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Abstract of the disclosure

mavirus (HPV) type 16.
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A skin test to human papillomavirus type 16

The invention relates to a skin test to human papillo-~-
mavirus (HPV) type 16.

The HPV16 1s a type of the human papillomavirus which
has been first described in Proc. Natl. Acad. Sci., Usa
80, 3813~3815 (1983).

The DNA-sequence and the genome organization of HPV1G6
have been published in Virology 145, 181-185 (1985) .
HPV16 1s closely related not only to benign lesions of
the anogenital tract but also to malignant cancer of
the uterine cervix, penis and vulva. In addition HPV16
can also be found in genital scraps obtained from
clinically asymptomatic individuals. Little is known
about the lmmune response to infections by HPV1é and
papillomaviruses in general.

Some seroreactive epitopes within the proteins E4, Es,
E7 and L1 of HPV were disclosed in Miller, M. (1990),
J. Gen. Virol. 71, 2709-2717

However, efficient screening tests for active and
latent high-risk human papilloma virus (HPV) -
infections are not available at present. Classical
intracutaneous tests using viral fusion proteins have

not as yet been employed for this purpose; such tests
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may potentially allow to determine cell mediated immune
responses (Schreier A.A. et al. Prospects for Human
Papillomavirus Vaccines and Immuntherapies. J. Natl.
Cancer Inst. 1988, 80, 896-899) in vivo against viral

proteins and thus provide insight into epidemiology and
course of HPV infection.

It has now been surprisingly discovered that positive
reactlions were observed to protein L1 of HPV 16 but not
to protein E4 of HPV 16 in a skin test.

The present invention, therefore, concerns:

1. Diagnostic kit for detecting human papilloma virus
infections, containing an efficient amount of
protein L1 of human papilloma virus 16 or
immunological parts thereof.

2. Diagnostic kit for detecting human papilloma virus
infections in patients with cervical intraepithelial
neoplasia containg an efficient amount of protein L1

of human papilloma virus 16 or immunological parts
thereof.

In order to develop a diagnostic kit and to perform a
specific skin test the HPV16 open reading frames E4 and
L1 (Seedorf et al. (1987), EMBO J., &, 139-144),
particularly the N-terminal part L1/1/2 and the C-
terminal part L1/23/2 were cloned, expressed and the
corresponding proteins of E4, L1 or parts thereof were
isolated using general recombinant techniques, suitable
expression vectors and purification methods well known
in the art. Control proteins were identically prepared
from the host cell containing the expression vector
without viral insert. In general, the test procedure
included intracutaneous (i.c.) injection of an



AV Ne be,

efficient amount of protein L1 of HPV16 of about
9-25 ug, preferable about 9-15 Lg, particularly about
10 ug of e.g. about 0,03~-0,05 ml of each protein

solution (to protein content about 300-500 ug/ml) along
with injections of control solutions.

The tests were preferably carried out in patients with
cervical intraepithelial neoplasias (CIN). Optionally,
positive skin tests were blopsied and subjected e.g. to
routine histopathology, immunocytochemistry or immuno-
fluorescence. Blood samples were additionally used for
serological assays, although biopsy and the serological

aSsays are not necessary to perform an efficient and
speclfic skin test for HPV1E.

The results show that HPV L1 protein is useful in a
sensitive and specific skin test in order to screen for
CIN. In comparison, antibodies against E4 can only be
detected in up-to 42,6 % of patients with CIN
(Jochmus-Kudielka, I. et al. "antibodies against the
human papillomavirus type 16 early proteins in human
sera: correlation of anti-EF7 reactivity with cervical
cancer." J. Natl. Cancer Inst. 1989, 81, 1698-1704).
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The following non-limiting example illustrates the
invention.

The HPV16 open reading frames E4 and L1 (N~terminal
part = L1/1/2, C-terminal part = L1/23/2) were cloned
into pEX vectors, expressed in E. coli C600/537 as
MS2-polymerase fusion proteins (Jochmus-Kudielka, I.,
Gissmann, L. (1990): Expression of human papillomavirus
type 16 proteins in Escherichia coli and their use as
antigens in serological tests. In: Recombinant systems
in protein expression. Alitalo, K.K., Hutala, M.L.,
Knowlers, J., Vaheri, A., eds. Amsterdam: Elsevier
Science Publishers B.V. 87-93), prepared by extraction
with 7M Urea and purified by gel extraction. Protein
solutions (appr. protein content 300 rg/ml) were
sterilized and stored in aligquots. Control proteins
were identically prepared from extracts of bacteria
containing the pEX expression vector without viral
insert. Skin tests were performed in volunteers, after
permission by the local ethical committee was obtained.

