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(# ZE] BH: WTERDNRIRREEE R R (mEPMCs) IR E (PC) EZEAMIKSHE A
KRR 3B (KIF3B) B [K%h 4 g B wAKCSF a9 /E AT, OF B BT LAE FHALE o ek WO RS0 5 3% 2 i
14.5d C57BL/6J /N A mEPMCs, AR & 7 R ik KIF3B 3 R Al S 3 I8 1 2 i sh ) (SAG) i
WM (Shh) {5538 M K H T iF L Z 7k Smo, 2 WA (LT AFERK) . 25 800 5 5 e an
MiZH (sh-NC ) (4 T EHY) . BK KIF3B4 (sh-KIF3B4) (4T KIF3B 5 R &%) . ik
KIF3BIMA SAG 4 (sh-KIF3B+SAG#H) (44T KIF3BRF AU A SAG), 45 H KR, &4
HL LS4 4l mEPMCs H F W/ IMA/ 3 Wi B AOE A8 R AU, Western blotting WA £ 41 mEPMCs
AMEMCHE AR E 1 (Beclin-1) Ml p62 & Shh {53 % ' Shh il Smo 2 AR A K-, GR: EH B
Mg, 54, sh-KIF3B 4l mEPMCs H' [ Wi /NA / 8 W s il 4R 5k B B3 im (P<<0.05); 5
sh-KIF3B41 4, sh-KIF3B+SAGAImEPMCs 1 [ W/IMA/ A Wi B AECE I s/ (P<<0. 05), Western
blotting ¥E A& I , 5 % B8 20 H 48, sh-KIF3B 21 mEPMCs 1 Beclin-1 % [ 32 35 K B 8 7F 55 (P<<0.05) ,
KIF 3B, p62. Shhfll SmoE FAFERKFHM BIFE (P<<0.01); S5sh-KIF3B 414, sh-KIF3B+SAG 4
mEPMCs 1 Shh, Smo Ml p62 & FI &k K-FM B IR (P<<0.01), Beclin-18 FIRB/KFIREM (P<
0.01). 45 MK KIF3BIEHEAM{E# mEPMCs H Mg, HAHLHI AT 665 HA i Shh {558 A %
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ABSTRACT Objective: To discuss the effect of knock down of gene of kinesin family member 3B
(KIF3B), an important component of primary cilia (PC) of in mouse embryonic palatal mesenchymal on
the autophagy level of cells (mMEPMCs) cells, and to clarify its mechanism. Methods: The mEPMCs from
gestational day 14.5 C57B1./6] mice cultured in witro were collected and divided into control group
(administered normal saline) , empty lentivirus transfected cell group (sh-NC group) (administered lentivirus
transfection) , KIF3B knockdown group (sh-KIF3B group) (administered KIF3B gene knockdown) , and
KIF3B knockdown plus Smoothened receptor agonist (SAG) group (sh-KIF3B+SAG group) (administered
KIF3B gene knockdown followed by SAG addition) , based on whether the KIF3B gene was knocked down
and whether the SAG was used to activate the sonic hedgehog (Shh) signaling pathway and its downstream
coreceptor Smo, with 5 rats in each group. Transmission electron microscope was used to observe the
morphology and the number of autophagosomes/autolysosomes in the mEPMCs in various groups; Western
blotting method was used to detect the expression levels of autophagy-related proteins Beclin-1 and p62,
and the Shh signaling pathway proteins Shh and Smo in the mEPMCs in various groups. Results: The
transmission electron microscope observation results showed that compared with control group, the number
of autophagosomes/autolysosomes in sh-KIF3B group was significantly increased (P<C0.05) ; compared
with sh-KIF3B group, the number of autophagosomes/autolysosomes in the mEPMCs in sh-KIF3B-+SAG
group was significantly decreased (P<C0.05). The Western blotting results showed that compared with
control group, the Beclin-1 protein expression level in the mEPMCs in sh-KIF3B group was significantly
increased (P<C0.05), and the KIF3B, p62, Shh, and Smo protein expression levels were significantly
decreased (P<C0.01) ; compared with sh-KIF3B group, the Shh, Smo, and p62 protein expression
levels in the mEPMCs in sh-KIF3B-+SAG group were significantly increased (P<Z0.01), and the Beclin-1
protein expression level was significantly decreased (P<C0.01). Conclusion: Knockdown of KIF3B gene
can promote autophagy of the mEPMCs, and the mechanism may be related to its inhibition of the Shh
signaling pathway.
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JEIE%E (cleft lip and palate, CL/P) J&i# UL
B A T B G I 22—, CL/PAE 4t B0 & R 2400
1/700, T 7€ [ A % 3 AT Es 1.82/1 000
CL/PYs MR I E 2, Hurhrse A H 0% 5 A
SRyt A% N R PR R o s e A SR W AR, B DD Y
N AR STE 2B . T CL/PX EHEFL . KEE
Jy BREAFE A i OR RS2, ORI H A L
il 0 5B 2 s R LEATI AR oy B

