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FEEFRB LT (P<0.05), S5 RAME,2.0.2.5.3.0.3.5 mmol/L. CaCl,4b B ALC 41 i1 24 h .48 h )5 , 4N i 1
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[Abstract] Objective To investigate the effect of calcium ions on the expression of kallikrein-4 (KLK4) and cell
growth of ALC cells, and to provide an experimental basis for calcium ion nutrition promoting normal mineralization of
enamel. Methods ALC cells were treated with 0, 2.0, 2.5, 3.0, and 3.5 mmol/L. CaCl, for 24 and 48 h. KLK4 expres-
sion was analyzed by qRT-PCR and Western blot analysis. The viability of ALC cells was determined by using CCK-8.
AnnexinV - FITC/PI dual staining combined with flow cytometry and Hoechst 33342 staining were used to detect the
ALC cell cycle and cell apoptosis. The protein expression level of glucose-regulated protein 78 (GRP78) was measured
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by Western blot analysis. Results After 24 h of treatment with 2.5, 3.0, and 3.5 mmol/L. CaCl,, the expression of
KLK4 mRNA was increased (P < 0.05), and after 24 h of treatment with 2.0, 2.5, 3.0, and 3.5 mmol/L. CaCl,, the expres-
sion of KLK4 protein was increased (P < 0.05). After 48 h of treatment with 3.0 mmol/L and 3.5 mmol/L. CaCl,, the ex-
pression of KLK4 mRNA and protein was increased (P < 0.05). Compared with the control group, the viability of ALC
cells was increased after 24 and 48 h of treatment with 2.0, 2.5, 3.0, and 3.5 mmol/L. CaCl, (P < 0.05), and the highest
cell viability was observed with 2.5 mmol/L. CaCl,. Hoechst 33342 staining results showed that 3.0 mmol/L and 3.5
mmol/L. CaCl, may promote apoptosis in ALC cells. Flow cytometry showed that the proportion of G2/M phase cells and
the apoptosis rate increased after 3.5 mmol /L. CaCl, treatment for 24 h (P < 0.05), compared with the 0, 2.0, 2.5, and
3.0 mmol/LL CaCl, groups. After 24 h of treatment with 3.0 mmol/L and 3.5 mmol/L. CaCl,, the expression of GRP78 pro-
tein was reduced (P < 0.05), and after 48 h of treatment with 2.5 mmol/L. CaCl,, the expression of GRP78 protein was re-
duced (P < 0.05). Conclusion Calcium ions can promote the increase of KLK4 expression and cell viability in ALC,

but a higher concentration of calcium ions can block the G2/M phase of ALC cells, thus inducing apoptosis of ALC cells

and reducing the expression of apoptosation-related protein GRP78.

[Key words] ameloblast; ameloblast-lineage cell; calcium ion; kallikrein-4; cell growth; cell viability; cell

cycle; cell apoptosis; glucose-regulated protein 78
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C1027, bl R RAEWHARARAE, HE); =
F 3% 3 B (D2650, Sigma, 3 [# ) ; CCK-8 i 7 &
(BS350A, Biosharp , 1 [E ) 5 4 Jfd ] T 45 ] 1 551 &
20 o JE 30 ARG R ) & (KGA105 . KGAST, VTR L
HEEARAGIRAFE, TE) ; BCA & & & il f &
(PO010S, [ifE3 = RAEMH ARG R AF, HE);
B-actin LA (15204-1-AP, Proteintech , F1 [ ) ; KLK4
UK . GRP78 (ah231048 ., ab21685, Abcam, H& [H ) ;
HRP pric 1L £ % 1gG Pk (bs-0295G-HRP, Bioss,
HE ) 5 ECL 4k 2% & St ik 771 & (WBKLS0500,
Millipore,%‘%lﬁl)o

