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DETECTION OF PROTEINS FROM CIRCULATING NEOPLASTIC CELLS

BACKGROUND OF THE INVENTION

This invention addresses a significant and unmet medical need of providing for
sensitive immunoassays which allow for advancement in the field of personalized
cancer therapy. The general concept of personalized medicine for cancer has been the
subject of recent reviews (Zoon KC, 2004, Toxicology Pathol. 32(Suppl 1):1-2;
MacGregor JT, 2004, Toxicology Pathol. 32(Suppl 1):99-105; Carr KM et al., 2004
Hum Genomics 1:134-40). The approach of personalized medicine for cancer is to
characterize the proteins or genes in the patient’s tumor in order to determine the best
course of therapy. For example, expression of certain genes or gene patterns at either
the protein or mRNA level may predict either sensitivity or resistance to various
classes of anticancer agents. Based on the expression in the patient’s tumor, an agent
may be selected for therapy or rejected for use in that particular patient. Table 1 lists
some of the proteins whose overexpression is associated with either resistance or

sensitivity of certain cancer agents.

Table 1. Proteins whose overexpression is associated with resistance or sensitivity of

certain agents.

Protein Protein Class Prediction of Resistance or Sensivitity of
Various Agents

EGFR Membrane Overexpression of EGFR predicts
receptor with response to anti-EGFR agents such as
tyrosine kinase cetuximab, panitumumab
activity

ERCCI Enzyme Overexpression of ERCCI predicts
(Member of resistance to platinum agents (e.g.,
Nucleotide cisplatin, carboplatin, oxaliplatin)
Excision Repair [Reed (2005; Clin Cancer Res 11:6100-
Pathway) 6102); Lord et al. (2002, Clin Cancer Res
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8:2286-91); Metzer et al., 1998, J Clin
Oncol 16:309-316; Shirota et al. (2001, ]
Clin Oncol 19:4298-4304)]

Ribonucleotide Enzyme Overexpression of RRM1 predicts
reductase subunit M1 resistance to gemcitabine [Bergman AM
(RRMD) et al., 2005 Clin Cancer Res 65:9510-6]
Thymidylate Enzyme Overexpression of TS predicts resistance
Synthase (TS) to 5-FU;

High TS expression predicts non-
response to raltitrexed [Farrugia et al.

(2003, Clin Cancer Res 9:792-801)]

Beta-tubulin (class Structural Overexpression of beta-tubulin (class 1II)
11D predicts resistance to taxanes [Mozzetti et
al. (2005, Clin Caner Res 11:298-305)];
Overexpression of beta-tubulin (class I1)
predicts resistance to vinca alkaloids
[Seve et al., 2005, Clin Cancer Res
11:5481-6]

A major impediment for the advance in this field is the lack of a convenient, quick
and objective assay to determine overexpression of such proteins. This invention

addresses this issue.

One approach to assay expression of proteins in patient tumor tissue is to use
immunohistochemical (IHC) staining of formalin fixed tumor tissue. But as pointed
out by Mann et al. (2005, J Clin Oncol 22:5148-54), such an approach is time-
consuming and often can give misleading results depending upon how the tissue was
processed. Henson, D.E. (2005, J Natl Cancer Inst 97:1796-7) in his paper entitled:
“Back to the Drawing Board on Immunhistochemistry and Predictive Markers”,
indicates that with so many variables (storage of the specimen, duration of fixation,

type of fixative and conditions of tissue processing) and problems associated with

PCT/US2007/066857
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each of them, it is difficult to properly control ITHC testing and for all laboratories to

“accept and sustain [these controls] seem impossible to realize.”

SUMMARY OF THE INVENTION

This invention provides a method of assaying a protein from cancer cells in a blood
sample comprising enriching the cancer cells from the blood sample followed by
performing on the enriched cancer cells an immunoassay capable of detecting the
protein from the enriched cancer cells. The immunoassay is capable of detecting the
protein from one hundred cancer cells per milliliter of blood. Alternatively the
immunoassay is capable of detecting one hundred sixty picograms of the protein. The
protein is selected from the group consisting of epidermal growth factor receptor
(including phosphorylated EGFR), excision repair cross-complementation group I,
ribonucleotide reductase subunit M1, thymidylate synthase, and beta-tubulin. The
immunoassay generates a signal proportional to the number of molecules of the

protein present in the cancer cells in the blood sample.

