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Sequence variations in the E6/E7 (nt 34-880) and
the L1 (nt 6584-7035) ORFs, and in the long
control region (LCR) (nt7289-93) of human
papillomavirus type 16 (HPV-16) were analysed in
five penile carcinoma biopsies obtained from
Ugandan patients. Uganda is a country with a high
incidence of genital cancers. All five isolates were
classified as members of African-1 lineage (Af1) by
phylogenetic analysis based on LCR sequences. The
E6 gene phylogenetic analysis, however, showed
that four isolates fell into a new subclass designated
Af1-u. This subclass, characterized by three point
mutations located at the 5’ end of the E6 gene with
resulting changes in amino acids at positions 10
and 14, is distinguishable from the Af1 class by the
absence of synonymous mutations at nt 286 and
289. The nonsynonymous substitution at nt 335
was present in three out of five samples. The E6 Af1

mutation pattern was present in only a single
Ugandan HPV-16 isolate. Nucleotide sequence
analysis of the E7 and L1 regions did not allow any
Af1 subclass identification. The physical state of the
viral DNA in these samples was characterized by
PCR and Southern blot analysis. Oligonucleotides
which enable amplification of the full length E2
region (nt 2734-3872) failed to amplify the target
sequence in four out of five samples, suggesting
disruption of the E2 ORF and integration of the HPV
genome into the human DNA. Southern blot analysis
confirmed the virus integration status. Our results
contribute to the characterization of the HPV-16
‘ African lineages’ with the identification of the Af1-
u subclass; furthermore, this is also the first report
showing that in male genital cancers HPV-16 is
integrated into the human genome with disruption
of the E2 ORF.

Introduction

In the late 1970s human papillomaviruses (HPVs) were
proposed as the sexually transmitted aetiological agents of
human lower-genital-tract malignancies (reviewed in IARC,
1995). Of the more than 70 different HPV types which have
been hitherto identified, only a small subset has been associated
with anogenital cancers (de Villiers, 1994; Van Ranst ef al,
1994). Several studies, performed worldwide, reported that
‘high risk” HPV types 16 and 18 are present in more than 90 %
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of cervical cancer and in more than 48 % of penile carcinoma
biopsies (Dirst ef al., 1983; McCance ef al., 1986; zur Hausen,
1991; Tornesello et al.,, 1992; Wiener et al., 1992).

High-risk-HPV transforming activity has been attributed
mainly to E6 and E7 nucleotide sequences and/or to their
expression levels, as these sequences are consistently de-
tectable in cervical cancer biopsies/cell lines (Schwarz ef al,
1985) and are sufficient to immortalize primary human cells.
The intrinsic binding affinity of HPV-16 E6 and E7 to the
cellular tumour suppressors p53 and pRb, and the modulation
of their expression by the LCR as well as by the P,, promoter,
derepressed by the disruption of E2 during HPV integration
into the cellular genome, have been correlated with their
oncogenic properties in the pathogenesis of neoplasia of the
female lower genital tract (Dyson ef al., 1989; Werness ef al.,
1990; Scheffner et al., 1993, 1995 ; Lambert & Howley, 1988;
Lamberti et al., 1990; Schiller ef al., 1989).
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The relevance of specific amino acid substitutions within E6
and E7 proteins for the binding to and the E6-dependent
degradation rate of oncosuppressor products has been shown
by in vitro studies and their role in the HPV-transforming
activity has been proposed (Crook et al, 1991; Sang &
Barbosa, 1992). There have been only limited studies, however,
on the presence and the type of E6 variants in nature and the
prevalence of naturally occurring intragenotypic high-risk
HPV variants as well as their geographical clustering and
oncogenicity (Yamada et al., 1995).

