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HE B FUT IS R 4 (PADI4) X 4N K 8 (IL-8) /M biIifs, Mt
X RGVEL PR (SLE) RIRHIEN . 5535 FIH qRT-PCR XFHLAgHEXT I (HC) 1 SLE
B PRI 1L-8 FRIA/KF . ELISA Fll HC F1 SLE M3 IiE 1 1L-8 /- ilh/KF, 7 Hiii
&G ME 1IL-8 /KT 5 SLE MR MG 4R Fr IR BETE . ELISA Al HC B SLE I i Xt i
LEH 7334 1L-8 YR o 2 JELAX rP 146 40 i 45k Y PADIA g 7 4 01751 GSK 484, B 7E PADI4
RECER A R PR 2 LR HL-60 48 (dHL-60) el N- - B U iR BR- AR T 2R (FMLP)
Lz G467 (ICs) R IL-8 M-k F. 55 5 HC MLk, 1L-8 mifkis T SLE &%
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Abstract Objective  To explore the regulation of interleukin 8 (IL-8) secretion by
peptidylarginine deiminase 4 (PADI4) and its effect on the pathogenesis of systemic lupus
erythematosus (SLE). Methods qRT-PCR was used to compare the expression levels of IL-8 in
neutrophils between healthy controls (HC) and SLE patients. ELISA was used to detect IL-8
secretion levels in the serum of HC and SLE patients, the correlation between serum IL-8 and SLE
related serological indicators in lupus patients was analyzed. ELISA was used to detect the effect
of HC or SLE serum on IL-8 secretion by neutrophils. Using PADI4-specific inhibitor GSK484 in
primary neutrophils, or in PADI4-knockdown neutrophil-like HL-60 cells (dHL-60), IL-8
stimulated by N-formyl-met-leu-phe (fMLP) or immune complexes (ICs) was detected. Results
Compared with HC, IL-8 was significantly higher expressed in neutrophils of SLE patients. Serum
IL-8 levels significantly increased in lupus patients and were positively correlated with serum IgM
levels. Serum from SLE patients induced neutrophils to secrete more IL-8. PADI4 inhibitor could
upregulate the production of IL-8 in neutrophils. In dHL-60 cells, knockdown of PADI4 led to a
significant increase in IL-8 secretion. Conclusion The proinflammatory cytokine IL-8 is highly
expressed in neutrophils and serum of SLE patients, regulated by PADI4 and correlated with lupus
serological indicators. IL-8 plays a role in the development of SLE through inflammatory
responses, and PADI4/IL-8 provides new thinking for SLE monitoring and therapy.
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R PIRIE (systemic lupus erythematosus, SLE) & —fh S 7Y ({184 1 B S22,
Z RO T e, HAEHE N B Sduikad B4 % 264 (immune complexes, 1Cs) 1%
(AR N o SLE ARREERIGHR N 1.5~11/10 77 A M, st i im AR pi s =152, B
HI M JCia @& SLE HIJTiE, i MEva v BB A0 2 AT Ja IO Im IR M, 2 ISR
REGEIHF LRI, FIL, W7 508 LR T RO BIER .
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LE BEME IL-8 /KT 5HFIEENIE L IEAIE, 5RO AF Al 2 IR R, ik
¥ B iV fi%ME 4 (peptidylarginine deiminase 4, PADI4) T EAEd R4 ik, T
R NNE R, T k4B 754 (neutrophil extracellular traps, NETs) J&
1, 55 S SRR AR AP A5 SCERPHRE , PADI4 (gt T 4R IL-8 [ B .
RGBT, PADIA RS 5L R AME T IL-8 (MRS M AE R . %ISR H
SLE S I PR FEA AN AL ER D PADI4 4% 1L-8 FRIX 5B R RN KR, B IHE
TRIT R AHT WA

1 e 575

L1 RBIBRE R 2023 45 9 H—2024 4 9 H7ELRIBEFRI A IR BB st i2 1) SLE &
FHIL 85 fl. Nikbr#E: © 3 18 & @ FFEIEE XY 2 (American College of
Rheumatology, ACR) 2009 FM&1T 1) SLE 2Witnift; @ BAMKELKEMET R, B
#MA& 3 (complement 3, C3). #MA& 4 (complement 4, C4). 19G. IgA. IgM IfiLiE 4 .

