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The research progresses on energy metabolism of osteoblasts
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Abstract; As a tissue organ for the movement and support of the vertebrate body, bone is of great significance for maintaining the
normal physiological functions of the body. The process of bone growth, mineralization and remodeling is inseparable from energy
metabolism. Osteoblasts play an important regulatory role in the balance of bone metabolism. This article intends to review the main
energy sources and regulatory mechanisms of osteoblasts in the process of bone remodeling from the perspective of energy
metabolism.
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Fig.1 Model for energy metabolism and regulatory mechanisms of osteoblast

4 RE
B BT A 1) 32 B RRAE 2 A AR A0 S R 4
2L RV B B R R R = 4 454l BB
JRE LB I FECEFE NG R TR, 224
(4

4

T
0

WY FE T IR R 22— S o X R 4 S
e e B AU AT B BT 50, A Bt — 20 TR AT 4
I 0 OB AN ) 2 A AT A AR T B

o
A
o

( &2 % x #® ]

[ 1] Okamoto K, Nakashima T, Shinohara M, et al.

Osteoimmunology ; the conceptual framework unifying the immune

and skeletal systems [ J]. Physiological Reviews, 2017, 97:

1295-1349.

[ 2] Zaidi M. Skeletal remodeling in health and disease[ J]. Nature
Medicine, 2007, 13.:791-801.

[ 3] Kenkre JS , Bassett J. The bone remodelling eycle[ J]. Annals of
Clinical Biochemistry, 2018, 55.308-327.

[ 4] Dirckx N, Moorer MC, Clemens TL , et al. The role of
osteoblasts in energy homeostasis [ J |. Nature Reviews
FEndocrinology, 2019, 15.651-665.

[ 5] Motyl KJ, Guntur AR, Carvalho AL, et al. Energy metabolism of
bone[ J]. Toxicologic Pathology, 2017, 45.887-893.

[ 6] Zhang Q, Riddle RC, Clemens TL. Bone and the regulation of

global energy balance[ J]. Journal of Internal Medicine, 2015,
277:681-689.



1236

(7]

[ 8]

(9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2021 4 8 H4 27 4% 8 4] Chin J Osteoporos, August 2021, Vol 27, No.8

Lee WC, Guniur AR, Long F, el al. Energy melabolism of the
osteoblast; implications for osteoporosis[ J]. Endocrine Reviews,
2017, 38:255-266.

Karner CM, Long F. Glucose metabolism in bone[ J]. Bone,
2018, 115.2-7.

Esen E, Long F. Aerobic glycolysis in osleoblasts [ J]. Current
Osteoporosis Reports, 2014, 12.433-438.

Borle AB, Nichols N, Nichols G, Jr. Metabolic studies of bone in
vitro. I. Normal bone[ J]. The Journal of Biological Chemistry,
1960, 235:1206-1210.

Cohn DV, Forscher BK. Aerobic melabolism of glucese by hone
[J]. The Journal of Biological Chemistry, 1962, 237.615-618.
Peck WA, Birge SJ, Jr., Fedak SA. Bone cells: biochemical and
biological studies after enzymatic isolation[ J]. Science, 1964,
146:1476-1477.

Chen CT, Shih YR, Kuo TK, et al. Coordinated changes of
mitochondrial  biogenesis and antioxidant enzymes during
osleogenic dilferentialion of human mesenchymal slem cells[ J].
Stem Cells, 2008, 26:960-968.

Miiller DIH, Stoll C, Palumbo-Zerr K, et al. PPARS-mediated
mitochondrial rewiring of osteoblasts determines bone mass[ ) ].
Scienlilic Reports, 2020, 10:8428.

Guntur AR, Le PT, Farber CR, ot al. Bioenergetics during
calvarial osteoblast differentiation reflect strain differences in bone
mass[ ) ]. Endocrinology, 2014, 155,1589-1595.

Shares BH, Busch M, White N, et al. Active mitochondria
supporl osleogenic dilferenlialion by slimulaling bela-calenin
acetylation[ J ]. The Journal of Biological Chemistry, 2018, 293
16019-16027.

Hu YY, Rawal A, Schmidi-Rohr K. Sirongly bound cilrate
stabilizes the apatite nanocrystals in bone[ J]. Proceedings of the
national academy of sciences of the United States of America,
2010, 107.22425-22429.

Coslello LC, Franklin RB, Reynolds MA, el al. The important
role of ostecblasts and citrate production in bone formation: "
Osteoblast Citration" as a new concept for an old relationship[ J].
The Open Bone Journal, 2012, 4. 24194797.

