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Abstract

BACKGROUND: Bone defect and bone healing have always been two major clinical problems. In recent years, targeted cytokines such as Interleukin-3 have
been used to treat certain bone diseases, such as rheumatoid arthritis and multiple myeloma.
OBJECTIVE: To summarize the relationship between interleukin-3 and bone metabolism, and to understand the mechanism of interleukin-3 in osteogenesis, so

as to provide theoretical reference for new osteogenesis programs.

METHODS: PubMed and CNKI were retrieved by the first author for relevant articles published January 1990 to March 2021 and from January 1979 to

March 2021, respectively. The search terms used were “interleukin-3, bone metabolism, osteoblast, osteoclast, bone formation, mesenchymal stem cells,
vascularization” in English and Chinese, respectively. A total of 896 articles detailing the mechanism of interleukin-3 and osteogenesis related metabolism were
initially searched, and finally 56 eligible articles were included for further review and analysis.

RESULTS AND CONCLUSION: Different from other cytokines, interleukin-3 has multi-lineage targeting potential and plays an important role in hematopoietic
system. Studies have shown that interleukin-3 can directly interact with mesenchymal stem cells and promote their osteogenic differentiation. In addition,
interleukin-3 has been shown to positively regulate the osteogenic differentiation of mesenchymal stem cells by stimulating the synthesis of bone
morphogenetic protein-2. Although interleukin-3 has an effect on bone marrow stromal osteoblasts through inhibition of bone morphogenetic protein-2, no
effects of interleukin-3 on the Runx2 and B-catenin pathways have been found. Bone absorption by osteoclasts can lead to bone loss. Early studies found that
interleukin-3 could promote osteoclasts, while recent studies have shown that interleukin-3 could significantly inhibit c-Fms at mRNA and protein levels, and
down-regulate the expressions of PU.1 and c-Fos, thus producing an inhibitory effect on osteoclasts. Therefore, the specific mechanism of interleukin-3 in
osteoblasts and osteoclasts is thoroughly reviewed in this paper, with a view to providing references for future studies.

Key words: interleukin-3; osteogenesis; bone formation; osteoblasts; osteoclasts; mesenchymal stem cells; vascularization; review
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0 5|= Introduction

B 1986 “F A & @ e A~k 3(interleukin 3, 1L-3) % &5 & I
ot % APak do A0 dm O G IEAR R AR, G @IBAF 34K 2 A
TR REGTHRREBRDBRAALTHEINE, AT A
whnmie, FAAHTFREFHMBMEHEALY, HE5ER, &
AR e @R T amind 367 FHXER (SRR
MEF XS EREMBF ). am k3R A LA Sk
REAENW S igemeR T, T2 hiia bt KEETSHER .

B FEA VA B R A T R B e R A SR 4l A
SR W AA L. BRI K E A E I e, ABRE L
HE. ERREGHTRAFRE AL, ERTRHRAAE Y,
PREGm A % 5 F AR % 4% K B F 2(recombinant Runt related
transcription factor 2, Runx2) 4%, # Runx2 #9& M EXE %
i it 4 F B F osterix®, Osterix L HFHEL A TG H T4
&8 . Runx2 224G 5E @Ik B, # osterix
W) R PVE Sa A IE B 5L R . AR e R B % R R R
HMAF 1AL EREme R ERSEF. BT B ZIRHE
F (recombinant receptor activator of nuclear factor Kappa B,
RANK) #= RANK B4Rk (RANKL). VAR BB ZAK (do e b0& ) R
Aok eg A ZAE A o4 Rl V.

Ao Z 3R PETEMMEANEZ@IOR T, HRLE
9l & e F 3 RABCE A R AT B A AR R A B 5
—Z &, BARHANPURKAR % © & 31 & e Ai-& 3 AR B4R H
7 R A S T e 6 R e oA A R AL, A
A E3HEFEHVALEEG 2 REWBRT/EA, IL,
& mi/~% 3 /£ mRNA Fo & G K-F L B 494 c-Fms, 5F TR
PU.1 = c-Fos S 2B ta ioAF AL B T4 434, X R & @ik 3
X BE a0 A6 RGA A AR RIAE A N RN T @ mie
F 331 AR T mit. B A B dn AR R 69 R R R
A BT iR @ mpaF 3 AT B R 62 R, AR B
o RE K,

1 ZERlF0753%E Data and methods
1.1 BREER
111 ¥r ARSI &% —FFTF 2021 5 3-4 A #4746k,

1.1.2 A&k LR 4% 1990 4 1 f £ 2021 4 3 f] PubMed

B AR BB 1979 51 A 2021 5 3 A F B Sn W48 B AR K K,

1.1.3 %% #4348 % PubMed 438 % (pubmed.ncbi.nlm.nih.gov) &

P [E 42/ (kns.cnki.net),

114 A &8 A A& R wk XA %994 “Interleukin 3”7 OR
“bone metabolism” OR “osteoblast” OR “osteoclast” OR “bone

formation” OR “Mesenchymal stem cells” OR “Vascularization” ,

bR A “AmitAE 3 AND “FHAR” . “G@itiE 3

AND “RFEfmfie” , “@wmieAE 37 AND “Fmi” . “aim

JoAE 37 AND “B AR .

