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Research progress and related issues on the roles of adiponectin in
osteogenesis in the setting of aging and injury*
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(Department of Endocrinology, The Second Medical Center, People's Liberation Army General Hospital,
Beijing, 100853, China)

Abstract: Adiponectin is considered to be closely related to bone metabolism and has been extensively
investigated in cell and animal models as well as population-based studies. Though a multitude of studies supported
the positive role of adiponectin in regulating osteogenesis, these findings are not completely consistent. The roles of
adiponectin signaling in aging, diseases and bone regeneration have not been fully unraveled. In this review, we
discussed the preliminary results of current studies on the role of adiponectin in osteogenesis, possible pathways of
different isomers and receptors of adiponectin, and biological changes of adiponectin in the elderly. Understanding
the role of adiponectin in modulating skeletal biology is the key to developing both pharmacological and non-
pharmacological (lifestyle) interventions that target adiponectin signaling, which may help keep the bones healthy
during aging and facilitate bone repair after injury.
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3—kinases/protein kinase B, PI3K/PKB ) . 22 %4 i {# % £&
H ¥ (p38 Mitogen—activated protein kinase, p38
MAPK) | izt 4 A 49y il 1A 384 5 00 93800 52 MR —y L3005
¥ —1a (Peroxisome proliferator activated receptor— vy
coactivator—1a, PGC-1a) 5 5 %% S FFE 1005 &
(signal transducer and activator of transcription 3,
STAT3) 55 (WLIEI 1) o BEHR 2R AT 88 hn s A 400 e 1 45 2
| (Osteopotin, OPN) Al o M B B2 B (alkaline
phosphatase, ALP) 1y F ik . M X Z 1K (estrogen
receptor, ERa) {1 [a] T 38 7% JIg Bk 28 32 IR A5 5, il &
MAPK i % , ERa F1 %% 5 & 1 1 (specific protin 1,
SP) WAL, FECF 5 i . EH BT d
F W], JRy F8 N BR IE 2K AT 5% 4y WA T 8
AdipoR1 R, A W E B -2 (bone
morphogenetic protein, BMP-2) , fe gk &I &, K
Z2 BRSO AR BRI 5 25 SR SR T B TR R 4 L &R
AdipoR1 2 35 7t = AT ] 35 1 40 B 4 Ak, (R 7E /s BRUBR



B
S
&

ST BRIE R AE R AR iV RO S it J T B R 2Rt

F1 EBEEABERANTRMARER
A il 4R E =BT
PR 2,
OVX JSEEE KO /M A WL AT KO 7/NEL OPG/RANKL U AHE, ZHOU 4617
VARYSS
R BB OVX 5 A1 B0k ZHANG %15
JEBEZE KO/MR NA KO /)N RELAT B3 ) B IS A i S 8 MADEL %"
AAV A FRPEEER R Gkt i ik S KIRHEER Ta /NG NI ESEN, B /b B OSHIMA 252!
RS Ui 35 M RE R 1 450 3 1 R i) . ) i
2. V- i £ 6L 3% C £¢5[22]
e SRPEIHE T /N RV 25 B MITSUL %
T /IN R0 A B 2 PR 3k A 38 I A s A S0
AAV A SO BT b ik PN I %Z‘I MAMAREEREIN e
HE /NI 255 AdipoR 1 5% AdipoR1 WA EE , 2 BRURMIME B B 8 T v LIN 224
AR S B A 25 2 A 5 (4 BN BB HENGTE 2 Ak Ly i) B JIANG %3
BIREE A LA BT BRIENRE e WU 2P
BRIENRBEZ 0y shy , il B A s A
i 28 JE R AR R FRIE N H 2% CHINA £
i 2 Je A B A FIENREE PR g
R 5 SR
EPERRIEE R KO /N NA KO /N4 5 R HAUGEN 4§
MBI KO /N EUE-BfiAm i NA A fLRE S TR SHINODA 421
. TS SFELERIRG T 41353/ 2 BE R A, IBE i BRI A A iy 7 2
TEIR NI £ 0 E= ) Te /N EALEY &5
TRIRRA IR Te /MR B % VA ¥
G074 M S (aP2 HESR TR B TORRIR R oM RS i
JI B BE S ABBOTT 21
fie iy ik BUIsIHEZ PR b .
O/NEA b I N RN,
P A KO /NERE S ME AR K80, 2005/ GR AR/ TU %

