e 3434 - M E¥ 5K 2025 £ 12 A% 22 %% 24 #  Lab Med Clin, December 2025, Vol. 22, No. 24

<t ZE . DOI:10.3969/j. issn. 1672-9455. 2025, 24. 022
ERBEHEFLEERESHFEEZMF CXCLI6 N2 K EREIFKRE X

MAEBERSELEF S FEBA, LT 100010

B OE.BH HWiTEARFAFARBEEERAMN) EF fif CXC HAE FBA 16(CXCL16) 474k &
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CL16 Nrf2 /K F . KA Pearson #8 % 5 7 48 fk 9% 5t & IMN B % &% CXCL16 Nrf2 KF 5 & & & § o4k 45
AREAKEE T AE, KA % B & Logistic A5 # 4k AkmEFFLIMN # ERE £, A 2RF T4
AE(ROC) W 4 547 d 3% CXCL16 Nri2 s 48 fsm & % - X IMN a9 4 it . R 56 4 k5 CXCL16 K -F
& T4 (P<C0.05), Nrf2 KP4k F 2 B 48 (P <C0. 05), L5 xt B& 2848 vk, % 4 20 5o UL BF , A 95 3R 58 B F-a
(TNF-o) & 28 A% -6 (1L-6) | fo 75 F0 % 5 B A2 %4k (PLA2R) 34k K F & k& @ /WLEF oA F+ & (P <C0. 05) .
FEAOART AHHEDRELFE(GFR) FH(P<C0.05), # kit &L IMN & 0#F CXCLI6 K-FLEFE&EEG,
eGFR 2 fi 48 % (P<C0.05), 5 & & /WUBF le A& | o JUEF . TNF-a.IL-6 2 A8 % (P <C0.05), 3% Nrf2 K F 5
#& A . eGFR ZEAR X (P<C0.05),5 k& & /ILEF UL | fo DLEF \ TNF-o IL-6 £ fi #48% (P<{0.05), s iF CX-
CL16 AP 3 & @ /BT A & A48 fom it & IMN 8 £ B & (P<10.05), foiF Nri2 K-F 4 F 2483
B % (P<C0.05), fiF CXCL16,Nrf2 3 5 & B &4 b7 45 Sk & 4 - L IMN 89 i & T @ R (AUC) % 5 A
0.812.,0.804,0.880,2 A A I AL B¢y AUC ZF K T A LRI 44 B 69 AUC (Zixerisommse = 2. 622,
Z iz omms =2.877,3 P<0.05), w4l ~ IV & F oiF CXCL16 K+ 35T L ~ 1l #1(P<C0.05), 52 Nrf2
KFETF [~ #(P<0.05), &t #AABFAL IMN EF biF CXCLI6 KFHF . oiFk Nef2 K-F F B, 1L
RFZE HRA A KEFEWA K .2 RIEA R 30 s IF R IMN BB & 264 45 80 45 B 18,
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Serum CXCL16 and Nrf2 levels and their clinical significance in patients with
diabetes mellitus complicated by idiopathic membranous nephropathy
SU Li ,ZHANG Xin ,LIU Yuanyuan .WANG Fa , HUO Yanhong“
Department of Nephrology sthe Seventh Medical Center of Chinese PLA General
Hospital sBeijing 100010, China

Abstract: Objective To investigate serum levels of C-X-C motif chemokine ligand 16 (CXCL16) and nu-
clear factor erythroid 2-related factor 2 (Nrf2) in patients with diabetes mellitus complicated by idiopathic
membranous nephropathy (IMN),and to evaluate their clinical significance. Methods A total of 106 patients
with diabetes mellitus complicated by IMN treated at this hospital From May 2022 to May 2024 were selected
as the case group, and 109 contemporaneous patients with diabetes mellitus were selected as the control
group. Clinical data were collected,and serum CXCL16 and Nrf2 levels were measured. Pearson correlation a-
nalysis was performed to assess the relationships of serum CXCL16 and Nrf2 with albumin,renal function pa-
rameters and inflammatory markers in patients with diabetes mellitus complicated by IMN. Multivariable Lo-
gistic regression was used to identify risk factors for patients with diabetes mellitus complicated by IMN., Re-

