EFAIESF A 20234 11 A% 4 %% 228 Int ] Lab Med, November 2023, Vol. 44,No, 22 . 2801 -

&
il

2 BIMERFEEFME LOX-1.TIMP3 KkEESHhe WX AR IZH N {E

B ORKRERS K OBEEIHAE X%
EMiPoo ERERAA,HAEME 441000

i E.BHW RKAeFREIHALKEFEABREZEOZA ILOX-D . AREEEZEOBIFHE T 3
(TIMP3) 5 2 & 4% jk 9% B 9% (T2DN) & % B sk ey 4 & & sF T2DN $94 Brth 4, Fik #®# 2019 %3 A £
2021 12 A& R4 09 T2DN & & 117 #)4F s £ (DN 40) , AR 48 Jk 2 75 & & /ILEF I 1B (ACR) , #F
T2DM & % 5 A 2% & 8 50 61 (ACR:30~300 mg/g), K & & &4 67 # (ACR>300 mg/g) ., % £ B F
sk 2 BRI (T2DM) & % 118 #1454 T2DM 41 (ACR<C30 mg/g) , % & 45 B 4 4k B & 120 ) 4k 4 =%
R, K BRI 5 R MR 3R (ELISA) # ] f i LOX-1,TIMP3 K-, Pearson i 4 #7 f2 7& LOX-1, TIMP3 &
FEEHIF LN Z AR T EEDRESANLF LOX-1.TIMP3 1 % B & 28 X5 & e
(ROC) th & 5 #7 f 7% LOX-1.TIMP3 *+ T2DN #9345 Bi i 1h. SR SR 4 T2DM 21k, DN A % & f
# LOX-1 KPR FI %, TIMP3 KF 2 F AL, £F A %5 &L (P<0.05),T2DM 41 o7& LOX-1 K-F &
Fad B2, TIMP3 K -FAK FaF B, 2 F A%t &L (P<<0.05); 5#F &G kA, K$& 49 &4 T2DN
Bk LOX-1 KF2EFHFH,TIMP3 K-F 2 EFBHAK, £F A %t 5 &L (P<0.05) ;48 % B 54 2 7., T2DN
BH o E LOX-1 5 49 & C(CysCO) & F R (BUN) B,-# K& & (3,-MG) UEF (SCr) 2 E48 £, 55 B sRB it
#(eGFR) £ #i 48 % (P <C0. 05), fo 75 TIMP3 & F 5 CysC.BUN,B,-MG.SCr £ fi #8 %, 5 eGFR 2 E48 %
(P<C0.05); % L&M= )2 5 # % 57,CysC.BUN,B,-MG,SCr,eGFR ;2 f2 74 TIMP3,LOX-1 #3k % %h B %
(P<C0.05) ;8% LOX-1, TIMP3 B 4% B T2DN 9 ZAE % 84.62% 4+ E A 84.75% , & T @ AR (AUC)
#0.901(95%CI:0. 855~0.936), #i& T2DN &# fiF LOX-1 KFH & . TIMP3 K -F%14&, A5 T2DN ©
ERERF, —HBKA 3 T2DN F— 24 B4,

KEIR - REZTHANMIKEEREGZK L, AREEREOBWHRAT 3, BEBRR

DOI:10. 3969/j. issn. 1673-4130. 2023. 22. 021 FEZESES R587.2

XEHS:1673-4130(2023)22-2801-06 XktRERD A

Relationship between serum LOX-1 and TIMP3 levels and renal function in type 2
diabetic nephropathy and their diagnostic value
XU Liang sZHANG Yangyang” ,YUAN Hai \WANG Xinjie ,/CHENG Huan
Department of Nephrology ,Xiangyang Central Hospital s Xiangyang ,
Hubei 441000,China

