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Abstract

Objective: To explore the effects of neutro-phil gelatinase-associated lipocalin(NGALR) overex-
pression on phenotype, proliferation and apoptosis in human proximal tubular epithelial (HK-2) cells,
and its possible mechanisms. Methods: Through high-glucose induction and the establishment of lenti-
virus overexpression vectors, HK-2 cells were divided into the control group, high glucose induction
group, ov-NC transfection group, ov-NGALR group, and high glucose+ov-NGALR group. Cell
morphology changes were observed under light microscope. Cell proliferation was determined by
CCK-8 assay. Apoptosis and cell cycle were determined by flow cytometry. Associated protein ex-
pression levels were determined by Western Blot. Results: High glucose and/or NGALR overexpres-
sion caused the cells to change in long spindle shape, the cell viability decreased significantly

(P<C0.05), the apoptosis rate of cells increased significantly (P<Z0.05), while the number of cells in

TR SRR DT D2 B2 AR A (S5 WX19Y17)
EEE A 73,5, 1982— , B m L, B FAL BN, FENHREMA BRI THRLEGIEMBFSY , E-mail : 6198626@qq. com
BASVEE BRCHT, £0,1969—, B2, AR BRI, 20 A S XU e 8 R B M B R A 5T, E-mail : whwenli@163. com



5 1

Jr 1,5 NGALR o 32k X3 B /N 1 Rz 200 B 38 5 000 T2 0 5% i B 5 mT RE AL ) 613

the G, phase decreased significantly (P<C0.05), the number of cells in G,/M phase increased signifi-
cantly (P<C0. 05), and the protein expressions of Caspase-3, NGALR, NGAL and «~SMA increased
significantly (P<C0. 05). Coneclusion: Similar to high glucose induction, NGALR overexpression can

alter HK-2 cell morphology, inhibit proliferation, and promote apoptosis by changing the cell cycle.

The mechanism may be related to extracellular matrix-related factors.

Key Words

2 4t 1k 41 B R J& (systemic lupus erythemato-
sus,SLE) & —f 2 5P RGN B 5 R, il
ok 5 ) 200 Y ARV B B T IR IR T R Y B g L
RS BOB R R A . R B R (lupus nephri-
tis, LN) & SLE # WL H ™ 5 19 I K4k , 6070~80%%
i SLE B s th LB E2 82, Hlm KRR I N & A
PR i bR K

SLE 2351 2 B A 45 4 A5 5 i, W] F 4 % A
0 3R] 25 - A REIR YT IR B VR . LEE
SFURFIE R B, M A S B NVE R
i v R R 40 i B R i A G i 5 TTC AR 2 F (neutro-
phil gelatinase-associated lipocalin, NGAL ) iy 3% ik F
A, I N A A AR A 0 R AR AR R ORI . NGAL
MFR R LCON-2, 78 1993 4F B KIELDSEN 4§ fff 5%
o PR 2 L I e B, — R AL R LR T L
pocalin # K % . W55 & B, NGAL 78 & v B i 4
(acute kidney injury, AKI) J- 31 & 35 7K °F &2 3 T,
AR L AKT A I bR 3590 . NGAL 5 40 g 73
A T ARAE SONE R T 5T LA K MR A kAT
VB, FR, NGALR & NGAL 32 {4k, i 3¢
38 NGAL #E A B /N Bk &R A0 ™™ . 7 0F 5% 41 iy
913 o K SLE M8 35 W IR W A O R
NGAL/NGALR (9335, & BLLN 83 M R
B2 NGALR #9238 2 3% 5 THE LN &%, 1
PR NGALR B 2 3k 5 R A8 1% 3 45 45 (systemic
lupus erythematosus disease activity index, SLEDAI)
FIEA G, NGALR A 8 Bk — BT 09 S il AR 95 14
B R E SPE R T SEAR AR Y . SR NGALR B B ARAE
FH AT A AW 5 T R i S N N B
B A0 ML HK -2 20 i 52 47 , 8 3 44 2 NGALR T4 %
BHAK RS NGALR I NGAL X 40 g % 84 4% 5
I T A 5 e K AT BE AL

