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20 hitherto unknown ways. These characteristics must be associated with expression

of specific proteins expressed by known or unknown genes. To identify such genes

may, therefore, be of great importance in the understanding of the mechanisms of

metastasis and thereby provide new leads or clues for diagnosis and therapy.

25 Several methods are being used in the search for genes that are highly expressed in
certain populations of cells and not in other, including procedures such as
subtractive hybridization cloning and the use of the differential display approach.
Most such cloning projects have involved the use of in vitro cell lines or clones as
starting material. However, it is known that cell lines may differ significantly from

30 the tumor cells from which they originated, and that in vitro culture conditions may
up- or down-regulate the expression of genes involved in deciding the ability of the
cells to invade extracellular matrices and stromal tissue as well as their overall
metastatic capacity.

35 A logical alternative to cell lines for comparing the expression of gene transcripts
or proteins of interest would be to use specimens of tumor tissue from primary
tumors and metastases from patients. Such an approach does, however, include
several possibilities for error and also technical difficulties. When using tumor
cells from different patients the expression of genes characteristic of each
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subpopulation of normal cells, preventing separation of the two types of cells.

20 In attempts to identify genes that are involved in the early stages of tumor
dissemination, it would be important to obtain tumor cells from the relevant sites
when the size of the secondary tumors is small, or if possible even from subclinical
tumor foci or cells. One example would be malignant cells present in blood or in
bone marrow before conventional diagnostic measures can demonstrate solid

25 manifestation of metastasis. Another example would be cancer cells present in
cerebrospinal fluid, in urine, or in effusions in pleural and abdominal cavities
before conventional morphological procedures can detect such cells. Moreover, at
primary surgery or if suspected for metastatic spread, lymph nodes are often
removed because they are enlarged. Morphological examination may, however,

30 still be negative in cases where a limited number of tumor cells still might be
present. In all these examples the present invention describes a means of detecting
and selecting the target tumor cells for gene cloning purposes.

In addition to using cancer cells obtained from different tissues or organs in

35 patients, the invention also describes another way of obtaining metastatic human
tumor cells for use in the search for genes with site-specific expression. Cells from
several human tumors have been grown in vitro or in immunodeficient animals in
vivo, and such cells have been used to establish experimental metastasis models or
models in which the cells can be grown orthotopically, i¢. in the clinically relevant
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possible to adequately separate tumor cells from the normal cells without including
20 an intermediate step of culturing the cells in vitro, involving manipulations to get
rid of the normal cells. However, such in vitro cultivation would result in a
selection of subpopulation of tumor cells in an environment quite different from
the situation in vivo, thereby inducing significant changes in gene expression
patterns. Therefore, for the purpose of identifying genes associated with the
25 metastatic process, cultivation of tumor cells from solid metastases cannot be used.
Moreover, it has not been regarded of interest to persons known in the field of gene
cloning to compare gene expression patterns in malignant cells in untreated solid
primary and metastatic tumors. Furthermore, in samples of blood and bone marrow
tumor cells, if at all present, constitute a very low fraction of the total number of
30 nucleated cells, and the malignant cells in blood and bone marrow have not been
regarded of interest for gene cloning attempts. This is because the tumor cells
could not be adequately separated from normal cells, and importantly also because
people known in the art of gene cloning have not expected that such malignant
cells were sufficiently different in gene expression patterns from those in the
35 parent tumors.

Cancer cells isolated from human tumors metastasizing to different and clinically
relevant target tissues and organs in immunodeficient animals have not been used
in attempts to identify tumor-associated genes with site-specific expression, simply
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used known techniques, as described in patent application PCT/NO93/60136 (WO

94/07139) and in PCT/NO95/00052. Since in the present case the purity of the
final target cell population is important, the immunomagnetic selection process
may be performed more than once, or may be performed as a combination of

30 positive (with target-cell recognizing monoclonal antibodies) and negative (with
antibodies that bind to unwanted cells) selection. These techniques have been
successfully used to isolate target cells from blood, bone marrow, malignant
effusions, and from single cell suspensions prepared from solid tumor tissue of
primary tumors and lymph node and other metastases. Similarly, the selection of

35 human malignant cells from normal stromal or hematopoietic cells in animal hosts
has also been demonstrated, even in cases where the tumor cells resided in bone,
bone marrow, the spinal cord or in brain tissue. Since one objective would be to
search for genes with products involved in the early stages of metastasis formation
it may happen that only relatively few tumor cells can be obtained, the purity of
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20 cells, either from patients or from animal models, are isolated and treated for DNA

and RNA studies directly and very rapidly to avoid unwanted alterations in gene

expression not related to the objective of identifying genes with site-specific

expression.

