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Abstract

AIM: To perform a quantitative test for urinary
protein and different renal function indexes and
explore the expression and phosphorylation of
relevant proteins in the insulin signal pathway.

METHODS: Controls and cases at a ratio of 1:1
were included in this prospective randomized
controlled clinical study. There were 40 patients
with diabetic nephropathy (DN) and 40 normal
cases with comparable age. Plasma samples
were collected from the subjects to detect the
protein expression of insulin receptor substrate
(IRS)-2, p-IRS-2, AKT, and p-AKT by Western
blot. The correlations of the quantity of urinary
protein, RBF and GFR with homeostasis model
assessment-insulin resistance (HOMA-IR), ho-
meostasis model assessment-insulin sensitive in-
dex (HOMA-ISI) and homeostasis model assess-
ment-pancreatic beta-cell function (HOMA-B%)
were analyzed.

RESULTS: The ratios of p-IRS-2/IRS-2 and
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p-AKT/AKT decreased significantly in the DN
group compared with the normal group (P < 0.05).
There was a positive correlation between the quan-
tity of urinary protein and HOMA-IR (P < 0.05)
and a negative correlation between the quantity of
urinary protein and HOMA-ISI (P < 0.05).

CONCLUSION: The ratios of p-IRS-2/IRS-2 and
p-AKT/AKT decrease in DN patients. There ex-
ist correlations between the quantity of urinary
protein and HOMA-IR and HOMA-ISI. These
results indicate that the decrease of HOMA-ISI,
the increase of HOMA-IR and the blockage of
the insulin signal pathway may be key factors
that cause DN.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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B 400, B B AR LE400]. 5 R RIES
AR AT F 6 3, Western blot# il ik B %
Z &M (insulin receptor substrate, IRS)-2.

p-IRS-2FAKT. p-AKTH# & & & ik K-F,
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bR B RS, EFR AT FEEL
(P<0.05). iE *F PR b2 3 P p-AKT/AKTH) 7K
ALY HE SRR B RS, £ 5T it 5 & L
(P<0.05). i@t 4B KBS T 4m, EHIKESG
4%, B A Z(renal blood flow, RBF). &
R JEE & (glomerular filtration rate, GFR)5
HOMA-IR £ JE48 % (P<0.05), 71 5HOMA-ISI
2 fi AR X (P<0.05), 5 M B3 st (homeostasis
model assessment-pancreatic beta-cell function,
HOMA-B%)4L 2 % 484 (P<0.05).

L8 B E1E 5 @B Pp-IRS-2/IRS-24=
p-AKT/AKT#) YA 72 45 Jk gk B % % 4 9
2T, BE% k%84 %. RBF. GFR5
HOMA-IR. HOMA-ISI#=HOMA-B%# 8%
. BLAAHOMA-TR 84 38 o for ik £y 2 AL M 69
MR A B By Fo 45 5 18 98 AR T Ak 2 1 AL 48
Jkgm B IR R TR E =R R, A 1 AR R A
8978 IT AL T H704 BFs
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FHEIR: 18R B 98; p-IRS-1; p-AKT; B &
TR SRR A R

ZDIRIR: 1 BU¥E Jk % 'BJ% (diabetic nephropathy,
DN)&F R EG 4%, Fhis. Flhigds
5 #& B Z 483045 #c (homeostasis model assessment-
insulin resistance, HOMA-IR) 2 EAR %, T 5k &
F #4335 4 (homeostasis model assessment-insulin
sensitive index, HOMA-ISI) £ #i A8 %, 5 M £ T4k
(homeostasis model assessment-pancreatic beta-cell
function, HOMA-B%)&L 2 fi#a %, Mk & &1z 5@
3% P p-IRS-2/IRS-2A7p-AK T/AK T84 FeARL 72 45 Jk
FREREETFALTE, LEEREASE. B
fif . B EkiEE & 5HOMA-IR, HOMA-ISI
FrHOMA-B% A A8 % 1.
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[ 5% R 32 AR P (insulin receptor substrate,
IR S) A2 RE M8 1 g 5 3 52 A4 i B I A 1) S
Y. A CAIHIRS-1, IRS-2, IRS-3. IRS-4M
TR A TR S-2 B8 45 & T B0E T i I RN 47,
M2 16 5 205 @ s 1 1Y, IRS-247F
ik B 20 1 U, R A IR I B AL S, T
BT FIFIIAKT, AKTH KR, Miife
SRS EESY. B FIRS-2MAK TR HAE
BRESEBESSREPHEZREEA", A
FE TR 5 R AP A o A2 TR v T B A
U AR A 3 AR TR B A s P S
B RIS B B A R A )R A, T
BRI M L B R i S F IREE B S & B
I #:(renal blood flow, RBF). F/NEkyEit %
(glomerular filtration rate, GFR)5 i & Rk Hi 45
#(homeostasis model assessment-insulin resis-
tance, HOMA-IR). Ji & 2 885 £ (homeostasis
model assessment-insulin sensitive index, HOMA-
ISI). % ThfHE(homeostasis model assessment-
pancreatic beta-cell function, HOMA-B%)< [&] ff]
FHSGHE, AT 23 AT VRS0 PR s ' s 45 i B 3= K0
KA.