Studies and phylogenetic characterization of the 364 bp
long control region (LCR) fragment (nt 7478-7841) from
HPV-16 variants from four continents allowed the identi-
fication of four major clusters: E (European), AA (Asian/
American), Af1 (African-1) and Af2 (African-2) (Chan et al,
1992; Ho et al, 1993). The AA, Afl and Af2 classes form
together a coherent phylogenetic group and are referred to as
Ax classes (Myers et al, 1994, 1996). Eschle et al. (1992),
analysing the nucleotide sequence of the HPV-16 E7 gene in
32 genital tumours collected from Tanzania and from Germany
identified two major clusters: the first included all ten German
and four Tanzanian HPV-16 isolates, without any nucleotide
substitution compared to the prototype; and the second the
remaining 18 Tanzanian HPV-16 isolates, which are charac-
terized by two silent mutations at nt 789 (T to C) and 795 (T
to G). Eight samples of the latter cluster show an additional
nonsynonymous mutation at nt 647 (A to G). More recently,
Yamada ef al. (1995) reported a phylogenetic study based on
sequence analysis of the E6, L1, L2 and LCR regions. The 29
selected HPV-16 isolates were obtained in the United States
from cervical cell samples. Nucleotide variations within
different genomic segments were phylogenetically compatible;
furthermore phylogenetic analysis of the E6 gene allowed the
classification of the HPV-16 variant G131, with the single
transition A to G at nt 131 (Ellis ef al., 1995), as a distinct
subclass of the HPV-16 E lineage. This subclass is neither
detectable by LCR nor by L2/L1 phylogenetic analysis.

The purpose of the study reported here was to verify the
variability of HPV-16 isolates in a further sub-Saharan central
African country, namely Uganda, which has a high incidence of
genital cancers (Dodge et al, 1973). Sample biopsies were
collected from patients with penile cancers and cell lines have
been established (Gentile ef al., 1987) in order to identify HPV-
16 variants from male genital cancers and to determine the
molecular status of HPV-16 in these neoplasms.

Methods

H Source of HPV-16 Ugandan isolates. Biopsies of histologically
confirmed penile squamous-cell carcinomas were obtained from 13
Ugandan patients attending the New Mulago Hospital-Makerere
University in Kampala (Uganda) from 1972 to 1980 and cryo-preserved
in liquid nitrogen at —192°C until further use for molecular
hybridization analysis or establishment of long-term tumour-cell lines
such as those (PCA-5 and PCA-23) described by Gentile ef al. (1987).
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CaSki and SiHa human carcinoma cell lines were obtained from the ATCC
(Rockville, Md., USA).

Hl DNA isolation and Southern blot analysis. DNA from frozen
biopsy samples and cell lines was digested by proteinase K treatment and
extracted once with phenol and once with phenol—chloroform—isoamy!
alcohol (1:1:40), followed by ethanol precipitation. HPV-16 molecular
status was determined by Southern blot experiments. Aliquots (10 pg) of
genomic DNA were cleaved with the appropriate restriction enzyme,
DNA fragments were separated on a 0-7% agarose gel and transferred
onto Hybond-N nylon membranes (Amersham). Following pre-
hybridization at 65 °C for 1 h, filters were hybridized with a *?P-labelled
HPV-16 probe (Church & Gilbert, 1984).

B PCR amplification. DNA samples, HPV-16 positive by Southern
blot analysis (Tornesello ef al., 1992), were subjected to single-round PCR
amplification of the E6/E7 region (nt34-880), the E2 gene (nt
2733-3873) and the L1 (nt 6584—6631) and LCR (nt 7289—114)
fragments. PCR oligonucleotide primer sequences are summarized in
Table 1. HPV-16 DNA nucleotide positions are numbered according to
the published sequence of the reference clone (Seedorf et al, 1985),
revised as described by Icenogle et al. (1991), Chan ef al. (1992), Eschle et
al. (1992) and Ho et al. (1993). The reaction mixtures (50 pl) for all sets of
primers contained 200 ng of target DNA, 20 pmol of each primer,
50 mM KCl, 2:5 mM MgCl,, 100 mM Tris—HCI pH 8-3, 0-1% Triton X-
100, 50 pM of each dNTP and 1-8 units of thermostable Tag DNA
polymerase (Perkin-Elmer Cetus). DNA was amplified in a Perkin-Elmer
GenAmp PCR System 9600 thermal cycler with the following steps: an
initial 5 min denaturation at 94 °C, followed by 30 cycles of 55 °C for
455,72 °Cfor 60 s, 94 °C for 15 s, and a final annealing at 55 °C for 45 s
with 5 min elongation at 72 °C. PCR amplification products, extracted
with phenol and chloroform—isoamyl alcohol and purified by pre-
cipitation with 10% polyethylene glycol (PEG 6000) in 1-25 M NaCl,
were subjected to direct nucleotide sequencing and sequence analysis
after cloning into Smal-dephosphorylated pBluescript (Stratagene).