T RESE T AN A A M AR A i

s O LI BR R (Ovariectomy, OVX) ; i B (knock—out, KO) 5 ‘B {44 2 (Osteoprotegerin, OPG) ; #% [H F — kB 2 /& 1% 1k 2 Bt /K (receptor
activator of NF—kB ligand, RANKL) ; HRAH S5 5 (adeno—associated virus, AAV) ; 5L JER /N ( transgenic mice, Tg) ; A /N R, (wild type, WT)

H A0 Z (MC3T3) W oK & BEAR LAY S 7
/I BRI i B 2T 4 40 i (C3H10T1/2) Hh | siRNA 1) ]
AdipoR1 Y 3K , I . 35 BEAIK T iR 156 38 5 = 1 14 41h
AN A AR A 5 TR R Y iR B &R KO B,
BMSCs 6 1 il B 20 10 14 R OC ik A 2 3K [ AEC , 491 2in i
o W Ry R A R PR W AR K 2 I (KDMA4B
KDM6B) . i A Ak ¥y W iR 5 LR R WO 2 iR
(peroxisome proliferator—activated receptor-g, PPARg)
FE, AT fE BMSCs B9 344 v BB % A6 0 R

1 7K P 1) CXCLI2 RE #5151 % 15 CXCR4 (9 41 i
TH . RGUVERRCRIR B S i i $E / 1 IL3E CXCLI2
I, fiE 2 nestin+ BMSC M B B E A SR L. A= )3
PE B T - 5 % B —1- B % (sphingosine—1-phosphate,
SIP) A1, ] 52 M ok B 4 J6 60 8 B &4t B iy A 3 R
SP 38 o i 2 T T Tl W0 T ¥ 2 T A 40 S T 8

T iR 6 2R 0k R0 11 e 2 DR /DN R bl LAULEE 3 776 36
SIP It o KT H AT 5¢ T8 1 3 %) SIP 8 #553E #% 19
BLH =z EL

38 BEREEZEAFHIERSEFEANE

EAE AR IRIK R IR AR 5 HEAA—E
£ 56 Jil e AdipoR 1 1 ik B e L /N B, l AU
£ 3|15 % & (bone mineral density, BMD ) 8 &7, DL A
W 1 R R PE B BR 1§ Sb (tartrated resistant acid
phosphatse, TrapSbh) FH 14 % £ 410 fg £k /b, {H 76 8 J&]
W B 32 A A 4l i RL P A B W gR B
KAJIMURA ZEFRBIETE R T, 6 Jo] IR 10k 3% i o /D Bl
{18 2 0 BSGE 0 JHLSCa 1 n , 3R IA R K 2R e i &0y
4 /N BCE B AR 25 SR 12 JE 8 R 6 K i b/ B
R, R A A A AT A W runt AH G B SR R (runt-



HEBURESAGE

H32

AdipoR1
. OOH

El1 AdipoR1 Sk fFiE K E

related transcription factor-2, runx2 ) A& 48 #% s A+
R B DR 3 3K 0 T AT I 28 A, IR IR 384 g PR Ak 2 FR
il B . TR RE B, AdipoR1 e = 119 30 J&] i /N LR
ANBRARFRJREJRE B8 A () B D ] IS ok 400 i
D 5 TTE 4 J 1 40 B AdipoR1 A Bk 2k 2R 52 1 B
M . A WEIEE N IR EE R (E S 0 i
AdipoR 1 4E 5 F80H 240 M A4 A= A7 AT 1 2 G B 2, JF
LB A 1R BB R R A0 L A O T AR
R 2 (8] 1P S e R AR

