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[Abstract] Objective To investigate whether and how hypoxia affects the differentiation capacity
of human dental pulp stem cells (HDPSCs) via Notch signaling. Methods Primary cultured HDPSCs
were stimulated by CoCl,, which could induce a chemical hypoxic environment. HIF-1a protein level was
detected by Western blot. The mRNA expression levels of Notch and dentin related genes were detected by
RT-PCR. Alizarin red staining was used to detect the ability of HDPSCs to form mineralized nodules. Notch
signaling pathway specific blocker GSI was further added to observe the changes of the indicators above.
Reporter gene method was then used to detect the regulation of HIF-1o gene on Notch signaling pathway.
R software (version 3.5.3) was used for statistical analysis. All measurement data were done by normality
test. One-Way ANOVA (homogeneity of variance) or Kruskal-Wallis H test (heterogeneity of variance)
was used for the multi-group comparison, and LSD-¢ test (homogeneity of variance) or Mann-Whitney U
test (heterogeneity of variance) was used for the pair-wise comparison. Results (1) HIF-1a protein level
was up-regulated by the chemical hypoxic environment induced by CoCl,, and then reduced when GSI was
added. The mRNA expression level of Notch target gene HesI was also significantly increased from 1.06 +
0.09 to 1.46£0.12 (t=-4.64, P =0.012) under the hypoxic condition, and then significantly decreased to
0.82 + 0.14 when GSI was added (¢ = 5.98, P = 0.004). Moreover, the same resultsthat the mRNA
expression level of Hesl was significantly decreased from 1.06 +0.09 to 0.30 +0.09 when GSI was added
(¢=10.08, P=0.001) , were observed under a normoxic condition. (2) The results of alizarin red staining
showed that the dentin differentiative potential of HDPSCs was decreased under the hypoxic environment,
and then enhanced when GSI was added. The mRNA expression levels of osteogenic/dentin related genes
BSP,OCN and DSPP were 1.21 +0.12, 1.08 +0.19 and 1.03 +0.13 under the normoxic environment, and
0.53 +0.14, 0.43 £0.20 and 0.48 £ 0.11 under the hypoxic environment, where there was a statistically
significant difference between the two conditions (t45=6.30, Pusp=0.003; toox=4.07, Pocy=0.015; tpsr =
5.67, Ppspr=0.005). When GSI was added, the mRNA expression levels of BSP, OCN and DSPP under
the hypoxic environment were then significantly increased to 0.99 + 0.13, 1.09 + 0.13 and 1.09 + 0.13
(tpsp=—4.17, Ppsp=0.014; tocv=—4.83, Pocy=0.012; tpser=—4.30, PDSPP=0.017). Moreover, the same
results that the mRNA expression level of BSP, OCN and DSPP were significantly increased to 1.73 £
0.20, 1.55+0.08 and 1.52 +£0.14 respectively after GSI was added (tpsp=-3.84, Ppsp=0.027; tocv=-3.99,
Pocy=0.035; tpspr=—4.43, Pyspp=0.011), were observed under the normoxic condition. (3) The results of
luciferase reporter gene experiment showed that the activity of Notch signaling pathway was significantly
increased from 2.09 +0.15 to 5.37 £0.12 after the addition of HIF-1a (:=-28.92,P <0.001). Conclusion
Hypoxia caused an increase of HIF - la in HDPSCs and HIF - law may inhibit the dentin differentiative
potential of HDPSCs by activating the Notch signaling pathway.

[Key words] Dental pulp; Stem cells; Anoxia; Hypoxia inducible factors; Notch signaling
pathway; Odontogenic differentiation
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(hypoxia inducible factor- 1o, HIF- 1o ) 2 2] 55 % A9 1
WAYEH . AR IE , HIF- lafE 858 Fr 45 &
Notch 15 5 i & 1 g N Bt Notchl Jifd P4 3 (Notch1
intracellular domain, NICD) , M 1fij ##14% Notch 15 5 f%
T PE 6T X A VR FH B AT SR A B T
PRSI 85 352 25 AF 1 AR AL B2 45 7% DPSC A€ 1] 434k 1 Bl
il o A58 LN ZF 486+ 48 M (human dental pulp
stem cell, HDPSC) S X} % , i i 5 4k 44 (cobalt
chloride, CoCl,) 175 Ak 27 AR L PR 45, 5 il 240 D /Y
HIF - Loy 3R 3K, BE T ER 0 HIF - L2 75 7T L3 2ot
Notch {553 % 5 1 HDPSC (950 LBE J1 , Mtk — 4
I B HDPSC A 7 B #5847 16 5 B fH- A= LA v 9V H
FEHEARAE .

