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Endocrine disrupting compounds (EDC's) are chemicals that either mimic endogenous hormones interfering
with pharmacokinetics or act by other mechanisms. Some endocrine disrupters were reported to be chemical sub-
stances that cause apoptosis in cells.

A number of reports have indicated that 1,3-DCP, one of the EDC's may act as an endocrine disrupter and
also has possible carcinogenic effects. 1,3-DCP, present in commercial protein hydrolysates used for human nu-
trition, are genotoxic and 1,3-dichloro-2-propanol induced tumors in rats. In the present study, it was investigated
whether 1,3-DCP induces ROS generation and apotosis in AS49 adenocarcinoma cells.

Here we show that 1,3-DCP inhibits the growth of lung cancer cell lines and generates reactive oxygen spe-
cies (ROS), a major cause of DNA damage and genetic instability. It was investigated that 1,3-DCP increases
G1 phase cells after 12 hours, thereafter abruptly draws A549 cells to GO state after 24 hours by flow cyto-
metric analysis. 1,3-DCP induces p53 and p21Cip”WAFl activation time- and dose-dependently by 24 hours, while
the level p21c“’”WAFl was decreased after 48 hours. These results suggest that 1,3-DCP, an EDC's generates ROS
and regulates genes involved with cell cycle and apoptosis.

Key Words : 1,3-Dichloro-2-propanol (1,3-DCP), Endocrine disrupting compounds (EDC's), Apoptosis, ROS, P53,
P21
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23 (genotoxic carcinogen)®o] @ 4 QoE 4
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9] AEH8Y Y (EC Scientific Committee for
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njEZcgolo Y cytochrome c& W&o g
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bose polymerase (PARP), bcl-2, p53, caspases &
o] FRAATE Fo sh=d], 53] ph3e A EolA
b} gutd oz Bole mutated F-AAO]H ge-
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2. 48As 9
21 A8As
1,3-DCP< Aldrich chemical co. (USA)AMS] A

FE 7Yt ALgstd e, Wiz} 4L Gibeo

BRI (Grand Island, NY) A}¢] RPMI 16403} fetal

bovine serum (FBS)& AF&3lc).

Yol A}&8 A549 Al E (human lung carcino-
ma cells, ATCC CCI-185)++ ATCC (American
Type Culture Collection, Rockville, MD)AFZ 5§
¥oF-g ukokt}. Antibioticst Gibco BRIAFRHE T

o=

=)
o

Y=

213ttt Cell culture dish¥® Corning (CORNING,
NY, USA) Ake] AE-&, 3-[4,5-Dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide (MTT)E
Sigma co. (St. louis, MO, USA) A}Z 3-8 93}
gom, 1 9 Ao AHEE MG 15k EF
AleFE ALg-3tH T

22, A%

HAAEFQA A9 EE RPMI 1640 (GIBCO/
BRL, Grand Island, USA)el 10% fetal bovine se-
rum (GIBCO/BRL, Grand Island, USA)® 20mlL/L
9] antibiotic-antimycotic (GIBCO/BRL, Grand

“Jsland, USA)S A713ke] 3x10° cells/mL A ¥9)

..drofluorescein diacetate
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UEE FASEA 37T, 5% CO29l AXu|%g7]d
A Fst R

23 AX AEE 4

9%-well plateo] 2x10° cells/well /X9 Yx 2
100uLd EF3}e] 37T, 5% COz Al Eujkz]o) A
1242t o] AXE HA3AA T 1,3-DCPE 3-9
IM FE2 AHasta 24 AT 2 48A12F Bt wl
3 % CellTiter 96® Non Radioactive Cell
Proliferation Assay kit (Promega, Madison, WI,
USA)2| dye solution® 15ul/welld A7}sli 44
7t o wkEAF T Stop solution 100uL/wellS 2
I AT F 570nm #Fo A FREE A4

24, 8ANA E

AZE 6-well platec] 4x10° cells/well A X9 ©
E2 EF3lo 37T, 5% COz AXudrio) A ujk
39t 1,3-DCPE 3-9uM 552 A &3tz 1247
Eob w¢kst % DCFH-DA( 7 -dichlorodihy-
H2DCFDA, Molecular
Probe, Eugene, Oregon, USA)E 100M ¥ EZ A
glste 37T, 5% COx A Eujok7| o)A 3087t §kg
N AEE ice-cold PBSE 33 F4 &, lysis
buffer (protease inhibitor cocktail tablets (Roche,
Germany) ltablet/50mL TNES buffer (1M Tris-
HCl, pH 74, 1% NP-40, 0.5M EDTA, 5M NaCl))
& 100uLy #HIsle d9Ad S 58 4L 4 T,
12,000rpmel A 1027 94 &2 (VS 15000CF,
Vision Scientific Co., LTD, Korea) 3ld A5 9&
g #8dE 4599 ¥FF5AHL ELISA
Reader (Anthos 2020, Austria)& o]&3}e] 23}
2 504nm, &3 374 524mMol A EA 3%

