T BRGNS 20194 4 A5 25 B 4 Chin ) Osteoporos, April 2019, Vol 25, No. 4
Published online www.wanfangdate.com.cn  dei:10. 3969/§.issn.1006-7108. 2019. 04. 004 439

- = -
R R LR ALY P 0 H T 5

AT g 2N R PR KER Fai mal”
1. W ER R OB B, M #H 350002

2. FEEEAR B T PE R T R S L AR E AN 350002

3. AR K O E ST b, 48 & A8 350002

hmE4ES: R6SI  EIRIAM: A XEHES. 1006-7108(2019) 04-0439-07
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P B 7R BE 7 A B SR TR AR AL AR R DL KSR A G R R B KR,

K CBREE R A0 B BB AL U0 Ak

Culture of osteoporotic rat bone marrow-derived macrophages in vitro
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Abstract; Objective To isolate and culture osteoporotic rat bone marrow-derived macrophages( BMMs ) in vitro and explore their
biological behaviors. Methods The postmenopausal osteoporosis ( PMO ) model of SD rats was established by bilateral
ovariectomy. BMMs from osteoporotic rat were isolated and cultured in vitro. Inverted microscope and Wright Giemsa staining were
employed for morphological observation of BMMs. The proliferation of BMMs from osteoporotic rat were detected by CCK-8 assay.
The polarization and inflammation-related factors of BMMs in the PMO state were evaluated by immunofluorescence staining and
real-time PCR. Results PMO model was established successfully. BMMs were mainly polygonal and omelette-like in osteoporotic
rat. Comparing to sham group, the proliferation of osteoporotic rat BMMs significantly elevated. Immunofluorescence staining
showed that BMMs of OVX group had higher expression of CCR7 and lower expression of MRC1. Real-time PCR demonstrated that
the expression of pro-inflammatory factors of TNF-a and IL-6 increased in osteoporotic rat BMMs, while the expression of anti-
inflammatory factors of IL-10 and TGF-B decreased. Conclusion  Ovariectomy affects the proliferation, polarization and
inflammation-related factors expression in rat BMMs.
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PMO 835 Fifi & 7K P M 83K 7K B B AR, B AR A5
BEATHE , B W R T8 T8 A, BBl 20 i SO
gitiRAk. BEWE TEEER N, 3R AR,
SHEFEET, R AEGRE . Wi,
PMO T Bl b i J7 % 38 vy S 4F BT 43 £ B9 AR 0 i 2
BAEE LK E L, &0 E b keE 9
(osteoclasts, OC) | i B 2 HiL 1 200 L 45 22 b 20 Hi &%
AMMpA TR S50 ERS . FgiEd oc i
RIR4 M, 75 OC 2 505 Wl s b R HEE B
B Ao T A RT3 S i R 3R BE IR T
(tumor necrosis factor, TNF) o, H 40 M / &
(interleukin, IL) 6. IL-10 £ RIEHN T 5 F &,
L%t PMO KA T & B8 B % 48 B ( bone marrow-
derived macrophages, BMMs) 4 ¥y % 1% 14 0% BF 57 ¢
AE, B, A8 58 08 o 50 4 B B 3% PMO K
B BMMs , #1525 B 81 %0 R Bl BMMs A= 41 %247 S 1Y
o, R IRAREGE PMO 19 & S L] 5 By 1A 4R 4L 52 4
WA

1 5 F*®

1.1 SEseshy)

3 H R4 R SPE 2% {2l Fe M 4 ok 22 Sprague-
Dawley(SD) KR 20 H ,{& & 250~300 g( A E A
R ERE RS LOOBERERAL) , BEHL
Gy RS G B SR AR AT A BE R R
SYe M ZE 5 2 EN
1.2 szl A A48

