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WO 00/63358 PCT/US00/0879%
NONINVASIVE DETECTION OF COLORECTAL CANCER

AND OTHER GASTROINTESTINAL PATHOLOGY

This is continuation-in-part of pending U.S. application Ser. No. 09/292,358
filed April 15, 1999.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention is related to isolated colonocytes enabling early
noninvasive detection of colorectal cancer and other gastrointestinal diseases. More
particularly, the present invention is related to isolated, biologically substantially pure
and viable immunocoprocytes and nonepithelial cells of lymphoid origin obtained from
a small fecal sample. The invention is further related to providing a transport medium
and a dispersion or suspension medium for isolating viable colonocytes from a fecal
sample at normal ambient temperature and a method for detecting colorectal and other
gastrointestinal pathology employing the isolated colonocytes of the present invention.
The isolated colonocytes also allow the study and determination of other anomalous

conditions, symptoms, disorders or pathological conditions.

PRIOR ART

A common gastrointestinal malignancy in humans is colorectal cancer. It has
been estimated that colorectal cancer accounts for approximately 14% of all cancer-
related deaths in men and women in the United States and its incidence continues to be
high (Boring et al, CA Cancer J. Clin. 1994; 44.:7-26). Early detection is a critical factor
in successful treatment of this cancer, as it is in the treatment of other malignancies.

Screening approaches to detection of colon and colorectal tumors are presently
based on the use of (a) fecal occult blood test (FOBT), (b) flexible sigmoidoscopy, (c)

double contrast barium enema, and {d) colonoscopy. Among these screening tests only

JP 2004-519202 A 2004.7.2
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FOBT, which is based on a relatively high probability of bleeding from colorectal
tumors, is noninvasive, simple and relatively inexpensive. However, frequent faise
positive and false negative results of the FOBT considerably limit its specificity and
sensitivity. Other procedures are expensive and invasive. Hence, there is a clear need
for providing a simple, noninvasive, reliable and inexpensive method for detecting
colorectal cancer, gastrointestinal (GI) tract diseases and other pathological conditions.

Colonocytes represent an important source of informational marker molecules
that provide a picture of the immediate past metabolic history of the GI tract of a subject.
In addition, such cells are representative of the cell population from a statistically large
sampling frame reflecting the state of the colonic mucosa along the entire length of the
colon in a non-invasive manner, in confrast to a limited sampling by colonic biopsy
using an invasive procedure involving endoscopy.

Colonocytes undergo certain changes or transformations and carry certain
biological or chemical markers indicative of colonic pathologies including precancerous
and cancerous conditions. Therefore, the colonocytes could serve as a valuable early
indicator of the onset of neoplastic processes and other pathophysiological changes in
the GI tract. Subtle changes in the genes and surface proteins are examples of such
neoplastic markers. In particular, Ki67, the cell surface glycoprotein CD44 and tumor-
associated antigens 19-9 and lectin binding are specific biomarkers of neoplastic
transformation in the GI tract. There is also a strong correlation between the amount of
DNA in isolated colonic cells and the presence of tumors, because rapidly dividing cells
contain more DNA. It is also well recognized that the development of colonic
adenomatous polyps and cancer is a multistep process involving activation of oncogenes
(ki-ras), inactivation of tumor-suppressor genes (p53 and APC), and alterations in the
DNA mismatch repair genes.

Heretofore, it was generally understood in the art to which this invention belongs
that exfoliated colonic cells are destroyed once they are shed into the stools, the reason
being that these cells start breaking down as soon as they are exposed to the atmosphere.

The enzymes, mucus and the bacteria contained in the stool contribute to the process of

JP 2004-519202 A 2004.7.2
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destroying the colonic cells. Chilling the freshly collected stool sample to the
temperature below -20° C has been described, for example, in U.S. patents #5,094,956,
#5,380,647 and #5,455,160 only for preserving the chemical constituents, without regard
to the cellular components. Thus, these procedures do not retain cellular integrity and
are not applicable for isolating intact, viable cells free of other impurities.

Dutta and Nair (Gastroenterology, 114:1333-1335, 1998) refer to Albaugh et al
(Int. J. Cancer, 52:347-350, 1992) and Iyengar et al (FASEB J. 5: 2856-2859, 1991) for
accomplishing isolation of viable colonic cells. Albaugh et al described a transport
medium and a procedure to obtain colonocytes from a stool sample based on earlier
work of Iyengar et al. However, the transport medium of the prior art is different from
the transport medium of the present invention in as much as Albaugh et al’s medium
consisted of a saline solution to which antibiotics were added in addition to fatty acid
free BSA. In other words, the prior art transport medium was deficient at least in one
criterion, i.e., in not having a mucolytic agent which is an absolute necessity for the
formulation of the transport medium in accordance with the present invention.

