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The development and function of innate lymphoid cells

MA Ruo-Yu, GUO Jing, WANG Lie*
(Institute of Immunology, Zhejiang University School of Medicine, Hangzhou 310058, China)

Abstract: The newly identified innate lymphoid cells (ILCs) are a member of innate lymphocytes which can
function as adaptive T cell. As the “mirror image” of T helper cell, they are of high concern recently. ILCs are
divided into 3 subsets based on the secretion of distinct cytokines. These subgroups play important role in the
immune responses of different tissues respectively, and they are associated with several diseases. Here, we review

the classification of ILCs, the development and differentiation of ILCs, the functions of their distinct subgroups, and

also their relationship with diseases.
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— RN, TEANRHAETES 7 T E S
BERG. Hb, WA RERGIERTZ, MNETLR
S, SOSTER R AE YN AR 5 2 — I TR BRI
P RIE RGEA SR R, (AmSZE, +
BEAE G I N I WD R e PR AT RS ARk A
JEITERR . KHILOKR, AT IX B R %% R 450
EAEETEIR I L SRTT, B e 1) i I e Ui 4
FRIN (B0, RS e M R EER, R
AResE MmN, FE PSR AT w7,
T HA R B0 A b A (ILC) B — Fh A i
M, ERERE A FIRTGME G AH K ThRE. XBAT
[ G 2 RFR A9 1 S 2 2 T (R 4 AR A5 W] BB SEAR 1
PRSI B, 3 B0 T [ g% 53 N
FuE Z B TR, TF NP B s R G 22t &
MR, G, ILC Z D2 B EA, HAH G0
FONF BN IE RG . M IS IS M e

HEMRE L AW ILC s 3. EEHRE
A SRR ThRE A L S POR IR R, LK
ILC MR B I REREAT 2538, DL W AR e R
e A AT HLAL .

1 @E50%E

VE NG 40, ILC R %A EHZ 4%,
A ARG HE RGN A TR 1) 2R B bR S A0 24
M AEE. T ILCs P2 A8 B e T 2810 (helper
T cell, Th) MHCMZHME ¥, 5 Th /e K & L)
B AR Z AL &b, BRI 4\ 42 Th 48 i
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“BIF 4.

R B AR AN 42071 1, ILCs T AR
8 73 14 240 PR ERL - (R A [0 17T 4328 3 AN EAE < 1 2R ILC
DL s TFN-y bR, B4 B 2R 28195 41 B (nature
killer cell, NK) #1 ILC1 ; 2 2§ ILC PA™4E IL-5. IL-9,
IL-13 55 2 K40 R 7 A ds & 5 3 98 ILC N pl itk E2
FE 20 2195 S 41 J (lymphoid tissue inducer cell, LTi)
AILC3 4k, LAF=A2 IL-17. IL-22 & (£ 1),
Forp, 2 8A1 3 R ILC M AL %, 8 SCAHBCN A,
1M 128 ILC W5 LA . thAh, BT NK 414
A B IMELE S R R0, Rk, ILC1 5 NK 1)
KANE R
1.1 12ILC

HAr, 138 ILC & LA 774 TFN-y, {HA
e 2E Th2 B¢ Th17 AH G A PR 7 14 [ bk B 4
1 25 ILC .55 NK 40 A1 ILC1. HAjjE Tix 258
(20 18 32 36 S [ T-bet (TS, 373855 NKpd6,
A, BB i NK 20 (thymic NK cell, ThyNK)™ 4,
Frf 1 R ILC IR B #8752 IL-15,

NK 4 F 1975 R M Y, FES ATk
U E . MBS E S BT XFE A %
32 A M T bR 4 B B A R AR, BRI e 4 oA B
IRATANIE . TR SRR, R IR B e 1)
WA RE R . B, NK gl e —fh i 2
8 A 2% 405 1 4T A . N 40 it PT 6 A7 AE 2 AN S0 B
EHFHRZREFERE, BATEaR 9250515,
TE/NEH, HARE E FE 4 R TR LA F 4 N
cNK (conventional NK, 43 A 7E JELJE N ). ThyNK.
B NK 21 (uterine NK, uNK). JFFIF NK 4 125 1,

Fr NK 4ifabb, 847 7F H Al GEA2 ™ 4= IFN-y [
ILC. iX#E ILC th3ik NKp46, {H5 NK 4Hg A A,
AR IE T-bet 1 A KA FE KT Eomes, K IE#
WARMSLERE . BT REf=2E 1 R4+, Ih
AEt 5 Thl AL, PRI IX 40w AR ILC .

