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B, ZihS 501 ANEIERR, WA T NG IfE 5 O
C ity (1) SRR 3 4344 1 . GDF-5 R A EE [ £ead 5%
SR BH PR LA LK, B 1N TS 9 GDF-5 2 1
A 120 2R EE, IFLL R KA
6P 7. GDF-58 7P 2 kiR sk 5L, |
TANEE] R (S—S) dEREVE AU,
Heim5HIEE &4 E A7 (bone morphogenetic
protein 7, BMP-7) - 4rAHML ¥ T201P {3 s 4k T
GDF-5 Hif X F LA X FE AL, 2407 i 28748 1] R 233
i) GDF-5 b Be i) s #& P ol ik 7 GDF-5 i X &
L, T201P FIL263P fi i 58748 25 530 GDF-5 HiiiA &
FDIRETER , ] AR BUR & F ol U2 B/ 5
R BORTBFE R I, LAY GDE-5 1] DL AL
() BMP-2 il BMP-4 45 G JE iU i Rk 1, ST
GDF-5 tEA RS B AR A2 E A, R
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B BMPR-I1 {4 1% BMPR-1 H & B2 45 #4 5 -1l ik ig
b, ZRE A YIRS DU R R 5 BMPs #E A
P0G Smad (55 ', Smad {5 518 U1 Smad1/5/8
A1 Smad2/3 Wik Jy & TGE-B R ilifdae i UL A ARSI
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Fig.1 Schematic diagram of signaling of GDF-5 and
other BMP members
Bl GDF-5%BMPspRIESHESTEE

TREKAESG, XV GDF-5 %k B E T, #HF
kB (nuclear factor kappa-B, NF-kB) . 4% -6
(nterleuikn-6, IL-6) A1 %8 IR 36 A T o (tumor
necrosis factor-a, TNF-a) ZFRIEHFRLEE
Th 20, m ERIAL, GDF-5 ]l i AR 61 4 0E
K, s a o RIaE. BRILLISL, GDF-5
Al AT p38-MAPK I/ o EEF AL FR I 0 Y
BMPR-11/p38-MAPK % FH T I, 3= 2l ok A i 3045
b, TCVEIEE WM PR 5. BMPRITSEER 5878
2 OB AL PRI Bh bk R & RS N, HLiZFE
T Ak B A R & LR B, AL S
Smad1/5/8 F1 DNA 4% & #1 il Kl F 1/3  (inhibitor of
DNA binding, ID1/3) Joik &t 2 R @k iR b
X% i, GDF-5/BMPR-II & 2H 21 2% B 4.0 1l
RGN CHENIRY TR A . GDF-5 £ (1@
WS p38-MAPK (%, AT IR gnMaE &K, A
PR AE R R RE A A DY, sAERE AR D T
TG PI3K/AKt -1 fig 17 g i A3 0 4% 28 I,
GDF-5/BMPR ZIH IR SCHA5 S, BRI
Smads {55 518 % 4h, iF AT #IE p38-MAPK . PI3K/
Akt S5 5 B E AR A B S
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FEAE, AR BB ATE 5 | A A O R an
WEDRIA LS, LA 5 Zb AR Ty e et A 2 AR
WA RIS R B, GDF-5 7 K o
W g 2 308 B NGO BIUEBE S, 0 WL GDF-5
TR T, AR gdf5 I W&l L p38-
MAPK B2 1k, SE AR oK TR, TR i s 5
ik B, Aot s RE A D, /NSl Dk B R

