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Gut microbiota regulates intestinal MicroRNA for the treatment of osteoporosis
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Abstract. Osteoporosis is a kind of disease in which the bone mass decreases and the bone tissue structure degrades, which can
easily lead to osteoporotic fracture. It not only seriously affects the quality of life of patients, but also brings great economic burden.
In recent years, studies on the regulation of gut microbiota and the intervention of osteoporosis have gradually emerged.
Inflammatory bowel disease (IBD) is an inflammatory immune allergy caused by the imbalance of gut microbiota, and IBD is
closely related to bone loss. Recent studies have shown that direct interaction between gut microbiota and intestinal MicroRNA can
treat inflammatory bowel disease. Therefore, we hypothesized that gut microbiota may regulate intestinal MicroRNA and have the
potential to treat osteoporosis. An overview was conducted from the four aspects including gut microbiota and osteoporosis,
MicroRNA and osteoporosis, gut microbiota and MicroRNA, and inflammatory bowel disease and osteoporosis, supporting the idea
that gut microbiota can regulate intestinal MicroRNA for the treatment of osteoporosis and providing new ideas for the treatment of
osteoporosis.
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2 MicroRNA

2.1 MicroRNA #%3iR

MicroRNA (miRNA ) 2 i1 HZ A H N & 1
B A 7 DNA B Sk 9, fE g fan th B4R M B 2
I, 5% SR8 BB 1) 9T /R miRNA (pri-miRNA ) 8 fin
THUE 70 /> B8 2 X 25 26 45 Mg 1l /K miRNA, B 5
pre-miRNA A ZH IR , th 9 VTG Dicer K H 2R A% i
/NGF T BIXUEE RNA J5 I, SR 5 1 S I s B OB 2
& ¥ (RISC), JE AL AL #4 9 miRNA & & ' .
miRNA GEH 454 5 RNA (mRNA) 9 3”7 HE B 3% X
AT 6] mRNA 6 81 2 27 8158 % B miRNA
T BE B AR N — R 5 20 B O 8, G b B AR L | A A
J T 400 B i 40 3 =R T 40 I, R N AR A 3 B 3
METLEEEEM . miRNA {7 20 i W
LUK B, BAE A 2R A i v R
N < A A S I I IR - o L = 3
miRNA F 2 B9 12 Wi 4 S 16 7 38 A5 i 7l e .
2.2 miRNA 5 OP

miRNA B FE TN TER, T2 5
B TR IR R R A 40 B R . miRNA AT
108 3 4000 St 0 o) PR B 3 R A M o A AR
IF1] 78 J5 1 440 L 1) 0 200 B 3 4K, B 2 kTR AR
A, BT miRNA R #EE R BA ™ 0 H IR
XTI, Rtk 2 B A T iR % A PE (single nucleotide
polymorphism , SNPs ) fif F B{ # #f miRNA 5 mRNA
AH R B X35, B AT BEBE IR miRNA-mRNA (194 &
EA, BA FEE R RE M OP WA AL, 51
AIF AR (PINP) A0S C % kR & B (CTX) A
Ho, miRNA FE AR H A2 1E B 5 i AT 00 14 A 52 5
fgfe e v N, AT LUE o miRNA R AR B A%
P AR o (Y 3R Y R T DUVE D B AR AR AR W AT
Krili o #EARIE ,7 4> miRNA ZE0R B 388 15 78 5 7T RE 32
W B AT o AR, A 3% miR-27a, miR-124 miR-125 .
miR-146a ., miR-149  miR-196a2 F1 miR-2861, % iT
BB ST o — 48R T LA B 89 2 5 R (miR-

140-5p, miR-149, miR-3679, miR-4274, miR-433
miR-499 1 pri-miR-34b/c¢) , XL KM R iKW 5
OP iy % A i A UIAHC ™ o WL miRNA 558
RLAE VAR DG, 3F B AT H T A AL B AU oL . B
A A B AW 525, 8% E L2 BA R H
R B miRNAs # &2 B,

3 BERRSEAR

3.1 WSS A EER

1% 18 B8 #F ( gut microbiota, GM ) J& fi 3= fd R i 5
o B TEAE BRI B SR TR R T LA
HEHU G T BE IR 95 5 7 0 KRR B K E EH AR
o GM Rk B D 2 30 1 29 o A K B N 2 $h i
[y 100 F5™" o GM e & 4 25 AR 7, H LR W
BB ORI OSSR B O 4 A W E ) 2
FHEAGET . 0k & B 25 R Al B LA B
Bl FVE T B s 1 1 o
3.2 #HAEWYS OP

