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PADT4 47 [ 142 MR 4 . MMP-14/17/25 3RIEFE R G A TERAE H BTN L]
FPL, ERK, S A 9E
CEBRRIR A2 IR R Bt iRl &AL 230601)

BWE B  HAMSEERB TN 4 (PADI4) XIER4ERE A (MMPs) RiAMH
RN S HAE RGVELTERAE (SLED KETINEIEIER . J5¥E  SRA SR 9 i S il 5
RAME N (RT-gPCR) il SLE &35 5 AN (HC) 241 MMP-14/17/25 () mRNA %
BRI BED S W B S 56 CELISA) I8 FL ML B2 K. Spearman #KAH & 43 BT vF 4
MMPs 7K-F-5 SLE B# ImRFEFR AR SCE . FIH PADI4 HHI7) GSK484 Ab 3 JFAR 1t K 4
i, B%7E PADIA R MR A HL-60 ZHM (dHL-60) H Al MMPs ik /KP4,
il AR LIV AT AR R ). R SLE BE PRI MMP-14/17/25 ()
MRNA FIA(ET HC 41 (3 P<0.01) . IfijE MMP-14/17/25 Rk KT HC 41 (3 P<0.01) .
MMP-14 /K- 54 FREHA G (IgG) (r=-0.266) . HIEEREM A (IgA) (r=-0.286) . I
HEA (GLB) (r=-0.269) ZMAHIE (¥ P<0.05) , MMP-17 /KF (r=-0.269) J& MMP-25 7K
P (r=-0.244) 5JREH (UTP) ¥ 2 fAHC (3 P<0.05) . GSK484 (10 umol/L) it PADI4
W, SRR, HERI4E i MMP-14/17/25 B ARIAKF LR (1) P<0.05) , [FIEY
MARRIREBEE I (P<0.01) . @ik PADI4 KikJ5, MMP-14/17/25 mRNA i KFE0
HBZH i (3 P<0.05) . 58 MMP-14/17/25 7 SLE & bR i i h Rk, =2
PADI4 fii [ 45 . PADI4 R REE I HIH] MMPs RIAHI S5 40T ThEe, HEiMSY SLE B
K MMPs BCAT 12y SLE 9 175 M0 K% B i) = 91 A 98 727 5 A
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Abstract Objective  To investigate the regulatory mechanism of peptidylarginine deiminase 4
(PADI4) on matrix metalloproteinase (MMPSs) expression and its potential role in the development
of systemic lupus erythematosus (SLE). Methods The mRNA expression levels of MMP-14/17/25
in SLE patients and healthy controls (HC) were measured by real-time fluorescence quantitative
reverse transcription polymerase chain reaction (RT-qPCR), and their serum protein levels were
measured by enzyme-linked immunosorbent assay (ELISA). Spearman's rank correlation analysis
was used to evaluate the correlations between MMPs levels and clinical parameters in SLE patients.
Primary neutrophils were treated with the PADI4 inhibitor GSK484, or MMPs expression levels
were examined in PADI4-knockdown neutrophil-like HL-60 (dHL-60) cells, and cell migration
ability was assessed by wound healing assay. Results The mRNA expression levels of MMP-
14/17/25 in neutrophils from SLE patients were lower than those in the HC (all P<0.01). Serum
levels of these three MMPs were also lower than those in the HC (all P<0.01). MMP-14 levels were
negatively correlated with immunoglobulin G (IgG) (r=-0.266), immunoglobulin A (IgA) (r=-
0.286), and globulin (GLB)(r=-0.269) (all P<0.05), while both MMP-17 (r =-0.269) and MMP-
25(r =-0.244) levels were negatively correlated with urinary protein (UTP) (all P<0.05). After
treatment with GSK484 (10 umol/L) to inhibit PADI4 activity, the protein expression levels of
MMP-14/17/25 in neutrophils were higher than those in the Vehicle group (all P<0.05), and the cell
migration rate in wound healing assay was also greater than that in the Vehicle group (P<0.01).
Furthermore, after knockdown of PADI4 expression, the mRNA expression levels of MMP-
14/17/25 were higher than those in the Vehicle group (all P<0.05). Conclusion MMP-14/17/25
are downregulated in SLE and negatively regulated by PADI4. PADI4 may contribute to SLE
progression by suppressing MMPs expression and neutrophil migration. These findings suggest that

MMPs may serve as novel biomarkers and therapeutic targets for SLE.

