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Abstract

The interleukin (IL) family comprises a group of cytokines that play pivotal roles in the immune
system. Among them, IL-8 (CXCL8), a prototypical ELR* CXC chemokine, not only regulates neutrophil
chemotaxis and activation but is also extensively involved in the progression of inflammatory dis-
eases and the shaping of the tumor microenvironment. Existing biologics targeting IL-8 and its re-
ceptors CXCR1/CXCR2 have demonstrated certain therapeutic potential. Although the high sequence
homology between CXCR1 and CXCRZ2, together with the complex protein-protein interaction inter-
face with IL-8, poses significant challenges for the development of selective small-molecule modu-
lators. Recent years have witnessed important breakthroughs in the discovery of various small-
molecule inhibitors exploiting allosteric mechanisms. Accumulating successful cases indicate that
small-molecule strategies targeting the intracellular allosteric sites of chemokine receptors are fea-
sible. Consequently, the research and development of small-molecule modulators of CXCR1/2 have
attracted considerable attention. In this review, we systematically discuss the structural basis and
biological functions of the IL-8/CXCR1/2 signaling axis, highlight representative selective CXCR2 in-
hibitors and dual CXCR1/2 inhibitors, summarize their discovery history, structural optimization
strategies, and clinical trial progress, and also provide perspectives on the future development di-
rections and clinical application potential of next-generation inhibitors.
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1. IL-8 ¥ 545 4TheE

H PR LR R TG G2 2R G A o RS AL, G A 0 5 Ty R DA 200 R 48 A A0 1 008 -5 e R Al B
Bt BN ER X[1][2]. fEBHEH, K40 4E7% HIIK ¥ (Granulocyte Colony Stimulating Factor, G-
CSF)3Z A 3d i 4 H PR 40 M () 28R 2 A S I A RS (3], s i) i MR At R 28 8 A DY 1 o o 28 ¢
SEES AL I AR R A RE (4] X — I B B2 M T B R OGS IR T, ] RE R P s AL R B 2493 (5]
(EAFVE R A, A PR 2 P T ad ik R T8 P K 20 A &1 B3 [ (Neutrophil Extracellular Traps, NETs) & Ifil 5
W Hz 4 KR F(Vascular Endothelial Growth Factor, VEGF), 12 5 MR R 5% Eki%[6]-[8], iXfdH
FN G B R T VR T IV B

EREE T RS H, IL-8 (CXCL)E NHAIH ELRY CXC #{LH F(N ¥ 2 Glu-Leu-Arg RFEFET),
W EE G B AEEZ R CXCRI/CXCR2 ¥ R MR LIRS .« 1% Tl - — SRR S HL
SEILT)RE R, PR RAEAG M PHFE M g 20 A PR s S5 B AR i X R I AR WDTE AL [9] [10]. 45
FHED TR B, CXCL8 5 CXCRI1/2 M4HMEANX NG & 5 s G AN FHE 5% S, w4
W0l MAPK/PI3K/PLC 15 5 0 % , A 1T -5 B0 PR 48 i 1) 28 RE 647 B b (1] 1) /R CXCR1 5 CXCR2
BB 76%HI 5 FIPEM:, HXT CXCLS WIZEM M M (Ka=4nM) [11][12], 1H - FIERAMARIER M FAAE R
F#5F. CXCR2 7]J 725 CXCL1-3. 5-7 Z5 ELR LA F, i CXCRI X 5iX Sl fRfaa 45 & . XFh
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ThRE G B S5 A LA T BEVE T 28 AN AR A X PP A 22 57, B C Im A IS N s Ak 13] [14],
RAMERE T Z BRI CXCR2 R R #k . 2T 7> 7L, JF A CXCR1/2 XU A
77 IV PR 3% P U4 791 2 RN T B e PR 4 IR 1 ) B SR
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!
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Figure 1. Signaling pathway and crystal structure of IL-8. (a) IL-8 signaling pathway. IL-8 binds to CXCR1/2, activating
heterotrimeric G proteins, leading to the release of a and § subunits of Gai, thereby activating downstream MAPK, PLC, and
PI3K signaling pathways to regulate neutrophil migration. (b) Crystal structure of the CXCLS8 dimer/CXCR2/G Protein com-
plex (PDB 6LFM) with CXCL8-A, CXCL8-B, CXCR2, Gai, Gf and Gy respectively shown in yellow, pink, grey, green, cyan
and magenta, and critical residues of CXCR?2 are represented by grey.

