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Inflammatory damage of BV-2 cells induced by PFOS and its mechanism
Liu Yanqing', Song Ci?, Wang Jun*
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[Abstract] Objective: To investigate the effect of environmental endocrine disruptor perfluorooctane suifonate(PFOS) on the cell
damage and expression of inflammatory factors in mouse BV-2 microglial cells. Methods: The microglial cells were cultured by dif-
ferent concentrations of PFOS with various periods in viiro, and the activity of BV-2 cells was detected by using MTT method. Real-time
PCR assay was performed to detect the mRNA expression of the inflammatory factors, including inducible nitric oxide synthesis(iNOS),
tumor necrosis factor (TNF)-a and interleukin(IL)-6. At protein level, ELISA was used to analyze the excretion of 1L-6 in BV-2 cells
mediated by PFOS. Moreover, the signal pathway, especially the nuclear factor-kappa B (NF-kB), was evaluated by Western blot.
Results: The BV-2 cells were incubated with varied doses of PFOS for 12 or 24 h, and then the cell viability was significantly de-
creased, which led to significant cell damage. ELISA data showed a significant incretion of the cytokine factor IL-6 after BV-2 cells
were incubated with PFOS for 24 h. PFOS markedly up-regulated iNOS and IL-6 mRNA expression, while TNF-a was down-regulated.
Therefore, we discovered that PFOS substantially activated and phosphorylated the NF-kB pathway in a dose dependent manner. In
addition, with the increase of exposure time, the expression of p-NF-kB was also increased. Conclusion: Our results showed that
PFOS markedly decreased the BV-2 cell viability, activated the NF-kB pathway, and excreted the cytokines. These results taken to-
gether might provide a new molecular mechanism supporting the PFOS-induced neural damage.
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Y 329, S2E6 Kk B, PFOS fEf8 5 16 24 i
i fi i B0 53 PROS #2e BRI 5T B8 T 4640 .
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(R Kb R A | ke DX B 0 s e Ok 1) 9 e ok L 2 £ B
R AR e S o 2 0 L R Ok 2 TR R R R R
P LT L ERER R R Y PROS 2 82 {2 48 /)
bl 1 J5E I I 440 L 4% 9iE PHF- 1 A R (interleukin, IL) -6
() 2 1k 7, M8 Pk Y PROS % 82 4t {0 4F Mk o
C57BL/6 /Iy BRI A9 A1 4% 240 Jf DXL i 93 8 B8 T+
(tumor necrosis factor, TNF) —a IL-6 IL-13 [ 3% ik
B s R HE PFOS XML 9 £ 98 1E 1 52 i . o
2R,

HRE R 28 R B0 R E B A /MR R4 . R TE IR
O A4 AT I 200 IR R L BT ) /MR o 4 i
ST Aol 228 5 I ) 3 e 7 A 0 PR T3 e 4 S
FES BRG4GB s M | B i
BEY), R AN IR 2R KO B I, 2 5 4
JL A8 495 o /0N R JE 440 i TR K 4% E PP A TNF -
IL-1B IL-6, 5 | 2 1 22 240 M 433 05 , 40k i 3 3506 435 Bif 7K
PO BRIR A4 ARG 22 e M A E S5 o 22 R AT
AR A, A PFOS BB 75 5| b 28 5 48 1 4 1 I b
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1 #RERE

L1 M4

/INBR BV-2 JB TR 40 Ak (1 5t IR 2 2 e 4
k), R4S (fetalbovine serum, FBS, Hyclone 2%
H), L E), MTT, BT B-actin (Sigma 24 A, ), /MR
IL-6 ELISA i & . Valukine™ ELISA kit (R&D Sys-
tems 23 H) , 5 [#), TRIzol X7 \PCR ¥ % S il ] & 2¢
ik & (TaKaRa 23 A, HAS), #% 5% 5% K+ kappa B
(nuclear factor-kappa B,NF-kB) . HT/& (HL NF-kB. ¥t
p-NF-kB,CST A #], % H),
1.2 Fix
12,1 misssi

