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Abstract

This present study was undertaken to examine the molecular mechanisms
of mutagenesis and apoptosis of Di-(2-ethylhexyl) phthalate (DEHP), dibutyl
phthalate (DBP) and its metabolites mono (2-ethylhexyl) phthalate (MEHP),
2-ethylhexanoic acid (2-EHA) and monobutyl phthalate (MBP) in human
Iymphoblastoid TK6 cells. TK6 cells were exposed to either rat S9 activated
DEHP, DBP for 6 h or MEHP, 2-EHA and MBP for 1 h in serum-free
medium. Cell survival determined by trypan blue exclusion, and 6-thioguanine
and trifluorothymidine-resistant mutants at the hypoxanthine-guanine
phosphoribosyltransferase (HPR7) and thymidine kinase (7K/) genes were
assessed with doses of which relative survival is 30 % or more. DEHP, DBP
and its metabolites tested showed dose-dependent increases in cell killing and
mutant fraction with increasing nitric oxide (NO®) production but exhibited
considerable variation in potency. MEHP, 2-EHA and MBP were considerably
more cytotoxic and mutagenic than the corresponding parent compound DEHP
and DBP. These findings indicate the mutagenicity of DEHP, DBP and its
metabolite at the HPRT and 7K/ loci and contribute to the elucidation of
mechanisms through which DEHP, DBP and its metabolite may exert its
effects in vivo.

MEHP, one of the metabolites of DEHP. However, the detailed mechanisms
of toxicity remain unclear. The present study investigated the role of NO®
and reactive oxygen species (ROS), and inhibitors of apoptosis (IAPs) during
apoptosis induced by MEHP in TK6 cells. Here we show MEHP induced
strong apoptotic response in TK6 cells. MEHP up-regulated the expression of
nitric oxide synthase (NOS), elevated NO® and ROS production and

weakening the anti—apoptotic signals IAPs thus facilitating the process of
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apoptosis. Collectively, our results indicate that MEHP-induced apoptosis was
related with modulation of endogenous NO® and ROS, and IAP family gene

expression.
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2 3 AAERAFe] dFor Ry X5, 6] o2l FF°] phthalates H 32
2, Az ERe g wads doA AATY Ash "HolAg, 71¥, 13
Iz e 2 AR, Y S fEske o Z e A drk Ee uyiEe]
SEA2ZA Aol FaEe] HEn A weds S AFH, tPHeR oy x
A A &S FA Ha, dFS 2 AE &2 apoptosis el
sto] Tagh Wste RuETH3, 7, 8l @A gujle]HoR Algo] AR

o
i
()

2 DEHP, DBP % 9] phthalate= 19gdA =ddA 1565 =& X3ty
W, d4= monoesters FE| ] thAREEo] Ho| A S dEEmAde opr|d
F A= Ao=m 4HA vtk DEHP= Aol Eoj7Hd w27 F3s = 5740
gom thEE mono (2-ethylhexyl) phthalate (MEHP)®} 2-ethylhexanoic acid
(2-EHA)= w24 7} Zal€vh. DBP= vl thdatA Abgsol 371, =, &

S B3 AEKHA =EHo AWE 55 mono-n-butyl phthalate (MnBP)
2 ¥ i, 1 % glucuronide’t Z2%¥ FEl=2 A a1, Y+ unconjugated
monobenzyl phthalate (MBzP)¢} free phthalic aicd @HZ =& F3 wj=dt}
[9, 10, 11, 12, 13].
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Z1t}. Hypoxanthin-guanine phosphribosyltransferase (HPRT+ 2 Al
A % salvage pathwayel #olsl= &4 % hypoxanthin® guaning  Z+7}
inosine?} guanine monophosphate® H&AA Ft}sl QAMNA S WA 8= 95
S sty HPRT+= B34 7138 9o %= 6-thiogianine¥ 7S A A ¥ =
dol 9= purine FEAE 71HE o] &3O 2A purine fr=A7F E3HE WA=
Ab&stel  HPRT A3 AlxEsE Agdos wigd = AdoHl7, 18, 191

A

L5178Y/TK”™ M*2] thymidine kinase 23 (7K7) EdAWolx= pyrimidine



o] FAFAIQ trifluorothymidine &2 Aeldtt X-AZ49 7|54 wH4I4 HPRT
Frdzkel &, TK a4 A= vhs-2 GAA 1180 A1k 2714 7t =
A8, 1 T sk ol HEAdA TlsHolrt. AAMA A= &, TK

= Aoz Belg(20, 21].

