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Mgthods for detection and therapy of squamous cell carcinoma and bladder car-
5 cinoma, in particular for determining the presence of and treatment of minimal
residual disease, micrometastases or d_issemination of such carcinoma types.
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Field of the invention

The subject invention lies in the field of malignant diseases.
More specifically in the field of squamous cell carcinoma and bladder
carcinoma. The invention covers diagnosis and treatment of such forms of
carcinoma. In particular the determination of the presence of and
treatment of minimal residual disease, micrometastases or dissemination
of such carcinoma types as well as the means to be applied in such
methods 1like the encoding nucleic acid sequences, constructs in
expression vectors, proteins/peptides comprising epitopes and specific

antibodies are described.

Background of the invention.

SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma is the major histological type of
tumors arising from the head and neck, lung, esophagus, cervix, skin and
vulva. The potential impact of the invention on diagnosis and treatment
of this tumor type will be mainly illustrated for squamous cell carcinoma
of the head and neck (HNSCC) but is as important for squamous cell
carcinoma of other origin. Head and neck cancer traditionally refers to
malignant tumors .that arise in the mucosa of the upper aerodigestive
tract including the oral cavity, pharynx, larynx, nasal cavity, and
paranasal sinuses. More than 90% of these tumors are squamous cell
carcinomas®.

Worldwide, more than 500,000 new cases of HNSCC are projected
annually, and this incidence is rising 2.3, HNSCC accounts for approxima-
tely 5% of all newly diagnosed malignant neoplasms in North Western

1.2,4,5

Europe and the United States During 1994 approximately 42,100

U.S.A. citizens developed head and neck cancer and 11,725 died from head

and neck cancer 2. About one-third of the patients presents early stage

disease {(stage I and II), while two-third presents advanced disease
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(stage III and 1IV).

Spread of HNSCC at the primary site is dictated by the local
anatomy, and each anatomic site has its own peculiar spread pattern 7-8.
The most important mechanism in the spread of HNSCC is by lymphatic
dissemination. After local proliferation and infiltration into the lymph
node, the capsule of the lymph node can ultimately be destroyed. A tumor
infiltrated lymph node itself can act as a focus for further dissemi-
nation into the surrounding lymphatics or the blood stream 9. The
incidence of lymph node involvement depends mainly on the site and size
of the primary tumor. The status of the lymph nodes in the neck is one of
the most important prognostic factors in head and neck cancer 1°!3, The
presence of lymph node metastasis in the neck decreases the eXpected
survival with 50%. In addition, among patients with involved nodes,
survival is significantly lower if more nodes are involved *"2°, if there
is nodal involvement at multiple levels 18, or if extranodal spread is

present 15-16.21-24

Survival worsens as lower lymph node levels are
involved 25777,

Distant metastases usually occur late in the disease. The
overall incidence of clinical distant metastases in HNSCC is 10-24% 14-28-
3°, The actual incidence may even be higher as autopsy studies report an
incidence of 37-U47% 3'°3. Eighty percent of the distant metastases become
manifest within 2 years after the appearance of lymph node metastasis
1428 The lungs are the most frequent initial site of distant metastases
(52-60%), followed by the skeletal system (19-35%). Other localizations
of metastatic deposits are the liver, mediastinum, skin, and brain
14.28.34  The rate of distant metastases correlates more with the appea-
rance of cervical node metastases than with the primary tumor stage
15.28.29.35  The number of histopathologically positive lymph nodes, extra
nodal spread, and lymph node metastases at multiple levels in the neck
have been shown to be risk factors for the development of distant
metastases '4'15:3%35 Ppatients with more than three lymph node metastases
have a risk of almost 50% to develop distant metastases !“.

Because HNSCC arises from mucosal surfaces, most primary tumors
can be detected by physical examination. In almost all patients an
endoscopic evaluation is performed. The major objectives of endoscopy are
confirmation of the diagnosis by biopsy and determination of the extent
of the lesion 3%37. The tumor stage can be assessed more accurately if
endoscopic findings are used in conjunction with imaging techniques, like

computed tomography (CT) and magnetic resonance imaging (MRI) 3840, The
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assessment of the status of the neck lymph nodes is essential for optimal
treatment planning. In many institutions, this is mainly based on

palpation. However, palpation is not reliable for the detection of lymph

25,40,41

node metastasis Histopathological studies have demonstrated that

both the false positive rate and the false negative rate are unsatis-

factory high 2.3,

26,41,42,44

The overall error of palpation is about 20-30%
Modern imaging techniques, like CT, MRI, ultrasound (US), and
US-guided fine needle aspiration cytology (FNAC) are more reliable than
palpation, but still leave much to be desired “*-3!. The capability of all
the above mentioned techniques to detect small tumor deposits is limited.
Moreover, these imaging techniques very often cannot discriminate between
normal lymph nodes, reactively enlarged 1lymph nodes, and tumor
infiltrated lymph nodes. Because of these problems with the pretreatment
assessment of the status of the neck, it may be difficult to decide
whether the neck should be treated or not, thus resulting in over- and
undertreatment of the neck. Moreover, these conventional imaging
techniques provide only locoregional information, while no information on
systemic dissemination is obtained, whilst the presence of distant
metastases has an important impact on the choice of the treatment. In
conclusion, there is a great demand for a specific method to detect small
metastases/disseminated tumor cells in the lymph nodes in the neck as
well as at distant sites.

The review article!3

by E. Vokes et al provides an overview of
the field of head and neck cancers and illustrates the serious problems
related to carcinogenesis diagnosis and therapy that still exist
notwithstanding the amount of time, effort and money invested in
research. Information regarding the genetic basis of the multistep
process of carcinogenesis is accumulating and a number of chromosomal
deletions and rearrangements have been identified. By way of example we
name molecular changes of epidermal growth factor receptor and p53,
amplification of int-2 and bcl-1 and deletion of chromosome 18q as well
as suggestion of effects on other tumor suppressor genes. Phenotypic and
immunological changes have also been signalled, although it is unclear
whether these changes are intrinsic to the disease, the host or the
extent of the disease.

By way of example of phenotypic disease the above cited article
mentions that alterations in differentiation antigens including
cytokeratins, cornified envelope proteins, blood group proteins and other

glycoproteins occurs. It also reports that immunologic alterations appear



10

15

20

25

30

35

WO 96/35808 PCT/NL95/00168
b
to affect both cell mediated and humoral immunity.

Therapy usually consists of surgery, radiotherapy, or a combi-
nation of these modalities. Generally, patients with stage I and II
disease undergo either surgery or radiotherapy with curative intent5?,
This goal will be achieved in 80% of the patients with stage I disease
and in more than 60% of patients with stage II disease. For patients with
local or regional advanced disease (stage III and IV) the prognosis is
much worse. Frequently, a planned combination of surgery and radiotherapy
is used to treat these patientssasu, but cures are only seen in less than'
30% of cases®. It is disappointing that the survival rates of patients
with advanced stage head and neck cancer have not increased much over the
last decades®. Although many studies have observed a decrease of local
and particularly regional failures by the widespread use of planned
combined surgery and radiation therapy !3'!7, this has not been reflected
in a proportional increase of the five-year survival rates. As fewer
patients die from uncontrolled disease in the head and neck, more are
exposed to the risk of disseminated disease below the clavicles 5¢'57. It
is obvious that there is a great demand for a systemic treatment
effective in destroying micrometastases at distant sites and minimal
residual disease at the local or regional level. Initially hopes were
high for chemotherapy to play this role, but unfortunately these
expectations have not been fulfilled 3!:58-60,

To date metastatic disease is usually  incurable and the use of
chemotherapy is generally directed at reducing symptoms to improve
quality and length of life. Metastatic or recurrent disease is the single
commonly accepted indication for chemotherapy as standard therapy. Active
single agents include methotrexate, cisplatin, carboplatin, infusional
fluorouracil, hydroxyurea, doxorubicin, bleomycin, ifosfamide, edatrexate
and taxol. However rates of response are 30% or less and response lasts
only 2-6 months. Combination chemotherapy has resulted in slightly better
results with regard to response rates but has not been very successful
with regard to prolonged survival.

The problem of detection of metastases in general has been
addressed in a large number of publications, however the specific problem
for solid head and neck tumors has not yet been successfully addressed.
In fact a number of the general measures proposed have been illustrated
in retrospect not to be effective in practice. Clearly, a more tumor
specific systemic therapy is needed.

Preceding 1991 a 1large number of groups published work
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suggesting linking CD44 expression to cell adhesion for leukocytes, bone
marrow cells and several epithelial cell types for example colonic
carcinomas which apparently expressed more than normal colonic
epithelium*3®., Birch M. et all’3® reported that melanoma cell lines
recognised by an anti CD44 antibody were more metastatic than clones
which weakly expressed CD44. Gunthert U. et al.!3 linked metastatic
ability of rat pancreatic adenocarcinoma cells to CD44 expression and Sy
M.S. et al.'3® did the same for human lymphoma cells. In WO 91/17248
variant CD4l4 proteins and use thereof in diagnosis and therapy were
claimed. Three groups also published work regarding the absence of
ability of linking CD44 expression to metastatic capability using PCR.
(Hofmann M. et al; Stamenkovic I. et al.; Jackson D.G. et al)l39-14

In WO 94/02633 and WO 94/12631 it was disclosed that marked
overexpression of multiple splice variants of the CD4Y4 gene occurs in
tumour tissue in comparison to normal tissue. This observation thus
should according to the inventors (Tarin D. and Matsumara Y.) form the
basis of a method of diagnosing neoplasia by analysis of a sample of body
tissue or body fluid or waste product. Examples of samples that could be
used are body tissue or body fluid as opposed to cells cultured in vitro.
They have claimed a new exon 6 of the CD44 encoding gene as such and for
use in the diagnostic method as their results illustrated a clear
difference in CD44 expression in metastatic (malignant) tumors, non
metastatic locally invasive tumors and benignltumors as well as normal
tissue. They have also claimed the use of the peptide corresponding to
CD44 exon 6 and antibodies specific for said peptide as such and for
diagnosis of tumors. Their studies were directed at tumors of the breast
and colon. They were not directed at carcinomas of the squamous cell
type. They also indicate it is not expected that further research will
reveal that the natural (non mutated) products of any individual exon of
CD44 will be uniquely present in tumor cells and not in their normal
counterparts but that an abnormal pattern of expression of the CD44 locus
could be the cause of malignancy or the result of other genetic
disturbances causing such a disturbance.

Already in 1990 Schlimok G. et al.'”? described the use of a
monoclonal antibody specific for polypeptide cytokeratin 18 specifically
expressed in cells derived from simple epithelia for detection of
epithelial tumor cells in bone marrow aspirates. Clinical follow-up
studies showed a significantly higher relapse rate in patients presenting

CK18 positive cells in their bone marrow at the time of their surgery. As



10

15

20

25

30

35

WO 96/35808 6 PCT/NL95/00168

to the critical issue of specificity anti CK antibodies appeared to be
superior to antibodies against the epithelial membrane antigen (EMA),
which is also found on cells of the lymphoid lineage or to the 17-1A
antigen which is absent from variable proportions of tumor cells!*?. Thig
was the first article to present data on bone marrow micrometastases in
colorectal cancer, where in contrast to breast cancer, overt bone or
skeleton metastases are rare. It came as a surprise considering the 1low
clinical incidence that a high frequency of detection of bone marrow
metastases was found.

Also in 1990 Schlimok G. and Riethmuller G. disclosed in
Seminars in Cancer Biology'’3 that monoclonal antibodies had been used to
detect tumor cells in bone marrow of patients with neuroblastoma, breast
cancer, small cell lung cancer, prostate cancer and gastrointestinal
cancers. Immunocytology proved to be more sensitive than conventional
cytology and histology and had the additional advantage of specificity.
The proliferative potential of micrometastatic cells was assessed by
characterisation of EGF and transferrin receptors. Follow-up studies
indicated that the presence of disseminated tumor cells in bone marrow
can be taken as predicting the subsequent development of overt
metastasis. The most critical factor according to the authors of this
article are that the antibody should fulfil two conditions 1) it should
recognise an antigen expressed in or on all tumor cells and 2) it should
not react with haematopoietic or other cells of the bone marrow. Since
under normal circumstances epithelial cells are not present in bone
marrow, antibodies specific for epithelial antigens could be used. That
the selection of a suitable antibody is however far from simple is
illustrated by the fact that antigens HMFG1, HMFG2 and EMA known to be
widely distributed in epithelial tissues and shown to be expressed on
epithelial tumor cells in bone marrow exhibit extensive cross reaction
with epitopes on normal bone marrow cells. In addition to the cell
membrane markers the family of cytokeratin type were considered useful as
markers of cells of epithelial origin. They are not tumor specific and
are present on both malignant and non malignant cell types. However a
caveat was issued that uncoordinated expression of cytokeratin components
8 and 18 could occur in some non-epithelial cells.

In The Lancet 1991; Smith B. et al'** disclose the use of PCR to
make complementary DNA from peripheral blood messenger RNA to amplify
cDNA specific for a gene actively transcribed only in the tumor tissue

type. PCR was used to amplify the gene for tyrosinase a tissue-specific
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gene in melanocytes. Since normal melanocytes were not thought to
circulate in peripheral blood, detection of tyrosinase transcription in
normal blood should indicate the presence of circulating cancer cells.
This method for melanocyte detection was found to be extremely sensitive
and could detect a single melanoma cell from a cell line in 2 ml of
normal blood. The encouraging results suggested that the method could be
clinically very useful. The method takes only 2-3 days and thus could be
performed routinely. The article furthermore states it is not clear
whether the method would be applicable in patients with apparently'
localised disease in whom tumor cells in peripheral blood may be few or
absent. The article also discloses that only extensive prognostic
evaluation will determine whether the presence of tumor cells in the
peripheral blood is always ultimately associated with metastases or
whether implantation need not be inevitable.

The diagnosis of naematogenous micrometastasis by RT-PCR in
patients with prostate cancer was reported!®> by Moreno J.G. et al. as
being more sensitive than immunohistochemistry in detecting
micrometastatic prostate cancer cells. RT-PCR with a primer set
amplifying the cDNA encoding a prostate specific antigen, which is
exclusively expressed by prostatic epithelial cells, was used to detect
circulating prostatic cells. The entire PSA-RNA assay consisted of four
steps a) isolation of nucleated cells from whole blood by gradient
centrifugation, b) extraction of total RNA, c) RT-PCR on total RNA with
PSA specific primers and d) agarose gel electrophoresis of PCR products.
Primers had to be selected that were a) specific to the PSA gene mRNA, b)
did not react with the HMGK gene which is highly homologous to PSA (75-
85%) and c) were spanning an intron to prevent amplification of genomic
DNA sequences, always present in RNA preparations. A number of problems
were, however, still apparent as the prostate cells may be more
concentrated in the buffy coat and circulating prostate cancer clones
could be more poorly differentiated thereby expressing lower levels of
PSA. The use of other markers that may be less influenced by malignant
dedifferentiation such as cytokeratin 19 is suggested in this article.

