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Effects of TGF-£ on the HPV-16-induced Neoplastic Transformation
of Human Cells

1I-Soo Park, M.D., Yoon-Soon Lee, M.D., Chun-Hee Lee, M.D., Sam-Sik Kim, M.D.,
Dae-Han Kim, M.D., Kwang-Soo Kim, M.D., Jae-Ho Yang, Ph.D.’

Department of Obstetrics and Gynecology, School of Medicine, Kyungpook National University
Department of Pharmacology, School of Medicine, Catholic University of Taegu-Hyosung™

Human epithelial cell line immortalized with Ad12-SV40 hybrid virus was transfected with
plasmid containing HPV-16 gene. Among these clones, clone-3 and clone-6 showed neoplastic
transformation properties of contact inhibition, anchorage independence and cellular adhesion
after 7 subcultures.

The results suggest that SV40 gene in the immortalized human cell system be in concert with
HPV-16 in the process of neoplastic transformation of human cells. While TGF- 8 (Sng/m¢) inhibited
growth of control cells and clone-1 cells which did not show transformation, there was no
significant change on the growth of clone-3 cells with transformation properties. When transcri-
ptional level of fibronectin on control cells and clone-3 cells were analyzed with northern blot
technique, transcription of fibronectin on clone-3 cells were higher, as compared with control cells.

RNA hybridization techniques were performed to compare trasnscriptional levels of TGF- 8
i between control cells and clone-3 cells. RNA level on clone-3 cells with transformation
properties was higher than on control cells.

These studies indicate that TGF- 8, is associated with increases of fibronectin, which may
lend to changes of TGF- 8 receptor and loss of its inhibitory action on the transformed cells.

Thus, it seems that loss of inhibitory action of TGF-A which is mediated by changes of
fibronectin may account for a possible mechanism of action in the HPV-16 induced
transformation of human cells.
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I.N E

Human Papilomavirus(HPV)= 373549 A
Az M FAgol HAHT A AZFER
dg dod # v FHF PEHF FYEH
2 ¢34 A AFARA 3 Hz9
FolA o] FQ7A oA FBIE AR 9
on HPVY A7] Zd& 2 typed] #ARe] 4
g HA oA Holx Y A+ 10~30%7}
HPVY Z9Ee RAeg #3¥9” £¢ Hu-
man Papillomavirus(HPV) 16 DNA= 13 43 A
¥E BN FEo] Ax HEH7A
(Extracellular matrix)e] W38 §530 AXE3
dE Fsts Aoz daiAd Uk’ HPVY o
43t 71HE oA TUsEA dNH o QA
A XM HPY woze wgdAe ez
3 ojAAQd E v dUAAY xFo] 8
FHY gy B A7 HPV-169] 293
AY L FF37] Y8t SV40 viusE2 BH3E
AMAEE o] &3t £ A7 AHEE UHA
¥ 2de AdI2-SV40 hybrid viruso] o}3) E@s}
¥ AEFZA 7] FFE 273 9gE
& dFdted A 38y $gEd, X-
A, Oncogene 59 W43t HHE& Afsie d
oz AMEso g

BE FFY AT QAMAREY Fd3}e
ool glon ol F TGF-B+ YAHES o]
T 2 FEEE FVHAA Aolg FIANIIH, A
7)Ao FFE Fol Y AXe WYL ¢
o2t £3 TGF-f& A4 FAAEY 4
Ag AdARAT FAXANE HF dA 715E
AAdgg. gy gzFHdA YeEyde &
TGF-59 #de Y AXe 4AL HAlsx
dHE 54 FHAA Bd3 @43 2HE
@A g™

ayeg B dFE HPV-16& SV-40 fA A
o8 93ty QAFHYAMEe Fo3ld HPV-16
o oA dd#HAHE GAsn HPV-169 9%
Alxe] weksle]l TGF-871 We 43 AX
LB AEYH wHoz FAste] HPV- 169
uhotst 71 H& olsst At 3yt

