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Abstract

Objective: Sodium fluoride (NaF) infected human cardiomyocytes (AC16); Real-time quantitative
fluorescent PCR (qRT-PCR) was used to detect the expression of fi-catenin (f-catenin), CyclinD1,
myc oncogene (c-myc) and Dvl-1 mRNA in Wnt/fS-Catenin signaling pathway, to provide a theoreti-
cal basis for the mechanism of myocardial injury caused by fluorosis. Methods: AC16 cells were cul-
tured in vitro and exposed with different concentration gradients of NaF. They were divided into 0
umol/LNaF group (control group), 680 umol/LNaF group, 1360 umol/LNaF group and 2720 umol/
LNaF group. 24 h after exposure, the cell morphology was observed under inverted fluorescence
microscope, and the cell survival rate was detected by CCK-8 method. The expression levels of
Wnt/f-catenin signaling pathways B-catenin, CyclinD1, c-myc, Dvl-1 mRNA were detected by qRT-
PCRin 24 hinfected cells. Results: After AC16 cells were successfully modeled, CCK-8 results showed
that the survival rate of AC16 cells in the control group was 100% * 0.08% after 24 hours of expo-
sure to NaF. The survival rates of the infected group were 83.66% * 0.06%, 42.75% * 0.07% and
31.75% * 0.02%, respectively, according to one-way analysis of variance (F = 168.97, P < 0.0001).
The survival rates of the infected group were lower than those of the control group (P < 0.0001).
The results of qRT-PCR showed that the mRNA of key molecules in the Wnt signaling pathway was
expressed in different degrees. The expression levels of B-catenin in control group, 680 umol/LNaF
group, 1360 umol/LNaF group and 2720 umol/LNaF group were (1.00 * 0.73, 1.02 + 0.23, 548 %
0.72 and 2.94 * 0.10, respectively), c-myc (1.00 £ 0.78,1.96 £ 0.94, 3.34 £ 0.75, 3.83 + 0.25), CyclinD1
(1.00 £ 0.95, 0.98 * 0.24, 12.36 * 0.97, 1.05 % 0.13), Dvl-1 (1.00 * 0.64, 1.51 + 0.24, 37.54 + 0.33,
18.96 * 0.26); control group, low dose group and medium dose group increased with the concentra-
tion of exposure. The expression of $-catenin, CyclinD1, c-myc, Dvl-1 mRNA in Wnt/f-catenin sig-
naling pathway increased; The high dose group decreased; By one-way ANOVA, S-catenin (F = 8.16,
P = 0.008) was obtained. c-myc (F = 4.34, P = 0.043); CyclinD1 (F = 6.48, P = 0.016); Dvl-1 (F = 41.90,
P <0.001); After t test between the two groups, compared with the control group, there was no sta-
tistical significance in the low-dose group (t = 1.741, t = 1.866, t = 1.108, t = 3.708, P > 0.05), and
there was statistical significance in the medium-dose and high-dose groups (P < 0.05). There was
significant difference between medium dose group and low and high dose group (P < 0.05). Conclu-
sion: AC16 cells were successfully modelled after fluoride staining, and the survival rate of cardio-
myocytes could be affected by different concentrations of NaF. Low and medium doses of fluoride
may cause myocardial cell injury through Wnt/f-catenin signaling pathway, and increase mRNA ex-
pression of f-catenin, CyclinD1, c-myc and DVL-1. The mRNA expressions of fluoro-fS-catenin, Cy-
clinD1, c-myc and DVL-1 were decreased at high doses, which may be due to the over-activation of
Wnt signaling pathway, but the damage to cardiomyocytes was reduced.
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1. 518

WAE N —FhEBERME TR, KoM T BN, a7k & AEE AL L
FE[1]. FAPIIEE TN T DA T, 1 Eosd R RORA R, R AR B3 G ) LEE IR UG [2] IR
B, BEARILERUT IR LI, ATk 20 TB v 1) H 1, B R EIGE S T eV, e S 8UE
PESCREE, AR AR 00 H R A TS R R ™ E R