1.1.5 #RILKER BRLRER AR REFLEE,

116 Xakthk & WAIFH) b &L F 896 &

1.2 ZHRIfHR

121 ANtk O5 @ik 3 FmBEnsltaXe i, @

5 mpE 3 R E @b A X TR @5 AR B t9A

RN R BB A g Lk,

122 #HpArgE OWE. 236X, RAILFFFHL—K LK

@EF ALk, @HAA B 69 TAFE49 Lk,

13 XEREWE dAEAAH LFAF, TRAMIFRE

S RA IR AL, REd TREH XX ARATANELRK, BB

FHELHK, EAL56E, hrkALBEILEIL

YL A E H: “Interleukin 3”7 OR [—| #rZ PubMed %3 Fe A1 r [E 21 ‘
“bone metabolism” OR “osteoblast” l

OR “osteoclast” OR “bone
formation” OR “Mesenchymal stem

cells” OR  “Vascularization” R R B LSOk 896 F ‘

BB % CH M A
37 AND“FTEA” , “ A% 37
AND “REAiE” , “AmEn % A4
37 AND “BCRHANIY . CEIMA | | T S A S AT S
%37 AND “HHRH” JEAGE 56 RIS SR

1 | RERIEE

2 Z58 Results
2.1 BERNE 3 NarTRTEReER mARTalks am
A& 3 AR eyt Aks ), LA 2.
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Friedenstein #4% T~ 1968 - K I & B P AF7E— T / MHA M RE S FRiE
MG 4

E
e

‘l Caplan HUE 1990 4F:tt— A K FARIA 438 “[F1 75 T4

1988 R IR KM A 4404 “ B R T 4

‘lpittenger*ﬁﬁ (Science) K& &, &UGEMMTR FANES %

FHALRETT, BRI A A R A

2002 £E K LT 1] 78 5240 LA 5K 1 S B e

bR i i T W B M e i T e S OMFEEAEK; @Ak
H#RIE— LR RAEGUR (FC4); @R A MBI, mes 4.
BCE AR I RE 7

Barhanpurkar 55 & R7R T EAIIA 3R 3 AEARSMAIAR P 2R AR T HEGR A
1R 72 40 A ) 15 40 7 A T

Barhanpurkar 25 15 J/CIE BH (140 i A 285 8715 CXCR4A/SDF-1o0 F7E 3
SN 1) 78 J5 T 40 MU U7 T A4 R SR A

B2 | EFERTHRESBMEENE 3 R EKEE

B R T m e B AL A RS e, RE min. RE it
WHEL S, REBGENETRATRE Y. FRBE, BLETFNR
R B, A, LA, MR A e B R AR T ik,
152 B A AR S0 WL R R T e AR A 4s Y B e
HHRHPAREMEER., KTHTRRE—FFTAONH: WAFTF
mMILSAA BF mIC AT, RS REERT. BAF
R H —Fr B EEHE: 18 LR T @I A e RE @i i
BB mie ™, RE @ T B H R, ST SR
B E P RIERR. RAR Tkt 3 AMELEST
H AR K ARAE ) f ) RG89 B B A R Y,

