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ABSTRACT

HPV infection has long been implicated in the development of cervical car-
cinoma. We have analyzed the HPV 16 genome structure and expression of the
viral mRNA in cervical intraepithelial neoplasias (CINs) and cervical car-
cinomas by using modified polymerase chain reaction (PCR) methods. Genome
structure has been determined by PCR using multi-primer sets which are located
in each open reading frames and then these results have been compared with the
physical state of the viral DNA determined by two-dimensional electrophoresis.
Furthermore, we have analyzed the expression of HPV 16 mRNA and genome
structure using DNA and RNA simultaneously extracted from CINs and cervical
carcinomas using PCR and reverse transcription (RT-) PCR.

QOur data showed that the DNA regions from the E1 to L1 region were delet-
ed in two of three CINs containing episomal HPV 16 and three out of seven
cervical carcinomas containing integrated HPV 16. However, the E6/E7 region
was conserved in all the HPV 16-positive samples.

RT-PCR analysis has determined the presence of mRNA species which could
encode the E6, E6*I, E6*II, E7, E2, E2-C, E1"E4, E1"E2-C, E4, E2-C-E5 and L2
proteins. The overall results of DNA and mRNA analyses in cervical lesions
indicated that the expression patterns of the early and late transcripts studied
were not specifically related to the grade of malignancy and the physical state or
the deletion of the viral genome. Furthermore, alterations in the splicing pat-
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terns of HPV 16 transcripts may not be involved in tumor progression.

Key words: Human papillomavirus 16 (HPV 16), Polymerase chain reaction,
Physical state, Genome deletion, mRNA, Reverse transcription,

INTRODUCTION

There is a strong association between certain types of human papillomavirus
(HPV) and cervical carcinoma(1). In particular, HPV type 16 (HPV 16) is the
most frequently found among the oncogenic HPVs, which are present in approxi-
mately 80% of cervical carcinomas and 709 of cervical intraepithelial neoplasias
(CINs) (2). The E6-E7 region of HPV 16, which is invariably present in cervical
carcinomas and CINs, encodes proteins that are capable of transcriptional regula-
tion and cellular transformation through interaction with cellular proteins, such
as the tumor suppresser gene products pRB and p53(1).

HPV 16 is often found integrated into the tumor cell genome, although it
may also persist as extrachromosomal episomes or mixtures of episomal and
integrated DNAs(2,3). The presence of integrated HPV DNA frequently found
in CINs, cervical cancers and immortalized keratinocytes has suggested that viral
integration may be an important step in the viral transformation of infected cells
(2,3). In contrast, precancerous and benign cervical lesions predominantly con-
tain episomal HPV DNA.

The E6-E7 region of HPV 16 is consistently conserved upon viral genomic
integration into the cellular genome. Since E1 and E2 genes are responsible for
the correct episomal replication and regulation of the expression of the viral
genes, integration of the viral genome, accompanied by deletion of E1 and E2
regions, may lead to unregulated expression of the transforming genes E6 and E7
(4).

Analysis of HPV 16 mRNA in CIN tissues is often difficult because only a
small specimen amount is available. The most sensitive procedure for the detec-
tion of mRNA has been provided by the combination of reverse transcription and
the polymerase chain reaction (RT-PCR). By using the RT-PCR method, sev-
eral reports have analyzed the splicing patterns of E6 and E7 mRNAs in cervical
lesions (5-8).

In this study, we first analyzed the physical state of HPV 16 in cervical car-
cinomas and CINs, and compared the results of Southern blot hybridization fol-
lowing two-dimensional gel electrophoresis(2) with PCR by using multiple primer
sets which targeted open reading frames (ORFs) for amplification. Second, we
analyzed the expression of the HPV 16 genome by using the RT-PCR method.
Furthermore, we compared the expression and the genome structure of HPV 16
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using the RT-PCR and PCR methods.
MATERIALS AND METHODS

Materials

Tissue specimens were taken from cervical lesions while patients were in the
operating room and the outpatient department of Sapporo Medical University
Hospital. Twenty-nine specimens were frozen immediately by liquid nitrogen
and stored at —70°C. A part of the tissue was fixed in 10% formalin and
diagnosed histopathologically. The presehce of HPV 16 DNA in these cases was
confirmed by Southern blot hybridization(2), PCR methods(9-11) and direct se-
quencing method (12) as previously described.