Bl DNA sequencing. Recombinant plasmids containing HPV inserts
were prepared from minicultures (5 ml Luria broth) by the Wizard
Minipreps DNA purification system (Promega). Sequencing reactions
were performed by the Sanger method using a Sequenase 2.0 kit (United
States Biochemical) according to the manufacturer’s instructions. Several
primers were used: (a) the 17-mer universal (— 20), (b) the 16-mer reverse
M13 sequencing primers and (c) primers specific for HPV sequences, as
described in Table 1. The primer set designated 16E6-1 (5" ATGCA-
TAGTATATAGAGATGGGAAT 3’) and 16E6-2 (5" ATGCATGAT-
TACAGCTGGGTTTCTC 3') was previously described by Shibata ef al.
(1989), the E2 oligo primer set by Krajinovi¢ & Savi¢ (1991) and the
degenerated L1 primer pair by Manos ef al. (1989). The remaining HPV-
specific primers were chosen with the PrimerSelect program of the
Lasergene software (DNASTAR).

Direct sequencing of the amplified and PEG-purified DNA was
performed using a rapid method modified from Winship (1989). Briefly,
DNA samples were denatured at 95 °C in the presence of 10% DMSO,
immediately cooled in liquid nitrogen and subsequently sequenced with
the Sequenase protocol modified in the labelling step (3 min on ice).
Amplification primers were also used in direct sequencing reactions. All
samples were amplified and analysed in duplicate to identify point
mutations possibly resulting from the PCR reaction. Sequences were
analysed on a 6% polyacrylamide wedge sequencing gel.

Hl HPV phylogenetic analysis and distance measures. Multiple
sequence alignments and phylogenetic analysis were performed with the
MegAlign program of the Lasergene software (DNASTAR) and with the
TREECON software package (Van de Peer et al, 1993), respectively.
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Table 1. Primers used for PCR amplification and sequence analysis

Nucleotide Product
ORF position Primer name* Primer sequences Application length (nt)
E6 34 16-E613N 5" AACCGAAATCGGTTGAACCG PCR and 847
880 16-E713C 5" TGCAGGATCAGCCATGGTAGAT sequencing
253 16-E61IN 5" ATGCATAGTATATAGAGATGGGAAT PCR and 315
567 16-E62C 5" ATGCATGATTACAGCTGGGTTTCTC sequencing
289 16-E63N 5" TGTATGTGATAAATGTTTAAAGTTTTATTC Sequencing
328 16E6-3C 5" GAATAAAACTTTAAACATTTATCACATACA Sequencing
E2 2734 16E2-IN 5" AGGACGAGGACAAGGAAAA PCR 1139
3872 16E2-2C 5" GGATGCAGTATCAAGATTTG
L1t 6584 MYT1-N 5" GCMCAGGGWCATAAYAATGG PCR and 452
7035 MY09-C 5" CGTCCMARRGGAWACTGATC sequencing
6631 GP-N 5" CTGTGGTWGATACYACWCGCAGTAC probe
LCR 7289 16LCR-IN 5" GCTTGTGTAACTATTGTGTCA PCR and 730
114 16LCR-2C 5" GTCCAGAAACATTGCAGTTCT sequencing
7717 16LCR-3C 5" CAAGCCAAAAATATGTGCCTAAC

*N, normal strand; C, complementary strand.
tDegenerated primers: M = A/C R=A/G W=A/T, Y=C/T.

