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Tris-hydrochloride-10 mM EDTA (pH 8.1), and incu-
bated at 70°C for 1 h. The solution was chilled on ice
and centrifuged for 30 min at 15,000 rpm. The DNA
was precipitated from the supernatant with 0.5 M
NaClO4 and 0.5 volume of n-propanol, cleaved with
BamHI, and analyzed by agarose gel electrophoresis.

Large-scale preparations were made in 400 ml of
Luria medium containing 10 mM MgSO4, starting with
109 E. coli cells infected at a multiplicity of infection of
0.1 to 0.2. The cultures were shaken for 20 h at 37°C,
treated with 1 ml of chloroform, and cleared by low-
speed centrifugation. Phage were harvested with 10%
polyethylene glycol 6000-0.5 M NaCI after DNase
and RNase treatments of the culture fluid (31) and
further purified in two CsCl density gradients (20).
The DNA was extracted after dialysis of the phage

particles against 20 mM Tris-hydrochloride-2 mM
EDTA (pH 8.1) by several extractions with phenol and
chloroform-isoamyl alcohol, precipitated with 0.5 vol-
ume of n-propanol in 0.5 M NaClO4, and stored in 10
mM Tris-hydrochloride-1 mM EDTA (pH 8.1) at 0°C.
HPV DNA was prepared from the hybrid phage

DNA by restriction enzyme cleavage and electropho-
retic elution into malachite green as described previ-
ously (6) or by centrifugation into a 10 to 40% (wt/wt)
sucrose gradient containing 1 M NaCl, 20 mM Tris-
hydrochloride, and 2 mM EDTA (pH 8.1) at 26,500
rpm and 20°C for 24 h in an SW28 rotor.

Restriction enzyme cleavage and blot hybridization.
Purified viral DNA or cellular DNA was cleaved with
different restriction enzymes (10 to 50 U/4g) and run
through 0.7 to 1.5% agarose gels.
The DNA was stained with 1 ,ug of ethidium bro-

mide per ml, denatured, and transferred to nitrocellu-
lose as described previously (9). Hybridization was
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performed at 42°C with 32P-labeled, heat-denatured
HPV DNA in Sx SSC (1x SSC is 0.15 M NaCl plus
0.015 M sodium citrate)-1 x Denhardt solution (0.2%
bovine serum albumin plus 0.2% polyvinylpyrrolidone
plus 0.2% Ficoll 400)-20 mM sodium phosphate
buffer (pH 6.5) containing 0.1 mg of heat-denatured
calf thymus DNA per ml and various concentrations of
formamide (9). The filters were washed with 2x SSC-
0.1% sodium dodecyl sulfate under their respective
hybridization conditions, air dried, and exposed to an
X-ray film for 5 h to 1 week.

Reassociation kinetics. HPV DNA (100 ng) was la-
beled with 50 ,uCi of [32P]TTP (400 Ci/mmol) by nick
translation as described previously (8) with 40 ng of
DNase I (E. Merck AG; 25001) per ml and 14 U of
Kornberg enzyme (Boehringer Mannheim Corp.;
104493). This yielded a specific activity of 5 x 108
cpm/,ug. An analysis of the DNA on a denaturing 8%
polyacrylamide gel revealed a mean fragment length of
100 to 300 bases. The unlabeled DNA was cut to the
same size by using identical conditions and replacing
[32P]TTP by the cold analog.
Unlabeled and labeled DNAs were denatured by 15

min of boiling, chilled on ice, and reassociated in 0.5
ml of 0.5 M NaCl-17 mM EDTA (pH 8.1)-0.1%
Sarkosyl at 68°C under paraffin. At various times 90-,u
aliquots were pipetted into 1 ml of 0.14 M sodium
phosphate buffer (pH 6.8) kept at 0°C. The separation
of single- and double-stranded DNAs was performed
on hydroxyapatite columns as described by Wolf et al.
(30).

