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Abstract

PD-1 (programmed death-1) belongs to B7-CD28 (B7 family-cluster of differentiation 28) dependent

Ig-like family. As a suppressive receptor, PD-1 plays pivotal roles in signal transduction of T cells. The blockage of the

signaling between PD-1 and its ligand PD-L1(programmed death-1 ligand-1) will promote the T cells proliferation

and differentiation and conseguently activate immune responses against tumor cells. Binding to its another ligand PD-

L2, PD-1 not only plays a key role in tumor immunity, but also plays important roles in asthma, allergic reaction and

so on. This review focused on the signaling pathways of PD-1 and its ligands, as well as antibody inhibitors and the

clinical application in cancer immunotherapy.
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I U A T S I R S e LT A2 3K TE R
FL o3 T A A L o T TR Bl A X
THEARBUAN R IUE N R AT EZEWEN. 3L
R T 0 A FE SR, 73 50 O G L BR &R E
% KB JRE 3R BE K] F- (tumor necrosis factor, TNF)
R k. BT (BT family) )@ T 7% Bk & (3 #
KR, & B e R DUAETHN I 10 3% b ok 7 e &
HEAEH B — R ILH B 7. BTX R B AAB7-
CD28(cluster of differentiation 28)%% 1] 1E [A] 1 %,
N A B7-CTLA4(cytotoxic T lymphocyte-associated
antigen-4) FIPD-1/PD-Ls{] £t [f] i % . MiPD-115 5
i % 2 B7-CD28 5K R 55T K B, BEDRFFHLAA R H
AT 52 11 AN T4 i 1 B 25 P47

1 PD-14544

PD- 155 #] 2 388 3 1) ok 2% 38 152 A AT T2 /)8 B A%
298 R o B3RS 10, A Ay 4 NPD-1(programmed
death-1)?', PD-1X#{CD279, f& CD28#1 CTLA4%:
JEERE X — R, 8 5PD-L1(programmed
death-1 ligand-1)RIPD-L2AH E.AE H, MM & 15 e 7%
fEHS, PD-18H b1 3 ERIAET/BIk L4 i
H 2R 2% 155 41 B (natural killer cell, NK). 5. 4% 41 g
W 5 4R 41 il (dendritic cell, DC)%%, {H HASZE ## 1ET
4RI, PD-14E i A2 4 10288 /N & 2 iR 111
RIS AR (A, 10 APD-13E K52 A1 F et h2q37.3,
5CTLA4. CD28E.H21%~33%M A JE 1, H 5 K
PD-17E K B A 60% 1 [F] J5 14 . PD-143 ¥ 4 X A
B —MgVIELE IR, 167 WU BEIRALAL 5, I AT Bk
i FERE AL, FEPD- VR FEHN IR FH B f ok 35 ¢
SEAEF, PD-11 R X R 502 A A B Z R R,
FE I N-3i P s G R ik 2 5 ) PRl G B IR S TR A R T
B P25 52 AR I S FR H1 | #5248 (immunoreceptor tyrosine-
based inhibitory motif, ITIM), HEi/TC-3i % 52 2 7k Jk
L5 ) [ At 7 510 S R 4R T 92 52 A G IR B A
A (immunoreceptor tyrosine-based switch motif,
ITSM). ITSM I B2 AL 5§ PD- 1 4% 4 32 400 ikl 48
A R . PD-14 T 5 HABB7 5 1 R 2 A
A, &% HFMYPPPYELFDPPPF ¥ 41|, 7 il 4 X th
Z R IR TR AL, DR ] LSRR T S AFLE

