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HeLa cells expressed 3.4- and 1.6-kilobase (kb) transcripts of the integrated human papillomavirus (HPV)
type 18 genome. Two types of cDNA clones representing each size of HPV type 18 transcript were isolated.
Sequence analysis of these two types of cDNA clones revealed that the 3.4-kb transcript contained E6, E7, the
5' portion of El, and human sequence and that the 1.6-kb transcript contained spliced and frameshifted E6
(E6*), E7, and human sequence. There was a common human sequence containing a poly(A) addition signal
in the 3' end portions of both transcripts, indicating that they were transcribed from the HPV genome at the
same integration site with different splicing. Furthermore, the 1.6-kb transcript contained both of the two viral
TATA boxes upstream of E6, strongly indicating that a cellular promoter was used for its transcription.

There have been several reports indicating the close
association of human papillomavirus (HPV) types 16 and 18
with cervical cancers (4, 9, 26, 32, 36). It was also previously
demonstrated that the dimer of the HPV type 16 genome or
HPV type 16 DNA integrated into genomic DNA of a

cervical cancer had the ability to transform NIH 3T3 cells
upon transfection (31, 35). Little information is available,
however, about the molecular mechanisms underlying the
development of cervical cancers by HPV types 16 and 18 and
about the gene products responsible for the malignant trans-
formation by HPVs. The characterization of HPV tran-
scripts will provide information for better understanding of
the molecular mechanisms involved in the development of
cervical cancers.
HeLa cells derived from a cervical cancer have been

demonstrated to contain 10 to 20 copies of HPV type 18
DNA sequences and their two major transcripts of approx-
imately 3.4 and 1.6 kilobases (kb) (27, 32). Recently, cDNA
clones for HPV type 18 transcripts in HeLa cells were

isolated and partially characterized (25). Information is
limited, however, because these clones were not complete
enough in size to represent either the 3.4- or 1.6-kb tran-
script.
We report here the results of analysis of HPV type 18

transcripts in HeLa cells by isolation and characterization of
cDNA clones representing each size of HPV type 18 tran-
script.

MATERIALS AND METHODS

Cells. HeLa cells were cultured in Dulbecco modified
Eagle minimum essential medium supplemented with 10%
calf serum. SKG-I (17), SKG-II (13), and SKG-IIIb cells (18)
were cultured cell lines established from three different
cervical cancers and maintained in Ham's F12 medium with
10% heat-inactivated fetal bovine serum. SKG-I and SKG-II
cells contained HPV type 18 DNA, while SKG-IIIb cells
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contained HPV type 16 DNA (32). The cells were cultured at
37°C under a humidified atmosphere of 5% Co2.

Preparation of poly(A)+ RNA. Semiconfluent HeLa cells
were washed with phosphate-buffered saline, and total
RNA was prepared by the guanidinium isothiocyanate-CsCl
method (6). Poly(A)+ RNA was obtained by passing total
RNA through an oligo(dT)-cellulose column (1).

Construction of cDNA library and isolation and character-
ization of cDNA clones. A cDNA library was constructed
with poly(A)+ RNA from HeLa cells by the procedure of
Okayama and Berg (19) and screened by colony hybridiza-
tion with the HPV type 18 genome as a probe. Isolated
cDNA clones were characterized by restriction enzyme

digestions. Sequence analysis of cDNA clones was done by
the dideoxy chain termination sequencing method (22) with
M13 cloning vectors (16).

Preparation of DNA and Southern blot hybridization. High-
molecular-weight DNAs were extracted by the sodium do-
decyl sulfate-proteinase K-phenol-chloroform method (15)
from cervical cancer-derived cell lines and human spleen
tissue obtained from a patient with hepatocellular carcinoma
associated with cirrhosis.
DNAs were digested with BamHI, EcoRI, or HindIII, and

10 ,ug of each sample was subjected to electrophoresis on a

0.8% agarose gel. After transfer to a nitrocellulose filter by
the method of Southern (28), hybridization with a nick-
translated 32P-labeled DNA fragment was performed in a

solution of50% formamide, 0.75 M sodium chloride, 0.075 M
sodium citrate, 1x Denhardt solution (15), 0.02 M sodium
phosphate (pH 6.5), 10% dextran sulfate, and 50 ,ug of
denatured salmon sperm DNA per ml at 42°C for 20 h. The
filter was washed three times with a solution of 0.3 M sodium
chloride-0.03 M sodium citrate-0.02 M sodium phosphate
(pH 7.0-0.06% sodium PPi-0.05% sodium dodecyl sulfate at
52°C. Then it was exposed to Kodak XAR-5 film with an

intensifying screen at -80°C for 12 to 24 h.
Northern (RNA) blot hybridization. Poly(A)+ RNA (5 ,ug)

was electrophoresed through a 1.0% agarose gel containing
14.8% formaldehyde, transferred to a nitrocellulose filter,
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FIG. 1. Schematic presentation of the representative cDNA clones for HPV type 18 transcripts in HeLa cells. Linear maps of cDNA

clones 20, 17, and 19 for the 1.6-kb transcript and clones 125, 68, and 4 for 3.4-kb transcript are shown with cleavage sites of restriction
endonucleases. Solid bars and dashed bars indicate cDNAs and parts of cloning vectors, respectively. The junctions of viral and human
sequences in clones 20 and 125 are shown by arrows. Fragments of human specific sequences in clone 125 (HincIl-HindIII) and in clone 20
(HindIII-PvuII and Ball-Ball) are designated probe 1 and probes 2 and 3, respectively, and are indicated by open boxes. bp, Base pairs.

and then hybridized with a probe as described above for
Southern blot hybridization.

