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Abstract

BACKGROUND: Osteoclasts are the only known type of bone resorption cells, and its life activities are essential to the normal development of bones and
the repair of bone damage. Osteoclasts show abnormal proliferation and differentiation and increased bone resorption activity in most bone diseases, while
receptor activator of nuclear factor-kappa B (RANK) is a key signal pathway that regulates osteoclastogenesis.
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OBJECTIVE: To summarize the latest research progress on the downstream targets of osteoclast RANK signal and DNA transcription factors at home and abroad,

and provide a basis for the research and treatment of related diseases.

METHODS: A computer-based retrieval was conducted in CNKI, WanFang, VIP, PubMed, Embase and Web of Science databases. The search terms were
“osteoclasts, osteoclast precursor cells, osteoporosis, bone metabolism, pathogenesis, epigenetics, signaling pathway, signal transduction, transcription factors,
tissue engineering” in Chinese and English. The retrieval time was set to 2017-2021. Finally 52 articles were included according to the inclusion and exclusion

criteria.

RESULTS AND CONCLUSION: The special structure of RANK determines that its signal transduction needs to be combined with tumor necrosis factor receptor-
associated factor 6 to recruit a variety of proteins, active enzymes and cytokines to form a RANK complex with intrinsic enzyme activity. This complex then
activates nuclear factor-kB, mitogen-activated protein kinase and other signal pathways, ultimately regulating osteoclast differentiation, proliferation, and bone

resorption.
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2 258 Results
2.1 RANKESHVEIESSE #F MRS LA E (LA FAn
wIe BT, A B fm e e R R F Ao RANKL 429 X 4. AR
R B 0 it R R RE T 5 RANKL =T 1 B 0. 7% /G 49
Evttmit,. B, Tamsoukik® mibsamemiosE
R, B, TS R bk R iR P AR, R
AEFHMAEA, EEmRERZMNHETEZ LR R MIe L5 ik
J&, AT A 40 R R K RANK, A% F A6 A8 4 0L B8 45 SO
RANKL, sbja, Evrgnleferlisk B -F 5808 miok &@e) Erkm
Mo Sk R B T Ak gE A, R G| BRERAL DNAX U & 12 AwdF
L ARBE R BRIR B SYK LR A9 1E 5 e, XELEMANT K
B emfnig i, e iEF A AR VY, B, EEIANEX
20 0, 45 3% 0] L B F 5 RANKL #5E RANK 12 5 72 5% /8 4m i & 46
KFEEFTZOER.