This invention provides a method of detecting the expression of a protein from cancer
cells in a blood sample comprising isolating the cancer cells from the blood sample
followed by making an extract from the isolated cancer cells followed by performing
on the extract an immunoassay capable of detecting the protein, in which a positive
immunoassay result indicates the presence of the protein in the cancer cells; wherein
the protein is epidermal growth factor receptor; and the immunoassay is capable of
detecting the protein from one hundred cancer cells per milliliter of blood.
Alternatively the immunoassay is capable of detecting one hundred sixty picograms

of the protein.

This invention provides a method of treating a cancer patient likely to benefit from
treatment with anti-EGFR agent, comprising administering the anticancer agent to a
patient identified as having overexpression of EGFR according to a method as

described above.
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The detection and assay methods described are convenient, quick and objective.
Convenience: The approach outlined in this invention does not rely on the need for
biopsy material. The patient’s blood sample can be directly analyzed for the
expression of the certain proteins in circulating tumor cells. Quick: Compared to
[HC, the immunoassay of this invention avoids the need to retrieve blocks of tissue,
de-paraffinize the blocks, cut slides and perform and interpret staining. Instead, a
rapid immunoassay is used. Objective: Using the immunoassay of this invention,

subjective scoring such as with IHC is avoided.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Comparison of the ECL signal for the immunoassay detection of EGFR in
lysates from MDA-MB-468 breast cancer cells (positive control for EGFR
overexpression) versus ZR-75-1 (negative control for EGFR overexpression). Shown

is the data using lysates from 1, 2, and 10 cells per well.

Figure 2. Further comparison of the ECL signal for the immunoassay detection of
EGFR in lysates from MDA-MB-468 breast cancer cells (positive control for EGFR
overexpression) versus ZR-75-1 (negative control for EGFR overexpression). Data
from the same experiment as shown in Figure 1 is used for this figure, except that data
obtained from lysate material from 50 and 250 cells per well were also included in

this graph in order to display an increased X-axis scale.

DETAILED DESCRIPTION OF THE INVENTION

As used herein the transitional term “comprising” is open-ended. A claim utilizing
this term can contain elements in addition to those recited in such claim. Thus, for
example, the claims can read on methods that also include other steps not specifically

recited therein, as long as the recited elements or their equivalent are present.
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Abbreviations:

CTCs: circulating tumor cells

EGFR: epidermal growth factor receptorERCCI: excision repair cross-
complementation group 1

ECL: electrochemiluminescence

THC: immunohistochemistry

PhosphoEGFR: phosphorylated EGFR

RRMI: ribonucleotide reductase subunit M1

TS: thymidylate synthase

As used herein, the term “anti-EGFR agents” refers to anticancer agents that target
EGFR, including antibodies and including small molecule inhibitors of the tyrosine
kinase activity of EGFR (see Ciardiello F, 2005, Future Oncol 1:221-234; and
Macarulla T et al., 2006, Onkologie 29:99-105) for reviews). Anti-EGFR agents

include, but are not limited to: cetuximab, panitumumab, erlotinib, and gefitinib.

As used herein, the term “platinum agents” refers to compounds containing platinum
with anticancer properties (see for recent reviews see Farrnell NP, 2004, Semin Oncol
31(6 Suppl 14):1-9; Cosaert J and Quoix E, 2002, Br J Cancer 87:825-33; Desoize B
and Madoulet C, 2002, Crit Rev Oncol Hematol 42:317-25). Platinum agents include,

but are not limited to: cisplatin, carboplatin, oxaliplatin, and nedaplatin.

As used herein, the term “taxanes”, refers to paclitaxel and related compounds (see
Abal M et al, 2004, Curr Cancer Drug Targets 3:193-203; Ferlini C et al., 2003, Curr
Med Chem Anticancer Agents 3:133-8; and Agrawal NR et al., 2003, Curr Oncol Rep

5:89-98). Taxanes include, but are not limited to: paclitaxel and docetaxel.

