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Progress of the mechanism of bone immunology in primary osteoporosis
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Abstract: Primary osteoporosis is a bone disease characterized by systemic impairment of bone mass and the microarchitecture that
results in fragility fractures. The pathogenic mechanism of osteoporosis is associated with many factors. In addition to the traditional
endocrine mechanism, a new mechanism of bone-immune system interaction has been further studied; A variety of cytokines are
secreted by T lymphocytes, B lymphocytes, and dendritic cells, which interact with each other, and affect the differentiation and
proliferation of osteoblast and osteoclast through positive and negative feedback regulation of some signal pathways, leading to the
occurrence of primary osteoporosis. T cells and Th17 cells, which are involved in osteoclast formation, regulate bone resorption by
double mechanism. Thl and Th2 subgroups inhibit bone resorption by inhibition of differentiation of osteoclast precursor cells
through secretion of IFN-yand IL-4, respectively. Treg cells inhibit bone resorption by the expression of CTLA-4 to stimulate the
apoptosis of osteoclast precursor cells. B lymphocytes are involved in bone metabolism by regulation of the ration of RANKL and
OPG. Dendritic cells are not only involved in the development of osteoporosis by binding to CD4 " T cells to initiate the classic

RANKL/RANK signal pathway in osteoclasts, but also directly differentiated into osteoclasts under the stimulation of M-CSF and
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e, B R4 E OPG, AALT UL i B 4 IR 3% , B
B 40 g A A 50K 40 it AT DA Rk — e g B A
F i y-THE L3104 . 10-10 #1 IL-12, RE
RANKL #1 M-CSF 2B B MERNWEENHN T,
ERFAREAREEZHEABRE TS5, X &
HHBEFH-ITEERERE, ENMELSH
) A G R B PR 1 4L 45 #9380 immunoreceptor
tyrosine-based activation motif (ITAM) & R Z &
E% ﬁ @ ?ﬂ] %‘J % 1"5} :b,'ﬁ immunoreceptor tyrosine—based
inhibition motif (ITIM),

5, ITAM S5 #4380 B f& 4 T, DNAX %
WE R 12(DAPI2) MR E A Z K v R E
MM LT E T, DNAX EE R 12 MG Rk
HE R y 455 B B8 40 M R R T B A
RUBELZARREMRZREG S, BB HARE
o AT IX B0 32 A Bl G A ¥ SR R, AR T AR 1 4B iR
BIRERER, SRERBAZEK vy BEHXKZE
BB R R KBS , T 5 DAP12 BRI
MR E A R A B ARG, A T RER
B ELN, —B ITAM @3 BBk TE 1k, A
MRS ARREES SRS, SABRMMES S
RANKL {5 5 & B AR 5LV i, 3X X NFATel # 3R 35 #
RN Rl c O R

H ¥k, ITAM F ITIM 3 B BRE A 24K v 815
SEEEEFEEN, EAXFTANRERER v
HE3 kB FeyRINB 4h, #7408 A B8 R X 3580
T B SR EL AR R E Y LXK B
BXBAMER RERFESEEAREN. AH
FcyRIIA | FeyRIIIC ffg X #R & ITAM &8
| 012 EMBR R, AN BRERES v
EZARMEANB AR L RE, FUKLRRE
BTy 5 oM T 3R R e B A AT AR

2 IgG RREFUSERER

2015 4E#E Nature Communications 22 & E P& T
PR A TREREAEER S ERBZEXRN ML
HITHISC &, {E & Negishi-koga il Harre 43 7 [ i
THEEHEMAAMHERELT . C ZEEaYRAER
R RAHLE . RETAMNRE GBI S
EALERE R Foy 2k LRAH RBER N, HE
IgG-Fey AR MM AR FRABLHERENZED
M, LRI RET#E FeyR 2 5W B HHK
R, HEEKPLE R ER, FRERAE/D R
5 4 S BT 44 40 B 3% T K B R ik FoyRINL 35 4L & 4K

(i Fegr3 B 45 ) M FoyRIIB 4 i 4 3 {4 (i
Fegr2b R 4RH8 ) , T Fegr3 BRI /MR B %
BB B KRB, Negishi-Koga I\, TEA HI 4%
£ F ,FeyRII BR# T FeRy S5AH3% 18 1gG K Z K
GEA, T 38 2 3% 0 8 {5 5 1 e 42 3 1 4 PR TR R
M EEE R . T 1gC FEMTE LT, FeyRIIT 40 fa)
FEERERRATE R? FyRIB 5 Ig6l ERM L
FeyRII 5 IgGl FEM A5, Bl 5 1g61 456,60
SR MM A FeyRII 5 51538, Fegr2b BN AR
HAROERETRARMERR, XU EERR
REAMERERENEA IgC EEWMHE, H
W, BF 50 SR BT, 2 FeyRIRB %35 T 6T, 1gG1
5 A4t FoyRIIL RI800E & 40 BB B, T 12G2 &
B A YE 516 B Z & FeyRI f1 FeyRIV 45
U L) LB AR
£1 BRBELENETET