% M8 ¥ (sonic hedgehog, Shh) {5 & il %
ZHTHZA8MBENEL, WRFENUE . &
RGMF W4 . Shh s 5 18 8K 89 5 0 98 55 AT AR
T ECZ B2 R GE RN MR I, 0 G A A IR
(holoprosencephaly, HPE) flfiF#H A F A K,
WA CL/P. Rt kathRmEFTFAR, MR
/R | N 1 T N O 7/ - S i O 2 e 13
(nevoidbasal cell carcinoma syndrome, NBCCS) 4§
PR . BRI YIRS ShhF S i A H AT
PLS2 e /s UV i I 28 18] 78 5T 40 2 (mouse embryo

palatal mesenchymal cells, mEPMCs) ¥ 5§ F1 §
T, I ELE BEAE VA 5 20 W, W) I 28 i) ShhfF
Tl A B IR L £ (primary cilia, PC) f%
B, M PCU S mdniE A &L, BF5E " IESCf
BT (hedgehog, Hh) {55 i & AT LI 01 4h] 52 46
FH HeLa 240 1 F1FF i 240 M0 b 8 W /NMAOTE J8E, - T 7E /)
IR B A £F 4 40 8 (mouse embryonic fibroblast,
MEF) KB I 4ifd (renal epithelial cell, REC)
H g Hh {5 5 38 B% 7T DA 2 A m/MATE B, DL EAH
P B 25 BB AT LA I AE A ) 258 B 1 40
Hh {5538 #% 5 A Wz [ OC R AR A H . I,
mEPMCs H Wg /K 19 242, al fE 2 4K T PC 1y
Shhig#8 . ABF 58 fi s PC 82 20 048 3K 3 & 11 K 5
A% 5t 3B (kinesin family member 3B, KIF3B) %A
JG . KW mEPMCs [ 17K - Fl Shh {55 K F % 5
K e #01E Shh {5 5 5 mEPMCs F W 7K 19 78 1k
B Shh {5 5 X mEPMCs A B 1 5% i & PC 5 240
P KIF3B W AVEHT, S/ BURS ¥ % & B F 52 4 1t
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1.1 E®sHh.mE EEXNFNE 40 SPFH
C57BL/6J/NEL (Hir 30 HOMfERL, 10 HEER), W
Tl LERF RSB Y b [ sl A e
Z. SYXK () 2021-0004] . 7 5256 526 3o F2 4F
Gl LER R RSBk (8 (2021) 2-
504%) . EwEMEM Ll (v Pt iEocg
s N E I RN O R S I S NS ) B
( smoothened agonist, SAG) 4 H 3 E MCE A A,
p62. WIEHEH (Vimentin) F40M A EH (pan-
cytokeratin, P-CK) Fii&# [ % [E Abcam 23 # ,
KA E 1 (Beclin-1) M GAPDH it #& 1y H 22 [
Proteintech /A @], KIF3B £ X W B £ [E Santa 23 7 ,
Shh 15 518 # T 7 2 32 4k Smo 1 H 1 & ABclona 23
"], Shhyuikly [ 35 [ Affinity 2 &, Jf 4 M7
1% H-HEH RPN AELEBIAR, DMEM/F12
K i B 22 Gibco A F . B TAE G W A Wi
GEAEREARARAR, KR A EE
LeicaZA A, &5 HL4E JEM-F200 1 [ 7 [F SIMENS
ONFED, RS HE PR A H R Tokyo /A #], 3 ALK
R R UK ORI B LR & 48 ¥ 3% 1 Bio-Rad
YT

