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ABSTRACT: Mineral elements are the sixth most important nutrients for maintaining normal physiological
functions in the human body, and participate in physiological metabolism, growth and development in the body. At
the same time, the imbalance of mineral element metabolism will also lead to a series of diseases. Many recent
studies have found that the absorption of mineral elements plays an important role in bone metabolism, especially the
absorption of calcium and phosphorus. This paper reviewed the progress of research on the in vivo that calcium and
phosphorus in food on bone metabolism from the perspective of signaling pathways, and discussed the mechanisms
by which other mineral elements may affect bone metabolism, so as to provide theoretical basis for themechanism of
mineral elements in food on food nutritional quality.
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2.1 BMP-Smads {558 %

‘BB K 4 (bone morphogenetic protein, BMP)2k
BETESEREME, J8 T8 164K K F-A(transforming
growth factor-8, TGF-R)B K —F ZReiE LN+, 7E
VA1 BCE 40 HE (osteoblast, OB)I¥) 41k 1d #2 i % 5 2 (/1
FAUOL, BMP {5538 5 43 Ry WL 1Y) Smad 28 PR 142 A
A i Y 22 24 )5 15 fb 3 (A % B8 (mitogen-activated protein
kinase, MAPK){5 S g,

16 BMP {55 3ol B v, 4 i 2% 17 1032 4432 1)
BMP, # — 25800 ML A5 540, il R I Y B R Ak 1
Smad1/5/8 5 Fiff Smad4 454 T8 R4 W1 HE A 2= 40 i
e, R RS RS, R e A g e %
WO JR WA i R AN R A S R e AR R B A
(extracellular  matrix

phosphorylated  glycoproteins,

MEPE) . 1 %! i Jit (collagen type, Col-I) . & 5 &
(osteocalcin, OCN) . B 1 %% fiR i (alkaline phosphatase,
ALP)SE B RE S M AR R W g ik, (i 0 B At Yy 1
B 55 43 A

ECABZMEF AR AEIIYIRER BMPs H,
BMP-2 W] {1 S (W] FE T4l i or fk, H% 4k BMP-2
AT 22 A0 bR R R 2T B miR-655-3p
3 e ) A R R S R R R 1 30 BMP-2/Smad
{553 s, P RS A R, R B R RE )L
TE4EA R Dy FJE Al T35 = 0 K B 4 45 A A Y
BMP-2, Smadl. Runx2 [JFKAEKF-THiE, £ BMP-2
B3 o 5 e I AE 53 A G S N, TS T iR AR
Runx2, ST 0 A5 45 A6 i A2 BMP-7 S fc i bk
B A EL A 2 b B B A0 B TR U AR R A i A
AL R A B, BMP-7 RiBACER TR, A S
HEBE B A B, B BT AN B, O R A A
WAL, W VC B KRR
22 WatE5BH

Wt 555 S8 FAUFE LI Wt {5580 BK AR
Wt {5538 B, Wt 38 58 1 322G 0% B2 IR 2 1 S2 AR
< 4E 1 (low-density lipoprotein receptor related protein 5/6,
LRP5/6) . 3% #LE F (disheveled, Dv1) . f-i% 14K [ (f-catenin),
ML NA GUS-HER PRI E 1 -D1 ., Runt AR R~ N
F 2(Runt-related transcription factor 2, Runx-2)., S8 4iA
RSP RE 55D 1 (osterix, Osx)&520,

L Wit {55 @B 2 A B-catenin 1EH K
Wnt/f-catenin {5 51 % . Wnt 5 15 40 i B A7 74 35 i
% 1 (frizzled, Frz) . LRP5/6 454, WM E S WAEH#HT
Bl 5 & U i -3 8(glycogen synthase kinase 38, GSK-35)
W B R fb, M ANl T B-catenin (9B 1k, I AT
Wnt/B-catenin 15 5 il JE W B0IEG o LG Y B-catenin HEA
BN, 58N T MK F(T cell factor, TCF)HIk A
3455 [A 7 (lymphoid enhan cerfactor, LEF)A & AE M, 1
TR A0 I R s P 2 g Wnt 3 B A5
TAT 40 IS M P 38 % (Wnt/planar cell polarity pathway,
Wnt/PCP). Wnt/Ca® i 5l i . Rho K% GTPase il
LK c-Jun & FE K 5t ¥ B (c-Jun N-terminal kinase, JNK)
e e

