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ABSTRACT : Carcinogenic potential of HPV-16 DNA and NNK in a human keratinocyte cell line was as-
sessed to study effects of viral-chemical interaction. Human cells were transfected with HPV-16 DNA
and 6 clonal cell lines were subsequently obtained. Clonal line-3 and -6 at passage 7 showed charac-
teristics of tumor cells such as increases of saturation density, soft-agar colony formation, cell aggre-
gation and foci appearance. Among cells treated with 1 uyM, 10 uM, 100 uM or 1 mM of NNK for 4 weeks,
100 uM treatment showed most tumorigenic characteristics at passage 7. These results indicate that
either HPV-16 or NNK alone is tumorigenic in this in human in vitro model. When cells transfected with
HPV-16 were subsequently exposed by 100 uM NNK for 4 weeks, all the clonal cells except clone-1
showed higher levels of tumor cell characteristics than HPV-16 DNA or NNK exposure alone. Clonal line-
6, the most tumorigenic cells, showed higher transcriptional level of fibronectin and lower level of TGF-B,,
as compared to control cells, suggesting that alteration of growth factor or extracellular matrix may play
a role in carcinogenesis process induced by HPV-16 and NNK. Taken together, the present study in-
dicates that viral-chemical interactions between HPV-16 DNA and NNK enhance carcinogenic potentials
of human cells and implies that smoking among people infected with human papillomavirus may pose

an additional risk of causing cancer.
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A5} ekate] o] wuslo} shovi e o
£ v 3 A xql, ke, Feh AR, W

FAHLS AA ol Ao g dele 98
89le 2 oeix] ghrl(Shopland et al, 1991, Hecht et
al., 1978). o]21gF F<1o] <A A FdSel 6,
00003 £-2] fral3tstEAo] Ea)dt o] 55 4009F0|
whebAl S 71zl 31 9l7] wf Fo]ct (Hoffman, 1990). 3}%]
ot 2] FdFo] £ FEAL iAo
295 dr7|Fel e EMER o] AAR7]e] et
& Ato] vkl Fodo ofslA] dt=A]ol Hair=
+=ule] of X7} Bl (Belinsky et al., 1991). uje}x] F
o7} wiqtale] Eo]Aql AAE HE3] 93]7] ¢l
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Follwt EA 5l k] EA- ol gk ke 7AH S
olafjsh=d-2 Floll o3t A $laiAd-g &3] Hr}
stz o]t I AE M|-=d] w9~ Fasjcha A
zagile
NNK(4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone)
= tobacco alkaloidol|X] &% FdFd] EojHom
ZAsHe 73 wet BAoln] FAFE MY B
e} 2] Nitrosamineo|t} (Hecht et al., 1988). NNK+= %
EAFA 7FEE oAl g dex glow o
AbA 3} smokeless tobaccoE AREsh= Algtellx] 72
2 5] =& i ES el e g deA
Atk (Meanwell, 1988). 2 o34 ¢] FAIF+= S}
sh Al alew A2 BAe 30%8 o F
odol 7)elstir ¢lt} (Shopland, 1991). Human pa-
pillomavirus+= A§ A &o| &3l AJqlollA] v A
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sl qlor} A4FANGE Aol Ao 9
Q112 obeix] gt} (Zu Hausen, 1989). 53| HPV-16
£ HPV-18 DNAE AARIAAEE 23t A
slont epZepAER WAL el 2714 &
A aelo] 9F¥c} (Pecoraro et al, 1989, Li et al,
1992). u}eb+] Human papillomavirus7hed 3} F-ed7k2]
PAel D ARAS AFEAL o4 F
Zobol wWE ol Fof B4 AAEE HARF 2l
AZ1E ki alowl Fsh @ ghe Lesled
Aolshe uzaAE Bohiledl Foa 4TE ¥A
A7) Jeleg B A viusihd el “}~
Foo) ekashE ATele] FA3 45 A
HAAE AWl o] 5 Fated Fdol 2% ¢ “a“H
2] o} )l zgdel] 7|27} H= ARE
o3t
® o7 HPV-16 DNAE 33l AAAT A E
o] NNK& Fapxe g A7l =
o} Al Ee] wigrEA o] 71 Bolow A& o
ebl A FollA] fibronectin RNA2] Z7} 2 TGF-b,9]
7raE vehi At