Furthermore, in Albaugh et al’s system the stool sample after collection had to be
kept cool in ice while being transported to the laboratory for further processing and
could be preserved in ice only for about an hour. In contrast, the system of the present
invention does not require cooling in ice and achieves desirable results at the normal
ambient temperature which is an important feature of the present invention. Moreover,
Albaugh et al state that although their cells had a viability in excess of 80%, the presence
of phagocytes and other cells could not be ruled out. Indeed, Figs. 3 and 4 of Iyengar et
al clearly show that the cellular preparations obtained were considerably impure. Thus,
the procedures of Tyengar et al and Albaugh et al may provide viable colonocytes, but
they are inadequate for the purpose of obtaining substantially pure colonocytes. In
summary, heretofore it has not been possible to obtain a viable, biologically
substantially pure sample of a particular cell type isolated at normal ambient

atmospheric conditions from a small fecal mass.

JP 2004-519202 A 2004.7.2
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SUMMARY OF INVENTION

1t is, therefore, an object of the present invention to provide viable, biologically

substantially pure exfoliated fecal colonocytes isolated at normal ambient temperature.

It is a further object of the present invention to provide viable, isolated,
immunocoprocytes.

It is an additional object of the present invention to provide viable, isolated,
inflammatory cells of lymphoid or non-lymphoid lineage.

It is a further object of the present invention to provide a transport medium and a
dispersion or suspension medium for isolating viable exfoliated fecal colonocytes at
normal ambient temperature.

A further object of the present invention is to provide a noninvasive method for
detecting gastrointestinal disorders including colorectal cancer, employing the exfoliated
fecal colonocytes isolated at normal ambient temperature in accordance with the
teachings of the present invention.

Various other objects and advantages of the present invention will become
evident from the detailed description of the invention and from the brief description of

the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages will be better understood
with reference to the drawings in which:

Fig. 1 is a schematic presentation of the process of isolating viable exfoliated
colonocytes at normal ambient temperature from a small sample of fecal material;

Fig. 2 presents histogram data from flow cytometry of isolated colonocytes in
accordance with the present invention showing a purity greater than 96%; and

Fig. 3 is a diagrammatic representation of classes of celonic cells identified based

on their immunoglobulin characteristics.
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DETAILED DESCRIPTION OF THE INVENTION

Various objects and advantages of the present invention are achieved by
obtaining viable, homogeneous colonocytes of desired cell types isolated from a fecal
sample at normal atmospheric conditions and ambient temperature.

It should be understood that uniess defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used in the practice or testing of
the present invention, the methods and materials described herein are preferred. Unless
mentioned otherwise, the techniques employed or contemplated herein are standard
methodologies well known to one of ordinary skill in the art. The materials, methods
and examples are only exemplary and not limiting.

The term “substantially pure” as used herein means that the product is
homogeneous or uniformly of a single type with greater than 96% purity, usually 98%-
99% pure, as determined by flow cytometry or by the procedures described herein and is
without material interference or contamination of other types of cells.

Heretofore, the problem encountered with exfoliated colonocytes in fecal matter
was that these cells got destroyed as soon as exposed to the normal atmospheric
conditions due to the presence in the fecal matter of proteolytic enzymes, microflora,
muecus and the like. Hence, a system had to be devised to inhibit the action of all those
factors or elements which prevented the isolation of intact, living colonocytes at normal
ambient temperature from fecal matter. This is achieved by the present invention by
formulating two different media: (1) a transport medium, and (2) a dispersion or
suspension medium. The transport medium is made of physiological saline solution
containing an enzyme inactivating amount of an enzyme trapping or protease
sequestering agent, a sufficient amount of a bacteriocidal or bacteriostatic agent to
inhibit bacterial activity, and a mucolytic amount of an agent that destroys mucus

contained in fecal matter.
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Various enzyme trapping, bacteriostatic and mucolytic agents will be suggested
to one of ordinary skill in the art and any suitable agents that do not interfere with the
objects of the present invention could be used in the formulation of the transport
medium in accordance with the teachings of the present invention.

Preferred among enzyme trapping agents are proteolytic activity inhibitors and
animal proteins. Examples of suitable proteolytic activity inhibitors include PMSF,
pepstatin A, bestatin and chymostatin. The reagents that inhibit or deactivate enzymatic
activity include formaldehyde, metal chelating agents, heavy metal ions, certain amino
acids such as tyrosine and phenylalanine, and high concentrations of zinc or inorganic
phosphates. Suitable among animal proteins are those that are non-immune, water
soluble compounds including serum albumins of rabbit (RSA), goat (GSA), sheep
(SHA), horse (ESA), bovine (BSA) and human (HSA) origin. Certain polyamino acids
that do not interfere with a later assay procedure could also be used as enzyme
deactivating agents. Suitable examples of such polyamino acids are poly-L-lysine, poly-
L-proline, poly-L-tyrosine and the like.

Suitable examples of bacteriostatic agents are sodium azide, sodium benzoate,
antibiotics (such as penicillin, streptomycin, amphotericin B, gentamicin, polymyxin B
and the Like), glycyrrhizic acid, glycyrrhetinic acid {a & §), suitable derivatives thereof,
and the like. A preferred bacteriocidal agent is Thimerosal (Sigma Chemical Co.) and a
preferred bacteriostatic agent is glycyrrhizic acid.

Suitable examples of mucolytic agents are guaifenesin, guaiacol, potassium
iodide, B-mercaptoethanol, dithiothreitol, capsaicin, glycyrrhizin and the like. A
preferred mucolytic agent is guaifenesin (Sigma Chemical Co.).

Puck’s Saline G is a preferred source of physiological saline solution.

