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Urinary biomarkers for diabetic nephropathy

[Abstract] Diabetic nephropathy (DN) is the most common cause of end-stage kidney disease and
accounts for a significant increase in morbidity and mortality in patients with diabetes. Early detection is
critical in improving clinical management. Although microalbuminuria is regarded as the gold standard for
diagnosing the onset of DN ,its predictive power is limited. Recently,a number of novel urinary biomarkers
have been identified and used to reflect kidney injury,such as biomarkers of glomerular damage (nephrin,
podocalyxin , Wilms Tumor-1) , biomarkers of tubular damage ( neutrophil gelatinase -associated lipocalin ,

kidney injury molecule-1) and inflammatory factors ( tumor necrosis factor receptor ). In the mean time,

new approaches including urinary microRNAs (noncoding mRNAs) and urine proteomics provide new

direction to identify potential novel biomarkers for detecting diabetic nephropathy.

[Key words] Diabetic nephropathy ; Biomarkers ; Glomerular damage ; Tubular damage ; MicroRNAs
(Int ] Endocrinol Metab ,2015,35:176-179)

PRI A (DN ) 2 32 Ji DA 2RI o e DL
AP, e PR JE A 1 R EE T RN 2 — o i
IR W2 W 3697, BELWT TR ) A i, S g ik
DI RE S 1A T 2 I - A R 14 TR AL

P 3 RO WHR Y DN Bt I I8 T
PEFEI] DN ARG SR, BRI $2 /8, 7 1 1Y
12 B RS £ Bl 1 B PR A SN fE )
AR PR o — Sebil PR 8 BT il B R
A BRI B B2 e, O — 2 e R —
B H R B (E 15 K R A R AR BEI
LEAN, AT BT R H B JIE A AR P A PR R S
3 FLA M B 1) AR PR 8 vt T B
PSSR, B A, o 1 3 RO T AN fe BAE Y DN

DOI:10.3760/cma.j.issn.1673-4157.2015.03.009

VEREFAA:210028 T T 25 RAERE P R4 5 BE B, VT
A TP BREE A 1R B N A I AR e X

WAEVEH X, Email : liuchao@nfmen.com

BRI, SR — ST ELA R AR S
() L] Kk R I DN ARl R s L

1 BINEKIR GRS

L1 RPN & DN R
WRRAE B /INER A5 H s B 1R RS R EUR
B I H N S s 1 a0 e VAR 9 R B, 7 IE
B PR A BAT B0 A ) S, $ R A 40
(2R TR R B, HAT, AP g
A S A DN AR i R 4niess S e .
1.1.1 B9 (nephrin) 5 3% 85 1 S — Fl 5 5
B, R U 2R — SRR Y Nk
J5 B 2 At A L A THE S Jim 2RV B, 2 OB PR S
A VR PRI R 100% 215 B 9% & 113235 T
54% A R TR Y 2 OB PRI A -t 30 B
BB, 75— IR & B, 30% A H B 8 1R
B 1 ZROHE PRI FB A 2t LR B B 1 %58, 28 9% 1Y
BEE KA R ZI A E AR, BER S kA



[ B A 43 AR 2 s 2015 4E 5 A 45 35 445 3 1 Int J Endocrinol Metab,May 2015,Vol. 35,No. 3 177 -

RIS AR AR, 5 FE S, 5 AR
FP U R A P X TR DR R R B R
1 BB ] L o 1 A R R R R 2P
¢, A A0 O 48 U BH PRI P 14 B S 2 1 mT LA
R DN bR S 2 —

1.1.2  EYfbRic & A (podocalyxin) - EAHEARIC
B AN 5 TSty ot B 11 =8 AR BT 4, A A 5 T
I DX = B (1 671 L i () MRV R R 1, S5 2R A
ML) L 5 R RN Ik e R o DN LT DL I JE R A
B /NER i BB AR o A /INER RE H E F A
SRR AR A R B R A RRIE R 12— 6 W
JINERGEIR 1 A N A B L E B MR o Hara
SF1S TR ELISA 38500 Sl 21 2 7ROBE R 9 8 35 RV
SRR R . J37E 53.8% G ER R &
4t TR )R A0 AR IS A T, U A bR D
HEHATRE HBAE DN B g, BAENEY
FRICH R J3te it Ah , IR mRNA il & 30 1 2 4
Jubric & AR mRNA, 84— 5 2 FE A 43
T, NG A B 1 | o -actinind AR F145 , AT REME A
012 G B A5 AR A 3B T RLPEAS DN Ak J 0,
Aid, PRI mRNA A5 1] BERk 5 ik DR i s gz
T H, H 2 A AR IC 8 AR T DAY P9 R 20 e B 2
K 2 e 4 I B I A B R A A DR X RS
TN A7 AR S 17 T A 0,

