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Abstract: Perfluorooctane sulfonate (PFOS) is a persistent organic pollutant. Due to the extensive use of its prod-
ucts, PFOS enters the environment and organisms in various ways and accumulates through the food chain. To un-
derstand the effect of PFOS on half-smooth tongue sole (Cynoglossussemilaevis) immune function, we treated 6-
month older fish with 2 mg-L™" PFOS for 0, 24 h, 48 h, 96 h, and 7 d, respectively. The expressions of four im-
mune-related genes, including the heat shock protein (Asp70, hsp90), c-type lectin domain (c-type lectin), and cyto-
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chrome c oxidase (cox), were analyzed in the liver, gill, intestine, and muscle tissues under different exposure time.
The results showed that the expression of Asp70 in these four tissues was significantly up-regulated under exposure
respectively. Meanwhile, its expression in liver was significantly higher than other tissues, and the peaked expres-
sion of Asp70 in liver appeared after 24 h PFOS exposure, which responded much earlier than other tissues. The
expression of Asp90 increased significantly after 48 h exposure, recovered to normal after 7 d exposure in liver and
gill, and was up-regulated in intestine and down-regulated in muscle significantly. The expression of c-type lectin
was significantly down-regulated or not significantly different compared with the control in four tissues. The ex-
pression of cox was significantly up-regulated in liver and intestine, down-regulated in gill and muscle. These re-
sults indicated that different tissues in half smooth tongue sole have different immune reaction in regards of PFOS
treatment, which has a potential immunotoxicity to half-smooth tongue sole. When faced with PFOS stress, the im-
mune-related genes in the liver could response more quickly. These results could be helpful to understand the im-
munotoxicity of PFOS on half-smooth tongue sole.
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1 # #1575 % (Materials and methods)
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Copoeia 2 ), Platinum® SYBR® Green qPCR Su-
perMix-UDG(Life Technologies /A ), HAtiX 7] A
[ oAt
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1.3 Qe 5T %
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HNE A% E B AR HVR AN A fRUEH OD,q/
OD,,,=1.8 ~2.0. I/ DNasel Zb¥ RNA , 45k &
FIFEH 4 DNA 7535,

PLEL RNA(Z) 1 pg) AAAR , #2 B All-in-One™
First-Strand ¢cDNA Synthesis Kit (GeneCopoeia Cat.
No. AORT-0050)i5 8] 43 % 4 21 21 1) & RNA i#E47 %
BES B R —%E cDNA, RN =9 4 CH&H, 5
-20 CH-AF,

1.5 51Yiit ot & PCR ¥4
1.5.1 59t

HRAE NCBI B A 20 15 5 (14 A 5 3 K 31
S35 FE R Y 5t E 1 PCR 514, AH L A
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Fik S BEK/INVA TG 1Y) B-actin(putative beta-actin, 8-
actin) JINSHEH . BAKPS 57 W R/ Mgk 1 s,
1.5.2 s PCR Y1

Fiz 8 Platinum® SYBR® Green qPCR SuperMix-
UDG a5 &5 U6 B 1 iE 17 454, 76 96t = A ABI
7500 Fast Real-Time PCR system | 17 2¢ ¢ & &
PCR Y™ M4, RIIAKZ N 20 pL, &% cDNA Fifg 1
pL, B RS 1045 2 pL(&WKE N 0.2 wmol - L),
SYBR® Green qPCR SuperMix(2x)10 wL, Ll ddH,O
#EARFR, PCR W FE ¥ Hy:95 °C 1457 10 min;
PER S50 95 °C 15 5,60 °C 30 5,72 °C 30 s,PCR
PEIR 40, U HGEE 05 ST 15 R I 4734, i 2 PCR
e IR 2 551k 95 °C (15 5,60 °C .1 min,95
C .15 5,60 °C 15 s,

AHXT 22 2% Livak Ml Schmittgen [Y J5 74!,
B 2700 R EH R R I R IAE R, AAC =

K SPSS 23.0 H A%t 4 1) Bl i A7 B N R Ty
2/3H1(One-Way ANOVA), P<0.05 ,P<0.01 ]2 R
W% FrASER LA BIE R E2E (mean+SD)ERIR

2 Z55 (Results)

TE PFOS ZE 557 1 6], 4% X6 W 2 T 52 56 40 24 O 52
Y AT KAT N R U I S5 56 Tk Y5 Rl N PFOS
X2 0 i TG A ORI B S R
2.1 PFOS %% | hsp70 mRNA 75} 4 5 545 4 41
A 2 3K AT