ceiver operating characteristic (ROC) curve analysis was used to evaluate the diagnostic performance of serum
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CXCL16 and Nrf2 for patients with diabetes mellitus complicated by IMN. Results Serum CXCIL16 level was
higher in the case group than that in the control group (P<C0. 05),whereas Nrf2 level was lower (P<C0. 05).
Relative to the control group,serum creatinine,tumor necrosis factor-a (TNF-a) ,interleukin-6 (I1.-6) ,serum
anti-PLLA2R antibody and the urine protein-to-creatinine ratio (UPCR) were increased (P<C0. 05),while ser-
um albumin and the estimated glomerular filtration rate (eGFR) were decreased (P<C0. 05). In patients with
diabetes mellitus complicated by IMN, serum CXCL16 was negatively correlated with albumin and eGFR
(P<C0.05) and was positively correlated with UPCR, serum creatinine, TNF-« and IL-6 (P <C0. 05). Serum
Nrf2 was positively correlated with albumin and eGFR (P <C0. 05) and was negatively correlated with UPCR,
serum creatinine, TNF-a and 11.-6 (P<C0. 05). Elevated serum CXCL16 and increased UPCR were identified as
risk factors for diabetes mellitus complicated by IMN (P <C0. 05) , whereas elevated Nrf2 was a protective fac-
tor (P<C0.05). The area under the curves (AUCs) for CXCL16,Nrf2 and their combination in diagnosing dia-
betes mellitus complicated by IMN were 0. 812,0. 804,and 0. 880 respectively; the AUC of the two-marker
combination was significantly greater than those of either single marker (Z  xci16 combination =2+ 622 3 Z \riz-combination —
2.877,both P<C0. 05). In the case group,serum CXCL16 levels in stage [l — IV disease were higher than those
in stage [ — I (P<C0.05),whereas Nrf2 levels were lower (P <C0. 05). Conclusion In patients with diabetes

mellitus complicated by IMN,serum CXCL16 level is elevated and serum Nrf2 level is decreased;these chan-

ges are closely associated with disease onset and progression. Combined measurement of the two markers pro-

vides important adjunctive diagnostic value for diabetes mellitus complicated by IMN.
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1.2.2 Il CXCL16,Nrf2 /KM Fr A #F 58 %t
ZFABE X HIERMIEs E 8 h i i # ki 3~5
mL.2 000 r/min &[> 25 min[ B.0EA 15 cm; KIS,
Centrifuge 5702, LA ( 3§ [ bR 52 5 A FRA 7 e
W LI 3 L BB T — 80 °C vk 4l (B %5 . TDE60040LV ,
FEER G RBHED o AR . R i R G 8 I 3 56
(ELISA) | 2 3% CXCL16 ($% 5 : E-EL-H6009, it
DUBR 3 Sty 7 A ) B BB A3 A BR 28\l L Nrf2 (1] 5.
CSB-ELO015752HU, i A8 36 A= 1y TR A3 BR 28 &) K
e, PRATHRAR ) HCE T 4 °C vk B R L B0 AR o
T4y AN 100 L iV 5 5 AR E 5L T 96 FLAR
rfr AR e U B P U R K R U i A R 3R 0 2
FE AL AR FEAE 15 min P8 P B BR AR I 450
nm ARG B . 224 CXCL16. Nrf2 B Fn i 5 i 28,
TR AR bR K.

1.3 Giil2phbse SR SPS24. 0 885k 14 4k 3 F1 43
Wr&dE . R Shapiro-Wilk ¥ uE47 IE 5 P& 5 XF £F
GESHAR TR ERL = £ FoR,2 4 xR
FHBSTREA ¢ 50, 22 41 18] bb R B R R 5 25 4%
B, oE— 25 W I LB R ] SNK-q #5565 118507 R L 6
B E R R AL EL R X K55 SR A Pear-
son A 3¢ 4> M BE IR 9 9 & IMN B 17 CXCL16.,
Nrf2 7KV 5 % 8 (5 D Re 8 br S 40 I 7 19 AH ¢
M5 R 2 % Logistic 181 13 40 87 5 % % 18 & I+ &

