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Analysis of Telomerase Activity by HPV E6/E7 Expression in SW13
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Cervical cancer is one of the most prevalent cancers developed in women worldwide, and human papillomavirus
(HPV) type 16 is the most common agent linked to human cerivical carcinoma. Viral oncogenes E6 and E7 are
selectively ratined and expressed in carcinoma cells infected with human papillomavirus type 16 and cooperated with
each other in immortalization and transformation of primary keratinocytes. Because of HPV oncogenesis mechanism
was not completely solved, the more studies be required thoroughly. In the present study, to investigate the telomere
independent role of telomerase in HPV oncogenesis, we constructed the E6 mutant, E7, E6/E7 and hTERT over-expressed
stable cells with a telomerase negative cell line, SW13. Expressions of Inserted genes were measured by RT-PCR.
E6, E7 and hTERT genes were well expressed in each cell lines comparing with the control groups. By analyzing the cell
morphology under the microscope, hTERT clone size was a more smaller than the mock control but oncogene expressed
clones were slightly lengthened the marginal region. In addition, hTERT cells has also, a tendency of brief dividing
time compared to the mock control. To determine whether telomerase activity associated with a HPV oncogenesis by
oncoprotein expression, we performed the PCR based TRAP assay and Northern blot analysis. In TRAP assay data,
telomerase activities in hTERT and oncogene clones were more increased than the mock control. In addition, SW13/
E6/E7 cells appeared a extremely increased activity than any other clones. Induced TERT mRNA by E6/E7 wasn't,
however, detected in Northern blotting. In conclusion, these findings suggest that telomerase activity closely associated
the HPV oncogenesis and E6/E7 co-expression is a most important factor of telomerase activity.
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21Tt (Hudson et al., 1990; Hallbert et al., 1992; Woodworth et al.,
1992). HPV wlelize) ZHdA), B6%t B7 Sdefide] %
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Ao 44 2™ (Rapp and Chen, 1998; Thomas et al,
1999; Zwerschke et al., 2000; Kubbutat et al., 2000), E7 &=
o] 7%, pRb&} A3t Rb dde] FUAA V)5S <
AB}3L (Dyson et al,, 1989; Munger et al., 1989), E6 tH384
ubiquitin E3 ligase?! E6APS} Z3lo] pS3& ubiquitin <
Al @A g 7|go g ps3S HAA|E S0 Ry
ar 21T} (Scheffiner et al., 1990; Wemness et al., 1990; Scheffiner
ctal., 1993).
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AZEANAA 90% oo BFE Bl gshaAe] Exe
Belo] gl TR go] TR Wolsith HPV Witk
o] primary AEEL BASAI)E 3ol oVA, in v
A}e] HCK (human cervical keratinocyte), HFK (human foreskin
keratinocyte), HMEC (human mammary epithelial cells) 5-2] ¢}
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£ FEIA FH Y= Eds AEF FHES RAFUT
(Klingelhutz et al., 1996; Kiyono et al., 1998; Sprague et al.,
2002; Baege et al,, 2002). %3+ ©] primary M| ZE°] BE5}s
= BAAA AES stol]l 2 FHHH telomerase] T4
o] Z7}59] telomereE A|EA 02 FAAFA =11, wpeba
ZA] = MEST FAEE Aok XS hTERT promoter
ATFNME, HPV BE6 T o] cmyc B]-9J&3R] JHZE
hTERTS] AALE F7MA 4 o] BT} (Gewin et
al,, 2001). 222 0% 7|& A1E2] Ao, telomerase”
HPV #et7]dell #o] gtk A& AAFeRaL ot 7]&
A S EPt AL, telomerase] A7} ZF AT
oA o] Fox] Al Aol wet & H3e Holil gl
o} web B A= telomere B]2)F2 9] TERT subunit
2 715 EA438H] A%t ALE, HPV Et7] Aol A9
E6, E7 2 etz S5t catalytic subunit (TERT)S] A3 2He-
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1. MEHQ 9 WEHE] XX

