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METHODS AND REBAGENTS FOR THE RAPID AND EFFICIENT
IBOLATION OF CIRCULATING CRNCER CELLS

¥IELD OF THE INVENTION

This invention relates to the fields of oncology
and diagnostic testing. The imvention is useful for
cancer goreening, staging, monitoring for chemotherapy
treatment responses, Cancer recurrence ot the like,
More specifically, the present invention provides
reagents, wethods and test kits which facilitate
analysis and enumeraticn of tumor cells, ox other rare

cells isolated from biclogical samples.

BACKGROUND OF THE INVENTION

Each vear in the United States, approximately
500,000 new cases of cancer are diagnosed; one out of
every five people in this countxy will die frow cancer
or from complications associated with its treatment.
Considerable efforts are continually directed at
improving treatment and diagnoesis of this disease.

Most cancer patients are not killed by their
primary tumor. They succumb instead to melastases:
muiltiple widesprsad tumor colonies egtablished by
malignant cells that detach themselves fxom the original
tumor and travel through the body, often to distant
sites. If a primery tumor iz detected sarly encugh, it
can often be eliminated by surgery, radiation, or
chemotherapy or some combination of those treatments.

Unfortunately, the metastatic colonles are harder Lo
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daetect and eliminabe and it is often impossible to treat
a1l of them successfully. Therefore, from a clinical
point of view, metastasis can be considersd the
conclusive event in the natural progression of cancer,
Moreover, the ability to wmetastasize is the property
that uniguely characterizes a malignant tumor.

Cancer metagtasis comprises a complex series of
secquential events. These are: 1) extension from the
primary leous inte surrounding tissues; 2)  penetration
into body cavities and vessels; 3) release of tumor
cells for transport through the circulatory system to
distant sites; 4) reinvasion of tissue at the site ef
arrest; and 5} adaptation to the new environwent 20 as
to promote tumor cell survival, vascularization and
cumor growth.

Raged on the complexity of cancer and cancer
metastasis and the frustration in treating cancer
patients over the years, wany attempts have been made Lo
develop diagnostic tests Lo gulde treatment and nonlcor
the effects of such treatment on metastasis or relapse.
such tests presumably could also be used for cancer
screening, replacing relatively zrude tests such as
marmegraphy for breast tumors or digital rectal exams
for prostate cvancers. Towards that geal, a number of
tests have been developed over the last 20 ysars and
their benefits evaluated. One of the first atbewpts was
vhe formulation of an iwmmuncassay for carcinoembryonic
antigen [CEA]. This antigen appears on fetal cells and
reappears on tumor cells in certain cancers. Extensive
efforts have peen made to evaluate the usefulnese of
testing for CEA as well as many other “Lumor” antigens,

such as PSA, CA 15.3, CAl2S, P8MAR, CAR7.2%, These
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efforts have proven to be somewhat futile as the
appearance of such antigens in blood have not been
generally predictive and are often detected when there
is livtle bope f£or the patient. In the last few years,
however, ops test has proven to be useful in the early
detection of cancer, viz., Prostate Specific Anbigsn
ipsnl for prostate cancers. When used with follow-up
physical examination and biopsy. the PSA test has played
a remarkable role in detecting prostate cancer sarly, at
the time when it is best treated.

Despite the success of PSA resting, the test leaves
much to be desired., For example, high levels of PSA do
not always correlate with cancer nor do they appeary to
be an indication of the metastatic potential of the
tumor. This may be due in part to the fact that PSA is
a compenent of normal prostate tissue as well as other
unknown factors. Moreovex, it is becoming clear that a
large percentage of prostate cancer patients will
continue te have localized disease which is not life
thraatening. Based on the desive to obtain better
concordance between those patients with cancers that
will metastasize and those that won't, attempts have
baen made to determine whether or not prostate cells are
in the girculation. When added to high PSA levels and
biopsy data, the existence of circulating tumor cells
wight give indications as to how vigorcusly the patient
ghould be treated.

The approach for determining the presence of
circulating prostate tumor cells has been to test for
the expression of messenger RNA of PSA in blood. This
is being done through the laborious procedure of

igclacing all of the mR¥A from a blood sample and
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performing veverse transcripbase PCR. As of this dste,
{(Gomella LG, J of Urclogy. 158:326-337{1337)) no good
correlation exists betwesn the presence of such cells in
nlood and the ability to predict which patients are in
nead of vigorous treatwent. It is noteworthy that PCR
iam difficult, if not impossible in wany situations, to
perform guantitatively, i.e., determine number of tumor
cells per unit volume of biological zample.
additionally false positives ars often cheserved using
thig technigue. There is an added dyvawback which is
that there is a finive and practical limit to the
sengitivity of this technigue based on the sample size
examined. Typically, the test is performed on 107 to 10%
cells purified away from interfering red blood cells.
This corregponds fo a practical lower limit of
sensitivity of cnes tumor cell/ ¢.1 ml of blood. Hence,
there needs to be about 10 tumer sells in a ml of blood
before signal is detectable. As a further
consideration, tumor cells ave oiten genetically
unstabla. Accordingly, cancer cells having genetlc
rearrangements and seguence changes may be missed in a
PCR assay as the reguisite sequence complementarity
betwesn PCR primers and target seguences can be lost.

In summary, = useful diagnostic test needs to be
very sensitive and reliably gquantitative. 1f & blood
tept can be develeopsd where the presence of a single
tumor cell can be detected in one wl of blood, that
would correspond on average to 3080 - 4000 total cells
in cireulation. In innoculum studies for establishing
tumors in animals, that number of cells can indeed lead
to the establishment ¢f a tumor. Further if 3000-4000

circulating cells vepresents 0.01% of the total cells in
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a tumor, then it would contain about 4 x 167 total cells.
A bumer containing that number of o2lls would not be
visible by any technigue currently in existence., Hence,
if tumor cells are shed in the sarly stages of cancer, a
test with the sensitiviity wmentioned above would detect
the cancer. If tumor cells are shed Iin some functional
relationship with tumor size, then a guantitative tLest
would be heneficial to assesging tumer burdsn.
Hevetofore rhere has been no informeticon regarding the
existence of circulating tumor cells in very sarly
cancers. rFurther, there are very congiderable doubts in
the nedical literaturs regarding the existence of such
cells and the potential of such information, The
general view is that tumors are initially well confined
and hence there will be few if any circulating cells in
early stages of disease. Also, theve are doubfs thait the
ability to detect cancey cells early on will give any
ugeful information.

Baged on the above, it is apparent that a method
for identifving those cells in cireculation with
metashatic potential prior to establishment of a
secondary tumor is highly desirxable, particularly early
on in the cancar. To appreciate the advantage such a
teat weuld have over conventional immuncoassays, consider
that a highly sensitive immuncassay has & lower limit of
functional sermsitivity of 1077 moles. If one tumor cell
can be captursd from a mi of blood and analyzed, the
number of moles of surface receptor, assuming 100,000
receptors per cell would be 1077 moles. 8ince about 300
molecules can be detected on a vell such an assay would
have a funcbional sensitivity on the order of 10

moles, which is quite remarkable. "o achieve that level
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of gensitivity in the isclation of such rare cells, and
teo isolate them in a fashion which does not compromige
or interfers with their chavacterization is a formidable
tagk. .

Many labopatory and clinical procedures employ bic-
specific affinity reacticns for isclating rare cells
from biciogical samples. Such reactlons are commonly
employed in diagnostic testing, or for the separation of
& wide range of target substances, especially biological
entities such as cells, proteins, bactevia, virusses,
nucleic acid seguences, and the like.

Variong methods ars available for analyzing or
separating the above-mentioned target substances based
upon complex formation between the substance of interest
and ancther substance to which the targs:t substance
specifically binds. Separation of complexzes from
unbound material may be accomplished gravitationallg,
e.g. by settling, or, alternatively, by centrifugation
of finely divided particles or beads coupled to the
target substance. If desired, such particles or beads
may be made magnetic to facilitate the bound/free
separation step. Magnetic particles are well xknown in
the art, as is their use in immune and other bio-
specific affinity reactions. SZee, for example, US
Patent No. 4,554,088 and Immnuncassays for Clinical
Chemistry, pp. 147162, Hunter et al. eds., Churchill
Livingston, Bdinburgh (1$83). Generally, any material
which facilitates magnetic or gravitaticnal separation
may be employed for this purpose. However, it has
become Clear that magnetic separation means are the
method of choice.

Magnetic particles can be classified on the basis
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of size as large (1.5 to about 50 microng), swmall (0,7-
1.5 microns), or colloidal {(«<200nm}, which are also
refarred oo as nanoparticles. The latter, which are
alzo known as ferrofluids or ferrofluild-like materials
and have many of the properties of classical
ferrofluide, ars sometimes referred to herein as
colloidal, superparamagnetic particles.

small magnetic particles of the type described
above are guite useful in analvses involving bio-
agpecific affinity reactions, as they are conveniently
coated with biofunctional polymers {e.g., proteins),
provide very high surface areas and give reascnable
raaction kinetics. Magnetic particles ranging from 0.7-
1.5 microns have been described in the patent
Titerasure, including, by way of example, US Patent Nes.
3,970,5318; 4,018,885; 4,230,685; 4,267,234; 4,45%2,773;
4,554,088; and 4,659,678, Certain of these particles
are disclosaed to be useful solid supports for
immunological reagents.

Small magnetic particles, such as those mentioned
above, generaliy fall into two broad catsgories. The
First categery includes particles that are permanently
magnetizable, or ferromagnetic; and the second comprises
particles that exhibit bulk magnetic behavicr only when
subiectad to a magnetic field. The latter are referred
to asg magnetically reaponsive particles. Materials
displaying magmetically responsive beshavior are
sometimes described as superparamagunetic. However,
materials normally considered ferromagnetic, &.g.,
magnetic iran oxide, may be characterized as
superparamagnetic when provided in crystals of about

agnm or iess in diameter. Relatively larger crystals of
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ferromagnetic materials, by contrast, rebain permanent
magnet characteristics after exposure te a magnetic
field and tend to aggregate thereafter due to strong
particle-particle interactions.

Like the small magnetic particles mentioned sbove,
large magnetic particles (» 1.5 microns to about 59
microng) can also exhibit supsrparamagngtic hehavior.
Typical of such materials are those described by
Ugelstad in US Patent No.4,654267 and manufactured by
Dynal, {(Oslo, Norway). The Ugelstad progess involves
rhe synthesis of polymer parbicles which are caused Lo
swell and magnetite crystals are embedded in the swelled
particles. Other materials in the same size range are
prepared by synthesizing the polymer particle in the
presence of dispersed magnetite orystals. This results
in the trapping of magnestite corystals in a polymer
matrix, thus making ths resultant materials magnetic,

Iin both cases, the resultant particles have
superparamagnetic behavior, which is manifested by the
ability to disperse readily upen removal of the magnetic
field. Unlike magnetic colleoids or nanoparticles
previously referred to and discussed in further detail
below, these materials, as well as small magnetic
particles, are readily separated with simple laboratory
magnetics because of the mass of magnetic material per
particle. Thus, separations are effected in gradients
from as Low s a few hundred gauss/om on up to about 1.5
kilogauss/om. Colleidal magnetic particles, (below
approximately 200mm),on the other hand, reguire
gubstantially higher magnetic gradients because of thelr
diffusion energy, small magnetic mass per particle and

Stokes drag.
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U5 Patent No. 4,755,638 to Owen 8t al. relates to
polymer-coated, colloidal, superparamagnetic particles
which are produced by the formation of magnetite from
Fe'¥/¥a*? salts in the presence of polymer. US Pat. No.
4,453,773 to Molday describes a material similar in
properties to those described in Owen et al., which I8
produced by forming magnetite and other iron oxides from
Fe?/Fe' via base addition in the presence of wvery high
concentrations of dextran. The resulting particles from
both procedures exhibit an appreciasble tendency not to
sertle from agueous suspensions for observation pericds
az long as several wmonths. Materials so produced have
colloidal properties and have proved Lo be very useful
in cell separation, The Molday technology has been
commercialized by Miltenyi Biotec, Bergisch Gladbach,
Germany and Terry Thomas, Vancouver, Canada.

Anothey method for producing superparamagnetic,
colloidal particles is described irn US Pat. No.
5,597,531, In contrast to the particles descoribed in
the Gwen et al., or Molday patents, these latber
particles are produced py directly coating a
biofunctional polymer cnto pre-formed superparamagnetic
arystals which bave been dispersed by high power sonic
energy inte guasi-stable crystalline clusters ranging
from 25 to 120mm. The resulting particles, referred to
hersin as direct-ceoated particles, exhibit a
gignificantly larger magnetic mowent than colloidal
particles of the same overall size, such as those
dascribad by Meolday or Owen et al.

Magnetic separation technigues are known whersin a
magnetic field is applied to a fluid wedium in ovder to

separate ferromagnetic bodies fyom the £luid medium. In

JP 2013-47688 A 2013.3.7
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contrast, the tendency of celloidal, superparamagnetic
particles to remain in suspension, in conjunction with
their relatively weak magnetic rssponsiveness, reguires
rhe use of high-gradient magnetic separaticn (HGMS)
technigues in order to separate such particles from a
non-wmagnetic fluid medium in which they are suspended.
In HOMS systems, the gradient of the wmagnetio field,
i.e., the spatial darivative, exerts a greater influence
upon the behavior of the suspended particles than is
exerted by the strength of the field at a given point.

HGMS systems can be divided into fwe broad
categories. One such category includes magnetic
geparation systems which employ a magnetic circouit that
is entirely situated externally to a separation chamber
or vessel. BExamples of such external separalors are
described in US Pat. No. 5,186,827 to Liberti et al. In
several of the embodiments described in this patent, the
requisite wagnetic field gradient is produzed by
positioning permanent magnets arcund the periphery of a
non-magnetic container such that the like poles of the
magnets are in a fisld-opposing configuration. The
gxtent of the magnetic field gradient within the test
medium that may be obtained in such a system is limited
by the strength of the magnets and the separation
digtance between the magnets. Hence, there ig a finite
limit to gradients that can be obtained with external
gradient systems.