RANK & F At 78 3L B T LR Rk e R, 5 MBI
B T2 R0, RANK B & 45 Ak 2 BEBRA 09 B & i B Fo 8 T
BT T 5 F N kB E M, B, RANK F 28 id R E MR
LA F 2 ARE B F (tumor necrosis factor receptor-associated
factors, TRAFs) % /&%) F s 5 Aake9 8L ®, TRAFs b $ AT
AL R, FEAKE 48 R A0 69 BF 5 F vA TRAF2. TRAF3 F= TRAF6
FRREA 7%, TRAF2. TRAF3 Fom i B =47 4| B F 1/2(cellular
inhibitors of apoptosis 1 and 2, clAP1/2) [ B & — A A 44, &
5 F TRAF6 #9551 A, TRAF3 4k A HidE B F1£ clAP1/2 /544
B F «B(nuclear factor kappa-B, NF-kB) ¥ 5- i B4 49 K48 4% 3532
F AL, VAR NF-kB -3 0B K 90E 4F 4 35 NF-kB 43 5 1O,
TRAF6 SZ /-5 558 20 i, RANKL-RANK 38075 4915 5 ABABF 49 %
#rika, THSAMEERGEOFAAEMR LR, ZEkLF
A E IR, % TRAFG FL4E3% 45 3 B IR AR 69 40 0L A 45 M1 3K,
42 RANK. AP/BIRL B T8 Rk k. @i E 1 2hF
RABiL M FEEEGNEETHRELEIZ T, 4o Casitas B
R % M B JE (c-casitas B-lineage lymphoma, c-Cbl). &4k C % fs
1(receptor for activated c kinase 1, RACK1). Src %& ¥ B& 2 BRI B
(Src protein-tyrosine kinase, Src) & "™yt 4, TRAF6 84 % 7%
IR BT TRAF6 SR45 2 M3k 5 % A2 K 4 & B fL & Rk 2 &
AR R, XA F AR 12 F 09 MR 63 44k AE Xl
B, AMNFTHETERE, whRERUFHLEKE TP
&AL B 1(TGF-beta-activated kinase 1, TAK1) $-2 4 3149 IkB %
B (inhibitor of nuclear factor kappa-B kinase, IKK)/NF-kB F= 22 %
JB & A& & B (mitogen-activated protein kinase, MAPK) 45 T
#eigE U K F RANKL-RANK-TRAFs 5 &4 4% 7k 32 15 ) 5%
EHH X, BAEY LI 8 ANz 5B 354 RANKL-RANK-TRAFs & &
WN-F 89 & G HBEAS 5 I0E, 2 A A B 5 HE 22 3 eh NF-«B.
3 4 MAPK [c-Jun R K 5% % B4 (c-Jun N-terminal kinase, JNK).
% AR B R LB p38 LB (p38 kinase, p38) A RNz 5 AP
% B (extracellular signal-regulated protein kinase, ERK)]. Src. %%
% ILEZ 3— 3% B% (phosphatidylinositde-3 kinase, PI3K)/ & & i#% B
B(protein kinase B, AKT). 45 /458 & & 1R #1 & & L B (Ca*'/
calmodulin-dependent protein kinase, CaMK)/ /& 14 T 48 i, 4% B
-F 1(nuclear factor of activated T cells 1, NFATc1). GTP 4% @
(GTP binding protein, Ras)/ X & K /& % B% I ¥ 1(Ras-associated
factor-1, Rafl)/ERK %125 i@ 3%,
2.2 NF-kBSSi@I8 NF-kB 445k H T 294 30 Far LI, b
M8 & BR8N, KRIUNF-kB R K fo . EAL S 2R R
F, B EAZEHTHORERELA FRRLBFHERZA, &
Bz ik Kk B mAe B & SR R K A T NF-kB Z3T Rel 4%