Abstract: Objective To investigate the correlation between serum lectin-like oxidized low-density lipopro-
tein receptor 1 (LOX-1),inhibitor of matrix metalloproteinase 3 (TIMP3) and renal function in patients with
type 2 diabetic nephropathy (T2DN) and their diagnostic value for T2DN. Methods A total of 117 T2DN pa-
tients admitted to the hospital from March 2019 to December 2021 were regarded as observation objects (DN
group). According to the urine microalbumin/creatinine ratio (ACR) ,the patients were grouped into the mi-
croalbuminuria group with 50 cases (ACR:30— 300 mg/g) and the macroalbuminuria group with 67 cases
(ACR>300 mg/g). Another 118 patients with simple type 2 diabetes mellitus (T2DM) were taken as the
T2DM group (ACR<C30 mg/g). Meantime, 120 healthy people were taken as the control group. Enzyme-
linked immunosorbent assay (ELISA) was applied to detect the levels of serum LOX-1 and TIMP3. Pearson
method was applied to analyze the correlation between the levels of serum LLOX-1 and TIMP3 and renal func-
tion indexes. The influencing factors of serum LOX-1 and TIMP3 were analyzed by multiple stepwise linear
regression. Receiver operating characteristic (ROC) curve was applied to analyze the diagnostic value of serum
LOX-1 and TIMP3 for T2DN. Results Compared with the control group and T2DM group,the level of serum
LOX-1 in the DN group was greatly increased, the level of TIMP3 was greatly decreased,and the differences
were statistically significant (P<C0. 05). The serum LOX-1 level in T2DM group was higher than that in the
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control group,the serum TIMP3 level was lower than that in the control group,and the differences were sta-
tistically significant (P<Z0. 05). Compared with the microalbuminuria group,the level of serum LOX-1 of the
T2DN patients in the macroalbuminuria group was greatly increased, the level of TIMP3 was greatly de-
creased,and the differences were statistically significant (P <C0. 05). Correlation analysis showed that serum
LLOX-1 in T2DN patients was positively correlated with CystatinC (CysC) ,Blood urea nitrogen (BUN) ,3,-mi-
croglobulin (B,-MG) and creatinine (SCr),and negatively correlated with glomerular filtration rate (eGFR)
(P<C0.05) ,and the level of serum TIMP3 was negatively correlated with CysC,BUN,3,-MG,SCr,and posi-
tively correlated with eGFR (P <C0. 05). Multiple linear regression analysis showed that CysC,BUN,§,-MG,
SCr and eGFR were independent influencing factors of serum TIMP3 and LOX-1 (P <C0. 05). The sensitivity
of serum LOX-1 combined TIMP3 to diagnose T2DN was 84. 62% , the specificity was 84. 75% sand the area
under the curve (AUC) was 0. 901 (95%CI .0. 855—0. 936). Conclusion Serum [.OX-1 level is increased and
TIMP3 level is decreased in T2DN patients,and they are related to the severity of T2DN. The combination of

the two has certain diagnostic value for T2DN.
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T2DM 41 DN 41 Z [a] 4= 8% P 51 . BMI, &F 5K J& L U 46
R, 2R G128 X (P>>0.05); T2DM 4 5
DN 4] HbAlc.FBG /K5 & & FX . £ R A5
2 L (P <<0.05); 5 T2DM 41 H 4. DN 4

HbAlc,FBG, CysC,BUN,B,-MG, SCr /K F & % 7t
. eGFR K F B EREAM, 2R A HIM¥ 8 L (P <
0.05), I3 1,

*1 SH—BAEMBMBFEMIBIRE B[z L£s ()]

41 n IR CH) B BMI(kg/m®) &5k (mmHg) Wi Hi (mmHg) HbAle(%)
XTHR4L 120 64.10+8. 30 65(54.17) 24.74+3.21 70.56+14. 78 131.42410. 21 4.87+1.25
T2DM 4 118 62. 808,50 60(50. 85) 23.8743.25 73.35413.32 130. 5212, 14 7.3541.32 %
DN £ 117 63.50+8. 70 68(58.12) 24.32+3.47 74, 28+12. 40 133.43413. 31 9.28+1.41 % #
X/ F 0. 693 1.255 2.054 2.429 1.828 328. 882
P 0.499 0.534 0.130 0. 090 0.162 <£0. 001
15 i FBG CysC BUN B,-MG SCr eGFR