2 PD-L1FAPD-L280%54
PD-L1(X 4 Hx NB7-H1, CD274)FIPD-L2( A FR

NB7-DC, CD273)/&PD-1{ B AL, ‘eI T e th
149p24.2, #4s T [Rl— 75 [, % R AHKG42 kDa, [F)J&
FBTEZEE. PD-L1J2 — w5290 2 FE 1R 114
PSR H, PD-L24) 72— M mht24 74 2 FE 0L 1) 5 i
B, WHEIBEAIgVIEE . [gCrRE/mIR. Hush
X B 5 (X 238, 1 A HIPD-LIE:R 5 R PD-L1%E
HAH69%H AR TE, NPD-L23E [N 5§ PD-L2%:
9, ELAG 69%[H [E 1t . HPD-LIFIPD-L2AE K 1R 7K
A 37 4% [FIJR I, E R IR KT B AT34% 00—
Bt F48% [y [Fl YR 1, HLPD-LIFIPD-L25 H A B7#4
KR AB7-1+ B7-2F11COS-L(inducible costimulatory
molecule ligand)th 5 20%~27% 1] —ZPEE,

3 PD-LI1FIPD-L2HIFRIAER
PD-LIJRIBWEH), ARG AT L. B
IR SROPR 20 R B A 4 i v Sk, 9 BEAE i i
L2 R R, T AE AN Ik T 45 v Sk B i /b
AN, PD-LIWREAE G 8. Oy FF. MlSEH %
. MIPD-L28 A it f 32 14 1% H M B0, HREAE B
FNEAN B BB SRR G P RN IR 4 3R A
{EL7E 4R A B 3F 55 v, PD-L27] #3555 K35, AN
# -4(interleukin-4, IL-4). T3 # (interferon, IFN) &
A5 G INPD-L2M ik . 76 N i bk P R 4 i
R, IFNyFITNFoth 7] $2 = PD-L2 [ 2 k. 78 )
S 41 B, 38 2L TRIF/NF-kB(TIR-domain-containing
adaptor inducing interferon-f/nuclear transcription
factor-kB)F1JAK/STAT3(Janus kinase/signal transducer
and activator of transcription 3){5 5 i % 1] DA3E i
PD-L2] % i&, M i #0 #ill TNFo(tumor necrosis factor
o) FTIFNy I AE R M, HeAh, NF-xB Fl STAT6f5 =il
% Be 5 P 1EPD-L2R 2k, B 5T R I, STAT6R
/NERH, PD-L2ARERIE, TNF-cBRiR /MR, HA
AE 58 4= I PD-L2 [ kU9 phy ik AT HE, STAT6
FE U #PD-L23 14 7 T R #5 2 R EE A ME . 1
STAT6E 1 42 Th2. 2 1 G 2 S B2 75 T th ¢ % 4 B 22
MIE A, JF H LB IL-2FIIL- 133000« feilr b R B,
TSLP(thymic stromal lymphopoietin)FIIL-27t ] S5
STAT6. (i Th1 ) 4H /it 5] 5. TLR(toll like receptor)
P A4 S5 41 2 BOANF-«BAE 5, I {2 #EPD-L23& 55
W 9T K I, PD-L2HLPD-L1E 5 T 5PD-145 &, Hok
171 EPD-L1f92~6f . {ETh24H fy HHPD-L2 2 /&
A, T AE AL, PD-L23d % kb TR FRIA7KF,
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8 7PD-L1 5PD-145 517,

