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Lack of Methylation in the Upstream Region of Human
Papillomavirus Type 6 from Aerodigestive Tract Papillomas

Agustin Enrique Ure and Ola Forslund

Department of Laboratory Medicine, Section of Medical Microbiology, Lund University, Malmo, Sweden

Methylation of the high-risk human papillomavirus type 16 (HPV16) upstream regulatory region (URR) has been described, but
whether methylation is present among low-risk HPVs is unknown. The methylation status of the HPV6 URR was analyzed in
papillomas from the upper aerodigestive tract of six adult patients. All CpGs in the URR were unmethylated, from both basal/
intermediate and superficial cells, suggesting that methylation is not involved in the regulation of transcription from the HPV6

URR, regardless of epithelial differentiation.

apillomaviruses are small icosahedral viruses with an ~8-kb

double-stranded DNA circular genome, and more than 150
human papillomavirus (HPV) types have been characterized to
date (1). These viruses are epitheliotropic and produce hyperpro-
liferation of squamous cells, generally referred to as papillomas.
High-risk HPV types are associated with cancer, especially of the
uterine cervix, while low-risk types produce benign warts (29).

Methylation of viral genomes of high-risk HPVs has been iden-
tified as an important feature in cervical neoplasms (5, 16, 28). It
has been speculated that methylation regulates the viral gene ex-
pression in multicopy HPVs (3) as well as the binding of the reg-
ulatory protein E2 to the E2 binding sites in the URR (11). Differ-
ential methylation has been observed in the URR of HPV type 16
(HPV16) during epithelial differentiation, where the p97 pro-
moter region was highly methylated in superficial cells, while the
basal and intermediate layers were methylated mainly in the en-
hancer region of the URR (28). Furthermore, methylation of the
HPV16 URR inhibits transcriptional activation by the HPV E2
protein (11), but whether methylation is present in low-risk HPV's
is unknown. Therefore, our aim was to evaluate the methylation
status of the viral genomes in the low-risk HPV6. We analyzed
HPV6 in papillomas of the upper aerodigestive tract of adult pa-
tients. These benign lesions often recur and can have significant
morbidity and, rarely, mortality as a consequence of airway ob-
struction (6, 13).

In order to design primers suitable for methylation analyses,
we performed a complete genome characterization of our HPV6
isolates, originally identified using PCR with modified GP5+/6+
(MGP) primers (23) and a Luminex system (19). The HPV6 iso-
lates were from patients ages 24 to 68 years who attended otorhi-
nolaryngology clinics in Sweden. We selected one pharyngeal and
nine laryngeal HPV6-positive biopsy specimens (Table 1). In or-
der to amplify the complete HPV6 genomes, automated DNA
extraction (MagNA Pure LC total nucleic acid isolation; Roche)
and long-range PCR (Expand Long Template PCR system; Roche)
were performed (Table 2) (27). By using long PCR products as the
templates, the complete genomic sequences were obtained by us-
ing 15 sequencing primers (Table 2). In order to establish the
phylogenetic relationships, a multiple sequence alignment was
made using the MUSCLE version 3.8 plug-in (7) from the UGENE
version 1.10 package (15). From the alignment, a maximum like-
lihood phylogenetic tree (Fig. 1) was constructed using the
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TABLE 1 Nucleotides and amino acids of 10 HPV type 6 isolates in laryngeal papillomas versus the closest reference sequence

Amino acid
Patient characteristics No. of indicated mutation type found”  conservation®
No. (%) of

Age URR  Closest HPV different
Isolate no. (yrs) Sex Smoker? Site meth? (accession no.) Size (bp) Accessionno. nucleotides Missense Silent Ins Del Ts Tv NC WC SC
PV2702 67 F Never Larynx  No HPV6D (X00203) 7996 JN252323 2 (0.03) 0 3 1 0 0o 2 0 0 0
PV1499 43 M Never Larynx No HPV6b (X00203) 7996 JN252322 18 (0.23) 0 19 1 0 8 10 0 0 0
PV1666 68 M Never Larynx ~ NA HPVé6vc (AF09293) 8031 JN252316 4(0.05) 2 3 1 0 2 2 1 1 0
PV2345 40 M Never Larynx No HPV6vc (AF09293) 8032 JN252314 6 (0.07) 3 7 1 0 3 3 1 1 1
PV0529 58 M Quit Pharynx No HPVé6vc (AF09293) 8031 JN252315 30 (0.37) 12 19 1 0 14 16 2 4 6
PV1667 39 M Never Larynx NA HPV6vc (AF09293) 8029 JN252320 29 (0.36) 11 20 1 1 14 15 2 4 5
PV1731 40 M Never Larynx ~ NA HPVé6vc (AF09293) 8031 JN252317 29 (0.36) 11 19 1 0 14 15 2 4 5
PV1774 56 M Never Larynx No HPV6vc (AF09293) 8031 JN252318 31(0.39) 12 20 1 0 16 15 2 4 6
PV2530 40 M Never Larynx  No HPVé6vc (AF09293) 8031 JN252319 28 (0.35) 11 18 1 0 15 13 2 3 6
PV1732 24 M Quit Larynx NA HPV6a (L41216) 8010 JN252321 11 (0.14) 4 7 0 0 8 3 3 0 1