OV AEIRR X Ik 5k . AR dEfb K 2 LT, O
WU B B i T, O DR E i . Bk
W5 & B GDF-5 HAA PO NERER . 2% 3850/ B
DWERLES gdfS )5, Smadl/5/8 B ALK % Tt
SRIMAT SCB R, P R 20 B ) ' 2 24 2 o2 W 2R
H 1 (leucine-rich-alpha-2-glycoprotein-1, LRG1)
A3 Smad1/5/8 e HEC I LA A i H b
W, O ERRRR gdf5 I AT B S BOH A BMP Z 5 A
sy P4 Smad U Smad7 FiRk K, MR LI, i
Nk s /N B BmprIl I, ERAS 230 1 35 4%
Heffi ke T, HO LA Ca A . WIZEIN Ca*
Tfr g, GO WL AR D RE RS A, LA,
Smad1/5/8 YRR LK Pl i 3 R AIK . H Bmprll
(1) 25 R B AR 2 BRIt B0 ok s s s (R ABE 3R
Ham B0 HEI BMPR-ILZE O JULZH i b 3 52 % %
PR IEE A e, il B b Smads 42 UE 1L
42 i, GDF-5 J& BMPR-II {19 & %I {4, [H )t
GDF-5 1E.L L40 M b i Dh ey 2R AFR TS . GDF-5
AR XA T dI 1 (X-linked inhibitor of
apoptosis protein, XIAP) 5 BMPR-IB%54, FH Ik
Z FZ AL T XIAP B, i BRI DR K 4 il 3
(Caspase-3) /Z R IR BRI R 51 (poly
ADP-ribose polymerase, PARP) Z&ik/KF, il
/N BROIR B RS £F 4E 4 9 (mouse embryo fibroblast
cells, MEFs) 1> ", {HiZd #ICik8E i BMPR-1I
PPN 14 S 7 WLZE B (human umbilical vein
smooth muscle cell, HUVSMC) 1=, LI FiFsEHE
7K BMPR-IT7E A [m) 41 g v & 45 AN R /E T . GDF-5/
BMPR/Samd1 {55 5 1] ¥ ID1/3, #l# p38-MAPK
WERR AL, A2 i 40 B SR 15 2 U (extracellular
regulated protein kinases, ERK) Bfiaflk, F#EALANHI
RIEKF-, G E AN, A HUVSMC 706l
WaE, fRHE A AR Y. S A FSIER], BMP-4
Vi A B % BMPR-11/Smad1/5/1D1/3 {55, />
iti 2y Jik e e /N B LA I D R i 2, HE A il 5
Dk PN 20 R AR L P B2 AL, GDF-5 figfig il
it ALK-3 Fll BMPR-I1 5 Smad 1/5 &A% ik 1M 45 4=
AR 7 PRI, Smad1/5/8 15 S AE O AL R 48
RARREHEMAE A MPER . 25 1, BMPR-ITZ.CrIfL
EWRETHEZENZM, M GDF-51F 2 F R A,
5 BMPR-1 45 45 J 0 /0 U R SR AR 38 . 21 4 Ak A
SRR T, HEONIAE AR, AR O I
P, GDF-57E0r M4 R G0 A A CRAPVE TR 1
Be= WABESGE, 41 GDF-5 J2& 75 e i 1 0 I p 28
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Fig. 2 The functional mechanism of GDF-S5 in cardiovascular disease
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GDF-5 [f] J§ % J% v BMP-2, BMP-5. BMP-6
FIBMP-7 45 B 01 & 2 CURE RE fh 48 T h B 2 () P 42
B P, GDF-51EHN BMP Z G0 2 —,
TERCZ . M E IR A A X Rk,
Smads1/5/8 {55 W T P 2T MM TR AL f A= 4 . i
Btk , PEZIH4 %% (Parkinson’ s disease,
PD) IR /R KIEFENS (Alzheimer’s disease, AD)
GRZARTT RN 1 K IR ) SCIRERI, &
AR JHORN 9 i A5 X 25 & 5| & PD FI AD A5 #2838 1 7
PR ) FE LR, HARAE 1Y & A= il i 1 ROS
ST AR/ N A AR B A, X
ol 24 60 P e B 3 A P 2R AR A T 9 s T e B S
A, IR e R e B 4 GDF-S A,
AN R (T U v L VT - 5 WA = R 1V R W £
YT fig /& F BMPR-IB A5 ', 7 )/ U5 X
U5 GDF-5 #l GDF-5 H 41 45 [ 3% 5% (1 il 28 e 40 i
S & B, BMPR/ Samd1/5/8 {55 B &%, ©
V% [ HESS (hairy/enhancer of split 5), Xf4i
ROS 5 & 175 5 0 A AL R Ze b AR Bt 7, el
ZICHMARAE, HEINAR R TR IR i
DXHER AN A o8 0 2 AR, A sk INERAI O v i
Wifs, L AD W HE R AR kKL,
GDF-5/BMPR-I/Smad1/5/8 1% A fie #F 5Z v figi £
EURERE P 2R TC R Al AE G 7 gdf5 iE Rk /N RN
M ¥ B W BR # B A (nucleoside diphosphate
kinase 1, NDKA) FI22% R - 752 1R 52 AR A G
7 MW (serine-threonine kinase receptor-associated
protein, STRAP) &N, JHEdEiAsr SH-SYSY