ZF B F Rk % AR, € 4% NF-kappaB1(p50). NF-kappa2(p52).
RelA(p65). RelB #= c-Rel(Rel), 4 Rel 4% 3 B F ‘K 7% £ A NF-kappaBl
(P105) F= NF-kappaB2(P100). NF-kB % & vA 5B Fu ] B — R4k 4%
H)J% ik Rel 4 F B T 44, 4= p50/RelA. p50/c-Rel. p52/c-Rel.
p65/c-Rel. RelA/RelA % "7 NF-kB1(p50) #= NF-kB2(p52) 3% £ [
R RARIL ® BRI, BE e ibE 2 50E NF-kB
1Z5 A5 " NF-kB ZRAIRiEF 5394 7 & 4 I-KappaB vA JE 3
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TRAF2/TRAF3/cIAP1/2 5 &-4i% F AT iR 69 NF-kB % 58 2%
% IKKa, IKKa i/ 4~-% NF-kB p105/p65 F= NF-kB p100/RelB =%
thAm T2 /% 4 NF-kB p50/p65. pS2/RelB 5+ ) 4 it 5 1%, sk
R AL ek P, Rk e e 2 3 NFkB {3 5 @34
TRAF6 i it TAK1 5 TAK1 4 4-% & 1(TGF-beta activated kinase 1
binding protein 1, TAB1) YA &R 4%k %& & TAKL 4 &% ¢ 2(TGF-beta
activated kinase 1 binding protein 2, TAB2) % s A &4, &1Lty
TAKL 237%F IKKa. B. vy = 4Kk4n T 2 & NF-kB RelA/p50 &) 4m jit
% H1n, B AERE miEF NF-kB RelA/p50 & T #0h £ RANK 12
Soh, A E A ARRE T, G@ibAE 11E5eiEs B,
NF-kB BLAX RANK 13 5 F= 2 AP K e IR Fii%, B AL S ALA
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2.3 TRAF6, Src 5 MAPK ES=iBI& Src £ F R4+ og #4212 5
SF, AT AR BT I BWAES T LEETRAER P,
R A, MRABG mIE A 5 KT 4 c-Src, B Src 69 &R 3
BRE ) TR R ILE) B @ B AR B 4 R, A o-Sre B E
PER IR Y BRE BTN 8 IR AR An 25 6 SR A S B RO A
AR RSl Sre Rk BRAE A AR fn i o ik B A B T AR B
Pt E etz 5, BALETEABF. RANK-TRAF6-TAKL 5 &4 4
M Z N B R BRHEEE MR, FEANLELERE. L
REE. MEEOF R T RDARM T s T ennE. R,
7E4% C ¥ B% 1(receptor for activated c kinase 1, RACK1)4F 4 & &
% B C(protein kinase C, PKC) &) % 42, ¥ TRAF6-TAK1 H 445
MKK6. c-Src 4, kAT T mie b egmind2Ea >, &/
A K T %K% 5% & 2(growth factor receptor bound protein 2,
GRB2) 5 % 1k #8 £ 44 45 45 2(GRB2 associated binding protein
2, GAB2) % s, —#F 345 &, GAB2 #5447 GRB2-Src [ /R
SH2 45 MRty 454455, GRB2-GAB2 £ A0-44 5 Src X 4 40 B4k
J. b9, GAB2 24k TRAF6 3% 4 2| RANK &4 4m I it B3 1 & A&
264 B3 gk, GRB2-GAB2-Src-RACK1-TRAF6-TAKL 7 &%, T 48 &
R A A A%, #mi4E Rho £ik)s G & & Ras/Rafl/ERK
1% 5 i B4F= PI3K/AKT 4% 53 74 2930

