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Relationship between serum DKK-1 and SFRP4 levels and disease activity in
patients with systemic lupus erythematosus
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Abstract Objective To determine the serum Dickkopf-1 (DKK-1) and secreted frizzled-related protein-4 (SFRP4) levels in patients
with systemic lupus erythematosus (SLE) and their relationship with disease activity. Methods A total of 150 patients with SLE were
selected and divided into active (n = 98) and inactive groups (n = 52). Patients in the active group were further divided into mild (n = 35),
moderate (n = 36),and severe (n = 27) groups. Meanwhile, 150 healthy individuals were selected as controls. Serum DKK-1 and SFRP4
levels were measured, and their value in predicting disease activity and severe SLE activity was analyzed. Results Serum DKK-1 and
SFRP4 levels were significantly higher in patients with SLE than in the controls and higher in the active group than in the inactive group
(P < 0.05). Serum DKK-1 and SFRP4 levels increased gradually with increasing disease activity (P < 0.05). Serum DKK-1 levels were
positively correlated with serum SFRP4 levels in patients with SLE (P < 0.05). Serum DKK-1 and DKK-1 levels were positively correlated
with erythrocyte sedimentation rate (ESR), anti-ds-DNA antibody,and C-reactive protein (CRP) levels,and negatively correlated with
complement C3 and C4 levels (P < 0.05). Complement C3 was a protective factor against SLE activity (P < 0.05), whereas CRP,DKK-1,
and SFRP4 were independent risk factors (P < 0.05). The area under the curve of the combination of serum DKK-1 and SFRP4 levels in
predicting SLE activity was significantly higher than that of individual predictions (P < 0.05). Conclusion Increased serum DKK-1 and
SFRP4 levels in patients with SLE correlated with disease activity. Thus, they may serve as key molecules and predictive indicators for
assessing disease activity.

Keywords systemic lupus erythematosus; Dickkopf-1; secreted frizzled-related protein-4; disease activity

E&TA A TAEMRZ S AR H (20241862)
EE R/ 98 (1989-), %, IR EEID, i+

BIS1EE . KE , E-mail : 2x1314615@163.com

Y5 B H#A:2025-03-11

[ £& H AR 18] - 2025-12-15 14:56:42



+ 1128 -

HREERRESR H54E

FGNELLBERIE (systemic lupus erythematosus
SLE) J&—Fiig P [ B e PR , LR AL K
ZAE RGN, AN R R IR SRE L, 2
Hop ek Hegiit, SAESLERE M, SLER
FIFET RGN T 202,605 Rk, H AT
M M ALSLERIRYTY 7 . Wntf5 538 i 1 % 5
2 40 AN S R B0 s v A 1 (Dickkopf,
DKK) ZZ 5 Fl 43 Wb 45 ph AH 5 25 H (secreted frizzled-
related protein, SFRP) ZJ% , H HFPDKK G % Jil bt £ 75
DKK-1.DKK-2 . DKK-3FIDKK-4, 3 11 515 2 g
FIAZ AR DGR 516 L2 IR 2 G A5 G oK H5 T Wntf5
SAETD L DKK-1LE A [ 9 A 2 A B 72 v 2
HEEEH, EAERC BN ZFERF T R4,
R ) 2 7 S8 RE I R B I T T . SFRPR
% A0 F5SFRP2 SFRP4A  Wntd i A 1145, 38 1o 7 3%
Wt A0 T RS Wl 57 . SFRP4SE
SFRPZEIE M AL , ZE AU ARG 5E oAk 8 T B0k
FI BARVE R, LA RO RIFS 7 B RS2, HAEwE R
o5 B S IR JERT BT AT R, Wnef S0l
H% 3 B T T BB AE AR M B 4 1 e N 17
& ¥ — 52 IV . 2R T, DKK-1FISFRP4-5 SLES
75 195 Bl JEE 1) 6 2R 0 AN o PRI, AR5 AG TSLE
1T HDKK-1HISFRPA#Y 2 35 /K -, B 7E1FAG
DKK-1FISFRP45 SLESG TG SIE R A

