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S I3 2800 5 0 g il SR E LTS WWP1 Fil NLRP3 (1)
2638 KT B2 HE I A M LSS

F ok, FREMS, LEAR, & % (RILERSPERERIEIE R RO A —FE, ILHRER 056200 )

 E: B Kt WW SHRE3 2 £ % 9% 1 (WW domain-containing E3 ubiquitin protein ligase 1, WWP1 )
Tz ¥ 0L 45 & R A2 M 33 2 K& 8 3 (nucleotide-binding oligomerization domain-like receptor protein 3, NLRP3) f&
St 2 AR 8B S 1 %58 (heart failure with preserved ejection fraction, HFpEF ) &% f ik oy Rk KPR WE R ESL, F
R ORI E SRR RS ETR 2021 £ 1 A ~ 2022 4 9 A4 153 4] HFpEF & % A WL M, SFARE &%
4258 JEJE P2 (New York Heart Association, NYHA ) SH e B ASHEESR ] ~ 1 R4 (n=64) FoS FHEH R
I~ IV &L (n=89) , X LIF Bkl Beed 148 65)E R A A B4, sk WWPL, NLRP3 K-F5 &5 O3 ikig47
#)A48 % ME K B Pearson 5 #7; %X & TAE4F4E (receiver operating characteristic, ROC ) w25 5 #7275 WWP1 #= NLRP3
JKF*F HFpEF &% O % = ETRENS BN, HR  LSarmati, R hid WWPL (1.68 + 0.35vs 1.04 £ 0.19)
F2 NLRP3 (6.72 + 1.26 ng/ml vs 457 + 0.84 ng/ml) RZEKFHBIZH, £2F LA % FEL (=19.623, 17.359,
BHP<005); 50 aB] ~ NAMLE, SHESZI ~ IV AL 0E WWPL (1.87 + 0.39 vs 1.42 + 0.32)
F2 NLRP3 (7.53 + 1.40 ng/ml vs 5.59 + 1.18 ng/ml) AZEAKFREAZ, 2ZFBEAG%TFEL (=7.744, 9017, ¥ P
<0.05) ; SHEFAIL ~ TEAALSHRESBI ~ IV RASFE A5 R7E (left atrial diameter, LAD) | £ F
473k A0 M 42 (left ventricular end-diastolic diameter, LVEDD ) . A & 4%k K #1)5 8 & & (left ventricular end-diastolic
posterior wall thickness, LVPWT ) | £ & 454 (left ventricular ejection fraction, LVEF ) . =K 47k -F 471k
W{f ( peak mitral early diastolic velocity, E) /47K u% 4 ik 444 ( peak late diastolic velocity, A) VAR S 5 3i3h & &
R EFH AA %I FEL (=275 ~ 7.069, ¥ P <0.05) ; HFpEF &% &34 WWP1 /K% 5 LAD, LVEDD,
LVPWT 2 iE48% (1=0.547, 0.471, 0.536, ¥ P <0.05), 55 LVEF #= E/A 2 fi#8% (7=-0.485, -0.417, ¥ P < 0.05) ;
f27% NLRP3 7/ -F 5 LAD, LVEDD, LVPWT 2 E48% (r=0.534, 0.494, 0.520, ¥ P < 0.05) , 5 LVEF #= E/A i
% (r=-0462, -0.523, ¥ P <0.05) . ROC &R 2+, &k WWPI F= NLRP3 7K -F £ #4417 HFpEF &% & %= &
F2 ¢ & F @47 (area under the curve, AUC) 4% %1 4 0.825 #= 0.855, #FIEA 4 W49 AUC (0.924) 2% K T i
WWP1 #= NLRP3 7k #1357 69 AUC ( Z=3.600, P<0.001; 7Z=3.053, P=0.002) . £ ik WWPI #» NLRP3 & -F
JE HFpEF B4 T E5t3, L5 B ot Emink, oiF WWPL #= NLRP3 % HFpEF &4 % E42 LA — 28
YA
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Study on Serum WWP1 and NLRP3 Expression Levels and Their Clinical