Extraction of DNA

Twenty frozen biopsy samples were minced and suspended in 0.1 M EDTA,
0.2 M Tris HCl and 1% SDS. These samples were digested with proteinase K at
37°C for 12-16 hr; the total cellular DNA was extracted with phenol/chloroform
and precipitated with two volumes of ethanol. The DNAs were further treated
with 50 xg/ml of RNAse A at 37°C for 1 hr and extracted with phenol/chloro-
form. After precipitation with ethanol, samples were dissolved in 10 mM of Tris
HCIl and 1 nM of EDTA (pH 8.0) and stored at 4°C.

Simultaneous extraction of DNA and RNA

Nine tissue specimens were minced and homogenized quickly in 4M
guanidium isothiocyanate—25 mM sodium citrate (pH 6.0) —19% 2-mercaptoeth-
anol (GIT buffer) (13). The homogenates were layered onto a cushion of 5.7 M
CsCl-0.1 M EDTA (pH75) in Beckman SW41 tubes and centrifuged at 33,000
rpm for 18 hr at 20°C. During centrifugation, the RNA formed a pellet on the
bottom of the tube while most of the DNA and protein floated upward in the
CsCl solution. The DNA was recovered from the solution and dialyzed against
distilled water. Then the DNA was purified by phenol/chloroform extraction
and ethanol precipitation. The RNA pellet was purified by ethanol precipitation.

Two-dimensional gel electrophovesis and hybridization

We used two-dimensional gel electrophoresis to clarify the physical state of
the HPV 16 DNA as described before(2). In 10 cases of cervical carcinoma and
4 cases of CIN, linear and circular DNA could be distinguished.

Synthesis of first-strand ¢DNA
Reverse transcription was carried out in a 30 xl reaction mixture consisting
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of 50mM Tris-HCl (pH 8.3), 100 mM KCl, 10m M MgCl,, 10mM DTT, 1 mM
each dNTP, 65 units of RNase inhibitor (Takara), 10 units of reverse tran-
scriptase (RAV-2, Takara), 5 ug of oligo dT and approximately 1 ug of denatur-
ed total RNA. The reaction mixture was incubated for 1hr at 42°C, then the
reverse transcriptase was inactivated at 95°C for 5 min.

To confirm the absence of DNA in RNA samples, total RNA was subjected
to PCR with primers p16-3 and 6R, which can amplify the HPV 16 sequence
only from genomic DNA.

PCR primers for detection of HPV 16 DNA and mRNA

For analysis of the structure of the HPV 16 genome and the species of HPV
16 mRNA in cervical lesions, multiple primer sets to amplify each ORF of HPV
16 were synthesized according to the sequence determined by Seedorf ef al. (14)
(Table1).

PCR

_Amplification of target HPV ¢DNA or approximately 1ug of DNA from
tissue specimens was performed using the PCR method in a 100 xl mixture
containing 1/15 volume of Ist strand cDNA (2 1) or DNA, 10 4] of 10 X PCR
buffer (100 mM Tris-KCl (pH 8.3), 500 mM KCl, 1.5 mM MgCl,, 0.1% (w/v)
gelatin), 16 z1 of ANTP solution (1.25 mM in each ANTP), 20 pmol of each HPV
16 specific primer pair (Table 1), and 2.5 units of Taqg DNA polymerase (Perkin
Elmer). The mixture was overlaid with 75 1 of mineral oil and subjected to 25
or 30 cycles of PCR in a DNA Thermal Cycler (Perkin Elmer). Each PCR cycle

Table 1 Position of the oligonucleotides primers used in PCR and
RT-PCR. The nucleotide numbers corvespond with HPV
16 sequences veported by Seedorf et al.(14)

HPV16 Primer Nucleotide Length

ORF sense anti-sense localization (bp)
LCR-E6 p16-1 pl6-2R 26-165 140
E7-El pl6-5 pl6-9R 661-1003 343
E1 : pl6-10 pl6-12R 1270-1826 557
E1-E2/E4 pl6-14 pl6-15R 2753-3375 623
E2 p16-16 p16-17R 3386-3711 326
E2 - C-E5 p16-16 pl6-17R 3386-3891 506
E2-L2 pl6-18 pl6-20R 3765-4247 483
L2 pL2-2 pL2-3R 4403-4665 263

L1 pL1-1 pL1-2R 5961-6202 242
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included 1 min. of denaturation at 94°C, 2 min. of primer annealing at 55°C, and
2 min. of primer extension at 72°C. Then 10 xl of each reaction mixture was
analyzed on an ethidium bromide-stained 3 9% NuSieve and 19§ SeaKem agarose
(FMC) gel.