| HRSHS®

1.1 BT A4l

PEHL20214E6 H F20244F6 H 8] B B U iA /1150
BISLEMR % , B WHRIESLES 2 brufe ™ b, 51941,
1315 4 i F28~55% , V- HJ4F 4 (41.59 + 11.68)
4 o Gy 3 BRI 1 3 Bt 1A A 1) 15041 £ 5 5 4 hy Xof
B b, BB2141, £ 129615 4F 1% 428~57% , F- 1
RIS (42.38 £12.64) % T A BF SR X R AE AT A
JRFH b R B A T 500 45 245  HERR W RS e I
FE R A XU PR 50 AR SLE S5 PR Ay 18 1 o
IR 0 ek R At 4 B R [ B i R
S DA SP IR LA 2 P AR 5% 42 3R Bt s 2
1B ZE By 2 b (K2021090), FT A BIF5E % 42 0115 [

=]
JCh O

WKHESLEZNETE shT8 5 (Systemic lupus erythema-
tosus disease activity index, SLEDAL) B 7FE4r#1 7@“01 s

Sy G AL (9861, =543) ARG shal (52681, <d43)
TG hA b —25 24053 e B (3541, 5~943) B (36,
10~1443) A B (274, = 1543) 34~ 4

1.2 FEACRESIRE

i FHEDTASTSEE WA T A 3210 19 I ik i
5 mL, SLEZE T ABER H i RR AL, flHExT i1
AKG 5 R I o 25 38 T #2230 min, SR J5 76 B O HL (2
5 JIDI-20D, ) M2 A A PR E]) 713 000 r/min
B0 15 min, BRI, R TR S0 5%
BRI 177 g Iy

K HSysmex-21004 H 8 ML /3T (H A% 7%
I HEpR 2 At) K 1 48 M (white blood cell, WBC)
T LT 40 0 (ved blood cell, RBC) 14 . 1f £1. 75
(hemoglobin, Hb) 7K~F-, 2k FH3% 1| A4 4> B Zh 2L 4 i IiT
e (erythrocyte sedimentation rate , ESR) e AL (-
T I A = R A B WD I ESR . SR FH il 6
A P28 W 61 338 56 (enzyme-linked immunosorbent assay,
ELISA) i2 71 & 4 I Hids-DNAJE 1A FICK B & A
(C-reactive protein, CRP), 137 & 70 5 {1 L —bif
AR AT BR S w R A AR R A BRA B
SR FH G2 FBUST L s R A MA C3 R C4 , 350 G A
R PIE A R RS
1.4 IfVEDKK-1FISFRPAZE A K F-46:

439148 FlADKK-1 ELISATR 7 & (aU i IE B A=
YR A RS 7)) A1 ASFRP4 ELISAIRH] & (RIGE
BB A B WD i 7 DKK-1#ISFRP4
()RR TR, A e BRI 8 U BH 13 19 25 SR E 1 T4
VB, 4 A Sl A (i 53 R 5 R )
P A50 nm YOG EEMH , TR IR EE
L5 ettt

I FHSPSS 25.04K AT Ge 2750 Br o 1 B9k}
PUx + s, 240 LU BRI ST BEARG 36y, 22 20 LR
K AR 27 22538, i — 20 P LE AR FHSNK-q
R o THECP R LR (%) R, R x R R4 T L
5 o K HPearsonfl ¢ 70 AT #4740 &M 0 B SR H 22
PX Klogistic [2] 15 43 41 PF- A 1] B8 52 W SLEJS 175 15 3h
FEBY R ZR 5 R 52 58 BEAEFRE (receiver operating
characteristic, ROC) H1Z& 537 Il {E DKK- 1 FISFRP4ZE
IRTKP SR SLE 17 135 2 B F 8 BE IS S (B, P <
0.05 2= A g3 Lo
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2.1  Ifil7EDKK-1HISFRP4ZEIA K1 HL

