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follow-up algorithms for HPV-positive women is complicated. In these countries self-
sampling has shown to facilitate access to cervical screening (Laczano-Ponce et al.,
Lancet. 2011; 378: 1868-1873). In this sense it is extremely useful to have markers that
also prevail in self-samples. It appears that there is a huge difference in the ‘behaviour’
of markers on vaginal smears that have been obtained by medical skilled personnel
like doctors or nurses and on vaginal swabs that have been collected by the woman
herself. It has appeared that many markers that would be suitable for doctor-provided
samples are not useful in self-samples. The necessity to work with self-samples instead
of doctor samples is high in low and middle income countries since in those countries
there is less medical personnel per capita and often there is a cultural problem by
letting other persons taking a vaginal sample. Further, even in highly developed
countries self-sampling is an ideal way to reduce the costs of obtaining vaginal samples
for large scale cervical cancer screening. An even higher acceptance rate can be
expected when urine samples can be used for early cancer detection.

Endometrial cancer is the most common gynaecologic malignancy in many
developed countries (Siegel et al., CA Cancer J. Clin., 64 (2014), pp. 9-29). Early stage
endometrial cancer has a very good prognosis. Therefore, early detection will increase
the chance of cure and avoid or reduce cumbersome and costly therapeutic
intervention. As shedding of tumor cells in cervical scrapes has been demonstrated,
early detection of endometrial cancer by non-invasive sampling is feasible. However,
conventional cytology on cervical scrapes has a very low sensitivity for detection of
endometrial cancer. Testing for molecular alterations, such as DNA methylation,
associated with endometrial cancer, may provide a promising approach for early
detection of endometrial cancer (de Strooper et al., J Clin Pathol. 2014;67(12):1067-71,
Bakkum-Gamez et al. Gynecol Oncol. 2015;137(1):14-22). Similarly, testing for cancer

specific DNA alterations in cervical scrapes for the detection of ovarian cancer has

recently been proposed (Kindle et al., Sci Transl Med. 2013; 5(167):1-21).

SUMMARY

The inventors now have found a method for detecting HPV-induced invasive
cancers, nonHPV-induced gynaecological and anogenital cancers, and their high-grade
precancerous lesions wherein said method comprises the detection of hypermethylation
in the gene sequence of LHX8, ASCL1 and ST6GALNACS or in the regulatory

sequence of these genes in a cell whereby such hypermethylation indicates the
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presence of HPV-induced precursor lesions with invasive potential, HPV-induced
invasive cancers and/or nonHPV-induced gynaecological and anogenital cancers.
Preferably, in such a method said HPV-induced high-grade precancerous lesion or
HPV-induced invasive carcinoma is a high-grade premalignant cervical lesion or
invasive cervical cancer, more preferably a high-risk HPV-induced invasive cancer.
Preferably, said nonHPV-induced gynaecological cancer is a endometrial cancer.
Preferably said nonHPV-induced anogenital cancer is a vulvar or penile cancer.

In one aspect, the present disclosure refers to a method for detecting HPV-
induced high-grade precancerous lesions and HPV-induced invasive cancers and
nonHPV-induced gynaecological and anogenital cancers, said method comprising
detection of a methylation classifier consisting of LHX8, ASCL1 and ST6GALNAC5
sequences in a cell whereby such hypermethylation indicates the presence of HPV-
induced precursor lesions with invasive potential, HPV-induced invasive cancers and
nonHPV-induced gynaecological and anogenital cancers.

Also comprised in another aspect in the present disclosure is a method for
detecting vulva cancer and vulvar HPV-induced precursor lesions with invasive
potential, said method comprising detection of a methylation classifier consisting of
ASCL1 and one or more of ZIC1, ZNF-582 and LHXS8 sequences in a cell whereby such
hypermethylation indicates the presence of vulva cancer and vulvar HPV-induced
precursor lesions with invasive potential.

Further comprised in another aspect in the disclosure is a method for
detecting anal cancer and anal HPV-induced precursor lesions with invasive potential,
said method comprising detection of a methylation classifier consisting of ASCL1 and
one or more of ZIC1 and ZNF-582 sequences in a cell whereby such hypermethylation
indicates the presence of anal cancer and anal HPV-induced precursor lesions with

invasive potential.