4 PD-1/PD-L1{5S@E
PD-1/PD-L115 5 i i (1 5% T, A7 ZPD-1
5 HBCAAPD-L1I &5 &, 16 7 ZEMHC-$i R Ik 2 &
V)5 T40 M2 1 I TCRAH BLAE . 47 & #0343 i
BRI, 5t 2 5 ZPD- 1 57 [X ) i 2 12 ol PR AL,
M 55524 SHP-2(SH2 domain-containing protein-
tyrosine phosphatase-2) ¥ i % 4t [f)SHP-2#|PD-1 C-
i ATTSMASE 4 ) 1% 2 IR L=, 2R J5 SHP-2f# TCRAH
K] CD-3C F1 ZAP70(zeta-chain-associated protein
kinase 70)2% B F2 A AT 0 i) T Ui AE S 0E B, 1 A
J0 BEL ¥4 7E.Go/Ga 38, T2 o A A A0 ], BH ¥ 2k
R MM, A e K E g R EE R, PD-1E S
A P ST 4 4 BELS 7EGo/G, AH FL IR AN B34
G4 i &) 191 2 13 0 40 i ) 90 o 1 O ) 2 1
(cyclin-dependent kinase, Cdk)[¥] 7 1A, 1My /& i ik 3 i
Cdk Al ] 77 p2 7P Flp1 5™ Bk J 45 1 i) 4E ™. otk
4, PD- 15 5 3 i th 2 I PISKAS 5 3l i, 3 B0
AU, TL-200 70 WA R A, 17 T PR IL-2 ) 70
¥ 2> 5 3 CD4™-T4H fy FCDS -THH g Tt /= B 78,
PD-115 5 18 % 1 € 5% i Ras/MEK/ERK (rat sarcoma/
kinase of ERK/extracellular regulated protein kinases)
5T . PD-1% T MER/ERK/MAPK (kinase of
ERK/extracellular regulated protein kinases/mitogen-
activated protein kinase)¥J fi§f 11 4F F i E A 3% 8 4%
(¥, DXl JUPD-1HC 7 AN BE #0 H INK AIp38 3 Mg, J
I 1 1 AKT(protein kinase B)[ ¥ 7, PD-15¢ % &
EFoxp3(forkhead box protein P3) (1) 3 ik, & i )
#]Cdk2, PD-1/¢ 1% # B TGF-Bifi 4% [ Smad3(mother
against decapentapeegic homolog 3)Ft %5 sk, M
i 1t Foxp3 ) % sl is itk 4b, 1@ i #7 fil FAO(fatty
acid b-oxidation), PD-1HEWS 7 1 FOH AP AU, M
T2 3E R 5 T4 M (regulatory T cells, Treg))2E 1%,
[F] i A 2> $f Th1 A Th 1 7480 A 1) 2E . PD-145 5
A B A JRE AN A 2 G S N 22 (A) 4 A B A
H, I B 48 i E A PD-L1 S Tk 4 b 3%
EHIPD-1454 J5, PR B e i, mIEJvrE 3=
& G P B 8L — AL AP BRI 24 BH T PD-1/
PD-LUI{5E ‘S I0ER 5, fAERR 1 Ttk C4H P PR G 28 400 1)
FH, AT AR b8 240 B ) AR A7 A RO Il R AT 5
KB, P WTPD-1/PD-L115 5 il #% B FH Wi CTLA-4)5,

AEHE e £ [ N, XTIl R 25 B
HHe & P, PD-1/PD-L115 55 Sl g LI 1.

5 PD-L2{5Si&K

PD-L2 5PD-14i& )5, B FH TIE S
PI3K(phosphatidylinositol 3-kinase)/AKTH] i, [F]
I, 23/ Bel-xL(B-cell lymphoma-extra large) i,
b5 2238 MG 53 AH 9% 1 B 1~ WG ATA-3(GATA binding
protein-3). Eomes(eomesodermin)th &2 N iff. 1X
B8N {5 5 10 4% 88 S PD-L15PD-145 & 5] i (15
7 ¥ O R AH L, EAA ARV S A2, PD-17] g Jf AN
AZPD-L2/ M — 24k, SH T, 7£ 1E % FIPD-16k
K/ R AL B, PD-L25R A8 R 7ETHH i A7) fig %
FEHDRe, DA A T HEIPD-L2 7 R id 5 HoAth %2
Weia, 255 5M0E SR, AN, BRI,
PD-L 1 FIPD-L27E A 25 T4H if 75 WP W T vy 50 1 75 TH
RAEEEZEIER, EFE PR PD-L2f&E
RIE 2 FEFIGE 15 [ N (airway hyper reactivity,
AHR)FHTi 5 28 REIG I AEPD-L 1R 2R (1 /) B I8 i
T5 B BEAR, T PD-L28k 2% 1/ B, T 5 22 A e
PD-L27EIETAH M ik, 5 MR TE TN 52 % A %,
FH TRGMb(repulsive guidance molecule b)-PD-L215
I, AW AR RGE I 52 P, TTRGMbZ
RGMZRM A2 —, B %RGMa. RGMb. RGMc/
hemojuveline, RGMb ¥ ZE 4 2 4 h KB Ak 45
& 1%, PD-L25RGMbFIPD-11f] 55 1 75 46 fud, 3
i 5 30 S K4y 73] 948.5 nmol/LAI58.8 nmol/L. 4
RGMb 5 BMP2/4(bone morphogenetic protein2/4)
fERE, & SIEBMPZ /R 1E M, 2R 5 55 L1 BMP
Ak, WHEBMP3Z /& AT BMP 32 A4 B 12 1k, H
tH 2> f#Smad1/5/9HIMAKPHIERK B I ft.. It 4b,
RGMb 2 5 F 2k & A (neogenin) A B {E F, MM
N RS 5, WRhoo 1M fEH HPD-L2/EAE S
Y — sy, G S, PD-IAREES
BMP2/41E i, H H & 5 GRMbAH H.4E fl. PD-L27E
JIls e 922 i 75 rh R 3 A /R Y, TIRGMb 32 22
FIRAE N, 2 FPD- 15044 B Wr J5, PD-L2RE S5
RGMbAHHAEH, B LLEHIPD-14044 J5, 7] LA 3
KRR KR, RGMb/PD-L215 5 55 T il # WL K2