ILC1 &= B0 T AFAE © Az ¥ o 7 g id

2R ILCL K E 2 NAI3, i FFE ILC1 /) &
B AKX — 57, R, R
ILC1 # N A2 AN [E BB 7. 2014 4E 78 R
38 T — P 6 % 3 ILC1 (NKp46' T-bet” IL-7Ro”
RORyt) ™, 75 A A 26 i 41 23 b th 2 B 2840030 ¥
MRS, 76 ANHmAk R R B T ILCL fRE. B
ik NK £ 5 E 7T CD56. NKp46. NKp4d 4t,
Z AR R IR A R AL T 40 AR & o 1
CD103, CD49a fl CD101. ILCI [ 4H 2% B 55 5 A
AR BTFBZ rES T, ILC1 5 NK 4HHUE 9%
AR, thah, TLC1 % 0 BE 2 6] 06 R4S
BR .
1.2 23ILC

2 B ILC BB F R —REH g, 5
FLARIE T 2002 £ ¥, HARAE R4 2 KA 7,
BRI 71 S Bk g TLC2. 7 B A A 2t 7. 240 Jf 44 iR
T 2R T a4 . 1ER A RBLI B 2R 40
i (natural helper cell, NHCs). 2 2 [ 5 % B 41 Ay
(innate helper 2 cell, IH2). nuocytes 3 J& T 1X —REAA,
FRUE IR e TLC2 B R ) R AR EA R AR, HAH
HIE PR R HAIER R+ .

2R ILC FEFTRFBEHLN, JNHZiEM
WPIE . fER R LSS . IREGSE . BRAE. AT
JIRE AN e U g o A AR N AR R B2 2 R R
Pl 7 ILC2 (LINIL-7R'CD45"™), LAEiL CD161 i1 ST2
(IL-33 524k ), i3RIk HI 513 D2 52 #& CRTH2 Ky
REAE Y

ILC2 [ SCECN R, (H I 206 J 0 FF
BE— W5
1.3 3ILC

3KILC &= IL-22 f1/ B IL-17, KB
M S IR F- RORyt F[E A bk L4, 324 Mk,
JLRILT =A 3 25 ILC 4 A S0 Sr W

Horp, LTi R R 3 2 1ILC™, 1996 4,
TE R i FBE A2 )Ltk B2 45 i R BT — i CD45°CD4”

®1 DERILCETEREE T FERT

ILCI## Fri& F 0 S R+
ES ILC1 Lin- CD45'NKp46'NK1.1'TL-12RB Eomes” CD1617" T-bet
IES ILC2 Lin CD45'CD117°CD127'CD25" Thy1.2°ST2"
KLRG1" GATA3
4 NCR' ILC3 Lin"CD45°CD117°CD127 NKp46'NK1.1” NKG2D" IL-23R ‘CCR6™ RORyt
NCR™ILC3 Lin"CD45'CD117°CD127 NKp46'NK1.1-
LTi Lin CD45'CD117'CD127°CD4""CCR6™~

Lin: CD3e. CD5. CD4. CD8a. CDI11b, CDllc. CDI19. Gr-1. B220. TCRb. Terl19
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CD3™ [4Hff, XA MERIAMELEFIRIRGE K E
BT (0 LT A IL-2Ry, [K1f 75 &tk B REAH 4UE S
. JEEEWFFRW], LTi 78 5 i 3 Rk B 45
WA 4. Bk CD4" W#EAL, TE/NER P LT AFTE
CD4™ [ HBE, THAE AR H AT R I T CD4™ [
LTi.

K& LTi 4b, H 423 2K ILC 40 8 #% FR v ILC3.
ILC3 E B i TR 4, L2 i . (B8 B ™,
MELE. MR, Rk HREFE. RIEE
73 4%1K NKp46, A] 4y NCR'" ILC3 F1 NCR™ ILC3,
NCR" ILC3 =4 IL-22 {H A2 42 IL-17,  [R bhtH 4
PR NK22 4 ffl. 76 N K18 % 3L 7 NCR”
ILC3, fHIX 40 M2 ik NKpd4"™ ifif - NKp46. i
NCR™ ILC3 U 3= % 7= A4 IL-17. b4k, 7E /N R,
KB4 NCR™ILC3 %1k CCR6, [, iX—4Hfu#s
AT e B T

ILC3 PRI e MR Ah st B, 7E IL-12
AIIL-23 PR, A7 DA 45— B F 3 RORyt™,
Al 433 IFN-y 2R ILC1 4, {EAE K PN 4 R 4RiE
XREM A, b4, TLC3 [ 0] 98 P 52 3R 885 F 25 1)
s, JErTRe A ALV . Ak, 7E Noteh {5
2 06 5 3, NCR™ ILC3 ] 4> {4 & NCR' ILC3.
DRI, A9 55 3347 5 22 A 58 LAPR B ILC3 & AN A
ZIEMR R, FEdE— B UHH ILC3 5 ILC1 58 X,
PAIX 43 PN ILC R

2 IhgE

2.1 1Z2EILC

VR 20 M 53 14 1 S A i, NK 48 B 9 3 28 £L
FAOR B AR R . BT AR5 E 2 MHC
BRI, AR LA, DR 7 S PR e i R
PAEM . NKAEPUW BRI GY . P o7 i #8282
IS AR A . B L3R (G HE A M 4, NK 4 g ™
A4 IFN-y 252 RIER T, S5 RMRERMN Y, H
3 VA T 280 L DR B8 A R T Y At 4 2 4 AL )
TS

5 eNK AE, ILCl 4 sEtE4css, PUKHE
HENE R v . ILC1 78 i 2 0E e = ZAEH
7 CD4OL 5 3 - A /N i & v, ILCL i i
S Thi 40 fo Je o7 A i3k 20 40 . 1 o 2 L IR
(Crohn’s disease, CD)!"" 5 i 4 M i 2 4 K 77
FE ILCL, R 14 40 Jf R 7~ TEN-=y 78 205 PE 7
(inflammatory bowel disease, IBD) H 2 i i 4 JiE &
JERIMER . SRT, B8 ILC1 4k, HgiE b Thl 28 .

