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Abstract

Objective: To explore the diagnostic significance of Young’s modulus measured by shear wave
elastography and BMP-7 in renal tissue in different stages of diabetic nephropathy. Methods: 91 pa-
tients with diabetic nephropathy were selected in our hospital from September 2018 to October
2020. According to urinary microalbumin excretion rate, they were divided into 3 groups: 38 pa-
tients in the normal albuminuria group, 29 patients in the early diabetic nephropathy group, clini-
cal diabetic nephropathy group of 24 patients. The control group was recruited from 34 normal
volunteers. Peak Systolic Velocity (PSV), End Diastolic Velocity (EDV), Resistance Index (RI), Pulsa-
tility Index (PI), Young’'s modulus (E) were collected from all renal tissues of the subjects. The renal
tissue from the biopsy of the subject was made into sections and the content of BMP-7 was calcu-
lated. The relationship between BMP-7 and E value was analyzed. Results: 1) Compared with the
control group, the difference of BMP-7 and E value in diabetic nephropathy group was statistically
significant. With the development of diabetic nephropathy, E value increased gradually, while
BMP-7 decreased gradually; 2) The correlation coefficient between E and BMP-7 is -0.655; 3) Ac-
cording to the ROC results, when E was compared between the control group and the A group, P >
0.05, while in the A/B and B/C groups (P < 0.05), the cut-off values of E and BMP-7 were respective-
ly 4.9, 5.8 and 172.3, 114.1. Conclusion: BMP-7 is negatively correlated with E, and BMP-7 and E
have a good diagnostic benefit in early diabetic nephropathy and clinical diabetic nephropathy.
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1. 51§

B NATTAE VS B S AR TS KT B3 R, B PR (0 I 2R IR AR B 5y, PR 9 5| R SR 22 N PR

Y RRBIM I, soma 7O B PR R B BRI RE, RPN KR T — RAISE, H
*ERF(’E?}%MF?—’F%Ii"%‘fﬂf/\%?&mlmﬂﬁ@fﬂ’ﬂfﬁﬂﬂﬁ*ﬁﬁ(ﬁ%fﬁ(mabetlc nephropathy, DN) [1] [2]. [

BB IS, DN 2 B /NBRTE AL 12 5 R) o £ 4 It R A 230 J O B 3 vy, 5 M A W PR SR AT T
?ﬁ): W RN, B &4 H E(bone morphogenetic protein, BMP) 2 5 B I () & A4 5 K& e i #2[3]
BMP-7 5844 K1 f (transforming growth factor-g, TGF-g)%t B IE £ B ATEH/E R, TGF- AARLf 4k
LR [4], 1 BMP-7 St 0 £ 4EAb it fe, St B RS CRAP R o BT U1 3P A% AR (shear wave
elastography, SWE)i# iz X BY )35 i 38 iyl e, 1E— 20 B 45 HE Bl 2H 2347 ERA &8 (Young’s modulus,
E), 4% B B Frill 20 2R )R FEAEL[S] [6]. WA STR A SWE H AR HE R B 3 182 110 5 2L 2530470
B, 1 E RMEHSUNREE, FEEiZA S HL BMP-7 [ IARRAT R, 3T E SR B R s £
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JAM BMP-7 (16 R, FEBEIL E 15 BMP-7 X TR e 43 ) O B SR 93 1 5 W 25
2. —fRBEH
2.1 HIRIR

WFFERT G H 2018 4 9 1 %2 2020 4 10 JF RIRE R B N SR B 83 91 N, Hdr 51 59 A, %«
PE32 N, “FHFEEL 56.7 £ 12.4 %, GINIRE: PR FER RIFFE 1999 4 7 A 20 B IR
B RIZWARAE . 3 B RO R R B R, JF HATE AR, R R CA: ImRA IR g R e .
Hebbnite: A AR F 0 S E DD RE 5 -

P T A 50 75 KR R 1595 DA KO R AL B 4L 21K BMP-7 (18 B HEATHR 70, W05 0] 256 41 DA K6 R
HHHTE R, SRR RGHAT T 0. EFRIE OHRE, XIRAAER B ANATF &
SACHR A ER, WA T e RRZH I 1 (R SR S () 1 B R 34 B, X A AT R
KA, (HIFRATE TR, SO IRALA BMP-7 (45 ks . AR 2 ERi e FEZ B sz, B
A A SRR A =

R 24 h JRAER ARG RN AL, EFAEARA, RMEAEAHME < 20 ug/min
B 38 N, PR 529 £103 % B 4H: FIBEKM ERA, 20 ng/min < pRFUE B & AHRIAE <200
ng/min &35 29 N, PR 58.7 £ 13.9 % C 4. If ARKERIE B4 : JRFE AR A% > 200 pg/min
BF 24 N, FIFER 579+114 %,