6 PD-1H9phEEIIA
PD-1/PD-L 115 5 i % 55 i J8g 4 928 6 3% ML 1) 2%



1436 CGRR -

E1 PD-1/PD-L1{E 5B
Fig.1 PD-1/PD-L1 signaling pathway
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E2 RGMb/PD-L215 SiE
Fig.2 RGMb/PD-L2 signaling pathway
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1 FDARUESFENIGREIPD-131F
Table 1 The PD-1 antibody approved by FDA or in the clincial trials

SN L PO I R R0 B B It PR B8 By B WERALI
Name Target Type Indications The phase of clincial trials Enterprises
Opdivo PD-1 Fully human 1gG4 Melanoma Approved by FDA BMS
(nivolumab)
Keytruda PD-1 Humanized 1gG4 Melanoma, non-small Approved by FDA Merck
(pembrolizumab) cell lung cancer
Pidilizumab PD-1 Humanized 1gG1 Follicular lymphom, Phase II CureTech
diffuse large B-cell
lymphoma
JS001 PD-1 Recombinant Melanoma Phase | Shanghai Junshi
humanized antibody biosciences Co. Ltd
SHR-1210 PD-1 Recombinant Solid tumors Phase | Jiangsu Hengrui
humanized antibody medicine Co. Ltd
BGB-A317 PD-1 Fully human Solid tumors Phase | BeiGene
BMS: il SEftifi
BMS: Bristol-Myers Squibb.
DIA DG PR 4 i J@ i RAPD-LISTAN R i ke Rt gt

PD-1% A iU FLAE F, 4060 T4 M 1 ThRe, A i e i
NAR G Y%, RITPD-1 2 R A 78 B8 S J6 97 10 3T
B SRS B BT X PD- 1K) B v B4R, FEL BT
I8 41 Ff 43 94 IPD-L1 5 T4 UPD-145 &, MM R BRT
S A O A P 1 D, (R T 204k o S 2 i, 4%
AP REER . X BB B R 2T i,

