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Abstract (J. Kor. Oral Maxillofac. Surg. 2007;33:437-444)

HIGH DOSE EXPOSURES OF VINYL ACETATE INDUCE NEOPLASTIC TRANSFORMATION
OF HUMAN EPITHELIAL CELLS IN CULTURE

Jun-Hyun Cho, Chin-Soo Kim
Dept. of Oral and Maxillofacial Surgery, College of Dentistry, Kyungpook National University

Vinyl acetate has been widely used for the manufacture of polyvinyl alcohol emulsion, which is primary ingredient of adhesive, paints, textile,
paperboard coatings, etc. Since these products are plentiful and frequently used around us, workers and consumers are at health risk. International
Agency for Research on Cancer (IARC) classified vinyl acetate as group 2B (possibly carcinogenic to humans). Among the organs targeted, the oral
cavity is the most vulnerable organ affected by the carcinogenic effects of vinyl acetate. Since the origin of most of oral cancer is derived from the
epithelial cells, it isimportant to understand the carcinogenic potential of vinyl acetate in human epithelia cells. Thus, the present study has attempted
to utilize the immortalized human epithelial cell model to assess the carcinogenic potency of this chemica and to understand the underlying mecha
nisms.
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Vinyl acetate= Aldrich Chemica A}, 12-O-tetradecanoylphorbol
13-aoetae(TPA), agarose, 2 7] B} A] OFS-& Sigmart A £ ALE
31t DMEMG Al ) oF & Al k2 Gibco BRLA, westem
blotel] AF-&-3F A] ¢S Bio RadA}l, PKC isozyme anitbody =
Transduction LaboratoryAbell A -4 &Fed AF&-3FATh.

oz = 37C 2] 5% COz incubator of] A vl %5}
o & DMEM ©f] EGF, FBS 10%, hydrocortisone
(Sug/ml), antibiotics 52 o] AR8-3F51 2., A 3£ 7} confluence
Z o] FE Al Fo A 1.3 0 subculturedt i th B A Fol =
Ad12-SV400) 2]3l 1A &
655 AH- 33k

=)

23} 3l A| £ (RHEK-1)9] passage-

3. Vinyl acetate X{Z|

Vinyl acetatel= PBSO] 91 - wj ol 5 W Faaq
t}. 50% confluenceE K o] t o1 A A=) Al Z ol vinyl acetate (O,
0001 001,01, 10, 10mM)E ot ol - 144 7H A gt
% 100% confluenceZ o] & ] Aol A 1:39] H] & =Z abculture
sk

4. Cell density &M

A Z ] contact inhibitione] W32 =337 &) 5x
10cdlsomr = §-71ell 5 3L vl Ao vl GFell > 3 miok A &
Al Zrolg3L M EZ 7} confluencest e o] =23t S wf T
AT M E 75 AL T

(l
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5. Soft agar colony formation

Noble agar 1.2g¢1| dH20 35mIE @ 37 3027+ 1.9 Ué&fﬂ =85
15ml ¢] dH0¢} FBS 25ml, 2X EMEM 50ml =
£ W= Atk 5ml 9] agar baseS: petri dishol] Ez?——ﬁ— E}% ‘%“H 37C
incubatorel] 51t} 0.9g Noble agarel] dH20 50ml-& ¥ o] 30%-7F
2§+ 878 oS, dH0 7.2ml, FBS 7.2ml 2X EMEM 144mlE ¥
o] 0.36% top agarE 9= 5, F=H]E base agarel] 1% 10%cdlgldish
£ X35t top aga£ Y-S 2mlY peri dishol] ¥tk 1 & =

717} 0.3mmeo] 42l colony=E 24 dte] AL 28 A E F9
o) 3k ul B8 2 3% A] 3} TR
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6. Cell aggregation &%

Soft agar assay o} 742 WY © 2 Baseagar S YHE o] 5mi Petri
dishell @ lTh WA 37C incubatorel] & THS-, 10% FBSE 2.3}
3 vfj okl of] 10cdIddish® Al X & HE3F & 4 0] At A A
ofl A ujj okl Abol] A A= ImmE ok 2 colony] =7] 2 S27}
£ SAsAT”.