Cloning and sequencing

Amplified cDNA was purified by phenol/chloroform extraction, ethanol pre-
cipitation and blunt ended with a DNA blunting kit (Takara). We electrophor-
esed the PCR products in 3% NuSieve GTG agarose (FMC) gel, cut out the
desired segment of gel and heated it at 65°C to melt the gel. Then the agarose
was removed by phenol/chloroform extraction and purified by ethanol precipita-
tion. Amplified cDNA fragments were ligated to the Hincll site of the M13mpl8
phage with T4 DNA ligase (Takara) for 16 hr at 15°C. The plaques of M13
which contained the cDNA fragment were selected by the method reported by
Messing (15) and 1st-strand cDNA was prepared. Sequencing was performed
using the Ist-strand cDNA by the dideoxy method(16).

RESULTS

Typing of HPV

To confirm the type of HPV in the samples for this study, we utilized South-
ern blot hybridization(2), type specific primers(9) and universal primers for PCR
(10,11). Furthermore, direct sequence analysis of the E7 region was done(12).
These data made it clear that the type of HPV in our samples in this study was
HPV 16.

Physical state of HPV 16 in cervical carcinomas and CINs

Ten specimens of cervical carcinoma with HPV 16 DNA were examined to
determine their physical state using two-dimensional gel electrophoresis(2).
Episomal HPV DNA could be seen as discrete hybridization signals off the track
of linear DNA as these molecules had decreased electrophoretic mobility in the
second dimension. Nine of the ten carcinomas showed an integrated or integrat-
ed plus episomal pattern, whereas the remaining one showed only an episomal
state(2) as summarized in Table 2. Two-dimensional gel electrophoresis was
also performed for the analysis of the physical state of HPV 16 DNA in CIN.
Three of four CINs were shown to have episomal HPV 16 DNAs and one was
shown to have an integrated genome(2) as shown in Table 2.

Amplification of HPV 16 genome
To analyze the structure of the HPV 16 genome, we used 6 or 7 sets of
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Table 2 Summary of the data about the physical state determined by
two dimensional electrophovesis and the deletion of HPV
16 genome analyzed by PCR: The PCR vesulls are
compared with physical states which determined by two
dimensional electrophovesis(2). I* : Integrated, E* : Episomal,
All Positive*** : All of the regions were amplified by PCR, Some
Negative**** : Some of the regions were not amplified by PCR, N.
D.**** - Not determined

Sample Physical State All Positive*** Some Negative**** Total Cases
Both I* and E** 2 0 2
I 4 3 7
Carcinoma E 1 0 1
N' D-***** 3 1 4
I 1 0 1
CIN E 1 2 3
N.D. 2 0 2

specific PCR primers for each ORF of HPV 16 (Fig.1). Fourteen cervical car-
cinomas and 6 CINs, the physical states of which were determined by two-dimen-
sional electrophoresis(2), were subsequently examined by PCR. Figure.2 shows
the gel electrophoresis of the PCR products from 2 carcinomas and 2 CINs as
representatives for all samples. Ca80 contained both episomal and integrated
viral DNAs, and Ca89 contained only the integrated viral DNA. Figure. 2A
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Fig. 1 Locations of primers for analysis of HPV 16 genome. Upper lane shows the genomic
map of HPV 16 which was determined from analysis of the DNA sequence by Seedorf
et al.(14). Nucleotide numbers are noted on the each ORFs. Lower lane shows the
location of primers and amplified products.
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Fig. 2 Gel electrophoresis of the PCR products from 2 carcinomas and 2 CINs. M : Marker
Lane A-F represent the amplified products shown in Fig. 1.(A) Cervical carcinoma
samples. Although all the regions from LCR to L1 are amplified in Ca 80 (lane A-lane
F), the regions from El to L2 (lane B-lane E) are not amplified in Ca89. (B) CIN
samples. L1 region (lane F) is not amplified in CIN27, however all the regions are
amplified in CINS85.

revealed that all the regions from LCR to L1 were amplified from Ca80 (lane A-
lane F), while the regions from El1 to L2 (lane B-lane E) were not amplified
from Ca89. As shown in Fig. 2B, the L1 region (lane F) was not amplified from
CIN27, while all the regions were amplified from CIN85. Contrary to a previous
report on the physical state, in which both samples contained episomal HPV
DNA(2), the L1 region was considered to be deleted in CIN27.