IMN 9 5 6 PR 38 5 ok A2 303 AR AR AIE (ROC) i 26
AT CXCL16 ., Nrf2 XF 8 R 9% i # F & IMN [
BWiIRRE, LA P<<0.05 NESAGIHFE XL,
2 % R
2.1 2 4 CXCL16,Nrf2 K He#x  Sxfr
FALG 96 19 20 1 % CXCL16 /K JF & (P <<0. 05),
Nrf2 /KRR (P<C0.05), W& 1,

*x1 2 A 1M iEF CXCL16 Nrf2 K F & (2 £ 5)

2051 n CXCL16(ng/mL) Nrf2(pg/mL)
Xf R 2 109 3.75+0. 54 1.3440.23
95 151 21 106 4.414+0.67 1.12+0. 21
¢ —7.963 7.328
P <0. 001 <0. 001

2.2 2 HIEERVERILEL 5 X REALAH E L o ) 4 o AL
B 5T PLA2R 4K\ TNF-o 1L-6 /K F & R 8 H / WLEF
FefE Tt i (P <<0. 05) . 15 8 FH K F- L eGFR AR (P <
0.05), 2 ALAF W 1 ) 11 M B W 25 He 9 L 4 DR
sk OB PR AL I B A L ) S R ORE HL R, 25 S R 4
P E X (P>0.05), W2,

2.3 EHI I CXCL16 Nrf2 K FS5EEA VT
REHE b M AT K B A D& PE i 19 4 il 7 CXCL16
K57 EH . eGFR 2 iM% (P <<0. 05), 5K E
F1/ JWLEF B (8 . 1 L EF . TNF-o, 1L-6 /K 3F 5 1F 4 5%
(P<C0.05); Ly Nrf2 KV 576 8 1. eGFR 2 1EAH
K(P<C0.05), 5 IR A/ WUEF LA Mo WLEF . TNF-a,
IL-6 A (P<<0.05), W% 3,

*2 2HEBEEFEBILE (X)) 2 E5]

i H Xt B2 (n=109) I B4 (n =106) X%/t P

PR =>60 % 59(54.13) 57(53.77) 0.003 0.958
5 62(56. 88) 54(50. 94) 0.763 0.383
1A e 4 24 36(33.03) 41(38.68) 0. 747 0.388
BMI>25 kg/m” 15(13.76) 19(17.92) 0. 700 0.403
W PR 05 5 (4F) 5.1240. 65 5.260.67 1.555 0.121
Tl PR 95 4R o) fEE 5 7 9(8. 26) 7(6.60) 0.213 0. 644
7K fi 65(59.63) 68(64.15) 0. 465 0.495
Y& 4ii i (mmHg) 131.25419. 84 134.06420. 16 1. 030 0. 304
#F5K FE (mmHg) 79.53+9.47 81.26+9. 85 1.313 0.191
RS E (mIU/L) 7.784+0.93 8.01+0.97 1.775 0.077
BEAL 218 1 (%) 6.5440.87 6.7340.85 1.619 0. 107
TC(mmol/L) 6.0140. 84 6.2220.91 1.759 0. 080
TG(mmol/L) 2.1740. 31 2.23240.35 1.332 0.184
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i H X IR (n=109) I B4 (n=106) X/t P

HDL-C(mmol/L) 1.184+0.16 1.2140.19 1.254 0.211
LDL-C(mmol/L) 3.64+0.47 3.7540.51 1. 645 0.101
HHEH /L 35,2945, 36 32,1645, 74 1,134 <C0.001
1 LB Cpemol /L) 76.19+9. 35 104.924+12.72 18.907  <C0.001
JR %A (mmol/L) 7.95+1.01 8.04+1.08 0. 631 0.529
JRAEE/WUEF LA (mg/ @) 9.47+2. 64 61.01+16.78 65.811  <C0.001
eGFR(mL * min '+ 1.73 m %) 98.47411. 32 69.15410. 06 20.088  <C0.001
BRLT % (pmol /L) 16.32+2.18 15.84+2. 36 1.548 0.123
TNF-a(pg/mL) 27.3243.94 29,1644, 02 3.388 0.001
1L-6(pg/mL) 517.34462.15 598. 06472, 72 8.739  <<0.001
I 7%t PLA2R $Hi/K (ng/mL) 48.44+6. 26 58.15410.78 8.104  <C0.001