Another tyvpe of HGMS separator utilizes a
ferromagnetic collection structure that is disposed
within the rest medium in order to 1) intensify an
applied magnetic field and 2) produce a wmagnetic field

gradient within the test mediwn. In one known type of

10
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internal HGMS system, fine steel wool or gauze is packed
within a column that is situated adjacent to a magnet.
The applied magnetic field is concentrated in the
vicinity of the steel wires so that suspended magnastic
particles will be atiracted toward, and adhere to, the
gurfaces of the wires. The gradient produced on such
wires is inversely proportional to the wire diameber,
such that magnetic reach decreases with increasing
diameter. Hence, very high gradients can be generated,

One drawback of internal gradient systems ig thal
the use of stesl wool, gauze material, or stesl
microbeads, may entrap non-magnetic components of the
test medium by capillary action in the vicinity of
intersecting wires oY within interstices between
intersecting wires. Various coating procedures have
been applied to sush internal gradient columng (see,
e.g., US Patent Nos. 5,693,835 teo Milrenyld and 4,375,407
ro Kronick), however, the large surface area in such
svstems still creates recovery concerns due Lo
adsorprion. Hence, internal gradient systems arse not
desirable, particularly when racovery of very low
frequency captured entities is the goal of the
separation. Furthermore, they make automation difficult
and costly. Both the materials described by Owen st
al., and Molday require the use of such high gradient
columns.

In contrast, HGMS approaches using external
gradients for cell separation provide a number of
conveniences. irstly, simple laboratory containers
such as test tubes, centrifuge bubes or even vacutalners
{used for blood collection) can be employed. Wnen

external gradients are of the kind that produce
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monclayers of separated cells, as is the case with
quadrupole/hexapole devices of the above-mentioned US
pat. No.5,186,827 or the opporing dipele arrangemsant
described in US Patent 5,466,574 to Liberti et al.,
washing of cells or subsequent manipulations are
facilitated., Further, recoveries of cells from tubes or
similar containers is a simple and efficlent process.
This is particularly the case when comparsd to
recoveriss from high gradient columns. Such separation
vessels also provide another important featurs, which is
the ability to reduce sample volume. For example, 1f a
particular human blood cell subset, {e.g. magnetically
labeled CD 24° cells), is isolated from a 10 wml bleod
sample diluted 50% with buffer to reduce viscosity, a 15
m! conical test tube may be ewployed as the ssparation
vesgel in an appropriate guadrupole magnetic deviece.
Starting with 15 mls of solution, a first separation is
performed, and the recovered cells are resuspended in 3
mls. A& second wash/eeparaticn is then performed and the
isglated cells resuspended in a final volume of 200 ul.

Afrer the washes and/or separationz and resuspensions
o remove nom-bound cells, CD 34° cells can effectively
be resuspended in a volume of 200 pl. When done
carefully in approprilately treated vessels using direct-
coated ferrofiuids which have been optimized for these
separators, cell recovery is guite efficient in the 40-
50% range depending on antigen density. Such technigues
and reagents are sszsential to achieve the degree of
sensitivity required for the kinds of cancer testing
mentioned above.

The efficiency with which magnetic separations can

be done and the recovery and purity of magnetically
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labeled cells will depend on many factors. These
include guch considerationsg as the number of cells being
separatad, the recepior density of such cells, the
magnetic load per cell, the non-specific binding (NSB)
of the magnetic material, the technigue employved, the
nature of the vessel, the nature of the vessel surface,
the wviscogity of the medium and the magnetic separation
devige employed. If the level of non-gpecific binding
of a system ig substantially constant, as is usually the
case, then ag zhe target population decreases so will
the purity. As an sxample, a system with 0.8 % NSE that
recovers 80% of a population which is at 0.25% in the
original mixture will have a purity of 25%. Whereas, 1 f
the initial pepulation was at ¢.01% (one target cell in
10° bystander cells), and if the NEB were 0.001%, then
the purity would be 8%, The agreater the purity, the
sasier and better the analysis. Hence, it is clear that
extremely low non specific binding is required to
perform meaningful rare cell analysis.

Less obvious is the fact that the smaller the
populaticn of a targeted cell, the wore difficult it
will be to magnetically label and to recovern.
Purthermore, labsling and recovery will markedly depend
on the nature of magnetic particle employved. For
example, when cells are incubated with large magnetic
particles, such as Dynal beads, cells are labeled
through collisions created by mixing of the system, as
the beads are too large to diffuse effectively. Thus,
if a cell were present in a population ar a freguency of
1 cell per mi of blocd or even less, as may be the case
for tumcr cells in very =arly cancers, then the

probability of labeling target cells will be related to
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rhe number of magnetic particles added to the system and
the length of time of mixing. &ince mixing of cells
with such particles for substantial periods of time
would be deleterious, it becomes necessary to increase
particle concentration as much & possible. There is,
however, & limit o the guantity of magnetic particle
that can be added, as one can substitute a rare cell
mixed in with other blood cells for a rare cell mixed in
with large quantitiea of magnetic particles upon
geparation. The latrver condition does not markedly
improve the ability te enumerate the cells of interest
or to axamine them.

There is another drawback to the use of large
particles to isolats cells ip rare freguencies (1 to 50
celle per ml of blood). Despite the fact that large
magnetic particles allow the use of external gradients
of very simple design and relatively low magnetic
gradient, large particles tend to cluster around cells
in a cage-like fashion making the cells difficult to ses
or te analyze. Hence, the magnetic particlisa must be
released from the target cells before analysie, and
releasing the particles clearly introduces cther
complications.

Based on the forsgoing, high gradient magnetic
separation with an external field device employing
highly magnetic, low pon-specific binding, colloidal
magnetic particles is the method of choice for
separating a cell subset of interest from a mixed
population of eukaryotic cells, particularly if the
subget of interest comprises but a small fraction of the
entire population. Such materials, because of thelr

diffusive properties, readily find and magnetically
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label rare events, such as tumor cells in blood. such
separation generally reliss upcn the identification of
cell surface antigens thabt are unigue to & specific cell
subset of interest, which in the casge of tumor cells,
can be humor antigens to which appropriate monoclonal
antibody conjugated ferrofjuids can be targeted,
rlrernatively, when examining a blood sample,
dererminants on classes of cells such as epithelial
celis, which ares normally not found in blocd, can
provide an appropriate receptor.

There are other good reasons to employ a coclloidal
magnetic material for such separations, providing an
appropriate magnetic loading can be achieved., With
appropriate loading, a sufficient force is exerzed on a
cell such that isclation can be achieved even in a media
a8 viscous as that of moderately diluted whole blood.

As noted, colloidal magnetic materials below about 200
nanometers will exhibit Brownian moticn which markedly
enhances their ability to collide with and magnetically
iabel rare cells. This is demonstrated in US Patent No.
5,541,072 where results ol very efficient tumor cell
purging experiments are described employing collcidal
magnetic particles or ferrcfluids having a mean diameter
of 100 nm. Just as importantly, colloidal materials
having a particie size at or below this size range do
not genarally interfere with examination of cells.

Cells so retrieved wan be examined by flow cytometry,
laser scanning wicroscopy, or by microscopy employing

visible or flucrescent technigques,
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SUMMARY OF THE INVENTION

The presgent invention is based on meveral important
discoveries which have significant clinical
ramifications for the diagnosls and treatment of cancer.
These are 1)} tumor cells are present in the blood of
patients considered to have clinically localized,
primary tumers; Z) the number of tumor cells present in
the circulatien is correlatable with all stages of
cancer from itz inception to its berminal stages; and 3}
changss in the number of tumer cells present in the
circulation is indicative of disease progression. A
decrease in the numbers of circulating tumor cells is
indicative of improvement in patient status or efficacy
of treatment, whereas an increase indicates a worsening
of the diseasge.

The present invention provides a rapid and
efficient screening method for the characterization of
not only tumor cells, but also rare cells, or other
bioiogical entities from biclogical samples. The method
of the invention provides highly sensitive analytical
techrnigues which enable efficient enrichment for
entities of interest. This two stage methodology which
ensures enrichment of btarget bilcentities whilse
eliminating & substantial amount of debris and other
interfering substances prior to apalysis, allows for
examination of sample sizes which would otherwige be
impragticai. The method describsd herein combines
elements of immunomegnetic enrichment with
multiparameter flow cytomstric, microscopic and
immunccytochemical analysis in a unique way. Other
means of envichment such as denaity gradient

centrifugation or panning or alteration of target cell
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density by appropriate labeling way also be utilized.
Aocording to a preferred embodiment, the method of the
inventicn enables assaying whole blood for cancer
staging, monitoring and screening. The sensitive nature
of the assay facilitates the detection of residual
digease, thus making it possible to wmonitor for cancer
reCurTence.

In cne embodiment of the invention, a biological
apecimen, which comprises a mixed cell population
guspected of containing the rare cell of interest is
chrained from a patient. An immunomagnetic gample is
then prepared by mixing the biological specimen with 1.
magnetic particles which are coupled to a blospecific
ligand specifically reactive with a2 vare cell
determinant or a class of determinantes different than
rhose Ffound on blood cells, to the substantial exclusion
of other sample compenents, and ii, at least one
biospecific reagent which labels rare cells. The
regulting immunomagnetic sample is subjected to a
magnetic field which is effective to separate the sample
into an unlabeled fraction and a labeled, magnetic
fraction including the rare cell of interest, if any is
present in the specimen. The cell population so
jsolated ig then anaiyzed to determine the presencs and
number of rare cells. In a preferred embodiment the
particles used in this method ave collioidal
nanoparticlies.

in another embodiment of the invention, a
biological specimen ig obtained from a patienmt. An
immunomagnetic sample is then preparsd whersin the
biclogieal specimen iz mixed with colloidal magnetic

particlies which have been coupled to a monoclonal
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antibody reactive with the rare cell determinant or a
class of deverminants different than those found on
blocd cells. As an alternative to wonoclonal
antibedies, single chain or engineered fragments of
antibodies may be employed. The preparation is subjected
to & magnetic field, enriching the rare cell couponent
of the specimen. A second set of monoclonsl antibodies,
lakeled with reporter moleculss, are added to the sample
and the cells are again magnetically separated in order
to remove unbound rsagent to lowsr background staining.
2 nucleic acid dve or other reporter melecule capable of
identcifyving obijects as cells, also referred to herein as
a cell specific dye, iz added toe the sample fo allow
excluaion of any residual nen-nucleated cells or other
sample componentz priny to analysis by flowcytometry,
microscopy, or other analvtical platforms. Cell
specific dyes may be reactive with DNA, RNA, protein, or
lipids such that the amcunt of signal obtained ig
typlcal for that cbtained for cells or the image
obtained reveals typlcal features of a o=ll, such as
cell and nuclear membranes, nucleus, and mitochondria.

In a further embodiment of the invention, the
igolated cells are subjected to immunocytochemical
analyeis by flowcytometry or other analytical platforms.
Such analysis facilitates diagnosis and provides
important informaticn te the clinician.

The method of the invention may be used to
assess residual cancer cells in circulation following
medical, radiation, or surgical treatment to eradicate
the tumor. The method may be aleo be performed
periodically over a course of years to assess the

patient for the presence and number of tumor cells in
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the circoulation asg an indicator of ccourrencs,
racurrence and/or progression of disease.

In yet another aspect of the present invention, a
coated, magnetic particle is provided which cowprises a
nancparticle core of magnetic material, and a base
coating material on the magmetile core in an amount
sufficient to hinder non-specific binding of bioclogical
macromolecules to the magnetic core. These magnebic
particles are characterized by extremely low non-
specific binding as well as highly efficient target
capture which are essential te achieve a level of
enrichment the enrichment reguired to elfectively
isolate very rare cells. In an alternative embodiment,
a coated, magnetic particle is provided which comprises
the following: 1. a nanoparticle core of magnetic
material; ii. a base coatlng material that forms a
discontinous coating on the magnetic zore, providing at
least one area of discontinuity which, 1f accessible,
contributes to non-spsaific binding of the base qoated
parcicle to biological macromoteculias; and 1ii. an
zdditional coating material that hinders access to the
arsag of discontinuity by biclegical macromplecules.
The magnetic core material of the particles described
immediately above may comprise at least one transition
metal oxide and a suitable base coating material
comprises a protein. Proteins suitable for coating
magnetic particles include but are not limited to bovine
gerum albumin and casein, The additional coating
material may be the original coating proteins or one
member of a specific binding pair which is coupled to
the base material on the magnetic core. Exemplary

specific binding pairs include blotin-strsptavidin,
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antigen~antibody, receptor-hormone, recsptor-ligand,
agonist-antagonist, Jectin-carbohydrate, Protein A-
antibody Fo, and avidin-biotin. In one embodiment, the
member of the specific binding pair is coupled to the
base cecating material through a kifunctional linking
compound. Exemplary biofunctional linking compounds
include succinimidyl-propione-dithiopyridine (SPDP), and
sulfosucecinimidil-4- maleimidomechyllcyclohexane-1-
carboxylate (SMOC), however a variety of other such
hetercbifunctional linker compounds are available from
pierce, Rockford, I1l.

The coated wmagnetic particles of the invention
preferably have hetween 70-%0% magnetilc mass. In a
preferred embodiment, a major pewtion of the magnetic
particles have a particle size in the ranges of 20-150
nre.  Particles may be synthesized such that they are
more menodisperse, e€.¢.. in the rangs of 90-120 nm or
120-150 nm.  The particles of tha invention are
typically suspended in a biologically compatible mediunm.

in a further aspect of the present invention, a
test kit is provided for screening a patient sample for
the presence of cireulating rare cells. The scereening
kit comprises:

i. coated, magnetic nancparticles coupled, directly or
indirectly, to a biocspecific ligand that has affinity
for a first characteristic determinant on a yare cell;
ii. at lsast one bicspecific reagent having binding
spacificity for a second characteristic determinant
present on a rare cell; and iii., a cell specilic dye
for excluding other non-target or sample entities from
analysis.