1 MBEFE

VR b 38 M, T Defined K-SFM 85 3% 3% v 85 5% |

NGALR; Cell Proliferation; Apoptosis; Renal Tubular Epithelial Cells

12 A5 AR f e i i o AR 5 240 B 3R 293 48 Jf ok |
K Bioswamp .
1.2 FEKFEMSEF Defined K-SFM (8 5 :
iCell-h096-001b) g [ iCell; 0. 25% Jik & i (55 5 -
T1350) .PBS (4% %5 :P1010) .CCK-8 it 7| (1% 5 .
CA1210) .D-JE 7K 4 %5 5 (535 : G8150) . D-H 5 %
175 : M8140) RIPA (5 ) 2H 21 4 ify e 3 24 fif i (6%
5 : R0010) . BCA & [ ¥ B W s il & (1855 .
PC0020) 1 A Solarbio; Jit k7 $2 Bt & (52 % .
D6950-02) g 1 OMEG ; RNAi-Mate % 4432 7 ( 4%
50 G04001) W {1 gL W 5 DMEM (1% % .
SH30022. 01B) 4 [ Hyclone ; Hepes( #2%5 : 7365-45-
9) Iy H AMRESCO; SYBR FAST ¢qPCR Master
Mix (18 %5 : KM4101) lJ  KAPA Biosystems; An-
nexinV - PE/7 AAD J 7- & Wl i 7 & (18 5 .
559763) . PI/Rnase Staining Buffer Solution ( £§ %5 :
550825) M H BD; f $iT Caspase - 3 ( 1§ %5 .
PAB33236) .NGALR (%% % : PAB124506) .NGAL
%5 : PAB33190) .a-SMA (% 5 : PAB35136) .
TGF-B1(% 5 : PAB39276) .GAPDH #it f& (52 5 .
PAB36269) , i 1gG HLik (1845 : SAB43714) 11y
H Bioswamp, PCR 5| ¥t UK — 48 J5 5 P B} 4
A BT A M . AMR-100 g 47 % . Nano-300 i 5
A EE T Teen-24R w5 ¥ R B O AL H B
WAL S AT BN B s DMIL LED 8] 8 9% % W i 55 1
H Leica A @ ; GE48527PCR X [ #t M A8 B} 4%
A PR\ A s CFX-Connect 96 9% )6 & PCR X A
Bio-Rad ; NovoCyte i 20 41 Jid X 1 B 3L % ; Tanon-
5200 4> H g Ak 2% KOG B A B E R RERH A
[{F/NEI
1.3 XWHE
1.3.1 HABEFFREFL g HK-2400855 R 1E
%20 (5.5 mmol-L " A M) \EB 4 (5.5 mmol.l. !
AN+ 24, 5 mmol-L ' H &) I H S S 414
S48 30 mmoleL '3 2B 5 S 12,24,36,48 h,
Bi Glu 12,Glu 24, Glu 36,Glu 48 41 ) , fifi % ) %8 25
W55 HK-2 20 i 14 $5 33 1 1]



614 RPN = Q= )] 5 46 &

1.3.2 2 # NGALR kA 432 30N
N VR 40 B R 293T 48 il #% | f ] RNAi-Mate 4 &

H 077 51 0 28 12 JoT b 1A 25 JoRL i e o 40 i, 15 5%
T2 hJE WA W AR R o I 2 9 T B O NGALR
it ik 6X10° TU-mL ', 18 9% 1 25 28 X 1] 9 10°
TU-mL ' A5 0 X BRAL BT M X B4 NGALR

1t RN K 12 5 7 SRR e 2 L

1.3.3 @3z ARAZ 54 B HK-2900045 8T
S5, 435 A @ XF BEAL « 1E # R 92 10 HK-2 41 ; @
B S 40 . 30 mmol-L 'F A B4 S HK-2 41 g 24 h;

@ ov-NGALR 4 : # 4t ov-NGALR £ HK-2 41 Jfid ;
O B+ ov-NGALR 41 : # Y4 ov-NGALR % HK-2
A5, A 30 mmoleL 7 25 4 b B 24 h,

1.3.4 CCK-8tm@mpi® A 18 96 L H 4k B 40
Jia, i LA 10 p. CCK-8 ¥ e , 4k 2597 4 h
J& g P BERR AL T 450 nm &b A8 I 4% FLIOG R .
1.3.5 RHENZ@IEYE EBME AN
FEI AT IR SR A4S .