2 AR AL I T i Y pH L PR K
B MAG W  Ws AT AR T R RS TR GM 45
F3HE T A B 3 b S L SUEAEE . Brition 41
MM 12 K Balb / ¢ /N Rl & 59 8 U1 B
(ovariectomized, OVX ) # #l | 45 T & £ 2L 4T
ATCC 6475 T TR G, RIA T BRI JH 8y OVX
ANELCE X R N RO LG % BE ((bone mineral
density, BMD) . ZZ 3 i1, 58 A H B E R AR,
Bt — LW TN R B G [CELFF X B R 7R R
FHI R B 40 P mRNA JKOE R B, E T 98 20
RANKL 1 TRAPS #9338 SCBAY o 7T UL 25k A= 1 AT 1A
B i6 OP , 7] s 7E B A 5L [R5 5% 5 3R IR 3019 34T )
o Collins &5 L BB HF IRILITH 6475 RS R 4K
A 410 ) M BB £ AR A Y - R A
PR 1)k PR 2 3, el 2 i T HAE , 9 T X 5 1ot
B 5 85 B 5 12, Campbell 25" 5% 9 XUEE AT 1 8 40
B A O 77 4 i 8% B 15 88 ( short-chain fatty acid,
SCFAs) , o] B AR s 18 pH (A, 3 177 34 0 5 9 B 1 0%
W, B 6 OP EAb , RS T B 9l Ik B 38 BE & i 98 /b
AL B T /> NF-«B 3% PR 35 3, Tl iy M 33 2%
ZREEBRFL™ o 0L A AR AT L w9
= 138 76 P S 200 L R ROAE B e RS Rk K-
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4 GM 71 miRNA HE/ERX &

AL B, T (germ-free, GF ) /N B AT 4R
95 JR A& (specific pathogen free , SPF) /N R & I 4H
ZUP AT 16 > miRNA KILFEE 2R 4 SPF G/
RS A CM BHE AT HE /N BB, 7T
AEE R IO B /N BUAY [ M5 i A 9 1> miRNA
R KA T BEZ, FEW ST R
FAE Y kAR, X E R RE ™Y S
i 38 % W RS0 28 R S5 D A 3¢ AT L GM AT LY
P i b B A0 B T G R A % 4 B Y miRNA K-,
B 2O i b B I R DR R e IR . BT AR
miRNA 2525 T HAEWAH M E EREREREH
¥, Dalmasso Z PV B GF /NR5 SPF /N R 1 &
REVEAT se B , 3 i DNA 0% 51 Bk R 5 35 38 20 M7, K
M miR-665 By I 8 & Z ATP binding cassette
subfamily C member3 (Abce3) BH B EF FiE, 7 W,
GM H] LL3E 1 98 55 miRNA K SF HE 7 82 i £ 32 50 2
W e Rik,

H A7 E WA M5 2 26 E T GM 5 OP miRNA
5 OP {H3CT GM #4745 /i miRNA JA YT OP #F A7 i
H . HER B A A R WA R R N B
OP ) miRNA {H & & F P 8 i 18 3 o 7 5 CM 7]
DAY B i miRNA 3R 36, i T 2% #F R 4 1 W w
(inflammatory bowel disease,IBD) ,Tm IBD 5 OP A&
BEVIMER, FIE L BRI RA 1A 3 42 1
GM AR T 5838 1o 3 55 W | B 40 HEL L 26 B 50 7 40 L Y
miRNA , 35 T 8 45 5 i 30 Bt e 38 3 1 L 3 M5 4 IR 3
HHRHEFE B R ik, &R 9T OP,