RESULTS

Isolation of cDNA clones. Fifty-two clones containing HPV
type 18 DNA were isolated from a cDNA library by screen-
ing 100,000 colonies. By restriction enzyme analysis, the
clones could be classified into two types: one represented a
1.6-kb HPV type 18 transcript and the other represented a
3.4-kb transcript. Some of the representative cDNA clones,
numbers 20, 17, and 19 for the 1.6-kb transcript and numbers
125, 68, and 4 for the 3.4-kb transcript, are illustrated
schematically in Fig. 1.

Characterization of 1.6-kb transcript. Clone 20 included
1,525 nucleotides and consisted of three portions: 225 nucle-
otides of human sequence in the 5' end, 724 nucleotides of
viral sequence, and 576 nucleotides of another human se-
quence in the 3' end. By comparing the nucleotide sequence
of clone 20 with the HPV type 18 genomic sequence which
was reported recently (7), we were able to detect the two
junctions of viral and human sequences in clone 20. One was
located 2 bases upstream of the first TATA box in the
5'-flanking sequence of E6, corresponding to nucleotide 24
of the HPV type 18 genomic sequence numbering system (7),
and the other was located in the beginning portion of El,
corresponding to nucleotide 929 (7) (Fig. 2a).

Clone 20 had two open reading frames in its HPV type
18-derived portion that coded for 57 and 105 amino acids,
respectively. Using the viral genomic sequence, we found
the former to be a spliced and frameshifted E6, which had
been designated E6* by Schneider-Gadicke and Schwarz
(25), and the latter to be the entire E7 (Fig. 3). The clone
contained both of the two viral TATA boxes upstream of E6.
To determine whether the human flanking sequence in the 5'
portion of clone 20 was commonly found in another cDNA
clone representing the 1.6-kb transcript, we also analyzed
the partial sequence of clone 17, which was 0.2 kb shorter

than clone 20 but showed the same restriction enzyme map
of the viral and 3' human flanking sequences (Fig. 1). The 5'
human flanking sequence of clone 20 was not present in
clone 17, and clone 17 had 23 additional nucleotides of HPV
type 18 sequence upstream of the human and viral junction
of clone 20 (data not shown). It also contained both of the
two viral TATA boxes in the noncoding region upstream of
E6. The common sequence of clones 20 and 17 is presented
in Fig. 2a.
The consensus sequences of splice donor and acceptor (5)

were found in the E6 region of the HPV type 18 genome (7).
The sequence from nucleotide 234 to 415 of the HPV type 18
genome was spliced out, resulting in the E6* open reading
frame in clone 20. There was another splice donor consensus
sequence in the beginning portion of the El region, and at
this position (nucleotide 929), the viral sequence of clone 20
probably spliced to human flanking sequence, generating the
virus-human junction. There was a poly(A) addition signal,
AATAAA, at the end of the 3' human flanking sequence in
clone 20.

Characterization of 3.4-kb transcript. Clone 125 included
3,135 nucleotides, and its 5' end was just at the first ATG in
the E6 open reading frame (nucleotide 105), indicating that
clone 125 was nearly a full-sized cDNA for the 3.4-kb
transcript. It contained three open reading frames: entire E6,
entire E7, and the 5' portion of El (AE1). There was no
splicing or frameshift within the E6 and E7 open reading
frames in clone 125, and they coded for 158 and 105 amino
acids, respectively (Fig. 3). Using the genomic sequence of
the El region of HPV type 18, we found that the junction of
viral and human sequences in clone 125 was located next to
nucleotide 2497 of the HPV type 18 genomic sequence (7),
that is, 1,583 bases downstream of the first ATG in the El
open reading frame. With the stop codon (TAA) at the
beginning of the 3' human flanking sequence, the El open
reading frame ended just at this junction (Fig. 2b). The

V 3'

V

0 bp

I VT v v VW v

. . I WV w
Ak

. . v VW v VT
-- --

v

VOL. 62, 1988 1641



1642 INAGAKI ET AL.

a
TAWE 3MGGGAGTAACCGAAAACGGTCGGGACCGAAAACGGTGT 3A. GATGTGAGAAACACACCACAATACCATGGCGCGCTTTGAGGATC

E6* MetAlaArgPheGluAspP
101 CAACACGGCGACCCTACAAGCTAcCTGATCTGTGCACGGAACTGAACACTTCACTGCAAGACATAGAAATAACCTGTGTATATTGCAAGACAGTATTGGA

roThrArgArgProTyrLysLeuProAspLeuCysThrGluLeuAsnThrSerLeuGlnAspIleGluIleThrCysValTyrCysLysThrValLeuGl