57 %

—  EZH AR

o-MEM JHEZE [ it G4 1137 (fetal bovine serum,
FBS) &8 % #5282 (Hyclone, 3£ [H ) ; CoCl, v/
B i1 77 (gamma-secretase inhibitor, GSI) , — FF &l
B (DMSO, Sigma, 2 [H ) ; B-actin HLi&  HIF- Ladi ik
(Abcam, %€ [ ) ; 2 e 5 2R & W4 S 1V (PCR) 35
& KA R & (Promega, 5[ ) ; SYBR
ST HEEE i PCRIRA (TaKaRa, HAR) ; {58 & i 5%
(Nikon, HAS) ; .08 Aoz nl R NAE A% (Eppendorf,
T8 ) 5 CO. 41 e 15 55 46 (Heraeus, 5[5 ) ; 96 2 =
PCR {¥ (Bio-Rad, 3£ [H ) ,

STk

1. HDPSC 1435 53555 R T 20184F 1—10
AL R B B R T T2 B3 6 ], AR 1% 17 ~
25% , BRI BHA SR BRARAT 0 58 BRI 5 — 5 28 6 JT, oK
TP, TC AR R , HE R 4> B R GE k0
1 P IR P S R AR SR R IR 2 W il
S A S DA R I 2R R . A RIS B AR
DX R g B 2 A0 L 22 5L S e (R L5« B 7 50
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BF =B P R JE ST RV TR 1) b (5
R HEREE 45 100 U/mL) [ a-MEM 35 37 35 oy [m] 512
W= oA P BUH 28, T 294848 2 mm
1) A BELHZL, HI5 AT i W R £h 22 v i (PBS) W i
VT4 R, BT 3 mg/mL 1 BURJFE G4 mg/mL
dispase B ¥ 1 37 CIHAL 1 ~ 1.5 h, A 5 10%
FBS [ a-MEM 5% 415 2 2 1 1k T 40
i 70 pm 8 P A B A0 M B, BT RO E
1000 t/min 50> 5 min (B0 2142 13.5 em) J5 57 13,
TR a-MEM 56 435 72 2k, e TR 2, A
M 2 1 X 10°/mL, 280 T 35 mm B3R LA,
F 5% C0,.37 CHFRAEH T

2. HDPSC 44 5 A0 1 . (1) 25 1 il 7 fh e B
HDPSC, LA 7x 10° 4 /AL F-HH 20 T 6 FLANMIIEFRIL,
5% CO,.37 CHiFRFE G 3% 8 ~ 24 h, YU BE 5 4
Jei BRI I 46 b 34 (2) AR o34 653y o S L H
A+GSTA] RALI AR E+CST AL 440 Fe iRk 1
HEATEE 25031, Horp CoCL TAER FE 4 100 pmol/L,
DMSO F1 GSI TAEHR B A 20 pwmol/L,

F1 AFBE T4 (HDPSC) 14k 54 2 ab 3

25 CoCl, DMSO GSI
R - + -
HAA+GSIAH - - +
R4 AL + ¥ _
R +GSLAH + - ¥

RN AN - R R A 25 Ab 5 CoCl, o S AR A, DMSO
g ST, GST Ay 43 WA B 1) 77

3. Western blot % 1] HIF- 1o [ F ik K 4
ZHAL TR IS A MG 55 24 WS, RS IR BE 95 Wk, PBS 1
Ve, INAGE 5 (%) RIPA 24 SR AN, 4 CA 1T
12 000 r/min &> 10 min (&0 2248 9.5 em) , R A
BCA & 1 e 0 7 3500 G 00 2 2 1 Bk B . SDS-
RV T e FBL UK 5 R 2 1 2 PVDF BEE, HH 5% It
REWI Ry £ 2 h I, 7E—Pirh 4 CHEF R85 AR
M A ARG 1) P, ZIRIFE 45 min, PEAR, I
NS A7/ RTS

