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Purpose: The research of HPV has been severely ham-
pered by the inability to propagate HPVs in culture, par-
ticularly those of the mucosotrophic types which produce
few virions in vivo. In order to study the regulation of
HPV-18 expression in vivo, we constructed transgenic
mice and caused cervical neoplasia.

Materials and Methods: We investigated whether tetr-
adecanoyl phorbol acetate (TPA) increase the transcri-
ptional activity of the URR in the C33A cervical carcinoma
cells or not. And we asked whether chronic exposure of
female HPV-18 URR E6/E7 transgenic mice to TPA could
render the reproductive tract squamous epithelium per-
missive for HPV neoplasia.

Results: It was confirmed by RT-PCR that transgene
was specifically expressed in epithelial tissues. TPA
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upregulated the transcriptional activity of the URR in the
C33A cervical carcinoma cells. There were diffuse changes
on the squamous epithelium in the cervix of the transgenic
mice at fifth month following TPA treatment.

Conclusion: We established the transgenic mice model
which have the ability to reproduce the development of
cervical dysplasias. Moreover this animal model will allow
preclinical testing of compounds designed to interfere
with the actions of the HPV oncogenes or other critical
aspects of the cancer phenotype. (J Korean Cancer Assoc
2001;33:56 —63)
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Fig. 1. The URR of HPV-18 showing the binding sites of cellular and viral trans-regulatory proteins

Table 1. Oligomer sequences of HPV-18 primers

Primers Sequence
HPV-18 URRT 5’-TATGTGTGTGTGTATATATAT-3’
HPV-18 URRB 5’-AGTATTGTGGTGTGTTTCT-3
HPV-18 E6T 5’-ACCATGGCGCGCTTTGAGGAT-3’
HPV-18 E7B 5"-TTATTACTGCTGGGATGCACAC-3’
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|9 2% 5ol 5 ALYl fA4% Fel B2
g e s
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& ATRBHE AEFE o) &3] st A3k AH S
WEA517] Astol WA Aol TPAZ M stel 4
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ZZ3tP A (Fig. 1), AFALE A FAe HegsLo
Wi 71 SAEE Hrketrl 18 CAT 3271 9=
pBLCAT8+ vectorel] clonings}ith. PCR H1-g 271-2 South-
worth(1996)2] W3 W¥sle] Agsdel, WS &N
ol = 20~40 ng template DNA, 200 uM dNTPs, 1M 7}7}+
2] primer (Table 1), 1 U deepvent DNA polymerase (New
England Biorads; Beverly, MA), B2 buffer (10 mM KCl,
10 mM (NH4),S0,,'20 mM Tris-HCI, pH 8.8, 2 mM MgSO,,
0.1% Triton X-100)0% Y3 AA| vh-S-§H4L 100 ul7} %Al
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Fig. 2. The URR of HPV-18 was amplified by HPV-18 specific
primers by PCR. Each amplified URR fragment was
cloned into a pBLCAT 8" vector.
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58 J Korean Cancer Assoc 2001;33(1)

Al g HEol 3E9 F9 transfectionA]Z] Fol] HEEE
Ao £7 e e T ¥ TPAS S,
10, 50, 100, 1,000 ng/ x]l X Z Aelstar 24417 vFL-A)
ek MEES A7HE 1<PBSoll 23] AlFs}a, 100 419
0.25 M Tris-HCl (pH 7.6) &oll4] 33] )% e w2
sk3ivh. A41E2(12,000 rpm, 10 min, 4°C)3lo] -g3-xt
w1 3 Bio-Rad protein assay dye reagent®} BSA standardZ
o] g&lo] child FEE ZA8l cHRose et al, 1991). 30~
70 x19} &g wfjo] CAT 8|E o] 43 CAT ELISA
(Boehringer Mannheim, Mannheim, Germany) ¥ .2 2 URR
o TPA BEol B2 BAL W BN, B-galac
tosidase 7|2 A7t 2 transfection A= E B A},
BE A% HolE 390 SYHA AYE Aol 3
T2 A