In 1994 Wollenberg, B. et al. 1 suggested the application of
monoclonal antibodies raised against cytokeratin 19 for detecting
individual disseminated epithelial tumor cells. Cytokeratin 19 expressing
cells were not found in the bone marrrow of 18 patients with non-
malignant disease. Of 46 patients initially exhibiting no tumour cells in

the bone marrow only 14 had a clinical recurrence whereas 17 of 27



10

15

20

25

30

35

WO 96/35808 8 PCT/NL95/00168

patients exhibiting the presence of epithelial cells at the time of
primary treatment appeared to indicate a significantly higher risk of
development of local or distant tumor recurrences. The finding of occult
tumour cells in the bone marrow was therefore suggested to be an
independent significant prognostic variable of a late clinical relapse.
The Wollenberg method, however, fails on samples like blood because these
samples exhibit false positives. This could be attributed to the lack of
specificity of cytokeratin for epithelial cells, the presence of
epithelial cells in a blood sample or experimental artefacts of the
staining procedure. The second point would render application of an
analogous technique with a different marker specific for an epithelial
cell useless. The former would potentially leave the option open of using
a different marker which really is specific for epithelial cells, however
a marker with such specificity is not known to date.

In summary, a number of methods using cell-specific markers for
the detection of specific cell types in body samples not usually carrying
such cells have been suggested. The difficulties and problems that can be
encountered when trying to implement such a method can be summarized
repectively ranked. Firstly a typically cell-specific marker is required
and must be found, secondly the cell type to be detected must not
normally be present in the sample, thirdly the sample must be a tissue
that can contain the specific cell type i.e. the tumor cell, fourthly the
marker must be expressed by the cell type to be detected in the sample,
fifthly, the method of detection should be sensitive and reliable,
preferably if possible capable of detecting a single cell. Alternatively,
the method can comprise detection of expression of a product which is
specific for any type of metastatic cell i.e. a product actually involved
in the process of metastasis or linked to such a product, wherein the
difficulty 1lies in finding a general metastasis-specific expression
product. Thusfar it has not been possible to detect metastasis of
squamous cell type or bladder type in blood samples in a specific and
sensitive manner without large numbers of false positives as no marker
exhibiting the required characteristics has been taught or suggested and
no general marker of metastasis is available.

Several suggestions of markers for squamous differentiation
have been given. Examples hereof are involucrin!®? and keratin 108, These
markers, however, do not fulfil the required criteria and thus cannot be
used to detect squamous cell carcinoma cells.

In 1990 Quak J.J. et al.!® described a monoclonal antibody
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(MAb) that recognises squamous epithelial cells. The antibody was raised
against a metastasis of a moderately differentiated squamous cell
carcinoma. Most squamous epithelial cells of oral mucosa reacted with the
E48 antibody. Similar staining was observed with stratified epithelia of
the esophagus, the vagina and human epidermis. In epidermis no staining
was seen in the stratum corneum. Sweat and sebacous glands were negative
whereas the outer root sheath of a hair follicle did react. Among the
non-neoplastic tissues tested further only transitional epithelial cells
of the urinary bladder .reacted. No bone marrow or blood samples were
taught or suggested as samples to be considered for detection of antigen
specific for the MAb EA48. All that is taught concerning the antigen is
that it was a single band with molecular weight 22.000 under non-reducing
conditions which comprised an epitope for MAb E48 that was sensitive to
reduction. It was indicated further that the antigen is an unknown human
antigen. It was also suggested that it could be a suitable target for
immunotargeting in vivo. Neither the antibody nor the antigen have been
indicated as useful for the detection of micrometastases of squamous cell
carcinoma or bladder carcinoma.

The monoclonal antibody E48 (MAb EA48) has subsequently been
tested extensively in in vivo model systems as well as in radioimmuno-
scintigraphy studies in patients with squamous cell carcinoma.
Biodistribution and dosimetry calculations indicated the feasibility of
adjuvant radioimmunotherapy for the eradication of minimal residual
disease after initial surgical treatment?7:99:7°,

There was some research carried out in order to functionally
characterise the target antigen. It was determined that the antigen has a
molecular weight between 15-20 kDa and in vitro experiments provided
evidence that the antigen is involved in the (desmosomal) adhesion of
keratinocytes!!®.

Desmosal adhesion is only one of the various filament anchorage
systems of cellular adhesion that exist in a particular type of
epithelial cell. Among the adhering junctions which require calcium ions
for functioning, two major categories can be distinguished. One category
consists of junctions attached to the microfilaments of the cytoskeleton
(actin). These junctions are composed of a transmembrane complex,
containing adhesion molecules of the cadherin family, and a plaque
structure formed by the cytoplasmic domain of the cadherins and a complex
set of associated proteins. In the E-cadherin complex, the actual

adhesion molecule E-cadherin, a 120-140 kD transmembrane protein, is



10

15

20

25

30

35

WO 96/35808 PCT/NL95/00168
10

associated with plakoglobin, a structural component of all calcium
dependent junctions, and the a- and B-catenins (Y-catenin is thought to
be identical to plakoglobin) which are thought to be involved in the
structural and functional interactions with for instance the
cytoskeleton!23:87,

Besides their function in cell adhesion, the junctions are
involved in signal transduction processes implicated in alterations of
cell density, loss of matrix adherence etc., and can in this way
influence cell behavior and morphology'?’-'29:113, The interaction of
protein kinase C and protein kinases of the src family with E-cadherin
adhesion junctions, has been established by several lines of evidence,
and these molecules may well be involved in the signal transduction

pathways26-87,

Moreover, the role of E-cadherin junctions in cellular
growth has been determined in vitro as well as in vivo, and one of the
proteins associated with the junctions, B-catenin interacts with the gene
product of the APC tumor suppressor gene, a gene in which loss 'of
function mutations are involved in the development of epithelial
tumors'?!.

The second category of cellular junctions consists of
desmosomes and hemidesmosomes, the attachment sites for the intermediate
filaments: the cytokeratins in epithelial cells and desmin and vimentin
in most other cells. The desmosomes contain the cadherins desmocollin and
desmoglein, which form the actual cellular connection, as well as the
plaque proteins plakoglobin, desmoplakin and several other cell-type
specific components!!®''?> The involvement of these second category
junctions on the behavior of the cell is less well defined. Keratinocytes
of squamous epithelia are attached to their adjacent cells by large
numbers of desmosomes, and it seems possible that these cellular
organelles may play important roles in the development of transformed
cells to invading and metastasic tumor cells, however knowledge of this
kind is still scarce.

Although a large number of the desmosomal constituents have
been characterized, and the encoding genes have been cloned, some of the
components are still unidentified, such as the small 22 kDa glycoprotein,
formerly named desmoglein III or dg 4, which is co-purified in desmosomal

preparations of bovine muzzle3® 116,

The restricted pattern of expression
and additional experimental data suggested that the MAb defined EU8
antigen is identical to that small protein formerly referred to as

desmoglein III/dg 4. Immunoelectronmicroscopical analysis with MAbE-48 on
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squamous tissue sections showed that a considerable amount of antigen is
located in the midline of the desmosomes, indicating a putative

involvement in desmosome formation.
Detailed description of the invention

The subject invention involves detection of squamous cell
carcinoma and bladder carcinoma, in particular for determihing the
presence of and treatment of minimal residual disease, micrometastases or
dissemination of such carcinoma types as well as the means to be applied
in such methods like nucleic acid sequences, constructs in expression
vectors, proteins or peptides comprising relevant epitopes and
antibodies. The various aspects of the invention centre round elucidation
of the identity of a marker that is specific for squamous cell carcinoma
and bladder carcinoma and can be used for detection of such carcinoma in
a body sample such as blood without getting false positive results. The
antigen of the monoclonal antibody MAb EU8 was selected from a number of
potentially specific markers for squamous cells as a marker useful for
such a method. Apart from uncertainty as to whether the marker would in
fact function as such or what problems might be encountered similar or
different to those already faced in the state of the art for analogous
projects as described in the introduction the marker had to be identified
and isolated which was by no means straightforward. This will be
elucidated furtheron in the description. |

Through determination of the family of proteins to which the
antigen MAb E48 belongs and of the nature of the nucleic acid sequence
and amino acid sequence of the antigen it has now become possible to
develop tests for detection of squamous cell carcinoma and bladder
carcinoma in & sample using nucleic acid technology. A technology that
enables extremely low levels of detection, thus making it more sensitive
than immunoassays.

A method for detection of squamous cell carcinoma and bladder
carcinoma according to the invention comprises the detection of the
expression of nucleic acid encoding a glycosyl-phosphatidylinositol-
(=GPI)-anchored protein in a manner known per se for nucleic acid
detection, wherein the GPI-anchored membrane protein belongs to the
family of human proteins having a molecular weight below 30 kDa
comprising a cysteine-rich amino acid sequence with 10 cysteines in a

contiguous amino acid sequence of 138 amino acids or less, said family to
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be referred to as human cysteine-rich GPI-anchored proteins (=zhuman CRG
proteins). Said family of proteins to be detected preferably comprising
the following amino acid consensus sequence CX1-5CX5.15CX3_gCX3.8CX ;0. 30CXK,.
7CX10-30CCX;.¢CN, more preferably CX;.5CX5.15CX5.8CX 3 CX 1 6-30CX2-7CX 1 0-30CCX; ¢ DLCN
and most preferably CXoCXgCXyorsCXeCX12-22CX3.5CX 6-19CCX, ,DLCN, wherein X can
be any amino acid, C is cysteine, D is aspartic acid, L is leucine and N
is asparagine. In particular the consensus sequence can be
CX2CXgCXyorsCXeCX12_22CX3_5CX16.1gCCX,DLCN  and most preferably the consensus
sequence will be CX,CX;CX;CX¢CX;,CX;CX;sCCX,DLCN, wherein X can be any amino
acid, C is cysteine, D is aspartic acid, L is leucine and N is
asparagine. Particular embodiments of the consensus sequence that can be
found comprise LX) -3CX;.5CX5.15CX5_gCX3_gCX10-30CK57CX10-30CCX; _gCN, more
preferably LX;.3CX;.5CX5.15CX 35 gCX3.8CX10-30CX;.7CX;0-30CCX; ¢ DLCN, most
preferably LXCX,CXgCXyorsCXeCX12-20CX3-5CX16-1gCCX,,DLCN, in particular the
consensus LXCX,CXoCXy,,5CXeCX 5 2,CX35CX16-1gCCX,DLCN and most preferably the
consensus LXCX,CX;CX.CX¢CX;,CX;CX;gCCX,DLCN, wherein X can be any amino
acid, C 1is cysteine, D is aspartic acid, L is leucine and N is
.asparagine. The consensus sequence comprises the extracellular membrane
bound portion of a CRG protein and of particular interest is the
consensus sequence of the E48 antigen. The sample to be used is
preferably a human sample. Suitable samples are samples of tissue or body
fluid. Bone marrow, lymph nodes and peripheral blood or serum samples are
suitable embodiments of samples that can be gnalysed with the method
according to the invention. A preference may exist for non-invasive
samples in view of prevention of discomfort to the patient. Further
examples comprise cervical scrapings, urine, sputum or stool. In general
a sample to be used in the method according to the invention should be a
sample normally free of mRNA encoding a hCRG protein i.e. a sample that
does not normally express nucleic acid encoding the hCRG protein to be
detected. Such a sample must normally be free of the mRNA encoding the
nCRG protein to be detected to avoid detection of false positives.
Suitable samples are samples normally free of keratinocytes or cells from
transitional epithelium as only these do express the EU48 antigen. In
particular the method according to the invention can be used to analyse
whether purged tissue is free of  minimal ©residual disease,
micrometastases or dissemination of the squamous carcinoma type or the
bladder carcinoma type after having undergone purging for such carcinoma
types. Such purged tissue can suitably be blood or bone marrow. Ex vivo

methods of purging have been described by Cribben et al 1991 and Roy et
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al 1991. Such a method comprised for example purging with anti-CD33-
ricin~-toxin fusion proteins. .

The E48 antigen encoding nucleic acid sequence has been found
for humans to be located on chromosome 8. It is to be expected that the
encoding sequences for a number of proteins are to be found on chromosome
8. The method according to the invention thus comprises detection of
nucleic acid sequences being expressed that are encoded by a nucleic acid
sequence located on chromosome 8 and more specifically in the 8q2l-qter
region. In particular the method according to the invention is directed
at detection of nucleic acid encoding CRG proteins belonging to the
family of human Ly-6 proteins. A protein belonging to the family of Ly-6
proteins that is preferred will exhibit more than 50% homology with the
amino acid sequence of Sequence id no 2. More preferably the homology
will be higher than 66%, preferably more than 80% and more particularly
90-1007%.

A method according to the invention comprises detection of a
nucleic acid sequence encoding the amino acid Sequence Id. No. 2 or the
complementary sequence thereof. Such a sequence can be the nucleic acid
sequence according to Sequence Id. No. 1. Alternatively the nucleic acid
sequence to be determined can be a nucleic acid sequence capable of
hybridising to any of the nucleic acid sequences of the - two
aforementioned groups under normal to stringent hybridisation conditions.
Such hybridisation occurring in a manner known per se, for example using
normal hybridisation condition, comprising hybridisation at T=55°C with
6xSSC or using stringent hybridisation conditions comprising
hybridisation at T=65°C with 6xSSC. The rinsing steps usually carried out
in hybridisation methods are critical and can suitably comprise rinsing
at T=55°C with 6xSSC when using normal conditions or when using stringent
hybridisation conditions comprising rinsing at T=65°C with 0,2xSSC at
T=65 °C. The idea being that the method according to the invention covers
detection of genetic variants of CRG encoding sequences, in particular
the human variants. The sequences to be detected should preferably encode
functionally active proteins. Specifically variants differing only in one
to five amino acids from the sequence id no 2 are comprised within the
scope of the invention. It is generally known to a person skilled in the
art that alteration of one amino acid need not alter the function of the
protein. Most particularly if said alteration is not located within the
consensus sequence. A nucleic acid sequence to be detected may comprise

a sequence exhibiting of at least 50% homology, preferably at least 66%,
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more preferably at least 70% with more preference for 80-100% with a
sequence according to Sequence Id no 1 or the nucleic acid sequence to be
detected may be the complementary nucleic acid sequence thereof. Most
particularly the product encoded by a nucleic acid sequence to be
detected will be a CRG protein and as such will be cleavable by
phosphatidinylinositol-specific phospholipase C treatment thus offering
an assay for determining the identity of the product encoded by a nucleic
acid sequence to be detected according to the invention. Alternatively a
nucleic acid sequence to be detected may encode a product exhibiting the
biological activity of cell-cell/cell-matrix adhesion in particular upon
expression in human squamous cells such as UM-SCC-22B. Proteins or
polypeptides exhibiting the aforementioned characteristics may be
considered markers specific for certain cell types.