7. LDH assay

Vinyl aostetes] A) 554 %4 317] §15hol, latatedehycroge:
nese(LDH)7} W 39} © 2 )5l ke A EEA O] EAAE

o] 831 LDH assy2 4315tk Gwell vl £7]o) 527
A 2 THE Vinyl aodte: 244171 A2 shod v kel & % 5,
A 24 5 A v ool o) 24 Promegarto] Kitg o) &l
Z43h9h £710] gotel s MES] 5 LDHEH S 05%
Triton x-100& o] £3he] 4| £ =0l 5 =74 5}9 o} LDHZLS
A LDH 24 F W olo] %28 LDH 242 HAEE 1
B S

8. RT-PCR

Totd RNAZS F%31 T}, 1pg2] totd RNA9Y oligo d(T) primer
£ 93 60CoA 5&7 7] poly A+5 ATt 304 RT
mix(0.IM DTT, RNA guard, RT-buffer, dNTP, dH20, RT)E 7+
sampleo] 2& T}, 37C ol A 60, 70C 4] 108 & thS o
©-9)¢l] =kt cDNAFAH o] ZuhH 25, of cDNAGY 475, of
PCR mix[PCR-buffer, dH20, Tag.pol, 5 -primer, 3 -primer, dNTP-
mix(2P - labdled)] & ¥ & v} primerel] w}2} anneding tempera:
ture 2 cyde#E H A A 502 A 515t} 10% PAGES) # 7]
£ 317 gd dryerZ Zel & X-ray cassatteo]] o] 3} 75C K
25 A e,

9. Western blot

PKC isoforme] el d =25 S 3817] 918 A4 el 7=
membrane fraction} cytosolic fraction® 2 ¥-2] 8t t}-&, PKC iso-
form z}-7} o] 3 & AH&-3k T

Cdl lysae(2010) S A 719 =2 vt} Nitrocdlulose paperE: Bio
RadAt2] semi-dry cdlel] ¥ 37 15VE 308 =<t blottings} S o}
Bloto] 21} paperell PKCisoform 314 2 2 g u) & 2 3413 &
Ao w WAL, 22k FAE A2 T F Piercert o]
Superfluoro system®. = 574 313 ot

10. 48 AS

FoAd A5 Student’ st-testZ A A5G0 FooEE
p<0052 31



. &

i)

1. Vinyl acetate 2| QIX| AL|M|E giotst 22F dt

olo

M E T &) vinyl actdes Q1A AF oA ol 1447 F
o] 3} & saturation density, Soft agar colony formation, 2! odl aggrega:
tionassay & A1 8k T

Sauration density 2] 73-$- ) Z(21+008)0] B3 10uM (25
+0.10), 100uM +(2.8+0.04), 200eM7-(3.8+0.08) A = & o]
wE 2715 B 9o n, 800uM- 3 1000eM ol A = 7hzt 1.8
W 2 LeH = UEhg BAISE R o3 S7hE e
Atk

Soft agar colony formation €] 73-¢- -& 2] =211 vt
WA FgkoH, 1000uM<2ell A 16vl o Z7He H3
HOE Fol 3 FFL ol ek

Cdll aggregation ©| 7%, AA] &2 W9 WA 9T W
cdony 54 WshE BAY S ATh LU BBE 8] 4
S8 §FS MFFNN MMGFE7HA) o) S £ FER S
contect inhibition®] <] 3£ <1 saturation densityel] A ¥+ 3782800

OIHAILIMZEE 0|25t Vinyl acetateS ErefAl 2! Xt27|M

#M 9! 10004M)=ol| A -] gt ji3HE B3l T} (Tadle ).