In a particularly preferred embodiment, a kit i
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provided for screening biological samples for
clrowlating cancer cells. The screening kit comprises:
i. coated, magnetic nanoparticles coupled, directly or
indirectly to a biospecific ligand that has affinity for
a first characteristic determinant on a cancer cell;

ii. at least one biospecific reagent having binding
specificity for a second characteristic determinant
present on a cancer cell; and iii. a cell specific dye
for excluding non-target entities from analysis, The
kits provided herein may further include an antibody
which has affinity for non-rare, or non-tumor cells, a
piclogical huffer, a permabilization buffer, a protocol
and, if desired, an information shest. In a preferred
exbodiment, the oolloidal magnetic particles are
conjugated to anti-EpCAM (am antibody having binding
specificity for epithelial cell adhesion molegule), Lhe
bicspecific reagents comprise a panel of moncclonal
antibodies and the cell specific dye stains nuecleic
acids.

The kits of the invention may contain reagents foxr
diagnosing the type of the metastatic cancer cells in
rhe circulation as well as the metastatic potential and
aggressiveness of such cells. In this ewbodiment the
kit congains the reagents recited above, vet also
comprizes additional antibody markers to facilitate
cancer diagnosis. Using breast cancer as an example,
such antibodiss may incliude antl-MUl-1, anti-estrogsn
receptor, anti-progesterons receptor, anti-CAZ7.29,
anti-CALE.5, anti-cathepsin D, anti-ph/3, anti- urckinase
type plasminogen activator, anti-epidermal growth
factor, anti-epldermal growkbh factor receptor, anti-

BRCAL, anti-BROAZ, anti-prostate specific antigen, anti-
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plasminogen activstor inhibitor and/or anti-Her2-neu
antibodies. Additional markers for aggressiveness and
invasiveness are Lewis a (Lea), slalyl Lewis a (slea),
the intergrins (CD4%b, CD43c, D29}, gelatinase A and B
{MMP-2, MMP-5), tizasue collagenase [MMP-1},fibroblast
activation protein {FAP}, guanidinobenzoatase, CEA, B100
Ffamily (S100384, wtsl, 18A2/wtsl, pEL-98, p%Ka,
metastasin), the Ovolins A and E, p27, p53, vasculay
endothelilal growth factor {VGEF! and E-Cadherin.

In yvet another embodiment of the invention, a test
kit ig provided for wonitoring a patient for recurrence
of the cancer, and/or response to therapy. This
particular kit may alsoe be used to assess high risk
patients for the presence of particular tumor cells in
the blcod., A kit suitable for monitoring a patient
would include containers, colleidal magnetic particles
conjugared to anti-EpCRM, at least one monoclional )
antibody epecific for the particular cancer cells for
which the patient is being monitored and a fluorescent
reporter molacule which can identify the cbjects as
czlls, such as nucleic acid or membrane dyes. A kit
suitable for monitoring breast cancer patients compriges
an antibody having binding affinity for a particular
breast cancer marker, for example Her-2Z-nsua. The kits
described above are suitable for screening, diagnosing
and monitoring patients for breast cancer. It will be
appreciated by those skilled in the art that mary
different cancers may be screened, diagnosed and
monitored according to the present invention simply by
varying the antibodies provided in the test kit. For
example, if a test subject were being assessed for the

presence of prostate cancer, antibodies specific for
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proatate spegific antigen may be employved. Othex
markers for prostate cancer include prostatic acid
phosphatase, creatine kinase, thywosin b-15, ps3, HPCL
basic prostate gene, and prostate speclific membrane
antigen.

There is general agreement that the hallmark of
asuccessful troatment of cancer is early diagnosis.
Based on the data presented hereln, it appears that the
blood test of the present invention may be used to
screen the bloocd of patients who do not have a diagnosis
of cancer, in order to detect cancer earlier than is
possbile using other existing methods. Such patients
may inciude thosge with a family history of certain
cancers, patients with certain mutations known to be
gssociated with cancer, etc.

gince canoer cells invade surrcunding tissue and
preakdown tissus barriers, we hypothesize that bumor
cells enter the tissue space and capillaries to
eventually end up in the blood very early in the
davelopment of a solid tumor, 1.s., when the tumoy
contains 10%-10° tumor cells. BSee Figure 8. At that
point in time, the tumor cells undergo apoptotic cell
death, or bpecoms dormant because they are not yet able
to gurvive or gyow, respectively, in an ectopic
environment. Thers are no technigues ab present to
detect such small primary tumcrs. There are sensitive
techniques that are available fov detecting certain
types of cancer when the tumors are larger., For
example, mammography can detect 2 x 10° breast cancer
cells at best. More coften, tumors of the brzast are
dstected when there are between 5 x 10° to 10" tumor

cells. AL this early stage, we hypothesize that most
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shed tumor ¢ells will die. However, during the many
generations that occur as a tumor grows between 185 to
10™?® tumor cells, the genetically unstable clone of
tumor cells undergoes further genetic changes giving
rise to more rapidly growing and aggressive mutant
cells., It is wvery likely these cells that go on ©o
establish secondary tumors. However, in the majority of
cumors, the diagnosis is made very late, e.g9., pancreas,
stomach, ovary, kidney, lung, colon, etc., are usually
diagnosed when there are 10%°-10% tumor wells. By this
cime the tumor has freguently invaded surrounding
rigsues and/or has metastaasized. In iight of ths
foregoing, it is clear that any test which would
effectively detsct circulating cancer cells prior to the
establishment of a secondary tumcr would be extremely
beneficial in the diagnosis and treatment of cancer.

The blood test described herein enables such detection.

BRTEF DESCRIPTION OF TEE DRAWINGS

Figure 1 shows the results of model experiments in
which known number of tumor cells are spiked into
peripheral bloed and retrieved after ilmmunomagnetic
selection and analysis by either microscopy (Fanel A} or

flowcytometry (Panel B).

Pigure 2 shows Llowoytomstric analysis of cell
guspenzions obtained after immunomagnetic cell seleccion
from 10 ml of blood from a patient having distant
metastasis of carcinoma of the breast, drawn 48, 175 and
300 days after this patient entered the study. After
immunomagnetic selection, the cells were stained with an

epithelial cell specific phycosxythrin (PE] conjugated
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monogional antibody, a leukocoyte specific CD45 Per(P
conjugated monoclenal antibody and a nucleic acid dye.
Events passing a thresheld on the nucleic acid dye were
acguired intc listmode and 83% of the sample was
analyzed. The tumor cells are highlighted and
illustrated in black and their number is shown in the
top right corner; the background svents, consisting of

residual leukocytes and debris, are illustrated in gray.

Figure 3 shows epithelial cell number in 10 ml of
hlood and clinical activity of the disease at different
cime points for eight patients with active carcinoma of
tha breagt. The clinlecal activity of the diseage was
clagsified in categories 1 through 4, as set out in
Table 1. The bars at the top represent the length of
time of chemctherapy. Panel A, adviamycine (ADR) 20 and
110 mg/m’ respectively, Panel B, ADR 30 mg/w’/week,
Vinorelbine (Vin) 20 wg/m’/week, ADE 160 wmg, ADR 20
mg/m/week, Pansl C, vincristine (Vinc) 0.7 mg/w’/week,
metotrexate (MTX) 30 mg/m‘/week, Panel D, vinblastine
(vinb) 7 mg/w/week, ADR 20 mg/w’/week, Vinb &
wg/m/week, S-flucruracil (5FU] 700 mg/m’/week. Panel B,
Vinp 26 wmg/m’/week; SFU 800 mg/m'/week + Leukovorin 50
mg/wt/week. Panel F, ifoafamide (IF} 18 mg/w’/week; SFU
830 mg/m'/week + Leukovorin 35 mg/m'/week, S5FU £G3
mg/m /week; Vin 20 mg/m/wesk+ Leukoverin 30 mg/m’/week.

Panel 0, Vin 20 wmg/m/week, Panel H, Vin 20 mg/m’/week

Figures 4A-4D are a series of micrographs showing
rhe results obtained following analysis of
immunomagnetically selectsd cells from peripheral blocd

of patients with a history of breast carcinoma. Panel
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A, cells from a patient three yvears after surgery
[T2N1MO) staining positive for cytokeratin., Panel B,
zell from a patient aight years after surgery [(T2MNiM1)
in complete remission stained with Wright Ciemsa. Panel
¢ and D cells from a patient 2 vears after surgery
(T2NeMe) stained with Wright Glemsa. The images were
raken with a Pixera digizal camera with a 160X

chiective.

Figures BA-5C are a series of graphs showing the
correlation between severity of disease and circulating
epithelial cell number in three patients with prostate

cRNcer .

Figure 6 is a graph which shows that circulating
epithelial cell number in patients with colon cancer is
significéﬂtly decreased after surgical removal of the

Tumor.

Figure 7 is a graph which shows that circulating
epithelial cell number in patients with metastatic
disease of the colon increases with the severity and

axtent of metastatic disease.

Figure 8 is a achematic diagram showing the
progression of cancer from a primary tumor to growing

maetastases.

DEPAILED DESCRIPTION OF THE INVENTION
wocording to a preferved embodiment, the present
invention provides compositions, methods and kits for

the rapid and efficient isclation of rare target
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picentivies from biclogical sawples. The nethods
degoribed may be usaed effectively to isolate and
characterize tumor cells present in a blood sample while
at the same time minimizing the selection of non-
spacifically bound cells.

Many cliricians believe that cancer is an organ-
confined disease in its early stages. Based on the data
presented herein, ib appears that this notion is
incorrect.  Indeed, the data reveal that cancer is often
a systemic disease by the time it is first detected
using methods currently available. Eence, the presence
of rumer gells in the circulation can be used to screen
for cancer in placs of, or in copjuncbion with, other
tests, such as mammography, Or measurements of PSA. By
employing sppropriate moncnclonal antibodies directed to
gpecific markers on or in cells, or by using other
assays for cell prokein expressicn, or by the analysis
of cellular mRNA, the organ origin of such cells may
readily be determined, e.g., breast, prostate, ceclon,
lung, ovarian or other non-hematopolietic cancers. Thus ,
in cases where cancer cells can be detected, while thers
are essentially no clinical signe of a tumor, it will be
possible to identify their presence as well as the organ
of origin. Because screening can be done with the
relatively simple blood test of the pressnt invention
described hersin, which functions with a high degrees of
sensitivity, the test cen be thought of as a “whole bedy
bicpsy”, Furthermore, baged on the data set forth
herein, cancer should be thought of as a blood borne
digease characterized by the presence of potentially
very harmful metastatic cells, and thersfore, treated

acoordingly. In cases where there is absclutely no
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detectable evidence of circulating tumor cells, «.9.,
following surgery, it may be poggible to determine from
further clinical study whether follow-up treatment, such
as radistion or chemotherapy is required. Determining
the need not to treat, given the costs of guch
rherapies, iz a significant and beneficial piece of
clinical information.

it is also cleay from the present data Chat the
number of tumor cells in the ciruclation is related to
the stage of progression of the disease, from its
inception to the final phases of diseass,

The term ‘target bicentities” as used herein refers
to a wide variety of materials of biclogical or medical
interest. Examples include hormones, protsins,
peptides, lectins, oligorucleotides, drugs, chemical
substances, nucleiec acid molecules, {(2.g., ENA and/or
DNA) and particulate analytes of biological origin,
which include bicparticles such as cells, viruses,
nacteria and the like. In a preferred embodiment of the
invention, rare cells, such as fetal cells in maternal
ciremlation, or circulatbing cancer cells may be
efficiently isclated from non-target cells and/or other
bigentities, using the compositions, methods and kits of
the pregent invention. The term *biclogical specinen”
includes, without limitation, cell-containing bodily,
fluids, peripheral blood, tissue bomcgenates, nipple
agplrates, and any other source of rare cells that is
obtainable from a human subject. BAn exemplary tissue
homogenats may be cbtained from the sentinel node in a
breast cancer patisnt. The term “determinant®, when
nssd in reference te any of the foregoing target

bicsntities, may be epecifically bound by a biospecific
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ligand or a biespecific reagent, and vefers to that
portion of the target bicoentity imvelved in, and
responsible for, selective binding to & specific binding
substance, the presence of which is reguired for
selective binding to occour. In fundamental bterms,
determinants are molecular contact regleons on Largst
bicentitiea that are recognized by receptors in specific
binding pair reactions. The term *specific binding
pairt as used herein includes antigen-antibody,
receptor-hormone, receptor-ligand, agonist-antagonist,
lectin-carbohydrate, nucleic acid (RNA or DHA)
nybridizing sequences, Fo receptor or mouse Igl-protein
A, avidin-biotin, streptavidin-blotin and virus-receptor
ipteractions. Warious other determinant-specific
binding substance combinations are contemplated for usse
in practicing the methods of this invention, such as
will be apparent to those skilled in the art. The term
raptibody® as used herein, includes immunoglobulins,
monoclonal or polyelonal antibodies, immunoreactive
immunoglobulin fragments, and single chain antibodies.
Alsoc contemplated for use in the invention are peptides,
oligenuclectides or a combination thereof which
gpecifically recognize determinants with specificity
similar to traditiconally generated antibodies. The term
vdetectably label" is used to hersin to refer to any
substance whose detection or measurement, either
directly or indirectly, by physical or chemical means,
ia indicative of the presence of the target bicentity in
the test sample. Representative examples of useful
detectable labels, include, but are not limited to the
following: moleculas or ions divectly or indirectly