Wnt/B-catenin {5 5 38 [ 32 523 b A5 F 5 2% BE R AH
KBRS LA G 35 1 BIRREAS 2 2 AR 2R G B Rk
TWEHEBME A | B, BT R g e,
Dickkopf #1581 1(dickkopf related protein 1, Dkkl)J&
Wnt/f-catenin EE WA A PR R 2 —, FEhEd
5 LRP5/6 454 A4 Wnt/p-catenin 5 5 12 58 AU,
XPVAST B BB A RAT 1) K - Dkk 1 AIRRIE KA F TR
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i LRP5/6 5 Wnt 454, & Wnt/B-catenin 5538
B, SEHEE TR R Fee Wit 1 15 59 P b-catenin
A5 BMP-2 PR EIVE A, (i i 40 B 0 3 Ak R i 1B
ﬁi[%]o

2.3 OPG/RANK/RANKL {5 5@

‘BRI H (osteoprotegerin, OPG) |, % [HF kB Z K3k
AL F (receptor activator of nuclearfactor-xB, RANK) . %
F xB Z ARG AL [ F BC A4 (receptor activator of nuclear
factor-«B ligand, RANKL){F 538 78 I 5545 1k K1 SR g A
PR EZAEH . OPG 1E R M IR B N 732 (A8 ik i) AE
BRI EL I, FENRCIE . /N B RS T A e AR
K27 RANK J2: i A IR 5 5 g 1Y [ Y — SR AR 5 B
EM, HB3 5 TS 900 RANKL 2555 5 fbad #2280,
RANKL J2& i SR8 R F R IR R R = R IR R H, HE
AR B A0 M B R O 10 T B A0 oAb R S S T A
AR,

OPG 5 RANK 1> RANKL 3%k, 5 RANKL 454
i ZHEEANFERVER, OPG 5 RANKL 454 5 EZ &
W, HEhnE; RANK 5 RANKL 454 5 2 dE B g,
[H I SEAf % OPG/RANKL — & [0 H(E, DL iEF
#7 ;OPG 5 OPG/RANKL (14 7K V-8 52 1 25 15 B 240 B 1) 5 12k
fIRKF-#) OPG B /K ¥ RANKL/OPG 25 fifi il - 4 i
T VERGE, AR UERE AN Al R B0

OPG/RANK/RANKL {553 B 7E HAAF 5 K+ | 4574
PR ML FIE AR PR R 4, OC K18 1) RANK 5 OB
R RANKL 454 )5, B R E R - 52 1A AH SC Rl (TNF
receptor associated factor, TRAF)&%% 4 & RANK il 3¢ 45
P REE N 1, 7E TRAF6 FITEH T -5 RANKE S, i
LAEiE OC ML,

FE 1,6- MR ARE — FIoK 40 7 5 AR TR AR S5
AT L ERAL AW, Ma %5 P45 s 5 SR 1,6- B R R XS
ERRFERNOEPER LB, B 1,6- 8 A
% F¥ OPG K F % RANKL HY9Fik/AKF, it §
OPG/RANK/RANKL {55538 H A il B 4m i i i vk, A ik
HIEM . AR, #hREEn i RANKL/OPG 1 fE
AN, XFEAEE T RN E AU OPG mRNA %Kik
PR A R

J T R A R S A, AR BRI AT
BEE, EESR D A R AN NS A 2 A
W12 5, mE 20 B 07 5T IR R e, R A B B R AR
o TR ARG 3 B A DR A T W B A Y YAl
[, Bz 2R E R, oo R E .
{55 . Fsy s 2 orm, Lo 558w /e R
R AT AR

