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Human papillomavirus type 16 variant lineages characterized
by nucleotide sequence analysis of the E5 coding segment and
the E2 hinge region
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We have previously examined 29 cervical cell
isolates for human papillomavirus type 16 (HPV-
16) sequence variations in the E6, L2 and L1
coding regions, and the long control region (LCR).
Twenty-five of these isolates as well as 23 ad-
ditional isolates are characterized here as we
present the complete E5 coding segment and the
E2 hinge region. Eight amino acid variations were
observed in the E5 coding segment, 13 were
identified in the E2 hinge region and 5 were
observed in the overlapping E4 coding segment.
These amino acid variations may be relevant to
differences in biological functions and may result in
altered humoral or cell-mediated immune re-
sponses to HPV-16 variants. The characterization
of sequence variation within high-risk HPV types
might be important in the search for epidemi-
ological correlates of cervical cancer risk. This work
complements and extends HPV-16 genome se-
quence information from specific isolates previously
reported by our group.

To date, more than 70 different types of human papilloma-
virus (HPV) genome have been identified (de Villiers, 1994).
Certain HPV types have been classified as high-risk due to their

Author for correspondence: Cosette M. Wheeler (mail to address 1).

Fax ­1 505 277 5273. e-mail cwheeler!salud.unm.edu

†Present address: Karolinska Institute, Department of Cell and

Molecular Biology, Medical Nobel Institute, 171 77 Stockholm,

Sweden.

‡Present address: 4-13 Nishi-17-jo-kita-3-chome, Obihiro City,

Hokkaido 080, Japan.

The GenBank accession numbers of the sequences reported in this

paper are AF120674–AF120693 for the HPV-16 E2 sequences and

AF120694–AF120713 for the HPV-16 E5 sequences.

association with anogenital cancers, mainly cervical cancer.
DNA from these HPVs, predominantly HPV-16 and -18, is
found in approximately 93% of invasive cervical cancer cases
worldwide (Bosch et al., 1995). The characterization of
sequence variation within high-risk HPV types represents a
rational approach to identifying naturally occurring variants
which may exhibit altered biological functions. The E2, E4 and
E5 PV proteins are important to several virus functions
including transcription and replication, interaction with the
cytoskeletal network, and immortalization (Doorbar et al.,
1991 ; Ham et al., 1991 ; McBride et al., 1991 ; Pim et al., 1992 ;
Roberts et al., 1993, 1997 ; McBride & Myers, 1996).

HPV intratypic variation has been most extensively studied
for HPV-16 (Chan et al., 1992 ; Eschle et al., 1992 ; Icenogle et
al., 1992 ; Bavin et al., 1993 ; Ho et al., 1993 ; Pushko et al., 1994 ;
Smits et al., 1994 ; Yamada et al., 1995, 1997 ; Ku et al., 1997 ;
Terry et al., 1997 ; Tornesello et al., 1997). Within HPV-16, five
major phylogenetic branches have been distinguished, each
predominating within specific geographical regions (Ho et al.,
1991, 1993 ; Yamada et al., 1995, 1997). These main HPV-16
branches were designated E (European), As (Asian), AA (Asian-
American), Af1 (African-1) and Af2 (African-2). Additional
minor phylogenetic branches have been identified and desig-
nated NA1 (North American 1), E-G131 and AA-G183}AA-c
(Yamada et al., 1995, 1997).

In the study of Yamada et al. (1995), HPV-16 nucleotide
sequence variations in E6 (nt 104–559), parts of the L2
(nt 4272–5657) and L1 (nt 5665–7148) ORFs, and the LCR
(nt 7479–7842) were established in 29 selected United States
isolates. In order to extend this study, we examined the
sequence variation within the complete E5 coding segment (nt
3850–4101) and the E2 hinge region (nt 3338–3571) in 25 of
these isolates and 23 additional isolates (Yamada et al., 1997).