4 9% K 1 AR A (Infinite M Nano, TECAN, i
+ ) 5 % Ot ) & B 5 (ECLIPSE Ti-S, Nikon, H
) s T A (FACSVerse, BD, £ H ) ; ST} 98
E 1 PCRAY (CFX Connect, Bio-Rad, E [H ) ; fb2¢ &
6 A 1% 43 B AL (ImageQuant LAS 4000, Cytiva,
FKH) .
1.2 %%k
121 ALCH}iFE U 10% G 4 11 A 1% 5 %5
% /bR E ) = o8 DMEM 85 3% 58, 78 37 °C, 5% CO,
WREE R R FRAA TR R IR . R M Rl G BN SR L
80% I, 0.25% i B A 4 I, A& AR BE 57 o
1.2.2  qRT-PCR Kl KLK4 mRNA 35 ¥ ALC LU
3 X 105/mL % JE #2801 6 FLAR H , 75 40 il 00l B
Ja , WS IH B IR, B LM ALK E ] 0.2.0.2.5,
3.0.3.5 mmol/L B 7% CaCL 35 F2 W 2 mL, 5555 24 h,
48 hJi7 , Trizol P4 AL RNA |, 2 FE 50 5 S8 50 & i
B 15 $ 7E % RNA 336 %% 5% &y ¢cDNA, qRT-PCR £ il
KLK4 3 K ik 284k, Lh B-actin /E A NS H A, R
FH 28y 3 H A9 5L B AR R ME, 519 e 8
W1,

#1 PCREIYTH
Table 1 PCR primer sequences

Primer Sequence
KLK4-Forward CCGGATCATACAAGGCCAGG
KLK4-Reverse TGCGGATGCACCAAGACTC
B-actin-Forward GGCTGTATTCCCCTCCATCG

CCAGTTGGTAACAATGCCATGT

B-actin-Reverse

1.2.3  Western blot ¥ ] KLK4 fll GRP78 & [1 % ik
AN 2 AbFE R 1.2.2, 155524 h 48 h )5, HE B4
Ml S, BCAE AT E N E & . Hil % SDS-PAGE
W, B A R LUK, B R, 5% 0 B RE AR 1
Mo 43l A —$t T/E# KLK4(1:500) , GRP78

(1:1000),4 CH&HFE R E A, PRI 3 U, A
THTAER (1:5000) , FHEFF 2 h, K BEA
ECL &, & &%, >Rk H Quantity One #1443
MK EEAE .
1.2.4  CCK-8FIZHAENG 77 #F ALC A2 x 10~/4L
1) %85 B P 96 FL A Y, 1o 400 JEL I BE RS I, W
IH 8 F2 W, B L i A LWk 7 0.2.0.2.5.3.0,
3.5 mmol/L Y 7 CaCL K55 100 pL, 55524 h 48 h
J5 EFLIA 10 WL CCK-8 TAEWR , B 54615 F 4 h,
iR ARG 450 m 57 4 A W ' P 1
1.2.5 Hoechst 33342 440 ZHHanzy b #[F] 1.2.2,
Kigi 24 h 48 h )i, W 35 32 W, N A Hoechst 33342
Jukh, AW R 5 wg/mL, 37 “CH; IR 46 Hh ket
Bt 15 min, WEFF YU, 9O 10 E T U5 20 Pt A%
RUEAE IR RC 5%
1.2.6 it =X 40 60 ASOAS: 000 200 Jf S 30 40 m 25 4k B
[ 1.2.2, B53%24 h 48 h5 , THALICEEANIEE] 1.5 mL
B H S 1000 rpm, 0 10 min, 3¢ B IE R . E
YT 0.2 mL PBS 11, il A 0.8 mL 70% H il %
O RGIRS), B OEEE 4 CRIE R . K
A7, 1000 rpm, &5 0> 10 min, 3 LB, PBS YR IX ,
B, 3 B . BANELE T RNA i (50 peg/mL)
AR AL I BE PT YL (50 we/mL) IR A 500 L, &
G4 7,30 min. U 3 4R T 20 MY DNA 5 5 A8
A, 10 55 0 ] 300 2% IR AR Y LA
1.2.7 3 =X 40 ASOAS 00 40 i O T 40 B n 2 Ak PR
122, K324 h 48 hm, AL 40, 4 C,
1 000 rpm, B0y S min, 3 VW, 1 x Binding Buffer
500 pL = AL TIVE , 53 % i1 A Annexin V-FITC il
PLYL W 4% 5 wL, IR & 5], & i #E 44 4 10 min,
02X A SR N 200 it R TR
13 %itF 54

& H Graphpad Prism 6.0 # {4 #1748 11 43 #r
Bl DAY AR o 25 2w, AL LR H e 565 &2
2 [A) Ll A ok FH B DR 2R 5 22 40 A, TR R L R
FH LSD-t K 35 5 >R UK 28 5 52 0 o 7 25 43 1 L%
e BE RN IS [R] 1) 38 BLALE o P < 0.05 B 22 5+ B 48
ES-9'8

