+10842 « rp AR R BE T 2% (L T1R)2013 4 12 H %5 7 2545 23 31 Chin J Clinicians(Electronic Edition),December 1,2013,Vol.7,N0.23

AR - F R AR A IR -1 A e
KA e AR
REE KRR

O] Bl B P S Bl s di s WA MR ACRE 2 —, A HLE] H A ARG 2 . Lt
FURHL, B /INERAL AR LA T PR 0 e A R R L A, T B A I B A D SR AL R e, S
AR R A PR -1 Sl P P T FR A A 0 M B O R A AR I . A SR BN IR A
KWPFLHEFEMELSEA, DL S EBE 5 R BRI, ey y Sy 5 00w B P s S (08T 8 o

[XiR]  ERKEE BREBERFEERE T T, BRWEN, 29

GH/IGF-1's action for the pathogenesis of diabetic nephropathy SONG Zhi-xia, ZHANG Xiao-liang.
Department of Nephrology, Zhong Da Hospital, Southeast University, Nanjing 210009, China
Corresponding author: ZHANG Xiao-liang, Email:tonyxlz@163.com

[ Abstract] Diabetic nephropathy (DN) is one of the most relevant diabetic complications. The pathogenesis is
still poorly understood. In recent years, a large number of studies showed that podocyte injury is the central link in
the development of DN. Podocyte injury can be caused by complex factors in which the growth hormone
(GH)/insulin-like growth factor 1 (IGF-1) axis plays an important role which has been demonstrated by a number
of recent studies. This article is aimed to review the latest findings regarding as the role of in the pathogenesis of
DN, and looking forward to offering the possibility of targeting the GH/IGF-1 axis for the prevention and treatment
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of DN.
[ Key words]

PELRI% 9% (diabetic nephropathy, DN % i 5 i W,
(B PR i A O e 2 — M. AT YOR BN, AR
J% (end stage renal disease, ESRD) i K#J 40% 4 3HA IR
P, (DN AR HLE B AT A0 W B LAE BT ST R
A, AR B 2 A AR K K -1 (growth hormone/Insulin- like
growth factor-1, GH/IGF-1) HHITEDNI A A A JE il 45 B EE 1)
VEHT, AR — A0 kA T 4k

—. GH/IGF-1 #lifitik

NE K% (human growth hormone, hGH) J& H ik ZE 44 Rif
I R T 4l () — et R — R I B B ER 1 191 AN
FERRA . GH I R 4y s —J7 TR 82 R Fo i A K 3= B i
FAE KRN B IR T, DUk b ik 7 20 20 i
5 J7 1 X2 ALK 1GF-1 18 A5 GH A # Th
RE2 ISR T A AL AR RS, SEnRA i AF e .
GH T LB WAL R IR HEN . S — W EHAE R,
B GH B 5 ¥ R i i) 2 Ak g A, IR I AE KR '
5 TR EREAEK T Ginsulin-like growth factors, IGF)

DOI:10.3877/cma.j.issn.1674-0785.2013.23.102
HEeTH: HE RIS (81070562); TLAH+ - HEEFE SN
A WUH (RC2011124 ) YL 75 48 ¥ 3@ e & it 7€ 28 B 6 B v & 5t H
(CXLX13-122)
YE#F 047 210009 FnE, AR KBt I i K BB B IR
JWIREE: FkER, Email: tonyxlz@163.com

Growth hormone; Insulin-like growth factor I ;

Diabetic nephropathies; Podocytes

AR UL, B0 GH U 40 MR IGF,  FRidad IGF {1
P T HE 0 e R 40 B f E A AE K. ERE—Fh T, GH %R
i L 2 [) 40 0 2% e S M A2 A A K 25 32 4K (GH receptor,
GHR) #itr, FHZMANT, BR—RIVEMNF PRI RL
FEAE N R hGHR & AL T 58 05 Yotk b 8 —JE R 4
T2 620 AN FERR 15 s 25 « GHR J& GH/PRL/4H Rl T
SRR —, AR AN 2 O 45 Fa sk,
FA55 F2RWEAEZ 4 Tyr Sl ISAET. —2 71 GH 45
G201 GHR, 5lER2 R AL, SZARMBIT JAK2 ¥
TG LA JAK2 F GHR FIiE—35Hh Tyr B§R10, 7 it s
o BITJLEMTIRE R, 35 GHR Tifs S5m0 T
JAK2, STAT. MAPK RIPI3K %, &k GHR 41, 3¢, HMmdl
S L R WIBAEE A K 45581 (GH binding protein,
GHBP) , GH 5 GHBP &G LUEK GH 1y, 1 B
GHBP-GH H&1AT LMER GH I—AMig& . {H/2& GHBP [
ol B BCEIh AR — Rk, MIFE4 GH 5 GHR 454,
IGF &5 12 T YA RIE R gmhid ) 517 70 AN RSERR K
PEIE, EEEA RS FEAEA A E, ARAERER . BT
TZIER SR 5 T By 3 R A s R, DR R B 2
EHmE%. BHArkRI, IGF H IGF-1 fl IGF-2 PFpl RS, H
HIGF-1 /2 GH K A K K 1o IGF-1 4 — AN E BRI A 224
FU, AU ) AR R R A B AR K k. T IGF-2
AEEWEBAKMEERYET. IGF-1 mF. B, &S
AR SR G i, MAEER Y IGF-1 FZRIET . m