#54 ILC3 (NCR™ ILC3"™), NK Jz NK T 4 it th w]
FeAE IFN-y, BT HAT 1 28 ILC MR R R, =
AKX 4y J79%, 1BD P2 AR i IFN-y (@475 4%
S Ik, ILC1 78 CD H e MAF A -

Bk IFN-y 4b, ILC1 & n] =4 TNF, TEHLME K
WG A EEER. AHRiEEL, SRR
(Toxoplasma gondii) J&G<, 1LC1 & IFN-y il TNF-a
FEM AR, XL R T REAE 5L R M
U RIS PR AT AR . BkAh, PRAMSEER R B, 1E IL-12
HIL-18 fy %N, ILC1 7] %4 IL-2, IL-4. GM-
CSF. TNF-o %5 Z P24 fu 8+, X KB ILCL nf fig
BAHHEZIRE.
2.2 2ILC

TE R RIE RN, TLC2 J2& 2 K41 A 7 &
B R HRYR . A VAR 1 5 5 1 S0E U B
P A cp PO, B e 2 )5, Ragl™ /N Y HE B0
B ME R A M, F KR E AR, 1 ILC2 @
() Rag2 "TI2ry”"™ /N AP A X AL R . X — 5256
KW, il A SCTE R RS AR ILC2. X — AR
PUREDT 2 RN Bl . Hodr, IL-5 iR 5
I TR Ak b 40 R (A VT, T TL-13 2 sl A< 0 e Y A G
Worihe B R P AR R NS ILC2 A
Ko TEVIK AJFEE (H3NL) i A, [HABER
A= TR BB FA 11137 /N B (R TLC2 4 5 35005 73 1%
SRS E U, XK ILC2 75 B ] fg 2
AEIEEH.

FEfpiE . TLC2 WA RAME . 78 % MR 55
S LR 2 R B, TLC2 WA N IL-25, ik s
RIEMIF2AE . (EFUE MRS ) 98 835 1) i T b A 3L
T ILC2, H 2 BZMMelA+ IL-4. IL-5 I IL-13 51X
P g M B i P AR A 06 B, DL RS R
F W ILC2 7£ IBD AR IR, (HIX — P [&]
2 Th2 4 AT, Bk, EEmsEm e
st — IR R .

ARG SE H, ILC2 7E K ik 48 0F H AT fie 1E 1
FI Y AR R, X — RSN IR A G
WAL, 3R — adk R A G M i S o bk O 4 AR R
(thymic stromal lymphopoietin, TSLP) Tfij AN #fi ILC2
3 W R A TL-25 F IL-33. ILC2 78 A A R ik 28
HE PR DLARGE, (R 7R AR B B 4 S 11 B JEk o
HHE % ILC2 IAEAE .

FEWOE Th2 40 S i B St f e, TLC2
WA EEEM O, —J7 M, ILC2 78 i s B 7
W EE H . ILC2 fig P ad g B IL-25, 1L-33,
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TSLP %5 b S 4 B 70w A R+, #p[A) Th2 2 i 7= A=
2 R IR -, FFAH GG TR PR 40 B W B 4 Y
AE R 40 f DL K 7= A TgE (1) B 4i i, M 2F 28 i
gy —7J7 1, ILC2 {3k Th 41 ffa i) s . ILC2 ;= A
() TL-13 B BE BLEE T Th2, &0 AT DLE L e 35 fili
O ) DC #E 1AMk 2 45, 8 naive T 20 7]
Th2 J5 a1 43 4k, AT =26 345 1 Th2 41 i ez 2
ILC2 73k i) TL-4 7] LB 2 Th2 BT RE, JL3k
L) MHC 1T 047 B T2 46 Th 480 5 R

ILC2 fE i b & AL UK e b T e 7 4E 0
ERRy e EEH. EpE e R LR
(Nippostrongylus brasiliensis) & YR b, 1L-25 %
FILC2 ;=4 TL-13 Rk P ar A HUK . RE I
AR Th2 tHA] Zr Wz R 7, (HSCe R I, X
Bt Z 1L-4 F11L-13 ff) Rag2 ™" /)N ik 4k [0 4 B A= Y
(1] CD4'T A5, IERYARERIE R, XKW IL-13
7= A I R YR ILC2 T dE Th 40 Y. ILC2 iE
A B AR T RO S, 7R H A 2
HURGe T, X4 R SRR R, B
PEEOE B VR, fEHRMEE T7 i R = EEH.
H—J7 T, AR, XA IL-25 35 F 1 A A K
B FEAS IR A5 s P AR, ILC2 78 Atk
A dUR G R I SR, PR, TLC2 R4
A A R G i B M R 2 TR .
2.3 3ZEILC

