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[Abstract] Objective To investigate the association between serum bone morphogenetic protein
-7(BMP-7) level and different stage of diabetic nephropathy(DN), whether as a reflection of the early
predictors of type 2 DN. Methods 207 cases with type 2 diabetes, according to the level of urinary
albumin excretion rate(UAER), were divided into non-DN group of 56 patients(group A), UAER <20
pg/min; early the DN55 cases(group B), UAER: 20-200 pg/min; clinical stage DN with normal renal
function 52 patients(group C), UAER>200 pg/min; DN in clinical renal dysfunction in 44 patients(group
D), UAER>>200 pg/min, renal decompensated chronic renal failure(serum creatinine Cr: 133-177 umol/L);
elect 55 healthy subjects as controls. Serum BMP-7 was measured by enzyme-linked immunosorbent; The
numerical of urinary albumin was measured by the electrochemical luminescence; UAER was calculated
by the formula: UAER(ng/min)={[albuminuria concentration(pug/ml)Xurine volume (ml)]/1 440 min;
fasting plasma glucose(FPG), 2 h postprandial plasma glucose(2 h PG), blood urea nitrogen(BUN),
creatinine(Cr) and glycosylated hemoglobin(HbAlc) was measured by conventional methods, the above
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numerical were analyzed by correlation analysis and use Stepwise for multiple stepwise regression analysis.
Results  Each group BMP-7 value respectively, (326.49+30.46)pg/ml, (400.06+39.37)pg/ml,
(289.48+37.66)pg/ml, (167.37£29.53)pg/ml, (69.76 +30.2)pg/ml, the different between each group had
statistically significant. The correlation coefficient of BMP-7 with UAER respectively: -0.274, 0.316, 0.771,
0.723, 0.512; Each groups’ regression equation of UAER and BMP-7, FPG, 2 h PGHbA1c respectively: the
control group: UAER=9.197+0.015XBMP-7, group A: UAER=23.563+ 0.756 X HbAlc, group B:
UAER = 34.208 - 0.488 X BMP-7, group C: UAER=112.305+ 0.555XBMP-7, group D: UAER=
254.321+0.415X BMP-7. Conclusion The numerical of BMP-7 is different in different stage of DN.
BMP-7 is correlated with UAER, and the effect of BMP-7 on UAER is more significant than FPG, 2 h PG,
HbAlc.

[key words]  Bone morphogenetic proteins; Diabetes mellitus, type 2;
Urinary albumin excretion rate

Diabetic nephropathies;

2 TR PRI MUHE PRI I RE O 28 A A BRV
P G N el B el R, OB PR R (diabetic
nephropathy, DN) i £ A 1 B M 95 d5 5 DL (1) 9
PP, DN IR AR 21 T JR i sy K,
DN, BB eatl. T B g
A R SR BN ER R B0« B /N ERGEEE
o, R (GBM) HE, ¥/ hEkiEidE (GFR)
BEUTREAG, MOE EA ER, SRT IR i T,
DRI 1 - 3K R 002 W R YR T R H T AN R A
BRI A AR AR I LR -5 DN 1
KAEEY), v BMP-7 552 G

EREHE

—. W%

PEFE 2011 4E 1 A& 2012 4 10 ALERBAT R
1) 2 BUBE IR B 207 B[ (53.41+6.44) %],
1 W49 55 1], Y5 28 i, 4 27 5], A% (52.44 £5.65)
D AR AR B A A AL MYE Mogensen 2 H (1)
DN 2 Wik R i SR 18R M RIS (UAER) ()
ACPB Ay A DU4L, 4 DN 56 %1 (A 41, % 29 41,
2 27 9, FEH% (52,67 +6.92) %, UAER<<20 pg/min;
FL19I DN 55 %1 (B 41), Y27 %1, 28 %, i
(52.76+6.42) %, UAER 20~200 ug/min, %I}
REIEHT: PRI DN B Dhfe I 52 4 (C 4D, 5
26 5, 4 26 fl, F# (53.37+6.21) ¥, UAER
>200 pg/min, B ILAEIEH s ImKH] DN B IhfE =
W44 ) (D 41D, B 24 5, & 20 B, FE
(55.19+5.94) ¥, UAER>>200 pg/min, ¥ IJHEA
P PE B AL . AW NARHE: 2 BOBH IR A 1
PRI 1999 F WHO Bl IR & KX B I R )2
WrbRvtE: SR+ BEPLIRE =11.1 mmol/L, B{ FPG=
7.0 mmol/L, B OGTT 2hPG=11.1 mmol/L. 7