Thomas DM, Rogers SD, Ng KW, et al. Dexamethasone
modulates insulin receplor expression and subcellular distribution
of the glucose transporter GLUT 1 in UMR 106 -01, a clonal
osteogenic cell line [ J].
Endocrinology, 1996, 17.:7-17.
Thomas DM, Maher F, Rogers SD,
regulation by insulin of GLUT 3 in UMR 106-01, a clonal rat

sarcoma Journal of Molecular

el al. Expression and

osteosarcoma cell line[ J]. Biochemical and Biophysical research
Communications, 1996, 218:789-793.

Wei J, Shimazu J, Makinistoglu MP, et al. Glucose uptake and
Runx2 synergize lo orchesirale osleoblasl dillerentialion and bone
formation[ J]. Cell, 2015, 161:1576-1591.

Ti W, Deng Y, Feng B, et al. Mst1/2 Kinases modulate glucose
uptake for osteoblast differentiation and bone formation [ ) ].

Journal of bone and mineral research, 2018, 33.1183-1195.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

Ohnishi T, Kusuyama J, Bandow K, el al. Glull expression is
increased by p53 reduction to switch metabolism to glycolysis
during osteoblast differentiation[ J]. Biochemical Journal, 2020,
477.1795-1811.

Li Z, Frey JL, Wong GW, et al. Glucose transporter—4 facilitates
insulin-stimulaled  glucose osleoblasts [ J ].
Endocrinology , 2016,157:4094-4103.

Palazon A, Goldrath AW, Nizet V, et al. HIF transcription

uplake in

[aclors, infllammalion, and immunily[ J]. Immunity, 2014, 41,
518-528.

Regan JN, Lim J, Shi Y, el al. Up-regulation of glycolylic
metabolism is required for HIFlalpha-driven bhone formation[ J].
Proceedings of the nalional academy of sciences of the Uniled
States of America, 2014, 111.8673-8678.

Maupin KA, Droscha CJ , Williams BO. A comprehensive
overview of skeletal phenotypes associated with alterations in
Wnt/beta-catenin signaling in humans and mice [ ] ]. Bone
Research, 2013, 1.27-71.

Karner CM, Long F. Wat signaling and cellular metabolism in
osteoblasts [ J]. Cellular and Molecular Life Sciences ; CMLS,
2017, 74.1649-1657.

Moorer MC , Riddle RC. Regulalion of oslecblasl melabolism by
Wt signaling[ J .
318-330.

Endocrinology and Metabolism, 2018, 33.

Esen E, Chen J, Karner CM, et al, Paiterson BW and Long F.
WNT-LRPS5 signaling induces Warburg effect through mTORC2
aclivalion during osteoblast differentiation[ J]. Cell Metabolism,
2013, 17.745-755.

Kim 8P, Frey JI., Ti 7Z, et al. Tack of Lrp5 signaling in
osleoblasls sensilizes male mice lo diel-induced disturbances in
glucose metabolism[ J]. Endocrinology, 2017, 158.3805-3816.
Esen E, Lee SY, Wice BM, et al. PTH promotes bone anabolism
by stimulating aerobic glycolysis via IGF signaling[ J]. Journal of
Boene and Mineral Research, 2015, 30.:1959-1968.

Lee SY, Long F. Notch signaling suppresses glucose metabolism

in mesenchymal progenitors to restrict osteoblast differentiation

[J]. The Journal of Clinical Investigation, 2018, 128;
5573-5586.
Zanolli S, Canalis E. Paralthyroid hormone inhibils Nolch

signaling in osteoblasts and osteocytes [ J]. Bone, 2017, 103
159-167.

Conigrave AD, Brown EM, Rizzoli R. Dietary protein and bone
health: roles of amino acid-sensing receplors in the control of
calcium metabolism and bone homeostasis[ J]. Annual Review of
Nutrition, 2008, 28:131-155.

Biltz RM, Letteri M, ED, et al. Clutamine

Pellegrino
metabolism in bone [ ] ]. Mineral and Electrolyte Metabolism,
1983, 9:125-131.

Karner CM, Esen E, Okunade AL, et al. Increased glutamine
catabolism mediates bone anabolism in response to WNT signaling

[J]. The Journal of Clinical Investigation, 2015, 125.:551-562.

