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Abstract. Bone metabolism disorder mediated by energy metabolism in type 2 diabetes (T2DM) is a recent research hotspot.
T2DM is a secondary disease caused by energy metabolism disorder, with inhibited osteoblast ( OB) differentiation and bone
formation and promoted osteoclast ( OC) differentiation and bone resorption, Results ing in disorder of bone metabolism. AMP-
dependent protein kinase ( AMPK) , a key molecule of energy metabolism regulation, contains a conserved domain of serine ( Ser)/
threonine ( Thr) kinase at the N-terminus of the alpha subtype. When the conserved Thr-172 site in this region is turned on, multiple
signal pathways may be activated. Moreover, ATP/AMP activates the activity or regulates domain in AMPK to mediate OB or OC
differentiation and function. Down-regulation of AMPK«, a key regulator of energy metabolism homeostasis, is the pathological
basis of T2DM, and leads to complications of bone metabolism disorder. Exercise promotes OB differentiation and bone formation
and inhibits OC differentiation and bone resorption. A decrease of ATP/AMP ratio during exercise activates AMPKa. However, few

studies exist in the regulation of OB or OC differentiation and function by AMPKa in T2DM. The mechanism remains to reveal.

 WEGTE: 1Tpd mEF RN R BB E (17KJB180017)
= WV . BEAER, Email ; huashixh@ 163.com



FEE RGN 2 2019 4E 11 A8 25 5% 11 89  Chin J Osteoporos, November 2019, Vol 25, No.11 1651

Based on the above, this study is to review the related research on AMPKa regulation of bone metabolism disorder in T2DM and

exercise intervention, in order to provide a theoretical basis for the study of exercise to improve bone metabolism in T2DM.
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factor—k B ligand, RANKL) , i & B F «B 2K
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IR RE 7 B ), AR BB R R fE BF s
PP AR~y #0350 %+ T2DM /)> BR.8 5 40 Jd 7 46 52 0 I
R IG5 40 B S A 3 £ B [ i, OB & 8 4 HLW
BHE TR . XF T2DM /MR 2 A2 (4 OB BEAT
B PE % 15 i ( alkaline phosphatase, ALP) 4 {5, & 31
OB ¥ & M B Wi ae 1 B % FRBUY. &% L%,
T2DM & Figith KA 5 OB B et Al E L i e /1 T [
HUIMK . A& T2DM /MR (KK-Ay /ML) OB &
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PAEEF BT & 4 5 AMPK/USF-1/SHP #2424 4 %
J& TV Runx2 DIx5 A0 Osterix 55 F 1k, #E M M1 OB
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9 1€ B #1
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i OB 234k R B % . AMPK 3k T, i i
eNOS-NO % # 41 #] BMP-2 & F ¥ Runx2, #1l &l
T2DM K R OB 43k Ko B T8 M B 112 . (AN 58 A5
HESE, B% AMPK J5 b B i bs i 3 ALP LOC |
Runx2/Cbfal %5 {23 OB 404k K HE#E 0 BE 4
18 shT] @ % AMPK ik ) T2DM £ OB 4}
FIE B B, 3 B AMPK 4§ T2DM #li#1 OB 434k
LBERE B 4B R, AMPK 27 /v Fis 3k
2 T2DM OB 434k B 5 ¥ R 7 Kanazawa ' B 58 & B4,

E3hEE T2DM /b BB v AMPK, 7142 i OB 41k
PR, UGS B B REHIUE S, NERAE
KT8 D, Hoor 7 AL A TE M. m Bk AMPK
J& ,T2DM /N & H eNOS 1 BMP-2 33k & OB 434k
Yol ', SR 18 3 T i Y E eNOS Fil BMP-2
o3 T2DM /N BB R AL Y. eNOS fl BMP-2 /£
J B B P 6 B 4 7, eNOS AT il i PI3K/
AKT/ eNOS ;& #28#: BMSCs [7] OB 434k ; i BMP-2
YEA BMPs H 2R, W58 1 Smad i 2 4% OB 43
. £ I, 12 3 0] O s AMPKal 33k, 2 ¥
T2DM OB 534k J B T2 BUBE 7, WO B T8 A .
HLH 5 AMPK £ B Wnt/B-catenin , Runx2 25 %5 4]
X, FH, BB BACEI3Z TCF-B/Smad Hedgehog ,
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¥ OC BRI 2, B W UACRE ) 3458, 3 350 40 2L 4
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235 7 AT 3 3 A 45 C-fos/NFATel ,RANKL/RANK/
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T2DM OC 434k Ko B W i ; @iz 3l (L H 2 B H#AE A
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AKT 55 B A XK,