Synonymous and nonsynonymous substitution rates were calculated on
the basis of the method of Nei & Gojobori (1986) and Gojobori et al.
(1990).

Results and Discussion

Data from nucleotide sequencing analysis of the E6, E7 and
L1 genes and the LCR region of seven HPV isolates obtained
from all five penile carcinoma (PC) samples and two HPV-16-
positive cervical cell lines are summarized in Table 2. The
analysed genomic regions of Ugandan HPV-16 isolates are
distinct from the HPV-16 reference sequence (E class).

HPV-16 E6 sequence mutations

All five Ugandan isolates contained changes in the E6 gene
at nt 132 (G to C) with substitution of Arg with Thr at position
10, and two mutations at nt 143 (C to G) and nt 145 (G to T)
resulting in a change from GIn to Asp at position 14. Only
sample PC-8, also containing mutations at nt 286 (T to A), 289
(Ato G)and 335 [C to T (His to Tyr)], showed all six nucleotide
changes consistently detected by Yamada ef al. (1995) in the E6
gene of USA Af1 isolates. Two further samples contained the
C to T transition at nt 335. Additional changes were observed
at nt 442 (A to C, Gln to Asp), present also in SiHa cells, 196
(G to A), 350 [T to G (Leu to Val)] and 419 [T to G (Cys to

Table 2. Nucleotide sequence variations in HPV-16 E6, E7 and L1 ORFs and LCR of Ugandan penile carcinoma (PC) HPV-16 isolates

and HPV-16-positive cervical cell lines

E6 E7 L1 LCR

556666666666666666667 77777777777777777

11111122334445 66777 891122344555678888990 44445666777778888
03344988350143 44899 616744138567920566695 26881689124682333238
91235669503922 57905 304936631876402314939 00489080382355368513
E (Ref.) TAGCGGTACTATAA AATCT CTCACTAATCTAAGACTCCGG TCAGGCCATATCCGGAATCA
Afl (cons.) =--CGT-AGT----- --C-G TCA-GCGG-TAG-A-T~--TAT ..-AA-A-a--TT-T--. ..
Af2 (cons.) C-TGT-AGT-G--- -GC-G TCACGCGGCT--CA-T-TTAT . .CAATa--~--TTATCG. ..
AA (cons.) ~=---T-AGTG---G  ..... TCACGC-G-T-~CATT~-TTAT . .CAATA--CGTT---~-. ..
pC-4 --CGTA---G--C- ==CTG ... -A-T--TA. -G-AA-A-A--TT-T---TC
PC-7 --CGT------ Gec- ==C=C e -A-T--TA. -G-AA-A~A-~TT-T~~~TC
pC-8 --CGT-AGT----- --c-G TCA-GCGG----~ A-T--TAT ---AA--TA--TT---~CTC
PC-15 --CGT-~~T----- ==C=G e -A-T--TA -G-AA-A-A--TT-T---TC
PC-17 --CGT---T-=---- ==C=G e -A-T--TA CG-AA-A-A-~-TT-T~~~TC
Afl-u (cons) --CGT---t---c- ==C-G . -A-T--T -G-AA-A-A--TT-T---TC
Caski -G------- G--==  mmmmm . ----C-- e
SiHa -G-=-==-==- G--c- Cmmmm e i S teatetatate
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Gly)]. The transversion T to G at nt 350 observed in PC-4, was
also detected in the HPV-16 isolated from CaSki and SiHa cell
lines, members of the E-lineage subclass designated G131 for
the A to G transition at nt 131.

A point mutation at nt 419 present in sample PC-7 changes
the cysteine to glycine at aa position 106, with loss of the
corresponding Cys-x-x-Cys zinc-binding motif. Crook ef al.
(1991) have shown that deletion of amino acids 106—110
reduces to 12% and 10% E6 binding to and degradation of
p53, respectively. The relevance of this mutation, which has
never been described in HPV-16 natural variants, for E6
transforming activity remains to be investigated; only substi-
tutions of Cys-66 and Cys-136 by glycine have been associated
with a severe reduction in transforming activity (Kanda ef al.,
1991).