LIL-8 H{ESREMBARLEIE. (a)IL-8 FSIBE: IL-8 534 CXCRI2 HEMARIE=RK G ZANEE, S
Bl Goa FERL B 0y TLE, THOE TR MAPK, PLC #1 PI3K @2, TR MR ZAAEITRE; (b) CXCL8 dimer/CXCR2/G
Protein £ &#¥I& KM, He CXCLS-A, CXCLS-B, CXCR2, Gai, GBS #1 Gy DR HEE, He, ke, #E, S6aM
FatgTRN, XESERRAREERRENFRRPDB:6LFM)

2. IL-8 Ny F 7557
2.1. CXCR2 iE#E1% A ZE HHIEI5T

1998 4, John F[F] 9518 ot vy e & de A I — 05 BEIRSR JE A6 &4 1 (SK&F 83589, ] 2(a)) [15], &
SERICAL SRS B A e BRI CXCR2 4914155 2 (SB 225002, £ 2(a)), AW LA ICso =22 nM ] IL-8 5 CXCR2
454 HREBE AN TL-8 A5 1 P RL 4 M £k, 27 AR T CXCR1 &5 Hofth B x5 5 25 1 (7-TMRs) ) 150
k. T UL BHZ BORE I RATAY) 3 (SB-332235) [16] [17]+ 4 (Danirixin) [18] [19]#1 5 (Elubrixin,
2(a)) [20]38 5 51 N A 5 25 oo AR AR e v, b Elubrixin 7EZEVELF4ELL T Il PRARER - 2 7R il
eh kL 3 AL U 8 2R (NCT 00903201 . NCT00551811) [21], 1EBEEIESE 4 1T BB 70 K R B JiR Bl 2%
1E(NCT00748410). Danirixin JFfE 7 £ T COPD FJ 7 1 W I 3 J 4% ) 11 PAC 1R 36 (NC' T 03250689
NCT02201303. NCT02453022. NCT03170232), #R1fiFF¥5A 23 /> COPD bR &4 neutrophil extracel-
lular traps (NETs)[H . Kt GSK /A5 11 T Danirixin T COPD HIiRE[22]. %34, SB-332235 &
BAHENIEIR, AR T BT S FBom AL R %, HAEMZ SRR i 1L NLRP3/NF-xB/Notch
T 2 B TR R (23] [24] . XSS AR RN, BUARBEIE G 5 MR/ 31 il i S R AR A R A1 g
MZRSHORE G, (H S R0 W 245 o 22 80 5 i W [R5 B 0 AN 2
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Figure 2. (a) Chemical structure of small molecules targeting CXCR2; (b) SAR of cyclobutenedione derivatives
2. (a) #[E) CXCR2 BN FEEH); (b)) HELRREIERTIAY SAR
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A %

FE I BN AL R T, WEFUE R GRS T O RN, RO ME R AR A SE A
LA HEAR, I R G B SR - SRR AL (R TR I 58 2 TR (&L 2(a)) [25]-[31]0 R MRIEGEFILE

ik s T A (B 8 R W AR RS RS M 22, 7 R ) IR AR R FE BE[32]. AL
Merritt AR 7 K H R T 06 B0 S VE N QIR VIR IR S HE R, Ltk &9 6 R R UFTEHE oE
JEPE[33]. TEAGEY) 49 FEmt b, 383 A5 00 AR 07 B 16 ST AR B 1 3R 13 (/8N4 7 7 (Navarixin, 5] 2(a)),
AN GERE SR BEN G PE(Cso = 2.6 nM),  H CUIRAE YR FFEAE R BB AL b 254 T34 ] HE— DA KR
L, WRIEER 5 A7 F B AR E AR . 4 Ak B T4+ CXCR1 & #HEPE[35]. Hdt, Navarixin 5886
I SRR L BN | AR IR A TT I PR 5256 (NCT03473925 NCT00632502. NCT00688467 NCT00684593),
HAIREH T Y (Bianca MIESE, 2023)iE1d 51 A% ¢ (Fluorophore), A SZi FALAA S CXCR2 28 Hy
FARISE G, 9 CXC B R 152 4 4 0 P 728 44 15 470500 7D 7 e 0 6 i SRk — ol i) T R [36 ]

FET T M 42, Merck  Pizer 55 B 25 A 6] K AN AFF T — RAIATHEY)(8-14, WO2010091543A1
WO02010131145A1 . WO2010131146A1 . WO2010131147A1 . WO02012080456 . W02012080457 .
W02013030803A1. WO2013061002. WO02013061004. WO2013061005) [37] [38], L EAELMFFEIX .
M 7 X e SEARAL 2 X BEAT Bt (1] 2(b)), IX 88 R G I 5 B 1 T KB — R M AR AL T EE
(k22 ]

