

Y R HERE I AN WA AR TE MM R TP LU NKT

2 ML AR AR PR SR AT S 2 0 I R

SE K

[1] Godfrey DI, Stankovic S, Baxter AG. Raising the NKT cell family[J].
Nat Immunol, 2010, 11(3):197-206.

[2] Patel O, Pellicci DG, Gras S, et al. Recognition of CD1d-sulfatide me-
diated by a type Il natural killer T cell antigen receptor[J]. Nat Im-
munol, 2012, 13(9):857-863.

[3] Marrero I, Ware R, Kumar V. Type Il NKT cells in inflammation, au-
toimmunity, microbial immunity, and cancer[J]. Front Immunol,
2015, (6):316.

[4] Nair S, Boddupalli CS, Verma R, et al. Type Il NKT-TFH cells against
gaucher lipids regulate B- cell immunity and inflammation[J].
Blood, 2015, 125(8):1256-1271.

[5] Girardi E, Maricic |, Wang J, et al. Type Il natural killer T cells use
features of both innate-like and conventional T cells to recognize
sulfatide self antigens[J]. Nat Immunol, 2012, 13(9):851-856.

[6] Kumar V, Delovitch TL. Different subsets of natural killer T cells
may vary in their roles in health and disease[J]. Immunol, 2014, 142
(3):321-336.

[7]1 Favreau M, Vanderkerken K, Elewaut D, et al. Does an NKT-cell-
based immunotherapeutic approach have a future in multiple my-
elomalJ]? Oncotarget, 2016, 7(17):23128-23140.

[8] Robertson FC, Berzofsky JA, Terabe M. NKT cell networks in the reg-
ulation of tumor immunity[J]. Front Immunol, 2014, (5):543.

[9] Fallarini S, Paoletti T, Orsi BN, et al. Invariant NKT cells increase
drug-induced osteosarcoma cell death[J]. Br J Pharmacol, 2012, 167
(7):1533-1549.

[10] Macho-Fernandez E, Brigl M. The extended family of CD1d-restrict-
ed NKT cells: sifting through a mixed bag of TCRs, antigens, and



o B 8 15 R 2018 55 45 %% 1741 Chin J Clin Oncol 2018. Vol. 45. No. 17

www.(',j(',o.(‘,n 907

functions[J]. Front Immunol, 2015, (6):362.

[11] Zajonc DM, Girardi E. Recognition of microbial glycolipids by natural
killer T cells[J]. Front Immunol, 2015, (6):400.

[12] Robertson FC, Berzofsky JA, Terabe M. NKT cell networks in the reg-
ulation of tumor immunity[J]. Frontiers in Immunol, 2014, (5):543.

[13] Masaki T, So M, Jong-Myun P, et al. Transforming growth factor-b
production and myeloid cells are an effector mechanism through
which CD1d-restricted T cells block cytotoxic T lymphocyte-mediat-
ed tumor immunosurveillance: abrogation prevents tumor recur-
rence[J]. J Exp Med, 2003, 198(11):1741-1752.

[14] Terabe M, Matsui S, Noben-Trauth N, et al. NKT cell-mediated re-
pression of tumor immunosurveillance by IL- 13 and the IL- 4R-
STAT6 pathway[J]. 2000, 1(6):515-520.

[15] Renukaradhya GJ, Khan MA, Vieira M, et al. Type I NKT cells pro-
tect (and type Il NKT cells suppress) the host's innate antitumor im-
mune response to a B- cell lymphomalJ]. Blood, 2008, 111(12):
5637-5645.

[16] Ambrosino E, Terabe M, Halder RC, et al. Cross-regulation between
type I and type Il NKT cells in regulating tumor immunity: a new
immunoregulatory axis[J]. J Immunol, 2007, 179(8):5126-5136.

[17] Terabe M, Berzofsky JA. The immunoregulatory role of type I and
type Il NKT cells in cancer and other diseases[J]. Cancer Immunol
Immunother, 2014, 63(3):199-213.

[18] Tamura H. Immunopathogenesis and immunotherapy of multiple
myelomalJ]. Int J Hematol, 2018, 107(3):278-285.

[19] Chan AC, Neeson P, Leeansyah E, et al. Natural killer T cell defects in
multiple myeloma and the impact of lenalidomide therapy[J]. Clin
Exp Immunol, 2014, 175(1):49-58.

[20] Richter J, Neparidze N, Zhang L, et al. Clinical regressions and broad
immune activation following combination therapy targeting hu-
man NKT cells in myelomal[J]. Blood, 2013, 121(3):423-430.

[21] Dhodapkar MV, Geller MD, Chang DH, et al. A reversible defect in
natural killer T cell function characterizes the progression of prema-
lignant to malignant multiple myeloma[J]. J Exp Med, 2003, 197
(12):1667-1676.

[22] Dhodapkar MV, Richter J. Harnessing natural killer T (NKT) cells in

human myeloma: progress and challenges[J]. Clin Immunol, 2011,

140(2):160-166.

[23] Spanoudakis E, Hu M, Naresh K, et al. Regulation of multiple myelo-
ma survival and progression by CD1d[J]. Blood, 2009, 113(11):
2498-2507.

[24] Hayakawa Y, Takeda K, Yagita H, et al. IFN-gamma-mediated inhibi-
tion of tumor angiogenesis by natural killer T-cell ligand, alpha-ga-
lactosylceramide[J]. Blood, 2002, 100(5):1728-1733.

[25] Favreau M, Menu E, Gaublomme D, et al. Leptin receptor antago-
nism of iNKT cell function: a novel strategy to combat multiple my-
elomalJ]. Leukemia, 2017, 31(12):2678-2685.

[26] Jiang F, Liu H, Liu Z, et al. Deficient invariant natural killer T cells had
impaired regulation on osteoclastogenesis in myeloma bone dis-
ease[J]. J Cell Mol Med, 2018, 22(5):2706-2716.

[27] Spanoudakis E, Papoutselis M, Terpos E, et al. Overexpression of
RANKL by invariant NKT cells enriched in the bone marrow of pa-
tients with multiple myeloma[J]. Blood Cancer J, 2016, 6(11):e500.

[28] Hu M, Bassett JH, Danks L, et al. Activated invariant NKT cells regu-
late osteoclast development and function[J]. J Immunol, 2011, 186
(5):2910-2917.

[29] Chang DH, Deng H, Matthews P, et al. Inflammation-associated lyso-
phospholipids as ligands for CD1d-restricted T cells in human can-
cer[J]. Blood, 2008, 112(4):1308-1316.

[30] Mattarollo SR, West AC, Steegh K, et al. NKT cell adjuvant-based tu-
mor vaccine for treatment of myc oncogene-driven mouse B-cell
lymphomalJ]. Blood, 2012, 120(15):3019-3029.

[31] Hong S, Lee H, Jung K, et al. Tumor cells loaded with alpha-galacto-
sylceramide promote therapeutic NKT- dependent anti- tumor im-
munity in multiple myeloma[J]. Immunol Lett, 2013, 156(1-2):132-139.

(2018-07-17 Yiri)
(2018-08-29 f& 1)
(Gde PN AR k)

EE =T

LR BTy 2 A M iR 1i2iE 5T
E—mail : jiangfengjuanyi@163.com



	2018-17Q_Print_部分32
	2018-17Q_Print_部分33
	2018-17Q_Print_部分34
	2018-17Q_Print_部分35