In a specific embodiment the method comprises analysis of the
sample for a CRG protein for example the E48 antigen comprising making
cDNA from mRNA present in the sample, amplifying portions of the cDNA
corresponding to the expression product to be determined or a part
thereof and detecting the amplified cDNA. These steps are routine methods
in the field of nucleic acid amplification and are often émployed in
diagnosis of other diseases nowadays. Examples in other fields of
diagnosis are presented in references 144, 145, 149 and the methodology
illustrated in these articles is hereby incorporated mutatis mutandis for
the subject field of diagnosis.

The amplification of cDNA can for example be carried out using
the Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) or another
commonly used amplification reaction such as NASBA or nested primer
amplification. For amplification reactions one or more primers must be
selected using the nucleic acid sequence encoding the CRG that is to be
detected. The amplified part can comprise one or more exons. In order to
distinguish the genomic amplification product of DNA contaminated in the
RNA preparation from amplification product of mRNA it is useful to
amplify nucleic acid material such that at least one intron excision site
is included i.e. the amplified product comprises at least one exon-exon
junction. In this way the product amplified from the mRNA will be shorter
than that amplified from genomic nucleic acid or the genomic product may
not be amplified if the intron is larger than 4 kb. By way of example a
sense primer of exon 2 of the nucleic acid sequence id no 1 can be
suitably used. Alternatively 'a sense primer of exon 1 of the nucleic acid

sequence according to sequence id no 1 and 3 and an antisense primer of
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exon 2 or 3 of the nucleic acid sequence according to sequence id no 1
and 3 can be used in a method according to the invention. The selection
of primers will determine the length of amplification product. There is
no critical length, thus the selection of primers is relatively free.
Naturally the amplified product must be sufficiently long to be
detectable in a manner known per se.

The amplified cDNA can be separated by electrophoresis followed
by Southern blotting, hybridisation and autoradiography. The
electrophoresed amplified products can be blotted onto a nylon membrane,
thereby immobilising them followed by probing with a probe capable of
hybridising to or binding to the amplified product. There are also many
alternatives for analysing the amplified product. In general terms the
amplified product is to be detected using a molecule capable of
specifically binding to a part of the nucleic acid sequence to be
detected or to the complementary sequence thereof in a manner known per
se for nucleic acid detection. The molecule can be a nucleic acid
sequence of at least 10 nucleotides capable of specifically binding to a
part of the nucleic acid sequence to be detected or the complementary
sequence thereof under normal to stringent hybridisation conditions (see
previously for further elucidation on the conditions or see instruction
manuals of amplification kits). The product to be detected may optionally
be immobilised prior to detection. The probe can be provided with a label
that is detectable or can be detectable such as a radioisotope,
fluorescent or chromophoric molecule or an enzyme. Suitable labels and
probe types will be apparent to a person skilled in the art of detection
of nucleic acid amplification products. Alternatively the probe for
detecting may be immobilised and the amplified product that is bound
subsequently to the probe can then be detected in a manner known per se
for sandwich assays.

The invention is also directed at components to be used in a
detection method of squamous cell type carcinoma and bladder type
carcinoma. Firstly the invention thus covers a number of novel nucleic
acid sequences as illustrated below.

- A nucleic acid sequence encoding the amino acid sequence of sequence id
no 2 or being the complementary nucleic acid sequence thereof.

- A nucleic acid sequence according to sequence id no 1 or the complemen-
tary seguence thereof.

- A nucleic acid sequence capable of hybridising to a nucleic acid

sequence belonging to the two aforementioned groups under normal to
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stringent hybridisation conditions, preferably stringent hybridisation
conditions in a manner known per se, wherein normal hybridisation
conditions comprise hybridisation at T=55 °C, with 6xSSC and wherein
stringent hybridisation conditions comprise hybridisation at T=65 °C,
with 6xSSC. Such a nucleic acid sequence is further characterised by the
fact that the hybridisation conditions comprise rinsing with 6xSSC at 55
°C and 0.2xSSC at T=65 °C respectively.

- A nucleic acid sequence exhibiting at least 50% homology, preferably
more than 66% with more preference for 80-100% with a nucleic acid
sequence according to sequence id no 1 or the complementary sequence
thereof.

- A nucleic acid sequence according to any of the above described
categories encoding a product that can be cleaved by
phosphatidylinositol-specific phospholipase C treatment.

- A nucleic acid sequence according to any of the above described
categories encoding a product exhibiting biological activity of cell-
cell/cell-matrix adhesion in particular upon expression in human UM-SCC-
22B cells.

In short nucleic acid sequences encoding human CRG proteins and
functional variants thereof fall within the scope of the invention.

The invention is also directed at a part of any of the nucleic
acid'sequences of the above described categories, said part being at
least 10 nucleotides in length and having a length sufficient to use as
probe or primer or said part being at least 21 nucleotides in length and
having a length suitable for eliciting immune response which length will
be apparent to a person skilled in the art. Preferably the part will
comprise a part of the extracellular membrane bound portion of the CRG,
wherein the CRG anchored membrane protein belongs to the family of human
proteins having a molecular weight below 30 kDa comprising a cysteine-
rich amino acid sequence with 10 cysteines in a contiguous amino acid
sequence of 138 amino acids or less. Such a protein will comprise the
consensus sequence CX,-5CX5_15CX3_8CX38CX10-30CX5.7CX;6.30CCX; gCN, more
preferably CX;_ CX;_ ;5CX3 gCX4_gCX;0.30CX5.7CX;0-30CCX;.¢DLCN and most preferably
CXoCXgCXyorsCXeCX 2 220X 5CX16.1gCCX, ,DLCN,  in  particular the consensus
CX,CXgCXyor5CXeCX 15-22CX5-5CX16.1oCCX,DLCN  and most preferably the consensus
CX,CX;CXsCX¢CX;,CX3CX gCCX,DLCN, wherein X can be any amino acid, C is cyst-
eine, D is aspartic acid, L is leucine and N is asparagine. In other
embodiments more specifically the protein may have the consensus sequence
LX, _3CX;_sCX;_15CX3 8CX3.8CX10-30CX2.7CX10-30CCX; ¢CN, more preferably LX,.3CX,.
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5CX5.15CX3.8CX3.8CX;0.30CX5.7CX;4.30CCX,_¢DLCN, most preferably
LXCchxchAMSCXSCXI}chx}ﬁcxl&qgccxszLCN, in particular the consensus
LXCX;CXgCX yorsCX6CX;225CX3.5CX16-16CCX,DLCN and most preferably the consensus
LXCX,CX;CX5CXCX,,CX5CX,4CCX,DLCN, wherein X represents any amino acid, C
represents cysteine, D represents aspartic acid, L represents leucine and
N represents asparagine. The consensus sequence comprises the
extracellular membrane bound portion of a CRG protein. For the E48
antigen for example the amino acid sequence 21-94 of sequence id no 2
comprises the extracellular membrane bound portion. A probe comprising a
nucleic acid sequence specific for this amino acid sequence will be
particularly useful as genetic variation is most likely to be minimal in
this region and mutations in such a consensus sequence are not as likely
here as in a region that has not been associated with the consensus
sequence. By way of example nucleotides 85-304 of sequence id no 1 encode
such an extracellular membrane bound portion. Parts of this sequence of
at least 10 nucleotides may thus be used to probe for this or other such
CRG encoding sequences in a manner known per se.

The invention is also directed at a pharmaceutical composition
comprising a construct in an expression vector, suitable for expressing
nucleic acid in the patient, preferably being suitable for humans, said
expression vector expressing a nucleic acid sequence encoding a CRG
protein belonging to any of the categories described above, in particular
encoding the E48 antigen or a genetic variant thereof as active component
in a pharmaceutically effective amount, a pharmaceutically acceptable
carrier and optionally an adjuvant. The invention also covers the
constructs in expression vectors as such. It is disclosed for example in
ref. 150 by Fynan E.F. that plasmid DNA expressing influenza wvirus
hemagglutinin proteins have been tested for their ability to raise
protective immunity against 1lethal influenza challenges of the same
subtype. Parenteral routes of inocculation including intramuscular or
intravenous routes were successful. Successful mucosal routes of
vaccination included DNA drops administered to the nares or trachea. In
particular use of a gene gun delivering DNA coated beads was most
efficient, requiring only 0.4 micrograms of DNA in two immunisations for
a 95% protective immunisation in mice. Bakker et all’! have used peptide
fragments for therapy of melanoma. They used melanoma associated antigen
gpl00.

In analogy the methods disclosed in the cited articles can be

applied mutatis mutandis for introducing nucleic acid sequences encoding
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CRG or parts of CRG of the categories disclosed for treatment. The
invention is also directed at a method  of treatment of squamous cell
carcinoma and bladder cell carcinoma comprising applying a
pharmaceutically acceptable composition, preferably in a manner analogous
to applying a vaccine to a patient, said pharmaceutical composition
comprising an expression vector suitable for expressing nucleic acid in
the patient, said expression vector expressing a nucleic acid sequence
encoding a CRG of any of the categories described above as active
component of the pharmaceutical composition.

Another article of interest!®® by author Greenhalgh D.A. et al.
discloses a number of various delivery systems to be used when the
epidermis is the target of gene therapy. The use of specific epidermal
promoters is also described as resulting in both high levels of
expression and keratinocyte expression. With such an application in mind
the promoter of the EU8 encoding gene is also claimed to form part of the
invention. A part of the nucleic acid sequence according to sequence id
no 3, wherein the part comprises the promoter sequence of the gene
encoding the CRG of amino acid sequence id no 2 is hereby also claimed.
The promoter sequence is comprised on the fragment of nucleic acid
sequence from nucleotide 1 of sequence id no 3 to the first nucleotide of
exon no. 1. The part of the nucleic acid sequence according to sequence
id no 3 between nucleotides 1 to 495 is hereby also claimed. This
comprises the fragment from nucleotide number 1 to the Apal site of
sequence id no 3 at exon 1. An expression vector comprising such a part
of nucleic acid sequence or a subsequence of such a part, said part and
subsequence respectively comprising the aforementioned promoter sequence
and being operatively linked to a further nucleic acid sequence said
further nucleic acid sequence encoding a therapeutically effective
product for the disease to be treated, such that the expression vector
will express the product specifically in squamous and in bladder cells
when the vector is applied to a patient is also claimed. The use of such
an expression vector or promoter for therapeutical purposes also is
covered by the scope of the invention. The teaching of the cited article
regarding construction of suitable vectors and application therof in gene
therapy is hereby enclosed by reference and can be used mutatis mutandis
by a person skilled in the art on the basis of the information given
here.

Antisense sequences to the CRG or parts of CRG encoding nucleic

acid sequences disclosed above and in the claims are also covered by the
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invention. The antisense nucleic acid sequences are at least 10
nucleotides in length and have a length sufficient to inhibit expression
of the corresponding sense nucleic acid sequence. As such the antisense
nucleic acid seguences according to the invention can be used in
pharmaceutical compositions as pharmaceutically active component. Such a
pharmaceutical composition must further comprise a pharmaceutically
acceptable carrier. The antisense nucleic acid may be comprised in an
expression vector operatively linked to a promoter enabling expression of
said antisense nucleic acid sequence. The pharmaceutical composition may
comprise such an expression vector as such or in a host cell. A method
for treatment of squamous cell carcinoma or bladder carcinoma comprising
administration of such a pharmaceutical composition falls within the
scope of the invention.

Apart from the aspects of the invention related to nucleic acid
sequences the invention is also directed at aspects related to the CRG
proteins. In particular the invention also covers a method for
determining the presence of minimal residual disease, micrometastases or
dissemination of the squamous carcinoma type and bladder carcinoma type,
comprising analysis of a sample, said sample not normally comprising
keratinocytes or epithelial cells, said method comprising determining the
presence of a CRG protein, said determination occurring in a manner known
per se for protein detection, wherein detection of the protein in the
sample - is indicative of minimal residual disease, micrometastases or
dissemination. The CRG protein can belong to any of the categories
described above with regard to the embodiments relating to nucleic acid
sequences. Preferably the sample is a human sample. In particular said
sample can comprise lymph node tissue, blood or bone marrow. In another
embodiment of the invention the sample to be tested is blood or bone
marrow that has been subjected to purging of squamous carcinoma type
cells and bladder carcinoma type cells therefrom. As disclosed previously
in this description the methodology of purging is known and said
methodology is included by reference mutatis mutandis. In the claimed
methods of treatment the detection can be carried out by contacting the
sample with a molecule capable of specifically binding to the CRG
protein. The CRG protein can belong to any of the categories described
above with regard to the embodiments relating to nucleic acid sequences.
The molecule for specifically binding the CRG protein can for example be
an antibody specific for CRG or specific for the CRG to be detected. Such

an antibody for example can be obtainable using the method of obtaining
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antibody specific for a marker of squamous cell carcinoma and bladder
cell carcinoma in a sample not normally comprising keratinocytes or
epithelial cells that is described below. In the method of determining
the presence of micrometastases or dissemination the antibody is an an-
tibody raised against a CRG protein or is an antibody preferably being
raised against the isolated or synthetic protein. An antibody that is
suitable is Mab E48. Ex vivo or in situ tumor cell detection using
monoclonal antibodies or conjugates of antibodies selectively reactive
with the antigen are known in the art and the clinical value for similar
assays has been illustrated for colon carcinoma for example by Lindemann
et al'® for the 17-1A antigen.

The invention is also directed at a method for determining the
presence of tumors of the squamous cell carcinoma or bladder cell
carcinoma type, comprising analysis of a sample, preferably a human
sample, said sample not normally comprising keratinocytes or cells from
fransitional epithelium, said sample preferably being of blood or serum,
said method comprising determining the presence of an antibody,
preferably a human antibody specific for CRG anchored membrane protein,
said determination occurring in a manner known per se for antibody
detection, wherein the presence of the antibody in the sample is indi-
cative of the minimal residual disease, micrometastases or dissemination.
The detection for example can occur by contacting the sample with a
protein or peptide comprising an epitope specific for the protein the
antibody is directed against and detecting the resulting complex. In
particular an epitope comprised on the amino acid sequence of sequence Id
No 2 is contemplated as useful in a suitable embodiment of the method. A
part of such an amino acid sequence comprising the epitope directed
against Mab E48 could for example be suitable.