2bst A A (nitric oxide, NO® )= E3#9] o|gh AlA Hdd, 4 &1, A5 vk
2 HAA Y Wol7ls T AYA Tles yEhH, #ZFe] NOT7F HA A
W apoptosis, HEAH &d, G 2 o] Ao H<lo] AH22]. Atst
AArE L-arginines Y5522 3to] A A LA &4 (nitric oxide synthase,
NOS)ell 9J&f A =™, INOS (inducible NOS), eNOS (endothelial NOS) 2
nNOS (neuronal NOS) Al 7}A|7} EA)gtt}. =49 INOSE A Atd A= =}
=3k ZhE Al A A 5 Aol AEE VAR e IL-139 Z2E
cytokine®] =}=ol A= WHo] Fristth T3 vkl NO*E A4itsto
nitrosation, nitration ¥ oxidation -85 YoA HAHdA WA A #Hosta

ATk A7 eNOSSE WAl e] nNOS+= Yk Ao A Ao Wd s il

2 AbEd Asze] NO'E Aatste]l Alx o Azdde|y dujde] g4
F= oAl w323, 24]. NO* 9] 3o dAs= oAl & HolA

(3]

-
A WolE do7|a, DNA A EALE JA|sal, DNA strand breakE vl 7l ¢
o 3 NO'v wwdy siqk vbg& x3st 3 7hA] AEsds A

DNA £S5 %3t pb3 %59 poly (ADP-ribose) polymerase (PARP)e] &

sk Ak~ (reactive oxygen species, ROS)E A2l A o] 4278 714
NA ALEW A ZES} FAA 2, cytokineo] tiEF ¥ T A=A A
of d¥dtso] vk aHER Ax A BEo= ROSO S A
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| $L23}}. ROSe+= superoxide, hydrogen peroxide % hydroxyl radical©]

gom, WAE XA}z Eol} Ak I G o) dARA =A4H
NO*= E3tAvH26, 27, 28]. ROSE @il DNA, A& S5& AFAA cell

L

necrosisE& ¥o7= 9IS = FZoH, AME Yo IFF
messenger=4 574 cytokineolyt A% <lzxle] 2E Ao T3 o
t}. o]= ROS7F AlEAMEO S A3 s AEsts wiZlA 93 dho] apoptosis

o] Ydols AFdE AL & 4 dr) o] ROSE TNF-a¢ Ao =2 <13

2l second
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o

o o
e

thokel Al @A S A3EA 7] O 2 caspaseE E3F apoptosis Al &

o

KU ox

o
2

nuclear factor kappalight-chain—enhancer of activator B cells (NF-kB)
T AEHZ 2EEHE A2 RIaETH26]

Azl S5 AEY FuA B2 AsEH SAo 9ste]  necrosiset
apoptosis® =¥ TF Necrosist= A2 8}e4 Q1 &4 93] dojvh= Mz =
So]al, apoptosistE o#] 71A] F AEH Y ANE AT o9& ME Aalo)
g o] &S AfFsAY AEFA ]l Bttt ddH™E dde e ES

GAH o2 dASIAA FES =50|th Necrosis

il

jg
N
e,
i,
rlr
X
rlo
=
—_&4
Lo,
(02
oZ,

323 A4, DNA @33} Fo] Fuks=d o] e AL e At
ANz Hgo os AT 3 apoptosisE MA HE FFAAN £A4YE AEE
of AAE gt T8 Fdoln, FFAA MEFTY ooy F5A AEFT]

ZAex &4 el W3y}l apoptosise] FHelo]l & 4 26, 29].

Inhibitor of apoptosis proteins (IAP): apoptosis A7 5S 7[R U= o
o, IZbo Al Had IAPS] FFell= cIAP-1, cIAP-2, XIAP, survivin
o] 9lt}. Apoptosisi= ZA3tE caspase-9° 23 caspase-3¥ TFE caspase:
AP o=ZN HNEE GAFeR FEAA AHAEAES dot. Ty
chrocaspase-3¢} chrocaspase-9¢ &4 2 XIAPS ¥ 313k AP familyol 93]
A= 4 At} Caspaseo] ZAg3a [AP:= ubiquitin ligase® #8319 caspaseZ
w3 Al 7131, IAP7} caspase®t AEAPE S A= A o9 ® AF 2lse W

A, AR Hole dd & dvpal Y30, 31, 32 o] F LS Sa

)



apoptosisell 71¢18t= IAP familyoll #3g A5 zlsfsto] ZE#o]E <]gt
apoptosis o] TK6 Aol ojw gt dFS vA=A & & ASs 22 AR
A=g

2 Aol A+ human lymphoblastoid M*25¢1 TK6 Aol 4 DEHP, DBP<}
olo] W& thAFFE<Sl MEHP, 2-EHA Z128]3 MBPel 23 #8748 #2438
of %A F£& Hrteta, § B W3 V| 2A5E Alvstaa A¥S et

AT,



o. As ¢ ¢

O3
i)

1. M=Zoj

Human lymphoblastoid A9 TK6 Al¥XE Massachusetts Institute of
Technology (Cambridge, MA, USA)Z5E F¢F wiorom 10 % Horse serum
(Gibco)® 1 9% Peniciline-Streptomycine (100 units/ml, Gibco), 1 %
L-glutamin (200 mM, 100X, Gibco)e] *x3%¥ RPMI 1640 (welgene,
Gyeongsangbuk—do, korea) HJA| & A}&3te] 37 C, 5 % CO, Z7sFAllA wl <&
shAth A7 wlFF ALY 80 %6 ATt Aebd Al wjgste] AlxsE dAs)
A A e