As used herein, the term “vinca alkaloids”, refers to vinorelbine and related
compounds such as vinblastine and vincristine (for reviews, see Chan, 1998,
Pharmacotherapy 18:1304-7; Zhou X.-J. and Rahmani R., 1992, Drugs, volume 44,
supplement 4, pages 1-16).
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This invention provides methods sensitive enough for quantifying the levels of
proteins (consisting of EGFR, ERCC1, RRMI, TS and beta-tubulin) in circulating
cancer cells in blood samples and provides methods for identifying those cancer
patients who are likely to benefit from certain anticancer therapies (including, but not
limited to: EGFR-targeted therapies; platinum agents; gemcitabine; 5-FU and
raltirexed; taxanes; and vinca alkaloids). A convenient, highly sensitive and rapid
means to test blood samples to identify additional patients who would benefit from
such therapies would be an important advance in the cancer treatment field. As
indicated below, a rapid and highly sensitive immunological assay to detect these
cancer proteins in circulating cancer cells such as using electochemiluminescence

(ECL)-detection is a preferred means to accomplish this.

This invention is based on combining the high specificity of procedures used to
isolate circulating cancer cells from blood with the high sensitivity of certain
immunologically based assays such as ECL. Circulating cancer cells are first
enriched. The term “enriching the cancer cells” refers to the implementation of any
processing step that increases the ratio of cancer cells relative to non-cancer cells.
One preferred method of enrichment uses immunomagnetic beads by isolating and
purifying the circulating cancer cells from blood. Another preferred method of
enrichment consist of the collection of a whole blood sample in a Becton Dickinson
BD VACUTAINER CPT tube and the obtaining by centrifugation (as per Becton
Dickinson recommended procedures) of a peripheral blood mononuclear fraction that
contains enriched cancer cells. Another preferred method of enrichment of cancer
cells consist of collection of a whole blood sample followed by the lysis of red blood

cells.

In an embodiment of the detection method of this invention the sensitivity level of the
immunological assay is such that the assay is capable of detecting proteins from
cancer cells when spiked into blood at a concentration of less than or equal to 100
cells per milliliter of blood, more preferably less than or equal to 30 cells per milliliter
of blood, more preferably less than or equal to 10 cells per milliliter of blood, more
preferably less than or equal to 3 cells per milliliter of blood, and most preferably less
than or equal to 1 cell per milliliter of blood. In an embodiment of the invention in

which sensitivity is defined in terms of the amount of protein that can be detected, the



WO 2007/121465 PCT/US2007/066857

10

15

20

25

30

assay can detect sixty-four picograms of the protein, more preferably sixteen
picograms of the protein, more preferably four picograms of the protein, still more

preferably one picogram of the protein.

A sample (usually in the range of approximately 8 to 20 ml) of blood from a patient
with cancer, especially breast cancer, is taken. Steps include as detailed below:

1. Removal of red blood cells

2. Optional negative selection to futher deplete normal leukocytes. A

preferred embodiment includes this step.

3. Positive selection for circulating tumor cells (CTCs)
4. Extraction of tumor cell proteins
5. Quantification of tumor cell proteins on CTCs

1. Removal of red blood cells.

A variety of methods are available to remove red cells including but not limited to
separation based on density (such as collection of blood directly into the Becton
Dickinson BD VACUTAINER CPT tubes) followed by centrifugation) and
commercial lysing buffers such as PURESCRIPT RBC lysis buffer (Gentra,
Minneapolis), FACS lysing solution (BDIS), IMMUNOLY SE (Coulter), OPTILYSE
B (Immunotech), and ACK lysing buffer (Biosource, Rockville, MD).