Key words systemic lupus erythematosus; matrix metalloproteinases; peptidyl arginine deiminase
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RGP BEIRAE (systemic lupus erythematosus, SLE) /2 LPLZ R4 5% 2. H S HiikAd i
FIEZ BN I IRAE SRR A B B e i, S e 40t 7] B A6 ) A 0 1 ) L e
TE BE UG, HAIRHLE AR e B, & BB TR S . B REA
M (matrix metalloproteinases, MMPs) & — KR EE 551 10 N IR, 7540 B o0 3L 53 15 At S 4t
PRI AS 4 b R #E AR . MMPs 1E 2 H & Sl 5ol o 7 RS IS 5o ik
MMP-14 3 {i 3 240 ) 152 8 o At 57 1 P R 28 G 56 35 2 ST AT MMP-25 W
VPG IR DG R B bR B, SRTH MMPs 72 SLE 1 (1238 RHIE 2 Th B 7 S
AN .

rhPE R 4 B A B AN A I (neutrophil extracellular traps, NETs) € [AliE#% &
SR T2 5 SLE Mg s . RS 2 BRI W ikl 4 (peptidylarginine deiminase 4,
PADI4) J& NETs JERKIGEES T, 16 SLE s EAMRKIERPL. HH5RY] PADIA /i S
NETs S0 3550 MMPs B ®, (HIE 75 14% MMP-14/17/25 FRiE - MANIER, M=
HIEEE . AHF IR PADIA X 3R MMPs 3RIA K MR i T A ThRersema,  LAN
] W] SLE o ip Bl i) K2 0 26 s 76 AL 3R LR

1 MRS
11 wEHERE

I 2024 9 H—2025 4F 5 L BIER R B ER 2K SLE B3 77 4
(SLE 4> . ghAbrfe: D 43 18 &5 QO F&EERIERHY¥ 2 (American College of
Rheumatology, ACR) 2009 “Ef&1T [¥] SLE 2 Witrifi; ) HA e IME ¥R &, IRk
BREEF G (immunoglobulin G, 19gG) k& M (immunoglobulin M, IgM) Bk
1 A (immunoglobulin A, IgA) . #M& 3 (complement 3, C3) . #M#& 4 (complement 4, C4) .

H A Calbumin, ALB) . 3k (globulin, GLB) . R Curinary protein, UTP) 2545475



HEsRbRE: O AR Hofh B B G R B R R . Q) IIRIRIT (5 BA T HE
o [RIAAESEAE IS 55 1 0 DT IC ) i B A A 2 39 WA o fg BEXT R Chealthy control, HC) 4.
1.2 FHik
121 AR o Al SR

MOBEE 1) EDTA Uikt ifin rb o3 85 S AR b MoRn 40 B o OB 4 -5 55 4 Rl IR #h 2% v K

(phosphate-buffered saline, PBS) V5], Z218 20T A\ &k & itk B 40 i 7 25 i OR g AR

FHEAR AR EJ5, 1500 /min &0 30 min J5 IR B4, B EZE RO E . 4b
JE L FRAZ AN . Ficoll WRZ . RLZ0 M= K LLAAR)E . AR IR G L0 4 M A RL 40 i 2 I F 4 72
EREOE, FIRTCHE 2 E KRR 30 s, A PBS HRE FRRE O BALEI
PR AR I EE S T RPMI-1640 B 7R3 (75 10% A7 i) %

Hatidb Ja i) i v R N TR BN ARG FR AR S 0.5 h, 45T PADI4 il 75 GSK484
(10 pmol/L 2% 30 umol/L) 4bFE 6h, XHHBRLL (Vehicle) 45 TS miAmIAEE, B O E,
F¢ BB WA .
122 HL-60 A 58

HL-60 41 BRI [ 35 El AR v A4 d SR R 0> C(American type culture collection, ATCC) .
YRE R B IR HIAE 108/mL LLR, A 2~3 d M£4% 1 Ik, SEEG AT 4R 15 18,
i 1.3% — F AN 5 HL-60 40501 5d, FRAFh R 4H AR HL-60 41 (dHL-60) .
123 ENRATELEEZREMERN (real-time fluorescence quantitative reverse
transcription polymerase chain reaction, RT-qPCR)