A preferred transport medium is prepared as follows:

Puck’s Saline G 500 ml
Sodium Bicarbonate 350 to 500 mgs
BSA 2.5 te 15 gms
Guaifenesin 25t0 5gms

JP 2004-519202 A 2004.7.2
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Glyeyrrhizic acid 2t04 gms

The dispersion or suspension medium differs from the transport medium with
respect to bacteriocidal/ bacteriostatic agent, e.g., glycyrrhizic acid, which is omitted

when preparing the dispersion or suspension medium.

PROCEDURE FOR ISOLATING SUBSTANTIALLY PURE COLONOCYTES AT
NORMAL AMBIENT TEMPERATURE:

Referring now to Fig. 1, a small stool sample 10 (about 0.5 ~1.0 gm) is placed
into a tube 11 containing a transport medium and a few glass beads 12, after which the
tube is closed with a stopper. The stool sample 10 is then thoroughly dispersed in
medium 12, for example by vortexing, after which the contents of tube 11 are filtered
through a mesh screen (about 300 wm pore size) into a new tube 13 (a 50 ml
polypropylene or similar conical centrifuge tube) and underlaid with a heavy medium 14
having a density in the range of about 1.033 to about 1.25 and centrifuged at about 200
X g for about 10 minutes in a table top centrifuge with the brakes off.

The colonic cells accumulate in the heavy cushion and at the bottom of the tube
as a pellet, and are recovered by sucking out with a plastic transfer pipette 15 after
removing a band of lighter cells (minor component) 17 at the interface between the
heavy medium 14 and the lighter suspension above 18. The cells recovered from the
heavy medium and pellet are placed in a new 50 ml centrifuge tube 19 and diluted with
about 40 ml of the suspension medium 20. The suspension of cells thus obtained is then
centrifuged at about 900 X g for about 10 minutes after which the clear supernatant is
discarded and the cell pellet 21 remaining at the bottom of the centrifuge tube is
resuspended in phosphate buffered saline (PBS) containing about 1% bovine serum
albumin (BSA). The band of lighter cells (minor component) 17 is placed in a second
fresh 50 ml centrifuge tube 22 and washed as described for the cells from the heavy
cushion and pellet. The cell pellet 21, comprising substantially biolegically pure isolated

JP 2004-519202 A 2004.7.2
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exfoliated viable colonocytes, is recovered and dispersed in a suitable salt solution (e.g.,
PBS) and filtered through a 45 pm screen filter..

For determining the viability of the isolated colonocytes, a portion of the pellet
21 is dispersed in PBS/BSA medium 26 (1 ml/gm of stool sample). Then, a 1/10
dilution of the suspension is counted in a hemocytometer in the presence of trypan blue.
As is well known to a skilled artisan, the cclls that do not take up trypan blue are
considered to be viable and counted to determine the cell yield.

The tube or vial may be made of any suitable material including plastics,
polystyrene, polypropylene and the like.

It is important to note that an inventive aspect of the present invention is the
formulation of a transport medium and a dispersion or suspension medium which
together allow the exfoliated colonocytes found in the fecal sample to remain viable at
the normal ambient temperature during and after the isolation procedure. In other
words, the invention enables isolation of intact, living exfoliated colonocytes from a
small sample (e.g. 0.5 — 1.0 gm) of fecal material without chilling or freezing, at normal
ambient temperature ranging from about 22° C to about 25° C during the entire isolation
process. About 8 to 10 million living colonic cells can be obtained from one gram of the
stool sample in accordance with the techniques of the present invention.

‘When maintained at the normal ambient temperature in the suspension medium
of the present invention, the isolated colonocytes can be viably preserved for extended
periods. Table 1 shows cell yields and viability as a function of storage time and
temperature conditions.

Of course, alternate techniques could be substituted in the isolation steps. For
example, the suspension of the stool sample in the transport medium 12 may be filtered
through screens (149 micrometers, 105 micrometers and 52 micrometers). Also, the
pellet in the dispersion medium can be gently overlayered on higher density Percoll
gradients and centrifuged so that the cells can be recovered from the top of the gradient.
Such modifications are commen in the art and are included within the purview of this

invention.

JP 2004-519202 A 2004.7.2
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It is understood, of course, that whenever appropriate a reference or base line
would be usually established using colonocytes obtained from disease-free subjects so
that a comparative, diagnostic or evaluation study could be made with colonocytes
obtained from a subject suspected of a disease or pathological condition.

It was discovered that an important and advantageous feature of the non-
invasively obtained colonocytes of the present invention is that these isolated colonic
cells carry markers or transformations characteristic of the pathology of the GI tract and,

therefore, they can serve as diagnostic and predictor indicators of the GI tract pathology.

IMMUNOCOPROCYTES

Since the colonic cells isolated from stools were discovered to be true
representative of the anatomical and pathophysiological condition of the entire colon,
among other utilities these cells also allow monitoring of mucosal immunity. The
mucosa of the GI tract is a major site for the elaboration of immunological defenses
mediated by immunoglobulins. It was discovered that a functionally distinctive group of
cells, designated herein as immunocoprocytes, can be identified and isolated from the
exfoliated cells obtained by the methodologies of the present invention.
Immunocoprocytes are unique in expressing a specific immunoglobulin designated
herein as IgC which is defined as a chimeric immunoglobulin that is recognized by
antibodies both to IgG and IgA. Furthermore, immunocoprocytes are clonal, antigen-
specific and characterized by the presence of Fc receptors and immunoglobulin A (Ig
A).