I. M= 3 g

1. Al

MOPS, agarose, DEPC ¥ Northern blot analysis
of Ab8¥E AYFEL sigmarl HEFE AEEAL
] DMEM, Radiolabelling kit BRL % Pharmacia
AEL AH43l%lch. Fibronectin c-DNA probe:
Oncogene science, P?-dCTPE AmershamA} 2| & &
484tk TGF-B, probes} TGF-8,& wF =
H 549 AR dA 2 RE AFesit

2. Ml uj ek

YA HEZFE AdI2-SV409] o3 Ed3}
¥ AX9 Passage-352A AMEE wysgih
ek 24L& 37C, 5% CO; Humidified Incubatorsi]
A ulgEglen AT} confluentE o] F& AlF
£ 71F2 2 1142 subcultured}sch ujofae] 3
42 DMEM(Dulbeco’s Minimal Essential Medium)
o] Fetal bovine serum 10%, Hydrocortison(5 x g/ml),
Penicillin G(50 « /ml), Sterptomycin(50 u g/ml)-& 3
7Vete ALE-3lth. M E 9] subculture PBSE Al
g % 1X Trypsin-EDTAE ¥ 1 587 Hasdt
¥ 9488718 ol 8dld HXE sE3n N2
& &719d wigsdlen, A44 BEE F3d
Axe] ¥y 4 JPYHE 71 E5AT

3. TGF-B8 9 Xa|

passage-35 @AY AAFH MEF 2X1054 X
€ 25mm petridisho] ¥& F w{FHe serum £
FE 1%2 3o HA g F 0, 02, 1, 5ng
/mle] TGF-8& 447 AUk HAEAF 9
A @ 4L HematocytometerE o] &3] &4 3}

4. HPV-16 DNA %¢

50% AE9 confluencyg Hole YA X
Ca-PO, WHoZ HPV-16 DNAS B&at:
pMHPV16dE Ca-PO4 ¥ o2 EQl3yct g
3] A&3E 4702 100mm petri dishE 7]|F o2
& o 3249 FYsu = DNAE 2mig
watero] =90]3l 0.5M CaCLE & tubed) ¥t}
4719 polypropylene tubeo]l Ztzt 1mle] Hepes
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NaCl, NaHPO4(40:1) EFEL W& t}& air bu-
bbledtol A HH3| 1mle] CaClL$} DNAS E{E
€ HEth 0844 1IN AL A8 g A
E7b A& peti dishe] 2ml¥ YEt}h 37T CO,
incubatore] W& F 247 F mediaZ Zo}=:
G418(Geneticin)& 3 7-3l= media® Y3 control
petri disho] HE7} 2% £& 9717 G418 Helg
g} G4189] resistant3t cell colonyE cloning ring
€ AH83 RE@ og ASHo wge)

5. Cell aggregation assay(CA)

Soft agar assay$} Z2 W9 02 Base agarg T
€9°] 5ml¥Y Petri dishd]l 2=t} WA] 37T incu-
bators] £ TH2, 10% FBSE E3% wckelo] 10°
cells/dish2 M XE HEFF F 4do] A A H
A g YAl 433 Imm o)A =719 colony
9 £AE 2.

6. Soft Agar colony formation{SA).

Nobe agar 1.2go] dH,0 35ml€ Y31 3087
autoclave@ t}-& 15mle] dH, 0%} FBS 25ml, 2X
EMEM 50mlg Yo 09% agar baseE 9HET},
5mle] agar base& petri disho] @& g uba 37
T incubatore] Ft}. 0.9g Noble agare] dH,0 50ml
& Yol 3087 autoclave® € dH,0 7.2ml,
FBS 72ml 2XEMEM 144ml€ #o] 0.36% top
agarg SHETh FH)© base agarol] 1 104cells/dish
€ X3 top agar§ 4 2miY petri dishe] 3§
€T 2 ¥ colony 349 27|17} 03mm o] 42l
colony & &A%t}

7. Saturation Density(SD)

ME] contact inhibition] WEE ZH37] ¢
3 5x10%cells/em’E &7)o] P wjepsch wo
A 3YUnitt YEA ZotFm ME7} confluent
e =23de o 99 wHG A¥ 58
Z4¢.