1.1.3 R 1(WT1)ERE WT1 R 2
A P R AR R — N e SR TR
AR B /INER Y WTT 3 R AG kA PR T 2 20 i
Kubo &5 R e B 7R AL HG DN A S5 38 (0 IR
RT LUK 21 N P WTT £E R B9 mRNA, 323,
Kalani S5 7E 1 BB PRI 85 PRI 4025 Y WTL
EHMINBARER, HFRBKESIRAEA S ILE
FCAE R ALK IEARDG, 515 /RIS 3R ARG
50% HBE PRI H B BRI AT R Rt 2 R BUR W1
R AR R Z 8 1 R WP A AS 2]
WT1 A X 245 SR IR WTT K AIAE N
— R 2R S AR PrbR S, T DN 2
ORI

1.2 B/INERPY E A A I P R A T
H 35 555 I 7= A Z8 AR R -, n— 4 AR
W ZR CHTSI IR R | I 32 A R AR5 A 1 /N BR
JRi B L 80 712 DI RE o N B T REBEA & T BUE /)N
BRI AT Tb 1 F L R R U2 I N R A4 25
LR Aol a3 1 5 R R e R
IR IR 7= A B R SR 20 P B D REFR A2 DN %

PN AS I R 1 T AL =2 — 0, I P B R
WA IS P B2 3003 05 T s L I 3R B R PR iR
W R KOE 3 T X B AL e Ak B
B PR B PR B A R Y T) B A ) 380 5 e 3R
W, ELWE e /KT 138 05 DN 19 85 s (i) 1E A
KUSI R I, PRAERE AR KT I DA T BB & DN 19—
AAT T T FE bR U HOE T AT LU FfiE DN
WIBY B, HEIEA R 0 i L T s R, AR —
SO 5 A1 A e SR 7K ST s F 3 (LB R
B K IEH B ) IR I & (B 25 3R
I PRBE R SRR K AEME Rovs S OE 5 AR Ie 2201,
PR IR T H TR KPS R A Lo, 3 1y 45
(R | e SR 2 A B /N SR G A A 1 45 T
MY T oy, B ST R B, B SR A i
B /NS 45493 1) PR A 75 40 An 5 -8 T AR K 2R A
(‘Tamm-Horsfall 8 [ )47 FHICPEL 0], 3 s 45 BLAR A
Y Jrie SR 119 730 1T i S W PR A /NS T g
(R
1.3 BU/NERILRIEE IV R R R Nk
VR /INGE LRSI B 2R JIEE 90 35 5 114) B 2 21 )8 4 , 3
WA NERIE I B A BESE R B, DR IV Y i 4R
FIFE 2 UM PR 5 b 3 T, RR R K IE
FHG o Cawood AEVTHIESE 78 1E K B 1 FRM PR FE
PRIV IR Jir 8 11 v 56 T R R R
WAL AR HGE  FETC W] AR R Y 1 B 2 AU
PR B A v v DR IV 78 g i 2 1 I R /N ek i At
R RFEA OGSO R, A HE B 1, R IV R 2R
1 HE K SF BT AR S — A5 F ) A9 DN bR
Yo B HENEAE S Ay — 1 E ] DN Al {5
AR
2 BINERGIRE

H R 40 i BH 5 i AH G 2218 2 11 (NGAL) /&
lipocalin ZEWE B 3 22— , & — R U5 T b 4
JHL T B it AH DG 1) B 1 o NGAL 7= A 30 i '
BT, FE B IR A0 e S g P T 20 A T RN
200 i T 00 S P — 1 R i PR B R R 5 40 -1
(KIM-1) 7 B JIE 32 g5 i) [ T 3  WF 9T & B, 1 AL
PR 8 TCie A JCEE UK, JR NGAL K KIM-1 7K
BITh i, B BNV B R 2 T TR 2 AUBE IR
W5 H 3 T IR NGAL 2 KIM-1 7K SF a] 75 9 7%
PR B /INER 8 I 22 dop — TR A 2 A
PRI AR B (<5 4F) B /INE 403 & A 2 At W
WFFEAUESE , BRI 40 /R NGAL & KIM-1 7K - Fb 1EH
2 N, AN, IR NGAL ZKF-FBR 1 & (A HE



. 178« [ B P9 0 iR 2 s 2015 45 5 28 35 %55 3 ] Int J Endocrinol Metab,May 2015,Vol. 35,No. 3