PFOS Z&Z X2 1 1 B [F] 2041 hsp70 mRNA

&1 KBETRAMSIHEFE

Table 1 Primers used for all the expriments
AR HEH EmTIHE ~37) KmBIYGT ~37) S BeK/IMbp
Accession No. Gene Forward primer (5’ ~37) Reverse primer (5° ~3") Product size/bp
XM_008330429 hsp70 AAAACCAGGTGGCTCTAA AAATCTCCTCGGGATTGA 192
XM_008312181 hsp90 TTTGGTTGCCAGTCAGTA TGTTCGTCCACAGGTATG 324
XM _008313372 c-type lectin TCAAGTCCTTCTTCCACCCG AGTTCTCCCGCTTCCCTCC 162
FJ797309 cox TAGTCTGCTTGGCGATGA TTCTACTGCGGATGAGGC 223
KF932267 B-actin TCACCACCACAGCCGAAAG ATGCCACAGGACTCCATACCAA 223
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N TE 48 h 196 h ik BN ThlE 7 d 5 50 BR2H T i %
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HE A b 2 B0 35 T 1 (P<0.05)
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inyim| i [i]
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(@), (D), ()7, (LA 5 * 7R 5 %] FRZHAH L 25 5 . 3 (P<0.05)
Fig. 1 Changes of hsp70 mRNA expression in Cynoglossus semilaevis after exposure to perfluorooctane sulfonate (PFOS)

Note: (a) Liver, (b) Gill, (c) Intestine, (d) Muscle; * means significant difference between PFOS treatment group and control group at 0.05 level.



42

TERETEE . R E iR R (PFOS) X 2K 3 5 85 Cynoglossus semilaevis) 53 AH 5 K 235 AU 2 1) 75

(a) O X} HEZH Control HEPRZH Treatment

PR TR I hsp9Odk [RAI X ik

Heat shock protein 90 relative expression

I
1
I
0
24h 48 h 96 h 7d

Fisf ]

Time

ALFRZH Treatment

*

18 (c) O R Control

16 N
1.4 :
12

0.8
0.6
0.4
0.2

— %

PR TEIE B hsp9OIk [RAI X Fe ik

24h 48h 96 h 7d
T} ]

Time

Heat shock protein 90 relative expression

(b) O X}HAE4L Control HEFHZH Treatment

—%

1.6
14
1.2

—%

0.8
0.6
0.4
0.2

PR TR 1 hsp9OKL R FHX 321k
Heat shock protein 90 relative expression
—_—

24h 48h 96 h 7d
Fisfa]

Time

(d) O XFHE4 Control

1
0.8 —‘
l

0.6

ALPRZH Treatment

*

—_—
—t

0.4

0.2

R T 8 1 hsp9OL H A 25 3%
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24h 48h  96h 7d
T ]
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B2 ¥BESRAEAL hsp90 mRNA RixEH PFOS REAEIHZEL
E:@NF, O, (0, (DWLA ; * 2750 IR 22 52 1 3% (P<0.05),
Fig. 2 Changes of hsp90 mRNA expression in Cynoglossus semilaevis after exposure to PFOS

Note: (a) Liver, (b) Gill, (c) Intestine, (d) Muscle; * means significant difference between PFOS treatment group and control group at 0.05 level.

a2 c-type lectin mRNA ik 5% R4 A
M .22 5 (P>0.05) (K1 3(¢c)), WLALZIH c-type lec-
tin mRNA 5 H [ B 36 38 1 I (P<0.05), HAH X &
IKETE 48 h IR FRAREE 3(d)).,
2.4 PFOS %# T cox mRNA 7F ¥t T i & 40 21
Hh R A X 23 1 AT

PFOS Z& 55 X} 2 ¥ H B AN [F 21 21 cox mRNA £
KM W& 4 FroR, BE#E PFOS 2 % i [] Y 4E
K2 cox KL T, H 24 h A48 h
ARk B g 2K T X R4 (P<0.05),96 h A cox
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B2 cox mRNA ik it S IE T = FEREAR Y
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I 5 B FH(P<0.05)(15] 4(b)), ML cox mRNA
FEIR T, FLARXT RN AE 24 h f148 h B E 1L
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75 250 BRALK S (P>0.05)(E 4(d)).