TG T, Bk CXCR2 /N T 550 1) 45 6 067 s B A PR v AS B B, 9T 9 28 F1) P 28 B R 1) 5 A
FARSLIG I IR AL/ TS A TE CXCR2 AN N FE DU AR ML A, 5 IE AT s A PR size , o
Lys320. Tyr341 I Asp84 #4) 20 i PN A8 ¥4 1 A8 (A% 0 25 A A7 1 [39]-[43] (] 1(b)). BS54 HNLHIAH L,
AR & BN 2 AR D Re, AT 5 = R BE ¥ 38 G PR R dEAT 56 4, BEIT T U455 SE AR [40]
[44]. BEJG, Liu 25 NIER TR T 2N 75 CXCR2 U M) DAS 45 AR T Ik B 421
PRI Asp84 TE A, BRI EAMIER, T/ M5 Lys320 1 Phe321 JE R ANE5E, [FIRILRE
IR R R PR ISR AN A (] 3()), AN P ME BT T CXCR2 5 Gai lE IS &
FERRE T CXCR2 HBUE[13]. # ERAERMMA G S CXCR2 #HAT N #:: SB 225002 MIIREHZ S
Asp84 FRIETE AN A, REENAEN, HFRHES Ser81 MIFE G 7258 = /Nals, FIR 7 — 85
MRS Tyr314 A n-n AHEAEH, SLFETRE 7TMHFINEREGHRIE 3(b): HETHEGEEHE,
Danirixin 8 51 N B i 52 5 R E SR 5 AN SR F (B 3(0).

Figure 3. (a) Crystal structure of CXCR2 in complex with cyclobutenedione derivative (PDB 6LFL), small molecules and
critical residues of CXCR2 are represented by green and grey tubes, respectively; (b) Virtual docking of SB225002 into
CXCR2, n-x stacking is shown as orange dashed lines; (c) Virtual docking of Danirixin into CXCR2

3.(a) BBt/ F5S CXCR2 HEAER, N FREBBIRETR, S¥EBEEERAAEGEZFT/R(PDB:6LFL);
(b) SB225002 5 CXCR2 HYEINXELE SR (PDB:6LFL), n-n HE{ER AR BELRT; (c) Danirixin 5 CXCR2 HJ
EXTIELE SR (PDB:6LFL)
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BT E AV RS IR R, H— AN PR R E T oL B 22 A 578K 1 4 TE B P s .
WL R A G I B T E SN, R SR BT 78 A4k &9 15 1 = E M REZ B 4 %t CXCR2 B8 B M)
KRR BEAZ, T & Y CXCR2 BEFAMENHI57 16 (CXCR1/CXCR2 ICso: 910, & 2(a)). KEMXTHEMS>F5h 1
AR, 16 @ KR EE S TMT7 4518 Lys320 &R, T CXCR1 _E[F—678 K Asp, AN 16
PRI 7 CXCR2 Byt #E 4 TM3/6/7 HIRI G A2k, X CXCR1 k= 295K [29], X R 7 H ik 900 £51)
PR

TENG IR A TTTH, Andrew 7] 535 T S i i 12 (1) 1 g HEE R AL AP0 (W02010007427) [45] [4615K
IS BT AL E D) 17 (AZD5069, 1] 2(a))id@ it e I e REZ W SR A 1], B 3R TR I JF
PRI ARG BR R [47]. ZALEW e A T IR R IE(NCTO01480739) AT X184 BH 2 4 ifi %795 (COPD,
NCT01233232). &Y TKAE(NCTO1255592) T 24 fill {7 42 P4 2 i (NCT01704495) A figi i 5 785 i g
(NCT02583477)11) 11 {lw RAREG 48], H AT IEFEREAT V67 W 301 ST A48T RN 5T R P 1 A1k S 3938 4 DR 241 g 14
Il AR IR (NCT02499328) . HATAY) 18 (RIST4721, & 2(a)idt—S b 2545, H 515 SB-656933
H1 SCH527123 #HLL, RIST4721 Acx4filfri&t LA HARIE S Thae . A &k 1 GRS
HAEVRIT 5 50 MR (PPP) I Tla I R 56 2 L R 4497