Given the affinity of immunocoprocytes to IgG and IgA antibodies, several
approaches to isolate the immunocoprocytes would be suggested to one of ordinary skill
in the art. For example, selective isolation of immunocoprocytes from a mixture of cells
obtained from stools, colonic purges or washings, or from surgical and autopsy
specimens can be achieved using anti-IgG or a specific anti-IgC moneclonal antibody.
The indirect immune adherence approach utilizes a panning technique to allow these

cells to adhere to petri dishes coated with anti-IgG or specific anti-JgC antibodies. The
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use of anti-IgG antibody as a capture agent for immunocoprocytes is based on the
discovery in accordance with the present invention that pure IgG expressing mono-
specific (viz., lacking co-expression of IgA) colonic cells are not detected under normal
conditions. Preparation of desired types of monoclonal antibodies are well known to
one of ordinary skill in the art and are routinely obtained. .

Another approach to obtaining substzintially pure immunocoprocytes is the use of
fluorescence-activated cell sorting (FACS) technique employing fluorochrome-
conjugated anti-IgG or Anti-IgC. In one embodiment, colonic cells are incubated with
FITC (fluorescein isothiocyanate) labeled IgG, the excess reagent is washed off and the
fluorescently-tagged immunocoprocytes are sorted in a fluorescence-activated cell
sorter.

In another embodiment, monoclonal antibodies to IgG or IgC is covalently or
non-covalently attached to a solid matrix, such as agarose beads, glass beads,
polystyrene beads, hollow fiber, magnetic beads, plastic tissue culture dishes and the like
well known to a skilled artisan. Cells that adhere to the antibody coated support are
separated from the cell suspension by simply separating the matrix from the suspension
by mechanical, magnetic or any other suitable means. As it would be known to one of
ordinary skill in the art, the immunocoprocytes can also be bound to the surface of tissue
culture flasks coated with anti-IgG or anti-IgC through a linker and after incubating the
colonic cell suspension in the flasks, unbound non-immunocoprocytes are decanted off.
Bound immunocoprocytes are then recovered by scraping or by appropriate enzymatic
cleavage of the linker. Linkers bound to bead matrices (e.g., sepharose) are
commercially available (e.g. Pharmacia).

Two-color immunofluorescent flow cytometry is used to determine the number or
population of the immunocoprocytes. Colonocytes are incubated with anti-IgG FITC
(green fluorescence) and anti-IgA PE (phycoerythrin, red fluorescence). After washing
the cells with a buffer to remove the excess antibodies, the cells are then analyzed in a
flow cytometer to count the cells with single fluorescence (green or red) and those cells

with double fluorescence (both green and red). Cells with double fluorescence are the
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chimeric IgC immunocoprocytes, while cells with the red fluorescence are IgA secreting
colonic epithelial cells. In most colonic preparations from normal subjects, there is no
measurable number of cells recognizing only anti-IgG FITC. In other words,
colonocytes bearing only IgG are rare and may be associated with abnormal mucosal or
systemic immune dysfunction when they are present.

Analyses of immunofluorescently labeled cells by flow cytometry have revealed
the existence of at least three types of colonocytes. To distinguish the Fc receptor of
immunocoprocytes from other Fc receptors, the Fe receptor of immunocoprocytes has
been designated herein as CFc receptor. Table 2 shows somie representative normal
distribution of IgC, CFc and IgA found in these cells. A deviation from the normal
values would indicate a disease process involving the immune system. Figure 3 is a
diagrammatic representation of at least three types of colonocytes generally detected:
“A” shows immunocoprocytes with several unique chimeric immunoglobulin IgC
represented by two antibody binding sites on each molecule 2 and several CFc receptors
3. “B” shows colonocytes similar to “A”, but with several IgA immunoglobulin
molecules 5 along with several CFe receptors 3. “C” shows colonocytes similar to "A”
and “B”, but with no immunoglobulin and only CFc receptors.

Immunocoprocytes, IgA bearing colonocytes and CFC receptor bearing
colonocytes described above have distinct roles in immune surveillance of the GI tract
and in maintaining systemic humoral immunity of the total organism. These cells
perform vital functions: (i) maintaining a balance in the colonization of the colon by
microflora; (ii) they are clonal and contain a population of pluripotent cells cach one
recognizing a single antigen, soluble or particulate, of dietary or biological origin; (iii)
they may act as antigen presenting cells to gut-associated lymphoid tissue; (iv) they can
be sentinels for detecting invasion by pathogens (e.g., rotavirus, shigella, polio, intestinal
parasites, mycobacteria and the like); and (v) their absence can signify a state of
immunologic anergy of iatrogenic origin or congenital immunoglobulin deficiencies.
Because these colonocytes including the immunocoprocytes, are antigen-specific, they

can be immortalized by transformation with carcinogens, oncogene DNA, EBV, SV-40
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and the like, to produce antibody-secreting cell lines specific for the selected antigen by
hybridoma technology well known to one of ordinary skill in the art.