1 RT3

1.1 A S5 R0 24 (DHFEFLEI2013
-05-01/2013-10-017E JLVT. %% B bt J = Bt 1247 1
Ko ) ek B N 40 4 M IE & 6 BR 4, P33 4E#53.25
% +5.47%; (2)FEHLIER2013-01-01/2013-10-01
JUYT 2 Bt Bt i 5 e SO v6 000 1 B0 PR ' 3 J8 o
4015 /E DN, 34 #855.12% £4.96% . N\
Pt (1)RR A 2= 20 B2 0, A 5 5T Rt 72
Xt RBEAT RO, BT BE SN R A4
TSR, MR R R i st
FIHAH BN Z; (3)KMT  TREHLXS I B
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WHFEITiE. VB0 RO 83 2 bR e (1) Bl
& H & i (insulin autoantibody, IAA), fif & 41 i
Pifas(islet cell antibody, ICA), 7+ 2R i & Bt 14
(glutamic acid decarboxylase antibody, GAD-Ab)
MM QKR —RHERIR, Ol 2R 2
PRy ZRULRZ 7, R SR RS AE
KA B (3)T6— 1 Ah 0 Z5UfE B B 3R
FE AR VBB R B R S W AR (DT
e 8 RIS 12 WoRE PRI B AR G, HORE
PRI AR SAF Jo BEAT IR B R A 2, B4
WE AR, A2k & LM, W2k )18
BEPRI B, A: UAEGS BN )5 R A A HEE R)RE
Z:FF7120-200 pg/min. B: bR 18 1130-300 mg/24 h.
C: JRULEF }30-300 pg/mg; ()& AE I Sh 112
S EEERIUNE NS MEE . JE I > B
11 I= 1175 = RN 77 S W8

1.2 7k

1.2.1 ARG S RA: LI RIELKAT12 h
B, TR AR Ik 4 mL, — &6/ A1
A BRGSO R, 21, 5000 r/min5 0210
min®", W£E 2RI N MY, H T fWestern blot
I TR, 53— 7>, AL ToIH R Pk R O
B, BRI MR 2 J5, 20 LD SR i R
HE ) b A ) D R, R T = (e
glyceride, TG). = IH[# B 7 & (total cholesterol,
TC). K% ENEH H(low density lipoprotein,
LDL). &% % fi5 H(high density lipoprotein,
HDL). =% fi§ B (fasting blood glucose, FBG)LA
K7 R ik & 2 (fasting insulin, FINS).

1.2.2 =¥ 40 (1) TG, TC. LDL. HDLF
I 5E - A8 73 ST R FH UYL 2 B B Jes = e 2
1 H 3276004 B 3 AEAL 3 HTACHEAT, AL dhik
NI, ISR B TEPR; (2)FBGHIFINSHI I
SE: KA B E A EFBG. AR A 3
e R R DUE R 0 S B AR R R AR
A IR AT AR, i A A I A
(R4 T A SR B FH A i 2B i i e o, A
PIBiAE625 nmik KN 55 & B B R L.
T I 5 S P R AR W' JEE T SR O e
. RHBACKMANS: [ )ik 22 Rt S g
AT, T IR e A 2 R TR e FIN S,
b BRERAE, ISR IR S, (3) HOMATEAN ik
iy BYH AR L fE LK JBE 15 Z ARG 0L : HOMA-IR
= FINS XFBG/22.5; HOMA-ISI = In[22.5/(FBG
X FINS)]; HOMA-B% = 20 X FINS/(FBG-3.5);
(4)IRS-2, p-IRS-2FIAKT, p-AK T A ik KT
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(ARSI EH TR0 LR b 0 B AT R, B A
K HPBSHE MR FE AR, AR RN B I FE
M EME—, KENZENMEANENNEA
WRE, R = RAEFHIBCA TAEBUFE
MEAETERE. EFESTPINNERE Z RE
F=15 X SDS-PAGE® H FFEGZ . kK3
min/5 EFE, ALUK(80 VHLE30 min, 100 VALE60
min), FELFERACEEE (200 mA 90 min), FH 5% g
A ydst A1, B S TREIK B E — il h, 4 CUKHA
TR, B2 R AR E —Hi1 h, PEME3IK, 5 min/ik,
Y E 02 h, PEAR3YK, 10 min/k. FH B 3 B
5, JE AT KR, (SR T R H
SPSSEEXT JRE 175+ RBF. GFREHOMA-
IR. HOMA-ISI. HOMA-B% 8] (A ek #EAT
I3
Be it A PR SR AISPSSI13.0% R 4