BV-2 4ii[fg 1} DMEM 5 3% 2 (10% FBS 1% ¥
BRMEERR) T 37 C.8& 5% CO, HiFfAfi b AT

gt BUE KRS RAF M it 475250
1.2.2 MTT 2afiei& /55 5%

BV-2 4 f 3 SRl ok MTT 32, K BV-2 2 fifd
DL 2x10* A /mL 1Y% BEFERD T 96 fLAR , 4541 200 pL,
i g% 24 h 5, 53 B AR BE PROS, fff H 20k i
J943 3 0. 1x107™ 1x107° 1x107° . 1x10° 1107,
1x107°, 1x107° mol/L, 47 3 # ,H & 5 &, PFOS 4
PSR 12,24 h 5, 3R bR IR, AL
AT 10% MTT (5 mg/mL) ) DMEM #% 3% (A %
FBS),# & 4 h, il A DMSO 150 L, {27, A br{m
FE WO BEAA 153 40 JE 14 i 4 ) 2%, O T Bliss 591
B PFOS EHUM IR E (1Cs) o 40 M TR (%)= (325
FL W' B — 15 55 WO BB )X R AL WO B E x
100% .,
1.2.3 ELISA #m m g b & & 1L-6

FEFLINA 50 WL i BT (1) 23 0K s AN [)
W BEARE SO AR AL P SRR E 2 he BALInE
B 400 WL PE3, A 4 KA 100 wL B 5 46
DA, 2 I F 2 h, Bl FRINA 100 L i G R4,
FIIFE 30 min; 2R IMA 100 wL 2 1F#,30 min
TE 450 nm ALMIOERE N, BEE 540 nm VE MR K,
1.2.4 Faf kT F PCR

oK FH 26 E ABI 2>\l B9 7300 SEH 52 & PCR §°
1SR AT e O RE B PCR AN, B B AR & :SYBR
Premix Ex Taq (Tli RNaseH Plus)(2x) Mix 10.0 pL,
PCR Forward Primer (10 pmol/L) 0.4 pnL,PCR Re-
(10 pmol/L) 0.4 plL,ROX Reference
Dye(50x) 0.4 pL, ddH,0 7.8 wL,cDNA 1 wL(i {4
£ 20 pl), RN AR 95 °C 30 s; PCR i
95 °C 5 5,60 C 31 5,72 °C 45 s, 3£ 40 MG ; Dis-
sociation stage (1 fi# il £k 73 #7) , £ 1] ABI7300 PCR
18,95 °C 15 5,60 °C 1 min,95 C 15 s, A B-actin &
WS H B R B335 47 hR Ak, mRNA A9 FH X 2%
5 A 28T YR S . real-time PCR 5| 9 UL
#1,
1.2.5 Western blot #im|

BV-2 4 & 25 Ab B 24 h )5, PBS k%, &AL
A 200 L RIPA Z&f#W (5 8 A B 6157 cock-
tail), 7850 24 , T 4 °C 12 000 r/min .0 15 min, -
AN R A, BCA R B AWRE ., HILEAR
AR 40 pg, HLUK K0 B R RO AR EBE R B B
% PVDF B, FH 5%MBiNE W54 2 i 3 I 2 h, TBST
VEME(S minx3 ), —HTH A5 1:1 000 Fi Bé(B-actin i
FELLSA 1:5 000),4 CIEE 2, TBST PEAR (20 minx3 1K),

verse Primer
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% 1 Real-time PCR 3|4
Table 1 Primers of real-time PCR

A 1975 (5—3")

TNF-a F:CCCAATCTGTGTCCTTCTAACT
R:CACTACTTCAGCGTCTCGTGT
IL-6 F:GATTGTATGAACAGCGATGATG
R:CTCCAGGTAGAAACGGAACTC
iNOS F:CTCAGGCTTGGGTCTTGTTAG
R:TGTTGTTGGG/CTGGGAATAG
B-actin F:CCTCTATGCCAACACAGT

