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Di-ethylhexyl phthalate (DEHP) is an environmental contaminant that is used as a plasticizer.
Endometriosis is a complex disease with an unknown etiology that is believed to be associated
with exposure to DEHP. The present study examined the potential toxicity of DEHP by exposing
endometrial adenocarcinoma cells (Ishikawa cells) to DEHP. In the experiments, the cells were
treated with stepwise DEHP concentrations (0, 0.01, 0.1, 1, and 5 uM) for different exposure times
(24, 48, and 72 h). When the relationship between the resulting survival rate of the cells and initial
inflammation was examined, the cell viability, expression of TNF-a, an inflammatory mediator, and
the expression of MMP-9, an ECM degradation protein, were increased remarkably when the cells
were exposed to 5 uM DEHP for 48 and 72 hours. These results suggest that the exposure of
Ishikawa cells to certain concentrations of DEHP, estrogen mimics, may cause time-dependent
toxicity that affects the cell viability and inflammation, implying a potential role in the etiology of
endometriosis. Further research on the effects of endocrine disruptors on the pathogenesis of
endometriosis may reveal strategies to prevent this disease.
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AEH2]. Hi2H] ol Ed2 AU 222 weke doA A4

AU (endometriosis)< estrogen©]] 2]&8H= P54 Al, W] 9l oiAke} A

u
- [ Ke]
dgo g Wl defA A ghom], ot B e ERIHl.
ol e 2he AIERE AL U] Aol =8¢l = DEHP= ZetAge] &

ghoje] Ao gFS vA= e

QA Holh THAIR

F

o= 1l 3
g o] E(2-ethylhexyl phthalate, DEHP)}+= estrogen -3-Ak SRR EZ Sk SIARE Wi 0)5-R X|uH] £-of clokol A A

g Al
EHE AUt Aol Q& 208 S350 1 FA Fof| AFS-EITHS]. o] 3 AIFES YA A HA e
55 olg Ho R W7k qlrk ol @&7] 9l o fete] & 5ol 9441 DEHP ==&

AtQJ3t o] % sletE Ao S FEER EolU dA 1% o]o]Z = QJtH{5]. DEHPE= 3teh 34k ZekAE matrixe] &
FE AR Bl 0]2H 20164 EC (Buropean Commision)  -A%0HA] ¢hon = 21 S ol 3] f2E 4= 9L, 4%,
AR U]l A Gelo| ESF XF B A= 146 AF Y &8 T2 AN O R A A8] A% 4= 9lrHel. AA DEHP=
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371, & 22|3L Bl A e A&l 7). o134 DEHP=

chie] 422 3] 4201 53508 FExo] Qo]
SR G908 5 9JeHE).

Table 10| AIAISF T o] EA| Witr] ol 5852 estro-
gendt FARE 2H8-Z sh= Edot}. WEH| Aol Ed3t
estrogen &J&/ Q1 Abg o]l et A5 oln] 19909
FE Bag]7] A2t THIL /de] At ol A= Al
< 7= 9] 92%7t @70l A DEHPY] &7t =4 H&
&0 DEHPY] ezt A Huta-2 Aol e A2 Bl
Sk uk QIEH10). 18y DEHPO] k&3 A k2] 2] 4]
Q1 FHAlof ol A<= oF&] dejxl Aol glor= ¥elE dofrt
7] STl = Bk A &4Q1 dA+t7F B a9t A oot Al = 9
B3l S0l fol e 2w AW S sH
1A ¢l tumor necrosis factor alpha (TNF-o)Z £3}o] A
&, 53}, 123 Al E APE 59 ot FEE AlEE 28
CH11L. TNF-ai= 95, W 3 o dAof] 2h8-5l+= 583t ¢
=4 Af]EFIRIO R vascular endothelial growth factor
(VEGHE f+&ste] 414 9 &2 Al 4= 9141, matrix
metalloproteinases (MMPs)& f=3to] 59 253t Aol
T W& = Qleh12, 13].