25. Cell Cycle #4

1x10%ml A2 WEg PBujstm A7
% 6uM9 F:E2 1,3-DCPE g sticth 24417
& PBSE A3t 75% ice-cold ethanol (EtOH)

%
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oA 24A3r A% AEE 2000 rpmoll A 383

AN E3te] A5 NS A A, RNase A (100p
g/mL)E &#% propidium iodide (PI : 50pg/mL

of 0.1% NP-40)8< ImLel 3 & 4Co o
ZollAl 302 WHEAIZT dAE 7 AEY
DNA %2 flow cytometer (Becton Dickinson,
FACS Calibur, France)Z #2139t (PI detect :
dhsgul 2t 488nm, &34 585nm).

2.6. Western blot #4]

AT E jce-cold PBSE 33 =A% & lysis
buffer (protease inhibitor cocktail tablets (Roche,
Germany), ltablet/50ml. TNES buffer (1M
Tris-HCl, pH 7.4, 1% NP-40, 0.56M EDTA, 5M
NaCD)E 100uL® #H7tste g ds 58 &
4T, 12,000rpmeliAl 1087 €94 Ee (VS
15000CF, Vision Scientific Co.,"ETD, Korea) 3}¢]
A5 NE ZUth BCA protein assay kit (Pierce,
Rockford, II., Korea)2 A #3tx Uz ghula
(30pg)<- sodium dodecyl sulfate—polyacryl amide
gel electrophoresis (SDS-PAGE)2 £ 3 % ni-
trocellulose .membrane (NC)ol| transfer3tith. o]
NCE 5% non-fat dry milkE &3 Tris buf-
fered saline-Tween (10mM Tris-HCl pH 74,
0.IM Nacl, 0.1% Tween 20)2.2 30%7F w3 A A
H Sol3 dillde] g veAS Agi § pbs3,
p21 " CPlo) thgt Aok wHSA 713, 2 A S o)
3 224 A2 anti-mouse IgG FAZ 247t 1A
A W AIFH T 7 gbgAlolo] TBS-TZ 1084
33], 30 &< FASIAT ol Z Aol ok
-3 @4 band: enhanced chemiluminescence
(ECL) detection ¥ o2 &3}

Z<l 1,3-DCPell 9& A549 A
IE MTTH S o] &3te dvzxd
de A AEES Fgodgn
1,3-DCPE 3-9uM F:Z =2 Z7}
wEAAY 2 A7 13-DCPY
il ABOMEE TR AR oEHOT AEE
FEN7E Eol BEAEHATH A549 AE)A ICx
9] & 14N =FA 9F 6uM, 48417 =E A
ek 3uMol 3t}

(Table 1, Fig. 2).

24X 3r3 48X 7Y

Ab49¢] 1,3-DCP (3-9uM)ell i@ #A4aF
(ROS) B4 &< DCF-DAY & ol &3t dizT o
el il ROS AA&< Fig. 39 YeERUTH
1,3-DCPell  dis} AS49MEE F& JEFHOR

ROS 474 Z37F slSol HZEHUT AM9 A X
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Table 1. 1,3-DCP induced cytotoxicity in A549 cells
as measured by the MTT assay

Time Viability (%)

Conc.(uM) 24 h 48 h

0 100.0 100.0

3 715 525

6 53.6 396

9 388 205

Cl/Y\CI
OH

Fig. 1. Chemical structure of 1,3-dichloro-2-propanol

(1,3-DCP).

Viability (%)

1,3-DCP (uM)

Fig. 2. Cytotoxicity of A549 cells treated with 1,3-DCP.
Cells were treated with various concentrations -
of 1,3-DCP for 24h and 48h, and cell viability

was determined by the MTT assay. Results
are expressed as percentages of proliferation
compared to the untreated control (mean % SE,
n = 3).

A 13-DCPell <8 6uM9] EEolA 1247 =%
A Wzl Hla) ok 509% o|A4te] ROS AAe) Z
7bak el ROS i AF7F 2 HEA, ROS9
DNA &2o2 9% apoptosisoll dE A+ =3
g3 ojzojxm Y, o]% ROSE HET
4 AEEQY A4, 99, 3, DNA 5o disty
v X w g A #9288 gorH M3
EE o4 vFEsd HEF, g&Y 59 HAS
I ARAS 59, FHAs ARd L3723,
9F, FutH 2, A7|AGAS 59 4 A¥e o
o9)= Aoew IR k. £F o] E ROS 93
AAzarsl Az A5 ADAAI}ES 0 E35)
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3 6
1,3-DCP (uM)
Fig. 3. 1,3-DCP increases ROS production in A549

cells. A549 cells were treated with 1,3-DCP
for indicated concentrations for 12h. Intracel-
lular ROS generation in  A549 cells was as-
sayed using DCFH-DA. ROS generation was
dependent on dose of 1,3-DCP.

