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(HE] Br HRBIEE A Dapoliprotein D, APOD) ¥ i% S 08 J0 79 3 (K & 1 /B- 7% 81 H (Wnt/B-catenin) 5
Sl S5 F 86 40 (dental pulp cells, DPCs) 3 5 /0 4k i 2, 775k RAMEE 35 A F 86 40 2 Chuman dental pulp
cells, HDPCs) , % & 25 [1 41 . APOD Ik 7 & 41 . APOD & 7 & 41 Fl si- APOD 4, 25 (141 T DMEM K 3% 3k 8% 5%,
APOD &I 20 85 32 J P im A 2 nmol/L APOD, APOD & #8241 [ 3% 77 5 1 i A 32nmol/LAPOD, si-APOD 21
EH APOD si-RNA #3 HDPCs 48, R H RT-qPCR £ APOD mRNA ik K, CCK-8 K I 41 Jitg 384 58 6E /7,
Tl P4 % % i (alkaline phosphatase, ALP) 1% ¥4 Kz il 5 & 43 fk g 71, Western Blot £zl Wnt/B-catenin i }% & 11 % 15
B, £2 S5axA4HE . APOD KH & 41 . APOD & # & 41 APOD mRNA /K5 K 405 /1 7+ .7.14 d 19 ALP
1 M T, Wnotba, B-catenin % [ |18 (P<0. 05) , st APOD 41 APOD mRNA 7K -, 41 ff 3% J7 AKX, 7.14 d 19 ALP
1% PE PR, Wnt5a, B-catenin 25 1 F i (P<C0. 05) 3 5 APOD Ik ] 42 41 F 4 . APOD & 5 41 APOD mRNA 7K K&
RS 7 FHE . 7014 d B9 ALP 35 HETHES , Watba, B-catenin % [ 38 (P<C0. 05) , si- APOD 41 APOD mRNA /K - &
NG S FEAR .7 .14 d B9 ALP 35 P FEAK . Wnt5a . B-catenin 2 1 R 8 (P<C0. 05) ;5 APOD & #l & 41 48, si- APOD
4 APOD mRNA /K K 41 i /1 B A%, 7,14 d B9 ALP 7 P B ik . Wnt5a, B-catenin 2 [ F i (P<C0.05), #if
APOD figfifie # HDPCs 40 i 1% 3% 58 431k , FAE R HLE AT 58 55 005 Wnt/B-catenin {558 A X,
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[Abstract] Objective To investigate the involvement of apolipoprotein D (APOD) in the
proliferation and differentiation of dental pulp cells (DPCs) by activating Wnt/B-catenin signaling
pathway in Drosophila melanogaster. Methods Human dental pulp cells (HDPCs) were cultured
in vitro and divided into blank group, low-dose APOD group, high-dose APOD group and si-
APOD group. Cells in the blank group were cultured in DMEM medium without any treatment.
APOD 2 nmol/L and 32 nmol/L were added to the low-dose APOD group and high-dose APOD
group, respectively. HDPCs cells in the si-APOD group were transfected with APOD si-RNA.
RT-qPCR was used to detect the expression of APOD mRNA, and CCK-8 was used to detect cell
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proliferation. Alkaline phosphatase (ALP) activity was used to detect osteogenic differentiation,
and Western Blot was used to detect Wnt/B-catenin pathway protein expression. Results

Compared with blank group, APOD mRNA level and cell viability were increased, ALP activity
was increased at 7 d and 14 d, and Wnt5a and B-catenin proteins were up-regulated in low- and
high-dose APOD groups (P<C0.05). In si-APOD group, APOD mRNA level and cell viability
were decreased, ALP activity at 7 d and 14 d was decreased, and Wnt5a and B-catenin proteins
were down-regulated (P<C0. 05). Compared with the low-dose APOD group, the APOD mRNA
level and cell viability were increased, the ALP activity was increased at 7 d and 14 d, and the
Wntba and B-catenin proteins were up-regulated in the high-dose group (P<C0.05). In si-APOD
group, APOD mRNA level and cell viability were decreased, ALP activity at 7 d and 14 d was
decreased, and Wntba and f-catenin protein were down-regulated (P <C0. 05). Compared with the
high-dose APOD group, the mRNA level and cell viability of APOD were significantly decreased,
the activity of ALP at 7 d and 14 d was decreased, and the proteins of Wnt5a and B-catenin were
down-regulated in si-APOD group (P <C0. 05). Conclusion APOD can promote the proliferation