MR PRI R A K Y, £ 1, GDF-5
FEA 28R AT M s vh S R R B 1 AR A 0 ORT 5%
JiE, #7% BMPR/Smads {5 52 JER 2 o4 i Fff 22
RS EEAENT, A RESE AD F PD S0 AL
GDF-5 #il W LM E RN 2 —, HARL
MIBTHAE BB Bl I 22 1 221R A TR 1) R A2 K
&, {HH = % TF GDF-5 fE# & R 4 b & A/
I RRIAESY . R R 5T GDF-5 76 R 17 M
rh > SRS AN A AL N SR AR ) 2 E AL R ASRIR YT Y
FEE (E3),
24 GDF-55RiGHHEER

AR B A B O . i BUBANIE AT
SR ERSE, HrpE O R AR, U™

SR AR AR TR T, L R A O I R
. BHPRIE . R I I PP 4 25 /D — g
PR BE SR R R BUH T R AR AE R TR 7
GDF-5 55T JCE W B R A S JEAROG, TE Bk
B PR R A MG 5E . GDF-5 1815 IR fiG 4
EHERE, WF 25T GDF-5 ik,
R AREBEE ., AR, BN R AL
gdf5-UQCC 57 3 43 1 By By vy, Jf 8
FRHAF A B T ST A ST LR
W, gdf5 /2B RN RIS EIER 70 i R ESE
N, Ngdf5 RESFEREREARY, MR
gdf5 TR IR AT i 7Y LA, W
GDF-5 Fl4H AP EEBTIR A il i Dy R S 2R i A G
B BEI RIS S, e AR H AR
o T R A R A A R RN A A T R BR D R
BmprIb F= K H P E S M TR . dnpss
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Fig.3 The functional mechanism of GDF-S5 in neurodegenerative disease
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JEREAR, MARRFIIE », LR as L,
GDF-5 5 BMPRJ& 8 A KA H PSR 7, it
5 BMPR-IB 45 G W LT o B IR R AL
AT BB SRS 2 Wt {5 B, RIS e R R
1/ 13 (matrix metalloprotease 13, MMP-13) %%
ik X . GDF-5 i & i 5 Dickkopf #H ¢ 5 M 1
(Dickkopf-related protein 1, DKK-1) /il £ 4L Wnt
S, IEMMP-13 35, BE iR s gL
JoT AP I 08D B A B E T 7 R DKK-1 4
HA VS HCE A8 T AR s IR E A 77
I, DKK-1HAFiEME, GDF-5 %7 £ Wat {5
S E AR PR R . R LB, GDF-5
A B miR-17 B93%3L, K MMP-2, MMP-3
I MMP-13 4] 78 B 1 & 7, 3B GDF-5
i o AR MMPs 3k BB X R . PIBH&E A
(Yin Yang 1, YY-1) RE#SIH554%1"/N RNA 15 F 5
5 (small nucleolar RNA host gene 5, SNHGS5) ,
7% miR-212-3p Jf-# [i] GDF-5/Smads, 15 A4
Ha] e T AR s e . KA, GDF-5
PN E R TR EWMEZR T, MR AERK
REWMEZERNIER ™, MR, A TRY
Yy b ZE K AN F GDF-5 A i & WPt RAEH IS5
#E8] 78 T 40 e (bone mesenchymal stem cells,
BMSC) [ #cEdnigsrik *'. £ 1, GDF-5idid
PO T R B, WD E O RO SORE N 3Rk
TR BAE 21 01T R A B 2 kR . BT
GDF-5 I RIGYT A CE Rk 6=, % T GDF-5
BT ERENEZEN, FRIGKRIR A EER
X (E4).

