2013 8 Vol. 8 2013
3 350356 Asian Journal of Ecotoxicology No.3 350356

DOI: 10.7524/AJE. 1673 - 5897.20120305002

( DEHP)  THP -1 IL-18 MMP-8 ROS J . 2013 8
(3): 350-356
Wang J] Sun X Dong S J. Effects of DEHP on expression of IL — 13 and MMP -8 and ROS production in THP —1 cells J|. Asian Journal of Ecotoxi—
cology 2013 8(3): 350356 ( in Chinese)

(DEHP) THP-I1 IL-1pB
MMP -8 ROS

I, NE, TwE

361021
: (( DEHP) RT-PCR  ELISA 0.05 ~1 pmol L
DEHP  THP- AB(ILAB) -8( MMP-8) ; Western Blot DE-
HP  ERKI1/2 D27~ ( DCFH-DA) 1 ~50 pmol L DEHP (ROS)
0.05 0.2 pmol*L" DEHP 6 h 4B MMP=8 (P<0.05 0.01);0.05~1 wmolL" DEHP
48 h 1B - 0.937,0.05 wmol L' DEHP 6 12h
MMP-8 (P <0.05);0.2 wmolL* DEHP 15 ~30 min FERK1/2 ;1 ~30 pmol *L DEHP
ROS ; ERK/MAPK PDO8I5Y DEHP MMP-8 4B . DEHP
ERK/MAPK MMP-8 IAB ROS
o DEHP
. DEHP; ; ; ; ; ERK/MAPK; IL4 8; MMP-8
: 1673-5897(2013) 3-350-07 : X171.5 .\

Effects of DEHP on Expression of IL- 8 and MMP-8 and ROS Production
in THP- Cells

Wang Jia Sun Xia Dong Sijun’
Key Laboratory of Urban Environment and Health Institute of Urban Environment Chinese Academy of Sciences Xiamen 361021 China
Received 5 March 2012 accepted 22 March 2012

Abstract: To investigate the cellular immunotoxicity of DEHP and its possible mechanism RT-PCR and ELISA
method were used to explore effect of DEHP on mRNA and protein expression of IL43 and MMP-8 in THP cells
within the concentration range of 0.05 to 1 wmol*L”. Western Blot method was applied to examine the effect of DE~
HP on the phosphorylation level of ERK1/2. The effect of 1-50 wmol+L* DEHP on the production of reactive oxygen
species ( ROS) was evaluated using 2~ 7 “dichlorofluorescin diacetate ( DCFH-DA) as a fluorescent probe. Results
showed that DEHP (0.05 and 0.2 wmol*L™) significantly induced mRNA expression of IL4@ and MMP-8 within 6 h
(P<0.05 or 0.01) . DEHP (0.054 pmol*L") could induce the protein expression of 1L within 48 h stimula—
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tion which displayed obvious dose-effect relationship with correlation coefficient of 0. 937. MMP-8 protein expression
was significantly enhanced by stimulation of 0.05 pmol*L* DEHP for 6 h or 12 h (P <0.05). 0.2 pmol*L* DEHP
rapidly induced the phosphorylation of ERK1/2 within 1530 min. 1-50 pwmol*L" DEHP dose-dependently stimulated
the production of cellular ROS. ERK/MAPK inhibitor ( PD98059) significantly suppressed DEHP-induced MMP-8
secretion while it did not show inhibitory effect on IL-4 secretion. It was indicated that DEHP might induce the

gene and protein expression of MMP-8 through ERK/MAPK signaling pathway and induce the production of cellular

ROS and the gene and protein expression of IL- 3 through other pathways. The function of immune system was ac—

cordingly impaired and inflammatory disorders such as asthma were induced. This study could provide a reference for

the risk assessment of DEHP exposure.
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1 ( Materials and methods)

: MCO48M CO, (

SANYO ) UNIVERSAL 320R ( /
) ( Hettich Zentrifugen ) ; Spectra
Max M5 ( Molecular Devices
) : ND-1000 (
Gene Company Limited ) ; KODAK Digital Ima—
ging System ( Kodak ) o
DMEM N
Gibco +DTA
Cellbanker
ZENOAQ ( DMSO) .ERK/MAPK
PD98059 Sigma
( DEHP) Supelco p44 /142
. pdd /42 Cell
Signaling Technology( CST) o
IgG(H +L) Pierce . ECL
1.2
THPA (
) 10%
DMEM 37°C.5% CO,
s 3~4d 1
80% ~90% o
1.3 ILdB MMP8
THPH 2.5%10°
24 o 0.1%
DMSO ; DEHP( 0.05.0.2 1
pmol*L*) ; 20 pmol L™ PD98059 DE-
HP o DMEM
DMSO 0.1% 37°C.5% CO,
o ELISA
( ) 490 nm
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MMP-8 o
( real time RT-PCR)

A
1.4
IL1g  MMP-S
THP4
60 mm o
DMSO . DEHP(
L)y .  37%C.5% CO,
o RNA
RNA.
RNA o RT-PCR ( TakaRa
) RNA ( I pgepl?)
cDNA, SYBR Green I Master Mix
( TakaRa ) Applied Biosystems 7500
PCR  ( Applied Biosystems )
PCR o 1o