A preferred method uses the BD Vacutainer CPT tubes with anticoagulant (EDTA or
citrate). These tubes contains a material that upon correct centrifugation (1,100xg for
10 minutes, swing-out bucket rotor) allows for elimination of red blood cells and
neutrophils. After centrifugation, the bottom of the tube contains a cell pellet of
erythrocytes (red blood cells) and neutrophils. Above the cell pellet is a gel barrier
and above the gel barrier are tumor cells, lymphocytes and monocytes as a band at the
bottom of the plasma. The tumor cells, lymphocytes and monocytes can then be
readily collected from the top above the gel barrier. This method is preferred as it

removes not only the red blood cells but also the neutrophils.

2. Negative selection to further deplete normal leukocytes.
A preferred embodiment of this invention uses negative selection step for isolation of

tumor cells. Negative selection allows for further depletion of leukocytes especially
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the lymphocytes and monocytes. This step comprises the use of antibodies that are
bispecific for both leukocyte antigens, especially CD45, the common leukocyte
antigen, and for a red blood cell antigen such as glycophorin A. A commercially
available cocktail of such bispecific antibodies is available from STEMCELL
TECHNOLOGIES (Rosettesep Catalog #15127 and #15167). This cocktail includes
bispecific antibodies against glycophorin A and against a variety of cell surface
antigens on human hematopoietic cells (CD2, CD16, CD19, CD36, CD38, CD45,
CD66b). One or more of these bispecific antibodies are added to the BD Vacutainer
CPT tubes before blood collection. In a preferred embodiment, the cocktail of
bispecific antibodies against more than one leukocyte-associated CD molecule is
used. When the blood is introduced into the CPT vacutainer tube, the bispecific
antibodies form immunorosettes each consisting of leukocytes plus many red blood
cells. These immunorosettes have a density approximately that of red blood cells and
when centrifuged are found in the red blood cell pellet, thus further removing
leukocytes from the tumor cell fraction found above the cell pellet and gel barrier.

The fraction with the tumor cells in plasma is collected for further processing.

3. Positive selection for circulating tumor cells (CTCs)

A preferred method of isolating CTCs uses immunomagnetic beads. Other methods
of isolation of circulating cancer cells include filtration (Vona G et al., 2000, Am J
Pathol. 2000 156:57-63). In a preferred embodiment, the immunomagnetic beads
have antibodies against antigens found selectively on the surface of cancer cells such
as epithelial cell adhesion molecule (EpCAM), cytokeratins such as cytokeratin-19
and especially a cocktail of antibodies against cytokeratins and other surface markers,
carcinoembryonic antigen (CEA), bladder tumor antigen, CA19.9, CA125, CD138
(Syndecan-1), CD227 (MUC1), E-Cadherin, P-Cadherin, EGFR, Her2/neu, AUAI,
TACSTDI, and Galectin-3; and (b) in the case of leukemia or lymphoma cells: CD3,
CD19, CD20, CD34, CD38, CD45, CD123, CD138, B220, HLA-DR and CXCR4; ¢)
in the case of cancer stem cells: CD34, CD40, CD48, CD49f, CD90, CD96, CD123,
CD133, CD150, CD244, CXCR4, ABCG2 and ESA.. The immunomagnetic beads
may be of various sizes (50 microns to less than 200 nm) and include DYNAL beads
(> 1.5 microns to about 50 microns) with antibodies against EpCAM (which are
commercially available). In an embodiment of the invention, EasySep™™ human

EpCAM positive selection cocktail and EasySep'™ Magnetic nanoparticles (Stemcell
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Technologies) are added to the fraction with the tumor cells in plasma from the
previous step. A magnet is then used to separate tumor cells from the rest of the

material and the tumor cells are washed with an aqueous solution.

4. Extraction of tumor cell proteins

In the next step, enriched or purified tumor cells are then ready for cell lysis and
extraction of CTC proteins. A variety of commercially available kits are used such as,
but not limited to:

Pierce Lysis Buffer [M-PER® Extraction Reagent (Product number 78501 from
Pierce Biotechnology, Inc., Rockford, IL)] and Sigma Lysis Buffer [Sigma
CelLyticTM-M (Sigma Product Nubmer C 2978, Sigma-Aldrich, Inc., St. Louis, MO
63103)].