(mmol/L) (mg/1) (mmol/L) (mg/L) (pmol/ L) [(mL/(min * 1.73 m")]
YIIRAL 120 5.3041.12 0.7840.15 5.214+1.15 1.61+0.41 74.52410. 36 95. 56415. 34
T2DM #4118 7.52+1.25" 1.08+0. 32 5.574+1.33 1. 730,45 76.497+12. 35 92,3414, 32
DN 44 117 9.75+1.32" 7 1.8340.61° 7 7.7842.34" 4.58+1.12" 7 93.36+13.43" 7 60.52+11.76" 7
F 386. 509 210. 233 80. 354 618. 830 86. 261 228. 542
P <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001

G x A, T P<C0. 0555 T2DM 41 ek, * P<<0. 05,

2.2 34 LOX-1.TIMP3 /K& DN 4 H
HIME LOX-1 KV F xR 4 f1 T2DM 44, TIMP3
KR F X B4 F1 T2DM 41, £ B A 5% 8 X
(P<20.05), T2DM 4 1fiL 1 LOX-1 7K T XF BE 41 .
TIMP3 KPR TX A Z R ARITFE L. Z5A
GiiteFm L (P<<0.05), W2,

r2 3AMF LOX-1. TIMP3 7K F LB (= L)
21 51 n LOX-1(pg/mL) TIMP3(pg/mL)
Xf B4 120 169. 42+18. 85 982.86+214. 89

T2DM 2 118 180.85+24.85" 931.43+215.05"

DN 41 117 217.93+28.52" 7 685.644+161.89" 7
F 127. 859 75.073
p <<0. 001 <<0. 001

H X EA R, " P<<0.05;5 T2DM 4 H#, © P<<0. 05,

2.3 AR HEBEE T2DN £F i LOX-1. TIMP3

B.-MG . SCr 7K i % 7t 5 . TIMP3 7K F Fl eGFR 7K
i EREAK . ERA G EE X (P<<0.05), WL 3.
F A4,

2.4 A[AJ=EFE T2DN £ 1M iE LOX-1, TIMP3
K5 B DI REHE P AR GRS BT AHOCHE A3 B R L B
EEMRMKEE AR T2DN £ F M7 LOX-1 5
CysC.BUN,B,-MG,SCr ¥J R IE 5%, 5 eGFR ¥ &
R (P<C0. 05) , IfiLiE TIMP3 /K5 CysC.BUN,
B.-MG.SCr ¥ 2 Ml &, 5 eGFR ¥ & IEAH & (P <
0.05), L3 5.58 6,

*3 AEEERE T2DN £2EMiE LOX-1,
TIMP3 K F Lb 8 (x +5)
215 n LOX-1(pg/mL) TIMP3(pg/mL)

T RA 50 186. 52425, 67 783.66+147. 38

Kig 1 RA 67 241.37+27.31 612.49+153.61

t 11. 024 6.066
KOF I B S RESEHT FL B SHOR B R R KR 0. 001 0. 001
FEHIRA T2DN £ #1miE LOX-1 K F.CysC.BUN,
F 4 AEEERE T2DN E2E'SIhEEERIEE (2 £5)
Eigi]| n CysC(mg/L) BUN(mmol/L) B,-MG(mg/L) SCr(gmol/L) cGER .
[(mL/(min+ 1.73 m*)]
A ERA 50 1.520. 46 7.1842.09 4.25%0. 87 86.364-12. 76 72.64412.73
KmHEERE 67 2.06+0.72 8.22+2.52 4.83+1.31 98.58413.93 51. 47411, 04
¢ 4,641 2.372 2.714 4. 864 9.608
P <<0. 001 <<0. 001 0.008 <£0. 001 <€0. 001
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x5 WMEZEARK T2DN B2FMF LOX-1.TIMP3 7k F
5B peisfREXES

LOX-1 TIMP3
S
r P r P

CysC 0.657 <20. 001 —0.430 0.002
BUN 0.597 <20. 001 —0.473 0.001
B,-MG 0.513 <20. 001 —0.413 0.003
SCr 0.454 0.001 —0.645 <0. 001
eGFR —0. 444 0.001 0. 484 <20. 001

