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Effects of subchronic fluoride exposure through drinking water on renal toxicity and the
expressions of STIM1 and ORAI1 in renal tissues in mice WU Xuan, DING Fan, LIU Yingying, WU
Qing (School of Public Health/Key Laboratory of Public Health Safety of Ministry of Education,
Fudan University, Shanghai 200032, China)

Abstract:

[Background] It has been found that fluoride may cause cell damage by inducing intracellular
calcium overload. Store-operated calcium entry (SOCE) plays an important role in maintaining
intracellular calcium homeostasis, but the effect of fluoride on renal SOCE is unknown.

[Objective] To explore the renal toxicity and the expression levels of the key proteins of SOCE,
stromal interaction molecule 1 (STIM1) and calcium release-activated calcium modulator 1
(ORAI1) in the kidney tissues of mice exposed to fluoride subchronically.

[Methods] Twenty male ICR mice were randomly divided into four groups with five mice in each
group, including 0 (control group), 0.3, 3, and 30 mg:L™ fluoride groups. The mice were given
drinking water containing designed fluoride for 12 weeks. Body weight and liver and kidney
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organ coefficients of the mice were measured after the exposure; histopathological changes of the mouse kidney were observed; 24 h
urine was collected at the end of 12 weeks of exposure to determine the levels of urine creatinine (UCr), urine calcium (UCa), aloumin
(ALB), and B2-microglobulin (32-MG); the protein expression levels of STIM1 and ORAI1 in the kidney were detected by Western blotting;
the fluorescence co-localization of STIM1 and ORAI1 was used to further verify the expression levels of STIM1 and ORAI1.

After the exposure, there were no differences in body weight as well as liver and kidney organ coefficients among the groups
(P>0.05). Under optical microscope, the renal tubular cell showed degeneration, apical protrusion, shedding, and dilation in the 3 and
30 mg:-L™ fluoride groups. There was no statistical difference in UCr among the mice in each group (P> 0.05). Compared with the control
group, the levels of UCa adjusted by UCr in the 3 and 30 mg-L™" fluoride groups were (0.075+0.014) and (0.081%0.012) mol-mol™
(represent by UCr per mol), which had a rising trend but showed no statistical difference. No difference was identified in the level of ALB
among the groups (P>0.05). The levels of B2-MG showed difference in different exposure groups, and the level of urine f2-MG in the
30 mg:L™ fluoride group was (0.077+0.014) g:mol™, higher than that in the control group (P<0.05). Based on the results of Western
blotting, the protein expression levels of STIM1 and ORAI1 showed significant differences among the groups (F=18.411, 6.853; P=0.001,
0.013); compared with the control group, the expression levels of STIM1 protein increased in the 3 and 30 mg:-L™" fluoride groups (P<
0.05), and the protein expression level of ORAIL in the 30 mg-L™ fluoride group was increased (P < 0.05). The fluorescence co-localization
results of STIM1 and ORAIL showed that the expressions of STIM1 and ORAI1 were up-regulated in the 3 and 30 mg:-L™" fluoride groups.

Subchronic exposure to fluoride through drinking water can up-regulate the expression levels of STIM1 and ORAI1 in renal

tissues and induce renal injury.

fluoride; subchronic exposure; nephrotoxicity; store-operated calcium entry; stromal interaction molecule 1; calcium release-

activated calcium modulator 1
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LERAIWEESAH 24 h FRIR, £ 1000%g,4 °C Bilr 15 min,
e EEFHDE, BT -80 °C kFERTE. IRIE Cr. Ca
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ENIZE7%( Western blotting, WB) #231Il, X540/ )\E& 50 mg
B ERED, RS ER, £HIK. INEE. Bk, K.
HEA. —mES. EERE. S, RENER, 8
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INRAE., RS RS ARERYLERITER

X (¥ P>0.05)0 W 1o

xR1 TiEUERE 12 ARNREERFSHSERK
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Table 1 Body weight and liver and kidney organ coefficients of
mice after subchronic fluoride exposure for 12 weeks
(xts,n=5)

ARELR%!(Dose {&E (Body FFRE 2 28 Liver BHE R (Kidney
group)/(mg-L™") weight)/g coefficient)/% coefficient)/%
0 48.12+6.08 4.42+0.26 0.79+0.09
0.3 44.68+3.74 4.24+0.51 0.72+0.06
3 47.22+3.79 4.22+0.09 0.70+0.07
30 45.76+1.36 4.42+0.29 0.80+0.07
F 0.694 0.579 2.382
P 0.569 0.637 0.108
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B S, 03mg L™ BB FHKRWAERG;
3mgl ABEFAR R E/NVE LAY K. BESE,;
30mg Ll B FATRRANBENE/NE LR
T TR, 3K BURFIR, B/ KKIAE
Bifh. WE 1o

GEIA: 33884H; B. C. D 25U 0.3, 3. 30 mg-L" @B F4H, BBEF X
RSN EMT M, TSR E. BRI K,
[Note] A: Control group; B, C, and D: 0.3, 3, and 30 mg-L'1 fluoride groups.