II. X2 Y gy
1. QIXIM L uiotA I}

A A FE  wieFstil tobacco-specific Ni-
trosamineq) NNKZ 457F %3 A7l )& fociddAd,
soft agar colony formation, cell aggregation ¥ cell den-
sity 232 E3}o] Q1|4 7} NNKeol| 2j3] w54
& gsagex Basich wd AAAES Hu-
man papillomavirus DNA type-162 Ca™-phosphateH}

© 2 transfectiond} 7. G4182. 2 selectiond}o] HPV-
165 3831 cloneg =HE t}hg, o5 ZHz} clonee]|
NNKE 45 Fojslm AL MerSAs w4stee.
o] HPV-16& i3k Al £2] NNK U3 B A2
°] NNKHFA-S- wlwste] HPV-163 Faiafe] Ats
44-g w4 steln).

2. M|ZEHHSE

A XA A EZHE] Ad12-SV40e) ols] EE3ste
ol A| Akt H) 9] Passage-25HA1¢] A2 AHgsloich
wjokz e 37°C, 5% CO, Humidified Incubatore}A]
wlokE| gl om A E7} confluentE o] F+= AAE 71E
©F 1:48 subcultured}gich. wjokdle] Al

DMEM(Dulbeco's Minimal Essential Medium)oi| Fetal
bovine serum 10%, Hydrocortison(5 ng/m/), Penicillin
G(50 w/ml), Streptomycin(50 pg/mlye 3 7}sled Al-4-3}
ot} (Yang er al., 1992).

3. HPV-16 DNA §£¢|

50%A 52 confluencyE Holv URPAEeol cal-
cium-phosphate®}¥] © 2 HPV-16 DNAS {3l
pMHPV16dS F<¢latgit). G418l resistantgl  cell
colonyZ cloning ringg- AR&3te] He|gt o}-& #|<4A
© 2 wiekatsich

4. Cell aggregation assay

Soft agar assay¢} -2 H}IH © 2 base agarE W&o

5 mlé‘J, petri dishell @37, #ha] 37°C incubatorel] <& t}

10% FBSE %38t uljoflol] 10° cells/dish2 A E

2 AZE3 F 4do] At A oA wljoFAatell AdAbat

= 1 mme]|A} 7719 colony A A3}l (Yang
et al., 1992).

5. Soft agar colony formation

Nobe agar 1.2 goll dH,0 35 m/& 91 30%7t au-
toclavedt th& 15 m/¢] dH,0%} FBS 25 m/, 2X
EMEM 50 m/-& 27 0.9% agar baseZ 3H=t}. 5 mi9)
agar baseZ petri dishel]l @ thg ®h| 37°C in-
cubatorol] Ft}. 0.9 g Noble agarel| dH,0 50 m/S
o} 3087} autoclavedl t}-g dH,O 7.2 ml, FBS 7.2 m/
2X EMEM 14.4 ml¢ g°] 0.36% top agarS 4=t}
base agarel] 1x10* cells/dish& £33} top agar§-H4
£ 2 mi# petri dishel| =t} 1% colony3Ad el =
717} 0.3 mm ©}AFal colony & &A1 38}git} (Yang et
al., 1993).

6. Northern blot

A x4 FE2H RNAS BA3l7] 913l For-
maldehyde agarose gel-3 AR£-3}3ir}. agarose, for-
maldehyde2} MOPSE o] &-3}o] 1% agarose gel-S- "t
£ 7 total RNA sample2- well™d 10 ng® H=ct. 50%
Formamide 2 3A]7+5-2} prehybridizationg} ©}-3- 1A
%2 DNA-probeZ 3H#-3+ hybridization-8-<§ © 2 uh-3-

A]71e}. Nitrocellulose papers 7AW o} WAL A7
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g 2k A A S AR F Xeray filmo] Q)= 7HA|
o WL -72°CoAl A 124] 7k Wh-g-A] Z o}

