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Abstract: Objective To observe the phenotypic changes of mitogen-activated protein kinase 2 knockout ( Mekk2™™ ) mice and
the effect of FTZ containing serum on the expression of MEKK?2; To investigate the mechanism of FIZ on the MEKK2-B-catenin
pathway and the deubiquitination of B-catenin. Methods Mekk2”~ mice were established by CRISPR/Cas9. The phenotypic
differences between Mekk2 ™' mouse and wildtype mouse were detected by MicroCT. The osteoblasts of Mekk2™™ mouse and wild-
type mouseare treated by FTZ and the phosphorylation of B-catenin was detected by Western blot. The phosphorylation level of
MEKK?2 was observed in osteoblasts wildtype mousetreated by FTZ and FGF2; B-catenin activity was evaluated in transfection of
C3H10T1/2 cells treated by FTZ and Wnt3a. Results The BV/TV, Tb.N, and Tb.Th values of Mekk2™™ mice were lower than
those of the wildtype mouse ( P<0.05), and there was no difference in Tb.sp ( P>0.05). FTZ containing serum enhanced the
phosphorylation of B-catenin in osteoblasts of wild type mice ( P<0.05) , but significantly decreased in Mekk2™™ mouse ( P<0.05).
In the primary osteoblasts after FTZ containing serum and FGF2 treatments, the expression of p-MEKK2/3 was higher than that of

non-treatment group ( P<0.05), and there was no significant difference between the two levels ( P>0.05). Both FTZcontaining

serum and Wnt3a promoted the activation of 3-catenin activation. After FTZ-containing serum and Wnt3a treatment in the cells, the

activation of B-catenin was higher and the co-treatment effect was additive (P <0.05). Conclusion

FTZ promotes the

deubiquitination of @-catenin by activating the MEKK?2 pathway, independent of the Wnt classical pathway.

Key words: traditional Chinese medicine; FTZ; MEKK?2; B-catenin ubiquitination; knockout mice

¥l o R P & R 5 A ( glucocorticoid-induced
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WEFE 2 h, GC % B-catenin 29 # H AU A2 2B
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ZE ML iy Wnt {5508 B840 B AR A2 3 R T A
B B B L B8 2 ( mitogen-activated protein kinase
kinase kinase 2, MEKK2 ) f 18 9% il 3% , A 25 #3107 1
B-catenin 72 E AL , 4} B-catenin FIFRE o

TE R A DT 55 i, 28 35 1 BA R B LA DR 9 iR e 4
(FTZ) FARER A “#MNE AR X1 ¥R YT GIOP A & 1A
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BEHRE, FEENR, EERANLERT
FTZ %} GIOP A gy MEKK2-Wat BB /ELE M =/E A,
ML GC RIME M, B3 & BOR E / & IR AR 2
AR = s R e 1 ! i K= g S S S o N
Feifk— 25 i@t CRISPR/Cas9 # R Mekk2 1%
CS7BL/6 T /KR, I 42 B/ BRI A B 40 B, 5 I
FTZ & 25 i3 #6147 T 10, 4 5 95 A A/ RO 40
g, WIRIZ W M Z 48 FTZ #5431 GC $T GIOP 1y N 7TE
g3 AL

1 #EIMTTE

L1 ##
1.1.1  Mekk2 /NRBRR 7 1 5 % 58 . % Fl CRISPR/

Cas9 B, FI AL R IR FEHABE 5 ARER K,
TN Mekk2 5& PR 8 A BLASAE AL B , D REGR 2K , MEBR 1%
IRmEILE 1, BAREERAE R 38 0 i b 5 R iy 7
70,3815 Cas9 mRNA A1 gRNA, # Cas9 mRNA Al
gRNA (Cas9 #1 gRNA {4155 3645 B W36 1) RABUE
P3| CSTBL/6 T /) BB SZ 4 BB o, 2845 FO AL/ R,
1E3:45 FO R/NEUS L 2 PCR 7=l FE# A , T3k 15
8 HH AN & B A AE R B FO 48/ BR 5 B IR R
P FO AR/ B 5 BF A2 R CSTBL/6 T /NS AL
PATE FLAUNE . % Ty kR FO AN RS E . 1t
BT AR A 3L BT T AR A R A 3R BB, 3 TR
F1ACHY 6-8 FE B/ U T MicroCT K1 .
R 1 TE Mekk BFRH1¥ Cas9 F1 gRNA {51 % RAF B
Table 1 The transcription information of Cas9 and

gRNA in Mekk2 knockout

b2 JFA (5~ 3%)

gRNA1 CTGGCCGACTGGCCTTATGA AGG
gRNA2 TAAAGATAATGCTGGCCGAC TGG
gRNA3 TCTAAGTCTAAGATCGCCTT TGG
gRNA4 TAACTGGTCTAGTAACCTGCA GG