DMEM %% 35 % . f5 4= 1fiL 3% ( fetal bovine serum,
FBS) .0.25% ik # 5 B (Hyclone, X [H ) ; B Wk 40 i
S H R T [ macrophage colony stimulating factor,
M-CSF(Pepro Tech, X [H) |; B R . FER LA
M2 DAPT( LB = KAEWH ARG R AH) ;
PR iy -4 4 B e R (P st LR A BR AT )
CCK-8( Cell Counting Kit-8) ( [F 4=k %W 57 i) 5 ]
BEFRXANE PrimeScriptT“ RT reagent Kit with gDNA
Eraser 7% Y€ & PCR &5 & SYBR Premix Ex TaqTM
(Takara, HA) ;519 & M ( L ig A T LA Bty A FR
ANF) s RAL K BB AL N T 2 /K 7 (CC-chemokine
receptor 7, CCR7) B v [ i 08 | S 00 K B H B b %2
£ 1( mannose receptor C-type 1, MRC1) B FE R &
(Abcam, €[ ) o

HEAL FORCE % TAE &3 (95 M AL i 46 A IR
ANH) AR R RS AR A A
VUK i BT 0 L (Heraeus, 78 [H ) 5 40 M 3% 3% 48

(Heraeus, {2 [H ) ; 8] & 5 Y60 2= W43 8% ( Olympus, H
) ;iIMARK F#R X ( Bio-Rad , 32 [H ) 5 92 if %€ 't i it
PCR 4% ( Roche LightCycler 480 ,7£[H ) ,

1.3 LBy

1.3.1 0P8 PMO KERMBAIMHE .20 H SD K
SR8 I IS T S S M R (100 mg/kg ) SRR B, BiEEAIL 23 1
S A, BAHL 10 B, 2FREAH N
B S 2 B 25 B0 S (ovariectomy, OVX) 41, #E 76
B ERAE T S8 2 R BR O BB 51 8L 5 % BR A DR = R
(sham-operated , Sham ) 2H , 7E JC & ¥ 4E °F 1/ 55 0P 8
B 3 R /INAR T B B T AL 2R R IS AR iR 2 1) 40 R KL
RIE, AJ5F6 .12 il FWAHR R EE, K5
12 J& B 4R L7 8 S BB 80 B U0 R HE gy 4,
DLB#A R BR PMO BRI 57

1.3.2 KB BMMs > B85 5% . K5 12 A &8 i
VRS AR B (100 mg/kg) BRIEALIE & 4H KR, =%
SCHRTTEE: T 0B AR T P R R R R KR
B, R BRI E B S A, 5 BR R T e,
DMEM 55 37 ¥ M 99 3 52 85 ol ik B B T JF Wic 48 i it
#,1 000 r/min B0 5 min, 3 F3E, HE., BRE
20 U o S R, BN B T 0 B R, T
HE S min, HIRE.L,TE,PBS %3 M, LIF
10%FBS H & XK 100 U/mL 8 & % 100 pg /mL
30 ng/mL M-CSF f) DMEM 24 AR ERE, BT
R EAR SR, B3 RERE R, EE &AM
22 WO T I, i AR K ik 80% ~90% Rl
BHif, LL0.25% B G +0. 1% EDTA JH 1L 48 L 15 )5
LE

1.3.3  Fif [R-MRA =g . 43 ¥ OVX 244 5 Sham
KR BMMs L 1x10° A~/ FL 1 % B B2 fh F 24 FLAR
RN B S, T 4% 2 R T EIR T & E 20
min, $% B iy [C -2 48 % G MR A DE WA R 47 e (0, 7E 12
EAHZE BB T WA

1.3.4 CCK-8 5% ¥ OVX 2H 5 Sham H KR
BMMs A 3x10° A~/ 4L % BEA T 96 fLAR, 535 T
BAEEE 3 RAEE 5 KR A CCK-8 A I 40 A iy 3%
FARES . RIIPIZH AR HE 4% 6 fL, R4 CCK-8 15 &
BRAE L, AL 200 wL 35 8 L& CCK-8 i,
37 CHH 4 h J5 HBEARAL T 450 nm AN I E '
2% (H (optical density,0D),