and differentiation of HDPCs cells, and its mechanism may be related to the activation of Wnt/B-
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catenin signaling pathway.
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14 K 7 6 20 M2 (dental pulp cells, DPCs) %5 20 Ji¥ ,
DPCs J2 2 I - it 28 Ui 01 [6] 58 50 1) 22 ¥ fE 40 . &
FARTE MR SCHE . B A J57 200 i 4 384 58 03 AL 2
R B MR AR W CH" *, DPCs 1§
W AAE I Z B ZF 5 1 mm, BAEEE D
(apoliprotein D, APOD) j& #k Jig & [ (1) —F, T2 247
Tl 1) B AR A IR A2 i 2 HA AR AR —
43 A T g 1 SR E R, T APOD 44 )z A
ZFA LT A AR R R BT AR
2R, APOD 7E DPCs 1k #£ik .2 5 DPCs 35
EBAEMY . HETX T APOD 7E DPCs 1 58 43 1k
YERTEWTFE 4800 A FH AL A 15 4, R i Jo 3 ik
FEH/R— B E H (Wnt/B-catenin) 1 I 78 F 15
A KR T B v X R AN [RIAE R S A Ok 4
APOD 1] BB i Wnt/B-catenin I £ 5 DPCs fY
B 5E A3 ACAE T A SO0 e HEAT R ST L LA Dy 2F 5 1) 45
P1es 52 S BT R AIE 52 D5 1wl
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1.1 AR R F R O B A W YR T 4K R Y
ft B 0 B R B O AR AR, B A vh B R BE A 4L
A3 8GO A G I I B0 Rl 2 R A 09 N F B Al
(human dental pulp cells, HDPCs), APOD(dt &
SO AN B 2 By AR A Al B 5 HG16797-
ACGLN,JL#% . 1Unit) ;s DMEM K5 32 3& (% 10%
A0 i, B RAE YRR R A, RS

A19010) ; PCR il 7 & ORI R Z AW HE ARG R A
Al B85 SZ-HAS-338) 3 CCK-8 a5 & ( Bl i
AW FRHECA R E, 585 R-315) B B IR i
(alkaline phosphatase, ALP)i&F| & ( FiER A4 Y
FHARA R L 585 . IC-ALP-Rb), CKX53 8] &
T CH A AR LT 28 &) s SMII2-2 8 3 15 3748 (36
E SHELLAB 23 7)) ; CMax Plus Y W i Y i b A%
(£ E Molecular Devices 2 #)); CPC-300 Hi %k 1Y
(LA FEAEWHEARBDARAFD,
1.2 ik
121 diffassss WA GHEA o B 2R gEH 2, v
VR T BB B, 4k 0.5 h 5 & T DMEM #5
FRHECE 10V G2 M), BT 20 M 15 3R 46 b B AR
(37 CL,iBEMM,.5% CO,), 55 HDPCs 40 i,
HDPCs i i il B 35 % , & 3 K 1 K77 56 1%
REE 2% 3 R T Iagsemt,
122 4iffLsr 20 oAb BEs 3 /8 HDPCs 4 il ,
FH R 4 H 2 HA L AEAR AR 2 APOD I 5]
HAHM IR FE BN A 2 nmol/L. APOD; APOD %
FIHE 4 ) R 3 P A 32 nmol/L APOD; si-
APOD #4 . i %% 44 i85 ( Lipofactamine TM 2000)
# APOD si-RNA # Yt & HDPCs 40§ . 45 41 2 4k
LERER 24 h R AT S,
1.2.3 RT-qPCR &M APOD mRNA ik K
4540 HDPCs 4. A Trizol 28 0. W4T =
2 B 247, B A ES L 7 min S5 (12 000 r/min B .02
12 cm) , BEEUCAH MO A RNA M 45 328 70 £ 10 ) 306 5%
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=A

P R & U] B EOR B MR R: 1T
Wesl ¥ (LW E 0.2 pmol/L) 1.0 ul, 2 X Power
qPCR PreMix 10 pL.DNA A 2.0 pL, il B3 K
2 20 pl, R &PF:95 CHIAEM: 10 min; 95 C A8
P£ 10 5,60 “CiB Kk 20 5,72 CHEAf 20 5,40 DMEI,
PL B-actin N2, cDNA RBifR, 2722 ik Hr g
#] APOD mRNA KF8 . 519550 W3 1.

