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[Abstract] Objective:To construct and verify the mouse model that can mimic the vitamin A deficiency (VAD)-like craniofacial
skeletal deformity and do not cause embryonic death. Methods:Based on the Cre-LoxP system, the Osx“; Rosa26™" mice
expressing osteoblast-specific dominant-negative retinoid acid receptor o (dnRARc) mutation were obtained by hybridization
through Osx“*and Rosa26™® %4k mice, to achieve the conditional inhibition of retinoic acid signaling to simulate VAD disease.
Femur bone mesenchymal stem cells (BMSCs) and parietal bone cells of Osx“"; Rosa26™“" mice and their control littermates were
isolated and underwent osteogenic induction, to assess the expression of retinoid acid receptor a (RARa) protein through Western
blotting. Osteoblasts induced from parietal bone cells of Osx“*; Rosa26™“" mice and their control littermates were isolated and the
effect of retinoic acid signaling inhibition was verified through dual luciferase gene reporter assay. Meanwhile, Ad-eGFP or Ad-Cre
adenovirus-infected femur BMSCs and parietal bone cells of Rosa26™“mice underwent osteogenic induction to assess the
expression of dominant-negative mutant protein and the inhibition of the retinoic acid signaling pathway in vitro by Western blotting
and dual luciferase gene reporter assay. Moreover, the skulls of 6-week-old Osx“"; Rosa26™*" mice were collected, and Micro-CT
scanning and three-dimensional (3D) reconstruction were performed to verify the craniofacial skeletal deformities of the mouse
model. Results- Western blotting results demonstrated that the level of RARa protein increased in the femur and parietal osteoblasts
of 0sx“*; Rosa26™"" mice compared to that of their control littermates, and also increased in the Ad-Cre-infected femur and parietal
osteoblasts of Rosa26"""" mice compared to that in the Ad-eGFP-infected group (P<0.05). Dual luciferase gene reporter assay results
indicated that the activity of retinoid acid response element (RARE) was inhibited in the osteoblasts of Osx“"; Rosa26™"" mice
compared to their control littermates, and was also inhibited in the Ad-Cre-infected group compared to the Ad-eGFP-infected group
(P<0.05). Micro-CT and 3D reconstruction suggested that the skull of 6-week-old Osx"; Rosa26™" mice exhibited VAD-like
craniofacial skeletal deformities, including smaller size of the skull and osteogenesis imperfecta compared to their control
littermates. Conclusion-An osteoblast-specific dnRARa expressing mouse model that can mimic VAD-like craniofacial skeletal
deformity is successfully constructed, therefore providing a new model for exploring the pathogenesis and therapeutic targets of
VAD-like craniofacial skeletal deformity in the future.

[Key words] vitamin A deficiency (VAD); craniofacial skeletal deformity; osteoblast; conditional dominant-negative mutant

expressing mice; retinoic acid receptor (RAR)

etk 2 A KA I R R R AE KR F
GRS EEERY R " GERABRZE
(vitamin A deficiency, VAD) J&MHHAZIIAEAE R A
AN R FE 2 H 2 RGGGIE, HEWRR
Ay & BT E R P HE 2019 4R R 4 &
S E ZALA 13 B # A L VAD, 5Tz ¢
TP, VAD BE W LMRE S5 R R b =, ik
FUAR If] W R BRI T, PTRERE RV RS . H
i RG . WIRAGEL ARG RE K, H,
VAD Fr s IR% i 8 I . A 1994 4F 055 & s FH A0
IR % & o (retinoid acid receptor o, RARa) 4= il B
(RARa™) /NEUBTEL R BRI G 7, 2018 4F4f3H Tt
A G Ah FedE A A AT LIRS B iR VAD BT BUIRSE
SRMT,  VAD Jir S5t st [ 7 W JE 7 H 2B 5 Jo ikl i 4h
Fedid RAZGM Y, HESHRKN M AES, hik=
RIS A S B A LD R 2 — T SR A R 32
& (retinoid acid receptor, RAR) 5% Jif #b B2 % I ,
RARa™/INEUA 6 B0 H Pt i B WA s i ek i ot 7
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111 HAWRI AL 35 U0 RAR™™; RARy ™ /N . LB R L
Rdh10) 4§ B
(RAn107") /NREFSRAEMIRIET:, JCAFFEAH AL
Bl AT AR T B, Nk, iR & AT AR
RAR ZERAMERN . H A S5 AT A7 1% H T A4 VAD i
ES TR = g S AN RN ESI LY RIS