R:AGCCACCAATCCACACAG

BRAR AL P bR i PR A AR R (L 1
100 000), ZE# M F 1 h, TBST #EAE (15 minx4 K); /il
KCH, i RN O 5 R EAT 140 R
Image-J JR {44 173 A7 2547 6% BEAEL, LA B-actin 1E 4
WSRO H R B Rk B T IRCE
1.3 %itFEHik

F1 SPSS17.0 Geit ¥k it ArGeit2 b BE Kt R H]
PR BRIE2E (s ) 2R o AL IR HEBOR B Ky 22
S3AT  ZH TRTP  FU AR B/ W 35 25 K699 (least signi-
fieant difference,LSD), P<0.05 N2ZE5FA G+ E X,

2 & R

2.1 PFOS %t BV-2 @ fiei& H 6%k

AATEE IR, G 8k BETE 1x10°~1x107 mol/LL
TP, B 25 Y 35 500 B A 390 (P<0.05) , 5 % BE 41 A1
b ,PFOS M 1x107mol/L FF 46, 4 a6 1 1% i A%
(P<0.05) , [F]— YL 33y B2 20 T Bl 5 Yo 75 1 1] () 12
1, PFOS 2b 3 24 h 20 4 f 7% J B AR (P<0.05, 38 2) .
28 PFOS %3 12 .24 h J&, IFEAFH 1Cs, 43514 1x
1074 1x107*% mol/L,
2.2 PFOS %} @i, £ M B F 5 ik 69 % v

DL LPS YER PHPEXT IR, 38 i ELISA k&8, %
P B TNF-a0 J& T1L-6 53 14 35 /111 (P<0.05) , 156 B 4t ifd
X LPS il 5 v E (B 1), G a5 3 s Y 4 i
LIEW, H ELISA K046 il H 5 10-6, 45 R EIR,

PFOS Y8 JG et 7 RN 7 1IL-6 190, 5% iR
Hedss , PFOSE: #5 kB iR, RPEIH 7 1L-6 /3 il £ |
LA W B (% 3)

2.3 PFOS ##4/5%F iNOSIL-6.TNF-o L &k 4977

1x10%.1x107.1x10°.1x10~.1x10* mol/L
PFOS £ 4] 12 h J& ,BV-2 ZH M ) iNOS IL-6 £ [ |-
P4 (& 2A 2B) ,iNOS mRNA [ AH X 2 1k 7K 543 ) S
XFIRALRY 1.08 .1.26.2.17 .1.04 .1.39 1%, H 1x

*2 AEFIE PFOS £E5AREREEX BV-2 4AEiE RN
Table 2 Effects of PFOS on BV-2 cell viability in varied

concentrations and time

12 h 24 h

PFOS - -

4 g 1 2 i 1
(mol/L)  D(490 nm) D (490 nm)

FEH (%) FHH (%)

0 1.648+0.225 100.0  1.504+0.081 100.0
1x10°®  1.261+0.148 76.5 1.353+0.282 90.0
1x107  1.368+0.222 83.0  1.282+0.117 85.2
1x10°  1.318+0.074 80.0  1.305+0.198" 86.7
1x10°  1.289+0.056" 78.2  1.476+0.078 98.1
1x10®  0.884+0.018" 53.6  0.598+0.046™ 39.8
1x107  0.308+0.008" 18.7  0.079+0.308 5.2
1x102  0.030+0.012" 2.0 0.036+0.008% 2.3