14978 Q1A F o)A 2ol M2 ThE &7 vinyl aoetdes A
2] 3 7, Al X ©] passagedl] whet vrebubE fod o] AR EE S
A3t th Fods &8 Al X o] B2 4 g-4(Clond expar
donN)S E& £ S o) FEMELOE, Wolo]| =42 U
& passagec]| A LHERI T Sdurdtion density 54 A 5-A| 8H4 &
2 o8 w32 vERH 800eM -2t 1000uM ol A fod & &
o] = A tt. 53] 800uM 2] 73§ passage- 701 A fod 7} Lie}
L}7] Al 2Fsled passage-8oll A = fod 7t O S S7hsk el oH, H 3
£-2F9] 1000uM B ot YA fod o] Wa o] 2w o] sauration
dengityol] A Lrebc ket 3 | 2t A X] 59l o (Tadle2).

2. Vinyl acetate?} TPAS| AIS AN

Vinyl acetate®] -9k o) W eHE 21 4] (oromoten) = & &
TPA7} 0] X = 93-S #25}19] o). Sauraion density S =4
A TPAS G502 Foi g uf By vinyl acetdteS 4] 7]
& AF grol v F7hski o o2 S7he= &3
o] A tHTable 2, 3). TPA 100ng/ml £} vinyl acetate 4006M, 800M

Z(_'

R

Table 1. Carcinogenic potentials of human epithelial cells after 14 day-treatment of vinyl acetate

Dose (uM) Saturation density( x 10°/crm?) Soft agar colony formation(%o) Cedl aggregation(> 1 mm)*
Control 21+ 008 0.08 + 0.02 -
10 25+ 0.10 011 + 0.04 -
100 28+ 004 0.08 + 0.08 -
200 38+ 008 017 + 0.04 -
00 34+011 0.11 + 0.05 -
800 3.8 + 0.09* 0.14 + 0.09 -

* . P<0.05 as compared to control cells
=+ ;+:>5colony, ++: > 10 colony
Thedataare mean + SD with 3 different counts.

Table 2. Morphological alteration of human epithelial cells treated with vinyl acetate by passage levels”

Passage Cumulative no. of daysin culture Dose(uM)
after transfection Control 10 100 200 400 800 1000

1 14

4 39

5 46

6 53

7 59 +

8 65 ++ +

=+ ; +: moderate, ++ : severe
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3. Vinyl acetate?| M|E =2
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= A Fo Ao ol AR FofstA] oF
13 1.84), 2.180, 2.34) = L}E}L} EAHo R
AR k=1 5x4
S7HE

9 1000eM S FA
7o) u)3) 184}, 2.
=712 B9 tiTaled).
Soft-agar formatione] 73 -~ TPA T o A] ghe] Z717F Lher
UA] ekt ot Vinyl aoetate 400uM o] o] TR S A T Al
el 91 el(Table 2, 3). Vinyl acetate 400M, 8001Vl
Eo ol A thZ ol &) 2.18), 2,68, 2.34)
I B3 tHTable3).

XL 1}, 800M T+ 2 1000pM -0l A
1__< o

ko]
A=
&%

Uehf e,
Aol Yehte Ao 2 Ao ¢l (Fg. )
Sk

o
oSS

IRt DfX|l=

S/t A=
9 1000uM FA] F
E YUY BT FAACE g St
SAEE pssageE = S48 915t
dAS #EATh Fode] 285 E
4. &L
0] 7:]_,4,)0“
Fibronectine] mRNA ¥ 32 RT-PCRZ 2413 A3} 7.8
91 0 1], TGF-ag] MRNAL. 2 7.
© 1} 200eM - Bt 800

Vinyl acetates} TPAS] 4%
o], passagedl] & fod ] =
= 400pM o] A B A 2HE] QL 0 E 7 A 7] = 800M ol A
7H gkt 800eM -] 73 pessgeN(imE §- 46
A fod o] &7 o] A12HE %] oW, pessage§(in & F- 65 7 )l I
ot M e o] W3S FElo] & 1000uM el A S7HE B
i =4 21 1000uM ol A Z- 718t 73 34
Mol A= 5 7R ekoket (Fig. 2,3)