MAPK A £ & —Fr AR F 6912 5, MAPKs A MAPKKK/
MAPKK/MAPK 3 &t B R Bk 77 X ik 4712 54 5. EBF el
8948 X AR P LI 3 A R F] 49 RANK 45 49 MAPKs 12 5, 4
B A % A& p38. INK. ERK, 37 ] MAPKs 34 & L X B i ¢9
GRB2-GAB2-Src-RACK1-TRAF6-TAK1 & A # 49 T # & K 12 5.
(D RANK-TRAF6-TAKL 5 &-4 645 4% MEK4/7. MEK3/6 BEERAL,
& 10 & 69 MEK4/7. MEK3/6 4~ 5] A~ 5 JNK. p38 £ ik. INK %
A% 3 4m oAz W BRBRAL % N4 B F, 4w c-Jun, c-Fos. NFATL,
P38 545 %) tm it % A AR BR AL p53. ATF. CREB 4% A F P77
(@) GRB2-GAB2-Src £ -4 4%\ p38. ERKAZ 5 M ABLF tmfie £
4rit42, GRB2-GAB2 M mfitL/ii 3% 4E 4E kit B4F (son of sevenless,
SOS), Jfifit SOS #9 C 5% 'F 4 M REL4Y 5 7 48 B 454~ ¥ SOS
4k 4 /)~ GTPase Ras #4 #4334 7E %], SOS 5 Ras-GDP #5472 3) Ras
GTPase 3% 7& & @ VAL 3t GTP % %,, &£ GDP 5 GTP 4 afit#2
o AFF %, Racl FeiE 4k Raf, Racl 45448 % % G vAKE ik Ja Al 4%
B 11 4L Bs = 4 7% 1 4, (reactive oxygen species, ROS) VAL 7&
MKK6/p38 15 5; 7% 1% Raf o] fE48 X% & &% MEKL., MEK2,
VABRBRAY ERK1/2 155, ERK1/2 ${z3|mftts, 2E NFATCL,
c-Myc. MITF 4% B F B, LE 4. & F RANK ¢4k 45 5
R E SR BR R AW R TR T T AE, X E
B R A B R A, R4 4% % 425 RANKL. MAPK-P38
A= Wnt 13 5 Z A 6945 545 = A S AR, ARFEBF FAE
AP Bk, EIRFREF G RILA KR T E T RIS EG R
L 372 & RANKL 5 3 AME 5 69 T LR raisl,
2.4 Src 5PI3K, Ca¥ [ES58I8 GRB2-GAB2-Src £ A-4h i T 3%
% SOS VLB 4% Ras/Rafl/ERK /2 54}, H B & #97&1LARH PI3K,
%% Ji§ B Cy(phospholipase Cy, PLCy) é91E4Listi%E, o 3k RANK 5
A I-§ T PIBK/AKT 43 5 #= PLCy/Ca® 155, 1A % PI3K 2 &
3 A2 BB A ER NS B ILES 04 B 5 8B, PI3K b 5 = BRI T2 20
p110 A= LK p85 LA AR, # &L TR I pl10 vAh & F
Fah b p85 A H B L5 A, VAFLLE PI3K 8937, %4 p8S A
I K 49 SH2 & Hy 3Rk 5 RANK 13 5 &9 Src 45 &-0F, 35 7 p85 xf
p110 49 HI4E A, JefOIR N &9 KA FERE BLILES -4, 5 —AEER4E
A BEREBLILEE -3, 4, 5 ZBkER, BRIGBELALEZ -3, 4, 5 =5}
BAAE H % 24kt —F 5B & 8B B 49 N 5% PH £ MRt 4&,
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FIVE: GRB2 NAKH 72245 &4 1 2; GAB2 Ny GRB2 M R4 AR 2
Src 2y Src B (TS RIS RACKL JyiGfh C Wl 1; SOS MNAE-L I+
Rac A Rac FJiR/NY GTPase X FRiE F i B; Ras N GTP 45458 H;: Raf
K R RIRE SRIEER T ROS i %es p38 Jy 2 (AT Z sty p38 I8l
c-Jun N E ARG ERK A4 IAME 5 190 TRAF6 Sy is A5t
R FSZARFHR A T 65 TAKL ALK IR T B iG AL 1

& 4 | 755 4088 GRB2-GAB2-Src-RACK1-TRAF6-TAKL € & ¥+ & MAPK {5
SBEIERFIE

12 AKT A 280 Ji 4645 5 am e £ B, AKT 8 it % b ik 423808 %,
IR T H— RS ERY, 4B AKX &G Bad. Caspase9, Zmiiy
78 L3 B c-Myc. FoxO. p27. GSK-3, #twmkEiAT. 12t
¥ e A B, kR e R e b . WA, ek
PLC-y K #E N MRBGEE M, 1R RMFFIEBLILETL -4, 5 —BREK AR AR
ZBRERIILES Ao —BEH O 2 SRS, ZBRERILER. —BuH kA
WA & IO SR IR AR ILER 5 A T W b 4y = BEER ULAR
ZARAAE R R P AR A0 Ca¥ AR, SbJE B A4S A
F oA E &G A -C-B fifld5E, AU -CB#—F %
7% DNA 3.5 CREB, Mmifl45 & it — & ik F45 A4y 258, 45 /
4598 % AR B EE IV R O0E 45 K B T NFAT, NFATcl 49 A shd
¥ HOR mAeAF R R RGK, e iE B BRI AR R . 4
BEZRFEREGHKE P, LES. ERFTH R EA
B, RT L KRR T EAER X A, L3 & GRB2-GAB2-
Src A AWt AEIE . Ca¥t thiiE, S AT B LR AR R R
IR mIRIG I . B BRORA BRI T A Gt

2.5 NFAT 5 RANK TSEVEE RIS /4L T @tz B F (nuclear
factor of activated T cells, NFAT) £5#). s, M AXAET @+
BRI A T2, NFAT Rikd 5 AR R 4R, ©.3& NFATL( 4R
NFATp X, NFATc2). NFAT2( 4.4k NFATc 5% NFATc1). NFAT3( 4%
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