AL

2 Ago e Ag%¥ DEHP, DBP (Daejung, Gyeonggi-do, korea)= ®i ¥
dimethyl sulfoxide (DMSO, bio basic, NY, USA)E ©]&3}o] 25 50, 100 mM
stocke. 2 wEo] 4 To] HAdF] AFE3FFtE. MEHP (Sigma aldrich, St.
Louis, USA), 2-EHA (Daejung, Gyeonggi-do, korea) ¥ MBP (Wako, Osaka,
Japan)©= EvH DMSOE AF&3Fe] 100, 200, 400, 800 mM stockS THE9] 4
Coll ®yste] ALE-siet,

S9 mix+ Lyophilized SD rat liver S9. Aroclor 1254 (Moltox, Boon, NC),
180 mg/mL glucose-6-phosphate (Sigma aldrich, St. Louis, USA), 25 mg/mL
B-nicotinamide adenine dinucleotide phosphate (Tokyo Chemical Industry,
Chuo-ku, Tokyo), 150 mM Potassium chloride (Junsei Chemical, Chuo-ku,

_’IO_



Tokyo)& ZF 2:1:1:1 HE&EE 4ol AxstHow, AFAEHS wiYst= horse

serum A7heA ke WA el 2 %E Wrketel AW AaAsT

w
>
oo
1]
[lka}
2
o
B
Y

DEHP<¢ DBP= S9& A eshA &2 AxHat S9& A2 dAr2dd + 7F

A whH oz A st o, AHW-E horse serum= H7FgE WX & A&
S AR M 2 horse serume Al LS vl Ao S9 mixE FH7Fste] AME-3)
At FE== 0, 25, 50, 100 uyM=Z FA3F9 oW, 6A13F <k A st AdS 3

(
1

|

g3ttt MEHP, 2-EHA ¢ MBP+ horse serum< #H7}shA] &2 vjA] S A&
12131, 0, 100, 200, 400 pMe] FEE 147 5ot Aeleln ZAsto] Ade
1=y

L3 MEHP A3 &=2¢ Azte] 550 we d3Fs dHr7] 9lal horse
serum 7} WA & AR&sEe] 24, 48, T2A17F &

g 5 overnightdlo] SEASIAIRl thg S48 o8 FEE 2443 A 83

gl AT AEEC] 30 %7} e FEE gele APe AW

off
22
M
)

o2
ol
-
&

b A st AEE WA 2 A

4. Trypan blue exclusionO] oot Mz MES FH

ME AEELS Kim S[33]1e] WHS HEgste] S48 3t TK6 AIXE 6 well
plateol] 1 x 10° cells/welle] ¥ %= ®F3}3, DEHP, DBP, MEHP, 2-EHA 1
2]l MBPE w2 Ae3dte] 37 T, 5 % CO, =7 &t A wjekstdct. =g

Al ko]l Ak $ AlEE Rol FRAIZl F M wjFet trypan blue &= 101

N

210] hematocytometere] LA 3lo] BadAu|F oz BAste] Aol ATE

A5
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E4 E49 Az H3le] & AEE AL TK6 AIXE 6 well plated] 1 x
10° cells/welle] HE2 EFstz @A 7ol wel 99 2o 2702 ujek 3+

o 1 AEE Ro}

jus)

H#]& A A3FaL Dulbecco’s Phosphate buffered saline
(D-PBS, welgene, Gyeongsangbuk-do, korea)Z& ©]&3le] A¥XE AH3 A
28 WAE H7Fs] 6 well plated] AE-A1A overnight 3 & 7S HH o2

AZE A8k

iy
2
£
s
(
k1
rlr
c
iy
w
=
o,
=
flo

WHEgste] ZAsAT TK6 AEXE 1 x
10° cells/well®] H]& =2 EF3st] AFEAS A sta, AgAzte] AW AZTE

D-PBSE % W A& 3o 100 mm culture plateol] wjo¥atd om A o vl &3k
7-109 w4 AT Aztel APaFo =i well 3 40,000 cells/ 100

ul AlEe] Ux=g & 12719 96 well plate® E53te] HPRT EdWola] vy

o= 6-thioguanin (Alfa aesar, Massachusetts, USA)S #H7}3a 7K =4

Holx a2 trifluorothymidine (Tokyo Chemical Industry, Chuo—ku, Tokyo)