N fode] £30] B8 Folu A=
23 %= 91310} T3 1000uM30) 4 = passage 73] fod 23
o] A2 o], passage 89 A1 = 800uM -7} 7S -z0) Al W

A}
35 e itk (Tabled)
Table 3. Carcinogenic potentials of human epithelial cells after 14 day-co-treatment of vinyl acetate and
TPA(100ng/ml)
Dose (uM) Saturation density(x 10°/cn) Soft agar colony formation(%o) Cdl aggregation( > 1 mm)*
control 25+ 0.08 0.08 + 0.020 -
TPA only 28 + 0.06 0.11 + 0.007 -
10 24+ 012 0.10 + 0.014 -
100 28+ 022 0.12 + 0.005 -
200 34+ 018 0.18 + 0.084 -
400 4.6 + 0.09* 0.17 + 0.009* -
800 5.2 + 0.36* 0.21 + 0.012* ++
1000 5.8 + 0.23* 0.18 + 0.022* +
* » P<0.05 as compared to control cells
#+ ;+:>5colony, ++: > 10 colony
Table 4. Morphological alteration of human epithelial cells treated with vinyl acetate by passage levels
Passage Cumulative no. of daysin culture Dose(uM)
after transfection Control ~ TPA only 10 100 200 400 800 1000
5 46 . . . +
7 59 . . . +

8 65 . + ++ ++

=+ ; +: moderate, ++ : severe
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Fig. 1. % of total LDH released following vinyl acetate
exposure for 48hrs. Values are means of three
separate experiments.

Vinyl acetate Control 200 800 1000
(#M)

Fig. 2. RT-PCR analysis of fibronectin in human
epithelial cells following vinyl acetate exposure for
24hrs.

r Cytosol = i Membrane =j
control 500 1000 control 500 1000 (¢M)

-—-‘

Fig. 4. Western blot analysis of PKC-a following vinyl
acetate exposure for 30min.

OIFAIMZE 0|28t Vinyl acetate| 2retA 2 Xt27|X

5. PKC isozymedi| O|X|= H&k

PKC-a @ PKC-e-2 western bloto. 2 ¥4 3F 2 3} PKC-a2]
739 cytosal fractiono| A<= W3}z ¢ ¢l 2 v, membrane frac-
tionol| Al & 1000eM ==l A PKC @il & o] =717k Vel g
t}. o] = PKC ol & o] cytosol o] 4] membrane £ 2 o] 53}
o] DAG 5% A%3te 84302 AgH A5 < n gt
PKC-e2] 7 cytosol fraction & membrane fraction X5 of 4]
vinyl acetate ‘= Z ol <] ¢k PKC @) F o] W 3} 7p 2k = 2] oF
2ttt (Fig. 4, 5).

=
K
1]

Viny acettet= QA 8§ F 9] A2 BGF WA} A3
38 FROAE 9] AHgE I gdolA QA B b5 Aol
5O BT, 55 o] BAL Bl 4 5 Bole] §

Vinyl acetate Control 200 800 1000
(M)

Fig. 3. RT-PCR analysis of TGF-« in human epithelial
cells following vinyl acetate exposure for 24hrs.

- Cytosol —
control 500 1000 control 500 1000 (M)

e ———

r Membrane —

Fig. 5. Western blot analysis of PKC-¢ following vinyl
acetate exposure for 30min.
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2] Foll wE3H7] f2ol, 7 T AR 25 E0 A
7% 97 IS R4 0 7 el gope. & Aol o8t
W AR B 5 37 A 9] Tl M e g
oI5k vinyl acetates] o] HEE Yojihi ARSI} et
ol 714 & AO2 Lhebg e Vinyl aette] 93] o S
e TR AT S4, WA E F4, 414
E o)W 59 AL UAE A AR YA Lo
o]