MMPs= Sl B g4 T12 0 & Baj 22 of wle} 5708
TESIt) o] 5 gelatinaseo] 45k= MMP-22F MMP-9-2
collagen .= 4% 7] A eH(basement membrane)x} A| 32
7] A(extracellular matrix, ECM)& u3sl=] %83 43k
& gttt 954 cytokine TNF-a7} Ishikawa cell- A=+
Sto] MMPsE &H[8tal 7| A2t ECMef| 4 = 8 4as
wo3t7] 16 MMPs®] &/do] dofidth. MMP-9-> MMP-2¢}
|28 L2 2 Ho] 11 24 9] remodelingol| &= THojgtclar gtk
[14]. £3], MMP-99 8 S71=8# 34, A L AolE &
ok Ao o] Bolsk= 210 BaErH13, 15].

olo] & AtollAl =, 3 folEd ol A vlaitn] Aol =82l
DEHP2| '=Z0] [shikawa cello] U]X|+= 5A4]-& ZAFSIALA} SF

AT

Table 1. Suspected endocrine disrupting chemicals
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1. 25t o=
DEHP<= Sigma-Aldrich  (Merck  KGaA, Darmstadt,
Germany)ol| Al TLufgte] ARE-519Ict.

2. MIZEZ 3 M| HHQF

2 oo AR Ishikawa cell AL Q)abfjglo 2 HE
F-QF who} 10% FBS (Gibco, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA)7} 234 Dulbecco's modified Eagle's
HiZ(DMEM, Gibco)oll A4S 2 7kste] 37°C, 5% CO, Hl
F710ll A ST

B AJF o] AM-El DEHPS] %5 [16]9] X lof| wke} $hat
ol Al Ve X5 xsto] 594 0 (Hx<), 0.01,
1, 1,5 uME A8 e AT 24 ~T72A17F A1 36k

.

3. DEHP sk 3! e=A|I7t

9
0.

4. MTT assay

N LS BRI 98] MTT assay (Cell Titer 96
AQueous Cell Proliferation Assay kit; Promega Corpo-
ration, Madison, WI, USAYE AAISFA T W& Z1eFsbA A
% oAb Ishikawa cellS 54 DEHP w52 A3t 24,
48, 72A17F &t vieksrit. vl Rt -, 100 ulL B EiA] e 20
ul/well MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) 8- H7}5to] 37°Co A 4A17E A<
HfjoFst A7 oA microplate readers ARE-8H] 490 nmollA
S S7gsIGih

5. Real time PCR; RNA &= 9! ¢cDNA &M

Trizol Reagent™ (Invitrogen, Thermo Fisher Scientific
Inc. MA, USAYE AR&-3ted DEHP A 2] slo] vjoF3t Ishikawa
celloll Al total RNAS %313l Transcription First Strand
cDNA Synthesis kit (Roche)E AREFo] 7Hz7to] AIE 1 pg

Substance category Name

Source/uses Reported properties

Phthalates (DEHP, BBP,
DBP, DPP, DPrP)

Industrial Chemicals and
related Substance

Use as plasticisers in the Estrogenic

production of flexible plastics

Abbreviations: DEHP, di(2-ethylhexyl)phthalate; BBP, benzyl butyl phthalate; DBP, dibutyl phthalate; DPP, di-n—pentyl phthalate; DPrp,

di-propyl phthalate.

www.kjcls.org



88 Jae-Sun Choi. Analysis of Toxicity in Endometrial Cells Exposed Phthalate

total RNAZH-E| cDNAE $J5151tt. Real-time PCR 535>
SYBR Green master mix (Applied Biosystems, Foster City,
CA)2} 3H7 Step One Plus Real-Time PCR System (Applied
Biosystems)& AFH&-3o] 9H43% cDNAES template Aot A5
oA TNF-o -4 -2 918 3] 4% ¢DNA 6.75 uL, 10
uL SYBR green master mix (Thermo Fisher Scientific Inc.),
Forward and Reverse primer 22} 10 pmol, nuclease-free
water 4 puL £ 45 pL PCR amplification master mixs
20 uLA 2702] PCR tubee] Ful3t 9 AAJS}3Ict. TNF-a 3
house keeping -GA% GAPDH| AME-% primer AE-S
Table 29 1G5 3L TNF-ao] tifgt thermal profile 95°C
oA 187} initial denaturation, 95°ColA  30%7t
denaturation, 50°Co|4 307} annealing, 72°CollA] 307}
extension 40 cycle 523 & =4 s}3ich. Al 2el mRNA
2 3E3HE GAPDH 44 255 control 4|2 7 sto]
comparative cycle threshold (AACt) W& ARg-sto] A4k
SR

6. Western blot analysis

DEHP #]2]3t A Z(1 x 10%/per mL)E 4=75}o] RIPA buffer
(50 mM Tris; pH 8.0; Cell Signaling, USA)= 8-5lI3}31 1L, &
Sl MlaEAS il e AlA A5 HE Plerce BCA protein
assay kit= 74kt & T4 40 ugS 10% SDS-PAGEC]]

Table 2. Primers sequence and annealing temperature used for
RT-PCR amplication

Annealing

Gene Primer sequence temp. (°0)

THF-a.  Forward; 5 -GCTCACCCATTTCAACCAGT-3’ 50
Reverse; 5 -CACAGAGCAGCTTGACTTGC-3’

GAPDH Forward; 5 -TGGGCTACACTGAGCACCAG-3’ 55
Reverse; 5'-GGGTGTCGCTGTTGAAGTCA-3’

Abbreviation: RT-PCR, real-time polymerase chain reaction.