25 Different methods used for cloning new genes have their inherent limitations. The
differensial display-methods based on polymerase chain reaction techniques may
suffer from problems related to representativity and reproducability. With our
approach we have consequently included steps aimed at minimizing such problems.
This has been achieved mainly by the use of the immunobead selection technique

30 which makes it possible to study specifically biologically representative cells, not
only for the first differential display step, but also in the steps where the candidate
genes are examined for expression levels in relevant cells and tissues.

35  Examplel:
Tumor cells from the primary tumor and axillary lymph nodes from a breast cancer
patient were prepared by physical and enzymatic methods 10 obtain a single cell
suspension. A bone marrow sample (50 mf) was aspirated and a peripheral blood
sample was obtained by venous puncture, and the mononuclear cells from both
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be conpared @ology, from bone marrow or in tumor cells immunomagnetically isolated
from lymph node metastases, we have found one cell cycle related transcription
factor, one oncogene product, in addition to genes not yet identified. The
20 expression of the two identified gene sequences in biologically relevant model
systems and clinical material is presently being analyzed.

Example 2:
In this example, cells from a model for experimental metastasis of a human breast

25 cancer were used. In athymic, nude rats injection of MA-11 human breast cancer
cells into the cisterna magna (CM) results in leptomeningeal spread and growth of
the malignant cells. Moreover, MA-11 cells injected into the left cardiac ventricle
(LV) form metastases in the spinal cord which result in the development of hind
leg paralysis in the animals after approximately 35 days. Tumor cells from both

30 locations were obtained by mincing the host tissue and preparing single cell
suspensions, and the immunobead technique described under example 1 was used
to positively select the malignant cells. Thereafter, RNA extraction of cells from
the two sites, together with in vitro cultured MA-11 cells was performed and the
material similarly subjected to the differential display cloning procedure as already

35 described. In addition, mRNA extracted from relevant normal tissues in the rats
were included as controls. It should be noted that the MA-11 cell line was
established from micrometastatic tumor cells isolates with the immunomagnetic
method from the bone marrow of a stage II breast cancer patient. Several candidate
fragments specific for the cells growing in the leptomeninges or as metastases to
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35 Exanpl e dorrelated to propigedior fad Mefas@bis lof Breaki dhAE dellEDBoth gdnéwrk lary

| ynph nodes f rl%{)eﬂ ég Q@%’gﬁ’im r% pronnsn%ﬁ cﬁﬁ%qnféqéen@'eéﬁdlﬁr ﬁpﬁgo vacl %@%@ I cal

and enzy

Marrow sa I e YRsesylatpd m@%ﬁp %18’@@’%8‘ the leptomenipggs- §FYR5 °th°r can @éﬁ?ﬁl e
was obt ai ned baresthoabe furtter lnaiyzadnﬂotbmhmomdcﬂ.‘éw cDNAl fullflength lotining

has been initiated.

Example 3: :

20 In a similar model to that described in example 2, MT1 human mammary cancer
cells give rise to growth in the leptomeninges after CM injection, whereas LV
injected cells metastasize to the bone marrow and bone in the vertebra of the spine
and in the long bones. Cells from these two locations as well as in vitro grown
cells have been isolated and RNA from the different cell populations has been

25 extracted. Similar cloning procedures to those described in example 2 can be
applied to this material.

Example 4:

Tumor cells isolated by the technique described in example 1 have been isolated
30 from other breast cancer patients, from patients with colorectal cancers where the

tumor cells were isolated from primary and recurrent tumors, from lymph nodes

and liver metastasis, and blood and bone marrow samples, and from prostate cancer

patients with cells selected from primary or recurrent tumor specimens, from

lymph nodes in addition to specimens from blood and bone marrow. The isolated
35 cells can be used for gene cloning purposes.