LB TR 3 o B TR A 5 T B T U OGS PR 7
S HE R T ST R A OCHER Y, iz B
BRI AT, 300 5 e R A 2 AR R T I 7 4
Ao VT L R I W JC A (retinoid acid response
element, RARE) S, % 4% 57 1A 5 1k 6L 45
RAR ML B R X Z 4K (retinoid X receptor, RXR) H
KK, RS BIFAEIFIEA, HIRARa. RARB.
RARvy, DI RXRa., RXRB. RXRy. X7 A A
() P 5 DR i, T g o I 78 37 S 2 /A 5 2 i
& (isoform) , [m]— %132 1A B A [] S A (AR R T —
AT AR BT H AR R ik 26 S ) Ak B — B R R
SERY SRR, BLARBCAA LS A 45 F 50 (ligand binding

10 (retinol dehydrogenase 10,
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domain, LBD) . —SRIREEE el N BE AR Y 5% 5%
G IIREX 2 (activation function 2, AF2). f#HR A
Ja, SZRSFERES S, RAR/RXR iR — Rk
TR, W e S A oo 1 RARE, JFiH#ETF
W LR e 5f, R MRT AR B b B R R AR
X E G A A 22 Fh 2 G AT S TR SR A R 5 e
SEWPEDIRE, SR AN M EE N . RARa
403 & —F L LR T AF2 25451 RARo Wik 1 71 58718
{& (dominant-negative RAR«, dnRARa), 7] LL5HY
WIS, WalI 5 RXREGE A, FF 454 ZE DNA,
HRH &SR EEE " Rah g O E s,
dnRARo AJ 5 5 SR 1 2% 7 RARE % 536 M, 23
PR SEASREAE AT AU TR RAR G AME RN 1Y)
i,

VT4EK, T Cre-LoxP 524 il R Gt - & W) &4
PRI A G/ N UL LA HBURR Pk L RAIRAE T R AR
P, B T LR /N M Rosa26 1
[Gt (ROSA) 26Sor, Rosa26] =—MPLTF/NR 65
Jefafi bl 3 AR AR g B R, S R T
FERAEH B, RAIINREMERINE T il AKX
B AT ARG M- 7 30k, SRR o SR 2 iy 2
237 5” (safe harbour) '*', Cre-LoxP T4 iF R 40 5
Rosa26 37 i (1 T 4 by 25 A 6 P o 33 /) Bl ) g
PR fit 7 ALR . L, AWFSEEE T Cre-LoxP H 4115 R
Gr DA g S, R R A B AR 1 dnRAR« i 3R
IR/NER, SEIUARR S b R 2 B R i R b
L B R 5 o B, BEHL VAD I RE R s IR R
dnRARo i IR M B TR A5 5l BRI I RO,
Prid #i8)5 RARa 3 H/KF5 RARE & . [FIf, 3F
M /IS B A L IR A0 T R I R R, ROk VAD
A W A B L ]S T AR A AR 4
PR AR A 54

1 HHESHE

1.1 988

Osx“ /N (No.006361) I3 [ 5 [ Jackson 5
K%, Rosal2@SkankaReLsi-ditiRe (D) TS FR Rosa26™™)
/N H SE [ R A8 L K 2% Cathy MENDELSOHN #{#%
W L TULIRAEAR 2 B A MR IR A PR A FDKE
Osx“* /N5 Rosa26™ " /N 738 248, FAHF 52
5o SCORH] 2 AN 10 1 6 JE i At /N B
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10 2, LRI R Osx"* 5 Osx“*;Rosa26™ " £ . 1]
Fr T A R B2 2 B B 5 U R BE e JC R S
JEAK (specific pathogen free, SPF) Zsh¥pr, THFF
W (24+2) °C, 12hWEHRER, AHRKE. LR/N
FUAE IR AT IR SCXK (751) 2023-0009, i /7 Al
IES SYXK () 2020-0025.