5 BEERE
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Hiz R T, AMPK Ji# T2DM OB 704L X B T8 hl
K OC 534k BB Wi e o B A BIL ) S %, S L) i
BN T2DM B TGP AE 2 LR e AR 5 .

( & % x & ]

[ 1] Looker AC, Sarafrazi lsfahani N, Fan B, et al. Trabecular bone
scores and lumbar spine bone mineral density of US adults:
comparison of relationshipswith demographic and body size
variables[ J]. Osteoporos InlL, 2016, 27(8) :2467-2475.

[ 2] Confavreux CB. Bone: from a reservoir of minerals to a regulator
of energy metabolism [J]. Kidney Int, 2011, 79(12) :14-19.

[ 3] Tania AP, TLufsa ML, José AA. Relationships between bone
turnover and energy metabolism[ J]. J Diabetes Res, 2017, 20
(11): 90-101.

[4] Yang C, Li Z, Lai P, el al. Chondrocyle-specilic ablation of
AMPKal does not affect bone development or pathogenesis of
osleoarthrilis in mice [ J]. DNA Cell Biol, 2016, 35 (3):
156-162.

[ 5] Zhang X, Lv Q, Jia S, et al. Effects of flavonoid-rich Chinese
bayberry fruit extract on regulating glucoseand lipid metabolism in
diabetic KK-A (y) mice [ J]. Food Funect, 2016, 7 (7).
3130-3140.

[ 6] Liang J, Xu ZX, Ding Z, et al. Myristoylation confers
noncanonical AMPK {functions in autophagy selectivity and
milochondrial surveillance [ J]. Nal Commun, 2015, 14(6):
7926-7932.

[ 7] Shaha B, Kolab A, Bataveljica TR, et al. AMP-activated protein
kinase (AMPK) activation regulates in vitro bone formation and
bone mass[J]. Bone, 2010, 47(2) : 309-319.

[ 8] Wherler CM, Choi YJ, Serrano RL, el al. Arhalofenale acid
inhibits monosodium urate crystal-induced inflammatory responses
through activation of AMP-activated protein kinase ( AMPK)
signaling[ J]. Arthritis Res Ther, 2018, 20(10) ; 204.

[ 9] Hirai T, Kobayashi T, Nishimori $, et al. Bone is a major target

of PTH/PTHrP receptor signaling in regulation of fetal blood

calcium homeoslasis [ J ]. Endoerinology, 2015, 156 ( 8):
2774-2780.

[10] Khan MP, Khan K, Yadav DS, et al. BMP signaling is required
for adult skeletal homeostasis and mediates hone anabolic action
of parathyroid hormone[ I]. Bone, 2016, 24(9) :132-144.

[11] Takagi M, Kasayama S, Yamamo T, et al. Advanced glycation
end producls stimulate inlerleukin—6 pro duction by human hone-
derived cells[ J]. Bone Miner Res, 2003, 12(3) . 439-446.

[12] Fu C, Zhang X, Ye F, et al. High insulin levels in KK-Ay
diabelic mice cause increased corlical bone mass and impaired
trabecular micro-structure [ J]. Int J Mol Sci, 2015, 16(4);
8213-8226.

[13] You I, Gu W, Chen I, et al. MiR - 378 overexpression
attenuates high glucose- suppressed osteogenic differentiation
through targeting CASP3 and aclivaling PI3K/ AKT signaling
pathway[ J]. Int J Clin Exp Pathol, 2014, 7(10) :7249-7261.

[14] Zhang WL, Meng HZ, Yang MW. Regulation of DMT1 on hone
microstructure in type 2 diabetes[ J]. Int J Med Sci, 2015, 12
(5) :441-449.