M. Z1 % D&

£ AFE Ad12-SV40 hybrid virusel] 2]3) £33}
LAGANEE o] 8310] FAFW Solded &
A &= NNKo| #hobAds dstax] 3psich & A+
off AH3-E Al E= dapAQl A M ZY] FARE
7EAIe A EL} e W3 e FAIst
nude mouseoll4] tumorE U 7|x] ¢F+=r} (Rhim et
al., 1985). wj2bx] o] M| EA A+ chemical carcinogen,
oncogene, x-rays- o#]7}A] wholgA o) Helslr|Ad-8
AFsl=d AAFH R AMEE ot (Yang et al,
1995) NNK= F<915l 9+ NitrosamineZ: 714 &o|
ol i ARA B2 Aseld B v
ok 9lem Falol olak kel pel 7 wo] ol &
93 gich mebd B el ustE o4y
AES o83t FAFe] Holdeor ZEAsl=
NNK<2] ®lebAl 2 Human papillomaviruse}2] whebat
S2H8-& d73)7] 3] HPV-16 2 NNKef| gl 2zt
of wrobyl W A5teE BB

o] A M| Fo HPV-162 Calcium phosphate¥H o 2
transfectiond}31 G418°2. 2 selectiondt A3} 6712
clonal cell& ¥t o)E A FTE A HAH O F sub-
cultured}od transfection@hx] 592 o] == passage 7 &t
Aol A Heke] M E 8- 2] 34l saturation density, sof-
t-agar formation %! cell aggregation® A3}t
(Table 1).

Saturation density+= clone-3 3} clone-691| 4] Z+z} 2wl
W 1.8u] Zr)siele soft-agar formation o] ] =
clone-3, clone-5 & clone-69J|4] z+z} 3.1w), 3.3, 4ul]
Al zZ7)sted e}, cell aggregationol| 4]+ clone-3, clone-5,
clone-69| 4] colony®] Z7}2 B i) A2 wtetsle)

Z. anchorage-independence®] A3 & v}eh}E foci
9] ¥ A 7] clone-62] 7% transfection- 52 o] ]
1} passage-6 o4} L}E}RE O ™ passage-7 oA+ clone-
3 % foci?] ¥E Holr} ulebA] clone-3 ¢} clone-
67} 7H & AE B S SR Az
olzigt 17 A= HPV-160] A A 22| *<tste}
HHAAdo] ASE HAF= = 3hte] FAeltl. NNK
£ 437F A 2l3lz |43 gl subcultureS 7 A 59U o]
A vt passage-7ol|A] AA A E2] v & BAE A3}
saturation density2] f-2]3F zlo]= gl e} soft-agar
formationol] A= 100 uM 3} 1 mM=*| 2| T-l|2] 2.4u)
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Table 1. Properties of human keratinocytes transfected with HPV-
16 at passage 7.

clone saturatior; de;xsity soft agar cell aggregation
(X 10°/cm®) colony formation  (>1 mm)**
control 22+0.03 0.08+£0.01 -
C-1 1.9+0.12 0.09+0.05 -
C-2 2.0+0.43 0.12+0.03 -
C-3 4.5+0.40* 0.25+0.02* +
C-4 2.5+0.24 0.15+0.07 -
C-5 2.8+0.42 0.27+0.06* +
C-6 3.9+0.32* 0.3440.09* ++

* : P < 0.05 as compared to control cells
**. _ ;< 5 colonies, + ; 5 > colonies, ++ ; > 10 colonies
The data are mean =+ SD with 3 different counts.

Table 2. Characteristic of human cell at passage 7 after dweek
treatment of NNK.

clone saturation density
(um) (x 10 /cm®)

soft agar cell aggregation**
colony formation (size > 0.5 mm)

control 2.5+0.02 0.15+0.01 -
1 2.71+0.04 0.09+0.03 -
10 234+0.12 0.19+0.06
100 2.8+0.15 0.36+0.12* +
1000 3.0x0.24 0.30:+0.15