Value in Patients with Heart Failure with Preserved Ejection Fraction
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China Medical and Health Group, Hebei Handan 056200, China )

Abstract: Objective To investigate the expression level and clinical significance of WW domain-containing E3 ubiquitin
protein ligase 1 (WWP1) and nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3) in patients with heart
failure with preserved ejection fraction (HFpEF). Methods A total of 153 patients with HFpEF admitted to Fengfeng General
Hospital of North China Medical and Health Group from January 2021 to September 2022 were collected as the observation
group. According to the New York Heart Association (NYHA) cardiac function grading of patients, they were grouped into
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cardiac function grading I ~ II group (n=64) and cardiac function grading III ~ IV group (n=89), while 148 healthy volunteers
were collected as the control group. The correlation between serum WWP1 and NLRP3 levels and cardiac function indexes of
patients was explored by Pearson analysis. The diagnostic value of serum WWP1 and NLRP3 levels on the severity of heart
failure in HFpEF patients was analyzed by the receiver operating characteristic (ROC) curve. Results Compared with the
control group, the expression levels of WWP1 (1.68 + 0.35vs 1.04 + 0.19) and NLRP3 (6.72 + 1.26 ng/ml vs 4.57 = 0.84 ng/
ml) in the observation group were significantly increased, and the differences were statistically significant (r=19.623, 17.359, all
P <0.05). Compared with grade I to II groups, WWP1 (1.87 = 0.39 vs 1.42 + 0.32) and NLRP3 (7.53 + 1.40 ng/ml vs 5.59 +
1.18 ng/ml) expression levels in grade III to IV groups were significantly increased and the differences were statistically
significant (=7.744, 9.017, all P < 0.05). The differences of heart rate, left atrial diameter (LAD), left ventricular end-diastolic
diameter (LVEDD), left ventricular end-diastolic diameter (LVEDD), left atrial diameter (LAD), left ventricular end-diastolic
diameter (LVEDD), left ventricular end-diastolic posterior wall thickness (LVPWT), left ventricular ejection fraction (LVPWT),
left ventricular ejection fraction (LVEF), peak mitral early diastolic velocity (E) / peak late diastolic velocity (A) and the
incidence of atrial fibrillation between the cardiac function grade I to II groups and the grade III to IV groups were significant (#/
2=2.757 ~ 7.069, all P < 0.05). Serum WWP1 level in HFpEF patients was positively correlated with LAD, LVEDD and
LVPWT (=0.547, 0.471, 0.536, all P < 0.05), and negatively correlated with LVEF and E/A (=-0.485, -0.417, all P < 0.05).
Serum NLRP3 level was positively correlated with LAD, LVEDD and LVPWT (r=0.534, 0.494, 0.520, all P < 0.05), and
negatively correlated with LVEF and E/A (r=-0.462, —0.523, all P < 0.05). ROC results showed that the area under the curve
(AUC) of serum WWP1 and NLRP3 levels alone for diagnosing the severity of heart failure in HFpEF patients was 0.825 and
0.855, respectively, and the AUC (0.924) diagnosed by the combination of the two was significantly greater than that diagnosed
by the serum WWP1 alone and the AUC diagnosed by the NLRP3 alone (Z=3.600, P<0.001; Z=3.053, P=0.002) .
Conclusion The levels of serum WWP1 and NLRP3 were increased in patients with HFpEF, which were closely related to the
cardiac function of patients. Serum WWP1 and NLRP3 have certain diagnostic value for the severity of heart failure in patients
with HFpEF.
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SR 153 R BA Y0 I 3£ 3 (heart failure with
preserved ejection fraction, HFpEF ) i % & Ifl. 734X
FEARANBIE, 15O EET K ) RE A7 £ Bt . HFpEF
Gy 1 A M LA S ARG PRI, OIS 3 3= Bk 17
MBI, BRI L, B M fe) <
Mk, =1, IR R BOKBRAEER P 5 im g
AL O FE AR LG, AT TR HFpEF B3R T Kk,
7 5 R0y AL, 5-4%5 HFpEF O R
A5G (4 46 A5 X HFpEF 367 B B & ™0 4
ARSCHFTEAGE , WW Z5H 5% E3 V2 248 1 T 1
( WW domain-containing E3 ubiquitin protein ligase 1,
WWP1) 5.0 HEREIE Y& A R FEAFAE — 5 Rk 1,
W Ah, B R A SRS B Z K E A 3
( nucleotide binding oligomerization domain-like
receptor protein 3, NLRP3 ) 1 h—FhRIE/IMA, GE
HER T Z R AR TR RIK, S 5 RAETERN . e
PEVESI . O LB 5 Rl i ik it e U
A MFFERW], WWP1 I NLRP3 JL[m] 45 5 ik 5
JER &, B WWP1 il NLRP3 ] fgA775 — i $L 1]
KRB W, AWFFTE S K HFpEF H3 1 7
WWPI1 I NLRP3 #ik/KF-, iy —# %} HFpEF &
HOECEBEZMIZWME, O HFpEF #Ylim K6