8. RNA &2
control cell, clonal cell-3 2 clonal cell-62+E
total RNAE £3317] 918t RNAzol W& A}
439’ AXE PBSE AHHE T 80%

%4 o

confluent disho] RNAzol €& Y3 o7
d pipetting®. 2 MY E EH3lz 248 237
Imlg 0.Iml9 chloroform& Fo ¥t} 1527 4
€ H 158 A& Eok 4TolA 12,000xg2
1583 94 2e4# o8 434 2424
M2E FR2 0. 2& 4 wE9 isopro-
panol& W3 -20TCol|A 4583 Eu} 1587 4C
oA 12,000g2 ThHA] YRS} T AFAL v
3 RNAE #4438t FMAAEL 75% Ethanol
2 23] Ay} DEPCAHE Eo] = -20Co]
B@gc

9. Northemn blot analysis

XA F2d RNAE 2437 sy
Formaldehyde agarose gel A}-8 3%t} agarose, for-
maldehyde$} MOPSE& ©]83le 1% agarose gel &
THE 3 total RNA sample$ welld 104 Y&t}
RNA sample?| Ae)& HdHa7 9i3td RNA
sample buffero]l v]3e] Ethidium Bromide® W&
o} 1X MOPSE running buffer2 3}e] 60VE 44
% A= A7) %5} Formaldehyde gelo) A For-
maldehydeE A|#3}7] ¢8) 10xSSC £ Ao 208
Z+ & U nitrocellulose papero] WA= E RNA
blotting 2 A 8k}, RNAE $8-3}= nitrocellulose
paperd] RNAE 133}7] 989 Vaccum oveno
A 80TZ 2417 B¢ F=t}. 50% Formamide®
3NZE E<t prehybridization§ t}g- A2 DNA-
probeE A& hybridization §Ho2 we A
o}, Nitrocellulose paper& 7AW T} WAils #A
€ A% S8 A¥& AY F Xy filmo] ¢
E M Ed W3 -12ColA 1247 9--g A ziT),

10 8 HY
94 HZF L Student’s t-test 39}

mZz un

1. HPV-16 transfectionol] 2|8t M Zo| EM 3}
ADI12-8V40e] ofs] Ewdste UM A A ¥
HPV-162 transfection 3}3 Geneticin® 2 2F3}
A2 g 5 6709 Clonal cell & H¥sigon 89
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passage® & F A X9 EBA HHdE FAHHYCL
©]E Clonal cell & Clone-3(C-3)9} Clone -6(C-6)
& Saturation Density(SD)ol}A] Control celle} 4] 3}
29u) 9 2264 ZtZ FUEAom Soft Agar
Colony Formation Assay(SA)olA& Clone-3(C-3),
Clone-5(C-5), @ Clone-6(C-6)= controld] H]3} 4.6
o), 2.3u), 4094 Z F7HstA

Cell aggregation assay(CA)9lAM & C-3 9 C-69)
A &9 =77} 1umn ©]4¢] Colony7} 574 o]
4zt SR ck(Table 1). @u]AFgolA HEE
B2Y ZI passage-6(528 F)E AXF C3%
C-69A foci& WERN7] AlFE €bA Control
Cell @ Clonal Cell o] 4% passage-8& Ad Fd
E focie] 28] AUt

Table 1. Properties of Human Cells Transfected with

HPV-16

Clone SD(X 105/cxf) SA(%)  CA(>m’)
Control 24 £ 002 003 = 0.004

c -1 23 1004 003 0014

c -2 20 £ 003 002 % 0.006

c -3 69 + 022° 014 £ 0032 +

C - 4 34 £ 005 005 + 0021

C -5 38+ 004 007 + 0008

cC-6 521008 012t 0005 +

* : P < 0.05 as compared to Control Cells.
** . .. < § clonies, + ; 2 5 clonies.
The data are mean + SD with 3 different counts.