R IEARDC, FNE /N RIS #4006 TR KIM-17E
TEH R R ot U8R 1 PRZERN R & 8 R
M TEHI R 25 5, FURIDR (2R (L HEER BB /R g
T RBIAFHIES, 3 s 2 I I, B /NI 5 1 2 Y
B PRI L AR 5 0L, PR NGAL 7] g b — 404 |
S5t 14 RS0 S RN A 2 FROHE PRI B D e 4540 B AR
3 BEIASEE FZ 4 ( TNFR)

TNFR1 F1 TNFR2 J& T M9 SR - oo (TNF-
o )R, e —d1 T B0 JEORE 2 1 L T 4F
o, HA 5 0 R 591 a8 A58 T A A K I 4 S 1 A
BE PR £ e T D Re Sz i R R rh a2 BIGE .
H A —IF 58 1 7 , Jo A i 26 (R Y 2 OBE R
FAEFAE TNFR1 A1 TNFR2 7K 18 S 1% B /NEk
UEITH T REAH I, FIH1  Niewczas SFPNF 410 4] 2 Y
WE DR R 8 ~ 12 ARl A B, e A B
HFIHEFR TNFR1 . TNFR2 7K i 3 (A0 56, i 3k
T B B Y TNF- o o [A)EE, Gohda 251206 628 4] 1 !
WERIG HRE S ~ 12 A Bl U7 O 52 3 & A 1 B
5 =3 135 4 ALY TNFR1.TNFR2 ¥ 5 25 4H
X ABFIERS B TNF- oo S HABIG R DS BT
AHXT T TNF- o W] 45 A 192 E M TNFR Bz
7 DN SR AT e AR FEAILR A B
4 HUEKEF-B(TGF-B)

TGF- B E—FETE N AIINE R E A S,
J& DN & Ji HL ] 9 B 2 A ) JTGF- B 5 5 81 11
h3( B ig-h3) BRI B E T TGF-B HAEDIE 1 .
W LI, PR B ig-h3/ WUEF LA AE 2 BOH RS e
3 T 127 O — WS R UE S5, RO BRALAR LG, B
i IE % VAR R B BOwi PRI BB IR B ig-h3 7K-Fl
WS e, R D) DN T Ry i 25028 ph AR R A )
PR B ig-h3 7K F- 1] LA 4] DN A B 9 55 14
R,
5 kX miRNA

MiRNA J&—FpEZif% HEE RNA il 454 25
K mRNA |-, Al {2 7F mRNA AR sl mRNA
) FHE , DT 0 o) A 356 DR ) 50, S B0 A 6 )
) 7 S J PR 4 o F R 2R B L VF 2 miRNA 3 I 4%
TGF-B 125 DN [ & 1), Szeto 551005 2 b
PRI B /INBR AL IE £ 2 R miRNA-15 B g F#AIC . 55
Ab, TEEIBFIZEARLEHR , JK miRNA-21 Al miRNA-216a
2RIk 5 B YIRe T B St J S AR B s H A G
Kato &5 & 81, 76 DN /)N B 7Y 2% J55 4 ffu
miRNA-192 ik Thi il M dlBEs E &85 G E A1

K E S8 GH M 2 Rk, B TGF-8 {5 %5
B, SO ALYl R H R e A B, 5
miRNA 755 A b i i 42 /5 I AT RE A DN — A48T
HIZ Wb BRI
6 REBHAEZF

B AL 2E g — ] L] 25 A6 22 A oE =X R i
L35 8 A RRUE R (AR R el B
HLUK 45 & ik e Birids , oA s o BRI e ) o 3R AR
iz I AR DN AR 7E | BO0E R rh guskpk
FRESEERN 97% ,7F 2 AU R G s 93.8% ,
PSR 91.4%23) SR X R AR 12 DN T 7E
I R B B R YRR RS A A Z12E
TNUERE T o — T i A 1 1% 39 91 o) RERIF 5 3 3 i)
273 PR Z KA, VB DAPR IR AR 1 4 2 SR A FE S
VO3 e o3 e, PN 2 RO s 8 8 Tl B 1 R I
HESEAG L, 25 R AN, PREE 1 2027 A DR J8 3 A
Ay i B P RN R B R 1 PR A ST A DGR R,
7 RBL5

VT AR TR 01 B0k e ) DN AR a9 i A i
SRR IR T — S A R ER, IR I IR
WFFEREAS A /D | WA 7 vk 22 2 s W T T 9 B e 34
FIRTAEVERF ST , PRGN 228 ELISA 5, 4600 F Bt
o Bk = A BRI SR, A OCHL
W ASEAG o PR IL , A BB Y DN R i) S uE s HO A5
HAREE, AFHHE 2 TAE,

& £ X M

[1] Zachwieja J,Soltysiak J,Fichna P,et al.Normal-range albuminuria
does mnot exclude nephropathy in diabetic children [J].Pediatr
Nephr()l,2010,25(8):1445—1451.