Wt {5538 6 1) 5 5 PR L SR SE 5 2 Mg i AOm HLEI B DIAR DG, BdEO IUE RGN &R
938 UL ST I S5 40U 3]- (6] 1ZIB Bk ARG SE B-catenin FE4NMEA TF I B, IR EMIZEN,
B-catenin J&—ANEN T KA PTVETER A, ARG IR e T Wint {5 5 I8 B I FAGEC [ 7],
W ) p-catenin FIHEAAIMOAZ, AT NIFREAE R FIERE, R IEW AN RIEE BEE Wnt {55, p-catenin 1)
RIRHEFFAEAR/AKE, HZ P cadherin-actin AT AL T HUMR[8]. DvI-1 vl 4ot sE, #:52 L
g FAES, I p-catenin HIFEE[9] [10]. c-myc 55 CyclinD1 04 FiiF Wit {5 5 #E3EA, 12414
K, c-myc & —Ff i 5 R, L T4 FE S T R 4% LA A gRe 1 & A R R Hh Ay 3 BB 1) £ €5 CycelinD 11
Je—FhguM A A B, (ARG sE, EAMRA SRR e G, HE S CyclinD1-CDK4 & &¥)7E %
B ERR, RGeS, AR, A% . AR TP A AE[11] [12]. 354K Wt/g-catenin {55
AR, MBI s B R FL R, Rt ARt Feil i (A s 7% ACL6, AL AN L EEiE
B, LB H R A LZH A Wit {5 5388 S-catenin. CyclinD1. c-myc. Dvl-1 mRNA =LK, NG
W70 B R BCO R 1 B LB R Ll

2. MRIE A%
2.1. ARRFEERF

2.1.1. ZmpaPk
AC16 N UL (3L T il & A R A TR A 7).

2.1.2. FER

WALEN(NaF; Zh#ral, KT ARAERA); ACL6 Se 2k k(s & # AR IR A F);
0.25%fif 4 [ BT AL i (D ZE L R AR A IR A F]);s CCK-8 k7 (R ZEL4E /RAEMBIE A IR AF); &
B DMEM £ 973 (ROCELE /R AR A R A ) MG FR AT I EME ARG IRAR); BRI
(VG2 B A AR A E): ZhiEY) RNA SZBGAT & (b & NE B A R A A)): Wi sl &b e
SAEMFRAR); SLrwotE &BlF &L R EXREEMHRAF).
2.1.3. FE{UH

4> F BhBERR X (35 E R B G H/R B A ) (818 2O RIMEBT (G FOLE R E AR A R); CO k7%
R EZEBR W RBHE AR 3R Coring A7]): 96 FLR(3EH Coring A#]); # i TAE & (AL
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RIBRIE R AR A AT BR 23 =) 5 MR IR/ S 58 (UM P R AR A PR 2 =) 5 AR DA (S [ BRBR R 2R B3 24 )5
L RO (RPN RERHCA PR A R B L R ORI = A IR A ) SN POLE R PCR X
(CREZERR KRB A F])

2.2. HFRFSER

22.1. HpAMER

AC16 N.O A s 7R T AC16 DMEM S8Rtk r, BT 37°C. 5% CO, JG b 8 if 4 fu 33 746 85
I, B H TN & LG EEIR AT WEE, 5 ACL6 MEEESTMY & FE ik F] 90%H, K AC16 #EAT1E4. 1
x PBS W ZHMI 2 V3, M 0.259%f8 5 (B WA 1 mL, BT 37°C. 5% CO 1H IR I F: 44 h il 1L 2 min,
B TR E 5O R S ARG, P83 40 A8 [ AR 552, JDN 4~5 mL AC16 DMEM 584555
FLL T, Top B IR R R AT AN, R LR 2 15 mL Jo R Joll 2504, 1000 rpm, #2540 5 min,
W2 BIEW, I\ 2mL AC16 DMEM 584x 535 Jkill il B4 i 2, 3950 73 B BN Hi i) T25 B,
M E ACL16 DMEM 584159538 % 5 mL, JRAJHHTER —ARBEF%, JFDIEEHE.

