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Abstract

Chronic kidney disease (CKD) is a progressive long-term condition that evolves from various renal
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disorders. Renal osteopathy, a significant complication in advanced CKD and hemodialysis patients,
is typically caused by the decline in glomerular filtration rate, leading to calcium-phosphorus me-
tabolism disorders and secondary hyperparathyroidism. This, in turn, triggers abnormalities in
bone formation and resorption, characterized by skeletal deformities, osteoporosis, bone pain, soft
tissue and vascular calcification, and skin itching. The article discusses the molecular pathways as-
sociated with renal osteopathy and the mechanisms of action of widely used monomers and com-
pound formulations of traditional Chinese medicine in treating this condition. The aim is to provide
insights for the clinical application and development of new drugs for the prevention and treatment
of renal osteopathy using traditional Chinese medicine.
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1. 5|15

8115 IE9S (CK D)2 — Rl i 2 A S IEBR, WIBIR SR & AE . BEPRI B SIS PR 28 KU R J i ok
MM . 4 2018 £ 2019 fEMIME T O A 4E o, REZH 8200 TR EA CKD, KIEHELN
8.2% [1]. £ CKD MR IAMN B, JUHZ MBGENT B, &7 (CKD-MBD)J& —Fii WL IF K E[2] -
TP RE S B NERIEE ThEE PRSI S,  S RSB S AL 4k R R SS RTh R U, b5 R B
TE RS R 5 o e R BRI AL FE B R T B TERAS « E R AL SUR I A 5 4k L 2 B R 43 ]
FRAEH A S8 B0 s, B YRR AT N s TR . RSB YR . IR AR L p- R A
ARSI E KT [4]. 7EH/NERIERE R (GFRYIKT 60 ml/min [EFH T, KL 75%ZE 100%1) N 2 HIL
R *P‘E@Klﬂﬁ}#%fﬁ' AT EI TR KDL, CKD EF 3T AR 2 TC CKD AR 4.4 2 14.0 %
[5], IXE M T EE AR A

2. BMEBREXE S FRENS

% %) CKD-MBD 4 LG SRR, B AT, B E @ — R 5050 715 50k
28R B IS T e (R~ [6] . IX el Bg ., BE - FUR S IR BER (PTH)E S E A 0B,
1 Wnt/B-catenin i i A5 25 & A4E & I (BMP)@ B U AE 8 B BE-PTH @ B 1 N, RS 5IR3T 5 ME
BCSWL[6], Ak, FGF23-Klotho Fli 174718 B4 £ b i 1% 0 388 B -5 H Ath 188 2% 8] PR AH BLAE F vh k4555 B 22
ER[7].

2.1. 'BBE-PTH B3

FEEEE R TS S M, HURSE ISR (PTH)E S B IE-PTH s K 4EAZ OME T, X il
CKD-MBD H#E S EE, /£IEHAFIRE T, PTH 5 PTH xﬁS(PTHR)Zﬁé\ TS S 5 W R YR
FHAN LAY 2 (8] ()P4 . PTHR & —Fh 3 Ui =21k G EHA(Gapy), HAF T T 2l Gs/cAMP/E H G
A (PKA)HI Gg/PLC/Ca*"/E F I C (PKC)M 25142 (8]. EH TR ﬁlﬁﬁﬁﬁéﬁﬂﬁﬁ? HT B DR, &
PN PRV A QBT 2 HE B 3L, BN A /K B i B, PR (BRI ME4E4E 3 D (1,25 (OH),D3)
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k= . BB B DIREAYE— 204, HUIRSE b i 4EAE 3K D 32 A4 (VDR) RS B8R 32 44 (CaSR) () Bl & /b
FEENTAEAZ D SRR FRR[9]. XL ] e S BRI B A 4, PTH 1) 7 i 5 1
T, RS AR A Rt E AN, DAY 0T P A B AT o SRR T AR S USRS A
R, RS SECR R, R, BRERRE, DU SORAE SRR A

AT, BEXNEE - FORSS BREBGR (PTH)E B (Y I ARG ST 508 1 EAHR U LA (1) @i MR
fr, PREESABERIREAN; (2) RO REY, WBELs &) 4e423 D LHATEY) . PR AR a7 5,
PRSI LI (3) W T 25 I AN ORI = B 3, AT RE S5 PR EAT ORGSR G DI B TR
(4) S NIBITEOR, BIUnS I R OGRS SN R T R R A R R A A, R TAT
TRYT LRI 1076 SRTA, ST 5 HE-PTH 38 B (14 5. I6 T SR Xk U A2 R e B A s 7 R 55 RO 76 5K
PRIk, R FE 5 P E-PTH S ESAH KK 70 715 5% S ig4e, Q2 ONER S5 3R IO s 3 fE
RS TUR] BER AR HT IR TRE AL, MR IRBUE 2 ol MR T T R