S HUtskd . HadE &2 well T 1 cell/ 100 ple] M2 L==Z 6709 96

well plateol] &FaA o™, of 25 Ft vige H ZEUE Ao SR Wk
£ AlLksk o

6. Griess assayO| 2|5t AFS}ZIA(NO*) MM Y =3
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£ L1z oA Axd EFES 100 wH A ste] A2oA AHste] 1023k
HES A Z T 10 § Spectra MR DYNEC technologies (Dynex Technologies
Inc., Chantilly, VA, USA)E ©°]&3}o] 540 nmolA JFTFEE S35 o,

sodium nitrite (Sigma aldrich, St. Louis, USA) Z+348 18 A

7. M ZLU] reactive oxygen species (ROS) X

A g Ede tg ROS A2 6 well plated] TK6 AIEE A2 A7 v+ v
% 10 mM 2, 7-dichlorofluorescein diacetate (H.DCFDA, Sigma aldrich, St.
Louis, USA) stockS 37 TollA 30% &< Ak At AXE Rol ¢
Al Bgate] A=dS AAst D-PBSE Abgste]l AlEE 2W AlH s
FBALE =AY 9aiA] D-PBSE 500 L dol ARH 3 5 2@t B
533l flow cytometry (BD Accuri C6 Plus, BD Biosciences)E o] &3le] =3

3t CellQuest programl. & #4] s}t

8. Apoptosis &4

TK6 Aol Ad=dS Agstar AgA gt &<t s 5, D-PBSE 2¥ Al
23k 48 ¢tolA 1X Annexin V Binding bufferS 200 ul ¥l 48 v

propidium iodide (PI)¢} Annexine ZF 5 uL¥ Yol T 168 5ot A0 A
Foto] wESAIZITE, WEE AIZF 2 1X Annexin V Binding buffers 290 ylL 3l
2 Moy 5 MEE flow cytometry (BD Accuri C6 Plus, BD Biosciences)®

A8t 54 F CellQuest programs ARgshe] 2 AdE Z43 30

_13_



9. Reverse transcription-polymerase chain (RT-PCR)O| 2|et mRNA Higd

A
Al

HI

RT-PCR< Im S[36]°] ¥Rle st SAs At A2zt St gt
MEE 290 M A3t TRI reagent (Sigma aldrich, St. Louis, USA)E #7}35}4
4ol Fan, 12000 xg=2 4 ToAlA 107 <t 94 838ty d5ds =2
tubeol] Eo} AoA 5EZF WESAIZITEH AEZE EEsH7] 9EA] chloroform

200 uLE €3 107 &9k A2 ¥EA]7]a 12,000 xg= 4 CTolAl 153t

o

A EElste] YElbd AE S A 22 microtube® % 4t} Isopropanol 500 uLE

SAIZL F, 12,000 xg2 4 CToll A 1087 L4 2] slo

RNAE ZAAZT d4%8 T, RNA pellets 75 % ethanol® A2 3s}a 12,000
5

T
R

>

o
=2,
R
—_
(=)
e
o
rE

B2 AAEY skt 75% ethanole] Eol/t=E @i & 3=
gk RNAE "i¥ DEPC-waterell ¢l % RNAE AZstrth. AAg RNA 1
ugS Fd oz AEe]l z+z+el primer®t DEPC-water 223 TOP script™
one-step RT-PCR kit (Enzynomics, Daejeon, Korea)E& % il

cycler TC-E (Bioer technology, Hangzhou, China)& ©]&3dle] ZZA71 3
PCR 4F=% ethidium bromide (EtBr)7} X3¢ 15 % agarose gelol4 15%3t
100 Vol #7195 3}e] chemidoc universal hood I (Bio-rad, Hercules, CA,
USA)ez 33 gl xa o2 B-acting AR

2 Age] A= Hi ¢ RTHAE UEYoen, BE Ad A= PASW
statistics 19 (Statistical Package for the Social Sciences, SPSS) T4 22713
S o] g38te] Student rtestol 9l FAZ FoAS YERAAT
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1. PART1. PhthalateS TK6 M=ol Xz2|5I¥S o UEILI= Sosioly U

sS4 718 24

W&9)7) @@Ed<) DEHP, DBPSE olo] tj@ thAibE<l MEHP, 2-EHA
2] il

Jm,
m

4, NO* 4 ROS A4 %ol W3t 54 5o thad wye AHgste] Brtsla
A Bk

1) DEHP, DBP¢} HALER A7 A X BEE vAE I9F

o

v "H 2ol TK6 AlEol parents compound?! DEHPSF DBP, o]o] tjsh tj
A= ]l MEHP, 2-EHA 31 MBP= A3 & AEZAAEE] WsE dotiy]
#1383l trypan blue exclusions Ald3tth. DEHPS DBP+ S9& A @shA| &l
AlAEARE Aed A 89S A Ao s AYS AgskaiaL, o
W S9& A2d 49+ horse serums H7bsHA ¥ WiAIE ARESEATH s E

= 0, 25, 50, 100 uMZE 6A17F &t At on, g% oEAow ATTE B
Aot FHA 80 % ol MEAEER 2 WIE YehA &gt a8y S9
= A 45 Hd 50 %o AE AMEES YEhH AFHoR HEds B¢
of vl 2A #AAES ¢ F ATk DEHPO A=<l MEHP, 2-EHA 1
2la2 DBPY dtiAHEE<Q] MBP+ horse serum®| §l WA & AR&stA o, 0,
100, 200, 400 uM FE=Z 1AZF &< A st wjsiaitt. MEHP, 2-EHA %
MBP= &= 4oz FoatA A= #FaE Wil Has=<l 400
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Fig. 5. Effect of phthalate exposure on TK6 cell proliferation and
viability.