g S

1 MR5HE

L1 #FRxr & BEEARb e T fdt e 4 A i g 4 12
Bt 2021 4F 1 A ~ 2022 4F 9 A2 153 4] HFpEF
B AL, Bk s6 B, ik 97 B, SEXJAE
1% 61.24 +6.53 %, “FIIABTHEHE%k 23.28 + 2.09kg/
m®, AR E S E AL A0 R 2 (New York Heart
Association, NYHA ) .0 D843 908 /8. 35 43 0 3)
BEMIT ~ TRA (n=64) FLOINEESS 1T ~ IV
RH (n=89) . WARHE: OF A (PEL I E
Y2 Wi FIAT7 16 T 2018 Ji ) ' HFpEF #4912 i A
HEP QAR > 18 JH % QL LFE ST (left
ventricular ejection fraction, LVEF ) = 50%; @ i
FRME RAT; G RS E RT3 s ) &
o HeBRAniE: OBA RTINS ; @I &%
PR L O A EMF. BUIRRSEE; OfF%
YUtk B F B R PR OB A O I 104 9
i O RELA B IR A . oy B AR
fet FRE 1Y 148 B35 & Xt BRAL, Bk s8 B, Lotk
90 1], EHLERS 61.58 +6.71 %, FRKFEEIE %L
23.64 +2.14kg/m’, SWEY LR E R LG R
S (t1=0.446,0.214, 1.477, ¥ P > 0.05) . AHF5%
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23 PR R s A% I
12 AE5&EA  QuantStudio 3 T FE5E  PCR
A CrE et R4E IR AR A RS ) 5 UReader
Eyes 4K BB G2 B A (FUINAR KA E8 A BR
OE) 5 W SRR [ 98 4366596, TEER K
ﬁzjxﬂﬁ (hE) AR A 1; NLRP3 ELISA 7]
& (52%: EH4202, DEERAYRHARAR) -
1.3 VRS
13,1 ARASRAE R AbHE . ISR ABER H . X iEZH
TR HUE R, RESEFIKIN 10 ml 53-8 TW
ABLOE T, 4% 5000 t/min B.0 10 min 576 i
WA T =80 C.
1.3.2 WWPL £ LK. TRIzol i 7 £ B &L
RNA J& R i s ik A Gdi % cDNA,  SERT %
FE i PCR {YE4T RT-qPCR JZ )i, AR 20 i,
95°C TS 5 min, 94.5°C78E 30s, 60°CIEk 30s,
T2°CHEH 30 s, H 40 MFFR, WWPL L3754 5°-TG
CTTCACCAAGGTCTGATACT-3’, Fii#514) 5°-GCT
GTTCCGAACCAGTTCTTTT-3, U6 Iii#5|4) 5°-CT
CGCTTCGGCAGCAGA-3’, Fi#51% 5°-AACGC
TTCACGAATTTGCGT-3>, KM 2 %91k, U6 K
NZ, 1155 WWP1 mRNA FXF kK.
1.3.3  NLRP3 F kK PRl . it 5K A i Wi B ik 0
( enzyme-linked immunosorbent assay, ELISA ) #;
D% NLRP3 /K-, 4544 i NLRP3 ELISA il
UL THAE
1.3.4 DB R0 ORI R
e NAR (left atrial diameter, LAD ) . ZE0>E 47
RIS (left ventricular end diastolic diameter,