Bt © AIFMREOR, FAt E S O B R SR E R . @ VAT TEE .
TEHN 26 5147 % 55 J31) DT J50 1 A B AR 3 /B AT R Chealthy control, HC).

1.2 BT

1.2.1 SRy Bt MOBTEER) EDTA Hrist i o 40 88 SRR PR g p . (6 A # 3e
#idjf& (Thermo Fisher Scientific, 3%E) a4 & AIEs 73 #2 v Bt FH A0, A OR 4 75
FKET 0.5 EUML. #4526 PBS B4, #424H7E Ficoll-Paque Plus AW (GE
Healthcare Life Science, i) Tii&E, 3000 r/min #6850 30 min J&, MR M EZE T4
NS5 R, BFEI. SNE AN Ficoll ¥ RigHR AL A0 FHIRAT L0 40
M ZBEEEFR R 0BT, FiRT 5 6% 8 EMER (Sigma-Aldrich, #8B0 WRA H T
20 min, B JEH S A RN R LR SR BRI . TOTE 2B T KRR AR LA 30 s,

PBS HRIE B0y TEF 10%/N - M35 ) RPMI1640 15 75 ko 1% IR 4l b ) s MR 40 .«

122 HL-60 4HRKI3EFRA4E  HL-60 40 A0 5% E bx e £ S b - (American
Type Culture Collection, ATCC, &[E). 7EHEAREFRIIN, 4% 5 (RFFTE 1X10%mL LT,
2~3 RAEM LR, Sl i i AR g A AR AN 20 Yk Ff HL-60 415 1.3%—
F AN (dimethyl sulfoxide, DMSO) W& 5 d, 4ok A ki g0 ke HL-60 20

wn

(neutrophil-like HL-60 cells, dHL-60). i X040 A4S M CD11b ik K DAPI Gy i X %2
YU A% TS R VEAE HL-60 234k /K T
123 ¥ & PADI4 FEE K HL-60 40 H8 & ¥ # 7] PADI4 [ shRNA ( JF %1 :



GGTCCTGCTACAAACTGTTCC) HIxtfE4] shRNA (#%1: GCTTCGCGCCGTAGTCTTA)
T BRI B T EA psi-LVRUBGP 71 (GeneCopoeiaa, 5[ ). {#i/f] Lipofectamine2000
(Invitrogen, %[ ¥4 bk 8 20 iR AN M8 B B 25 40k psPAX2 &z pMD2.G % L3
293T ZHfrf, 2d JESsE & FE 0RL 1Y) 293 T 4 ek 7% Lid A T 1&g HL-60 4. BEJS,
T A 533 H GFP FHPER HL-60 4Hf, FH7ERFRId e ] 0.2 pg/mL MM 53 RE 40 ik
HL-60 41 fitg 155 731k 9 dHL-60 41 /il f5 qRT-PCR #a:ll PADI4 s 252
1.2.4 qRT-PCR 525 f# [ TRIzol i{7 (Molecular Research Center Inc., 3£[E) #2£Hl RNA,
B& 5, 18 PrimeScript RT 75 & (Takara, HA) ¥ RNA %4 cDNA. 7 StepOnePlus
SERF PCR #2441 FJH SYBR Premix Ex Taq 55| & (Takara, HZA) #47 qRCR. ¥ GAPDH
RIEAKPAERAN S, SEERFRIEFATIRAEL, CUAEXT & (relative quantity, RQ) FxJfilid
2{AC OWREA) -AC_ (BERA) 1\ LT, qPCR #5514 F: GAPDH (NM_002046.7, iF
[ 514): TTCACCACCATGGAGAAGGC:; X[5]%): GATGGCATGGACTGTGGTCA), IL-8
( NM_000584.4 , 1F [ 5| # : TGCCAAGGAGTGCTAAAG , Jx M 5l ¥ :
CTCCACAACCCTCTGCAC).
1.2.5 ELISA 525 S N 1L-8 M o % R BRI e 177 & (Elabscience, £ Al
fREEN R SLE BF MIET IL-8 7 lb/KF. AR R 4B dHL-60 4Hift5 100
nmol/L N-H -2 R - 2 BR- R N E R (N-formyl-met-leu-phe, fMLP) (SigmaAldrich, 3%
) (EEE IR IS SLE & M5 81 SLE MyBEH74: 1Cs 2ek5 7% 24 h, ] LI 1L-8 A&l
AN E R TR BB IL-8 73K P
1.3 Giil%4b#  {#FH GraphPad Prism 8 #f} (GraphPad Software Inc., SEE) 14 .
BEAT Gvt- 43 A i, 8 Shapiro-Wilk 656 H ) 15 25 70 A BEAT 500IE « OB A8 1E 45 0 A
SR FH R 36 BRC o G560 G SR 540 AN IR TE 25 43417, U4 Y Mann-Whitney U #6365k Spearman
M. Z4LIA EL L {#E ] Ordinary One-Way ANOVA 54, P<0.05 FoR 253 H Giit 2
2 &%
2.1 —fBBR Nk SLE &3 55 6, SPIAERS 41 0, fEEEXTRR 26 I, SFINAERS 44 5, W
AR T PRI AE RS FIUC D, 2 RS R L (R 1o SLE M ML 2 Se 50 546 M8 bx
C3. C4. 1gG. IgA J% IgM /K F L% 1.
%1 BRSEHEMNOGHERERE [n (%), xds]