1.3.6 %% k% % PCR(QRT-PCR)# M A B &
wAKF I qQRT-PCR M NGALR 5 & 5

@ ov-NC 5 Y 4 . 5 Yt ov-NC & HK-2 41 Jiid ; K-, NS GAPDH, 51 ¥ L3 1.
%1 qRT-PCR3|#FF

3144 R 9 (5'—3)) 144 F B K/ (bp)

NGALR-F GTGAAGCGGCAGATTGAG 250

NGALR-R CAGGCTGGTAGCAGTGGC

GAPDH-F GGGAAACTGTGGCGTGAT 299

GAPDH-R GAGTGGGTGTCGCTGTTGA
1.3.7 AX@mEAtenlmien A RH &K 301 ar
Annexin V -PE/7 AAD i T & Wl i 3 & & P1/ ol [
Rnase Staining Buffer Solution 5t B 45 &b 2 20 ffd /5 it :T+ ﬁ
7yt K, £ Fl NovoExpress #4317 . E 10f =
1.3.8 Western Blot # | 2w # F & & & & K P % = é 1
i il Western Blot 1 41 il ' NGALR \NGAL . ol = .
«SMA Caspase 3. TGF-Bl M EHARBAKY. &% K\;%o%”” L\ @»z&b N go%//%\%@&@’b@%
SCHK[11], R GAPDHAE NS EH .

E1 HERFSHEMENMAEHEIFZEMNNGALR ERE

1.4 SHITEE AR P B B £ bR
% (x+s)Fom W EE N 3, i1 SPSS 23. 0 4k
PRk 47 B R 2 22 40 A L & Duncan £ 1 HL A DU
P<<0.05 8 2R HAS = L.

2 HR

2.1 HEREFSHERE H 30 mmol-L '#4j
BT 95 S HK-2 41/ 12, 24,36,48 h )& , CCK-8 Al
ARG 77, qRT-PCRAZ I 41 il th NGALR M 335
K. G5 RN A ATRHA S 24, 36,48 hINF 4 i 34 5
TR A 2255/ B 24 hitt NGA LR F£ K 26 35 7K F fi
e (B 1) o WS 2238 1 A 75 3 40 24 h

2.2 1BfEENGALRIRIXGIBMB 151805 55 /%
Y I A0 A S A DU 20 3 ) A NGA LR &R 387K,
SERANE 28 . NGALR T FRA G , 40 M 5 1 i) o
5 NGA LR IR kK B THE (P<<0. 05).
2.3 =T NGALR I £ & 3t 40 b 72 75 B9 %2 1
WK 3 s, B ek ov-NGALR % S 40 i )5, 41 i
BRI A s 7 [ 8 H] 5 % A ov-NGALR 5 &

RikKkFE
A ZHHOIE BN 2R B. NGALR HE R 335K
B, P<<0.05;5 Glu 1241 e, T P<<0.05

HIERH/ %

25
40
En
= 30f ® 20
= 20F L5
: =
5 104 =10
g &
NV 0_,_. 5 05
S 0.
& @& B
P& A
\‘?* QVV

B2 12535 NGALR I K& 4b 12 40 A 5 O 20 B 25 58 400 o) 2=
I NGALR BEEFRIEKFE
AL AN FE AN H 2R B. NGALR 3K R kK F- .
PEXT BEZL A L, " P<<0.05