2.2.2. NaF ¥ 4paidiE
FREL NaF 3 T =6 DMEM 3535, Eodip 10 mmol/L [ BER, FHUESLid g, U AC16 584 7 5
e B AN FI O NaF 3. 4 Ao HE2H . 680 umol/LNaF 2. 1360 umol/LNaF 2. 2720 umol/LNaF 4 .

2.2.3. MpESHE
B Y4t 24 h 510 AC16 Ao UL, BT3B 526 B B W& .

2.2.4. CCK-8 i & R 4IpafF EENE

WAKSHBRE, LA 90% ACL6 4L 5, 1000 rpm, &0 5min, 4HI5THE FH 58 25
FREEHI R 5 x 104/mL ) B 40 g B4 Ap T 96 FLaRk H, FEFLIN 100 ul B gb o &, RPEEALH#EFh 5 x 10°
AN, BCET 37°C, 5% CO, KiFRFEH K597 24 h WhikEJ5, FFRJERIFRM IS A A FRE 680
umol/L. 1360 umol/L. 2720 umol/L f¥J NaF Bt & ki 76 &35 7758 100ul, FFsE S Ax A, - MKER
3ANESL. WFE24 h 5, &ALIOA 10 ul JE A1) CCK-8 iRX71(CCK-8 ik #): DMEM = 1:10)& T 37°C,
5% CO, Br #4855 97 45 min, JE T4 HAIEEARAC E, T 450 nm KA E OB RE(AVE, SE50
3 W, THEAIME S /). RIS J1(%) = (EA A E - ZFAH AHE)IGTHRA A - A4 A
1) x 100%.

2.2.5. qRT-PCR %M mRNA HIFRIEER

WG 24 h AR, KA SR SHERZRIME RNA, FIBEARCE RNA 4R, i
A260/A280 7t 1.8~2.0 2 [a], PARIE RNA [ &; W57 80K RNA Wi 4 cDNA, #417 qRT-PCR
R o &5 B As g 2-asCt B BL AR X R IA K, L GAPDH AW ZEA, SIMH L N & BRI REHA
BRAF GG 5IHF 5 NE L

Table 1. Real-time primer sequences

F*® 1 ERREEESIMIFT

A i T
Dvl-1 GAGGGTGCTCACTCGGATG GTGCCTGTCTCGTTGTCCA
f-catenin CCTATGCAGGGGTGGTCAAC CGACCTGGAAAACGCCATCA
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gk
c-myc GGATTCTCTGCTCTCCTC CTTGTTCCTCCTCAGATC
CyclinD1 GTGAAGGCGCTATTTGGCG TGGTTGCTCATAATCACTGCC
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATCG

2.3. GtFESH

Fifg sesh A 3 K LLE, 45 R X +s F£on. K H Graphpad primer 9.5.1 #4447 G i+ 0 B 3 F1E A,
WL 2 T Le e ) AR e s 22 L) bR R 7 22 55 MG 56 (normality and lognormality test) Fl 8 IR 25 T 2543
H7(One-Way ANOVA), t— DT P L, &5 2550, RHA—RI Z 0 57 25,
TRIE, KUK o = 0.05,

2.4. REEH

SICHRI I SE sk A DR it SO R BT SEER T IR ACLEe AL UL T X B E K, AR
GFIAHpEE s ARG R AR, DRAFSEIG = g B B ARG IR ISAT, @ diis gy, s
R A% 2 R U TS S SR R B VAT B, BN LR ZE AR SR 2= 0 3 A TATHE
fh, BRI E R 3 I

3. &R
3.1. AC16 AR ATIER

NaF Ye# b3 AC16 NOIANAE 24 h 5, TN OIS EEKRE, B e
M, ARG R AF HAE KSR 5 680 umol/LNaF Herg 41 7E5E N v] WL K& S [, 40 7 [ 46 (1 A 1 40
5 m 200 B P T At 320 AR TR AN 2, L4 R R AR /N s 1360 umol/LNaF 2., 2720 umol/LNaF
AR BRSO, 2720 umol/LNaF 4141 A F1%% 680 umol/LNaF IR N, K EE L, 2
B T I FEa i, WK 1.

xR R 680 umol/L YL
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Figure 1. Cell morphology in different NaF groups
Bl 1. [E] NaF {A4Rpaf7S

