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ACRYLAMIDE-INDUCED NEOPLASTIC TRANSFORMATION
OF HUMAN EPITHELIAL CELLS IN CULTURE

Sang-Kyu Kim, Jin-Wook Kim, Chin-Soo Kim
Department of Oral and Maxillofacial Surgery, College of Dentistry, Kyungpook National University

Purpose Acrylamide is present in significant quantities in a wide range of commonly consumed human foods. Carcinogenic risk of acrylamide
through the consumption of food is a great public concern and in controversy, but it is not properly addressed due to the lack of evidence in humans.
While a plenty of data is available on the carcinogenicity in anima models, the studies in humans are limited. Thus, the present study attempted to
examine the carcinogenic potentials of acrylamide on the human epithelia cell, which isthe target cell origin of the most cancers.

Material and method & Result

1. Acrylamide was not cytotoxic up to 100 #M as measured by MTT and LDH assays, indicating a relatively low toxicity of this substance in

human epithelial cells.

2. The parameters of neoplastic cellular transformation such as cell saturation density, soft-agar colony formation and cell aggregation were ana-

lyzed to examine the carcinogenic potentia of acrylamide.

3. The neoplastic transformation was further increased with the co-treatment of TPA
4. Antioxidants blocked the generation of Reactive Oxygen Species(ROS) and the GSH depleting agent dramaticaly increased the ROS production.
5. mRNA levels of fibronectin following acrylamide exposure was increased in a dose-dependent manner, indicating a possible biomarker of acry-

lamide-induced cellular transformation.

Conclusion The present study will provide a valuable basis to compare the interspecies differences in response to carcinogenic potentials of acry-
lamide. The data on the interspecies differences are essential element in human risk assessment. Thus, our results obtained from the human epithelial
cellswill contribute to improving the risk assessment of human neoplasm including oral cancer.

Key words: Acrylamide, carcinogenic potential, Neoplastic transformation, Human epithelial cell
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Acrylamide, TPA(12 - O - tetradecanoylphorbol 13 - acetate),
agarose, 3 7] EF A oF 5 SigmaAt Al F(USA)= AHE-sELL
DMEM 5 A & w7+ 2] oF& Giboo BRLAHUSA), 2471
22 (Reective oxygen species, ROS)¢] 3 7}o} B gl A|okL
PromegaXHUSA) A & A5} 91 k.

2. WA=H X2

70% confluenceE H.o]= AAF| A 2ol acrylamide (0.1%
DMS0, 5,10, 20, 50, 100 M) & 3-8k vl ol & 14U 7 e =
228t 1 TPA (100 ng/ml)<} 7] =) 2] &ttt A 7} 100%
corfluenceE: o] 7 Al ol A 1:39] H| & & At vl et - pas:
sagedl] whet Al X webd S A 3Gl Th €4 7] 4kAs B goopto-
SgHIZAPE) ] 54, 478 AL #st 4] ol = aorylamides: 24
AlZE A 28k o

3. QA &I M 2B
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4. Acrylamide2| CIM|M|EZ SMAIE

1) MTT (3- [4, 5- dimethylthiazol - 2- yl] - 2, 5 - diphenyltetrazoli-
um bromide) assay

Aaylamide®] A3 =4 43t7] fsted MTTHH S A
£33 oH9. Acrylamide £ 96 well microplated]] ¥ 7 74 7+
COz wjj 7)ol A v k3t 3 MTTE 2 (5mg/ml) 10 4E 2= well
ol §3 ThA] 5-6x1 7 W)k Aot Y= A E ) v ERE
o} 40 93] A H formazan 0.04 N HCl-isopropanol £
ol 100 42 2+ =] A microplate reeder S ©]-£-35}o 540 nmoi| A

FEE ST A X AEES anylamideS: %] X 5t well 9]

IE S Y2E AT o] dE FAE GO Y o
w2 g 2 e oo,

NIO _Il}ll

KR
=

ol
ol

a

2) Lactate dehydrogenase (LDH) assay

A 3o aorylamides 7L 7 A g st A4 e ske] Aot
A X ) g & sttt 22l E Al X Triton X - 1008
T 1%9] Fie = 7hshal 0% 7k WA eko] e A 71Tk Al 3 Hf
kol 3} M| I 23] A ztztell 46 mM pyruvic acid 100 4 9} 0.4
mg/ml 8- NADPH 100 4 & ¥ 37 E3}51¢] 340nmel| A §4 =5
Z74 %tk LDH 42 A 3wl Fel 2t A 32 e Aol A 573
gk 7t7te] LDH S48 &30 % B3 & 5 LDHol A
2] ¥ LDHE ¥ & & vehd ot