1.0 x10°
0.1%
0.05.0.2 pmol *
3.6 12h
( Roche )

1

Sequences of upstream and downstream primers

Table 1

5“GGACAAGCTGAGGAAGATGC 3~
SATCGTTATCCCATGTGTCGAA3~
S=CTTTCAGGGAAACCAGCAAC3”
5=GCTTGGTCCAGTAGGTTGGA 3~
5"-GGAGAAGGCTGGGGCTCAT3"
5" TGATGGCATGGACTGTGGTC3~

IL4B F
IL4B R

MMP-8 F
MMP-8 R
GAPDH F
GAPDH R

1.5 ERK1/2

1.5.1
THP4 1.0 x10°

60 mm ° : 0.1%
DMSO 10.2 pdmol'L4 DEHP(5.15.30 60

min) . 37°C.5% CO,

( Roche ) RIPA ( )
30 min 12 000 x g.4°C
BCA
80C o

15 min,

( Pierce )

1.5.2
SDS-

( BIO-RAD )
1h
pA4 /42 (1:2 000)
TBS-T 3
IeG(H + L)

30 g

PVDF
p44/42( 1:3 000)
(4c ).

5 min)

(1:2 000) 2 h TBS-T 3 5
min) ECL
N o Quantity One West—
ern blot °
1.6 ( ROS)
THP- 1.0 x10°
6 37°C5% CO, o :
0.1% DMSO ; DEHP( 1.5.25
50 ;Lmol'L4) : o 36 h o
ROS
DCFH-DA 488
nm 525 nm
DCF o
1.7
GraphPad Prism 5
( One-Way ANOVA) +
( mean + SEM) t
. P<0.05 o
2 ( Results)
2.1 DEHP THP4 IL4g  MMP-8
DEHP
5559 ngeg’ " . Nishioka ° DEHP
(200 pmol+L™) THP4
DEHP IL4B8 TNF-«
o DEHP  THP4
DEHP
ELISA MMP-8(6.12 h)  IL-
1B(24.48 h) o 1A DEHP
Ir4p 1 pmol e L?
DEHP 48 h IL4B (P<o.
01) 48 h ((137.05 +4.75) pgemL™)
1.3 & IL48
(2448 h
(91.08 £7.6)  (137.05 +4.75) pgemL™) .,
1B 0.05 0.2 pmol*L'DEHP 6 ~
12 h MMP-8 o
DEHP( 0. 05 wmol-L™) 6 h (P
<0.05) MMP-8 6 h ((141.52
+14.24) pgemL™) 1.5 &
MMP-8
6 h 12 h ((14.11 =

3.10) pgemL’') MMP-8 127.41 pgemlL™.
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THP4

1 DEHP IL4B(A)

2.2 DEHP  THPH IL48  MMP-8
2A  RT-PCR .48 mRNA
DEHP .
0.2 pmol*L' DEHP 3h  ILAB
8 (P<0.01) . 2B
DEHP( 0.05.0.2 pmol *L™) 3.6
12 h MMP-8
0.05 pmol L. DEHP 6 h MMP-8
18 (P<0.01) .
2.3 DEHP ERK1/2
1/2( ERK1/2)
A
IL-1pB
107 - Il 3h
Gh
# 3 12h
#®
=y
£
H
e

0 00502 0 00502 0 00502
DEHPHERE/( mol + 1)

2 DEHP THP4 IL4B(A)

MMP-8( B)
Fig. 1 DEHP induced the protein secretion of IL4B ( A) and MMP-8 ( B) in THPH cells ( *
control P <0.05

MMP-$( B)

0

005 02 0 005 02
DEHPHJE/( . mol = L)

P<0.05.P<0.01)
*% compared with

(* oo

P <0.01)

2 DEHP

THP-
ERK1/2 0.2 pmol *L* DEHP 5
~60 min Western Blot ERK1/2
3 0.2 wmol L' DEHP
THP ERK1/2 - ERK1/2
DEHP 15 ~30 min
30 min
2.4 ERK1/2 DEHP IL48  MMP-8
ERK/MAPK DEHP
THPH L4  MMP-8
B
MMP-8
251 | 3h
43k 6 h
< 15 %
% 10 % P
- /
& _

K
0 00502 0 00502 0 00502
DEHP#E/(u mol + L)

(% ok P <0.05.P <0.01)

Fig. 2 DEHP induced an increase in the mRNA expression of ILd 3 ( A) and MMP-8 ( B) in THPH cells
(* %k compared with control P <0.05 P<0.01)