160

Cell viability ( % control)
8

24h 48h 72h
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%*
140 AT
120

A719% 3}9111 71 % nitrocellulose BFO 2 o] AT 5%
skimmed milk& A-L-o] 4] 2 h 52k blocking ¢+ ¥ 33] A4
3HAek. 1A AIMMP-9 (1:1,000), B-actin (1:5,000), all
Cell Signaling Technology, Inc.)= 4°Co| 4] 3251 RE-A171
3 TBSTE 31 AlX 31931 24 $A|(Goat anti mouse 1gG-
HRP-IgG (1:5,000, Invitrogen)& A-2-0f|4] 2 h ¥--A171 &
AA sk AlA 3 Pierce enhanced chemiluminescence
detection substrate (Thermo Fisher Scientific, Inc.)& o8&
Shof Tl e S Skelslort.

m
1ok
12

HI

A HA

MY

7.8A

o =
BE A 24 53] oA S MASIOm, 2 HE

R = T
tlo]El+= Mean +SDE ZA| 8ISt 57| A2l SA L2 13
(SPSS version 14.0, SPSS, Inc., Chicago, IL, USA)2 & AAJ8t
Ak Aof Tt 2142 ANOVAE: o]8-51d, £<0.05 ©]s1<l
A5 FolAdo] Y= Ao R TSIk

£

1. DEHP L=50] M2 4Z0f 0|Xl= J&t

Ishikawa cello] DEHPE =2 AJZ] 3 A|E A& njX]
L oJgks ok 7] 93] MTT assay= Ala§staict. e
DEHP %5(0, 0.01,0.1, 1, 5 uM)E 24, 48, 72417 =23k &
27} vl wske] Al &S Felskeint 0.01, 0.1 pM
DEHP 552 24, 48417t =2 Fof| epd Adl= o 2ot} H
woto] o421 Al LS ERRA] Gh3ton 1, 5 uM
DEHP &= 72A17F Le&3t & 273 Bl w kel o= 5
uM DEHP & =0l Al A5 710k Al 3 -85 e
ATHP<0.05) (Figure 1).

2. DEHP &1 359 AOIE7 Q! TNF-a2| Ered

A2 AEE AT o]o] 27] A5 riedhe BS54 Aol

Control

DEHP 0.01pM
DEHP 0.1 M
L DEHP 1M

‘ DEHP 5pM

Figure 1. Viability of Ishikawa cells
after exposure to DEHP. Cells were
exposed to 0, 0.01, 0.1, 1, or 5 uM
DEHP for 24, 48 or 72 hour. Data
were presented as the meanzstan-
dard deviation. *P<0.05. DEHP, di-
(2-ethylhexyl) phthalate; Bar graph
showing percentage of cell viability.



E70] AL ol 7] 98 mRNAS 223:3f0] TNF-0.2] &
Y OFARS Abw H ) TNF a2] BHE-2- Figure 1] A|Ae A
] A N AZE-2S o= 5 uM DEHP s ol ARk A

ABHA. 5 uM DEHP 5= 2 2417t 251912 ] TNF-o.]
wsto] F7RHG o ook ke Ao s
Uebget, ek 48A171 72417 e ol t 2kt v W

sto] AABHA S7FoHIet. 484170 72417 ede 35wl o)
of KLH 48AJ7te]| Hlel] 7247 TNF-a.®] o]
Sl

Flieg fofle

Ao & =Sl chFigure 2).

3. DEHPL| =&t MMP-92| d5d
MMP-99] ¥4 w3t 5 uM DEHP =0 A4t western blot

TNF-a

3.500
3.000
2500 Control
DEHP 5uM
2,000

1500 4

1000
0500 -
0.000 -

24h 48h 72h

mRNA expression
Fold change ( compared to control)

Figure 2. Effects of in vitro DEHP treatment on inflammation in
Ishikawa cells. TNF-a. mRNA was quantified by real-time-PCR and
data were expressed as fold expression over average of gene
expression in BSA treated cells. Data were shown as mean+
standard deviation of three independent experiments. *£<0.05.
TNF-a, tumor necrosis factor-o. High expression of TNF-o. compared
to control was induced with 5 pM DEHP at 48 h and 72 h exposed
in cell.