[2] CGlassock RJ.Is the presence of microalbuminuria a relevant
marker of kidney disease?[J].Curr Hypertens Rep,2010,12(5):
364-368.

[3] Su J,Li SJ,Chen ZH,et al.Evaluation of podocyte lesion in
patients with diabetic nephropathy: Wilm's tumor-1 protein used
as a podocyte marker[J].Diabetes Res Clin Pract,2010,87(2):
167-175.

[4] Kalani A,Mohan A,Godbole MM, et al.Wilm's tumor-1 protein
levels in urinary exosomes from diabetic patients with or without
proteinuria[J].PloS One,2013,8(3):e60177.

[5] Jim B,Ghanta M, Qipo A,et al.Dysregulated nephrin in diabetic
nephropathy of type 2 diabetes:a cross sectional study[J].PLoS
One,2012,7(5):e36041.

[6] Hara M, Yamagata K, Tomino Y,et al.Urinary podocalyxin is an
early marker for podocyte injury in patients with diabetes:
establishment of a highly sensitive ELISA to detect urinary
podocalyxin[J].Diabetologia,2012,55(11):2913-2919.

[7] Patari A,Forshlom C,Havana M,et al.Nephrinuria in diabetic
nephropathy of type 1 diabetes[J].Diabetes,2003,52(12):2969-
2974.



[ B A 43 AR B 24 35 2015 4F 5 145 35 %45 3 1 Int J Endocrinol Metab,May 2015.Vol. 35,No. 3 <179 -

[8] Zheng M,Lv LL,Ni J,et al.Urinary podocyte-associated mRNA study and the effects of lisinopril[J].Diabet Med,2010,27( 10):
profile in various stages of diabetic nephropathy[J].PLoS One, 1144-1150.
2011,6(5):e20431. [22] Nielsen SE,Reinhard H,Zdunek D,et al.Tubular markers are
[9] Wickman L,Afshinnia F,Wang SQ,et al.Urine podocyte mRNAs, associated with decline in kidney function in proteinuric type 2
proteinuria,and progression in human glomerular diseases[J].J diabetic patients|J].Diabetes Res Clin Pract,2012,97(1):71-76.
Am Soc Nephrol ,2013,24(12):2081-2095. [23] Fu WJ,Xiong SL,Fang YG,et al.Urinary tubular biomarkers in

[10] Nielsen JS,McNagny KM.The role of podocalyxin in health and short-term type 2 diabetes mellitus patients:a cross-sectional
disease[J].] Am Soc Nephrol,2009, 20(8):1669-1676. study[J].Endocrine, 2012,41 (1):82-88.

[11] Kubo K,Miyagawa K, Yamamoto R,et al.Detection of WT1 mRNA [24] Miyazawa I, Araki S,Obata T,et al.Association between serum
in urine from patients with kidney diseases|J|.Eur J Clin Investig, soluble TNFa receptors and renal dysfunction in type 2 diabetic
1999,29(10) : 824-826. patients without proteinuria[J].Diabetes Res Clin Pract, 2011,

[12] Singh A, Fridén V,Dasgupta 1,et al.High glucose causes 92(2):174-180.
dysfunction of the human glomerular endothelial glycocalyx|J]. [25] Niewczas MA,Gohda T,Skupien J,et al.Circulating TNF receptors
Am ] Physiol Renal Physiol ,2011,300(1):F40-F48. 1 and 2 predict ESRD in type 2 diabetes[J].J] Am Soc Nephrol,

[13] Karalliedde J,Gnudi L.Endothelial factors and diabetic neph- 2012,23(3):507-515.
ropathy[J].Diabetes Care,2011,34(Suppl 2):5291-S296. [26] Gohda T,Niewczas MA,Ficociello LH, et al.Circulating TNF

[14] Nieuwdorp M,Mooij HL,Kroon J,et al.Endothelial glycocalyx receptors 1 and 2 predict stage 3 CKD in type 1 diabetes[]].J
damage coincides with microalbuminuria in type 1 diabetes|J]. Am Soc Nephrol ,2012,23(3):516-524.
Diabetes,2006,55(4):1127-1132. [27] Ha SW,Kim HJ,Bae JS,et al.Elevation of urinary Big-h3,

[15] Poptawska-Kita A,Mierzejewska-Iwanowska B,Szelachowska M, transforming growth factor-B-induced protein in patients with
et al.Glycosaminoglycans urinary excretion as a marker of the type 2 diabetes and nephropathy[J].Diabetes Res Clin Pract,
early stages of diabetic nephropathy and the disease progression 2004,65(2):167-173.