{4 Fl RNA-easy Isolation Reagent 571 ( g 50 i Ml 3% A= 0 BHH A PR A 7] DFZENAH L L RNA.
{4 H ToloScript All-in-one RT EasyMix 7l & (_bifgnt g A= RHE A TR AR # & RNA iU
FeFONH AN DNA. S 2>Q3 SYBR gPCR Mix k7 & ( gt @il AR R A =)D 3
17 5L 96 2 & PCR. LAH I -3-BE MR i &M (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) 1ENWNSHEIN, Xt HARE R RE BHATRREL AL, SRA 2" 3550 H AR
R FRIE K. Bl 50 GAPDH  (F: 5-TTC ACC ACC ATG GAG AAG GC-3';
R: 5-GATGGCATGGACTGTGGTCA-3"), PADI4 (F: 5'-CCTTTGGGAACCTGGAAGTGA-
3 3 R : G5-CACAAAGCTCAGGAACTCGTC-3' > , MMP-14 C F: 5-
ATGTCTCCCGCCCCAAGAC-3'; R: 5'-TCAGACCTTGTCCAGCAGGG-3") , MMP-17 (F:
5'-GAGTGGACTGATATTCAGGAGTG-3'; R: 5'-CCGCATGGTCTCGATGGTAT-3") , MMP-

25 (F: 5-TTGCGCGATGCCATCAAAG-3'; R: 5-GAAGGAACGTACCCTCCATGT-3" -



1.2.4 BEBEIEIRMHRE (enzyme-linked immunosorbent assay, ELISA)

i F 7 A N MIMP-14/17/25 I 5% 73 AT s Rl & CRE s 8k DU A= 0 RHEE BR A 71D 43
AT HC ZHE SLE ZH IfLiE Hh MMP-14/17/25 8 7K oSG 7™ A $a HR 00 5 100 BH POV adk
A7, 450 nm YA FIEROGEE, AR bR il 22T SRR
1.25 FF siRNA 7E dHL-60 4HfHRAK PADI4 2

KM siRNA-Mate-Plus #5445 (TR 5 ERER AR A T # siRNA BER G
dHL-60 41/, 1% &E PADI4 @ikl (dsi-KD 41 HHIHXTIEA (dsi-NC 41) . #5548 h )5
K RT-gPCR HHiE PADI4 @ fik34 % . siRNA JF U1 : si-NC (F: 5-UUCUCC GAA CGU
GUC ACG UTT-3'; R: 5-ACG UGA CAC GUU CGG AGA ATT-3") ; si-KD (F: 5-GGA
CAU UGA UCC GUG UGA CTT-3; R: 5'-GUC ACA CGG AUC AAU GUC CTT-3") . 58ik
WS, A RT-gPCR A1 ELISA #:il dsi-KD ZH A1 dsi-NC 41+ MMP-14/17/25 /KF-.

1.2.6 RIRER

oy B 3RAT SLE B3 Ah A i ki 4i i, FF7E 10 umol/L B R 43 A PADI4 il 5
GSK484 B, MMP-14 #1177 NCS 405020 ( i nAMEAR AR AR LLAHHIREG
AbHE R RGN R 7 B3, W E 6 h J5 LA 1500 r/min 2.0 5 min, WCEEANM FiER, HEE
7o RNA BB OB H, &M SR 4N RIS IR 441 (Vehicle) . GSK484 2. NCS
405020 41. GSK484+NCS 405020 41.

e NS R AR 2 HaCaT #efh T 12 FLARh 8575, S SIS BUE K, S mt & B
IAFIZ) 80%~90%F, FHICH BRI marker 25 7E 35 2R IR HbRic R X 4. F Bk a6
HTFRid 2B 50K . PBS BRI 5, Ha5E 77 55 50 4 g AN ) b 35 28 () rh MR 4 L3R
fEOh. 24h, 48 h RIS, FEMEH Imaged BfFA0HE, 5 4 B A IR T AR B 41 T
B, HEAX: TR (%)=(R46RIIR AR - LA RIR EAR) A4 IR X 100%.