detectable based on light absorbance, flucrescence,
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reflectance, light scatter, phosphorescence, or
luminescence propertiess; molecules or long detectable by
their radicactive propertiss; melecules or ions
derectable by thelr nuclear magnetic resonance or
paramagnetic properties. Included among the group of
molecules indirectly detectable based on light
absorbance or fluorescence, for example, are varyious
enzymes which ¢ause appropriate substrates to convert,
e.g., from non-light abgorbing te light absorbing
molacules, or from nen-fluorescent to fluorescent
molecules. The phrase "to the substantial exclusion of?
refers to the specificity of the binding reaction
petween the biospecific ligand or blospecific reagent
and its corresponding target determinant. Blogpecific
iigands and reagents have specific binding activity for
their target determinant yet may also exhibit a low
level of non-specific binding to other sample
components. The term “early stage cancer” as used
hersin refers teo those cancers which have been
clinically determined to be organ-confinmed. BAlso
ingluded are tumors too small to be detected by
conventional methods such as mammography for breast
cancer patients, or X-rays for lung cancer patlents.
While mammography can detect tumors having approximately
2 x 30% cells, the methods of the present invention
should snable detection of cirgulating cancer cells Ifronm
tumors approximating thie size or smaller. The term
wenrichment” as used herein refers to the epvichment of
mononuclear cells from a biological sample. In cases
where peripheral blood is used as the starting
materials, red cells are not counted when assessing the

extent of enrichment. Using the wethod of the present
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invention, circulating epithelial cells may be enriched
relative to lsucooyhbes to the extent of at least 2,500
fold, more preferably 5,000 fold and most preferably
10,000 £old. The preferred nagnetic particles for use
in carrving out thisz invention are particles that behave
as colloids. Such particles are characterized by their
sub-micron particle size, which is generally less then
about 200 nanometers ifnom} {0.2¢ microms), and their
gtability to gravitational separation from scluticon for
extended pericds of time. In addition to the many cther
advantages, this size range makes them essentially
invisible te analytical technigues commonly applied to
cell analysis. Particles within the range of #0-150 nm
and having between 70-90% magnetic mass are contemplated
for uge in the present invention. Suitabkle magnetic
particles are cowposed of & crystalline core of
superparamagnetic material surrounded by molecules which
are bonded, e.g., physically absorbed or covalently
attached, to thes magnetic core and which confer
stabilizing colloidal properties. The coating material
should preferably be applied in an amount effective to
prevent non specific interactions betwsen biological
macromolecules found in Che sample and the magnetic
cores. Such biological macremolecules may include
sialic acid residues on the surface of non-target cells,
leciins, glyproteins and other membrane components. In
addition, the material should contaln as much magnetic
mass/nanoparticle as possible. The size of the magnetic
crystals comprising the core is sufficiently small that
they do nmot contain a complete magnetic domain. The
size of the nanoparticles is sufficiently small such

chat their Brownian energy exceseds their magnetic
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moment .  As a consequence, North Pole, South Pole
alignment and subsequent mutual attraction/repulsion of
these collcidal magnetic particles does not appear Lo
ocaur even in moderately strong magnetic fields,
contributing to their solution stability. #Finally, the
magnetic particles should be meparable in high magnetic
gradient external field separatcrs. That characteristic
favilitates sample handling and provides sconomic
advantages over the more complicated internal gradient
columns loaded with ferromagnetic beads or stesl wool.
Magnetic particles having the above-described properties
can be preparsd by modification of base materials
deaaribed in U.8. Patenks Nom. 4,795,838, 5,897,531 and
5,898,271, Their preparation from those base mateyials
is describad below.

Malignant tumors are characterized by their ability
to invade adjacent tissus. In general, tumors with a
diameter of I mm are vascularized and animal studies
show that as much as 4% of the cells present in the
cumor can be shed into the circulation in a 24 hour
pericd (Butler, TP & Gullino PM, 1975 Cancer Research
3%.512-85167 . The shedding capacity of a tumor is most
tikely dependent on the aggressiveness of the tumor.
aithough tumor cells are shed inte the colrculation on a
continous basig, it is helieved thait none or only a
small fraction will give rise Lo digtant metastasis
{Butler & Gullino, supra). Using the following
assumptions, one can approximate the freguency of tumor
eells in circulation as follows: 1. A tumer with a
diameter of i mm contains 147 cells, and 4% or 4 x 10°
cells will be shed into the circulation in a 24 hour

period; 2. tumor celis only survive one circulatory
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cyele; 3. a blood volume of about 5 liters; and 4. a
cardiac ocutput of 5000 ml / minute. In such a case, the
freguency of tumor cells in peripheral bleoed of a
patient with a 1-mm diameter tumer is approximately €
tumor cells / 160 ml of blood. Increasge in Lumor mass
might be expected to be proporticnal to an increase in
the freguency of the ¢lrculating tumor cells. If this
were found to be the casge, methods available with this
level of sensitivity would facilitate both assessing
tumor icad in patients with distant metastasis and also
asEessing tumor load in patients with localized disease.
Detection of tumor cells in peripheral blood of patients
with localized disease has the potential not only to
detect a tumer at an sarlier stage but also to provide
indications as to the porential invasivensss of the
Lumer.,

geveral studies report the presence of carcinoma
cells in leskonheresis products harvested from patients
with carcinoma of the breast for autologous peripheral
blood stem cell transplantation (Brugger W, et al.
(1994) Blood B83:836-540; Brockstein BE, st al. {(19%56) J
of Hematotharapy 5:617; Ross AR, et al, (1993) Rleod
82:2605; Ross AR, {1998) J of Hematotherapy. 7:3-18;
Mogs TJ, et al. (1984} J. Hematotherapy. 3:163-163}.
These findings prompted criticism of the use of this
procedure for autologous transplantation since the tumor
cells in the transplant product have the potential to
establish metastasis {Racila B, et al. {(19$98) PNAS USA.
95:4589-4524) . Additiomnally, it was found that
leukopheresis products were more likely to contain tumor
cells when obtained from individuals with disseminated

disease {Brugger et al., 1994, supra). These studies,
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nowever, do not report guantitative data, noy do they
report that tumor cells can be found in peripheral bicod
of patients with localized disease. Given these
cheervaticons, one may hypothesize that a highly
sensitive and guantitative test that counts the number
of tumor ¢ells in peripheral blood way be used to
determine actual tumor load. To assess the feasibility
of such testing, a sengitive cellular assay was
developed which allows precise enumeration of
circulaving carcinoma cells that is limited only by the
klood volume to be tested.

1t should be noted that a number of different c2ll
analysis platforms can ke used to identify and enumerate
the enriched samples. Examples of such analytical
platforms are Immunicon’s CellSpotter system, a magnetlc
eell immobilizer for manual observation of cells, and
the CellTracks system, an automabtic optical scanning
magnetic cell immcbilizer desoribed In US patant
applicatione 08/931,087 and 98/867,00% respectively.
Both of the aforementionsd U.§. Patent Applications are
incorporated by reference herein as disclosing the
respective apparatus and methods for manual or automated
quantiltative and gualitative cell analysis.

Other analysis platforms include Laserscanning
Cytometry {(Compucyte), bright field base image analysis
{Chromavigion), and Capillary volumetry (Biomebric
imaging} .

The enumeration of circulating epithelial cells in
blood using the methods and compositions of a preferved
embodiment of the present invention is achieved by
immunomagnetic selection {(snrichment] of epithnelial

cells from blood followed by the analysis of the samples
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by multiparameter flowcytometry. The immunomagnetic
sample preparation is important for reducing sample
volume and obtaining a 10° fold enrichment of the target
{epithelial) cells. The reagents used for the
multiparameter flowoytometric analysis are optimized
such that epithelial cells are logated in a unigue
position in the multidimensional space created by the
listmode acguigition of two lightscatter and three
flucreacence parameters. These include 1) an antibody
againgt the pan-leucocyte antigen, D43 to ildentify
ieucocytes (non-tumor csllis); a cell type specific or
nucleic acid dye which allows exclusion of residual red
hisod cells, platelets and cther non-nucleated events;
and 2) a bicspecific reagent cr antibody directed
againat cytokeratin or an antibody having specificity
for an EpCAM epitope which differs from that used to
immunomagnetically select the cells.

Tt will be recognized by those skilled in the art
that the method of analysis of the enriched tumor cell
population will depend on the intended use of the
invention. For example, in screening for cancers or
monitoring for recurrence of disease, as described
hereinbelow, the numbers of sireulating epithelial cells
can be very low. Since thers 18 szome “normal” level of
epithelial celisz, (very likely introduced during
venipuncturs), a method of analysis which identifiee
epithelial cells as normal or tumoy cells is desirable.
In that case, microscopy based analyses may prove o be
the most accurate, Such examinaticn might also inciude
examination of morphology, identification of known tumor
markers and or oncogenes. Alternatively, in disease

states wherein the number of circulating epithelial
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cells far exceeds that cbserved in the normal
population, an analytical method which enumerates such
cells should ke sufficient. The determination of
patient status according to the methods described herein
ig made based on a statisticoal average of the number of
circulating rare cells present in the normal population.
Levels of ¢irculating epithelial cells in the sarly
stage cancey patient and in patients with aggressive
metastatlic cancer can alsce be statistically determined

ag set forth herein.

The following methods are provided to facllitate

the practice of the present invention.

Patients. With informed consent, 8-20 ml blood samples
were obtained from controls and patients with carcinoma
of the breast, prestate and colon. Blood waer drawn from
some of bthese patients at several bime points over a
period of one year. The blood samples were drawn into
Vacutainer tubes (Becton-Dickinson) containing EDTA as
anticoagulant. The samples were kept at room
temperature and progessed within 24 hours after
celiegtion. The clroulating epithelial cells were
epumerated in peripheral bloocd samples from breast,
prostate and colon cancer patients and in normal
controls with no evidence of malignant disease, Date of
diagnosis, therapeutic interventions and clinical status
were retrieved from the patient’s charts. Ths
institutional review board of the collaborating

institutions approved the protocol.
dample preparation. Moncclonal antibodies specific for
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epithelial c¢ell adhesion molecule (EpCAM) are broadly
reactive with tissue of epithelial cell origin {(Stahel
RA, et al. Int J Cancer Suppl. 8:6-26 (1994); Momburg
¥, et al. Cancer research. 47:2883-2891 {(1%87); Gaffey
MY, et al. &Am J Suryg Path., 16:893-539 (19%2}]. The
GR73.3 oxr MJI37 EpdhM antibodies reacognizing two
aifferent epitopes on EpCAM t(kindly provided by I Herlyn
{Hexrlyn D, et al. J Immunol Msthods. 73:157-167
(1984} ) Wistar Institute, Philadelphia, PA and MJ Mattes
(De Leii L, &t al. Int J Cancer Suppl. 8:60-62 [1983))
Center for Molecular Medicine and Immunology, WJ) were
coupled to magnetic nancparticies (fervofluids) (Libexrti
PA & Piccoll 82, United States Patent No, 5,812,332
(1498) , fmmunicon, Huntingdon valley, PA}. Blood was
incubated with the anti-EpCAM conjugated ferrofluid for
15 minutes in disposable tubes with an internal dianetexr
of 1% mm. Tha tubes were placed inte a separator
composed of four opposing magnets for 10 minutes (QMS13,
Immunicon, Hunbingdon Velley, PA). After sesparation,
the blood was aspirated and discarded. The tube was
raken out of the magnetic separator and the collected
fraction was resuspended from the walls of the vessel
with 2 ml of FACS permeabdlization soiution (BDIS, San
Jose, CA) and placed in the magnstic separator for &
minutes. The solution was aspirated and discarded and
rthe cells were resuspended in 150 gzl of cell buffer
(PBS, 1% BSA, S50mM EDTA, 0.1% sodium azide) to which
phycoerythrin (PE} conjugated anti-cytokeratin (CAMS.Z
Monoolional antibody) and Peridinin Chlorophyll Protein
{PerCP) ~labeled CD45 were added at saturating
conditions, After incubation for 15 minutes, 2 ml of

cell puffer was added and the csll suspension was

37



(76) JP 2013-47688 A 2013.3.7

WO 89/41653 PCTHISINIDT
magnetically separated for 5 minutes., After discarding
the nonseparated suspension, the collected cells were
resuspended in 0.3 ml of the buffer to which the nucleic
apid dye used in the Procount system from BRIS, San
Jose, CA, was added according to manufacturer’'s
instructions. In some cases in which the EpCAM antibody
MJI37 was used on the ferrofluid, GA73.2 PE was used to
identify the selected gpithelial cells.l In these cases
no permeabhilization of the cells ip reguired. Reagents
for flowcoytometry were kindly provided by BDIB, San
Jose, TA.

An exemplary method for determining the tissus
source of circulating epithelial cells employs
cytochenical and dmmunclogical identification
technigues, Primary monoclonal antibodies recognizing
cytokeratins 5, 6, 8, 18 {CX, 5D3, LP34, Novocastral,
MIIC-1 glycoprotein (MUC-1, Mas$s Novocastra) or prostate
specific antigen (PSMA}, clone J591 obtained from Dr.
Neil Bander (Imiversity of Texas Medical Center, Dallas,
Texas) was added to the slides after blocking non-
spenific binding sites with 5% BSA for 30 minutes. The
samples were incubated [or 20 minutes at room
temperature, washed twice in PFBS for 5 minutes and then
exposed to sacndary rabbit anti-mouse Ig (20258, Dako
Corp., Carpenteria, CA)} for another 20 minutes. After
two more washeg, the samples were incubated with
alkaline-phosphatase-anit-alkaline phosphatase (APARP)
rabbit Ig complexes for 15 minubes. Finally, the
enzyme-substrate (New Fuchsin, Dako Corp. CA) was added
resulting in the development of red precipitates. The
nucleus was counterstained with hemotoxylin. The data

warse recorded using a Kedak digital camera atbached tLo a
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light microgcope. Data could be stored on D for later

reference.

Sample analysis. 85% of the samples weYe analyzed on &
FACSCalibur flowcytometer (BDIS, SBan Juse, CA). The data
ware acguired in listmodse uging a threshold on the
fiverescence of the nucleic acld dye. Multiparameter
dara analveis was performed using Paint-A-Gate™ (BDIS,
San Jose, CAY. Analysis criteris included size defined
by Forward light scatter, granularity defined by
orthogonal light scatter, positive staining with the PE
labsled cytokeratin moncclonal antibedy and no staining
with the Per(P labeled (D45 monoclonal antibody. For
sach sample, the number of events present in the region
typical for epithelial cells was normalized to 10 ml of

blood,

The following examples are provided to facilitate
the practice of the present invention. These examples
are not intended to limit the scope of the invention in

any way.