“ Methylation status in the URR. NA, not analyzed.
b Ins, insertion; Del, deletion; Ts, transition; Tv, transversion.

¢ NG, nonconserved amino acid change; WC, weakly conserved amino acid change; SC, strongly conserved amino acid change.
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TABLE 2 Primers and PCR settings

Fwd Rev
Mg>* dNTP  primer primer BSA
Vol  concn concn  concn  concn  concn  Enzyme  Template
Primer name Sequence (5'-3") Use Cycling conditions () (mM) (mM) (M) (pM) (%) units vol () Enzyme system*
HPV 6 6125F GGGTGTAAGTGGACATCCTTTCCTA Long-range PCR  94°C 2 min; 20 cycles of 94°C 105, 61°C 50 Buffer2 0.5 0.3 0.3 0.00 1.78 5 Expand L-T
HPV 6 6124R ACACCTAATGGCTGTCCCCTG 305, 68°C 6 min; 24 cycles of 94°C 15
min, 59°C 30 min, 68°C 6 min 10 s;
68°C 10 min
HPV 6 116F ATGCCTCCACGTCTGCAACGACC Long-range PCR  94°C 2 min; 10 cycles of 94°C 10's, 50 Buffer2 0.5 0.3 0.3 0.00 1.78 5 Expand L-T
HPV 6 115R TTGCACTTTCCATAATGCCTCGTTTGCT (alternative) 68°C — 0.5°C/cycle (to 63°C) 30 s;
68°C 6 min; 10 cycles of 94°C 10's,
61°C 30 s, 68°C 6 min; 24 cycles of
94°C 15’5, 59°C 30 s, 68°C 6 min 10
$;68°C 10 min
Met URR 1F_b TWRTTATATTTTGTGATTTAGTGGTTGTTGTA  URR methylation ~ 94°C 5 min; 10 cycles of 94°C 155, 60°C 20 3.5 0.2 0.3 0.9 0.20 0.5 2 AmpliTaq Gold
Met URR IR_b AACACATTATAACAAATTAATAMAAAATATA study set 1 (5’ 20 s — 1°C/cycle, 72°C 25 s; 45 cycles
TACYAAAAACA segment) 0f 94°C 15 s, 60°C 20 s, 72°C 25 s;
72°C 5 min
Met URR 2F GGTTGTTTTTRGTATATATTTTKTATTAATT URR methylation ~ 94°C 5 min; 10 cycles of 94°C 155, 60°C 20 3.5 0.2 0.3 0.3 0.20 0.5 2 AmpliTaq Gold
TGTTAT study set 2 20's — 1°C/cycle, 72°C 25 s; 45 cycles
Met URR 2R AATTAACTACAATACATAAAAATATAACAC (central 0f 94°C 15 s, 55°C 20s, 72°C 25 s;
segment) 72°C 5 min
Met URR 3F_b GTTTGGTATATAATAATATAAAAATGAGTAA URR methylation ~ 94°C 5 min; 10 cycles of 94°C 155, 60°C 20 3.5 0.2 0.3 0.3 0.20 0.5 2 AmpliTaq Gold
TTTAAGGTTATAT study set 3 (3’ 20's — 1°C/cycle, 72°C 25 s; 45 cycles
Met URR 3R_b TTACAACATATACATAAATAAATTAAACA segment) 0f94°C 155, 60°C 205, 72°C 25 s;
TCTTACACAAC 72°C 5 min
HPV16 Met ATTATTGTGTTATGTAATATAAATAAATTT Methylation 94°C 5 min; 10 cycles of 94°C 155, 60°C 30 3.5 0.2 0.3 0.3 0.20 0.75 3 AmpliTaq Gold
7.2k F positive 20 s — 1°C/cycle, 72°C 25 s; 45 cycles
HPV16 Met AATCAAAAAAACAAAAATTTAACAC control in 0f94°C 155, 48°C 205, 72°C 25 s;
7.5k R CaSki cells 72°C 5 min
E6 90F CARACGAGGCATTATGGAAAG Sequencing Sequenced at MWG (Germany) with
E6 224R GCAGTGGTCAGTGCATTCYTG primer for ABI 3730XL equipment
E7 688F AAATASTGACCTGTTGCTGTG HPV6
E1 1898R ATTGACTGTCAGCCAACCYAT
E2 2878R CTYAGGCCCATTTGTTTTGCT
E1 1681F AGTAAATAAAAGTAGATGTACCGTKGC
E2 HPV-63819R  GCATTGACATAAACCCCAGTTT
E12598F TTCCAAATCCATTCCCYTTTG
E5b 4558R TAATATTTGATCTGCAATRGT
E4 3486F CACATTAGATCCGTGGACAGT
HPV 6 4826R CAGAGGATGTAATTGTAAACCCACC
E5b 4176F AATTTAATGATGGTGATACMTG
HPV 6 4680F CTATGGCTCGTCCTCCTGTGG
HPV 66328 F ACTGCCCGCCCTTAGAACTTATT
HPV 6 7714R CAAAATATATAGGATTAACAGGCAAC