4 BHREBRZEABERARNEEZRRK

FUHT X BRI 2R 9 OF AT A TR 1 2 [ R, TR VR 2
AT R E— IS . OWFFY E A PR L iR
R 227K 58 19 56 28, B R v 2H 2 BIF 5 A X A
b5 QB AT B FE R A ML AL RE T S IRERR 1 E R
HEATVPAL s @S 40 Bt 5% A AR 2 oK 5 BR B 55
L SR R EE RS2 IR IE R TS R 1 (T
cadherin ) 37 1 V& 76 {5 5 HL I 8 K 15 2 58 70 0 5% 5
Oy E T 53 T il ik e A0 BAE ] ST g e 4L, D
KRG Ik 2R 18] 425 s v 200 I 0 8 - 200 Y A A 110 HL At v
1E 455 F HL s © i A 0 58 LT 4 T 7E 7 20 4F 5RE
N TR B B 2 AE iR LA A2 L & & TP AR
AIRIT TR 3 A IR s DRI R TE 2 AL b Ve A A

fiE— 2 BER ; @ AdipoR1 i B 9 455 2 BiF 5 41 X6 4
A R E 7 mER B /N BB BT /D AdipoR1 52
A A JHLE 4 B8 R0 g 3 00 T P A7 A TR 8 22 55, AT
SEUEM M2 S, BB QX IR R 1A
FEWESE , s 2 S PR A DA T 5T, TR 2% R 3K 40 BMI
ST EAFAUCES, ATES T ARG SR IR R A 5 A
7 4 % 2 JEE R B R AR B T

5 R4

=

B A AIF 72 Hh B K 3R A T 28R AN W A 2 PR AR
WK 2R I PR IS P 5 Al B BRI o R TSR IR R X
i A= W2 B R A B T 25 T A AR 25 (A
60720 TR M. X IRE R (F 5 AT T
B, AT BEAT B T 4k 4P S ad B v A A R R 0 )
MBI . X IRIR B AR TR BE ST, 7R BRI
YR 2R 11 DA RO FH DRI 358 1) ] A, -t oy 3 8 R T 4R
LT A R R 5 1)

2 £ X W

(1] PEEPS, 914 A, #i . P EA O 2R B S350 hEE
AEfRE PR AE, 2021, 19(1): 3-5.

[2] KUPPUSAMY P, ILAVENIL S, HWANG I H, et al. Ferulic acid
stimulates adipocyte-specific secretory proteins to regulate

adipose homeostasis in 3T3-L1 adipocytes[J]. Molecules, 2021,



%510 19 ST BRIE R AE R AR iV RO S it J T B R 2Rt
26(7): 1984. bone mass in AIS osteopenia via RANKL/OPG and IL-6
[31] ZHANG T T, CHEN Y Z, CAI J R, et al. SOCS2 inhibits pathway[J]. J Transl Med, 2019, 17(1): 64.

[4]