RESULTS
Identification of HPV DNA derived from a

laryngeal papilloma. DNA was extracted from

FIG. 1. The laryngeal papillomas in situ from which papilloma virus DNA was cloned.
picture shows the typical pattern of laryngeal papillomatosis (7).
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FIG. 2. Gel electrophoresis from recombinant L 47
phage that were identified by plaque hybridization as
containing LaPV DNA (lane c) or HPV 6b DNA (lane
b). The DNA was prepared as described in the text,
cleaved by BamHI, and run through a 0.7% agarose
gel. The arrow marks the HPV DNA. The additional
bands in lane b represent the three BamHI fragments
of the vector DNA. In lane c the central fragment of
the L 47 genome, which is not required for lytic
growth, is missing. Lane a contains wild-type lambda
DNA cleaved by HindlIl as length marker.

biopsy material of a laryngeal papilloma (Fig. 1).
This had been removed from a 15-year-old girl
who had acquired laryngeal papillomatosis 12
years earlier and been treated surgically more
than 50 times. A library was constructed as
described above. HPV DNA-containing clones
were identified by plaque hybridization with 32p_
labeled HPV 6b DNA cloned in pBR322 (6) at
40°C below the melting point (Tm) (9). Parallel
filters that were hybridized under stringent con-
ditions retained less activity (data not shown),
suggesting a partial homology between HPV 6
and laryngeal papilloma virus (LaPV) DNAs.

HPV 1 2 3 4 5 6 8

FIG. 3. Gel electrophoresis of HPV type 1, 2, 3, 4,
5, 6, and 8 DNAs through 1% agarose. The DNAs of
HPVs 1, 6, and 8 were cloned in two fragments; HPV 4
DNA was cloned in one piece. They were applied
without removal of the pBR322 DNA. Vector DNA
was added to HPV 4 as a control (fast-migrating band).
Cellular DNA containing sequences specific for HPV
2, 3, or 5 was applied after EcoRI cleavage.

This was confirmed when LaPV DNA was iso-
lated from an individual positive plaque (Fig. 2).
This DNA was labeled with [32P]TTP and hy-
bridized with DNA from HPV types 1, 2, 3, 4, 5,
6, and 8 (Fig. 3); homology was only detected
with HPV 6 DNA when the filter was hybridized
and washed at 18°C below the Tm (Fig. 4a).
Washing at 4°C below the Tm led to the partial
loss of this label. Hybrids formed with the
homologous LaPV DNA or with DNA derived
from another laryngeal papilloma (laboratory
code WV-1696) were stable under these condi-
tions (Fig. 4b).

Physical mapping of LaPV DNA. LaPV DNA
was separated from L 47 DNA after BamHI
cleavage by sucrose gradient centrifugation as
described above. Coelectrophoresis with HPV
6b DNA (6) that was cloned from a human
genital wart in L 47 showed a similar molecular
weight, of about 5 x 106, for both DNAs (Fig. 2).
The numbers of fragments obtained after di-

gestion with different restriction endonucleases
were as follows: XhoI, 1; BglI, 1; Sall, 1; EcoRI,
1, PstI, 6; Hindll, 5; Hindlll, 2; HpaII, 5; ThaI,
4; and AvaIl, 5. Mapping of the restriction sites
of Hindll, Hindlll, HpaII, ThaI, and Avall was

H PV 1 2 3 4 5 6 8

I
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FIG. 4. Blot hybridization ofHPV type 1, 2, 3, 4, 5,
6, and 8 DNAs (see Fig. 3 for agarose gel electrophore-
sis) with 32P-labeled LaPV DNA. Hybridization was
performed at 18°C below the Tm for 4 days. Unlabeled
LaPV DNA in minute concentration (about 1/10 that of
HPV 3; see Fig. 3) was applied as a positive control.
(a) Filter washed under hybridization conditions and
exposed overnight. (b) Same filter as in (a) washed at
2°C below the Tm for 24 h and exposed for about 3 days
to obtain labels for LaPV and WV-1696 similar to
those shown in (a).
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performed by cleavage with different combina-
tions of these enzymes. Circular molecules were
made by in vitro ligation at a low DNA concen-

tration. They were then cleaved with single
enzymes, allowing the determination of those

a

b

FIG. 5. Determination of terminal restriction en-
zyme fragments of LaPV DNA (see Fig. 6 also) that
had been separated from the vector DNA by BamHI
cleavage and purified through a sucrose gradient (see
text). Linear DNA was circulated in a concentration of
about 1 ,Ig/ml under the ligation conditions described
in the text. The molecules were then treated with the
restriction enzyme indicated and run through a 1.2%
agarose gel. The letters indicate the fragments shown
in Fig. 6a. The unlabeled bands represent those frag-
ments made during the ligation process with vector
DNA that was not completely removed during purifi-
cation of LaPV DNA.