2.2. Wnt/f-catenin B

Whnt/B-catenin 15 SIEB LG R BMHEEREKPRECEBIEM . £EIEZHE, X BTk
PeE S, SR — RANAR LU . & Wnt/B-catenin {55 BEWS (L 3E SUbE B 10 4% 5 A& =L 72
A FEA . SR, RIX—(E S IEBRpRF S BE, MR S80S SRt e, S E a4, 2
YRR BRT . FEVE BRI R, DARASYE B TR (CKDYA M 2 R IE RRE. Rk, #5] Wnt/B-catenin {55
SR, 6 TR A B R R A R MIE KR X [11]. 7E Wnt {55 KkES, —4> i Dishevelled £
H(DVL). ¥R G B 38 (GSK3B). MiiR P B PR LRI (APC) . B& 2R 1 1 (CK1) A S axin #4 B
BAEERATRE p-catenin BEFRIL . PBERRILE) -catenin 47z FAk, b8 & AIBHA LI FFR. M
R, 4 Wnt 55 IR, Wnt & FE5 i Frizzled £ A(FZD) &G 8 52 R HH G H 1 (LRPS/6)7E 4l R TH
TERU 2R SR g S, X —1d #2486 DVL LLJ% axin-GSK3A-APC-CK1 8 &4 1] FZD-LRP5/6 321k &4k
RE . X—DIRIHET [ p-catenin FIBEIRAILFE, 815 B-catenin FEAHMITT NFASE, gk N4EMIAZ N, 3
TG T T 4P 7~ (TCF) R B 1G58 A T (LEF) U JE K KA . X — i P ik 1 40 s s ok 1k, JIf
BT EARA ORISR 5, et B 6] [11].

Wt {5 Sl B AN E A%, Wi A2 FAREE . Hd, DKK EEKE. il
iih H OG 2 I (sFRPs) Wt I 1 1 (WIF-1) DA A6 5 1 (SOST) S #8 & F FBUNIRA IR IE 7o B &
eI SRR R 70 iih R 1 Dkk 5%, £3% Dkk1. Dkk2 #1 Dkk4, ‘E413@id 5 LRP5/6 (1454, LK Fzd-LRP5/6
SEWIRHR:, BEMminH Wat /5 5 194&5% . R4 DKk3 A5 LRP5 5 LRP6 454, (HE WAL Wnt 15
S AEREM[12]. sFRPs Al WIF-1 /E2y Wt {5 5@ % (1 70 il R0 HI 7, Aeie B35 Wt 73 7455,
PHMT I 522 R 45 &, M Wnt (5 50145 $[13]. SOST, {EAN Sost/SOST K fF k=1, & —FhE
YRR WA HIRE R, Eilid 5 LRPS 1 LRP6 454, TH8 Wnt ZEE WML, #H] Wat 55 1%
H[14]. XL FIES A FE NGRS Wit (5 588, MWERRKIRE.

W R I, HUR 5% 2 (PTH)BENS 1555 Wnt/B-catenin {5 5388, F S RE40MEIE, FRZES
AT PTH S AR G R . PTH RERS (Rt AL (A 2 Z AL B AR 40 ARAZ N BOAR 22, AT 41
B 2 PN R AL B R IA[15]. eAh, PTH X Wat /5 5@ #1247, 45 LRP5. LRP6. FZD-
1 F1 p-catenin FIFIEHA HIEMER16]. S5 FEE, Wnt/f-catenin 15 538 B 1 $ ] HOR 55 BRICR A SR
F(PTHrP) 15 S35 kAt PTH 15 5 k47 S A AT 12].

MM H 2, PTH #1055 DKK. LRP5. LRP6. FZD-1. SOST 7£ WL M5 541, X Wnt 15
SR AT, R (CKD-MBD) A B R .
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2.3. BMP &g

BMP & —HEHG LM MIRAE N, BTREKRET B(TGRABZKIE. CA @il 5 ML 4
AR - FPEIREEE RS 2 AR 1A 1L AN SS G, TERORIRPY R, I EGE SMAD HBiMEAS 5 il
PREL p38 L2 ZLJF TG AL B MBS (p3SMAPK)IE B o 3X — ik FE AR 3 T B 200 B AT 4 R Bl 8 R 4 1) 2K 4y
b, HESHE R 17]. 765 B HE R e, BMP-7 B3N EE, TrE NEIRAGFAE/N B
B RE A RIL, JEAEEALS R ERBCEIEN, A THEHEAE[17]. 1o, BMP-7 & a8
PER) TGF-p 5 FIIA4EAL, 52 FhE RSO0 B S PIAL h f BT 2F 4E A AN B IR ORGP R 18] fEMR M E
JIEJ3 (CKD) & 3 I8 25 11 32 A B 2 /N BB AL b, BMP7 BERSIRAR M4 1k, 3% CKD AH 5% 1 s il I
F I BB T ISP UL R S B 454K 19]. BMP-2 4 —Fh#E CKD A HAG (R HEE5 AL 1 T 1)
BMP, 7EF 3K ARk, FEAEg0Muss 7= % s uh & 40 35 727 T B A5 4 45715201, TR i3k
MEFN. FFFEH, BMP2 [IKRIAK 5 i & F AL bR EYAH GG, HAE CKD B, M3k
BMP-2 7KV 55 /NERiETS 2 (GFR) R 7AHIE[20] [21]. 7E CKD &35, PTH AU, BEAHAL4MNE
F# BMP KPR, T2 dtd540 BMP /K EFF, 330 BMP & 5@ BRI R4, X AT Re 0 S 1w