24hr 48hr

con S5uM con S5uM con

MMP-9
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5 £3to] 2oI3}eiT). 5 uM DEHP S5 24A]7) =2 30]
t kot vl arsto] MMP-99] de 5715t ot f-9]6}4]

oke 710 2 tehyt), 1y 48417 72417t e Sof =1
Z3-7} 8] W3 MMP-92] ¥FEL. A8} 278k Aoz
EPT 48A17H3 72A17E e S5 H|wSko] B 48A]710]
W3] 72412F 3 ol MMP-99] o] o Skt Slo%
UERRTHP<0.05). MMP-92] & T3t AI7E-0]E 2 0 82 35
7Fok= AE B ook, vl o) Wi ek X dj 2t £ 5D
]2t Ht SR B-acinof| BlF[ste] ALk chFigure
3).

i

mak

R HelBhA ol Zekae AR FAL vl
?l L.

BHAE 29471 Fefeds Al

FehAE AlES T 2 oR e 4 9l i%;_
DEHP= QIAofl AA3] HfR3to] 24 4 985 HaTshal
SATHS]. o1718] DEHP] A2 =/dofl tieh 2= B 4A S
HIREE VA B e 7R AAe] g At w2 AlE
30 9tk DEHPO| ke A ZolM= A2 S41&
(171, AIRAZFA A= & FK1&18], 2 AlEA =
Al AEES S7MA7 e AR BAETH19]. B8 in vitro

oflA FFA Ate|E7He] ﬁ‘:ﬂ’&% S7HAIZIEH20].

o A= DEHPE] =20] Ishikawa cellof] 14| +&=

A& ARSI $-219] 914 Ait= DEHP| e e *]
7k o]&3}o] Ishikawa celle] &4 27}, A=A Alo|E7}

72hr

5uM

96kDa

B-actin

30 4
*
25

20 4

MMP-9/B-actin

*
15 4
10 4
u
:
24h 48h 72h

43kDa

Figure 3. Effects of in vitro DEHP trea-
tment on proliferation of Ishikawa
cells. MMP-9 expression levels in
Ishikawa cells were measured by wes-
tern blot analysis. Western blot data
were expressed as percentages, with
cells treated with vehicle normalized
to 100%. Data were presented as the
mean =standard deviation. *£<0.05.
DEHP, di-(2-ethylhexyl) phthalate;
MMP 9, matrix metalloproteinase-9.

Control
DEHP 5pM
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<1 TNF-o. mRNA2] & 57} 712 371 ECM2 F-818k= MMP-9
o o] F7Fok= 202 UEyitt, o] 23t A¥5-- DEHP)
1=20] Ishikawa cello]l 54 0 & 2185131 913 o] 23t EA4)2>
Aol AR e & 4= ghe 208 Bk
Kim ${21]1¢] ®alof| wk2H DEHP2| =22 estrogen©ll &
Gk Bk [shikawa cell9] &8-S 27710k B skl 9]
th 2 Aol A = DEHP7F 3l d Y of = &8k Ishikawa

cello] AEEE o3 o2 S7MAZIH. o238 AXf= ol E

24 GAF 28-S 71A= DEHPZF 2 25 gk do7)= 7
07 23}, a2 WIS ASHY WA T A ZATE S ¢
o] & & ks 7MEE #4421 DEHPY| =32 243t
NF-kB Al O A A 2E 5ol TPAIEolA Al F41 £ A
7 2= 9lhal 3491 a1[22], NF-kB2] BF o] 2= 2418 Eof Al
THAY I 5 9-315to] ZHAEH apoptosisE A S 4= Atk
3L B SR QIeH23]. T St A5 Al BRI
oF 3L Bl ARl 7S £ S A o' &k
Atk WY A5t vl bt Al A2 S TS
SR UM S TSI R A Eokel EE ol 7o

stoh24]. 9 ¥4 vl 29k](Tumor-associate macro-
phages, TAM)2] 2-=5=(M1, M2 @3&) TAMo] 7FA] 1L Q1=
FHYS HOAA B2l =25 571 % SFeH25]. Bolling &
of oJshH MEHP =22 TNF-o &S Z71A]# RAW264.7
cell kol A A| 3 7} 3kl 5d M2 F A = vHY ol AA
7% 1 THR6]. & 3 DEHPY] k&3 A2 AE80] 57}
Sk A H617] QoA Wite] weks 53t A A