Another aspect of the invention is directed at a method of
purging cells of the squamous cell carcinoma or bladder cell carcinoma
type from a sample, preferably a human sample, in particular from blood
or bone marrow in a manner known per se, said method comprising
contacting the cell with a molecule capable of specifically binding to a
CRG anchored membrane protein, said molecule for example being removable
from said sample and said molecule being added to the sample in an excess
amount to ensure removal of the protein and thus also of the concomitant
cells of which the protein is a part. The CRG protein can belong to any
of the categories described above with regard to the embodiments relating

to nucleic acid sequences.
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The invention also covers a method for treatment of minimal
residual disease, micrometastases or dissemination of squamous cell
carcinoma and bladder cell carcinoma comprising administering antibody
directed specifically at an epitope on a CRG anchored membrane protein,
as active immune reaction stimulating component, a pharmaceutically ac-
ceptable carrier and optionally a pharmaceutically acceptable adjuvant as
used in vaccines for humans. A composition suitable for squamous cell
carcinoma or bladder cell carcinoma therapy, consisting of an isolated or
synthesized CRG anchored membrane protein, such a protein belonging to
any of the categories described in the description or claims or being a
protein with amino acid sequence id no 2 as such or a polypeptide com-
prising an epitope of such a protein as active immune reaction stimula-
ting component and a pharmaceutically acceptable carrier and optionally a
pharmaceutically acceptable adjuvant as used in vaccines for humans also
falls within the scope of the invention. The CRG protein can belong to
any of the categories described above with regard to the embodiments
relating to nucleic acid sequences. Not only does the method of therapy
comprise administering antibody but also covers alternative embodiments
that employ the characteristic binding capabilities of a part of an
antibody in combination with a therapeutic agent. For example the method
according to the invention can comprise administering as a
pharmaceutically active component an antibody or a protein comprising the
complementary determining region (CDR) such as T-bodies, sihgle chain
fragments and antibody fusion proteins as such or conjugated with
antitumor agents like radionuclides, photosensitizers, liposomes and
cytostatic drugs, said antibody or CDR being directed specifically at an
epitope of the CRG protein. All such agents are commonly used in
analogous therapy regimes directed at different diseases but may be used
here mutatis mutandis.

As mentioned above a method of obtaining antibody specific for
a marker of squamous cell carcinoma and bladder cell carcinoma in a
sample not normally comprising keratinocytes or cells from transitional
epithelium, said method comprising isolating a CRG anchored membrane
protein, various categories of such a protein having being described
above and in the claims or producing such a protein or a polypeptide
comprising an epitope of such a protein synthetically or through
recombinant DNA technology for example using a nucleic acid sequence
encoding CRG according to any of the categories described above and in

the claims, followed by inserting the isolated or synthesized protein or
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2The putativepolypeptide in a test animal, removing subsequently produced
antibody and optionally meking a hybridoma producing a monoclonal
antibody in a manner known per se is also an ewbodiment covered by the
scope of the invention. All the aforementioned methods can be suitably
carried out if the CRG membrane anchored protein has an amino acid
sequence id no 2 or is a functional equivalent thereof.

Where in the above antibodies have been mentioned as forming
suitable components to carry out various embodiments of the invention the
skilled person will of course realise that any other specific protein
capable of specifically recognising and binding the CRG protein of
interest is intended also to be covered by the invention. On the basis of
computer modelling it should be possible to develop synthetic
specifically binding molecules for the E48 antigen as now its amino acid
sequence has been determined. In particular as Mab E48 a molecule that

can specifically recognise and bind the E48 antigen is also available.

More detailed description of certain aspects of the invention related to
the nucleic acid sequences encoding the GPI proteins according to the

consensus disclosed

Isolation and sequencing of the E48 antigen

As a first step towards the molecular cloning of the EU48
encoding cDNA and gene, the protein was isolated from xenograft extracts
through affinity chromatography and SDS-PAGE. The isolation was hampered
by the fact that the antigen was poorly soluble and tended to precipitate
during the subsequent steps. Nevertheless with some difficulty finally an
isolation procedure could be established, enabling the purification of
the E48 antigen in sufficient amounts for micro-sequencing. Antigen
preparations obtained by immunoaffinity-absorption and analyzed by SDS-
PAGE, Western blotting on PVDF membranes and Amido Black staining
appeared to contain about 20% E48 antigen and 5 major co-purifying
proteins, which have not been identified further as yet. For amino acid
sequencing the EU48 antigen band was excised from the PVDF membrane. The
following amino acid sequence of the aminoterminal end was determined:
LR7HVVTSSSNNK. As cysteines cannot be sequenced regularly, a putative C
on position 3 was filled in since it was observed that a specific amino
acid could not be detected at this position. After a few amino acids the
signal decreased abruptly, wusually an indication of amino acid

modifications. The elucidated amino acid sequence was not found in the
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databases. We did however discern some similarity of the sequence with

the mouse ThB antigen, a 15-20 kDa protein on the surface of murine

lymphocytes. The homology found was as follows:
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Based on this sequence various sets of degenerated primers were
synthesized. The primers were used in RT-PCR reactions, hybridization,
PCR on keratinocyte lambda gtll 1libraries (Clontech; Westburg) etc.
(Sambrook et al., 1989). PCR fragments were hybridized with both primers
and cloned in pUC19. Clones containing both primers and with an insert of
at least 400 bp were partially sequenced. Only 6 clones contained an open
reading frame. They were all unknown in the databases, but none
hybridized specifically with RNA isolated from squamous cell lines (data

not shown).

Molecular cloning of the E48 encoding cDNA

Simultaneously, expression cloning in eukaryotic vector/host
systems was set up. CD2 cDNA cloned in the expression shuttle vector
pCDM8 (Seed, 1987) and anti-CD2 monoclonal antibody were used as a model
system to optimize and simplify the transfection of COS cells, to enhance
the detection and subsequent isolation of immunocytochemical stginable
cells, and to optimize electrotransformation of E.coli MC1061/P3 (Rommens
et al., 1991; Brakenhoff et al., 1994b). A cDNA library was generated
from RNA of UM-SCC-22A, a HNSCC cell line with a high level of E48
antigen expression, in expression vector pCDM8, and electrotransformed in
E. coli MC1061/P3. A library with a complexity of 7x10°, divided in 9
fractions, was generated. Frozen glycerol cultures were prepared from
these fractions and similarly DNA was isolated and transfected into 2x10°
COS cells. Immunocytochemical staining in situ revealed 80 positive
clones. Electrotransformation of Hirt extracted DNA and rescreening of
clones was successful for the isolation of the CD2 clone used as a
control, but not for the isolation of the E48 cDNA, probably due to COS
cell induced damage of the cDNA clones. By screening progressively
smaller pools of bacterial colonies one of the positive clones could be
enriched to 100% purity. Although this is a laborious method it is
completely reliable as the shuttling of plasmid DNA through COS cells is
omitted: the transfection and immunocytochemical staining are used only

to detect a positive pool of clones. We were able to clone the EU48
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antigen encoding cDNA in six steps. Transfection of the clone in COS
cells and Western blotting of the cell extracts proved that it encoded
the correét antigen (Figure 1). The clone was sequenced, the open reading
frame was determined and the location of a ribosome binding site and a
signal peptide were analyzed by computer calculations. Three putative
cleavage sites for a signal peptide were found, of which one would result
in a protein with the amino terminal sequence LRCHVCTSSSNCK (Sequence id
2). As indicated earlier, microsequencing of the purified protein
revealed the aminoterminal sequence LRC(?)HVVTSSSNNK, indicating that
this cleavage site is most likely correct. Not only the 3rd amino acid
appeared to be a cysteine but the 6th and the 12th as well. Re-evaluation
of the sequencing chromatograms indicated that the signal of the 6th
amino acid could indeed be the residual signal of the 5th valine (V), and
that the signal of the 12th amino acid could be the residual signal of
the 11th asparagine (N).

The EA48 cDNA sequence has an open reading frame of 128 amino
acids from base 24-408, encoding a core protein with a molecular weight
of 13,286 kD. In the amino acid sequence 2 theoretical phosphorylation
sites (Thr 20 and Ser 41), and 3 putative myristylation sites (Gly 75, 80
and 114 respectively) are present (Sequence id 2).

The putative poly-adenylation signal GATAAA of the E48 encoding
cDNA is not in agreement with the general consensus sequence AATAAA or
ATTAAA®-107.128  The activity of poly(A) polymerase on this signal
sequence GATAAA has been measured in vitro by others, and appeared to be
only 10% as compared to the consensus sequence!3®. To exclude that this
non-consensus sequence was due to reverse transcriptase infidelity, 5
additional clones were isolated from other fractions of the cDNA library
by colony hybridization, and sequenced. The sequences revealed that all
clones were of different 1length, but that in all clones the GATAAA
sequence appeared to be the most probable poly-adenylation signal.
Furthermore, a clone was isolated from a genomic DNA library in lambda
EMBL367 and the BamHI fragments hybridizing with the c¢DNA were subcloned
and sequenced. Sequence analysis of the genomic clone could indeed
confirm this putative poly-adenylation sequence. The use of
polyadenylation signals not applying to the consensus rules is not
specific for this antigen only. Similar irregular sequences have been
observed for the CD59 gene as well, although in this case a consensus
signal sequence was also found to be present!?‘.

Data base searching indicated a high sequence similarity of the
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human EU8 antigen with the mouse ThB antigen, the family of the Ly-6
antigens and human CD59% 7 92- 192. 82 The ThB antigen and the family of
Ly-6 antigens are all 15-20 kDa membrane bound proteins expressed on
lymphocytes, and anchored with a glycosyl-phosphatidylinositol anchor to
the membrane. The molecules are thought to be involved in signal
transduction, but the corresponding ligands are unknown. The human CD59
molecule is expressed on erythrocytes and is involved in the inhibition
of autologous complement attack.

Northern blotting experiments revealed that the E48 gene ié
exclusively expressed in squamous cell carcinoma cell lines and squamous
epithelia (Table I and figure 3 right). The transcript is approximately
0.8 kb in length. Splice variants could not be detected by Northern
blotting, not even after overexposure of the autoradiogram. There appears
to be a direct relationship between the antigen expression as detected by
Western blotting and immunocytochemistry (20% of the UM-SCC-22B cells,
and 100% of the UM-SCC-22A cells are positive; see also Figure 1), and

the relative amount of EU48 mRNA in these cells.

The E48 antigen is a GPI-anchored membrane protein

The homology with the Ly-6 family, proteins attached to the
membrane with a glycosyl-phosphatidylinositol (GPI)-anchor, suggested
that the E48 antigen might be attached similarly. The presence of a GPI-
anchor was measured by phosphatidylinositol-(PI)-specific phospholipase-C
treatment of antigen positive cells, a method often used to demonstrate
the GPI-anchoring of a surface protein?. Extracts of PI-specific
phospholipase~C treated COS cells transfected with the E48 encoding cDNA
were analyzed by Western blotting (not shown), and PI-specific
phospholipase-C treated UM-SSC-22A cells were analyzed by
immunocytochemistry (not shoﬁn) and FACS. The flow cytometry analysis is
shown in Figure 2. UM-SCC-22A cells treated with anion free buffer and
incubated with E48 antibody showed a high fluorescence, whereas after PI-
specific phospholipase-C treatment in anion free buffer and subsequent
E48 incubation the UM-SCC-22A cells showed a very 1low level of
fluorescence. The analysis was checked by a similar assay on the GPI-
anchored MOv18 antigen (folate binding protein) overexpressed on KB

cellst®: 73

(data not shown). These data clearly indicated that the EUu8
antigen is released from the cell surface by PI-specific phospholipasejC
treatment, demonstrating that the protein is GPI-anchored to the plasma

membrane.
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Chromosomal localization of the E48 encoding gene

Southern blotting experiments indicated that the E48 antigen is
encoded by a single copy gene (Figure 3 left). Subsequent analysis of a
panel of 24 somatic cell hybrids revealed significant segregation with
human chromosome 8, with a single exception probably due to chromosomal
rearrangement after cell fusion (Table II). To obtain a regional
localization of the gene on chromosome 8, & clone containing the E48 gene
was isolated from a phage library and used for in situ hybridization
using biotin labeled probes. This analysis clearly showed two regions of
hybridization, one on chromosome 8g24-qter and one on chromosome 15q22
(Figure 4). Since the somatic hybrid panel did not show any concordance
with chromosome 15, we concluded that the E48 encoding gene is located on
chromosome 8, in the 8q24-ter region. The hybridization of the genomic
probe (approximately 20 kb in length) to chromosome 15 is most likely due
to cross~hybridization with an as yet unidentified pseudogene or with low
copy repetitive sequences, as was indicated by Southern blot

hybridization (not shown).

Characterization of the putative mouse homologue, the ThB antigen.

An unexpected observation was the high sequence similarity with
the murine ThB antigen, a glycosyl-phosphatidylinositol-anchored molecule
expressed on lymphocytes (Figure 5). It had already been described
earlier that two allelotypes of the ThB antigen exist: ThB" (C57Bl/6
mice) having a high level of expression, and ThB! (BALB/c mice) having a
low level of expression in lymphocytes’?. The expression pattern of ThB in
squamous tissue, i.e. skin, was not determined. We therefore analysed the
ThB expression in various tissues of mice of the ThB" (C57B1/6) and ThB!
(BALB/c) allelotypes. RNA was isolated, Northern blotted and hybridized
with the ThB cDNA as a probe (kindly provided by dr M. Sandrin). In
brain, skeletal muscle, colon, heart, kidney and liver no ThB transcripts
could be detected, and in spleen, as expected, only a very low level for
the ThB' (BALB/c) and a relatively high level for the ThB" (C57B1/6)
allelotypes could be determined. However, in tongue, tail skin, and ear
skin a very high level of ThB RNA could be detected. As shown in Figure 6
the expression of ThB in keratinocytes is not only 10-100 times higher as
compared to the spleen of the ThB"™ allelotype, but is also independent of
the mouse strain. Only the expression in the spleen (lymphocytes) is
strain dependent, being high in C57BL/6 ahd low in BALB/c. This

expression pattern strongly suggests that the ThB antigen is most likely
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of critical importanée on murine keratinocytes, and not, or less, on
lymphocytes. The function of the ThB antigen on murine keratinocytes will
most likely be similar to that of the human homologue, the E48 antigen,
on human squamous cells. The role of the ThB antigen on lymphocytes
remains unclear, although involvement with signal transduction has been
suggested®. EU8 expression on lymphocytes in man has never been observed

as yet.

Functional characterization of the E48 antigen

In previous papers the function of the E48 antigen was
hypothetically linked to desmosomal cell adhesion. The molecule could be
detected in the desmosomal midline by immunoelectronmicroscopy, and,
moreover, was shown to influence cell adhesion in in vitro model

systems!!®,

Although the homology of the E48 sequence with the mouse Ly-6
family would suggest otherwise, the role of the E48 antigen in cell-cell
adhesion was clearly demonstrated when the encoding cDNA in expression
vector pCDM8 was transiently transfected into MOP-8 cells, SV40-polyoma
transformed NIH\3T3 cells. After transfection the cells were cytospun on
microscopic glass slides and immunocytochemically stained with the EU48
antibody. As shown in Figure 7, all E48 positive cells aggregate, whereas
the E48 negative cells remain dispersed, indicating that the molecule is
involved in MOP-8 cell-cell interaction. Cells transfected with the WC1

antigen did not show this kind of clustering!3! (not shown).