Telomerage negative Al X7, SW132 ATCCAA +4313]
21 L-15 Leiboviz (Sigma, St Louis, MO)H=]°l 10% FBS
(Hyclone, Logan, Utahy& ¥ oA 5% CO, w¥7]ollA] ul%ka}
2T} hTERT, HPV Eém, HPV E7, HPV E6/E7 WA EHE &
AABAA BN SW13 A EFE-2 DMEM (Sigma, St
Louis, MO)ll 10% FBSE 7}t sjf& o]&-3)5ic). 2}
frazte] BEAE e AFaie o)ehg BAtEeA A&
hTERT full length/pcDNA3# pTARGET/E6m, pTARGET/E7,
pTARGET/E6E7S AH&3131d

2. WS U MEF Y

SWI13 AlEZ 5x10° cells/100 mm dish®] E53 & o1&
o FZABANZC A9 Ean| = 5 mgel] FEA A
(serum free media)E H7}sto] 500 ml7} F =% sl Lipo-
fectamine (GIBCO, Grand Island, NY) 30 mlol] 475 mi2] 3
A WA E Hrpste Aol 1587 FHgAIZATE 158
DNAE Z7}st vlA) 9} Lipofectamine 2 H71gh vix|& &
sto] A2oljA] 3083 WS A7), o] W) FulE AXE
g3 wjx 2 28] A3 3 wh-3o] E'Y DNA-Lipofectamine
EgE 5 mo] MxE Hrlkste] ¥ 6 me 2 E3he &
AAT A Eo| THFHT) 37T 5% CO, #lY7]elA] 6417t
HEEAIZ F ANk R ZAEFG 0, 24413 o] FHE =
0.8 mg/ml®] G418 (Sigma, St Louis, MO)Z < 25 &<k &
AAEE AXES AEs H, g9 MEES 96 well plae
9] 7} welld 05~1719] AZE B53le] ddEECZ 4
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3. AMEL-SEES AYEE (RT-PCR)

k3t AEZEAlA RNAzoIBE ©]-8-38} total RNAE
289} 253 RNAZRE DNAZ 44517 918t
MMLYV reverse transcriptase (Promega, Madision, WI)& A3}
9t} Total RNAZF-E] Poly(A+) mRNAZ 223517 91814
oligo dT 0.125 mM& AH&-31%1.om, Bo)7 5 ug9] mRNA,
5 ul RT buffer, 1 mM dNTP, 200 unit &AA 45 2§35
37CAA 123F 308 B WHSAIZE v o R 95T
NA sEZE Ftdste] FHAF EAES BEAS AR
A cDNAZ dojuigic). #1.3F ¢DNA 2 mlZ 242 1 pmol
9] E¢]A primer, 1 ml9] ANTP &5E 2 Taq polymerase
(iNtRON Biotech, Sungnam, Kyungki-Do, Korea)Z %7}l
ARSI e, 7 FAAe] FolA primere Th
2T} hTERT sense primer (5-ATG AAG TTC CTG CAC TGG
CTG AT-3"), antisense primer (5'-AGT TGA GCA CGC TGA ACA
GT-3"), E6 sense primer (5-GAA GAT CTC TAT GTT TCA GGA
CCA CAG-3), E6 antisense primer (5-TTA CAG CTG GGT TTT
CTC T-3); E7 sense primer (5-GGA GAT CTC ATG CAT GGA
GAT ACA CCT-3"), antisense primer (5-GGG TCG ACG ATT
ATG GTT TCT GAG AAC A-3'). PCRo] B¢ AFZ-& agarose
geloll A A719Fg & EtBr G948 &3l st