1.2 mEPMCs# 3B A3EH Mk [14] W
T, T WA BRI AL BE 4 A s 14,5 d 1 2
B, B RGBT RO R T, IR BUR BB
ol 21, bk R AL B S 4 CRY vKAR B R
Ak o U H 21k v R B 1 g Ak S (K3 B0 5 min,
LW WE A2 mL %A EDTA B & (A
(0.25% [BREE) W E 248 N2k, K5 HR
B0 5 min 5 BV, A1 mL ¥ 3R IEFWRIT, it
G R 2 T25 8537 ik, F 5% CO,. 37 CHi3%
W OILRE 3% . A P-CK Al Vimentin BA 5 B 47 {4 X}
] — LUk B SR 1 A B AT S, WA T R P-CK
BEPE (40 M D286 %35 ), Vimentin FEE (40 &
Getaue ), AR mEPMCs, 4kt R
T IR Lo .

1.3 BREdtsuhE @i ra I
KIF3B H 5 J¥ 51 Fil 25 2007 51 43 51 8 & T Bk 2k
orp, PR aifb s AT IR R AL, 1RO R VR 46
difb )5 v %6 5 —80°CIRFE 45 Ml . KIF3B H 5 7 4
CCTGTCTCTGCTGTGG GATACAAGA, 75 #;
JF 5 TTCTCCGAACGTGTCACG TAA; KIF3B

TLERFEF] . R 5-GATCCGCCTGTCTCTGCTG-
TGGGATACAAGACTCGAGTCTTGTATCCCA-
CAGCAGAGACAGGTTTTTT-3', F 5-AATT-
CAAAAAACCTGTCTCTGCTGTGGGATACA-
AGACTCGAGTCTTGTATCCCACAGCAGAG-
ACAGGCG-3"; ##F%): R5-GATCCGTTCT-
CCGAACGIGTCACGTAATTCAAGAGATTAC-
GIGACACGTTCGGAGAATTTTTTC-3, F5-AA-
TTGAAAAAATTCTCCGAACGIGICACGTAA-
TCTCTTGAATTACGIGACACGTTCGGAGAA-
CG-3's R HIAH R 3 510 02 95 75 BEAT 40 ML 5% g, i i
WO OBE W B AR WO =5 mg- L, Y B
(multiplicity of infection, MOI) =50, % HCKZS f%
FERYZRAL, DL5X 10~ 1Y %5 B 35 Fh 28 T 25 20 i 3% 5%
RN, AT R A RR ) 7 TR M B R, T A i
RO AR SR R YL M, A8~T72 hm 4 i S PR
a5 Ho G B2 L EF R 80%0 B, Wk e
Yol tly, QRS KB FRD TR 85K .