HAMMPLE )

Formulation of improved magnetic nancparticles for the
efficient isolation of rare c¢ells from whole blood

fars cells (e.g,, tumor cells in patients with
epithelial derived tumors, fetal cells in maternal blood
or the like) can be present in frequencies beslow one
rare cell per ml of blood. The number of blood smears
required to detect such rare cells is prohibitively

large. Assuming 10 rare cells in 10 ml of blood, which
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corresponds to 10 tumor cells in 5-10 x 197 white blood
calla {leukocytes), cells can be iransferred to a
microscope slide by cytecentrifugation or by settling,
stained with an antibody specific for the rare cells of
interest and read manually or automatically. The
maximum number of cells that can be transferred to one
slide is about 500,000 cells which means 100-200 slides
are reqgquired to process 10 ml of blood. The time
reguired for analysis by this approach makes it
impractical and economically unfeasible. Conssguently,
enrichment methods such as sample volume reduction and
removal of eryvthrocytes and platelets by density
gradient separation or erythrocyte lysis procedures are
used for isolating rare cells so as to significantly
reduce the number of glides to be analyzed.

As noted above, magnetic enrichment is the
preferred method for cell separations and, ideally, the
nanoparticles employed for this purpose should not have
to be removed prior to analysis. Accordingly, the
nanoparticles should be small enough sc as not to
interfere with analyvtical meagurements, i.e. below about
250 nm. Most prefsrably, the nancparticles are below 220
nm sc¢ as to make them filter sterilizable. Furthermore,
rhe nancparticle should be large snough and magnetically
regpongive encugh to permit cell separation from simple
laboratory tubes, i.e., test tubes, centrifugs tubes,
vacutainers and the like in external gradient magnetic
separators. Again, as previously ncted internal
gradient devices are cumbersome, costly and inefficient
for the recovery of rare cells. Also, the nanoparticles
and magnetic device should glve high and reproducible

regovery with low non-specific binding. US Patent No.
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5,597,531 degrribes the synthesiz of highly magnetic
particles, referred to as direct coated (D) particles
which have many of these characteristics. Thesae
nancparticles are composed of guasispherical
agglomerates of crystalline magnetite or other magnetic
oxides which are coated with polymers or proteins (based
coatad magnetic particles)., Because of their structure
fmagnetic cove and polymer ceat where the core diametexr
ig »»> than the thickness of the coat) they are about
80-85% magnetic mass. The non-specific bindings of
these nanoparticles are in the range of 5-8 % and they
are, therefore, net very practical for rare cell
separations., Thua if one is enriching cells present at
one cell per wi then at 80% capture efficiency, the best
resuit to be expscted using 10 mls of whole blood
{considering leuvkocytes alone} would be 8 cells
recoverad in a total of 4 willion, i.e. a 16-17 fold
enrichment. The magnetic particlies described in U.S.
Patent 5,8597,%31 do, however, have the appropriate
magnetic propertiee to perform separations with open
field separators and from simple laboratory tubes.
Further, their mean size is well under the limit
suggested above and, hence, they do not interfere with
variocug analytical procedures. Based on extenmive
ptudies with those materials, the major contributing
facvor o non-specific binding to cells was discovered
to be the presence of bare orystalline ircen oxides on
the nanoparticles due to incomplete coating. Such
incowrpletely coated crystals have a sufficiently high
positive charge at physiological pH that they are very
likely to bind strongly te biological macromolscules,

such as negatively charged sialic acid on cell surfaces.
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An improved method for making particles is descoribed in
13,8, Patent No. 5,698,271. These materials are an
improvement over those disclosed in the ‘531 pateni In
rhat the process includes a high temperature coating
step which markedly increases the level of coating.
Nanoparticles made with bovine serum albumin (ESA)
coating using this process, for example, have a 3-5-fold
lower non-specific binding characteristic for cells when
compared to the DC-BSRA materials of US Patent 5,572,531.
This decreass in non-specific binding has been shown to
be directly due to the increased level of BSR coating
material. ¥When such nancopartlcles were tLreated so as to
remove BRA coating, non-specific binding returns to high
levels. It was thus determined that a direct
relaticnship exists between the amount of BSA coated on
iron oxide crystal surfaces and the nonspecific binding
of cells. Typieally, the non-speciiic binding of cells
from whole blood with thess particles was 0.3% which is
significantly better than those produced from US Patent
5,579,531, Thus, from 10 mls of whole blood there would
be about 200,000 non-targst cells that would alsoc be
igolated with the cells targeted for enrichment,

In addition to the non-specific binding problem, to
he addressed further below, it was found that when
different lots of magnetic particles, manufactured as
degeribed in US Patents Nos. 5,379,331 and 5,698,271
ware used in rare cell depletions or enrichments,
recoveries were inconsistent. Sometimes recoveriss were
85-95% and other times they could be 4£0-50% using the
same model system. As the process for manufacturing
these materials results in a size dispersion of

considerabple range {30nm to 220 nm), it was suspected

42



(81) JP 2013-47688 A 2013.3.7

WO 99741613 POCT/USYS/03073
and confirmed that the size distribution and
particularly the preseonce of small panoparticles
markedly affected target recovery., Since small
nanoparticles {30 to 7onm) will diffuse more readily
they will preferentially label cells compared with their
larger counterparts. When very high gradiente are nged,
such ag in internal gradient columns, the performance of
these materials regardless of elze make little
difference. On the other hand, when using external
gradients, or gradients of lesser magnitude than c¢an be
generated on microbead or steel wool oolumns, the
ocoupancy of small nanoparticles on cells has a
significant effect. This was conclusively shown to be
the case by fractionating DC nanoparticles and studying
rhe effects on recovery. Based on these studies and
other optimization experiments, weans for fractionating
nanoparticles magnetically or on columns was established
where base coated magnebic particles could be prepared
rhar were devoid of excessively small or large
nancparticles. For example, base coated particles of
mean diameter 100mm can b produced which contain at
best trace amounte of material under 80 nm oy over 130
nm. Similarly material of about 120 nm can be made with
no appreciable material under $0-95 nm and over 160 nm.
such materials performed optimally with regard to
recovery and could be made sub-optimal by the inclusion
of 60-70 nm nanoparticles. The preferred particle gize
range for use 1in practicing this invention is 90-150 nom
for bage coatad magnetic particles, e.g., BSh-coated
magnetite. Particles f£alling within this preferred
range may be cbtained using the procedure described by

Liberti et al. In Fine Particles Szience and Technology,
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777-90, B. Pelizzerti (ed.} (19%96).

T further address the non-specific binding
problem, several routes for making antibody conjugated
direct nancpariicles were attempted. Moncclonal
antibody specific for rare cells can be directly coupled
to, for example, the BSA base coating on the DC wagnetic
particles by standard hetercbifunctional chemistry
(referred Lo herein as direct coupling method) .
Hetercbiofunctional linkers used for these purposes
include sulfo-MOCC and sulfeosuccinimidil-4-
Imaleimidomethyl] cyclohexane-l-~carboxylate., In another
approach, biotinylated monoclonal antibodies can be
coupled to streptavidin which has been coupled to the
base coated particles. This conjugate method is
referred Lo herein as a piggyback method. In this
process, streptavidin is coupled to the bage coated
magnesic particles by the same chemistry as the direct
coupling method. In one piggyback coupling method,
monobictinylated antibody is allowed to react with
streptavidin magnetic parvicles for 1 hour and then the
remaining streptavidin bkinding sites guenched with free
biotin., It is important to quench the remaining
streptavidin sites after antibody coupling Lo prevent
binding of any biotinylated antibody to magnetic
particles during isolation of rare cells or the cell
analysis step. Furthermore, it ham been shown that this
means for guenching streptavidin is effesctive for
counteracting non-spevific binding. Incubation of such
materials under a variety of conditions with
bictinylated flucrescent macromolecules resulbs in no
pound fluorescence. For comparison, anti-BpCAM antibody

{GA73.3 ohtained from the Wistar Institute,
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¥hiladelphia, Fa.! was coupled to magnetic particles by
both methods. Bobh magnetic particles were then
comparad for the selection of cells from the colon tumor
cell line (Colo-203) spiked into whole blood as well as
for the non-gpecific binding (NSB} or carry-over of
leukocytes. The leukooytes present in the final sample
were a combination of lsaukooytes noen-specifically bound
to magnetic particles and carvy-over of cells from the
wash steps. Nots that following magnetic separation, it
is necessary o wash away any cells which were in
contact with the tube ar the start of the separation or
that were transported non-megnetically during the
separation process. The following table shows the

comparison of these twp magnetic particles,

Magnetic Recovery of N8B and carry over

particles gpiked Colo-205 leukocybes (%)
cells (%)

EpCAM antibody

dirsctly TE-B2 0.1 ~ ¢.3

coupled to

magnetic

particles
{loc.# 120325~
1}

EpCaM antibody
goupled to &7 - 78 G.08 - 0.1
magnebic
particies by
piggyback
mathod

{lob § 120607~
2}

The first thing noted is that merely coupling

antibody or Streptavidin to BSA base particles
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significantly reduces non-specific binding (data not
shown) .  This is believed to be due to decresasing the
accessability of “bare’ crystal surfaces to cells for
binding. The above table demonatrates that the recovery
of spiked cells ism comparable for both typss of magnetic
particles. However, the non-gpecific binding of
leukocytes was 3-fold higher when using the direct
antibody coupled magnetic particles. This difference,
albeit relatiwvely amall, becomes significant when a
large volume of blood is processsd and analyzed. A
reasonable explanation based on many supporting
obgervations for the difference between the two types of
magnetic particles is that there ars more layers of
protein on magnetic particles synthesized using the
piggyback coupliing methed., The surface of the magnetic
crystals are thus coated wore extensively with multiple
layers of protein and appear to be sterically
vprotected”. This prevents binding of non-target cells
to the magnetic particles.

in the pigoyback ¢oupling method, a limited number
of streptavidin binding sites on the magnetic particles
are occupied with biotin-antibody and the remainder arse
gatrurared with free biotin by the guench process
described above. In yet another coupling wmethod, the
excess streptavidin binding sites were guenched and
saturated with moncbiotin-BSA instead of free biotin.
The vationale for this approach is that guenching with
monobictin BSA should further sterically inhibit cells
from coming in contact with uncoated regions of the
nanoparticles, i.e. give better coverage of the
nancparticles. It was shown by carbon analysis that

this process increases the amount of protein coupled to
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the particles. The two magnebic particle preparations
were compared in experiments assessing recovery of
apiked Colo 205 from whole blood and for non-specific
bindinyg of leukooytes. The resulis are presented in the

following table.

Magnetic particies Racovery of NSBE and carry
Colo 205 over leukocytes
cells (%) (%}

EpCAM antibody 93 5.08

coupled magnetic a7 0.1

particlies - 85 6.1

quenched excess
streptavidin sites
with f£ree biotin
(lLot. # 131022-1}

EpCAM antibody 87 9.901
coupled magnetic a3 .03
particles - 83 0.0z

guenched excess
streptavidin sites
with biotin-BSA
fiot. # 131022-2}

Monobiotin-BSA may be prepared by conjugating a
1imited amount of bictin to BSA, such that 30- 40% of
the resultant product has no bound biotin.

in summary, magnetic particles having z homogeneous
size distribution and biotin-BSAE quenched streptavidin
binding sites performed extremely well in the assay
methods of the present invention. A good recovery of
the spiked spithelial tumor cells and almost an order of
magnitude reduction in nonspecific binding is obtained
using these particles, comparsd with the hiotin blockad
nanoparticles. Thus, these materials and the results

cbtained with them define a very useful product which
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can be further optimized. The improved ferrofluid
product is made as magnetic as possible, is coated sc as
te exclude all possible interactions of the magnetic
oore with any subziances in bieed including cells
{presumably coated with a nonporous monolayer) and are
well defined in its size rangs and distribution., In the
preferred situation, a coat material is used which does
not interact with biclogical materials. Where such
interactions are unaveidable, a means for blocking them
is reguired. For a material to be as aagnetic as
possible, those produced as described in US Patent Nos.
5,579,531 and 5,858,271 are preferred starting
materials. They are preferable because they are
composed of large magnetic corea with an apparent but
not complete monolaver of base coating material. For a
100 nm nanoparticle coated with BSA, the core will be
about 99 nm of an appropriate magnetic oxide such as
magnetite. Such nanoparticles bscause of the relative
size of the cores and coat material are clearly as
magnetic as is pessible. Thie is apparent if one
considers that the function of the coating is to keep
the nanoparticles from undesired interacticns with each
other which would lead to macroscopic agglomeration.
The coating also promcotes sufficient interactions with
sclvent moleculss so as to maintain colloidal behavior
and provides a convenient chemical means for coupling.
The nanoparticles of US Patent Nos., 5,575,531 and
5,698,271 are also preferred as a starting material as
they have sufficient monolayer ceating whersin “holes”
in the monolayer can be filled in several ways, viz.,
sterically and physically. Clearly any coating that

promotes the effective complete coverage of the magnetic
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core, so as o inhibit interactions of the core material
with blood components or any other non-specific effects
irn any other gystem would be suitable, The less mass
such a coating mignt add to the nanoparticles the
pebter, B0 a8 to maximize the mwagnetic mass to

nanoparticle mass ratio.

BXAMPLE 2

Enumeration of circulating epithelial cells in patients
treated for metastatic Breast Cancer

Figure @ ghows the results cobtained when tumer
cells spiked into whole blood are isolated using the
asgay methods of the present invention. Papel R shows
analysis by microscopy and panel B shows analysis
results cobtained using flow cytometry. TFig. 2 shows
three examples of the Lloweytometric analysis of 10 ml
blood samples obtained from one patient with wetastatic
breast carcinoma at three time points, and includes the
correlative display of the anti-ieukocyte versus anti-
epithelial cell antibodies of the flowcytometric
analysis. In Fig. 2, Panel A, 14 events are detected and
are present in the location typical for epithelial
cells. In Panel B, 108 epithelial celle are detected
and in Panel € 1038 epithalial cells are detected.

