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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 retained and expressed in carcinoma cells infected with human
papillomavirus type 16 and cooperate with each other in the immortalization and transformation of primary
keratinocytes. Because the HPV oncogenesis mechanism was not completely solved, more thorough studies
are required. In the present study, we investigated 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 when compared with the control groups. By analyzing
the cell morphology under the microscope, hTERT clone size was a smaller than the mock control but
oncogene expressed clones had a slightly lengthened marginal region. In addition, hTERT cells also has a
tendency of brief dividing time compared to the mock control. To determine whether telomerase activity was
associated with a HPV oncogenesis by oncoprotein expression, we performed the PCR based TRAP assay
and a Northern blot analysis. In TRAP assay data, telomerase activities in hTERT and oncogene clones
increased compared to the mock control. In addition, SW13/E6/E7 cells showed an extremely increased
activity compared to the other clones. Induced hTERT mRNA by E6/E7 wasn't, however, detected in
Northern blotting. In conclusion, these findings suggest that telomerase activity is closely associated with the
HPV oncogenesis and E6/E7 co-expression is a most important factor of telomerase activity.
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o] npo]# 29l 7Hdoll= E69) E79] whthuldo] 7t
e AT AFoA HHHoR FAHI HHY
o], primary Z}&A| 2] 2 A P EHgle Fodie
Ao g A4## ¢tiHudson 5, 1990; Halbert 5, 1992;
Woodworth &, 1992). HPV wo]2]2] 7+4d 2], E6%}
E7 @rduldo] FoF A d A (tumor suppressor)
p337 RbY| 715& 28ASAIA AEZF7E B354
ZozN, dgRAd HJAse A0R geA leH
(Rapp9} Chen, 1998; Thomas &, 1999; Zwerschke -5,
2000; Kubbutat 5, 2000), E7 @ Z e} -9 pRbo} A
skl Rb A e FFAA] 7]5S AA8ta(Dyson T,
1989; Munger 5, 1989), E6 @ &2 ubiquitin E3 ligase
ol E6APS} A3l p53S ubiquitin EX Q) T A 3}
PR oA p33E  JIYAZIGE HiEm U
(Scheffiner &, 1990; Wemess 5, 1990; Scheffiner &,
1993). H 104318 A7Z23} Foll= HPV Hiol# &
9] E6 drdauiFe] hTERTY #HANE F7MA711L
telomerase®] &84S F7MZIthE ZAE0| Bo| 255
o] git}. Telomerase™ AAAEANMT B TH ]
U oheksl SAE, BEEtE AE AN 90%0)de] &
e B dslapgo] P #Ho] e AR |
o] FE& wojgt} HPV o] primary A X E
< 2EsAe HAC oA, in vitro e HCK
HFK(human foreskin
keratinocyte), HMEC(human mammary epithelial cells) &
o] thekst MEEo| detado] FLHEY, AT} =
sty S FHEIY FA| g B3 AXUF gAES
Ko FtHKlingelhutz, 5, 1996; Kiyono %, 1998;
Sprague %, 2002; Baege &, 2002). *:8F ©| primary 4| 3%
So] BdsEe HAHAA ME =dlo] AY HHd
telomerase®] &4jo] Z7HE]0] telomereE A& o2 §F
A Ha, wEbd FARe AE7E 45 Aot
w35 hTERT promoter T7ol|lA%, HPV E6 TalZo]
cmyc HIQJEZQ A 2% hTERTS HALS F7HAZ
2= 9)go] BuEUrkGewin 5, 2001). 22502 7
o] A A ZFo A, telomerase’} HPV 27|l
o] = A& AAFStAL Aoyt 7|ES] ATAF T
A YeEhd EA1--L, telomerased] 837} zF A" A

(human cervical Kkeratinocyte),
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welA B AFM= telomere B]SJEZQ TERT
subunit AFA4|¢] 7]5& B8] Y3 o2, HPV o
71- M9 E6, E7 LUTAHAET catalytic subunit
(TERT)2] 4528 2 telomerase?] 75 &3t}
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1. MzHieF & LSHIE HiZ