4. HDPSC JilL A A Joit ) 43 AL RE I A0 < (1) 2420
J Rl 25 E 5 5] 80% ~ 90% I, T AL 41 it , #4211 2 x 10
20 /LR A 2 e 0 0.19 W RS 10 24 FLAR R, 4k
SEEE IR B AN AL A R B 60% ~ T0%H], Bk 5%
BT B SRR (5 50 o/LYTIR IR . 10 mmol/L
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B—H MR HH .0.01 mmol/L H ZEA A AR N
10% FBS [fo-MEM) , H-4% B 3% 1 v 4320 b B4 i 5
(2) BB 3 R I HB i (0 s oG 97 58 0T &
AR 259,55 28 dJ , IV R ZLEA T e (5 (3)
LLRYOF RS S B IR G IR, I PBS i
BE1 ~ 21K, 4%Z 5 P 2 10 min, PBS ¥ V6 J5
A 1%36 Z LY A5 4 (5 20 min, PBS P i 234, 5
e TSRS ECR 4015 5 TR IR

5. B 5 A g BE S0 (RT-PCR) Az il 22 [
mRNA 57K P A 41, Trizol $ili 42 DPSC #Y &L
RNA, FIH Primescript i SRl 6 5 % 5% e DN A 5 51
2 6 5 PCR A Notch FUFEIEA Hes 1 5 1/
T AR J5 AH 5 K& PR iy W Y R 2 1 (bone sialoprotein,
BSP) B %5 % (osteocalcin, OCN ) J A7 i e Vi s ik 75
1 (dentine sialophosphate protein , DSPP) 3& K i) 3 ik
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BEPIAAX RIA B . T AR REER G B, 519075
k2,
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FEA Gl el

Hesl FJi%:5-TGGAAATGACAGTGAAGCACCTC-3’
T#:5-TCGTTCATGCACTCGCTGAAG-3'

BSP F3#:5-CTGGCACAGGGTATACAGGGTTAG -3
FHf:5'-GCCTCTGTGCTGTTGGTACTGGT-3

OCN %5’ -CATGAGAGCCCTCACA-3'
T :5'-AGAGCGACACCCTAGAC-3'

DSPP 5" -ATATTGAGGGCTGGAATGGGGA-3'

T 5 -TTTGTGGCTCCAGCATTGTCA-3'
F¥#:5"-TGGCACCCAGCACAATGAA-3'
TU#:5-CTAAGTCATAGTCCGCCTAGAAGCA-3’

B-actin

6. DGR BRI - ¥ NICD (NM_017617.5) By i3
Bl X3 2000 bp (5% 552 4 7 5 19 -2000 2] -1 fif
O EE] pGL3-basic R 45K, HIF- 1o EE 2 pLV -
puro 24, RIS TFEG A K. (DU, #i id
I} 10° 40 /AL FP T 24 FLAN I BE FR ble , R 215 R 2
S 0 BE 7 4 i BRI AR R A e 5 (2) A Mg 4
HERS 1.5 mL EP &K 44 #4143 5 iORL (pGL3 -
NICD-promotor) i FKIA R (pLV-HIF-1a) LI
DGR TR (phRL-TK)DNA 4% 0.5 g fINZ 100 pl
Opti-Medium 1R 2], RN 2 wL Turbofect , 252
RAVE , ZIREE 15 mine KHREGWZRIMA ik
BB A B G SR S T R R R S R R LIRS
5% C0,.37 CIaAE R 75 8 ~ 12 h J5 B4 Ky 37 CHik