3 ETESEBNERPTITERESER
15 B9 R M)

3.1 45

BENEN G ERZMTWITER, R 5AE
10 FE L R A3, (RIS A A 240 I B 1 5 AR 1,
S5 RN LRSS . ARSI | R I 245 A A B S0
TR 55— M LA B A B AL, LA B A 9o
NS PP B A RS i BB, it
BN A s B 38 1 7 B R, 2l i b R 2 i ik
AP

Wang 29052 26, 960l 3 o 403 Wnt {5 538 %,
% Wnt3a, LRP5, Dvl, p-catenin 2% Wnt il %85 H it
FeAB KOV, B R A0 3G 5 A b SR SR Rk
P o A [ 500 2 P B T LR Y Wne A5 538 B P
SRS SN A A AR B B . HoB 2 mmol/L Ca®*
AT AT 5 R TR 5 100 o 0 86 20 B, O T S 2 4 o
F %S 09 E 20 f-catenin & IR B K, HiE—#
58 Ca”AIT I AEHR ML T 3 %Mk He . Feng 25100 1
R, MEKEHA/N S EFREH/ DML, &
R B A BT A RO RN B R B L R AR
JEARL, Runx2, ALP. Col-I. OCN &5 f B 2 Jitd #H ¢ 2k K
KEARBKEREFET G, HE SR ad/h’m
RANKL/OPG F LB FIEH 41, il 78 WK, w45
A RIA (B Bk PE E I8 b-catenin, WntSa., &S EAK
BT 1% E 1M RBAKCE, @ #80E Wat Fl MAPK 55
T [ R I A R A L B 5 5 A A
32

WL RAENERNHEA R T8, RERS5F %
SRS, sah, BEE S5 A A R AL S A R,
BRI IE S AN N 15 5 SRR AdsE itk
TREABARE AN AT 1 O AR K fig R LB ER . B
S0 BB HRL, ERTR R, B wE i R
NGBS R 2~3 %, H BB 1SS A re ) 2
K48, (ALY HUfE I 2N T,

WA E 2ol Rk R MR R T ik, F3%
FROPR 55 B R PR A 2 A M 2B K 7 23(fibroblast growth
factor-23, FGF-23)iX 2 FlfR Thim, M2 B 10 . Yao
SV I ST R B, e A T S o o S v LA
(vascular smooth muscle cells, VSMC)H 455 T 1K, H.
FIfEAb RS OPN . Runx2, ALP 335 51600 27 .
1E B-catenin FE[H B BR S5, VSMC FIES B 7K EF0 R E bRk
YR F R KRR . IeAb, W5 BoRTE S BEA S RE 32
Bk E5 b, p-catenin F 25 B EAEFH, X 2% S BEE
B-catenin 7E 4 N AMILZE 1L A 454k . Carrillo-Lopez ZE 5t
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R, HIEEREGARIEE KB, SR EdiRaE
K BRI I3 e o R R B T v o A WD T R, AL
B AT T, 24 rsKlotho 7E7ERT, /KPR FGF23 £
Wit MAPK {55 8 B3840 Wt 35 Dkk1 193835, AT
M B 2 B 2 5 5 A
33

RN KRBT, AH 60%iEF T8,
LW R T A [ i e 2 i B B TR A
P B B T i LA B3 2ok 5 e 55 A 285 0% 9 0 500 ke R 4 4
5B F KT MR Y B RT B2 5 RS UAE . ph48
LA I BE 24 . R S 4 RIEEEA & S5
e E D=,

AW LB, B8 FAEARR Jr 1) L5 m 5 B AR
W, ERdiE R D R EAAENER 1, 25- TR EA R
D M RSN S S; HIR, BEE T RS IR
M 1,25- 540 2 D ARSI ) 5 i B 0 i
JEg YNGR (AR A = o N 1B = QW TR NSO o B
(AR EE Rt X B AR P AR R, PR T 2 A
e FEE U R A A R A R B R TRk R B T A
fg Mt WL B 4 B8 / 28 O ¥ % B(phosphatidylinositol
3-kinase/protein kinase B, PI3K/AKT){5 51 i H A e ik /K
SR BRI AN ], 6 mmol/L A1 10 mmol/L HYEE 2 T 1] |
P p-AKT B3k, 1M 18 mmol/L Mg HiZR kK TR, i
WBE S 4 ATl 1 FH T PISK/AKT {55 53 46 M 1 52 B
A Y
34 %