In addition to the use of the material described in examples 1-4 for gene cloning, it
can be used for examining the expression patterns of all gene sequences of
sufficient promise.
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reverse thg”l”?"&?%crl ption were anplified by polymerase chain reaction.
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specific expression either in tunor cells isolated, with our magnetic

| rmunobead 2. Méthed aedopdiig td £iaith Qone marrow or in tunor cells

I mmuno net fro h .nod t as

found oue. ceiPastbrisSEUPGE the useq teryds SPhe o ERTnigRA s BptelEfiTromh Solinc
product, i n PR |%ﬁ°ﬁ“éfegbﬂ’§5°rﬁ@9d@étff%mtaﬁmf§cfmﬂr suclp@mors txbymgbsi on of
the two i dertodes;endpebbodie and’ocbenel Marbow;] ndidt dohy tikle Lxildr B Chnd/or

systems and jghddiaG@bor %frf‘aﬁ hélvo *x?s%‘e%?‘eaﬂh}o\{ﬁggﬂxt%&}rmz?@em sjand aExarrpI €

2. In thi's exa or “exper.l stasi s
of a human HFEAES ugae; Yt ‘a\iéi“@alg‘éﬁ aqdfPrd’tt\*R]ﬁFﬁa“ fité8e rats injection

of MA- 1% human breast cancer cells into the cisterna magna (CM
results in I3ept OINE&th6d) 8dordiRg @AElail] g owt h of the malignant cells.

Mo | ef di
f or m ot ast A2AL .gﬂ%‘? b W&F?’%éfﬁﬁmée@ﬁaﬁg%}r&%& ot FiadE el ptosionss i o
| eg par al ysiReRaged fi 9 iddrmopmanifestations,andéardrom swngnyalearplidractions s from

both 30 | ebtainahfromebone aitraiweobloyd Biniysies) anti/oe floastellsipreseat adthé epar i ng
si ngl e 2gel | pody fluigsuspensi ons, and the | munobead techni que descri bed
under exanpl e { was used to positively select the malignant cells.
Thereafter, RNA extraction of cells from the two sites, together
with in vitre cuMehedasgarding te¢lains\b2, per f or med and t he mat eri al

simlarly suwhpaesdterdzédin that Gk nfBigRRit Rlls Giedtréih $ilr8 TultBraldOREUH Qs
al r eady cells; and/or human tumor cells grown in specific tissues in immunodeficient
25 animals; and/or experimental human tumor metastases in such animals.

S. Method according to claims 1-4,
characterized in that RNA and/or DNA are extracted from the isolated cells.

30 6. Method according to claim 5,
characterized in that the extracted nucleic acids are used for gene cloning
purposes.

7. Method according to the above claims,

35 characterized in that the said gene cloning method is the differential display or
the subtractive hybridization approaches, or any other procedure that can be used to
identify genes with differential expression.
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candi dat . _are sti|l to bg 1

cDNA ful EI enﬁﬁwaﬁqv@ﬁ‘i”ﬁéﬁe genes orﬁ'gg rﬁgg‘ﬁ:t?'ni tiated. Exanpl e 3: 20
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LV and their expression products in target cells present in cell environments different

or not from their origin.
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cells primary or recurrent tumors; and/or from metastases from such tumors to lymph
nodes; and/or blood; and/or bone marrow; and/or bone tissue; and/or liver; and/or

15 lungs; and/or central nervous system; and/or malignant pleural effusions and

ascites, urine; and/or cerebral spinal fluid; and/or other organ sites.

3. Method according to claims 1-2,

characterized in that the malignant cells are isolated from single cell suspensions
20 prepared from solid tumor manifestations; and/or from mononuclear cell fractions

obtained from bone marrow or blood samples; and/or from cells present in other

body fluids.

4, Method according to claims 1-2,

25 characterized in that the malignant cells used are in vitro cultivated human tumor
cells; and/or human tumor cells grown in specific tissues in immunodeficient
animals; and/or experimental human tumor metastases in such animals.