SLE £ 35 Fg Bl X 85 i DKK - 17K F- 43531
(14.19 + 3.65) mg/LF1 (7.22 + 1.83) mg/L, SFRP4/KF-
g3 9 M (4.77 £ 1.22) mg/LA1(2.57 + 0.69) mg/L, SLE
B BYDKK-17K V- FISFRP4/K V- B 3 55 Tt e ol 1R
#(P<0.05)

2.2 WE BN AR TE Sh4ISLES I PR U8 RE M 1l v
DKK-1.SFRP4F A 7K -1 FAst

TG S FEE TS shal s, B ) AR IS
2 WBCIHH 4 RBCIT AU Hb K 1Y 22 R 38 o gt it
2L (P> 0.05) SR shA BE A L, 16 sh 4 iR
# MJESR | $ids-DNAHL {& .CRP .DKK-1 .SFRP47K -
W8 T e, AMAC3FICA7KT- B i B AIG (P < 0.05) o AL
1.

®1 EIEMNIEENASLE BE A S A K M5 DKK-1F1SFRPAZRE K T B L3R

Tab.1 Comparison of clinical data and serum DKK-1 and SFRP4 levels among patients with SLE in the active and inactive groups
Ttem Active group (n = 98) Inactive group (n = 52) X P

Sex[n (%) ] 0.532 0.466

Male 11(11.22) 8(15.38)

Female 87(88.78) 44(84.62)
Age (year) 41.31+10.63 42.12+11.08 0.438 0.662
Course of the disease (year) 5.03 £ 1.56 4.85+1.42 0.693 0.489
WBC count ( x 10°/L) 521+1.63 5.69 £ 1.48 1.771 0.079
RBC count ( x 10™/L) 3.96 +1.02 4.16 £ 1.07 1.124 0.263
Hb (/L) 109.87 +28.01 118.58 +30.90 1.748 0.082
ESR (mm/h) 51.34 £ 16.05 13.08 £3.67 16.931 <0.001
Anti-ds-DNA antibody (IU/mL) 203.45 +51.63 92.07 £25.19 14.642 <0.001
Complement C3 (g/L) 0.45+0.13 0.59 +£0.16 5.785 <0.001
Complement C4 (g/L) 0.14 £ 0.04 0.23 £ 0.06 10.964 <0.001
CRP (mg/L) 25.84 +£6.53 19.06 + 4.81 6.594 <0.001
DKK-1 (mg/L) 14.74 +3.80 13.15+3.36 2.536 0.012
SFRP4 (mg/L) 5.06 £ 1.29 422 +1.08 4.008 <0.001

2.3 RI[AliE 2 BESLE M 2 1l 15 DKK- 1 HISFRP47/K -
1y L

B R E R AISLER # Y 1ML DKK-17K
S35k (12.99 + 3.28) mg/L, (14.78 + 3.72) mg/LAN
(16.95 + 4.26) mg/L, SFRP4/K 43514 (4.07 + 1.04)
mg/L. (5.20 £ 1.31) mg/LF1 (6.15 + 1.58) mg/L. IfL 3
DKK-1FISFRP4A7K V- B 55 15 1 2 B Tt v 1 328 ¥
fE , T 2 1M 7 DKK-1FISFRPA/K V- B 8 5 T 4% i
AL, A S TR (P<0.05) o
2.4 [fiEDKK-1FISFRPAZE A A SeE & —F Sl
PRAGFR A

SLE 8 # Il 7 DKK-15SFRP43 35 /K - 5 1E M
% (P <0.05) ; Ifil {iFDKK-1 FISFRP43 15 7K - 5 ESR |
PUds-DNAFLRFICRP/K P45 52 TEAH G, HHMAC3F
CA/KF- B AHIE (P < 0.05) . W42,

2.5 logistic[MA4M T SLES 1 1 3 145200 R £

PASLESR & 72 & 4b T 1% s (Jg=1, %5=0)
YR RAS B, IESR  Bids-DNABL A FMAC3 | #MA
C4 .CRP .DKK-1FISFRP4 (35 R SEIAE) VE A F A%
HEFT 3T o Z5 5 o  #MARC3I& 52 MR SLES R 17 1 21
B P RZE (P < 0.05), CRP .DKK-1 A SFRP4JE: 5% i)
SLES 171 20 B2 B A7 fE R R (P < 0.05) o W3,
2.6 I DKK-1FISFRP4ZE ik /K - 15 I SLESG 1% 1%
RN E