Survival of TK6 cells after (A) DEHP (-/+S9), MEHP, 2-EHA, (B) DBP
(-/+S9) and MBP treatment, as determind by trypan blue exclusion. Cells
treated with DMSO acted as controls. Results are presented as a percentage
of control cells. The data are expressed as the mean = SD of three

experiments. *p < 0.05 compared to the control by Student’s t-test.
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2) HPRTS TKI fAAe Ed¥o] % £4

st fFHx WoldA HANE A HPRT, TKI #AAE o434
TK6 AlXel fdx WA gdS st 2 Aol A8 AdEH] v %
= gAEE A AZE AESAA 30 %9 AEES UEHUE 22 Vo
2 gEd, 30 % oo AEES UEUlE sEE & /) ol Adeste] E45)
%tk DEHP (-/+S9)¢} DBP (-/+S9)& 0, 200, 400, 800 yuM2] wL2 #2384
a1, MEHP, 2-EHA$} MBP+= 0, 200, 400 uM¢] 5= 2]t ¢lth. Table 1.0]
et ARE Ry AAHoR Fk oEA o FUhES WStk DEHP9
DBPoll A 400 uM<& 7|+ 22 S9& H7behAl skE Wk H7t sts v v
WIS AF 7ZF 112, 156 (HPRT), 7.3, 87 (TKDW7F & = A Ve, 9]
A& AuiEyd DEHP+S9, MEHPS} 2-EHA: DEHP9F A4 o= njus el
DBP+S97 MBP% DBPE 7o 2 dte] TAE detlen, 7 A7 2-EHA
o] FAYTE ALt ®E Ado|A DEHPS DBPE 7|02 TAAXSE
oS vreb

Ho
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Table 1. Mutation fraction in the HPRT and

exposed to phthalate.

TK1 genes of TK6 cells

x 10° 0 200 400 800
DEHP 0.18 + 0.018  0.43 + 0.024  0.47 + 0.039 0.6 + 0.04
DEHP+S9  4.43 + 0437 442 + 0448 526 + 0.343  6.27 + 0.501
MEHP 0.35 £ 0.051 0.89 £ 0.00  10.47 + 0.053 -
HPRT  2-EHA 0.19 + 0.0 573 + 0.282°  6.05 + 0.345 -
DBP 0.63 + 0.06 0.8 + 0.06 1.08 £ 0.108  1.14 + 0.036
DBP+S9 443 + 0437 755+ 0.667 7.86 + 0213  7.95 + 0.39
MBP 0.35 + 0.051° 861 + 0291  14.27 + 0.402° -
DEHP 0.95 + 0.04 0.84 + 0.034 069 + 0.046  1.19 + 0.014
DEHP+S9  4.01 + 0.044*  10.55 + 1.0  10.79 + 0.63* 11.55 + 0.349"
MEHP 1.7 £ 0.031* 959 + 0.439* 10.71 + 0.097* -
TK1 2-EHA 1.7 £ 0.031" 945 + 0436 9.96 + 0.318" -
DBP 0.95 + 0.04 1.06 + 0127  1.21 + 0.326  1.52 + 0.223
DBP+S9  4.01 + 0.044* 8.1 + 0.386" 10.58 + 0.696" 11.57 + 0.421*
MBP 1.7 + 0.031*  8.89 + 0.081*  9.20 + 0.055" -

The data are expressed as the mean = SD of three experiments. ‘p < 0.05 compared to DEHP

and *p < 0.05 compared to DBP by Student’s t-test.
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3) DEHP, DBP¢ dAFE R o] 93 NO® BAH =A

DEHP, DBP % thAl=2 Hleo] <93 TK6 AM¥Eo|Ae NO*9 AL g2l

st7] 913l griess reation assaygs &3l 23S X5t Th Griess reation assay
= ALTRYEAE o] L3819 NOy & NO, & YA 7|3 griess A FS o] &3}

HARESS oA NOy o =5 S4F037]. Table 2.914 Hi=upe} zFo] &
S A=A s &M or Agtd s Aol Skl AS & 5 U

t}. DEHP®} DBPE 1.17-6.88 umols/10°,  S9& ¥L vl 1916 - 1429
pmols/107. 2 Ht} =& X5 veygon BAHCRZ {93 F7HE e
Aot WA= Fol A= 2-EHASH MBP+ 25-31.8 umols/10° Abolell #-AFSH gt

S vebyon, MEHPE 400 uM sXolA 528.7 umols/10°¢] 7} =& A%
S e AT
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Table 2. Production of nitric oxide by TK6 cells treated with phthalate

