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al DNA, mtDNA) f)5 18, 5200 AL ZORE A DNA (ox-
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AR 1 45 #4840 O 25 1 3 (NOD-like receptor
thermal protein domain associated protein 3, NLRP3)
R/ MRS . 1 NLRP3 22 5 1 4 il i £ T2 3%
#247 sRi CMPK2 B8 753 f NLRP3 {3 CD4* T
IpAE T, FEMsE e SLE () & 4R R M ATEE . %
SR T CMPK2 7 SLE & CD4" T ZH b i)
PRI A S I R FE AR AR DG, I — 2D AR
KT CMPK2 xf CD4™ T 20 g £ T i /E FHBL T, A
SLE 2 Fia 7 $R (BT
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L1 REIFER ZOTET S A FEA 0
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AE6 1,349 4] SLE FBF AN E AL A, o 4o 46
B, B3 ), SR 15 ~87(44.22 £16.64) %, Jif
A BTG L E KRR = 2 (ACR) B1TH) SLE
WARIE, 8 AR OC AR B TE LR 2R 1, SR T SLE %
TG sHE %L (systemiclupus erythematosus disease ac-
tivity index, SLEDAT) DAl 2 93 1% 2 2 B2, JF 046 i
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N CA S = A8 bR 250 B A A A AU g A g
FERAS s, AL 33 451, e 2 30 1], S50 3 431, 4R
Hy 21 ~64(43.09 £12.65) % . A5 T Gt %
AL PR B AR 2R B2 [ (fR BEiL 5 . 2023KY {2
55283 5, iy Z X H 1 A S INA W5 1 % &
S FEAS

1.2 FERFE®EFE S M T 40 o) 25 )%
(R T B A= W o it BB FROTAE A W), 525
LTS1077) ; RPMI-1640 3% 37 3 ( 32 [H Gibeo 2 H], 18
5122400089 ) ; A\ CD4 ™ T 21 fifd 4332 1 50) & (] 5
KIWE AW AR A RS w585 130-094-131 ) 5
CMPK2 #4781 AH 2¢ B 5 K% 25 1 (apoptosis-asso-
ciated speck-like protein, ASC) HTiA . 114 K2 % -D ( gas-
dermin D, GSDMD) i {4 ( I =& HARF R A A,
25 :25877-1-AP , 10500-1-AP , 20770-1-AP) ; 2§ Jit
K4 K -1 ( cysteine-aspartate-specific proteinase-
1, caspase-1) HL{K (JlHRIE BEAE M HARA RITE L
], 535 :342947) ; NLRP3 $ip 1A (¢ [ Abcam 23 #H],
155 .ab263899 ) ; GSDMD & [ 22 i H Bt ( N-termi-
nal domain of GSDMD, GSDMD-N) $ig {4k (VI35 32 %}
AT A PR B, 57450 AF4012) 5 5 RNA Hf
PR & (77N R IEAE DR IR A W, 585
R4111-02) ;BioRT Master HiSensi ¢cDNA 25 —4% & i
A& (B H R R A IR AW, 5T
BSB40OM1) ;2 x SYBR Green qPCR Mix ( 11 75 JEL R £
HE W AR A BN B 452 AHO101-B) ; RiboFECT-
CP # )  riboFECTTM CP ZZ vhifg ()7 M 4 12k
YrHi R A BR S 7], 485 U101, C10511-05) 5 A IL-
18 F1 IL-18 ELISA #pilii & (VL5 % Sl A R
NF]L B S MM-O139H2 . MM-0181H2) ; #8 i ECL
2 R O6IRGR &, BCA 25 ik B2 0 g 35 & (b i
B REYVEARARAF, 575 : PO018S [PO012) ;
PI ¥5 % (Invitrogen , 5% 5 : P3566 ) ; Caspase-1 p20 An-
tibody/FITC ( 3% EterLife A [R 2 7, 1% 5.
EL900443) ; CO, 5 3748 ( 36 [H F8 8K R /R BH A4
Al RS 371 G TAES (RN R A R
ARA AT, RS . SW-CJ-2F) 5 & 25001 (il e I
LI AARTT R A RA T, #5 .  HIT50R ) s 4622 &
UG T &R 80 (e KRB A A Bl A R A ), B
“5-:Tanon 5200) ; 52 I 5 f PCR Y ( 38 [5 24
RHA R A, 85 Mx3000P) 5 2 ) BE i 45 X
(M BB AL A A PR 7], 5 . AMR-100T) 5 37 20
AAAEANL (32 B D5 & R R A R A W), AL Cyt-
oFLEX)

