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Abstract

BACKGROUND: Osteoprotegerin (OPG)/receptor activator of nuclear factor-kB (RANK)/receptor activator of nuclear factor-kB ligand (RANKL) are important
cytokines for coupling osteoclast and osteoblast differentiation and activation, and are key factors for regulating bone metabolism, which affect the immune
system, bone regeneration and remodeling, and are closely related to the physiological and pathological remodeling of the alveolar bone.

OBJECTIVE: To analyze the effects of the OPG/RANK/RANKL signaling pathway on alveolar bone remodeling and the progress in its targeted therapy application
in the dental field.

METHODS: We searched relevant articles included in CNKI and PubMed databases with the keywords of “OPG, anti-RANKL antibody, RANKL, periodontitis,
orthodontic tooth movement, implant, tooth eruption, periapical lesion, alveolar bone resorption” in Chinese and English, respectively. A total of 63 articles
were finally included for review.

RESULTS AND CONCLUSION: Anti-RANKL therapy can treat oral diseases by targeting the inhibition of osteoclast formation and alveolar bone absorption.

Local and systemic anti-RANKL therapy can inhibit the progression of periodontitis, peri-implantitis and periapical lesions, and it also plays an important role

in preventing orthodontic relapse, strengthening orthodontic anchorage and implant osseointegration. RANKL therapy can treat oral diseases by promoting
osteoclast differentiation and alveolar bone absorption. RANKL treatment can accelerate orthodontic tooth movement, shorten the treatment cycle and reduce
the incidence of orthodontic complications. Although there are limitations in anti-RANKL therapy, they can be avoided by rational applications, such as excluding
local and systemic risk factors before treatment, regular oral maintenance and avoiding traumatic alveolar surgery as much as possible during treatment.

Key words: anti-receptor activator of nuclear factor-kB ligand; osteoprotegerin; anti-receptor activator of nuclear factor-«B ligand antibody; receptor activator
of nuclear factor-kB ligand; alveolar bone resorption
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J& FRIES T\ AR R KA R, AR ILE 3.
2.1.4 4T RANKL 7657 EAR K Bl R 5 W 69 BB 370 RANKL J4 577 72 ¥e &) 474
B AR AR FPEIAR K B BB A AR, LU A B AR
T VAR 3T K RANKL/OPG bbAB R0 ) R 4m f b 40 B Ao B OB AR,
I 4] K FAR K B R 63, IKEDA 4 B 45 %) SAR K A K itA
T, GRSt AR TR MRS — K4 RANKL 44k, 3 G 4 R4kt A
W B PR A% AR 2L 4R 5 A F P 4 RANKL J AR A F) B4R 5189 7 X 30 B4R £ )
TG R, HaB iR Y AR R B AL SR da LAY AR VA B JE R R eY
R RAITHARK B BB, ZAFR A A H ELR RANKL 474 7 =T A4 A
B AR F 649 B3 KR RIRM A FIAR K B R R agit &, Bk, 4T RANKL 74
AR T R AR RAE A AR R B I T FIARE 06 77 69 50 Bh 77 ik
2.1.5 L RANKLEF T ARBMF @A BFELT. BE
Fo kB AR PRV KA FARB, W AT T BN Y, A
B AHRA T ATTBAM. HFR A I RANKL/OPG PUAR 4938 Ao 5 F K Ao
TARBANAR K P, CHEN 4 P B 72 290 F B4 4o 35 AR, 2k
F R = ALK AT, #mE RANKL, §-28 F AR Bk, ZHENG % B
B E T M FOIR e A4S A T &K IA OPG. KA A RANKL, Mg,
B ARBN, T K BBAL T EEAT T MMAA R, FHAE, THRKES
MR KB on T i ATAR K LTS ZARE W, 1 T2 % A4 RANKL, 1%
Ak OPG, Mim-3F F ASHL,

R4 B BT S5 AT BF 5 4547 RANKL 35 75 5 F) T F AR Bole, {2t F
T v ¥ @ i 5 OPG/RANK/RANKL % %4, [ phid it 4 RANKL 74 77 k47
T AR BN AR —FF T R 093845,

TR Ao it 97 A AR

“l7 .