5 IBD 5 OP

REHE AN IR A, OP B Bl 3 1R by 18 o 48 i
PER R, B IBD BRI R REHEA R
RE B HESC T R 8 M BE M I 45 4 B R MR A e AR
BRI BERZW K EZ0 K S ERT .M
WM ENFHEAAFL M., RIERTEEK
OP W5 — P EHEREME ™ . Asheroft 2 % 9
HAR 2(IL-2) 2 B /NR A AR R B8 /N R
HRWAE CD4 H & RN T 4 i 228 5 F i
JE G AL % V) M 6. NF-xB 32 1K 3 35 7 M (K
(RANKL) fy# m vl 288 & XK, @ o /W
RANKL-RANK 5 4MEM: 5 H & R 7 & H (Fe-OPG)
WA EAER AT DL B s, FTLAE H,1BD &
T GM SR & i JRE S B8 A S RN J2: OP

RAEMFOIHRY . F ik, #4018 2 88 R A IBD
W, Z2IRYT IBD FrE OP (G4,
5.1 GM i@ o % 1 fp 18 miRNA 2% fig IBD, [H] 32 3AR
J7 OP

Lindsa 25" (% By 8 55 1 2 000 % AR 0 /N BB
A2 i ANSE B R R 0 miRNA ZE47 1 € € , 23
Dicer @&/ i A 7 2 W B B 5 R 7 5% 5k 5 52 )
W, B AEAE T miRNA, Xue 281 W2 % 91
TE SPF /N, [ B AR W BE D W 18 = 08 b p 4H
TR 220k 41 )Y ( dendritic cell, DC) th miR-10a H) 32
LA TR E RS, Xue &' H5 —4
T R R B /N R AL g B R, & I miR-107 &
A CD1 e+ 86 FF 4 M (35 2 5 W7 i
RS2 0R 40 M A0 A ) B S AR, AT TR IL -
6. IFN-y, TNF-o, %5 & HI M Jr & GM X} T i 18
miRNA AR E4E L A1 38 i #E0 GM wT LU of
WA WA 5 IBD AHIC A miRNA 3k 7KF, 3 i g8 #42
1% L Fz Bt B T e I T B I S S RS S R IBD, I 44
WA H IBD F:51 OP,
5.2 GM @18 il miRNA B #447 OP

IBD FI OP H A4 TR 9 miRNA 1E & 15 32 2 K
e R L S N R 77 B TR e o N R L A A TN = 1
HE R B 400 B3 . Xue 2577 B 5K & B, miR-
10a #£ GF /N7 1B W 5 3R I8 BT 3R 35 K7
AL, UL miR-10a EEEH BN RIE, 45 KN
R A8 AE T I 40 41 3R 38 R 7K SF miR-10a 1 55 7K °F IL-
12/1L-23p40, 44 Y ##i8E &F TLR-TLR Fie & A B 1
H L LA myd88 41 04 77 2L F I8 DC ' miR-10a /3%
ik R4 DC 77 A K& IL-12/1L-23p40, K & & iF A
FHCE IBD (9 & A, AT I 38 N B S 8 B 3R . Hou
200 F miR-10a %5 Y /1N BUS B 20 MO AT 40 i R
MC3T3-Ela,#f 5T & Bl miR-10a 7] DI FH & Wnt /B-
catenin {5 51E K. Wnt /B-catenin EEERERS
Y0 B 3G HE AR R B A AR PR S B EAE
A, 0 B R s BT IR B R A, Koukos
22U % B miR-124 £ BB k45 i 48 (UC) B 45 W
AR T T, B ) 45 4 rh STAT3 8%
B ALK T TH o Xue %57 % BUAE 64 & 9 /N RAE
A, ] pre-miR-124 3657, AT {1 % & 40 M 09 B0 & W
Bk . NFATel 2 B 240 Bl o 4k 19 — 4> 56 4
% ,miR-124 REg HH/E A T NFATcl, 1 i % & 4
Mo, BMAT R LR, UEHBED B
HBAE5& MR EA XK miRNA, 45 4§ 6 A7 ik
GM X T i miRNA A 845 4E F , 3 A1 3 iy #E
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GM i it 8 1 7 B 5
J7 OP,

LG UL bk, GM — 5 I AT LG 3 98 95 i 18
IBD #H36¢ miRNA 3 %% 7 i R AE , 28 ff 1BD 3 11 ] B2
WITOP S —F WU EERYHESEEANS
OP #1 IBD [F &) #H2C ) miRNA H #3597 OP, if i
ARG 0 i 9 T B T G E R IR AR R SRS B )
T W BN K B W B 5 W e I T K E T
Al LA GM 5% 28 5258 3 14 77 )5 18 miRNA J 52
T8 A MRS R HE3R T OP iR B o B HE AT i i
#iE M5 OP F1 IBD [A] & £H & ) miRNA H #2374
7 OP,