1.3 Fik

1.3.1 CD4" TR a8 WERRELRE R
fidt B Xt B 4H (healthy control, HC) 4 J& & ik il T ED-
TA HUEEE B 108 S5 (1 PBS # B, 22 ) i
B 2 ER AN A A BV 15 ml B0 1500
r/min 250 21 min, WP E] AR Z 2 25048, 2 000
r/min Z.0> 10 min, [a] 41 BLC0E H A 80 wl Buffer,
FEAIML, BESS A 20 wl MACS CD4 Bk , i i
B 15 min, ZJ5 4 LS 434, RIAT 15 CD4 ™ T 4fijifi.
1.3.2 $abs k2% PCR(RT-gPCR)  f#i ] RNA
TR S 4TI TP R EUE. RNA | Bifi 5 7l % ¢DNA,
ZIJE kil CMPK2 ()55 R 223k K-, GAPDH {EH
%, BRR A 27 %M. N CMPK2 Fil GAPDH
B3k B AU BB A W AR A, 5197
I,

®1 5¥F5

Tab. 1 Primer sequences

Gene name  Primer sequence

CMPK2 Forward;: 5'-GTACCTCCTTTATTCCTGAAGCC-3'
Reverse: 3'-ATGGCAACAACCTGGAACTTT-5’

hGAPDH Forward; 5'-GTCTCCTCTGACTTCAACAGCG-3’

Reverse: 3'-ACCACCCTGTTGCTGTAGCCAA-5'

1.3.3  Western blot Wt £E 4 IS, i i RIPA 4 fifg 22
R R AR AN, T — 20 CUKAH RO R Rl 3 W, 25 4
°C .14 000 r/min &> 15 min, Y4 F W, 16
BCA 71 & I e 2 OV E B e in A B 1 B AR 2 o
Wi,100 CAJEIE 10 min"> L BEE N ZE 10% %t
JBE, Bk Ay B R M e, # B F15EB & PVDF i L B
J&i F 5% I Ne k3 514 PVDF 52 h SRJ57E 4 CF
MU & 2% (GAPDH, 1 : 5 000; CMPK2, 1
: 2 000;NLRP3,1 : 1 000;ASC,1 : 1 000;caspase-1,
1:1000;GSDMD,1 : 5 000;GSDMD-N,1 : 2 000),
WCH , F TBST 28 sl vk i 45717 , B o B B 5 1L 2Bt
Gk (1 : 10 000) FEE IR T E 2 h, {f/] ECL
b2 2 ARG T & X 4571 A5 A , 32 ] Tmage)
AR AT 2505 K BE A, LA B B A AT T2
GAPDH JK B I L fE 2R B 1R AR X ik
1.3.4 ELISA %3 CBEHiALEZE 00 4 il fE 2
1.5 ml EP 47,3 000 r/min B5.0> 10 min, WHU 5
FHF 2006 PR~ FA ARG D0 , o 4 et 791 8 1 B 13 G0 240
WL Rl 7K, AR A (4 450 nm) 2RO B
L, AR o i P4 e 2 R O B2 (o) b o i £ 5
MRAEARUE AT B A TS FEA MR A

1.3.5 AKX Renmpt—F 4 caspase-1
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F1 50 wl DMSO ¥ fi#, 2 J5 A 200 pl PBS 7 B
caspase-1, 10 1 : 50 [ LB 7% B 5 B9 caspase-1 Jill
AFIEER 9 E 1 h, ZJ5 1500 r/min .0 10
min BRI, iINA PBS 2% v 55 B 40, Pk 4% 20 e
3 U FEIE INAZUREE D 3 umol/L 1Y P2 421R S,
FiAEOCHEF 15 min, Y 40 ML B ALK D,
caspase-1 Fl1 PLRCFH -4 i RY A T 41