It is peculiar that the only two nonsynonymous point
mutations consistently present in all HPV-16 variants of the Af
lineages, of both male and female genital lesions, are localized
within the N-terminal coding region at aa positions 10 and 14,
associated with changes of arginine to threonine and glutamine
to aspartic acid, respectively. The arginine at position 10 is
adjacent to a proline (aa 9) conserved throughout onco-
genically associated HPV types; the glutamine at position 14
is conserved among all genital HPVs. The highly conserved
residue changes at aa 10 and 14, possibly due to selective
humoral as well as cellular immune pressure (Ellis et al., 1995),
could result in a different binding affinity to p53 and altered
degradation rate of this oncogene. Such a possibility is
suggested by a 180% higher binding affinity to p53 and a
consequent reduction to 20% of the oncosuppressor degra-
dation rate shown with E6 protein deleted of amino acids 9-13
(Crook et al., 1991).

Detection of HPV-16 natural variants by PCR and
nucleotide sequence analysis allowed the identification of
subclasses and their geographical distribution pattern. How-
ever, the biological diversity of such variants, in particular their
oncogenic properties, will possibly be elucidated only by
epidemiological studies on the association between virus
variants and disease progression rate and by in vitro trans-
formation experiments.

HPV-16 E7 and L1 sequence mutations

Nucleotide sequencing analysis of the E7 gene consistently
showed in all five PC samples two synonymous point
mutations, at nt positions 789 (T to C) and 795 (T to G). Both
mutations have been previously reported in HPV-16 variants,
without any specific class association, from cervical carcinoma
biopsies of non-European geographical regions: 5 out of 11
samples from Panama, Georgia and Alabama (Icenogle ef al.,
1991); 18 out of 22 samples from Tanzania (Eschle ef al., 1992);
and 8 out of 11 samples from Barbados (Smits ef al., 1994). The
linkage of both mutations to specific mutation patterns in LCR,
L1 and/or E5, and to the E6 pattern in the Ugandan samples,
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suggests that the position 789 and 795 changes are distinctive
of the Ax group.

An additional mutation at nt 790 (C to T), which changes
arginine to cysteine at aa position 77, was present only in
sample PC-4. Ugandan samples do not show the mutation at
nt 647 (A to G) identified by Eschle ef al. (1992) in 8 out of 18
HPV isolates from Tanzanian cervical carcinoma. These eight
samples, on the basis of LCR sequence, have been subsequently
classified as Af2 variants (Ho ef al., 1993). Therefore, the
transition A to G at nt 647, which changes asparagine to
serine, absent in all analysed Ugandan isolates and in the
African samples classified as Af1 variants on the basis of the
LCR sequence, could represent a distinctive feature of the Af2
lineage. SiHa cells show a single point mutation at position 645
which creates a codon for leucine at aa position 28 instead of
a phenylalanine. These findings further show that the E7 gene
is highly conserved in different HPV-16 isolates, with an
intragenotypic divergence of < 1%, and that nucleotide
changes within this ORF do not greatly affect the amino acid
sequence.

The L1 region, strongly conserved among all genital HPVs,
was amplified with the degenerated primers MY09/MY11
(Manos et al., 1989). All five samples contained three changes
at nt positions 6720 (G to A), 6853 (C to T) and 6969 (C to T),
which identify Ax variants. The L1 gene of the PC-8 sample
was completely sequenced and additional mutations were
observed: nucleotide changes common to Ax isolates at
nt 5863 (C to T), 5910 (T to C), 6164 (C to A) and 6246 (T to
C); and changes that identify the Af classes, previously
reported in samples from the USA and UK (Hsu ef al., 1993), at
nt 6315 (A to C) and 6433 (A to G).

The transition T to C at nt 6246 is of particular relevance,
resulting in substitution of histidine with asparagine at aa
position 202. This amino acid change has in fact been shown to
increase in vitro the assembly efficiency of L1 and L2 viral
proteins during the production of virus-like particles in the
baculovirus system (Kirnbauer ef al., 1993). This observation
suggests that single nonsynonymous point mutations could
alter the in vivo production of viral proteins, their confor-
mational epitopes and the binding efficiency to neutralizing
antibodies.