2.2. CXCR1/2 B2 T HIH0H5

VE N R 32 AR 2T 2 BRI AT , CXCR 1/2 X2 ARAE K5 070 DR FLA O 96 )7 D0 34 4 32 50,
RE B TE R S B OA B TR 12 . 25 B e a7 98 o % 4 S5 B R v R PERZ OO PE . A S 4R 4 25 (Non-
steroidal Anti-inflammatory Drugs NSAIDs)1) % Gt F HL il 4 i 5011 35 48, 5 B (Cyclooxygenase, COX) K
FEHPURAEA, {H 2001 £ RIEEZFHME ek el i@t COX A-KMuR AT 1L-8 5 312 A% F 41
(Polymorphonuclear Leukocyte, PMN)#E{L[50]. fEAFEERZ, BIL R-HS-FAJAHAHDS] IL-8 #fbit,
B R-B¥E 25 AEHNH] COX J5 IR L S-SMIA 2 100 %, $2on 1 I RLS S A FH o] BE T R8T IR IE 97 1%
. HT I, Marcello F[F] Fd I 7 F 0 AL L I R-AV% 555 CXCR1 (115 I 45 M 300 BB K 454
HETF & IR FEPERDHIR 19 (Repertaxin, ] 4), HiEid5 CXCRI1 € TM1,2,3,6 F1 7 N 1 #5 AR 4 i
4h4r, AR Repertaxin 7 CXCR1 Fl CXCR2 f25 A0 i i BERIR, HL 5 T 3605 7 M S9N 7E 1 CXCR1 TMI
FTTM3 VU TRIEZE Bk 48 Hh, SRRy i) AH B FE AR S L6 CXCR1 ik MEA 3] CXCR2
H 100 £% . 7E 5k I -3 V3 3545 (Reperfusion Injury, RD#EAIF, Repertaxin A8 0BT PMN f) 554 DL M KK %
R AN B TRV [S 1] [52], HOR5Emmiphlt. BEE. B FFEENEaS A2 0 o R AE Th R B s ) 111 34
I R S256: (NCT00224406. NCT01220856. NCT00248040. NCT03031470).

BB EE AR 20 (Ladarixin, ¥ 4), WG FHAIR AR T Repertaxin 55 TM2 (1] Lys99.
TM3 1¥] Asn120. TM7 ] Glu291 JERHI SN, OB ol N =R IR B2 5 TMIL 1) Tyrd6 JE a4t
S, SR ESEEMRRALIE R (53], A/NRIFHMA RT A%, Ladarixin [F4£f£ 7] LLTEH
PMN & K/ FHS G, ZUEWELFBIESE 1 BRI (Type 1 Diabete, TID)H] 1T Ifi R S5
(NCT04628481).

FEE BEAIHTTT T, Celltech A S IF R IIMABE LS /N 731 21 (K] 4) PRI E 1T 255 10 3 300E LR M 3 70 2
ETTIGPRAR[S54], (A5 SRR 5T H A T X —H B Bk, 18I B GBS o B 4 o R L
FERIIG, S NOIR 5E 5 R P CXCR1/2 XUSZAR 1A 203, X vl B2 K AE T B T2 A 5 1055
FZIM IR o P51 N = 60 Y 225 BTGB 1% 2 4t S 1) SRR AT B2 i A g R e P[5 5], D693 3011 22 (SX-682,
Kl 4B 4565 Bintrafusp alfa (RUHE G 2 K A5 s 400 61l 770 BE A VA I7 BR300 SE AR (Y LD J99 I R S 56
(NCT04574583), 22 AJBHMT CXCR1/2 LAy/b fibeg A O¢ i Mok 4B OV B S e i), 5 et A i)
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ZSI=PEE

IR RV [F] 1Y 5 T AHARPTIR RN, (AAEAEIAEREME, MR 2 M ok B2 vl B 5| A I e AU, 7]
T (AR 2 FIEAR R, RN WA A b g i R, RS 2 A P,
AR & AT AR 23 (SX-667, & 4)7E K BB (A 11975 (Rat Basophilic Leukemia, RBL)4H g 1 f 3 tH
SR 4 nM MG TE,  ELAESS I 4 B o R0 M AR R [S6]. (EERMZ, IR e N
AR SEIGAE STX — MW N oy TR AN R4, (HES FREREE CXCR2 HHii)
SB225002 AR Z, ARAIX CXCR1/2 A MEREPEN, XAlge 5456 M NEANEF L. Ak
A T o — SRR g 2 (ST M A PR BRI IE BRI G A e G 45 S CXCR2 [42], XK
Y N AEAEAS R AR A 1A%, BARLL B A F i FEESE