2.4. FGF23-Klotho %

FGF23 &P b B R 4R e i i B 1, R e i e AR, (A1t AT P 2 40 i 5 At 4
JOZEAY =R [22]. BAEAR A ) B AR B A B A FOIR S5 R [23]. AEE R, FGF23 Jiid B o B /N
X 11 OB S 1 i 82 #4342 2K 9 NaPi 2a FIl NaPi 2c¢ ({3635 RN BERR 25 10 ST, R IE 3 FR i 1
[24]; fEZ 3 B /NE , FGF23 81 A Klotho 1977 FUB0E R # 20 BR WG -4 (WNK4)IE b |- J 451878 TRPVS
FEN SR [ 3L Ia R NCC IFIE, AT G InES FIAA ) BRI [24]. th4h, FGF23 iLREHNH] 1o-FR 4B TS
P, 9> 1,25(0H).D IR, (A4 6 i e s e,  FEFRAK PTH B0 A& pl. PTH B8 B 42 H|
TR 40 P A A A FGF23, BB T 1,25 (OH).D /K FIaEAE#E FGF23 FE A 555 [25]. 30
WA RG0EIT -5 IR E AE(S 500 K B RE R 5 B FGF23 [7=2E[26].

Klotho K &7 T A\ 13 ‘54 thfd, 5 BE1E W Ik aze vy AT o N P 3R IE, HAE K 2% MURT FEDIR 5% i
L ZIRERIE[24] Klotho [FRIA AT HE VDR S i I 5 5 R R 27 o 4R 3R D RSG5 il
[25]7£ FGF23 /- 3/ /NE A2 1, Klotho K HEICEEAE F[24]. Klotho 1 BE3E N~ M4 (K) i@ i (ROMK)
A H ek, (kR R £h PRI AN AR ()R [25]; fEtam/NiE Y, Klotho I8 I J0E 75 B 3k S K Bk I 32
1A HLA7JEIE (TRPVS), ATESFEAI BRI, O/ BT S0 52 Ak 3495 24] [25]. #01 Klotho JE [KIZRIA
HZEFEME EIKE 1T (Angll). FGF23. KJE. AN, JREFAERER . R F LB, Xt
[A ZIH % 5 Wnt/B-catenin @ £ Al TGF-p 1 L84 2K[7].

AW S4B 7R T FGF23-Klotho 4fifE CKD-MBD H 1) 354 F . 7F Klotho 181, FGF23 55 FGFRs
GRS IS NS S, SEUNBE. iPTH JHRAT 1,25 (OH),D3 /K F RF%, SIREHACHZEL. 46k 1k
HORSSHRThRE U . A 40 %, X p L [H {2 A T CKD-MBD {1 & JE .

br 7 LidfESiE, ©F G5 5EKS 5 CKD-MBD M, MAERIER . Mm%,
OPG/RANKL/RANK 15 5l B [6]55, (HIXLLi P% i) B ARLE LI AR 2 2 B, 75 20— P B SRR

3. BN ERIPESRTHR
CKD-MBD & CKD # WIF RAE L — HATHRE O B R Ak o AR AR ELIRAS S, D) A AL 2
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B IEREARIL, [R5 B AT ) D RE SR AT 5% AR SEI 1 BRIV KIR . I, H AT, ¥F
LW T A B BT REIE . S BHREUE . AR A BEAE . s AR PRI R, R EBCHD 2 5 3R
IFEIRTT HNR[27]. UTHER, ZIRIFLOLUESE, 2R 2 AR 7 e e CKD-MBD [l AE
ARFARSCE VIR S . X e rp 2l id H 2 U5t R I BLA, R BLH X CKD-MBD {697 17 77 .

3.1. hZHRK
3.1.1. HEZ

AT N R — PR A, SRR R RIS MRS . B RE S E IS BMP2/Smad
Wnt/B-catenin 15510 #%, LA AR BCE 4040 I GRS K7 RUNX2 [RI3RIA, AT 384 568 s 1 440 L 11
sk ie 7[28].

