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ZH SRR AR L, BT BV/TV . Th. Th Th/N ZHE A, Th/sp FHii (P <0.05) , ROI = 4E 5 ] W52 40 B /N 2B
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[ Abstract)

interventional effect of the Chinese medicine Fufang Zhenzhu Tiaozhi ( FTZ) capsules on regulation of mitogen-activated

Objective To establish a rat model of glucocorticoid-induced osteoporosis ( GIOP) and to explore the

protein kinase kinase kinase 2 ( MEKK2 )-Wnt coupling and inhibiting B-catenin ubiquitination, and to investigate the
effect of FTZ on the bone mineral density and cell osteogenic ability. Methods SPF male rats were randomly divided into
normal control group, methylprednisolone group ( model group) , methylprednisolone + saline group ( blank control group)
and methylprednisolone + FTZ group (experimental group). The proximal femoral cancellous bone was examined by mi-
cro-CT and histopathology, and assessment of expressions of Wnt3a, MEKK2, and (3-catenin proteins. Bone mesenchymal
stem cells ( BMSCs were isolated and treated with serum containing FTZ, stained by alkaline phosphatase and alizarin red.
The expressions of osteogenic differentiation-related genes ALP, Runx2 and OCN, the expressions of MEKK2 and (-catenin
proteins, and the transcription level of B-catenin/TCF were determined. Results 1) The micro-CT imaging showed that
compared with the control group, the BV/TV, Th. Th and Th/N expressions were significntly decreased, and Th/sp in-
creased in the experimental group (P <0.05). Region of interest (ROI) three-dimensional reconstruction of trabecular
bone in the experimental group showed improvement of bone trabeculae and local bone repair. 2) The pathology using he-
matoxylin and eosin staining showed that in the experimental group, the bone trabecular density was higher than that of the
model group, and observed a better trabecula morphology. 3) The Wnt3a, MEKK2 and (3-catenin expressions in the exper-
imental group were significantly increased compared with the model model (P <0.05). 4) After treated with FTZ and
BMP2, the result of alkaline phosphatase and alizarin red staining indicated an enhanced osteogenic response (P <0.05)
in the GIOP rat models. 5) After treatment with seum containing FTZ, The BMSCs isolated from the GIOP rats
the transcriptional activity of B-catenin/TCF/LEF (P <0.05) and promoted the expression of B-catenin and MEKK2 pro-
FTZ can ameliorate GIOP by regulating the MEKK2-Wnt coupling and inhibiting the B-

catenin ubiquitination, and improve the bone microstructure.

enhanced
teins (P <0.05). Conclusions

[ Key words]

glucocorticoid-induced osteoporosis ; Fufang Zhenzhu Capsule(a Chinese medicine ) ; micro-CT; bone

mesenchymal stem cells; BMSCs; osteogenesis; rat
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W Fe 5T 8 3R P B BT B A iE ( glucocorticoid-in- R J7 T B8R B s 1 Fnsk S0

BT, AR SCR

duced osteoporosis, GIOP) J& F TR I FHAE Kz i34
%E(CC)ETTE'FﬁEI‘JE’ﬁiﬁT§ﬂ F2 R Iy T Ui
N TR 5 B 1 e B iR B IS MR R e
iﬂﬂ%ﬂ%?%?ﬁ“ M GCAE N B BAIRITRN
AP A A E AN 25 T2 T R AE AN A B
PEVEBIG A5 22 P S8 BOIR YT R i PR BT B9 A R
B ey KUY Ki#EZ 6C(>6 M H) A
TR YL AR B A 30% ~ 50% K2 Ji& B
BRFMAMES " GC AT B-catenin 2 R ALZIESL 51
53 2453 Ak AR U DB U 2 (mitogen-activated
protein kinase kinase kinase 2, MEKK2) 1 Wnt {55
A 356 55 A IBC 5 VIAH 3G, T 450245 00 XA 6K 1) 41 8
SHAEVER A B TAEB IR GIOP Ja Y7 % b 55K
BRI,

DL A58 125 S AR R 1Y op B2 7 500 % By iR
GIOP A3 3 R 4F Ay L FH TSt , 76 [ BRAR T 322 1Y)
s TR, nT XM B GIOP H i TR
Y GC P B R A P PR 1 5 AL
RE , HEIT AR IR & &, 32 FAb 708 B, “ #hFF AL
W 225007 5275 VUR PR IR 28 (FTZ) fEX PR &