H Oﬁ/k@\
~s~ o O O
AN 0.1 NH e
feidhe] 4 0> ~CF,
|

19(Repertaxin)
CXCR1 ICg4: 1 nM
CXCR2 ICgy: 100 nM

Ketoprofen:

20(Ladarixin)
CXCR1 IC5y: 0.7 nM
CXCR2ICg,: 0.8 nM

Nicotinamide: H

o N
H
5% ; &
\©\ OH X F
™ F ——
_N

(o]
\)I\O/
2 22(SX-682)

GRO-a Chemotaxis IC5: 42 NM CXCR1IC5y: 31 nM
CXCR2IC5: 21 nM

23(SX-667)
CXCR1 ICg: 7 NM
CXCR2 ICg,: 4 M

Calcium Flux ICg,: 185 nM

Figure 4. Chemical structure of small molecules targeting CXCR1/2
] 4. $B[5 CXCR1/2 BN FEEH

&) 22 (SX-682)n] [T CXCR1/2 LAYg/> HoRg AH O H R4l BiR i« kR e i, 5k
AN FUICF B P [FD 3 50 T 20 Mo e 2587 o (BAF RV ZE B M, Mk 4 ik 38 0 okt T R 5 | R TR g XS 5
AER R G SRR e, RIS A A, OREEEA 2 A

CXCRI1 5 CXCR2 WML T 5 BA =ik 78% AN, FEE X FEHFTE N i, C . 5 i
ARG DA 5 I 2 A k. B ORABA TAE S5 4 b iy BE AL, (FLFE 2% Fofr A BRI R A% A2 36 AN R IR R FH (58]
[69]. CXCR2 7EH MR A H 3Rk, (e 32 A Mpr 40 B 103 A2 A0S 9K 3 28 5E e BE[60] [61], [RIE AT RA_E
i VEGF 1 MMP-9 {23k g L 55 4= B[8]: 1 CXCR1 £ S E 40 B B G fin 48 rhte Sed AR, Rt a] b
AR Ji e AH DG MR (T ANS) IR, F0 B8 e [62] [63]. 2T R DhEE /ML ARIT /K, JFK
Fe G B AR 7R AT DURS 8 SLVR 97 R 5K, R R AR R T IR S RE P ANERE ARV TT R, AT DA I S
TEIT BRI AR R AR P AR o B v e 5 e 1) SRS =3 B2 A v 32 (A Re S PR S5 M 3k A %5 LA GPCR
NG TR REAZ S5 M AR 4 A BE 1, T CCR7 fMe — ik — Sk M3 770 25 [ 641, [RS8 o H it
PPV R SR R IE IR JF R IEMIS A, CXCRI Ml CXCR2 7E N S5 M i 5, B HAb BHA 2145
FJE) GPCR W CXCR4. CCR7 ZAFTEA AN IERINL 1 [65] [66], #T DATE BEIX Ik T 48 2 5 A 2 P 1 IE
AImE
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3. BESRE

FA BN SR A% O R B, AE SR . SO S B K 4 i 1A 3 TR R AE B AR AL,
Horp IL-8 3@ HOE G RIS R CXCR1/2, LEH YR E FIEFE . SORE SN S e S A B 8 ik
R IERBEVER o 4T, B IL-8/CXCR1/2 15 5 4h /N7 1R R0 70 A S 5 R g, AR R4 ) S g
AR 5 5 PR MR RO AR . {5 SRR MR AR SE, o TR M. RTAT, i UsAT) T I D% BBk
fif%: —J& CXCRI1 5 CXCR2 175 FE [R5 AL 15 7 BUGE B PR A0 61 70 (0 B v A e B, e ik — D3R T4
IR ARG R PR RN, 52 25t AR O s — 230 A6 & W)(30 Danirixin. Elubrixin)fE
I RAR S P R 7 8O SR BN B JR R 260k, SO AMEYE S 0k N ST QR BB 2 IMAFIE 2 8, — R IUA D
11751 2 B A P O L P AR A 148 HOR R AR A7 s R DI 8 22 S R R NIRRT IR 45 57 s 1F
R e A AR ) X0 AT A AR 230

Kk, IL-8 INrTF TR AT RET LR 710 —RAKICEWEM S5 T IFHEAR, Wik
fif#HT CXCRI/CXCR2 IR ASH) CIAS S5, g b B 40 700 ) B ek S A PR S, ULl 0t
CXCRI/CXCR2 [ N ¥ij\ 5 NI Z 7 XK, RREWAMEIEM RN R, IR
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