22. iRA*E

2.2.1. ImFREER
K PTA AT RN RAGFERS . HERRRTE . BMI DL R BE A & AR R ST il % .

222 BEVRERZE

AHIF 548 F 1925 [ 5 R AR (SuperSonic Imagine) (B A 2 W R S8, KB FET RV B 40T @ B
R A E % . IRSIEFH B SCE-1, WEAR N 3~5 MHz, WEHAL & 4 MIEMT TR AR, o005
FR I, WA ERE, RITEC G R R AT B R S A, TR A A 0 R B ik
A 4% 104 {5 78 % (peak systolic velocity, PSV). &7 7k A H1iiid (end diastolic velocity, EDV). Il BH /145%L
(resistance index, RI). I zh4E % (pulsatility index, P1). FREL A& HH A 5 S IF KA BN, 47T
“SWE” #ix, WEHATA B, EBUE N FHONENEIX, frEIGFREfE, BT iz X
A IR R E ED Emean, HE = RINE 5 BCFIE@E 1 FTR).

2.2.3. BIEZERIER

W 3 AFERIE, A5 N 18G M REr, RYESEhr BN BE F RIS . WA EE, e S
28 B [ A A B R [X — B, T ERE T, ER 2 RIS ERREE R, BEE, BEE N T AL A
B[ E

2.2.4. REHAKEATF BMP-7 BFKER A%

XYL 3T HE K& Massion 4utf, 75 R4 NS HLUR W F SO oL, S /NEREELL . B (8] 5
PYELEE. K. B S WA 4 pm AR YI R, SR envision G AL BV U Y, RIS A 5E
B NER, B/NE ALY X400 R RS T TS, KR X R BMP-7 Ui, SRH
image pro plus 6.0 (IPP)E4T BH I AR 1155, F~F-34%% F% i (Mean Density) %7~ BMP-7 ()& & . b, il
R R BB S SRR A, IPP T 45 R TR I = S BT
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Figure 1. (a) Image of E measured in the control group; (b) Image of E measured in group A; (c) Image of E measured in
group B; (d) Image when E is measured in group C
B 1 (a) fEXtBBAHNE EETS; (b) £ AEHNEEWEIR; () &EBAETNEEMER; (d) £CHATMNEE
HIER
2.3. GWEHE

K H SPSS v26 K55 IEA A1 M S HOHAT IR 2 R Ge it 22 o0 b, a5 R T AL (R DY o ) %
Ne 5ZH (B M Spearman #E4T 43 #T1, F Medcalc £:fil] E. BMP-7 [f] ROC fhiZk, L LN
P <0.05 Z R BA G L.
3. &R
3.1 IRERBERGITER

KDL R AI4ERY . 7% FE. BMI. BMP-7. Emean. UAER. PSV. EDV. RI. PI ##Eit{r4iit, A
IEHE WL 1o

Tablel. Baseline data of client

* 1 ZRENELEN

b7y o REZH A4 B4 CH4 tfE P
1% 34 38 29 24

() 51.00 (41.75, 56.25) 52,00 (46.75, 60.50) 57.00 (51.00, 73.00)* 56.50 (51.00, 67.50)  1.041 0.430
TR (4F) - 6 (4,8) 6 (4,7.5) 7(5,9)° 1.213 0.284
BMI 24.30 (22.70, 25.65) 24.00 (22.78, 24.73) 23.80 (22.65, 25.50) 2375(22.53,24.68)  0.471 0.995
BMP-7 - 224.75(191.80, 311.15)  151.40 (132.25, 168.20)* 101.50 (88.88, 111.45)° 2567 0.001
Emean (kpa) 4,05 (3.775, 4.400) 4.20 (3.80, 4.63) 5.40 (4.55, 5.80)" 6.55 (5.45, 7.00)* 4,233 0.000
UAER (pg/min) 9.00 (8.60, 9.45) 13.00 (12.25, 14.35) 184.5 (178.7, 192.6)" 2426 (219.8,345.9)°  47.736 0.000

PSV (cmis)  25.265 (24.005, 27.558) 27.025 (23.402,28.063)  21.06 (19.33,22.97)*  21.61(20.44,22.40)  1.809 0.088
EDV (cmis) 12.52 (12.02, 13.36) 10.39 (9.6, 11.04)* 9.01 (8.41, 9.33)* 8.99(8.52,9.22)  2.574 0.008

A
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RI 0.69 (0.65, 0.72) 0.70 (0.65, 0.75) 0.72 (0.70, 0.77)* 0.79 (0.76, 0.82)* 3.738 0.000
Pl 1.225 (1.188, 1.273) 1.535 (1.401, 1.613)* 1.68 (1.66, 1.71)" 1.67 (1.64, 1.69) 5.558 0.000

fBE: R A AR R ZE R BA G0 G #UR AALE B AR ARG L $% B AL C HHRZERBA G4 L.