The following examples illustrate specific utilities of the identified or isolated
colonocytes of the present invention. These examples are only illustrative and not

limiting in any manner.

EXAMPLE - 1

Colonic cells isolated from normal subjects by the procedures described in the
present invention are substantially free of any inflammatory cells. In inflammatory
bowel disease (IBD), such as ulcerative colitis and Crohn’s disease, a significant number
of inflammatory cells are mobilized to the surface of the colonic mucosa and are
exfoliated along with cells of the epithelium.

One to two gram aliquots of stool collected from IBD patients, suspended in the
transport medium are homogenized in a Stomacher with about 150 ml of suspension
medium. Aliquots (30 ml) of the suspension are underlaid with 10 mil of Histopaque
1077 (density of 1.077) and centrifuged at room temperature at 200 X g for 30 minutes
with the brakes off. The interface between the aqueous suspension and the Histopaque
1077 is recovered and washed three times by repeated centrifugation. In this process,
inflammatory cells are recovered in addition to the normal complement of colonic cells.

The inflammatory cells in the mixture of cells are tagged with anti-CD45/FITC
(green fluorescence) and the positive cells are counted in a flow cytometer. CD45
(cluster of differentiation) also known as leucocyte common antigen, is a lineage-
specific marker for lymphoid cells and are present on inflammatory cells. In addition a
second marker of inflammation, anti-COX-2/PE (red fluorescence) may also be
employed to detect inflammatory cells. Since colonic epithelial cells are negative for
CD45, the number of CD45 positive cells in an isolate is a direct measure of the severity
of the inflammatory process in IBD. Monitoring of cells positive for both CD45 and
COX-2 is an extremely useful non-invasive procedure for following the progression of

the disease during the course of treatment.
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EXAMPLE -2
ASSESSMENT OF STATUS OF MUCOSAL IMMUNITY:

Cells are obtained as described above from subjects who are suspected of having
an immunocompromised gut. Aliquots of cells (about 110K) are suspended in PBS
buffer and incubated at 37° C for about 45 minutes with one of the following
combinations of fluorescently labeled antibodies: anti-IgG FITC (green) anti-IlgA PE
(red), and anti-IgC FITC + anti IgA PE. A parallel tube containing cells with an isotype
control antibody is also maintained to account for nonspecific binding antibody. Direct
immunofluorescence assays are conducted to measure the binding of antibodies to
different sets of colonic cells. A significant decrease in number of immunocoprocytes
(expressing IgC) or IgA bearing cells is of diagnostic significance for immune
deficiency. Table 2 lists values obtained for normal subjects. Any deviation from the
normal values would be indicative of immune dysfunction. It should be noted that direct
and indirect immunofluorescence assays can be similarly carried out for the assessment
of a repertoire of macromolecules, such as cytokines, signal transduction intermediates,

growth factors and the like.

EXAMPLE - 3
EXPRESSION OF COLON CANCER-ASSOCIATED BIOMARKERS:

Cells are obtained as described above from patients suspected of having colon
cancer or precursors of colon cancer (polyps). In one embodiment of this technique,
cells are subjected to indirect immunofluorescence assay for the expression of CD44 or
its molecular variants, e.g., CD44V3, CD44V6 and CD44VIO; the presence of CD44 or

its molecular variants being diagnostic of colon cancer.

EXAMPLE - 4
As a source of somatic cells obtainable non-invasively, the colonocytes of the

present invention are representative of the phenotype as well as genotype. Thus, they

JP 2004-519202 A 2004.7.2
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are useful in DNA typing and examination of biological macromolecules (such as DNA,
RNA, protein and the like) for determining responses, for example, to pharmacologic
and environmental agents and assessment of multi-drug resistance. These isolated cells
are also useful in various other ways easily suggested to a skilled artisan.

It should be apparent that given the guidance, illustrations and examples provided
herein, various alternate embodiments, modifications or manipulations of the present
invention would be suggested to a skilled artisan and these are included within the spirit

and purview of this application and scope of the appended claims.
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Table 1. Effect of Storage on Cell Yields
Storage Time Conditions Cell Yield Viability
% %
1-6Hrs Ambient 100 85+
3 days Ambient . 135 85+
3 days 4°C 702 85+
8 days Ambient 97.5 30+
8 days 4°C 142 75+
Table 2. Distribution of IgC, IgA and CFc bearing colonic cells
“Subject Code IgC CFc Receptor IgA
308-81 18.5 90.3 46.5
308-82 20.8 87.8 420
31881 122 86.9 41.7
318-52 265 91.2 37.7
319-81 27.5 88.9 4.0
319-82 329 20.9 300
325-81 20.2 88.9 40.0
325-82 16.8 822 24.0

Note: The numbers represent the % of total cells that carry the corresponding molecule.
These results were obtained by flow cytometric analysis of immunofluorescently labelled
colonic cells isolated by the technology described in this epplication.
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CLAIMS
Having thus described our invention, what we claim as new and desire to secure

by Letters Patent is as follows:

1. Viable, biologically substantially —pure exfoliated fecal colonocytes

isolated at normal ambient temperature.