“ The system used was either the Expand Long-Template (Expand L-T) PCR system or the AmpliTaq Gold system (both obtained from Roche), unless sequencing was performed at MWG with ABI 3730XL equipment.
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FIG 1 Phylogenetic tree based on the complete genomes of all unique HPV6 variants available in GenBank. All accession numbers are indicated in the leaves of
the tree, and for our 10 new HPV6 genomes the isolate name is given in parentheses. The isolation source is indicated, as follows: circle, laryngeal papilloma;
triangle, condyloma acuminata; square, both laryngeal papilloma and condyloma acuminata (for genomes deposited in GenBank with identical sequences but
different isolation sites). The tree was obtained by the maximum likelihood approach using RAXML software and rooted with HPV11. Bootstrap (800) support
values are indicated in each branch as percentages. The bars indicate the number of substitutions per site for the two different scales used.

RAXML software (version 7.3.0) (24) under the raxmlGUI pro-
gram (version 1.1) (21). The general time-reversible (GTR) model
of nucleotide substitution under the gamma model of rate heter-
ogeneity was selected for 20 inferences with 800 bootstraps. HPV
type 11 (accession number EU918768) was used to root the tree,
and the FigTree software (version 1.3.1) (18) was used to create a
graphical representation of the tree.

The characteristics of the different genomes are summarized in
Table 1. The average nucleotide identity by pairwise comparison
between our isolates was 99.1% (range, 98.1% to 99.9%). We also
inferred the phylogenetic relationships of HPV6 by using the com-
plete genomes of our 10 isolates and the 28 unique HPV6 se-
quences available in GenBank. Of our HPV6 isolates, seven clus-
tered with HPV6vc (in two subclusters), two clustered together
with HPV6b, and one clustered with HPV6a (Fig. 1). When taking
into account another 25 HPV6 isolates deposited in GenBank with
sequences identical to those present in the tree, the HPV6vc-re-
lated variants were the most prevalent isolates both in genital

Slice 1 H&E stained

B

(65% [11/17]) and oral (58% [21/36]) lesions. This common oc-
currence of HPV6vc-related variants is in agreement with a pre-
vious study (12). It is noteworthy that more than 30 years after the
HPV6D prototype was isolated (4, 20), we have now identified an
HPV6D variant (PV2702) with the 94-bp insert and only two point
mutations, supporting the supposition that the original 94-bp de-
letion was an artifact (9).

As the URR is critical for replication and transcription, we
focused our methylation exploratory study on this region of the
genome. We analyzed the basal/intermediate cells separately from
the superficial cells of six HPV6-positive samples (Table 1). The
biopsy specimens were trimmed, serially dehydrated, and paraffin
embedded. Due to the small size of the biopsy specimens, it was
not possible to stain the slices when they were mounted on special
membranes for laser capture microdissection, as large portions
were lost during ethanol washes. To circumvent this problem,
eight consecutive slices were cut (5 wm thick), of which only the
first and last were mounted on glass slides and stained with hema-

Slice 2 after microdissection

Superficial

FIG 2 Microdissection of laryngeal papillomas. A representative sample of paraffin-embedded tissues shows, on the left, the hematoxylin and eosin-stained first
slice and, in the middle and on the right, respectively, the second slice used for laser capture microdissection, before and after microdissection.
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FIG 3 Schematic illustration of the HPV6 URR. The gray boxes represent the PCR products obtained after bisulfite treatment. All the CpGs (black lines) present
in the URR were included. Numbering is according to the amended version of HPV6b (9). The p97 promoter is indicated with a yellow arrow, and primers are

indicated with orange arrows. E2BS, E2 binding site; NFI, nuclear factor I.