In 10 of 14 cervical carcinomas and 4 of 6 CINs, all regions were amplified
by PCR. However, some of the regions were not amplified in 4 cervical car-
cinomas and 2 CINs (Table2). It is possible that deletion of the HPV 16



80 A. NISHIKAWA et al. Tumor Res.

genome occurred in the regions which could not be amplified by PCR. In 4 of 7
cervical carcinomas and one CIN which contained only the integrated HPV 16
DNA, no disrupted or deleted region was detected by PCR. On the other hand,
several regions were not amplified in 2 of 3 CINs which contained only episomal
HPV 16 DNA (Table?2). This might suggest that genome deletion or mutation
occurs in episomal HPV 16 DNA. Figure.3 shows the deletion sites on the
genome in each sample. In 3 of 7 cervical carcinontas which contained only inte-
grated HPV 16 DNA, the E1-L2 or E1-E2 region was not amplified. It is sug-
gested that the integration disrupted the region from the E1 to L2 ORF. Interest-
ingly, viral DNA in 2 CINs persisted in an episomal state in spite of the fact that
part of the genome was not amplified.

Expression of HPV 16 mRNA

Total RNA and DNA were simultaneously extracted from 3 cervical car-
cinomads and 6 CINs. The presence of HPV 16 in these samples was determined
by PCR. Then RNA samples were analyzed by RT-PCR to examine the expres-
sion of viral mRNAs. Figure. 4 shows the locations of primers for RT-PCR and
the map of mRNAs.

HPV 16 E6/E7 transcripts were detected in all HPV 16-positive cervical
carcinomas and CINs. There was no significant difference in HPV 16 E6/E7
mRNA patterns between cervical carcinomas and CINs(5).

Physical state
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Fig. 3 Physical state and the location of HPV 16 genome deletion. Boxes represent the PCR

amplified regions.

n. d.: not determined

Successful amplified regions are indicated by open boxes.
regions which are not amplified by PCR are indicated by the slashed boxes.

Deleted
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Fig. 4 The locations of HPV 16 specific primers and map of mRNA
A : Genomic organization of HPV 16. Polyadenylation signals are shown by arrow
heads.
B: Locations of HPV 16 specific primers for RT-PCR
C: Map of HPV 16 mRNA
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Fig. 5 Gel electrophoresis of the PCR products of E1"E4, E1"E2 - C, E2 « N and E2 - C
Ca-1, 2: cervical carcinoma CIN-4: CIN
Lane A: 372 bp of PCR product amplified by p16-8/17R (E1"E4)
Lane B: 384 bp of PCR product amplified by p16-10/17R (E1"E2 - C)
Lane C: 623 bp of PCR product amplified by p16-14/15R (E2 « N)
Lane D: 325 bp of PCR product amplified by p16-16/17R (E2 « C)

1) EI"FE4, E1"E2 +« C, E2+ N and E2 - C mRNA

To detect the spliced E1"E4 and E1"E2+C mRNAs, the 5 region (E2+N) and
3" region (E2+C) of E2 mRNAs, we used pl6-8/17R, pl6-10/17R, pl6-14/15R
and pl6-16/17R primer sets, respectively (Fig.4). The sets primers, pl6-8/17R
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Table 3 Expression of EI"E4, EI"E2+C, E2+N and E2+C mRNA
i CINs and cervical carcinomas

c E1°E4 E1°E2C E2-N E2-C

ase p16-8/17R pl6-10/17R pl6-14/15R pl6-16/17R
CIN-4 ++ +— + ++
Ca-1 ++ + ++ ++
Ca-2 ++ + + ++

and pl6-10/17R, are located upstream and downstream from splice donor sites
of E1 mRNAs, respectively (Fig. 4, C). Figure.5 shows the gel electrophoresis
of each PCR product. In one CIN (CIN-4) and 2 cervical carcinomas (Ca-1,
Ca-2), all the E1"E4, E1"E2-C, E2+N and E2-C mRNAs were expressed. These
results are summarized in Table 3.