37 GIOP K B A, >R F micro-CT, qRT-PCR #lI
Western blot ##W%ﬁ/ﬁ WMEL FTZ % GIOP H i

W L) K 1 MEKK2-Wnt {HEB6F5 4T B-catenin
(z%%ﬂc[iﬁ/n GIOP YE ML

1 HRS7E

1.1 ##E
1.1.1 ZE%shY
Wistar B 48 H SPF 2%, et (A 230 ~250 g,
H )RR B2 SR s O R AR [ SCXK () 2014
—0035], J7M B 25 K 2 Bl i S g b [ SYXK
(18)2013 - 0001 ] A5 HEAR 5%, A o FRURR 2 7 P 1] 57
(%55 1.19% H5 0.85% .10451U 4k % D), &=
(23 £2)°C, A MoK, RN B R [E] [E] FF 12 h,
AT BE SGE AL, %Qﬂjtuuﬂjizzi . LIRS
I B 25 R Bl ) S s K R B 2 R AE I
2 2 rpu [ S CE S R B A Rl S SR
1 1.2 &5 5%
TSP e e B R AN (R HR S A, SEE)

Lipopolysaccharide ( Sigma 2% 7], 3¢ [E ) ; Protease In-
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hibitor Cocktail Set III( Calbiochem A ], 3EH ) ;—¥L
Wnt3a FRPL. B-catenin L PL ( Sigma A A, FH ) ;
MEKK2 %4t ( Abcam A F], 3£ E ) ; GAPDH ( CST 24
A, 5[ s HRP 150/ 1gG —F0  HRP 1471
Y 1gG 40 Bk ol 2 il A6 0 3 79) &2\ DEPC Ab UK
( EERRRAEYBEARGRA A, ) PR Y
A R & (TN FE L AR Y R A IR #]
) ; PCR &5 ( Roche 23 7], 26 [H ) ; PCR 514 (4=
TAY TR () ARA R, RE)  TP1020 H 3
WK HL( Leica Biosystems 23 &), 3 [E ) | Autos 4= H 8l
el (Leica 28 A, fE2[E ) ; BX53 545 ( Olympus
ANl H AN miero-CT100 A5 =X 4 B SR i & CT
(Scanco 2\ Fl, Fii £ ) ; Image-pro plus FX A4 ( Media
Cybernetics 2], 2 [H) .

1.2 Fik

1.2.1 @i

Wistar K 48 2, BEHLIY 4 21 15 W XS ARA |
5 Jp 2 (MPS BT ) . 2 I Hulley f9751%, £ T
ST H 5% J8 ( methylprednisolone, MPS) 5 mg/ ( kg«
d) ,BEJE 5 KR (Met) + B2 T A BEER /K
(ZZEMIA) SRR (MPS) + FTZ #EH (55
Ul) o AULENPERESE 7 d J5HEA LS 12 S5
1.2.2  GIOP #8551 Hir ik

GIOP A Ty T IR WL 1 5 MPS 5 mg/
(kg-d) ,Bala] 24 hESEEST 6 WK, 5T MPS 1],
T R A HO AR I ARAL 6 5 8 3R 10 0 8L, %
2L 6 W, TR, JEET T FTZ Fic BNl R 55
ARG, RS FTZ SRR A BEERK
1.2.3  Micro-CT #&:

(1) HHEZH. H Scanco 2~ Al HEE wCT100 fH
AHETE AL CT, X 285 wm £ 5 B AZ, 30 - 90
kVp/20 =50 keV (160 wA) ;#&MES A 3072 x 400 ;5
HER 1,25 pm, 4 pm; BYRHE R 512 x 512 % 8192
x 8192, AN 14 100 mm x 140 mm ($X1) .