RBF. GFR5HOMA-IR. HOMA-ISI. HOMA-B%
Z (B FAH A HEAT 40 #, BT S SR IR A
BTG, Geih 45 Rk (R s 2 £ DY 7347 18] #E)
TR, P<O.0SNZEFAGEE L.

2 4

2.1 W Bk — A& FoAH g AT S8 I PR — g Rl
W5 AT, BT AT LI A0 RAE IR, Bt
1) J5 1 24176 2 5H(P>0.05). {E1EJRE H & & .
MR &% (blood urea nitrogen, BUN). AT
(serum creatinine, Scr). JLEFE R # (creatinine
clearance rate, Ccr). RBF. GFRE S HIA &
FHERP<0.01)(FK]D).

2.2 ¥ hgAm B R L SE G xR e i UL bb
A I AR B B T A A B, AR IS e
AL, TG TC. LDLTERE BRI B 5 410 &
Tt 51 (P<0.05); HDLLENE bR B 97 21 B 5 PR A
(P<0.05)(3R2).

2.3 e fom BAE L Ew 2t BAFBG. FINSH)
yoAs IR A R B2 E F B G DL K BB IEG
FE AL 2 62 E FIN SPYR] 41, 55 16 3 % R 40
AL, B PRI B 4 1) 2 B It m N 2 IR B R
IR LT 5 (P<0.01)(3R3).

2.4 HE IR R R L Ew R ZEHOMABE A 89
i MITHOMARS AR A, W5 IE
WO R ALAR LL, R R E R 2L T HOM A-TR MY &5
(P<0.01), HOMA-ISIF£{%(P<0.01), HOMA-B% ]
AR P<0.05)(F4).

2.5 ¥ kJR Bomi L B AT I8 20 B PIRS-2.
p-IRS-2F=AKT. p-AKT% & % ik K-F a9 b

Wi £ BdE
Duvnjakffif 1 &
R M B E
EE A o
EFEmAR L. W
KM B F IR
o B A IR
oA,
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WAL% 3 5 * 1 BRFASRESEENRBEIRR—RZROIDN 1 = 40)
DN & H ) k&G

%. RBF. GFR
5HOMA-IR £ i
%, 5HOMA-
ISIZfimx, 5
M By B m Re T AE
(HOMA-B%) £
%,

baxicl [EENEA DN4R PE
Sutpl 1.25 : 1 153 : 1 >0.05
TIFHR () 53.25+5.47 55.12 +4.96 >0.05
REBSTES(9/24 h) 0.12+0.24 1.36+0.42 <0.01
BUN(mmol/L) 5.10 £2.03 7.73+2.15 <0.01
Scr(pmol/L) 102.32 £20.51 159.15 + 27.32 <0.01
Cer(mL/min) 90.23 + 15.32 55.33 + 18.36 <0.01
RBF(mL/min.1.73 m? 650.34 + 20.68 989.78 + 17.89 <0.01
GFR(mL/min) 120.56 + 13.65 180.75 + 19.11 <0.01

DN: $EFRAE)
NIRRT E.

5, BUN: MIERE SR, Scr: MIANET; Cor: BRERRX; RBF: BIIRE; GFR: 5§

xR 2 FERFRSRESIEENRBAMEETHELE (7 = 40, mmol/L)

paxi] TG TC LDL HDL
ERENIRA 5.09 +0.43 2.13+0.52 3.02+0.42 3.34+0.25
DNZE 6.93+0.72 3.93+0.35 3.79+0.52 1.25+0.32
PE <0.01 <0.05 <0.05 <0.05

DN: #2FRAE W, TG: EB=08,; TC: RiBEI=E; LDL: (IBEIEED; HOL: SBEEES.