2 & B
2.1 458 F 2 ALC ¥ KLK4 & iA 49 % %

AR BE CaCL AL ALC 2400 24 h . 48 h )5 , 4%
20 [A] KLK4 mRNA ik K FE 2R A F %2 L
(F=4544,P<0.001;F =5.976,P =0.01), 41 [0 %
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WL 25 R UL 1, 5 %F B4 (0 mmol/L CaCl,) A
I, 2.5.3.0. 3.5 mmol/L. CaCl, &b ¥ 40 Jifd 24 h )5 ,
KLK4 mRNA %35 EF+(P<0.05), 3.0.3.5 mmol/L
CaCL A FE4H T 48 h )5 , KLK4 mRNA 3k FTFH(P <
0.05) o [A] — ¥k & CaCL AL ALC J5 , 5524 h 41 #H
Et , 3.0 mmol/L. CaCl, Zb #E 4 g 48 h J5 , KLK4 mRNA
TR TFRE(:=9.371;P=0.011), W Z 7245000
25 R s, VR I RIS [R] £7 7R 28 BN (F = 5.676,
P=0.018),

AR e E CaCLANFE ALC 4124 h 48 h )5 , %%
ZH i) KLK4 2 R IB K EZ R A RITEE XL (F =
107.3,P<0.001; F = 7.322,P = 0.255) . 4[] % 7%
A R ILE 1, 5 X BEZH (0 mmol/L CaCl) AH I,
2.0.2.5.3.0.3.5 mmol/L. CaCl, &b Bl 2 fif1 24 h )5 ,

6 ‘ZC 259 24h
=
< 2.0 2B
2
= afyd
4
= 1.5 B
£
g 1.0
9
g
£ 051
2
<
= 0.0
0 2.0 2.5 3.0 35
Ca® concentration (mmol/L)
(c) 24n

0 2.0 2.5 3.0 3.5 mmol/L

KLK4 | 5

B-actin - . ‘ - - 42 kDa

e

1.0 24h

Relative expression of KLK4 mRNA

2.0 2.5 3.0

Ca® concentration (mmol/L)

KLK4 & [ # ik FEF+(P<0.05) . 3.0.3.5 mmol/L
CaClL AL BN 48 h )5 , KLK4 EH % ik ETH(P<
0.05) . [A] — ¥k & CaCL AL PR ALC J5 , 5 24 h 41 4
F,0.2.0.3.0.3.5 mmol/L CaCl, kb 40 if1 48 h )5 ,
KLK4 E %35 ETH(P<0.05) . BUKH K5 22504
25 3R W, Vi JE I TR AF AR A2 BN (F = 7.763,
P=0.036),
22 A58 T ALCH B R MM E N 7w
22,1 H5EFXF ALCTE 2 B9 R KIEJ%U“CaCl
LIEALC 4H e 24 h .48 h, 4 i JE S AR 4L ULIET 2,
HOALC 2 g %A 7R W RE L2 8, B T—ﬂf
G, % I B AR . B CaCl b B FE A9 38
ALC B 25 K UL Y S e 2%, (AT D /0 o 8 0 440 L 00
HH CaCl, A F 23520 ALC (1) 25 B P

Q = 209 48h
=
g aBy
2 154 aBy g
3
=
3
£ 10
g
054
S
£ 0.0-
0 2.0 2.5 3.0 35
Ca®" concentration (mmol/L)
o 48h
0 2.0 2.5 3.0 3.5  mmol/L
KLK4 28 kDa

B-actin W 42 kDa

Relative expression of KLK4 mRNA

2.0 2.5 3.0 3.5

Ca*" concentration (mmol/L)

KLK4 expression was detected by qRT-PCR and Western blot analysis of calcium ion treatment in ALC cells for 24 and 48 h. a-b: quanti-

tative analysis of mRNA levels; c-f: representative photographs of the Western blot band and quantitative analysis of protein levels. a: vs.

control group, P < 0.05; B: vs. 2.0 mmol/L CaCl, group, P < 0.05; -y: vs. 2.5 mmol/L CaCl, group, P < 0.05; 8: vs. 3.0 mmol/L CaCl, group,

P < 0.05. Calcium ion from calcium chloride is indicated as Ca**

Figure 1  Effect of different concentrations of calcium ions on the KLK4 expression in ALC

B 1 AN [a] e BE 45 B - kb BEXT ALC rh KLK4 2% 35 B 52 1)
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222 FEE TR ALCAHXTIG A2 AN [R) ik

0 mmol/L 2.0 mmol/L 2.5 mmol/L 3.0 mmol/L 3.5 mmol/L.