posterior wall end-diastolic thickness, LVPWT ) |
JE 0 ZE B3 80 (left ventricular ejection fraction,
LVEF) . R MET ok B 5 MU {E ( peak mitral
carly diastolic velocity, B )FIEF 5K I s I {E( peak
late diastolic velocity, A) , FiI5 E/A.
1.4 %it5 o4 KA SPSS 23.0 H A #r ki .
TECRERL DL n 3R0R, 47 7 Kl T8 WOk A BL
+ PRUEZE (xxs) FoR, [TMSLFEAR (K5, 1M
i WWP1 Hl NLRP3 7K °F- 5 & 35 .0 DI e 48 A5 19 A1
FM R H Pearson 7375 5230 # TAEHFIE (receiver
operating characteristic, ROC ) Hf 2& 4> #r Ifil 75
WWP1 Fl NLRP3 /KF-%F HFpEF #5055 FL
P Wi e, Z K xf ph 2k N1 Y (area under the
curve, AUC) HEfTH#. P < 0.05 W2 R A 41T
2
2 R
2.1 & %1 3] fo & WWPI1 A= NLRP3 % i K F 1t
B OSXTRR R, WAL WWPT (1.68 +0.35
vs 1.04 +0.19 )HINLRP3( 6.72 + 1.26 ng/ml vs 4.57 +
0.84 ng/ml ) FKLKFHBFR, 25 HAG%I¥
B X (=19.623, 17.359, ¥ P < 0.05) . 5.0
BEI T ~ MR HbEs, OINEET T ~ TV R4l
1fiL 7 WWP1 (1.87 £0.39 vs 1.42+0.32) A1 NLRP3
(7.53 +1.40 ng/ml vs 5.59 = 1.18 ng/ml ) Fik/KF-
YIHE T, Z2REA502FE X (=7.744, 9.017,
¥JP<0.05)
22 RREWSIHREHSBANERFTAE R O
UIfemal ~ 1 Jﬁéﬂ—'ﬁluiﬂﬁﬁﬁé& I ~ IV 4L0%,
LAD, LVEDD, LVPWT, LVEF, E/A DIJ.0r8ish

LVEDD ) |, ZEZE&FHKARMGEEESE (left ventricular KRR, 2R A5FE (P <005) .
1 AELIIBES BRARKRBREER 0 (%) , (x=zs)]
% OUIREMI - B4 (n=64) OUIRESMI NI~V 222 (n=89) iy p
i (%) 60.07 +6.27 62.08 +6.93 1.841 0.068
[RFEEE (kgfm”) 23.02+2.02 2346 +2.13 1.288 0.200
DFE (K fmin) 74.59£7.06 77.83+7.25 2757 0.007
LAD (mm) 39.35+3.98 4261437 4723 < 0.001
LVEDD (mm ) 4567+3.18 48524350 5.160 < 0.001
LYPWT (mm) 1028 +1.27 11.36.+ 1.44 4.804 <0.001
LVEF (%) 5734 +451 5429+4.13 4335 <0001
/A 1.12£0.16 096 +0.12 7.069 < 0.001
5 B 22 (3438) (38.20) 0235 0628
B8 42 (65.63) 55(6 80)
i 59 fi 2 (18.75) 23 (25.84)
x ( 81.25) 66 (74.16) 1062 0303
It A 11 (17.19) 29 (3258) 4571 003
T 53 (82.81) 60 (67.42)
FEL £ 15 (23.44) 27 (30.34) 0,890 0346
T 49 (76.56) 62 (69.66)
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2.3 HFpEF & % f2iF WWPI #e NLRP3 K -F 5 &
FredgArerta £ ULFE 2, Pearson /T4 R RN,
HFpEF £ # Ifil 7 WWP1 Hl NLRP3 /K 3 5 LAD,
LVEDD, LVPWT £ IEM X (¥ P < 005), 5
LVEF 1 E/A 274 (P < 0.05)
%2 HFpEF #2&FMi%F WWP1 #l NLRP3 k£ 5
O INRETEARAOHE K 1