Ja AR AR T 2 B O A A

2.4 ST NGALR T REIHEE H K E N
= B A NGALR 13 2 3k &b B 40 9 J5 46 0 240 f 3% 77,

55 B4 /B



5 1

Jr WL 5F NGALR 2 3235060 B /INE b Rz A0 1 43 Z8 R 1 ) 52 i B HC AT BE AL 615

B AL

papiisE|

ov-NCH YL

bl+ov-NGALR4

ov-NGAL# YL

3 EEMNGALRIREFHMEMAE (X200)

MR 4R . S50 IR ZH /ov-NC # Y 41 1L, =B s
541 fil ov-NGALR 41 B 40 M 36 51 W 3% F %
(P<<0.05) ; 55 S 4 /ov- NGALR A M L, &
B +ov-NGALR 40 /) 4 ffd 3% )1 & & T B (P<<
0.05),

2.5 =T NGALR I R & Xt 40 b8 T B9 52
WE SR, S5 IRAL/ ov-NCE Y41 A H , b s S 41
Fov-NGALR M4 i i -5 8. 2% [ FH(P<<0. 05);
SEBAESH/ ov- NGALRAMIL, B+ ov-NGALR
ML TR B 3 FFH(P<<0.05),

2.6 = HET NGALR I 5% i& Xt 40 b & HA 19 %2
WK 6 i, 5%t BE2H /ov-NC H YL 41 M 1L, m s S
A ov-NGALR AL/ G WA 401 o5 L o 2 T 1%, G,
05 L R BT (P<<0.05); 5 m B iE S 4l /ov-

XEAL

Bl T

12

j=3
0
T

AT (WG FEOD 50,1
i

(=]

4 BHEFMNGALRIEREEHEEA
5 %F I8 41/ov-NC # 4x 20 A 1, "P<C0.05; 5 & B % S 41/
ov-NGALR I ,*P<<0.05

NGALR 240 L, 5 B+ ov-NGALR 2 19 G, 19 48 g
E%F%sGZ%gH}H@E%Lﬂ(P<O 05)0

ov-NCH: 4211

1047 Q21 Q2 10 Q21
0.85% . 354% 0.97%

Q2 10T Q-1 Q2
L 2345% 413%

10° 10°
§ 10* § 10*
=~ 10’ ™ 10%.

Q3 Q4 Q4
101619525% 0.36% _ 0.55%
10" 100 100 10% 0% 100 100 10 10°®
PE-H PE-H
ov-NGALRZ rbi+ov-NGALRZH
10T Q21 Q2 10°7Q2-1 Q2
0.65% 23.48% 0.68% . 3853%
S s S
10° 10° =
= 4
T 10* 2 10 =
2 2 -
& 103 ~ 103_ ?\[
Q@3 @4 JQ2s @4
10| 254% 333% 1016]6003% " 0.76%
0% 100 100 100 107 10" 100 10t 100 10f

PE-H

PE-H

5 BEMNGALREIREIEHAMATERREESITHN
53] B /ov-NC B YL 2 A [, "P<C0.05; 15 i A S 41/ov- NGALR 41 A [, *P<C0.05

2.7

B HEFI NGALR I R A IR 5 RiAKTEH
g WK 7R, 5% A/ ov-NCF YA M L, &
BEi5 3 4L F ov-NGALR 41 1) Caspase-3 . NGALR,

NGAL A R E ETHP<<0.05) ;5 @i 41/
ov-NGALR 41 It , = B + ov-NGALR 41 Caspase-
3.NGALR.TGFBlEHH LA RZF ETH(P<C0.05),



616 RPN = Q= )] 5 46 &

3

payictil [t ov-NCHGL4 ov-NGALR#{
. i G, 24 G, G, 0 71 G, 352 L 0 G,
500 200 2401
400} _ sl 20}
= 150 =
2 300} z E El
S 100 © 120} el
200 | |
0 L 2 —-4’//\. B i L | 0 ! L £ 1

0 0
01 04 08 12 15 02 04 08 12 1.6 01 04 038 1215 01 04 08 12 16

PL-A (10°) PL-A (10°) PI-A (10°) PL-A (10°)
T Bi-Hov-NGALRZL
202 G 801 A
1 2 fre .
160 = %ﬁﬁ;%gﬂ
R = ov-NCHE YL
g 120 ;i; =3 ov-NGALR4]
S 80 2 == Hiov-NGALR4L
F
40