2) Splicing pattern of EI-E2 mRNA

Amplified PCR products using pl6-8/17R and pl6-10/17R were cloned and
sequenced to determine the splicing sites. This showed that both transcripts
were generated by splicing out introns in E1 and E2, from nucleotides (nt) 880 to
3357 in E1"E4 and from 1301 to 3357 in E1"E2 « C as reported by Chow et al. (17).
There was no significant difference in E1"E4 and E1”"E2 « C mRNAs between cer-
vical carcinomas and CINs.

3) Expression levels of E1, E2 and E5 mRNA

To analyze the expression levels of E1, E2 - C and E5 mRNA, we used pl6-
11 and p16-12R for E1 mRNA, pl6-16 and pl6-17R for E2 + C mRNA and pl6-18
and pl6-19R for E5 mRNA. Furthermore, E7 mRNA was simultaneously
amplified by pl6-5 and pl6-6R to estimate the expression level of each mRNA.
Figure. 6 shows the gel electrophoresis of the PCR products of E1, E2 « C and E5
mRNAs with the simultaneously amplified E7 product. There were 3 different
patterns of these mRNAs (Table4). In the first group (CIN-3 and Ca-2, 3), the
4 species of the mRNAs were equally expressed. In the second group (CIN-4
and Ca-1), E1 mRNA was less expressed than other mRNAs. In the third group
(CIN-5, 6), E2-C and E5 mRNAs were not transcribed. There was no
significant difference between cervical carcinomas and CINs in patterns of El,
E2 - C and E5 mRNAs.

4) Expression of L2 mRNA
To analyze the expression pattern of L2 mRNA, we used pL2-2 and pL2-3R
for L2 mRNA. The L2 mRNA was expressed in all six samples examined
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(CIN-3, 4, 5, 6 and Ca-1, 2) (data not shown).

Ca-1 CIN-3 Ca-2 Ca-3 CIN-4 CIN-5 CIN-6 pHPV16
I [ I 1 Bl

I Il 1
MABCABCABCABCABCABCABTCABTC

E2
E1
E2-C
E7

Fig. 6 Gel electrophoresis of amplified products of EIl, E2:-C and E5 mRNA with

simultaneously amplified E7 product

M : Marker

Ca-1, Ca-2 and Ca-3: cervical carcinoma sample

CIN-3, CIN-4, CIN-5 and CIN-6: CIN sample

pHPV 16 : HPV 16 plasmid is used for positive control

Lane A: 232 bp of PCR product amplified by pl16-11/12R (E1)
89 bp of PCR product amplified by p16-5/6R (E7)

Lane B: 325 bp of PCR product amplified by p16-16/17R (E2 « C)
89 bp of PCR product amplified by p16-5/6R (E7)

Lane C: 127 bp of PCR product amplified by p16-18/19R (E5)
89 bp of PCR product amplified by p16-5/6R (E7)

Table 4 Expression level of E1, E2+C and E5 mRNA in CINs and

cervical carcinomas

Case El E2-C E2 - C-E5 E7
pl6-11/12R pl6-16/17R pl6-18/19R pl6-5/6R

CIN-3 + + + +

CIN-4 +- s 4o ++
CIN-5 + - - ++
CIN-6 + — - + -
Ca-1 - ++ ++ ++
Ca-2 ++ ++ ++ ++
Ca-3 +— +— - +—

mRNA expression and genome deletion

To analyze the relationship between the genome deletion of HPV 16 and the
expression of HPV 16 mRNA in CIN, we examined both DNAs and mRNAs that
were simultaneously extracted from 2 CIN samples (Table5). In both samples,
two regions (E2-+C and E2 +C-E5) of cDNAs were not amplified. Neither cDNA
nor DNA of the E2 region was amplified in CIN-5. However, the E2 DNA from
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Table 5 HPV 16 mRNA expression and genome deletion in CINs

c¢DNA genomic DNA

case El E2:C E2 - C-E5 E7 El E2.C E2 - C-E5 E7
pl6-11/12R pl6-16/17R pl6-18/19R  pl6-5/6R | pl6-11/12R pl6-16/17R pl6-18/19R  pl6-5/6R

CIN-5 + - - ++ ++ - - +
CIN-6 + - ~ ++ ++ + + +

CIN-6 was amplified by PCR.
DISCUSSION

Many experimental data have indicated etiological roles for specific HPV
types in uterine cervical carcinoma and its precancerous lesions(1). In particu-
lar, the detection rate of HPV in cervical lesions is highly elevated by a
modification of the PCR method(9-11). In contrast, the prevalence of HPV in
normal cervices is relatively low (18).