Isolates labelled as OR. were HPV-16 DNA-containing
cervicovaginal lavage samples from subjects enrolled in an
epidemiological investigation conducted in Portland, Oregon
(Schiffman et al., 1993). Isolates labelled as IS. were crude DNA
preparations from HPV-16 DNA-containing cervical cancer
specimens obtained from the International Biological Study of
Cervical Cancer (IBSCC) (Bosch et al., 1995). Clinical samples
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Fig. 1. All E2 and E5 nucleotide sequence variations among the HPV-16-containing clinical specimens. The identification codes
of the samples indicated along the left correspond to specimens obtained from Portland, Oregon (Schiffman et al., 1993) and
the IBSCC (Bosch et al., 1995). Phylogenetic groupings based on sequences are indicated in the far right-hand column.
Nucleotide sequences for E6 have previously been reported for these specimens. The HPV-16 revised sequence (HPV16R) is
indicated as reference (Myers et al., 1995). The nucleotide positions at which variations were observed are written vertically
across the top. For each variant, positions that do not vary relative to the HPV reference sequence are marked with dashes. The
specimens from which no sequence data were obtained are indicated as not determined (ND) and an asterisk (*) indicates that
nucleotide sequence information was not distinguished at the designated nucleotide position.
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Fig. 2. All E2, E4 and E5 amino acid sequence variations among the HPV-
16-containing clinical specimens. As in Fig. 1, the identification codes of
the samples are indicated along the left and phylogenetic groupings are
indicated in the far right-hand column. The E2, E4 and E5 amino acid
sequences based on HPV16R (Myers et al., 1995) are indicated as E2,
E4 and E5 aa reference, respectively. The first methionine in the E2 and
E5 coding regions is numbered as E2 aa 1 and E5 aa 1, respectively. The
first amino acid in the E4 coding region corresponds to the first amino
acid beginning at the E1gE4 splice acceptor site at HPV-16 nt 3357. The
amino acid positions at which variations were observed are written
vertically across the top. For each variant, positions that do not vary
relative to the HPV-16 reference sequence are marked with dashes. The

containing HPV-16 DNA were selected for this study to
maximize the potential spectrum of E2, E4 and E5 sequence
diversity. All discrete HPV-16 variant genomes previously
identified in our studies of over 600 HPV-16-containing
clinical specimens were represented.

A hemi-nested PCR system was used to amplify a 514 bp
target spanning the HPV-16 E5 coding region. In the outer
reaction primers HPV16F-E5 3745 (5« TGCAATTGTTACA-
CTTACATATG) and HPV16R-E5 4318 (5« ATGTACCTG-
CCTGTTTGCATG) were used. In the inner reaction primers
HPV16F-E5 3745 and HPV16R-E5 4258 (5« TTGCAGAAC-
GTTTGTGTCGCA) were used. For the 314 bp PCR product
spanning the HPV-16 E2 hinge region, we used a nested PCR
system. The outer reaction primers were HPV16F-E2 3300 (5«
AAGTATGGGAAGTTCATGCGG) and HPV16R-E2 3697
(5« TGCAGTATACAATGTACAATGCT). The inner reaction
primers were HPV 16F-E2 3317 (5« GCGGGTGGTCAGG-
TAATATTA) and HPV16R-E2 3654 (5« CATTTTAAAGT-
ATTAGCATCACCT). HPV16R-E5 4258 and HPV16F-E2
3317 were biotinylated to facilitate subsequent purification of
the single-stranded DNA templates.

The outer reactions consisted of 50 µl amplifications
containing 10 mM Tris pH 8±3, 50 mM KCl, 200 µM of each
dNTP (dATP, dCTP, dGTP and dTTP), 2±5 mM MgCl

#
,

10 pmol each of the forward and reverse primers and 2±5 units
of Taq DNA polymerase (Perkin-Elmer). A 2 µl aliquot of the
crude DNA preparation was used for the first reaction. PCR
amplification was conducted for 35 cycles with denaturation at
94 °C for 30 s, annealing at 55 °C for 30 s and extension at
72 °C for 1 min. Amplification cycles were preceded by a
5 min denaturation at 94 °C and followed by a 10 min final
extension at 72 °C. Two µl of the outer amplification reactions
were used as the template for the inner amplification reactions.
The PCR conditions were identical in both the inner and outer
reactions, except that the inner reaction volumes were 100 µl.
Two independent nested amplification reactions were con-
ducted for each clinical specimen. Duplicate amplification
reactions were subjected to direct DNA sequence analysis.