* : P < 0.05 as compared to control cells
**. . :< 5 colonies, + ; 5 > colonies

22,0009 F7}E 29 cell aggregationel] A+ 100
mMA 2] Fof| A2t colony¢] Z7}E  ehlgdcl
(Table 2). Foci®] =& A]7]&= 100 nM NNK=z| 2%
599 0] x|yt passage-70]21 2w 1 mM A2+ 662 0]
A1t passage-89ll A focis B} wpebr] & Az}
£ FdFol Hol3}A] £a3}= Nitrosamineq! NNK7}
QA AZAA ebol Gl el 2AE
AR A7 DA ArE e obee AHAE
& ol83je] NNKe| 29M & viehilin] Dojshi
WA EE S Qe AF5AE AA S
HPV-169] transfectione] % 12 6712} clonal celle]]
A 7V F& Wt & vhebd NNK 100 uMS- 4570
AMelste] M o] ek B A c3, ¢4, 652
c-60l| 4] saturation density7} 1.78H, 1.48l, 1.58, 1.9u)
A 7y7d Z7)31e] HPV-169) transfectionA] W35 v}
P ] 94 4 9} c-SHETFOAE NNKFI 2 A%
o] Hbgtde] ujeldg Hul. =gt soft-agar for-
mation-2 c-2, ¢c-3, ¢4, ¢c-5 Y c-6°l4] 1.8v), 2.1u}, 1.
7ol 1.6vH, 2u0%) Zbzt Z7bstd = ¢-2, c-4 H c-5 Al
X 7-& NNK9| F3p- 9] M2 1S A3 &
ol| 4] cell aggregatione] vtepytorn] E3| c-3 H c-69
A= 1070 o143 3 M 27 JE=E e} o]= HPV-
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Table 3. Properties of HPV-16 transfected human keratinocytes at
passage 7 after 4 weeks treatment of 100 pM NNK.

saturation density soft agar cell aggregation

clone

(x10%/cm’)  colony formation (>1 mm)**
control 25+0.12 021+04 +

(NNK treat-
ment only)

C-1 2.1+0.15 0.20+0.01 -

C-2 2.94+0.10 0.38+0.02 +

C3 4.310.08* 0.45+0.04* ++

C4 3.5+£0.04* 0.36+0.08* +

C-5 3.8+0.24* 0.35+0.04* +

C-6 4.8+0.12* 0.42+0.05* ++

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

CT

Fibronectin

Fig. 1. Northern analysis of fibronectin RNA level in control cells
(C) and clonal cell-6 treated with NNK (T)

16° 2J3l vrept Al E7Ee] g3 o] NNKe| Foig
% Z71-S ARk} (Table 3)

HPV-163} NNK& 54| =%+ fociz} vehts A
71 18 ALg BE AETANA 6690] At pas-
sage-80]9] 0 E3] HPV-162] k5% 2 focis B

o]Z] ¢kt c-2, c-4 E c-SHETE NNKEF foci
£ Upehd g e NNKe| Fabdel Roirt Axe) et
& 27k 2712 A7,

Control 4| £.¢} HPV-167 NNKol| 93 733} uleta]
& vehf c-64 FE72) fibronectin HAE- v gk At
c-60ll 4 HAlpFo] A vlelgdcl (Figure 1) fi-
bronectin® ¢} A|F2| 2313 Zrl9} o] % & R ¥
F8% & = Az AR geFgid
(Dufour et al., 1988, Sheibani ez al., 1991). o]&]3&} fi-
bronectin®] &7}= NNK % HPV-16 DNA¢]| 2]} vt
3l AAel fibronectino] #AZHE FAF= AR
/%1 ot o 2 NNK&| et 3t fibronectin®] & &el| 3}

Y w2 A7 Huetol & Zle s vk

TGF- [31«] A A8 v 23 23} controlel] H] &) 2
o] ¥ cHNEToNN HAraol Wi vhehgrt
(Figure 2). o]2]&+ Z 3= NNK 2} HPV-16 DNA| 2]

TGF-B,

Fig. 2. Northern analysis of TGF-B, in control cells (C) and clonal
cell-6 treated with NNK (T)

b AlZo) waks) 3ol TF-B,8| vt Todslod
S8 BojF= 27 2 TGF-Bol 23 el A4 £2]
Kol A ae] skt QPAETS) Bab % 24 o] 7]
g7l o 2 FA T} (Herbert ef al., 1990).

2 o7 A5} HPV-16 DNAL: Q& Abg] A Eol| 4]
A S vieble] 7 dkelAdS NNKO| $2p-3l &
ol o]&) Z7}3+S Ho]= 24 Human papillomaviruse}
tobaccogoll HolH o rivf Exfshe 7y WeheA
Q) NNKAfolol #ebe] A5Esbv} 288 24sleh,
wteba] HPV-160] Zte=olsle A2 74¢ Fd&
F7HA Q] Hek A3l 89122 A8 r 9SS 4

T % 9ot
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