®3 BAIAME CXCLI6 N2 A ESEFEEH. 518
e AR R S B F R HE X1
CXCL16 Nrf2
HH
r P , P

WHHEA —0.524  <<0.001 0.572 <0. 001
JREE /U L AH 0.557  <<0.001 —0. 604 <<0. 001
I LT 0.662  <<0.001 —0.639 <<0. 001
eGFR —0.649  <C0.001 0.597  <C0.001
11-6 0.554  <<0.001 —0.603  <<0.001
TNF-« 0.583  <C0.001 —0.628  <C0.001

2.4 BERRIREEIFAR IMN A ZMEZHE Lo-
gistic [EIESMHT  DABEFR I B F 2 & & IMNGE =
1, /%=0)FHAE ¥ 1.2 P<<0.05 AU 5 (A

Hi PLA2R Hifk a2 W IMN., BCHERO 76y A 25 &, i
1TZR#E Logistic MIFAHNr GEE M%), 4581
/R ILTE CXCL16 K -F- Tk R & E /WL A T = 2
BRI IF & IMN R fa i P # (P <<0. 05) , Nrf2 /K-
T R E(P<<0.05), L4,

2.5 I #E CXCL16,Nrf2 2 Wi IR % 8 & JF % IMN
FIZLRE DL CXCL16.Nrf2 b A 56 28 i, B4 IR I
BERBIFR IMNAERRREEEE=1,/5=0),.%
il ROC £k, 458 Bon . s CXCL16  Nrf2 B K
A 12 Wb R 9 B 4 JF & IMN B il 26 F i fL (AUC)
4351k 0.812,0. 804.,0. 880,2 WHE &2 W) AUC B
K (Z excrisomms = 2. 622+ Zwmomps = 2. 877, ¥ P<
0.05), W%k 5.K 1,

A4 WERBEEH % IMN ZImEENE E X Logistic @A
BES T B8 SE WaldX* P OR OR 1 95%CI
FRIE F/ JIUBF LU AR LA 1.053 0. 428 6.056 0.014 2.867 1.239~6. 634
CXCL16 S I A 1. 200 0.394 9.271 0. 002 3.319 1.533~7.184
Nrf2 S —1.013 0.378 7.187 0.007 0.363 0.173~0.761
x5 Ini#F CXCL16 Nrf2 2 Wi #E R im B & FF & IMN B %8k
Bk e A A AUC95%CI) REE ) FREOD EORSE R P
CXCL16 4.22 ng/mL 0.812(0. 775~0. 869) 66.98 84. 40 0.514 <20. 001
Nrf2 1.19 pg/mL 0.804(0. 745~0. 862) 83.96 66.97 0.509 <20. 001
2 WA — 0. 880(0. 837~0. 924) 92,45 66. 06 0.585 <<0. 001

T — R oA .

2.6  NIRIAHIBE R % I & IMN HB 3 1L7E CXCL16,
Nrf2 KFEeE 51 ~ T AMA, [~ NV 4H inE

CXCL16 7K FF 5 (P <<0. 05), Nrf2 7K FFEAL (P <
0.05), WLF6,
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20 51 n CXCL16(ng/mL) Nrf2(pg/mL)
I~ 144 66 4.0240. 64 1.21+0.23
I~ IV A4 40 5.06+0.73 0.98+0.18
t —17.687 5.398

P <0. 001 <0. 001
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CXCL16 7 532 40 M Can A 2 4R 40 B L 2R A2 41 i
EmEdff 3R i5, AR Sl i 2 Mg, &
B S e M L BS I CXCL16 AT 4 1 40 258 20 i 5
PN Bz 240 B 285 B 5 T i M CXCL16 3 5 3 35 % 35 CX-
CR6 Y [ 40 A9 15 8% 55 2 45 L 42 0 B 1) B £F 24k .
E AW IE I CXCL16 78 B AT 4 5 H 493 3t 1L K7
b1 oS I N PN i S s < TR (RN | 0 O 1 ]
CXCL16 Fik[E A By T4 6 B 5 552 P IR0 1Y
KN, CHEN 29 BF 58 8 L J5 % o B 45 A 1iF
LB A2 CXCL16 ik B A, nl 2> 2 20 i 4 5
B A E R I T b R e A . AR DSR4
R BRI T & IMN B I3 CXCL16 7K &
Fraip R g, Al ~NMEF 1~ 1. 485
Mg CXCL16 7] 82 50 i F & IMN (19 & 4 &