1.2 BRI
a-MEM #5523 (Hyclone, ), a4 MiF
(fetal bovine serum, FBS) . %52 /HE A 2 T
JiE & Mg (Gibeco, FE), [ B A (Sigma-
Aldrich, ZEHE ), II #4245 8l (Dispase )
(Roche, Fij1:), WA iEFW (Cyagen, EHE),
RANYE N & (2R EVRHCARAR),
R4 k4% 28 ) N (polymerase chain reaction, PCR)
mix (b0 REEERNBHLARA A ), B
(Biowest, %[ ), DNA marker (TaKaRa, HA%),
R Ykl (Genview, FE[E), 10xTBST PR . AR
I E ALY (horseradish peroxidase, HRP) #Frict A%
3£ P4 1gG (H+L) (A0208) . Renilla 756 3 fiff .
Lipo8000 ( i3 = RAEYBEAARAFE), SxWb
FERE TR . Wt B DO vl . i B &
1EZE vl (Promega, ), 4iffi%| (Corning, 3%
), ik Cre IR (Ad-Cre) . # ik eGFP [1JIf
JitE (Ad-eGFP) (DUHAYRHAR/AF]), RARa
— P (525 62294S, CST, ). GAPDH —#1
1% 5 A19056, Abclonal, *'[E), PVDF i (GE
Health, £ [H ), ECL i35 # (Thermo Fisher, 3
[ ), X B8 R PGL3-basic, 2 1K X% ¢ % il 1
RARE-Luc ifr [ TAY TR (Rifg) B ARA
Al ], A% Uk 2% vh i (Tris-acetate-EDTA buffer,
TAE) . MR £h 2% W K (phosphate buffered saline,
PBS) (dbm HEER AR LA ). PCRAYL
(Thermo Fisher, £E), HEWH+ MR CREERHE
HIR/AF]), PE EnSpire™ Alpha Z 45 ic il FLA K I 5
4 (PE, £ [HEH), Micro-CT H#i1% (Quantum GX
Instrument, HA%),

1.3 WF5EJi ik

1.3 MRBECESERALE 2 o/l
Rosa26™™ /N B A% 28 3R 13 Osx™; Rosa26™ ¥ — f{
(F1), $H 5 F11t Rosa26™ /)N FL 2 38 W AT 3R A5 s2 ik
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JIr T R 88 1 Osx /NS Osx; Rosa26™ " /N

AN B ZE 10 d T B A5 g 5 O B ORI R i
2~3 mm 4140, Ak B L PR 4 i) U I R B
DNA: S PMEEACR ] 50 L 24U AL 3], 55 °C
S RIBEA 15 min, BT 95 °C4BIAIFE 5 min K%
#1 NREERLFHPCRSIH
Tab 1 PCR primers for mouse genotyping

Primer name

Forward (5'—3")

P A PR LB 1 i N B i e S wiE | 679

EHE; 13 000 xg .00 5 min, HU I AE  DNA
Mo $% 2xPCR mix 12.5 pL. E F#F5I 44 1 L.
DNA # 4z 2.5 wL. ddH,0 8 pL (1K & 4R W hn#e
PCRY" Y . Ll 2.5% Bifah e, Hika& . 514
JEHIILER 1.

Reverse (5'—3")

dnRARa-mut ATGGTGTACACGTGTCACC CACCTTCTCAATGAGCTCC
dnRARa-wt CCAAAGTCGCTCTGAGTTGTTATC GAGCGGGAGAAATGGATATG
OsxCre TGCCACGACCAAGTGACAGCAATG ACCAGAGACGGAAATCCATCGCTC

Note: OsxCre—osterix promoter-Cre.