DISCUSSION

The EU8 antigen is a target molecule for antibody-based
immunotherapy, and ‘tc envision the results of high dose antibody
treatment in patients with squamous cell carcinoma, and to evaluate the
potential role of the antigen in carcinogenesis and tumor progression, we
decided to clone the cDNA as well as the gene to unravel its function.
The cDNA encoding the EU8 antigen contained an open reading frame of 401
nucleotides encoding a polypeptide of 13,286 kD. Scanning the EU48
polypeptide for post-translational modification sequences revealed two
putative protein kinase-C phosphorylation sites and three putative N-
myristylation sites. Comparison with a similar analysis on the ThB
polypeptide, the putative mouse homologue (see below), revealed that only

the N-myristylation site on the glycine at position 80 is conserved. The
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actual use of these sites should be established by further research.
Surprisingly the EU8 antigen appeared to have a very high
sequence similarity with the ThB antigen, of which the c¢DNA was cloned
from a C57/Bl16 mouse spleen cDNA library%?. This antigen belongs to the
larger Ly-6 family of 13-15 kDa surface proteins, -GPI-anchored to the
membrane and initially identified on murine lymphocytes (See also Figure
5). The E48 antigen is the first member of the human family with perhaps
the exception of the CD59. The homology with the Ly-6 family is not only
confined to the sequence similarity and the comparable expression pattern
(see below), but also to the chromosomal localization of the genes. The
E48 gene was assigned to human chromosome 8 in the q24-gter region, where
also the myc gene has been mapped. The various members of the mouse Ly-6
family have all been mapped to mouse chromosome 15, in proximity of the

myc genely“ 92, 102, 82

These observations stress the homology of the EU48
antigen with the mouse ThB antigen, since this part of human chromosome 8
is synthenic with mouse chromosome 1578 (Genome Database). It should be
noted that the other putative member of the human family of the Ly-6 like
GPI-anchored antigens, CD59, is located on chromosome 11p138& 3, 1In
addition, the sequence similarity of the coding regions of the CD59 and
E48 genes is below 50% suggesting that these genes, if they have arisen
from a common ancestor, must have been separated long ago in evolution.

It seems obvious that, as in mice, a family of Ly-6 antigens
exists in man, most likely clustered at the chromosomal region 8g2i-qter.
Although several members of the murine Ly-6 gene family were already
cloned in 1987, the identification of the human family has been
unsuccessful, probably due to similar technical difficulties as we
encountered in the molecular cloning of the EU8 encoding cDNA. At the
time amino acid sequences of the EU8 antigen were obtained degenerated
oligonucleotides were synthesized for PCR and screening of cDNA libraries
based on the sequence LRCHVVT. As the homology with the ThB antigen could
already be detected at the protein level (being LRCHVCT) we also
generated primers based upon the ThB sequence, as well as the consensus
sequence of most Ly-6 members CCXXDLCN, the sequence attached to the GPI-
anchor. Although it was confirmed later that the aminoterminal sequence
and the GPI-linked consensus sequence CCXXDLCN of the ThB antigen were
similar to those of the E48 antigen, RT-PCR with primers based on these
amino acid sequences did not result in the amplification of any specific
fragment. This negative result is probably due to the (N)¢ nucleotide

sequence in the antisense primer.
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B What is more, cross-hybridization, which is often used to clone
cDNAs and genes from other species, is also difficult. The sequence
similarity of the E48 cDNA and ThB cDNA clones is 67%, and we have as yet
not been able to find conditions for specific cross-hybridization of the
full E48 cDNA probe on Southern blots of genomic murine DNA, and of the
full ThB cDNA probe on Southern blots of human genomic DNA (data not
shown). However, when the sequence between nt 85-304 of sequence id 1
were used specific cross-hybridisation with mouse as well as human genes
could be observed (Figure 9). In addition, most Ly-6 genes within one

species cross-hybridize% 82,

and the molecular cloning of other members
of the putative human family should be facilitated by the identification
of the human ThB gene homoclogue, and its chromosomal localization. From
the mouse locus it has been shown that all Ly-6E.1 hybridizing sequences
could be found in a single 650 kb fragmentgs. Isolation of YAC clones from
a similar region of chromosome 8 using the E48 cDNA as a probe should
most likely enable the molecular cloning of other members by subsequent
cross-hybridization or even PCR strategies. Although cross-hybridization
on genomic blots is difficult, on YAC clones it should be possible.

A number of hereditable diseases have been mapped to chromosome
8q2l-gter, such as the Langer-Giedion syndrome, the brachio-
otorhinolaryngeal syndrome, the trichorhinolaryngeal syndrome I and the
epidermolysis bullosa simplex (OGNA). Some of the clinical features,
especially those related to the skin and hair phenotypes might be
explained by the deletion of the E48 gene in these genetic diseases’ (MIM
[Mendelian inheritance of man] database). Particularly when a larger Ly-6
gene family is present at this locus, various hereditable genetic
disorders could be due to (partial) deletion of this chromosomal region.
Experimental proof of the involvement of the other putative human Ly-6
antigens in these syndromes could only be evaluated in gene targeting
experiments in mice.

As indicated by Northern blotting and hybridization, the
expression of the EU48 antigen is confined to squamous tissues. In mice
the putative homologue, ThB, is expressed in lymphocytes as well,
although at a much lower level. Moreover, on lymphocytes the expression
level is mouse strain dependent, and two phenotypes, ThB" and ThB! have
been described®. We show here that the expression of the ThB antigen
appears to be much higher in squamous tissues, and, what is more,
independent of the mouse strain. The variation of ThB expression in

lymphocytes between the two mouse strains could be explained by a
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possible difference in a transcription factor recognition sequence in the
promoter/enhancer sequence of the two alleles ThB" and ThB!. The
promoter/enhancer sequences of the ThB alleles could therefore bind
lymphocyte transcription factors with different affinities, resulting in
different levels of ThB expression. A similar conclusion has recently
been reported by Gumley et al.’ to explain the two allelotypes. This
hypothesis assumes that the chromosomal domain containing the Ly-6 gene
family is accessible for transcription factors in lymphocytes, which can
be concluded from the fact that several members of the gene family, such
as the Ly-6A.2 gene, are expressed in lymphocytes. In contrast, the
promoter sequence of the human gene EU48 most likely does not bind any
lymphocyte transcription factors, and is therefore not expressed in cells
of the lymphocyte lineage.

The ThB/E48 antigen is not the only Ly-6 antigen expressed on
keratinocytes. The Ly-6A.2 antigen has also been detected on mouse
keratinocytes®, and, what is more, other members of the Ly-6 family are
expressed in various other tissues and organs’ % 8. 89. 95 po have
explored the expression of CD59 in human keratinocytes by Northern
blotting and immunohistochemistry, but have found only a very low
expression level on keratinocytes (data not shown). These and other
published data will make it necessary to consider renaming the antigens.
hThB: human Thymocyte and B-cell antigen, is not a very logical name for
the E48 antigen, if it is exclusively expressed in keratinocytes. We
would therefore propose to rename the Ly-6 antigens into CRG proteins:
Cysteine-Rich GPI-anchored proteins, and, for the time being, add part of
the original name. When the genes encoding these proteins have all been
cloned from one species, a definite nomenclature could be agreed, for
instance in the direction of trancription, or, if the directions of
transcription are different, in the direction from centromere to
telomere. A similar consensus has been reached in the nomenclature of the
Y-crystallin gene family in various mammalian speciesél. In addition we
would like to add a prefix to the name to indicate the species from which
the antigen has been identified. mCRG-A2/E1, mCRG-C2, mCRG-F2, mCRG-G2
(formerly Ly-6A.2/E.1, Ly-6C.2, Ly-6F.2, Ly-6G.2, respectively; it should
be noted that Ly-6A.2 and E.1 are most likely alleles of one gene), mCRG-
TSA (formerly mouse TSA antigen) mnCRG-ThB (formerly the ThB antigen),
hCRG-48 (formerly, the human EA48 antigen), hCRG-CD59 (formerly the CDS9
antigen, the first human gene identified but on a different locus).

Although we realize that changing names is a difficult and annoying
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process and should only be performed when there is a consensus in the
field'®, we think that the trivial name "E48 antigen" should be adapted
as soon as possible.

The function of the human E48 (hCRG-E48) antigen and most
likely of the mouse ThB antigeﬁ in skin, is apparently different from the
reported function of the Ly-6 family of antigens in murine lymphocytes.
The members of this larger family of CRG-anchored molecules have been
shown to be involved in signal transduction. The murine Ly-6A.2 antigen
as well as the human CD59 antigen interacts with tyrosine kinases of the
src family and the ThB antigen probably interact with a tyrosine
phosphatase, which are all involved in protein phosphorylation cascades®®
92. 119, 65, 118 = crogg-linking of the Ly-6 molecules by antibodies resulted
in lymphocyte activation and proliferationi® 93 155 75 test the
hypothesis that cross-linking of the EU48 antigen by its corresponding
antibody might cause similar effects, we have measured the effect of the
antibody binding on the growth behavicr of keratinocytes and squamous
carcinoma cells in culture by standard assays. Although a control
antibody which has a direct influence on cell proliferation showed
considerable effects, the E48 antibody did not!!> (data not shown).
However, it cannot be excluded that only cross-linking of specific
epitopes on these molecules causes signal transduction or that these
effects can be determined in (murine) lymhocytes only, or that the
culture conditions of keratinocytes are not permissive for these effects.
. In model assays it has been demonstrated that the EU48 antigen
is involved in cell-cell adhesion. The role of a GPI-anchored Ly-6
antigen in adhesion processes is novel. GPI-anchored proteins are thought
to be involved in potocytosis: rapid transport processes without
formation of endosomes, or signal transduction?!' 62- 132. 133 GpI-anchored
proteins can form microdomains on the membrane localized in caveolae, and
characterized by the coat protein caveolin, although the existence of
these domain formations is still controversial®!® ' Involvement of GPI-
anchored proteins with cell-cell adhesion has been described earlier: the
human carcinoembryonic antigen (CEA) is a GPI-anchored adhesion
molecule’. We have shown that the E48 antigen, transfected into MOP-8
fibroblasts induces cell-cell adhesion, or at least specific cell-cell
recognition. Model experiments with stable transfected cell lines should
elucidate the precise function of the molecule. The reported observation
is consistent with the postulated similarity of the EU48 antigen with

desmoglein III/dg 4, a putative component of the desmosomal complex!l®114,
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which would explain the induced adhesive behavior of the transfected
NIH/3T3 cells. It should be noted, however, that desmoglein III/dg 4
(identified in desmosomal preparations of bovine muzzle) had been

d88. whereas the EU8 sequence did not reveal any

reported to be glycosylate
glycosylation sites. These conflicting findings can be explained by the
chemical method used by Gorbsky and Steinberg88 to detect carbohydrates on
the desmosomal components. They described the isolation of desmosomes
from bovine muzzle, and the detection of carbohydrates by
periodate/dansyl-hydrazine treatment. The reported weak signal of the 22
kD protein could, in view of the data presented here, be explained by the
detection of the inositol and the other core sugar residues in the GPI-

75. 84 These data demonstrate that the

anchor, all reactive with periodate
E48 antigen and the 22 kDa desmoglein III/dg 4 indeed may be identical.

" It is tempting to speculate that the role of the Ly-6 (CRG)
molecules in general is not directly related to the cell proliferation,
but only indirectly. It has firmly been established that GPI-anchored
molecules are concentrated in specialized membrane domains, and the
general function of the small cysteine-rich Ly-6 (CRG) molecules could be
the formation of these specialized membrane domains together with

caveolinal' 110, 112, 85.

The different components of the particular domain
could explain the different functions: on T-lymphocytes signal
transduction, on MDCK and Caco-2 cells transport, and on keratinocytes
cell-cell adhesion. It is obvious that this hypothesis should be proven
experimentally, but the observation that CD59 on erythrocytes functions
in protection against autologous cbmplement attack, and in T-lymphocytes
functions in signal transduction, comparable to the mouse Ly-6A.2
molecules, strongly supports the theorygﬁ

Summarized, with the molecular cloning of the cDNA encoding the first
member of the human Ly-6 family, a tool for the molecular cloning of
cDNAs encoding other members of the human family has been made available,
enabling the functional characterization of these CRG-anchored antigens

in the various cells and tissues of man.
MATERIALS AND METHODS

materials
Restriction enzymes were purchased from Boehringer Mannheim
(Boehringer Mannheim B.V., Almere, The Netherlands) or Pharmacia

(Pharmacia Biotech Benelux, Roosendaal, The Netherlands). DNA polymerase
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(Klenow fragment) and T4 DNA ligase were from Boehringer Mannheim, AMV
reverse transcriptase was from Promega (Promega, Leiden, The Netherlands)
and T4 polynucleotide kinase as well as T7 DNA polymerase used for
sequencing were from Pharmacia. The reaction conditions were chosen as
recommended by the supplier or according to Sambrook et al.!!!, [3%p]-
labeled nucleoside triphosphates (3000 Ci/mmol) were purchased from NEN
(NEN Research Products, Boston, MA, USA). The expression vector pCDM8 was
obtained from Invitrogen (Sanbio, Uden, The Netherlands), and the CD2
cDNA clone in pCDM8 was kindly provided by dr. B. Seed!'?. The cDNA clone
encoding the ThB antigen was kindly provided by dr. M. Sandrin®. Kits for
sequence analysis on automated systems were obtained from Applied

Biosystems (Applied Biosystems B.V., Maarssen, The Netherlands).

Cell lines and tissue culture

The HNSCC (Squamous Cell Carcinoma of the Head and Neck) cell
lines UM-SCC-22A and UM-SCC-22B, used for Northern blotting and cDNA
synthesis (UM-SCC-22A) were kindly provided by dr. T.E. Carey (Ann Arbor,
MI, USA). The cell lines OVCAR-3, WiDr-29 and A-U431 were obtained from
dr. H. Haisma, LNCAP from dr. A.A. Geldof, Tera-1 and MCF-7 from dr. G.
Giaccone, DOHHZ2 from dr. J.W. van Oostveen, NB-1 from dr. A.J. Langeveld,
U-715 and Raji from dr. A. Dréger, Hela and SiHa from prof. dr. C.J.L.M.
Meijer, KB cells from dr. G. Jansen (all from the Free University,
Amsterdam, The Netherlands), and PC112 from .dr. P.T. van der Saag
(Hubrecht Laboratory, Utrecht, The Netherlands). The tissue origin of the
aforementioned human cell lines is indicated in Table I. C0S-7 cells were
obtained form dr. D.H. Joziasse (Free University, Amsterdam) and MOP-8
cells (SV40O-polyoma transformed NIH/3T3 cells) from the ATCC (American
Tissue Culture Collection).