g tmfo & 3 £ CDA' THREmfiyint, @it 5 dtm
fofe b m R R FOBH RS FFRATHRE LM EBEL AN Y
Tk R R MAK R FE T e Fe AR iR mRNA Fe %
G KR B R G mAE 3 24k ofll-3Ra). & MAE 3
2 LR R R A R Ae bt B e RGA SR R ) AR T
me e RE e P, B AR AT G AL TR w1
A B A R e, BB AR n e oA A AR trieeg itz O,
FHERAEZO R FASE. W AKmIE. REmitfsg
Mo, B4 4T B @A . BARHANPURKAR % P 4 i &
mie £ 3 PRk IR A @ A& 3(100 pg/L) 4919 7R
FimpdE R Fart BB, KA EG @MEANE 3 P RIRERT G
MIANE 3T FHERAEE 2 5K REAER, &G @i
EF 3BT AMEHALAEEG 2LE AT @I, Smadl/5/8
REMERAFOQAZROBLBETHIST, EFHALEEOSR
TSP REMSHER, MRAANETHELAES 2RETHE
Smad1/5/8 £ 44, #tmiskl R mip Ak E e 4% ", @l mig
A% 38 E Smadl/5/8 A &Mk A AR T it ey F A
RAEZG 2UETHES, a@mieiF 3 Tl JAK2 #E STAT
wAR, T JAK2 ¥4 R AGA90 T vA 2 EIp A @t A 3 2 AE
IR e R AR B, X K JAK/STAT 22 TTHAL T & @it
ANEINSFHRFEA M, tsh, BARHANPURKAR 4 4% 52 #
R G | BRBR A5 A AR B R Tt (10° e / A
MBHY ), FESGELEIALE @IA-F 3(100 pg/L) 45T
EREFZAFATHE 10d, REHT A YBHEMAE THEARL

1262 | DEHRTIEAR | 55264 | 5885 | 2022638

BB RARA, 10 BB LI & mib£ 3 B R E
JR AR B3 B4 E ARG S, KRG mitF 3 A
2B 7] T R N B M A 0 HE
2.2 BYEENER 3 XWRSMEAWER FHRER bR HRE @
JaFe BT 9B IR 8 AR B E T AT H 0. BERR
— A A&AE, bR B8 8 R ARG BB, SRR
BT R A TR, A TH ARSI, RE @R
— 2 5 e B F 6935 4R AR SR RTARE B R B AR b A
PRI PR e U0 R T A A s A G (deF A4S
B, B REA I ARREOS)ASTARGH R, £
bl ARREES &F AR EG 90% A £, m s E it it
ANAEFRKBORREEESE, BT FARERFXAILTRE
) G sk, M)EiEit 2 S Ak ZhiB M vA B pH (B4R %], HAEE
4 2 AR B T R AR B R P AR e P

BIRCH % ™ 1% ) R 4t I B4k KR (PCR) & ILARE 40 it
TTARE @ mIeAFE 3. kb, BRBEREFITESIMELE
EFF R AR B RE w2 mihE 3. 5—F5d,
EHRLICH % ™ A & s e A~% 3(0.01-10 pg/L) & 3 &% s R A
KEMAR ML, RIAG@IANF 3 AR BIRHMF X4 K
EA AR A G 2 KB R MR R B8 aieAE 3
T3 H R BT E R A4 B F Runx2 #9 &L, FH
EHN G mA-& 3 /5 B-catenin 1242 (Wnt 2842 5 &2 ) T i
B EORKTFIRE., KRR amiid 3 ddEAmfgH
EEAEEG 2405 F AT B RMARRE @It Hh, MAL
W& @mie/~% 3 5+ Runx2 #= B-catenin & /28930 . H A2,
B K RIEPS ACE fm RO RT AR fm e Am o)y BRI m AL _E AT & 4m e~
F 30 A TR IL3Ra, 2R LILE mRAN-FE 3 R AedrH
CAHRE @I, dFamiArE32EL0 AT R0
YRGB F, AR A XRACE AR e R AR e e P
#) CDAS" mjit, B 5 G miei& 3 RN, XK CDAS
ML R T @ mAeAF 33 RE @it hIER, Au G @mie
AF& 35T ARE e e AL e I RIAE R RGBT AR e | B s e
(CD45 3% dnfmfig, ) 1M dEATE A P, sbdl, BREE 4G mie % 3
R A4 CD34 F AN R MRS, EHE TR
B &3 % AW R G R A AT E I T F- Ao iR 3 04 AR 4w BAT
4y, 4= Runx2. Osterix. RANKL vA B F %m 473245 SPARC. AL
WEGGRE Y, GmiaiE 35 RE et A L K,
nE 1,

s

xR1 | AHEN R 3 JEE AEERE RIS

HUN 2 3 N FELER EE DU
AN E3 5 R A T AR IE AN R 3 [23]
FRCE 4 R AT DA AE A R 3 [9, 24]
B 5 4 S RAER 2 %k [25]
X Runx2 ik To | [25]
%if B-catenin FZM A K& H [25, 28]
SV A 4 AT e A 1k [26]
S B4 A AW e A A (B E N K 3 4 A [26]
ZA)
CDA5" Zfifffy 2Bk CDAS™ 4 S, EANMA R 3 ] [25]
A AR FH B T
CD34 4L FLA A 3 3 30 517 A () CD34 - 41 i o (27, 29]