A I R 152 T 2k (B i) 2013 4 12 H 35 7 #25 23 1] Chin J Clinicians(Electronic Edition),December 1,2013,Vol.7,No.23

10843 -

JFE AR IGF-1 M FZERZE GH. JER . RO
IGF 45441 (IGF binding protein, IGFBP) . IGFBP &HA
5 \GF R R s e e — 4l A, HEEEA R MR
T AE FIAE IGF, HETAE K2 52301, 1Y IGF 1A 43 e
H AT V2 B0 6 FhIhAS A ¥ IGFBP (IGFBP-1~6) 1, 1]
XF \GF LEAA A fR A4 25 R0 N R A s P S S P, RS040 g
AP IGF FIFEHIT. T IGFBP-3 J& 44 Py L2 IGFBP 1)
A, FEHHMEER. AT 99%LL FH IGF-1 585 A4
GIEREEY), Hh 95%LL E1f IGF-1 55 IGFBP-3 4i#, #4iz
BEHB RN . IGFBP-3 W] 4K M AEFF IGF-1 ¢
=M, dERFILT IGF-1 /KFIEE, /& IGF-1 Ififfiith, GH %I
HIEREEA.

ZE LR, GH BT, B A B A 2 A 1 IGF-1, T
IGF-1 XfgMN'F GH MR EKAEH, IGFBP g5 IGF-1 145
A, VA ILAEAR Y I oAl i BRI, MR fE 5 — AN R T L
FHRTEH. i, GH. IGF-1 1 IGFBP JL[EIM & — ANl
AR B B AR, IR R ALY 2R

. GH/IGF-1 #i 5 B ko6 &R

GH/IGF-1 #h =M GH. GHR. IGF-1. IGF-1 3244
IGFBPs %54y, F{E 1949 4E, White Z57E K 9T o R IR
AR GH ) LU NS /N Bk it 4% (glomerular filtration rate,
GFR) MBI yiHE (renal plasma flow, RPF) . 7EAfAHIX
—458 T 1962 SEPHIESE . H AT LG 2E GH T 512 ¥ GFR 1 RPF
TR AR T GH R EEAEM, A2 H GHR A& IGF-1 Fi /i
Fo GHR FZRIE T /NERIY 40 M UL S v B /N T 2 4
i, TIFERERETE SORLB RN L A R iR D . WESR R,
B ML P AAFLE IGF-1 244, T Hit & IGF-1 ff)—ANH %
BT, 1GF-1 31 15 2048 GHR 4 -1+ 15 Uk i s min LA Qi &%
Ihig. EIEFROLT, R Am IGF-1 BT S 855 /5w sl H
SNt GH B IEAE I AT R LL B GH BT/ 5 WO FF IR = A= O 1
RAGF-1 (VE I B 3, IGF-1 -8R IALE /R, 3T 15/
BUAERE o IGF-1 3214 K IGFBPs =3/ BE £ TS FH S 1 /)
B AN BT R AR B NER RSN M R0 IGF-1 32 4%,
LS5 NERE HER NIRRT B2, GH/IGF-1 #hifE
VR O 440 A0 8 A AR K LA R B g K GFR 2% THI
A T4 689,

=L BERIEIN GHIGE-1 hiag ik,

B SR 95 JE A7 GHINGR-1 Fli 358l SEHLHIRC A 2%, M
HRAET R, Bk BAREZANZK PR EERR
Jo BT A P JBE 5 2 A A ) AR AN, 5 SRR T Ifpf 48
Wie UG GH I i . WL RoR, TEpRAE e
IR A K R T 25 5 I L B 1 IR R UK, S8 GH 1Y
SYIABENN, PEFRH IR ) GH I I B I Bk R RS,
B 2 REIEEE GH 9, A, ] IGF-1 R4
FCRUBE L, RSB T GH X IGF-1 & e b1 i o B IR 9%
RN FEAKTHARENRSS5 T GHIGHI-L BiftZdl.
By E TN R AR IGF-1 (7. A& E AR AR
B o A0 PR E AR R T IGF-1 A1 IGFBP-3 7K - B i A1,