HPV-16 LCR sequence mutations

Sequencing analysis of the Ugandan HPV-16 LCR (nt
7289-93) showed seven nucleotide changes typical of the Af1
lineage identified by Ho ef al. (1993) in HPV isolates from
malignant and benign genital-tract lesions of female subjects
recruited in South Africa, Tanzania, Sierra Leone and Senegal,
and by Yamada et al. (1995) in the USA. All five penile
carcinoma samples showed the common mutation at nt 7519
(Gto A)reported in > 80% of the isolates sampled throughout
the world, and mutations at nt 7488 (G to A), 7763 (C to T)
and 7785 (C to T) which are distinctive of the Ax group. Four
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Table 3. HPV-16 nucleotide sequence variability
(a) Comparison of nucleotide sequence variability of E6, E7 and L1 ORFs and LCR among Ugandan HPV-16

isolates
Max.
No. of Variable pairwise Max. Max.
nucleotides  positions®’ distance®”  Synonymous pairwise pairwise

Region sequenced (%) (%o) mutations  pS°' (%) pN (%) ds/dn
E6 456 7 (1-53) 6 (131) 3 331 083 4-05
E7 303 1(0-33) 1(0-33) 0 0-00 043
L1 450 0 0 0 0:00 0:00
LCR 716 6 (0-83) 5 (0°69)

(b) Comparison of nucleotide sequence variability of E6, E7 and L1 ORFs and LCR between AfI-u variants
and E reference sequence

Max.
No. of Variable pairwise Max. Max.
nucleotides  positions™® distance®®> Synonymous pairwise pairwise

Region sequenced (%) (%) mutations  pS<? (%) pN® (%) ds/dn
E6 456 10 (2:19) 6 (1:31) 1 I1-10 137 0-80
E7 303 3(099) 3(099) 2 323 043 7:65
L1 450 4 (0-88) 4 (0-88) 4 390 0-00
LCR 716 10 (1-39) 10 (1-39)

(¢) Comparison of nucleotide sequence variability of E6, E7 and L1 ORFs and LCR between AfI-u variants
and Af2 consensus sequence

Max.
No. of Variable pairwise Max. Max.
nucleotides  positions® distance®®  Synonymous pairwise pairwise

Region sequenced (%) (%) mutations  pS<e (%) pN® (%) ds/dn
Eo6 456 9 (1-97) 9 (1-97) 5 552 1-10 517
E7 303 2 (0:66) 2 (0-66) 0 0-00 0-86
L1 450 3 (0:66) 3 (0-66) 2 1-96 0-28 7:07
LCR 530 9 (1:69) 5(0-94)

a1-3 Number and percentage of positions showing variations among five Ugandan isolates (a1), among five
Ugandan isolates and the E reference sequence (42) and among Ugandan isolates and Af2 consensus sequence
(a3).

b1-3 Number and percentage of positions with different bases between the most diverged isolate PC-4 and
PC-8 (b1), between PC-4 and the E reference sequence (b2) and between PC-4 and Af2 consensus sequence
(b3).

c1-3 Percentage divergence for synonymous changes between PC-4 and PC-8 (c1), between PC-4 and the E
reference sequence (c2) and between PC-4 and Af2 consensus sequence (c3), calculated according to method 1
of Nei & Gojobori (1986) and Gojobori et al. (1990).

d1-3 Percentage divergence for nonsynonymous changes between PC-4 and PC-8 (d1), between PC-4 and the
E reference sequence (d2) and between PC-4 and Af2 consensus sequence (43), calculated according to method
1 of Nei & Gojobori (1986).
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Table 4. Medians for pairwise comparisons of sequences showing inter- and intrasubtype
similarity relationships between E6 sequences of Ugandan penile carcinoma (PC) HPV-16
isolates and E reference sequence

Matrices show the ratios of the synonymous substitution rates to nonsynonymous substitution rates (ds/dn

values); the number of synonymous substitutions divided by potential synonymous substitutions (pS); and
the number of nonsynonymous substitutions divided by potential nonsynonymous substitutions (pN).