10

15

20

4a

Also comprised in another aspect of the disclosure is a method for the
detection of ovarian cancer and ovarian precursor lesions, said method comprising
detection of a methylation classifier consisting of ASCL1, and one or more of LHX8 and
ZIC1 sequences in a cell whereby such hypermethylation indicates the presence of
ovarian cancer and ovarian precursor lesions.

In a preferred example of the disclosure the hypermethylation is detected in
the sequences as indicated in Figures 1, 2, 3, 7 and 8. In a further preferred example
said hypermethylation is an increased methylation of the methylation classifier LHXS,
ASCL1, ZNF-582, ZIC1 and ST6GALNACS5 CpG rich promoter and/or gene sequences,
such as regulatory sequences, in a test cell as compared to a comparable normal cell.

In another aspect, the present disclosure refers to a method of detecting
HPV-induced high-grade precancerous lesion and HPV-induced invasive cancers and
nonHPV-induced gynaecological or anogenital cancer as disclosed herein, or detection
of vulva cancer and vulvar HPV-induced precursor lesions with invasive potential as
disclosed herein and/or of detecting anal cancer and anal HPV-induced precursor
lesions with invasive potential as disclosed herein, and/or a method for the detection of
ovarian cancer and ovarian precursor lesions, wherein said hypermethylation is an
increased methylation of the methylation classifier LHX8, ASCL1, ZNF-582, ZIC1
and/or ST6GALNACS5 CpG rich promoter and/or gene sequences in a test cell as
compared to a comparable normal cell.

In a preferred example of the disclosure the detection of (hyper)methylation is
performed by using a methylation sensitive restriction endonuclease, chosen from the
group consisting of BssHII, Mspl, Notl and Hpall. In another preferred example of the

disclosure the detection of (hyper)methylation is performed using nanotechnology.
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In an alternative preferred example of the disclosure, the detection of
(hyper)methylation is performed via a methylation specific PCR, which is based on
bisulfite modification of DNA, followed by specific PCR reactions that target CpG rich
sequences. Preferably in such a method the reagent is a nucleic acid probe or primer
that binds to the nucleic acid as indicated in Figure 1, 2 or 3, and more preferably said
nucleic acid probe or primer has a detectable label.

In another example of the disclosure the nucleic acid probe has a nucleotide
sequence selected from the group consisting of:

a) a polynucleotide sequence capable of hybridizing under stringent
conditions to the sequence ASCL1 as set forth in Figure 1 or to the sequence LHXS8 as
set forth in Figure 2 or to the sequence ST6GALNACS as set forth in Figure 3, ; or to
the sequence ZIC1 as set forth in Figure 8 or to the sequence ZNF-582 as set forth in
Figure 7,

b) a polynucleotide having at least 70% identity to the polynucleotide of a);

¢) a polynucleotide complementary to the polynucleotide of a); and

d) a polynucleotide comprising at least 15 bases of a nucleotide of a) or b).

Further preferred in the present method of the disclosure the methylation of
the gene sequence of LHXS8, ASCL1, ZNF-582, ZIC1 and ST6GALNACS5 or the
regulatory sequence of these genes is determined.

Also part of the disclosure is the use of LHX8, ASCL1, ZNF-582, ZIC1 and
ST6GALNACS5 as a molecular diagnostic marker for the detection of HPV-induced
invasive carcinoma, nonHPV-induced gynaecological or anogenital carcinoma, and
their high-grade precancerous lesion. Further comprised in another aspect of the
disclosure is the use of the methylation classifier LHX8, ASCL1, and ST6GALNACS5 as
a molecular diagnostic marker for the detection of HPV-induced high-grade
precancerous lesion or HPV-induced invasive carcinoma or nonHPV-induced
gynaecological or anogenital cancer, preferably wherein the methylation of said marker
is predictive for the occurrence of said lesion, carcinoma or cancer. Also comprised in
another aspect of the disclosure is the use of the methylation classifier ASCL1, and one
of ZIC1, ZNF-582 and LHX8 as a molecular diagnostic marker for the detection of
vulva cancer or vulvar HPV-induced high-grade precancerous lesion, preferably
wherein the methylation of said marker is predictive for the occurrence of said lesion or
cancer. Further comprised in another aspect of the disclosure is the use of the