HERRRZEHRZRET, S50 IGF-1 &Yt~ hT
GH/GF-1 #life /e S ASAE -, K IGF-1 ZK ¥ AT B figi
TN GH, T80 GH [ 53h (FRE— 2540 o LE8E IR B 1k
W, R GH R B, (R A LI 0 2y
YN BBURAE i3 T W, R HTERE O B AR N AETE GH IR
IE S G S E I GH v] LUEREFFAE GHR 4 i {5
JBAE 1 BUBE R MG BRI R, HFIE GHR I GHBP ik
HIW A, SN AEAE GHR S U H . E3A GHBP 2
ST AE GHR [ — MRS WFITIESEAE & LR Sk 1
R RG24, PR GHBP KFI R, H4k, 1
TOBE R 9 8 KA 10 08 PG % 28 LA mT LAKS 0 IE 1GFBP-1
A i ) IGFBPs JUILSE IGFBP-1 13 Jinml LA
IGF-1 [WAEWIZAEH o BB IR B R GHIIGF-1 il 4 2H 43 2 ]
AHESEW, JEBCEIEIEN, &5 PENUE—RIMRES L,
PEHETRR 1R AR T o

VY. GH/IGF-1 %5 DN 35t

A B HEAR, DB SR R i 42 8] GH
7E DN R4 R B R G EEWNAEH . BB AR AR R
RN AEAE GH 2l 2 X — R LG, MeRA sk
GH (1% FERIRE AL /N RS W (R 28, &5 SRR AR B4 rh R4
s GH A DL U /NERIAE R, RAR, BUEREEAE /N
EREEAGIS . R AR REIRE R (STZ) T SHORE IR/ B
PR, T PG PR GH IR EE L Rl GHR EkBHW GH &5
GHR 45455 F Bt/ GH IR,y DU 35 B8 B R IR
AEZE DN [t REM . S AMIT ST 45T STZ Bl SR K LA K2
ZAB) SMS 201-995 Tl A I AT LA R 35 BRARAR R UK 1 B
Heittb 2 J TR R, B/ NER I eI R AT B8 . IR AR
JIULJRE R R /N BB 45 F GH F5 417 PTR-3173 145 22K L1 T
RHIRFFTSE R . £E DN 7 GH il BRI R IEIE - I
We ? f2p3id GHR ZEFMFR /N 5 GHR 2% A T/ AR E
BRI RS R R W] e, EEORBUE D ERABL &
IS S 188 ) TR LR B /N ER T S B T 9 B O . (2
Ty ah—te22 53\ Jy DN H GH i 2 E T IGF-1 ZFEAE R 1.
1 STZ 5 S IR R K BB, 25 TR AR KN Z R
BRSO T IS, T LT S B B A IGF-1 S & DA
S AN I P BT, 7E 1 RO PRI O i S AR AL TR, GHR
P GL20K-2 £ i nT ARG v B AR K, PR B R K
AL IGF-1 (175 TS X SeRF 5T % W], 78 DN P77 GH/IGF-1
B EEEL, SR 0 T It v] LA Ak B 5% 8 DN
HERE . {HE GH/IGF-1 4l /-2 DN Fi IpLHI LR R 2%, H Al
KRFEAWET, GRETH—LHA.

i+ GH/IGF-1 #15 DN IR

DN I RIFFT R B, GHIGF-1 #ll 5 7 GFR. BEEA. 1
HAEMAR BB E DI 0L ST i & R E
HyE: 4 GH —JH, M%L% GFR M1 RPF WIZ 8 in. AR &
of JHE i B KT S TR VISR AR ISR 5 1A ) GH &= P, b
JE USR] GFR R ZEIEH AKCE, BRI I . XLk
UG I B 22 MR VR PR s S S O B AR B, 45 1 Y



- 10844

rp AR R BE T 2% (L T1R)2013 4 12 H %5 7 2545 23 31 Chin J Clinicians(Electronic Edition),December 1,2013,Vol.7,N0.23