Telomerase negative A|Z5, SW132 ATCCol A +¢
39 o™, L-15 Leiboviz(Sigma, St Louis, MO) 8] x|
10% FBS(Hyclone, Logan, Utah)& 2|X 5% CO, 8%
71o) A} wj kst Th. hTERT, HPV E6m,- HPV E7, HPV
E6/E7 B S $AARNA DSo]A SWI3 AEF
£-& DMEM(Sigma, St Louis, MO)oll 10% FBSE 713t
vl S o] &315th 7t frxte] wEHEE Addd
o] o|ghg HRAlRO|A F-Fuke hTERT full length/
pcDNA33} pTARGET/E6m, pTARGET/E7, pTARGET/
E6E7S AME-3FTh.

2. SAIXNEE Al MEZFE &2

SW13 AIEZ 5x10° cells/100 mm disho] #F3 %,
g AASJANAL 4o EepAV|E 5 meoll 78
v A (serum free media)E 7}l 500 mL7} HE=E
3}al, Lipofectamine(GIBCO, Grand Island, NY) 30 mLol
475 mLe] F87 wjAE Hriste] Lol 1583 v
S XA 158 & DNAS 71 wiA1¢ lipofectamine
S A7’ v R E EFEte] oA 3087 WA 7,
ol j FHH MEE F¥H wjAZ 23] A &, ghgol
£ DNA-lipofectamine E31E0] 5 mLe] viA|E A7}
alo] F 6 mLe F T3 T A HS ATl =TS
37°C 5%CO, Wig7]elA 6213t W17 & dwhif 2|2
AA G eH, 2447 o]FEHEE 0.8 mgmLe G418
(Sigma, St Louis, MO)Z °F 25 B¢t YA X%HE MES
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3. AMAleAa-FEe A 2i4EE (RT-PCR)

tefst MEENAIA RNAzol BE 0|43l total
RNAE &3tk 53 RNAZHE DNAS FA3}

7] $3ke] MMLYV reverse transcriptase(Promega, Madision,
WIDE AH8-3}99 T}k Total RNAZHE Poly(A+) mRNAS
B238l7] Y8t oligo dT 0.125 mME ALg&3te] dojzl
mRNA 5 ng, RT buffer 5y, 1 mM dNTP, 200 unit$} &
AL BAE EF3t] 37TolA 1417F 308 FoF WA
Aok wHATe R 95TAlA 5E3F 7FEste] FHAL 2
ES B3 AZOZMN cDNAS dojuilch &xsh
cDNA 2 uL%} 5|4 primer 242} 1 pmol, dNTP &%
1uL% Taq polymerase(iNtRON Biotech, Sungnam,
Kyungki-Do, Korea) 1 pLE #7}sle] Auk-sE 3t3e
¥, 2t fradAke] 5014 primers tHE-3} 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] ¥4 &S
agarose geloll A 7|95 3k F ethidium bromider &24S

s eHelskit

A

4. Northern hybridization

theksl A E(5x10° cell)E Trypsin-EDTAS Al&-3}4]
T FES & guamdlnlum HPHS- ALR-3}o] total RNA
£ FE39h $53 RNAE 260 nmoll M %3 5, 8
mg®] RNAE 1% formaldehyde geldl running 3}$ith.
RNA gels nylon membraneol transferdt %, UVol|A
cross-linking 3}1t}. ©] blotZ ©]-&3}e] hTERT mRNA
HHE gAStHTE.  ojwf A3 probe= hTERT
1950/3210 bpo]™ sequencingS E3}4 specificity S A5

o o

s,

5. TRAP(Telomerase Repeats Amplification Protocol)
assay

Telomerase®] &S ZA3}7] 18t Intergen A}2)
TRAPeze 71EE A3l T} SW-13/Mock Al EE H| 5
g SEE NEFES FE5te] 1X PBSE 135] FAT
%, A} microfuge tubedl] %ZTh 1X CHAPS lysis
buffer(10 mM Tris-HCl, pH 7.5, | mM MgCL, 1 mM
EGTA, 0.1 mM benzamidine, 5 mM b-mercaptoethanol,
0.5% CHAPS, 10% glycerol) 200 uLE d7}ato] &gof
A 308 B9k HESAIZL 312,000 pmoll A 108 F9F 9
AEZSAT 23 cell extractsE: F s T TRAP
reaction®l] A3