(2) I A ADFIEY GIOP KR AR IR
2 3 1ok R W Dk 2 A S AR E S U LA M
72 5 XU Pk | P e i BB s M 3k K e 1
T CANBIR BB i S il /NGE ) . 4T 4% 2R
PR 2 J . #es A5 WA CT A A K
A% Bl il S 47 35 55 2E 4T micro-CT 3. XF micro-
CT A EMR S HE I T 3h 1 BUB A Sk X~ =
HEXLBR X (region of interest, ROL) , 24k [X Ay 5¢ & B
3k X

(3) Kl 4845 . HEUAFL( TV, tissue volume) | H
IEFL(BV ,bone volume ) ; 7 F 42 I & A1 = £ I 42 72
(triangulation, TRT) BT, XJH /N G244 & (rabecu-
lar number, Th. N) B /N 22 J& FF (trabecular thick-
ness,Th. Th) B /N2 43 B FE (trabecular separation/
spacing, Th. Sp) ; JF#1T =4E &,

1.2.4 ARG -HHEL(HE) et

BB A4 T 50 B J8] BRI LA 4 2 v et fR T
FITFH 4% HEZS W (pH 7. 4) B 48 h, & T
10% EDTA-Tris 2 b BLES , Be R ST 4 A5, B
2R WAS LG WKtk B O BER K, R
B2 b, ASEE VTR VTR EE N 4 um,#
FLHE Je€t, SR8 T WEE I B BE A0 B/
P REMIE R,

1.2.5 GIOP KERIE BMSCs 5 FTZ 1

(1) ZHpfds 5% . DMEM 555881 100 1U H 8
#.100 pg/mL #ERE R, = 4E L PBS SR bk
J5 BT DMEM KR dkrp, 03,5 H % SPF 4 ffi
PR B 20 KA. GIOP &84 )5 (Jr ik [ 13k sy <
55, A AR AR A B B ) TR T4 (bone mesen-
chymal stem cells, BMSCs) #ifd, /o7 DMEM 1% 3%
PR FEEYNMEE 2 x 10° /40 pL, 23547 s
Vi

(2) FTZ & 25135 il 4% - SPF ZMEPE R 10
Z: RIS Ty i) i N BT 24 it B AR 3R T
THEAS I Wistar KEASEROGN &, DL 5 A5 S5 8800
XF FTZ & 250005 R Bt T H 2 I/ H | L4,
257 d, 55 8 KIER—UHEMR AT, 1 h 5 AR
I3E810% 7K G S E R, I8 3 31 kR 4R I 7E 3
000 r/min Z5.0> 15 min 55353815 FTZ 5 24510035 M
E R BRI, AH ) 26 59 K BRI A JF, 48 56°C 18
TR K K 30 min, —20°C VKA RA7 5,

1.2.6 Getayka g skt

H B 2H R U AR e ), WACER I 32 Bl Dk it ¥4k, I
PEAT I3 B HR I BMSCs . ¥ BMSCs 73 VUL, (0 4F =5
FAXF IR ZH 50 ng/mL BMP2 (X} B4 ) 20 ng/mL FTZ
(SLH4H) . 50 ng/mL BMP2 #1120 ng/mL FTZ #E17
B RS BMSCs,

(1) Bk Wi TR i ( ALP) I A0 41 g 70 Ak . BMSCs
i R EEEATIE AL, DA 1 x 10* mL ™' L B2 Fh T 96
AR (% 6 ANEAL) B35 24 h, W EEFRIE A
AL BB R AL B 5% 48 b e ARE ALP 355 & U
SR U ay oalll N
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(2) F5 A5 1T e 5 BMSCs LA 1 x 10" mL ™" 4L
WA T 6 fLEEFRAR b, 35 5% 24 h ARAE S 4IMA
FHR Y& 2353 (Rl 2 mL) , BAIRE R 2 M
LA T2 h l— K, ELE 3R 21 d, AR Y0
5, A A S LS R G
1.2.7 gRT-PCR

(1)cDNA B R #% P AR E RT SO
(TEVK B 3EAT) « OB R IR A 5 04T e sk I
B, 2R :37°C 15 min 85°C 5 sec 4°C . A AR
F.1 x PrimeScript RT Master Mix ( Perfect Real
Time) , 2 pL;RNase Free dH,0, 10 pL,