MPD- 133G FDA(Food and Drug Administration)
otk _E T, B 2N PIPD-1H A SR e HE N IR R 56,
BFEHE K =M, BAARRL. MECT ARG
T 76, U2 R e RIVE R /DS, RA R
ML, HIB 9T RORIE17%~28% 2 [RIP8, 1ff 2 |1f
T30 FAIL-20 9 FH TR 97 o, (2 i T sk
FIMER S R 26T R 1) 8 8 I FH 2900,
6.1 Opdivo(Nivolumab)
Nivolumab & AJELIHIPD-1 1gG4 5. 5w FE DL,
XTPD-1E A7 1 56 F1 ) FURe S 1B AH SGHIE 98 R B,
1£0.3~3 mg/kg) 7 & T, Nivolumab) Il ¢ ¥ % i A
12 d; 1 7E10 mg/kg 7, Ff i 112520 4,
H AN BT YRR PR EAS T L 3 100,
TE AR TEH i R, A % 452.6 nmol/LIIPD-1, RN
0.04 pg/LI¥)Nivolumab/i, )4 70%HINivolimabf 5
PD-145 4 #5528 55 ki S Nivolimab, FF&:4)H, 45
H R B, PD-15Nivolumab ] 45 & % N64%~70%,
HTE3MH W, Nivolumabfg % £F 42 5PD-145 4 bk,
1377 7 %2 4% FNivolumab AT 3 ik IR 9 52 2 45 4% Bl

Il RO 0F 75 % B, 7E1074% 52 3% 3 H, Xt
Nivolumab ] 1 [ 2 }y33%, H LA B N H84.1%,
FE NP F(31.8%) FE(23.4%) HETE(17.8%)-
P PE(13.1%) F X 1 (8.4%), 1A A SN H B ™ B AN
R, T 3% 50799 NS B A T 7 1 S 270 A,
WA 3 NBE TR T A O () S e 2 il 2 B0 b Ak, e
fih BT 72 &% P, NivolumabfE BB =8, B Ak
/I T fi e v A AL B WL R R R, fE B A
2T B PRI GG o, 6T S S A AT 1) Bk g (n
4 2 J8), I H 1%  BRAF(B-Raf proto-oncogene)
PR A 21007 2 303, H X Nivolumab ] i i/ %8
NB8AY% . MLAL, ZA AL K I, FE26811 32 W rh Al
F Nivolumabi&J7 (3 mg/kg, 2 )Fmi N 3 A 32%,
T 10247 B3 R FlAGIT 77 R IT, Homi B 3R ALy
11%, I HNivolumabH: A [ [ NAN 9%, AT A
31%%,  H AT L, HUPD-1HU4R 5 4% Grif o7 A b A
ARORIINS, & BA B AR, X R e o7 &%
R AE201245 1) 35 [ I PR 88 27 4F 2 (American
society of clinical oncology, ASCO)H, A # 15 & i,
Nivolumab ¥ % WL 2% fift K ££30%~50%, F H. £ KB
gy B3 v B KA &8P, Nivolumab i 772014
E12H22 H HFDAS#E BT, 2 2 0& BiE R R
Tl o
6.2 Keytruda(Pembrolizumab)

Keytruda(Pembrolizumab) X # 8 MK3475,
e — PR EE AR S SR AN I TR AL 1) 1gG4
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PUPD-1HR 3 [E P fk . HAEC228PAL H A RAZ, 1IX 2
N T B 1EFedr 5 0 B A4 4 i 1 48 B 75 74 (antibody-
dependent cell-mediated cytotoxicity, ADCC)*35, A
B3R AT A 1 L Ipilimumabif I7, HAE
FPembrolizumaby& 7 1) &% 5 AH AL, 43 51 A38% Al
37%, HIH R N BA —E T Fe8 . I RUBA0E T
RO, 10 mg/kg &, i 8] 18] B N2 8, Hby7 o)
e, BB R N52%. (B =N, KA
AN RSN B EAB) B g, 91%H09R N BB A RS, F
HF123% H BL™ A R M. BN ) w5 A
Pembrolizumab F)751) & F1 ] B& B (8] 52, 7)ok, A
FA AT, I AEAS R s B7 g Bl A g 031 o 1 PRI
WIREG KB, 18 10 mg/kgI7) & 1697 Llpilimumab
TBIT SR, AR I, FLAE T B AR R XU
AT HIpilimumabiG i 7 980 41%, H LGt AL
A (progression-free-survival, PFS)/& IpilimumabifJT
[P AR50, e 4b, BF 70k R B, FH Pembrolizumabify
75, HeIHR 4 /INT2% P . FE20144F 35 [H iR 2 4>
LW, BA TR H, Pembrolizumab i & 44
Wi NV 2841 %, 5842 N2 9%, Pembrolizumab
CLTF20144F9 HAH e L B ke b7, EZMH T8RI7
M .
6.3 Pidilizumab