3.2. CCK-8 #imz5 R

AR NaF Je35 ACL6 4Hfl 24 /NI J, S HRZHA73E %6 43031 9(100 + 0.08)%, 6L 4% 75 4H 41 A7 26
T WA ZH R 7 A, 680 umol/LNaF 4177 1% % 4(83.66 % 0.06)%- 1360 umol/LNaF 21775 % (42.75 £ 0.07)%-
2720 umol/L NaF A /7% #(31.75 £ 0.02)%, &K EM I Z 0T, 15H(F=168.97, P <0.001)% 7 A &%
P, W% 2. % Graphpad Prism 9.5.1 2375, 4HMIAEE AL LA 2.

= 0
1-5_ *kk%k
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k%%
=1 2720
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® 1.0+ .@ ok
ER K [erse :
2 D~
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‘&, 0.5- O-%O *kok ok
00O
0.0 T T T T
0 680 1360 2720

The cincentration of NaF(umol/l)
V¥: " P<0.05, ™: P<0.001; ™. P<0.0001.

Figure 2. Effect of different concentrations of NaF on cell viability (X +s,n=4)

2. FREIKE NaF ST ERPFM(X £5,n=4)
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Table 2. Effect of different concentrations on the viability of AC16 cells (X +s,n=4)
2. FEIREXT AC16 MAFERMFM(X +s, n=4)

NaF ¥ & (umol/L) A7 I 22 (%)
0 100 £ 0.08
680 83.66 + 0.06°
1360 42.75 +0.07%
2720 31.75 % 0.02¢
F1H 168.97
P <0.001

e A SXNTHEZHAHEL, P <0.05; P55 680 umol/LNaF ZHAHEL, P <0.05; ¢4 1360 umol/LNaF ZHAHEL, P <0.05.

3.3. NaF &[5 p-Catenin, c-myc, CyclinD1, Dvl-1 mRNA FRiA1EHR

NaF %45 AC16 4fitl 24 h J5, Yedidl 5x @41 p-catenin, c-myc, CyclinD1, DvI-1 mRNA %Kik
ACERE N, XHEEZH. 680 umol/LNaF 4. 1360 umol/LNaF #H. 2720 umol/LNaF 41 p-catenin % ik &%) 5
4(1.00+0.73,1.02£0.23,5.48 £0.72, 2.94 + 0.10). c-myc (1.00 £0.78, 1.96 + 0.94, 3.34 £ 0.75, 3.83 £ 0.25).,
CyclinD1 (1.00 + 0.95, 0.98 + 0.24, 12.36 + 0.97, 1.05 + 0.13) L % Dvl-1 (1.00 + 0.64, 1.51 + 0.24, 37.54 + 0.33,
18.96 +0.26); £ HL[K &K )y 2240 Hr Al 43, p-catenin (F=8.16,P =0.008); c-myc (F=4.34, P =0.043); CyclinD1
(F=6.48,P =0.016); Dvl-1 (F=41.90, P <0.001)% t f38 Bor, SxHEAIMLL, p-catenin fKF &L J(t =
1.74, P > 0.05). p-catenin H55E41 A (t = 3.13, P < 0.05). pS-catenin =754 A (t = 10.64, P < 0.05); c-myc
KFFI B4 N (t= 1.87, P>0.05). c-myc FF7E 4 A (t=3.13, P <0.05). c-myc 777 &2H M(t = 10.64, P <0.05);
CyclinD1 f&FIE 4 A (t = 1.02, P > 0.05). CyclinD1 Hi5f& 41 A (t = 3.13, P < 0.05). CyclinD1 &5 & 41 At
=10.64, P < 0.05); Dvl-1 f&5E41 ~(t = 3.71, P < 0.05). DvI-1 Hi5E4 Jy(t=3.13, P <0.05). DvI-1 &7
I N(t=10.64, P <0.05). Fifi NaF JKEERIIG N, ZHfar p-catenin. cyclinD1. Dvl-1. c-myc mRNA 2}
JeFtJE FERESS, 2720 umol/LNaF 417 iy £ I FR(KET, W4 3. £ Graphpad Prism 9.5.1 741 )5, p-
catenin. CyclinD1. Dvl-1. c-myc mRNA k48 4k LK 3.