Single-stranded DNA templates were prepared by binding
biotinylated PCR DNA strands to streptavidin-coated mag-
netic beads (Dynabeads M-280 Streptavidin ; Dynal) according
to the manufacturer. Nucleotide sequences were determined
using $&S and Sequenase kit version 2.0 (United States
Biochemical). HPV16F-E5 3771 (5« GTGAATGGCAACGT-
GACCA) was used for the E5 sequencing primer and HPV16R-
E2 3624 (5« TGTACTATGGGTGTAGTGTTAC) was used

specimens from which no data were obtained are indicated as not
determined (ND) and an asterisk (*) indicates that the amino acid present
at the designated position was not distinguished. In IS.244, g indicates
positions in E2 which now consist of E4 residues ; ! indicates that this
residue in the E2gE4 fusion protein corresponds with the E4 stop codon;
% indicates that all E4 variant amino acid positions, as observed in all
other isolates examined in this study, occur at or after a stop codon and
would not be translated.
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Fig. 3. Distribution of nucleotide and amino acid changes among HPV-16 variants within the E2, E4 and E5 coding sequences.
The horizontal lines represent the sequenced portion of each region. The beginning and ending nucleotide positions are
indicated below the lines to the left and right, respectively ; the beginning and ending residues of the predicted amino acid
sequences are indicated above the lines. Vertical bars below the lines represent the positions of nucleotide substitutions ;
vertical bars above the lines represent predicted amino acid changes.

for the E2 hinge region sequencing primer. The sequence
reactions were performed according to the manufacturer. The
majority sequence determined by direct DNA sequence
analysis was reproduced for each set of duplicates analysed.

The nucleotide sequence data are summarized in Fig. 1 and
the corresponding amino acid data are summarized in Figs 2
and 3. The E4 coding region overlaps the E2 hinge region and
the amino acid variations within the corresponding E4 segment
are also shown in Figs 2 and 3. Nucleotide markers were
identified for the major HPV-16 phylogenetic branches E, AA,
Af1 and Af2 as well as within the minor branches As and AA-
G183, also designated AA-c [Fig. 1 (Ho et al., 1991 ; Chan et al.,
1992 ; Yamada et al., 1995, 1997)] for both regions targeted.

Although samples for this study were selected based on
anticipated nucleotide diversity, it is worth noting that
nucleotide sequences were determined for the E2 hinge region
in all 18 invasive cervical cancer specimens included. Only one
of these specimens, IS.244, contained a deletion spanning
nt 3374–3428. Similarly, Terry et al. (1997) reported ampli-
fying the entire E2 gene in two overlapping segments for 12 of
14 HPV-16-positive invasive cervical cancers. These results are
somewhat unexpected given existing data on the physical
status of HPV-16 genomes within invasive cervical cancers
(Cullen et al., 1991). Of 40 cervical cancers containing HPV-16
DNA, 29 (72%) were reported to contain integrated viral
genomes (Cullen et al., 1991), only 8 of which contained both
episomal and integrated forms. Furthermore, Vernon et al.
(1997) recently provided detailed maps of the E1}E2 region for
several integrated HPV-16 genomes Of the 19 cervical cancers
examined, 14 (74%) contained potential integration sites
within the region amplified in our studies. Although our data
set contains relatively few invasive cancers, we successfully
obtained E2 hinge region sequence in every case. In addition,
the nucleotide sequences were consistent with phylogenetic
designations derived from other regions of the genome
(Yamada et al., 1995, 1997) and argue against any potential
laboratory artifact. If strictly integrated genomes represented
the majority of all invasive cervical cancers, our results seem
unlikely. We would suggest that further studies on the physical

status of HPV genomes are warranted in all levels of high-
grade cervical disease and cancer.

In theHPV-16 E5 coding segment, the nucleotide variations
were concentrated within the extreme 5« region and the 3« half
of the gene. Fourteen nucleotide changes were identified in this
region and resulted in 6 synonymous and 8 nonsynonymous
changes (Figs 1, 2 and 3). In an earlier report, nucleotide
variations were identified for 23 HPV-16 specimens in the E5
coding region and in the LCR (Chan et al., 1992). Variations
were observed at 21 nucleotide positions within the E5 coding
region, of which ninewere similarly observed for the specimens
analysed here. Of the 12 additional variations observed by
Chan et al. 11 were each restricted to single, or in one case, two
isolates. However, one change at nt 4059 was shared with four
isolates that were identified as Af2 according to the nucleotide
variations in the LCR; these isolates may belong to an
additional HPV-16 African sublineage. The remaining nu-
cleotide variations within the E5 coding segments in these
specimens corresponded with the changes observed for the
Af2 specimens analysed here. In our current study, five
additional nucleotide variations were observed that had not
been previously reported, of which four were single point
mutations in three different specimens. The remaining nu-
cleotide change (nt 3967) was shared with all specimens that
belonged to the AA-G183}AA-c subclass, and thus separated
these specimens within the AA lineage.