EMIGH, LTi P2 AEMEER alp2, WIEIRH
MO EARE SRR LT . [, LTid
I 1% R «B 32 AR 3 46 R - BL A& (receptor activator
for nuclear factor-xB ligand, RANKL) %5 5 fif] it I i
M RIEEH S 5% 0% 115 K F (autoimmune regulator,
AIRE), M T2 3 WG B g i & o T AE iR A
LTi fEM AR E @ P E R . fEiE RIE
o, LT 2F 77 AR ST B 9k B2 318 96 0 bk B2 318 0 iy
IR E s EIREERGYE, a4 ik T 45 1
B S M WE. — 5, LTi 3Rk 1
CD30L fil OX40L /& CD4" icfZ T i) EEAE 5,
WL B LTi {23k CD4" id 12V T 40 1 ic 42 TR FF
MAFE . teah, sz, LTi P24 R) IL-17A
AIL-22 Al Ret A — @ E M, (H M — 2 i,

ILC3 7€ 18 %% i R ¥ M 9 EZ I EH.
—Jj M, fEMiEfRAY, ILC3 EAY IpE .
PR EH . fEEFERW AN, WmiE b
R 3 v B R B 3 A T R o 7 o i A b e R
& HEL S Rl . ILC3 P24 1 IL-22 W] S 13

R RIE B2 ARG &, IO JAK-STAT il i #7,
R 3E I Bl 200 it P 4 R AN BG B, AT PR R B R B B
e k. FRE, TL-22 7 LG S A v
F RegllIf A1 Regllly, BRILA 5 R 40 i)
P, BERFEAEMIE SR, X—{EH O A Bk
(Candida albicans)*® 1§73 ¥ B T B (Citrobactor
Rodentium)™ J& Je AL o 43 B0 UF .tk 4h, NCR
ILC3 & %34 MHC 11, W] LA CD4" T 41 ff 42 5
Pl (HILC3 Gk Z Lo 1, BRIt A 4% 41 o1
CD4" T 4 faféymi B, 38 G T 405 g Je A= 5 2
[AIASE 24 1 G928 SNE o 7E BRI 1] G (Salmonella
typhimurium) &G RI i, CCR6™ T-bet” ILC3 ik fig
PEA IFN-y, R4 bR BFRE BY. B T gifgéh, ILC3
X [ A G 4E B A S AE . i ILC3 = A
GM-CSF, m4EFE4h g DC (e, F{gdk Lo
WIL-10, BE w0 il & B B, 5
Th17 4 HAHF], 75 i 20, ILC3 i 28 FEAFE
X —EH R E e A AR IL-17 e . TERF
WE e B (Helicobacter hepaticus) J& 45 R F, NCR™
ILC3 J2 IL-17A Yy EH ZRJE, A5 kg, 1
SR ATE, S PERE, MM T ) S
FE G . SR, TLC3 AR FHAE 280 ) B B
Wit Ry B S, JE R PR 7 AR K IL-17 AR RN,
1 Th17 %1 5 875 #3407 7K~ 1) 4E 55 7T B 1
X,

PR A P AE I e, JU 2 IBD AH R
iR gL b oA AL, B IL-22 19N BUE 5
IBD ™, i /£ §L CD40 ik B ST IR He AT i =
SIS g R AR, P2 NCR™ILC3 [ IL-17A #2
FIRFFRERIER . TEART, R T AL
% . 1E IBD B pidh, IL-17 RikKFH & s A
SURTI M 30, 5e 2 B IR JB 3 ) i 18 A SRR K &
CDI127°CD56 ILC3"", Jf /2 i TL-17A ) 5 5ok
Pio AR A R LB 1 R oR, B PR
IL-23/IL-17 3@ % #H 5% () IL-23R. IL12B. JAK2 Al
STAT3 igif% Sy IS i B, X se g L], 7F IBD
o, ILC3 #pi R M A . B DUERF 5L
JN7E IBD 1 Th17 & IL-17/IL-22 (1 E kY5, HA
RE 5T 2 AR X O A i DR 7 PR SR U o DRI, X 00 )
W22 IBD MIpLI St 7R ek, (R4 RE EEdE—
ST Th17 4 5 ILC3 78 7B b D e 1 &
HER.