13 GitFas

45K H GraphPad Prism 10 {47401t 70t £dl IS id Shapiro-Wilk 446 o7
fitio IEA AR R I HOLREA t K36 ok Be Xt t £ 56, Jk I &5 Am %ot i H Mann-Whitney U
frge (AT ELED 81 Spearman BAHIC/ AT, THEBERE Cantthon)) mIHEBCRA-RITRS .

PL P<0.05 AZERA G TTFE L.
2 R

21 —EEH



SLE 4 77 f4i], 4% 18~71 (40.1415.72) %; HC 4 39 ffil, k% 19~64 (40.90+12.59)
%, LT QIR AR 0 A D7 TH 22 R G023 3 (P>0.05) , A ] itk
2.2 PADI4, MMP-14. MMP-17. MMP-25 Eik15 .

RT-qPCR 45 % &7, SLE 20 i ¥ ki 4 fits PADI4 () mRNA %35 7KF & T HC £H.(P<0.001),
MMP-14/17/25 [f] mRNA F&ik/KFKF HC 41 (P<0.001, P<0.01, P<0.01) ([& 1A-1D) .
ELISA il iR, 5 HC 4Mftlk, SLE 4l MMP-14/17/25 (7K F¥ % (P<0.001,

P<0.01, P<0.001) (& 2A-2C) . #&/x PADI4 Fl MMP-14/17/25 1F SLE " 1E7F 9 Rk,

B 1 HC M SLE Akl PADI4. MMP-14/17/25 K&,
Fig.1 Expression of PADI4, MMP-14/17/25 in neutrophils from HC group and SLE group

Hkk

A: PADI4; B: MMP-14; C: MMP-17; D: MMP-25. “P<0.01, ““P<0.001 vs HC group.

B2 ELISA KM HC 41 SLE AITE+H MMP-14/17/25 RiX1EH
Fig.2 Expression of MMP-14/17/25 in the serum from HC group and SLE group detected
by ELISA

*kk

A: MMP-14; B: MMP-17; C: MMP-25; “P<0.01, ""P<0.001 vs HC group.
2.3 MMP-14, MMP-17. MMP-25 5 SLE IGR$E VA<

Spearman #AH G M 45 S R, SLE A IMLIE MMP-14 /KF 5 19G (r=-0.266) . IgA (r=-
0.286) . GLB (r=-0.269) £ 3% () P<0.05), 5 UTP (r=-0.222) & &2 k1 (P>0.05)

(K 3A-3D) . SLE 411fiiF MMP-17 7K°F-5 IgA (r=0.024) . C3 (r=-0.043) . C4 (r=-0.017)



TEZEMFM (5 P>0.05) , 5 UTP (r=-0.269) i3 (P<0.05) ([& 3E-3H). SLE %4
I35 MMP-25 /K5 19gG (r=0.173) . IgM (r=0.149) . C3 (r=-0.202) & EMIME (¥

P>0.05) , 5 UTP (r=-0.244) EfitH% (P<0.05) (/& 3I-3L) .

B3 i MMP-14/17/25 /KF5 SLE I PRIEFAHICHE
Fig.3 Correlation between serum MMP-14/17/25 levels and clinical indicators in SLE

A-D: correlations of serum MMP-14 with 1gG, IgA, GLB, and UTP in SLE group; E-H:
correlations of serum MMP-17 with IgA, C3, C4, and UTP in SLE group; I-L: correlations of serum
MMP-25 with IgG, IgM, C3, and UTP in SLE group.
2.4 PADI4 Xt MMP-14, MMP-17. MMP-25 RiX KI5

JEAR R PERL AN 2 PADI4 #1577 GSK484 L 10 umol/L 1 30 pmol/L ¥k ZALFE 6 h Ji5,
YRR LI MMP-14/17/25 1150k FEE Vehicle RAEARFEREEF & BAM S, MMP-14
A1 MMP-25 7E 10 umol/L 41 (35 P<0.01) A1 30 pmol/L 20 () P<0.05) &3 Ft; MMP-
17 AXAE 10 pmol/L 4L JH = (P<0.05) , 30 pmol/L 4% R4t it X (B 4) . 78 PADI4
I AT e B ) I % MMIPs RIS .