201 ACTTACAGAGGTGCCTGCGGTGCCAGAAACCGTTGAATCCAGCAGAAAAACTTAGACACCTTAATGAAAAACGACGATTCCACAACATAGCTGGGCACTA
uLeuThrGluValProAlaValProGluThrValGluSerSerArgLysThr

301 TAGAGGCCAGTGCCATTCGTGCTGCAACCGAGCACGACAGGAAAGACTCCAACGACGCAGAGAAACACAAGTATAATATTAAGTATGCATGGACCTAAGG
E7 MetHisGlyProLysA

401 CAACATTGCAGACATTGTATTGCATTTAGAGCCCAAAATGAAATTCCGGTTGACCTTCTATGTCACGAGCAATTAGCGACTCAGAGGAAGAAAACGA
laThrLeuGlnAspIleValLeuHisLeuGluProGlnAsnGluIleProValAspLeuLeuCysHisGluGlnLeuSerAspSerGluGluGluAsnAs

501 TGAAATAGAtGGAGTTAATCATCAACATTTACCAGCCCGACGAGCTGAACCACAACGTCACACAATGTTGTGTATGTGTTGTAAGTGTGAAGCCAGAATT
pGlulleAspGlyValAsnHisGInHisLeuProAlaArgArgAlaGluProGInArgHisThrMetLeuCysMetCysCysLysCysGluAlaArglle

601 AA.GCTAGTAGTAGAAAGCTCAGCAGACGACCtTCGAGCATTCCAGCAGCTGTTTCTGAACACCCTGTCCTTTGTGTGTCCGTGGTGTGCATCCCAGCAGT
LysLeuValValGluSerSerAlaAspAspLeuArgAlaPheGlnGlnLeuPheLeuAsnThrLeuSerPheValCysProTrpCysAlaSerGlnGln
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701 AAGCAACAATGGCTGATCCAGAAGTTTTCAGATGAGGAAACTGACGGGTACCAAGCTTAAATGACTTGACGAAGCTCATAGAAGATTAGCAGGTAGTAGA 800
801 ATAATGACTGCTGACTCCTAATTCAGTGGATCTTCCCTGGCCACCGTTTTGTATTGAGCTGCAATGCTTCCTTGACTGTTCTCCACGCCAGATTCTTATC 900
901 AATGATCTTTCACCTAAGAAACAGCAAAGATTCTGGCAAGCACACGATCTAGAGATACATCTTATTGCGATTTTTCACAAAAATCAAAAGAAGAAAGAAG 1000

1001 GCTTAGCTGGTGTTTAATTATTGTTATTTTTTTCAATAGGGAAATCTGTACACAATGATTTATCTCCAGTGATTTGCCATTGATCAATTTTTTTCTCATT 1100
1101 TCATTTTCTATTTTTTTGTTTTTTGTTTTTCTTTATTTTTTATTTTTTTCTCCTTTTTCTTTTTTTAAATTTTCTGTTTATCACAAATGATCATGTAATT 1200
1201 ATATGTTAATACTATGTAACCCCAGTGTTTTCAACTGTTTGTGATTCAATGTTACCCAGTTTTCTTTTCTTAATTTTAATATTTGAAAAATTATCTT 1300

FIG. 2. Nucleotide sequences and derived amino acid sequences of representative cDNA clones for the 1.6-kb transcript and the 3.4-kb
transcript. The common sequence of clones 20 and 17, starting from the 5' human-virus junction of clone 20 (a), and the entire sequence of
clone 125 (b) are presented. The open reading frames E6, E6*, E7, and the 5' portion of El (AEl) are underlined. Two TATA boxes in the
noncoding region upstream of E6 and poly(A) addition signals in the 3' end portions of both transcripts are indicated by open boxes and
stippled boxes, respectively. Wavy lines indicate the tetrapeptide sequence Cys-X-X-Cys in the E6, E6*, and E7 open reading frames. The
junctions of viral and human sequences in both transcripts are shown by arrowheads. Nucleotide positions 1 and 724 in panel a correspond
to nucleotides 24 and 929, respectively, in the HPV type 18 genomic sequence (7), and nucleotide positions 1 and 2393 in panel b correspond
to nucleotides 105 and 2497, respectively, in the HPV type 18 genomic sequence.

consensus sequences of splice donor and acceptor were not
found at the junction.

Clone 125 contained 742 nucleotides of human flanking
sequence with a poly(A) addition signal, AATAAA. Its 3'
part (571 nucleotides) was completely identical to that of
clone 20, except that there were five more nucleotides
upstream of the poly(A) addition site of clone 20. There was
no open reading frame in the human flanking sequence in the
3' portion of either clone.