1.8.2 /MRS A0 . B RER SE T Ao B S
R

(1) /NEUSITE A0 B 5 K 2 RS Osx™”
/NELL Osx“;Rosa26™ " /NER.. Rosa26™ " /INERAE SR AE
IR TR T 2% BT JC I PBS Y, Tk ]
2% AT TCHE PBSIZPE 2K, AR5 min, FCE &
3 mg/mL T AU ERE . 4 mg/mL 1 %! Dispase fiff (1) 7
I, THAR LA 40 pm B U8 5 B T 37 °CK
TH PR )T A T mL AR, T
B0 T TR 0 1 mmoxd mem KN B R
37 °CHEIK LiF Ak 35 min; [T & & o-MEM 85 57 5 |
2% AT ; FR ML 3RURERLE, WA &
ALl BRI S AR S, B TR B B
R TRESE 1 BUB LIRS TR AR SR &
400 xg #5005 min, FAAR W UE FACAHL, B4
i3k (10% FBS+1% ML a-MEM) 1555

(2) /NEUBCHE B BB SRR T AN B TR
2 W Osx“/INEL . Osx“*; Rosa26™ ™ /INE. . Rosa26™™
INERZEIRAE . U BT IS PBS Y, Tk B IR
et g JeAp IR, JOTE BT J) 3 R B P s % s
JE, 1 mL 2R EUL B o-MEM 5353, Zknfisk
HHERE, HEEHENE I A G W BEE b e
JRRIREFRIE, 400 xg B0 5 min 5 H B, AR
Br R, BE IR TS W RE A0 B0 Ok B 18] 5 5T T 4
(bone mesenchymal stem cell, BMSC) .
1.3.3 MHAMCEIES B “13.27 i e 2R
FERE IR Y/ BUSITE A0 S B BMSC, ¥R 3 d e
W5 — AR B IR R SR, BT Y 58 e g e A T2k
e, iR 6 dn i Hse iR ik, Hig 7 dJnik
2x10°>/mL 1% BESH AR o ] 30% J0H 75 5 G 5%
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AT A, ST RCEA S, M3 AR LR, BT
HISCEERE

1.3.4 MUREHEFNE S B Rosa26™ " /N Yl
ToUEr A B AR B BMSC, 4% 2% 10°A>/mL (1) %% BE D
F 249, HIP 16 W5, FRAIMmLA EEIL 70%, 4R
AL WE A g Y R E B vk, LR B M
(multiplicity of infection, MOI) & 50 43 %Il il A Ad-
eGFP. Ad-Cre /[T, FR R EEF AL EIARF250 pL,
4 hJE il e R RN E 2 500 pL, 8 hRffi 54k
FEEAHIK, 24 h)F 1 30% AR IO B 2Rk
AL TR 5T, RCEES AR “1.3.37,