o o8 71A AW FASFEE AFo] W A3
BAZ A ZAF 7FFAE oA dg
H 23 oy AW el Hr|® §it)
1,3-DCP7F A549 M X €] DNA contentell ©]X}&
AFE VXA A7 st FHHE A
712 AMEFNE #EASAY (Table 2, Fig. 4).
A549 AlEe A 6uM FE9 1,3-DCP A 2lol o)

1273 3 AXS Gl 2A7E F7stA R 24413

A2l Fole GO WAt FA8 g gk

ol A549 ME =% 13-DCP7} 12X 37X
AEe Gl dAAA 43E dAsGIT 2447 o
* &A% DNAE #E 34 %33 A= apoptotic
©A4¢l GO @A Z DNA contentE ZAse Ao
2 Asd

1,3-DCP= A549 MX W9 apoptosis ¥ cell
cycle arrest®} #HE FAAQU ps3 FHA}
p21PVWAFLe. = 45 9ie}. AB49 Al o) 13-DCPE
=239¢ 9 p53 FARAE ALH FEo 9=

=i

Table 2. Cell cycle distribution of A549 cells treated
with 1,3-DCP at the indicated times.
Results were obtained by flow cytometric
analysis of propidium iodide~stained cells at
1,3-DCP (6uM) treatment

Stage % gated of GO % gated of Gl
Time stage stage
0Oh 0.94 34.28
12 h 3.62 41.20
24 h 3951 31.46
48 h 46.87 28.25
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12 h

A549, 1,3-DCP (6 M)
Effect of 1,3-DCP on the A549 cells cycle
progression. A549 cells were treated with
1,3-DCP(6 uM) for indicated times and
harvested for cell cycle analysis. DNA was
stained with PI and determined by flow
cytometry.

Fig. 4

.
L

Hog Fyhsle Aol #AHUY (Fig. 5, 6). Fig.
6ol A BEo] A549 A Xo} 13-DCPE =392
W p21PVVARL S AatE AR FEs Al
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Tumor suppressor&td & A p53 FARE=
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HARA pb3 ALY 75L& DNA BAE 317]
AA 24219 genomic DNAY integrity, &, 243
£ checkdls 7|5 22 DNAY ¥ xyY3te
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7] AGAY Gl 71 BEo FUA &9 ge-
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{ J
12 h

Fig. 5. Change of gene regulating apoptosis in A549
cells. Effects of 1,3-DCP on expression of pb3
and p2l proteins. Cells were treated with
1,3-DCP at indicated concentrations for 12 h.
Total cellular proteins were prepared and
western  blot were performed with an
antibody specific for corresponding proteins.

o 715& 23 YolA o fAxe 2L fE
sd, 18d A% FoA Mg A4 LHA
p21% Nl Rhg  clakateel W ERBAYE

Gl cyclin-cdk®] 282 A3)3lE= CDK inhibitor
o}, Aduka o & p21 VWAL y5ael qownstream
o 91X 38} cell cycle arrest 2 senescence}7 o
A adgm®? apoptisisE AAsE Aow %
HA AP DNA9 &23e) 95 ME7} growth
arrest A EI7F = pb3ol 9 p53R27E &/ 8t
o] MEZo DNA &£4& FEg A= AxZst
DNAY &8 #HES A X3H AELT perma-
nent growth arrest AEl7}F Hoj AAL FBFAY
apoptosis®] #A & AA A4S Fr} o] A AN
p21PYWAFLe orowth arrest AFE)OlA] apoptosisE
JAsttirt 3] &3812 %3 DNAS &40 93 &
dAztso] A F3 o] WAL
AgH o7 13-DCPE Ab49 AXE

€ Adeta, AEF7

Woll A ROS
apoptosis®} #H#HFH H-A

=)l
=

A 2HFo24 apoptosisE b1t (Fig.
7). AU Qv IFELd i A7 oh4
o &g AAoltt o] AT E B ste] Yiux
HEZ g apoptosisﬂ NEAYG AAS B
8L, vobrh WEHI Al Z@EHel & o s14
A% BWNAE 16Ho} o= ZA 7lest
o U BRuA RS2 3 Fwe o 2 X
g4 Mz 71240 A5E AT AR
a3

223

{,9\00 %, Ya, ‘a
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N N N AN
% ey Hy By
] ]
6 pM

Fig. 6.

Change of gene regulating apoptosis in Ab49
cells. Effects of 1,3-DCP on expression of pb3
and p2l proteins. Cells were treated with
1,3-DCP at 6 uM for indicated times. Total
cellular proteins were prepared and western
blot were performed with an antibody specific
for corresponding proteins.

EDC’s (1,3-DCP)

Cell cycle arrest Senescence

Apoptosis

Fig. 7. Schematic representation of the suggested
effects of 1,3-DCP on the apoptotic pathway.
1,3-DCP induces apoptosis mediated with
p53 by generation of ROS in A549 cells.
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