After lysis, cell debris is removed by centrifugation leaving the lysate supernatant

with the antigens to be measured.
In a preferred embodiment, the Sigma or the Pierce kit is used.

5. Quantification of tumor cell proteins on CTCs

Detection and quantification are then accomplished by use of a highly sensitive
sandwich immunoassay using antibodies which bind to the protein being assayed.
Table 1 lists the proteins that can be assayed in this invention. A variety of antibodies
can be used for the immunoassay, preferably using at least one polyclonal antibody

and most preferably, using two polyclonal antibodies.

Detection of each protein is accomplished by using a sandwich immunoassay with the
two sets of antibodies directed against the protein being analyzed. In a preferred
embodiment using electrochemiluminescence, one antibody is linked to biotin and the

other linked to a ruthenium detecting molecule.

In a preferred embodiment of the invention, an antibody against the protein is linked
with biotin and the second antibody against the protein is labeled with a detecting

molecule. In the case of electrochemiluminescence (ECL), the detecting molecule is
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ruthenium. There is abundant literature in the public domain provides amply useful
methods for linking ruthenium to antibodies (e.g., Lee et al., Am J Trop Med Hyg
2001, 65:1-9). The cell lysate supernatant is mixed with the two antibodies and
incubated briefly followed by the addition of streptavidin-coated magnetic beads in a
solution containing tripropylamine. With application of an electric potential and in
the presence of the target antigen, the ruthenium label is excited and light is emitted
and detected using an ECL detecting instrument (such as the ORIGEN analyzer or a
commercially available instrument like the M-Series® 384 from BioVeris
Corporation, Gaithersburg, MD or Elecsys® 1010 or Elecsys® 2010 from Roche
Diagnostics, Indianapolis, IN)

In a preferred embodiment of the invention, the immunoassay utilized in accordance
with this invention can use one of the following combinations of antibodies (see Table
2 for examples of antibodies against specific proteins):
l. Two sets of polyclonal antibodies against the protein (the most
preferred embodiment)
2. A polyclonal antibody and a monoclonal antibody against the protein.

3. Two monoclonal antibodies against the protein.

Remainder of this page intentionally blank.
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Table 2. Examples of antibodies.

Protein Antibodies

EGFR Rabbit polyclonal antibody (AF231; R&D Systems,

Inc., Minneapolis, MN); Monoclonal antibody
(MAB1095, R&D Systems); Also antibodies against
phosphoEGFR such as R&D catalog numbers AF1095
polyclonal with specificity towards EGFR with
phosphorylation of amino acid Y1173; MAB1095
monoclonal with specificity towards EGFR with
phosphorylation of amino acid Y1068; and AF3394
polyclonal with specificity towards EGFR with
phosphorylation of amino acid Y845.

ERCCI1 Monoclonal antibody 8F1 (ab2356, Novus Biologicals,

Littleton CO); Monoclonal antibody Catalog Number
ERCC11-M (Alpha Diagnostics, San Antonio, TX)
RRM1 Polyclonal antibody (Catalog Number H00006240-

AOl, Abnova Corporation, Taipei, Taiwan);
Monoclonal antibody (Catalog Number MAB3033,

Chemicon International, Inc., Temecula, CA)

TS Rabbit polyclonal antibody (Catalog Number ab22254,
Novus Biologicals); Mouse monoclonal antibody
TS106 (Catalog Number NB 600-550, Novus
Biologicals); Mouse monoclonal antibody 3A7.All
(Catalog Number ab990, Novus Biologicals); Sheep
polyclonal antibody (Catalog Number ab7398, Novus
Biologicals)

Beta-tubulin Polyclonal and monoclonal antibodies against Class 11
beta tubulin: See Seve et al., 2005, Clin Cancer Res
11:5481-6 and see Mozzetti et al., 2005, Clin Cancer
Res 11:298-305 for examples of antibodies against
Class I beta tubulin.

11
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The immunoassay of this invention is capable of detecting protein expression from
100 or less cancer cells added per ml of blood from a human volunteer without

cancer, and preferably 30 or less cells per ml of blood.