4. Northern hybridization

=

Z319th. 59 RNAE 260 nmollA A 5, 8 mgd
RNAE 1% formaldehyde gel®l running&}Sith RNA gels
nylon membrane®l| transferdt $-, UVoll A cross-linking3}53 o},
o] blot2 ©|-&3}d hTERT mRNA F&-E &1t o] w
AH8-3F probe= hTERT 1950/3210 bp]™ sequencings =3}

of specificity & HAZ3ch

5. TRAP (Telomerase Repeats Amplification Protocol)
assay

24e SAY] 9t Intergeni}t S
TRAPeze kitZ ARLE}ITE SW-13/Mock AIZE ¥ £33 n
B AEFEE $8519 1X PBSE 13] $A418 £, A} micro-

fuge tubeol) $ZTE 1X CHAPS lysis buffer (10 mM Tris-HCJ,

Telomerase 2]

B pH 7.5, 1 mM MgCl,, 1 mM EGTA, 0.1 mM benzamidine, 5 mM

b-mercaptoethanol, 0.5% CHAPS, 10% glycerol) 200 plE %7}
ato] iceoll A 308 FRF WA F, 12,000 pmoll A 10%
Bt AAESIITE £EF cell extractsE FFE T, TRAP

reaction®l] AM8-3F%Th TS primer (Substrate oligonucleotide, in
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TRAPeze Detection Kit)2] 5994 end-labeling2 10 mCi/mi
g-**P-ATP, TS primer, 10X kinase buffer, T4 polynucleotide kinase
S 37T 208 S WHEAIZ] F 85TolA 5E3E an
BEAAIA A AHE-3}SITE 10X TRAP reaction buffer, 50X
dNTP mix, **P-TS primer, TRAP primer mix, Taq polymerase S
E33t Master mixE FH]8}3 RNase-free PCR tubedl] 5
3lgdom 05~1 mg = 718k PCR
tubeE 30 C°ﬂf‘1 3083k # ¥, 94CellA 30%, 59C
30% ~403] WHE3RTh t&%L 7 Eg=2 15%
neutral-polyacrylamlde geldll Al 7]935-3}aL autoradiography
& F3 ZFaiith

LT

=9] cell extracts%
k-2 A 71
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Fig. 1. Construction of HPV oncogenes and hTERT overex-
pressed SW13 clones. (A) The identification of E6, E7 and hTERT
expression in stable clones of SW13. E6 mutants, E7 and E6/E7
oncogenes and hTERT expression were detected by RT-PCR. (B)
Representative photographs show the cell phenotype in SW/
transfectants.

At AA telomerase subunit?) pcDNA3-HWTERT F73Akek
pTARGET-E6mutants, pTARGET-E6/E7 f-742}e] #HE|E o]
4-3}o] telomerase negative M3, SW-13°]] liposome s ©|§
& transfectionS T oF 25 FoF G418 WS AU
v AEES 8n3 F 22431 SWHTERT #31, SW/E6m
#29, SW/EGE7 #3098 BUEEES FH3STh SR A
FE9] total RNAE ©]83}9 RT-PCRS g A3, 7t
Z}e] M| Z7} insert gene$l HPV oncogene, E6m, E7, E6/E7}
hTERT #AAFE SH3L has FAesith =3 o
HeLa, Caski, SiHa, SW13 EA|XF K562 MNEEL 737t
&4 2 Pz ARSEQITh £ Aol AME HPV
SRR 163 E}RJ©]=E HPV oncogene E6, E70] F/duj=
<1 Caski, Silaoll A1 %= Vb2 HPV 18% EFY<! Hela

M= vERLRR) eFgkt) fEEk K562 A|EE WTERTS 23
o] ¥ PURTOR AMEHo] HA] hTERTY 2dE U
(A} % % % w
£ £ 2 8 8
Heat - +