Compared Intra-class

value Samples avg E PC-4 PC-7 PC-8 PC-15 PC-17

ds/dn E 071 0-80 0-21 2:03 0-27 0-27
PC-4 2-18 2:00 406 1-33 1-33
PC-7 113 2:68 036 036
PC-8 813 813 813
PC-15 0
PC-17

pS (%) E 066 111 < 0003 2:22 < 0003 < 0003
PC-4 165 1-10 3:30 1-10 1-10
PC-7 073 2:20 < 0003 < 0003
PC-8 2-14 214 214
PC-15 0
PC-17

pN (%) E 121 138 138 1:10 1-10 110
PC-4 076 0'55 083 083 083
PC-7 0-83 0-83 0-83 0-83
PC-8 027 0-27 027
PC-15 0
PC-17

out of five isolates contain mutations at nt 7833 (G to T) that
are specific to Af1 and Af2 classes, and at nt 7713 (T to A)
observed only in AfI. In addition, the C to G transversion was
observed in four out of five samples at nt 7460, which falls
within an E2-binding site. Furthermore, in all five samples two
unreported point mutations were observed at nt 31 (C to T)
and 83 (A to C), a nucleotide region not described in previous
studies of African isolates. The presence of such mutations
should be verified in HPV-16 variants, particularly Af1 and Af2
Tanzanian isolates as well as the Ax lineage, in order to
possibly identify mutations within LCR sequences specific to
virus subclasses.

Sequence comparison and phylogenetic analysis of
Ugandan HPV-16

Several measures of variability for each of the sequenced
regions are shown in Table 3. Synonymous and non-
synonymous substitution rates were calculated on the basis of
the method of Nei & Gojobori (1986) and Gojobori et al.
(1990). pS is the number of observed synonymous mutations
divided by the number of all possible synonymous substi-
tutions; pN is the number of observed divided by the number
of possible nonsynonymous nucleotide changes. The syn-
onymous substitution rate, ds, is the Jukes—Cantor trans-
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formation of pS, d4S = —2In(1—3 pS); dn is calculated in an
analogous manner from pN.

When rates of observed mutations between different HPV-
16 genome regions are compared (Table 3), although no
comparison achieves significance by Fisher’s exact test, E6 is
more variable than the other coding regions and is approxi-
mately as varied as the LCR. E7 and L1 are the most conserved
regions. In order to verify the variability rate and to identify
the co-factors involved the ratio of synonymous divided by
nonsynonymous substitutions (ds/dn ratio) is evaluated. This
value, which is directly related to the stability of the protein
sequence, being the result of selective pressures against any
amino acid change (for virus tropism) and towards epitope
variations (for virus escape mutants), is lower between
Ugandan isolates and the European (E) reference sequence than
among Ugandan samples (Table 4). This result suggests that a
greater rate of changes at the protein level are present between
Ugandan and the E reference E6 variants than within Ugandan
isolates (Table 4).

Pairwise comparison analysis was done by alignment of
nucleotide sequences of the Ugandan HPV-16 variants with
the HPV-16 E prototype, isolated from cervical carcinoma of a
German woman (Seedorf et al., 1985), and with HPV-16
isolates of the four classes reported by Yamada et al. (1995).
Phylogenies were constructed by transforming the sequence
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Fig. 1. Phylogenetic tree of HPV-16 E6 and LCR variants based on parsimony analysis. Numbers above the branches indicate

bootstrap values that are greater than 95 %.

data into a distance matrix by the Kimura two-parameter
model (Kimura, 1980), followed by neighbour-joining boot-
strap analysis (Saitou & Nei, 1987), which was done using the
TREECON software package (Van de Peer ef al, 1993).
Phylogenetic studies were performed on a combined E6—LCR
nucleotide sequence alignment of 912 nt from each isolate. The
analysis generated the single most parsimonious tree shown in
Fig. 1. Bootstrapping confirmed the robustness of the four
major branches (E, AA, Af1 and Af2), with bootstrap values of
95% or more in each case. Four out of five Ugandan HPV-16
isolates grouped in a single sub-branch of the Af1 class, which
we designated Afl-u.