Black arrows indicate renal tubular cell degeneration, apical
protrusion, shedding, and dilation.
1 WigERs 12 AR BSRARKREFMRLE
(HE %8)
Figure 1 Histopathological observation results of mouse kidney
after subchronic fluoride exposure for
12 weeks (HE staining)

2.3 /NEFR&® ucr. uca. ALB F1 B2-MG 7KF
BRERAESNERET, ZHBVNE ucr KFEE
STHRITFEX(P>0.05) ; S533HRLAMELL, 3. 30 mgL™?
aETFAF UCa K TFEASHEE, BEEEHLTH
EEX; RABKEEREIZAHBDERITEEX
(P >0.05); 30 mg.L™" @|E FAHR B2-MG KEFFXT
FRLH(P < 0.05)0 DLFR 2,
2.4 /NEEEH sTiM1 F1 orRAIL FIE B FRIAKT
BRRFEDTETR, F4AIE STIM1 F ORAIL F
KKEERYAEBSRITFE R X(F=18.411, 6.853,
P=0.001. 0.013), SXJER4AMELL, 3. 30 mgL' MBEF
£AH STIM1 ERRIXKFAHE(P<0.05),30 mgL™ &
B F4H ORrRAIL ERFRIAKFEHARE(P<0.05) . WE 2,
2.5 /NEEHEA sTIM1 #1 ORAIL BIRER HE RE iL
/R S BER sTIM1 # ORAIL YRR HE TE fiL
AR, S3tR4A4ALL, 3. 30 mgL' @B F4H EIA
T STIM1 F1 ORAIL BIRIK, 30 mg-L™ @B F4HR A
2, WE 3.

x2 Tigkmzes 12 ARERAES UCr. UCa. ALB N
B2-MG KT (x +s,n =5)
Table 2 The levels of UCr, UCa, ALB, and 2-MG in urine of mice
after subchronic fluoride exposure for 12 weeks (x +s,n = 5)

- UCrRIEf5(UCr-adjusted)
RELR5!(Dose UCH/(umolL™)

group)/ (mg-L”™") uca/ ALB/
(mol-mol™)

B2-MG/

(g'mol™) (g'mol™)

O(XFB&)(Control) 27297.310£6056.177 0.059+0.008 3.638+0.781 0.052+0.012

0.3 32700.379+11181.906 0.064+0.024 2.743+0.811 0.048+0.022
3 25209.241+4661.611 0.075%0.014 3.572+1.024 0.058+0.011
30 24001.362+48199.276 0.081+0.012 3.588+1.348 0.077:0.014"
F 1.181 2.042 0.891 3.502
P 0.348 0.148 0.467 0.040

[3F 1+ Sx3B8LA48LL, P < 0.05
[Note] *: Compared with the control group, P < 0.05.

B FRELAS(Dose group)/(mg:L™)
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[F] A: sTim1 #0 OrRAIL EEHERIKE B: STIM1 F ORAIL B HFRIAKF;
* 1 Sy3ERLA4ALL, P < 0.05
[Note] A: The electrophoresis diagram of STIM1 and ORAI1 proteins;
B: The expression levels of STIM1 and ORAI1 proteins;
*. Compared with the control group, P<0.05.
2 WgMERE 12 AE/EES STIM1 1 ORAIL Y
EHRAEKE(x+s,n=3)
Figure 2 The protein expression levels of STIM1 and ORAI1 in
mouse kidney after subchronic fluoride exposure for 12 weeks
(x+s,n=3)
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[T A: STIML, £2 6875 ; B: ORAIL, £L 2K, C: STIML Hl ORAIL BIRTE(L, BEIKHE; 1. 2. 3. 4 DHIRS 0(XFER). 0.3, 3. 30 mgL™ BT,
[Note] A: STIM1, green fluorescence; B: ORAIL, red fluorescence; C: Co-localization of STIM1 and ORAI1, yellow fluorescence; 1, 2, 3, and 4 represent O

(control), 0.3, 3, and 30 mg:-L™" fluoride groups respectively.

3 WiEMERE 12 AR/NEEIES STIM1 # ORAIL BIXURFTE (U

Figure 3 Fluorescence co-localization of STIM1 and ORAI1 in mouse kidney after subchronic fluoride exposure for 12 weeks
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2R 73.1%89 % B T K 22.2%89 R Bt N K EE
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BEHREEFRAKEEFEBNBIFEF T EM
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FRIKXKFE, 3mg Ll @EFA STM1L RiIAS T IERA,
30 mg-L™" #B F4H sTIM1 #1 ORAIL RIX £ ; [E AT
STIM1 F1 ORAI1 R HFE (UL RIZR, 3« 30 mg-L ' &
B FAF sTiM1 F1 ORAIL FVERRIAEIE, 5 WB 4
R, UWEMRRKRRA, SEBRNE LY LIS A
RSB E, B H S ZMEREX, AT, £
YL TN, RN BB H A SR Y R RIR
3 RPREEEEA, SOCE 24 FAMAEIRASH
X5, AR LR sTiM1 BAFMGEAE L OrRAIL §555
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