RN, WA REINOT . HERRbRAE: HERR 178
Wi PRI SLARE RS OB RS B S O S PR o Bk
AT RES IR Thie S M 25 AR DR R M v il
J WIRARL A SRR NS RS R
FRR FEUR R AL . S, By
PIIAE R« PR A B B R R S I 550 BR A T BE 5%
) BMP-7 AR Z=: MR, g54%. IFHis. B
PRIFEAE « TCAd N 7 WA T« B NEREE . SRR
PRV S5 B R TR M7 sl At S 1 %
BRAMATRES | UAER 9N R BfEmR b . W
JRZBEYE, B85 JFUR M AL ) 3 5

L N

1. FZAA: WAR 1.

F 1 U

WA KU
BMP-7 i 7 & TR KIS R A

SR AR ARA & T B2 A R )
MAHR & T B 2 A R )
B 2T 85 R T B B2 A PR )
IR FE R T B B2 WA R )
WUEFR & T B B2 WA PR A )

2. BB WAk 2,

T2 TEAHE

NG EA S T 57
AR %[ P800, H A
YERR L ST-36WT, Ll RHESII REEH BRA
Bl VLB PR B0 HL B320A, 207 5L A VE B OB
FERRAX FHFFE RT-6100, YT A EGrRREBANAT PR A F)
EIEAH R BD-SPXD, R RFHE & AT IR A #

P2 J-20 CUKAf
[ J-80 C kA
P ROEIE X

AR FYL-YS-128, 1t 54 i Ha 25 A PR A 7]
R IFE TH-86-500-LA b5t KRR A PR A 7]
%K (MAGLUMIN2000PIus 4 [ 34k 2 & 6




ARG R PR T2 () TAR)2014 4E 5 A5 8 245 9 #1  Chin J Clinicians(Electronic Edition),May 1,2014,Vol.8,N0.9 + 1617 «

£33 HAEE RN, FPG. PBG. HbAlc. UAER. BUN. Cr b (X+s)

205 % Wi RS FPG(mmol/L) ~ PBG(mmol/L) HbA1c(%) UAER(ug/min)  BUN(mmol/L) Cr(umol/L)
papitl 55 28/27  52.44+5.65 4.910.47 7.2120.37 4.770.49 7.42+1.22 5.31+0.96 93.87+15.93
A4 56 29/27  52.67+6.92 7.6220.70° 11.77+1.55% 7.2620.79° 12.98+3.71° 5.94+0.93 99.57+9.49°
B4 55 27/28  52.76+6.42 7.52+0.62° 11.92+1.45% 6.9240.71*  161.28+29.29" 6.54+0.54° 103.5749.22°
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D4 44 24/20  55.19+5.94 7.69+0.38° 12.07+0.97* 7.08£0.79"  394.41+23.29" 9.03+0.86° 149.13+12.02°
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R B AMEER TG 225 SXRALE, *P<<0.01

3. HABEIM : WA B B IR
(0.22 pm, 0.45 um) , =kEFEINFESS S Ae Sk (0.5~
10 pl. 2~20 pl. 20~200 pl. 200~1000 u> , —
UM B WA SRR 475 % (12X 55 mm) , &
Mkaaseis, (3711) C/AKWAH, THItipss,

4. K77 (1) BMP-7: HiliHU&-41 25 ik
15 ml, SR FH ARG G 92 R B v R T 23X AR RS 11035
BMP-7. (2) KA RIGEMERAEA,
RPE UAER (ug/min) = (RS ARE pg/mix K
HomD /1 440 ming KR E RTINS I
(FPG). &J5 2 h IfiLhE (2h PG). JRZE%E (BUN).
WLEF (Cr) Jekifber 2 (HbAle) FI{H.