There are many reports about the detection of HPV by PCR. Many types of
primer sets such as type specific and universal primers have been reported (9, 10,
19-22). They are located in various regions of HPV, and the sensitivity and
specificity are thought to be altered by the primer design.

On the other hand, the integration of HPV DNA into the human genome has
been generally accepted as a characteristic of malignant lesions(23,24). Con-
versely, episomal HPV 16 DNA has been found in cervical carcinoma tissues(2,
3). However, the techniques for the analysis of the physical state of HPV DNA
in clinical specimens are time-consuming and require large amounts of template
DNA, often unavailable for small premalignant CIN lesions.

One of the aims of this study was to determine the best position of primers
to detect HPV DNA and to analyze the physical state of HPV 16 by PCR. We
analyzed HPV 16 genome deletion by PCR using multi-primer sets and compared
the results with those of two-dimensional electrophoresis. We previously estab-
lished a detection method by using type-specific E6 primers and universal E7
primers(9,10). They had high sensitivity and increased the detection rate for
genital high-risk HPVs in cervical lesion when compared with the Southern blot
method. However, there are many reports using different primers which are
located in other regions of the HPV genome(20-22). Our data showed that
genome deletion oceurred in the E1, E2, E4, E5, L2 and L1 regions in 6 of our 20
samples. This is consistent with a previous report that the E6 and E7 ORFs are
completely conserved and much of the non-coding region is free of base changes,
including complete conservation of several regulatory elements(25). These
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findings strongly suggest that the E6 and E7 regions are the most suitable regions
to amplify the HPV DNA for its detection.

Donaldson et al. designed a novel, two-stage PCR assay to discriminate
between integrated and episomal HPV 16 DNA(26). Another group utilized a
pair of oligonucleotide primers specific to the E2 open reading frame, which is
often deleted or disrupted following HPV integration, to distinguish between
episomal and integrated forms by detecting amplification of the E2-specific frag-
ment in the PCR product (27).

We found that, the E2 region was often deleted in integrated HPV 16. How-
ever, some deletions were seen even in the episomal HPV 16 DNA. The genome
deletion shown by our PCR method was not consistent with the physical state
analyzed by two-dimensional electrophoresis. It has been considered that two-
dimensional electrophoresis is the most reliable method to discriminate between
integrated and episomal HPV DNA. However, it seemed that genome deletion
does not necessarily lead to the integration of viral DNA.

The second aim of this study was to analyze the expression of each mRNA
in cervical lesions. We previously reported the expression of HPV 16 E6/E7
mRNAs and their splicing patterns in cervical lesions(5). E6/E7 mRNAs were
expressed in all the HPV-positive cervical carcinomas and CINs. The E6 and
E7 genes of HPV 16 directly participate in the immortalization of primary human
keratinocytes(28), and they are consistently expressed in cervical carcinomas,
CINs and cervical carcinoma cell lines(5, 29, 30).

HPV 16 and HPV 18 sequences contain splice donor and acceptor sites that
potentially allow the synthesis of two short E6 proteins termed E6*(31,32).
These versions of E6 cannot be made in HPV 6 and HPV 11, and it is possible
that E6* plays a role in malignant progression. It is reported that E6* is impor-
tant for the efficient expression of the E7 product from the HPV 16 E6/E7 region
(33).

The presence of the mRNA species previously described, which could encode
the E2, E2C, E4, E5 and L2 proteins, was determined using our RT-PCR method.
The sizes of the RT-PCR products were in agreement with previously mapped
splice sites(30) and splicing sites were also confirmed by sequencing analysis.
Products from the E2 gene region were implicated in the regulation of HPV gene
transcription. E2 + C and the full-length E2 proteins are believed to act as trans
repressors, tightly regulating the expression of the transforming E6 and E7 genes
(34). We could not find any correlation between these genes.

The overall results of DNA and mRNA analyses in cervical lesions indicated
that expression patterns of the early and late transcripts and the physical state
or the deletion of the viral genome were not specifically related to the grade of
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malignancy. Furthermore, alterations in the splicing patterns of HPV 16 tran-
scripts may not be involved in tumor progression as described by Sherman et al
(8). Thus, to elucidate the regulation of HPV 16 mRNA expression requires
further investigation, including studies on cellular factors. Virus infection and
viral gene expression emerge as necessary but apparently insufficient for cancer
induction. Further modifications of host cells and viral genes appear to be
required to cause malignant progression of infected cells.
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