24 2 7)1 7(ARC)= vinyl aodtate= Group 2B HrE A = 12
Fotedl, 1 AR v A E A Als L k. AA,
vinyl ecetateo]] 23 WA 8= ol vl &t Q1A o 8F A} A 7o)
B, 54, US4 S7HAE 0] 99 thE ¢t
gk A5 o] F-=5, A A, vinyl acetded] T A= <] acetadenyder}
TEARAAM & doe EFolgte A Soltth ol Al
7HAE ko] 52 & 717-(IARC)= 1995\ vinyl acetdes
Q1A wkeb 7155 4 (possibly carcinogenic to human) 2 553151
LA o)F E AY AFES o] vinyl acdtdes] 7HE
o EA 7S BALEkAL 9lo] vinyl aoetatee]] €] gk ok
S FAACE FATHE FA o]t

i Al
A= Q1 acetddehyder= DNA &F whull 2

= 94F deA Slo], aatddehyde”t DNAS] 3 &j
A EA hg Yo7 Ao E UelA ghro.

Vinyl acetate”} carboxylesteraseol] o)l -3l == 2H7g ol A Al
[e]

KR
= o
[e]
=4
=
=i

=

71740 F23k J5 gt vinyl acetder= 7Rl & Al
acetates} vinyl alcohol 2 ¥ 3 = 37, vinyl alcohol & car-
boxylesteraseel] ©] 3} acetdldehyde”} =7, o] = NAD+9] &2 Q1
A3} 74 S E3) proton A At 3 TH2, £-3] vinyl acetated] T A}
of #ofsh= caboxyleterase= -7 43| Al 2ol S 81, o]
A4E Wdshe 249 54 uhe} adtddehyde 5] H =
Zo] A B g 232 EXo] u}E caboxyleseraee?] 40|
2,

Acetddenydee] 4] Al 2 o] EA A E WY AAE 7HA]
AL ek A ol A A4 protone] 7= pHE A 81417
3, pHE A ahe Al EE 4] Q1 2K (mitogen) = 2F-8-she] =24 Al
X9 FHE FXe e AR A Aok whebA] pHRE A
atof] W proton Z7H7F 2 FX 8 S s ACRE F
Eth o2 gk pHEL S At & E A oA 5%
ool A et v et & A& 714
o ¥ ok Vinyl acetate= 1A 2eke] A4
Group 2BE -7 5 A9, A5 7kA] Q1A 9] Al =
Sb kA B4l B E uprt fld7]el B Aol
SV40 hybrid virus® £ sHA171 Q1A| A 2 & o] &3}
of AAssith o] B3 oAl £+ nude miceo] FAL Al
W= eI A = o A &2 0 & ul oFo] 7k el etd
o] A H &= TS FUIstE REH QA ZA A o] oo

2 A4 7} vinyl aoeteted] HA] S S o FA Y HETS
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g to o
o, flo
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S fo of
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VFER 1.0, vinyl acetate T 1= E 9] 735, 3-8 7FQ) 800uM
= 2 1000uM ol A contact inhibitiong- ¥ 718} += saturation den-
sty7} =7} s+$ o}k Z12] Y anchorage independence 2 cdlular
adhesons ¥ 7}5}+ soft agar colony formatione] v} cdll aggrega
tione- H3HE Ko=) ek tth wabA vinyl actater= 3o Al X W
A3t A F A oA T uk-S-S LR of Q1A Al el A 9
Wokgo] W AR FAHAT TS E Ao AHEE &
EEEmoomia FFEOE AAF O L EEE &% B}
- =t} wh2bA] vinyl aoetete’= UHE 318 Wt EF H o o7}
(potency) 7} 5 202 4 2}l eh.