=\ Gk

KHI SPSS 13.0 G vkt Hdls ¥ Ebrift 7=
(X*s) KR, HdLHLBALH H R 27 Z 007
2 2 1) 9 EL AR T SNIK Ay o [) INESRe AR 62
Bt S Ad ] Stepwise 17 2 K 22 & 25 M1 JH 4341, P<<0.05
HEFAG R L.

g R

1. — IR wEkr: HUE N 3.

2. F41BMP-7T MEA BEME R R4, K D:
%% DN 41450 AR A 2 BMP-7 7K1 2 [J%AIK,
ZERA G E S Horp DN =417 BMP-7 Bt 15
RGN, ERASER N A4l BMP-7

tex e =, ZERAgiEm L.

F4 KABMP-7HE (X+s)
2150 [k BMP-7(pg/ml)
ot 55 326.49+30.46
A4l 56 400.06+39.37%

B4 55 289.48+37.66™

cCH 52 167.37+29.53%°

D4 44 69.76+30.21%°%

i Hx A, P<<0.01; 5 A4LLE:, bP<<0.01; 5 B4l
i, P<0.01; 5 C4ltk#, ‘P<0.01

3. %41 UAER.BMP-7.FPG.2 h PG / HbAlc

Z IR ARSI M X HEAL: UAER 5 BMP-7 2 6 A
* (r=—0.274). A 41: UAER 5 BMP-7. HbAlc
SIEASE (r 43524 0.316. 0.386); BMP-7 5 FPG.
2hPG. HbAlc RIEAME (r 435l 0577, 0.421,
0.289).B 41: UAER 5 BMP-7 S 1FA2%(r=0.771).
C H: UAER 5 BMP-7. HbAlc ®IEM % (r 4>
54 0.723. 0.281); BMP-7 5 HbAlc & IFHI%

(r=0.279). D 41: UAER 5 BMP-7. FPG. 2h PG
M HbAlc 2 IEAHIE (r 2354 0512, 0.337. 0.344,
0.351), BMP-7 5 HbAlc £ iEM% (r=0.285) (£
5, 6,

%5 %4 UAER 5 BMP-7. FPG. 2h PG J HbAlc
AR R (0 i

205 BMP-7 FPG 2hPG HbAlc
Xof 4 —0.274° 0.103 0.156 0.116
A4 0.316° 0.169 0.237 0.386°
B 4 0.771° 0.205 0.217 0.224
C#4H 0.723° 0.111 0.121 0.281°
D4 0.512° 0.337° 0.344° 0.351°

i %P<<0.05, "P<<0.01

%6 #%4 BMP-7 5 FPG. 2hPG & HbAlc [{AHK

2 () i
gl FPG 2h PG HbAlc
payicei:| —0.123 —0.131 —0.110
A4l 0.577° 0.421° 0.289°
B4l 0.136 0.119 0.187
c4l 0.262 0.241 0.279°
D4l 0.232 0.217 0.285°

i ?P<<0.05, "P<<0.01

4, %4 UAER Y5 BMP-7. FPG. 2 h PG ¢
HbAlc M[EAT7H#E: #24HLL UAER by [AIAZ &,
BMP-7.FPG. 2 h PG } HbAlc IR FE b AA &,
KAFMIATRE (R 7).

Wit

BMP 224 [H Marshall R.Urist Z(4% {F 1963 4F%&
B, 5 AN . ERIER TR T P — %



- 1618 - Fp A I R BE T % 3 (L T-AR)2014 4E 5 H 55 8 %245 9 1 Chin J Clinicians(Electronic Edition),May 1,2014,Vol.8,N0.9

500 r
450
400 1

&
=3

. s
300 1 7

150 |
100 |
50 t
0 %

BMP-T (pg/ml)
NN
o O

Piglitail A

B
A

Bl #4IBMP-7{HM L . SaMAltbEe, "P<0.01; SA4LLEE, "2P<0.01;
HBA L, 24P<0.01; HCALLE, *24%P<0.01

Fz 7 %4 UAER 5 BMP-7. FPG. 2h PG /& HbAlc

== e
Zibil] [R5
XA UAER=9.197+0.015xBMP-7
A4l UAER=3.563+0.756xHbAlc
B 4l UAER=34.208+0.488xBMP-7
(oF ] UAER=112.305+0.555xBMP-7
D 4 UAER=254.321+0.415xBMP-7