01 04 08 12 17
PI-A (10°) 4l A

Eo6 SHMNGALREREGHEEABRESITHH
5% B4 /ov-NC # YL LM EL, 7 P<<0.05; 5 i BiE S 41 /ov-NGALR 41 L, *P<0.05

L0 A 08
Caspase-3 (HEED GHED GaD G G . -
NGALR e S o S 0N % é ber
3
NGAL s S s S e S o4t
O-SMA " aamms S Saae  S— g §
8 02F
TGE-p| — ————
GAPDH () (D w0 @ &9 0 &, B
B S B H B Sl @ 5
& F F F » S VV o
o & ST » »%% éo O
& FTFTF
e &
06 e s 06 08
# e
= L
2 04} S 04f = 00
Ay =9
< < <
<) g <)
— —
& 02} =02t iy
Z S S
0 S R >
RS RS,
FOFE FOF s
SHERNNS S I O
%1%?0 %;éb

E7 SHEMNGALREREZEHMNEZRIEKTF
5%} HEL /ov-NC # YL LM EL, 7 P<C0.05; 5 i BiE S 41 /ov-NGALR 4 A L, *P<0.05
it EMESERERGEEALE", LNZ SLE X

e I T B R o R 8 B B A M B R A o ™
SLERAZM A S HBFE G 2R, K pyxom | INSSEH GRS IR %

R EL, Z 0 d g e BRI ORI A, B AR T AR S 0 0 T BOR IR T LN



5 1

Jr 1,5 NGALR o 32k X3 B /N 1 Rz 200 B 38 5 000 T2 0 5% i B 5 mT RE AL ) 617

FEIr . REX T LN MBS BF 58 % 0, i 2L 4
5 LA TS0 (EATY A7 A6 VR 22 10l B, 1) 436 97 IR
1 EMEAEM AR ZE, HIL, FHRIE
J7 LN B A RO 5 SLE B3 4 2 —

NGAL v] i i i S 7 A Z %5 H
208 6L P R 1) R T, A B 35 R R R R v R A R
TEA™ . NGALE AR Z Rl 4 3z ik, 76 R
U 240 B | I 0 A R v R A R R R R
JEEIE 25 B (FLAR i 4 B A AL 4 b ekt L B
R IE W SO NGAL 78 5 M b LUK F %
ik, H R AR b /NS %35 . ROMEJKO % & #
NGAL 56 & & e B A A0 0 L 58 0
A P e R U S SR
NGAL & 7] LU 5 MMPO 45 & T8 B2 &9, o1 LA il
MMP 11 [ i | 3 5 FL 36 M 37 KR & 9 MMPY
PR o fire 40 B & 66 0 9 5 40 6 R 0 DA B B i
BN B A0 M A K SR T RE L AT 2 5 MUK B AR
s RN B ST IR S AR . NGALR &
B S T NI e T B T N = = R
ST o S N VA R O - 1 R e
NGAL BN AF/ER" . NGALR 2 5 NGAL 1 N
LR 5 2 , 5 NGAL 454 J5 7T 300G 40 i 15 5 7%
AL o 40 fl 3 GE S R SR AL AR A R
FW LN H NGAL fINGALR () £ ik & 5% T,
L3 2 42 MLAAR 98 0 N I 2 UE A . AR A
SR, 5SS, 78 HK-2 40 M rpid &3k
NGALR 5 ,NGAL & H#E B 4 IE S 5%
AR S K MY, L 20 M A R T A T
Je H e 7 Caspase-3 f H R I 18 hin o X 4 g J&
W R K B, A GO A i R R L, G, /M
A4 i s Bt B, ATFRHED NGAL 5 NG-
ALR B Z RIFA7E A HAE R, NGALR 235 B % 14
B NGAL K-, HE 11 52 0 40 i J5 19, 5 04 i e &
w40 YA T, O L I A 4 4 i R 30 0
21 it 354 51