toxylin and eosin. The remaining sections were mounted on poly-
ethylene membranes on steel frames (PET; Leica) without stain-
ing. The first and last slides were used as references to identify
basal and superficial regions on the PET slides. Microdissection
was performed with an LMD6000 microdissection system (Leica)
following the manufacturer’s instructions (Fig. 2). DNA extrac-
tion from the basal/intermediate and superficial fractions was per-
formed using the RecoverAll total nucleic acid isolation kit (Am-
bion). Initially, the slices were suspended in 0.5 ml of xylene and
then mixed with 1 ml of ethanol to facilitate recovery after centrif-
ugation. The purification was completed following the manufac-
turer’s instructions. Afterwards, the purified DNA was bisulfite
treated using the EZ DNA methylation kit (Zymo Research).
CaSKki cervical cancer cells obtained from the American Type Cul-
ture Collection were treated in parallel and employed as a positive
control of methylation, using primers published elsewhere (Table
2) (5). Three segments of the URR of HPV6 were amplified using
primers insensitive to methylation (without CpGs), which in-
cluded all the CpGs and E2 binding sites present in that region of
the genome (Fig. 3; Table 2). Ten clones of each amplicon, from
both basal/intermediate and superficial cells, were sequenced to
identify possible methylated sites. The postsequencing analysis
was automated with a workflow involving UGENE, which also
verified the complete conversion of cytosines to thymines for each
clone in order to avoid false positives from partial bisulfite treat-
ment.

Even though we analyzed 360 clones, no methylated CpG was
detected in any of the HPV6 URRs analyzed, although methyl-
ation was found in the URR of HPV16 from the control CaSki
cells. The lack of methylation in HPV6 is in agreement with a
recent study demonstrating the absence of methylation in the
URR of HPV11 from a single patient with laryngeal papillomas
(8). Nevertheless, the lack of methylation within our series of
HPV6 URRs was unexpected, since a high frequency of hyper-
methylation has been observed in host tumor suppressor genes in
laryngeal papillomas (25). However, HPV6 has also been detected
in nondiseased respiratory sites (17, 22), and it is tempting to
speculate that expression of HPVG6 is repressed by methylation in
such tissues. In lesions characterized by koilocytes, a hallmark of
permissive HPV infections, it has been shown that HPV16 URR
methylation varies depending on the degree of differentiation of
the squamous epithelium (28). In that study, the central segment
(enhancer) was methylated in basal cells and gradually decreased
toward the upper cells. The most significant difference was ob-
served in the promoter segment, which was intensively methyl-
ated in the superficial cells while it was totally unmethylated in the
basal and intermediate cells. In contrast, our study of HPV6 in
papillomas with koilocytes (Fig. 2) revealed that the HPV6 region
is completely unmethylated in the various segments of the URR,
regardless of the differentiation status of the squamous cells.
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It is also important to note that unlike HPV16, HPV6 remains
episomal. Among our samples, we had a detection rate of 100% for
the 8-kb HPV6 amplicon by long-range PCR, indicating a high
copy number of episomal HPV6. Therefore, the lack of methyl-
ation in the URR is probably representative of episomal HPV6 in
laryngeal papillomas. To the best of our knowledge, there is no
study that has demonstrated HPV6 integration among benign la-
ryngeal papillomas, but we cannot completely exclude the possi-
bility that integrated HPV6 can be methylated in these lesions.
Nonetheless, the episomal form of HPV6 among our samples can-
not explain the lack of methylation, as the episomal form of
HPV16 has been shown to be methylated (2, 10, 14).

To our knowledge, this represents the first study of the meth-
ylation status of a series of low-risk HPV isolates. However, our
exploratory study has limitations due to the small number of
HPV6 isolates characterized and because we restricted the meth-
ylation analysis to the URRs of aerodigestive tract papillomas. In
future studies, it would be interesting to investigate the methyl-
ation status of HPV6 also in genital condyloma, as well as meth-
ylation in the L1 region of HPV®, since the L1 region has demon-
strated increased methylation in HPV16 from precancerous and
cancerous cervix lesions (26). Further studies are also required to
establish whether general and distinctive patterns of methylation
exist among high- and low-risk HPV types.

In summary, we have demonstrated for the first time that the
URR of HPV6 is completely unmethylated in papillomas of the
aerodigestive tract, regardless of epithelial differentiation status.

Nucleotide sequence accession numbers. All the sequences
represented novel variants and were deposited in GenBank under
accession numbers JN252314 to JN252323.
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