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Effects of Fluoride on the Expression of ERK Signaling Pathway Associated Gene
and Proteins in the Splenic Lymphocytes of Mouse

XU Gang, WANG Jin-ming, MA Shu-hui, ZHAN Ya-qi, MA Hai-li"
(College of Animal Science and Veterinary Medicine, Shanxi Agricultural University, Taigu 030801, China)

Abstract: The current study was undertaken to study the effects of fluoride on the expression of
ERK signaling pathway associated gene and proteins in the splenic lymphocytes of mouse. The
splenic lymphocytes of the different level of fluoride-treated mouse in vivo and the splenic lym-
phocytes with the different level of sodium fluoride in vitro were cultured in RPMI-1640 medium
with bacterial lipopolysaccharide,then the mRNA level of ras/craf/MEK1/ERK]1 and the pro-
tein expression of ERK1 were detected using the Real-time PCR and Western blotting. The results
showed that activation of the ERK pathway in mouse splenic lymphocytes can be inhibited by flu-
oride in low concentrations, but with increasing fluoride concentration, the degree of inhibition
was reduced, ERK pathway activation was turn into promoting. These results suggested that flu-
oride can affect the activation of ERK pathway in mouse splenic lymphocytes, thus further influ-
ence the function of the immune system.

Key words: sodium fluoride; mouse splenic lymphocytes; ERK1; gene transcription; protein ex-

pression

TR AER T L METRZ — 08 SEERG RS A (L R (E k2
IR S OF O AR A9 A A A e M it B BRI U A AR D T BRI 1 4 B

W B#:2014-03-13

EE TR NG 5 SRR T 4R AR K A SRR (201D

EERA AR BICQL987-) . F L Il PE R F L EZA S S P Qe 1912 W7 5 B i BT 58 > E-mail: xugangayu@163. com
* BIEEE L, #4% . E-mail: mahailil718@126. com



114 i

25 L JE00E /N BB T 0 40 i ERK 378 R A 56 3 R J% 76 1 36 1 1 S ) 1889

P BEREAR S o I ARk L BUG B A R G 4 45 1 B
FOGIE TR H B EA L A2 RS L
B e R G Horp, SO0 8 W G i FR G5 R )
Je R )z w2 AT 3 R g 2R L R P D) RE FE AR
20 32 R AR Y o B SRR 0 e] 5] 9 B A4 i
B H WU D) RE B S5 A B, B AR Fe
SRS VT B R A L 1) B Bl B A 0 RE D U805 . £ 4
it G R B RE O R R AR R PO SO S R
G5 (T AL K 2 0E— 20 T I sh ) g v w4 A
WK

Bl W) AP B G DO 2 A A A0 M X R Y
POk SR 3 1 22 245005 A6 2R H S (mitogen-acti-
vated protein kinases, MAPK)E 5 i I 231 2 1R 51l
FEAFETEE, A 5% EEFREA,
MAPK {5538 B 3= 24045 00 4> 53 3, BI A A S5 5
P E [ BB (extracellular signal-regulated ki-
nase, ERK)1/2.p38MAPK,.ERKS5 #l c-Jun & 3K
i 3 B (c-Jun N-terminal kinase, JNK), H
ERK1/2 {3 1l 2B 15 5 DA B8 2 1 32 AR 5 5 &2
20 6 A %) O B B A PR, TR A E 5T ERKL/2 3 %
CH R A0 18 75 2 VB (%) X 48 78 f g R G I i
BAEWHLEEWZE XS . AR 42490,
ERK il j# i 5 BLAY Zh RE A HI B AN [A) , ERK 5 % 7
Pt B 200 JH 0 s A e O 0 B T TE P A0
A B 4 2R (PCL2) AR B /AL fE . A
ERK il % 75 Ik T 40 e Sy vh pr 2 3 D g LA I
TEFAL P /E T A0 T2 40 il ERK 3 B% b oA ¢ B 5
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NaF, RPMI-1640 ¥ 3¢ & (HyClone, Jt 50) .
TRIZOL (TaKaRa, K %), RT-PCR kit (TaKaRa,
Ki#).gRT-PCR kit (QIAGEN),ERKI1 £ 7 F&
Pri TgG Hrik (PR, Jb 50 CHRP fRid L P R
T, DO B R A S R B R BGN &
(18, 270 A A X 4 F BT & marker (Fer-

mentas 2> H)) o

1.2 ¥

I 72 HE W/ NR G IAE 20 g 245 B
Vg BERF R 2 e g gy b 4 ./ BRURDRHE bR
THEURL 1 R R i 8. 40 mg « kg ' SRR B 1
H AR 0 ) |l S 00 B i O AR AR /0N BRI [m]
Je M R 1S .
1.3 Ex@FRNREIHYER

