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ANWAAR R. TAWHEED, SYLVIE BEAUDENON, MICHEL FAVRE, anpo GERARD ORTH*

Unité des Papillomavirus, Unité de I’Institut National de la Santé et de la Recherche
Meédicale 190, Institut Pasteur, 75724 Paris Cedex 15, France

Received 9 May 1991/Accepted 14 August 1991

Human papillomavirus (HPV) DNA sequences coexisting with HPV16 and HPV45 were cloned from an
invasive cervical carcinoma. The cloned HPV was shown to be a novel type, named HPV66, and is related to
HPV56 (an HPV detected in cervical cancer). After screening 160 anogenital biopsies, four specimens exhibited
histological features of intraepithelial neoplasia and contained HPV66 sequences. Of these, three were found to

be associated with another HPV type.

More than 20 types of human papillomavirus (HPV) are
associated with anogenital infections, causing benign prolif-
erations (condylomata acuminata) or premalignant lesions
(intraepithelial neoplasia) (8). HPV types associated with
intraepithelial neoplasia such as HPV16 and HPV18 have
been detected in the majority of anogenital invasive carci-
nomas (30). Several studies have shown the presence of
uncharacterized HPV types in 10 to 30% of HPV-positive
genital lesions (1, 17, 20, 29). These HPVs need to be

HPV PROBE 16+18+33

HYBRIDIZATION NS
ENZYME B1+B2

16
S
Bi+B2

45
S
B1+B2 E

66

B1+82

--
-1

=
-
‘. -

as- G-

oy
¥

a b c d

FIG. 1. Southern blot hybridization analysis of HPV DNA se-
quences found in an invasive carcinoma of the uterine cervix. The
total cellular DNA extracted from the biopsy (6 pg; lanes a to d, f,
and g) and the cloned HPV66 DNA (S ng; lane e) were cleaved with
endonucleases Bgll and BglII (B1+B2), EcoRI (E), or with EcoRI
and Pvull (E+Pv). The fragments were separated by electrophore-
sis in 1% agarose gels, denatured in situ, and transferred to
nitrocellulose filters. The filters were hybridized under nonstringent
(NS) or stringent (S) conditions (7,, — 40°C and T,, — 20°C,
respectively), by using 32P-labeled DNA probes specific for HPV16,
-18, -33, -45, and -66 DNAs, as indicated. The migrations of free
monomeric HPV DNA molecules, forms I, II, III, are marked. The
sizes of the fragments are expressed in kilobases.
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characterized to clarify the role of the different HPV types in
genital carcinogenesis. Here, we report the molecular clon-
ing and characterization of a novel type of HPV isolated
from an invasive cervical carcinoma.

A biopsy specimen was taken from a 38-year-old patient
with a stage I invasive squamous-cell carcinoma of the
uterine cervix. Total tumor DNA was extracted by the
guanidinium isothiocyanate-cesium chloride method (21) and
tested for the presence of HPV DNA sequences by Southern
blot analysis. The DNA was digested with both Bg/l and
Bglll restriction endonucleases, blotted onto nitrocellulose,
and hybridized with a mixed probe consisting of 3?P-labeled
HPV16, -18, and -33 DNAs, under nonstringent conditions
(T,, — 40°C). The total molecular size of the hybridized
fragments exceeded the size of the HPV genome (8 kb),
suggesting the presence of more than one HPV (Fig. 1, lane
a). Analysis of the tumor DNA by polymerase chain reaction
with primers specific for HPV6, -11, -16, -18, and -33 (20)
revealed the presence of HPV16 (9) (data not shown). The
blot was dehybridized and subsequently rehybridized with
HPV16 DNA probe under stringent conditions (7,,, — 20°C).
The hybridization signal was restricted to a band larger than
8 kb (Fig. 1, lane b). This suggested that the HPV16 genome
was integrated in the tumor DNA since HPV16 DNA does
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FIG. 2. Analysis of the extent of similarity among HPV DNAs
by Southern blot hybridization. The purified cloned DNAs (5 ng) of
HPVs associated with cutaneous (HPV1 and HPVS) or genital
(HPVS, -16, -18, -30, -33, -39, -42, -45, -51, -52, -53, -54, -55, -63, -56,
and -66) lesions were electrophoresed in 1% agarose gels in the
presence of human placenta DNA (1 pg). Samples were blotted onto
nitrocellulose membranes and hybridized under either stringent (7,
— 10°C) (A and C) or nonstringent (7,, — 40°C) (B) conditions, with
32p.labeled DNA probes specific for HPV66 (A and B) and HPV56
©).
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FIG. 3. Physical map of HPV66 DNA. The single EcoRlI site was
taken as the origin. The HPV66 map was aligned with the genetic
map of HPV16 by DNA sequencing. The open reading frames
corresponding to the early (E) and late (L) genes are indicated at the
bottom of the figure. The enzymes Bgll, Bglll, Hindlll, Smal, and
Xbal have no cleavage sites in HPV66 DNA.