[3]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

mitochondrial fatty acid oxidation via suppressing LepR/JAK2/
AMPK signaling pathway in mouse adipocytes[J]. Oxid Med Cell
Longev, 2020, 2020: 3742542.
LEE J Y, YANG J W, HAN B G, et al. Adiponectin for the
treatment of diabetic nephropathy[J]. Korean J Intern Med, 2019,
34(3): 480-491.
ZHAO S, KUSMINSKI C M, SCHERER P E. Adiponectin, leptin
and cardiovascular disorders[J]. Circ Res, 2021, 128(1): 136-149.
LI X, ZHANG D, VATNER D F, et al. Mechanisms by which
adiponectin reverses high fat diet-induced insulin resistance in
mice[J]. Proc Natl Acad Sci USA, 2020, 117(51): 32584-32593.
MAVILIA M G,WU G Y. Liver and serum adiponectin levels in
non-alcoholic fatty liver disease[J]. J Dig Dis, 2021, 22(4):
214-221.
GRADINARU D, MARGINA D, BORSA C, et al. Adiponectin:
possible link between metabolic stress and oxidative stress in the
elderly[J]. Aging Clin Exp Res, 2017, 29(4): 621-629.
YANAI H, YOSHIDA H. Beneficial effects of adiponectin on
glucose and lipid metabolism and atherosclerotic progression:
mechanisms and perspectives[J]. Int J Mol Sci, 2019, 20(5): 1190.
CHOI H M, DOSS H M, KIM K S. Multifaceted Physiological
Roles of Adiponectin in Inflammation and Diseases[J]. Int J Mol
Sci, 2020, 21(4): 1219.
MARTINEZ-HUENCHULLAN S F, TAM C S, BAN L A, et al.
Skeletal muscle adiponectin induction in obesity and exercise[J].
Metabolism, 2020, 102: 154008.
LEWIS J W, EDWARDS J R, NAYLOR A J, et al. Adiponectin
signalling in bone homeostasis, with age and in disease[J]. Bone
Res, 2021, 9(1): 1-10.
LIU HH, LIU S B, JI H Z, et al. An adiponectin receptor agonist
promote osteogenesis via regulating bone-fat balance[J]. Cell
Prolif, 2021, 54(6): e13035.
CRAWFORD L J A, PEAKE R, PRICE S, et al. Adiponectin is
produced by lymphocytes and is a negative regulator of
granulopoiesis[J]. J Leukoc Biol, 2010, 88(4): 807-811.
CAWTHORN W P, SCHELLER E L, LEARMAN B S, et al.
Bone marrow adipose tissue is an endocrine organ that
contributes to increased circulating adiponectin during caloric
restriction[J]. Cell Metab, 2014, 20(2): 368-375.
LITTLE-LETSINGER S E, PAGNOTTI G M, MCGRATH C, et
al. Exercise and diet: uncovering prospective mediators of
skeletal fragility in bone and marrow adipose tissue[J]. Curr
Osteoporos Rep, 2020, 18(6): 774-789.
ZHOU Y H, XIE Q. Total glycosides from Eucommia ulmoides
seed promoted osteogenic differentiation of adipose-derived
mesenchymal stem cells and bone formation in ovariectomized
rats through regulating Notch signaling pathway[J]. J Orthop
Surg Res, 2021, 16(1): 660.
ZHANG H Q, WANG L J, LIU S H, et al. Adiponectin regulates

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

MADEL M B, FU H, PIERROZ D D, et al. Lack of adiponectin
drives hyperosteoclastogenesis in lipoatrophic mice[J]. Front
Cell Dev Biol, 2021, 9: 627153.

LENCHIK L, REGISTER T C, HSU F C, et al. Adiponectin as a
novel determinant of bone mineral density and visceral fat[J].
Bone, 2003, 33(4): 646-651.

OSHIMA K, NAMPEI A, MATSUDA M, et al. Adiponectin
increases bone mass by suppressing osteoclast and activating
osteoblast[J]. Biochem Biophys Res Commun, 2005, 331(2):
520-526.
MITSUI
Hyperadiponectinemia enhances bone formation in mice[J].
BMC Musculoskelet Disord, 2011, 12: 18.

EET, W, AL, A5 Ry P I PR 2R DR T A A B 0 Gk
WUEE 2R [J]. A4 s Be2f ik, 2015, 33(4): 361-365
LIN Y Y, CHEN C Y, DING S T. Adiponectin receptor 1 resists

Y, GOTOH M, FUKUSHIMA N, et al

the decline of serum osteocalcin and GPRC6A expression in
ovariectomized mice[J]. PLoS One, 2017, 12(12): e0189063.
JIANG X W, SONG D H, YE B, et al. Effect of intermittent
administration of adiponectin on bone regeneration following
mandibular osteodistraction in rabbits[J]. J Orthop Res, 2011,
29(7): 1081-1085.

WU H H, GUO Y, PU Y F, et al. Adiponectin inhibits
and

lipoplysaccharide-induced  inflammation

hPDLCs[J].

promotes

osteogenesis  in Biosci 2021, 41(3):
BSR20192668.
CHINA S P, PAL S, CHATTOPADHYAY S, et al. Globular

altered body

Rep,

adiponectin reverses osteo-sarcopenia and
composition in ovariectomized rats[J]. Bone, 2017, 105: 75-86.
HAUGEN S, HE J Y, SUNDARESAN A, et al. Adiponectin
reduces bone stiffness: verified in a three-dimensional artificial
human bone model in vitro[J]. Front Endocrinol (Lausanne),
2018, 9: 236.