® 3 RERRBER

RESER
EHIEERR (17 = 40, mmol/L)

MIRETEME, =ERE

248 FBG FINS
EBNIRA 4.25+0.69 8.23+1.95
DNZH 7.53+0.89 15.66 + 1.34
PlE <0.01 <0.01

DN: $BERIKIS5; FBG: ZHBIHE; FINS: TIERSE.

Western blot&h i, 51EH X REALARLL, BEIR
I B AL AIIR S-2FIAK TR A W B 281k, (=
p-IRS-2HIp-AK T H 1A B FR{K(P<0.05, E1).
2.6 ¥ fgm B om & H KR G F 5HOMA-IR,
HOMA-ISI. HOMA-B%#)48 % M5 # HSPSS
Gt o BRI AN, B R B R B IR
#. RBF. GFR¥J5HOMA-IRIEH(P<0.05),
EHHOMA-ISI £ 71/ 55(P<0.05), 5 EHOMA-B%

B AU S5 (P<0.05)(5-7).

3 iMie

R B TR 1 R R IR & BT, H
T B AR I IR I S5 2 07 JR Y T
TAAE A 2 AR 3L, — BB B &K 3 e
I, AT E A A B a7 SE DT, DALtk
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T I} B i %oF - E B PRS0 1) 2 S R
FUER L RURE R0 B8 (1 R AR 5 1 5 R 2%
PIMRR, FELEBTKEFEHRS R, SEbE
PRI R0 9 5 R W UM R BT = AR R R R
L, KULLIE, KRS BE R 7. TRS-2
PR SR B T A S PR R AL, AT &
B ATBE FIFIIAKT, AK TH R A B 1L,
NI A6 5B B A 5, P AR AR LR R, AR
T AR TR B A5 5l B rh 5 S KRB
KM O SRR A 1B Ak, 3 LR Ay BT
PRI 3 B PR & &= 5p-AK T, p-IRS-2LL
JHOMA-IR. HOMA-ISLZ [A] (i AH e, T
ST PRI B 0 5 R B BT G &

SeaG £k LR, TEH T BRI R B 4
BTN RAEF B FRE, 55 L Ll 7 35 6 2 R
(P>0.05). (HYEJRE & & BUN, Scr. Cerly
A BE 2 7 P<0.01). SXRAME, TG,
TC. LDLYERE R B 5 20 B 2 7t =5 (P<0.05);
HD L7E K IR B s 41 B 5 P AI.(P<0.05). ‘ﬁIE
WO HR AR L, B PR R AL T HOM A-TR Y
(P<0.01), HOMA-ISI&X(P<0.01), HOMA- p%
i 3 F& 1K (P<0.05). Western blot4i iR, 51E
T REZHAR L, KPR R IR S-2FTAK T/
FEALH BN, Hp-IRS-2FMp-AKTHE [ Kk
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xR 4 FERFSHRESEEXNRBEHOMAMEEIRILE (7 = 40)

paxi:l HOMA-IR HOMA-ISI HOMA-pB%
ERNIRA 1.65+0.62 -0.25+0.37 225.37 £80.01
DN 4.25+0.89 —-1.47+0.12 135.67 + 95.42
PlE <0.01 <0.01 <0.05

DN: 2RISR, HOMA-IR: [RBHIEFUSEL HOMA-ISI: FRBZTUBIEEL HOMA-B%:

RSIIEE.

&® 5 DNEBERZEBESHOMA-IR, HOMA-ISI,

HOMA-B%HEIABRIEDHT

" 7 DNFEEGFRSHOMA-IR, HOMA-ISI, HOMA-B%HY
FEFRHEDHT

D4 MERAE PE D4 HRAH PE
HOMA-IR 0.385 <0.05 HOMA-IR 0.326 <0.05
HOMA-ISI -0.496 <0.05 HOMA-ISI -0.156 <0.05
HOMA-B% -0.274 <0.05 HOMA-B% -0.223 <0.05

DN: fBRRER; HOMA-IR: RS XLTIBE; HOMA-ISI:
RS ROURIEE, HOMA-B%: BRBIIAE.

6 DNEZERBFSHOMA-IR, HOMA-ISI, HOMA-R%M)

MEREDHT

DA BXRY !
HOMA-IR 0.265 <0.05
HOMA-IS| -0.322 <0.05
HOMA-B% -0.298 <0.05

DN: ¥BFRRIS%; RBF: BIIARE; HOMA-IR: IRRBRITENIE
£, HOMA-ISI: FRBREURIEE, HOMA-B%: FRBINEE.
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DN: ¥EERRER; GFR: B/ IKBUXK; HOMA-IR: lRBXITH
158, HOMA-ISI: RRBERIURIBEL HOMA-B%: BRBINAEE.