not contain Bgl/l and BgllI restriction sites (25). The frag-
ments of 1.5, 1.7, and 4.8 kb (Fig. 1, lane a) might corre-
spond to the Bgll-plus-Bgl/ll pattern of HPV45 DNA (19).
This was confirmed by hybridization with 32P-labeled
HPV45 DNA under stringent conditions (Fig. 1, lane c).
After hybridization of EcoRI-digested tumor DNA (no
EcoRl site in HPV45), only bands corresponding to super-
coiled circular (form I), open circular (form II), and linear
(form III) molecules were observed (Fig. 1, lane d). It
appeared, therefore, that HPV45 was present in an episomal
form in this tumor.

Two bands at the positions of forms I and II were detected
in the Bgll-plus-BgllI-digested tumor DNA, indicating the

A

1 GAA TTC GGT TGC CTA GCC TTT TGT CCT TAT TTA AAC CCA AAA
43 CGA CTT TTC AGC AAA ACA GTT AAT CCT TTG GCA TAT TGC CGT
85 TTIC CTG TTG TAT GAT TCA GGT ATG TAC ACT GCC TTA CCC TGT
127 ATT ACT CAC CTG TAT TTC TGT GCC AAC TAT GCT TTT ATC TGC
169 ATA CTT TGG CGC TGT TGG GCA TAT GTT TTT ATG CAG GTG TTT
211 GCA ATA TAT TTT GTT GGC GTG TAG CCT ATG TAT AAG CCA AGT
253 ATC TGT CTT GCA AAT ATG TAA CCA TAT ACT TAC TCA TTT ACA
295 AAA CGT TTA CGG TCG TGC TAA ACA GGT TTA TTT TAA TTG TTG
337 AAA GTT TCA ATC ATA CTT TAT TAT ATT GGG AGT AAC CGA AAT
379 GGG ITT AGG ACC GAA AAC GGF ACA [TAT AAA ASG CAG CCT GTT
421 GTG CCT GTA GAT ATC CAT GGA TTC CAT ATT CAG CAA TAC ACA
463 GGA ACG TCC ACG AAG CCT GCA CCA TCT GAG CGA GGT ATT ACA
505 AAT ACC TTT ACT TGA TCT TAG ATT ATC ATG TGT ATA CTG CAA
S47 AAA GGA ACT TAC AAG TTT AGA GCT ATA TAG GTT TGC ATG TAT
589 TGA GTT AAA ACT AGT ATA TAG AAA CAA TTG GCC ATA TGC AGT
631 ATG TAG GGT ATG TTT ATT GTT TTA TAG TAA GGT TAG AAA ATA
673 TAG GTA CTA TAA ATA TTC AGT GTA TGG GGC AAC ATT AGA AAG
715 TAT AAC TAA AAA ACA GTT ATC TGA TTT ATC AAT AAG GTG CTA
757 CCG ATG TCA ATG TCC GTT AAC ACC GGA GGA AAA ACA ATT GCA
799 CTG TGA ACA TAA AAG ACG ATT TCA TTA TAT AGC ATA TGC ATG
841 GAC CGG GTC ATG TTT GCA GTG TTG GAG ACA TAC GAG TAG ACA
883 AGC TAC AGA ATC TAC AGT ATA ACC ATG CAT GGT AAA GTA CCA
925 ACG TTG CAA GAG GTT ATA TTA GAA CTT GCA CCG CAA ACG GAA
967 ATT GAC CTA CAA TGC AAT GAG CAA TTG GAC AGC TCA GAG GAT
1009 GAG GAT GAG GAT GAA ATA GAC CAT TTG CTG GAG CGG CCA CAG
1051 CAA GCT AGA CAA GCT GAA CAA CAT AAG TGT TAC CTA ATT CAC
1093 GTA CCT TGT TGT AAG TGT GAG TTG GTG GTG CAG TTG GAC ATT
1135 CAG AGT ACC AAA GAG GAG CTA CGT GTG GTA CAA CAG CTG CTT
1177 ATG GGT GCG TTA ACA GTA ACG TGC CCA CTC TGC GCA TCA TCT
1219 AAA TAA
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presence of additional episomal HPV molecules (Fig. 1, lane
a). This HPV was found to have a single EcoRI site (data not
shown). We proceeded to isolate this HPV by constructing a
genomic library of the tumor DNA in bacteriophage lambda
zap II (Stratagene, La Jolla, Calif.) (26) by using EcoRI
endonuclease. The recombinant phages carrying the cloned
HPV DNA were identified by plaque hybridization by using
32p_labeled DNA of HPV16, -18, and -33 as a mixed probe,
under nonstringent conditions (7,, — 40°C). The HPV DNA
was subsequently subcloned into plasmid pBR322. After
cleavage with a mixture of EcoRI and Pvull endonucleases,
the cloned HPV DNA and the tumor cellular DNA yielded
fragments of identical sizes (with a sum of 8 kb), by using the
cloned HPV DNA as a probe (Fig. 1, lanes e and f). This
indicated that the complete genome of the HPV had been
cloned. Hybridization of the Bgll-plus-BglII-digested tumor
DNA with the 32P-labeled cloned DNA confirmed the pres-
ence of this HPV as free episomal DNA molecules (Fig. 1,
lane g).