4% 28 E A G0 1R S A, TLC3 36 B 4B B 4
FRIFER o i, R 2% X R I — R B A
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NCR" ILC3 #J ILC (Lin CD127'NKp46 ' CD56"), iX
25 ILC3 n] L@ if 7= 4 BAFF. APRIL. CD40L I
DLL1 Bu&EAZIX B 4, FHe st H m) 40 744 .
[E] I, X HE ILC3 36 A B i GM-CSF, 48 55 PR kL
YN, TR R ARl A A = A

3 ILCH%XBSDL

3.1 ILCRIA4HREM L E

5T, BAMAHRE, TLC ey T 3t 7 ik A
41 A (common lymphoid progenitor, CLP), iX—if
F2 75 2 Notch B K12 5. ILC (K & M5 H Al i
LTI T . HAIIES, MK Foxn-1
BB ILC2 T IEH K E . ok, #HLat iR,
AL U 1) 45 44t I TSR A0L ILC 4t . BRIk,
ILC HIR K B MZg 75 Bl se B, A7 2
HE M iR B

Bz Id2 i, T. BYEMI K & v LLgk4E, {H
ILC (1R & ARt AT, 1d2 ¥ 1 E 8 1 58 i ik
YR B N ILC B2 SR bk At . A5 W 98 U4
i, NK 41 % & TR AKX — %17, I
2 1d3 MIAMEALE] B R, NK §K B AT RE 2 ik
S

NKP (NK progenitor) 4 il f1) 47 7£ 32 #53X — W
Ho B NK G ST /i 4k, AR H NKP 21k
KERNHAILC ¥#kiE. HAr, X CLP k& %
NKP [t R R R 2 Fob o Bhah, 5 A ILC ANIA,
NK 28§ 141 2 8 3 BT A J=) BT 1 4 i 8 F0 VR T
N e L I I = PN NNt Y= IE | Nt
B I RTAREN B 2 7T A A NK i B, dx
o T NK 4 AT i 55 ILC1 & Ho Al 4 Bh i TLC WE
FHNIRE R B ERR REUT

B ILC MR B bl R ok e, (HOEK
DL J LRI TR 4E B IX AN FR SR A T B LR .

T B il VR A ok B A A B M TLC 3 (7] A 44
CHILP™ (common helper ILC progenitor) #2&% NK 4}
Fif ILC MIRTAAANIE. X —40 & ik CLP M %hx
&7 7 CDI17. Sca-1 f1CD27 %, RHCLP KB
TERU, HARIE R ILC MEHEERES T 2
bR B, CHILP ARgsrthy T B 8 NK 4,
HAT 704k 2 ILC2 (145 57 14 BT 44 ILC2P DA BT A 3
il ILC W Ff. X —25 R it — K, NK 5 ILC1
Z [A] 2% R ] BB

b J5 & B ILCPP* (ILC progenitor) J& — 2K &
ik HF PLZF 1) ILC RiiAZ0H, %40 frfEfE

TR FO-E . PR Am R 77 3% B ILCP ] A4 il %
ILC1. 2 #1113, fHARESM6N NK M1 LTi. 4L, H
F ILCP 5 CHILP % i& #H [\ (1 b5 & 2 1, A Uk,
ILCP B4 7] fig /& il CHILP 4 LB it RIS, 1%
WEFC 4R, RORyt"PLZF™ (41 i AR 1 A2 LTi 1)
Bk, X —45 X LTi 5 ILC3 956 R IE Rk -

ILC2P & ILC2 545 (Al R 40 i B I Bl it A
LRI T B 86, RRetE ARk ILC2 IR E 5
ST GATA3. fE#Hi A/ DMRMpES R G %
ILC, fEHA 2 MW, ILC2 M H B e K,
F B ILC2P 47 1E M\ B 8 1) W 38 1T 7% I 70 A0 o 1 4
ILC2 (it A% . X — i R Fi Bl 4 F IR AH SS AR 52 44 o
(retinoid acid receptor related orphan receptor a,
RORa) K& T, IR EBWE T CCRY, (HHfTT
KAGHA ILC2P 5 H A 5 b ILC2 Ik R, HATM
KA UFHE R ILC1 A1 TLC3 t B Fh 205 S 1 1 vy
PRZHA, RIX PN A AT BE o I Pk BB

R FT A e PE R T — % M CLP 3| ILC [ K
HiEA (VEWE ). SR, X LR ILC Fi A 4H i 1)
R RIEARD B FEMUER . tb4h, HATTE CLP H
WA K 1d2 RILWIERE S, B —(F 5 RAFE
THBEMEIASE T, AR E SRR .

33 ILCHIS L

M ILC R 57 AT R B 5E U, TERE
TS, ILC FRah M & LR AL, FE3RA5AH
hee, RN ILC.,

KRG Z B NIRRT . K, &
W #% A ¥ (master regulator) #2 % £ % & Z{E .
LSRR B R T, ) TLC RiTAA TG 26 1 A M o P e 28
ILC. [AIR, X PR F 2 [X 4 ILC % 0 A 1) 21 22
brdi. AEBAZ, X8 B LR T 5 Th 40 %
TR SR S B, X — ISR “Biigdnii”
gt 7S, Hof, 5 Thl AHBL, T-bet 52 1
FRILC M FFIEE T, (EWA W AN NK (1321
K F 2% Eomes ™, 2 X ILC 5 Th2 B HEEK
W T GATA3. 3 28 ILC |5 Th17 AA HFE K
F R F RORyt, AANER A, EFRERTFA
— 8 e R RE S A s R F 9140, GATA3
ILC3 A W /E M ™, 1 T-bet 4l A L5 i 4t ot
ILC3 [f]K & (CCR6 RORyt") "%,