48 HUNEBEML 7 i 4 4, JEAT 43 S8 1 5% MR
Skt B G & B KO AR AL Gk H % 50
mg + L' NaF §9 2% F/K) . F A R & 100
mg + L' NaF #9287k il 4 (O & 150
mg e« L' NaF B X8 7K, &4 12 K, 845
W) A A /N B R A AR B SR 90 d.
1.4 NREREKEHRNSBRIES
L4.1 EHNiE 39 AN T 26 /)N B DB 3800 32 A
FEJG 750 £ B L T T R WU O AE i & UL
PBS o 8 S K 2 80 B B UE W 1 38 L 45 ]
ERLA A LAV 5 /IO 0 T I 4 G Y R W T
F,400 g B0 15 min, P2 AR B AW E 4
MJZ WA PR 2 L7k B, & 150/ E il
T8 1Y) RPMI-1640 i &k 40 ML 370 3E » 42 Fl T 40 i 35 72/
HLIRESIN 10 pg » mL IR 20 (LPS) BEFT R . 37
CT.5% CO, BEFFM PR 48 h,
4.2 SN YAkt o /) Bl o 5 B AR 28 400 e
BTy 4 A 53 TS AN W) BT 5 vk B2 ) NaF 47
B 3% MR Ry X IR ZH (8 NaF) iR JR 4H (10 pmol « L
NaF) ., #1 Ji 41 (100 pmol « L™' NaF) Hl &5 9 41
(1000 pmol « L™" NaF), J7E8 SR FE P 10
pg - mL AR M (LPS) #4741, 37 °C 5% CO,
B FRFa PR IR 48 h,
1.5 Real-time PCR #& il

Wi B SR A M T Trizol 2 1) £ 372 I 41 g i
RNA, f HI% B2 D {00 8 vk B . & B TaKaRa
A ) R 50 & A 8 cDNA . I Premier 5. 0
S R Y GenBank b H/NR ras.craf .
MEK]1.ERK1 Fil Sactin J¥ 5|31 PCR ¥ 3454y,
FriEE NCBL WA I 5 Wy e 5k 519 ARk
FEHARG G D,

1B QIAGEN /) f] Real-time PCR iR 5] & i#F
AT 1Y SOBL S, RS b s A il 28 4 i PCR SO 1Y 4
Stk AR AR A 2 DA S et & Cr (IR E
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Table 1 Primer sequences for Real-time PCR
HN 545" >3" PP /bp B
Gene Primers Product length GenBank accession number
F TGACTTGCCAACAAGGACAG
ras 141 NM_010937
R TGGCGTATCTCCCTTACCAG
F GGAGCTTGGAAGACGATCAG
craf 130 NM_029780
R TGAGCTTGCCATCATCTGAG
F CCTTGCAGAAGAAGCTGGAG
MEK]1 ) 130 NM_008927
R CCCAGTTCGCTGATCTTCTC
F TCCTTTTGGATCTGGTCCTG
ERK1 136 NM_011952. 2
R CCCCAGCAAAGTGAGAGAAG
F TTGCTGACAGGATGCAGAAG
Factin o 141 NM _007393. 3
R ACATCTGCTGGAAGGTGGAC

% H 3L B A Rk B R HAAC iR

ACrGRE ) = Cr (A EED — Cr (WS 5
D s

ACr (XY =Cr (HM P — Cr (NS5
D 5

ANCr=ACr GRIAH) — ACy G R4 5

H I EE R AR Rk | =220,

B A Microsoft Excel #4738, 9¢ B sL 1) 5
i PCR S5 R I B AR R (o 50 ) Ko, Ko
FAEN BB R a8 R Y 5 F X IEN Bactin £
KR PEATRE,
1.6 Western blotting #& il

FH B 5% 40 M 5 B 5 4 B R & 4 O S 48
b R B A S B A D Mk RE S B RE L EAT
SDS-PAGE W9k . J5 % PVDF i, PVDF K 5%
BSA &[] 1 h. i A ERKL —#t (1 : 30004 ‘Cib k.
FH TBST $EAR 3 R, &K 10 min, it A HRP Fric i
TPl £ 10 000037 CTHEIKIFF 1 h. I FL R,
F TBST PE 3 . 4K 10 min, fil A ECL & (45
A5 W= O R R R T AR E Marker,
ST A TR B A B-actin(1 2 1 000) X HE . A Im-
age-ProPlus 6. 0 4%} /N Bl ERK1 Fl B-actin ¥
B3I 45 2R 53 A7 U € B AR A% BRI B2 AE . H 2R
HR SNSRI, 7 f o, A RS =
FA AR CEY KB HE A B fE= HW
A i/ Bractin S i
1.7 HiEZITSH