Zhou T, Yang Y, Chen Q, et al. Glutamine metabolism is



Gk

TP 2% 75

2021 4E 8 %527 %% 8] Chin J Osteoporos, August 2021,Vol 27, No.8

1237

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

essenlial for slemness of bone marrow mesenchymal stem cells and

bone homeostasis [ J ]. Siem Cells Inlernational, 2019,
2019.:8928934.
Yu Y, Newman H, Shen L, el al. Glulamine melabolism

regulates prolileration and lineage allocalion in skelelal stem cells
[J]. Cell Melabolism, 2019, 29:966-978.e4.

Brown PM, Hulchison JD , Crockell JC. Absence of glulamine
calvarial

murine

Calcified Tissue

supplementation prevents dillerentiation of

osteoblasts to a mineralizing phenotype [ J].
International, 2011, 89.472-482.

Huang T, Liu R, Fu X, et al. Aging reduces an ERRalpha-
directed mitechondrial glutaminase

expression  suppressing

glutamine  anaplerosis  and differentiation  of
mesenchymal stem cells[ J]. Stem Cells, 2017, 35:411-424.

Chen Y, Yang YR, Fan XL, et al. miR-206 inhibits osteogenic

osteogenic

differentiation of bone marrow mesenchymal stem cells by
targetting glutaminase[ J]. Bioscience Reports, 2019, 39, DOI:
10. 1042/BSR20181108.

Kushwaha P, Wolfgang MJ, Riddle RC. Fatty acid metabolism by
the osteoblast[ 1]. Bone, 2018, 115:8-14.

Adamek G, Felix R, Guenther HL, et al. Fatty acid oxidation in
bone tissue and bone cells in culture. Characterization and
hormonal influences[ J]. The Biochemical Journal, 1987, 248.
129-137.

Rendina-Ruedy E, Guntur AR, Rosen CJ. Intracellular lipid
droplets support osteoblast function [ J]. Adipocyte, 2017, 6;
250-258.

Catherwood BD, ddison J, Chapman G, et al. Growth of rat
osteoblast-like cells in a lipid-enriched culture medium and
regulation of function by parathyroid hormone and 1, 25 -
dihydroxyvitamin D[ J]. Journal of Bone and Mineral Research,

1988, 3:431-438.
Lau BY, Cohen DJ, Ward WE, et al. Investigating the role of

[48]

[49]

[50]

[51]

[53]

[54]

[55]

[56]

polyunsaturated fally acids in bone developmenl using animal
models[ J]. Molecules, 2013, 18:14203-14227.

Chiu KM, Keller ET, Crenshaw TD, el al. Carniline and
dehydroepiandrosterone sullale induce prolein synthesis in porcine
primary osleoblasl-like cells[ J]. Calcilied Tissue Inlernatienal,
1999, 64.527-533.

Hooshmand S, Balakrishnan A, Clark RM, et al. Dietary -
carniline supplementation improves bone mineral densily by
suppressing bone turnover in aged ovariectomized rats [ J].
Phytomedicine, 2008, 15:595-601.

Kim SP, Li Z, Zoch ML, et al. Fatty acid oxidation by the
osteoblast is required for normal bone acquisition in a sex and
[T]. Ja 2017, 2

diet-dependent Insight,

(16) ; 28814665.

manner

Koren N, Simsa-Maziel S, Shahar R, et al. Exposure to omega—3
fatty acids at early age accelerate bone growth and improve bone
quality[ J]. The Journal of Nutritional Biochemistry, 2014, 25;
623-633.

Riddle RC, Diegel CR, Leslie JM, et al. TLrp5 and Lrp6 exert
overlapping functions in osteoblasts during postnatal bone
acquisition[ J]. PLoS one, 2013, 8.e63323.

Frey JI., Li 7, Ellis IM, et al. Wnt-Lrp5 signaling regulates fatty
acid metabolism in the osteoblast [ J ]. Molecular and Cellular
Biology, 2015, 35:1979-1991.

Frey JI., Kim SP, Ti 7, et al. beta-Catenin Directs long-chain
fatty acid catabolism in the osteoblasts of male mice [ J].
Endocrinology, 2018, 159.272-284.

Armas LA, Recker RR. Pathophysiology of osteoporosis: new
mechanistic insights[ J]. Endocrinology and Metabolism Clinics of
North America, 2012, 41.475-486.

Johnston CB, Dagar M. Osteoporosis in older adults[ J]. The
Medical Clinics of North America, 2020, 104.873-884.

(s B3 . 2020-07-27 4% 8] B 3 .2020-08-11)