Cells were routinely cultured in humidified air/5% CO, at 37 °C
in Dulbecco's modified Eagle's medium (DMEM, Gibco Life Technologies,
Breda, The Netherlands), 5% Fetal Calf Serum (HyClone, Logan, Utah, UsA),
2 mM L-glutamine, 1% penicillin/streptomycin (Cellect, ICN Biomedicals
B.V., Amsterdam, The Netherlands), 16 mM NaHCO; and 15 mM HEPES, pH 7.4,
or RPMI 1640 (ICN Biomedicals B.V.), 5% Fetal Calf Serum, 2 mM L-
glutamine, 1% -penicillin/streptomycin.

Primary keratinocytes were isolated from Uvulo-Palato-
Pharyngeal surgical specimens as described for foreskin keratinocytes
according to ref.”. The cells were cultured in Gibco Keratinocyte Growth

Medium (KGM) according to the manufacturers instructions.
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As checked by immunocytochemistry of cytospin preparations,
100% of the UM-SCC-22A cells, 20% of the UM-SCC-22B cells and none of the
COS-7 as well as MOP-8 cells were shown to express the EA48 antigen,

irrespective of the culture conditions.

Antigen isolation

The xenograft line HNX-HN was used as source for the isolation
of the MAbE-48 defined antigen. The establishment and maintainance of the
xenograft line HNX-HN by serial transplantation was performed as
described earlier (Gerretsen et al., 1991). Xenografts were cut into
small pieces and snap frozen in liquid nitrogen. The frozen material was
pulverized in a micro-dismembrator (Braun AG, Melsungen, Germany) and
subsequently resuspended in cold extraction buffer (EXB: 20 mM TRIS.HCl,
150 mM NaCl, 1% (w/v) n-octyl-p-D-glucoside, 1 pg/ml pepstatin, 1 pg/ml
leupeptin, 1 pg/ml trypsin inhibitor, 1 mM phenylmethylsulfonylfluoride
(PMSF), pH 8.0: 3 ml EXB/mg pulverized tissue). All further steps were
performed on ice in the presence of the aforementioned protease
inhibitors. The suspension was sonicated 3 times for 10 sec at 10,000 Hz,
and centrifuged at 4 °C for 1 hr at 100,000g to obtain a clear
supernatant. The proteins were precipitated from the clear supernatant by
adding 10 volumes of precooled acetone-methanol (1:1). The mixture was
allowed to stand for 4 hr with occasional swirling. The precipitated
proteins were collected by centrifugation at 100,000g for 1 hr at 4 °C,
the pellet was resuspended in precooled ethylether and the precipitated
proteins were collected again by centrifugation at 4 °C for 1 hr at
100,000g. After evaporation of the solvent, the proteins were dissolved
in the original volume of EXB. After centrifugation of the solutibn at
100,000g for 1 hr at 4 °C, the E48 antigen was isolated by
immunoabsorbtion. Purified MAbE-48 IgG (kindly provided by Centocor
Europe Inc., Leiden, The Netherlands), was coupled to Affigel-10 (BioRad
Laboratories B.V., Veenendaal, The Netherlands) in 0.1 M MES (2-[N-
morpholino]ethanesulfonic acid), pH 4.8 for 16 hr at 4 °C. Unbound IgG
was removed by washing the material twice with MES for 10 min and twice
with EXB. The redissolved protein extract was incubated with the
immunoabsorbative for 16 hr at 4 °C under continuous gentle agitation,
and washed three times with EXB. The immunoabsorbed material was eluted
in 3 x 1 ml1 50 mM triethanolamine pH 12.5, 1% n-octyl-B-D-glucoside. The
eluted fractions containing antigen were concentrated with Centricon-3

microconcentrators, Mw cut-off 3,000 Da (Grace B.V. Amicon Division,
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Rotterdam, The Netherlands). Approximately 2 ug protein was run on a SDS-
PAGE gel wunder non-reducing conditions, blotted to Problott™ PVDF
(polyvinylidene difluoride, Applied Biosystems). After transfer, the
proteins on the membrane were stained with 0.1% Amido Black in 1% acetic
acid, 40% methanol. The protein band of 20 kDa was cut out and the amino
acid sequence determined by a protein sequencer (Applied Biosystems,
model U473A) The isolation was followed by Western blotting of samples
taken in every step. Small aliquots of the purified antigen were

radioiodinated and analyzed for purity.

PI-specific phospholipase-C treatment and FACS analysis

5x106 UM-SCC-22A and various control cells were washed with
anion-free buffer (225 mM sucrose, 20 mM HEPES, pH adjusted to 7.4 with
solid MgO and filtered” and treated with 0.3 U PI-specific phospholipase-
C (Boehringer Mannheim) in 200 pl anion-free buffer at 37 °C for 1 hr.
Cells were subsequently spun on microscopic glass slides, and stained by
immunocytochemistry, or washed with PBS (phosphate buffered saline!l!, and
prepared for Western blotting or FACS (fluorescence activated cell
sorting) analysis. For FACS analysis the treated cells were incubated
with the optimal concentration of MAbs in ice-cold PBS/0.1% BSA for b5
min at O °C. After washing in ice-cold PBS/0.1% BSA, the cells were
incubated with fluorescein-isothiocyanate (FITC) labeled goat anti-mouse
immunoglobulin conjugate (Becton-Dickinson, Etten-Leur, The Netherlands)
for 30 min at 0 °C in the dark. After washing the cells were analysed
immediately by a FACScan (Becton-Dickinson). The assay was checked by the
incubation of KB cells, overexpressing the CRG-anchored folate receptor,
and the anti-folate receptor antibody MOv18, and various antibody

controlg!®0:73,

SDS-PAGE and Western blotting.

UM-SCC-22B, UM-SCC-22A cells cultured in monolayer to 80%
confluency, and transfected COS-7 cells were washed with PBS, detached by
trypsinisation and lysed in Laemmli sample buffer without R-
mercaptoethanol%. Lysates were boiled, centrifuged, and applied on a
miniprotean II system (BioRad) for sodium dodecyl sulphate polyacrylamide
gel electrophoresis performed as described by Laemmli%, using a 12.5%
slab gel. Electrophoretic transfer of proteins from polyacrylamide gel to
nitrocellulose (Schleicher and Schiill, Dassel, Germany) or PVDF was

performed by a mini-transblot electrophoretic cell (Bio-Rad), at 100V for
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1 hr!'', After transfer, the nitrocellulose membrane was cut into strips
and incubated at room temperature with 2% BSA in PBS to block free
binding sites on the membrane. The "blocked" nitrocellulose membrane
strips were incubated for 1 hr with !%5I-labeled mMAbE-48 (100,000
cpm/ml). Finally, nitrocellulose strips were washed 3 x 10 min with
PBS/0.05% tween-20, dried, and autoradiographed by exposure to Kodak X-AR
5 (Kodak, 0dijk, The Netherlands) film for 1 day at -70 °C.

Probes

DNA fragments were separated from plasmid sequences by "Freeze
and Squeeze". In short, DNA digests were run on a NA agarose gel
(Pharmacia), the bands were cut out of the gel and frozen. The frozen
blocks were put between parafilm and the solution was squeezed out
(usually with a glass plate), followed by phenol/chloroform/isoamyl
alcohol (25:24:1) extraction and ethanol precipitation!!!. Probes were
made by labeling the isolated inserts with [a-3?P]JdCTP (NEN research
products, 3000 Ci/mmol) through multiprimed elongation®°.

DNA isolation, Southern blotting and hybridization

DNA was isolated from tissue culture cells according to
Brakenhoff et al.®®. 10-15 pg of DNA was digested to completion with
restriction enzymes, loaded on a 0.7% agarose gel and electrophoresed in
TAE buffer according to ref.!!!. The DNA was denatured by soaking the gel
in 0.4 M NaOH, 0.6 M NaCl for 30 min, and blotted by capillary transfer
to Genescreen-plus filters (NEN research products) in the same solution.
After transfer the blot was neutralized in 1 M NH, Acetate/0.02 M NaOH for
5 min and washed in 2x SSC. The filter was baked for 2 hr at 80 °C,
prehybridized in 7% SDS, 0.5 M sodiumphosphate buffer, 2 mM EDTA, pH 7.0
for 2 hr at 65 °C, and after addition of the denatured probe hybridized
at 65 °C for 16 hr. Filters were washed twice with 2x SSC, 0.2% SDS and
twice with 0.2x SSC, 0.2% SDS at 65 °C for 15 min, and the bands were
visualized by autoradiography with Kodak X-AR 5 film using intensifying

screens.

RNA isolation and Northern blotting

Total RNA was isolated from cultured cells according to Gough
(1988), and from tissues using RNAzol (Cinna Biotecx: Campro Scientific,
Veenendaal, The Netherlands). 20 pg of total RNA was loaded on a 1%

agarose formaldehyde gel and electrophoresed in MOPS buffer essentially
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as described by Sambrook et al.!'’. The RNA was Northern blotted by
capillary transfer in 10xSSC!!'! onto Genescreen plus filters, and

hybridized as described above.

Transfection and immunocytochemistry

The DEAE-dextran transfection of CO0S-7 cells occurred
essentially according to Brakenhoff et al.®S. CO0S-7 cells were trypsinized
and plated 1-2 days prior to transfection in a 25 em® culture flask
(Greiner, Alphen a/d Rijn, The Netherlands). The next day cells were
trypsinized, counted and 1x10° cells were resuspended in 0.5 ml RSC: RPMI
1640 (ICN Biomedicals B.V.), supplemented with 100 uM  chloroquine
(Promega) and 2% FCS (Hyclone). 5 to 10 pg DNA (1 pg/pl) was added to 2
ml RSC and mixed with 2 ml RSC-DEAE: 800 pg/ml DEAE dextran (Promega) in
RSC. After two min incubation at room temperature the cells resuspended
in RSC were added, and the suspension was incubated for two hr in the
tissue culture incubator wunder 5% CO, at 37 °C. The cells were
subsequently spun at 800g for 5 min and resuspended in 10 ml DMEM. 2x105°
cells (2 ml) or 2x10" cells (200 pl) were added to 18 ml or 1.8 ml DMEM
and seeded on a 70 cm® or 9.6 cm?® dish (Greiner, petridishes TC),
respectively. After 48-72 hr the cells were washed with PBS and air-
dried.

The transfected cells were fixed for 10 min with ethanol 96%.
The dishes were washed twice with PBS (5 min), pre-incubated for 15 min
with 2% normal rabbit serum (NRS; Nordic Immunological Laboratories,
Tilburg, The Netherlands) in PBS/1% BSA (Fraction V, Sigma), and
subsequently incubated for one hour with an appropriate dilution of the
specific MAb in PBS/1% BSA (2 ml per 70 cm® dish or 0.3 ml per 9.6 cm?
dish, respectively). The dishes were washed 3x with PBS and subsequently
incubated for 30 min with rabbit anti-mouse immunoglobulin (RAM; DAKO,
Glostrup, Denmark) diluted 1:25 in PBS/1% NRS/1% BSA. The dishes were
washed again 3 times with PBS and incubated for 1 hour with alkaline
phosphatase anti-alkaline phosphatase (APAAP; DAKO) diluted according to
the supplier in PBS/1% BSA. The dishes were washed again 3 times with
PBS, rinsed with alkaline phosphatase buffer (APB: 100 mM TRIS.HC1l, 100
mM NaCl, 10 mM MgCl,, pH 9.5) and incubated for 30 min with nitro blue
tetrazolium/5-bromo-4-chloro-3-indolyl phosphate substrate (NBT, BCIP;
both from Sigma) in APB (5 pl NBT and 1 pl BCIP stock solution per ml
APB; stock solutions: 20 mg/ml NBT in 70% dimethylformamide/30%

demineralized water, and 50 mg/ml BCIP in dimethylformamide). Dishes were
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rinsed with demineralized water and the nuclei stained with nuclear fast
red (Sigma) for 10 min (i g nuclear fast red, 70 gram Al,(S0,); per liter
demineralized water, boiled in a waterbéth and filtered before use). The
dishes were rinsed again with demineralized water and evaluated under a
microscope (Olympus, Paes Nederland B.V., Zoeterwoude, The Netherlands)
at a magnification of 50x and 125x. The staining is preserved for at
least one week without any loss of intensity.

MOP-8 cells, SV40-polyoma transformed mouse NIH/3T3 cells, were
transfected with DEAE dextran essentially as described for C0S-7 cells.
The amount of DEAE dextran, however, was reduced to 500 ug/ml, the amount
of DNA was decreased to 1 pg and the transfection time was reduced to 50

min.

Construction of an UM-SCC-22A cDNA library in pCDM8

Total RNA was isolated from UM-SCC-22A cells according to
Gough%®. 20 pg was primed with oligo-dT, and used for cDNA synthesis
(Promega cDNA kit). The cDNA was ligated to non-complementary EcoRI/BstXI
adaptors (Invitrogen; Sanbio) and separated from non-ligated adaptors on
Sepharose CL 4B (Pharmacia) spin columns. The fractions containing cDNA
larger than 500 bp were used for ligation into pCDM8 vector digested with
BstXI, and transformed to E. coli MC1061/P3 by electroporation as
described by Rommens et al.!®., The library, 7x10° clones, was divided
into 9 fractions, grown overnight, glycerol stocks were prepared and DNA
was isolated via Qiagen tip-500 columns (Qiagen; Westburg, Leusden, The

Netherlands) according to the supplier.

Isolation of clones by screening progressively smaller pools of bacterial
colonies

The 9 fractions of the library were transfected to C0S-7 cells,
and the cells were immunocytochemically stained with EU48 monoclonal
antibody as described. The fraction with the smallest number of bacterial
colonies and the largest number of positively stained cells was
determined, the glycerol stock of that particular fraction was titered
and the fraction was divided into ten subfractions of 1/5 of the number
of colonies from the parental fraction (thus screening a twofold excess
of bacterial colonies). A sample of the inoculated culture was spread on
agar plates to determine the exact number of colonies added. The
subfractions were grown overnight, frozen glycerol cultures were prepared

and DNA was isolated from the same culture, COS cells were transfected
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and .immunocytochemically stained. Repeated cycles of this analysis were
performed until the cDNA clone of interest was enriched to homogeneity.
DNA isolated by alkaline lysis (Sambrook et al., 1989) or Qiaprep-spin
spin columns (Qiagen; Westburg) are all suited for transfection. A small
amount (5%) of CD2 cDNA in pCDM8 was added to all DNA preparations to
control the transfection efficiency of each particular sample by staining
10% of the transfected cells on a small dish with anti-CD2 antibody.
(Sanbio). The E48 antigen encoding cDNA could be isolated in 6 steps.

Chromosomal localization

Chromosomal assignment of the E48 antigen gene was performed
using a panel of well defined human-rodent somatic cell hybrids using the
cDNA as a probe. Isolation of hybrid cell lines and determination of
chromosome content has been described previously66. Regional mapping was
performed using fluorescence in situ hybridization essentially as
described by Suijkerbuijk et al.’?® with a lambda genomic clone as a

probe, and analyzed on a Zeiss Axiophot epifluorescence microscope.