NO*
200 400 800
(umols/10%
DEHP 12 +1.27 34 + 1.38 3.4 + 0.61 35+ 1.28
DEHP+S9 19.2 + 1.86 66.7 + 9.91 108.3 + 12.81° 1327 + 27.18
MEHP 39 +16 92.3 + 37.86  528.7 + 99.65 -
2-EHA 42 + 458 17.0 + 4.6 31.8 £ 0.0 -
DBP 22 + 1.1 35+ 1.2 45 + 047 6.9 + 3.98
DBP+S9 215 + 2.62% 65.9 + 24.0% 86.1 + 23.47% 1429 + 5.35%
MBP 25+ 0.8 1.5 + 7.29 30.4 + 8.26% -

The data are expressed as the mean =*

SD of three experiments. “p < 0.05 compared to DEHP
and *p < 0.05 compared to DBP by Student’s t-test.
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4) DEHP, DBP$ thAE 2] 2% ROSS A ZF 353

A Wl ROS A &S 5467 flaiA Al f ROSO 4& SA
A FRE AFEEE 2 7-dichlorofluorescein diacetate®}= 3 & 4S AFE3FST)
H-DCFDA+ ROS9| ¢J&} Akslx o] 2° 7 -dichlorofluorescein (DCF)%
H3S YA |H38]. ol & A3 oA = H:DCFDA Al 2F& AFE3Fe] ROS
o] AAHS =AU DEHPS DBPE 0, 400, 800 uMe] %2 ROS A =
= 585t om, S9& AeletA F %= Wl controlol Wl E Fhe HH 8-13 %,
S9S AHYsAS = Hd 31-34 %= 4uj7 s =2 ROS S UeRg = A
= & F AT E=T S9S HUbste] Adssls W SAA R FolsA St
Atk tiAbEE I MEHP, 2-EHA$H MBPe A €] ROS A &5 4
HEW Z} controlol Bluste] AR FostA sk o|EAHom FUFEAS
- controlel H]u g Fkel 50 %7} Wi MEHP<F MBPol| H]d] 2-EHAE 40 %
2 Hrth A2 ROS BAHS WERY AT
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Fig. 6. Effect of phthalate on ROS levels in TK6 cells.

TK6 cells were exposed to DMSO or phthalate in vitro and subjected to in
vitro ROS assays to measure ROS levels. After being treated for 6 or 1h,
TK6 cells were collected for HoDCFDA staining. (A) shows DEHP (-/+S9),
MEHP, 2-EHA. (B) shows DBP (-/+S9) and MBP. The data are expressed
as the mean + SD of three experiments. “p < 0.05 compared to untreated

group by Student’s t-test.
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2. PART2. MEHPO| ==%F TK6 MIXZO0|A LojLt= HEZAIYH 7™ EA

PARTL.oll A= DEHP, DBP$} ©lel gt tjAb4bE<l MEHP, 2-EHA 2 MBP
of HAMFYE 7|Ho usiA ARy, 1 A3 DEHP, DBPXt}F MEHP,
2-EHA 3 MBPollA TK6 MZolA FH54s st A4 #odsts A&
& = gt gARsEE Sl MEHP, 2-EHA % MBPE MTT assays ©| &34
AEZ BEES SAHT AP S T8 AEx54S FAs A7 MEHPAA Al
¥ AtEEo] 7FE =A yEwkal, 2-EHAS MBPol| A= MEHPX.t}F & A 3}7
S AXE AMEES YERQITE 28 B R gAMHE Fll A MEHPE A ad <
u] TK6 Al Eo A wAsl= apoptoosis 7] 1S #4890t}

1) MEHP x=30| Al® &L X 93

DEHP®] 12+ WA=l MEHPE =% %= ARt whel Ao mA= g3
= A7) fEA 24X 7 E)F oY TRE =EAA 30-35 %9 AlE AEE
< YedE v55 A4 A8E w55 =AY STt mE AxE A
&S ZAHI}AY. AEE 1 x 10° cells/well ¢] UEZ horse serumo] 7+e
Hj A 2 A}g-3to] 6 well plated] ®eFslgd il MEHPE Ao A% 283t}
Az & A2 A2 WAt F F Qb kst A2l $ trypan blue
exclusion WS A&t AEE&S AAbsIAT. 1 A3 Alx AE&o] &
A S7HES & 5 AL, 400 uMe] FolA 35 %9 Al
AEES YRStk o] 5 400 uMe] MEHPE 24, 48, 72A17F &<t 3 4
I} AJZbo] FIhgkel meEl Al AMEEo] SAA R FoetA STt

olft =
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Fig. 7. Effect of MEHP exposure on TK6 cell, as determined by trypan
blue exclusion.