3.2. HXMGHER
E 5 BMP-7 {35 2 50UN-0.655, BLIE P <0.05 (WE), Fn E 5 BMP-7 AfAiZe, HARSSM:5E (0

2 FR).
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Figure 2. Curve: the correlation graph of E and BMP-7
E 2. E 5 BMP-7 B9HEX IR T B

33 TIRET(EHhRER

ZHXRAS A E {H ROC #izk(nE 3 Fiow), UK AZESBA. BZAHS C AN E. BMP-7 1]
ROC &t s, 3445 Hicst, 45 5 4En, EE R4S A 240 ROC HiZk4s 5 P > 0.05, {1# 2 .
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Figure 3. (a) ROC curve of E and BMP-7 in normal albuminuria group and early diabetic nephropathy group; (b) ROC
curves of E and BMP-7 in the early diabetic nephropathy group and the clinical diabetic nephropathy group

3.(a) EEFEREARASRHREREEHAF E S BMP-7 9 ROC Bi%k; (b) R EIERE S HASIRKERE
Z%4AF E 5 BMP-7 #J ROC Hi%k
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Table 2. Diagnostic efficacy of E and BMP-7 in diabetic nephropathy
2. E 5 BMP-7 X THEFR TR B R A0S B aE

ZH AUC PRAERR P BURE B RRE +LR -LR  AERH
XTHR/A 21 0.60 0.07 0.1355 55.26 4.1 67.65 171 0.66 0.23
E A 4B 4 0.80 0.06 <0.0001*  65.52 4.9 89.47 6.22 0.39 0.55
B4l/CH 0.76 0.07 0.0002*  62.50 5.8 82.76 1.59 0.28 045
A /B 4 0.88 0.05 <0.0001* 8621 1723  89.47 8.19 0.15 0.76
oM BA/CH 0.85 0.06 <0.0001* 8333 1141 8276 4.83 0.20 0.66

*Z R BAG¥E L, P<0.05.
4. g

B ThEEFFE R R 2P R SR R AE R BN R RN, X — iR A 471 B 1) R 4540 R0 ' 41 4
R MAR[7] [8]. WKW, HREKAEEA-T (BMP-7) 0] G4 B £F4idk, 2 nl BT Bhir i
PRI I3 563 B L AEAL (A s EA[9] [10] GBI SWE HOR B A T8k 22 5 i BiF 78 1] [12],
AT BTER T E 275 BeAE 9 PPk B PR3 B 50 10 JE AR B2 (R FE A%, X E 55 BMP-7 [RAH G PR — B4R
it

IRAE e A ZE ST A BMP-7 EZ TR i NE AR A b . Geih 4 R R R Seie 21 i) BMP-7
[ IA P BBl 5 R 78 T E kD o HH BRI E SR S R AT 85 BMP-7 RS PUFE AL A K R 7 B AR £ 4 A Jo i
PIFHIE . BMP-7 Jd i 3G s 3 i A i A B AU e, DASCH AR R 51 A2 i BB, 35 /N ek
R AR EHERNE NEREA GV R R, TGS B ThRe[13] [14] [15]. #CEA (R HLEIT BMP-7
W o 1 ik R .

TS5 B R IEH (R A RAEH I E 55HRAN E ZR LRI (P >0.05), 1] HERE A4
BR3P T A AR I R TA B I PR AT A HE B0 AR v . 15 Betz [16]. Samir [17]M045H45 R —5, E W& B4 4mAe
MR R IN, H E 5 BMP-7 A B A Guit2# = (P < 0.05), ZMAHK. JEH AT REABEE B 42U
B8, AR BN, AE RIS 4R T 1 BMP-7 12 #0800, S EUE HR T TR
MR, EHLR RS, RS, BT E Rk SR IA R R AR OC, WUtk E &
B hnrs].

ROC 45 KRB, ET E X B4 5 1B 5 A & AURA B WHER A RA Fi %2 3, mTReRE N IE
W AEARATHL I ARAEZH, T E MM H A RRBUR. HEERAEAR. KKAE
RTINS, E. BMP-7 HIBKHE 2074 4.9 kPa. 5.8 kPa A1 172.3. 114.1, XXtIGARK I B HRTE
YEM . idid ROC g4 RnTsn, fETMNF I aEAIR. IWKAEAKRF, E. BMP-7 i 2 T A (AUC)
53179 0.80, 0.76 A1 0.88. 0.85, i HAEHNE IR B EFEH, BMP-7 %% E fHA B it s . 724
Xl R JE R T RS2 BMP-7 [/ b vl SECE AL, mEALURZ 2 T E EMSCEmERE, &
BMP-7 fE Wi A E AR INAR A EAREEERHYINE L, EEMEHREBAA W BMP-7, {HA]
PATE I PR A CA—Fh R4 N A 4 T B 93 3047 70

B AR 12 W B LS AR [19] 1) G brite o SR 1T, AR I FE BB, AN TG BRI Ho2x 51— 28 IF R
BV A WA AR L. PRI, FEIGIRSEER A, JCI R AR PRI B I ZoR 46 m fa R
KFOTEFFAGEH . WA T SWE IR T TIRFL, KIWL SWE HR T H T PRh B seiai g, H
S0 PR B B ) S Dh Re I R ARG . AR LR IR Z, T2 EH WL, X SWE HoR 1
AE— B,
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