TR TR R ThREHL 3
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Fig.4 The functional mechanism of GDF-5 in metabolic

bone disease
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BMP K T {if Smad1/5/8 TEWNLA4ERE . A=K Fliz sl
ZCIRRE B LG Sl rh A OCEVE ] ™ gdf5s %
RN RE IR M2 RS, T IE W B 1k
Smad1/5/8 FIID1, B fii¢ L5 £ Fa AR R ASE 465 T AR D
A WLA ZE 45 R ™. Dachshund [7] ¥ 3 A 2
(Dachshund family transcription factor 2, DACH?2)
A EH B O BEEE 9 (histone deacetylase 9,
HDAC9) TERMZA BT, 81T gdfs %
ks, SCEE B NLE A2 S ™ LA A R R
(myogenin) FEA [ 1iE X 3K 1Y Myoparr @iB& )5, /)
SUVLIA GDF-5 35384, Smad1/5/8 Ml fk K F I
Tb, R E S NUN M ZE 498 A g i ' 25 |,
DACH2. HDACY. Myoparr A 575 GDF-5 f)ik,
PR R 2 BN e R s sh e )y . TR
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DNA H &1L %% #% [ 3A (DNA methyltransferase
3A, DNMT3A) /N B UL A T2 40 i
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BHARR IS Y BB Dnme3a B 3E S I GDE-5
Lk, W TR, ERE RV ERR T
e, ERIEA Y, EIRSE IR R, GDF-5
TEA R VAN P A AR AV E PR 22 57 o T T4
W1 CaVPIE Al {23 T i GDF-5 {55165, /b

\! (

LA 2= 45
S LA 5

RS P 2 S S A LI 2240, i 2 s/ BROILIA
CaVBIE S &M%, 133K CaVPIE i i i 7% GDF5/
Smad1/5/8 {7 % b s 2t/ NR LA B ™, 3R
 gdf5 32 DNA W BL Ak T ef He ] 458 45 18 38 14 9879 .
PIN A, GDF-5 J2 Hi R[] 5053 1 2 - 3h )
A, RGPS 2 S 20 LR P
WG Smad 5%, WD NLRZ4E, 8L
i (KS5),

Fig. 5 The functional mechanism of GDF-5 in improving sarcopenia
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S8 AL i ROS, I WE A D5 BE A e s, JF
PE— 2R UE S E LT Hefb A e 0, WFgT R,
GDF-5 Al ity /0 W AR TR R A G, BHLIk
MAFLD ##2 “V FrEAR L POy e i
SR E AR, MEREE A S R i 42Uk
A, A CHkikiE, GDF-5/BMPR/Smad5/PGC-la
A i RAR U D U R A 1
(uncoupling protein 1, UCP-1) ik, H&mpLIARE
HIHFEM B ST, dERRRE AR, RRIVIKE
TR S e Y AR &I, GDF-5id
o W IR Ak PBK/AKL 55, AR SEFR 05 i A= il
A € 7 40 S SRR S H 4 £
i, fEUEAS I 4l s ik 2. GDF-5 38 Al 31 p3s-
MAPK, &= R & AUk, 89 m A @ Rs D5 =4,
P M 5 F AU Y BT BB, B LAY
A ANAAE 35 miR-146a-5p #2 [1] GDE-5/PPARYy 5
BEWT A Z R BACHE s LA LR 4 K], GDF-5
AR AR R A g 15 A A Ak Fn e A

W, 28 b, GDF-5iid 4i bk fass,
WTRR AR BB TG, BRI A R, 48
2% MAFLD % JEidtfRE (Kl6).