The degree of similarity between the newly cloned HPV
DNA and the DNA of HPV types 1 to 56 (8) was examined
by Southern blot hybridization under different conditions of
stringency. At high stringency (60% formamide; 7,,, — 10°C),
the 3?P-labeled, newly cloned HPV DNA showed a strong
cross-hybridization with the DNA of HPVS56, an HPV type
associated with cervical cancer (16), and a weak cross-
hybridization with the DNAs of HPV30 (14) and HPVS53 (12)
(Fig. 2A). Similar results were observed when HPV56 DNA

B8 E6

HPV 66 1
HPV 56 1
HPV 16 1

xS
xmoO
. .
ons
LA R ]
nw
now
L
om»
[-E ¥}
LE N ]
md <
ORN e
oter OmMO
ECE
Hew
LN

HPV 66 27
HPVSS 27
HPVIE 31

AN Bew

= e

PP OvGn
Lk R ]

eee »- o
LT X T
aaco ». .
¢44 XON
Mg Nu=m
aNn0 ozw
LN

e BOUR BBEN

LT48 BPE RRARN <C<r
60
oz»

mO0
D~
e

HPVES 57
HPVSE 57
HPV1E 61

e RWUN
A ONRN WY
Nno oNwd VOO
oHE PN Nen
L X B N ]

X B J
rdqde 44«

zms
a0
Cd
npe g
LR R
ER R
anox

HPVES 87
HPVSE 87
HPVIE 9

Ko
ZWW CRM SN o

oW wuM
oMK BPPE
“Hn wae
ZRAR
sEE RAN
"H0
anm epee
Zex 06
Hun GUwo
oo
-
ann ladn wud PP Ooaun
LX)
006 WNY M«
nes wvwe
AWM KM ORR
New nee