B EE R — P ELRR AR B U PR I TR A, i H ) NF-xB 5 5@ S, A 808 i
G2 FE(LPS)RIGY L UIBR A 5| R A E RIS, FFAE MC3T3-E1 94Ul i (I JORE I N . BhAh, B R AE
BT A IO VX)) RIS S8 YR & 2 BMCO). HRF S EU(BVF), KA A ZAL)-1.
IL-6 FIAJ ¥ PE RANKL fI7K-F AHUE BLsFA[29]

RERER R —MEST S Lt SR 2 RIS =S5k &, RERE I I WS 22 R R
W A%[5F-kappaB MIBUE SR -1 555 S0, (Lt AMRRr e AL R 20K . 7/ BRI T e Y
H, AR RRR o AR N S TE A, LR AR SR AL B %) G 2R A% X 0 %2 214 iy LU A3 () BMIP-2 BHE S B £,
W RE SRR AT (e 2k B 4 23 A6 P10 58T 1 B BRI /0(30]

TR A2 SR ICT MO B 1) — B IR Ik 240 57, B 70 R I AT DLBOS (B 5 7% 5 5 BUS K 1(STAT3)
(FIA, 358 E BE IR 70 5T 40 (BMSC) 1 R fE 1 S HA T IV A2 1, M A HE B AR A8 . Ao Pt i
T 0] Wnt/B-catenin 15 538 2% H 1) DKK 1 AT 40 22 (103K 05 , 3950 5B i Ve R E 3k BMSCs [ BCE 8T -
AN, FEEEIRREIE R KDM7A [3RiA, H58 MC3T3-E1 BUE 40U+ Wnt/f-catenin 15 538 % 175 14,
PRI R AE ) 534k o 38 PI3K/AKt/mTOR %, FFRENE 9 IGF-1 153, Jf42m MC3T3-E1 4l p-
IGF-1R. p-PI3K il p-mTOR [ERE KT, M2 B 2B i 7 A #2[31] .

3.1.2. EERA

W 2 — P I AEE T BRI IE R A Y, BETILZ ., WEFMASAHEY . Bk
e FETH N B Bl R T2 T4 Runt A 5SS IR F 2 (RUNX2)A OCN & A IR IE /Ko Hit i 2 3 2l it
0% Wnt/f-catenine. BMP/SMAD/RUNX2. OPG/RANKL/RANK. ERK/INK {550, 185551510 N i
REJD, AMIANMa T, DARC TR SR I TE P, AT A2 v 200 B ) o A R T s o ) ik 4
1 A RS PE[32].

TN EE PRSI IE RS T, DHFURIIZE 0.1 pMIKIET, "B RENS 2 2 ik K BB i 2 o
SHM G TE . ESUURRA R BE N () 3R . R R R A R B = TAZ. Runx2. B-catenin.,
Osteopotin 1 DIx5 [FIA/K -, HAEJG AN SR B 85 R MFRIA . X SefE gk s 14 A T DU I ME R 2 44
o FNHIF ICI 182780 Bk Wnt/B-catenin B EK A7 DKK1 JBHET, 65 7 FEF A ftiEd ERo/Wnt/g-
catenin {5 510 % Ok 8 1 S o 200 A 1) BB AR (331

FERCH & — P RIR P R B, AR S X A 2 e 3 2 I -3- - B T B, AR AL
HR A SR HI) 32 BEA NGV Ly o PR RE A% S5 35 (R BB 1) 70 0T T4 PR PR S8 B AN v R A 1, 4R
BCE R Rl (W1 Runx2. osteopontine DLXS5. ‘H4#5% . 1 R JEF BMP2)LL K Wnt {5 5 % il 7 (B-catenin
MEEREEFE T 1. HRETF 7. cjun. FHRIWET c-Myc M4 EIIE A D)MFRIL. AL
HARHEE FH AT 4% BMP 38 %4015 751 Noggin 1 Wnt/S-catenin 8 B 4014771 DKK1 FrFHBET. 4810, DKKI A

DOI: 10.12677/acm.2024.14102645 231 Il PR 2 2 3t


https://doi.org/10.12677/acm.2024.14102645

EFHE, IR

SEMR PRALTR 5 1K) BMP2 3k, X R W R AT W] figiflid BMP2-Wnt/B-catenin {5 53 % R i 1k #1778
T2 T SR R 4K [34]

3.1.3. YIS R H Atk

ANBETR NI . HEBE . ANBEEZ RO o B0 — M S AR 0. O R I e 0% 1 1 o
Runx2 [ IXB0ME Wnt/-catenin {5 58 R%, 0 25 (2 3F15- 8 ) 76 57 20 B 1m) Joa i 4 PR PR 2346 [35]

B PR F 22 2 PR 7 R0 155 b 23 B SR I — Rl R AR & R ATAEY), AR E I s Wnt/B-catenin £l
BMP-2/Smad1/5/8 {55l B KA i 4 1) 404k, FF4MH] RANKL 51 & Pl 40 (0 T8 soRE P [36]