Vinyl acetate®] QNA A kA o] A4 A1 Ak B o
ABH Q) BS 517] 18] vinyl aoetatee] & 2ol w2 4 T 9|
pessaged fod €] &3 A17]& A2t Sl ok Fod &= saturation densi-
tyoll A ¢} mpz7EA] 2 800uM o] o] JF Eo A eSO,
fod & A] 7] 800uM ol A = passage-70] 3137, 1000M -
A& passage80] AUt} 53], 800uM - Eor} 2 5 =91 1000M
ol A fode] ZEA7]7F 23818 =0zl A 2§ vinyl
aogtateo] A A 2 570 o] EAN T 7HeAd & Al Al 8L QLT

Vinyl ecetate®] 29t 71742 oAl A AR =
HA Joms, detEdo] o) METFEdE T
A o 4 METFASH O E A5 Wy
o] A E= A0 YA gtk wheEbA] & A
2 Ay A g 22 FZ 0 TPAS A0 £o43to 2 4, TPA
ol 9] 3t vinyl acetatee] 2ot
71 A3} vinyl acetdteS THE 0 2 Fol gl 3§ B} vinyl acetate
S TPAE FAlo] T F °
EHQ S7HE Bk B3k 3ekst A2 9 Msr vEehve
vinyl actae?] =& £ %% 62 wolx], TPAZ} vinyl aetateo)
et 7HE A Az A2 UErgth TPAE wekS F3718)
= 288 s u R, WA vinyl aodaed]] o] sk A o] &AK(initiar
tion)o] o] Fo| A 7, 11 & vinyl acetateol] &]3)] £AHE A E ]
TPAZF 2 571 285 Fro =M et A 9] S/t Uehd
AOZ FH & AU

Vinyl acetate®] & 2ol w2 passaged fod o] & <1171 Z7g ol
A=, vinyl acgaes THE Fol S uf Ko} vinyl acgtaes} TPA
E A TS fode] 24 A 717 20 wel] AE B

o

fru

rr ku o2 o
*
XN 02
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o] W= DNAE-A] 714 =2 dlkel Ao
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U2 A7) W Aol AP Z A EEAH O] oI A ES
He AZEG} DNABAS W P44 08 Z7HA9 0.2

[ex]
eke] 912 ST T & Aol A = vinyl acetated] 5=
2l 3 1000M Q1 el A Al 2S4S BloH, o
A QAAE Tt A0 Mot A
A 2 ATl M vehd Al E st = Al
Ao R A EF A BT -] AL sl AL

o)
+ 7ol 18y et ol Sl
AEzAPE o] dojutA] s 75
y_q_ }\]—];HX-] °oF Z}Joﬂ o a
M EAE o] Mshs GxA o] A &AQ A Fag 9ES
st 2 ATl A A ZAPE A4S dEEl 4 2 1000eM T
ANME A ZAPE #4- YERA]
Aol AHE-E M7 A ZANE 9 Zb‘loﬂ N7ekA) s B
st A EQ] A 2 A7 Ao E A7t T Al ZATE 7]
7(4_4 ZO}H 7]—0]—6‘1—11“ o];q_;go] /\}_q/q]_li__‘;_ I:H/}:)P_gi
A 2 & ﬂ?’-ﬂ gaste] et A ztE
Vinyl acetated] Q71 Hell = Ao E7F], Aledd &4
2}, A AR} Eo] Bost= A0 R A A T, o] F F0
kAl 7 A i{ﬂ?_lx}obl protein kinase C(PKC)= 91 Ak3} 3
S B AE S 8% 98-S st KCe 54
9] sine7) 9 threon|ne7]-§— 0123} A7) = A S &, Al Y
A4 g ekt A E 5AQ V)5S 2 P . KCE 11
7l 9] subspedies® -4 o] $L37, &4 o] 5430l whet AA 37}
A& B7F31= v dassic PKC, new PKC 2 aypicd PKC So]t}.
Clasic PKCE «, 1, 8ll, y isoform . 2 Ca* =} diacylglyceral (DAG)
o] o]Z& A o], new PKC= 0, €, 7, isoform©_ 2 DAGol| & o] &
Z o)1} Caroll & 1] 2] &2 o] T}, F 3k Atypicd PKC= A, 4, § iso-
forme 2 Ca, DAG %9 nje]&A ot} 123 o] PKC
isozymeEsq AW FE H 750 AE FF/ wet A= o
B & PKCisozyme?] So|uhg-5 &4 8 datstol o g
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