() LTS A3 F 5L, Ak 1E 95 48 h T, I SE 2 i, 4%
R ) G 0 PR AE 2B i 2 G il s 4%, LA
B RBRGYEIE NS TR 5 1Y FL oA Ay
FE AT A

=Gt

KHIR version 3.5.3 5 F TG 1A, THE T
BT IESKRS, Phx s (RMIEZ 5077 ) 5% Mo (Pos,
Prs) (NI IEZS 5345 ) F o , 241 0] Fe AR F R A
B 2508 (Or 2255 ) 88 Kruskal-Wallis H K356 ()7 2%
ANFF), P AR F LSD-¢ 56 (5 22 5% ) 5l Mann-
Whitney U35 (7 22A485F) o KK ifEa = 0.05,

# R

— HIF-1afE kR 2

Western blot K1 HIF-1a8K [ 83545 R B, 1F
WA, JLFANBELE HDPSC HAG I 3] HIF- 1o
HHMFRIE, MTE CoCLIF LA MR E R T R
DE]T HIF-1o88 A (B 1), UL CoCL A 855
LT REIRER

WHRA WH+ KEA R+
GSIZL GSI41

HIF-1a W —

Bractin e " TE—— —

1 RSN Noteh {5 5 X4 HIF- 108 1 ZRIAAF2 M GSI A5
WA BE 57

T \HesI mRNA FiR /KA 25

SR 9 e 1 PCR A Noteh B0 JE A Hes 1
mRNA &34 [ I 45 3 7R , CoCL 4k B 5 HDPSC iy
Hesl mRNA 357K - (1.46 £0.12) A [t #4841 (1.06
+0.09) W% L, ZRAFITFE L@ =-4.64,P =
0.012) , #&/R7E CoCLAUIL AL T, Noteh 553
WG T o GSIARHLS , & %41 Hes] mRNA ik
ZKAFEF 1.06 £0.09 T4 0.30 +0.09, 22 534 Ge i1
(1 =10.08,P =0.001) ;K54 Hes] mRNA ik
KA 1.46+0.12 T4 0.82+£0.14, 2 R A5
FHE R (1 =5.98,P = 0.004) , YA GSIA M H T
Notch {7 7 iE % (& 2)

= NSRRI S RE AT 4

HDPSC #4715 1L 15 5,28 d G P KL YL a1, AN
] b B 7 20 J AN ) 3 B IR AL B, A0 R T
AJFERE T T B GSTAL B , 40 B A AR o 1) 43
fLBE ) 1G58 o SER 28 fiE PCR ARSI B A S i AH
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2 A M Notch 15538 JEXF Hes I BEINFEIRMUSEM GST Ay /il
B30 2RI L, 25 A Ge b 38 L (*P < 0.05)

KELPH BSP.OCN F1 DSPP mRNA 2635150, 45 F- 4
K4 %3 Fnm, KAL), BSP.OCN 1 DSPP
mRNA AT 55 f A LU H A0 W B R, 2R A5
P12 B X (tssr = 6.30, Pysp = 0.003; tocy = 4.07, Pocy =
0.0153psp = 5.67, Ppsrr = 0.005) ; GSIAZLF 5, IR 480 5%
°F BSP.OCN 1 DSPP mRNA A0 %} 26 ik & 5 4k 3
HIAH L B 30 &, 22 A ST 22 B L (e = —4.17,
Pusr = 0.014; toey = —4.83, Pocy = 0.012; tpsr = —4.30,
Posr = 0.017) , % %8 45 £ T BSP. OCN Fl DSPP
mRNA F % e 35 2 5 A0 B AH oAl i B i, 25 57

HAE+GSIZL

B2 L (tasp = =3.84, Pysp = 0.027 50cv = =3.99,
Pocy=0.035 stpspp = -4.43 , Ppspp = 0.011 ) 5

&3 RS Notch 55 BB AF B T2 (HDPSC) Hh
B AR A EFE P mRNA Fh K- BRI (2 5)

415 BSP OCN DSPP
A 1.21£0.12 1.08+0.19 1.03%0.13
HEFGSIH 1.73+0.20° 1.55+0.08° 1.52+0.14°
(e 0.53+0.14° 0.43+0.20° 0.48+0.11°
fRA+GSIA 0.99+0.13" 1.09+0.13" 0.95+0.16"

o HHE AL, P <0.05; SIRALIAH L, "P < 0.05; GSI Ay
43 WA I 1) 5]