Tab.1 Demographic and clinical characteristics of study participants [n (%), x=s]



Study group Healthy control (n=26) SLE patients (n=55)

Male : Female 3:23(13:87) 7 .48 (13 :87)
Age (year) 44414 41414
C3 (g/L / 0.8740.31
Cc4 (g/L) / 0.2440.16
1gG (g/L) / 14.3344.47
IgA (g/L) / 2.1641.03
IgM (g/L) / 1.5542.78

2.2 RRMBPEHETF IL-8 FaxEW YR eT B & 25 KA F IL-8, gRT-PCR 4%
REIR, SLE Bk gii 1L-8 34 mRNA #iz/K-FHEST HC (B 1A). [FN,

SLE H# M IL-8 Hal /K- FRZEE T HC (K 1B).

Bl1 HCHISLE BFd IL-8 Rk
Fig.1 The expression of IL-8 in HC and SLE patients
A: Relative expression of IL-8 in neutrophils from HC (n=12) and SLE patients (n=19); RQ:
relative quantification; B: 1L-8 expression level in sera of HC (n=26) and SLE patients (n=55);

*kkK

“"P<0.001, “""P<0.000 1 vs HC group.

2.3 MiE IL-8 /K5 SLE MiBFFEPRAHIMENHT  SLE B3 M 1L-8 /K5 Mid*h A C3.
C4 J 1gG. IgA /K FIEE LA L (C3: r=-0.17, P=0.23; C4: r=0.06, P=0.69; IgG: r=-0.11,

P=0.42; IgA: r=-0.15, P=0.26) (& 2A-2D), 5ij# IgM /K F2IEAHSE (IgM: r=0.54,



P<0.000 1) (K| 2E).

B 2 fiE IL-8 /KPS SLE MLiEEabrE it
Fig.2 Correlation analyses between sera IL-8 levels and SLE serological parameters
A-E: Correlation analyses between sera IL-8 levels in SLE patients and C3, C4, 1gG, IgA,

Ig M expression levels.

2.4 MiEHSFHERAMSW 1L-8 B JWEEFH IE P EER TR HESRIERN. 5
AT S A RS IG5 LIS AH B, SLE S8 38 ML R 8 b PoRE 4 i 23k B8 22 FR) 12 28 240 B 1A
T IL-8 (] 3A),

2.5 PADI4 #l57 GSK484 Roma-h R4 7r v 1L-8 100 AR B AT/E K FMLP Al SLE 1L i
KU1 1Cs RENS TE M S MR AH AR T 1L-8. PADI4 ¢ 53 P 771 GSK484 &35 i T



fMLP £1 1Cs %51 1L-8 44 (& 3B. 3C).

B3 R i 1L-8 fE
Fig.3 Secretion levels of IL-8 in neutrophils
A: IL-8 secretion levels of neutrophils induced by HC and SLE sera, UT: Unstimulated
group; B: After pretreatment with Vehicle or GSK484, IL-8 secretion level in fMLP induced
neutrophils; C: After pretreatment with Vehicle or GSK484, IL-8 secretion level in ICs induced

*kK

neutrophils; ““P<0.001 vs HC sera group; *P<0.05 vs Vehicle group.