In comparison with the genomic sequence of the virus,
there were 10 base substitutions in the two types of HPV
type 18 transcripts in HeLa cells. Three of these substitu-
tions were in E6, two were in E7, and the remaining five
were in El. Two base substitutions resulted in amino acid
changes: one from Glu to Lys at amino acid 73 in E7, and the
other from Thr to Lys at amino acid 94 in El.
The E6 open reading frame contained a fourfold repetition

of the tetrapeptide sequence Cys-X-X-Cys, which was
highly conserved in bovine papillomavirus type 1 and other
types of HPVs, such as la, 6b, 11, and 16 (7, 10, 11), while
the E6* open reading frame contained only one such tetra-
peptide sequence. The E7 open reading frame also contained
a twofold repetition of Cys-X-X-Cys (Fig. 2). Possible N-
linked glycosylation sites (Asn-X-Thr/Ser) (12) were present
in E6 (Asn-22), E6* (Asn-22), and El (Asn-39, Asn-176,
Asn-177, Asn-251, Asn-335, Asn-428, and Asn-510). None of
the open reading frames (E6, E6*, E7, and the 5' portion of
El) had a leader sequence, ATP-binding site, kinase domain,
GTP-binding site, or hydrophobic region characteristic of
the transmembrane domain. A computer search with the
GenBank nucleic acid data base and the National Biomedical
Research Foundation protein data base revealed no homol-
ogous or related protein sequence for these open reading
frames, except for the products of other types of papilloma-

viruses. The E6, E7, and 5' portion of the El open reading
frames of HPV type 18 at the protein level had 23, 24, and
30% homology, respectively, with those of HPV type la and
56, 39, and 54% homology, respectively, with those of HPV
type 16. We could not find any nucleotide sequence homol-
ogous to the 5' or 3' human flanking sequence in clones 20
and 125 using the GenBank nucleic acid data base.

Southern blot hybridization and Northern blot hybridiza-
tion with human flanking sequences. Human flanking se-
quences in clones 125 and 20 were subcloned and used as
probes for hybridization, and they are schematically shown
in Fig. 1. Southern blot hybridization analysis with the 3'
cellular flanking sequences as probes is shown in Fig. 4.
They hybridized to BamHI-, EcoRI-, or HindIlI-digested
human DNAs, including other cervical cancer-derived cell
lines and human spleen tissue. The HincII-HindIII fragment
of clone 125 (probe 1) hybridized to a single band, while
hybridization with the HindIII-PvuII fragment of clone 20
(probe 2) showed a definite band with some weaker bands
and smears. The Ball-Ball fragment of clone 20 (probe 3)
also hybridized to human DNAs but not to HPV type 18
DNA (data not shown). Northern blot analysis of poly(A)+
RNA from HeLa cells revealed that probe 2 hybridized to
both the 3.4- and 1.6-kb mRNAs, while probe 1 hybridized to
only the 3.4-kb mRNA (Fig. 5). Probe 3 also hybridized to
poly(A)+ RNA from HeLa cells; the sizes of the two major
bands were approximately 3.4 and 1.6 kb, respectively (Fig.
5). They were not expressed as mRNA, however, in any
other cervical cancer-derived cell lines (SKG-I, SKG-II, or
SKG-IIIb) (data not shown).

DISCUSSION
cDNA clones were isolated that represented 3.4- and

1.6-kb transcripts of the HPV type 18 genome in HeLa cells.

J. VIROL.
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b
b ATGGCGCGCTTrGAGGATCCAACACGGCGACCCTACAAGCTACCTGATCTGTGCACGGAACTGAACACTTCACTGCAAGACATAGAAATAACCTGTGTAT 100
E6 MetAlaArgPheGluAspProThrArgArgProTyrLysLeuProAspLeuCysThrGluLeuAsnThrSerLeuGlnAspl eGlulleThrCysValT

101 ATTGCAAGACAGTATTGGAACTTACAGAGGTATTGAATTTGCATTTAAAGATTATTGTGGTGTATAGAGACAGTATACCGCATGCTGCATGCCATAA 200
yrCysLysThrValLeuGluLeuThrGluValPheGluPheAlaPheLysAspLeuPheValValTyrArgAspSerlleProHisAlaAlaCysHisLy

201 ATGTATAGA30TTATTCTAGAATTAGAGAATTAAGACATTATTCAGACTCTGTGTATGGAGACACATTGGAAAAACTAACTAACACTGGGTTATACAAT300
sCysIleAspPheTyrSerArgIleArgGluLeuArgHisTyrSerAspSerValTyrGlyAspThrLeuGluLysLeuThrAsnThrGlyLeuTyrAsn

301 TTATTAATAAGGTGCCTGCGGTGCCAGAAACCGTTGAATCCAGCAGAMMCTTAGACACCTTAATGAMAACGACGATTCCACAACATAGCTGGGCACT 400
LeuLeulleArgCy$LeuArgCysGlnLysProLeuAsnProAlaGluLysLeuArgHisLeuAsnGluLysArgArgPheHisAsnIleAlGlyHisT