FIH siRNA ffk PADI4, #HELT dsi-NC 4H, dsi-KD 4 PADI4 FKiA/KF TR (P<0.000
1, 1 MMP-14/17/25 ) mRNA Fik/K-F171 i (P<0.01, P<0.001, P<0.05) (& 5A) .
] I, 4 A 375 VR 5 disi-KD 2HL ) MMIP-14 F1 MMP-17 ()2 34 T dsi-NC 4H.(P<0.01, P<0.05),
M MMP-25 ZE HRIEEZR LS (F5B) . 4514275 PADI4 Tl fE7E MMP-25 (%%
S SR B J5 A8 1 1 A v 2 5 TR AR

B 4 ELISA & PADI4 #fIF] GSK484 (10. 30 umol/L) W MMP-14/17/25 HIFix
Fig.4 The effects of the PADI4 inhibitor GSK484 (10, 30 pmol/L) on the expression of
MMP-14/17/25 detected by ELISA

A, D: MMP-14; B, E: MMP-17; C, F: MMP-25; "P<0.05, *"P<0.01 vs Vehicle.



B 5 PADI4 BRI dHL-60 RIE MMP-14/17/25 1& L
Fig.5 Expression of MMP-14/17/25 in PADI4-knockdown dHL-60 cells

Fkkk

A: RT-gPCR results;B: ELISA results; "P<0.05, “P<0.01, ““P<0.001, “""P<0.000 1 vs dsi-
NC group.
2.5 PADI4 #ifi57] GSK484 1 MMP-14 #ifil57] NCS 405020 Bma4H fiE R

KHRYR LR A0 AE ). 45 R E7R, 5 Vehicle #HEL, GSK484 41 24 h Hil 48 h
N T RS T A I (1 P<0.01) , 3275401 PADI4 W] it _E i MMPs 2442 40 T # .
NCS 405020 #H 24 h i1 48 h 4AMLIERS HIAR RN (3 P<0.01) , HEHIHMH MMP-14 7] 47 Xk
SHANAERERE /1. MITE GSKA84+NCS 405020 £H+, 24 h B4 LE R R4S Vehicle 3,
BT GSK484 41 (P<0.05) ; 48h it 5 GSK484 2 MR T4 H#E L (K6) , KM
7E MMP-14 35 PEZ I 560, PADI4 #ii 475 f @i i A MMPs 23135 4> 3 5041
MIERe, #2278 SLE 35 s R4 o m] RE AR AE HoAth MMPs (R 2 5 ZIE R i 72



Vehicle GSK484 NCS 405020 GSK484+NCS 405020
: i 1

24h

48 h

Vehicle
mm GSK484
. NCS 405020
0 GSK484+NCS 405020

Migration area (%)

24h 48 h

Bl6 RIRSELHWASI HaCaT MRS BE I KL B E 7 &

Fig.6 Light micrographs and histogram of wound healing assay, showing cell migration
ability of HaCaT cells

A: light micrographs >40; B: Histogram; “"P<0.01 vs Vehicle, “P<0.05 vs GSK484.
3 Wik

SLE {3 R LA o 56 4 AN, 325 R d8tAs B IRk o PR AT 3R 6 88 1 15 K A 45 22 o IR 3%
RISEEAERT o F I PR 32 AR S L K8 R SR St ) S AR b 7 A5 25 Wtk AT i
FrU, RS ZHURE R T B EEh], HERRE. 2 RGEFSHER K KIHTTHIAR
RS Uk G R AR ZEEL AR A2 SRR A U I A REEEY, PRI, HE— B @A SLE
F¥) G928 955 FERIL A 075 295 397 (00 b S5 A A 7 B L 3

AHFLEIRE IR, SLE 4 PADI4A mRNA £ik/K-F- 23w T HC 4, MMP-14/17/25 (]
MRNA FikKF R ECT HC 4, HHEIMERERA/KFIREE TR, 1, MMP-14 5 19G.