1.3.5 SGESOtR 6 KA A ML 13107 A/ 1L
Sy AN EERN T 24 fUNRN  FR AR NG BE IS, 4% 2 R H
BT Z IR T & E 20 min, A 0. 1% Triton X-100 i
EAMLNGE, PBS B e 2 U, LI AT BSA 1Y
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PBS & ] 30 min J5 23 5 0 A S5t K Bl CCR7 K
MRC1 #gREdiR, FEEME 2 h, £ PBS #hijk 3
i, DAPT Yo, FE{8) '8 95 A0 22 W 3B R AR 40
M8, 38 i Image-Pro Plus 6.0 3 {4 73 #7 % 6 R &
W

1.3.6 SCabZeot e & PCR: 4y BiK A4 KOS B4

9 OVX £ & Sham £ K . BMMs LA 2x10° 4~/ fL#%
FlF 12 fLAR,24 h JFIRFEBEFRIR L, PBS WE B 3 1K, R
FH Trizol $2HX40 M B & RNA | 28306 5% 5% & il ¢cDNA,
e BORGR & 0B FHRE R F SE B 98 5t %€ & PCR Ky
5 25 40 o 46 fE [ F TNF-o IL-6,IL-10 X TGF-B
By ik, L GAPDH N Z, SIYFFIILE 1,

®1 ZOUER PCRGIMFS

Table 1 Sequences of primers used for real-time PCR

Target Gene Forward Primer(5°to 37)

Reverse Primer(5°to 3°)

GAPDH CGGCAAGTTCAACGGCACAGTCAAGG ACGACAATACTCAGCACCAGCATCACC
TNF-a GACTGGCGTGTTCATCCG TCTGAGCATCGTAGTTGTTGG

IL-6 ACCAAGACCATCCAACTCATC GTCCACAAACTGATATGCTTAGG

IL-10 GGAGTGAAGACCAGCAAAGG AGTAAGGAATCTGTCAGCAGTATG
TCF-B AATTCCTCCCCGTTACCTTGO CCTGTATTCCCTCTCCTITGE

1.4 ST

FRIWHEE 3K, LW EE UL B A
237N R JH SPSS 24. 0 B AL A ¢ K236 40 7, LA
P<0.05 J#EFHRAGITEE L,

2 &R

2.1 K PMO BRI #E Ny

S Rt TR K BRAR 5 B AT, R LR R
REPHHRRAELAZER  RFHARREE
B m , OVX A R BRARJE 6 JA 12 Ji i & 2 3 &
JF Sham 41 (P<0.001) , ULl la, 414124 6 45
BEARARSE 12 J& , Sham 41K A7 5 IR IED 5K IR
WEE (B b)), Bed i & /NRHE B 5%, 2
RAR&EH (1 d) ;T OVX 41K BB F & R 1 4
AN BRI LG IR 2R 4 (1B L) |, OB 328 i 44 5T TR
WO 2 BN L HACH B0, T8 /g
A A0 AT B B s T AR AR K (] Te)
2.2 BMMs JFARKE 55 BB A 2 WL 5R

F2 00 R B F AR 40 K R BMMs JFAR 35 3% 24 h,
TE R W T AT WA B AN M B L AR B L AT
ek, MR, S FUE MR, AT & O 2
HomEEER ERE., KR e d AL MBS
BRhEN ERBEDME T RERRE Z2ME.
OO AR EL WA B, B R 3R R R A ZE K 40
BEGHWH L, Sham HYAMANEE ETEERKRKRIE
(P 2a.F 2b); OVX AN TIE S L EE ZMATE
(B 2c E2d),
2.3 R BMMs 3 [C -0 45 5% Yu € 0 5%

Fity PG -0 4 5% e €6 45 IR R KR BMMs 2 K %
¥ .2 M K RUER . Hd Sham 4] BMMs BJE 35

500
2% Sham

s ovX

kR

4004 '

300+

Weight/g

200+
1004

0

a: A KRR F ARG E
I ;b :Sham Al KR T8 HE 42 f4;c. OVX A KRR T
‘% HE 38 ;d:Sham 2 R B E-H HE 4 68; e: OVX AR
REE OE gL 5 P<0. 001,45 R 400 pwm,

Fig. 1

1 KB PMO #5889 2 51

Establishment of rat osteoporosis model as
comparison of body weight before and after ovariectomy in
two groups; b: the uterus hematoxylin-cosin( H&E) stain of
Sham rats; c:the uterus H&E stain of OVX rats; d: the
femur H&E stain of Sham rats; e:the femur H&E stain of

OVX rats. " P<0.001, Bars 400 pm.

