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[Abstract] Objective To investigate the effect of calcium ions on the expression of kallikrein-4 (KLK4) and cell
growth of ameloblast, and to provide an experimental basis for calcium ion 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 expression was
analyzed by qRT-PCR and Western blot analysis. The viability of ALC cells was determined by using CCK-8. Annex-
inV-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 by West-
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ern blot analysis. Results After 24 h of treatment with 2.5, 3.0, and 3.5 mmol/LL 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 expression 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 expression of
KLK4 mRNA and protein was increased (P < 0.05). Compared with the control group, the viability of ALC cells was in-
creased after 24 and 48 h of treatment with 2.0, 2.5, and 3.0 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/LL 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/L. CaCl,
groups. After 24 h of treatment with 3.0 mmol/L. and 3.5 mmol/LL CaCl,, the expression of GRP78 protein was re-
duced (P < 0.05), and after 48 h of treatment with 2.5 mmol/I. CaCl,, the expression of GRP78 protein was reduced (P <
0.05). Conclusion Calcium ions can promote the increase of KLK4 expression and cell viability in ALC cells, 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; ALC cells; calcium ion; kallikrein-4; cell growth; cell viability; cell eycle; cell
apoptosis;  glucose-regulated protein 78
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3 7 A (D2650, Sigma, € [# ) ; CCK-8 ik 7] &
(BS350A , Biosharp , "1 [E] ) 5 4 Jfd df 7 46 0 328 55 &
20 it JE D9 ARG 3K 7] B (KGA 105 . KGAST1, 175 3k
AEPEARGIRAFE, HE) ; BCA & HE &t il i &
(P0010S, LifE3 < RAEYH AR ABRAF, T E);
B-actin P& (20536-1-AP, Proteintech , ' [ ) ; KLK4
B ik . GRP78 HT A (ab231048 . ab21685, Abcam, B
) ; HRP #5ic L 340 1gG B iA (bs-0295G-HRP,
Bioss, H1[H) ; ECL Ak &tk £ (WBKLS0500,
Millipore , 2 € ) .

4 % K B AR AX (Infinite M Nano, TECAN, Fij
+ ) 5 9 ot B & B S (ECLIPSE Ti-S, Nikon, H
) s AN AY (FACSVerse, BD, £ ) ; SEAF 9 G
5E 1 PCR X (CFX Connect, Bio-Rad, £ [ ) ; fb 2% %
W 1% 43 B AL (ImageQuant LAS 4000, Cytiva,
EH),
1.2 %k
121 ALCHIMIsE T & 10% i 4 13 1 1%
5 R/ R A E DMEM K5 9835 78 37 °C, 5%
CO, M BE () B SR A0 vh G 5% . o 4 it 5 810 5% 57 L
(1) 80% I, 0.25% Bk it 17 1k 20 ., A2 4R35 7 .
122 qRT-PCR A& KLK4 mRNA 35 ¥ ALC 21
MLLA 3 x 10° A /mL %5 BE 450 T 6 FLAR 157 200 M i
BERSE S5, W IHIE W, BAL I AL ZE R 0.
2.0.2.5.3.0.3.5 mmol/L f) & CaCL 5 32 ¥ 2 mlL., 3%
7% 24 h .48 h 5, Trizol 75 2 HUEL RNA , 22 I 3 % 5%
IR U0 BH 45 B VR 8 RNA 396 5% 55l ¢DNA, qRT-
PCR K I KLK4 5 K ik A8 4k, LA B-actin /E N P12
FLDH SR 27y i B A A E, 5
WP W1,

F1 PCRIIYIFH
Table 1  PCR primer sequences

Primer Sequence
KLK4-Forward CCGGATCATACAAGGCCAGG
KLK4-Reverse TGCGGATGCACCAAGACTC

GGCTGTATTCCCCTCCATCG
CCAGTTGGTAACAATGCCATGT

B-actin-Forward

B-actin-Reverse

1.2.3  Western blot ¥ Il KLK4 #il GRP78 % 1 % ik
A AN 25 AL FEIR] 1.2.2, K555 24 h 48 h 5, S04
MR, BCAL T E . il % SDS-PAGE
JE, B AR LR BV, R R, 5% 1 IR 2 %
Mo 433l A —4$T TAE W KLK4 (1:500) , GRP78
(1:1000),4 CHBREFEIRIEE LR, PRI 3 U, A