2.2 11 RANKL ;BTSBVSIRI%

221 FERFARALF. FHAE FTHARIERERERZ FEHFHIEN
EA2, BRA R AR I RO AT AR iR, AR ARE
T AIAIRAE X Ao 0 3 /1, OPG/RANK/RANKL 13 53 94 /£ X — i 42
AE|T EAF LA, GAMA 5 P B R £ F A AR TR
RANKL #ifk /5, =T FELIF RANK/RANKL 2 i8] 4948 ZAF A, 47 ) %8 tm B
AAEA, AWMFBET FREFT AT HHLITH. KM, ISAWA F 1
R R R T, R R T 24 40 RANKL F0 4k 38 it FH BT RANK/RANKL 12
SBBRFRY T BE @GR, 2R HAEFGTHA S,
LEZOT % " 150 4 ILF 4 9 8 5 45 RANKL 34k 71 8 A% 3K s Ao & 49
o, RZAHERKEN TR, FHR R TIKH Z 40 RANKL Fiik 28 & 3L
HIEFEFEH E, ZF B4 RANKL /20869 F 59 8 % ) d94], HM
FFIEKR, e FHEBE 5. Bk, 0T 488 18 U 40 RANKL
TR F) F R AT T/ B e Foh, WAL ILEK 4.

222 PHMPAAREAUE I AR K MAAUE SRR —FF 5 B ROl A )
B RIME A RAWIE T ARG T ERRRL, EERVEREI S AE
W, BWAALETEIAFRLETE, b, LARREZL 0T
J KL BIB. AR SRR W,

KB AFR K I RANKL 4741 ) 42 OPG. it RANKL 304k 45 38 1 37 4] ok
Femieatt, FESUEIER, FIRIHIEH R, A ie e X i
AR L %, A% HAF2MENR Y, FHRRFAESEE
J RANKL 3757 )5, 2R mAL 3 TA T AW A, Mmidds ) R F
RIL Y 5 AE 1,

&4 5 ¥ ALROWIS 4 % F= KAWAHARA % U 25 A5 1) 41 & %748
KA R Aol A R 2 AR £ AR SRS R 406 2303, R RANKL 47
BRI AT A0 A E, HRAIARE E WK T, BRE, EAEE
PR T RIFG O BT A . R RS %, REE LG
FHEFR, B0t RN 6 7 4o F R R AT G AL R A &
HAPAT A RANKL 39 4] 7], A AR4p B0, Al F . AR X4,
REHFE I, RF LA S5, TAIPT TG 25 48 K AR E 30
YK A
223 RO EA T4 KUROSHIMA 5 B2 BF 50 & 34 3 Bl K T iE 4t
5 mg/kg #L RANKL #uik, 557 9 BBt F RE mufizale, R34
ZIRET A F MR Y H RANKL FUARTT3ELE ) R 10 6] o g s, BT
JZJ) RANKL 3945 i 42 o 5 R 38 &%, 401 b 4 F R

B, I RANKL 37 4) %) 3T A2 HER B 3 e o F e B & &
AR B AR BN . R hE LY. ATE G
FHEF R, sZ0tF RIIAG H06 57 R 04710 ) 25 S 4536k K B
R B R KA b R v 4 B 4544 5 A 3R
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2 | U RANKL JRTT 7 IER T R h B N AR K 5T