Briffe K B4, X B SR N FXT ILC W
MIhEEt A —E HEEM. X F7EILCL 1, T-bet
54 TFN-y Ife A OG. T TE L ILC2 i,
GATA3 i+ 2 FS 40 i R 1~ 52 74 22 35 FUAH G 2 it [A]
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= 7%

1d2/1d3

NKP

o5 1d2 PLZF GATA3 GATA3 IL-4 IL-5
CLP—>( CILP?) M3CHILPEZS ILCPSA™ILCOP SO, j1cp
IL-10 IL-13

RORyt ILC3
|z
i IL-22

—N;I:Tip:?’f RORYE , |Ti

Bl ILCHA B EREREERIZEF

THPe 4. #E NCRTILC3 [A)26 ILC1 4t fi o,
HIEL T RORyt 1 F i, X F B RORyt 5 3 2K ILC
IREM4ERF A DG (HIX BETh RS I 32 1A AL TS E
Wi

B R A8, AR H A — PR 4 B i
P ILC WA 4, FErTReigmaLThat. CRiE miA
% A7 AU 4% Nfil3, TCF-1 #1 AhR.

Hor, NAil3 %F NK 48 ffil. ILC2 F1 ILC3 [¥) 43
ARy . R NAl3, ) CHILP K&/,
ILC =N A3 52 B, I 5 %28 Ty 1 Al Ji
PR M, Tof7 b () TCF-1 {2 3k ILC2 I K B
WEFERM, @i TCE-1 J5, /NREk= ILC2; /a4,
TCF-1 ] i i Notch 18 #% i 1 Fif 44 40 il 1] ILC2 1]
kE W, Bl X—#RRT5 ILC2
FEAE 2 AR TR RE ARG BhAk, AT AR
P, TCF-1 % T NCR'ILC3 [k & A — &1k
1 ™, AhR (aryl hydrocarbon receptor) U ILC3
(A & &, FF e B Ik TIL-1R1™ ) ILC3 [ NK %
z'%:, [45]o

X AL S PR 7 (1) R BRI A ILC AR TR 43
AT REIX 43 5 T A BB, AR R 5k R 7
EFEEE FAE ILC WAL SR AR Jn . itk
Ab, BRI T 3 A IR T S R ILC AR 4
R B IR, 6T T BEAH OC 1 #E S R T AL AR 2,
Rk, ILC 2 A2 A i) R 45 HL Ih ek & — A ik

F—JH, ANERIREE ST ILC AR5
A EEAEH . PR, AR ILC WA )6

WARAS [ (1 48 BB K 1. TLC1 7= 4 TFN=y Fl TNF %3
SRR TL-15 F0 TL-12, TLC2 f#) 3 5 A48 ff R 17
A AR TL-25 F1 1L-33, 1 IL-23 1 IL-1p %t ILC3
FEA IL-17A FVIL-22 (R I B RH 2. fE4FE ILC
TRER oA R, 3 R 2 g PR 7 1 2 A4t B B v
Feak, FLILRER 7 AR UF 1) JAK/STAT 3@ i Fl
Myd88 it % 1] Rt tH 2 55 TLC Tf fig 2 4k 1 i 4% 9,
Ak, ANE ILC R EAA AN [F A AL . —
T e R, ez 442 AR, NRBIENT
ILC3 % & 9 />, IL-17 A IL-22 4y b & F B&, M
ILC2 ¥ EFb, MG A 740 w3 n " H i
X7 TH A A AL TSP B, 7R B 2 s DA
AL, HAh, TEIX—RH, ILC e T
AR EIER, EX— R E ATz ED
IER% B EARIS B P 75 e sk R A {5 5 2 AR A

4 ZEiE

V9 B ARG G 2 AH 5% Dy BE 1A [ G 2% 4
M, TLC 23| 7R RIE. X —SUKHRRGT
SN ANATTRS AT e BN A S ERI R, JRiE—
AN M B H, R T R
KRIERAEER . JFH, mT A PR B fE
71, ILC {E G SR G 7 b vl e R HE AR
HEIIRE, X OBIRHLEITE FAG TR A TS
o

SR, AR, TLC BRI FEAFAEAR KA IR A o
—JiiH, RECLEI TIRZAREY, HILC At



A

D&, & BAREHRNKT SR

423

TR B = M X 53 J7 . ILC B4 ZL8E 5 1k o,
XPETR L ILC A RAFTE R M, HEHEZ A0 &
WA B—J700, ILC s ER, HKa
EREVEGI B ILC 1515, BRI HE DL 75 ILC 1

T

FAE ML sE4h, BT ILC 5 Th 40 f v #

I A F A R R T RE, BRI, A b X )
ILC A1 Th 20 g £ G 2 N2 258 AN g e iod 72 R AN [ R

A

LA i) BT = 4 e 2 2 B T SOB R P I A 1

ISR AR FE th /5 ZEEE 43t g L ILC HiE M
Ve BE R STIRI A AR, ANITOAE AT 1 i S 12 B
EHVRARE . BLAh, T ILC WREE S i
FREAIAFAEAR R DLRIAE T, PRI 75 23— DR