THLTAEWR (1:5000) , EiRBFF 2 h, B A
ECL 2 &, &t 5% , >k H Quantity One #1453
MK FEAE
1.2.4  CCK-8 # I 20 fd 7% 77 K¢ ALC 4 LA 2 x
10°4N/FL 1K 35 B B2 T T 96 FL A b, 1757 40 it 0l B i
Ja W IH R R, AL A LR E R 0.2.0,
2.5.3.0.3.5 mmol/L [ ¥ CaCL, K7 329 100 pL, K5 3¢
24 h. 48 h )5 , LN A 10 pL CCK-8 T /BT , 5 55
FEWEE 4 h, BEAR ORI 450 nm KA WG RE(E
1.2.5 Hoechst 33342 440, 4l fin 25 4b # ] 1.2.2.
it 24 h 48 h g, W H 5 32, N A Hoechst 33342
Jukl, i LW O 5 pg/mL, 37 “CHE 37 46 Hh ikt
Jutt, 15 mino W3 YU, 9% W PO T WL 52 At U A%
RUEAR I BRI 5%
1.2.6 i =X 40 Ft ASOAS 00 200 it JE0 30 44 g n 25 Ak PR
[M1.2.2, ¥i3%24 h 48 h)m  IHALICEE AL 2] 1.5 mL
B H S 1000 rpm, B0 10 min, 37 BIE R . HE
BT 0.2 mL PBS H, il A 0.8 mL 70% 1) Fil ¥4
P GEGIRS H O BEEO 4 CRES R, Kl
Hii, 1000 rpm , &0 10 min, 3¢ £ %, PBS BE & PR,
B, I BN . BB TN RNA B (50 weg/mL)
FI AL P 0 PT YLK (50 pg/mL) 1R 4 WK 500 WL,
JE4 A5, 30 mino It 220 BSOS I 20 L DNA 5 5 48
A, 10 57 24 D 30 4% s A Y B A8
1.2.7  J = 40 BSOS 00 20 L 98 T 40 A fin 24 Ak B
M 1.2.2, H57%24 h 48 h )5, iHIL IS4, 4 °C,
1 000 rpm, B 5 min, 5 EVE L 1 X Binding Buffer
500 wL HE B A DITEE , 435 il A Annexin V-FITC 1
PLYS 45 5 wL, A 35, iR E LY 6 10 min,
Tt X A4 SRS D00 200 L 0 1%
13 it F 54

K JHl Graphpad Prism 6.0 3K {4 #1742 11 43 #7 -
ot DL AR HE 25 R, LA HL 3R FH K 560
EZ N NS ey =3 TN T A A
K FH LSD-2 62 565 5 >R FH W PR 28 7 &2 ) 4y 22 70 W
T 6] e B R R] (9 28 BN AT 43 BT . P < 0.05
B2 5 HA G 2e i L

2 % R

2.1 458 -F 3 ALC @ e P KLK4 & A 89 % v
ANTA) e BE CaCL AL B ALC 240024 h 48 h )i , 4%

¢4 [A] KLK4 mRNA 33K K F- 2 5 H G it 22 8 X

(F=4544,P<0.001;F =5976,P = 0.01) , 41 /8] 7%

Mg R 1, 5% B 4] (0 mmol/L CaCl,) #H
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,2.5.3.0.3.5 mmol/L CaCl, AL Ff ALC 40124 h )5 ,
KLK4 mRNA %3k EF+(P<0.05), 3.0.3.5 mmol/L
CaCLAbFHZH M 48 h J5 , KLK4 mRNA %3k FFH(P <
0.05) . [Al—¥ ¥ CaCLALFRALC )5 , 524 h 4l
A8 H L 3.0 mmol/L. CaCl, 4k ¥ 4f i 48 h J5 , KLK4
mRNA £k F % (= 9.371,P =0011), PR R E
20Nt 7 22 A A A5 R S VR R R B () A A 2C B
BN (F =5.676,P =0.018),

ANS[E e FE CaCLALFH ALC 4 M0 24 h . 48 h )5 , 4%
ZH A KLK4 25 [ R B KV 2 R A Gt E L (F =
107.3,P<0.001; F = 7.322, P = 0.026) , 4[] % 7%
oA g R ULIE 1, 5% BB 2 (0 mmol/L CaCl,) AL,
2.0.2.5.3.0.3.5 mmol/L. CaCl, &k ¥ ALC 41 fifi 24 h
Ji , KLK4 & (1 #3535 ETH(P <0.05), 3.0.3.5 mmol/L
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= 0.0
0 2.0 2.5 3.0 35
Ca* concentration/(mmol/L)
(c) 24n
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Relative expression of KLK4 protein
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CaCl, &b B 4 ] 48 h J5 , KLK4 & 11 %35 FFH(P<
0.05) . [A]—¥ ¥ CaCLAL PR ALC 4 f1)5 , 524 h 4l
A EE,0.2.0.3.0.3.5 mmol/L CaCl AL 3 ALC 211 48 h
5  KLK4 E 2k ETH(P<0.05), M H X &
T 255 T A R W OR Wk FE RIS (8] £F 7 28 AL
(F=17.763,P=0.036),

22 458 T ALC R0 S R m e E N 6 %@
22,1 B FXTALC A MOB S B2 A [k B
CaCl, 4b B ALC 40 1 24 h .48 h, 40 g 1 25 25 1k 1L
&2, 1EH ALC 4 ff 52 Al i 7R W6 R B sk 2 30
W RS AR B A% . RS CaCl AL FHR 32
S, ALC 20 M % 25 2K UL BR o k048 H AT L b i
I A, U B CaCl, Ab BR 2> 52 ALC 40 i i 26
R o