TS primer(Substrate oligonucleotide, in TRAPeze
Detection Kit)®] &HU4 end-labelinge 10 mCi/mL
g-32P-ATP, TS primer, 10X kinase buffer, T4 poly-
nucleotide kmasea 37CAA 208 B¢ WA & 85
CToA 527 45 BE4sAA A3

10X TRAP reaction buffer, 50X dNTP mix, 32P-TS
primer, TRAP primer mix, Taq polymerases &3t
master mixS $H]S}1L RNase-free PCR tubedl| £33}
o1 0.5~1 mg 59 cell extractsE 7}tk PCR
tubeE 30T A 30%37F vHS-A1Z] & 94Tl A 30%, 59
C 302 W& 27~403) vHESIITh Whe-d 7 E9bE
< 15% neutral-polyacrylamide gelolA] 719531
autoradiography s %3 #3434l

1. HPV16 E6/E7 RTIAL ! hTERT RAXIE s
Sh= SW13 M=F =g

£ Ao A= HPV HFO] 22 oncogenesis 7] 2ol 4] 2]
telomerase?| 7|55 EA3 1A 39 AEZFES B
StATE WA telomerase subunit®l pcDNA3-hTERT-H-A
A9} pTARGET-E6mutants, pTARGET-E6/E7 --71%}9]
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HEE o]834 telomerase negative A¥, SW-130]
liposome= ©]-&3t transfectionS dFFTh oF 2 F<F
G418l U8& AYE AEZES FH3 T F2Y31
SW/hTERT #31, SW/E6m #29, SW/E6E7 #309] @ &
EES FHT FHEE AEEY] total RNAE o] &3}
o] RT-PCRS S35t Al z}7+e] M E7) insert gene$!
HPV oncogene, E6m, E7, E6/E73 hTERT FZAE @&
sl S SISt Th T3k ojuf Hela, Caski, SiHa,
SWI13 EAXEF, K562 AXEL 77 54 2 g
Zr 02 ARSEHIITE B Ao AREE HPV FAAE
168 E}3Jo]=F HPV oncogene E6, E7°] ¥4 tZ2+<
Caski, SiHao| X% FEFsE o™ HPV 183 BF<] HeLa®l
e VA ekokt) TEd K562 M ¥ hTERTS] d
o] & FUETOE AR o] HA] hTERTS| L&2
e A Th(Fig. 1A).

3 SW-13/Mock Al X9} Hlaulsle] StHe S22
o NEFHE AvAS B3l £ 8HAth SWAHTERT Al
F9] A9, SW13/Mock A} Bl 3G S wlj, ME |
o] W3l A9 gidloy M) =77 Holyar, A
o] B Alte] 27 Wit ¥EHC HPV oncogenes
o] W= SWI39 A HE FE7} Mock Ao
uls) Wol Wty on 53] SW/EGETS A= AE7}
nietol| Haste ATt AsHa AlEe] Eoko] Azs)
A Wtk SWI3/Mockd A-¢E Yol SWI3 A X
H3l] 2oFo] ‘;\}Eobﬂa 7‘”3}74] Wk AxzEc] gol

A

2. Telomerase2| &4t HPV oncogenesis2| 2214

gE NZFE9 EARA 2 telomerase] BHAS
2817] Y3t Fig. 2004 et A9 telomerase &

ox Mt

S TRAP assay®} Northern blot
A } t}. Fig. 2A8} Zo] nlolz|
Q1519-S W, telomerased] &
o] FElo] 57 }5}3‘3«5’?’% o] hTERT #AAE &
121 g%oﬂ}q Box o] =& 848 1) Telomerase
gl oA HPV oncogene E6/E7 559 2do]
A gL AL & F AU, o] A= telomerase
7} HPV v}o] 2] 2¢] oncogenesis ¥4 LASHAl B H