fragments that are terminal in the linearized
DNA (Fig. 5 and 6a).
Comparison of LaPV and HPV 6 DNAs. It was

observed in initial hybridization experiments
performed to detect clones containing LaPV

Hind III

C *09 B .25 D 31 A .70 .94 E

E A .40 B 5 C .66 D

D .06 B .31 A .76 C

E .10 D .24 A .56 C 77 B

Ava II Ava II Hind II Ava II Ava II Hpa II

Taq Hpa II Hae III Hae III Pst Pst

Amp 2 21

Eco R

Hpa II

Hind II

Tha

Ava II

LaPV

HPV 6b

Amp 2

Bam H

FIG. 6. (a) Restriction enzyme map of LaPV DNA. The ends of the molecule are given by the BamHI
cleavage site. Map units are indicated at each site. (b) Cross-hybridizing regions in LaPV and HPV 6b DNAs.
See Fig. 7 for experimental details. The HindII-AvaIl fragment of LaPV is homologous to the HaeIII fragment of
HPV 6b. The orientation of HPV 6b relative to LaPV was chosen to give an optimal overlap of the other positive
fragments.
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FIG. 7. Hybridization of restriction enzyme fragments of LaPV DNA with 32P-labeled HPV 6b DNA. (a)
LaPV DNA cleaved by Hpall (1), Hindll (2), Hindlll plus AvaIl (3), Hindlll plus Thal (4), HpaII plus AvaIl (5),
Hpall plus ThaI (6), Hindll plus AvaIl (7), and Hindll plus ThaI (8) and run through a 1.5% agarose gel. (b) The
DNA was transferred onto a nitrocellulose filter, hybridized to 32P-labeled clone 21 DNA of HPV 6b (see Fig. 6b)
under stringent conditions, and exposed to an X-ray film. (c) Same filter as in (b) used for a subsequent
hybridization with 32P-labeled Amp 2 DNA of HPV 6b.

DNA in the library of laryngeal papilloma DNA
(Fig. 2) that there was some homology to HPV 6,
which is most frequently found in human genital
warts (9). LaPV and HPV 6b DNAs were com-
pared by filter hybridization of restriction en-
zyme fragments and by reassociation kinetics to
determine the extent of the homologous regions.
The DNA of HPV 6b has been cloned in two

fragments in pBR322 (Amp 2 and 21; Fig. 6b)
and has been mapped by a number of restriction
enzymes (6; E. Schwarz et al., unpublished data).
Amp 2 and 21 DNAs were cleaved with a
combination of different restriction enzymes,
separated on a 1.5% agarose gel, and blot hy-
bridized to 32P-labeled LaPV DNA (data not
shown). The reciprocal experiment was done by
cleaving LaPV DNA and subsequently hybridiz-
ing the resulting fragments with 32P-labeled 21
and Amp 2 DNAs (Fig. 7). Three fragments in
each genome were identified that revealed nu-
cleotide sequence homology with the other virus
(Fig. 6b). They represent 34% of the HPV 6b
genome and 48% of the LaPV genome. These
values apparently overestimate the degree of
homology due to the size of the respective
restriction fragments.
A more accurate determination of the extent

of homology was obtained by reassociation ki-
netics between HPV 6b and LaPV DNAs. Iden-
tical amounts of each DNA were used to mea-
sure the acceleration of hybridization of either
32P-labeled HPV 6b DNA or 32P-labeled LaPV
DNA as the probe. By using the equation of
Sharp et al. (28) to quantitate the amount of
DNA sequence homology between two viral
genomes, the theoretical curve of 25% sequence

homology fits closely to the data points obtained
with the heterologous DNAs (Fig. 8). Therefore,
we concluded that HPV 6 and LaPV are differ-
ent virus types (4).