5 PFOS 0 mol/L Xf B4 [ 45 ,"P<0.05, 5[5 PFOS 12 h &b
FRZHAA 1L ,*P<0.05 ,n=5,

A B
400+ 300 "
E3
e S

3 300+ _
g 3 200+
E E
N - on
: 200 -
= 4 100
& 100

0

Xt LSl O i Lesa
55 %] B LA ,"P<0.05 (n=5).
B 1 LPS % BV-2 4t EF TNF-a(A)F1 IL-6(B) 43
A
Figure1l Effects of LPS on secretion of inflammatory factors
TNF-a(A) and IL-6(B) in BV-2 cells

% 3 PFOS 3t IL-6 & it B9 %2 1
Table 3 Effects of PFOS on secretion of IL-6
(pg/mL)
PFOS %< i IL-6
Xif HE 2 46.700+£19.324
1x107 mol/L. 57.118+13.608
1x107 mol/L. 75.624+17.547"
1x107 mol/L 80.196+20.911

55X IR e #,"P<0.05(n=3).,

107, 1x10* mol/L. PFOS fE 4 5 X FRAAAH L, 2 5%
G2 X (P<0.05) ;110 1x107 1107, 1x107,
1x10™* mol/LL PFOS #E ] 12 h J& ,IL-6 mRNA ) AH X
PRI A2 X B Y 1.02.1.17,1.06,1.19 ,.1.80
£ ,1x107* mol/L. PFOS 1E H 41 5 X FR 4 L, 25 5 4 ¢
P22 8 L (P<0.05) ;1 TNF-ao mRNA F4 A8 X} 3 15 7K
SFRE X X B AT B R R (8] 20)
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2.4 PFOS % # )5 3t BV-2 %0 it NF-«kB 13 5 i % #) NF-kB £k G B 2257, 1M p-NF-«B ik 5% ¥
AL e (E 3A B); [R—BF R (fE A 24 h),PFOS 4

ARV VE T BE 1x107° mol/L ' ,PFOS %t 7 i} 7] BEWRETE 0~1x107° J [l N, Bl & Wk B2 /9 3
FE 0~12 h JE [ N, BEE IR, S REAA L, B p-NF-xB A9 7K - 52 500 s AR v 3 in (&1 3C.D)

>
[os)

C
1.8 2. = 1.2
- = 5 E
g L 2 15 <y N
< B =y Zo
Z 2 1.44 <_z‘ ~ < 1.0
m%! % Z=1. EK
£ 1.2 %4 3 0.9
5 W oy e
z 19 I-LI rl a0 Z 08
0.0 ) T L A 0.0—L . s 0.74
T &L e T &I T &L
NN ON N N NN ON N N NN ON N N
RASARCARN IR RARSASN R RC RASARCARN IR
PFOSHRJE (mol/L) PFOSH&FE (mol/L) PFOSHEJE (mol/L)

5T IR AL, "P<0.05 (n=3),
B2 AREiRE PFOS 1M BV-2 53f iNOS(A) JL-6(B) .TNF-o (C)mRNA 7K 3 ) & fin
Figure 2 Effects of different concentrations of PFOS on iNOS (A), IL-6 (B), and TNF-« (C) mRNA levels in BV-2 cells

A B
*
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A B:1x10 mol/L. PFOS & FR[al B (6] BV-2 4 NF-xB &5 [ 1 2B 150 ;C D AW EE PFOS 1E 1 24 h B BV-2 4 g f NF-xB &
Fak oL, S R4 L, "P<0.05 (n=3).

3 PFOS #F 53t BV-2 4if NF-xB 15 5 @ R A =G
Figure 3 Effects of PFOS on NF-kB signal pathway in BV-2 cells

3 W FEWT, /N BT 4 B AE X 28 100 40 R 25 G s SR )
NE TR RERS A | B P R B & eI R

HH X #l 28 22 45 (central nervous system,CNS) 51473 R G |E AH HFE T 1 SRE A 0T, A4 £ 4% 40 i PR