[15] Almeida M, Laurent MR, Dubois V, et al. Estrogens and
androgens in skeletal physiology and pathophysiology[ J].Physiol
Rev, 2017, 97(1) . 135-187.

[16] Heilmeier U, Hackl M, Skalicky S, et al. Serum microRNAs are
indicalive of skeletal [ractures in postmenopausal women with and
without type 2 diabetes and influence osteogenic and adipogenic
differentiation of adipose-tissue derived mesenchymal stem cells
in vitro[ J]. J Bone Miner Res, 2016,23(10) ;234-241,

[17] Liu W, Zhou L, Zhou C, el al. GDF11 decreases bone mass by
slimulaling osleoblast
differentiation| J]. Nat Commun, 2016, 22 (7) :12794.

[18] Hu K, Olsen BR. Osteoblast-derived VEGF regulates osteoblast

osleoclaslogenesis  and  inhibiling

differentiation and bone formation during bone repair[ J]. J Clin
Invest, 2016, 126(2) :509-526.

[19] Erjavec I, Bordukalo-Niksic T, Brkljacic J, et al. Constitutively
elevated blood serotonin is associated with bone loss and type 2
diabetes in rats[ J]. PLoS One, 2016, 11(2) :e0150102.

[20] Patel JJ, Bullers OR, Arnett TR. PPAR agonists slimulate
adipogenesis al the expense ol osleoblasl dillerentiation while
inhibiting osteoclast formation and activity [ J]. Cell Biochem
Funct, 2014, 32(4) :368-377.

[21] Gallagher EJ, Sun H, Korhauser C, et al. The effect of
dipeptidyl peptidase-1V inhibition on bone in a mouse model of
lype 2 diabeles [ J]. Diabeles Melab Res Rev, 2014, 30(3):
191-200.

[22] Wongdee K, Charcenphandhu N. Updale on lype 2 diabetes-
relaled osleoporosis

[J]. World J Diabetes, 2015, 6(5) :673-678.

[23] Russell RR, Li J, Coven DL, et al. AMP-activated protein
kinase mediates ischemic glucose wuptake and prevents
poslischemic cardiac dyslunclion, apoplosis, and injury [J]. J

Clin Tnvest, 2004, 114(4) :495-503.

(#1663 T)



FEE RGN 2 2019 4E 11 A8 25 5% 11 89  Chin J Osteoporos, November 2019, Vol 25, No.11 1663
periprosthelic [racture around lolal knee arthroplasty[ J]. Injury, [36] Garcia-Rey E,Garcia-Cimbrelo E, Cruz-Pardos A, el al. Increase
2014, 45(3): 550-553. of corlical bone aller a cemenlless long slem in periprosthelic

[35] Girgis E,McAllen C,Keenan J. Revision knee arthroplasty using [ractures [ J ]. Clin Orthop Relal Res, 2013, 471 (12).
a distal femoral replacement prosthesis [or periprosthelic [ractures 3912-3921.
in elderly patients[ J]. Eur J Orthop Surg Traumatel, 2018, 28 (W fs B : 2019-03-28 ;4% [n] H 3 . 2019-03-28)
(1) : 95-102.

(J:‘E%% 1654 ﬁ) [35] XuF, Dong Y, Huang X, el al. Decreased osleoclaslogenesis,

[24] Hglund K. Metabolism and insulin signaling in common osleoblaslogenesis and low bone mass in a mouse model of Lype 2
metabolic disorders and inherited insulin resistance[ J]. Dan Med diabetes[J]. Mol Med Rep, 2014, 10(4) :1935-1941.

J, 2014, 61(7) ; B4890. [36] BR¥EA, 8, PHER, %. REF Rz 3054 K30k

[25] Howie RN, Herberg S, Dutham E, et al. Selective serotonin re- JIN BB ORI B A S i B W [T] . P 5 IR 2 B o
uptake inhibitor sertraline inhibits bone healing in a calvarial #, 2015, 32(2):205-211.
defect model[ J]. Int J Oral Sci, 2018, 10(3) ; 25-34. [37] Wongdee K, Charoenphandhu N. Update on type 2 diabetes-