F Runx2, osterix, RANKL, ifk 8 21k
FYE: Runx2 NIEFHICE IR F 2 RANKL A% K kB 2443 K Fic i

2.3 BYENAER 3 NIRSMIRVWER #F et —m XA S 4
tmfe, @it B fm R 4R K k) B F = RANKL AN 4% [ E o4 4m it
#wmla sk, RANKL i@ 1245 5 % 4Kk RANK /1812 5, RANKL/
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RANK 12 5 43 E AL T 4tz B F 1A 80 e ey % k., ik
SR AR EEY, T mRR A AR FH T RGANEY KA.
TG AR RO & tm A~ F 3 Rk B m i A AR, HATTERSLEY
FP R hmiblh @it E 3mE TRHERTA L,
Ao A2t Ak IR R A rh, R IE mIA-E 3 AUEF AR E e
feq 3o ik, #—F K F M@ H A E F4e 1, 25(0H),D3 3%
BR T AR MYINT 2 B4 ) & e A& 3(100 ng/d) iz 4435 7%
R BARN, K2 FEBTHMERAIY K, HAa0 5|85 B
VERRBR Bl ( — AP AR E ta L6 ARCER )[R aiol 788 B 2 i gk
TR, XEPEEINE 3 TAEFRET@MRNET, &
ENREAA, b, ESEAHMEHMBY, AmlNFE35E%
o i, X A 4 1a(MIP-1a) 3% RANKL #9 B2 A tb 3 3k B v 4m i, £k
8 1o 3 RANKL 3 3% A SR e eq T A B Bl R $5% B,
AR LI, D RASNE mie kLG mieAF 3, dtmighE
254 RANKL ik Fo /= A i 5 BR B BS B [ b S8 47 dm i, B,
CHFREIN, @miaA-E 3 g mias = A4 R4k
A, amieiE 3 MUT AR ARG IR RKF P AL A
G AR G0 e P BF e e K F Y, A AR SR
BhHE FAGAR B RAMBREAIRE S mine E A (F
R AFES 3 EH ), KHAPL & B % g wmibA-&
3 EAE fa AT P A8 i A7 R A% B F kB 49 BRBRAL A A AR R PR
RANKL 55 6494% B F B 4% $h4%, A d474] RANKL 5549 588 4w
s, miné mieAE 3R F R T @& 3T m
Rt RIAE R, FF L& miti-E 3 xR a0 64 7 4
MR RITHE, XEAG @£ 34kt mit e ti
it RANKL R #4769 ©, sboh, EDREMED EERF, am
FaA~E 3 B AT H A% | EE itk A % f TR P PG IR
BF aifsegdak, FALG@RAE 3 ENBIRLEF a.
F A KRBT, LA KR T B3, A @& 6 Al s E E2
FARK R T HEOELT, sAPBRAERT o FF9985 %
WAn KA 35V A . sedh, @ miaA-E 3 AL T MR E F
o 5§49 c-fos 4% §45fe AP-1 DNA 254751, H & @itk 3
2 25T R i [ R R & & Aol B4R e RAeMiE L R X
JEPE R KA R, X R G @A 3 A TR
BF oaifFFeTdlfRs b fRAFT REPoeEETRER.
GUPTA % P BER. 7 & it /& 3 sH B4R dk & Ao B R S &
F 9 ] o 2 A% 4w L F A RANKL 55 49 A8 S tm J AL A B
BN GG VR ) Ao A, AE R S ) e A% gm R A B g R 4R R R
B - F= RANKL 6945 i F oL R 2 B M B 4m e, FFadad av/B3
Fok (23c6) R XA BAMRIE EAERIRE, LRAIG @m0
NE 3 F| BARMUME M 4] 23¢6 FEMEBLE e AR B Rk Am
[ RIR R Y ¢ 5% RS8R ( —FPIR RIS =4 ) 09 B, AR TE
oM T Gmiti-E 3 3k mie R BT LE b4 B F kB 2K
#E B F F2 c-Fms L AR VA B c-Fos. PU.l. EAL T @faZ A F 1
E G4 RelB #: 1 B F 89 %k, XIN&G@IEAN% 3 /£ mRNA =%
G KPF LR EIpH c-Fms, H T PU.1 f= c-Fos &ik, sbsh, &
mpEA~E 3L T R B B R BT B 4 00y B R
W, ERF AT RGANRARI 69557 e b, Jeob, E—IAxT
AFHBEELE ML AR T, LING@IENE 3 HFATH
JRobk B o 4 it DNA 254 / okl ) (1d1), @ 1d2 & & e
& 3L IS 0GB B R R BEE m e sl g i it AR b A
FE, BEAT@RAZRT 1EOE A2 8:/50 F MR E KM
Mok o Fdsn £ A F AW T G @mItA-& 35T aE b g 3
HVER BT ol me & 3 @it c-Fos e Ids 34 B fm
fasi, A FFBRARVEA . LEE 5 Pd it bt —H AN,