5. Method according to claims 1-4,
30 characterized in that RNA and/or DNA are extracted from the isolated cellis.

6. Method accérding to claim §,
characterized in that the extracted nucleic acids are used for gene cloning

purposes.
35
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AMENDED SHEET ¢ Method according to claim 8,

characterized in that the expression patterns of identified gene sequences are
studied on material obtained from all relevant tumor cell sites described in claims
15 1-4.

10.  Method according to the preceding claims,

characterized in that previously unknown genes identified in preceding claims are

used for gene therapy purposes, and/or as targets for procedures aimed at altering
20 or inactivating the genes or their products.

11.  Use of the method according to claim 1, to obtain specific gene sequences
and their expression products in target cells present in cell environments different
or not from their origin.

REPLACENSH| fu: .

H 3
‘_.

12 MAR 1999

AMENCED SHEET



7.

Met hod

) Met hod according to the above cl ains,

‘the said gene cloning nethod is the differential
subtractive hybridizati on approaches,
used to

or
identify genes with diffe

accordin claim?7 WORLDINTB..LBCGm

U5~ 3
characterlzedxmm
di splay or &ifL
any other procedure that can be
rential expression. Gk
bicafzitiont hat  anigy

pRUPEREY
obt ai ned from mal I'ghant cel|'s sel ect @mationsi Bureas fom (i fferent sites are
studi ed afNTERNATIONAL APPIICATIONGIUREISHEDSYNRERITHE BATENTHORRPERATION TRBATY(PCT)

i nt ere$
identifl
characte

ere

&)Qﬂuﬁﬁaﬁwﬁgﬁéhkh&mﬂ$ SIte-pr
C

929 Y 9@{%@&5&%&8@. oA

pa
studied—onmrnateritat

uﬁ?‘nﬁ’%{“ xh%'imgon%fusbe?eq“e”% 156004’
tagnmﬁnmﬁuvdmammmued g TS LIS EF)

I UTTI d.l I Tl EVd.IIL oot tCI I sttes

are
descri
pr eced
I dent i
and/ or
t he ge
claimi
pr oduc
not fr

DTN Apaicats

UUL CI LLLS

DU hitdimatdngli Applicalibn Numbées 4.  PCT/N097/00083 ]

B Sl ChALAG!Sh Lesd
in prec |ng clains ar
as targets for procedures ained at

@Y Prg Tﬂ? progl
s Bl o 90 quoRBds

ain speC| I'c gen

s in target ceIIs present in cel
: FODSTAD, @ystein [NO/NOJ;
ssomnno;

(72) Inventors; and

(75) Inventors/Applicants {for US only); ENGEBRATEN, Olav
[NO/NO}; Hancborgsveien 43A, N-1470 Larenskog (NQ).
REE, Anne, Hansen [NO/NO}; Kirkeveien 87A, N-1344
Haslum (NO). HOVIG, Johamnes, Eivind [NO/NOJ;
Sognsveien 31, N-0851 Oslo (NO).

(74) Agent: ONSAGERS PATENTKONTOR A/S: P.O. Box 265
Sentrum, N-0103 Oslo (NO).

$S

@81) Desigvistbd Biaghs: A1.CAM,NTNAD, (AR, BADES, BG, mz

QT

alt @(ﬁ% SRGE, SG, $Iy SK| TIaTNL ITR AT, VY UG,
G).

2o e QRS b0 b

envi rFR/areaR. J3E, or, LO.eoN@ NL, PT, SE), OAPl@itcnt
mrmcpcscncmmcnmmxns,snm
TG).

Published
With international search report.

(57 Abstract

(54) Title: IMMUNO-MAGNETIC CELL SEPARATION USED IN IDENTIFICATION OF GENES ASSOCIATED WITH SITE-
PREFERENCED CANCER METHASTASIS FORMATION

Method for identifying genes with site specific or site preferred expression in target cclls that are initially detected and isolated by
repeated immuno-magnetic procedures, The purified target cells are then
malignant cells, e.g. metastatic cells. Gene cloning methods may include the differential display or substractive hybridization approaches.
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