WWP1 NLRP3
moH
r P r P

LAD 0.547 < 0.01 0.534 < 0.01
LVEDD 0.471 < 0.01 0.494 < 0.01
LVPWT 0.536 < 0.01 0.520 < 0.01
LVEF -0.485 < 0.01 -0.462 < 0.01
E/A -0417 < 0.01 -0.523 < 0.01

24 7% WWPI #= NLRP3 7 - *+ HFpEF # #
SR EERENS B ML ROC LR /R, MG

WWP1 £ NLRP3 7K *F- 5 4f 12 Wi HFpEF & % .0
FEEFEE Y AUC 43910 0.825 1 0.855, fefE#iT
(B4 1.61 F16.83 ng/ml; MIEIKEFIZEIY AUC
J0.924, B E K FIMLE WWP1 Al NLRP3 7K - #L
IMIZWHY AUC ( Z=3.600, 3.053, P=0.001, 0.002) .
ULIE 1 RN 3.

100

80

@
20 o VWPl
- NLRP3
= BEEZ

0 1 1 1 1 ]
0 20 40 60 80 100
100-F5F 5% (% )
1 Ii% WWP1 #1 NLRP3 7k 2 Wf HFpEF S
IVEFEERRER ROC gk

=3 & WWP1 #1 NLRP3 7k EXt HFpEF B& O E = EREMNISHNE
moH AUC I 95%CI R (%) FRE (%) Youden 4551
WWPL 0.825 1.61 0.755~0.881 70.79 87.50 0.583
NLRP3 0.855 6.83 ng/ml 0.789~0.906 73.03 85.94 0.590
BRA LW 0.924 - 0.870~0.960 86.52 8437 0.709
3 itie FEPIKINRER R H Y], 1M17H WWP1 /KA 7E—E

PGeit, O SiEm e E 35 L AR
RIRHL R 1%, W22 " HFpEF 34 = 1% |
i OAURSES T, )k T2AFEN, Hactbme
NYHA 0Ife 9 A —x F0, Pk HFpEF
BHOINRE PG R Z IV S, I S IR 2448
bkt R DI REMEA T B PEITA | 42 i T s
B, 4R 35 I 3 WWP1 Fil NLRP3 % 3K 7K F 78
HFpEF 83 i A8 fb SR R (L BAT S22 3

VAT WWPL IHIFE 245 TP te e L, i,
WWP1 S5 filif . i80S e i 4 A e U
AR A9 & T WWPL 50 JIF AH 26 95 95 1, 77
16— & KB, f4n, SNYDER %5 " #f 57 % B,
WWP1 5 il e —E R i 22 O = AR R &
JR | Z%fi#% HFpEF [ (045 S &7k T RE RS . LU %
L S B, T WWPL Rk e RO L
B AT S LB I #5345 . ABFR AR BoR, W
LA M TS WWPL Fak K701 & =y X B4, #E
WWP1 5 HFpEF 09 & =4 K; O UJRE 2 1T ~
IV ¢ 40 fB 5 1T WWPT ik /K@ T O Esr 4
I ~ 244, #E WWP1 5 HFpEF 4 1.0
IREB VAR, LT WWPI i Rk ) 0 21
RN E, oAb, HFpEF M Il WWP1 K F
5 LAD, LVEDD, LVPWT, LVEF #l E/A 1£7E it
FHENE, PRI WWPL /KF5 HFpEF 3% /2