Cells morphology was observed by microscope after treatment with different concentrations of calcium ions for 24 h and 48 h. The cells in the
0 mmol/LL CaCl, treatment group were elliptic or polygonal, arranged in clusters, and closely connected. No obvious changes cell morphology
were observed, except that a small number of floating cells were found in the 2.0-3.5 mmol/L. CaCl, treatment group. The magnification is 10X
to 20X and the bar value is 25 pm

Figure 2 Effect of different concentrations of calcium ions on the morphology of ALC

B2 A [ B A B 1 Ab BT ALC T ZS B 5

WA, A5 2L 1R) 40 B He 91 22 S A i b2 78 L (F = 10.48,

CaCl,Ab ¥ ALC 20 i 24 h J5 , 45 25 18] 20 i A0 X6 35 77
E R G E L (F=3.149,P = 0.046) , Hop
2.5 mmol/L. CaCL, 2 40 % 1 fe v, W3R 2. AS[] ik
& CaCl,Ab B ALC 40 i 48 h J5 , 4% 2H 8] 21 g AH X 3%
TS G FE L (F =5.580,P = 0.006) , Hi
2.5 mmol/L. CaCL, ZH 40 JfL 3% J1 sy o [A]— WK JEE CaCl,
AbBEALC, 5 24 h 4141 [E , 2.5 mmol/L CaCl, &b BE 40
i 48 h 5, 40 B A XIS T (0 = 4.0145 P =
0.028) o WURI K J7 22 40 B 45 R Wb, Wk B R [R] A
TETEE HAN (F = 1.964,P = 0.164) .
2.3 458 F AP ALC 49 56 B A 69 %5 vd

AN [A] He B CaCl b B ALC 41 24 h )5, 7E G2/M

T2 ARV S B AR NS ALC AH XS 1% J7 52 i
Table 2  Effect of different concentrations of calcium ions on

the relative viability of ALC

Groups 24 h 48 h t P
0 mmol/L CaCl, 1.00 + 0.00 1.00 + 0.00

2.0 mmol/L CaCl, 1.17 £ 0.16*  1.35+0.08* 1.495 0.232
2.5 mmol/L CaCl, 1.24 £0.08*  1.51 £0.10¢ 4.014 0.028
3.0 mmol/L CaCl, 122 £0.10* 144 +0.34« 1.288 0.288
3.5 mmol/L CaCl, 1.18 £ 0.11*  1.23+0.10 0.740 0.513
F 3.149 5.580

P 0.046 0.006

a: vs. control group (0 mmol/L. CaCl, ), P < 0.05; y: vs. 2.5 mmol/L. Ca-
Cl, group, P <0.05

P =0.001), 40P LEZERILE3, 50.20.
2.5.3.0 mmol/L CaCl, 41 #H k. , 3.5 mmol/L CaCl, 41
G2/M A4 L Le i34 n , 22 55 A Geit 8 (P <
0.05) . AS[F]¥E BE CaCl, Zb BR AN 48 h )5 , 41 g 45 &
SRR BT o5 1 R DB B AR (P > 0.05) o

2.4 455 F 5 ALC 48 B T 89 % @

2.4.1 Hoechst 33342 Y& {0 X%t 40 B A% i) 52 ) >R FH
N[ He B CaCl b FH ALC Ji5 , Hoechst 33342 4k {4 W]
LSBT RS2, WK 4. 3.0 mmol/L
CaCL, 2 FRAT L 24 h J5 , A {5 7 ALC 41 4% 30
56 R HOIR G o Bifi 5 AL BB (] 42 4K 2] 48 h,
3.5 mmol/L CaCl, 4t B ZH ALC 40 A% H Bl 5 (i
Hetk e (0, 2109 3.0.3.5 mmol/L CaCL R 1d ALC & 2
YR,

2.4.2  AnnexinV-FITC/PT XY it X 41 i ASCK: 0 28 fitg
JTZ ARIRIME B CaCLALHE ALC 41 24 h )5 , 4541
[ 4 TR 22 5 A Ge it 8 L (F =10.26,P =
0.001), ZE P LKL RILES, 50.2.0.25,
3.0 mmol/L CaCL AL #H HE , 3.5 mmol/L CaCl, 41 2 Jitd
T2 % T (P <0.05) . A[E M EE CaCl4b B ALC 4
fl48 hg , Z Al AN i 1o R 22 55 RT3 X
(P>0.05), [Al—HF CaCLANF ALC J5 , 7E 24 h FI
48 h, QPR - 22 R G2 E L (P>0.05) .
KUK 2 7 22 43 A 45 % 58 7, e B8 R s ) 77 AE A8 1.
N (F = 6.408,P =0.013),
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9 0 mmol/L 2.0 mmol/L 2.5 mmol/L 3.0 mmol/L 3.5 mmol/L.