Q = 209 48h
=
g aBy
2 154 aBy g
3
=
3
£ 10
g
054
S
E
£ 0.0-
0 2.0 2.5 3.0 35
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0 2.0 2.5 3.0 3.5  mmol/L
KLK4 28 kDa
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Relative expression of KLK4 protein

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®*. KLK4: kallikrein-4; ALC: ameloblast-lineage cell

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

1 A [l e B 405 5 - A B ALC 40 i KLK4 22 35 F 52 il



b

OB 20244108 £32% $£10H

+ 750 + Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2024, Vol.32 No.10 http://www.kqjbfz.com

222 FSE TR ALC A MUAR XTI R RE I AN TE]

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. ALC: ameloblast-lineage cell

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

B2 AN [ v B AT B 7 A I ALC 4t i TR 285 1) 5% i

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

e CaClL AL PR ALC 411 24 h 5, 4% 21 [8) 40 Jf A5 X
WHERAEG %2 L (F=3149,P = 0.046) , H
1 2.5 mmol/L CaCl, ZH 4 Jf1 3% J7 5, W 2. A
W CaClL AL T ALC 21 0 48 h J& , 4% 20 [8] 200 Jifd AH %
N ESRAHGI2AE X (F =5.580,P=0.006), H
1 2.5 mmol/L CaCl, 41 41 JfL 3% 77 f i o [R]— e B2 1Y
CaCl, &b B ALC 40 g , 5 24 h 2L AH [, 2.5 mmol/L
CaCl, &b HL 20 ] 48 b J , 20 M A0 X% 71 b (0 =
4.014,P = 0.028) . WiR 2 & & & J7 2250 Hr 4
SR, W BE RN ] AN AE A A8 AN (F = 1.964, P =
0.164) .
2.3 455 F 3 ALC a e B 20 69 % v

A[FHE B CaCLALFE ALC 40 0 24 h )5 , 76 G2/M

T2 UNIAHR S B AL HRE ALC 41 AR IS 7 B4 52
Table 2 Effect of different concentrations of calcium ions on

the relative viability of ALC cells

OD value (450 nm)

Groups t P

24 h 48 h
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, 1.22 +0.10  1.44 +£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. ALC: ameloblast-lineage cell

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) . A[F] ¥ B CaCl,Ab BRAN L 48 h 5 , 40 i 4% J
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
A TR] #e B CaCl, Ab B ALC 40 it J5 , Hoechst 33342
Yo (o, 5% A5 B 16 A0 MR T 0 s ), UL R 4
3.0 mmol/L. CaCl, &b ¥ 41 fif 24 h J5 , £2 {38 4 ALC
S B A% L0 B R €0 R JOIR e 8, Bl A Kb 3 () A
K 1 48 h, 3.5 mmol/L CaCl, &b ¥ £ ALC 40 il #%
P i ek Y 5, R W 3.0 .3.5 mmol/L CaClL fi2
fi ALC 48 A A A= 2B L R 7

2.4.2  AnnexinV-FITC/PT ¥ Y i X 41 4SOk 0 28 ity
JTZ AR CaCLALHE ALC 41 24 h 5 , 4541
4 TR 22 5 A Gt 8 L (F =10.26,P =
0.001), ZE P LKL R ILES, 50.2.0.25,
3.0 mmol/L CaCL AL #H HE , 3.5 mmol/L CaCl, 41 2 Jitd
T2 % TR (P <0.05) . A[E M EE CaClAb B ALC 4
fl48 hg , Z AR AN i 1o R 22 55 BG4 38 X
(P>0.05), [f]—#&BE CaCl, kb P ALC 40 0 )5 , 7F
24 h A48 h, AP - % 2 5 LGt 2 L (P>
0.05) . PR 2= & & Wity 22 0t 45 R o, Wk
TS ] 77632 TN (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
T 607 T 607
=o 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; vy: vs. 2.5 mmol/L CaCl, group, P < 0.05; 3: vs. 3.0 mmol/L. CaCl, group, P < 0.05.

Calcium ion from calcium chloride is indicated as Ca®*. ALC: ameloblast-lineage cell

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

B3 [ v B s - A BT ALC 4H At 5 43 A 1 R
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ALC cells 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/LL CaCl, for 48 h, the nuclei were stained with bright blue fragments. The white arrow indicates the apoptotic nucleus. The mag-

nification is 10X to 40X and the bar value is 50 wm. ALC: ameloblast-lineage cell

Figure 4  Effect of different concentrations of calcium ions on the apoptosis of ALC cells
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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**. ALC: ameloblast-lineage cell

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

photographs 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

compared 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

increased 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®*. ALC: ameloblast-lineage cell

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