Table 1 Factors that regulate the balance of bone metabolism

REHR WEAK
BMPs 1L-1
FGFs IL-6
HE AT Insulin 1L-17
PTH M-CSF
TGF-B8 RANKL
Wnt TNF-a
DKK!1 IFN-y
IL-1 IL-3
IL-6 IL4
MmHE AT SOST IL-10
TNF-a IL-12

OIP-1
OPG

3 THEHAREATH

THEMREE TEEMNEOLTHKR, REE
BEHS, FERRE THREHERS L AIBE T H
B, AR B B T 40— O T M B AR B R B Ml
BHEED, — T EHALNKERERE G5
B, THEARAEMKRERZE op E vdT 4/
ZAR(TCR), X4 T 40 M0 52 4k W] LUR B & Fh 4L IR
#RF A T M E 4R opT 4100, XK MM KL
CD4 &% CD8 TR, Bl CD4" T i f1 CD8 " T
R, A, %R ZH vOT SN AR &KX CD4 &
CD8 FRHME, XK THRMINGEE I ARIBE
#' BAABRSA—HIrTHAREAERRGHAR
(NK 40f) B T 400, X 26 T 40 Bk £ ik NK 41 g
MFEMBLR NKL 1, %k opT AIREEHIE, R
ENKHETHREERD HERAKRENHARE
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CD4A'T 4 M W N F A [, 4+ 4 Thi
A0 B (53U TIFN-y) \Th2 401 (523 IL4) #1 Th17 40
i (43 TL-17) , Th17 40 MUgEA N 2 0 B T B AH O
WTHME, EEINENRABEETRRK: 5%
Th17 40 ffd % i % 35 & 7K E # RANKL, RANK 5 8%
BFMMAT AR AT A RANK 454, (R 3B 5 400
BRI R B LB B 4 M, 0 B PRk B — 07
I, Th17 40/ 43 o TL-17,1L-17 BREGE 46 H 8 1E 5 B
‘B 40 S A0 2 B 2 T 40 R 35 RANKLY™ ) F#E
BEMRATAARRE N RANK &4, (R #HBEH
Fio BRI B R R M, BR 2 50 L IL-17 5 5 B WA
724 TNF-o \IL-6 55 2 P 40 M (5 7 8 40 A B 5
# i 40 Mg ik RANKL, {2 i RANKL 5 55 & 40 ff 8
ARAEREREE RANK 54, REBTHARE RAE
Jo R AL

CD4* T #AMufY Thl #1 Th2 40 B3 I B W 43 51 4 3%
IFN-y fl IL4, B {18 o M H 8& H AT R H R %
BB BB 40 B, T A B R R M, Thl 4
R 5> IEN-y, 58 B 40 MU AT A 40 LR 1@ IFN-y 3%
K&, %S 9 M A K TRAF6 [ &, TRAF6 £
TRANCE/TRANCER S @M X BZ 248 H
T, T T 4 % 8 48 M A 4K 40 g b TRANCE/
TRANCE-R 155 1 B& 1% 3% , BH 1k B & 40 O A7 44 40 g
4340 5 B, 0 R A M T BB R i

Th2 MM WH L4 BB EARERNEE
REETEH. URMHRER IL4 @83 &
HIBH T RANKL % 5 9 NF-xB 1 MAPK {2 5@ &,
AT BEL BT B0 A BB AR A ML B Ak, HE— B R R
W, IL4 R A A M E R E 4 IL-
4 4b 7, T H an SR S X Bk R 4 M AT 4K 48 B A
RANKL 4b 28, TL-4 TR B8 R #5005 B 40 B % A A4 16
. BMEER /A IL4 1 RANKL, 1 A B BH #7
RANKL %S 9 NF-«xB 5 % MAPK Z 2@ %, A
BE T A AR . B NFATcl BAB A
Bja , kT IL-4 3 B 40 AT R i i b i 4 F
LA TR R NFATcl B —FEE R
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Cheng J % & 338 i STAT6 7 £ [N # 3 /K ¥ 40 4l
RANKL 55 #) NFATcl B335, M T 0 & 8 B 40
R 0 B v R A AL L4 %54 Bl
MRATR AR A Z A -, 3% JAK BEARE MY