(A) Survival of TK6 cells after treatment with MEHP for 24, 48 and 72h in
TK6 cells. (B) Cell viability in TK6 cells exposed to MEHP for 24h. Results
are presented as a percentage of control cells. The data are expressed as the
mean * SD of three experiments. *p < 0.05 compared to the control by

Student’s t-test.
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2) MEHP9] 23 NO* AA % =3

TK6 AlxEZA MEHPE AlHHEZ A stds w ZAs= NO® IS =

AatAth. MEHPE 24, 48, 72417 AelatdS W 15.2, 27.7, 97.8 umols/10°2. &
7k

A5 Yefdon, 7248 A e RS u 24, 48413

R84

2, ABAZE ST S
2o £A7b vehgth w3, BAY0R §94% 3
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Fig. 8. Effects of MEHP on cellular NO*® level in TK6 cells.

Cells were treated with 24, 48, 72h of MEHP at 400 uM. Detection of NO*®
using griess reagents. The significant increased in NO® production was
detected in treated cells compared to control untreated cells. The data are
expressed as the mean * SD of three experiments. “p < 0.05 compared to the

control by Student’s t-test.
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3) MEHPZ A &3 TK6 Al¥o]A 2 NOS mRNA 23&

RT-PCRE A3t MEHPE AHz2d TK6 AlXZ2] nNOS, iNOS % eNOS<]
HHS A AT 2 23 INOSSF eNOSOlA AlZE &2 or 3] w9
7 HAAT, nNOSE AlFHHste] & olE YEhUlA] 2a Ao A3 o
d s el (Fig 9). NOS @de 94 AR e NO° 9 =429}
AAsHAl Al EAA F7HE YEREY o= NO® AT Wsrt 4kad
291 NOSe| #d = #AZE stk Aoz s,

il

F
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nNOS (456 bp)

iNOS (604 bp)

eNOS (672 bp)

B-actin (250 bp)

Control 24 48 72 (h)

Fig 9. Effects of MEHP on NOS mRNA expression in TK6 cells.
Expression of NOS mRNA in TK6 cells were detected by RT-PCR.
Representative RT-PCR products for nNOS, iINOS, eNOS and B-actin are

shown. RT-PCR products were separated on 1.5 % agarose gel and stained

with EtBr.
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4) MEHPE A2 & TK6 AlX oA ROSS AZF 53

MEHP7} AlZFH 2 TK6 AEo] m = ROS 4& A3 Fig 10.914 &
%ol MEHP 400 uMS 24, 48, 72A17to.2 AHelste] ROS A FS SA 3}
a7 727 %, 817 %, 91.2 %9 FAE EAHoE FolaA Stttk Al
E U, N2 Asete trAlR Qls) A st= ROS® <l DNA 3 MEZE=
glole] 48 oF7|dlo] apoptosis el oIt z[39] o3 A= TK6

M| E 2] apoptosis kol #ojste &4 4= 9l
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Fig. 10. Effects of MEHP exposure on TK6 cells ROS production.

Induction of ROS production after 24, 48 and 72h of exposure to MEHP in
TK6 cells. Detection of ROS using HoDCFDA dye. The data are expressed as
the mean + SD of three experiments. “p < 0.05 compared to untreated group

by Student’s t-test.
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5) Annexin V-FITC¢ PI €4 23 TK6 A ¥l A< apoptosis &4

Annexin V-FITC¢} PIZ ©o]% &% A M3lo] apoptosis ¢ AEE =A3A
t}. Apoptosis7} ZASHA W AEA 2o $X 311 9Y phosphatidyl serine
(PS)o] Aaxv} wpgE o= wZu A ¥H=d], o] W annexin V= PSel Mdgl% o
2 Agtste] ¥33S YUetdl A "ok 53 propidium iodide (P A2 <he] &
I Agtste] #F3ES YeEllBERE PI 39 SU7MHS B3l MEe &84S & F
ATH28]. o3k delE& Edl® TK6 Al¥el :=F" MEHPo ¢a dAshs=
apoptosis®] %S =AUt TK6 Al XA MEHPE 400 uM TE=2 24, 48,
2RI ok A e Fo A= WA 2 wA|SFL overnight 3Fo] ot E A7l
% Annexin V-PI stainings &3l 43921, MEHPo| &3] YERd Al EZA}
do] Aol wet Frlste A¥dS UEdie e itk Fig 1164 &<l
& 4 o] MEHPES 24, 48, 72413k &< A2 S Wl Alx7t QE8FdAA =
7vetar, 38k st YERAS Wl apoptosist 36.0 %, 57.8 %, 71.9 %= A
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Fig. 11. Apoptosis of MEHP determined by flow cytometry assays.