1.3.6 CMPK2 % %% ¥ CD4" T 4 A T
6 FLAR , $% B8 riboFECT™ CP %% Yuis iRl i W1 5 i £ 14
PeseBy . FETICEE EP A 120 wl 1 x ) ri-
boFECT™ CP ZZ i , FEIIR 5 wl 20 pwmol/L siRNA
SEAFI , (A AR BE 2 50 nmol /L B S A 12 pl
riboFECT™ CP Reagent % |- EP 4 rf , 5842 0 FT1R
A, IR FRE 15 min 5, PL 137 wl BRFLIA 6 FLAR,
L A8 h JS AR NI T IE 22550 . si-CMPK2 iy
BT AR R A R w] DUBREE P 81 (5 -
3") 2k : GGCTGTCCTCTTAAAGTCA ,

1.4 SR E Friecm s 3 W, g
A GraphPad Prism 8. 0.2 #4748 11 #1854 73 #r
BHELL v £ 5 TR AFA IR o0 B P2 22 18] ) LA
K ¢ K, A A IR AR SRR 55 . X T
AHINEII T, 16 5518 ] Shapiro-Wilk test 1246 50 54
BB E IES G, FFA IES 5341 R H Pearson £H¢
PEGT , ANAF G IEZS 43 4ii >k A1 Spearman AH G % 43
Bro P<0.05 Rz gt mE Lo

2 #R

2.1 CMPK2 7 SLE =8 CD4* T fAl R
A7k 5@t RT-gPCR 23514 CMPK2 7E SLE
F M HC 4 CD4" T 4 i) mRNA Rk /K-, 45

i 7% SLE B % CMPK2 mRNA /K01 &5 F HC 41

A

—_
(=]

(o]
T

CMPK2

GAPDH

mRNA expression levels of CMPK2
=

(U=134.000,P <0.01), W.JH 1A, Western blot 2C
R4 R SLE [ CD4™ T 4iffirf CMPK2 ()%
HACFAHET HC 38 (¢ =4.318,P <0.05) , I
Kl 1B,

2.2 CMPK2 5ig[RiEtrMIE XM DT 54T
SLE /3 CD4" T 41l -h CMPK2 ) mRNA 23k 7K
56 R TR bR A e, 45 R R CMPK2 &3k K
S5 SLEDAI (r =0.447, P <0.05) 2 1FE A 2% (&
2A) , 5#MA C3(r= -0.560,P <0.001) Fl#Mik C4
(r=-0.456,P <0.01) 2 (& 2B .2C) , 5
dsDNA Hifk (r=0.404,P <0.05) FitZ /IMEFE (r
=0.423,P <0.05) fi4fi Clq Fifk (r =0.447,P <
0.05) 2 IEAHSC (¥ 2D 2F) .

2.3 SLE £ CD4" T paMETAKE @lsL
K PSLE B34 CD4" T 4Afifg+h NLRP3 (¢ =5.728,
P <0.01) ASC(¢=4.027,P <0.05) ,caspase-1(t =
5.947,P <0.01) .GSDMD(t =6.983,P <0.01) .GS-
DMD-N (¢ =3.087,P <0.05) % /K F3 5 F HC 41
(EI3A), b4k, SLE 24 fass o B IL-1B8 (¢ =
9.011,P <0.05) &% IL-18(1 =2.594, P <0.01) /K-
WM (K 3B.3C) o B S A9 I =X 4t i AR 525t &
P SLE i35 CD4" T 4ifffE T3] i /5 T HC 4 (¢
=91.790,P <0.01) (& 3D) .