®1 519575

Table 1 Primer sequence

I 51405 Bk g
APOD  Forward:5-ACTCGTTAGCAGCTGAGACTGAC-3' 23bp
Reverse;5-GCGTTGATGTCTCACAGATCTAT-3'
Bactin Forward:5'-AGGAGATCGACGTAGGCTACTC-3' 22bp
Reverse:5'-GTAGACACTCAACAGTAACCAT-3'
1.2.4  CCK-8 I 41 ff1 35 56 W45 240 HDPCs 4
J L 40 i 5 R R R 1< 10" /FL R T 96 FLAR . 1
7% 48 h J5 LM A 10 w1 0.5 % CCK-8 YA » 764
IRAJE AR S5 FR 4 h R AR AR 450 nm &b I
KOG REH . 4t M3 5 % = Gl 90 41 WO6 B2 — X
FRZH AW (R /25 AL W OE A < 10096, 18
SAES.MTT 25 EE 3K,
1.2.5  ALP & P ry il & # p i o fehe ) B
24 HDPCs 20 i , 20 it %% B2 5 8% g 12X 10" /4L, 42 F
T 96 fLAR . e B R 5 5 FR (50 g/L #EAER C
) DMEM K5 32 3 fffin A 0.1 mol /1 $ ZE K fs K
10 mol/L B-H il MR 4 . 55 M5 7 KM 14
KBS AN, R A ALP 3K 5 & 45 41 ALP
Wk . 2 BOR) & 3E AT B4R, OF T 1 A A I 4% AL
420 nm WOGEE(A .
1.2.6 Western Blot £ illl Wnt/B-catenin i % 2 [
K B4 20 HDPCs 4ii il . PBS 8 5 in ABC
U 1) 44 2 Ao T, T A0 B 7S o AR S, BCA R A6
IR M B . WK IR 5 min {f 7 18R B 50 pg
FEATR A EAEGE W, >R 1T H UK AL E AT B0 93 B Jie H
¥K 57 BS Wntba . B-catenin £ [1 554 , % B 2 i W2 &1
HeZ L A 5 %0 BERR W Ry 3P 1 b, A S 6 R
AR B 19 Wt B-catenin —HL (1:1 000), F F i
T4 °CO Ja R AR B B4 (4 1 E T A 1gG 4t
(1:8 000) . Z IR H 2 h JE AR = B0 8k, A
Image J BB K BEAR . H 09 JL B 2005 K B/ N 5
B-actin £ K BE B B AR A R A 4t .
1.3 Siitsdryk i SPSS 20.0 48 it #1443
Bl . THE OB BCR T IR R 5 22 43 BT FISNK ¢
K, P<<0.05 NZEFAZI#E L,

2.1 HDPCs 40 g & 1055 95 45 ZAfERKE A,
HDPCs 4if g 52 # k s B0k (B 1

7 ]
I (55

1 % 3 X HDPCs Al (R ELE X 100)
Figure 1  The 3rd generation HDPCs cells ( Crystal violet
staining X 100)
2.2 44l HDPCs 4iiffg APOD mRNA /K L1 42
525 4L APOD fIRF B 41 L APOD & 5 5 41
APOD mRNA K F Ft &, si-APOD 41 APOD
mRNA K[ 5 APOD M5 & 41 L 4% . APOD
F A4l APOD mRNA /K F Ft 5, si-APOD 41
APOD mRNA ZCFF#AE s 5 APOD Ry 77 5 241 o #2
si-APOD 41 APOD mRNA /K FREAK, 22 54 583
L (P<C0.05), L3k 2,

% 2 &4 HDPCs 4 il APOD mRNA 7k ¥ tb &

Table 2 Comparison of APOD mRNA levels in

HDPCs cells in each group

(n=3,7+s)
2151 APOD mRNA
25 141 1.00£0.02
APOD ik = 41 1.2140.15*
APOD il 2 41 1.4740.17%%
si-APOD # 0.23+0.03* 74
F i 64.962
P {H <0.001