F 1 R45 T GDF-5 7E R RI AL 888 1B Ji i )
AL FIVER

Fig. 6 The functional mechanism of GDF-5 in MAFLD
E6 GDF-57£fCiGHHE RS A AT H BRI T BE ML I
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Table 1 Pathological phenotypes of different tissues and organs after GDF-5 interventing in different ways

%1 GDF-5THEARALARENKRIERE

B ST G F = Bl R A E= BT
DAE AN E gdfs 7 LD OUEZE T, CLEF4EfL T [2]
A AR P R 4t A A Tl ik P Rz 44 i thGDF-5 (4ilfuk%5%) ANpd A, A AR [56]
i /N B X GDF-54AhE4t L EZSTw ) [64]
i SH-SYSY#IZ 4 il 5= thGDF-5 (4ifus%37) P T IR T [67]
H ANV S gdf ™" BERTRE FH [73]
& N ) 70 5 444 Y Y- 11895 HeE e T [79]

HHL NG SR L gdf5 " CEHERID HHIES [82]

L NG SR AL i &iLCaVBIE HRNA KT [88]
JRAE NRIFAE e R 45 & 45 11 4-GDF S #4 3E [H] MAFLD | [90]
Rl NRARE R gdf5t e IR KRG ER T, W AR RS [s]

TeomE; | .

H5RE

GDF-51E8 TGF-B RGN Z—, HEERKE
BIPEESHAEN, fEORE. KRG, AR,
WL, JEREFIRE NG S 22 B LR Rk . SOAE AR
RO AL O, S EAR
WAL I A P & ) . GDF-5 3 i Smads
p38-MAPK . PI3K/Akt {55, AIEfEHE4NfEasE
I3k I AR BN SAE DL R AR R T A A
YER. AR, BRTXHE . S0, WUMESE LLAIR
Gk B SFITAN, GDF-5 % HoAth 2% B 4l LRI 5T %
Wz BT . Im KA S oE & B, i T 5
GDF-5 s AMNE A )% GDF-5 40 48 i 5 F B, %t
MU ™ A B E T . B HTEE % GDF-5/E AL
HABRIEREAF ST, = K R 9T . AR SC
i A A 2 GDF-5 5 g SCiik,  B.45 GDF-5
'ﬂfw” 7, N GDF-5 TEAREI AR 16 7 Th A

K ELRHLHI B $EAE 65 % . GDF-5 #id s
DGR RN E AR B B, A A A G
PRI YT R A A, L ELR ML SR R EIR A
5% .

z £ x
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Abstract  Growth/differentiation factor-5 (GDF-5) belongs to transforming growth factor- § (TGF-p) family,
which is expressed in bone, cartilage, heart, brain, kidney, skeletal muscle and tendon, liver, fat and other organs
and tissues as well. GDF-5 binds to receptor BMPR-I/BMPR-II and activates different signaling pathways such as
smad1/5/8, PI3K/Akt, p38-MAPK. For a long time, numerous studies have shown that GDF-5 plays an important
role in protecting joints. However, researchers have found GDF-5 also plays significant biological functions in
other organs. For example, GDF-5 improves cardiac function by reducing oxidative stress and fibrosis in infarcted
hearts. GDF-5 can also reduce oxidative stress in the brain and increase the number of neurons in effort to delay
the progression of Alzheimer’s disease and Parkinson’s disease. It is a situation, research on GDF-5, at present,
mainly focuses on the growth and repair of bone, cartilage and tendons, while there are few reports on its
biological effects in other organs. Therefore, this article reviews and summarizes the research progress on GDF-5
and metabolic diseases in recent years in order to provide new insights and theoretical basis for the role of GDF-5
in improving metabolic diseases.
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