2. TGF-B0] Clonal Celie| %o o|xs &

TGF- 0] HPV-160f &8 H¥E AAAE
oxx &g #AE7] 98 Control Cell, C-1,
2 C32 dige sla TGF-B,& 443 A%
3 AXe A43E& ZFAsAUS TGF-5.4 ¥
Ingmtol e ZE M XA A% @37t e
Uz gotoy Sngmol M MEe Yol e
A & Control Cell} C-19]4 40% R 60%4
Ztz 4% A EAHE BAc 23y HPV-169)
o8 ¥Wyg B C39ME TGF-5.19 A= ¥
EQME G 43E FA ¥3trh(Table 2)

Table 2. Effects of TGF-8y on Cell Growth(x10°
cells/culture)

TGF - 8, .(ng | mb)
0 0.2 1 5

Control 83203 9.1+07 69+05 48*02
c-1 80101 78104 65103 50°+04
C-3 116%07 128406 125%05 114302

Initial Plating Cells ; 2 X 10° / culture
Cells were counted after 4 day treatment of TGF- 8,
The data are mean + SD with 3 different counts.

3. TGF-£:8 HAl B3

HPV-169] ¥ QAAxe webst 43
TGF-8, AAlete]l BHEA L B#37] 93 Con-
trol Cellst 714 @& 4y EA4E& HQ C394
TGF-8,8) AAL $%& w3l Control Cell
of wisl HPV-16 o <& W SA4E el
C-39]4 TGF-8:9] RNA AAF o BA Jey
c}h.(Fig. 1)

control
3

25Kb —»

.

Fig. 1. Northern blot analysis of TGF-81 on control
cells and human cells transfected with HPV-16 DNA

4, HPV-160 =it fibronectin®l ™A} t%}

AEY7|EE FHAx £3} € HF T
#osln 9o ol F fibronecting Kerati-
nocyte®] HZF ¥3te] 7]l AHE BAE A
32 ¢t} Conrrol Cello] u]3) C-39]A fibronectin
¢] RAN HA7h A Yebytoh(Fig. 2)
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Fig. 2. Transcriptional analysis of fibronectin RNA
extracted from control cells and clone-3 cells.

v &

Human papillomaviruse o2 ##/9 4F%
o #dsle] 53] o]E F HPV-16, 18, 31,33 &
& AFARGE dodle Hae deA Yu?
E d7c dREe dHFEE dode 99
AEYe AANYIHNE 2dL ALg3le HPV
-169] A 2 AE WY wE HEsF
wstel gAY d%e £A8 At HPV-16&
transfectiondt A3 C-3 ® C-69]A4 SD, SA, CAY
grol =A JeE} 671 2 2709 Clonal Cello]
Contact Inhibition, Anchorage-Independence, Cellular
Adhension T9 AE w3t 54 g5gc
% o]E 2709 Clonal Cell& A X w¢3E
o F o 9% & UAv HEQ focid] E8ol
Aen, focie] Fele MEA F23E budding
A& Bo HPV-169] o Q14 FuMxe ¢
G3E HAEY + U

HPV-160] o @ whst @dAte] 52%¢] A ¥
of vetyr] A1zg RS HPV-16 DNA7F o AH
of sl wet @l FAHE dE 48 F
#o AEEEe] 87HE & & AR SV409
ostel EdsE A X ojxHeg HPV-16
DNAE 543 Yelye 2dd4Le ol #4
A7t w3t FAoN FE FHsn dLE o
Alg. ole g Mo webst @A 2714 oA
o] Az Yol 2FHE FFE vfoss v-
ras?] YHAME 2 geiA UAt”

TGF-8.12 A X Wl dHAA B JUAX

%94 9

o AFe 9ARE J¥L & ¢H fibroblast
qAE e ZASE oFHYU J%e ZE
4% vqgod.) B dFgME TGF-4,&
Control Cell#} ¥ g Clonal Celldl %% #A3}
Sng/meol A A Felo] AEE A 94 Y
€ B9 ¥E 345 BAE ¥ HAEE AR
A FHgol UdehtA ool AES F%3 HE
FAZNN AX e WY Fol 93 FyAx
7 TGF-8.0l i@ ¥g& 44§ Aoz 3¢
tt. wetA HPV-169] & F%3 7]doz2A
TGF-B0| AHH T g 4% A4 715¢ 4
Aol wet ot AEZA ] BFY A4
ANE 4 Aok TGF-Bof tid AA ¥ A
Z 92 59 #4s 7 HPV-160] o3 F%}
EAL B AANATE & 5£F9 TGF-5 A
AHE HYth ok Be 2% ZAA YehE
TGF-8¢ %7tk Uxse @42 HPV-169
Z3o] TGF-4¢ #ANE vt TGE- 8
£ AEY ol5®ut ohz NES HE/EH
o Yol WMEE Fof F9 FJAol #dlx
ERHA AT AL op7|AA AAE 23
Rez @A ok webs HPV-160) o @
TGF-8 ¢ F71 4L H4dLY AL 9nj3}
o A ¥ ¥yo| W& TGF-A9] W9t A¥o| th&
44 oA e WAL GPAEY AdHA 4
e 7188 AFY Moz AZHrh