6 Fi L,\

B AU M 5C B miRNA Jf

s5RE

Mz, BHHrirs v s BT GM T il OP . miRNA
T OP AR /b2 GM 7] BB 38 1 94 75 i 16 N miRNA
G947 OP, L4 Hral L& H GM A B2 38 i 7 1 1%
N miRNA KV 00 15 32 B 1 JE B 5% 5f )5 7= W, 1

R W fiy I g 30 38 0 B 2 G g N, B LR BINNA
y7 OP 0y H . B4R B FT ¥ JC 2 4% 0 50 38 & WF Fb
GM $£ 2 J2 25 A= B4 1T LLAE ) 8 45 15 18 miRNA 7K -
WAL CXEBHEERS S I BN G E
miRNA , (B} 35 7 18 1A FE Ao 0 B R A i 38 & 00 )5 B
AR R, X—U AR AT AT, K FBERE A OP B
Bh AR T B AT 1Y JR

{ 2 % x & |

Quach D, Britton RA. Gut microbiota and bone health[ J].
Exp Med Biol,2017,1033.47-58.
Collins FL, Rios-Arce ND, Schepper ID,

Adv

et al. The potential of

probiotics as a therapy for osteoporosis [ J ]. Microbiology

Spectrum, 2017, 5(4).doi.10.
Diez-Perez A, Naylor KE, Abrahamsen B,

et al. Tnternational

Osteoporosis Foundation and European Calcified Tissue Society
Working Group. Recommendations for the screening of adherence

to oral bisphosphonates [ J]. Osteoporos Int, 2017, 28 (3 ):

767-774.

[ 4] Hiligsmann M, Reginster JY, Tosleson ANA, el al.

Recommendations for the conduct of economic evaluations in

osteoporosis;: outcomes of an experts ’ consensus meeting

organized by the European Society for Clinical and Economic

Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal

Diseases ( ESCEO ) and the US branch of the Internalional

Osleoporosis Foundation [ J]. Osleoporos Int, 2018, 30 (1)

45-57.

[ 5] Heallh Quality Ontario. Verlebral involving

verlebroplasly or

augmenlalion
cancer-relaled  vertebral

Ont Health

kyphoplasty  [for

compression fractures; a systematic review [ J ].

(9]

[10]

[11]

[14]

[15]

[16]

[17]

(18]

[19]

[21]

[22]

FEE RGNS 20204 4 A% 26 5% 48] Chin ] Osteoporos, April 2020, Vol 26, No.4
Technol Assess Ser,2016,16(11) :1-202.
[ 6] Kalla R, Ventham NT, Kennedy NA, et al. MicroRNAs: new

players in IBD[I]. Gut, 2014,64(3) :504-517.

Simonson B, Das S. MicroRNA therapeutics: the nexl magic
bullet? [ J]. Mini Rev Med Chem, 2015,15(6) :467-474.

Y afiez-M6 M, Siljander PR, Andreu Z,

et al. Biological

of extracellular vesicles and their
functions[ J]. J Extracell Vesicles,2015,4:27066.
Barger JF, Rahman MA, Jacksen D, el al. Exiracellular miRNAs

Food Chem Toxicol, 2016, 98 ( Pt

properties physiological

as biomarkers in cancer[ J].
A) :66-72.

Cheng VK, Au PC, Tan KC, el al. MictoRNA and human bone
health[ J]. JBMR Plus, 2018,3(1) :2-13.

Wang X, Omar O, Vazirisani F, et al. Mesenchymal stem cell-
derived exosomes have altered microRNA profiles and induce
osteogenic differentiation depending on the stage of differentiation
[J]. PLoS One,2018,13(2) :e0193059.

Dole NS, Delany AM. MicroRNA variants as genetic determinants
of bone mass[J]. 2015,84:57-68.

Sheuy S, Kapoor N, Bondu JD,

Bone,
el al. Bone lurnover markers:
Emerging tool in the management of osteoporosis [ ) ]. Indian J
Fndocrinol Metab,2016,20(6) :846-852.

Lei SF, Papasian CJ, Deng HW. Polymorphisms in predicled
miRNA binding sites and osteoporosis [ 1. J Bone Miner Res,
2010,26(1):72-78.