3) FYE DNAQ| FH|
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DNA® G| & "HE F 0.7% agarose gelol|4] A 7] &L
AR & DNA ZH-& electroelution BFo]] 2)3) 3]38]
3 F-2l5 A4 DNA 238 10 mM Tris-HCI (pH 7.4)/0.2
mM ethylenediamine tetraacetic acid (EDTA)& S04 F4

sto] HZE E%7} 4 ngmlo] A kAt
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Bl &2 A F, vhgd obfell AF (vaginal plug)ol]
S 97 AATLE o] Sigich. childk $58 9I5}o] Preg-
nent Mare’s Serum Gonadotropin .(PMSG; Seraruman, Japan)
¢} human Chorionic Gonadotropin (hCG; Sigma, St. Louis)E
48AT BALZ 77k 5 IUH S AR Bl 24
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ZabA] 7339 ¥ (cervical dislocation method)C. 2 %
& o dBe A AN v By
A bR B EH IF AlE ol (cumulus cell mass)
£ el 33k 3 AE FoiglE 300 uniymle]
hyaluronidase (Sigma) 8-<Yol] 3E X g]sle] F-A] 3 (cu-
mulus cells)E AAsL, o] F TS A4S koo
2 33] o] AlXstz dAE=7|NA 15000 pmoE 3
7 94 AHelsle] 7 Mo Heo] g4l Holw 7wk
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5) MHEE FEXAIL OMFY ¥ +H2Q 0|4

]2 G- A 2= Nomarski DIC (differential interference con-
trast) @}=7} B2bsl oA stoll4] vl z27] (Micromani-
pulator; Leitz, Germany)& o] &3] kel 4141 sl
FYstdet. wAl 918 pipetel] DNA &Hg 43 o}
+ AL pipet2 2 1AZY] $47 §A4 HAdo| njA)
FU4& pipet Eoll VEEE A &, w|AFYE pipet
S £ W Soz Uof Y Wyoz BT 415
Mol g wkoll DNAE F9Jetaia A& 319709 44
Zhg 37°C, 5% CO; w7 Holl A 241 £7174A] uil ksl g]
th Aol 15 47l AF el vl Al|(Somnopentyl; Pitman-
Moore, Monticello, AR)E A# A& 10 g 0.6 mgg &7}
Woll FAksho] HATKAE AR F, M ZFHE oF |
em AE A b 2] kol 24279 SHE

104 o] 4155},
6) BAFY MFO| WE: PCRES 0|23 £

AF 450 ligsts BF S melE | cme] ol &
@} 700 «12} 88 8A[50 mM Tris (pH 8), 100 mM EDTA,
100 mM NaCl, 1% sodium dodecyl sulfate (SDS)]o] o] 9}
+ 1.5 ml microfuge tubeol] Wi <& 7H9E o] &3l
ZAA Mol 10 mg/ml F%2] proteinase K £-HE 7+7}9)
tubeol] 35 x14 A 7}slod 55°Ce| shaking water bathollA] 15
AlZF E5o FHA melz3g L8iAZch ZH2ke] beol]
20,419] RNaseS H7ksto] 37°Col Al 24074 WhEA17) & 1
volume?] phenol& A 7}slod 2057} shaking incubatorei] 4]
2 4oF9al 1027 microfuge® A4 F-elelo] AN
< 1.5 ml tubeol] A Z+2ZF 12 volume® phenol®} chlo-
roforms A7}ste] 1087 & E5o] FUck 2 F 1 vol-
ume?] chloroform/isoamyl alcohol (24 : 1)-& 7}slo] 55
7% e F QUReisiol 42 alo] 50418 3 M
NaOAc (pH 6)} | ml2] 100% ethanol& *7}sled & 4o]
& o2 YAEE]slo] ethanol A=eR-& W8]l 70% ethanol

