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Human papillomavirus type 16 E2 and E6/E7 variants
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Abstract
Objectives. Polymorphisms in human papillomavirus (HPV) type 16 have been shown to be related to geographic areas and are broadly
classified as European (E), African (Af), Asian (As), or Asian-American (AA). Certain variants have been reported as being more likely to
cause cervical disease; our objectives were to identify new HPV16 polymorphisms, to determine the linkage of the E2 and E6/E7 regions and
to determine the minimum sequence necessary to classify variants.
Methods. We sequenced the complete E2, E6, and E7 regions in all HPV16-positive cervical samples identified in a case-control study of
pre-invasive cervical disease.
Results. In the 100 samples analyzed, only one new polymorphism was identified, a synonymous change, T3205A, in region E2. The
frequency distribution of variants in the sample set was 37 European prototypes and 27 E-G350, 16 AA, 5 Af1, 2 Af2, 8 E-C109G, 3 EG131G, and 2 As. As shown by others, region E7 varied much less than E6 and E2.
Conclusions. In each case, E2 changes were linked to the expected E6/E7 changes, and there was no evidence for recombination. The
linkage between E2 and E6/E7 allows variant classification to be based on a short E6 sequence (nt 109–350).
D 2004 Elsevier Inc. All rights reserved.
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Introduction
Human papillomaviruses (HPVs) are classified on the
basis of their genomic DNA sequence. An HPV type has less
than 90% similarity with other types at the nucleotide level
[1]; HPVs with more than 98% similarity are considered type
variants. Only HPV16 has been extensively sequenced to
characterize variants: five major variant groups have been
identified on the basis of sequences in the long control region
(LCR) and E5 open reading frame [2–4]. These variant
groups are referred to as European (E), Asian (As), AsianAmerican (AA), African-1 (Af-1), and African-2 (Af-2),
loosely designating their geographic distribution. Sequencing
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of the E2, E6, L2, and L1 regions of the HPV16 genome [5–7]
resulted in the identification of European prototype (Ep)
variants E-G350 [T350G], E-G131 [A131G], and E-C109
[T109C] and North American variant NA-1 [8].
Nucleotide changes characteristic of a variant in one gene
are generally linked to those in other genes, suggesting that
variants are stable and are not subject to frequent recombination. In studies of variants, L1 polymorphisms have been
linked to those in LCR, E5, and E6/E7 [6,9]. E2 nucleotide
changes have been described and linked to those in E6 and L1
[10], E5 and E6 [7], and LCR [11]; however, a linkage
between nucleotide changes in E6, E7, and E2 has not been
shown previously. When attempting to evaluate the biologic
significance of variants, it is important to understand and
verify the linkage of polymorphisms throughout the genome.
Many of the nucleotide changes in the variants are in
coding regions, and these non-synonymous changes may
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result in changes in the functional or antigenic domains of
the virus that may be important in the host immune response
or in functional aspects of the viral proteins. In vitro studies
have shown, for example, that some E6 variant proteins
have a much reduced ability to degrade p53 [12]. Other
variations in E6 (E-G131T) result in amino acid changes in
potential T-cell receptor or HLA binding regions [13].
Data correlating viral persistence and cervical disease
progression with different variants are, however, inconclusive [14–17]. Some data suggest that women infected
with certain variants have a significantly greater chance of
developing a high-grade lesion [18]. In some studies, the
variant with the T350G change in E6 (L83V) was
associated with an increased risk of cervical disease
progression compared with the prototype strain [5,19]. In
a study in Costa Rica, a strong correlation was seen
between non-European variants and disease [20], but other
studies have shown no correlation between variant and
disease [9].
In this study, we sequenced the complete E2, E6, and E7
regions of all HPV16-positive samples identified in a casecontrol study of pre-invasive cervical disease. The objectives were to identify new polymorphisms, to determine the
linkage of the E2 and E6/E7 regions, and to determine the
minimum sequence necessary to classify variants. In the 100
samples analyzed, only one new polymorphism was
identified, a synonymous change, T3205A, in E2. The
linkage between E2 and E6/E7 allows variant classification
to be based on a short E6 sequence (nt. 109–350) rather than
on long sequences of the HPV genome.