5. Cell density &%

AN 2 9] contact inhibitione] W32 =4 317 93] 5 x 10°
cdigortE & 7]l 2L vl Fat . vl GFe > 3 mi} A FAI
Zrola= 3L M| 227} confluence A B o] =39S off ©9] HA S
A X 5 Al bk T

6. Soft-agar colony formation

Noble agar 1.2 gol] dH20 35 mlE- @ 17 30 7} autodavedt T2
15 ml2] dH0} FBS 25 ml, 2X EMEM 50 ml2 ¥ o] 0.9% agar
baseE 7HE A th 5 mle] agar baseE petri dishol] F-2 th2 WHAY
37°C incubaorol] 51t} 0.9gNableagarel] dH050mlE ¥ o] 0
B2k atodavedt th-S dH0 7.2 ml, FBS 7.2 ml 2X EMEM 144 ml
£ Yol 036%top agar s TH= -, 4| ¥ baseagarel] 1 x 10°
calddishs 3 9F3l= top agar &4 & 2 mi¥ petri dishel] ¥ 3{ Tt
I % A H coonye] 3717F03mm )79 cdony & 54
ST,

7. Cell aggregation =X
Soft ager assay ¢} 742 WH © 2 baseagarS vHEo] 5miA petri

dishol] 2 $ith. BHAY) 37C incubatorel] & THS-, 1006 FBSE %3}
3wl kol o] 10 celldldishz A £ 5 HE 3 54U o] At A1



ol A ulj Felf Al g8k Imm o] =171 €] colony <=
SHA TS,

=2 =
£33

8. ROS (Reactive oxygen species) assay

DOFH-DAE A4 21844 2424 A X o] 2 55
A%H o) e HE U4 ROS Sl o4 FFEL3

DCFZ wist¥th. wpeba] DCFe] 545 F3ll AlE U ROS9
A S A et= Yo R de) AFE T 9 th 12-wdl culture
plaee] Al E o aorylamideZ 244 7F =& A) 71 3 lock shuffer=
Al #3813 33452 9 DCFH-DAE 158 7F e+ ol A A2 gt &
ThA] A2 5122 NaOHE o] cdl lysisgh th-2- luminescence spec-
trometerS A}-2-3}o excitation 488 nm, emission 525 nmel] 4] =4
Shieh. 7 ure] A4 g 8 2= Forum(2000)2] 1 < 21 43}
oo, gk ROSE) A4S FFAD) S o) gakef Selatel
Th A X E COzHl F7] 0l 4] 50 4M aorylamideol] 1A 7+ =& &
10 sM DCFH-DAZ 718} o 30 @92 147+ £t live
image fluorescencemicroscopy (Leica, = €)= ROS2| A A& 29
stk

9. Apoptosis =4

Cdl desth detection ELISA Pluskit (Rochg = ¢)E o
E/\}ug% =231t} 50uM o] acrylamideS: 244] 7+

T oaj ok S Aol 1 lyss buffer = 30E-7F Wk2-A) 7] 1 % 15ml

o] Effendorf tubeol] £7]37 200 X g2 1087+ 94 g sirh,

33}04 Al

Oligonudeosomes: 383 = 459 S # ¢ $ micoplae
resder 2 405nmei) ] DNA fragmentation&- =4 31 t}.
10. RT-PCR
3 7}8t7] 9180

Fibronectin, TNF - « 2 TGF - 2] mRNA =32
E59) 2712 ALE315] h(Table5). Toid RNAS %8 th&, 1
2] totd RNAoY dligo d(T) primerE ¥ 7 60C o)l A 587 &
poly A*S 2191 t}. 30 4 RT mix(0.1M DTT, RNA guard, RT-buffer,

dNTP, dH20, RT)E- 7} sampleol] ¥ & t}s- 37C ol A 60, 70C
oA 108 F 0} 2L 9o 3T DNAT G o] ZLjH 254

| of cDNAJ] 475 ¢ of PCR mix[PCR-buffer, dHz0, Tagpadl, 5 -
primer, 3 -primer, dNTP-mix(¥P - labdled)] S 22 t}S primero]]
w2} anneding temperaure 2! oyde & H A A FF0 2 A}
%t} 10% PAGE®] A 7] % =3} 7 gd diyer2 22l 3 X-ray cas:

stteo] o} 9§35} 75C B F s o,
.98 43

7 Ao o 2wt A 7 ddal] f9 4 A5 Sudent st-
tedZ A A3t f-2 == p<0052 3%
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1. AcrylamideQ| CIXM|M|Z SMZI}

2 Q1o A aylamided] )8 AAH E 54 b
w2 Soke] st 918 MTT 2 LDH asys 241631,
F bR g REA B A7) AEE SN AE 54
© YA 929k ThEF 100 M Q] 78 o) A Thas A E 5
Aol Yle Alr FAHY ol M3E YeERlA ot &
Aol AHGE o] AE BAO TGN T WL FFE
ohd Ao = 9t} (Fig. 12).
150 3
N b
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Fig. 1. MTT assay for the cytotoxicity of acrylamide exposed
to human epithelial cells in culture.