Annexin V flow cytometry assay was performed to visualize the extent of
programmed cell death in the control group and groups treated with MEHP.
After being treated for 24, 48, 72h, TK6 cells were collected for Annexin
V-FITC and PI staining followed by flow cytometry analysis. (A) shows flow
cytometric plots. (B) shows flow cytometric analysis result. Each values is
the mean + SD of three experiments. “p < 0.05 compared to control by

Student’s t-test.
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6) MEHP7} IAP family @& m X+ 943

Apoptosis FZA<1x Fo| A TAP familyel]l &3t 21 x}E0] caspase?t #H A
¢l 2%e Tkl 159 apoptosis A= Al & de Ao BIHA UY
[40]. wteb MEHPel <l f=% apoptosis 713& #43l7] 98t IAP
family ¢l survivin, XIAP, cIAP-1 18] 1l cIAP-29] o3& 44S mRNA F59
A EAEkY o A3 Fig 1294 uEd wkel ol cIAP-1e Al9ld
survivin, XIAP 1281 cIAP-29] wd o] Adfd AS & & Ak A7t
uet e 8 d S Hlwskdls W MEHPE 24, 48413 AeE ds 4
$-+= controloll W& zFo]7} fl= g1t a, 2A17HS A PSS o =

9 grsts AES na

N
o
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Survivin (447bp)

XIAP (819 bp)

clAP-1 (551 bp)

clAP-2 (1068bp)

B-actin (250 bp)

Control 24 48 72 (h)

Fig. 12. Effect of MEHP on IAPs family expression.

Cells were treated with 24, 48, 72h of MEHP at 400 uM and thereafter the
expression of survivin, XIAP cIAP-1 and cIAP-2 mRNA was analyzed by
semiquantitative RT-PCR. As internal controls, B-actin used. The resulting
cDNAs were subjected to PCR with the indicated primers, and the reaction
products were subjected to electrophoresis in 15 % agarose gel and

visualized by EtBr staining.
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2
of weh =] Nlkel FrE wEE . B3k ENUS w2~

of Adstde W HPRT wAEY TK FAdAkl A 207 ¥ 2 &0
& 2dste AS A A TH20l. TK6 AlZeo] NO* »=E2 st HPRT®

TKI 342 Ed®ole] MAFo|AE dxato Hs] HPRTS TKIS £
o] WAool A YElyta M2 RS w TKI fFARA] EA ol

o HPRT %44t 99, o|g434 7152 74 7K 449 54 o
A

Z Btk 7K W fiae fAF 29 Axgos Qs AdFEAY Edwo
A AE7E HPRT EdWoldl AWl & DNA Zdde= A= & = 3le= =5

S 7FA I QqTH20, 52]. 2 Ad A= HPRT FAANA BY TKI 4
Ao Al EdWo] wEAo] 400 uMol A MBPE #1935 RE AP E A4 1.0-15

Ae BAE & A, ol AwE AR Jse Aol W

A3t 2B A= ROSS &4 A A F (reactive nitrogen species, RNS)2| w4l
I akst ol A Zre] A ZERE Exr o] st A5 wiH ROSE AHAT
(oxygen radical) %t oyt AbA9] B2 7] FEA (non-radical derivatives
of O0)E FA 3} superoxide, hydrogen peroxide % lipid peroxyl radical &<
E3etn dSyhs, 18 2 aAGTAA AE A HAE AAS wjohstar A
HAAowE x4 4S5 sty g3 715& AeAZlth. NO® &= nitric oxide
synthase (NOS)oll ¢Jall Aba9be] 2F4kst vb-g-S Fa N,Os& AAd3ste] RNS
5 #estH[23], #Fe] NO*7F HATA AzAbE, sidyd &4, Iy 59
ozl d3stS ofr)dtrh. 3k NO®+= ROSe| ¥3t¥ superoxide®to] Wkg-o 7 7
gk 4kslE Al peroxynitrite (ONOO )E B3t 4bst A5 &7l 7ot
#% NO*¢F ROSE Aststs 28 x4 #eel Aol ATHB3]

2 Ad49% AFEZES NO'9 ROS AAFS A¥HW AX AMEE
7kl HlEste] sk oEA o ® FUbEIth NO* o] A& 400 uMolA 2z}
tol A= FostA F7Hekaial, ROS A8 7t

v

Lo

0

[

parents compound$} H] 1L
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control¥ BluLdte] FAA O ® Fo5tA F7Fstith. ROSO A& dyEd
NO* el A4 fAeh Fgo =z MEHPOA 7Hd A versth o= ROS7F
Ad s, 2, |y Fd o]ea 24 HA NO* & Efetng A E
=49 NO* ¢ ROS Aol #do] gle Ao=m BT 22].

NO<t ROSe Ad#HS v27 Axs B3 23 Ax4s T8 A¥Hxd
DEHPol| =%% 7 vhg-2olAe] ndxAe izt NO* A ZFS HAS =
w controlell Wla] °F 2wjrtEF F7FE A& & UATH54]. DEHPS} DBPZ
AelE do] AAMES N AdFES 77 1, 10 nM 5%, 100, 1000 nM &%
A NO* Aol #FostA F7ket= A& WEHHA S [55], mouse-derived
pluripotent neural progenitor cells (NPCs)ol DBPZ #g]slgS v 5% &4
o2 F7ketdth. Ee, NPC Al*e] DBP =%& <18 ROS A4t 2 nEZ=4]
ol 715 ZlE FEshS AAFSFATHE6]. S, A M EZFT RAW264.7 Aol A
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