(5]

(& £ X #l
Spits H, Artis D, Colonna M, et al. Innate lymphoid cells--a
proposal for uniform nomenclature. Nat Rev Immunol,
2013, 13(2): 145-9
Vosshenrich CA, Garcia-Ojeda ME, Samson-Villéger SI,
et al. A thymic pathway of mouse natural killer cell
development characterized by expression of GATA-3 and
CD127. Nat Immunol, 2006, 7(11): 1217-24
Kiessling R, Klein E, Pross H, et al. “Natural” killer cells
in the mouse. II. Cytotoxic cells with specificity for mouse
Moloney leukemia cells. Characteristics of the killer cell.
Eur J Immunol, 1975, 5(2): 117-21
Sojka DK, Plougastel-Douglas B, Yang L, et al. Tissue-
resident natural killer (NK) cells are cell lineages distinct
from thymic and conventional splenic NK cells. Elife,
2014, 3: e01659
Daussy C, Faure F, Mayol K, et al. T-bet and Eomes
instruct the development of two distinct natural killer cell
lineages in the liver and in the bone marrow. J Exp Med,
2014, 211(3): 563-77
Fuchs A, Vermi W, Lee JS, et al. Intraepithelial type 1
innate lymphoid cells are a unique subset of [L-12-and IL-
15-responsive IFN-y-producing cells. Immunity, 2013,
38(4): 769-81
Seillet C, Huntington ND, Gangatirkar P, et al. Differential
requirement for Nfil3 during NK cell development. J
Immunol, 2014, 192(6): 2667-76
Klose CS, Flach M, Mohle L, et al. Differentiation of type
1 ILCs from a common progenitor to all helper-like innate
lymphoid cell lineages. Cell, 2014, 157(2): 340-56
Hurst SD, Muchamuel T, Gorman DM, et al. New 1L-17
family members promote Th1l or Th2 responses in the
lung: in vivo function of the novel cytokine IL-25. J
Immunol, 2002, 169(1): 443-53
Kim BS, Siracusa MC, Saenz SA, et al. TSLP elicits IL-
33-independent innate lymphoid cell responses to promote
skin inflammation. Sci Transl Med, 2013, 5(170): 170ral6
Mjosberg JM, Trifari S, Crellin NK, et al. Human IL-25-
and IL-33-responsive type 2 innate lymphoid cells are
defined by expression of CRTH2 and CD161. Nat

[12]

[13]

[14]

[15]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

(27]

Immunol, 2011, 12(11): 1055-62

Withers DR. Lymphoid tissue inducer cells. Curr Biol,
2011, 21(10): R381-82

Magri G, Miyajima M, Bascones S, et al. Innate lymphoid
cells integrate stromal and immunological signals to
enhance antibody production by splenic marginal zone B
cells. Nat Immunol, 2014, 15(4): 354-64

Glatzer T, Killig M, Meisig J, et al. RORyt" innate
lymphoid cells acquire a proinflammatory program upon
engagement of the activating receptor NKp44. Immunity,
2013, 38(6): 1223-35

Vonarbourg C, Mortha A, Bui VL, et al. Regulated
expression of nuclear receptor RORYyt confers distinct
functional fates to NK cell receptor-expressing RORyt"
innate lymphocytes. Immunity, 2010, 33(5): 736-51

Klose CS, Kiss EA, Schwierzeck V, et al. A T-bet gradient
controls the fate and function of CCR6-RORyt" innate
lymphoid cells. Nature, 2013, 494(7436): 261-5

Vivier E, Raulet DH, Moretta A, et al. Innate or adaptive
immunity? The example of natural killer cells. Science,
2011, 331(6013): 44-9

Bernink JH, Peters CP, Munneke M, et al. Human type 1
innate lymphoid cells accumulate in inflamed mucosal
tissues. Nat Immunol, 2013, 14(3): 221-9

Buonocore S, Ahern PP, Uhlig HH, et al. Innate lymphoid
cells drive interleukin-23-dependent innate intestinal
pathology. Nature, 2010, 464(7293): 1371-75

Halim TY, Steer CA, Matha L, et al. Group 2 innate
lymphoid cells are critical for the initiation of adaptive T
helper 2 cell-mediated allergic lung inflammation.
Immunity, 2014, 40(3): 425-35

Bartemes KR, Iijima K, Kobayashi T, et al. IL-33-
responsive lineage CD25°CD44" lymphoid cells mediate
innate type 2 immunity and allergic inflammation in the
lungs. J Immunol, 2012, 188(3): 1503-13

Camelo A, Barlow JL, Drynan LF, et al. Blocking IL-25
signalling protects against gut inflammation in a type-2
model of colitis by suppressing nuocyte and NKT derived
IL-13. J Gastroenterol, 2012, 47(11): 1198-211

Fuss 1J, Heller F, Boirivant M, et al. Nonclassical CD1d-
restricted NK T cells that produce IL-13 characterize an
atypical Th2 response in ulcerative colitis. J Clin Invest,
2004, 113(10): 1490-7