o] Jes] Y Aof Pt s & 4= 3

TNF-oi= 8731 Al EoflA] 2 =
A, W24, 11801 Al E3to] S8t JohE o=

& AHA QtH27, 28]. TNF-a2} IL-8 28 cytokiness
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TNF-0.0] 57h= ECM /323 AFg e} 11 Aol o] 54
7 4 Tkl LAIBFATH0). Aol A = Ao
J3+ %11 5 uM DEHP 5 =& Ishikawa cell] =% A Z
NF-a RNA & o] A[7H-2&8 0 2 Z715101 Qe
k. Aguiulse] Sast ARk g2 B 2ol
W T A 29] 750 MAHE =4 J9 S o
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/3 cytokine 4|2 Aol Tl oh= 5 7142 EAdek= 1
% P A AgUatE Akl A] RT-qPCR= &3¢t TNF-a
mRNA T 7} Tl -2 2ARSEo] A8 | & s13lth. =&
A% o] 4] 24A17F DEHP =22 TNF-o o]l o2 <1 A3t
£ HolA] ot out 48417 ol A 72417 -5-9FS] DEHP =2
TNF-a o] tfz2gto] vlsh F ]3] F7Fstal Qs A 0= 1l
Fol & o 27| 9% 4 Z TNF-0.9] A= E3f o] we
TNF-aZ AARF= 208 HojZt) o] DEHPY] x=29]
Ishikawa cello] TNF-a= HaAA|A 27] 945S GHA7|1L

o= =
12 Al7ko] Aol wheh ] F7k0h TNF-o $4-2 240
7102 A7k, TNE-o:8] chel 6 22 Tkl chipl

O] A7} 75 A o = ekETh MMPs family & MMP-9-
71 A9t Al Z2)7] A(extracellular matrix, ECM)S &3
Sli= gelatinase= theFet ¥ 2] 7o #ogtt}(13]. MMP-9
O] 2 ¢ 7)o WALl A] T AL Alo| E7fRIo|L
AZ7IRIo] ofof] Fi W= [34] YA AN = F2 =
O % YHEAY SHEA] o= Ao & HarEoH35]. T1eu
Rodgers 5136] 7-4E52] H il ofshd ghjet B415 75
Sh= A Arg W ol A= 244 0 = MMPs 'Ed o] Uehd=2
AR, HHH GREQF 52 Thelet ol A= AASHA 5
7Fohs HEES BolH[37], @4 ol A A et MMP-92
i iz Aol At AV Yle Ao = B skeinh38]. &
Ao A Aol A4$ 231 5 uM DEHP ‘5% Ishikawa
cellofl \eZA 72 W MMP-99] 'H8-& AR E 4 0 & 7}
T 181l TNF-a= et A Ea R =4 =[39] B
B 7715 2= oAdollA estrogena Aglite] EH4E4d
OIAE F7IAA 5= Qo B 2 MMP-29F MMP-99] 92 3F
A1 = Qloar B arsar QIeH40]. wheka] DEHPZ} estrogen
FAREA Y-S 7elsl DEHP L=2ofl 23] Ishikawa celloflA]

2E24
S =% A s o] ofo) Aol B R A-gsto] Al
FBEES FT7H710L, A5/ ARl E7HR] TNF-a. mRNA,
SHITE. 5 Al 2R 93] 7]
3 5 DEHPO] 54 2183t
AgWutsate] Axde] 3t 37 A7 Qs A o7 A

o ¥
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o

zekg|o| E(2-ethylhexyl phthalate, DEHP)= 3H4 ¢
=4 5 shvoln] STAE VRAAR AR AUk
(endometriosis)<> g ¢lo] 2 AR 2] oh= BRI Ao
estrogen +AF 2H8-2 3= DEHP &3} 3H4do] 1 Ao
B 330101 Qlrt. o]of] & = DEHPE Ishikawa cellof] 1=
ZA|# Ishikawa celloll WA= R4 =40 2ARst A5
Wuks-o] ¥l A dobk izt shqict. A% DEHP &
%(0,0.01, 0.1, 1, 5 uM)yE A 0= Hesto] A7HE(24,
48, 72 E e E313lal ool 2 N A2E, A5 1
2|3 ECM 3l Thil ko] A1 S A A3} 5 uM DEHP &
SO A 48, 72 h =EoHlS ] Al g0t A5 Ao EFF
QI TNF-ow 12|32 ECM 26l T MMP-92] 2 o] A7t €]
£X 02 Z7IHS ERIstott. o3t Ayl U4 Fk ol
of| 412 estrogen A &2 91 DEHP =2 Ishikawa cello]
=3 AlRte]| oJESto] A 0 7 ARG SHHA A BES ST
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