The number of events passing the threshold set
on the nucleic acid dye in the analysis of the 10-ml
blood sample varied between 5,000 and 50,000 events.
Thess svents conaist of cellular debris and leukocytes.
in analyzing the blocd of 32 controls, the number of
events present in the region typical for epithelial
cells ranged from 90 - 4 / 10 ml of blood {mean = 1.0, S0

= L.E1.
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Eight breast cancer patients had active metastatlc
diseass during the peried of study. In these patients,
the number of epithelial cells in 10 ml of blood varied
within the range of 0 to 1036. The activity of the
disecase was assessed by subjective criteria, i.e. bone
pain, dyspnea etc. and objective criteria, X-rays, bone
geoans, OF scan, MRI and lymph node size. Patlents were
classified in categories 0 through 4,as set ocut in Table
1.
TABLE I

Clpssification ©f patients according to clinical sctivity of the
aisense after surngical intervention

Cabegory Criteria

4 e evigence of disemse at any time
point after surgical intervention

1 Evidence of disease at one time polnt
after surgical intervention

2 Evidence of disease under control

3 Antive progressive disease

4 Life threatening digease

The dynamics of epithelial cell counts in.the
blocd of 8 patients with metastatic disease are
presented in Fig. 3. The shaded aresa in the plots
indicates the range at which pogitive eventa were
detected in the controls. The plots alsoe indicate when
chemctherapy was administsred. Figure 3, panel A shows
a patiemt with life threatening disease and 200
epithelizl cells / 10 ml of blood st the time she
enterad the study. High dose adriamycine reduced the
number within the normal range, but it rose again after
adrismycine was discontinued. Afver a second course of
adriamycine, the number of epithelial cells dropped
significantly, but was still above the normal range.
Fig. 3, panel B shows the course of one patient over a

period of 43 weeks. The patient was asymptomatic ab the
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start of the study but was known to have bone metastasis
in the past. Epithslial cvells were detected above
normal levels and steadily increased during the period
studied. A brief decline in the number of epithelial
cells was found after a course of high dose adriamycine
wag administered., The activity of disease in this
patient clearly increased during thie periocd. In Fig.
3, Panels C and D, two patients are shown with leas
digease activity. In thess patlents, the changes in the
number of epithelial cells over time also reflected the
changes in the activity of the disease. In the patients
shown in Panels T and F, the nunber of peripheral blood
epithelial cells increased at the last time point
studied while the patients stil]l were without sympLoms.

In the case shown in Panel G, no epithelial
cells were detected at the firat time point studied
which was three years after breast cancer surgsry
{T2N1iMG} . Four weeks later, 50 epithelial cells in 10 ml
of bicod wers detected by flowcytometry. The patient at
this time had no clinical signs of digsase recurrence.
An additional blood sample was analyzed to obtain
morphological confirmation that the cells detected by
floweytomerry had features consistent with those of
malignant cells.

Figure 4A shows two cells with a large nuclear
to cytoplasmic ratic and which positively stain with
Cyrokeratin, both features being consistent with tumer
cells of spithelial cell origin. Four weeks after this
finding, the patient had an axillary lymph node biopsy.
Cells obtained from the biopsy proved teo be of malignant
origin. Although an X-ray at this time did not show

signs of pulmonary metastasis, a CT scan performed two
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weeks later showed evidence of pulmonary metastasis.
The patient had no symptoms from the pulmonary
metagtasis. The patient reacted well to Vincrelbine as
measured by the disappéarance of the axillary lymphnode
involvement. The peripheral bleod epithelial cell
number dropped to levels just above the normal range.
Twenty-eight weeks after initiation of the Lreabment,
the peripherail blocd epithelial cell number incrsased
and by physical examination, the axillary node increased
inn gize. The number of peripheral blood epithelial
cells in these 8 patients with metagtatic dissase of
carcinoma of the breast clearly refiected the activicy
of the dissase and the reaponse to treatment or Lhe lack
thereof during the time pericd studied.

The experiments described above were perfoymed
using colloidal magnetic nanoparticles. In this
sxample, the efficiency of larger size magnetic beads
for the selection of tumer cells present at a low
frequency in blood was also evaluated to determine
whether micron size beads can also be used to select
tumor cells even though as described above, nanometer
size magnetic particles are considered preferable for
this application.

As mentioned previously, disadvantages are
encountered with the use of larger size beads. These
are: (i) the beads are toco large to diffuse thus
collisions of the beads with target cells present at a
low freguency reguires mizing {(ii) the beads settle
very fast, furthesring the need for continucus mixing and
(iii} large gize beads cluster around celle and obscure
analysis. Accordingly the large size beads need £o be

removed from the cell surface prior to visualization or
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analyeig., In accordance with the present invention, it
has bean found thab the efficiency of cell gelection
with larger beads can be improved by increasing the
concentration of beads and increasing the incubation
time with continucus mixing tc facilitate binding to
rare taraget cells. In this example, 2.8pm Dynal
anti-epithelial cell beads (Dynal, NY) were used to test
the efficiency of tumor cell selection from blood in =
model study under optimum conditions for large beads.
Thage beads are conjugated with a menoclonal antibody
specific for epithelial tuweor cells. A known number of
tumor cells {cancer cell line) were spiked into normal
blood to determine the recovery after selection with
beads. The tumor cells were prelabesled with a
flucreacent dye to differentiate them from blood cells
during detection. The protocol was followed as
recommended by the manufacturer.

Whole blood {5 ml) was added Lo 2 15 ml
polystyrene centrifuge tube followed by the addition of
20 + 3 flucrescently labeled SKBR-3 (breast cancer cell
i1ine} cells. SKER-3 cells were prestained with a nucleic
acid staining dye (Hoeschi) to allow detection after the
selection by beads. The bloed was diluted with Sml of
Trilbecco's PBS confaining 5 mM EDTA and mixed with the
dilured blood for 15 minutes at 4°C on a rocker. 100pl
of Dynal anti-epithelial cell beads containing 50 x 10°
beads were added to the bicod sample and incubated for
30 minutes at 4°C with mixing on a rocker. Note that the
number of beads used were similar to tobal white blocd
cells i.e. one bead per white cell. The megnetically
labeled cells were sgparated by placing the sample Cube

into Dynal MPC magnetic separator for § minutes.
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After aspirating the supernatant, the
collected cells were resuspended in aml of Dulbecce's
PRS containding 0.1% ESA. The sample tube was placed back
into Dynal's MPC for & minutes to remove any Carry-over
blood gells. The magnetically pound cells ware
reguspended in 200 kil of Dulbecco’s PBS containing 0.1%
BSA after aspiration of the supsrnatant.

The final sample, containing selected tumor
cells, non-gpecifically bound blood cells and excess
free magnetic beads, was spotted onto an
immunofluorescent slide to detect tumor cells. The 20041
sample was spotted inte 10 different wells to disperse
free magnetic beads. The fluorescently stained tumor
cells present in sach well were counted using &
fiucrescent microscope. The results are shown in the
Table IT:

TABLE XX

Experiment No. Tumor cells recovered % Recovery

i 18 i3
2 17 85
3 ¢ 50
2 E B4

The resgults show thab, on average, §7% of the
spiked tumor oslls were recovered from bklood by Dynal
magnetic beads. This suggests that tumor cells present
in blood can be selected efficiently with larger size
magnetic beads under optivum conditions. In this
example, however, only the selection of tumor celis £rom
blocd was evaluated without performing any analysis.
Further the efficiency of recovery would be determined

because cellyg were prelabeled with a strong fluorescent
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dye. Tne final sample (200ul) contained 50 %10® beads in
addition Lo selected tumor cells (10-17) and
non-specifically bound leukocoyies. The size of the beads
{2.8um} is similar te that of certain blood cells and
occupied most of the surface ares on the slide.
Therefore, to obtain recovery data, the sample had to be
spotted onto several wells in order to sufficiently
disperse free magnetic beads so as to allow for
detection of recovered tumor cells.

There were alse many beads on cell surfaces
which precludes viewing and staining of selected tumor
cells for furcher analvsis. In this example, tumer cells
were prestained with a fluorescent nuclelc acid dye and
further staining was nof necessary for detection.
However it is often desirable to identify the tissue of
origin of the magnebtic bead-bound cells. Such
identification is performed using labeled antibodies to
detect and characterize tumer cells present in clinical
samples. Accordingly, beads have to be yemovad from
sell surfaces and separated from the sample following
carget cell selection, i.e. before analysis. This ls not
the case with nanosize magnetic particles because thelr
size does not interfers with cell analysis.

In summary, this example shows that large
magnetic peads may also be utilized in the methods
discliosed herein for the efficiesnt isolation of
circulating tumor cells.

There are several methods available to release
peads from cell surfaces which do not significantly
damage isclated cells. One methed is to displace
antibody from the cell surface by adding an excess

specific competing reagsnt in excess which has higher
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affinity for the involved antigen or antibody. This
type of mechanism is used to release beads from (D34
selected cells in eclinical applieations using a peptide
{Raxter Isolax 300). The peptide competes with CD34
antigen for binding to antibody on beads and releases
che antibody-bead complex from cells. Another method
smploye a reversible chemical linker between beads and
antibodies.

The chemical linker can bhe inserted during
the ¢onjugation of antibodies to magnetic beads. The
chemical link can be oleaved under appropriate
conditions to release beads from antibodies. Cne of
the methods currently in use employs a nucleic acid
linker to link antibodies Lo magnetic beads. The
mualeic acid linker is & polynuclectide and can bes
nydrolyzed specifically using DNAse enzyme. Following
pydrolysis of the nuclectide bonds present in the
nucleic acid linker, the beads are rsleased from the
antibodies which remain bound to cells. The released
beads can be removed from cell suspension by magnetbic
gseparation. The wells which are freed from heads can
pe used for further analysis by microscopy or Llow
GyLometry.

This example demonstrates that lavger size
magnetic beads can also be used to igolate tumor cells
from blood, provided they are used in high encugh
concentration to label cells and are then released

from cells before analysis.
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BXAMPLE 3

Enumeration of circulating spithelial cells in patients
with no evidence of disease after gurgery for carcincma
of the breast with curative intent

Peripheral biood of 37 patients between 1 and 20C
vears after surgery was examined for the presence of
epithelial cella by floweytometry. Up to 7 peripheral
blocd samples were baken over & one-year peviod from
chese patients. In Table I1I, each of the patients is
tisted and sorted according to the TNM {tumcr, node, and
metagtasis) estage at the time of surgery followed by the
vears after surgery. Table III also shows whether or
not the patient received treatment [(either chemotherapy
or hormonal therapy! during the pericd studied. In 3 of
6 patients with evidence of distant metastasis in the
past, but in complete remission at the time of study,
epithelial cells were found in the blood at a higher
frequency than that found in the control group.
Circulating epithelial cells were also found in 2 of 33
patients with no evidence of distant metastasis.

The low number of events present in the region

typical for epithelial cells by flowcytometry in these 3
patients dogs not warrant ldentifying these events as
rumor cells., Cytology obtained by plaging the
immunomagnetically selected cells on a slide greatly
aids in ;he agsegasment of thair identity as is
iilustrated in Fig. 4. Fig. 4, panel A, shows two ceils
staining positive for cytokeratin and obtained from a
patient with no evidence of metastatic disease at the
time the blood was drawn. Panel B shows a cell from a
patient with netastatic disease in the past but in

complete remission. In Panels € and D, two caells are
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shown isclated from the bleod of patient 25 at time
point &. The cell shown in Pansl C has features
consistent with malignancy whereas the cell in Panel D

has the appearance of a normal sguamous epithelial csll.
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TABLE IIX
Number of epithelial cells identified by fiowcytometry
in 10 mi of peripheral blood of patients with no
avidence of disease after surgery for carcinoma of the
breast with curative intent and 32 controls.

MNumbear,... . TNM Y& T % 2 4 5 [ 7
1 T, M, g - 2 29

2 TN, M, 16 H o

3 TN, M, 7 €T 1 7 5 6 4 8 7
4 TAGM, 10 cT 1 0 1 2
g TN, M, i 13

5 TN, M, 26 H 1z 2

7 T M, 1 = )

8 TN, M, 2 T ¢ 0 o

i T, .M, 2 or o o 1 0

10 TN M, 3 H 3

i1 TN, M, a H 5 4 0 5

1z TN, M, 3 H 30

13 T,H,M, & o7 & 0

14 TN, M, 5 E i1

15 TN M, 7 H 103 3

16 TN, M, 3 H o

17 T M, 17 H 4

18 TN M, 3 - 5

19 TN M, 5 H 1

20 TN M, 8 H c & 8

31 MM, <l - g

22 T M, 21 H ]

23 TN M, i H o

24 TLNM, 1 - 4

25 T, N M, 2o 3 085 13 & 2
26 TN M, 3 OT 6 3 1 1 & 8
a7 TN, & H 18

28 TN M & H 21

2% TN M, 7 H 8 a4 2

30 TN M, & H G i

31 TN M, g8 H ¢ & 8

az TLNLM, 1l H 2

33 T, M, 20 H 4

34 T,H,H, <1 H !

15 TN M, 2 H 0

36 TN M, 17 - o

37 TGN, 12 H o

N3 controls

2 min ¢
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max 4

mean 1.0 M o+ 45D 3.B

TMM = Tumor, Node, Metastasis

¥s = years after primayy surgery

T = therapy, C? = chemotherapy, H = hormonal therapy, -
= N0 Cherapy

1,2,3,4,5,6,7 = subseguent time point st which the
nurber of epithelial cells was determined in vears

EXAMPLE 4
Enumeration of circulating epithelial cells in patients
diagnosed with breast cancer before surgical
intervention.