I DKK-1FISFRPAZE IR 7K V-5 Je — FH B
TUMISLES 155 1% 20 B2 /% i 26 T 180 B2 49 531 240.766
0.821.0.908, Ifil & DKK- 15k A SFRP43 4 7K - 1)
LRI (Z - 4 2=24.586,P < 0.001) B i 5 T % 24
B (Zxx,=3.101,P = 0.002 5 Zgpyps=2.050,P =
0.040) . IlL3%4.
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2.7 IMLiEDKK-1HISFRP43 A /K- FMSLER 3G 0.904, [fiL 75 DKK- 115 A SFRP43 35 /K - i1 il 28 F 1
SNE FR(Z sy »=31.746,P < 0.001) B i} 55 T =3 B 15

I35 DKK-1FISFRPAZF IR AT ol Je —FHIK S M (Z4,=2.145,P = 0.016; Zgppy=1.743,P = 0.041) .
TRIMSLEE BTG g h £ T A3 51°240.760 .0.809 . LS.

#2 MEDKK-1FSFRPAFRIAIER MR —& SR RIgtREIE X 14

Tab.2 Correlation between serum DKK-1 and SFRP4 levels and their correlation with clinical indicators

Indicator DKK-1 SFRP4
r P r P

ESR 0.584 <0.001 0.633 <0.001

Anti-ds-DNA antibody 0.720 <0.001 0.675 <0.001

Complement C3 -0.627 <0.001 -0.695 <0.001

Complement C4 -0.657 <0.001 -0.640 <0.001

CRP 0.525 <0.001 0.612 <0.001

DKK-1 - - 0.688 <0.001

SFRP4 0.688 <0.001 - -

&3 logisticE V3 Hr SLERRIE G EH I E =
Tab.3 Logistic regression analysis of the influencing factors of SLE activity
Variable B SE Wald x2 P OR 95%CI
ESR 0.170 0.097 3.062 0.080 1.185 0.980-1.433
Anti-ds-DNA antibody 0.241 0.136 3.150 0.076 1.273 0.975-1.662
Complement C3 -0.669 0.187 12.815 <0.001 0.512 0.355-0.739
Complement C4 -0.167 0.115 2.115 0.146 0.846 0.675-1.060
CRP 0.574 0.216 7.057 0.008 1.775 1.162-2.711
DKK-1 0.697 0.194 12.913 <0.001 2.008 1.373-2.937
SFRP4 0.917 0.223 16.898 <0.001 2.501 1.615-3.872
F4 MiEDKK-1FISFRP4FRIE K ENSLERIEFE I ERNME
Tab.4 Value of serum DKK-1 and SFRP4 levels in predicting SLE activity
Indicator Area under the curve Optimal critical value (mg/L) Sensitivity (%) Specificity (%) 95%CI

DKK-1 0.766 14.19 64.30 76.90 0.689-0.843

SFRP4 0.821 4.73 73.50 78.80 0.753-0.889

Combination 0.908 - 92.90 75.00 0.860-0.955

5 MiEDKK-1FISFRP4FRIAK FHNISLEE EiEFMNME
Tab.5 Value of serum DKK-1 and SFRP4 levels in predicting severe activity of SLE
Indicator Area under the curve Optimal critical value (mg/L) Sensitivity (%) Specificity (%) 95%C1
DKK-1 0.760 16.80 51.90 90.10 0.650-0.870
SFRP4 0.809 5.75 85.20 77.50 0.720-0.897