2 #7}sle] DNAZ HolZ & AZAZT. o|gA e

‘genomic DNAE- 1 ug4 7+7}2] wbeoll B3 ZH42 A7}

slo] 10pl2 FEZ 1023 #Y F A5 43 DNAE
HA Al 7] 3 protease2] 242 flllch. 279 tubeol] WH-E-
E4HE(HPV-18 URRT primer; 5-TATGTGTGTGTGTAT-
ATATAT-3’, HPV-18 E7B primer; 5-TTAT TACTGCT-
GGGATGCACAC-3* o] 8£)8 9014 Hrlsli o] 7)ol 50
18] light mineral oil (Sigma)E *7}%F £ DNA Thermal
Cycler (Perkin Elmer Cetus)ol] do] uF-2-A17tc}. 8l20] &
% 1.5% agarose gel2 A 7|dES A A}, ethidium
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RNeasy Mini Kit (Qiagen, Hilden, Germany)E- ©o]-83}o] to-
tal RNAE £-2]3}9it}. RT-PCR Kit (Boehringer Mannheim)
£ o]&3led cDNAE A48 X HPV-18 E6T primer
(5-ACCATGGCGCGCTTTGAGGAT-3") ¥ HPV-18 E7B
primer (5°-TTATTACTGCTGGGATGCACAC-3")E2 DNA Ther-
mal Cycler (Perkin Elmer Cetus)E o] -£3}o] PCR-& A|38s}
Yk vh-go] Bk 3 1.5% agarose gelE A 7|d %S A4
3Fal ethidium bromide® <dMslo] 224 3|ol4] DNA
band®] 75 #lslct.
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Fig. 3. Transient transfection assay in C33A cervical carcinoma
cells. Relative amount of CAT was shown by the ratio of
the amount of treated sample/the amount of untreated
sample.

ehs Wshe B slel HE A4HE Al

R
1) HPV-18 URRS| MAIGME &F

HPV-5A 27359 A|EF<Q C33Ac]| HPV-18 URR
o] & CAT reporter plasmidZ transfectiondt & TPAE
A e2lsle] URRS| &A% E CAT ELISAE EAS Z3)
TPA E%7} 100 ng/ 1Y o 1.58) Z7}s131 3, 200 ng/ ul
L o 20 Frhelglon), TPA 55 U4 £218 499
URR #4945+ A Haehs 88 + AAdchFig. 3).

2) HPV-18 URR E6/E7 RUXIE O/MFst HEHH

B Aol A

E6/E7 Wby WE]E Sal [/Hind IIZ Axlslod 44 DNA
9 el uHE ¥ HPV-18 URR EGE7TS E3ati= <F 1.1
kb 279 e GAAE Helsla(Fig. 4), ol FAAE
F2 (C57BL/6 X CBA)ZHE] 12 319719 $Azt A slo)
FAsto] doute| o] AFE Aget. I E6/ET primerd o]
48 PCR Wl ot 4ula]e] JAAL Q7S 9

Table 2. Microinjection of E6/E7 gene into mouse embryos and
production of. transgenic mice

No. of No. of embryos No. of offspring
. No. of
embryos survived and born and {ranseenics
injected transferred analyzed genic
415 319 40 4
M P 1 23456 7 89 1011 1213

{bp)

Fig. 4. Identification of HPV-18 URR E6/E7 transgene by PCR.
Exact sized bands (1,100 bp, arrow) indicate right size of
PCR product (lane; 5, 6 and 12).
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3199 cH(Table 2).

lube] &= mosaic & UEblL Intel= A% 1097
ol St ¢ 2ntelE 22 Al vl A3 AHe
2 Z et olF 198 AFelAE FA A AH7L
QA gkok:, 179 AlF2 AANA 23] welE F3tod
170tel o] AHE Qoler ofF 2ule|7t dA A 44
2 A=k o] 7 viele] A A3t A E AGsiod
HFA A AFe ZuAA F kA AlEe dAE A%
AHTE& FAEcHTable 3).

Table 3. Transmission of transgenic mice

No. of No. of total No. of transgenic Transmission

Line litter progeny progeny rate (%)
17 2 17 2 12
19 2 11 0 0

2000
1,500
1,031

Fig. 5. RT-PCR analysis of HPV-18 E6/E7 mRNA. Total RNAs
were purified from mouse skin (lane 1), brain (lane 2),
heart (lane 3), lung (lane 4), pancreas (lane 5), liver (lane
6), kidney (lane 7), cervix (lane 8). The exact sized band
(1,100 bp) indicated the expression of E6/E7 gene by
RT-PCR.