IS4 7RIl ERES

h T 2SR AR SR 5 R HIF- Lo 5 %)
Notch {5538 % HA ¥ AEH , A 058 XAE HDPSC
HEAT TR R S8, 455 R, A HIF-1a 7]
P& 45 NICD promoter, ff 15 B 5% St 2§ 7 35 1% P
(5.37+0.12) 5%t BR4 (2.09 +0.15) A1 HE i 155
ERA G L (1 =-2892,P<0.001, & 5),
7 HIF-1o AT fE S Noteh {5538 B0
&4 +GSIZH
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1007
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P (HERLLY ) GSLAy MG 77
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a 201
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1.0

05

DSPP mRN AR 5K -
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WHRA WH+ MRE4 R

WRA WH+ MRE4 R+

WHA  WHE+ REA RHE
GSI41 GSIZL GSI41 GSIZL GSI41 GSIZL

B4 (G0 Notch {5 I AT AEHIAEIH 4K BB A+ BSP{B: OCN: C: DSPPs Gy S WMV AL s ALV , 2 St 51
HX(P<0.05)
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|38
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CoClo 2 f i WAk 2 AR 48075 Sl ), Hos
R4 BNt Co™ SRS R A RZ
5 NI Fe™ Bl 70 B SRR | AT S 40 i 7= A=
MRAECIRAS, IF T4 P HIF- 1o B2 15, 5 2 [
PSR AR . AR5 B S
CoCL 5 b F AR A I B, IR IR S A B8 T B Wt
Notch {5518 5 % HDPSC 4L BE ST OS2 . 45 5 8
AR A4 HDPSC (1) HIF- 1o 8 (1 #3k F i,
Notch T i 4 3 A Hes] mRNA 2 ik /K i (P <
0.05) , GST 4b FFH W7 Noteh 15 538 §% )5 , HIF-1a 8 H
JKFET 9, Hes1 mRNA 7K 4 2 F i (P < 0.01) , iIE
SEAR A AT 51 HDPSC H HIF-1a iy 2635 F 3R, [A]
Notch {5738 B TE T #F—25%F HDPSC i#£47
WAL S Ak, I 525 1 HDPSCATPE ZR 4L
Y TS/ A TR S mRNA 235 7K P8
75 B o AR AL B S HDPSC B B/ A 5434k
AEJ R (P <0.05) ; GSLAL B 5 , Hes] mRNA & ik
KR (P <0.05) , 20 M BB/ 24 A Jo 1) 43 AL g
Ha5R (P <0.05) , Ut WK HE 98 A7 2m it HDPSC 1Y
BB AR B4R RE T 1B Noteh {75538 94 FELIET
AR AE06T 240 JE 4 £ AR 4 AR FH ARSI L $275 Noteh 15
538 PR AEAR A FRES R X HDPSC 14 704k e 31 # S
o ik —20 i i 5 3L PR S0 & 3, HIF - 1B %)
Notch {5 538 % A3 2 77 A= AR T, JF 30 h %F
Notch 1 PE S | 527~ IS0 §) HDPSC 731k g
Al BESE A o HIF- 135 Noteh {5518 B TR

AR B AR IR AN A i R A R
v ACE RS S 40 M A oAb T R iE R
YRR AR BRI SRiE S Ry
ik, AR AR S R T HIF- 1o by 7 B 6 E SRy
PERIM T A58 R0, HIF-1abE05 354454 Notch

{5 5 18 8% 1 Notchl 4 N B8 (Notchl intracellular
domain, NICD) , T ##14% Notch {5 5 B 3E £ 1M
VB e BE ST I A5 538 %, Noteh {55 A TE 41 i
WA ARSI G AR EF R EE B
BOXE 2 P B — 18] 72 5 A AR DA KA 5 OB B
e EERVEM" . Notch {5 5 FRALHEZAK AR
FIDNA 456 811 3 5841, Z B A 45 5 )5 Noteh 7
538 T Noteh 32 740K H L P B2 NICD BT
AN , IS5 0 P9 e S 7 CSLS & e, A
T Ui 0 L DR DT 20 R B R T M is
F£, CUESE, Notch {5 53 fi AE (IR U PR 95 T X 4
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