32. vHEES

3.2.1. INER7SER S

TR 7SR S 7 AR LT RS 36 mE b, 3nT R3E. M. HEERL. TR EBeRE, AANE
FIK EHERE . SRR 2 DR, ZRAEEE[37] [38]5%F NiE I CKD-MBD A5 81 K BR A 7 A BN 7S i
FH AV AT B CKD-MBD #5784 K B8 1L PR 2 Z(BUN) AL WUETF(Ser) /K, S 5 [a) et 4idk; T Honl
LR B A4S AN 1,25 (OH),D; &8, BRI, iPTH. FGF-23. #%K T «B ARG TR A (RANKL)
a2, MNMBGEES AR ZEL . HAK PN SZIGAE SR /SR 377 % CKD-MBD KRR & PR3
H5EWEEEAEY . St R, ek SR RE 05 AR BE R 1 FGF23 /KF, $25 Klotho 7K,
FE EURE IEFIE RS HZIF ) Wntd R B-catenin H5 FFRIL . IXRLLRINIETR, MR /SIRHLTEZ) 0] Be s 1T
Wnt/B-catenin {5 5 18 # 1 Klotho-FGF23 Hifi, 145 i 40 M AN AR B 40 ML 73k, 9E2% CKD-MBD (13

3.2.2. BHER

AR A GRIFRHVE R AANEEM, BBz Th, madhin. mAR, T KR
. FRMR39158 NAEEH AT CKD-MBD A5 KR KIBIE T AL, o 7718 1 M B R E 8 Y 25 508 KB
RS BRI, SRTHE 2 LA A 70 #, IF BN & 414{h BMP-7 (8 8 R IAKF o X B 45 /AR W,
SR AT REE I T AN BMP-T [RIE, SCE R VRS Y 5 R EL, SR B R R

323. #HERES

ANEEE T AR AL ANE . EESERE . OREE. R AR K. TR EER 4015 NG
PRAFFFEFR AL B, o T332 i Fr PR L GE M 10 B PR 3, FE % LA T I R 4 DU B el 7, g
A AR B PR AR, PR, 2R IS o Klotho 2 A HI/K . XL R IR IAFNEfEE )7
A eI IS Y Klotho-FGF23 Hill, SZMa i 40 PR AN & 40 M i) DhRe, o B I E IR A R IR, AT 4E
2% CKD-MBD #t & .

3.24. EE—S

EE—SHERK20g, LRE25g, M 15g, Btk 15¢, HE12g, BAK6g FIZ=15g, 4
KK 9g, 22 3 g Hill. MUK[41EIERT 77 242 AR M BOE T HAEA CKD-MBD 5 IR RIT 24
BT WSS, RIUE'S —5 J7 e /E s CKD-MBD &35 1R85 AR 2R A5 OS2 M I AR IR (9 (RT3 B PRI
FGF23 7KF, #25 Klotho H FAK -, FHHGINMLE K. XK, W5 —5 77 1E RS e
5875 FGF23/Klotho £ %, MIfi%t CKD-MBD 3 (13677 72 A B A -

3.2.5. REFAL
REPR A B K . WAYE. ANHE . 2. RE L B HEAR, SIResS
[42)i 1 %5 70 BHEEHT CKD-MBD B Hz i HIE £ 10 1 PR W 22 o B4 o ok A8 21 1F Fe B A A it 25 6L
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P SE I ACE PR 1 RIS, 38 i 45 2 IR LY PR ) FGF23 FIT FGFRs 7K, 35 3542 & L35 Klotho 8 7K.
I3k 1 o T 2 B 28 R T 6 32 B T FGF23-Klotho 4ok 245 A0 1T 2550, I3 4k & M FR R 52 i
DhRe L, MIMAERTE CKD-MBD J5 [ R34 ZAER

3.2.6. Z)AA

FVARME GREET) BHA—, mh. 25, Kl L2E8E JIR. LT BB, ekl
B EHKZ X B 2tz y. B X CKD-MBD K BUBERSBF 7843 ] R B A AL TT 56 25 P (I ot
J#WE. PTH. iPTH. WLEf. Cbfal 1. PTH mRNA Al NaPilla £ [1/KF, SEFHEMIEE. FGF23 &
H. BE CYP27B1 mRNA /K-, A Al CKD 755 1 'H 1 -

4, INGS

B PR 2 M CKD BB LA R ACRE, ™ SRS R AR e i . ARLRR AR T H AT e oy
BA R R 20 LA 5 B, RV T ARG T R R T N PO K R 2 AR AN R A U B
L S ik S8 B RE DM S A AU 2R L0 T B SRS i e 3, X BB L8R PR T AR 1. AR,
2y RS R AR IR R 72 B . H AT RORT JT £ B P e AR M SEIG R i, T o5 T rh 2 an e 4%
H T E RSB A ARG ST P, ARSI TR . BRI, SRR T o 24 4 e i R 2 A
FRAR T BT T B B WML R R, DA 3 A 5 3 B 8] R R ELAE T % T T KBl it CKD-MBD
M 29 BAT R L, R AR MGV AR A5 I 7E 2 B RHA AR

SE K

[1] Wang, L., Xu, X., Zhang, M., Hu, C., Zhang, X., Li, C., et al. (2023) Prevalence of Chronic Kidney Disease in China.
JAMA Internal Medicine, 183, 298-310. https://doi.org/10.1001/jamainternmed.2022.6817

[2] Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Update Work Group (2017) KDIGO 2017 Clinical
Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney Disease-Mineral
and Bone Disorder (CKD-MBD). Kidney International Supplements, 7, 1-59. https://doi.org/10.1016/j.kisu.2017.04.001

[3] FEMgpdE, wkibens, ZR4RME. BYEE R RIRALEIRTE A 0 R (D). P EE B ERA 22 &, 2020, 26(10): 1550-1554.