Table IV summarizes the resulis obtalned
following similar <liniecal trials in which 13 controls
and 30 patients with breast cancer were assessed using
the assay of the imvention. In control individuals the
rumber of spithelial cells in 20 wl of blood ranged from
0-5 {mean 1.5 2 1.8}. In contxast, there was an average
of 18.9 & 17.4 epithelial cells in the 20 =l klood
sampies of 14 patients with organ-confined carcinoma of
the breast (patients lassified as TNM), 47.4 2 52.3
in those with nodal invelvement, and 122 £140 in thosge
with distant metastases. The difference between the
control group and patients with carcinoma of the breast,
with or without metastasis, was highly significant
{P,0.001 by multiparamster analysis {Kruskal-wWallie)l.
The difference bstween the organ-confined and the
distant metastatic group was (.009(t test). The number
of epitheiial cells in patlents with organ-confined
breast cancer was above the out-off point {mean valus
pius 3 S0 in the control group = 6.9) in 12 of 14 cases.
Moreover, no individual in the control greoup had more

chap B events classifisd as epithelial cells, and only 2
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of the 14 patients with organ-confined breast cancer had
<7 asuch events.

Table IV

Summary of clinical data

Healthy Ho detectahle 2spread to Dietant

Famher Control spraad Tymphnodes matastaais
only

1 & o 7 20
2 bS] 4 8 20
3 G i 14 P44
L o a X 23
5 o 8 118 54
& & 8 ¥
7 ¢ 1z g9
8 2 i3 135
9 2 14 152
10 4 16 304
Tl 3 18 456
1z 3 is
i3 24
14 2
¥ 12 14 5 11
mean 1.5 i5.9 47.7 122.5

Plowoytomsetyy was used to analyze the posltive events
obtained from 20 ml of blood frow concrol individuals
and from women with breast carcinoma. The numbers of
epithelial cells in the blood of controls are
statistically different by t test (P < 0.01} and by
Kruskall-wallis nonparametric analysis [F<0.001) from
each of the three groups of the breast cancer patiente.

The data in this table were used to establish a

preliminary cut-off value for positive samples. This

6L



(100) JP 2013-47688 A 2013.3.7

WO 99/41613 . PCT/USRAZN7S
value was determined by avervaging the number of
circulating epithelial cells in the normal controls (n
=13) and then adding three times the 8D, The average
wag 1.5 and the 8D is 1.8, Cut-cffr 1.8 + B.d = 6.9,
There is no statistical difference between male and

famale controls.

EXAMPLE 5

DISEASE ACTIVITY I8 CORRELATABLE WITH NUMBER OF
CIRCULATING EPITHELIAL CELLS IN PROSTATE CANCER PATIENTS

Three patients with metastatic digease of the
progtate were assessed for the presence of circulating
epithelial cells in their blood following
chemothevapeutic treatment. The results are presented
in Fig. 5. ‘The data reveal that an increase in
circulating epithelial cells in the blocd is
correlatable with dissase activity. Alsc in three
patients with no detectable aspread of the cancer,
epithelial cells were found in 20 wl of the peripheral
blood (16 cslls = 4} . As shown in Table V, the number of
epithelial cells in the blood of prostate cancer
patients was statistically different (F less than 0.001)

than normal controls.

TABLE V
Number of Epithelial PEA Gleason
Cells Per 20 ml Blood Leval Grade
{pg/ml)

4 &.0 3+ 4 =
12 5.5 3o+ 4 =7
i il.2 3+ 3 =6
16 28.0 4 + 4 =8
20

24 5.6 3o+ 4 =7
28
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Control blood samples were obtained f{yowm normal
individuals, individuals known to have benign tumors and
those patients with inflawmatory dissases. Based on
statistical data, the regults reveal that a cut-cff
point of approximately 6.8 celle per 20 ml of blood was

ugeful as a diagnostic marker for prostate cancer.

EXAMPLE &

DISEASE ACTIVITY IS CORRELATABLE WITH NUMBER OF
CIRQULATING EPITHELIAL CELLS IN COLON CANCER PATIENTS

The assay method of the present invention may be
yaed ©o advantage in the agsessment of patients with a
variety of different cancer types. To illustrate, the
method was also used to assass cilreulating epithelial
levels in patients with solon capcer. Colon cancer
patients without evidencs of metastases were evaluated
for the presence of circulating epithelial cells before
and after surgery. The results are shown in Fig. & and
summarized in Table ¥I. The data reveal that the number
of circulating epithelisgl cells in colon cancer patlents
is greater prior to surgical intervention.

TABLE VI
CYROULATING EFITHELIAL CELLE IN COLON CANCER PATIENTS WITHGUT
LEYIDENCE OF METASTABES

TIME OF HUMBER COF CIRCULATING EPITHRLIAL CELLS
TESTING PATTENTS DETECTED BY FROW CYTOMRTRY IN
TESTED 1¢ ml OF BLOCD
MEAN 5 SEM RANGE
Before gurgery 12 43.3 & 22.0 9 - 234
hfter surgery 25 2.7 & 0.7 0 - 1%

Table VII and ¥Fig. 7 depilet data cobtained when

ccolon cancer patients with evidence of metastases were
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assessed for the presence and number of circulating .
epithelial cells. The results revealed that the number
of epithelial celils in peripheral bleood is larger in
patients with metastatic disecase as compared to local
disease after surgery. The results further show that

the extent of metasbabic digeasss may be correlated with

che pumber of circulating epithelial cells.

TABLE VII

CLACTLATING BEPITHELIAL CELLS IN COLON CANQER PATIENTS WITH EVIDENCE
0¥ METASTASES

METASTATIC NUMBER OF CIRCULATING EPITHELIAL
STATUS OF PATIENTS CELLY DETECTED BY FLOW
PATIENTY TESTED CRROMETRY IN 10 ML OF
TESTED BLOOD

MEAN i SD RANGE
REGIONAL 11 3.7 + 0.8 -4
DISTANT, BOLITARY 14 7.6 & 2.0 ¢ - 21
DISTART, MULTIPLE a 54.0 2 25.1 5 - 200
MORMAL CONTROL 32 1.4t 9.2 o - 4

The examples above demcnstrate the highly-
significant differences in the number of circulating
epithelial cells between healthy individuals and
patients with breast, prostate and colon cancer. In
addition, significant differences in the numbex of
circulating epithelial ¢ells were found between patients
with no detectable spread, spread to lecal lymph nodes
and distant metastasis {Racila et al., {1998}, gupra).
additicnally, the number of epithelial cells in the
bload of patients after surgical remowval of a primary
carcinoma of the breast was wmonitored over a one-year
pericd. In some of these patients residual disease was
detsctad. See Figure 7. In patients with metastatic
dissage, the changes in peripheral bloocd tumor cell

count correlated with the btumor load and response to
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syreatment . The results of thesge studies reveal the
potential of the cell-based assay of the present
invention ag an objective non-invasive tool Lo deteqt
the presence of malignant disease and measure the
activity of the disease. Cellular morpholcgy and
immunophenctype reveal the walignant nature of the

jsclated celis,

EXAMPLE 7
TISSUE SOURCE IDENTIFICATION OF ISOLATED EPITHELIAL
CELLB
A1l of the Forsmentioned studies in patients reveal

chat there is an excess of epithelial cells in patients
who have cancer, comparsed to normal individuals ox
patients without cancerous diseases, including benign
rumors. Lo is sssential, however, bo prove that these
excess epithelial cells are, in fact, cancer cells.
This was accomplished by performing an experiment in
which immunomagneticallly purified epithelial cells from
patients with or without cancer were CyLospun onto a
glass slide and Ireated with anti-mucin. In addition,
normal epithelial cells which wers obtained from
foreskin and blood from noermal individuals, both used as
controls, were alesc cytespun. It is significant that
the slides were coded and examined "blinded”, that the
observer had training in pathology and that normal
spithelial cells were included. 3As can be seen in
Figure 4, there is a marked difference between the
cancer cells versus normal epithelial cells. Normal
epithelial cells have & low nuclear to oytoplasmic
ratio, i.e., there isg abundant cytoplasm and a

relatively small pucleus. The nucleus shows a smooth
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digtribution of chromatin, The cells do not stain with
anti-magin. In contrast, cells from Lwo patisnis with
hreast cancer have very large nuclel and a small rim of
cytoplasm. BAdditionally, the chromatin is disorganized
as shown by the dark patches in the nucleus and the
cells stain intensively with anti-nucin. The samg is
ehgerved in oellis from two patisnts with prostate
cancer. A physician tralmed In pathology was shown
voded glides from patients with and without cancer
(rotal of 21 slides). The patheology-trained physician
correctly identified bloods from all the controls as not
having cancer cells and displayed no-intraobserved error
whan shown slides twice. In the cases of two patlents
with prostate cancer, tumor cells wers not seen in the
study. One slide was re-sxamined and tumor cells were
ohserved. The causzse of this discrepancy appears to be
the amount of time spent scanning the cell smear. In
summary, the cytomorphology and imsmuncphenotype indicate
that the excess epithelial cells present in the blood in
patientas with cancer are indeed cancer cells.

The experiments described asbove indicated that
the methods disclosed herein enable the detection of
cancer cells in the blood of patients with early tumors.
indeed, in 25 of 27 patients who were clinically
determined to have organ-ceonfined disesse (early stage
cancer), we detected the presence of cancer vells in the
blood, Thig means that the assay should detech cancer
celle much earlisr in those solid tumors that are
normaliy detected late {10°-10%" tumor cells). Morever,
the test should allow derection of breast and prostate
cancer sarlier, perhaps before detection of a primary

tumor by conventional means. The organ-origin of tumor
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cells in the blood for prostate can be established by
staining with anti-prostate gpecific membrane antigen
(PMSA), anti-FSA {prostate specific antigen), or other
antibadies specific to the prostate in male aubjects.
For breast carcinoma in female patients, staining with
antl-mammoglobin, antli-progesterone rsceptor, anti-
estrogen receptor and anti-milk f£at glebulin antigen T
and 11 will indicate a breast origin of tumor.

Cur test should detect carcinoma cells from
other organsg, ©.y., panoreas, ssophagusg, colon, stomach,
lung, owary, kidney, &tc; The following table shows
examples in which excess epitheliazl cslls wers cbserved
in several patients with carcinomas other that the

breast and prostabs,

TABLE VIII

NUMBER OF CRELLS CARCER

PER 20 ML BLOOD DIAGROSIS

8 Uterus adenocarcinoma
{Stage 1B)

11 Haad and Heck
adenocarcinoma

15 Lung small
uvandifferentiated

14 Neck Sguamous fell
carcinoms

fach of the cavcinomas described in the table
above express vigsus specific antigens whose
corresponding antibodies can be used to determine the
organ-origin of the cirsulating tumor cells.

The blood tast of the invention can also be
uged te detect cancey cells in patients previcualy
treated successfully for cancer and now in long term
complete remission. Indeed circulating epithelial
cells, i.e., dormant tumor cells, have besen detected in
patients treated five or mors years previously and who

appear to be clincally free of tumor. This explains why
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recurrence in patients can occur many years, eVen
decades after apparently succezsful treatment., In fact.
accumulating evidence suggests that the rescurrence rate
of breast cancer is at slow gteady rate L0-12 years

after mastectomy.

EXAMPLE 8
DETECTION OF TIMOR ¢ELLS IN THE BLODD OF A PATIBNT WITH
HIGH PSA LAEVELS AND A NEGATIVE BIOPEY

as indicated by the forsgoing examples, the
present ilnvention may be used to advantage to diagnose
cancer in presently asymptomabice patients. To
illustrate this point, a patient with a two year history
of high PSA levels {>12 ug/ml}, had a needle biopsy of
the prostate pericrmed two weeks prior Lo the analysis
get forth below. The biopsy did not reveal the presence
of malignancy. It is alsoe noteworthy that a prior
biopsy performed 18 months earlier was also negative.

Beforse obtaining & 20 wl blocd sawmple, the
patient was given a digital rectal exam and a gentle
massage of his enlarged prostate with the intention of
increasing the occurrence of tumor cells in the hlood.
The blood sample was enriched using the methods of the
present inpvention. The enriched fraction was examined
by microscopy employing a Wrights-Giemsa stain.
Morphological examination of the iscolated cells revealed
rheir malignant character. Clearly this patient had
cancer. Given the high PS8A levels observed, a diagnosis
of prostate cancer is likely. The origin of the cells
may be determined using appropriate reagents as

described herein, The results presented in this example

€8
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reveal that the metheods of the present invention can be
used to debect cancers which might otherwise go
undetacted.

The notion of employing 2 localized massage to
promote shedding of tumor cells into blood as a means of
enhancing sensitivity of the blood test is a concept
with considerable merit. Cells that are released into
vhe cireoulation by this approach, following isclation
may be used for a variety of different purposes. In the
case of cells igolated with ferrcfluide, isclated cells
can be readily cultured and/or cloped. The resultant
cell lines can be used to assess a varielby of malignant
cell characneristics such as chemotherapeutic

senaitivivy and growth factor dependency.

EXAMPLE 9

Tagts Kits for diagnosing wvaricus aspects of cancer.

klseo contemplated for use in the presant
invention are test kits comprising the reagents used to
perform the assay of the invention. Such kits are
designed for particular applications. Reagents may be
asgsemblad toe facilitate screening of patlents for
circulating rare cells, including bubt not limited to
rtumor cells. In this embodiwment, the kits contain
colloidal magnetic particles comprising a magnellc gore
material, a protein base coating material and a
bicepecific ligand which kbinds specifically to a
characteristic determinant present on the cancer cell to
be isclated, The kit alseo includes atr least one
additional biocspecific reagent which has affinity for a
second characteristic determinant on the cancer cell to

be isolated which differg from the determinant
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recognized by the blospscific ligand. The kit alsc
inciudes a cell specific dye for excluding non-nucieated
cells and other non-target sample components from
analysis.