Voehringer D, Reese TA, Huang X, et al. Type 2 immunity
is controlled by IL-4/IL-13 expression in hematopoietic
non-eosinophil cells of the innate immune system. J Exp
Med, 2006, 203(6): 1435-46

Walker JA, Barlow JL, McKenzie AN. Innate lymphoid
cells--how did we miss them? Nat Rev Immunol, 2013,
13(2): 75-87

Lane PJ, McConnell FM, Withers D, et al. Lymphoid
tissue inducer cells: bridges between the ancient innate
and the modern adaptive immune systems. Mucosal
Immunol, 2009, 2(6): 472-7

Guo X, Qiu J, Tu T, et al. Induction of innate lymphoid
cell-derived interleukin-22 by the transcription factor
STAT3 mediates protection against intestinal infection.



424

G gEEd

7%

[31]

[34]

[35]

[36]

Immunity, 2014, 40(1): 25-39

De Luca A, Zelante T, D'Angelo C, et al. IL-22 defines a
novel immune pathway of antifungal resistance. Mucosal
Immunol, 2010, 3(4): 361-73

Zheng Y, Valdez PA, Danilenko DM, et al. Interleukin-22
mediates early host defense against attaching and effacing
bacterial pathogens. Nat Med, 2008, 14(3): 282-9

Sawa S, Lochner M, Satoh-Takayama N, et al. RORyt"
innate lymphoid cells regulate intestinal homeostasis by
integrating negative signals from the symbiotic microbiota.
Nat Immunol, 2011, 12(4): 320-6

Takayama T, Kamada N, Chinen H, et al. Imbalance of
NKp44 NKp46 and NKp44 NKp46' natural killer cells
in the intestinal mucosa of patients with Crohn's disease.
Gastroenterology, 2010, 139(3): 882-892.e3

Mortha A, Chudnovskiy A, Hashimoto D, et al.
Microbiota-dependent crosstalk between macrophages and
ILC3 promotes intestinal homeostasis. Science, 2014,
343(6178): 1249288

Zenewicz LA, Yancopoulos GD, Valenzuela DM, et al.
Innate and adaptive interleukin-22 protects mice from
inflammatory bowel disease. Immunity, 2008, 29(6): 947-
57

Eken A, Singh AK, Treuting PM, et al. IL-23R" innate
lymphoid cells induce colitis via interleukin-22-dependent
mechanism. Mucosal Immunol, 2013, 7(1): 143-54

Kaser A, Lee AH, Franke A, et al. XBP1 links ER stress to
intestinal inflammation and confers genetic risk for human
inflammatory bowel disease. Cell, 2008, 134(5): 743-56
Boos MD, Yokota Y, Eberl G, et al. Mature natural killer
cell and lymphoid tissue-inducing cell development
requires Id2-mediated suppression of E protein activity. J
Exp Med, 2007, 204(5): 1119-30

Yu J, Freud AG, Caligiuri MA. Location and cellular
stages of natural killer cell development. Trends Immunol,

[40]

[41]

[42]

[43]

[44]

[46]

[47]

2013, 34(12): 573-82

Constantinides MG, McDonald BD, Verhoef PA, et al. A
committed precursor to innate lymphoid cells. Nature,
2014, 508(7496): 397-401

Hoyler T, Klose CS, Souabni A, et al. The transcription
factor GATA-3 controls cell fate and maintenance of type
2 innate lymphoid cells. Immunity, 2012, 37(4): 634-48
Shih HY, Sciumé G, Poholek AC, et al. Transcriptional
and epigenetic networks of helper T and innate lymphoid
cells. Immunol Rev, 2014, 261(1): 23-49

Yagi R, Zhong C, Northrup DL, et al. The transcription
factor GATA3 is critical for the development of all IL-
7Ra-expressing innate lymphoid cells. Immunity, 2014,
40(3): 378-88

Seillet C, Rankin LC, Groom JR, et al. Nfil3 is required
for the development of all innate lymphoid cell subsets. J
Exp Med, 2014, 211(9): 1733-40

Yang Q, Monticelli LA, Saenz SA, et al. T cell factor 1 is
required for group 2 innate lymphoid cell generation.
Immunity, 2013, 38(4): 694-704

Mielke LA, Groom JR, Rankin LC, et al. TCF-1 controls
ILC2 and NKp46 RORyt" innate lymphocyte differentiation
and protection in intestinal inflammation. J Immunol,
2013, 191(8): 4383-91

Hughes T, Briercheck EL, Freud AG, et al. The
transcription factor AHR prevents the differentiation of a
stage 3 innate lymphoid cell subset to natural killer cells.
Cell Rep, 2014, 8(1): 150-62

Seillet C, Belz GT, Mielke LA. Complexity of cytokine
network regulation of innate lymphoid cells in protective
immunity. Cytokine, 2014, 70(1): 1-10

Spencer S P, Wilhelm C, Yang Q, et al. Adaptation of
innate lymphoid cells to a micronutrient deficiency
promotes type 2 barrier immunity. Science, 2014,
343(6169): 432-47