401 ATAGAGGCCAGTGCCATTCGTGCTGCAACCGAGCACGACAGGAAAGACTCCAACGACGCAGAGAAACACAAGTATAATATTAAGTATGCATGGACCTAAG 500
yrArgGlyGlnCysHisSerCysCysAsnArgAlaArgGlnGluArgLeuGlnArgArgArgGluThrGlnVal E7 MetHisGlyProLys

501 GCAACATTGCAAGACATTGTATTGCATTTAGAGCCCCA6ATGAAATTCCGGTTGACCTTCTATGTCACGAGCAATTAAGCGACTCAGAGGAAGAAAACG600
AlaThrLeuGlnAspIleValLeuHisLeuGluProGlnAsnGluIleProValAspLeuLeuCysHisGluG1nLeuSerAspSerGluGluGluAsnA

601 ATGAAATAGATGGAGTTAATCATCAACATTTACCAGCCCGACGAGCTGAACCACAACGTCACACAATGTTGTGTATGTGTTGTAAGTGT7AAGCCAGMT700
spGluIleAspGlyValAsnHisGlnHisLeuProAlaArgArgAlaGluProGlnArgHisThrMetLeuCysMetCysCysLysCysGluAlaArgIll

701 TAAGCTAGTAGTAGAAAGCTCAGCAGACGACCTTCGAGCATTCCAGCAGCTGTIrCTGAACACCCTGTCCTTTGTGTGTCCGTGGTGTGCATCCCAGCAG 800
eLysLeuValValGluSerSerAlaAspAspLeuArgAlaPheGlnGlnLeuPheLeuAsnThrLeuSerPheValCysProTrpCysAlaSerGlnGln

801 TAAGCAACAATGGCTGATCCAGAAGGTACAGACGGGGAGGGCACGGGTTGTAACGGCTGGTTTTATGTACAAGCTATTGTAGACAAAAAAACAGGAGATG 900
,dEl MetAlaAspProGluGlyThrAspGlyGluGlyThrGlyCysAsnGlyTrpPheTyrValGlnAlaIleValAspLysLysThrGlyAspV

901 T10TACTGATGACGAGGACGAAATGCAACAGACACAGGGTCGGATATGGTAGATTTTATTGATACACAAGGAACATTTTGTGAACAGGCAGAGCTAGA1000
alIleSerAspAspGluAspGluAsnAlaThrAspThrGlySerAspMetValAspPhelleAspThrGlnGlyThrPheCysGluGlnAlaGluLeuGl

1001 GACAGCACAGGCATTGTTCCATGCGCAGGAGGTCCACAATGATGCACAAGTGTTGCATGTTTTAAAACGAAAGTTTGCAGGAGGCAGCAAAGAAAACAGT 1100
uThrAlaGlnAlaLeuPheHisAlaGlnGluValHisAsnAspAlaGlnValLeuHisValLeuLysArgLysPheAlaGlyGlySerLysGluAsnSer

1101 CCATTAGGGGAGCGGCTGGAGGTGGATACAGAGTTAAGTCCACGGTTACAAGAAATATCTTTAAATAGTGGGCAGAAAAAGGCAAAAAGGCGGCTGTTTA 1200
ProLeuGlyGluArgLeuGluValAspThrGluLeuSerProArgLeuGlnGlulleSerLeuAsnSerGlyGlnLysLysAlaLysArgArgLeuPheT

1201 CAATATCAGATAGTGGCTATGGCTGTTCTGAAGTGGAAGCAACACAGATTCAGGTAACTACAAATGGCGAACATGGCGGCAATGTATGTAGTGGCGGCAG 1300
hrIleSerAspSerGlyTyrGlyCysSerGluValGluAlaThrGlnIleGlnValThrThrAsnGlyGluHisGlyGlyAsnValCysSerGlyGlySe

1301 TACGGAGGCTATAGACAACGGGGGCACAGAGGGCAACAACAGCAGTGTAGACGGTACAAGTGACAATAGCAATATAGAAAATGTAAATCCACAATGTACC 1400
rThrGluAlaIleAspAsnGlyGlyThrGluGlyAsnAsnSerSerValAspGlyThrSerAspAsnSerAsnIleGluAsnValAsnProGlnCysThr

1401 ATAGCACAATTA1AGACTTGTTAAAAGTAAACAATAAACAAGGAGCTATGTTAGCAGTATTTAAAGACACATATGGGCTATCATTTACAGATTTAGTTA1500
IleAlaGlnLeuLysAspLeuLeuLysValAsnAsnLysGlnGlyAlaMetLeuAlaValPheLysAspThrTyrGlyLeuSerPheThrAspLeuValA

1501 GAAATTTTAAAAGTGATAAAACCACGTGTACAGATTGGGTTACAGCTATATTTGGAGTAAACCCAACAATAGCAGAAGGATTTAAAACACTAATACAGCC 1600
rgAsnPheLysSerAspLysThrThrCysThrAspTrpValThrAlaIlePheGlyValAsnProThrlleAlaGluGlyPheLysThrLeuIleGInPr