25 il M E S B AR S S BUR IE SR AL B
F5 B N BROBE AL R 1) 5T £F 4k 4B (renal interstitial
fibrosis, RIF) , 3= %L ¢ 3k 40 it b L 5t (extracellular
matrix, ECM ) 7 ¥ [ J5t o jaf Ji AR SR R[] I 1 4F 4
ARG A o RIF & AR 9 OGS 3 AR /N %
e OB = A N = - I O 1B e ) O
(epithelial-mesenchymal transition, EMT ) iF #& ¥% 43
b R WL 2T 4 240 it J 1 A T8) 5 & i ECML, He o 7 1
WL 3h & M (a-smooth muscle actin, «-SMA ) A] fE K

EMT Wy FE bR A, Ak Ko &
B NGAL & NGALR AT 3 A 6] (14 15 5 3 5% o id
0 B T 4 JE B R % e A 2B K TR (trans-
forming growth factor-81, TGF-81) MAPK/ERK %
PE T AT 2 A A DG B i kKO T 2 5 RIF,
TGF-BLGfL)E , 5 H Z K45 G5 I8 i 2 6 ¥ aT L
E T I TN £F 4 B (Y #R5k L 51 & RIFPY . ARBESE
KB, i F A NGALRJG , o SMA i 8 (1% 1k i %
T AR R AT R Ik NG ALR [R] B S0, 40 i
W o SMA R TGFRIMEHREHE X LT, X
S LR W, i ik NGALR o] DLl i 2 9 EMT
M S8 RIF &4

25 Tk  ,NGAL 8 i 5 HZ kK NGALR 45 &
fELN B R E LM, o £i5 0% NGALR AJ
DA HK-2 4 i P 34 58, 0 0 40 B 98 T, 38 2 1y
240 ) 09 9 s 40 e 8 A, a0E AR 2 EMT 3 B RIF
W& A . P, X — 2514 B0 LN 5 ) R 97 42
fE 3 K ms o (A7 LN JE B & b, NGAL Al
NGALR 45 G 820 R 2 75 38 2o 4 2 15 5 38 6 R 75
1 38 34 5 itk — 25 5%

2% 3k

[1] ARAKIY, MIMURA T. Epigenetic dysregulation in
the pathogenesis of systemic lupus erythematosus[J].
Int J Mol Sci, 2024, 25(2): 1019.

(2] &g R, JHBERE, ol IR 20T Rk R [T
I PR 5 I 2, 2022, 22(8): 696-700.

LIW X, ZHOU X S, LI R S. Recent advances in the
treatment of lupus nephritis[J]. J Clin Nephrol, 2022,
22(8): 696-700.

[3] ELSHIKHA A S, GE Y, BROWN J, et al. Pharma-
cologic inhibition of glycolysis prevents the develop-
ment of lupus by altering the gut microbiome in mice
[J]. iScience, 2023, 26(7): 107122.

[4] LEE SH, KIMJR, SHIN J K, et al. Dendropanox-
ide attenuates high glucose-induced oxidative damage in
NRK-52E cells via AKT/mTOR signaling pathway[J].
Planta Med, 2024, 90(4): 256-266.

[5] KIJELDSEN L, JOHNSEN A H, SENGELQV H, et
al. Isolation and primary structure of NGAL, a novel
protein associated with human neutrophil gelatinase[J].
J Biol Chem, 1993, 268(14): 10425-10432.

[6] ZAITOUN T, MEGAHED M, ELGHONEIMY H,
et al. Renal arterial resistive index versus novel bio-
markers for the early prediction of sepsis - associated
acute kidney injury[J]. Intern Emerg Med, 2024, 19(4):
971-981.



618

RPN = Q= )]

46 %

[9]

EHGIY, L, JE9T, % . NGAL X NGALRYE B IELF
Aefb bR g AR I LT). SR 2 e, 2018, 22(2):
347-350.

WANG R F, YIN M, FAN H, et al. The role of
NGAL and NGALR in renal fibrosis[J]. Chin J Lab Di-
agn, 2018, 22(2): 347-350.