2. The colonocytes of claim I bearing a marker

indicative of specific gastrointestinal condition.

3. The colonocytes of claim 2 bearing a marker indicative of neoplastic
transformation.

4. The colonocytes of claim 2 bearing a marker indicative of immune
dysfunction.

5. The colonocytes of claim 2 showing abnormality indicative of non-

neoplastic gastrointestinal pathology.

6. The colonocytes of claim 1 being epithelial or nonepithelial cells of
lymphoid origin.

7. The colonocytes of claim 1 expressing a chimeric immunoglobulin
IgC.

8. The colonocytes of claim I expressing only IgA and CFe.

9. The colonecytes of claim 1 expressing only CFc.
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A transport medium for collecting a fecal sample, comprising:
() a sufficient amount of an agent to sequester
proteases present in fecal matter;
(b) a sufficient amount of a mucolytic agent to destroy mucus
present in fecal matter; and
(c) a sufficient amourit of a bacteriocidal agent to inhibit bacterial

activity in fecal matter.

The transport medium of claim 10, wherein said agent for sequestering
proteases is selected from the group consisting of plasma proteins, gel

forming polymers and synthetic resins.

The transport medium of claim 11, wherein said plasma proteins are

bovine serum albumin, egg albumin or human serum albumin.

The transport medium of claim 12, wherein the mucolytic agent is
selected from the group conmsisting of N-acetyl cysteine, f-

mercaptoethanol, capsaicin, dithiothreitol, guaiacol and guaifenesin.
The transport medium of claim 13, wherein the bacteriocidal agent is
selected from the group consisting of thimerosal, antibiotics, sodium

azide, glycyrrhizic acid and glycyrrhetinic acid (o & B).

The transport medium of claim 14 being a solution, comprising:

sodium bicarbonate: 350-500 mg;
bovine serum albumin: 2.5-15 gm;
Guaifenesin 2.5-5.0 gms;
Glycyrrhizic acid 2.0-4.0 gms; and
Puck’s Saline G: 500 mt.

JP 2004-519202 A 2004.7.2
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The transport medium of claim 15 being devoid of glycyrrhizic acid,

thereby said transport medium transforming into a dispersion or

suspension medium.

A method for isolating biologically substantially pure exfoliated fecal

colonocytes at normal ambient temperature, comprising the steps of:

(2)

®

©

CY

O]

collecting a fecal sample in a transport medivm maintained
at normal ambient temperature;

dispersing the fecal sample in said transport medium diluted
with a suspension medium;

sedimenting cells present in the diluted transport medium of
step (b) to isolate the cells from impurities by layering the
cell suspension over a medium of heavier density;
subjecting the cells in step (c) to an influence resulting in
the formation of a cellular band at a boundary with said
heavier medium and forming cellular fractions within the
heavier medium and pellet; then

recovering biologically substantially pure colonocytes from
said ceflular band and from the heavier medium and the
pellet.

The method of claim 17, wherein said heavier medium is of density

ranging from about 1.033 to about 1.25.

The method of claim 18, wherein said heavier medium is of density 1.25.

A method for detecting colorectal cancer, comprising the steps of:

(2

obtaining biologically substantially pure colonocytes; then

JP 2004-519202 A 2004.7.2
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(b)  reacting said colonocytes with a reagent to detect the
presence of a marker determinative of cancer, occurrence of
a positive reaction of said colonocytes with said reagent

being indicative of the presence of cancer.

The method of claim 20, wherein said reagent is fluorescently labeled

antibodies or plant lectins that generate a colored product.

A method for determining mucosal immunity of GI tract, comprising the
step of comparing the number of immunocoprocytes recovered from a
subject whose GI tract mucosal immunity is to be determined, with the
number of immunocoprocytes recovered from a normal subject, a
statistically significant deviation from normal value being indicative of

the level of immune dysfunction.

A method for diagnosing GI tract pathology, comprising the step of
determining the presence of inflammatory cells in a stool sample of a
subject suspected of GI tract pathology, the presence of inflammatory
cells being indicative of GI tract pathology.

The method of claim 23, wherein the presence of inflammatory cells is
determined by reacting the cells with antibodies to CD45 or COX-2, the
cells that bind with said antibodies being inflammatory cells.

A method of producing antigen-specific monoclonal antibodies,
comprising the step of employing antigen-specific immunoceprocytes as a
clone in a standard hybridoma technique and recovering antigenspecific

monoclonal antibodies.

JP 2004-519202 A 2004.7.2
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Histograrm Statistics
File: E3RN.001 Log Data Units: Linear Values
Sample 10;-colonlc celis Patient ID:
Tube; Panel:
Acquisition Date: 8-Dec-98 Gate: G3
Gated Events; 1489 Tolal Events: 10000

X Parameter: FL1-H (Log)
Marker Leli, Right Events % Galed %Totsl Mean GeoMean GV Median Peak Ch

Al 1,98910. 1489 10000 1468 3630 20.00 17856 1811 11
Mt 1, 165 1418 6853 1418 2609 1815 6770 17.00 11
M2 185, 9810 52 354 052 317.36 29310 4583 278.81 198

Fig. 2 Histogram data from flow cytometry of isolated colonocytes In accordance
with the procedure af the present invention showing a purity of 96.5%, The
numbers in the abscissa represent the size distribution of the celis. The numbers

In the ordinate represent cell counts, M1 represents the single peak detected by the
flow cytometer and M2 indicates the residual impurity.
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Legend: I IgC Y IgA v CFc

Fig. 3 Diagrammatic representation of classes of immunocoprocytes Identified
on the basis of thelr Immunoglobulin characteristics. A: Immunocoprocytes
coexpressing chimeric 19C and CFc receptors. B: Immunocoprocytes
coexpressing IgA and CFc receptors. C: Immunocoprocytes expressing only
CFc receptors.