R OL, B BMP ES AR 1 Z5 A RRAE : BMP-2
4 R 25 0y SO R BMP-4 2 55 B U ) 78 S5 4
HOAGIEST ;s T BMP-7 78RR & i 4 o i
Ve . HATX BMP-7 (IBFRKZ, ©ie—FW
SN WPEZ IIREER A, & TGF-B X IR I—0, 5
V2 B %09 S DN K R %) . BMP-7 = 2E B /s
R NERE L . Michos 25CIRF ST 46 B 700 R
KBB4t it fErb s WY YE BMP-7 RIA
(K758t Wang 251K BMP-7 76 STZ i3
(1) DN FIKRH, 15 FI BMP-7 #O6 BEAL R B2
50%, 30 JiIT R4 90%. Cunko 2l 573 .

BMP-7 7t DN (1) 4 2R rp 5328 B A I v LA 1k 15
(R - FERET H05 . Yeh SN £ ). BMP-7
A DA /N BRI /N o) AT 4R R, JF Tk
S v MR 5 3 (1 S8 AU S SOt B ThRE I B 3, T
f¥) BMP-7 7t DN {R¥ A EZRMER, nTLAgiiE
DN [0 . TS 9 Bos: BMP-7 &7
DN K 5B /N FIAE A5 v R I B 1 0o T 4 B
EBEZ (P<0.05) . H LMLy LG H
BMP-7 7t DN [WZ R/ E O i, (H7:
DN ALY B BMP-7 S 38 hiid [ AR M TC 48— 45

i, I HATCT BMP-7 5 DN (91T 5T 2 2k 1 L itk
G0 WIARIFTCE D, BT, ABFFULEXT DN B
i dUE AT T BMP-7 (A0, 25 R 87R: 4% DN
LRI R ZH AR DN 20 BMP-7 K B BEAG (P<
0.05); H:H DN =417 BMP-7 Bififps t Uk ez ~
f% (P<<0.05); dF DN 41 BMP-7 Lbxf 4l (P<
0.05). 1 Michos & Wang %555 AL b o it
HILE DN FLHR AR B /N BRI A [ R 3t it
Z AN BN 2 BMP-7 AL T, 1k DN
411 BMP-7 {6 THa %18 5 I HUAR B Tk

' 1) 5T 2T A A4 A — T 3 ki P T 2 )4 1
Uy (PR 2 o ANTR] (R ATL A 3 45 400 M 4/ 5 T 2 1 R AR
B, FEENERAS [FRRALE m RERIR . Wang 55
W98 : 24 BMP-7 55 AIK6/Fc k-4 8 1 R RS o
PRI, A o A ) ST Jie D B 1) R A 4
i, EATTRTR I DN () 5T 40 i 405 5 FR RR 3R n .
) RET 4k B I BMP-7 (/KK 5 TGF-p AH
K, TGF-B [ FPE5I# BMP-7 #1784k, TGF-B
(P23 N5 i BMP-7 [{174#E, N DN [,
MAINER DN k2446 BMP-7. Kt BMP-7
% DN INEIZWIEAE, THRSEBIEIESR . Xu it
BRI fEd i)/ USSR, SRR BMP-7
REfG AL AL LT 4k, EEREEMIRE T TGF-BI
A1 B 40 ) S A i AR . Hruska 2505t
KW SNETE BMP-7 9500 % FlOK BB PEEAT
PE R BT ET YE A AN AR ol I e S . I
M, AT BMP-7 nT i DN (k.

A FUAH ¢ B B 4 A R I . 8T B4
BMP-7 5 UAER 2 HAHIG, [AA gl A fil e A HF



rp A R BE T 2 s (L 1 1R)2014 4E 5 4 8 4545 9 #1  Chin J Clinicians(Electronic Edition),May 1,2014,Vol.8,N0.9

- 1619 -

FEAEFEARE D BMP-7 SZAER R . 72 A 41
H, BMP-7 5 UAER [HISCRESE (r=0.316) &Y
HbAlc 5 UAER (r=0.386) ¥k, JIA7ESE R
A RURIE: A BMP-7 5 FPG. 2 h PG [14H
RRRPETE R (r 43314 0577, 0.421), #WI7ESE DN
i BMP-7 252 A (152 ma b ALK, /8 B. C. D
Z1vh BMP-7 5 UAER L 2RO, (Hik
— AT ZICE LRI TR M 5T BMP-T (112
5F, BMP-7 b FPG. 2hPG J HbAlc %t UAER