SR HYAA R PER AR RBUR 254 AL YR A ZERTI S ) FELR
4 2022, N C57BL/6) I 7-8 ANVE HURANKL il 100 pg G 31d WA L, FERAEE U, FARBRIR
## & YOSHIMATSU"” & itk
iE #2007, KELES"® /N C57BL/6  HEi 8 JH ANVE OPG BT 10 mg/(kg-d) 8d 8d WeEAe . IS
W %
B 2020, %HY KR SD e 34 280- OPG A BEF S 0.05 me/kg  BLUTENT 10d FRAEE—, B —, FRE RANK ik U
i H  310g RGBT 17d FUREHEEE L, BEFa L, TR RANK RS &
“ 24d
% 31d
2016, KR SD 6/ 420- OPG LA AL Sme/kg, 3 A 14 FBEEE
FERNANDEZ- J 4s50g HREUEE  FE 2K 24 FHEEE
GONZALEZ™ 34 FFEIEE L, BEa Y
2009, PN SD M 10 250- OPG R BEF S 0.05 me/kg  BLUTEST 1d FH AR —, M —
JA e = J§  300g RGBT 4d FFE A —, MEa b
8d FREEEE L, BEan L
12d
2011, PN SD 10 250- OPG LA A 0.05mg/kg  HLTEST 1d FH AR —
e = Jil 300g MR BT 4d FRBHIES—, BeEa o
7d FHRBHEES L, BEdim
14d
2011, PN sD M 10 =250g OPG LIS — BTN 0.05 me/kg  BEUGEST 1d F i EER —
[ e e J& MR BT 4d FNH AR —, B L
7d FNFEIER L, WA
14d FHRBIEES L, BeE i —
0.5 mg/kg 1d T BB B —
4d FHNBENEEE —, BEH 4
7d FURAIEE LV, BeEA
14d FNBEIEE L4, B 3
2012, N SD M 10 250- OPG ERGE—BEF R 0.05 mg/kg  FRURIEL 1d FURB S —
e g = i 300g BT 4d WEA b
7d FHBEIEE &, HEARE L
14d FNBENEEE &, BEE L
0.2 mg/kg 1d FH AR —
4d A U4
7d FHRBEES Ly, #EaE Ly
14d FURRAIEE L&, B o4
0.5 mg/kg 1d F iR B BE B —
4d g AN
7d FURREEE LUV, #EaE el
14d FHRBIES VUL, BEdm Ly
2007, K SD i ASiE 250- OPG b EE — B 3L 0.5 mg/kg, 3d B —
DUNN®! 300¢g oI 0 246 A R 2 K 7d i VR 2N
10d
14d
17d
21d BB —, FEH L
5.0 mg/kg, 3d BB F B —
B 2 ) 7d il Vi 20N
10d
14d E VR 2N
17d o 2N
21d HBoBEIBH VL, TS L, HEan Ly
2019, PN SD e AP =360g OPG LRI 1 me/ke UG 2 J8 Ein Vi 22N
SYDORAK"™! 3kl R He 34 o Y 2N
4 BoBFBH L, VIFBS—, B BEF ARG —,
WEYNIME—, I OPG —, MEH/INESH—
1 mg/kg 24 H—BE R —
AR 34 BB FBEH—
4 BoBIBHH—, WFBH—, B BEFFRER—,
WE—, M OPG —, MEE/INESH—
5 mg/kg f3d—K 2 BB BE VL
AR 34 BT LV
4 HBoBFBH L, UFEH VL, BB TR
A, BT —, i OPG MY, I NES
X AR B
" 2012, PN SD M ANV =350g OPG PR — B FIE 1 mg/kg %528, 30, 32, S2d(IEMIEE) AR VU, VIFSER L, i TRAP-5b K U,
[ 5 HUDSON®® 32 F ) 2 36, 40, 44, 28 d+ 5 %% 24 d) 1fLii§ OPG /K- L
IE % 5 mg/kg 48, 52 KitHf B R b, MIFER L, s TRAP-5b K 4,
W 24 1L OPG 7K L
J& 2015, KER SD e AV A OPG A 0.1 mg/kg  BLUCEST 52d( IEmI# s BFEhER L, NFER—, RiTSH—
= SCHNEIDER™” o 1mg/kg 28d+ 5Kk 24d) BT ER U, FER—, RESH—
3

HIE: OPG NH{RITE; RANK WIZIE T kB ZARIGALEIT5 RANKL %R kB SZAR3E (LI T-HL A TRAP-Sb JyHiili A1 LR 1 AR A Sb.  “—
UL ERTHRALL IR AL L R D (R B TR L)
7 SXTTRAURLE R RN ( E R B R );

AH L 22 57 TE S P RO

FRGI (=R BETER )

“«l”