*kk dkk

10- *
m 0
T = 680
8-
. 20 ] : 0
: 7
'“k‘ % *kk
< 6+ L 680
g )
£ "™ 44 1360
£ 4- < 2710
£ o
@M
€
g £ o
2= >
£
[ (3]
0 ‘ T T T 0 T T T T
0 680 1360 2720 0 680 1360 2710
344 (umoll/l) &4 (umolll)
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Figure 3. Effects of different concentrations of NaF on the mRNA expression of g-catenin, c-myc, CyclinD1 and Dvl-1 in
cells(X+s,n=23)

3. FELKE NaF xt¢mAeh g-catenin, c-myc. CyclinD1, Dvl-1 mRNA FiEHIENE(X+s,n=3)

Table 3. mRNA expression of g-catenin, c-myc, CyclinD1 and Dvl-1 in AC16 cells after NaF contamination (X s, n = 3)
52 3. NaF & /5 AC16 #HBIeh p-catenin, c-myc. CyclinD1, Dvl-1 mRNA FRiA1ER(X +s,n=23)

NaF ¥& & (umol/L) p-catenin c-myc cyclinD1 Dvl-1
0 1.00+£0.733 1.00+£0.776 1.00 £ 0.949 1.00 +0.636
680 1.02 +0.23 1.96 +0.94 0.98+£0.24 1.51 +0.242
1360 5.48 + 0.72%® 3.34 £0.75% 12.36 = 0.966% 37.54 +0.33%
2720 2.94 + 0.10%® 3.83 £ 0.25% 1.05 +0.13% 18.96 + 0.262¢
F1E 8.16 4.34 6.48 41.90
P 1A 0.008 0.043 0.016 <0.001

E: A EXIRAAE, P <0.05; L5 680 umol/LNaF ZHAHEL, P <0.05; ¢ 1360 umol/LNaF ZH#HLtL, P <0.05.
4. 7ig

WEFERIL, AT OULR G A B ™ B [13]. A T =R RIE IR 1 IEH 847, 1 AR O
WUHFERE TR, T ATP fifife/b, it SECOIES S DIReiss. RERE LA TR, #rh KK Q-
T A R85, KEOBERHE. REE[L5)%ENRIME T HS SRR ONAL =4 2w, E
WHIOIHL T, YRS RO BRI OIS T, DO USRI B 0 58 BEAS A 3, 9F
BB R R MY 5K PR EAONLEZ F, VUL ZR R R B8 L U B R34, LRI HES I 46
Plw, AL RIS 5K, TER SOOI T, UL R R R R, HE i
OO VAR SRS BV AR . B AR o 83 H A R XA e A RO R RO R R B, Ak K F
T 0.5~6.2 mg/L Z [F] i 2= SOOI INE,  H H 5 55 flUsE (0 B S0 2 (847 7E B OC R [16]

TP SEIE I AT DL B0 I I UG N [17] [18].  4EMZ AT EoR, AP AT LA SRR HOC2
AR A 2 o FERTREUE INK S 5@ B 5 SO WA A7, Sh OIS 4 ™ B FE[19]. i
FEFE[20] % Nl JE N3 R VA e MR 0, KA 2 5 5 O WU AR 15 5 B BRAH DG R (R 22 e Mk 3R
1k, 25RO R T Acta2 F1 Tnni3 DL 5 40 M A 4B 11 1) RyR2 #ll ATPlal %58 H
Al e M ECL AW ARG oS R H . KINRAY BEE S, O IL-17. MMP-9 Fi Caspase-3 i # F+
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o BALFE R T OIEA R 20, LAV N, SRR S, ONLEFYE s ) E R
F, AAEARE. ARTEAUH MLE A R [21]. SRR RS EL S caspase-8 S IFIAH AR T SR IO
AERHESI[22]. WATRF R AR, HAPIAT b X N I T S RS G (23], AR B,
NaF 2 N 0ILAEAE 24 h, NGO LA AR T AR A RN, HAIMAFRAR N, g IseT:. ¥t
B NaF XFAf =421, ST OUAIrIZET:.
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