[4] 7%, FRH, BEIHEE, & BB ARAH EwE S 50 S E R R AR R R S R[] P E R RS, 2024,
27(15): 1904-1910.

(5] fiFlte, RYlz=, TR, % FURSHIREIEIE Wnt/f-catenin {55 0 HH 5 A B2 41 A 28 A B2 - 0 4 B 2 234k
7). HFHEE R 24 &, 2019, 35(6): 432-440.
[6] ATV, WRANES, MoBE s B PEERA S TR IR AR D). b R A 4, 2020, 26(1): 146-151.

[71 Mufioz-Castafieda, J.R., Rodelo-Haad, C., Pendon-Ruiz de Mier, M.V., Martin-Malo, A., Santamaria, R. and Rodriguez,
M. (2020) Klotho/FGF23 and Wnt Signaling as Important Players in the Comorbidities Associated with Chronic Kidney
Disease. Toxins, 12, Article 185. https://doi.org/10.3390/toxins12030185

[8] Sutkeviciute, 1., Clark, L.J., White, A.D., Gardella, T.J. and Vilardaga, J. (2019) PTH/PTHrP Receptor Signaling, Allo-
stery, and Structures. Trends in Endocrinology & Metabolism, 30, 860-874.
https://doi.org/10.1016/j.tem.2019.07.011

(9] skitty, FEME, ERE, 5. hRVERIRSS BRI BETCHE AR LI AR (D], PR B IENG 2% 35, 2021, 21(11):

950-956.
[10] ks, SO, JRfads. gk MRS IR shae ety T St g (1], e E Sk L sh Rl 4 &, 2020, 55(9): 883-
888.

[11] Schunk, S.J., Floege, J., Fliser, D. and Speer, T. (2020) Wnt-4-Catenin Signalling—A Versatile Player in Kidney Injury
and Repair. Nature Reviews Nephrology, 17, 172-184. https://doi.org/10.1038/s41581-020-00343-w

[12] Hu, L., Chen, W., Qian, A. and L1i, Y. (2024) Wnt/f-Catenin Signaling Components and Mechanisms in Bone Formation,
Homeostasis, and Disease. Bone Research, 12, Article No. 39. https://doi.org/10.1038/s41413-024-00342-8

[13] Cruciat, C.-M. and Niehrs, C. (2012) Secreted and Transmembrane Wnt Inhibitors and Activators. Cold Spring Harbor

DOI: 10.12677/acm.2024.14102645 233 Il PR 2 2 3t


https://doi.org/10.12677/acm.2024.14102645
https://doi.org/10.1001/jamainternmed.2022.6817
https://doi.org/10.1016/j.kisu.2017.04.001
https://doi.org/10.3390/toxins12030185
https://doi.org/10.1016/j.tem.2019.07.011
https://doi.org/10.1038/s41581-020-00343-w
https://doi.org/10.1038/s41413-024-00342-8

EFHE, IR

[16]

[17]

[18]
[19]

[20]

[21]

[23]

[31]

(32]

[33]

Perspectives in Biology, 5, a015081. https://doi.org/10.1101/cshperspect.a015081

Kim, J., Han, W., Park, T., Kim, E.J., Bang, 1., Lee, H.S., et al. (2020) Sclerostin Inhibits Wnt Signaling through Tandem
Interaction with Two LRP6 Ectodomains. Nature Communications, 11, Article No. 5357.
https://doi.org/10.1038/s41467-020-19155-4

Sun, N., Uda, Y., Azab, E., Kochen, A., Santos, RN.C.E., Shi, C., et al. (2019) Effects of Histone Deacetylase Inhibitor
Scriptaid and Parathyroid Hormone on Osteocyte Functions and Metabolism. Journal of Biological Chemistry, 294,
9722-9733. https://doi.org/10.1074/jbc.ral18.007312

Kulkarni, N.H., Halladay, D.L., Miles, R.R., Gilbert, L.M., Frolik, C.A., Galvin, R.J.S., et al. (2005) Effects of Parathy-
roid Hormone on Wnt Signaling Pathway in Bone. Journal of Cellular Biochemistry, 95, 1178-1190.
https://doi.org/10.1002/jcb.20506

Bordukalo-Niksi¢, T., Kufner, V. and Vukiéevi¢, S. (2022) The Role of BMPs in the Regulation of Osteoclasts Resorp-
tion and Bone Remodeling: From Experimental Models to Clinical Applications. Frontiers in Immunology, 13, Article
869422. https://doi.org/10.3389/fimmu.2022.869422

JEIZE, Tk, FMEAL, . MEFLINHI KT BMP-7 (T TEEE R[] E 24 81 2 4, 2024, 40(7): 1226-1230.