3 112 ( Discussion)
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lectin J2: [5145 9 9% 2 42 b 19 8 B A =0 32 4 5 cox
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PR AT LA B 22 s e 52 1) 40 B R D) B HLIR 1) g i
BBl AT I8 i RT-PCR £ Rl PFOS %
#%24 h 48 h 96 h f17 d J5 , 2P 1 H B4 40U 3
[H 268 B 284k, W1 AE AR 1T PROS X6 2 18 75 5 1) £ 28
B,

PARTE R (0 EZ B R AR E IR N ALY
A, YHUARBRAERSE AVYAERSES %
PN AUARR AR SON, , R e B T s R s, A
T B A 245 1E 5 0 A= PR 2, B L5 )
AR A & T AH B ™Y, San-segundo 41
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Fig. 3 Changes of c-type lectin mRNA expression in Cynoglossus semilaevis after exposure to PFOS

Note: (a) Liver, (b) Gill, (c) Intestine, (d) Muscle; * means significant difference between PFOS treatment group and control group at 0.05 level.
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Fig. 4 Changes of cox mRNA expression in Cynoglossus semilaevis after exposure to PFOS

Note: (a) Liver, (b) Gill, (c) Intestine, (d) Muscle; * means significant difference between PFOS treatment group and control group at 0.05 level.
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WS 5T HIRBI & B IR 555 A A S R
ARWFFEH, hsp90 TE4- 08 BAT W b 8 8T STt
I RRA RS 7E 48 h kA BIERME,7 d FIRE &
XFRRAHK V-, FEMIE 2514, hsp90 3 3 [ fif A2 1
F UFE 326 B S0 OR3P A B S 32 AS RS 30
1% L, hsp90 BE R 335 T R 2 LA e 5 3
F14) A5 T B 1 S 22 A R M 1 i e i [R]
AR HUARZ 240 32 2045345 , FRAIK T 1 40 A
RIBE ST, FET hsp90 FKiEFHAK, EEALZIH hsp9o
SER AR Rk B AE 7 d SR A RNEME, nTfE et T
ERAGYEA LY EER, A R R,
hsp90 16 7 d JG RBA Ik, — & B F ek |
PFOS B & S L e ILRe I C R, LA
hsp90 FE IR AH XT38 32 B0 1, 31X 0] fE 5 3L 2k

TR BVRE A G, LA 2 U 2 S5 1) T 2 25
B I, ZEHLARSZ 3] PROS k3l i, 1R P 0% 438
TRFRA S B EIE H R IR S A O R H U Y
hsp90 FEH

AW LS R F M | hsp70 FI hsp90 Fe DRI AE- 1
T84S U S B e Rk FF ST Asp70 F
hsp90 35 B e KAH Y I 8] 5553 51 52 24 h #1048 h,
hsp90 ¢ hsp70 JEIR ; BRLZA LI hsp70 7 48 h ik 5|
{B, 1M hsp90 1€ 7 d JG PR LT+ 2 0EAH ; I A 40 ik
FI WA (H ) I 18] 43 591 & 96 h 1 48 h, hsp70 %5 hsp90
FER X FEW | hsp70 1 hsp90 B SE PR TEE A FK
BRI R L (R0 75 537 1) PFOS Bt fe v, &
TTHEA R b g B ML 58 42 AR TR, ARBIFSE
[l —JE R e A R 20 b B — @ A 2L =
PR X 5L T REE AL S S 5 K 6] 1) fo %8 58
%A O BARI IR T LA A R e — 2058

c-type lectin J&— & H A BH I 4544 35k (carbon
hydrate recognition domain, CRD) ) £ [ #8 K %, 1F
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B AR E B RS 9 AE AP E R 2 S
TRZEYIFREEES, B, XTF c-type lec-
tin FER F IR WA 2 T HAE A Wy IR AL SO i
AR R R R T A e R T RE Y, Feng 5P
RIL B IR IR ESZ 2RIV IR R A BELR B R 75
(WSSWRIE S , BEAA I MrLec FER 5 734 1
P4, Wang 5V R, DRI S 32 B IR RIS
RGN ) CTL-2 mRNA kK V-2 BT

ARG, c-type lectin F&[H ik i 5 X} BEZH AH
Pb it 2 MRE e 22 5, I BRI ILIA 4121
c-type lectin 3K 335 K-F-7E PFOS W J5#B 8L 1
BERARIE DL, AL L c-type lectin BRI 3K K
“F-7E PFOS i J5 A B & A8 4k, 5 8BURMAEY
BB c-type lectin B FEH Fe ik a8 AIH] #5505
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A TG BR300 i AR IR T S P R A TR R I IR
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B b, At bR T AL SEALA
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Bt WS FE BT, DT BRI T AN AR DGR R Y
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WA FEE— 25T

MR o AALHE(cox) B BRARNT I B HL 1%
LRI AW, 2 LA I W % %) 3 2B T g
cox FE [N 37 3k 1 19 A8 AL AT LA sz W 3 2% I W2 4% 1) 3%
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I, BE)5 7% . Achard-Joris 2"\ K cox FEH
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1) T e, a2 920 40 v %) 3 1 4RO BRI PFOSS %
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kiR RE R, D PFOS BT 5 1 i 453 47 488 1 40 i
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S AR AR RE R DL K A0 M ) IE B
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