The cells were incubated with acrylamide for 7 days, after
which formed formazan was measured by microplate read-
er as described in materials and methods.

Values represent the mean = SD of triplicate determina-
tions.
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Fig. 2. LDH assay for the cytotoxicity of acrylamide exposed
to human epithelial cells in culture. The cells were
incubated with acrylamide for 7 days, after which LDH
activity was measured at 340 nm by spectrophotometer as
described in materials and methods. Values represent the
mean £ SD of triplicate determinations.
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2. AcrylamideQ| QIX|M|E gtotad m7}

A E F20] gl &g Ul A vetve AR A 2] whets)
£ H7tstr] f18l Al x 2ekste] 2| B E A odl saturation density,
soft-agar colony formation 3! cell aggregation®] 45 AHE-51 S
t}. Saturation density©] 73 $- 50 M 2 100 M ol] A] 2,341 2} 2,54
o] Z7+E 72 vrehd 9l oW, soft-agar colony 73 ¢-ol A = 20 ¢

HE 20) o]}e] Z7HE YERISIT o] 8 gk 50 4M o]/
FgF =EA 9 SV ol aggregationel] A & Ve 28
2ol A aorylamide= A X 9] HeF3LE XA 7= O E H7t
= At} (Teble 1). Al 2] &etshrt veh= A717F &4 5
ool o B AX 9 fod7t e A7) E B3 2
7} 50 M o)) A = passage-821) A1 100 M of] 4] = passage-791] 4] fodi
7F HA 7] A Zete] AlE O] W AZ|E Bl =2 AL

Tl e Sl BT (Tale2).
3. AcrylamideOi| CHSH TPAS| Wit =XIALE LT}

Aarylamideo]] th & A . etsle] £31 o -5 Q1817]
stof Wk ZXEA R A7) GHI TPAS H t
A4S 2H91 k34 5% . Saturation density 2] 7
T Fol Qg Fo] A] 53] 0MEH o &
W o}, W& Fof Al aorylamide &5 Fof ol H]sle] Z7}
= Uehi Al = 2 9tth(Table 1, 3). Soft-agar colony <] 73-¢-= 1§
& Fol A aoylamide @ Fof o Wgte] 20 M7= 2
Aol = flA o 50 MO M FE thar 71 B or, iz
ol Blg A= 20 sMTE -2 3 718 HEhf o] 100 sM <]
745 aorylamide T FFof Aol = 298] F7He v W 8- ol
Aol & 47 7F S 7hE o TPAC o9 £ 24-8-o] TR 3 &
ekl t(Table 1, 3). o] 21 3 ok 53122 cell aggregationel]
A &= e 100 M 9] 73 5- aorylamide T Fof Aol = 53
H colony =7} 57 o] ol A WA TPASH W& Fof Aol =
107) o] ol glch (Teble 1, 3). o] o 212 TPASY o] & Wk =
AL fod o] EE A 7101 A % F3iskA vebsth Fode] 2
&2 passage-89] 77 10 MOl A F-E W] A2t o
50 M 9] 7 -5-= pessage- 74-H, 100 M €] 73 ¢-= passage-6-7-E
focio] Welo] ¥t of anylamide &5 Fof Al E T ek
R EFAE A 52 B A (Tabled).

4,

ok

7| k2 (ROS)2| MY

Acrylamide2] 5= 2 2}8-7] A of| = freeradica 2] A A o]
o QIeh. whebA 7] Abael AT LEN AL
Sa) B4 ae AAL S3H L B3

o}, Aaylamidel= 20 Mol 4 58] -2 )24 0
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A rylum lde (TN

Fig. 3. Effects of ROS generation with exposure to
acrylamide for 24hrs. Trolox, N-Acetyl Cysteine (NAC) and
BSO were treated 1 hr prior to acrylamide exposure.
2", 7 -dichlorofluorescein diacetate(DCFH-DA) was
measured by luminescence spectrometer as described in
materials and methods. Values represent the mean = SD
of triplicate determinations.