Mathew, S., Davies, M., Lund, R., Saab, G. and Hruska, K.A. (2006) Function and Effect of Bone Morphogenetic Pro-
tein-7 in Kidney Bone and the Bone-Vascular Links in Chronic Kidney Disease. European Journal of Clinical Investi-
gation, 36, 43-50. https://doi.org/10.1111/j.1365-2362.2006.01663.x

Dalfino, G., Simone, S., Porreca, S., Cosola, C., Balestra, C., Manno, C., et al. (2010) Bone Morphogenetic Protein-2
May Represent the Molecular Link between Oxidative Stress and Vascular Stiffness in Chronic Kidney Disease. Ather-
osclerosis, 211, 418-423. https://doi.org/10.1016/j.atherosclerosis.2010.04.023

Chen, N.X., Duan, D., O’Neill, K.D., Wolisi, G.O., Koczman, J.J., LaClair, R., ef al. (2006) The Mechanisms of Uremic
Serum-Induced Expression of Bone Matrix Proteins in Bovine Vascular Smooth Muscle Cells. Kidney International, 70,
1046-1053. https://doi.org/10.1038/sj.ki.5001663

David, V., Martin, A., Isakova, T., Spaulding, C., Qi, L., Ramirez, V., et al. (2016) Inflammation and Functional Iron
Deficiency Regulate Fibroblast Growth Factor 23 Production. Kidney International, 89, 135-146.
https://doi.org/10.1038/ki.2015.290

Portales-Castillo, I. and Simic, P. (2022) PTH, FGF-23, Klotho and Vitamin D as Regulators of Calcium and Phosphorus:
Genetics, Epigenetics and Beyond. Frontiers in Endocrinology, 13, Article 992666.
https://doi.org/10.3389/fendo.2022.992666

Erben, R.G. and Andrukhova, O. (2017) FGF23-Klotho Signaling Axis in the Kidney. Bone, 100, 62-68.
https://doi.org/10.1016/j.bone.2016.09.010

Freundlich, M., Gamba, G. and Rodriguez-Iturbe, B. (2020) Fibroblast Growth Factor 23—KIlotho and Hypertension:
Experimental and Clinical Mechanisms. Pediatric Nephrology, 36, 3007-3022.
https://doi.org/10.1007/s00467-020-04843-6

Kawai, M., Kinoshita, S., Shimba, S., Ozono, K. and Michigami, T. (2014) Sympathetic Activation Induces Skeletal
FGF23 Expression in a Circadian Rhythm-Dependent Manner. Journal of Biological Chemistry, 289, 1457-1466.
https://doi.org/10.1074/jbc.m113.500850

Ei, ki, BEHEmRRRELG AT R P EPTEES & E R4, 2023, 24(4): 368-370.

Kim, J., Kim, M., Hong, S., Kim, E., Lee, H., Jung, H., et al. (2021) Albiflorin Promotes Osteoblast Differentiation and
Healing of Rat Femoral Fractures through Enhancing BMP-2/Smad and Wnt/f-Catenin Signaling. Frontiers in Pharma-
cology, 12, Article 690113. https://doi.org/10.3389/fphar.2021.690113

Zhang, Z., Zhang, Q., Yang, H., Liu, W., Zhang, N., Qin, L., ef al. (2016) Monotropein Isolated from the Roots of
Morinda Officinalis Increases Osteoblastic Bone Formation and Prevents Bone Loss in Ovariectomized Mice. Fitotera-
pia, 110, 166-172. https://doi.org/10.1016/j.fitote.2016.03.013

Lee, S., Park, S., Kwak, H., Oh, J., Min, Y. and Kim, S. (2008) Anabolic Activity of Ursolic Acid in Bone: Stimulating
Osteoblast Differentiation in Vitro and Inducing New Bone Formation in vivo. Pharmacological Research, 58, 290-296.
https://doi.org/10.1016/j.phrs.2008.08.008

e, eUmIE, BRSO, S HETENE VR T B R B RE IAE A Sl e A [T]. T EE R R &, 2023,
29(12): 1826-1832, 1850.
Deng, T., Ding, W., Lu, X., Zhang, Q., Du, J., Wang, L., et al. (2024) Pharmacological and Mechanistic Aspects of

Quercetin in Osteoporosis. Frontiers in Pharmacology, 15, Article 1338951.
https://doi.org/10.3389/fphar.2024.1338951

Wei, Q., He, M., Chen, M., Chen, Z., Yang, F., Wang, H., e al. (2017) Icariin Stimulates Osteogenic Differentiation of
Rat Bone Marrow Stromal Stem Cells by Increasing TAZ Expression. Biomedicine & Pharmacotherapy, 91, 581-589.