FENK®BRIE (F 32,8 3b) ;0VX 4 BMMs =8 2
RIERNRZMAE (K 3c K3 d).
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@

2 KHL BMMs JEALH 57
20 3470 50 pm,
Fig.2 The morphological appearance of rat BMMs a&b:

a&b:Sham £ ; c&d.0VX

Sham group;e&d: OVX group. Bars 50 pm.

(e) (d
B3 KB BMMs I [C-E MR e 5 a&b: Sham 4

c&d: OVX 45 A3 50 wm,
Fig.3 Wright-Giemsa staining of rat BMMs.  a&b;Sham

group;c&d;: OVX group. Bars 50 um.

2.4 R OPEXT KB BMMs 3458 68 /1 (93
CCK8 Rl &5 S W L3 b 5 3 d 1 5 d,
OVX #ZH K fi, BMMs /% OD {34 8 & & T Sham 4 (P
<0.001) , #8785 K B 2 00 & 5 BE & MEBLR K- &
ik BMMs (93 58 6 J AH L (93458 (1 4)
2.5 R OPEN K  BMMs A 1k 5 52 i)
TG (45 F vl W, M T Sham 41, 0VX
21K B BMMs 5 3R 35 M1 R B I 40 i 4r & 4 CCR7
(& 5a.[& 5b) , M M2 B 0 40 fg bR i 4 MRC1 B9

CCK-8

Ml Sham
¥ ovx

OD value at 450 nmn

3d
4 FRERHEXT KRR BMMs HEFE AR 0E (77 £<0.001)
Fig.4 The effect of ovariectomy on proliferation of rat BMMs

(7" P<0.001)

5d

TGO LR (] 6a 18] 6b) o &5 R R PMO R
AT, BMMs B T M1 BRI AL

CCR7 DAPI Merge

Sham

OVX

iy
G
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2]
E
@
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Sa
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[SRe]
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pO
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':_6
QL
7
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Sham

(b)
5 K BMMs CCR7 #9640, a.CCRT ok
I3 6 5h: CCRT 5T 5 AT A3 R 50 um,
Fig.5

a: Immunofluorescence images of CCR7; b: Quantitative

Immunofluorescence staining of CCR7 in rat BMMs

analysis of CCR7 fluorescence intensity. Bars 50 um.

2.6 FOPE XK B BMMs 4 5F A 3¢ 2 H Rk 1Y
A

Pt & PCR A 45 R B RSN 5 5% 24 h,
OVX 4K B BMMs 1y TNF-a % IL-6 (4 FE ik KT B
E 5T Sham 21 (& 7a . & 7b) ;1 IL-10 K TGF-B Y
T B EMT Sham A (E 7c B 7 d) x4 HR
2R PMO KB BMMs = K3k 2 R A+, Mo & K+
By FRIBBAR
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=

MRCI1 DAPI Merge

Sham

OvVX

s
3

3

2

14

Relative fluorescence intensity
of positive area

<
3

Sham
(b)
B 6 KK BMMs MRCI1 f e 4 a.MRCI 458
P JE Gt ;b MRCT 285658 B /A7 A7 L 50 pm,
Fig.6 Immunofluorescence staining of MRCI in rat BMMs
a: Immunofluorescence images of MRC1; b; Quantitative

analysis of MRCI fluorescence intensity. Bars 50 pm.