Pidilizumab X #XCT-011, & A Y5 AL (I1gG1EE 7 [
ik, Pidilizumab#é 4% B WiPD-1/PD-Lsf5 5 18 %,
BN AZ TR B 20 M B B, R A e g8 R RPY T I
PRI P9 0L 905 i 988 (B 4 22 6 1k 080 ) A 3 v i B
Pidilizumab B A 55 & (1) 22 4% P A 52 7, % W22
iR 2 933%, FF H.Pildilizumab A& W% 18 HINK 2 i 38 i
CXCR4/SDF-1aii& 1% 7] 25 K V1 #9884 7%, AT K
PENK Y0 M 0 25 E P TR e R, HAR
RNN6T%, EEEIEYS, H5CT-011 53R T
JeHL
6.4 IpilimummabFINivolumabByEX & ;87T

Ipilimumaby& — ' B 5 [ 144, e A 25 FH B
CTLA-4. CTLA-4%) T Refi% 5 W % % & 45, Ml 55
%A b 8 40 B 1 BE /7. Ipilimumab -5 Nivolumap

KA VR IT IR o — FhoRT i 22K, B T B 1R

B AHSEHFF K I, Nivolumabffi F 71 & 1 mg/kg,
Ipilimumab i Fil 7 3 mg/kgIBEAIR)T A, I
WG % N53%, R A3AX A A E AR
N, BRI T80% HEH L . HARERAIRIT

AN B EENivolumab B8 it vA 7 Bk, BEA A
7 AN B S B 3 53%, M Ipilimumab 53436 97 1 Dy
20%, Nivolumab S .M y5 77 W A 15%. HILE HEE
BT BT ROR L, (REIVER R, th4h, 7EPD-LI
BH 4 1) e 25 R, A B9 FNivolumab BRI T
[ TC ik J A A7 HA3 144 A, BB TR 9T 1R 25 W 22 i
ZN72.2%, Nivolumablll J457.5%; i fEPD-L 1B 4
i g BB AR A IR T I T e AR A ) 5.3
H, W 2% fi# 2 N54.6%, TMiNivolumab B 5 J7 1]
TEE RN N 1124 A, B E R N41.3%* . H
AT I, BRA R YT 28R ZE LU Nivolumab S A ¥ 7 2L
it

PL_E 045 3R 0, HUPD- 1544 B AT B 4T 1 PR L
FAOME, e 084 5 1 Hh BH W PD-1/PD-Ls /5 5 il i,
T ASE A5 Tk E4 200 L e 4% 23 10 O SR A i, R 4 7%
RN, RESFHEA IR A0 . EULHIPD- 1P Rt 2
FELE PGS BR S, AH 2 3G L T #B LG, a0
THy O, MXEAE, [R>S I ) B R
AR RN BTLA, FiPD-14i1A B A B I A I R
L FH AT 5

7 EESRE

PD-14H 945 5 18 B AE 2 1 75 Tk E2 40 il 384 4 7y
Y1) B RN 15 T IE B, MMUAESERF B & %
i 52 H P 5 B LR, i AR IR i e i 1k i
L WS A EH . £ HIPD- 1Pk 25 B
R S P G RN B I RIS PR REE, LRI PR IR ¥R 9T
AR WOR, NIRRT I — KA 8. HAr
B o 96 i YR 97 v 3R B TR AL T B A T Vs,
HX PR LR EAR G E R il R )
. TP T R B A R S A BRI E NS
R, O TF AR AT J5 X — B i R T,
WS TEENIRKRAR. PRI R 248
NAERAE Y 25 A s . FRATTIARE, £FXTPD-1/
PD-Lsf5 5 i B 1 G 528 V6 I7 2590 S A O v6 97 7 1
fift 5¢ nT CLEAS B8 22 B 1 1) 33k e, ol I o A A ok
BORIIAEE
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