55 UE mEPMCs H Wi 7K SF- $2 /5 02 & & AR fE DL
B KIF3BRRE)G, #/NRA mEPMCs 4% AN INA 24
W AR . TR R Y . WK KIF 3B FI
X KIF3BJEMA SAG, 43 %t B2 | 25 4800 w5 5 Y
M4 (sh-NCH4) ., @ik KIF3B4 (sh-KIF3B4H) .
g I KIF3B A SAG 41 (sh-KIF3B+SAG 41) ,
25 H KR
1.4 #HHLERLEKELE mMEPMCs & A& K/ H
REBAYSEAAFKET BINFEERYEMN& A
AR 43 4 25 T R 6 T W5 FE bR 9% 24 h, SRS K40
MO T 2% % T, A CEHETEELA3h, K
Ja B R £h 22 wh i (phosphate buffered saline, PBS)
WHUEE 100 Heme [ 5 , Bl 5 B SR . A
HOU R, BT R €5 T AR o BT HL
BER AT UL A WA/ BV AR, 9 ORLIR By
T AR, HALIE R A3 1 TE X2 5 2 2 A5 4
/N s PN TR A ) 2 v il A i T 3 )
B, ALK O R 0 2 BRSSO
TR AW INA /T R B TE A W R
P, AR AR R E BRI
SEEEHEATHIEE 5 000~20 000475455 T V& 45 1 Wi ]
UL Ay 22 J2 b o 2 MBS 0 1 W 25 ) A T A L
1.5 Western blotting # #& | & 28 mEPMCs ¥
Shhfz 5 BB R A HE G REAKF B8 i g
Jei B 45 4 400 AR 9l 43 21 45 T R[] F TURE it 5 P
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24h, SRIGHEIAHUMBEENR, BCAEKEM S A
BARE, HFHESHABEARE L L', MA
6 5XSDS EMHZ 5, 100 ‘C/K ¥ 10 min 48
PERR F, KR4S LR AR R S T R G A Tk O
JEHE Tk, I K HMEAR —P4CHE
%, KIF3B (1:1000). Beclin-1 (1:5000) . p62
(1:5000) . GADPH (1:5000), Shh (1:1000)
fSmo (1:1000), ZH=ERIFF 1h, TBSTH W
YeUJE HECL &, R A Image J 37K U & A 2%
WKEM, YLGAPDHANS, IR HEHRE
K. HRE A REKY=HMEA S KEMHE/
WS A0 KA

1.6 %it# 54 R SPSS 17. 0 8 #4748 1t
2P, /N mEPMCs Hh E B/ INA /[ WV
K% % KIF3B. Shh, Smo. Beclin-1 1 p62 7 [

TR G EDSM, DaksEx, ZHMEE
AR Bk FH R 2R T 22430, AL T RE AR 24 80
MR LSD-t /586 . L P<<0.05 F 2 R A 401t

2 & R

2.1 B mEPMCs P A R/ EEBEARE S
AAARE A MMM T AT WBUZ B )
FEEAE 235 A6 1Y) 1 W /N AR B 1 WA A . 5 0 IR AT e
8, sh-NC 4l mEPMCs H' [ W /NMA /[ 0 il 4
2R LG i X (P>0.05), sh-KIF3B 41
mEPMCs H F W/ IMA/ [ Wi i A% W] b 3 - (P<<
0.05) . 5 sh-KIF3B 4 b %, sh-KIF3B+SAG 4
mEPMCs H [ B /N A/ F 0 3 6 A 850 BT b e 2D
(P<<0.05), WL 1M#EIL,

ALE: Control group; B,F: Sh-NC group; C,G: Sh-KIF3B group; D,H: Sh-KIF3B+SAG group. A—D: X6 800;E—H: X18 500.
Bl BHEETWELHAmEPMCs h B B/ME/ B S RATE SRR

Fig. 1 Morphology of autophagosome/ autophagolysosome in mEPMCs in various groups observed under transmission

electron microscope

#F1 FHAmEPMCsH 5 uA/ B B EB AN E

Tab.1 Numbers of autophagosomes/autophagolysosomes in

mEPMC:s in various groups (n=6, xE5)
Group Number
Control 6.21£0.81
Sh-NC 6.84+0.32
Sh-KIF3B 17.9340.64°
Sh-KIF3B+SAG 6.474+0.57"

"P<20.05 ws control group; “P<C0.05 vs sh-KIF3B group.