The observed E5 substitutions were generally conserved.
No substitutions were noted between amino acids 11–24, a
stretch of hydrophobic residues potentially representing a
transmembrane helical region. This region is the most
conserved segment of E5 between HPV types of the A9 HPV
group (Myers et al., 1995 ; Halpern & McCance, 1996).
Conservative amino acid substitutions were seen in other
hydrophobic regions of the protein including a stretch
spanning amino acids 46–50, a region that is relatively well-
conserved between HPV types. Overall, substitutions within
E5 were consistent with there being a significant selectional
pressure despite the fact that E5 is generally poorly conserved
between HPV types.
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In the 249 bp segment (nt 3338–3571) spanning the E2
hinge region and the overlapping E4 coding region (from the
E1gE4 splice acceptor site at nt 3357), 18 nucleotide variations
were observed (Figs 1 and 3). In the E2 reading frame, 13
nucleotide variations resulted in nonsynonymous amino acid
changes and 5 in synonymous changes (Fig. 2), the latter all
situated in the last half of the 249 bp segment. In contrast,
within the E4 coding region, the 18 nucleotide variations
resulted in 13 synonymous changes and 5 nonsynonymous
changes (Fig. 2). Here, all of the 5 nonsynonymous changes
were found in the second half of the E4 domain. Considering
that the E2 hinge region and the E4 gene are extremely varied
in length and amino acid composition between different PVs
(Lefkowitz & Broker, 1995), the number of nucleotide vari-
ations resulting in nonsynonymous E2 amino acid changes
might be expected. In the E4 gene, however, 5 of the 18
nucleotide changes resulted in nonsynonymous amino acid
changes, suggesting that the E4 gene may be subject to
negative selection pressure that does not similarly affect the E2
hinge region. It has been suggested that the main function of
the E2 hinge region is to provide for a flexible link between the
transactivating and DNA binding domains (Gauthier et al.,
1991). The E2 hinge region might therefore allow for less
constraint on amino acid conservation than the E4 coding
segment.

To date, the only known function for the cytoplasmic
E1gE4 fusion protein is its interaction with cytokeratins
(Doorbar et al., 1991 ; Roberts et al., 1993, 1997). Two
conserved motifs, MADXXA (coded from the E1 region) and
LLXLL, located in the amino terminus of PV E1gE4 fusion
proteins, are important for this interaction (Rogel-Gaillard
et al., 1992 ; Roberts et al., 1994). The function of the amino-
terminal portion of the E1gE4 protein in mediating the
interaction with cytokeratins might provide an explanation for
the absence of amino acid variations in this region. Recently, it
was noted that the carboxy terminus of the HPV-16 E1gE4
protein is dispensable for keratin cytoskelton association but is
involved in inducing disruption of the keratin filaments
(Roberts et al., 1997).

HPV protein sequence variations may affect virus carcino-
genic potential. As for the HPV-16 E5 protein, amino acid
changes might alter the transforming activity of the protein by
affecting the interactions with the EGFR, the 16 kDa subunit of
the H+-ATPase or, potentially, other cellular proteins (Gold-
stein et al., 1991 ; Conrad et al., 1993 ; Straight et al., 1995).
Also, variations in the E2 protein might affect the transforming
potential of HPV-16 due to altered affinity for cellular
transcription factors or for viral DNA. To date, different
specific HPV molecular variants have been suggested to be
associated with risk of cervical neoplasia (Ellis et al., 1995 ;
Londesborough et al., 1996 ; Xi et al., 1997). One sequence
variant distinguished in the HPV-18 E2 hinge region was
reported to be associated with decreased risk of cervical
neoplasia (Hecht et al., 1995). Further studies are needed to

examine HPV-16 variant associations with cervical disease risk
as well as to characterize functional differences.
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