8 fNE 3 W E R 5 %5 Ao 4k FME B F S(signal transducer
and activator of transcription, STATS), i@iti5% Id BB )&k,
74 RANKL #5564 508 % A, STATS 4& Z 394 & fa o A-% 3 A~
ST mpe T AT H], 327 STATS & & @ /~% 3 A-F5F
wm eI H) B K AR RBEER . B, AmRAE3FFN
STATS 3 7& LB 7 1d1 o 12 49 & GA, X2 FH R 7 RAER
F, 4 STATS £k 4 4mfeF Id1 3% 1d2 69 i & ik 2 443k & 4 oA
F3NFAITH BT @I K FH . Frvd, STATS @i 1d A&
B A KB, 25T E@ENF 3AF49 RANKL 355 P17
B 69T MmO R, T/ HONG & " 4B d, A & @i
F 3 B T AR B AL 4 AR 4n 0L 04 K F A2 ) AR e kAR
T A T o KA EAER, XA @meNF 3 ERE
mWIRT R T WA RALE T BAFHEMR. @ mieF 33T E m
JeegtE MALH &4, LER 2.

®2 | RAIAN E 3 IWEEAEEIERLE

B4 F 3 N FEAER 2% 30k
T4 FUHREFOA Y i 5 3 et 4 e g [30-32)
T TN A 2R 3 I AR [34-35)
T A AR SR ITT FP A RT  E IR f 2 A A 7 A (35, 41]
RANKL 00 ) B DS 7 kB TR B R A RN AR AN T A R [8, 42]
RANKL 75 3 (¥ 0 B 240 0 A=
JRATER £ o HHI SR /R S R AT AR MR R (37, 42-43]
BEIRF o 5 S 0
BEIE T FRRSEE F a 35 31 c-fos B ALAT (39, 42, 44]
AP-1 DNA ZE 435k
c-Fms, PU.1, c-Fos 7E mRNA F1 25 (1 /K~ b & 2 Hi] c-Fms, Jf [38, 42, 45]

N PU.1 F c-Fos #ik

4717 c-Fos 1 Ids( [5 W 48 g h DNA 454 / 43 [39]
AR ) s 8 A P A1

A 3 T 4 AL AEL 400 A ) R (R B Al [40)
TE

B BRI E A A

T 4t M AL 4

2.4 BBRNE 3 NMEBLAWER EFLmFREZAET, &
Tl A RETER. FREAFEEFHFHEE T E4
* U KBS TR BB RET N TR LT Y,
TR AT A @R G HREEA. s TR, 2R
YARB T ARE B 2 s AT B AR 4 R A s Ak T,
TERE RNETRE ZHAELEGH B, A REZHN L
B AR A KB FHATAE ", ameisE3 2 —
Frik ot & K F, R SUF REAL 20 BO3E FA b A ) KA 4G
i, X—HHERRETHA TARRENTHMEEARTINGEN
B, B AR AR S TR HBE Rk ik, R
Wik o T 40 R B F 4o & e iONF 3 RAK R An iR 3 PT
Foh. B R B IR G AD G 9 R ) SRR A R 4 LR R
T —%4#, XEN K @eRAFEE 0meE TR THL
FH A, AR, AR CAr e A R E T hed R R fe
RAKREF. HFLEmpt KRR Ffhdd REIREEIN L
REER, FFH, EREGALN R EIETT, BEALLRE
¥Rt E N R e E KB TR e E ek KIE TR, £ 3D
FEME O R IRAME BT, AR AR E G SR AR F;
KR, EHMELAEWNBPmRE N L@t KRBT, FHEmie
AKRAFRALZHRESEARN L mIL BT, TREEEAX
FERG A8 38 1 B aa iR ey T A5 K A, ke ik d T m BT 4 e
NE 30", Bk, ©d kR @it KR TR F g5 mie
AREF A K @RENTHESLAE T E 2@ FifH b
B F Z AR IL-3Ra 89 L #AE A, 3t i 4] T bt 8 7 5 K 4 L ot
DENTELLI % B% &) = & %, 7% & /4 (SCID) /s Rz 444 -+ % Ldm
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