Besides electrochemiluminescence, other immunoassays that can yield a high
sensitivity required for this application include, but are not limited to:
a) Chemiluminescence such as described by Liu Y et al., 2003 (J Food Protection
66:512-7).
b) Fluorogenic-chemiluminescence (FCL) as described by Yu H et al., 2000
(Biosens Bioelectron 14:829-40)
¢) Fluoresence polarization immunoassay (see Howanitz JH, 1988 Arch Pathol
Lab Med 112:775-9)
d) Time-resolved fluorescence immunoassay (Butcher H et al., 2003, J Immunol
Methods 272:247-56; Soukka et al., 2001, Clin Chem 47:1269-78; Howanitz
JH, 1988 Arch Pathol Lab Med 112:775-9)

In a preferred embodiment, the relative quantity of circulating tumor cells used in the
assay is estimated. This allows for a ratio of total protein per cell to be obtained and
can be compared to control standards of cancer cells with high, moderate, and low
levels of protein per cell. This is a preferred embodiment since it eliminates a false
positive situation in which there are many CTCs having a low level of protein
expression that may give a signal that mimics that obtained from a small number of
CTCs with a high level of expression. In this embodiment, a variety of approaches
can be used to estimate relative cell numbers including flow cytometric analysis,
quantification of total DNA or DNA related antigens such as histones from lysed cells
(there is 6 pg DNA per diploid cell), quantification of a house-keeping gene product

like beta-actin, and turbidity or absorbance measurements.

Due to its sensitivity the method according to this invention is useful for identifying
cancer patients likely to benefit from or not benefit from specific anticancer

treatments.

The invention will be better understood by reference to the following examples,

which illustrate but do not limit the invention described herein.

12
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EXAMPLES

EXAMPLE 1. A patient with cancer comes into the office and a blood sample is
collected in a tube to prevent clotting. Cancer cells are isolated and proteins
extracted using a commercially available kit such as Pierce Lysis Buffer and Sigma
Lysis Buffer. A ruthenium-labeled rabbit polyclonal antibody against EGFR and a
biotinylated polyclonal antibody (also against EGFR) is added and the followed by
the addition of a suspension of magnetic beads with avidin attached and then a
solution containing tripropylamine. An electric current is applied and
electrochemiluminescence (ECL) is detected using an ECL detection device such as
one commercially available (BioVeris Corporation or Roche Diagnostics). The signal

is proportional to the amount of EGFR found in the circulating tumor cells.

EXAMPLE 2. Methods are as in example 1, except the antibodies are against
ERCCI.

EXAMPLE 3. Methods are as in example 1, except the antibodies are against RRMI

EXAMPLE 4. Methods are as in example 1, except the antibodies are against TS.

EXAMPLE 5. Methods are as in example 1, except the antibodies are against beta-

tubulin

EXAMPLE 6. In this example, the sensitivity of detecting EGFR from cancer cells

using a sandwich immunoassay using electrochemiluminescence is examined.
A PBS assay buffer is prepared:

e Assay Buffer 0.5% Tween-20 and 0.5% bovine serum albumin (BSA) in PBS
(phosphate buffered saline)

13
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Anti-EGFR polyclonal antibody is first obtained in both biotinylated (BAF231 from
R&D Systems) and non-biotinylated forms (AF231 from R&D systems). The non-
biotinylated polyclonal antibody is ruthenium labeled (“TAG-labeled”) as follows:

e 1.5 ug/ul ruthenium label (BV-TAG-NHS Ester, Catalog # 110034; BioVeris
Corporation, Gaithersburg, MD, USA} is prepared in DMSO.

e For 500 pl of antibody, 18.8 pl BV-TAG-NHS is added and for 200 pl of
polyclonal antibody, 3.8 pl BV-TAG-NHS is added. In each case, the solution is
incubated for one hour and the reaction stopped by the addition of 20ul of 2M
glycine.

e Uncoupled BV-TAG-NHS Ester in each reaction mixture is removed using a PD-
10 gel filtration column, pre-equilibrated with PBS (including 0.08% sodium
azide), which is also used for elution. For each labeled antibody, the protein
concentration in each fraction is determined by protein assay and the fractions

with high protein content is used in subsequent examples.