354 8

A i O2DEHP  02DEHP  02DEHP  0.2DEHP  (umolsL) MAPK THP4 MMP-8 o

5 min 15 min 30 min 60 min

2.5 DEHP THPH ROS
5 DCFH-DA THP4
“ ROS .5

1 ~50 pmol- L DEHP 36 h
B
6 mm ERK1 -~ ROSO 50 pJnOl
s BAERK2 o = -L" DEHP ROS
i 4 Al 1.48 (P<0.05) .,
= 3 7
{7 BB B *
6000 =
0.2DEHP 02DEHP 0.2DE .2DE mol « L~
EWE “Smin  iSmin 0mie  eomm U0
e
3 DEHP ERK1/2 (A @ 4000
Western Blot B ; #
*o kK P <0.05.P<0.01) 2000 4
Fig. 3 Time-response effect of DEHP-induced phosphorylation
of ERK1/2 (A was the results of Western Blot analysis and 0 -
B was the corresponding bar chart of densitometric analysis; 0 : 3 5 30
* %k compared with control P <0.05 P <0.01) DBy mol + 1)
5 DEHP THP4
ERK/MAPK PD98059( 20 pmol * L") ROS(* P <0.05)
1 h DEHP ELISA IL4p Fig. 5 DEHP dose-dependently induced ROS production
MMP-8 AA PD98059 DEHP in THP- cells (* compared with control P <0.05)
IL4p 3 ( Discussion)
IL4B ERK/MAPK 0
4B PD98059 DEHP MMP-8 B DEHP
(P <0.05) DEHP o
ERK/ 8( MMP-8) 2
A B ( N
3 X [ RO N ) N
Ml 1 ool - L DEHP M 005 2 mol - L' DEHP 15
20 pomol + L™ PD+1 pomol « L' DEHP 20 pmol + L'PD40.05 pmol * L DEHP °
= 10 ~ 250
F %0 MMP-8
5% S MMP-8 o, MMP-8
60 = 100
Tw : MMP-8
= & °
0 = i
6 6 6
Bi ST He3Emta)m o DEHP MMP—
3~12h
4 ERK/MAPK PD98059 DEHP THP4
6 h (P<0.01) DEHP
IL48 MMP-8 (* .%x DEHP MMP-$
P<0.05.P<0.01)
Fig. 4 Effect of ERK/MAPK inhibitor PD98059 on DEHP A - 0.05
]
-induced protein secretion of IL4 @ and MMP-8 in THP4 pumol L™ DEHP 6 h MMP-8

cells (* compared with DEHP-reated only P <0.05)
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(P<0.05) 6 h ((141.52 ERK/MAPK THP4 IL4p8
+14.24) pgemL?) 1.5
DEHP  MMP-8 o 0
DEHP DEHP
. ROS -
1 B( interleukind g IL-p) Oh " 100 pmol *L* DEHP HMCH
/ 30 min ROS (P<oO.
IL1B 05) 1 ~50 pmol* L DEHP
. IL-HB THPA 36 h ROS
7 Oh o 0.05 ~1 pmol* L™ DEHP
18 100 pmol » L* DEHP ROS ( ) o 50 pmol - L
( HMCH) 4B COX=2 DEHP ROS (P<0.
(P<0.05) . 19 05) ROS DEHP
IL4B °
(P <0.05) 1L4p
. . CEWE(1966—) , B, A T FHE L, AR
DEHP 6 h 1L4p 71,2009 Nk P EAAFRBAFR, ELHRT QAL
DELP FAEE KA SCL# X 20 &5
IL4B :
R DEHP 48 h 1 Heudorf U  Mersch-Sundermann V  Angerer J.
IL4p Phthalates: Toxicology and exposure J . International
0.937: Journal of Hygiene and Environmental Health 2007
T 210(5) : 623 -634
2 Rudel R A Gray J M Engel C L et al. Food packa—
' ( HU- ging and bisphenol A and bis ( 2-ethyhexyl) phthalate
VECs) ( IL-6.1L-8) exposure. Findings from adietary intervention J . Envi-
» o ronmental Health Perspectives 2011 119(7) : 914 ~920
MAPK( ) 3 Shaz B H Grima K Hillyer C D. 2A Diethylhexyl)
. 2 phthalate in blood bags: Is this a public health issue ?
ERK1 . J . Transfusion 2011 51(11): 2510 -2517
2 0.2 wmol* L DEHP 4 Chen S Q Chen J N Cai X H et al. Perinatal expo—
THP4 15 ~ 30 min sure to diH 2-ethylhexyl) phthalate leads to restricted
growth and delayed lung maturation in newborn rats J .
ERK1/2 ERK/MAPK Journal of Perinatal Medicine 2010 38(5): 515 -521
DEHP o ERK/ 5
MAPK DEHP MMP-8 D . : 2008: 6
IL4B ERK/MAPK PD98059 Tang W H. Effect of propofol on the secretion of cyto—
DEHP MMP-8 kines from human monocytes stimulated with LPS D .
(P <0.05) DEHP ERK/MAPK Shanghai: The Second Military Medical University
MMP-8 2008: 6 ( in Chinese)
Quercioli 3 6 Nishioka J Iwahara C Kawasaki M et al. DiA 2-eth—
ylhexyl) phthalate induces production of inflammatory
RANKL MMP-8 molecules in human macrophages J . Inflammation
ERKI/2 ° PD98059 Research 2012 61(1): 69 —78
DEHP LB 7 Garcia-Rio F Miravitlles M Soriano J B et al. Sys—
DEHP temic inflammation in chronic obstructive pulmonary dis—
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