2.6 PADI4 By B ki RE HL-60 20434 IL-8 158 4T PADI4 #1317 GSK484 ¥ 1
JFEACHR PRI A fMLP A1 ICs i S/ 1L-8 RUBI, 1E dHL-60 4j it — B Ht 5 PADI4
X IL-8 43 AT o TEBA AR RIBAIE AT, PADI4 i) dHL-60 41 (dKD) ' IL-8
BFERE A WA K B TELFE AT RE 4L (ACTRL). fMLP B ICs Hlli4)5, dKD 20 1L-8 45 hi

%Z (K 4A. 4B). W 4C Fiisn, PADI4 =X} IL-8 ) mRNA ik A W3 5m,



B 4 PADI4 BRI dHL-60 433 1L-8 1L
Fig.4 1L-8 secretion levels in PADI4-knockdown dHL-60 cells
A IL-8 secretion levels in fMLP induced dCTRL and dKD cells; B: IL-8 secretion levels in
ICs induced dCTRL and dkD cells; C: Relative expression of IL-8 in dACTRL (n=8) and dKD (n=8)

cells, RQ: relative quantification; “P<0.05, ““P<0.01 vs dCTRL group.

3 Wik

SLE RWRHLHI R 2%, 697 TBOA R HAELIA &, 0 L S AL 27 ALz 5
LR BIfy 7 1 g 2 Bl S S L R SRS A W L A B A 7 AN A i ) 55 24 0
FERYY, SRR TS ZN B, LARGIESIRES TR B8, wbdk Rtk iom. R
B BRI 1 IR 25T DL REE ] SLE, BVF 2 BE IR IE &K« KW A &
ZiEIE R, SRIFRIEBERTHSE, Fik, SLE BRALHI RN A 2GR
ARG RIS 16 SR o



MR T RIA KR SLE BYMAVRHIE, € R APURGANM DR 57 AT, Ao 4
X 5% o 200 L R S SR, TR e R, S EORIE T A SE AR B L. R
PRI 1) S R IK S PR TS A 1, G SCHRIOHRE I3 1L-6. 1L-8 A1 IL-18 K-FH T )
TEIR IR b S RIS iE S P (4R bR . AT FErh, AHECT RO B, SLE rh Pk 4 fi i 3%
AR RANLIE T IL-8, JRIE B MIF IL-8 KPR & & T X IR, H51ME IgM KCF 2 1E
MK, T IL-8 5 SLE RAERBAEVIHREL. 1L-8 KV-FHREE LR B LR o, £
i 1gA B SR NERE RAREMEE KM, 1L-8 RENESEAE th MR FE RRE AL,
HE NETs T& s Hh MoRs 4 R ORI R 6002, M2 50K A KR . B, it
FBL 1L-8 iRy TR 88 R i b PR A0 M 7 /NI e (35 T S 3G /s R /N BR A 42
JEM3L, DL R IRAROR 1L-8 T REAE B0 R VE I AR HE R

PADI4 B\ A BESE TR T (2 R AU DN 7 1f 7= £ 4. PADI4 JE T NF-xB p65 7 A& ik47 I
SR T3 R MR AN L p65 5 importin a3 Z RIZE A, AN NF-«B AZ 5 2R DL
TLR i 510 IL-1p A1 TNF-o 7242051, PADI4 iE A3 T 40 IL-8 (%4 % . ki,
PADI % TNF-o #E17 N ERAL 23 FEARHCTE A S RN AT 4 40 53 1L-8 FrIRE Jy1e), A
FEFK W, PADIA 55 HEHNHI7 GSK4A84 .35 i T fMLP Al SLE IfiE KIE 1 ICs 5 510 7
FLAHAD 1L-8 (50l [FIRS, FEGHARASd, SRLFPATHAREL, RARIEE fMLP. ICs R
PADI4 ik dHL-60 ZH i35 73 WAE 2 1) 1L-8, X PADI4 JEVETT e iR TR 1L-8 1™
“E. PADI4 (1IN ER A v M CLABIE W W] LA 2R A ELAE P AN SR &I, 4R4R1E, PADI4
RERETEAR A R ML 1L-8, FRFEAK IL-8 frkafk G PED®), PADI4 mJ BEIE ok 4% et )i v] K Pk
UM 1L-8 FIA/KP, AT el i P A B R TR 2 5 MR A 1L-8 IS I T
5030, BARHLH] MR .

L LTI, AR AUE I 6 I AR A AN G AR R () 23 AT R, PADIA 1 AR 2 4% 4 M
B IL-8 MRIE, R S B T T B T %
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