1601 A-FTTATATTATATGCCCATATTCAATGTCTAGACTGTAAATGGGGAGTATTAATATTAGCCCTGTTGCGTTACAAATGTGGTAAGAGTAGACTAACAGTT 1700
oPhelleLeuTyrAlaHisIleGlnCysLeuAspCysLysTrpGlyValLeuIleLeuAlaLeuLeuArgTyrLysCysGlyLysSerArgLeuThrVal

1701 GCCAAAGGTTTAAGTACGTTGTTACACGTACCTGAAACGTGTATGTTAATTCAACCACCAAAATTGCGAAGTAGTGTTGCAGCACTATATTGGTATAGAA 1800
AlaLysGlyLeuSerThrLeuLeuHisValProGluThrCysMetLeulleGlnProProLysLeuArgSerSerValAlaAlaLeuTyrTrpTyrArgT

1801 CAGGAATATCAAATATTAGTGAAGTAATGGGAGACACACCTGAGTGGATACAAAGACTTACTATTATACAACATGGATAGATGATAGCAATTTTGATTT 1900
hrGlyIleSerAsnIleSerGluValMetGlyAspThrProGluTrplIeGInArgLeuThrIlelleGlnHisGlyIleAspAspSerAsnPheAspLe

1901 GTCAGAAATGGTACAATGGGCATTTGATAATGAGCTGACAGATGAAAGCGATATGGCATTTGAATArGCCTTATTAGCAGACAGCAACAGCAATGCAGCT 2000
uSerGluMetValGlnTrpAlaPheAspAsnGluLeuThrAspGluSerAspMetAlaPheGluTyrAlaLeuLeuAlaAspSerAsnSerAsnAlaAla

2001 GCCTTTTTAAMAGCAATTGCCAAGCTAAATATTTAAAAGATTGTGCCACAATGTGCAAACATTATAGGCGAGCCCAAAAACGACAAATGAATATGTCAC 2100
AlaPheLeuLysSerAsnCysGlnAlaLysTyrLeuLysAspCysAlaThrMetCysLysHisTyrArgArgAlaGlnLysArgGlnMetAsnMetSerG

2101 AGTGGATACGA2TTAGATGTTCAAAAATAGATGAAGGGGGAGATTGGAGACCAATAGTGCAATTTCTGCGATACCAACAAATAGAGTTTATAACATTTTT2200
lnTrpIleArgPheArgCysSerLysIleAspGluGlyGlyAspTrpArgProlleValGlnPheLeuArgTyrGlnGlnIleGluPhelleThrPheLe

2201 AGGAGCCTTAAA2TCATTT3TAAAAGGAACCCCCA0AAAATTG0TTAGTATTTTGTGGACCAGCAAATACAGGAAAATCATATTTTGAATGAGTTTT2300
uGlyAlaLeuLysSerPheLeuLysGlyThrProLysLysAsnCysLeuValPheCysGlyProAlaAsnThrGlyLysSerTyrPheGlyMetSerPhe

2301 ATACACTTTATACAAGGAGCAGTAATATCATTTGTGAATTCCACTAGTCATTTTTGGTTGGAACCGTTAACAGATACTMAGGTGGCCATGTTArAACATA 2400
IleHisPheIleGlnGlyAlaValIleSerPheValAsnSerThrSerHisPheTrpLeuGluProLeuThrAspThrLysValAlaMetLeu

2401 TATATGTCCATATATATGTATAACCAAACCACAGGTGTTTTTTTGGAAGTCATArTATACAGGGAGTTGACAGAGGTGTGAGCTGGACTTTAAGAAGCTG 2500
2501 CACATATGCTAGTATGATCAAGCTGGAATGGACTTAGACAATTTGAAACAACTTTCTCAGTTTTCAGATGAGGAAACTGACGGGTACCAAGCTTAA 2600
2601 ATGACTTGACGAAGCTCATAGAAGATTAGCAGGTAGTAGAATAATGACTGCTGACTCCTAATTCAGTGGATCTTCCCTGGCCACCGTTTrGTATTGAGCT 2700
2701 GC20TGCTTCCTTGACTGTCTCCACGCCAGATTCTTATCAATGATCTTTCACCTAAGAAACAGCAAAGATTCTGGCAAGCACACGATCTAGAGATACAT280
2801 CTTATTG290TTTTT0AA.CAAAGAAGAAAGAGGCTTAGCTGGTGTTAATTATTGTTATTTTTTTCAATAGGGAAATCTGTACACAATGATT2900
2901 TATCTCCAGTGATTTGCCATTGATCAATTTTTTTCTCATTTCATTTTCTATTTTTTTGTTTTTTGTTTTTCTrTATTTTTTATTTTTTTCTCCTTTTCT 3000
30013T1TTT0TTTTTCGTTTATCACATGATCATGTAATTATATGTTAATACTATGTAACCCAGTGTTCAACTGTTGTGATTCAATGTTACCAGT 3100
3101 TTTCT1TTCTTAATTTTAMTAT rTTTGAAAAATT 3135