The test procedure included i.c. injection of 0,03 ml

of each protein solution along with injections of

control solutions and testing of recall antigens

(Mérieux multitest). The tests were carried out in

a) seven female patients with cervical intraepithelial
necoplasias (CIN) of at least 1 vear duration and
positive filter hybridisation for HPV16/18 = one
patient also HPV16 positive by polymerase chain
reaction (PCR) =~ but negative for 6/11/31/33/35
(ViraType™, GIBCO/BRL) and

b) ten controls with no history of and no clinical
evidence for genitoanal warts (four male physicians
and six females; the latter exhibited no cervical

cytological abnormality, had negative hybridisation
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tests for all HPV detailed above and, additionally,
were negative for HPV16 by the PCR) .
Positive skin test sites were biopsied at days 2, 3, 7
Oor 8 and subjected to routine histopathology, immuno-
cytochemistry and immunofluorescence. Blood samples of
volunteers were drawn immediately before injections and
used for serological assays.
All individuals tested reacted to the Mérieux multitest
in the range of normal. None of the control individuals
reacted to HPV16é fusion protein. In contrast, five of

seven patients with CIN exhibited clearly positive
reactions to L1/23/2 (p = 0.0034, Fisher exact test
(Armitage, P., Statistical methods in medical research,
Blackwell, Oxford 1971), two tailed probability). Three
of these and one additional patient reacted to L1/1/2
(p = 0.0147), one patient reacted to neither protein
fragment. No reactivity was observed to E4 or the
control proteins. .

> of 9 positive reactions took a biphasic course with
an early in addition to the late response. Early
responses (skin coleored wheals of up to 5 mm diameter)
arose 24 hours after injection, reached a maximum size
after one week and lasted more than 3 weeks. Titration
of L1l/1/2 antigen was performed in one patient and
resulted in discernible positive reactions (late) up to
a 1:100 dilution of the protein preparation (= 0,01 ug
fusion protein). Histopathology of early response
biopsies showed an Arthus~like reaction with neutro-
philic vasculitis and vascular IgM and C3 deposits.
Late response biopsies displayed dense lymphocytic
infiltrates which were similar to the tuberculin
reacticn (Kuramoto, Y. & Tagami, H. Histopathologic
pattern analysis of human intracutaneus tuberculin
reaction. Am. J. Dermatopathol. 1989, 11, 329-337) and
reminiscent of the infiltrate seen in spontanecusly
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regressing plane warts (Iwatsuki, K. et al. Plane warts
under spontaneus regression. Arch. Dermatol. 1986, 122,
655-659) (predominantly UCHL 1 positive memory cells,

natural killer cells virtually absent, a few scattered
giant cells).

None of five control individuals had anti HPV16 EA4
antibodies, whereas in four of six CIN patients,
including the one with a negative skin test, sero-
reactivity to the E4 protein was detectable.
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CLAIMS:

1. A method for detecting a cell-mediated immune response to human

papilloma virus comprising

5 a) performing an intracutaneous skin test with an effective amount
of protein L.1 of human papilloma virus 16 or immunologically active
parts thereof, and a means for administering said protein into the

skin with a pharmaceutically acceptable diluent, and

10 b) observing reactivity to the protein on the skin at the

administration site.

2. A method for detecting a cell-mediated immune response to human

papilloma virus in patients with cervical intraepithelial neoplasia comprising

15
a) performing an intracutaneous skin test with an effective amount
of protein L1 of human papilloma virus 16 or immunologically active
parts thereof, and a means for administering said protein into the
skin with a pharmaceutically acceptable diluent, and

20

b) observing reactivity to the protein on the skin at the

administration site.

3. The method according to claim 1 wherein said immunologically
25  active part is L1/1/2.

4. The method according to claim 1 wherein said immunologically
active partis L1/23/2.

30 5. The method according to claim 2 wherein said immunologically
active partis L1/1/2.
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6. The method according to claim 2 wherein said immunologically
active part is L1/23/2.
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