(2)%65E PCR 4347 : PCR B IE 1l i 20 i i
%) ALP  Runx2 , OCN & ik ; i i http://www. ncbi.
nlm. nih. gov/#E A Genbank #(#E J& , 7 £ 4H B ) B
5], RGP mRNA 1955, B Primer3Plus
AT, R Oligo7 1A X 5| 4 45 ke itk
135307, B AT Wk 547 51 P 8 R S v 3 A Chep 2 //
www. ncbi. nlm. nih. gov/tools/primer-blast/) , & &
NTC Xf BRSO UESE BG4 G TaT5 44 \NRT X i LBA
WA RN A Y, UL MU A T ANS, &
AKER 3 AL, T A4 E PCR R (EIK
J:ﬂi‘?ﬁ‘) :1 x SYBR Premix Ex Taq II ( Tli RnaseH
Plus) (2 x ), 12.5 pL;0.4 mmol/L x PCR Forward
Primer (10 pL), 1 pL;0.4 mmol/L x PCR Reverse
Primer (10 L), 1 wL; DNA #RR ( <100 ng),2
pl;dH, 0 (KEEZEIEK) (8.5 L),

(3) R P 1 PCR ¥ 34 5 1 #2 )7 ; Stepl
95°C 30 s;Step2: PCR JZ i ; GOTO ;39 (40Cycles ) ;
95%C 5 ;60°C 30 s;Step3 : Melt Curve, ARIED 1%L
R AA P 5K Plaffl 15 581145 41 45 O R 3
DIAH XS 2 3k i 19 22 5%, JF I RT-qPCR 45 R 5
RNA-seq & ST IS5 SR PEAT Pearson FHIEHHT
1.2.8 Western blot £l

R 2 0 T AL, TRA TS, NIRA
SBUH P B SR PR S AT B b WS R AR
$5 50 mg B H41/200 wl RIPA 2L W ) 45 FE &
BMSCs J] 2 fiff 10 52 it 20 J, &) ¥ 15 5% AL, SDS-
PAGE : 535l & 10% 73 BSIE 5% Wi le , Fop B 2R
CEDEIRE WG ERT € 21 T S RS (31 S B =25 UL/
5 1R A, B AR N S min, ¥ 215
TR 2 W HURE i 5 P 2R 1 marker SRR JTHE
UKo SRR w VR DR AR BERE  PVDE I« =]
7,350 mA B4 3 h, HUl PVDF JEE THA 5%

I B A0S 0 P AR ) S L+, T R PR L = T A
1 h, {0068 W, N A —$t ( Wnt3a, MEKK2 | p-
MEKK2/3 . B-catenin % 1: 1000 %5 #¢, GAPDH #% 1:
2000 #i k), #EIK E =IRIRGIHFE 2 ~4 h,IEF
o T—dit, F TBST PE¥% 3 ~5 K, BK 10 min,
FAKH R —#7 (1:1000) ., TBST P& 3 WK, Bk 5
min, TBS PE 1 K, 1 min, ¥ %00 W60 &b iy
WEH A B EERBIRA S, IAE PVDF % I 75453
FEMRZ Y 2 min J5 %% PVDF % % 5 — i fif 4
A BERE AR R G h AT AR T, e ey 3 ~
5 min, MRAEAE 5 10 50 559 30 24 4 L MR OC IS (R] , 3 BT 2
B M image-pro plus FAFHFA T8 55047,
1.2.9 Luciferase R85 325

L TOPFlash by #2455 fi, FOPFlash by B 44 Xf
M, H lipofectamine 3000 ¥4 4%, ¥4 YL ki i 24 h
¥ BMSCs DA 1 x 10" mL ™" FLA#FEHERN 2 96 fLiR
HRAEHRAE B0 W] 45 ] 4 £L 5% 4% TOP-Flash 5 FOP-
Flash Fll pRL-TK Fuk7 Ht% 4t BMSCs, 9% 24 h J5
Fieas X IRZH BMP2 \FTZ #0154k S 55 48
h, B G 2 ANE . RGO ER B RGAEZLT)
RESAALAR 3BT A 1 DU Y AH BB G E ARG E
T Y AR B A BORE S e AR T AR ) SO R T Y
AHXFIEPE, AT REZHBIE 7y 100% 11, HoAth b #H 20
5%t R 20 0 L A8 o A XS B-catenin/TCF/LEF % 5%
W,
1.3 Sit=oHm