TNF-o

4 = LR

e

Relative level of mMRNA

Relative level of mRNA

©

3 itig

MR E A H R F ST B TG sh AR A St I
JR B TR AA A AR CT 5% o BUAF MEME KRB T 25 B9 31
JE B E R, BRI, SARE AL
B TR B A TSR SR L, PR R 9 F T4 2 PMO i
TIHEAT R RS Brge . AR BRI R IR SD K R
XU B B sy PMO AL R JS 12 B Il OVX K
B % Sham 418 & 3 s HE Y @ 7T I, OVX 4
KR FE RGN, AR 2 40 BB o o B /D R AR
OB W IR g AR S A B Y B ) 3 S PMO
KRR,

2 e 348 g P A 40 L e AR 2R I B
BLEYEE AR AR . AMIEE T MTT 357 5 , CCK8 % # 1E
T e PR kb s i 2210 . A St
4 CCK8 ¥4 Il PMO K f BMMs (¥ 3 78 BE 77 .
S 2 e IR AN 8% 3% R [R5 ] 8 OVX 41 BMMs
B B8 58 K OF 18 28 55 T Sham 2H . B4 BT W B 5
% 3 PMO K RLAT B BB 44 B A 388 571 RE 7 3R 5R
Gao 2"V B 5 4% 108 2 B0 HE ok BB B B 5 R 40 i
e TIEH KR, 856 LR e R, B4
M PMO K B BMMs 34 75 6 J7 9 #2 @ ol R J2 1 T
PMO RA& T LA T R K.

-6
<
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3
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>
22
o
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Sham OVX
(d)

7 KB BMMs #AE ARG E: R B R (7 P<0.01; ™ P<0.001)
Fig.7 Inflammation-related gene expression of rat BMMs ( ™ P<0.01; ™ P<0.001)
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OP 2/ T B WK T8 T8 s m 5 80 EH R
16 048 P B B IR B , OP T it 2 3 J& OC ills
G SR LA R A Sk 2 5T oC AR
Wt 400 JHL A T K, 02 o BE AL B 2 4 HO A, T L
Z5EWI ., B AE R OC Y HT 4 40 M , =& 1
HHEZNT kB Z {54k N T ( receptor activator of
nuclear factor-kB,RANK) , ] £ ff M-CSF HI# H 1
kB 32 % 4k PR 7 BL 4K ( receptor activator of nuclear
factor-kB ligand, RANKL) I5 R L 0C & 5 B R
et o HHT AT e TA A T A M AE R S
W EE S Oy MR (ML) B v 46 Mg AR £ e 7
(M2) Fiowg 4 ' . B8 £ B ( lipopolysaccharide,
LPS) 5 T4 % interferon, INF) y 7 i it {3 5 f%
N HE I 1E NF 1 (signal transducers and activators
of transcription 1, STAT1) xR % A 40 M, i HL
TE R 2 Wiy ML Y I 40 5 TL-13 2% TL-4 T3 2o
STAT6 i#& 12, ¥5 5 B W& 40 M1 a9k 4 # 1y M2
F- ML B AN R R AR A T K
LR AT BE , M2 R 5w 40 Jfg 32 2k 40 1 4% AE A AH
SUBE IR . M1 R M2 B4R O 25 22
BOR M BB W40 M AT A i 0 R B 2 B ORI
M2 TR A0 R RIE Y A SR
181 A 22 0 B8O X AR A 8 3 KRR BMMs 9T 2%
HEAT WL %2 I BEAT Bt [C -0 48 B2 2 {0, 45 2R R B OVX
AR BMMs EREFUERLZ MY, Sham 41K R
BMMs =2 EKKIE, BMMs JE &1 28 L $#E75 PMO
RS T KB BMMs B fa) T ) M1 B8 AL,

M1 A M2 7 g 20 AT 78 AN (R B9 22 18 B 5 4
M1 2 E Wi 240 Mo 55 T bR 5 4 £ % 5 CCR7.CD86 K&
P Al — S AL B A B (iNOS) , Al 43 W TNF-o  IL-6,
IL-1@8 S5 42 48 IR -7 iy 40 5 e 44 , 42 fit Bt S5 )3 3l il
JOE R R B Y Bl B 5 M2 B I A0 i 3R T AR R
EZ A MRC1 F1 CD163, 7] 434 IL-10  TGF-B | Argl
SRR T, T U SR N R R T e R R
SE, Wang %57 HLBE S 00 K £ k-4 7T E
T AT I 240 B M1/ M2 9 BB, - e 20 B R Ak
Sy M2 B R4 TGF-B1 LASEHE B AR i, AN 5L
108 3o R U ' G €0 X (AR A1 B IR B K B BMMs R A
YRR, 45 R WoR S Sham AR L, OVX 4K
. BMMs i) CCR7 RiAREH T MRCL By Rk K
IG5 R B R B 25 O RS B B 1 P M B3R KO
BT, BMMs £ R M1 AL,