1.3.5 Western blotting  HUS B 175 S AL, Wt
FIEESE . 95 °CAI#R 10 min, 7E SDS-PAGE AL nk:
10 pL, 18 )% 80 V HLYK 20 min, ZJ51H & 120 V HLIK
60 min; HJE300 mA WYL HE I 60 min, i PR 4]
WRAE 22 °CHEIR b EH] 60 min, 1xTBSTIHUER, 5
A, M1 2 2 000 9 RARe — PR BEIR 5
1 : 10001 GAPDH —4iHi B AT 4 °CREIR FIFH LR
WH, IXTBSTEWE2YK, K10 min, fHiF1 : 1000
HRPHHCIIEH I HIegG (H+L) —HiMBALE 22 °CHEIR
5 60 min, 1xTBSTIHVE2IK, BHA10min, ECLAL:
RN G E W, BV s 5kl
1.3.6 I EMIRE LRGN HRERTFHR
B Osx“* /INEL . Osx; Rosa26™™ 7N B Fii T8 41
975 T B e 11 R 28 1 5 5 1Y Rosa26™ " /)N Bl i T
YRR, ¥ 2x10°4~/mL % Bl 250 pL 58 ek
FEHAR T 24 FLAR. HM12 b, FFLINA 25 pL il
WA E N AR, P4 0.3 pL Renilla,
1 pL Fiki . 0.3 pL Lipo8000, YL 4 h 547558 4 1%
FRILE 500 pL AT, 48 h)FUkE, FF L5, PBS
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TEVE2 UK, T80 WL 4l 2N L R ; 4 °CHEIR
B8 20 min J5, FEIEFRALICH I IR # L, 4 °C
T 12 000xg &0 10 min, HEFR&H. T2Prici
LB & 58 & 96 fLAR b, BEALMA 10 pL EVE
W 50 wL A5 FEP D0 mik, WATIRS), 460 nm
WA CTRE 5 TN 50 L e sh 3k R 28 1R 28 ik
WATIRAT, Kzt ., L E 84l : WOsx /h
B5L 1 T 1 40 M +PGL3-basic, @ Osx“"; Rosa26™ /)N R,
Fii T0 - 40 i +PGL3-basico 3 Osx™ /Iy B Fi T -1 41 i
+RARE-Luc, @ Osx“"; Rosa26™™ /|n 5, f5i T ‘B 40 g
+RARE-Luc, (&Ad-eGFP B £ B 4L ) Rosa26™ " 7]\
SR T 20 i +PGL3-basic, (© Ad-Cre iRk 2 /2R YL )
Rosa26™"" /)N B F9 10 20 il + PGL3-basic, () Ad-eGFP
JiR 97 75 SR YL 19 Rosa26™ /I B/ T0 1 4 il +RARE-
Luc, @ Ad-Cre 9% 52 B 4 19 Rosa26™"" /IN B i T01 B
2 ffs +RARE-Luc. il A PGL3-basic Fi 4 £}y 45 52 5
YL as XTI, BT i ik R A B A g
1.3.7  /NEUSAI I 5 Micro-CT 5 =4k dH ¢ 6 [
W Osx“/INEL . Osx“°:Rosa26™ " /INFRZEARAE, /385 il
B # 17 F 1xPBS 1. Micro-CT $14# 42 3k /i O i
10 wm) FREL dicom X4, 5 A Mimics Medical 17.0
Bk, AR SOk T = o A A S R
F Mimics Medical 17.0 {2} Measure-Distance 1. E.{l]
it F AR B R B AE R R AR ER R, gk
Fi R R 5 I TR A A ) e 2 R R TR A R
TCAE U E R s D T AR 2R B S el 2 U)o R
AT Z B EE B, ICA/E TR KBS s T Mimics
Medical 17.0 ¥ {f 3D-objects-Properties-Info-Volume #5
B A5 Fit T B e i A S A A B

1.4 il Fnhr

fdi JH§ GraphPad Prism 5 K 2x 18 . 7€ & %R L
x5 Fm o R SPSS 24.0 AL AT I ST FEAS ¢ K 56
ST 225 . P<0.05 FR2ERAGRIFE L,

2 &R

2.1 BN AL B R I R %

iz 1] Cre-LoxP B A il R 4t , ¥t IFH4 i 4
Jfl dnRAR« Z5AF VIt Rk /N Bl (81 1) o B Osx /IR
5 Rosa26™"" /)N 24 38 3545 FIAC B Osx“*; Rosa26™ Ik
PE/NELS Rosa26™ WiVE/NL, #E— 252 38 J5 3145 [F)
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5 Osx“* /NRYE Osx“;Rosa26™ " /INF. (K1 2A) . W%
K, Osx“ 5 0sx“;Rosa26™" /N H A2 I 24 REAE 1%
12 W LA L, MAIFFE VAD JIT 8505060 i 0 4 A6
G FRAL 5 T UL ] T IR T AT R AR
i gk LR R R SR 5 A3 B/ B AS i R v el fiE

P SE R 25 5 MR LUK 5 2, dn owe A A5l T
dn mut A 505 3 B Rosa26™, dn wt. dn mut¥¥
A & R HHU R Rosa26™”, dn wt %75 4575 111 dn mut
A & R Rosa26™™, Cre f5 TG 255 4 | e m
Osx, 3 Osx“o G5 HAUE L Osx; Rosa26™ " /N FRAY
Uik g, BARFKIUN dn we A 5571 . dn mut H 5540
Cre 267 (1812B).