regions from each extract. Reaction mixtures also contained
15 pmol of each primer, 0.125 U of Taq DNA polymerase
(PlatinumTaq, Gibco-BRL, Gaithersburg, MD), 250 AM
dNTPs, 2.5 mM MgCl2, and 1  PCR buffer (Gibco-BRL).
After an initial denaturation at 958C for 2 min, reaction
mixtures underwent 40 cycles at 958C for 30 s and 628C for
2 min. Ten microliters from each 50-Al PCR sample were
run on 1% agarose gels to test for product; the remaining 40
Al from samples showing a visible band were purified by
using Centricon YM-100 centrifugal filter devices. One
microliter of this purified material was used as template in
half-size (10 Al) cycle-sequencing reactions (BigDye Terminator Cycle Sequencing Kit, Applied Biosystems, Foster
City, CA). Sequencing reaction mixtures were purified using
Centricep Spin Columns (Princeton Separations, Adelphi,
NJ), and run in the Applied Biosystems model 377
sequencing apparatus. Of the original 105 HPV16-positive
samples, 100 yielded sufficiently intact DNA to give
readable sequences.
Sequence data were compiled and analyzed using
Sequencher sequence analysis software (Gene Codes Corp.,
Ann Arbor, MI). Sequence variations were detected in
comparison to the reference HPV16R sequence (http://hpvweb.lanl.gov). Variants were classified on the basis of
previously published E6 sequence changes: Ep (prototype
sequence, no changes), E-G350 (T350G), E-C109G
(T109C, T350G), E-G131G (A131G, T350G), As
(T178G), Af1 (G132C, C143G, G145T, T286A, A289G,
C335T), Af2 (T109C, G132T, C143G, G145T, T286A,
A289G, C335T, G403G), AA (G145T, T286A, A289G,
C335T, T350G).

Materials and methods
Results
Study design
The study design and population has been previously
described [21]. In brief, this was a case-control study of preinvasive cervical neoplasia, enrolling non-pregnant women
who were residents of Harris County, Texas, and 18 years or
older at the time of the study. Cervical disease status was
determined on the basis of biopsy (cases) or cytology
(controls) findings. We used L1 consensus polymerase chain
reaction (PCR) on exfoliated cervical cells to detect HPV.
End-point fluorescent PCR was used to type and quantitate
HPV16, 18, 33, and 45 [22].
Sample preparation and sequencing
Cervical cytobrush samples had been stored at 708C
since the original DNA extraction [22]. Residual DNA was
obtained from the stored cytobrushes for each HPV16positive sample by using MasterAmp Buccal Swab DNA
Extraction Solution (Epicentre Technologies, Madison, WI).
Sequencing templates were generated by amplification of
the E6/E7 (nt. 7740–943) and the E2 (nt. 2655–4008)

The nucleotide changes and variants identified in this
study are shown in Table 1. Because 100 samples were
sequenced, the sample number is the percent. Table 1 also
shows the variant positions and coding changes in E6/E7
and E2 reported in the literature. The entire E2 gene was
sequenced in all samples. Two high-grade lesion samples
had small deletions (36 and 33 bp, respectively) in E2 that
did not result in a reading frame change.
The prototype HPV16 sequence (HPV16R) has an A at
position 2926. All samples in this study had a G at this
position, as noted in a published correction to the reference
sequence [23]. Only one previously unreported change was
found, a synonymous change, T3205A, in E2. Three
additional minor variants of the European prototype, Ep-a,
Ep-b, and Ep-c, could be identified by using the E2
polymorphisms. No example of NA-1 was found in this
population. No base changes were identified in the splice
donor or two splice acceptor sites in E6. HPV16 variants
predominated in this population. Even if the minor prototype variants (Ep-a, Ep-b, Ep-c) are included as prototype,
only 36.6% of the samples were prototype.

Table 1
Variant positions in HPV16 E6/E7 and E2
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a
Amino acid (coding) changes shown in the first row, nucleotide numbering in the second row, and sequence in the third row are based on the HPV16 prototype sequence in HPV16R [23]. Synonymous base
changes are in lower case letters, and non-synonymous changes are shown upper case letters.
* T3205A has not previously been reported.
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By visual inspection of the tabulated sequences, we
recognized a pattern in the association of sequence variation
in the E6, E7, and E2 regions. We found that by assigning
variant status based on variation in one region, for example,
AA variant based on variation in E6, then variations for AA
in E7 and E2 were predictable. This association or linkage
of sequence variations was observed with all samples for the
major variants.
We express viral load as the number of copies of viral
DNA per microgram of cellular DNA. The range in viral
load for all 100 women was more than 10 logs and
showed a non-normal distribution (3.29  103 to 1.01 
1015; median, 7.02  108; average, 1.89  1013). Viral
load for each variant is shown in Fig. 1. While the median
number of copies per microgram DNA differed between
the variant subtypes, no significant associations were
found for individual variants, although small sample
numbers limit the precision of the estimation. A high viral
load (relative to the median number of copies) was found
more frequently in European prototype samples (68%) than
in non-prototype samples (40%; P = 0.0071). However,
high viral load was not associated with Ep-a,-b, or-c
variants when compared with Ep, nor was it associated
with the E6L83V variant when compared with all other
types.
Table 2 shows the distribution of cervical disease by
HPV16 variant. Cervical disease status was determined on
the basis of biopsy findings for cases and on normal
cytology for controls. There were no significant associations
of individual variants with disease, and when all variants
other than Ep-a,-b, and-c were grouped as non-prototype,
the association with cervical intra-epithelial neoplasia II/III