50 AL P 25 kb ( 2 5 S 3 PR S )
LRI AR PR R AN R (R B )
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#< 3 | 11 RANKL JATT7EMMEIE & AR AR 1B K7 3R
SR ;Y AR M ER KRR A B AHRIE ST SEER R T FELR
HH Eil|
W5 Al 2015, KEL SD i 10J& 260-378g OPG &' 8mg/kg, B 44 41 BT wa, BT MR g A
A BERNHARDSSON® 2K
44 2017, LU®Y KE sSD M 34MH A OPG J&F 10 mg/kg, & 8 20 A BT R, SGE T NRRE T,
JH 3 SR T R R S SRR T
2021, CHOI® 4 PG M 310 A oPG ) 2.5 mg/kg 4 Ji 4 J5 O B Pl A BB AR 45
2 fiEJ5 10 mg/kg 14 14 FLm] 7 2 ALRRAR B KN
2 4 2 4
R 2020, PAN®? N C57/ A A A i UL 1pg SALRH 128 (R 6 H RANKL 5 M 1 i s - 4
iR BL6 ¥ RANKL R,k 3, 6, 9 I +FMEMAEES 4 TR REEIRIL
[l ¢ Bifk RES B +2FT2H)

#ik: OPG Y fRY 2 RANK AL T kB SZHAIELI 15 RANKL LA T~ kB Z A& fL Al TR i

4 | HU RANKL JRTT S0 2F 4584 H BOHE KT 5T

SR AT R PR R AR A PG AR YRR SERR R AR
2019, GAMA®¥ /h CS7BL/6 AP #iE APE HLRANKLILIR &R AV 551, 4, 7, 10 Ky, 4k 10d 39d PELAS A 1477 H
2019, ISAWAMY /)N C57BL/6) HE 1) 3.0-5.6g i RANKL Fiifk & F 4 JH 2.5 mg/kg 74 8 Ji N IEF
2.5 mg/kg, FLUKESR
2015, LEZOT' /N C57BL/6) ASVE it AVE  FLRANKLHifk &N 25pg, FIRTESE 39d VG IR H
25 g/ W A1, 3 KEGT, L2k 3d
25 pg/ R (HT 2 K), 50 pg/ R (553 ¥), 5d FRAS A U7 s 77
%1, 3, 5RIES, L3 IR, 2R
25 pg/ (Bl 27K), 50pg/ R (fF2), 7d 1 i E 1 2
1, 3, 5 7K, ke
25 pg/ ] (WG 2 %), 50pg/ X (J521k), 10d 13d PELRS 247 147 17 H
#1, 4, 7, 10 RyES, L4k 43d
73d
103 d
cD1 AV B AiE #1 RANKL Fiifk 2 F 25 ug/ X (FT 2Kk ), S50ug/ X (JfE2iKk), 7d 39d R IE R
¥1, 3, 5, 7RUES, L4
25 pg/ R (HF2¥X), 50 g/ Ik (J52 ), 10d 13d
1, 4, 7, 10 KiEg, k4w 43d
73d
103 d
FIE: RANKL IZ IR B 52443 1 R i i
2.3 RANKL &I EDOEIUSRINA B FE ST TR A W R AR T R A B RF . BAEEW AR, AeikEw

2.3.1 RANKL Y7 EEW F A3 a9 A Ewg 7 69-F ¥t 18] £ 20 4~
A%, BRAE7FIEER, RERMGELEFT EREALLKE
ha, Hldedkd. TR, FRBOK. KR REF T, Bk, ik ik
wEF A AT YRR RS 2R 5 R X —.

CHANG % ™ s K R B T H A+, FBaF XA 4%
—JE T AP A R ST RANKL 855, 2 BB 2R Faln g bt
A B RRE S RANKL AR 7 A6 A Bk B9 T A 3), HAA ZLIA R
FAREOMK . iX &5 KANZAKI 4 ® Fn IGLESIAS-LINARES 2 7 44 2 7, 45 2 — %
Lt iaAnk, BdF RANKL 74 55 B F 3840 7 F B 20 4% F RANKL 49 R A
Fa = A BRI T R, Amik T F &3, HxtaF A TH A,
VA EFRR A, BEiE4t RANKL T A Anik B85 F#3h, 454204 77 B 40,
AN R Y SR R S A K A
2.3.2 RANKL &7 £ F %590 h 7 @ 64 S A% /7 OPG/RANK/RANKL 45 5 id
BT RERFET EARERRTH. £ RAL LI RANKL AR
SRR 84 s B A 0F RANK/RANKL 42 538 54, R I a0 F am i 6 7& ALl
73 OV N0 Bt A SR A B RO, R T A IR AR, F AR
TR, RAFECTHH B, AR, A£iTEZX RANKL 6945 K
B R RE T HFH . LRAFRIRT RANKL ST AT THH
7y g B R AT