B 5 B AR (P<0.05). 6B L PHAS T 105 B R[5
SR AR S BT A DG S A R A1, DN
fIRE A& . RBF. GFR5HOMA-IR & IFAH5%
(P<0.05), 5SHOMA-ISIE % AH6(P<0.05), 5
5 BT L AE(HOMA-B%) 52 7 AH 2(P<0.05).
PLEWF ARG R, R RG-S
p-IRS-2/IR S-2Fllp-AK T/AK T [ LA 78§ FR 55
B S E RN, HEHIREA. BilR
B, BBk 5 E S5HOMA-IRFIHOMA-

EEH 5. 1 HERRSRSRS R ENERM 3929
A normal DN B normal DN mZ2 AR
R TAR R
IRS-2 AKT Ja B 9 KR AL
WEMKHEHR
BT G REHE, A
p-IRS-2 p-AKT I B 8 B
BT 45
& JAF.
151 1.5r
£ £
8 10 T 1.0F
& i §
3 a £
£ o05r < 05f
by [}
[«
0.0 Normal DN 0.0 Normal DN
1 p-IRS-25p-AKTZEIER AR BESERIREE PIVEIL BN, A: p—IRS—2/B—actin; B: p—AKT/B—actin. ‘P<0.05 vs IEH,
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[ TaRaR=Xie ISTA FHo< M. EBHHOMA-IR N fi e & 2= 13  Piwkowska A, Rogacka D, Angielski S, Jankowski
HOMA-IR #) 3% o . ~ _ M. Insulin stimulates glucose transport via pro-
= ) % N X o= 4 =
FrHOMA-ISI#) % TR I G DA S e &y 3 A7 5 J e S PELAR W i A tein kinase G type I alpha-dependent pathway
KA B e By AT R B R e T R R B T4, TAT in podocytes. Biochem Biophys Res Commun 2014;
B MART . s 446: 328-334 [PMID: 24602613 DOI: 10.1016/
RE 1 B R R ﬁ#iﬁﬁﬁﬁ*ﬁﬁﬁlgﬁqj, Hﬁ%%f&%ﬂjﬁ% j.bbrc.2014.02.108]
AR T I ] ], 14  Mallipattu SK, Gallagher EJ, LeRoith D, Liu R,
[?'3;’ 72/71 %j_}é f fb Mehrotra A, Horne SJ, Chuang PY, Yang VW, He
om0 76 7 Rk . . .
. . . - . JC. Diabetic nephropathy in a nonobese mouse
T e B B RMEATF. FRERAARBRFLTH model of type 2 diabetes mellitus. Am | Physiol Re-
X A H B nal Physiol 2014; 306: F1008-F1017 [PMID: 24598803
DOI: 10.1152/ ajprenal.00597.2013]
‘ 15 Nannapaneni S, Ramar K, Surani S. Effect of ob-
4 B structive sleep apnea on type 2 diabetes mellitus: A
1 LeBleu VS, Taduri G, O'Connell ], Teng Y, Cooke comprehensive literature review. World | Diabetes
VG, Woda C, Sugimoto H, Kalluri R. Origin and 2013; 4: 238-244 [PMID: 24379913] )
function of myofibroblasts in kidney fibrosis. Nat 16 Chern.ey DZ, Perkins BA, Soleymanlou N, Maione
Med 2013; 19: 1047-1053 [PMID: 23817022 DOL: M, Lai V, Lee A, Fagan NM, Woerle HJ, Johansen
10.1038/nm.3218] OE, Broedl UC, von Eynatten M. Renal hemody-
2 Thibodeau JF, Nasrallah R, Carter A, He Y, Touyz namic effect of sodium-glucose cotransporter 2
R, Hébert RL, Kennedy CR. PTGER1 deletion at- inhibition in patients with type 1 diabetes mellitus.
tenuates renal injury in diabetic mouse models, A Circulation 2014; 129: 587-597 [PMID: 24334175 DOL
] Pathol 2013; 183: 1789-1802 [PMID: 24113456 DOL: 10.1161/ CIRCULATIONAHA.113.005081]
10.1016/j.ajpath.2013.08.022] 17 Wali FA. Actions of polypeptides at the neuro-
3 Tesch GH, Lim AK. Recent insights into diabetic muscular junction. Agents Actions 1985; 16: 558-566
renal injury from the db/db mouse model of [PMID: 2416208 DOL: 10.1007/500109-013-1087-0]
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