*x6 KEZEARK T2DN 2FMF LOX-1,TIMP3 7k F
5511 g5 R4 XS

FR £ A (P <C0. 05), Ifil i TIMP3 /K15 CysC,
BUN.B,-MG.SCr £ M #H5&. 5 eGFR 2 IFE M X (P <<
0.05), I3k 7,

*®7 T2DN £F % LOX-1,TIMP3 KT 5

B IR RE X ST
LOX-1 TIMP3
A+
r P r P

CysC 0.451 <C0. 001 —0.508 <C0. 001
BUN 0.523 <<0. 001 —0. 540 <<0. 001
B,-MG 0.505 <0. 001 —0.491 <0. 001
SCr 0.471 <C0. 001 —0.554 <C0. 001
eGFR —0.601 <<0. 001 0.395 <<0. 001

LOX-1 TIMP3
A+
r P r P

CysC 0. 540 <20. 001 —0.525 <20. 001
BUN 0.411 0.001 —0.526 <20. 001
B,-MG 0. 406 0.001 —0.429 <20. 001
SCr 0. 464 <20. 001 —0.534 <20. 001
eGFR —0.492 <20. 001 0.518 <20. 001

2.5 T2DN B ME LOX-1.TIMP3 /K5 % I fig
bR A S M OC P4 BT R, T2DN BB 3 I g
LOX-1 5 CysC.BUN,B,-MG.SCr 2 iF A%, 5 G-

2.6 ¥ LOX-1.TIMP3 435l 5 %18 Fr i) 2 0 & 4
LR 1A 4 B 4 PLIMLIE LOX-1 A K78 &, 8
CysC.BUN,B,-MG,SCr.eGFR 2 [ 748 &, 17 £ ot [l
95007, 45 8 iR, CysC L .BUN B,-MG ., SCr,eGFR J2&
M8 LOX-1 [yl 37 5% i P 2 (P <<0. 05), WL 8.

DL i TIMP3 i 248 &, # CysC, BUN, B,-
MG .SCr.eGFR iy H & & , 47 Z o Wl 5 73 A, 45 R
7~ »CysC.BUN,B,-MG.,SCr.eGFR JZ&1L7E TIMP3 1)
ST RN R (P<<0.05), W9,

&3 T2DN £2FMiE LOX-1 EMEZEMNE TES KR ERPFESTER

M A8 & B SE bRt p t P OR (95%CI)

W 4,342 0.617 — 7.679 <<0. 001 4.283(3.139~5. 844)
CysC 50. 137 0.066 0.208 2.096 0.041 0.017¢0.007~0.039)
BUN 20. 631 0. 244 0. 259 5.739 <20. 001 0.543(0.249~1.183)
B,-MG 30. 475 0.236 0.237 3.904 <20. 001 0.478(0.216~1.059)
SCr 40. 292 0.187 0.214 3.278 0.001 0.115(0. 184~0.072)
eGFR 10. 625 0.107 —0.459 —7.082 <20. 001 0.803(—1.076~—0.600)

T — R R TR .

x99 T2DN & mF TIMP3 #MEZEME TR LS EEEFESHTER

1 A8 &t B SE FruEfL p t P OR(95%CI)

W 4.076 0.583 — 7.158 <0. 001 3.977(3.055~5.176)
CysC 30. 285 0.177 0. 206 4.071 <<0. 001 0. 4100, 173~0. 970)
BUN 20. 472 0.229 0. 230 5.108 <<0. 001 0.509(0. 229~1,131)
B,-MG 40. 283 0. 165 0.239 2.194 0.042 0.032(0.004~0.262)

SCr 10. 594 0.261 0. 247 6. 887 <<0. 001 0. 586(0. 267~1.286)
eGFR 50. 917 0. 368 —0. 204 2.516 0.028 0.593(—1.693~—0. 208)

T — R TR .