2.4 Bt CMPK2 % CD4* T 4B T &
FERFGY CMPK2 75540 CD4 ™ T 4l A1, 7€ SLE
B CD4" T 4 Uik CMPK2, Western blot ZZ56
R TTBRACR , 7] s Ao I 240 M AR T AR DGR 1 A I
W TL-18 1 TL-18 21 R 7K1, DA S A0 i 1) £
o3, LIRSS R K, si-CMPK2 41 CMPK2 7 7K
SEAETF si-NC 21 (1 =3.593,P <0.01) , L& 4A,3X
— S5 RAUESE CMPK2 ORI , T LA T G 2255 5

—
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Protein expression levels of CMPK2
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1 CMPK2 7 HC %I SLE B3 CD4* T B g5k F 4047
Fig. 1 Analysis of CMPK2 expression levels in CD4 * T cells from both HC and SLE patients
A: CMPK2 mRNA expression levels detected by RT-qPCR (a: n=16, b: n=32); B: Western blot showed CMPK2 protein expression levels; a:

HC group(n=8); b: SLE group(n=8); *P<0.05, **P<0.01 vs HC group.
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Fig. 2 Correlation analysis of CMPK2 with clinical indicators
A - E. Correlation of CMPK2 mRNA levels with SLEDAI, complement C3, complement C4, anti-dsDNA antibody, anti-nucleosome antibody and
anti-Clq antibody.
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Fig. 3 Levels of CD4 " T cell pyroptosis in SLE patients
A NLRP3, ASC, caspase-1, GSDMD, and GSDMD-N protein expression levels detected by Western blot; B: Levels of cytokine IL-18 in cell cul-
ture supernatants detected by ELISA; C: Levels of inflammatory cytokine IL-18 in cell culture supernatants detected by ELISA; D: Cell pyroptosis rate
detected by flow cytometry; compared with HC group; a: HC group; b: SLE group; * P <0.05, ** P <0.01 vs HC group.

SEERZE R BN TUBR CMPK2 J5 m] DUREAIRAE T AH G 2R HEEAKE-(E4B) , UL AR+ TL-18 (¢ =2. 962,
I NLRP3(¢ =3.577, P<0.05) [ ASC(t=6.514,P P<0.01) fx TL-18 (+ =2.240,P <0.05) /KF (A
<0.01) caspase-1(7=10.340,P <0.01) .GSDMD(¢  4C 4D); } 4, CD4* T 41 Jfo £ T 5t [J % (¢ =
=2.816,P <0.05) .GSDMD-N(t=6.605,P <0.01) 92.160,P <0.01) , ILI& 4E,
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Fig. 4 Effect of silencing CMPK2 on CD4 * T cell Pyroptosis
A CMPK2 transfection efficiency detected by Western blot; B: NLRP3, ASC, caspase-1, GSDMD, and GSDMD-N protein expression levels detec-

ted by Western blot; C, D: Levels of cytokine IL-13 and IL-18 in cell culture supernatants detected by ELISA; E. Cell pyroptosis rate detected by flow

cytometry; a; si-NC group; b: si-CMPK2 group; * P <0.05, ** P <0.01 vs si-NC group.
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BRI . SLEDAT S IFA I F 2 i 3 5 19
w AT bR, fC 3 SLE B G Sh R B, eoh, i
Ft T REEDT dsDNA Hifk P/ MALIR Bt Clg
Pid, LhRAMA C3 . C4 BRI 5 EIRTG sl A X A
W5 25 5 % SLE 8% CD4* T 41 CMPK2 mRNA
K5l RFE bR SLEDAL i dsDNA $7T{4 A% /IMA
PUIRAIPL Clq PriR R EAE, S5MA C3.C4 A
Ko SRR CMPK2 Rl RETE SLE 1) &0 &
FEFEFH, 95 X4 PEAl SLE 205 15 3 BE 5o — 2 i
1o