A X 2] 7) A (Extracellular Matrix)& M| ¥9] H%
g, oF, 4 2 ¥3o 2Ad #HAdss AX
g7)1de 23L& 2Fe EAd g N2 fda
DY E7AE MES elo] Fe FIAH
olgid e W= AXe YL e £
4H9 HBE At A% A § g¥e A%
AgEA9 A o4 2Pk Gospoda-
rowicz B2 UG TN 4 Qe HAyygL
AES] Hejol s AAHY olFd HE Y
o HMgE HEZ HE2ED Ax AEY7]R
3 249 rny ¥ Yot® 28 HE9
713E ARZAAY dHME 2FHY 53 fi-
bronectin® TGF-S 9] o8& wi=r}'®

£ AFoA HPV-169] o3 %<¢t S48 H9

L3

C-3 A|X = Control Cello] H]3] &£ fibronectin

8 A #&E Yl ol HPV-169] %
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A X Wyo] fibronectin o] HHEH ] ULFE ¥
e ¥ Y9 FAoW TGF-g9 F79 ¥4
foronectin®] 71§ WL wd3l #AHo TGF-B
o} fibronectin®} M2 @FHAAo] A&FE YEIT

olgig ZAAZ w|Fo g o, HPV-169] 2§
ol Aw ME9 wozl 7]AL HPV-169 £9
¥ TGF-B71 %7182 TGF-B& MES7|ZFd
FYE Fo| AXE Yy ¥HYLE Yo oy
g AX Yeo W AXdge £ 4F
A% 5849 o4& 2ol YEhhe TGF-4
o & 43 JA 759 4EIy #dY A&
Ao HZ4dn

el BgAdE B H XA TGF-5¢9 A4
Z7he ¥y AXd dirMe 43H4A7 %S B
o] 2] %31 HAYHYA HEATG JFAA7TE
el dEdoz ¥y AEs o 2 FHE 4
QE $4L BHEIL TF-A¢ ANZA7)F 5
o|3 HPV-16¢] o3 wb3t A4S 714324
Ao g AyZdr

HPV-169] 2J3 WY A XA TGF-8 +84
o] W3} A9 AL Yoz dFHojoF ¥ I
Aotk

v.2 ¢

HPV-16 #HA& Ad12-SV40 hybrid virus o
ofs BEdE AMYHAEA FAFE A3 7Y
o] subculture ¥ WM X2l A<l Contact Inhi-
bition, Anchorage Independence, Cellular Adhesion
8 F7Hg JEidt ¢ 54& JEd AXE
& TGF-81(0, 0.2, 1, Sng/md)o 2 4Y3t A s
HAE A4S BEE A di2F AT ¥
EAol gl AEXTS 4% JA7L Sng/mlol A
veld ot 294 AEXEE ox £
A% A4 &b vepdA ggoh dxed &
44 AEZS TGF-B, % fibronections] HAME
Nothemn bloto 2 Z ¥ A} ¢k AMEFA
TGF- 83} fibronection®] HAL F&o] 4% EA
Yebtoh oelA HPV-169] ¢t d4e O 3
3 MEAA SV40 FAaAst Y BA e
TGF-81& A X27]3¢l fibronectiong F7IA1AH

AMEY ¥y dogde ¢ & Utk £ AXY
WyYo] W TGF-49 43475 Zat ¢
GHES] AR 43 1E YoA TGF-47}
HPV-16] 9% @88 2442 ¢ GNPt
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