2.7 Ifii¥E LOX-1,TIMP3 % T2DN (2 Wit i
i LOX-1 12Wi T2DN [ R R 79. 49 % K 5 R
80.51% , e AW o 200. 42 pg/mL, #f £ Ti 1
(AUC) H 0. 835(95%CI ;0. 781~0. 880,P<C0.01), Ifi

i TIMP3 2l T2DN 1 R 8% N 81. 20% . F¢ 5 JE K
75.42%, AUC 2N 0. 822(95% CI : 0. 767~ 0. 868, P <<
0.01) , A #E Wi {4 808. 40 pg/mL, IL# LOX-1,
TIMP3 Bt&i2 W T2DN B RBUE R 84. 62 % 45 &



EFAIESF A 20234 11 A% 4 %% 228 Int ] Lab Med, November 2023, Vol. 44,No, 22 « 2805 -

H84.75% , AUC K 0. 901(95% CI:0.855~0.936,

P<<0.0D), WK 1,
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LOX-1 7E1E# A B L F R 54K, £ K38 Tl
BN AN, 7R B AT, LOX-1 38 T 4k 19 i
JINAR A P T UL A0 B L /N BR AR A0 B AR 7 A R
5 IEE R L R L B S Bk AR 5 B e P b %
KU B 2R B . LOX-1 fE ox-LDL ¥ &
(14 B /IR 2 TS 4 6 RO DR O /0 B E B I 3 3k K R
FHE . LOX-1 J2& DN B /NBR I 48 1 e b 2 R 22—,
ARWFFE4E R R, T2DN B & i o LOX-1 /K F#
WXL T2DM 4 & T+ il LOX-1 25
T2DN &5 it B , HoAKCE T8 ] Gl 2o 52 m & /b Bk R
FRA0 L L 51 % B /NERTE AL S 80 ThE i . LOX-1 7f
B R T ox-LDL . & Ak I 80 55 300 , 78 5 9w 1
Rk HEE AR, A SR B, B Al A R-18
(TL-1) AT & i A B /N 35k 2 B8 40 il (HMCs) Ox-LDL
1 $6 B, IF R LOX-1 3835, #2779 LOX-1 3797 Al g
JEIRIT B NER AL Y — AN Dy L ARG A R R
KEEARHABZE MG LOX-1 KPR EE THMEE
R 20 A 3 . FLAOE B (PR 41 R R 3R R AL R 3 I
H LOX-1 KF 55 g 45 tr CysC.BUN, B,-MG.
SCr 4 B IFE 456, 5 eGFR 4 5 1 #f 56, 3 W 1f 3%
LOX-1 /K17 B8 5 B Wk 458 49 7™ 5 B2 88 A7 A 36 3R L 4
LOX-1 w45 1058 P9 B 200 B 19 0055 » 200 e 285 B PR 7
(ICAM-D) % [ F /K Tk, 51 P B2 40 i 452 49, 5 3%
B

TIMP3 J&—Fh 5% Wi 4 AE F1EF 4k £k 14 40 i & 3
SEA M, AT LI 3 5T 4 R B A (MMPs) , 4 £F
WU IE & 403 & B 4. TIMP3 1 5 4 £ ik 518 7.0

J1 3R B S L B ko BE R AL L DN 4E 2 R R A
SRR ST 45 B R, DN 41 B I TIMP3 7K
AR, UL Bl TIMP3 KR5S T2DN A #H X 7%,
TIMP3 78 DN "B 41 21 F = b i 38 i 2 40 i rh 8 2 B
ik, E i TIMP3 2k n] ] 40 M 98 15 408 - .
oA Z 4 @ AR A (ADAM) 17, 2 518 P 5 F 9
FUE NER'E R (1 K AL TIMP3 J& ADAMI17 i 41
), TIMP3/ADAMI7 il #% 2 5 18 AH ¢ T2DM 53
ik s B BE b B 3 6 OB AN D AR S B i A 4% E
U8 G, H R TIMP3 7€ T2DM 8 3 14 15 461 45 3+t
PRI ETE A A, RIS KB, DN 4B H KE
FEHIRA DN B F i TIMP3 KK T EE A
PR o HL i 8 1 PR AR K a5 8 1 PR 4 R I TIMP3
KO 5 5 ThREFE bR CysC.BUN.B,-MG . SCr ¥ 5 171 4]
%5 eGFR ¥ 2 IEM . W 5 T2DN % 1 ™ & 2
EA . AT RN R TIMP 3N-5K bt 25 14 35
H B RIB YT 5 /N BRUER (PR 3 T B B /N BRI 5k
FIVE /N AR S0 20, B /N Bk IS v 4 B A 3 B DT AR O
AP F W] TIMP3 A i 36 B T 45+ Foh BE L 38 5T
TIMP3 Z 5 B #5145 ML B 9% 4 I PRIG 97 DN #24t —
ASHTH 1]