2.2 Osx™; Rosa26™™ 7|\ Bl ¥ 13 4l e FE o5 1% £
53 b
R SRR AN LS RCR . SR AE N A

BCH A M SR AV TR AR 5 RIS RO, L Osx™ I
Osx“*; Rosa26™"" /N LI B BMSC 5 fi T9U# 41 i,
BiE S 5 & B 1 . Western blotting 45 g /R
Osx“"*; Rosa26™" 4] RAR« £ H % 1K K38 Osx " 2 Tt
w5 (E3A. B), ##/% dnRARa 2 [1if %Kik, [FH),
WUAE S 7 g4 A 35 PR 5 56 245 4R 7R Osx“; Rosa26™"
ZH /N BB B 40 7 RARE 5 7 8 258 F Osx™ 4l (1A
3C), #E/R MR 15 5 38 B PHL T, i — P IESE T
dnRARa K [18RB H AR T M RAZYRE. Likdh
FRW Osx“; Rosa26™ " 1AL /N B2 55 B A B 4t i
FAFTEI TR E 5 KT, vl NIhfiE L4l VAD,

2.3 A Cre 9w o 1% 444K 5 n 4 A0 I 9 8% PR 5
ERigi

HE— ¥R Cre-LoxP T 4 il ik (K R &/ ] 78
PRSI S50 A A B R 15 5 % o I 2 JE % Rosa26™™
/N BRUEAC B BMSC 5 /i 08 4 B, 43 1)k gt Ad-
eGFP. Ad-Cre it i 75 , WU % TR BEH .
Western blotting 25 % {78, Ad-Cre 41 RAR« 5 H 21k
KL Ad-eGFP 4T (KI4A| B), #2785 dnRAR«
RIS R, XU FR B B R S g0 45 2
/R Ad-Cre #1 /]y BUSCE 20 i RARE i £ I8 T° Ad-eGFP
4 (K4C), PRI S 1 BRI .

DL EZE S, 12 Cre-LoxP & 45 44 & Y i M £
R ARBERERN NI RERE RB I LGS
i LA

Vol.44 No.6 Jun. 2024



B LA P R (3 N BB by s S e | 681

AF2 A
A N\
AF2|
RARa[ LU |C|D 2 core| F]
\_V_H_/ %—/
AF1 DBD LBD & Dimerization
dnRARa
(RAR0403)

In Osx“*;Rosa26™" mice

Osx cell lineage

nczof f sror e

Normal

In Osx“* mice

Normal

In Osx" cell lineage

) 3 ) I

I ) I

dnRARa-specific expression

In Osx“:Rosa26™" mice

Retinoic acid signaling inhibition

Note: A. Schematic diagram of the structure of the dominant negative protein dnRARa. B. Schematic diagram of the Cre-LoxP system in Osx" cell lineage of
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Note: A. Schematic diagram of hybridization strategy among mice. B. Genotype identification by tails of mice. N—negative control.
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Fig2 Mouse hybridization and genotyping
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RARa protein level of parietal bone cells after osteogenic induction from Osx“mice and Osx“"; Rosa26™" mice by Western blotting. C. The RARE activity of

parietal bone cells from Osx““mice and Osx“"*; Rosa26™""" mice by dual luciferase gene reporter assay. PGL3-basic is blank plasmid group. OBS—osteoblast; ns—

no significant difference.

B3  0sx“;Rosa26™" NGB B AR ERE S K ENRIIE

Fig 3 Verification of the inhibition of osteoblastic retinoic acid signaling in Osx“*;Rosa26™"" mice
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