2.2 %&#mEPMCs ¥ KIF3B, Beclin-1, p62, Shh#=
SmoZx G RZEART H X W4 L&, sh-NC 4]

mEPMCs # KIF3B, Beclin-1, p62, Shh#l Smo #&
&Gk K 2 % 4 i & L (P<0.05),
sh-KIF 3B #H mEPMCs ' Beclin-1 2 1 75 i4 7K F- 1 fi
& (P<<0.05), KIF3B. p62. Shh#l Smo & 4
FRK I B (P<<0.01). W23, 5
sh-KIF3B 41 [L#, sh-KIF3B+SAG 241 mEPMCs
Shh. Smo Ml p62 & FAFEKFI BFAE (P<<0.01),
Beclin-1 2 [ 157K 7B B FEAR(P<<0. 01) . WL 4,

34 it

AR A AE AT OB g Y & B . PC AEAE
mEPMCs H, i3 T3 PC %18 R 48 N 8 & M
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1 2 3 M mm Control
r i = 15 mm Sh-NC
KIEsB | I 85 000 g W, Sh-KIF3B
e g
s 10F *
Beclin-1 60 000 o
>
O
a
b
=
GAPDH 36 000 ks
0

KIF3B Beclin-1 p62
A B

Lane 1:Control group;Lane 2:Sh-NC group: Lane 3:Sh-KIF3B group. P<C0.05, ~P<C0.01 compared with control group.
B 2 Western blotting oA & 41 mEPMCs H KIF3B & A XE AR X HBIKE(A)MELE(B)
Fig. 2 Electrophoregram (A) and histogram (B) of expressions of KIF3B and autophagy-related proteins in
mEPMCs in various groups detected by Western blotting method

Hl Control
1.5F mm Sh-NC
I Sh-KIF3B

2
=]
°
D
S
o
S
S
Expression levels of Shh and Smo

Lane 1:Control group;Lane 2:Sh-NC group; Lane 3:Sh-KIF3B group. "P<<0.01 compared with control group.
B3 Western blotting #H I %&H mEPMCs # Shh 5 5@ B & H Shh #l Smo FEH RIB KA (A) R E&AE(B)
Fig. 3 Electrophoregram (A) and histogram (B) of expressions of Shh signaling pathway proteins Shh and Smo
proteins in mEPMCs in various groups detected by Western blotting method

1 2 M,
B Sh-KIF3B
4] * *
— 9
S 86 000 2 *
" S 1.0
)
Beclin-1 60 000 3
f=}
=}
2 05F *
=
>
Shh Smo Beclin-1 p62
A B

Lane 1:Sh-KIF3B group;Lane 2: Sh-KIF3B+SAG group. "P<<0.01 compared with sh-KIF3B group.
B4 Western blotting ¥R 241 mEPMCs H* Shh {5 5@ B H K B A R B AR X K E (A) M E KK (B)

Fig.4 Electrophoregram(A) and histogram(B) of expressions of Shh signaling pathway proteins and autophagy-related
proteins in mEPMCs in two groups detected by Western blotting method

F B N 05538 & 48 122 (intraflagella transport, KIF3B A1 PC ¥ iz Z 48 b 7k #8535 B B 40 i ) 5% iz 48
IFT122) J&, AL PC A KBS U2 I A AR 1] 5% 32 3R A ) B2 T AR, X PCIE AR .
B, SmAnE s, RASR OISR . RAEKREM T PCMHES @M B XERE Y,
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AR RGERE R SXFAH, sh-KIF3B 41 AKT) -l A YW HEMWME X ENA (mammalian

mEPMCs H W5 /N A/ [ 0 1 Bl R 50 B 5 0
Beclin-1 8 [ 3R ik /K7 B W 4 /& F p62 45 [ Wi AH O
B RIKRAKCEH WAL, UE A KIF3B 2 5
mEPMCs # 1 8 5 Wi /K 7 T i 5 10