.12 BARZEREREE RO HTZHEE
B MicroCT J% £ 25 Il 75 1 4% (/) /N Bl C57BL/6, M
e A, SPF 2% ,6~8 JiY , /NI 18~20 g; T
JR A E AR ER B FL R CSTBL/6 M A& 5 d K
FLEL. HTM R EE 25 K B W S g b ol [ SCXK
(£8)2013-0001 | #7 #fi 47 % , 52 45 2o #2 o i 3 49 04 &b
BEREE T ERMTRM A (OO T B LR YRS
FHUEI) ., BESHERBEHAAE2 C~25C, 1
X 50% ~60% , ¢ RE}[E] 07:00~19:00, HH
oK K&
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Fig.1 Schematic diagram of Mekk2 knockout strategy

1.2 K

1.2.1  MicroCT il /N BB AR AL f 6~8 J 4
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Th) F/NREHE (Th.N) (F /N (Tb.Sp) ,
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PERRIFR 7 d, G520 /NREE & 6 ho B E IR N
FERE s (I B T AR AR R =M 8 26 — BB ) #IJF, 2
PR 25 8 BT H e BN B 2R 1w AR OC R 453 /D
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1.2.4 S yie (PL) 3250 F 28 0 2 g il 7 41

T exon gg t mutation

JEL, I R R T AR A B VE R I 1.0 pg TG
1 80 pL protein A/G IR TFIEH, B0/ B L&,
A 10 WL Fifk i3 p-MEKK2/3 fil MEKK2 385 7 i
®,AIA 80 nl A/G-3k THEH , AR ETLIEY,
TG, T AR B BEIA 1. 2.5,
1.2.5 Western blot 254 ¥ 40 M 24 i WK 5 28 vh R
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VK,350 mA B3 h, BESS S% IR WY E A 1 b,
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B ' A RAR 23 AT
1.2.6 Luciferase JR55E50 4% 0.5 pg ) TOPflash
JEREFT 50 ng B 5¢ ' 3R W ORI 52 4e1E 12 AL
WA K ® C3HI0TL/2 48 B ( Thermo Fisher
Scientific /A A] , £ H ) . #YL 24 h j5H: 5 G0 A .
FTZ F251M 3  Wnt3 8 3 (Sigma 24 A, K EH) LK
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2.1 Mekk2” /NG M %

253205 00 WA S, A B AR 2R R4S 38 L FO 4R
/INER o It PCR B 2, X5 FO AR/ B9 22 ER] A gk
friese 2L 8 B 0y 3 N R S HE 55 19 BE
£ FO /B FO A/ PCR 74, &0 7, FHA%E FO
RBAME/NR (1 5 F1 16 5 ) 43 5] 5 B A= &I C5TBL/6 T
AR, &%MSF 6 HF1L AHxeaF /DR
(Mekk2'") .

2.2 Mekk27 NEEF

W BRI Mekb2™ /INER (Mekk2™™) 43 B P4«
— WA T/IARE WA NRCR, Y HEET K
L) Mekk2™ /INE —FBA A A F/NRA R, i
E R BR A /N R (Mekk2 ™) A SL 86 I 5 L 3K 15
Mekk2™ " FLEL 20 FFH T SR 40 M 42 4
2.3 Mekk2 /NR S5 AEA/NRERMER

K B MicroCT Xt Mekk2™™ /)N B -5 BF A= 7 /)N B3
fTEHA M ERM , 458K, Mekk2” /NR 5
B 1R TN ERUM [, BT % BV/TV  Th. N Th.Th {8 &A%

(P=0.014,P=0.035,P=0.028) ,Th.sp &2 S5 {k
(P=0.084), L2,
%2 MicroCT ¥l Mekk2™ ™ /N5 5 A= R
N
Table 2 MicroCT detects the bone tissue of