Fig. 6. Panel A demonstrates transformation zone with squamous metaplasia in control mice (H & E stain, < 100). In magnification view
(Panel B), the metaplastic cells are normally differentiated and well oriented (H & E stain, » 200). Panel C demonstrates superficial
dyskeratotic cells with neutrophilic infiltrates in transgenic mice treated with TPA (H & E stain, *40). In magnification view
(Panel D), the atypical cells are in lower portion with increased N/C ratio and hyperchromatic nuclei consistent with dysplastic
change (H & E stain, <200). Panel E demonstrates enlarged hyperchromatic nuclei with numerous nucleoli and increased mitosis
(arrow) in transgenic mice treated with TPA (H & E stain, < 200).
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3) NS YHUM E=XR0[HO! 22 FTXA GE

EGETS] WH g SHzH 0 @A77 Astel HPV
promotorl URRS A-&-ahedeh. 2 $914(31 %, 71, 1, 2
Z. M%, 2% 9 A7) 2HoZNE RNAS Relsn
E6 primerE o|-£3} RT-PCRZ E6/E7 w8 #Ql3t Ay}
URRsl| ®|sto] EB6/E7 §7He] Edo] |8 o A-Foll4
5ol UHe s #A% F UirhFig. 5).

4) TPAE A2|st XS YFHM SR =5
Ha|ats Wit

YA Aol & HAE et Ao TPAZ
Heleto] 4g7sel A Fobel walolRE Wz e
49l el AT Y F WA A% YAA
42 8 2T 2Rl Wel 2 e WsE B
T itk s/Y 3 #Eg A TPAE FostA &
YAuE A zFolAE Welzduy Wag B
g 5 gldloul, TPAE Foidt JAAGAF A=
Z733 Abw) o] AFZH = comification, squamous metaplasia
7} Rget, ATARL Hule) sh2ug AA 2o
A Zv)h, nuclear atypia, mitosis®] Z7} 2 pleomorphism

5 A37Y 49 ol@Fe] WS DAY & UsickFg 6)

[*4

A4 2%8 AAN i Aupel of i)
AAshe A AFARG HaHel Y4
AWAE HPVS] 93 ek Aol e A
Axmely), olF AL HPY 7l AEAY
A ZEol|A ool AP #Aol4 HPV DNAS Ao}
viral SAAS ] BAY HAshe] AP BAZ ol s},
olE A wde =4 7|H& ol Aol Fa3}
t} HPVE A3 f= FollA URRE violels FF
= B A(replication)7} Yo} 7] Al E(replication origin)
X0l 9= <F 850 base pair (bp) 7|2 FAREA
WAE e %on, HPV §3A5ellA] L19] €3
E62] A1zt B9 ool Eagch8). URRY 42 NFI,
AP-1, SP1, Oct-1, TEF-1 & -2, cEBP, GR 53} 7& A4
A Qlzkel YY1 22 AA A AIA7 URR W A
oA wbgstm A zAxo], o] AIEWH QAR F 7t
tlo] #iZl AP-1-2 c-Jun/c-Jun homodimer TE+ c-Jun/c-
fos heterodimer & 4] HPV-16/18 enhancer2] TGAG/CTCA %
Aol ZHgste A HA QApelrk(12,13). HPV-18
URRo| = EASHEl AP-Igkulol] thal] 2709 <lA]R-9)7}

-3

St o b
5oy o s

o]