Bl PR s F8 A AR KA 22 25804 SMS 201-995 1T DL = GFR
W& F—TURRITUE R, 4 1 BRI B8 B N = ik
JIk 12 Ji, 522 BRI ALA LA AR AL 45 S o {2 L K IR TT I
) IE B A WL B T 2 17, DL ERFSL R, GH 5 DN R4l
Rl GFR I RPF. B AEIE RSE I & 2Bk J, B GH JiEm] LA
Wi DN R AR o AEERE R SR AT AR T A% GH 1E
AT T2 K DI PR3 2 e K A BHIT GH S 2 &k
LA — SO R S ) AT 18, AR T RREAZ
(RIS R T — 2 e W

7N~ GH/IGF-1 #li7E DN 2 40 8545 v (1

DN FIRIRHLEI 08 A%, Tk, B AL s
FUAPUEHTR N, LA B 45 DN R /e 21N R,
AN LT DN 2R A FRAN R /NERBEAK ) ek (1 =118, it g
A 7 I R AR AN, /IR Y S A S e e T (1 R
Beo e N sz B B I, R AR A AN A R
IR ER G LR s H el b A (B R ES, RS R0
AMSZHE, &SR BB, LB R AN AR Y
I RSy, WIS SH2-B1B PHIEWLEN & A IASEE, HETm
FS LA R AT, Er e, R
MRS T GH T, MEE| JAK2 81 SH2-BI1p ffH
Wofi. BAEYHUESE T GH Al LA AL g0 Py i A Rk
KUK SIS 3 AT 25 01x GH S84l
M54 (45 5 5 T Im BB D ST, A JAK2. IRS-1,
Shc. ERKs. PI3K LLJ Akt %525 5394, GH nfLLiFS HiAE
HBR I, SR A — RPN AL, S EUE R
Y7, P RS, GH AU AT LA SO A0 B 28 8 1 i
TRTT LA EU 40 A H el A/ A S Rl P, GH LR B LK
/N RS A B /N SRR LG B PR B 80, FCHLH AT e i ik
R (A OCELEE Cintegrin-linked kinase, ILK) /~3(f). ILK
ST IR I R TR, AT AN R P A /N R S IR g DG
T, FEnmng FE 2/ 2 AL AN B A R, ILK TT L
BT BERE AT SN, 5HiE Rk e N L X
Ak, 04 E-45 8 (R CD2AP 55 fL IR IR A RIE, S5
AN o AL AN RS TR, ILK WA E A LD R
MMP-9 fZIE . T MMP-9 J2 i o 6 Je B Fr) 3 2 1 23 IV I T
fift WFITEN GH MK SIPL ZRIABE I, 1 SIPL $4H| E-457%
FifeikP, S 4L GH Tl Bl ZEB2 A RIHRIL, ZEB2 5
E-45 88 (14543 J5 T LABHLE GH 4 -85 2 (1 /e L, St
7R, EHRRAT GH Ar LUl AKUmTOR {5538 B 75 5 AL 41
HafrE T,

DA RIS, BEPRIAIN AL AT A GH (e 52T,
7 DN 9 GH nJ it 2 /L 4N i & 2k R R I EEHL 22—

Y

T RIS R IGIKDFFUESE, GH/IGF-1 %I/t DN
(R o e T R HE S T A . KB WT ST T, BRI I v
WREEN) GH & T DN Mok R 22, JF B2 vl fig
SEHER I AR . PR, GH S50 B VAT BT
B DN W25, (B2 IX S 2y St e et il —
AT S

[

[2

Bl

4

B3]

[6]

[

[8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

& % X ™
Shaw JE, Sicree RA, Zimmet PZ, et al. Global estimates of the prevalence
of diabetes for 2010 and 2030. Diabetes Res Clin Pract, 2010, 87: 4-14.
Plum LA, Zella JB. Vitamin D compounds and diabetic nephropathy.
Arch Biochem Biophys, 2012, 523: 87-94.
Murray PG, Clayton PE. Endocrine control of growth. Am J Med Genet C
Semin Med Genet, 2013, 163: 76-85.
Berryman DE, Glad CA, List EO, et al. The GH/IGF-1 axis in obesity:
pathophysiology and therapeutic considerations. Nat Rev Endocrinol,
2013, 9: 346-356.
Mgller N, Jgrgensen JO. Effects of growth hormone on glucose, lipid, and
protein metabolism in human subjects. Endocr Rev, 2009, 30: 152-177.
Kumar PA, Brosius FC, Menon RK. The glomerular podocyte as a target
of growth hormone action: implications for the pathogenesis of diabetic
nephropathy. Curr Diabetes Rev, 2011, 7: 50-55.
Livingstone C. Insulin-like growth factor- I
nutrition. Clin Sci (Lond), 2013, 125: 265-280.
Reddy GR, Pushpanathan MJ, Ransom RF, et al. Identification of the
glomerular podocyte as a target for
Endocrinology, 2007, 148: 2045-2055.
Janjua HS, Mahan JD. Growth in chronic kidney disease. Adv Chronic
Kidney Dis, 2011, 18: 324-331.
Shih KC, Hsieh SH, Kwok CF, et al. Effect of growth hormone on dawn
phenomenon in patients with type 2 diabetes. Growth Factors, 2013, 31:
66-73.
Jennifer LW, Christine MB. Growth hormone exacerbates diabetic renal