Lim JJ, Shin DA, Jeon YJ, et al. Association of miR—146a, miR
-149, miR-196a2, and miR-499 polymorphisms with ossification
of Lhe poslerior longiludinal ligament ol the cervical spine[ J].
PL0S One,2016,11(7) :¢0159756.

Zhang C, Zhao .. Strain-level dissection of the contribution of the
gul microbiome lo human melabolic disease[J]. Genome Med,
2016,8(1) :41.

Indian Council of Medical Research Task Force,
Unit ICMR, Co-ordinating Unit DBT. ICMR-DBT guidelines for
evaluation of probiotics in food[ J]. Indian J Med Res, 2011,134
(1):22-25.

Collins FL, Rios-Arce ND, Schepper JD

Co-ordinating

, et al. The potential of
probiotics as a therapy for osteoporosis [ J ]. Microbiol Spectr,
2017, 5(4) :238-249.

Britton RA, Irwin R, Quach D, et al. Probiotic L. reuteri
treatment prevenis bone loss in a menopausal ovariectomized
mouse model[ J]. J Cell Physiol,2014,229(11) ;1822-1830.
Collins FL, Irwin R, Biethalter H, et al. Lactobacillus reuteri
6475 Increases Bone Density in Intact Females Only under an
Inflammatory Setting[ J]. PLoS One,2016,11(4) ;e0153180.
Campbell JM, Jr FG, Wolf BW. Selected indigestible
cecal and [ecal short-

1997,

oligosaccharides allect large bowel mass,
chain fatty acids, pH and microflora in rats [ J]. ) Nutrit,
127(1) :130-136.

Tomo[ujiT, EkuniD, AzumaT, Supplementationol broccoli or
Bifidobacterium longum-fermented broceoli suppresses
serumlipidperoxidation and osteoclast differentiation on alveolar
bone surface in rats fed a high-cholesterol diet[ J]. Nutr Res,

2012,32(4) ;301-307.



A T R A 2

2020 4E 4 H %5 26 %% 4 #]  Chin ] Osteoporos, April 2020, Vol 26, No.4 609

[23] Singh N, Shirdel EA, Waldron L, el al. The murine caecal
microRNA signature depends on the presence of the endogenous
microbiota[ J1. Tnt T Biol Seci,2011,8(2) ;171-186.

[24] Dalmasso G, Nguyen HT, Yan Y, el al. Microbiola modulale
host gene expression via microRNAs [ J]. PLoS One, 2011, 6
(4) ;19293

[25] Weinstein RS. Glucocorticoids, osteocytes, and skeletal fragility
the role of bone vascularity[ ]]. Bone,2009,46(3) :564-570.

[26] Asherolt AJ, Cruickshank SM, Croucher P. Colonic dendrilic
cells, intestinal inflammation, and 7T cell-mediated bone
destruction are modulated by recombinant osteoprotegerin [ J].
Immunily, 2003,19(6) :849-861.

[27] McKenna LB, Schug J, Vourckas A, ot al. MicroRNAs control
intestinal epithelial differentiation, architecture, and barrier
funetion[ J]. Gastroenterology,2010,139(5) : 1654-1664.

[28] Xue X, Feng T, Yao S, et al. Microbiota downregulates dendritic

cell expression of miR-10a, which largets IL-12/1L-23p40[J]. J

[29]

[31]

[32]

Immunol,2011,187(11) :5879-5886.

Xue X, Cao AT, Cao X, et al. Downregulation of microRNA-107

in intestinal CD11¢( +) myeloid cells in response to microbiota

and proinflammalory cylokines increases IL-23p19 expression[ J].

Eur J Immunol,2014,44(3) .673-682.

Hou Q, Huang Y, Lin Y, et al. Profiling the miRNA-mRNA-

IncRNA interaction network in MSC osteoblast differentiation

induced by (+)-cholesten-3-one[ J]. BMC Genomics, 2018,19

(1).783.

Koukos G, Polytarchou C, Kaplan JL, et al. MicroRNA-124

regulates STAT3 expression and is down-regulated in colon tissues

of pedialric palienls with ulceralive colilis[ J]. Gaslroenlerology,

2013,145(4) :842-852.