2
9 hTERTY &S
analysisE ©]-&sto] &
2 ekl E6/ET7S

=

>~

Jz

& & SWiransfectants
N

Control group

Fig. 1. Construction of HPV oncogenes and hTERT over-
expressed SW13 clones. (A) The identification of E6, E7 and
hTERT expression in stable clones of SWI13. 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.

S AAbebar itk E=3F HPV E6/E7¢l 93 hTERTS] &
ol Zte ERIT & e A Yolrr] {5t
Northern blot analysisE G338} THFig. 2B). Lz}
HPV E6/E79] 23] =8 hTERT mRNAS] 3l 3t9)
& 4 glolth o] Ade B AFeA AREE AET}
telomerase®] &4 @ TERT W&lo] M3 §l= negativer
Yolng o wE Y rheAds A A
HPV olehul o] TERT mRNAS] HALE W&z} B
o] T ol A o] A Eoll #dste] telomerase
o gL F7AZ TheAE WSk THGewin 7,
2001). mhebr 2 Aol A= mRNA F-Eol Ao W ol
7= g £ gldloy, B S AMS E6/ET Tt

A7} telomerase A2 FElo] F7HAIZITHE FojH,
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Fig. 2. Telomerase activity is closely related with human
papilloma virus oncogenesis. (A) Telomerase activity was
measured by TRAPeze detection kit (Intergen). Total cell lysates
were cxtracted with a chaps lysis buffer. And 0.5mg of cell
extracts were used TRAP-PCR based assay. (B) Total RNAs
were extracted by guanidinium method in SWI3 transfectants.
And the Northern blot analysis was performed using the hTERT
specific probe.

°]= HPV oncogenesis®ll telomerase”} YHsHA #dd
AYE AARIE 35S Felatdth

= ArelM= HPV 27|l X e Eo, E7 Eoiehdy
257 catalytic subunitthTERT)] A5 28 2 telomerase
o] 71s& A87] 913+ telomerase negative 4| E59

SWI139] HPV E6, E7 424 2 hTERTS L3 Al

1 AXFES Sgstt. 71¥9 hTERT promoter 7+
o4, HPV E6 @ Aol c-myc BIEZQ AHax
hTERTS] HALS F7HA1E 5 S0 Bilxo] Ee, E7
ol A3l hTERTS A& A-8-0] HPV oncogenesis®l|
28 Aolg} ALR P THGewin9}t Galloway, 2001).
£ AT ME E6, EG/ETS] T weithiido] A
FHA7}E 242} telomerased] B4 7412 4 AN
M((Fig. 2A), 53] E6/E7 # A= hTERT FAAE
A A7l EFREOE & telomerase 43S AU
AT} webx E¢/E7 detdrul o] TERTS] Hddl:
QS w2 Z(Klingelhutz ,5 1996; Kiyono &, 1998;
Sprague & 02; Baege & 2002)2Z A}EE©] TERT
mRNAE northern blot analysis® <213} TtHFig. 2B).
T2} SWI3/E6/E7 M2ES) A hTERT mRNAZ
T oW, o] telomeraset YA O E AALFF A
2R Buol A%, gl s Ae 2 Bol
oA RR, E¢/ET Eetet Aol o TERT HApLd
|99l telomerase®] EEA FFS VA TS F
23 A0E Al d

AEAHOE E6St E7 A4S telomerase negative
M EFo| HUHAAAH S v, telomerase EAjo] Z7)8tE
HAOZ Hol telomerased] W&ol E6, E7 Hrtehii o]
#Aog AYg AAFSIY, o] W3 telomerase’t HPV
oncogenesis®l| = #ojg 4= & o7 AlgHT)
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