HPVES N7
HPVSE 17
HPVIE 121

e MMM o0z

“A0 NAN wNw

2P EEE MUS PR
Zen OOO wWym

e mEn

LES
rde WRR
owm
b B ]
R
20>
L XX
[ X X ]
LR 2 ]
w oo
LE R
vwo=x

HPVES 147
HPVSS 147
HWPVIE 150

“RNe WER MM M

mEP RN OJ.. Ny YOO
MmO OO0 Hb»r OOZ

W WEE ERe

v
LE R}
Han OOUn
oun

HPV 66
HPV S6
HPV 18

- s - m

ERE o

WWww
© -
o
HEl wme maw

HPYV 66
HPV 56
HPV 16

HPV 66
HPV 56
HPV 16

HPVEB6
HPV 56
HPV 16

n§0
EE R
- en
4 4 W
.10 B33
ves EIH

0 wun
©e No©
* K
o
X M
<mm
CE % ]

[
»
Ll
L
=
®

FIG. 4. (A) Nucleotide sequences of the 3’ end of long control region and the E6 and E7 open reading frames of HPV66. The predicted
E6 and E7 genes begin at nucleotides 437 and 907 and terminate at nucleotides 901 and 1221, respectively. The putative Hpal site used to align
the papillomavirus sequences is double underlined (7). The TATA and CAAT sequences are boxed. The ACCN¢GGT binding motifs of the
E2 gene products are indicated by arrows. The putative consensus sequences of splice donor and acceptor sites are underlined. (B) Alignment
of the deduced amino acid sequences of E6 and E7 proteins from HPV16, -56, and -66. Residues that are identical between the aligned regions
are shaded. The putative zinc finger motifs (Cys-X-X-Cys) (6) are underlined. The minimal regions needed for binding HPV16 E7 to p105-RB

(18) and the corresponding regions in HPVS6 and HPV66 are boxed.



2658 NOTES

*

By

¢ Lt

0.4

5
®

s
i)
&

J. CLIN. MICROBIOL.

' B

o * 9 :
- .
' '} . Kl .t -
Lo - ;
® - (S .
..
- - L 3 »
“ B8 g T
@ o ¢
% L ]
#
& ‘ £
®
. ®
% .
- ]
o #
s
& »
“I
" .
i 7 P
- gl
y %n <
Sl AT =
3 i S
‘ - P

FIG. 5. Detection of HPV66 DNA in tumor specimen by in situ hybridization. A small biopsy was fixed with Carnoy’s fluid and embedded
in paraffin. Sections (5 um thick) were used for histology and in situ hybridization. (A) Histological features. An invasive squamous-cell
carcinomae merges from a low-grade intraepithelial neoplasia. Hematoxylin-and-eosin staining was used. Magnification, x124. (B) In situ
hybridization. HPV66 DN A molecules are detected in the nuclei of differentiating cells of the intraepithelial neoplasia after hybridization with
a tritiated HPV66 DNA probe by using conditions previously described (11). Magnification, X140.

was used as a probe (Fig. 2C). However, when the hybrid-
ization was carried out under conditions of lower stringency
(20% formamide; T,, — 40°C), the newly cloned HPV DNA
showed a strong cross-hybridization with the DNAs of the
genital HPV types and a weak cross-hybridization with the
DNAs of cutaneous HPV types, as illustrated for HPV1 and
HPVS5 (Fig. 2B). No cross-hybridization was shown under
stringent conditions between the cloned HPV and HPV
types 57 to 65 (8a). The extent of similarity between the
newly cloned HPV and HPV56 was estimated as 40% (mean
value of four independent experiments) by using liquid-
phase hybridization at saturation followed by S1 endonucle-
ase digestion (15). By using different restriction enzymes,
the physical map of HPV66 was constructed (Fig. 3), and it
was clearly different from that of other known types. There
were no conserved restriction sites found between HPV66
and the published HPV56 physical maps. According to the
convention for the classification of HPV isolates (5), an HPV
is considered as a new type if it exhibits less than 50%
cross-hybridization with other HPV types. Therefore, the
cloned HPV was designated as a new type, named HPV66.