P AL IRTE 8
£ LNk, BMP-7 76 DN 1R £ St R sy

BT EEM T, BMP-7 5 2 7Y DN JR A RE E HATAN

KA, AT LA Bt DN Jp 5 1 BEREE (K 2 25 AR »

HRE TR A 77 2 4 DN 2 Wb i A5 Tk —
A HIIERIIGT. SRIMAE DN R A K I R rp o 15
A AR RS, e R HA
PRI, A AT LA A G 5 DN AR, A
L ANIENE BMP-T RET AT SES2 DN & JE I 2 )i A7
(Hi oo 21

2 % x #

[11 Ma L, Murea M, Snipes JA, et al. An ACACB Variant Implicated in
Diabetic Nephropathy Associates with Body Mass Index and Gene
Expression in Obese Subjects[J]. PLoS One, 2013, 8(2): €56193.

[2] Levin-laina N, laina A, Raz I. The emerging role of NO and

IGF-1 in Early renal hypertrophy in STZ-induced diabetic rats[J].
Diabetes Metab Res Rev, 2011, 27(3): 235-243.

Rir, AFF, MK, F. biF
1615-1619.

Bl

4

[5]

[6]

7

[8]

[9]

[10]

[11]

[12]

Jefferson JA, Shankland SJ, Pichler RH. Proteinuria in diabetic
kidney disease: a mechanistic viewpoint[J]. Kidney Int, 2008, 74(1):
22-36.
Nakhoul F, Nakhoul N, Asleh R, et al. Is the Hp 2-2 diabetic mouse
model a good model to study diabetic nephropathy? [J]. Diabetes Res
Clin Pract, 2013, 168(13): 73-79.
THEE, FNER GRS IM]. dEnt JbatRSE B AL, 2009:
292-293.
Michos O, Goncalves A, Lopez-Rios J, et al. Reduction of BMP-4
activity by gremlin 1 enables ureteric bud outgrowth and
GDNF/WNT11 feedback signalling during kidney branching
morphogenesis[J]. Development, 2007, 134(13): 2397-2405.
Wang SN, Lapage J, Hirschberg R. Loss of tubular bone
morphogenetic protein-7 in diabetic nephropathy[J]. J Am Soc
Nephrol, 2001, 12(11): 2392-2399.
Cunko VF, Kes P, Juki¢ NB. Expression of bone morphogenetic
proteins in kidneys[J]. Acta Med Croatica, 2012, 66(3): 207-213.
Yeh CH, Chang CK, Cheng MF, et al. Decrease of bone
morphogenetic protein-7 (BMP-7) and its type Il receptor (BMP-RII)
in kidney of type 1-like diabetic rats[J]. Hormone and Metabolic
Research, 2009, 41(8): 605-611.
T, whUK, WHLHE, S BMP-7 7EREIRAG P & A K R Ik T
AA[I]. S BH PR % Bt 4R, 2006, 31(6): 495-498.
Xu Y, Wan J, Jiang D, et al. BMP-7 counter acts TGF-betal Induced
epithelial-to-mesenchymal transition in human renal proximal tubular
epithelial cells[J]. J Nephrol, 2009, 22(3): 403-410.
Hruska KA, Guo G, Wozniak M, et al. Osteogenic protein-1 prevents
renal fibrogenesis associated with ureteral obstruction[J]. Am J
Physiol, 2009, 279(1): 130-143.
OfcRR H39: 2013-11-13)
(RSt AL

FHAERAEEG-TE 2 RN B R EAREGERHA [JCD] . TG REITRE: B-F, 2014, 8(9):



	血清骨形态发生蛋白-7与2型糖尿病 肾病病变程度的临床研究
	朱虹  赵贵辛  刘铁奇  陈智明  孙朝庆
	[7] Wang SN, Lapage J, Hirschberg R. Loss of tubular bone morphogenetic protein-7 in diabetic nephropathy[J]. J Am Soc Nephrol, 2001, 12(11): 2392-2399.