DOI: 10.12677/acm.2024.14102645 234 I A [ 2 3k

B


https://doi.org/10.12677/acm.2024.14102645
https://doi.org/10.1101/cshperspect.a015081
https://doi.org/10.1038/s41467-020-19155-4
https://doi.org/10.1074/jbc.ra118.007312
https://doi.org/10.1002/jcb.20506
https://doi.org/10.3389/fimmu.2022.869422
https://doi.org/10.1111/j.1365-2362.2006.01663.x
https://doi.org/10.1016/j.atherosclerosis.2010.04.023
https://doi.org/10.1038/sj.ki.5001663
https://doi.org/10.1038/ki.2015.290
https://doi.org/10.3389/fendo.2022.992666
https://doi.org/10.1016/j.bone.2016.09.010
https://doi.org/10.1007/s00467-020-04843-6
https://doi.org/10.1074/jbc.m113.500850
https://doi.org/10.3389/fphar.2021.690113
https://doi.org/10.1016/j.fitote.2016.03.013
https://doi.org/10.1016/j.phrs.2008.08.008
https://doi.org/10.3389/fphar.2024.1338951

EFHE, MK

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

https://doi.org/10.1016/j.biopha.2017.04.019

Chen, X., Shen, Y., He, M., Yang, F., Yang, P., Pang, F., et al. (2019) Polydatin Promotes the Osteogenic Differentiation
of Human Bone Mesenchymal Stem Cells by Activating the Bmp2-Wnt/f-Catenin Signaling Pathway. Biomedicine &
Pharmacotherapy, 112, Article 108746. https://doi.org/10.1016/j.biopha.2019.108746

Tao, K., Xiao, D., Weng, J., Xiong, A., Kang, B. and Zeng, H. (2016) Berberine Promotes Bone Marrow-Derived Mes-
enchymal Stem Cells Osteogenic Differentiation via Canonical Wnt/#-Catenin Signaling Pathway. Toxicology Letters,
240, 68-80. https://doi.org/10.1016/j.toxlet.2015.10.007

Chen, J., Liao, X. and Gan, J. (2023) Review on the Protective Activity of Osthole against the Pathogenesis of Osteopo-
rosis. Frontiers in Pharmacology, 14, Article 1236893. https://doi.org/10.3389/fphar.2023.1236893
AR, FESE, mADK, . ET Klotho-FGF23 HHRR IR 7SRk 37 % CKD-MBD B K BB frdr /R I
HLAILI]. A i%@?‘i?‘ﬂ?f&%, 2021, 27(24): 61-70.

AR, Ak, T Wnt/B-catenin {5 58 BRI IR 7S R M0 36 2 25038 & PR 99 FIML I [D]: [l 2208 3.’
TR RS, 2021,
kA, EIEE, M, % B AU B E R OC R SCE R VLRI ] T E I R 2 B R A A, 2021,
37(18): 2472-2475.
TR, FPHE, ANNGE, 5. ANE R 5 4R M OE AT B B YR 9 5 9E Klotho & FI/KFHISZMA[I].
IIEF/E{%&«M 2021, 24(4): 454-458.
oK, W4, W — 5 X AEREIE MUE4  AE AR R 58 FGF23. klotho 2 WM [D]: [AlL 22 A1k
). AR mtqﬂ@;ﬂ%, 2021.
Hu, S., Wang, D., Zhang, R., et al. (2018) Effect of Ronghuang Granule on serum FGF23, FGFRs and Klotho in Non-

Dialysis Patients with CKD-MBD and Kidney Deficiency and Damp-Heat Syndrome. Journal of Southern Medical Uni-
versity, 38, 1427-1432. https://doi.org/10.12122/j.issn.1673-4254.2018.12.05

Ma, X. and He, L. (2018) The Intervention Effect of Zuogui Pill on Chronic Kidney Disease-Mineral and Bone Disorder
Regulatory Factor. Biomedicine & Pharmacotherapy, 106, 54-60. https://doi.org/10.1016/j.biopha.2018.06.092

DOI: 10.12677/acm.2024.14102645 235 Il PR 2 2 3t


https://doi.org/10.12677/acm.2024.14102645
https://doi.org/10.1016/j.biopha.2017.04.019
https://doi.org/10.1016/j.biopha.2019.108746
https://doi.org/10.1016/j.toxlet.2015.10.007
https://doi.org/10.3389/fphar.2023.1236893
https://doi.org/10.12122/j.issn.1673-4254.2018.12.05
https://doi.org/10.1016/j.biopha.2018.06.092

	肾性骨病的分子调控机制及中医药研究进展
	摘  要
	关键词
	Molecular Regulatory Mechanisms of Renal Osteodystrophy and Advances in Traditional Chinese Medicine Research
	Abstract
	Keywords
	1. 引言
	2. 肾性骨病相关的分子调控机制
	2.1. 肾脏-PTH通路
	2.2. Wnt/β-catenin通路
	2.3. BMP通路
	2.4. FGF23-Klotho轴

	3. 肾性骨病的中医药治疗进展
	3.1. 中药单体
	3.1.1. 萜类
	3.1.2. 黄酮类
	3.1.3. 生物碱类及其他

	3.2. 中药复方
	3.2.1. 加味六味地黄汤
	3.2.2. 黑地黄丸
	3.2.3. 补肾健骨方
	3.2.4. 延肾一号
	3.2.5. 容黄颗粒
	3.2.6. 左归丸


	4. 小结
	参考文献