Molecular status of HPV-16 in Ugandan penile
carcinoma

The molecular status of the HPV-16 genome was studied in
the penile carcinoma samples using a PCR strategy for
identifying disruption of the E2 gene, which usually occurs
during HPV integration (Schwarz et al, 1985). The oligo-
primers described by Krajinovic & Savi¢ (1991) amplify a

1139 bp fragment (from nt 2734 to 3872) which spans the
whole E2 gene. The full-size amplification product was detected
by gel electrophoresis and confirmed by Southern blot analysis
only in the PC-8 sample and the CaSki cell line (Fig. 2); both of
them contain multiple HPV copies per infected cell. The target
sequence was not amplified in the remaining four samples
suggesting either a deletion of the E2 gene in an episomal viral
genome or interruption of the gene associated with virus
integration. To verify the latter event we analysed the cellular
genomic DNA of these samples by Southern blot analysis.
Total genomic DNA was digested with the restriction
endonuclease Pst1, which releases from an uninterrupted viral
genome a fragment of 2817 bp spanning the E1 and E2 gene,
and hybridized to an HPV-16 E2-specific probe. The
hybridization pattern of the PC-8 sample showed the expected
band of 2800 bp, indicative of an intact E2 gene, and a
fragment of 4466 bp. This pattern is compatible either with the
presence of an integrated E2 gene with an episomal monomeric
HPV-16 per cell or with the integration of multimeric virus
copies, whose digestion with Pstl would release the unit-length
fragment as well as a single junction fragment. The second
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junction fragment is in fact rarely detectable because it shares
< 160 bp with the labelled E2 probe and the virus is present
at low copy number in the tumour cells. In contrast, samples
PC-4, PC-7, PC-15 and PC-17, following digestion with Pst],
released fragments of 4500, 3800, 5011 and 2660 bp, re-
spectively, showing that all E2 sequences are integrated and
rearranged within human DNA. Southern blot analysis of SiHa
cell DNA, where the integration of HPV-16 with interruption
of the E2 gene has been previously demonstrated, showed two
fragments of 5956 bp and 1122 bp. The presence of a unit-
length band (2800 bp) as well as smaller and bigger fragments
in CaSki cell DNA indicates that the majority of HPV copies
have a full-length, intact E2 gene and are flanked by a partial
copy of HPV with E2 genes disrupted by integration events
(Fig. 2).

This result shows that episomal HPV is rarely detected in
neoplastic tissue and also suggests that in penile carcinoma the
integration stage could play a relevant role in malignant
progression, as recently reported in cervical intra-epithelial
neoplasia (Daniel ef al, 1995). In this respect, in vitro
experiments have shown that inactivation of the HPV-16 E2
gene results in higher levels of E6 and E7 expression and
cellular growth advantage (Romanczuk & Howley, 1992; Jeon
et al., 1995).

Conclusions

This report describes the identification in Ugandan penile
carcinomas of the E7 and LCR genetic pattern specific to the

2206

HPV-16 Af1 class identified in cervical carcinoma from Africa
(Tanzania) and America (Georgia, Alabama, Panama and
Barbados). Furthermore, the genetic analysis of E6 gene
allowed the identification in these lesions of an HPV-16 Af1-u
subclass. Analysis of E6 (nt 34—560) thus seems to be more
sensitive and accurate than LCR analysis for the identification
and characterization of a greater number of subclasses.
Characterization of this genomic region, moreover, could
allow the identification of natural variants relevant for
oncogenic studies, as well as for serological screening and
design of vaccine strategies.

Furthermore, we have demonstrated that integration of
HPV-16 into the human genome with interruption of the E2
gene is a frequent event in the pathogenesis of penile cancer,
as described for cervical cancer.
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