* P {H<C0.05 a5 (4L tbE  # P {H<C0.05 5 APOD it & 41 b
% AP E<<0.05 5 APOD &5 & 41 5 (SNK-¢ /&%)

23 441 HDPCs 2 Mu 3% Sy b8 52 A4l i,
APOD i 5 £ 40 . APOD 7 57 4 41 240 M 1% J1 24 7
1 si-APOD 21 20 Jfa 3% 1 BEAIR (P <<0. 05) ; 5 APOD
R B AL 3, APOD 55 31 it 20 20 3% 77 T & s si-
APOD 41 3% J1 FEA% (P <<0. 05) 3 5 APOD & 7l
AL ER, si-APOD 41 40 i 16 ) BEAIK , 25 57 Ge it
2 L (P<C0.05), WL 3,

2.4 %1 HDPCs 20l /rfbBE Ty b 5= {4l
L, APOD 7 40 . APOD sl 4 7,14 d Y
ALP 3 E¥ T8 . si-APOD 40 7,14 d 89 ALP 3% 1
REAE . 5 APOD MR R &40 i, APOD SR 541 7.
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14 d By ALP 1 ¥EFHE . si-APOD 41 7.14 d i ALP

TEPEREAR ;s 5 APOD &Rl B 4l 8, si-APOD 4 7,

14 d iy ALP IS PERRML: 5 7 d Hedg . 4541 14 d ALP

W TR 22 R A G E L (P<<0.05), Wk 4,
#®3 &Y HDPCs ARAE NLE

Table 3 Comparison of HDPCs cell activity in each group
(n=3,7+s.%)

4159 21 i % 77
ek 99.52+0.24
APOD IG5 2 41 227.3540.48 "
APOD 7 7 i 41 380.23+0.71" 7
si-APOD 4 66.704£5.30* 4

F {4 8 437.668

P {H <<0.001

*» PAH<C0.05 5 (4LILE  # P (£<C0.05 5 APOD KA & 41t
B AP E<C0.05 5 APOD 51 41 L 8 (SNK-¢ #%)
% 4 &4 HDPCs 4AE ALP iE ML B
Table 4 Comparison of ALP activity of HDPCs cells

in each group

(n=3,x7 £ts)

20 51 74d 14 d
= HA 0.784+0.10 0.96+0.16°
APOD {7 & 41 1.564+0.31* 3.61+0.63**
APOD &5 H# 24 2.2340.47% % 5.14+1.02% 7=
si-APOD 41 0.41+0.07* %4 0.70£0.11* 4=

F 1 23.898 37.346

P 1 <<0.001 <<0.001

* P {H<C0.05 55 (418 # P {<C0.05 5 APOD Ik & 41 [t
® AP H<0.05 5 APOD w4 K (SNK-¢ K5 aP i<
0.05 5 7 d & (X ¢ K %)

2.5 %20 HDPCs 4l i Wnt5a,B-catenin 5 [1 3¢ ik
HOLHEL 52 A . APOD iR f 4 . APOD
F 57 & 4 Wntba, B-catenin 2 [ 7, sit APODZH
Whntba,p-catenin &£ H T IH; 5 APOD K| = 4 b
., APOD & 7] & 4 Wntb5a, B-catenin & 1 I ¥,
si-APOD#] Wnt5a, B-catenin % 1 F ##; 5 APOD
=50 & L #, si-APOD 4 Wntba, B-catenin 5 [
T, ZERA G R L (P<<0.05), W3R 5, 2,
*R5 &4 HDPCs 4 Al Wnt5a.B-catenin &/ A FRIA 15 EL &

Table 5 Comparison of Wnt5a and B-catenin

protein expression in HDPCs cells in each group

(n=3,x *5)

20 5 Wnt5a B-catenin
2 HHA 0.4240.05 0.79-0.08
APOD ik 51 H 41 0.830.09* 0.9240.11*%
APOD = 5l i 41 1.3340.17*# 1.3540.19* #
si-APOD #H 0.3240.04* %4 0.48+0.06* =4

F {4 61.713 26.838

P {H <<0.001 <<0.001

* PH<C0.05 528 HAE # P <<0.05 5 APOD &5 &4 Lt

B AP AE<<0.05 5 APOD &l & 41 b (SNK-¢ K2 55)