JP

2004-519202 A 2004.7.2



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

Oo0ooooooooooooooooooao

Oooooooogdg

O O

O

O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo

O
O

O

37

60 160 (2001.6.16)

ogoad
gboboooaoao

O
OJ
O
O
O
O
O
OJ
O
O
O
O

O
OJ
O
O
O
O
O
OJ
O
O
O
O

O

O
O
O
O
O
O
O
O
O
O

JP 2004-519202 A 2004.7.2

O
O

ooooooooaon
ooooooooao



Iy ) R e [ [ A
Iy e sy [ e e R
Iy e e e I e e I
e e e e s e ) e e e
e e e s e e e e s o
Ooo0ooooooo o0 ooDoooo oD oo oDoo o0 oo oo oo o0 ooDoDoooogooOooooao

Oo0ooooooooooog

Ooooocooooooooogoogoao

OooooooQgogoao

O
O
O
OJ
O
O
O
O
O

oo ooooogooQgdg
OO0 ooooogoogg
OO0 oooooggdg
OO0 oooooogdg
OoooooooOodg
oo ooooooQgodg
oo ooooogooQgodg
OO0 ooooogoQgdg
OO0 ooooogoogdg
OO0 oooooogdg
OoooooooOodg
OooooooooQgodg
oo ooooooQgg
OO0 ooooogoogg
OO0 oooooggg
Oooooooood
OoooooooOodg
oo ooooooQgdg

O 0Oooo
O oOooo
O oOooo
O 0Ooo
O o0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

|

O
O
O
O
O
O
O
O

(38)

O
O

OooooogooQgdg

Oooooogogogdg

JP

O
O
O

Oooooogogdg

I [ |

2004-519202

oooooao

O

O 0Oooo
O

O O
O O

O
O

O

O
O

O
O
O
O
O

O

2004.7.2

oogao

O
O
O
O



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

oooooooao

INTERNATIONAL SEARCH REPORT

(39)

Intornational application No.
PCT/US00/08799

A, CLASSIFICATION OF SUBJECT MATTER
IPC(7) : C12N 15/00, 5/00, 5/02
US CL :435/172.2, 325, 803, 804

U.S. : 435/172.2, 325, 803, 804

ding to I Patcot C| (IPC) or to both national classification and IPC
B.  FIELDS SEARCHED
Minimum d ion scarched system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
AGRICOLA, BIOSIS, BIOTECHABS, BIOTECHDS, CANCERLIT, CAPLUS, CONFESCI, DDFU, DRUGU, EMBASE,

LIFESCI, MEDLINE, SCISEARCH, TOXLIT
scarch terms: coloncytes, isolate, purify, fecal, feces

C.  DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indiestion, where appropriate, of the relevant passages

Relevant to claim No.

X DUTTA et al. Noninvasive detection of Colorectal Cancer by| 1, 2-6, 20-21

Molecular Tools:Coming of Age. Gastroenterology. June 1998, Vol.
114, No. 6, pages 1333-1335, see especially page 1333, col. 1, and
page 1334 col. 1.

X ALBAUGH et al. Isolation of Exfoliated Colonic Epithelial Celis, A | 1-6, 17-21
Novel, Non-Invasive Approach to the Study of Cellular Markers. Int.
1. Cancer. 1992, Vol. 52, pages 347-350, see especially abstract and
Materials and Methods, page 347, cols. 1 and 2.

Further documents are fisted in the continuation of Box C. || See patent family annex.

. Special cotegarics of cited documeats:

A dacument dofining the general state of the art which is not considered
10 be of particular relevenco

B carlior document published on or after the intemational filing date

L document which may throw doubla on pririty clsim(s) or which

cited to eablish the publication date of wmotber citation or other
spocial resson (us apecifi

or docurmont. referring o #n oral disclosure, use, exhibition o other
means

P doeurment published prior 10 the intermational Bling date but later than
the priority date chimed

R Iater dooument published alter the intemational (iling date or priority
dats and nat in conflict with the application but cited 10 understand
the principle or theory underlying the invention

Xt document of particular celovance; the claimed invention cannat be
considered novel or cannot be considered to invatve an inventive step
when the document is taken slono

v dosument of pasticuler relevance; the cleimed invention cannot be
considered to invalve an inveniive step whon the docwment it
combined with ane or more other such dovuments, such combination
being obvicus to & person skilled in the et

Ry document member of the same patent family

Date of the actual completion of the international search

17 JULY 2000

Date of mailing of the intcrmational scarch report

15 AUG 2000

Name snd mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.  (703) 305-3230

Autharized officer ‘?@Q
SUSAN UNG,

Telephone No.  (703)4408-0196

Form PCT/ISA/Z10 (second sheet) (July 1998)%

JP 2004-519202 A 2004.7.2
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INTERNATIONAL SEARCH REPORT Internationsl application No.