J& ., AU KB M CXCL16 K 51 & . eG-
FR S H7AHC, 5 R & 1/ WUEF A, 1 JLEF . TNF-a.
11-6 5 IEAHC 3R L7 CXCL16 7K -2k 28 v] RE 55 4
JRIF I & IMN B35 B DI RE 8 7 . R T 5 5 A K.
oA HAR B R B AR . CXCL16 A 2k w7
) T TRURE A5, A R B 5 T 4R 2% 2 42 CXCL16 & 75
Al A% A3 B DI UL E ML . 43 AT I CXCL16
FEWE PRI 8 IMN & 95 v B9 4 FHBILRD - 78 2R 0 J
TR AN NS R A CXCL16 # ik i8It
AN R, S BUM TG CXCL16 /K F F+ 7 s CXCL16
HHZ K CXCR6 tHHAEH], AT AEfE i#f %35 CXCR6 1Y
FAEMTR 554,25 IMN B k4 5k E; it
Hh,CXCL16/CXCR6 %t AT fE 38 i 4 15 5 95 20 M, 5%
AT i 4N i Y B S A, S BUE hRE R R,

Nrf2 7 FYe ok 2q31 X3, o] /5 R A Ak if 5
IR R ECE=R AR S 3N X AN T
IR AEBYIAR Y, LT 2 W58 & B B IR B
/NEL N2 K TR 25 AL B S B Nrf2 7KSF mf 417
W B9 HH G Y 40 B8 T JE 2B A DR B R R R X
5T E— A 50 UF Nrf2 76 Bl BR % IF & o /9 78 F ML
il s Nrf2 @B /0N BUB /0N Bk 8 0 il 45 47 5K 2R 5 40 ik
fife 3 i o B N s R AR Nef2 BB IE AT 5] R
JE 9 N EE, W AN MR 3 2. sh s K,
Nrf2/ Il 2L £ A B (HO-1 3 %2 5 IMN /) B 40
MR T R IR S A AR WANG 8
TR, IMN B I3 Nef2 K 2 F B RR
Nrf2 KFF e S IMN KR A %, AFess i @
NS B PRIR IR & IMN BB I Nrf2 7K SF KT 5 4l b
P, B~ NV WA F 1~ 109, $2 78 178 Nrf2
SWERR & IMN Wk 4E R RA L., LA AR5
K, MG Nrf2 7KF 53 E 1 eGFR 2 IEAH G, 5K
B/ WUEF FEAE L I WUEF L TNF-o, 11-6 5 A0 56, 3R
MM Nrf2 /K7 848 m] 8 5 85 IR % OF & IMN & B
INfE  RAE N T 55 & Nrf2 AT RE A7 ¥ 5 L 76
LG IRE SE T R VR . AS B 5T UL 48 2 5 4] 4 it
1 Nri2 7KF T B, AL T fg 5 A0 S 0 3k i
A K. Nri2 K FEAK T A 50 55 B IE 40 8 04 Bt S 1L B
TBE S FEAE HO-1 &3k, AT i il e i it 463 495 Fn 2R
SiE SN 2 5 PRAE I & IMN ()3 B

AW — 05 & B i CXCL16 K F- T
i N2 K7 B AR B IR % 0T & IMIN (9 fa B [H %
E— A3 52 1L 7 CXCL16, Nri2 58 )R 5 8 & 3 &
IMN %, ROC & s #ras i} Bos ., iiE CXCL16,
Nrf2 Ffl 2 Wi 85 IR % JF & IMN B AUC 43 51 R
0. 812.0. 804, 2 M 48 b5 Bk A 12 Wi b IR 9% IF & IMN Y
AUC 2} 0. 880, K FHIIFEARIZ K 1Y AUC, $2 75 Ifil 75
CXCL16 Nrf2 ] ¥k % By i Wi b PR 95 £ 35 9F & IMN
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