[26] Bai XL, Yang XY, Li JY, et al. Cavin— 1 regulates caveolae- related osteoporosis [ J]. World J Diabetes, 2015, 6 (5):
mediated LDL transeytosis: crosstalk in an AMPK/eNOS/ NF - 673-678.
kB/Spl loop[J]. Oncotarget, 2017, 8(61) ; 103985-103995. [38] Eliaz N, Metoki N. Calcium phosphate bioceramics: A review of

[27] Meier C, Schwartz AV, Egger A, et al. Effects of diabetes drugs their history, structure, properties, coating technologies and
on the skeleton[ J]. Bone, 2016, 82(2) :93-100. biomedical applications[ J]. Materials (Basel), 2017, 10(4) ;

[28] Jang WG, Kim EJ, Bac IH, et al. Metformin induces osteoblast 334-342.
differentiation via  orphan nuclear receptor  SHP-mediated [39] Meier C, Schwartz AV, Egger A, et al. Effects of diabetes drugs
transactivation of Runx2[J]. Bone, 2011, 48(4) ; 885-993. on the skeleton[ J]. Bone, 2016, 82(2) :93-100.

1297 Molinuevo MS, Schuman L. McCarthy AD. et al. Effect of [40] Molinuevo MS, Schurman T., McCarthy AD, et al. Effect of
metformin on bone marrow progenitor cell differentiation: in vivo metformin on bone marrow progenitor cell differentiation: in vivo
and in vitro studies [J]. J Bone Miner Res, 2010, 25(2); and in vitro studies [J]. J Bone Miner Res, 2017, 25(2);:
211221, 211221,

[30] Kitamura KI, Andoh T, Okessku W. e al Effects of [41] Quinn JM, Tam S, Sims NA, et al. Germline deletion of AMP-
hyperglycemia on bone metabolism and bone matrix in goldfish activated protein kinase beta subunits reduces bone mass without
seales[ J]. Comp Biochem Physiol A Mol Integr Physiol, 2016, altering osteoclast differentiation or function [ J]. FASEB J,
20(3) :152-158. 2017, 24(1) :275-285.

[31] Camovali M, Luz L, Banfi G, el al. Chronic hyperglycemia [42] Kanazawa I Metformin enhances the differentiation and
alfects bone metabolism in adull zebrafish scale model [ J]. mineralization of osteoblastic MC3T3-E1 cells via AMP kinase
Endocrine, 2017, 21(8) ; 134-146. activation as well as eNOS and BMP-2 expression [ J]. Biochem

[32] Mansur SA, Mieczkowska A, Flait PR, et al. A new stable GIP- Biophys Res Commun, 2008, 375(3) :414-419.

Oxynlomodulin hybrid peplide improved bene sirength both al the [43]  BRAEA A B 2is shoxt T 208 PR /0N BRUE A3 10 5 i 2 49
organ and lissue levels in genelically-inheriled Lype 2 diabeles THLMBIFLD]. ERMABARFEM 2418 5, 2016.
mellitus[J]. Bone, 2016, 87(4) ; 102-113. [44] Huh JE, Shin JH, Jang ES, et al. Sirtuin 3 ( SIRT3) maintains

[33] Agarwal S, Loder S, Li J, el al. Diminished chondrogenesis and bone homeostasis by regulating AMPK-PGC~1f axis in mice[J].
enhanced osleoclaslogenesis in leplin-deflicient diabelic mice Sci Rep, 2016, 13(8) :225-231.
impair pathologic, trauma-induced helerolopic ossilication [ J]. [45] Kainuma S, Tokuda H, Kuroyanagi G, et al. PGD2 stimulates
Stem Cells Dev, 2017, 24(24) :2864-2872. osteoprotegerin synthesis via AMP-activated protein kinase in

[34] Ming W, Lu G, Xin S, el al. Milochondria relaled peplide osteoblasts: Regulation of ERK and SAPK/JNK [ ] ].

MOTS-c¢ suppresses ovarieclomy-induced bone loss via AMPK
aclivalion[ J]. Biochem Biophys Res Commun, 2016, 476(4) .
412-419.

Prostaglandins Leukot Essent Fatty Acids, 2015,

23-29.

101 (10) -

(ks B #1. 2019-01-09;4& 9] B 8] . 2019-04-15)