Attempts to detect LaPV DNA in other laryn-
geal papillomas and in laryngeal carcinomas.
Homology to the cloned LaPV DNA was also
detected in four of nine other laryngeal papillo-
mas by Southern blot hybridization. Washing
the filters at 4°C below the Tm did not result in a
significant loss of specifically hybridized label
(Fig. 4), arguing against the presence of HPV 6
DNA in those papillomas. The negative data of
the five additional laryngeal papillomas do not
rule out the presence of HPV DNA within these
tumors, due to the small quantities of available
materials. Attempts to detect LaPV DNA in 12
different carcinomas of the larynx were nega-
tive.

DISCUSSION
The association of juvenile laryngeal papillo-

matosis with papilloma viruses has been shown
electron microscopically (2), by the demonstra-
tion of group-specific papilloma virus antigens in
such tumors (5, 17), and by nucleic acid hybrid-
ization with HPV 6 DNA under conditions of
low stringency (18). Typing of the virus, howev-
er, has not been possible by these procedures.
The molecular cloning of papilloma virus

DNA from a laryngeal papilloma, described
here, permitted a detailed analysis of the viral
genome and its tentative identification as a new
HPV type. In filter hybridizations no cross-
reaction was noted between this DNA and DNA
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FIG. 8. Reassociation of (a) 8 pg of 32P-labeled HPV 6b DNA and (b) 5 pg of 32P-labeled LaPV DNA (control)

with different amounts of unlabeled HPV DNA. Kinetics were plotted according to Wetmur and Davidson (29).

from HPV type 2, 3, 4, or 5 (Fig. 3 and 4). A low
degree of homology became apparent with HPV
types 1 and 8 after prolonged exposure of the
filters (data not shown). A substantial cross-
hybridization occurred, however, with HPV 6
DNA. The kinetics of reassociation of HPV 6
DNA and the LaPV DNA indicated that about
25% of the genomes are homologous. Since this
homology is well below 50%, it identifies the
LaPV as a new virus type (4). The DNA of the
new virus has not yet been compared with the
DNA of HPV 7. The epidemiology, histology,
and morphology of HPV 7-induced warts (24,
25) occurring preferentially on hands of butchers

and meat handlers argue against the viruses
being identical.

Besides the eight types of papilloma virus
described previously (10-12, 22, 23, 26), two
more papilloma virus types have been isolated
recently from flat warts and from a patient with
epidermodysplasia verruciformis and have been
tentatively designated as HPV 10 and HPV 11
(G. Orth, personal communication). According
to data provided by G. Orth, both viruses are
clearly different from the papilloma virus de-
scribed here. We therefore propose to designate
the laryngeal papilloma virus isolate as HPV 11.
DNA homologous to that of HPV 11 has been

Co

Ct

A

20 ng HPV 6b

X 5 ng HPV 6b

! 20 ng LaPV
? control
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found in four additional laryngeal papillomas
and in biopsy material from a patient with recur-

rent tracheal and pulmonary papillomatosis
(Gissmann et al., manuscript in preparation). In

DNA obtained from other laryngeal papillomas,

no specific hybridization was noted. The latter

tumors yielded, however, extremely small

amounts of DNA, which may explain the failure

to detect specific hybridization. There exists, in

addition, the possibility that other, not yet iden-

tified virus types will be found in laryngeal

papillomas. DNA from 12 biopsies of laryngeal

carcinomas from which DNA was available in

large quantities did not anneal with the HPV 11

probe. This at present does not support a role of

this virus in the induction of those tumors.

The substantial cross-hybridization of HPV 11

with HPV 6 may have led to an overestimation

of the percentage of HPV 6-positive genital

warts reported previously (9). This estimate was

based on blot hybridizations using non- or sin-

gle-cut restriction endonucleases for HPV 6

DNA. It appears to be important to reexamine

those positive samples to assess a possible role

of HPV 11 in the induction uf genital warts as

well.
It has been reported previously that the juve-

nile laryngeal papillomas occur predominantly in

the age group between 2 and 5 years (32).

Mothers of these children frequently reveal a

history of genital virus wart infections (27). The

identification of HPV 11 may thus also contrib-

ute to an elucidation of the epidemiological
features of laryngeal papillomas and genital

warts.
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