TNF-o xR 2 0 08 R W 1, 7655 R
DL B LA PR TS R R VR . TL-6 S — b

Z IR A T, TENUA R B R 74 2 5
P R SNl AR, RO TR SR R A M R A Y
TNF-o #1 IL-6 7] {2 #f RANKL 4 = A4 Jf 42 &
RANKL K935 ¥ , JF T 42 2F B el "™ o W R A 5% %
B, 2B PMO ¥ 53 Lo (i e 48 14 M VB 3R 32 A4 T
7 B ¥ 25 (Raloxifene , RAL) VR ¥7 &5 , IfL ¥ Hh TNF-
o IL-6 KT BEAG, B & B, RW] TNF-o | 11-6
25 RAL XF OC By 4 it KB W Wi 72 b ol o 2
PERTT . Sy sz WAl 52, W K R PO B
BT B FEAR , TNF-a IL-6 55 44 PR ¥ B9 7K 7 7T
F EJH RECHE R OC i i, & S EORRU W&
FEBAL -

IL-10 2 —F A B HT & H ¥, 7T T 3 IL-1,
TNF-o il IL-6 552 4 PR 1 2K 7, 40 61 B 2 4% 4E
BE ' TGE-BY 2 4 5 VA 1 240 HiL B 7, T 9 17 4 92
Y M HE A b R B R R R R A R
KHEFER 7 TL-10 T3 i B (K L e 4 B o 9 4k T
0 M % N T ( nuclear factor-activated T cell 1,
NFATel) f % ik JE 1 40 ] RANKL 35 S/ OC 4
Bl AT A (regulatory T cells, Tregs) 43
W IL-10 K TGF-B 7] 2 5 M — FEXF A& 1 /Y 7
A5, AW OC B 434k BB Wl ™, Shin 2120 % 81 4-
1BB Fl 4-1BB Tc {9 A 5 4% I 7 @ i 9445 1L-10 A9
3 VA T 522 Ve 200 P B0 TB o BTG TL-10 By 7K S W]
458 BMMs 5] OC B9 0BE J1 . AT R 9O E
i PCR 7 mRNA /K7 b3 OVX 415 SHAM 20 K,
BMMs # fiE#H< HF TNF-a IL-6 & IL-10 TGF-B &Y
RIKIK G550 kB2 DB BL R BL BMMs 72 BE Rl K P
B 3eik TNF-a K 1L-6,10 IL-10 F1 TFG-B A9 3 15 1Y
B EAK T Sham ZH . 454G R 20 M 3R T AR R ) 00 K
MEER, EFHEN PMO RET BMMs 4b T % 4E IR
B, EARE T M1 B I AR, B A S LB
B 0C,

g5 bRk, A BT 5% G RS B 3R PMO KR
BMMs, & B 25 BF 8L K BBE 35 M I8 25 K O /9 R
BMMs &b F RAEIRA , i35k M1 B 55 248 3% T
B CCRT AME % B F TNF-o K IL-6; 1M E M 40 Hg
M2 BRI AR Y MRCL Je 4t % F -+ IL-10 F1 TGF-
B MR IK FEAR, #2758 OP JRA T BMMs B fifi 1] T iy
M1 BB AL, EIRBTIE S RAG R BMMs 72 PMO
K R 4R A L K i Y 4 BMMs Bl i PMO
AL S ARAE o A BT 5T ALE 2o 30 WA R 2B R T
PMO R T K B BMMs (435 58 68 7 . 48 i 4 fk 3=
P 75 9 LA e S AH 56 R T 9 3R 3B K7, X T PMO AR
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