Ji s P B R 2R A RN, NI R Bk T ONO DL RS 7 AE ROS FITE £ A (reactive
CNS N —ZE 2L P 2 S e 40 i, 72 CNS Fi 43 51 i nitrogen species, RNS) i i S8 AW [ i ZE 1 ARG 5
E@%T}ir‘*ﬁﬁi%?ﬁﬁﬁ“‘” AWFFEIE L Y BV- o MTT 455 BoR, [F—m R, PFOS YL ik B 18
2 YA, B PFOS 005 /0N B 5t 4H M 1) 4 5 B 1 1x1078~1x10mol/L 35 [l 4 , Bifi % 7] &2t (9 38 fin , 200 Jfd
ABAIET, AN AR 2D IR e 1S B W AR (P<0.05) 5 T 7E 7] — PROS W BT, Bl

Bi e BRSNS BT A0 MBS a2 B LRI R Y SE G PROS 51 1 40 B 1% ) IR 38 M
ﬂud” %5 CNS i B f  REwFsE IR(P<0.05), DL E45 368, PFOS RS 51 BV-2 41
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iINOS & & AE H ) — P i S 1 il L3R T8 R H 2
J2 W 52 S5 AN B 3 A AR 2 — R S s g oo A
KBRS TG m R R g R E AL, M2
AMFLRIFEL,INOS mRNA FR34 &, 4k i o #2850
FIPETS , ARBFFEEE R FEI , 1x10° 1x107  1x10°, 1107,
1x10“mol/L PFOS £ 12 h J5 ,BV-2 4il Jfi () iNOS
R E9E R E BV-2 4 INOS i3k,

T A1 /N B2 S5 41 fi 0 A EL A e TR 1 i
S VRN ML IR 740 TNF-o A1 1L-6, Horft  TNF-o0 2/
Ji2 I 40 M 7 A A AT e 22 B Y e A A0 i R
T, BN 7 S5 2 o0 RN i 28 i I A LA SR PEAE
5 W) P 22 0 BB FL S | 4 PR 8 5 T A R ) R
5, H ISR I0IE T el A S NO AR R
FMAIT, TNF-o B BEPRE] TL-1 5 2035 5 1L-6 7
Az JTL-6 2 —Fh LA i SR T 4 1 4l i PR 7, el
PAAY 5 PR p 28 2 G0 1Y B g8 DA SRRE L, 3 263
HRAESFEP AR S H A K, RIFREYN,
1x10°%.1x107 1x10°,1x107 . 1x10~* mol/L. PFOS 1§
12 h 5, BV-2 4y 1L-6 PR _E 3 i S /M i
200 LR JBC -6, AT 490 ) 200 e 0% e | AL S 3 5 SR A
ML E| PFOS X TNF-o BIFEBEAE T, H AN
HE— 255317

NF-kB J& —F 12 7746 T 2 Fh 200 1 D3 19 A% e 5k
W, BT & BUE 1 100 Z R IE N £k, KL
WS 500 R MR IE RN, #R R CR A AT,
NF-xkB i % 5 HANH ) kB 455 0 = B AK LG IE
PER R A WIE R AE e T3R5 40 i 52 31 40 g 41
5 RN 8 A E S R R AR s —
ERIN QR R NS R R A oy = A P R 1 7 e
iNOS Fl P [R50 38 - S5 AH G HE R g 2R3k L AR IE 3R
W, B A IE) R ZE K NF-kB 38 #3005 |, p-NF-kB %
KGN, PLAMBE PFOS ¥ BERG TN, p-NF-kB 3Rk IR
BTG R  $E R PROS AR PR GE NF-kB 4%, 51
% BV-2 414 5 i I

Zi b PFOS o] #1 ) BV-2 40 JL i 3% F1, 0%
NF-«B i& 1%, Ji s H R i 2L iNOS | 1L-6 i 3Ri5
17 A& DR - 1) R 43 0 1 BB A 5 | Ak i 22 e 1 43 1) Tk
TEBLEN, 7EJG 223250 b IR AR BT H PFOS 515E 1)
oM BN TE A 2 e A% R AR
(&% k]
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