3 /NEESEE Summary and prospects

3.1 BEEMAEZIUSAREVIEAFERIEE  OPG/RANK/RANKL 15
THBBETE T REAZXTEZOER, AT FRte X4
AT, A FREeGAT S, Hxt TR oA AEAER. LB RANK/
RANKL 3 5% =T A7 2447 %) 558 40 i 68 AL A B AL, AN 9 4] T A B B,
RZ, WALBAE e A= b, Anig FAEF . ATz 58

XA, TG EW G 5K HRAAHAE LSBT B K. A AR B K4
B FRBEAE,

B AT SHATH AR RANA R, B RSMRRHIEEEZR TR, &
R B s R ) 69 AR K ARl , E AT OPG/RANK/RANKL 15 5
B ¥ i) 06 7 A O BEATISE B R 69 AR K 4K
3.2 {EBEARARBITFHARIRER E95 T3, THH L. Mk
B AF YR T FART AL, XFE5H T OPG/RANK/RANKL
A5 5B B F AR B B RALEAR R, B BB R &6 7 TAE B Rt
R TR IRAEAT 442, L EHAMIL RANKL 7555 . RANKL 74 55 VA B oA i
STATD T R R HLEE L RANKL 76 77 69 B POk = o @t AT 455k, FHIRIE B3
Fab F A hiR AT ER, HUIEN, TR T RRLHREAD M
KA T B, ABARKRENFFR BN LR RAE R T g fmh, B AT
RIA 745 5 1B 5549 ¥erb) 76 I7 2 0 REATR L A A 50 R Tr @ 69 433K ML
*.

33 ERNNBRME Sieshdhey At AMREF. DREIRSEA L e,
A G R T T BB = A — R Hm, TRATHE Zhg Rk
Hk; ARG LR TN, LR 2 G K e kit
—FIIE,

3.4 ERINEEERN X T4 T OPG/RANK/RANKL 13 5 i 3444 .4
JTAET ARG LR AR EE, BEBSARBRLN. RLA4E
R BRI T Bedh, H14odR 730 RANKL 756 57 685 Ty F 5 BAAE 09 F
ASRBN RANKL 9% 577 4 TAR R 8 &8 T o 9 th 5 Hqe T A B At
. MERROY BARN, ERAEE B &Y K, 4XHFRT AT
AN, 4k, T OPG/RANK/RANKL {Z 5 i 34 49 ¥e.6) 74 57 16 1 FEARIR 49
J2 B AT Bt o AT, A W6 IR AR S T A B AR R o SR A —F
B DR =N
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EETE: AHABENIZREL, N7t amin kR ICE.
AT LE A B ARG 0 H Bkt B B AR A S B0 IS B, TRAIR R A 8
AFEA, HFELBHE T,

FIZHZE: LFWEHR B, BRI XL FRETRF RGLE
LERE S

FFHRENERR: X & — B TFAGKRLE, R (it ZH T “F
2 - AET A HAE ) - AR 5 R EE 407 Sk, ESEIIMOELT, AH
RAAAE T kb2 B 69 A T RN 5. BAEFT R, R AFERA P A
. TH. BN A, . k. RBMIBIEIIK, FAHZES LI,
JAAE SRR GG 3 NS R AT AR R R,

KRR : X3 AT AR 5 S A F T L RS L.

HERSE: ZXFREETEREFHNAAHTEENL (RAGRFRE
AR HLTEY (PRISMA 35 ). X3 th i AT &2 it & dk R 2| 55 kel 2
G 3 KB E. XEZNFITIFERRGING, FATFIUAA LEHA
A LATE.
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