Table 2
Cervical Intra–Epithelial Neoplasia (CIN) disease status by HPV16 variant
Variant

AA
Af1
Af2
As
E-C109G
E-G131G
E-G350
Ep
Ep-a
Ep-b
Ep-c

Number (%) of cell samples in various disease stages
No disease
(n = 5)

CIN I/HPV
(n = 26)

CIN II
(n = 27)

CIN III
(n = 42)

0
0
0
0
0
0
3
0
1
1
0

5
1
1
0
2
0
5
7
3
1
1

7
2
1
0
3
2
4
3
3
0
2

4 (10)
2 (5)
0 (0)
2 (5)
3 (7)
1 (2)
15 (36)
4 (10)
6 (14)
5 (12)
0 (0)

(0)
(0)
(0)
(0)
(0)
(0)
(60)
(0)
(20)
(20)
(0)

(19)
(4)
(4)
(0)
(8)
(0)
(19)
(27)
(12)
(4)
(4)

(26)
(7)
(4)
(0)
(11)
(7)
(15)
(11)
(11)
(0)
(7)

was not significant compared with the association with the
prototype.

Discussion
The main objectives of this study were to sequence the
HPV16 E6, E7, and E2 regions of all HPV16-positive samples
in a previously described case control study to identify new
polymorphisms and to determine the linkage of the E2 and E6/
E7 regions. We determined that these regions were linked.
Because of the linkage, sequencing a short E6 sequence (nt.
109–350) would be sufficient to classify a sample into the
major variant groups. To distinguish NA-1 from AA, it would
be necessary to include a slightly longer sequence (nt. 109–
532); NA-1 has wild-type A at nt. 532, whereas AA has a

Fig. 1. Viral load by HPV16 Variant. Boxplot, q1 = first quartile, min = minimum, mdn = median, max = maximum and q3 = third quartile for HPV16 copies/
Ag for each of the variant groups. Median values by variant were as follows: AA, 1.87  107; Af1, 1.87  108; Af2, 2.61  106; As, 2.98  1014; E-C109G,
9.75  1010; E-G131G, 5.24  1011; E-G350, 9.12  108; Ep, 1.12  1011; Ep-a, 1.04  1010; Ep-b, 1.15  109; Ep-c, 5.43  107.
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synonymous G at this position. The uncommon North
American variant (NA-1) [6], which is a derivative of the
AA and Af2 variants, was not present in this patient population.
With the exception of two E-G350 samples that showed
small E2 deletions, the E2 gene was sequenced in its entirety
in all samples, suggesting that despite potential viral
integration, intact E2 was also present. Three additional
minor variants of the European prototype could be identified
on the basis of nucleotide changes in E2 (Fig. 1): Ep-a, which
is defined by changes T3205A (Gly silent) and T3575G (Ser
to Ala); Ep-b, which is defined by changes A2938G (Thr
silent), T3384C (Ile to Thr), C3410T (Pro to Ser), and
C3684A (Thr to Lys); and Ep-c, which is defined by change
C3410T (Pro to Ser). Of these changes, only the silent
mutation T3205A has not previously been reported [7,11,24].
In this sample, most HPV16-positive samples were
European variants (Table 1); of these, the European
prototype predominated (37 samples) and was followed by
the E-G350 European variant (27 samples). The prevalence
of other variants was low. While this analysis found no
association between variants and viral load or cervical
disease, the interpretation is limited by the numbers of each
variant in the study. Variant determination in other
populations from different clinical settings and geographical
locations may yield other results; this task will be easier
because only a small region of E6 need be sequenced.
Sequence variations in LCR were not studied here. It is
possible that viral gene expression through either sequence
variation or methylation status in this region could impact
clinical outcome. It would be interesting to see whether
variations in the LCR were also linked to the regions studied
here; this work may ultimately identify patterns which
would serve as markers for disease progression.
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