MAO S S, JIANG T, SHANG G G, et al. Increased
expression of neutrophil gelatinase ~associated lipocalin
receptor by interleukin-18 in human mesangial cells via
MAPK/ERK activation[J]. Int J Mol Med, 2011,
27(4): 555-560.

ZHANG J, JIANG T T, LIANG X J, et al. IncRNA
MALAT] mediated high glucose -induced HK -2 cell
epithelial - to - mesenchymal transition and injury[J]. J
Physiol Biochem, 2019, 75(4): 443-452.

W, R, W, S S LEF RIS EEAES
HK-2 41 i 5% 731 9 A5 AL BF 52 [T]. ) 78 =
K4, 2018, 35(3): 311-314.

YI C, WEN H B, QIN X, et al. Effect and mecha-
nisms of Notoginsenoside R1 on high glucose induced
epithelial - mesenchymal transition in HK-2 cells[J]. J
Guangxi Med Univ, 2018, 35(3): 311-314.

LIUXD, LIY G, WANG G Y, etal. Metformin pro-
tects high glucose-cultured cardiomyocytes from oxida-
tive stress by promoting NDUFA13 expression and mi-
tochondrial biogenesis via the AMPK signaling pathway
[J]. Mol Med Rep, 2020, 22(6): 5262-5270.

WANG XY, FUSJ, YUJY, etal. Renal interferon-
inducible protein 16 expression is associated with dis-
ease activity and prognosis in lupus nephritis[J]. Arthri-
tis Res Ther, 2023, 25(1): 112.

AQRAWI L A, JENSEN J L., FROMREIDE S, et
al. Expression of NGAL-specific cells and mRNA lev-
els correlate with inflammation in the salivary gland,
and its overexpression in the saliva, of patients with pri-
mary Sjogren’s syndrome[J]. Autoimmunity, 2020,
53(6): 333-343.

(14]

(18]

[19]

JABERI S A, COHEN A, D'SOUZA C, et al. Lipo-
calin-2: Structure, function, distribution and role in met-
abolic disorders[J]. Biomed Pharmacother, 2021, 142:
112002.

ROMEJKO K, MARKOWSKA M, NIEMCZYK S.
The review of current knowledge on neutrophil gelatin-
ase - associated lipocalin (NGAL)[J]. Int J Mol Sci,
2023, 24(13): 10470.

CHE K, HAN W K, ZHANG M X, et al. Role of
neutrophil gelatinase - associated lipocalin in renal cell
carcinomalJ]. Oncol Lett, 2021, 21(2): 148.
ARAKAWA Y, USHIJIMA K, TSUCHIYA H, et
al. Influence of renal ischaemia-reperfusion injury on re-
nal neutrophil gelatinase - associated lipocalin receptor
(24p3R) in rats[J]. Clin Exp Pharmacol Physiol, 2019,
46(12): 1166-1173.

GUARDADO S, OJEDA-JUAREZ D, KAUL M, et
al. Comprehensive review of lipocalin 2 -mediated ef-
fects in lung inflammation[J]. Am J Physiol Lung Cell
Mol Physiol, 2021, 321(4): L.726-1.733.

FRINC, WKIH, MR, A5 B b ok 4 g Wi Al
AR SR NE 12 2 8 -5 AR T W 835 Sl 1R 1 AT S 1k i 5
] A ETAERR AL, 2022, 32(4): 389-393.

GONG S W, SHEN S J, WANG S M, et al. Study
on relationship between urinary neutrophil gelatinase-as-
sociated lipocalin and disease activity in lupus nephritis
[J]. Chin J Health Lab Technol, 2022, 32(4): 389-393.
HADPECH S, THONGBOONKERD V. Epithelial-
mesenchymal plasticity in kidney fibrosis[J]. Genesis,
2024, 62(1): e23529.

HITAKA Y, ISOYAMA N, TSUJI S, et al. Reno-
protective effects of laxative linaclotide: Inhibition of
acute kidney injury and fibrosis in a rat model of renal
ischemia - reperfusion[J]. Biochem Biophys Res Com-
mun, 2024, 709: 149709.

(2024-02-25 W i )
T )