SHINODA Y, YAMAGUCHI M, OGATA N, et al. Regulation of
bone formation by adiponectin through autocrine/paracrine and
endocrine pathways[J]. J Cell Biochem, 2006, 99(1): 196-208.
EALEY K N, KALUDJEROVIC J, ARCHER M C, et al.
Adiponectin is a negative regulator of bone mineral and bone
strength in growing mice, Exp. Biol. Med, 2008, 233: 1546.
ABBOTT M J, ROTH T M, HO L, et al. Negative skeletal
effects of locally produced adiponectin[J]. PLoS One, 2015,
10(7): €0134290.

TU Q S, ZHANG J, DONG L Q, et al. Adiponectin inhibits
osteoclastogenesis and bone resorption via APPLI1-mediated
suppression of Aktl[J]. J Biol Chem, 2011, 286(14): 12542-
12553.

PU Y F, WANG M K, HONG Y Y, et al. Adiponectin promotes
human jaw bone marrow mesenchymal stem cell chemotaxis via

CXCL1 and CXCLS8[J]. J Cell Mol Med, 2017, 21(7): 1411-



FpIE AR ek

#
g

[34]

[35]

[36]

[37]

[38]

[39]

1419.

PACHECO-PANTOJA E L, FRASER W D, WILSON P J, et al.
Differential effects of adiponectin in osteoblast-like cells[J]. J
Recept Signal Transduct Res, 2014, 34(5): 351-360.

BOZEC A, BAKIRI L, JIMENEZ M, et al. Osteoblast-specific
expression of Fra-2/AP-1 controls adiponectin and osteocalcin
expression and affects metabolism[J]. J Cell Sci, 2013, 126(Pt23):
5432-5440.

LEE H W, KIM S Y, KIM A 'Y, et al. Adiponectin stimulates
osteoblast differentiation through induction of COX2 in
mesenchymal progenitor cells[J]. Stem Cells, 2009, 27(9): 2254-
2262.

CHEN P, HU B, XIE L Q, et al. Scara3 regulates bone marrow
mesenchymal stem cell fate switch between osteoblasts and
adipocytes by promoting Foxol[J]. Cell Prolif, 2021, 54(8):
e13095.

MICHAUD J, IM D S, HLA T. Inhibitory role of sphingosine 1-
phosphate
inflammation[J]. J Immunol, 2010, 184(3): 1475-1483.
MESHCHERYAKOVA A, MECHTCHERIAKOVA D,
PIETSCHMANN P. Sphingosine 1-phosphate signaling in bone

receptor 2 in macrophage recruitment during

remodeling: multifaceted roles and therapeutic potential[J].

[40]

[41]

[42]

Expert Opin Ther Targets, 2017, 21(7): 725-737.

YONG J W, von BREMEN J, RUIZ-HEILAND G, et al.
Adiponectin as well as compressive forces regulate in vitro -
catenin expression on cementoblasts via mitogen-activated
protein kinase signaling activation[J]. Front Cell Dev Biol, 2021,
9: 645005.

KAJIMURA, D, LEE H W, RILEY K J, et al. Adiponectin
regulates bone mass via opposite central and peripheral
mechanisms through foxol[J]. Cell Death Differ, 2017, 24(2):
225-237.
ANON. Bone
proceedings[J]. J Musculoskelet Neuronal Interact, 2018, 18(1):
108-151.

research society, annual meeting 2017

(FEFF i)

ANSCE AR BT JRIEERAE R B A P AR T BB 5
R B BRI A [I]. vh EIAR R AR R, 2022, 32(10): 1-6.
Cite this article as: GONG Y P. Research progress and related

issues on the roles of adiponectin in osteogenesis in the setting of

aging and injury[J]. China Journal of Modern Medicine, 2022,
32(10): 1-6.