A typical kit according te this invention may
include anti-BpCaM coupled directly or indirectly to
magnetic nanoparticles, and a pair of moncclonal
antibodies, the first antibody recognizing a cancer
specific determinant and the second antibody having
affinity for a non-tumor cell determinant, e.g., & pan
leukooyte antigen. The kit also containg a nucleic acid
dye to exclude noen-nucleated cells from analysis. The
kit of the inverntion may optionslly contain a biclogical
buffer, a permeabilization buffer, a protocol,
geparation vessels, analysis chamber, positive cells or
appropriate beads and an information shest.

The kits described above may also be produced
to facilitate diagnosis and characterization of
particular cancer cells detected in circulation. In
this embodiment, the kits contain all of the items
recited above, vet also preferably contain a panel of
cancer gpecific wonocclonal antibodies. Using breast
cancer as an example, a kit for diagnesis may contain
anti-MIC-1, anti-estrogen, anti-progosterons recepbor
antibodies, anti-CA27.29, anti-CAL5.3, anti-cathepsin D,
anti-p53, anti-urokinase type plasmincogen actiwvator,
anti-epidermal growth factor, anti-epidermal growth
factar receptor, anti-BRCAL, anti-BRCAZ, anti-progtate
specific antigen, anti-plasmincogen activator inhibitor,
anti-HerZ-neu antibodies or a subsget of the above.

A kit is alsco provided for wmonitoring a

patient for recurring disease and/or residual cells
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fallowing eradication of the tumor. In this smbodiment,
the type of cancer will already have been diagnosed.
Accordingly, the kit will contain all of the reagents
utilized for screening biclogical samples for cancer yet
zlac contain an additional antibody specific for the
type of cancer previously diagnosed in the patient.
Agazin using breast cancer as an example such a kit might
contaln anti-MoC-1.  Alternmatively, the kit may contain
anti-Hexri-neu.

. The kits of the invenbion may be customized
for screening, diagnosing or monitoring a wvariety of
different cancer types. For example, if the kits were
to he utilized to detect prostate cancer, the antibodies
included in the kit would be specific for prostate
tissue. Suitable antibcdies or markers for this purpose
inciude anti-prostate specific antigen, frese P38A,
prostatic acid phosphabase, Creatine kinage, thymosin b-
15, p53, HPO1 basic prostate gene and prostate specific
membrane antigen. If & patient were to be scresned for
the preszence of colon cancer, an anbibody specific for
carcincembryonic antigen (CEA} may be included in the
kit. Kits utilized for screening patients with hladdex
cancer wmay contain antibodies to nuclear matrix protein
{NMP22}, Rard Bladder tumor antigen (BTA) or £ibrin
degradation products (FDF). Markers are known for many
different cancer types.

The cells isolated using the kits of the
invention may be further stuwdied for morphology, RNA
associated with the organ of crigin, surface and
intracellular proteins, especially those associated with
malignancy. Based on existing information on such

molecules, it should be possible to determine from their

7L



(110) JP 2013-47688 A 2013.3.7

WO 99/41613 PCTAISHHO3073
expresgion on the isclated cell, the metastatic
potential of the tumer via analysis of the circulating
calls.

it is an object of the invention to provide

kits for any cancer for which specific markers are
known. A list summarizing those markers known at this
time and the usefulness and/cr indication follows:

T Indicative of tumor ocrigin

Muc-1 -- breast

PGA, PSMA -- prostabe
CEA -~ oolon

CYPFRA 21-3 -- lung

CA 125 -- ovarian
cytokeratins -- see list
anti-HIi&7

II Cell cycle
nucleic acid dye
cyclin A, C & E
P27

IIi €ell viability/apoptosis
Fag {CD95}
amexin V
anti-metalloproteinases

IV Drug seasitivity
eghrogen, progesterone & androgen receptors
HER-2/neu

V. Drug resistance
Frglycoprotein  (MDR)
t-glutamylcysteine synthase
rexol-registance-associated-gens-1-3
cis-diamminedichloroplatinum II resigtance genes
thymidylate synthetase
protein kinase C
telomerase

VI. S8taging
Lewis A
C
BRCA-1 BRCA-Z
CALB .3 {Muc-1}, CA 27.328, Ch 19.98
LASA
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53
cathepsin I
rag cneogene

The following tabie provides different cytokeratin

2

arkers that may be used to assess tissue origin of

O

ells izolated using the methads of the present
invention.

TABLE IX
CYTOKERATIN MAREERS

Cytokeratin Nunber 511 7iigi10ize
Adrenal Cortex [N I B R
Endonetrium [ I I P
Esophagus PN QR PR (R I
Gagtro-Intestinal Nannas iRl R R RN R R R R R
Kidney -~ P VU DU SR RV (VI I VI S PR R O
Liver - P D D O D e
Lung Columbpar N M I R R I R B
Lung  Basal A R e R
Mammary Gland Luminal RS IS U I T I i S R S O PO I
Mammary Gland Bagal AR N e N N IR
Mesotheliun wfeld o oo e e -
Ooral 0o Sl ek o Sl T AN Wt Al HO el ol N Sl B
Qvary I 1 il o o il Mol Tt ot ol At Sl e -
Pancreas 0 sl Sl o A Al M ot Mol ol M Wl Mol sl S
Pituitary Endegrine cells. g f ot - [ IOV N R U O P e
pitujtary Follicular celis il bl - (- ] BEEE b
Prostate Basal 1 ad ot TR T B BN o A B S O R R E +f -
Prostate Luminal S S I N o o T 1 A IR SR ISR S I BN IR 4 i~
Skin 5 R R R R N e e e
Tescig i - S T D I e
Thymus - |- b wied - - L R 2 Pt R e B
Thyroid B dadd il d-dadadoful-twtel-
Urinary RBladder e I I I R TR
Pterine Cervix B ahe ) o I e I +beia|eda il
Mon-Epithelial
ry adenccarcinoma efefedodegafpdadef o oo [ e e 4T~

Prostate adenovarcinoma R EE s
pancreatis adenogarcinoma i g et - - - [ g O B0 1
Gastro-Intestinal

. . et it B RIS R SN S R TRl R Il St Tl Sl Sl T S
AGEnQCarclnoma
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gndometrium adenocarcinoma |- MU D e N
Lung adenocarcinoma ARENS N T e
Lung SCC SRR e N R
Liver - adpdd ~ o]~ 8- O I R R IR
Kidney renal cell tumor | p bbb E e e e e b | el -
Qral BOC FE IR T DU U U PR QSR SR ORI N AT I A B
Cvary RTE W S S [ T [ I N U O Y
pituitary adepoma eti - - b -f- -] -F-iaef-|-
Testin N N e e e R
Thyzoid SRR R R R R R R R e Rl R e
Urinary Bladder 95 1O ) O PO DU U S IO i I O I O

rering cervix N P S A I D ICT IO I U R I S R
valvulay carcinoma U T W ) N O R R R D N R R

The following demonstrates how the practice of the
meshods of the invention is facilitated by wmeans of a
kit for use in derection of circulating breast cancer
cells:

As described abaove, the kit starts with reagents,
devices and methodology for enviching tumor cells from
whole blood. The kit would contain reagente to test for
breast cancey cells in a blood sample which will zasess
six factors or indicators. The analytical piacform
nesds to be configured such that the reporter molecules
DARPL, ©Y2, C¥3, C¥3,.%5, £¥%, and CY5.5 will be
digcriminated by the appropriate excltation and
ammission filters. The analytical platform in this
example uses a fluorescent microscope eguipped with &
mercury arc lamp, and the appropriate filter sets fox
assessing the wavelengths of the detection labels
employed. All of the markers are introduced at one time
with this method. DAPL, which is excited with UV light,
staing nucleic agids, and will be used to detesrmine the
nuclear morphology of the cell. CAM 5.2 labelled with

Cy2 will be used te stain the control cells. CY3
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labelled L1 will be used to label cytoksratins 7, B,
18, and 1%. An antibody conjugated with C¥2.5 will be
used to lebel HER-2/neu. An antibedy conjugated with
CY5 will be used to label Muc-1. 2An antibody conjugated
to CY5.5 will be used to label estrogen resceptors. By

using the appropriate excitation and emmission filters,

the cancer cells w pe identified.

Examples of different types of cancer that may be
derected using the compositions, metheds and kits of the
present invention include spudoma, choristoma,
branchioma, malignant carcinoid syndrome, carcinoid
heart disease, carcinoma e.g¢., Walker, basal cell,
pascequameus, Brown-Psarce, ductal, Ehrlich tumor, in
mitu, Krabs 2, merkel cell, mucincous, non-small cell
lung, cat cell, papiliary, scirrhous, breonchiclar,
bronchogenic, sguamous cell and transitional gell
reticuloendotheliosis, melanowms, chondroblastoma,
chondroma, chondrosarcoma, fibroma, fibrosarcoma, giant
cell tumors, histiccytoma, lipoma, liposarcema,
megcbhelioma, myXoma, Tyxosarcoma, osteoma,
ostecosarcoma, Ewing's sarcoma, synovioma, adencfibroma,
adenolymphoma, carcincsarcoma, chordoma, mesenchymoma,
mescnephroma, myosarcoma, ameloblastoma, camentoma,
odontoma, teratoma, throphoblastic tumor,
adenccarcinoms, adenoma, cholangioma, cholesteatoma,
oylindroma, cysatadenccarcinoma, cystadenoma, grantklosa
cell tumor, gynandroblastoma, hepatoma, hidradenoma,
islet call tumor, leydig cell tumer, papilloma, sertolil
cell tumer, theca cell tumor, lelomyoma, leiomyosarcoma,
myoblastoms, myoms, myosarcoma, rhabdomyoma,
rhabdomyosarcoma, ependymoma, ganglionsuroma, glioma,

medullioblashoma, wmeninglioma, neurlilemmoma,
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neurechlastoma, neuroepithelioma, neurofibroma, neuroma,
paraganglioma, paraganglicma nonchromaffin,
antiokeratoma, angioma sclerosing, anglomatosis,
glomangioma, hemangiocendothelioms, hemangloma,
hemangiopericytoma, hemanglosarcoma, lymphangioma,
lyvmphangiomyoma, lymphangiosarcoma, pinealoma,
carcinosarcoma, chondrosarcoma, oystosarcoma phyllodes,
fibrogsarcoma, hemangiosarcoma, lelomyosarcoma,
leukosarcoma, lipesarcoma, Llymphangilosarcoms,
mYyoSarcorns, myxogarcoma, ovarian carcinoma,
rhabdomyogarcomns, sarceoma {Kaposi's, and mast-cell),
neoplasms {a.g., bone, digestive system, colorectal,
liver, pancreatic, pibuitary, btesticular, orbital, head
and neck, central nervous system, acoustic, pelvic,
respivatory tract, and urogenital), neurofibromatosis,
and cervical dyeplasia.

The present invention is not limited to the
detection of virculating epithelial celils only.
Endothelial cells have been observed in the blood of
patients having a myocardial infarcticn. Endothelial
cells, myocardial cells, and virally infected calls,
like epithelial cells, have cell type specific
determinants recognized by available wonoclonal
antibodies. Accordingly, the methods and the kits of
the invention may be adapted to detect such circulating
endothelial gells. Additiocnally, the invention allows
for the detection of bacterial cell load in the
peripheral blood of patients with infectiocus digease,
who may also be assessed using the compositions, webhods
and kits of the lnvention,

geveral citabtions to journal articles, US Patents

and U8 Patent applications are provided hereinabove.
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The subject matter of each of the foregeing citations is
incorporated by reference in the present specification
as though set forth herein in fuli.

While certain of the preferred smbodimenrs of the
present inventicn have been described and specifically
exemplified above, 1t 1s not intended that the invention
pe limited to such swbodiments. Various modifications
may be made thereto without departing from the spirit of
the present inventiocn, the full scope of which is

delineared in the following claims.
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1. A fraction of peripheral blood enriched for circufating neoplastic ceils using a
method of diagnosing early stage cancer in a test subject, comprising.

a) immunomagnetically preparing a cell fraction from a biclogical specimen
obtained from a test subject, said specimen comprising 2 mixed cell population
suspected of containing sancer cells, and said specimen containing interfering factors,
and said cell fraction being enriched for cancer cells, if present in said biclogical
specimen; and

b} analyzing said enriched fraction for the presence of said cancer cells, the
presence of said cancer cefls in said specimen indicating the presence of early stage
cancar in said test subject;
wherein preparation of said immunomagnetic celf fraction comprises

mixing said biclogical specimen with coated magnetic nancparticles coupled to
a biospacific figand which binds specifically 1o said cancer cells, to the subslantial
axclusion of other biological specimen components, wherein the coated magnetic
nanoparticles comprising a magnetic nancparticle core material, a protein base coating
material and an additional coating material coupled to said base coating material through
a biofunctional inking compound, said additional coating material being ane member ofa
specific binding pair selected from the group consisting of biotin-streptavidin,
antigen-antibody, receptor-normone, receptor-iigand, agonist-antagonist,
lectin-carbohydrate, Protein A-antibody Fo, and avidin-biotin; and

sublecting the specimen-magnetic particle mixture to a magnetic field to produce
a cell suspension enriched In magnetic particle-bound cancer cells as an
immunomagnetic sampile,

wherein said enrichment being af least 2,500 fold with reference {o the sample of
peripheral bood from which said fraction was obtained.

2. A fraction as claimed in claim 1 wherein said enrichment being at least 5,000
fold with reference fo the sample of peripheral bicod from which said fraction was
obiained.

3. A fraction as claimed in claim 1 wherein said snrichment being at least 10,000
fold with reference to the sample of peripheral blocd from which said fraction was
obtained.

JP 2013-47688 A 2013.3.7

A fraction of peripheral blood enriched for circulating neoplastic cells using a
method of diagnosing earfy stage cancer in a test subject is disclosed which comprises:
a) immunomagnetically preparing a cell fraction from a biological specimen obtained from
a test subject, said spacimen comprising a mixed cell population suspected of containing
cancer cells, and said specimen containing interfering factors, and said cel fraction being
anriched for cancer ceils, if present in said biological specimen; and b) analyzing said
enriched fraction for the presence of said cancer ceils, the presence of said cancer cells

in said specimen indicating the presence of early stage cancer in said test subject,
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