FTHE, RURE P, 55 B0 RNA 51 58 B8 A 52 9 22 5 1 T8 0

MIOCER )], rh 25 34 505 3 2 Je ik, 2018, 10:810-815.
(WkS B A . 2019-03-19; {6 5 H # . 2019-04-17)

( B35 549 51)
55 B-Cross TEH 1 OP Lotk OP W 8 1EAH G, 7
ALP 544 % D 4i4EE D 5PINP fAED S
PTH PINP & B-Cross £ 5 ¥ OP .2 1 OP iy &
TG o BCF 4 M AT DA 3 W8 R R 1 B TR
(BALP) , 4 BALP FF &5 s ALP o #8 5 FH &5 , B
1L ALP A AT L2 i B Bk T . 534 OP
B MiE ALP . PTH PINP K B-Cross 7 % Hi f&
fiX, B FHERI AT &, Lok OP B f, PINP
Je B-Cross 75 48 28 1§ 2o Mok WL B A, 76 /N IR 43 48 42
JG RS TR /AN e R R 2 e LT T E
PINP K B-Cross 43 3] 4 [ B b #HEFE A & 3% B T8 B
PR R BRSO . HETE T PINP 5 B-
Cross #HCPE B BRI B . Xk 45 45 o BF 58
WRMEA)E 2 BBERKEEFHEES 25(0H) D,
PINP RIEAHC, 5 B-Cross AFI 2 HUAHIG, AHBLAF
RO RAL T2 WBERBEEREEARS
PINP.25 (OH) D 2 iEM %, 5 B-Cross & 1 H
-, DL EBRSE AT R R PINP 5 B-Cross 2 &
Uik P o

g5 b, AT 5T 6 VG 22 Hh DX S 4 B R B T A
i R LT 5 A I B B A AR AT T S
BT, B B AARE 12 W K TS pR R W s iR T —
EMRYE . AR RRETE THAME % oP B H
g D TR AT EOUE G T O3 B B R TR A R AR
BN R M 45 5 i M 1k B g e b, Xt R ZE DL
I 5 K e RASCHE 73 B I 7 830 =Y

[2]

[3]

[12]

[ 2 = % @ ]

Rkt A 1= 0 R IRER TN s AN W =gl R A
BITHE R (2017) [J]. S4e-B BT 0 1B o 8 R 2 AR,
2017,10(5) ; 413-443.

Feng X, McDonald JM. Disorders of bone remodeling[ J]. Annu
Rev Pathol, 2011,6. 121-145,
Khosla S, Hofbauer LC.
developments and ongoing challenges [ J ]. Lancet Diabetes
Endocrinol, 2017,5(11) ; 898-907.

KOG, BEAF, HIEL, 5. R X ARF4EE R D ARAH
FLlJ]. vh A8 B B AL FE B 4R B R 2R ik, 2010,3(3):
157-163.

Ning Z, Song S, Miao L, et al. High prevalence of vitamin D

Osleoporosis  lrealmenl; recenl

deficiency in urban health checkup population[)]. Clin Nutr,

2016,35(4) ; 859-863.

FROL, G, TR B4 A A R D A R

MR E L)) B R R BT B R 2. 2017, 10

(4):375-377.

WAL, W, SRR, AF. B BT B L 25 - A

R DKFRRE]. DR RERRZRE, 2014, 20(11) .

1343-1346.

WWKAR, LA, KA M. L% BGP BALP , TRACP-5b 7E%

FEH PR ITRA T EOKCERE T T2 FEE,

2017,31(3) ; 237-239.

Miura M,

measuremenl in the lrealmenl of osleoporosis [ J ]. Yakugaku

Zasshi, 2019,139(1) ; 27-33.

Song T.. Calcium and bone metabolism indices [ ] ].

Chem, 2017,82; 1-46.

Xkay, ZEM, FGH, 5. G55 2 BN O B & T

RFBIRREM 25 AR D BB Y 5B 8 E A

HELT]. rh i iw R G 2R A, 2015,18(3) ¢ 270-273.

FIH. 5k 2 B ROR B E IE R E N 5 25-(01) D,

B-CTX R PINP BYMSEHERT 5[ D]. L ERLR2:, 2014
(IR HH . 2019-04-30;4& 0] H 4 . 2019-05-28)

Satoh Y. Significance of bone turnover marker

Adv Clin