The E6 and E7 genes of HPV16 were found to have
transforming and immortalizing activities (13), and their
products are able to form complexes with the cellular p53

protein (28) and retinoblastoma tumor suppressor gene prod-
uct (p105-RB) (10, 18), respectively. Alignment of the phys-
ical map of HPV66 with the genetic map of HPV16 was
deduced from electron microscopy analysis of the heterodu-
plex molecules (2) (data not shown). HPV66 E6 and E7
genes were located in an EcoRI-Sacl fragment (Fig. 3). This
fragment was subcloned in M13 phage, and the complete
DNA sequences of these two open reading frames, as well as
the 3’ end (436 nucleotides) of the long control region, were
determined by using the dideoxy chain termination method
(Fig. 4A) (22). In the long control region, several conserved
sequence elements, known to be involved in the regulation
of HPV expression, were identified, including the TATA and
CAAT boxes and two consensus-binding motifs of the viral
E2 transregulating proteins (6). In the E6 region, potential
splice donor and acceptor sites were found, signifying the
existence of an intron, the splicing of which generates a
truncated E6 protein. This has been recognized as a common
feature of HPV types associated with genital carcinoma (24,
27).

Comparison of the nucleotide sequences of E6 and E7 of
HPV66 and HPV16 (25) revealed 56 and 54% similarity,
respectively. Alignment of their deduced proteins showed
the presence of 50 and 54% identical amino acids in E6 and
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E7, respectively (Fig. 4B). A region was found in the HPV66
E7 protein sharing homology with the p105-RB binding motif
of HPV16 (18). Nine of the 12 amino acids known to be
essential for binding to pl05-RB were identical (Fig. 4B)
(18). A similar comparison between HPV66 and HPV56 (16)
in the E6 and E7 regions showed that the two HPVs shared
84.5 and 93% nucleotides and 81.8 and 88.6% identical amino
acids (Fig. 4B), respectively. Thus, HPV66 and HPV56 are
much more closely related than anticipated from liquid-
phase hybridization studies. Similar results were previously
found for other HPV types, such as HPV6 and HPV11 (4) or
HPV32 and HPV42 (3). It is hoped, therefore, that the
accumulation of nucleotide sequences of HPVs will provide
new bases for their classification.

In this article we have shown that HPV66 was detected
along with HPV16 and HPV4S5 in a biopsy taken from a
cervical cancer. To address the role of HPV66 in the
development of the tumor, in situ hybridization experiments
were performed on tumor sections by using tritiated HPV16,
HPV45, or HPV66 DNA probes. The specimen showed a
low-grade intraepithelial neoplasia which continues as a
poorly differentiated invasive carcinoma (Fig. SA). High
levels of HPV66 DNA vegetative replication were detected
in nuclei of terminally differentiating cells of the intraepithe-
lial neoplasia (Fig. 5B). No hybridization signals were found
in deeper layers or in the carcinoma. This was expected
since these cells are most likely to contain viral episomes in
low number (less than 50) which are undetectable by in situ
hybridization (23). The inability to detect HPV16 and HPV45
DNA might be due to their presence in another region of the
tumor specimen. The in situ detection of HPV66 DNA in a
lesion with histological evidence for malignant transforma-
tion suggests an oncogenic potential for this virus. This was
further supported by identifying HPV66 sequences in DNA
isolated from precancerous lesions, by using Southern blot
hybridization. Upon screening 160 anogenital biopsies with
probes specific for 20 HPV types, HPV66 was found in three
cervical lesions diagnosed as high-grade cervical intraepithe-
lial neoplasia and one penile intraepithelial neoplasia. In
three of these four specimens, HPV66 was found associated
with another HPV type (HPV16, HPVS51, or HPVSS8).

In conclusion, HPV56 and HPV66 can be classified as
members of an HPV group associated mainly with genital
neoplasia.

Nucleotide sequence accession number. The nucleotide se-
quence accession number M75123 was assigned to HPV66.
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