Table I: Expression of the E48 gene in tumor cell lines
In the first column the codes of the human cell lines and
tissues are given, in the second the type of tumor and the
tissue of origin and in the third the presence of E48 RNA as
determined by Northern blotting.

cell line origin positive
UM-SCC-22A squamous cell carcinoma ++
UM-SCC-22B squamous cell carcinoma +
OVCAR-3 adenocarcinoma ovary -
WiDr 29 adenocarcinoma colon -
Al31 epidermoid carcinoma vulva +
LNCAP adenocarcinoma prostate -
Tera-1 teratocarcinoma -
MCF-7 adenocarcinoma breast -
DOHH2 B-cell lymphoma -
NB-1 neuroblastoma -
U715 B-cell lymphoma -
Raji Burkitt lymphoma -
Hela epitheloid carcinoma cervix -
SiHa sguamous carcinoma cervix +
PC112 pheochromocytoma -

primary cells/tissues

keratinocytes oral cavity +
peripheral blood mononuclear cells -
adrenal gland -
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Table II: Segregation of human chromosomes and/or chromosome specific
markers and the E48 cDNA in rodent/human somatic cell hybrids
Southern blots with DNA isolated from human/rodent cell hybrids
were hybridized with the E48 cDNA as probe, and the categories
of discordants counted separately.
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Figure 1: Western blot of COS cells transfected with the E48 cDNA clone
COS cells were transiently transfected with no DNA (0), the CD2
cDNA clone in pCDM8 (CD2), and the E48 cDNA clone in pCDM8 (E48), and
harvested 48 hr post transfection. Cell extracts of the transfected COS
cells, and cell extracts of UM-SCC-22A (22A) and UM-SCC-22B (22B) as
positive control, were run on a 12.5% SDS-PAGE gel and electroblotted to
nitrocellulose. The blot was incubated with '?>I-labeled EU48 antibody, and
exposed to Kodak X-AR 5 film for 1 week using intensifying screens. The
pattern of a molecular weight marker in kDa (BioRad) is indicated on the

right.

Figure 2: Flow cytometry analysis of EU8 antigen expression on UM-SCC-22A
cells with and without PI-specific phospholipase-C treatment

UM-SCC-22A tumor cells were trypsinized and incubated in anion
free buffer with (+) or without (-) PI-specific phospholipase-C, followed
by incubation with MAbE-48 or an isotype matched control antibody (MAb
control), and goat anti-mouse FITC immunoglobulin conjugate. The cells
were analyzed by flow cytometry, and the corresponding histograms are
shown. On the X-axis, arbitrary units of fluorescence are indicated, and
on the y-axis the number of cells counted. The M1/M2 gates were adjusted
to 0.5% positive cells with the negative control antibody. Note that the
E48 antigen is released from the plasma membrane of the UM-SCC-22A cells
by PI-specific phospholipase-C treatment.

Figure 3: Southern blot and Northern blot hybridized with the E48 cDNA

left) 10 pg human genomic DNA was digested with EcoRI, BamHI
and HindIII respectively, run on a 0.7% agarose gel, Southern blotted and
hybridized with EU48 cDNA as a probe under moderate stringent conditions.
After hybridization the blot was exposed to Kodak X-AR 5 film for 64 hr
using intensifying screens. The fragment lengths in kilobases of lambda
DNA cut with HindIII are indicated on the left.

right) 20 pg total RNA isolated from C0S-7, MOP-8, UM-SCC-22A,
UM-SCC-22B cells and cultured primary keratinocytes were run on an 1%
agarose/formaldehyde gel, Northern blotted and hybridized with the E48
CDNA as a probe. The blot was exposed to Kodak X-AR 5 film for 24 hr
using intensifying screens. The length in kilobases of an RNA standard

(BRL, Gibco Life Technologies) is indicated on the right.
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Figure 4: Regional localization of the E48 gene on human chromosome 8q24-
qter '
Metaphase spreads of human chromosomes were hybridized in situ
with a biotin-labeled EMBL3 lambda clone containing the E48 gene. The
chromosomes were counterstained and analyzed as described by Sui jkerbuijk
et al.'®. Note the white spots indicated with an arrow in the centromeric
region of chromosome 15, and indicated with an arrowhead in the telomeric

region (8q24-qter) of chromosome 8.

Figure 5: Homology of the human E48 antigen with the murine Ly-6 antigen
family and the human CD59 antigen

Sequence similarity of the murine Ly-6 family and the human
CD59 protein with the human E48 antigen as determined by the computer
program Clustal, PCgene, Intelligenetics. Conserved residues are boxed,
only the sequences of the proteins as expressed on the cell membrane are
shown. The gaps indicated with asterisks were additionally introduced to
align the 7th conserved cysteine residue. Identical residues of the mouse
ThB and the human E48 antigen are indicated in bold. Sequences were taken
from LeClair et al.?®, Palfree et al.!®®, Davies et al.”®, Gumley et al.%,

1.82, MacNeil et al.1%2,

Fleming et a
Figure 6: Expression of the ThB antigen in squamous epithelia of the
mouse :

RNA was isolated from C57B1/6 (C) and BALB/c (B) tongue (To),
ear, epidermis of tail skin (TaSk), tail skin (Tail), liver (Li) and
spleen (Sp). Approximately 10 pg (Tail 3 ng, Ear 7 pg) was run on a 1%
agarose/formaldehyde gel, blotted to genescreen plus and hybridized with
the ThB cDNA as probe under moderate stringent conditions. The blot was
exposed for 64 hr (To, Ear, TaSk, Tail) or 2 weeks (Li, Sp) to Kodak X-AR
5 film using intensifying screens. Note the large difference in the level
of ThB transcripts in spleen RNA (Sp) between the ThB" (C57BL/6, lane C)
and ThB' (BALB/c, lane B) mouse strains, whereas the differences in RNA
level between these strains in squamous tissues (To, Ear, TaSk, Tail) is
negligible. The blot was subsequently hybridized with an 18S rRNA probe,
and exposed for 2 hr to Kodak X-AR 5 film. The hybridizing bands are

indicated at the lower panel.

Figure 7: Functional characterization of the E48 antigen

MOP-8 cells were transiently transfected with the E48 cDNA in
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pCDM8. They were removed from the culture flask after 48 hr by mild

trypsinization, and spun on microscopical glass slides, coated with 0.1%

poly-L-lysine, and immunocytochemically stained by MAbE-48 and APAAP.

Note the striking clustering of transfected and E48 expressing cells,

while the non-transfected cells are dispersed.

Figure 8: Sequence of the E48 encoding cDNA and amino acid sequence

The sequence of the EU48 encoding cDNA clone, isolated by
expression cloning in COS cells, is given in capitals. The underlined
amino acid sequences were determined by amino acid sequencing of the
purified antigen except for the cysteines indicated with C". The putative
polyadenylation sequence is indicated in bold and italicized. The
stopcodon is indicated with asterisks. The Xbal site at the 3' end as
well as the EcoRI sites at the 5' and 3' ends of the cDNA are derived
from the oligo(dT) primer-adaptor and BstXI/EcoRI adaptors used for the

construction of the cDNA library, respectively.

Figure 9: Cross-hybridisation of murine and human genomic DNA on Southern
blots wifh the E48 probe (nt 85-304 sequence id 1)

Genomic DNA isolated from the liver of a BalblC (Bc) mouse or
human blood (human) were cut with BamHI (B), EcoRI (E), HindIII (H) or
Pst I (P), run on an agarose gel, Southern blotted, hybridized and

autoradiographed.

Figure 10: Schematic Drawing of the E48 gene
| non coding exon sequences
| coding exon

—_ intron/gene flanking sequences
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Sequence ID.1

CDNA sequence encoding the E48 antigen (from nucleotide 24-408)
10 20 30 40 50 _ 60
| | : : | :
1 ACTGCTCCCAGACGACATCAGAGATGAGGACAGCATTGCTGCTCCTTGCAGCCCTGGCTG
61 TGGCTACAGGGCCAGCCCTTACCCTGCGCTGCCACGTGTGCACCAGCTCCAGCAACTGCA
121 AGCATTCTGTGGTCTGCCCGGCCAGCTCTCGCTTCTGCAAGACCACGAACACAGTGGAGC
181 CTCTGAGGGGGAATCTGGTGAAGAAGGACTGTGCGGAGTCGTGCACACCCAGCTACACCE
241 TGCAAGGCCAGGTCAGCAGCGGCACCAGCTCCACCCAGTGCTGCCAGGAGGACCTGTGCA
301 ATGAGAAGCTGCACAACGCTGCACCCACCCGCACCGCCCTCGCCCACAGTGCCCTCAGCC
361 TGGGGCTGGCCCTGAGCCTCCTGGCCGTCATCTTAGCCCCCAGCCTGTGACCTTCCCCCE
421 AGGGAAGGCCCCTCATGCCTTTCCTTCCCTTTCTCTGGGGATTCCACACCTCTCTTCCCC
481 AGCCGGCAACGGGGGTGCCAGGAGCCCCAGGCTGAGGGCTTCCCCGAAAGTCTGGGACCA
541 GGTCCAGGTGGGCATGGAATGCTGATGACTTGGAGCAGGCCCCACAGACCCCACAGAGGA
601 TGAAGCCACCCCACAGAGGATGCAGCCCCCAGCTGCATGGAAGGTGGAGGACAGAAGCCC

661 TGTGGATCCCCGGATTTCACACTCCTTCTGTTTTGTTGCCGTTTATTTTGTACTCAAATC

721 TCTACATGGAGATAAATGATTTAAACCAAAAAAAAAAAAAAATCTAGAGTCGGAATTCC

Total number of bases is: 779

Sequence ID.2

Amino acid sequence of the E48 antigen, translated from the cDNA sequence
ID.1 from nucleotide 24 to 408.

10 20 30 40 50 60
1 ! ] ! 1 |
~ i i i ! i 1
1 MRTALLLLAA LAVATGPALT LRCHVCTSSS NCKHSVVCPA SSRFCKTTNT VEPLRGNLVK
61 KDCAESCTPS YTLQGQVSSG TSSTQCCQED LCNEKLHNAA PTRTALAHSA LSLGLALSLL
121 AVILAPSL

Number of residues : 128
Molecular weight (MW) : 13286
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Seguence ID.3

E48-gene
E48-gene
E48~gene
E48-gene
E48-gene
E48~-gene
E48-gene
E48~gene
E48-gene
E48-gene
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48~-gene
E48-cDNA
E48~-gene
E48-cDNA
E48-gene

E48~-cDNA

GGATCCCCGGCATCTGAGACGTGGGGCTCAGCAAGGGAGAGATGCCGGGA

GGAAGGGCCAGAGGGTCTGTCTCAAGCCCAGGCCTGACTGGNCCCAGTAC
CCACGGTGCTCCCAAAAGCCTCAGCCCAGCCCAGGACCACCCTCCTCGGA
ACCGGTCCTGTCCTGCCCTGGGHCTGTTGT TGTCTGTTCATCAGCCACGT
GGCAGCGGWGGCAGGAGGCTGGGCCCAGGGWTGACCTCCATCTGTGCCCC
GGCTCCCACTCACCTTCAGCCTAGCCAGGGWAGGGGNAAGCAAGTCTGTG
GGCCCCTCCACACCACTCAGGTGGGTGCTGWCCAGCACAGGCGAGCGENA
GAGCGTNCTGGGWTGAACAGGTGGATGGGGGT~=1 kb-AGGATCCCGTC

CTGCGTGACGCTTCGACAGAGCCCTGCAGAATGCCGCTCGCTGGCGGACT

GCCCACCCCCGCCCAGCCCGTGCCTATAAGGCCTTGGCAATGCAGGGGCC

CGCACTGCTCCCAGACGACATCAGAGATGAGGACAGCATTGCTGCTCOTT

ll!llllllllllllIlllllIlIIIIIIIIIIIIIIIIII(IIIII
IlllIIIIIIIIIIIlltlllllllllllllllllll||l|lllll|

ACTGCTCCCAGACGACATCAGAGATGAGGACAGCATTGCTGCTCCTT

GCAACCCTGGCTGTGGCTACAGGGCCAGGTGAGGGGCTGGGCCAAGGGGA

NN NN NN
Lt bt e i brer ity

GCAGCCCTGGCTGTGGCTACAGGGCCAG====m=um

CGGGCGGGTGGGCGGCTCTGGCCTGTGTGETCACCAAATACAGGAGCCTG

=100
-150
=200
=250
~-300
=350
~400
-450
=500
~550
-47

=600

-850
=76

=800
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E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-geng
E48-cDNa
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNaA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene
E48-cDNA
E48-gene

E48-cDNA
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GCCCCCGGGACCTTAGCTCCGTTCAGGCCCTCAGAAACATAGCCATCTCC

S e e G . D D B T D D D G G S - G - - - - . . -

CTGCAGGTGGGGGAGCAGGCCCTGCTAAGTCACCAGGAGGCCTCTGTTGGE

GCCCGCTGAGCCGGACTCCCTCCCCGCCAGCCCTTACCCTGCGCTGCCAC

tri e etinvrretn
TEerLbsretrnrtberen

------------------------------ CCCTTACCCTGCGCTGCCAC

GTGTGCACCAGCTCCAGCAACTGCAAGCATTCTGTGGTCTGCCCGGCCAG

lll|IlIIIIIlllllllllllllllllllll||I|||Ill|llll|lll
AN RN SR R R R R R R R R

GTGTGCACCAGCTCCAGCAACTGCAAGCATTCTGTGGTCTGCCCGGCCAG

CTCTCGCTTCTGCAAGACCACGAACACAGGTGGGTAGCATCTGTCCAGGT

Prvrtravrt v entnisranty
Pidbrred byttt enneag

CTCTCGCTTCTGCAAGACCACGAACACAG====~=mmcmmmmcecacaaa

GTCCCTGGGGCTGGGGACATCCCTGGCTGTTGTGGGTGTTGGCTGGAAGS

CTGTGCCCAGTGGAGCCTCTGAGGGGGAATCTGGTGAAGAAGGACTGTGC

RN NN NN
B N N N A R R R

---------- TGGAGCCTCTGAGGGGGAATCTGGTGAAGAAGGACTGTGC

GGAGTCGTGCACACCCAGCTACACCCTGCAAGGCCAGGTCAGCAGCGGCA

B N NN
PERRT R R b bt b bbb bbb bbb v bbbt br g
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CLAIMS

1. A method for detection of squamous cell carcinoma and bladder
carcinoma in a sample, said sample preferably being of human origin, said
method comprising detection of expression of nucleic acid encoding a gly-
cosyl-phosphatidylinositol (= GPI)-anchored membrane protein in a manner
known per se for nucleic acid detection, wherein the GPI-anchored
membrane protein belongs to the family of human proteins having a
molecular weight below 30 kDa comprising a cysteine-rich amino acid
sequence with 10 cysteines in a contiguous amino acid sequence of 138
amino acids or less, said family to be referred to as human Cysteine-Rich
GPI-anchored proteins (=human CRG proteins), said family of proteins
preferably comprising the following consensus CX;_;CX;_;:CX3 gCX3 gCX;0.30CX,.
7CX10-30CCX; ¢CN, more preferably CX,; ;CX;_;5CX; gCX3.8CX;0.30CX5.7CX;0.30CCX; ¢DLCN
and most preferably CX,CXgCX,,,.5CX¢CX;,_5,CX3.5CX16-1oCCX, ,DLCN, in particular
the consensus CX,CXCXy,.5CXeCX12.22CX3_5CX16-1gCCX,DLCN and most preferably
the consensus CX,CX;CX;CX¢CX;,CX;CX;3CCX,DLCN, wherein X can be any amino
acid, C is cysteine, D is aspartic acid, L is leucine and N is

asparagine.