Combination 0.904 - 88.90 76.10 0.832-0.976
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e A B A I RIA YT BRI 525, 201 42 504F
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DKK-1EWntf5 5 & SHHH 72—, 5Wnt
o R LR, AR RN N 7, DKK- 17936
IRKETE BT A8 B ALH AR B 5 S
B B T R S S 2 R
o5 9 2 R R R W R B, 2 R e
AN ELEA AR B L5 P DKK-1A9 265 7K1
0 TR BRG] R L 1 1 B B RTACR R B L
55 RAE , DKK-14E F B S Be P H o i h %
IR R DKK- U235 A B G se s i) il S A= )
FraEW ARS8 5 ELISATEAL SLE £ 3 FlfE R ) R
H MIEDKK-109 R3K K-, 5 f BT R AH [, SLE
BB FFDKK-1 268K BT, 5 2 m g
4 e — 2, R WIDKK-17] BE7ESLEM & AE AL Hh &
PR AN AT P 25 SR B, 16 S ZHSLER 11
DKK-13% 35 7K V- B &b i F AR 36 s 41, FLB 75 SLESS
55 % Zh BERE N, I DKK-13635 /K B Wi FH e, 52
R A0 24 XU 6 15 S BIF 5T 2 A 45 SR 26, R WISLE AR
HDKK- 133K 7K F- A e 518 16 B A G
SFRP4JESFRPZEE I LG , A 1T Wntil % , 75
S RBIR  2  FE B v R 0 P R ARG
B R WU S B R L 2L P SFRP4AEE 4 /K - T
i, AT VE g Wntf5 5% 5 0 98795 550 9 5 HoAth 9 E B
AW OCHR, 2 5 1 UL Y s B A Lo AR R A
WIF5E 7 43, R A P i FERSFRPAI ] T K
I, TEH T BRI o3k 3k A vh R AR F AR5 K
PR, 5 e XS IR A L, SLEER 3% 134 HSFRPAZE 15
K =, AR TG S SLE B (1) 135 SFRPAZR A K -
TG B AL, i FLE S 3 1 185 2 BE 39 0, 1L SFRP4
PRI B TF R 6 BASFRPAT] E & $5 4 F T i
PN AT TGN AE S AR, 2 5 SLER) & A

KR, K L2 5K 7K - 1T BB AT Bl 48 ISLER 1% 1
B

ESR . $ids-DNAHLIA . CRP  AMACIFICAIK S
PEAGSLESR 17 1 80 B 1) 5 2L PREG b o A BIF 50 38 1
R AR A, & BTG 2 ZHSLEE 35 BYESR L $ids-
DNAHTH (CRP/K VW 8 % TR 6 s 41, #MAC3FI
CA7KF- B AR THEN 34, H i i DKK-1 .SFRP43&
IKIK A HESR  Hids-DNAFL R FICRP/K -4 5 1E M
K, HHMACIFICAZK -1 5 171 AH ¢, & WIDKK-1F1
SFRPA[) & 15 7K - 1] fE M 4 5 M ESR 4 MAC3 /K-
5 SLEJR 1 15 20 B DGR o A SOG4 B 45 51 e L, SLE
BB LT DKK-15SFRP4ZE 3A /K - 52 1E AR ¢, 1 HL
B IR R SLESR 1 15 20 BE B A e R R U
W 1l 7/ DK K- 1 FISFRPA[T) R 1k 7K V- AT GEAH B.AEH,
Z: 5SLEMGIHF & , AT AR Ry B SLE A8 555 175 17 20 2
M)A R G bR 55 4, ROCHTZE 25 R 7R |, 1l i DKK-1
FNSFRP4E 1A 7K V- HI T B SLES S 17 175 3 5 Fl i B
TG S — M E, — 35 G X SLES R 1% 1% 20 B Al i
JEE % 2 0 S0 A e B v, PR v R R, i — AP
B E A A DK K- 1 FISFRPATE A5 F| THFA SLESR 1

25 LR, SLES A 13 DKK- 1 FISFR P4/ Rk
K- T 5 , 5 SLES 15 15 3l B2 A7 7E JCHK , 1% DKK-1
FISFRPAYJE 52 M SLERG 1% 1 211 B2 i Al 7 fE s I 2
H B I R AT SLEY 15 176 21 B R 8 B 3% 2l (1)1
B S
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