BEANAGEREFNIMETTE, TEEUKE
F I RAFAERY BB e NS, BT
JUE . LE | B AR B HA R M AR IR
HSR A S BRE S A B REDY . Bk RS 5 R kb T
i, {Hek& R E W as i gkd R, HRE RN . LI
I RN SEEOE I KA . B AT R A R R kA
Z (hepeidin) ¥k AT MIAT T,

F BRI T] I WP Wnt/f-catenin 155 FEIE A5 18] 78
Jo T 240 1) B AR A IR R L s O B K Y
BEAk, B F) T AERe R N R ACBK S, 1508 B BT g b 1)
KA. Lu SFPTRFSE R, kI8 R A8 TR BMP2/Smad
{7538 [ F MAPK/p38 {553 (i 28 9] 7 ) 1~ 20 A i) ol
grte, R TR R ] gl o 4R TR R IR T BB
P o o SR AECSIYE B AR 4R IR F 1 41 A K -6(interleukin
6,IL-6)%1 HepG2 4l ifa ik i 3 £ ik (1 5 i vh & BX, HepG2 4
MR R A KERE TL-6 BEMFE S LA, H
pSTAT3 IyFRIA WA W BT, XRUMERH 4N
36 3l A Janus BG5S 7 5 5 7 5 80E T (the janus

kinase/signal transducer and activator of tran-ions, JAK/STAT)

I PR R R R IA
3.5 1

T2 AR LT 8 FhiiR LR 22— AT bR A
AL AR A I DT PR FOR IR R . K
W1t =2 A T 38 3 23 5 R B AN T Lo A ) il
NS, BT A M £ 40 MR R, 7 i 2T A P s
JFAAL Y JE A S, 5 MK D5 S B s 2
Bk g,

H iS5G Tl 5 8 BB AL O AR R A ST R B, R X R
AW AR S S (S e e R UR TR - SR NE /R 2N L QI
A5 0 (14,06 3 o A 7] A N A B ERKC 5 53 R
S b A A S S 0 R MR LR AP, DT A R T B
R RN UIE - (AR BU G Y P SRR A= E Y
(extracellular regulated protein kinases, ERK)f5 5 i i M
775 5 L A8 98 JULZR R RS o3 A, 00l Rl 4 M A O i
R K A TR, A S 58 o 285 AT R A Ak LS
MY LARMLAY Col-I. Runx2mRNA ik KCF T [,
IX 3% B AT PR A AT A BHL T T S Ak S-S 0 R A
{14 43 A S T ARSI A R 4 S RT3 S b A Ak A Y
MAPK {5 538 i, 400l 2ok S804k %075 5 10 200 3 1) Al 240 i
(54t A 3B I A AL 104
3.6 i

e NRFT LT TR 22— AMAE L IREEA
;=i o d A= I =177 1 AN 770 28 G s
AYERF AN IE R R BIRE, 2 54ERE MALEE . HLIAK B
SRR,

o 2 T A G ) 2 B B R, T A L
A T L R S 1 SR B A SR, AT A B f
RREC, GHFFREW, 4258 TG E B I
R R T AR A B ANIE B . A UFRRE, 2
COMMD1(copper metabolism domain containing 1,CO MM
DDA BEF, 1fii COMMDI A 3 3 41 i NF-xB {538 %
TR KRR G

B R 2R RS R, BN |
HW B . Rastfe s, MR R b 251 & a1t
R I EER R~ BRI e T LA
W, 296 99%MIEEHI 87.6% B 717 T8 At p, 45
BEACIH 2 0 E A P A BREGBESE R SOu RS, .
B WA CR W S E RO G. BMR CRTE R
LR, HAEIUAE KRR F i ook, iy
B R AR

4 FRERE
AR, BRI AT IO S, [ R B i
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