2. A method according to any of the preceding claims wherein the
consensus sequence comprises LX; ;CX; sCXs_15CX3_gCX3 gCX;0.30CXp-7CX;0-30CCX;.
gCN, more preferably LX;.3CX; . 5CX4_15CX5_8CX3.6CX10-30CX2-7CX16-30CCX; ¢DLCN, most
preferably LXCX,CXoCXyorsCX6CX12-20CX3-5CX16-1gCCX, ,DLCN, in particular the
consensus LXCX,CXqCXyo,5CXgCX;2.20CX3_5CX16-1gCCX,DLCN and most preferably the
consensus LXCX,CX;CX;CX¢CX,,CX5CX,gCCX,DLCN, wherein X can be any amino
acid, C is cysteine, D is aspartic acid, L is 1leucine and N is

asparagine.

3. A method according to claim 1 or 2, wherein the sample is a
sample normally free of mRNA encoding the CRG protein, such a sample for

example being bone marrow, lymph nodes or peripheral blood.

b, A method according to any of the preceding claims, wherein the
genomic sequence encoding the CRG protein is located on human chromosome

8 in the 8g24-gter region.

5. A method according to any of the preceding claims, wherein the
CRG protein belongs to the family of human Ly-6 proteins, said protein
preferably exhibiting more than 507% homology with the amino acid sequence

of sequence id no 2, preferably more than 66%, most preferably 90-100%.
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6. A method according to any of the preceding claims, wherein the
nucleic acid sequence to be detected comprises a nucleic acid sequence

according to any of the claims 18-24.

7. A method according to any of the preceding claims, wherein the
nucleic acid sequence to-be detected is a nucleic acid sequence encoding

the amino acid sequence according to sequence id no 2.

8. A method according to any of the preceding claims, wherein the
nucleic acid sequence to be detected is a nucleic acid sequence according

to sequence id no 1.

9. A method according to any of the preceding claims, wherein the
method for detection comprises use of a molecule capable of specifically
binding to a part of the nucleic acid sequence to be detected or the com-
plementary sequence thereof in the manner known per se for nucleic acid

detection.

10. A method according to claim 9, wherein the molecule is a nu-
cleic acid sequence of at least ten nucleotides capable of specifically
binding to a part of the nucleic acid sequence to be detected or the com-
plementary sequence thereof under normal to stringent hybridisation con-

ditions.

11. A method according to claim 9 or 10, wherein the manner known
per se for nucleic acid detection comprises nucleic acid amplification
such as reverse transcriptase polymerase chain reaction (RT-PCR) or nu-
cleic acid sequence based amplification (NASBA) with one or more primers
followed by detection of the amplified nucleic acid with a probe, said
method optionally including immobilisation of the amplified nucleic acid
sequence and detection of the immobilised amplified nucleic acid sequen-
ce, wherein said probe or primer can be a molecule as described in claim
10.

12. A method according to claim 11, wherein a part of the nucleic
acid sequence to be detected is amplified with the resulting amplified
part preferably comprising an exon-exon junction as can be achieved by
appropriate selection of primers for the amplification reaction, such as

a sense primer of exon 1 of the nucleic acid sequence according to se-
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quence id no. 1 and 3 and an antisense primer of exon 2 or 3 of the

nucleic acid sequence according to sequence id no. 1 and 3.

13. A method for determining the presence of minimal residual dise-
ase, micrometastases or dissemination of the squamous carcinoma type or
the bladder carcinoma type, comprising analysis of a sample, preferably a
human sample, said sample not normally comprising keratinocytes or epi-
thelial cells said sample for example being of lymph node tissue, blood
or bone marrow, said method comprising carrying out one of the methods

according to any of the preceding claims, wherein detection of the nu-
cleic acid sequence in the sample is indicative of minimal residual dise-

ase, micrometastases or tumor cell dissemination.

14, A method according to claim 13, wherein the sample to be tested
is blood or bone marrow that has been subjected to purging of squamous
carcinoma type cells and bladder carcinoma type cells therefrom in a

manner known per se.

15. A method for isolating nucleic acid encoding a protein belon-
ging to the family of human Ly-6 proteins, comprising subjecting nucleic
acid of a human sample to hybridisation with nucleic acid under normal to
stringent hybridisation conditions in a manner known per se, for example
using 6xSSC at 55 °C and rinsing with 6xSSC at 55 °C, preferably
hybridisation under stringent conditions, said nucleic acid sequence
being selected from a nucleic acid sequence according to any of claims
18-24 or from a part of said nucleic acid sequence according to any of
claims 18-24, said part being at least 10 nucleotides long and said part
preferably encoding the extracellular membrane bound portion of the pro-
tein such as the nucleotide sequence encoding the amino acid sequence
comprising a cysteine-rich amino acid sequence with 10 cysteines in a
contiguous amino acid sequence of a protein not exceéding 30 kDa, said
contiguous sequence preferably being 138 amino acids or less as defined
as the consensus sequence in claim 1 or 2 most preferably the consensus
sequence LXCX,CX;CXsCX¢CX,,CX;CX,sCCX,DLCN, corresponding to amino acids 21-
94 of sequence id no 1 or a segment of said extracellular membrane bound
portion, wherein X can be any amino acid, C is cysteine, D is aspartic
acid, L is leucine and N is asparagine, said method further comprising
subsequent steps for obtaining cDNA encoding the corresponding protein in

a manner known per se.
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16. - A method for treatment of squamous cell carcinoma and bladder
cell carcinoma comprising applying a pharmaceutically acceptable composi-
tion, preferably in an analogous manner to applying a vaccine to a pa-
tient, said pharmaceutical composition comprising an expression vector,
suitable for expressing nucleic acid in the patient, said expression vec-
tor expressing a nucleic acid sequence encoding a CRG protein such as
described in claims 1-5 as active component of the pharmaceutical

composition.

17. A pharmaceutical composition comprising an expression vector,
suitable for expressing nucleic acid in the patient, preferably being
suitable for humans, said expression vector expressing a nucleic acid
sequence encoding a CRG protein such as described in claims 1-5 as active
component in a pharmaceutically effective amount, a pharmaceutically

acceptable carrier and optionally an adjuvant.

18. A nucleic acid sequence encoding the amino acid sequence of
sequence id no 2 or being the complementary nucleic acid sequence there-
of.

19. A nucleic acid sequence according to sequence id no 1 or the

complementary sequence of sequence id. no. 1.

20. A nucleic acid sequence capable of hybridising to a nucleic
acid sequence according to claim 18 or 19 under normal to stringent hy-
bridisation conditions, preferably stringent hybridisation conditions in
a manner known per se, wherein normal hybridisation conditions comprise
hybridisation at T=55 °C, with 6xSSC and rinsing at T=55 °C, with 6xSSC
and wherein stringent hybridisation conditions comprise hybridisation at
T=65 °C, with 6xSSC and rinsing with 0,2xSSC at T=65 °C.

21. A nucleic acid sequence according to any of claims 18-20,
wherein the nucleic acid sequence encodes a consensus sequence as defihed
in claim 1 or 2, in particular a nucleic acid sequence encoding the amino
acid sequence 21-94 of the amino acid sequence of sequence id. no. 2,
such a nucleic acid sequence e.g. corresponding to nucleotides 85-304 of

sequence id. no. 1.

22. A nucleic acid sequence exhibiting at least 50% homology, pre-
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ferably at least 67% with more preference for 80-100% with a nucleic acid
sequence according to sequence id no 1 or the complementary sequence

thereof.

23. A nucleic acid sequence according to any of the claims 18-22

encoding a CRG protein.

24, A nucleic acid sequence according to any of the claims 18-23
encoding a product exhibiting biological activity of cell-cell/cell-
matrix adhesion in particular upon expression in human squamous carcinoma
cells such as UM-SCC-22B.

25. A part of a nucleic acid sequence according to any of claims
18-24, said part being at least 10 nucleotides in length and having a
length sufficient to use as probe or primer or said part being at least
21 nﬁcleotides in length and having a length suitable for eliciting
immune response as in a method according to claim 16, which lengths will
be apparent to a person skilled in the art, preferably the part will
comprise a part of the extracellular membrane bound portion of the CRG

protein, for example the amino acid sequence 21-94 of sequence id no 2.

26. An antisense nucleic acid sequence, being antisense to any of
the nucleic acid sequences according to claims 18-25 or to parts of the
nucleic acid sequences according to claims 18-25, said antisense nucleic
acid sequence being at least 10 nucleotides in length and having a length
sufficient to inhibit expression of the corresponding sense nucleic acid

sequence.

27. An expression vector comprising an antisense nucleic acid
sequence according to claim 26 operatively linked to a promoter enabling

expression of said antisense nucleic acid sequence.

28. A pharmaceutical composition comprising an expression vector
according to «claim 27 as pharmaceutically active component and a

pharmaceutically acceptable carrier.

29. A method for treatment of squamous cell carcinoma or bladder
carcinoma comprising administration of a pharmaceutical composition

according to claim 28 in a manner known per se for antisense nucleic acid
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therapy to a patient in a therapeutically effective amount.

30. A part of the nucleic acid sequence according to sequence id no
3, wherein the part comprises the promoter sequénce of the gene encoding
the hCRG protein of amino acid sequence id no 2, i.e. nucleic acid
sequence of nucleotide 1 to the first nucleotide of exon 1 according to
sequence id no 1, i.e. the part between nucleotides 1-495 (= the Apa I

site) of sequence id no 3.

31. An expression vector comprising the part of nucleic acid se-
quence according to claim 30 operatively linked to a further nucleic acid
sequence said further nucleic acid sequence encoding a therapeutically
effective product for the disease to be treated, such that the expression
vector will express the product specifically in squamous and bladder

cells when the vector is applied to a patient.

32. A method for determining the presence of minimal residual dise-
ase, micrometastases or dissemination of the squamous cell carcinoma type
or bladder carcinoma type, comprising analysis of a sample, preferably of
a human sample, said sample not normally comprising keratinocytes or epi-
thelial cells, said sample preferably being of lymph node tissue, blood
or bone marrow, said method comprising determining the presence of a CRG
protein, such a protein being described in claims 1-5, said determination
occurring in a manner known per se for protein detection, wherein
detection of the protein in the sample is indicative of minimal residual

disease, micrometastases or dissemination.

33. A method according to claim 32, wherein the sample to be tested
is blood or bone marrow that has been subjected to purging of squamous
carcinoma type cells and bladder carcinoma type cells therefrom in a

manner known per se.

34, A method according to claim 32 or 33, wherein the detection is
carried out by contacting the sample with a molecule capable of specifi-
cally binding to the CRG protein such a protein being described in claims
1-5, said molecule for example being an antibody, such an antibody for

example being obtainable according to claim 38.

35. A method according to claim 34, wherein the antibody is an an-
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tibody raised against a CRG protein, such a protein being described in
claims 1-5 or is an antibody preferably being raised against the isolated

or synthetic prctein, such an antibody for example being MabE.48.

36. A method for determining the presence of tumors of the squamous
cell carcinoma or bladder cell carcinoma type, comprising analysis of a
sample, preferably a human sample, said sample not normally comprising
keratinocytes or epithelial cells, said sample preferably being of blood
or serum, said method comprising determining the presence of an antibody,
preferably a human antibody specific for CRG protein, such protein being
described in claims 1-5, said determination occurring in a manner known
per se for antibody detection, for example by contacting the sample with
a protein or peptide comprising an epitope specific for the protein the
antibody is directed against and detecting the resulting complex, wherein
the presence of the antibody in the sample is indicative of the tumor or

minimal residual disease, micrometastases or tumor cell dissemination.

37. A method of purging cells of the squamous cell carcinoma or
bladder cell carcinoma type from a sample, preferably a human sample, in
particular from blood or bone marrow, said method comprising contacting
the cell with a molecule capable of specifically binding to a CRG
protein, such a protein being described in claims 1-5, said molecule for
example being removable from said sample and said molecule being added to
the sample in an excess amount to ensure removal of the protein and thus

also of the concomitant cells of which the protein is a part.

38. A method of obtaining antibody specific for a marker of squa-
mous cell carcinoma and bladder cell carcinoma in a sample not normally
comprising keratinocytes or epithelial cells, said method comprising iso-
lating a CRG protein, such a protein being described in claims 1-5 or
producing such a protein or a polypeptide comprising an epitope of such a
protein synthetically or through recombinant DNA technology for example
using a nucleic acid sequence according to any of claims 18-24 followed
by inserting the isolated or synthesized protein or polypeptide in a test
animal, removing subsequently produced antibody and optionally making a

hybridoma producing a monoclonal antibody in a manner known per se.

39. A method for treatment of minimal residual disease, micrometa-

stases or tumor cell dissemination of squamous cell carcinoma and bladder
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cell carcinoma comprising administering as a pharmaceutically active
component an antibody or a protein comprising the complementary
determining region (CDR) such as T-bodies, single chain fragments and
antibody fusion proteins as such or conjugated with antitumor agents like
radionuclides, photosensitizers, liposomes &and cytostatic drugs, said
antibody or CDR being directed specifically at an epitope of the CRG
protein, such a CRG protein being described in claims 1-5, and optionally
also administering a pharmaceutically acceptable adjuvant as used in

vaccines for humans.

ho. A method according to any of claims 32-39, wherein the CRG
protein has an amino acid sequence as defined in claims 1 or 2, or is
encoded by a nucleic acid sequence according to any of claims 18-24, said

CRG protein for example having sequence id no 1.

41: A composition suitable for squamous cell carcinoma or bladder
cell carcinoma therapy, consisting of an isolated or synthesized CRG
protein, such a protein being described in claims 1-5 or being a protein
with amino acid sequence id no 2 as such or a polypeptide comprising an

epitope of such a protein as active immune reaction stimulating component

or tumor targeting reagent and a pharmaceutically acceptable carrier and

optionally a pharmaceutically acceptable adjuvant as used in vaccines for

humans.
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