Mekk2™™ mice and wild type mice

iR BT/TV/% Th.Th /mm Th.Sp /mm Th/N /mm
B4k RN, 14,12£0.451 0.091£0.012 0.41+0.011 3.11+0. 110
Mekk2 ™~ 8.44+0.310* 0.051=0.004 " 0.3920.012  1.56+0. 134"

i ¥ P<0.05,

2.3 FTZ &2 3% $l MEKK2 DU 5 R 40 i o
) B-catenin

SR FTZ 5 24 i 3 DA R 308 A2 B /N B
T Y0 AN Mekk2™ ™ BB 40 L, + Wi B 8] 2 10,2040
min, Jfifi i Western blot 437 B-catenin ( S675) ) B
MRAL Ko G5 R38R, FTZ & 25 IL3E 72 40 min I5f 7]
55 B A2 BN B4 L B-catenin (S675) Y B BR 4k 7K
SF(P=0.026) , B2 Mekk2™ /N B2, 40 Jiig v 0] B 2
WA, 0 & AE 40 min I (P=0.032) , WL 2,

A B
R p-f~cat expr
°
wr Mekic* £ 18 - wr
p B Mekk2*
+FTZ o 10 A 4 L] 10 20 40 {Mins) "5 £
] 128
- . g .
p-B-catenin & .
£ os -
f-catenin | é .
2 00 = =
& [ 10 20 40
Mins

2 FTZ F25MERHE B-catenin iR LK F
A FTZ 2025 I3 W 20 EF A 4 (W) /N BRI Mekk™ ™ /I8 BRGS0 FF 40, + B AT 7E 0.,10,20.,40 min 7R %, Weslern blot Kyl p-p-
calenin i’%iﬂj/J(SIZ;B:p—B—caLenin 5 B-calenin FR KL
Fig.2 FTZ containing serum promotes phosphorylation of B-catenin
A:FTZ conlaining serum is added inlo the primary osleoblast of wild lype mice and Mekk2™ ™ mice al 0, 10, 20, 40 mins. Weslern blol is

used lo delecl the expression of p-B-calenin;B:the ralio of p-B-calenin and B-calenin.
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1295 A BN B A AR I, SR FTZ & 245 1008
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IR (P=0.003,P=0.008), H — H# & KF AT
B2 R (P=0.062,P=0.071), WK 3,
2.5 FTZ &2 MiE{EHE B-catenin 1L

14 TOPflash Jii b 11 W 2€ o 2 B 00k B i 5%
gu A C3HI0TL/2 ZH Mi v, H FTZ & 25 1 3% B¢

Wnt3a DA f —# LR W40 i, &5 R R, FTZ &
25 ME R Wnt3a B2 B-catenin 151k, W FTZ &2
75 F Wnt3a S [R] T Hid M 5 , o] W, B-catenin 5 4k
BREER,ZURE BN (P<0.05) . WLE 4,

3 &g

GIOP By & A Fl & e %% V) % 2 2 B TR 0% IR /Y
SRS E BE Rl ) S OR P R G E
= N2 E - E, GC Ml Wnt/B-catenin £
M 3E %, N B-catenin B R AL G A# , T ITEIZ R
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B3 FT7 52500 %5 MEKK2 B fk
A:FGF2(25 ng/mL) 5 FTZ & 25 10035 3% 7 FUEF A 20/ BRUSUAC R B 4, OF A 2R R e R A p-MEKK2/3 A1 MEKK2 3% 5

B:p-MEKK2/3 fil MEKK2 kK R,

Fig.3 FTZ containing serum induces phosphorylation of MEKK2

A:FCF2 (25 ng/mL) and FTZ containing serum are added into the primary osteoblast of wild type mice. Immunoprecipitation is used to

detect the expression of p-MEKK2/3; B the ratio of p-MEKK2/3 and MEKK?2.
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Fig. 4

FTZ containing serum and Wnt3a promotef3-

catenin activation
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M B-catenin FFRE M RATF MR L. T I,
EH A AR, W1 2R A8 F R B IE 17~ A MEKK?2 i#
HE RO 25, BT DUR RS Wt 28 L3 B R RE 19
AR

TE R AR BB 58 2 T & B, FTZ w25 5 57 i 2
MUK A GIOP & Jg R 4r F AL, E AR A |
RENE 22 S0 i Do B L AU DS B i DLAR, 0B 3 Mol 9, i
RIS, X2 FTZ 1E 0BG 3 ak 25 16
ERH B A R 2B R BN E WE R R B, TR
GIOP A M th [ FTZ AU T &=, M 7 &5k
B A B R [R) B 30 I 4% B A ) Wini3a  ,MEKK2
B-catenin & H # ik, X #£ /8 FTZ i i MEKK2-Wnt
A5 = 3 B T2 #F GIOP BB Thae. 7E41M)Z
MHEIE ST T X — 45, FTZ R B {2 #f T B-catenin #l
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