B, T35 ¥ % B 7 STAT6 MIBE M1k . — R ifL
R AN, TEB A, STAT-6 %5 & 5| MMP9, Car2,
Cisk, 1 TRAP %% 5 B B 40 M T B A0 & R R Wi 1
WEREFXE, Tk NFATcl #FHEFL 4T
BB HE R R AT FRAE ), AT 400 50 B A
T BB R

F4h—% CDA™ T 4R # ik CD25 REH M
Pk F FoxP3 MMM, BiAR R 4 T 4 M
(Tregs) ,EFERT Ik H Rt ERE AP HELE A
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JLE T, AT 400 8 B R i
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TAS 5RGMERE, T B R84 i 40 R F A
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= B KB4 iif 2 5 RANK/RANKL/OPG {238
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BHEHRKREBENFELETEH P, SHESH
B EERE, 5 BT B E S e A 2SR
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FEMEER, B L, FETEHP M B 4K,
S TUSRRIBG , B8 A RK B0 H 2 58
%35 5% (bone marrow niche ) , ZE B 88 E T ,B
B — T i E AN N TR
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405 WA K BB F L.CXC12 \M-CSF FI#HT B 40 fa i
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Valenzona HO %2 8 IL-7 #HEE/NR B4
K IL-7, K BURT B i A, SBEE U E
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T RANK 5 RANKL §9%54, AT T3 7 & 4 e
BRI A B S A b, XEE T OPG F R
EEGRBTENSBERTIRESHEMA™ . L
A 2 PR Y BT IE SE T 53X — WA R AR E AR A
T,B W E R AN S HIFEH OPG g EBE A=
0V, XEERRE TR B M E M AR
/N, BRI B B B I A SR BEE B K E
2 i g 4 B /0N BB T 40 Y 0 A B R i R
HE., EREFRET, BREAREEKEN
RANKL, B i {18 E B 12 , FEFLAR R CD40 3L 3l
HT,BHEEEXRN OPC LB E FHA, U
FRBFFE R, B K E 40 & RANKL 1 OPG 9 £
ERAHEENAR, fERAFRERBLMNG,B
bk E5L 4 B3 5t 9 45 RANKL A1 OPG # L f1,  if
BERMESEHEERAMEER, EERRBTHER
it

ERRARE B RHEN R ENRERELE
bt AR o R B AR X TR B IR R R, B 2 5 B R
MR ENICIZE B RERENEESET
Be,UY TMHGZE B REmn RN B KRB
43000 B0 L 40 B - K 40 O 4E 7% I T GM-CSF
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WOEEMAER T T, B R AR A EER
F,, 02 M B K 40 B K A0 A b R T
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T Pineda B3 106 THEVE /N RA 2S5 B s
BB T o, ST 2 0 /N BB RY 5 S R A 2 B 5T
NEEHOEEEE, RBEMNTEF MRS, &
FRE/NE TS S B KB ML R G LR A
BRf PI3K FeyRIIB (55 @A A FK A RAE
AL R X S BF 5T B, Pineda S/ F /Y 706
LW EBE RGN RENE SR D, ®FE
CD79q R #4747, X B CD79A (rs3810153 Fi
rs1428922) MM B H ML B S EHEENMX,

BRBBA LT IR REERBEX Y REBEE
I 9 3 7] i, Engelmann % 7 28 RUB ¥ X R &
ERRER, R CDS B KB AR E LS8
PR B-CTX (B RB AR ED 2 —) KE
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RANKL, 5 5 40 Jfd/ B W 40 M 3% 09 B8 - 4 L i 1
4K I A RANK 454, 5 39 22 St f0 B 40 IR IR
) RANKL-RANK 55 3@ # , % F 5 2 40 M/ 5 vk 40
FO 7 9 B E O AR MR B M AN AL R R AR
Alnaeeli 28755 & & B, /N B CD117 40 78 44 5
5Cp4' T UM EEREMEERN, U—F
RANKL/RANK {5 5 i 2% & # o0 o7 &, 2 6 i
TRACP +/CT-R +/cathepsin K + K 8 & 4 Mg,
RANKL/RANK {5 5 i 09 1% 4L, 7 & M-CSF /3
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T, M-CSF fig il ¥ & B8 CD11c” % 52 4R 40 Mo ik —
BB, 55 FRAMERLR . Da
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CSF #1 RANKL B HI 3T, R B2 CD11e " 44 AR 40
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2 5 RN ETE ALt nT LU o 85 40 M AT VR 40
Jf2 (DDOC) K7 X, £ M-CSF SRR THIRBM T,
HESMEARBER, 258 RGN KR,

REFRAAEFE 21 294 2 W 63 K b
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BHRE5AR ARG ZEMEEAMANRSER, #id
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