FET R R A AR P RS T O 2, fE R A
SRS b R A A T WL f
gk Mg iR, ELMRETRE T,
caspase-1 1§ 5 NLRP3 /MRS, 2 )5 24
GSDMD J¥ jif, GSDMD-N, J5 & HA7 B AL 55 5
FET, W) IR Y TL-1B8 1 TL-18, 4K )5, TL-1B8
FIL-18 J3 sl G 8 L, DT R A E S I 3T I 3
AT PR T IR AR A 3 1 S E P85 T RE Al IR SLE
BRH PET 32, HETT 5 T SLE 19 & 4 Ak e
BF5E' 7 2 W CMPK2 7E NLRP3 %4k /IM Ak F) 3035
Py EEAA A, 1 NLRP3 A SAIMAET R4,
PRl el CMPK2 W] g3 17 NLRP3 4 & SLE £ %
CD4™ T 4 Mu T, AMFFR KN HC F1 SLE &%
CD4 " T 4 £ 7= AH B 11 /K R M 4t i H 7 1L-
18 IL-18 7K DL S i M A A2 TR, S 25 1 iR
SLE i35 CD4 " T i £ 140 ¢ 8 11 NLRP3 (ASC,
caspase-1 . GSDMD & GSDMD-N f{) 3% 3K 7K S i 1
i, Rl IL-18 (IL-18 7Kt F i, I H Al i fE
FA BN, W] SLE B3 CD4™ T 4i /7 76 45
TG, X —45 5 Zhang et al ™ BB FSAAT . 15
UUBR CMPK2 J5 , FaRds bR i K7 0 2 AR, 3R 0t
K CMPK2 A7 B T CD4 ™ T T, X —45
RFTREALAR B T SLE FR & CD4™ T 41 iyl /> 1y #L
il o

2z I firik ,CMPK2 7£ SLE [ CD4* T 4
2%k, 35 SLEDAT FIMIKAMA S5 I R 6 A5 2 DI AH
Ko BEALN, SLE H CD4™ T 40 £ 1= /K - 34 i,
CMPK2 T]figifi ik NLRP3 {23 CD4 " T 4T, 5%
T HARYLEN T 2 — 2% %W 55 A 20 SLE %
9o 17 B0 BE R PPAG SR AL 4K , OF Ho SLE 3R Y7 2
HEBAE A
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CMPK2 promotes CD4* T cell pyroptosis via

NLRP3 in systemic lupus erythematosus
Tan Yanan'?, Jiang Gege'”, Jin Li*, Xiang Nan®, Sun Xiaoge’, Jia Xiaoyi', Zhang Min’
[ 'School of Pharmacy, Anhui University of Traditional Chinese Medicine, Hefei 230012;
*The First Affiliated Hospital of USTC ( Anhui Provincial Hospital) , Hefei 230001 ]

Abstract Objective To investigate the levels of cytidine/uridine monophosphate kinase 2 (CMPK2) expression
in CD4" T cells of systemic lupus erythematosus ( SLE) patients and its correlation with clinical indicators. Addi-
tionally, to explore whether CMPK2 can induce pyroptosis in CD4 * T cells of SLE patients through NLRP3, poten-
tially providing a new target for the diagnosis and treatment of SLE. Methods RT-qPCR and Western blot analyses
were used to assess the gene and protein expression levels of CMPK2 in SLE CD4 " T cells and healthy controls
(HC). Pearson or Spearman correlation analysis was performed to evaluate the relationship between CMPK2 mRNA
expression levels and clinical indicators. Subsequently, the expression levels of pyroptosis-related proteins, inclu-
ding NLRP3, apoptosis-associated speck-like protein containing a CARD (ASC) , caspase-1, gasdermin D ( GSD-
MD) , and the N-terminal domain of GSDMD ( GSDMD-N) , were examined in SLE CD4 " T cells and HC. Fur-
thermore, the protein expression levels of NLRP3, ASC, caspase-1, GSDMD, and GSDMD-N were detected after
silencing CMPK2 in SLE CD4 " T cells. Results CMPK2 expression was significantly elevated in SLE CD4 " T
cells, exhibiting a positive correlation with SLE disease activity index (SLEDAI) , anti-dsDNA antibody, anti-nu-
cleosome antibody, anti-C1lq antibody, and a negative correlation with complement C3 and C4 levels. Additionally,
the expression levels of pyroptosis-related proteins, including NLRP3, ASC, caspase-1, GSDMD, and GSDMD-N
significantly increased in SLE CD4 " T cells (P <0.05) , Moreover, the levels of cytokines IL-13 and IL-18 in the
cell culture supernatants were elevated, and there was a notable increase in the rate of cellular pyroptosis (P <
0.05). Silencing CMPK2 led to a reduction in the levels of these markers (P <0.05). Conclusion CMPK2 is
highly expressed in SLE CD4 " T cells and may serve as a diagnostic marker for SLE. Moreover, it is likely in-
volved in the pathogenesis of SLE by promoting CD4 ™ T cell pyroptosis through NLRP3.
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