(GF-1) and clinical

growth hormone action.

damage in male but not female rats. Biol Sex Differ, 2013, 4: 12.

Higgins MF, Russell NE, Crossey PA, et al. Maternal and fetal placental
growth hormone and IGF axis in type 1 diabetic pregnancy. PLoS One,
2012, 7: €29164.

Yang CW, Striker LJ, Pesce C, et al. Glomerulosclerosis in mice
transgenic for native or mutated bovine growth hormone gene. Kidney Int
Suppl, 1993, 39: S90-94.

Thirone AC, Scarlett JA, Gasparetti AL, et al. Modulation of growth
hormone signal transduction in kidneys of streptozotocin-induced diabetic
animals: effect of a growth hormone receptor antagonist. Diabetes, 2002,
51: 2270-2281.

Li W, Zhu LH, Wang EB, et al. Effect of two human growth hormone
receptor antagonists on glomerulosclerosis in streptozotocin-induced
diabetic rats. Acta Pharmacol Sin, 2004, 25: 490-495.

Landau D, Segev Y, Afargan M, et al. A novel somatostatin analogue
prevents early renal complications in the nonobese diabetic mouse.
Kidney Int, 2001, 60: 505-512.

Stitt-Cavanagh E, MacLeod L, Kennedy C. The podocyte in diabetic
kidney disease. Scientific World Journal, 2009, 9: 1127-1139.

Yang H, Zhao B, Liao C, et al. High glucose-induced apoptosis in
cultured podocytes involves TRPC6-dependent calcium entry via the
RhoA/ROCK pathway. Biochem Biophys Res Commun, 2013, 434:
394-400.

Han H, Wang Y, Li X, et al. Novel role of NOD2 in mediating ca®*
signaling: evidence from NOD2-regulated podocyte TRPC6 channels in
hyperhomocysteinemia. Hypertension, 2013, 62: 506-511.

Mg, TEAERS . I A RAE A IR T 5 0 PR v T 93k g [J/CD].
TR ITZRA5: HITRR, 2010, 87: 262-271.

Rider L, Tao J, Snyder S, et al. Adapter protein SH2B1beta cross-links
actin filaments and regulates actin cytoskeleton. Mol Endocrinol, 2009,
23:1065-1076.

Brosius FC 3rd, Alpers CE, Bottinger EP, et al. Mouse models of diabetic



A I R 152 T 2k (B i) 2013 4 12 H 35 7 #25 23 1] Chin J Clinicians(Electronic Edition),December 1,2013,Vol.7,No.23

10845 -

[23]

[24]

[25]

nephropathy. J Am Soc Nephrol, 2009, 20: 2503-2512.

Teixeira Vde P, Blattner CE, Li M, et al. Functional consequences of
integrin-linked kinase activation in podocyte damage. Kidney Int, 2005,
67:514-523.

van Grunsven LA, Michiels C, Van de Putte T, et al. Interaction between
Smad-interacting protein-1 and the corepressor C-terminal binding protein
is dispensable for transcriptional repression of E-cadherin. J Biol Chem,
2003, 278: 26135-26145.

Kumar PA, Kotlyarevska K, Dejkhmaron P, et al. Growth hormone

oS

RER, KR, ARRT-REFHAKE T -1 20 E4Efsm B R L A LT 9EA LICD] . 415 REIF 4 &:

[26]

(GH)-dependent expression of a natural antisense transcript induces zinc
finger E-box-binding homeobox 2 (ZEB2) in the glomerular podocyte: a
novel action of gh with implications for the pathogenesis of diabetic
nephropathy. J Biol Chem, 2010, 285: 31148-31156.
Nakagawa T. Is endothelial dysfunction more deleterious than podocyte
injury in diabetic nephropathy? Kidney Int, 2013, 83: 1202-1203.

OfcRR H #91: 2013-10-24)

AR SComb: RS

T hR, 2013, 7 (23): 10842-10845.