PCT/US00/0879%

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of documeat, with indication, where appropriate, of the relevant passages

Relevant to claim Na.

X

IYENGAR et al. Human stools as a source of viable colonic
epithelial cells. FASEB J. October 1991, Vol. 5, pages 2856-2859,
see especially Abstract and Materials and Methods section, page
2856, col. 2 and page 2857, col. 1.

1, 17-19

Form PCT/ISA/210 (continuation of second sheet) (July 1998)%

JP 2004-519202 A 2004.7.2
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US00/08799

Box 1 Observations where cerfain claims were found unsesrchable (Continuation of item { of first sheet)

This international report has not been establishod in respect of certain claims under Asticle 17(2)(a} for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they selate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international scarch can be carried out, specifically:

3. [ Cleims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(s).

Box I O where unity of is Incking (Conti of item 2 of first sheet)
‘This International Searching Authority found multiple inventions in this i ? cation, as follows:
Please Sec Exira Sheet.
1. |:| As all required additional search fees imely paid by the applicant, this i i h report covers all searchable
claims.

2. D As all scarchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. [[] As only some of the required additional search fees werc timely paid by the applicant, this intemationsl search report covers
only those claims for which foos were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report js

restricted to the inveation first mentioned in the claims; it is covered by clzims Nos.:
19 and 17-21
Remark on Protest [} The additional search foes were accompanied by the spplicant's protest.

[ Mo protest icd the payment of additional search fees.

Form PCT/ISA/210 (continustion of first sheet(1}) (July 1998)%

JP 2004-519202 A 2004.7.2
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US00/08799

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING
This ISA found multiple inventions as foliows:

‘This application contains the following inventions or groups of inveations which are not so linked as to form a single
inventive concept under PCT Rule 13.1. In order for all inventions to be scarched, the appropriste additional scarch
fees must be paid.

Group I, claim(a)1-9 and 17-21, drawn to a method of making and using fecal coloncytes.
Group Ii, claim(s) 10-16, drawn to a trensport oredium.

Group X, claim(s) 22, drawn to & method for determining mucosal immunity.

Group IV, claim(s) 23-24, drawn to & method of disgnosing GI tract pathology.

Group V, claim(s) 25, drawn fo a method of producing antibodies.

This application contains claims dirccted to morc than one specics of the generic invention. These specics are deemed
to lack Unity of Invention because they are not so linked as ta form a single inventive concept under PCT Rule 13.1.
In arder for moro than one specics to be searched, the appropriste additional search fees must be paid. The species are
as follows:

Group Ia drawn fo coloncytes expressing chimeric IgC, clsim 7,
Gmup Ib drawn to coloncytes expressing only IgA and CFc, claim 8
Group Ic drawn to coloncytes expressing only CFe, claim 9

Group Ila drawn to an agent for sequestering protcases, plasma proteins, claim 11,
Group IIb drawn to an agent for sequestering proteases, gel forming polymers, claim 11,
Group Il drawn 1o an agent for sequestoring proteases, synthetic resins, claim 11,
Group EId drawn to & mucolytic agent, N-acetyl cysteine, claim 13,

Group Ile drawn o & mucolytic agent, beta mercaptocthancl, claim 13,

Group IIf drawn to & mucolytic sgent, capsaicin, claim 13,

Group Ifg drawn to a mucolytic agent, dithiothreitol, claim 13,

Group ITh drawn to & mucalytic agent, guaiacol, claim 13

Group 1li drawn to & mucolytic agent, guaifencsin, claim 13

Group IIj drawn to a bacteriocidal agent, thimerosol, claim 14,

Group Ilk drawn to a bacteriocidal ageat, antibiotics, claim 14,

Group I1I drawn to & bacteriosidal agent, sodium azide, cisim 14,

Group ilm drawn to & bacteriocidal ageot, glycyrrhizic acid, claim 14.

The inventions listed as Groups I-VI do not relate 10 a single inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

‘An application shall relate to one invention only or to a group of inventions so linked as to form a single
general inventive concept. If multiple products, processes of manufacture or uses are claimed, the first invention of the
category first mentioned in the claims of the application will be considered as the main inveation in the claims, see PCT
article 17(3) (a) and 1.476 (¢}, 37 C.E.R. 1.475(d). Group [ will be the main invention. After that, all other products
and methods will be broken out as separate groups (see 37 CFR 1.475(d).).

Group I is drawn to 2 product,a meihod of making that product and a method of using that product and therefore have
unity of inveation.
Groups II[-V are drawn to differeat methads of using said product.

The species listed above do not relatc to & single inventive concept uader PCT Rule 13.1 because, under PCT Rule
13.2, the pecics lack the same or corresponding special technical features for the following reasens:

Each of the agents claimed are used in materially distinct methods which differ at least in objocti\eﬁ,‘mcmod steps,
reagents and/or dosages and/or schedules used, response variables, and criteria for success.

Form PCT/ISA/210 (extra sheet) (Tuly 1998)%

JP 2004-519202 A 2004.7.2
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