methylation classifier ASCL1, and one of ZIC1 and ZNF-582 as a molecular
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diagnostic marker for the detection of anal cancer or anal HPV-induced high-grade
precancerous lesion, preferably wherein the methylation of said marker is predictive
for the occurrence of said lesion or cancer. Next, comprised in another aspect of the
disclosure is the use of the methylation classifier ASCL1, and one of LHX8 and ZIC1 as
a molecular diagnostic marker for the detection of ovarian cancer, preferably wherein
the methylation of said marker is predictive for the occurrence of said cancer.

The disclosure also comprises a kit of parts for use in a method of detecting
HPV-induced invasive carcinoma, nonHPV-induced gynaecological or anogenital
carcinoma and their high- grade precancerous lesion said kit comprising

-means for the detection of LHX8, ASCL1 and ST6GALNAC5 methylation
wherein said means comprise probes and/or primers specific for the ASCL1 nucleotide
sequence of Figure 1 and the LHXS8 nucleotide sequence of Figure 2 and the

ST6GALNACS5 nucleotide sequence of Figure 3;

-means for the detection of ASCL1 and ST6GALNACS5 methylation wherein
said means comprise probes and/or primers specific for the ASCL1 nucleotide sequence
of Figure 1 and the ST6GALNACS5 nucleotide sequence of Figure 3; or

-means for the detection of ASLCL1 and LHX8 methylation wherein said means
comprise probes and/or primers specific for the ASCL1 nucleotide sequence of
Figure 1 and the LHX8 nucleotide sequence of Figure 2, or

- means for the detection of ASCL1 and at least one of ZIC1, ZNF-582 and
LHXS8 wherein said means comprise probes and/or primers specific for the ASCL1
nucleotide sequence of Figure 1 and either of the ZNF-582 nucleotide sequence of
Figure 7, the ZIC1 nucleotide sequence of Figure 8 and/or the LHX8 nucleotide
sequence of Figure 2;

The kit preferably further comprises -means for the detection of HPV

infection, wherein said means comprise probes and primers specific for HPV.
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In another aspect, the present disclosure refers to a kit of parts for use in a
method of detecting HPV-induced high- grade precancerous lesion or HPV-induced
invasive carcinoma or nonHPV-induced gynaecological or anogenital cancer, said kit
comprising

- means for the detection of LHX8, ASCL1 and ST6GALNAC5 methylation
wherein said means comprise probes and/or primers specific for the ASCL1 nucleotide
sequence of Figure 1 and the LHXS8 nucleotide sequence of Figure 2 and the
ST6GALNACS5 nucleotide sequence of Figure 3;

-means for the detection of ASCL1 and ST6GALNAC5 methylation wherein
said means comprise probes and/or primers specific for the ASCL1 nucleotide sequence
of Figure 1 and the ST6GALNACS5 nucleotide sequence of Figure 3; or

-means for the detection of ASCL1 and LHX8 methylation wherein said
means comprise probes and/or primers specific for the ASCL1 nucleotide sequence of
Figure 1 and the LHX8 nucleotide sequence of Figure 2; or

- means for the detection of ASCL1 and at least one of ZIC1, ZNF-582 and
LHXS8 wherein said means comprise probes and/or primers specific for the ASCL1
nucleotide sequence of Figure 1 and either of the ZNF-582 nucleotide sequence of
Figure 7, the ZIC1 nucleotide sequence of Figure 8 and/or the LHX8 nucleotide
sequence of Figure 2;
preferably further comprising;

-means for the detection of HPV infection, wherein said means comprise
probes and primers specific for HPV.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the ASLC1 promoter region and CpG rich sequence exon 1;
the coding sequence is given in upper case.

Figure 2 shows the LHXS8 5’ regulatory region and coding sequence (exon 1).

The coding sequence is in upper case.