Shh {5 5 i 114 36 22 8 T )5, mEPMCs #
B K 7= e — @ AR A IR RO 6 i A K
& TR ) 8 R AY Shh{E 558 8% v 59 K 2 40
R4 5 7 78 PC I o Shh {5 5 38 [ 3= 222y HAH B
Bt & Shh. B 8 2 {& (Patched, Ptch) . 3%k
Smo I F (Gli) FKIEA MK *'. Shhfs 5 i@
BIE R OLT, B TS A0 M A EC R ShhAFFE /R, 4l il
i % Ptehl 24K 5 Smo 454, LI Smo 7] T iif
3455 . 24 Shh il L, Ptchl 5 Shh4s 4,
Smo % LAREik 2= PC L, 34006 T I 40 M 5% s I+ Gli
GG HE N A0 M AZ v, VR A0 i R BT 2R ) Cyelin €
1 i 1 B NG T B I T 7 R N
4R B oR: 5% B4 g, sh-KIF3B 4
mEPMCs H' Shh fll Smo & 4 3 ik 7K 3 B 1 B A%,

Pt — 2 UL B R AR KIF3B 3L X 5, PC I BE 2 # 4
Shh {5 3 #% 7= A= 7 il 1E .

HAi & A SC#k ™ iR iE . Shh{s 5 38 i 78 i 2L
S R E VTGS 5 b R - 8] 5 Ak
AL R R B R SV R [ 72 (S 2SI m
mEPMCs i) PC A KIF3B % 16t iﬁ%mﬁﬁmm
B AL T, RS O A L N AR L AT
%ﬁ%:%KW%QmHMufﬂﬁKW%%I
Je R B | WA AWK, RV ED)
BEZ ML T mEPMCs A 1 ; Shh {5 5 i #% 3¢
BT M Smo 1Y i 31 7 SAG T Hi 5 , sh-KIF3B+
SAG 4 mEPMCs 1 A B /NA /3 g 73 i R %t
B, FELERE Shh MiE S FFJ5, mEPMCs
M) H WK B T —E B, (AR AR 5T A K
5, PRI KIF3B & AR #F mEPMCs H B 2 i
I 0 Shh {5 5 38 #15 DLSE 3

% Shh it 2 i3 B8 46, Shh{E 538 8% 19 A #5
&S0 3RO R A W A . D BB BT Hh, AR

GLATfEThRE ,, H A 4043 24 Smo #K i A4 Fl Smo JE
W%ﬂ,®%%umﬁém%WMﬁ @ %1t Shh-
Ptch-Smo i 2, X GL#E4T S8 16 b, i 4n 22 34 )
% AL B H J B  (mitogen-activated protein kinase,

MAPK) . & Jl ¥ 3- ¥ B (phosphoinositide 3-
kinase, PI3K) - & 1 #4 B¥ B (protein kinase,

mTOR) . # b £ K W +F8
(transforming growth factor-g, TGF- B) S fE T
B, BEZIL GLBL B 5% S is 4k Y, % B Shh
i 5 5 HALE S I R E% . YAO S W F5%
R e/ R ESE A b, Hhil #% 28 Smo i 16 -8
MR % (adenosine monophosphate, AMP) 4K Hfi )
AMP JE LR 1B (AMP-activated protein kinase,

target of rapamicin,

AMPK), {2 AMLI12 400 4 W, BFgE ™ %0 .
Shh A] AR HE T mTOR G 5 & 44, HIEWIL AKT

A S W i A AR . T B R AR 2 Fh 4 i
IARIE R, HAFLER 280 KLY ShhiF 5 il #% A
EW%%E%L% K 7E mEPMCs 40 A
Wi -Shh {5 5 i #% -PC Z 1] (9 ¢ R A A IR AR .

Zi L rik, mEPMCs H KIF3B 3 H it e 240
i Shhfg 5 %, 1% mEPMCs H W, @ id SAG
X Shh R U# A5 5 1 8006, 1T LSS 4 1k &2 9k 7 il 1)
Shh {5 & i %, I H [ 8 FF AL mEPMCs [#9 F W
K. mEPMCs H PC 5 41 fifd [ 5 =22 8] () B 82 26 &
J Shh {5 3F B A0 4% 530 % 5 40 i [ W 2 18] (9 40 B
KEAFH— L5

Tl SRR

I A A WA TR R 25 2R

fEE AN

X epIE FRRET 2 5 SCIIG R  SER BT Mg SRS
W 3CE S 5 R R BT, IR AT TS 51304
BT BATIE, RS 58 B R S A L
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