K HI SPSS 13. 0 Geit B AT g1t b, i
ERFAE R AR + brifE 25 3R SR 2 1] 9 k37
At K5 M 2253 HT (one-way ANOVA) 47581147
BT, P <0.05 R25 544 o B R SL,

2 &R

2.1 GIOP EREEBEGSH

Wistar KR 48 H, 36 HHT#H7 GIOP &7,
HAy 2 BAEWEST MPS J5 24 h 6T ,34 HAETE  FE0%
BN 95% AMEJF ., H R IpA (BRI )  FH SR JE +
A PRERKHE B A (BATEXT IR )  FH SR e + FTZ JEH
(SEEA ) 7ElR H s e T AT A 36 H M BB i B
FAMIES B BB A & A %8 90% (9/10)
2.2 GIOP #=EER 5 FHIEH

Wistar K FUH T-87 GIOP #E7Y  AiRIZH /N2
Fgn Az , o 0 SR AU MR 7, 20 g B S IR 4544
BOEEME ., IEF A BN R BN B 2
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T NS WA R = ST SR T N = RN 3 ey
D HPHPEXT IR, £ 4 /N RS A SRR L
B SIS W) 22 A B E (P <0.05)
(UL 1)
2.3 Micro-CT #&ill GIOP #& & B4+

Micro-CT A& & B, A A0 20 5 1E % X BRZH A L
A BV/TV Th. N Th. Th {H#(%, Th. Sp {E It (P
<0.05), SLH A SRIRIAAH L, Bi ¥ BV/ TV Th.
N .Th. Th {5755, Th. Sp {HI#AK (P <0.05) , 254
WP <0.05) , 25 [ XF B AL A R 36 b 5 A 7 4
A REME(P<0.05) (K 2B), ROl =4 &
AT DA AL /N2 L, AT Lk T 2 R
SEEG LRI B G, 5/ N R s Ul
B FTZ 340 GIOP K FRAR AL B /N R4 2 A 1E
WL PEZE R 3 (8] 2A) o
2.4 FTZ AEBHELRN Wnt3a, MEKK2  B-cate-
nin EEH XX

iz Western Blot #4745 MEKK2-Wnt {55 )
KR 1 Wnt3a , MEKK2 |, B-catenin 45 1 32 15 7K,
SRR 3 SR, ESLER A, Wn3a 2 R A K
BRI , MEKK2 8 3B 7K PRI T, B-
catenin 5 [ FE IR KA R 21 448 25 ,*ﬁiﬂéﬂ%% %)
TR 2B F T BETE(P >0.05) , 328 FIZ #EE 4141
M Wnt3a MEKK2 .B-catenin HHFRIEL, HT MEKK2-

Bigh

S 22
Blank group

FTZ group

GIOP group

2.5 FTIZ (R#mMEBEBELEMBERILRE

[ 25T F 4, 4% 2H BMSCs 4557 295 K 41 Y
R g, s 4 A B iR, BMP2 #l FTZ
TG A% B 4 0 3 5 T A, 2 55 A
BEM (P <0.05), FTZ b3 241 51k %% B 45 BMP2
bR /D AR IR FTZ BB B3 1958 BMP2 (91 1k
fe S, WK 4C D, 5XH B4 A L, FTZ X 1E % KB
BMSCs HAT B FEH , 7] B 2548 S 40 ALP 1
Ve, 222 BEVE(P <0.05) ,{HE: BMP2 iS50k
255, 25N EE(P>0.05),
2.6 FTZ Xt EHEXEENRIEERIIT

Sy [FHT , £ T HURIE S BMP2 1 FTZ 5, #2HK
4 & RNA, qRT-PCR K I 1 - AH & FE [H ALP
Runx2 (OCN f) mRNA Fik/KF 450 ME S A 2
7~ ,BMP2 5 FTZ 534114 ALP .Runx2 ,OCN %K 3%
KPR IR, Z R A R EHE (P <0.05), 5
ALP 3 PRI RN PG 2R 41 e (0 S0 00 25 A — 3, 4528
FW] FTZ XHASME S BMSCs [ 50 41 B 431k i A
KGRI
2.7 FTZ F#= MEKK2 , B-catenin & 3 &%