IgA. GLB £, MMP-17 fil MMP-25 5 UTP /K- 24 H5¢, #ERiX —F MMPs 1] §¢
5 SLE s 58 M F ARG 2 DA . AR, B9 4 MMP-14 13RiA%2
ALK T B- SMAD Kk A 2/3 - F-box £ 6 (TGFB-SMAD2/3-FBX06) 155 i 71 i
¥, TGF -SMAD2/3 {5 5 B nlilid L FBXO6 #3{¢it MMP-14 & ABHAR iR, [FI
TGF-B1 E R RRE DR, TEAREME B R 26 B /NER s vh i JE 2208, JFilid SMAD 15558
BB NERTEA AT AT Y. R S ML R MMIP-2 7K SPARcfid et T8 2 7 v,
MMP-14 52 MMP-2 ¥ EZH0ER, MMP-14 520 214 J& &5 A g 5 1--2 (tissue inhibitor
of metalloproteinase-2, TIMP-2) JERE &4, 15l “%Ak” 45& 71k MMP-2 (pro-MMP-2)
IS MMP-2I1, MMP-2 5 MMP-14 554454 TIMP-2, 4 MMP-2 5315, TIMP-2 112
SR MMP-14, B AR HC 0 1A 32 177 5 0 Jg JE P At 15 R SR R o 1 o S A 4k P i 7 D13
MMP-14 FlR/NREILHE AR E T MU A RS . B b Sl BB T R A
XU ERRIE L SLE SR W 28w AR MR AR R M ST S5 I R R AR
FEH D ES. XUy MMP-14 5 SLE [ G A OCHR AL 17 8 3 FF . A HRIEMIFR MMP-
17 Rk 55 T 400 17(T helper cells, Th17)4H A& 2 FAHIC, #5ES] Thl7 40/ pE 8@
Rk 2 PR L AE AR BORTEGE CD8™ T 4 MUK INE SLE M4 e RAEHIT, F2 MMP-17 A g
I P Th17 AR R Sl B 2 5 RAE IS, REMRIE 48 R F (R, IR SLE 484 (oA
B A B B, b SCRE MMP-17 76 SLE R T fE SOl b f (. RUE H A
MMP-25 FBFFEfiiE 5D, (B MMP-25 $EII 2 5248 IV BUR R (. 4P A RAF4E R
1, AT TEAR 2240 A A0 0T ARSI p R 4 (R FH I, il S SLE A RS AR A7 E T 7E G
B

PADI4 JZ LA 2R R BRI IR DA, CU 4R SE/E NETs & SLE 5 H & %y
rh A AR IS, ACHE ST HE— 8 R, PADI4 X MMP-14/17/25 BAG i A6l 2531
S SIRNA K PADI4, 3535 Fi MMPs (SRR (EIESERN L,
PADI4 R X MMP-25 8 F/K-F 0w MM mRNA B2 Eil, $25HX MMP-14/17 7]
B[Rl F TG R aa G S G I B, T MMIP-25 B R SR T, LR 40 32 R
A g5 SLE AHOCH R4 s 5 M i Tk AE LRI OC . BEAEE R ONE R, PADI4 #
A[EZI MMP-2 il MMP-9 #2572, A PADI4 5 MMPs I 52 4E T — e i . ThRESLE
i, GSKA484 AbFH iy Hh R4 i T B 2 (it HaCaT AT He, 1 MMP-14 1] 75 5
FUHIERS, BeE 2G4 TP 218 82500 T 5 1 MMP-14 #i57), R BIEMEE MMP-

14 ThEgsz4mt, #0] PADI4 5RgiE S _F i H AL MMPs #0212 F2ThEE, $2/~ PADI4 &



MMPs 1) _E3i#) 35 R 451, #Em] PADI4 n] Gl id i 20+ F B K &2 SLE B35 i L Re )
IR A K T R S RS S IR HSME S B R R, v SLE HHEA TR AL T H
(RIfAERE. SRTRT, ASHH T M AR TT RS (R e LU0 . Rl Fid Rl . Atk adr, H
B\ PADI4 5 MMP-14/17/25 Zik A BA IR KRB, HoorTHLH 5 — B
RNT. [RIRE, WGARLESHIRE RS AT AR Y IRAIE,  J5 SR 7T 35T MRLU/lpr 2% SLE SRy
FF R TPy, HE— IR BT AT REIE o

2E PR, SLE B rp ki 4n i J i3 MMP-14/17/25 24Kk, HIH KL PADI4
f i R 4% . PADIA W] fE3E T 1 H I 5 MMP-14/17/25 F£ik#t 25 SLE 5% e,

PADI4/MMPs 4k o] 1 Ay W K S8 17036 97 PR VN 4.
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