[J]-Diabetes Metab Res Rev,2008,24(4):310-317. [28] Cha DR,Kim IS,Kang YS,et al.Urinary concentration of trans-

[16] Torffvit O.Urinary sulphated glycosaminoglycans and Tamm- forming growth factor-B-inducible gene-h3(Rig-h3) in patients
Horsfall protein in type 1 diabetic patients [J].Scand J Urol with type 2 diabetes mellitus[J].Diabet Med,2005,22(1):14-20.
Nephrol, 1999,33(5):328-332. [29] McClelland A, Hagiwara S, Kantharidis P.Where are we in

[17] Cawood TJ,Bashir M,Brady J,et al.Urinary collagen IV and diabetic nephropathy: microRNAs and biomarkers?[J].Curr Opin
wGST : potential biomarkers for detecting localized kidney Nephrol Hypertens,2014,23(1):80-86.
injury in diabetes a pilot study[J].Am J Nephr()l,2010,32(3): [30] Szeto CC,Ching-Ha KB,Ka-Bik L,et al.Micro-RNA expression
219-225. in the urinary sediment of patients with chronic kidney diseases

[18] Morita M, Uchigata Y, Hanai K,et al.Association of urinary type [J].Dis Markers,2012,33(3):137-144.

IV collagen with GFR decline in young patients with type 1 [31] Kato M,Arce L,Wang M,et al.A microRNA circuit mediates
diabetes[J]. Am J Kidney Dis, 2011 ,58(6):915-920. transforming growth factor-B1 autoregulation in renal glomerular

[19] Araki S,Haneda M,Koya D,et al.Association between urinary mesangial cells[J].Kidney Int,2011,80(4):358-368.
type IV collagen level and deterioration of renal function in [32] Rossing K,Mischak H,Dakna M,et al.Urinary proteomics in
type 2 diabetic patients without overt proteinuria[J].Diabetes diabetes and CKD[J].J Am Soc Nephrol,2008,19(7):1283-1290.
Care,2010,33(8):1805-1810. [33] Alkhalaf A, Ziirbig P,Bakker SJ, et al.Multicentric validation of

[20] Mishra J,Dent C,Tarabishi R,et al.Neutrophil gelatinase-associ- proteomic biomarkers in urine specific for diabetic nephropathy
ated lipocalin (NGAL) as a biomarker for acute renal injury [J]-PLoS One,2010,5(10):e13421.
after cardiac surgery|J].Lancet,2005, 365(9466):1231-1238. [34] Roscioni SS,de Zeeuw D,Hellemons ME,et al.A urinary

[21] Nielsen SE,Schjoedt KJ,Astrup AS,et al.Neutrophil Gelatinase peptide biomarker set predicts worsening of albuminuria in type
Associated Lipocalin (NGAL) and Kidney Injury Molecule 1 2 diabetes mellitus[J].Diabetologia,2013,56(2):259-267.
(KIM1) in patients with diabetic nephropathy:a cross sectional (ks H 39 :2015-01-28)

HEPS
2015 F 58 4 HAER 5 LA 4B

1.OGTT 0.5 /B o ¥ V1 5 A D W FE R R R RORaT 3 o e K& 3 2 M M o T Bt 2 AR &
REMERRERE AN AR AREZN 3 ERERREFRIRE S AR EHR 4 ARR
TRAb Fab B4 B Ay 5.— 4 3 69 flg i Bl F—Cartonectin - 6.FGF21 Fuf I Z4kfith x & 7.0 it
R R MK EBRALE 8. KHEERD RNA ERER 9. EATEBET2EARERRNARI:E 10
Vasohibin-1 7 ¥ &% & P 8 #5528 B 11.Visfatin 7 E 5 R KRR B & m L4 o oo % 3t &
12. /7 R R % & Ve B 25 4 09 (R B U 13 R e ot b AR 1 25 5 R IR K fu R kB 14. T2l R WOk AR
Rk FEEERBEAENAEXE IS _WRIMETRBERETTHER 6. FHERREREER
5 Pl U A

AP 48 4538