Sy IR, %) BMSCs #£47 BMP2 #il FTZ T-1iiis
T 155517 Western Blot £l MEKK2 F1 B-catenin
EHFKKE, 45 7K 5B-C B8, BMP2 Fl FTZ
T8 BMSCs YJfEHH i 42 & B-catenin 8 /K-,
ERAWEN(P <0.05), MEKK2 5 B-catenin

& T 0
B NS WV BNS
g S < %\&

WA EF AR (a) BRI (b) SE0d (¢) A FIXTIRAL (d) ;B. &4 BT/TV fH, (« £s,g), " P<0.05,
1 BHRBETHLRED A (x100)
Note. Fig. 1 A sham group (a), GIOP group (b), FTZ group (c), blank Group (d). Fig. 1B: Ratio of BT/TV for each

group ( x *s,g), “P<0.05.

Fig.1 Histological changes in bone tissues of the rats
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0.081

B /N BB (mm)

Tb.Th (mm)
o g g g
2 8 & ¥§

: B P B
IsEl A G% ng i & 4{;%% = ?_’32;}@{) }e\‘f %8%"20&)%&(% &
am group group P
'&C}@ <& aggq,x* &
3 - ¥

F /NGRS B BE (mm)
Tb.sp (mm)

BF/NRBE (mm)
Tb.N (mm)

SR ZEXRA

FTZ group Blank group 0

R
s Pl
S g & ST OHQY
%o ‘,\\Qa ,{\) Q*Qa £
R *C
A, &40 Micro-CT =4 HFAAZ ( « +5,g) ;B. %41 BV/TV Th. N.Th. Th Th. Sp Z5 B8 lL#k . 1EH 0 MEZH AT RIL] SC8e2H 28 (%
MBH, *P<0.05,"*P<0.01,
B2  Micro-CT Al =4 4

Note. A. Three-dimensional micro-CT images of each group ( x +s, g). B. BV/TV, Th. N, Th. Th, Tb. Sp of the sham group, GIOP group,
FTZ group, and blank Group. * P <0.05, ** P <0.01.

Fig.2 Micro-CT and three-dimensional reconstruction of bones

A B C

witsa | W — J MEKK?2 I. ——— B-catenin S — — 4

o B o o B e o B e
S A MR V6 A S &"é & PSR &‘é
’&‘%&\ < %@ o ’&%\@\ < ﬁ%b\,p\ € ’&%\{o\ < ﬁg‘/b\"b\ o
D — E . F .

Wnt3aAi % & H &
Relative protein of Wnt3a
(=} f=] —_— —
[=) wn (=) W
L 'l L ]
E \ * \
MEKK2AH % & [ it
Relative protein of MEKK?2
o = =
wn (=) W
L L ]
* \
*
E J
¥
]
B-cateninki X} & 4 &
Relative protein of B-catenin
(=} S — —
< W (=) W
L L L ]
4
| ‘

0.0~
& 8B B8 & P8 B %8 & P IS
8 Wi T OO O S WSS T
RS G RS S s ¢

TE: A HLAN Wni3a(A D) MEKK2(B.E) \B-catenin(C.F) HAKIE(x +5,8) " P<0.05,™ P<0.01,
3 FIZ X EHRNEARRIEN
Note. Protein expression of Wnt3a (A, D), MEKK2 (B, E), B-catenin (C, F) in bone tissue ( x +s,g). Sham group, GIOP group, FTZ
group, and blank control group. * P <0.05, ™ P <0.01.
Fig.3 Effect of FTZ on proteins in the bone tissues
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Note. A-B: blank group, BMP2 group, FTZ group ( x +s,g), alizarin red staining. C-D: ALP staining and ALP density ( x *s,g).

*P<0.05, ™ P<0.01.

Fig.4 Changes of mineralization density of the rat bone tissues( Alizarin red staining and ALP staning)
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Note. A. Effect of FTZ on osteoblast related genes ALP, Runx2, OCN for blank group, BMP2 group and FTZ group (from left to right, x +s,g).

B-C. p-MEKK2/3 and B-catenin proteins in BMSCs in the presence of FTZ ( x +s,g). D, Effect of FTZ on the transcriptional activity of B-cate-

nin/TCF/LEF. * P <0.05, ™ P<0.01.
Fig. 5
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