FIG. 2-Continued.
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Sequence analysis of these two types of cDNA clones
revealed that clone 20 representing the 1.6-kb transcript
contained E6* and E7, whereas clone 125 representing the
3.4-kb transcript had E6, E7, and the 5' portion of El.
There have been several reports that the E6 and E7

regions were consistently present and that the E6 region was
expressed as mRNA in cervical cancer tissues and cervical
cancer-derived cell lines containing HPV type 16 or 18 (2, 14,
20, 27, 29). Furthermore, we previously demonstrated that
the E6 region was present and expressed as mRNA in NIH
3T3 primary transformants induced by transfection of HPV
type 16 DNA integrated into the genomic DNA of a cervical
cancer (31). The E5 and E6 regions of bovine papillomavirus
have transforming activity toward C127 and NIH 3T3 cells
upon transfection (23, 24, 33, 34). It is likely that E6 and E7
and/or their surrounding regions are important in the devel-
opment of cervical cancers. The present result showing that
HPV type 18 transcripts in HeLa cells contain E6, E6*, and
E7 is consistent with these previously reported results.

It was reported previously that both E6 and E6* were
transcribed in SW 756 and C4-1 cells containing HPV type 18
sequences but that only cDNA clones containing E6* were
isolated from HeLa cells (25). In contrast, our results
reported here clearly showed that not only E6* but also
genomic E6 was transcribed in HeLa cells. It was also
revealed that the E6 open reading frame contained a fourfold
repetition of Cys-X-X-Cys, which was highly conserved in
bovine papillomavirus type 1 and other types of HPVs and
was speculated to be involved in DNA binding (3, 7, 10),
while only one repetition unit remained in the E6* open
reading frame. It should be determined whether genomic E6
or E6* has an important role in the development of cervical
cancers or in maintaining the phenotype of cervical cancers.
The present results also showed that HPV type 18 tran-

scripts contained cellular flanking sequences. Clone 20 had
two human flanking sequences in its 5' and 3' portions. The
cell-virus and the virus-cell junctions were 2 bases upstream
of the first TATA box in the 5'-flanking sequence of E6 and
in the beginning portion of El, respectively. Clone 17,
another cDNA clone representing the 1.6-kb transcript, had
the same restriction map as clone 20, but was 0.2 kb shorter
in the 5' end. The sequence of the 5' portion of clone 17 was
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FIG. 4. Southern blot analysis of cellular DNAs from cervical
cancer cell lines and human spleen tissue with the 3'-flanking
sequences as probes. High-molecular-weight cellular DNAs from
HeLa (lanes a and h), SKG-I (lanes b, g, i, and n), SKG-Il (lanes c
and j), and SKG-IlIb (lanes d and k) cells and human spleen tissue
(lanes e and 1) were digested with BamHI (lanes a to e and h to 1),
EcoRI (lane g), or Hindlll (lane n). Southern blot hybridization was
done with 10-,ug samples of DNAs with the following fragments of
the 3' cellular flanking sequences: probe 1 (lanes a to g) and probe 2
(lanes h to n) (probes are schematically shown in Fig. 1). The HPV
type 18 genome was also subjected to hybridization with each probe
(lanes f and m). kbp, Kilobase pairs.

identical to that of clone 20 up to the human-virus junction.
However, clone 17 contained 23 additional nucleotides of
HPV type 18 sequence in place of human sequence. It
remains to be determined whether clones 20 and 17 represent
different forms of 1.6-kb HPV transcripts or whether the
flanking human sequence in the 5' end of clone 20 is an
artifact occurring during cDNA cloning. It is, however, more
likely that clones 20 and 17 represent different forms of
1.6-kb HPV mRNAs with the difference being in the 5' end,
since smaller size viral mRNA of around 1.6 kb was detected
as a broad band by Northern blot hybridization with HPV
type 18 genome as a probe, suggesting heterogeneity of this
mRNA species. The two nucleotides in the HPV type 18
genomic sequence upstream of the 5' human-virus junction
in clone 20 are adenine and guanine, suggesting also that the
junction corresponds to a splice site and is not a result of a
cloning artifact. In any event, both clones 20 and 17 contain

a b c d2000 bp

Eb E7
b~MA

E6 E7
C I I|

AEI
1.

A -AAL

-<28S

**; 0 <8
4IS

FIG. 3. Splicing pattern of HPV type 18 transcripts in HeLa
cells. The 5' portion of the early regions of the HPV type 18 genome
(7) (a), 1.6-kb transcript (b), and 3.4-kb transcript (c) are schemati-
cally presented. The open reading frames E6, E6*, E7, and the 5'
portion of El (AEl) are indicated by open boxes. The first ATG in
each open reading frame is shown by a dotted line in the box. Two
TATA boxes (p) upstream of the E6 region are indicated by
arrowheads. Zig-zag lines show flanking cellular sequences. bp,
Base pairs.