=== — . -
Wntba [ S— - -'.
E = . e e

B-catenin 7-7 ~— .;— 7 - =l
A B C D

2 %% HDPCs 48 i Wnt5a.B-catenin & B & i& &
A% 1415 B. APOD K #Il & 415 C. APOD & 7l & 41 ; D. si-
APOD 4

Figure 2 Protein expression of Wnt5a and B-catenin in

HDPCs cells in each group
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B E A Y e il A RELSUh DPCs HAy {33
B KA ARV RE 4 A B A 2 52 31 g B s A SR
DPCs il 34 58 , [a] 2 A 3 4346, IF M0 i B = 14
DX, DT 58 A8 52 2 AR 10, DPCs 458 5 11 38 51
REJJ1E A BE AL P 0518 5 b & 1 & OC & 2 A AR
AP RS E DPCs B8 19 A 2007 A
W0 R 318 B AR T B B R X

ALP J"{Z F£7E T 41 M 9 B i A1 J6 ot o, G 3
Fh i 1Y 8 o0 240 I SO A AL R 3R A TR A
ST ANM B o A AR bR 2 T AR
FEEE R Bk, 55 A4 L. APOD K 7 i 4.
APOD mfl G 1 & 7.14 d 19 ALP 16 HE8
Fhi, H si-APOD 241 A% J1 ) 7.14 d 9 ALP %
P REAR, % B APOD ®] B 58 ALP % 1., % &
DPCs 4 j & 434k . WF 55 B 7R . APOD AU ] AR
R ARG R s s 2, ) e AR 2L A RS AR A R SR A
(R 5 FA R AIE L RE NS 5 46 A DU AR R L AL 78 I 25 1 7K /N 43
FEEA KRR B AL Y . Yu 5V
FEINR - APOD AJ 9842 1 8 0] 58 3 T 40 it oo 2
W F AT T 00 R B 5 AT 5 T BB B A B

Wnt/B-catenin i F§J& 2 5 9 5 40 M L 14 5 L 4y
b R T ) B I AR AR DL AR S AR 4
LU o B A R R E AR,
4 Wt {55 KB, B-catenin 5 AN & A 455
HEW, W& Bz RACKEME , Wnt {55 B B, Wnt5
SHIRURS D OGN aD | A1 M e N 3 (1S W
B-cateninf fEBE MR fLVE FH , Ui 2§ B-catenin i A MfLA%
Jei o AR HE T Ui B 20 L 2 i TR B 3 AT A R
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MAd A% HIEE A DI Wnt/B-catenin {5538 % 2 5 5 16 40 i 1 5 20 1k 1 72

SRR, K A AN MR I UE 55 L 21 K 2 0 iR 8 1
S DPCs T2, HAE I 5300 Wno @ BE AT G, T
L) 58 Wk, SFRP1 RE 6 3 1 98 #5 Wnt/B-
catenin i B 410 ] hDPSCs $#4 58 | i % K& 431k 68
Wntba ZIE LM Wnt il B EE R E A PRI N
=2 Wntbsa & A2 FECFIRK T Mol F A oAk
B, ARG RBR, 55 04 W,
APOD 1k 7 & 4. APOD & # # 40 Wnt5a,
B-catenin & ML E, F B APOD fEW 15 Wnt/
B-catenini@ . Wil si-APOD #44J5 A HDPCs 40
il Wnt5a,B-catenin £ H T, #7m APOD 1] fE3
NG Wnt/B-catenin 18 #1555 HDPCs 40 i 1 1%
AL

Zi BFrig . APOD fig#6 fe 2t HDPCs 21 il 1) 3
5 43 Ak, HAE A L6 7T BE 5 315 Wnt/B-catenin fF
Sl A 56, HAETSET APOD 42 i HDPCs 41 fitd
T GH 53 08 SR A W BE 1 TSR U0 2 I8 . R SR AT G i £
WLy APOD JEATAFST . T fif 42 2 HDPCs 41 i 3
ST AL APOD S A4 B2, LUy 28 B AH 5 90 1Y
BT SR AE R IT ST 07 . AN AW S S Al A i S
5, ok e R R I8, A5 7 i Sh AL,
ik — 2B WEE APOD X 7F i 20 i 15 58 53 A6 14 52 il K&
BL .
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