Q=] AP-1thufe o¥ = RE]Q] phorbol esterell )& &
A3stxlo] URRE-H ] AP-1 HEHE9lol] £3L o] ko
AA7E FR5 R dEA dk(14). o]#E URRE &3t
zAofl A&k A= phorbol esterol] o4k )F.zH o] 75
o 2 Qlato] gbalzirh(15,16). AP-1- TPAC] oz 3
438 ¥ URRY AG5lo] 2ol AAEHE 2750,
HPV-168 E3hebe AZHNeHAE0] TPAE Aeiat
A URRS] 0] 20 ol 4 27kehe Aoz elA 9l
th(17). B Aol 5 HPV7L 2= A ge A5
A 9] C33A0]] HPV-18 URRo] £-& CAT reporter plas-
midE transfectiond} 3 TPAE %23 73} URRS 4o
20l o] FHEE ¢ ¢ YTl o= obmtk TPAYL
URRW 9] AP-1ol] ti3t g0 g8 F2rh(6).
YAARETES vecdl o] 7H who] AEEE ke
ratin14/k6 promotore] 7-¢- ZFIAIE A HA L FiAw 4
& Feted Y BEe NS L9381 Aew &
22 gk 290l crystalline (Z}7h, ) E x1344]), URR
ZFE7E 2134]), metallothionein (&9} X13}A1), bovine
thyroglobulin (ZHAHA A %13}4]), beta-actin (173 43 A
E A34) 59 promotort Hix]x gleh. B A4
Z] A= HPV A} 2] promotor?] URRE] Z7 3}o]] HPV-18
o] E6/ET A AE st PAASN Rl ES A
Abstdeh. Keratinld/k6 promotorZ A8l 719 E6/E7
A2 st ol] gt &g dolE F Uvke H2
4ot} HPV z+41¢] promotor7h ofyet= Aol glo] A A
o] AAWE 3t AAAF = gloks AP Aol
Arh. URRE AH-&A] HAA3E A4 3ty el 1~2
W ool £9¥E ZAog gEA glouk(18) HPV AA|
o] AAE EF vebd o Aok A 8 LSl A
+ URRY €4 & JAAZ + dv FA9 a3E o}
& g drhe WollA vE promotorlich HPV Aol glo
upEhz sl 3 5 Qlet
HPVol] th8l od = HPV AA|E s 4 glon
A Holl A et A3 AAE YehHeZ Aldkd o
£ & yholl glvk. 53] HPV DNAS] S A& tii-Fo
Ao AEe] B dEsln e AR FEA U
ZEo] Wy Ay FEu] ¥ Agl(modified epithelial raft
system)ol] 2|3l Y- HPV-11, HPV-31 & wjdA|ZH oy
ol x A} FEREDol v HAE gt U
HPV O] g dFet=d] ol go] e AAolchs,19).
HPVe] 2F-Z 75 AlZoll gt 7hd 7 2} 1A Hell 49
3t AYPPE 2K o2 syl flste] HPV-18
URR E¢/E7¢| Wls]= HAR AFE HESEL In vitro
4} TPAol| ©]3] URRS] &A4o] F7tdch= AEE EE
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FAAL FEAA 1~2d o] £85F URR AAo
oa ok} By A7E FEAY] Ashel AAS B
o TPAZ FAstel Y F YAARARNA HFAY
o Fpuue zqRdes it TPAS Fol
& YARBAANA AZAR 43 42HE comifica-
tion, squamous metaplasiaz} 2.3 .o}, AFAE 439l 3
Z8Z2 719t £9%= A8, nuclear atypia, mitosis2]

7t 5 pleomorphism 5 AFAE 4 ol8Fel WS

HEY F dedeh

B ol 3lol A+ HPV-18 URRE| 27 Eo]4 w1l E6E7
wholzizs QHHAAS] A8 S Yohrs] $lstel HPV-
18 URR B6/ET 54748 ol §etod ntels) §Ax% 43
£ wsglen oF ¥ vhel¥E A48 Y3 A%
47 AEE Atk mo ATHRIN d3t HPe 4
A 4% FAA W] deto] TPAS HAAY A
29 7ol 717 0 2 (periodically) Foistol of 5749
F 2559 ¥ WY & YAtk AP URR-
EOET 4748 Edlelt YAAVEES ATARY ¥
Aol 0% SEREL HPY URROIA 8 4748 24
e A4 AR J15E oA EE et 2AE
in vivo 24 0] 7531, ol % AT BHE Fste] AT
A%ste) o3k u Aol o SuHE olast Wul, Aol
shael WshE EAATHH FuelN BHY
wih AFHNG AL HPV FHASE) wH G 2

TPAS ol §elo] s g e

AYe 9% AYTE BUE wad 28 ¢ Ay,
Boh whAlsh Qe BAe) RAAEHY g 7]
& lozA Mok B SUA ot A2 @
1 e ANE + 9 Ao Altdct |
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