FREE I e = P ik I fE

NLRP3 7E AL G 588 F1 AR AE 2 b i &k 5 8 B4R
L, TRk 2 BRI . MR AR . B B st
PRI B VS AR A 7 A O e A U A Y B
NLRP3 7E12PE.0 Sy vy R vh Rk i, HME
ORI Fr . U AT A K SR
LW, WOE S A9 NLRP3 4 E/MA{E #F T HFpEF
) & AR R, DN AT B 2 NLRP3 B35 5 il 3 H
TFWERAE R FRERL, IR S RE R, S50
DIRER A . AW 5T O EE 2 1l 7 NLRP3 ik 7K
SRR X RRAL, HOOIDRESTR 1T ~ TV R4
F MG NLRP3 E ik K P TOIRE - T ~ T2
HBHE, AT AW Es A —2, #E0 NLRP3
5 HFpEF f) &M, HY5 HFpEF B& LINEEfF
TECEE . MRS 4 7R, HFpEF [ I i
NLRP3 /K5 LAD, LVEDD, LVPWT & 1EAM %,
5 LVEF fil E/A 2 fAHC, #7810 % NLRP3 7K
Y5 HFpEF & 22 E &Pk TR B VI 56, HoK P
AIE—EFE ¥ b S HFpEF M & 42 S 67 Kk h e
GUO % " fiff 55 2 W, NLRP3 45 fii 2 ik =5 1
KD R 2 LI R4 O 5, NLRP3
PR AT e HAR RE R B ALO DI RE RS . &5 5 AT
N B A 235 4 NLRP3 58 25 412 #F 48 5 P+ 01
S 9 T S PR B 43 W IR SRE RN | RO L
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AMIFET, FEMIRZNRC RS FIIIRE .
ABESEHE— 2L X 1L WWP1L I NLRP3 /KX

HFpEF [ 0 ™ B R IS W N (BEA T T 2047,

ZER BRI WWPL K Bhi2 W HEpEF (%

O EARER AUC 2 0.825, HURE | FeR K

Fr, R ITE WWPL ZKF%F HFpEF 0 3 ™ 5

FEJE AT —E RS W (i L3 NLRP3 ZKF

12 Wi HFpEF i 0 5™ 5 F2 B 1) AUC 4 0.855,

FURE | fe S AR, @78 LY NLRP3 /K-

WHEMS e — & 2 12 W7 HFpEF [B3% 0 3 ™ B

Ji&; 17 WWP1 FINLRP3 B A2 W AUC 2 0.924,

0TI WWP1 FI NLRP3 /K43 51 B2 1

1 AUC, &R ZHBKE WM ET &, 8

I35 WWP1 KF#F 1.61 H NLRP3 /KF-#& T 6.83

ng/ml i}, BEOEREITRERE, LUBET R

O UL S VA B R, Il R L AR B A8 3 1L

{if WWP1 I NLRP3 7KF-%f 0 F2 8 0474l B P

Wi, JEFHH WWPL Hil NLRP3 /KPR AT,

PRI B i, 2 e B B A AP i
Zi I frif, HFpEF & 1% WWP1 Fil NLRP3

KPR E, —FACFSRFDIREE I C,

WA G I X HFpEF #8770 8 1™ i P 3 5 AT B i 1Y

LW R SRS R/ MNEARBT ST, BFFE 4 R

RG24 T RAE AR HEAT B E, H WWP1 F

NLRP3 520 HFpEF A % Ji& (9 HAAAE HIBL ] 2475
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