] A ST Z S 100 pM el A = o) 3ol H]sf 250 5
7He BAtH(Fg 3). 843 7] AbAo) A S g1sk7] $lste] &
2sHA| A gl wE &g 7] Akae] A4 At ARE A8
At} Trolox, N-acetly cysteing(NAC) 3} 22 H3tstAl S A A 2
UL A B Akl YA 7250 uHE GHe
27k 2122l L-buthioninesulfoximingBSO) & A 2] Aol = &4
| 2HAx o] A o] w4 8l S7Fate] anrylamideo] o=l 2/d 7]
2o A o] FAPE FA ST (Fig 3. ol H F B4
29 A4S 38 F YAV 0 2% 3l H ek (Fig 4)
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M
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5. L3tof M2 apoptosis & QIALS| B35}

A o)A o) hers}r) & 23 A Q) A 32 9] apoptosis 7
A oAl sho] WGk A Lol AT H 02 F4]0 F2] 3 73S
A g8k o] 2 o] Tk meka] aylamide 212 A] ek
L apoptosis T Q1A F45 Fate] Eekstel vAE ¢
&9 24513245} ¢) o DNA-histone 314 £ o] &3+ ELISA &
A} 75} DNA fragmentation- &% 2| £ 0.2 F7H5 e
ATH 20 M o) 7Foll A 2] 7k 2o] & vrER 7] Al #ate] 100 ¢
Mol 4] = 70%2] Z 712 B 9] thFig. 5).

6.737% A L M 22| 714 9] W3t

A EZ 2] 7149 fibronecting} A3 & 212121 TGF-a 2 TNF-a2]
H3}E RT-PCRZ #4134 3}, TGFa == TNFe= =& 9|

2 ¥3lE Holx| 29ko ) fibronecting] mRNAE =7}3)=
A0 2 e THHAG. 6).
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50uM Acrylamide

Fig. 4. Generation of ROS following 50 #M acrylamide exposure in human epithelial
cells. Photos of ROS production were taken at every 30s for Thr with live image
fluorescence microscopy. The representative image at 15 min was presented.
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Acrylamide (M)

Fig. 5. Apoptotic effects of human epithelial cells following
acrylamide exposure for 24hrs. Apoptotic cells were
measured by the cell death detection ELISA Plus (Roche,
Mannheim, Germany). Values represent the mean £ SD of
triplicate determinations.

Fbronectin

TNF-a

Factin

Fig. 6. RT-PCR analysis of fibronectin, TGF-a and TNF-«
following acrylamide exposure. RT-PCR analysis was
performed as described in materials and methods. The
representative bands of each gene following the triplicate
experiments were presented.

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

Dose Saturation Soft-agar Cdl aggregation
(M) dengity( x 10°%/cmp) colony formation(%6) (>1mm)
Control 23+ 005 0.07 + 0.01 -

5 21+ 008 0.08 + 0.02

10 29+ 010 0.08 + 0.02 -

20 32+ 004 0.14 + 0.05* -

50 5.4 + 0.08 0.18 + 0.04*

100 5.8 + 0.06* 0.20 + 0.06*

* 1 P<0.05 as compared to control cells
a +; >5colonies, ++; > 10 colonies
Thedataare mean + SD with 3 different counts
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Table 2. Morphological alteration of human epithelial cells treated with Acrylamide by passage levels®
Cumulative no. Dose (¢M)

Passsge  of daysinculture  Control
after trandfection 5 10 20 50 100

~N o 01 b~
FRL&HELR

8
a +; moderate, ++; severe

Table 3. Carcinogenic potentials of human epithelial cells after 14 day co-treatment of Acrylamide and TPA(100

ng/ml)

Dose Saturation Soft-agar Cdl aggregation
(M) density (x 10°/cr?) colony formation (%) (> 1mm)?
Control 24+ 0.06 0.06 + 0.01 -

TPA only 2.7+ 005 0.08 + 0.01 -

5 2.7+ 0.06 0.08 + 0.02 -

10 29+ 0.08 011 + 0.02 -

20 3.8 + 0.10* 0.14 + 0.01* -

50 4.8 + 0.09* 0.21 + 0.02* +

100 51+ 0.12* 0.28 + 0.02* ++

*: P<0.05ascomparedto control cells  a +; > 5 colonies, ++; > 10colonies ~ Thedataare mean + SD with 3 different counts

Table 4. Morphological alteration of human epithelial cells co-treated with Acrylamide and TPA(100 ng/ml) by
passage levelsa

Cumulative no. Dose (¢M)
Passage of daysinculture  Control TPA
after trandfection only 5 10 20 50 100
1 14
4 38
5 45
6 54 +
7 61 . + ++
8 66 + + + + ++
a +; moderate, ++ ; severe
Table 5. Experimental conditions of RT-PCR analysis
Gene Primer Sequence5 — 3 T(C) Number of cycle
TGF-a F: ATGGTCCCCTCGGCTGGACAG 60 28
R: GGCCTGCTTCTTCTGGCTGGCA
Fibronectin F: CTGTTACTGGTTACAGAGTAA 4 26
R: TAGGTCACCCTGTACCTGGAA
TNF-a F: ATGAGCACTGAAAGCATGATC 58 28
R: TCACAGGGCAATGATCCCAAA
B-actin F: GTGGGGCGCCCCAGGCACCA 54 25
R: CTCCTTAATGTCACGCACGATTT

T : Anneding Temperature
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