48h |

1207 24 h 120 48 h
= |l G2/m = |l G2/Mm
£ 1004 . s = 1001 - s
g |l GO/G1 g | GO/G1
= 801 = 801
_; 601 _‘; 60
4 <
2 >
=° 404 — 401
L5 <
< S

20~ 20~

0 2.0 2.5 3.0 35 0 2.0 2.5 3.0 35
Ca®* concentration (mmol/L) Ca®* concentration (mmol/L)

The cell cycle distribution of ALC after 24 and 48 h was detected by flow cytometer. a: representative photographs of flow cytometer; b: com-

pared with the 0-3.0 mmol/L CaCl, group, the G2/M phase cells increased after treatment with 3.5 mmol/L CaCl, for 24 h; c: there was no sig-

nificant difference in the proportion of cell cycle phase among groups treated with different concentrations of CaCl, for 48 h. a: vs. control

group, P < 0.05; B: vs. 2.0 mmol/L CaCl, group, P < 0.05; y: vs. 2.5 mmol/L. CaCl, group, P < 0.05; 8: vs. 3.0 mmol/L CaCl, group, PP < 0.05.

Calcium ion from calcium chloride is indicated as Ca*

Figure 3 Effect of different concentrations of calcium ions on the cycle of ALC

B3 [ v B s - A BT ALC 4H At 5 43 A 1 R

0 mmol/L 2.0 mmol/L 2.5 mmol/L 3.0 mmol/L 3.5 mmol/L

24 h
S0pum 0 jum

ALC apoptosis was observed by Hoechst 33342 staining after treatment with different concentrations of calcium ions for 24 h and 48 h. After

the cells were treated with 3.0 mmol/L CaCl, for 24 h, the nuclei were stained with bright blue fragments. After the cells were treated with 3.5

mmol/L, CaCl, for 48 h, the nuclei were stained with bright blue fragments. The white arrow indicates the apoptotic nucleus. The magnification

is 10X to 40x and the bar value is 50 pm

Figure 4  Effect of different concentrations of calcium ions on the apoptosis of ALC
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Apoptotic cells were detected by flow cytometer following calcium ion treatment in ALC for 24 and 48 h. a: representative photographs of the flow

cytometer; b: after 24 h of treatment with 3.5 mmol/L. CaCl,, the cell apoptosis rate was increased compared with the 0-3.0 mmol/L. CaCl, treat-

ment group; c: there was no significant difference in cell apoptosis rate with different concentrations of CaCl, for 48 h. a: ws. control group, P <

0.05; B: vs. 2.0 mmol/L. CaCl, group, P < 0.05; y: vs. 2.5 mmol/L. CaCl, group, P < 0.05; &: vs. 3.0 mmol/L. CaCl, group, P < 0.05. Calcium ion

from calcium chloride is indicated as Ca*

Figure 5 Effect of different concentrations of calcium ions on the apoptosis of ALC by flow cytometer
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Protein expression of GRP78 was detected by Western blot analysis of calcium ion treatment in ALC for 24 and 48 h. a-b: representative photo-

graphs of Western blot band; c: after 24 h of treatment with 3.0 mmol/L. CaCl,, the expression of GRP78 protein was reduced compared with the 0-

2.5 mmol/L CaCl, treatment group; after 24 h of treatment with 3.5 mmol/L. CaCl,, the expression of GRP78 protein was reduced compared with

the 0-2.0 mmol/L. CaCl, treatment group; d: after 48 h of treatment with 2.5 mmol/L. CaCl,, the expression of GRP78 protein was reduced com-

pared with the 0-2.0 mmol/L. CaCl, treatment group; after 48 h of treatment with 3.0-3.5 mmol/L. CaCl,, the expression of GRP78 protein was in-

creased compared with the 2.5 mmol/L. CaCl, treatment group. a: vs. control group, P < 0.05; B: vs. 2.0 mmol/L. CaCl, group, P < 0.05; y: vs.

2.5 mmol/L. CaCl, group, P < 0.05. Calcium ion from calcium chloride is indicated as Ca®*

Figure 6  Effect of different concentrations of calcium ions on the protein expression of GRP78 in ALC
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