g o 5 " ] SPSS17. 0 84 k1T

PAREFES.P<<0.05 ERES T, H « £
N3 P<0.01 #REFWBEH * « FIR,

2 & B

2.1 Real-time PCR #& Ul & Xt B2 ik 2 20 B ras. c
raf MEK1 1 ERK1 )£

2.1.1 RA4HE i Real-time PCR £ il 4 5
(B 1) ] 1 AIG 505 dE V€ (50 mg « L™ DB eraf/
MEK1/ERK1 5 [H (1) % st w i /b » H 5 X7 B4 A L
MEK]1 #il ERK1 %% 5% 22 53 . % (P<<0. 05) scra f
) f 3 2% bk i 35 (P<C0. 01) ; H 4103 8 Wk BE (100
mg « L™ craf/ERK1 3R B 5 skt 3 m, 2
craf WS 2R B FH (P<0.05) . ERK1 %% 5% 2
SEAR I (P<C0. 01) 5 i SV & (150 mg « L',
ras BB st B D M craf /ERKD 5EH Y #
SR IE I, B oras 0% 5% 22 7 W3 (P <0, 05),
craft ERK1 #3273 8% (P<<0.01),
2.1.2 {RHh4S B Real-time PCR # il 4%
(0 2) o] A, 5 ) BE4H A0 Eb. IR 9ROV BE (10
pmol « L™, ras/craf/MEK1/ERK1 3 [H 1) §%
SEEMA A H ras 5 craf MEREREE
(P<<0.05),MEK1 5 ERK1 Wy & 2% Sk 5 %
(P<C0. 01); H Ji ¥k JBE (100 pmol « L")}, ras 5
ERK 1 He R (1) 5% 5% i i 35 5% & 35 0l 20> (P<<0. 05,
P<C0.01) ; &= ¥ BE (1 000 pmol « L™, craf/
MEKI1/ERK1 3 [H ) 5% 5% & o 2 2 i W 3% 39 m
(P<<0.05,P<C0.01),
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Fig. 1 Real-time PCR analysis of ras,craf ,MEKI1,ERK] transcription in the splenic lymphocytes induced by fluoride

in vivo

2.2 Western blotting #2 1] ERK1 & B Rt R &
2.2.1 KGR 1 Western blotting £ ] 4%
HCE 3) w] A, 5ot B4 A B, AR R MR (50
mg + L DB ERKL &Y RE ‘D, HER
M @ 25 (P<<0. 01) 5 iy Hh gl BT FE Kk B (100 mg « L D)
1 U B Mk B (150 mg » LD Af, ERKL & (4 i
() e 3k B 1 B 19 hn (P<<0. 05)

2.2.2 {RANEER B Western blotting # ] £
WCE 4 v AL, 5%t B4 A E, AR R R B (10
pmol « L™ Fl o U (100 pmol « L™ H}, ERK1
AR R 3K R D (P<Z0. 01D 5 T e Sl ik
£ (1 000 pmol « L~ ERK1 7K [ 5 1 35 35 1t 1Y
s H 2% SR 2 (P<<0.01),

33 i
SRS HIL A G 322 1R Wiy X 22 9 8 RE A )

20 Jf PN AR A A8 ] DNA I A B 51 R Y
A (451497 » 5 B3040 I PN 2 o G 0 2 %) 8 AU 55 2 i 10
il G 98 4t L ) A i B HL B B R Ay Ak i S R G
PR A 2B A . A G 1 75 1k RIS L D) RE 32 Bl
A SEMAR R TR . RNk K
SN S AR E L R 25 B R B 40 i i 3 T B
Tof I VM D AR e R A . K TR AR A Y
S B A /N BB £ RN 21 R O B A A 2D
SRR S S B R 0 SRR S AR R O L A
X B2 A 22 43 24500 1 B 5 $2 7 okt 3T B2 i AL A
1 s DI RE

MAPK {55 38 #% 3= 22 F T 40 B 3 58 L 20 Mo T2
50V R0 R T ] LA RSP L R E AR
221K 55 DA 240 TR R e A LIS A R N 3 R B 2 50T
1) MAPK {5 &5 i &, i 40 i N BF A
MAPKSs F 38036 32 5058 1 = AN B 9086 5 1 ok 58 A
5T T TEROE B O (LS ras R GTPase, i
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Fig. 2 Real-time PCR analysis of ras,craf ,MEKI1,ERK] transcription in the splenic lymphocytes induced by fluoride

in vitro
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A. The Western blotting result of ERK1, B. The Western blotting analysis of ERK1 expression, * P < 0. 05,
x* x P<C0.01

B 3 Western blotting & il & P s 4L # X A it B2 40 ffs ERK1 | B R % M5 1

Fig.3 Western blotting analysis of ERK1 expression in the splenic lymphocytes induced by fluoride in vivo
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Fig. 4 Western blotting analysis of ERK1 expression in the splenic lymphocytes induced by fluoride in vitro
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