FIG. 5. Northern blot analysis of RNA for the transcripts of
HPV type 18 and human flanking sequences in HeLa cells. Samples
of 5 ,ug of poly(A)+ RNA were subjected to blot hybridization with
the HPV type 18 genome (lane a), probe 1 (lane b), probe 2 (lane c),
and probe 3 (lane d) (schematically shown in Fig. 1).
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two viral TATA boxes in the noncoding region upstream of
E6. It was reported that the major HPV mRNA start site in
HeLa cells was around the first ATG in the E6 open reading
frame by primer extension analysis (25) and RNase protec-
tion analysis (30), and additional minor upstream start sites
were also observed (25). It is difficult to determine from
these experiments whether the viral or the cellular promoter
is used for HPV transcription in HeLa cells. Two aspects of
our results strongly suggest that a cellular promoter is
utilized for HPV transcription in HeLa cells. First, the viral
TATA boxes in the noncoding region upstream of E6 were
included in cDNA sequences of clones 20 and 17. Second,
the sizes of viral transcripts detected by Northern blot
hybridization, corresponding to 1.6 and 3.4 kb, were consid-
erably larger than those predicted if the two types of HPV
transcripts had started just upstream of the first ATG of the
E6 region, using viral promoters in the noncoding region
upstream of E6, with the predicted sizes being less than 1.3
and 3.2 kb, respectively. In addition, Southern blot analysis
showed that the genomic HPV sequence in HeLa cells
lacked the 5' end portion of the L2 region where another
TATA box was located (25), further suggesting the utiliza-
tion of a cellular promoter.

Since the 5' end of clone 125 was just at the first ATG in
the E6 open reading frame, we could not determine whether
the 3.4-kb transcript utilizes the viral or the cellular pro-
moter for its transcription. It is still possible, however, that
the 3.4-kb transcript also contains 5' human flanking se-
quence homologous to or identical with that of clone 20 and
utilizes a cellular promoter, because probe 3 hybridized to
mRNA with a size of approximately 3.4 kb (Fig. 5).
Clone 125 contained 742 nucleotides of human flanking

sequence, and its 3' portion (571 nucleotides) was com-
pletely identical with that of clone 20, except that there were
five more nucleotides upstream of the poly(A) addition site
of clone 20. It was reported that HPV type 18 DNA
sequences in HeLa cells were located on chromosomes 5, 8,
9, and 22 (21). The presence of the common human se-
quence, together with the finding that there were consensus
sequences of splice donor and acceptor at the splice site in
E6* and at the 3' virus-human junction of clone 20, indicated
that both the 1.6- and 3.4-kb mRNAs were transcribed from
the HPV genome at the same integration site with different
splicing. Since the consensus sequences of splice donor and
acceptor were not found at the virus-human junction of clone
125, it is suggested that this junction corresponds to the
genomic virus-human junction and is not a result of splicing.

Although there was no open reading frame within the 3'
cellular flanking sequences of both clones, there were
poly(A) addition signals in their 3' ends, suggesting that they
play a role in the stabilization of viral mRNA. The poly(A)
addition site of clone 20 was 5 bases downstream from that
of clone 125, although both clones utilized the same poly(A)
addition signal.
The human flanking sequences hybridized to DNAs from

human spleen tissue and other cervical cancer-derived cell
lines containing HPV type 16 or 18 sequence. Both probes 1
and 2 were unique sequences and hybridized to a single
band. Probe 2 also showed additional weaker bands and
smears because it contained A+T-rich sequence and might
hybridize to cellular DNAs nonspecifically. The 3' human
flanking sequences, probes 1 and 2, did not hybridize to the
bands containing HPV type 16 or 18 DNA and were not
expressed as mRNA in any other cervical cancer-derived
cell lines. It is very unlikely that direct activation of specific
cellular flanking genes occurs by insertion of HPV type 18

DNA sequences into the common integration site in cervical
cancers. It was reported that one of the HPV type 18
integration sites is within 40 kb 5' of the c-myc gene and that
the c-mnyc mRNA levels are elevated in HeLa cells (8). HPV
type 18 DNA sequences in HeLa cells were reported to be
integrated into several chromosomes (21). It is yet to be
determined whether the genomic sequence of HPV type 18
transcribed as mRNA in HeLa cells is located within 40 kb
upstream of the c-myc gene.
There has been increasing evidence that more than 50% of

cervical cancer tissues contain HPV type 16 or 18 sequence.
There is no indication, however, of involvement of HPV
type 16 and 18 DNA in the development of cervical cancers,
except that the dimer of the HPV type 16 genome and HPV
type 16 DNA integrated into genomic DNA of a cervical
cancer could transform NIH 3T3 cells. The characterization
of the HPV type 18 products based on the present sequence
analysis data will certainly lead to better understanding of
the molecular mechanisms involved in the development of
cervical cancers.
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