-+ - + - + - + LB

?
H

TRAP
products

Internal
Standard

©

SW13 Mock HhTERT Mock ES E6/E7

Fig. 2. Telomerase activity is closely related with human papil-
loma virus oncogenesis. (A) Telomerase activity was measured by
TRAPeze detection kit (Intergen). Total cell lysates were extracted
with a chaps lysis buffer. And 0.5 mg of cell extracts were used
TRAP-PCR based assay. (B) Total RNAs were extracted by
guanidinium method in SW13 transfectants. And the Northern blot
analysis was performed using the hTERT specific probe.
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ERHRIT) (Fig. 1A).
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2. Telomerase® &3} HPV oncogenesisQ] 2ty

2% AFEFE EAEY 9 telomerased] BEYES F
21817 $18te] Fig. 2014 YERd AX T telomerase 244 %
hTERTS] 28-S TRAP assay9} Northern blot analysisZ ©]
g3t} EA319i) Fig. 249 Z2o] vpolx e E6/
E7S 9381904 v, telomerase2] o] F8lo] 781512
o, o]& hTERT FAAE HHA7] EBNMEUE 1 52
42 B3tk Telomerase®] &/do 11X HPV oncogene
E6/E7 52 Wdo] A7 F¢L VS & & AL, ]
ATDE telomerase’} HPV HFo]#1 29 oncogenesis 7ol
sk #EEe AR itk 3 HPV E6/ETel <
hTERTS] B3] Z7l% 31T 4 s A Fohir] sl
Northern blot analysisZ =33+ t} (Fig. 2B). Z2{Y} HPV
E6/E79) & F-5% hTERTmRNAS] H&#E2 I8 + ¢
ok o] A= B Aol AREE MET} telomerase®] &
A 9 TERT o] A3 gl negative AEojER 19
02 d44d 7FsAS AYil YAV HPY deteedel
TERT mRNA2] #ALE 23z} gaiglo] Ba FFolAa
ZA 280 TedEle] telomerased] BXHS SIS 7HF
UESHT It} (Gewin et al., 2001). WEbA 2 Ao A
mRNA FFollA 9] Bdo F7He Eld 4 gl

AL BO/ET A telomerase 8738 3

o

N O & orfr oox
o,
ro

Z7txZIch= Ao, o] HPV oncogenesis®]] telomerase
DASHA BT ADES AL ASS Elekdith
B dFe A HPV ety Aol A8l E6, BT detuua
7} catalytic subunit (TERT)S] 3528 Z telomerase®] 7]

off o

& BA37) 998k telomerase negative AlEF] SW13¢4]
V E6, B7 2542 2 hTERTE HEEA T HEFE
2 #stth 71¥2] hTERT promoter 794}, HPV E6
ldo] cmyc H]-9)FA AEI2E hTERTS HARE
74 4= dgeo] BaEo] E6, E7 L3 TERT
o] A5 A-go] HPV oncogenesis®l 52 202 Atgdtt

(Gewin and Galloway, 2001). .

2 AT e E6, E6ETS T 2oiehido] Agd &
A7} 247} telomerase?] BAES SV 4 AR eH (Fig
2A), 53] E6/E7 -4 A= hTERT +44HE @A
FTFRTE EE telomerase BAS AU AT w
A EB6/ET betmigo] TERTY] Hdelx F3s v
(Klingelhutz et al., 1996; Kiyono et al., 1998; Sprague et al., 2002;
Baege et al, 2002)2.8 A& 5o} TERT mRNAZE Northern
blot analysis 21890} (Fig. 2B). 284 SWI3/E6/E7 Al
Foll4] hTERT mRNAES E1& &= gl3len, o] telome-
rase’= DAH o2 HAEoA 2T g dolA|nh &
WA fFo e 2AE fo] o] FolX|BE, Ee/E7 el
ol )3 TERT AAPEE o]l telomerase] "Zel B
S uld AAsAL R log AlgErk ZEHO R E6
E7 Zelhmlzl S telomerase negative A|ETFol] ZPUEHA]
< o), telomerase Ao E715H= A2 KB} telomerase
o) B6, E7 'Sdahizo] B 2Yg AlAbekH, o]
3 telomerase”t HPV oncogenesisoll = ¥l @ = &
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