DN & 4 T2 il T2 AL K AL F 55 AR 0 =
Lo 77 | A B R Aot 453 405 O 3 O ot Y 7 g 38 5]
KBS BRAE AR LB /NS TR T AT 4E AR SO B AR
B2, B OET LB o BE 5 AR 45 CysCL BUN, B,-
MG . SCr, HiH CysC & I W5 Ty i 1) R 5088 48 bk s A
Gy SLARE P AR S R R S, e LA A AR oy
WL B TN A0 A B AT ANERUE OB B,
MG 3= B T4 I U P9 3 i /N8 D g s SCr . BUN
{ELAE fb BB S B B /N R 1 8 2T D L (R L R UE AN =
M NERI R, F A S R AR e, k. AR
T B e O R HERR AR Y. AR AR
/s T2DN & A7 76 A 52 % 5 8 D) se 42 43 . 1mi F
FER I DN B 00 B2 3 5 0 M8 AR 5 2 aE A G
PEPY L ARBFSE M S M4y B s, T2DN R 3 Il 7
LOX-1 5 CysC.BUN,B,-MG.SCr B2 FMH %, 5 G-
FR 2 i 41 %, 3 TIMP3 /K5 CysC,BUN, B,-
MG.SCr it XK, 5 eGFR R IEM XK, HZ o4k ik
[l 9 & 7% . CysC, BUN, B,-MG, SCr, eGFR & Ifi. i
LOX-1, TIMP3 # h 57 5 ma A &, & B LOX-1,
TIMP3 5 T2DN & 1Y '5 Ty g4 43 % V) A %, LOX-
1. TIMP3 K- () W I 6 B 452 453 12 W v LA 28 22 19 i
FRiZWi S %M, X2 W T2DN A R E & L, AN
WE5E & B, LOX-1 X 79 153 A — 2 B {8, FF A
by HEAT A b RO O R AR A L ORI g i — 2 4y
Br & B0, 1 3E LOX-1, TIMP3 BE& i T2DN 4 7 4 B
K 84.62% RSN 84.75% , AUC Ky 0. 901(95%CI -
0.855~0.936) , fa T B — F5 #r ki U 45 SR, 3% B I
LOX-1.TIMP3 7K 5t & & 0 % T2DN £ £ 5 2 W
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Ml X FUK M LOX-1, TIMP3 Bt 4 # W 5
T T2DN Wi, #2587 RBUE 55 5 5, [ E A0
CAEAS LT A B TRWI2 I T2DN & A LLs SR
IRTAE . A A5 A 4G I 1 % H LOX-1, TIMP3 7K
AR, R R T LOX-1, TIMP3 7K 325 4k h A%
WS AR Z AL, 5 2825 4k 22 % 3 R v 45 45 AT 1
DU, BF 5% L0 DR o FH A1

Zi L Arik, T2DN @8 & i LOX-1 KT+ & .
TIMP3 KRG, —#35 T2DN fEBEEAA X,
HEAXT T2DN A —E 2 Wit 6. AR5 4776
R, 1 e AW G REAS B A B ELACRE U T i 78 LOX-
1. TIMP3 /K ¥4k, A 4 i1 B 4 LOX-1,. TIMP3
IKAEAR AL, T B R AR R AR WFSE R X LOX-1,
TIMP3 2 58 T2DN A9 H AR HL | &I 450, X
PR FA G SeF 509 75 1), LA T2DN 95 B AL
il % BT DL R R ) R 9T SRR S 2, T A B T g
T2DN &5 .
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