The ruthenium-labeled polyclonal antibody and the biotinylated polyclonal antibody
are referred hereafter in this example as “TAG-pAb” and “Biotin-pAb”.

A431 carcinoma cancer cells (from ATCC, Manassas, VA) are grown in 6-well tissue
culture plates as per ATCC recommended conditions, washed two times with PBS,
and an aliquot counted using a hemacytometer. These cells are lysed using Sigma
Lysis Buffer [Sigma CelLytic'™-M (Sigma Product Number C 2978, Sigma-Aldrich,
Inc., St. Louis, MO 63103)]. Cell lysis is performed as per the manufacture’s
recommendation with the addition of 5 minutes of vigorous vortexing prior to cell
debris removal. Cell debris is removed from the cell lysate by centrifugation at

14,000 rpm for 30 minutes in an Eppendorf Centrifuge (Model 5415C).

An electrochemiluminsence assay is performed as follows:

* Sequentially, to each well, cell lysate supernatants are added (the amount of lyaste
per well is varied from that extracted from 3 to 100 cells; control wells without
extract are also used) and then 50 pl/well of a mixture of TAG-Ab and Biotin-Ab

(e.g., at a concentration between 0.5 to 2 pg/ml each; diluted into the the PBS

14
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assay buffer) are added to wells of a 96-well U-bottom polypropylene plate and
are incubated at room temperature with constant shaking (e.g., for 2 hours).

e 10ug of magnetic streptavidin beads (e.g., DYNABEADS M-280 Streptavidin,
Catalog #110028, BioVeris Corporation, Gaithersburg, MD) in 25ul is added to
each well and incubated with constant shaking (e.g., for 30 minutes).

e PBS assay buffer is added to each well to make a final volume of 250 pl per well.
All conditions are tested in at least duplicate wells. The 96 well plate is then
analyzed for electrochemiluminescence using the M8 M-Series® Analyzer

(Catalog Number 310800, BioVeris Corporation, Gaithersburg, MD).

Using this immunoassay, EGFR from at least ten A431 carcinoma cells are detectable

with a signal above background.

EXAMPLE 7. In this example, the sensitivity of detecting recombinant EGFR using

a sandwich immunoassay using electrochemiluminescence was examined.

A PBS assay buffer was prepared:
e Assay Buffer: 0.5% Tween-20 and 0.5% bovine serum albumin (BSA) in PBS
(phosphate buffered saline, pH 7.2)

A standard diluent was prepared:
e Standard Diluent: 1% bovine serum albumin (BSA) in PBS (phosphate buffered
saline, pH 7.2)

Anti-EGFR polyclonal antibody was first obtained in both biotinylated (BAF231 from
R&D Systems) and non-biotinylated forms (AF231 from R&D systems). The non-
biotinylated polyclonal antibody is ruthenium labeled (“TAG-labeled”) according the
methods of Lorence & Lu (WO 2006/041959 A2).

The ruthenium-labeled polyclonal antibody and the biotinylated polyclonal antibody
are referred hereafter in this example as “TAG-pAb” and “Biotin-pAb”.
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Recombinant EGFR protein was obtained in the form of EGFR-Fc protein (a
chimeric protein consisting of the extracellular domain fused to the Fc region of

human IgG via a linker group; R&D systems, catalog #344-ER).

An electrochemiluminescence assay was performed as follows:

o Standards were diluted in 1 ml PBS (pH 7.2 with 0.35% BSA and 0.05% sodium
azide) to form a stock solution of 50 pg/mL.

¢ Standards were diluted in Standard Diluent to yield 1600, 160, 16, and 4 pg/well
when 25 pL. was used per well. To each well of a 96-well U-bottom
polypropylene plate (with 25 pL of standard per well) were added 50 pl/well of a
mixture of TAG-Ab and Biotin-Ab (e.g., at a concentration of 1.0 pg/ml in the 50
ul prior to addition) and the resultant solution was incubated at room temperature
with constant shaking (for 2 hours).

o 10ug of magnetic streptavidin beads (e.g., DYNABEADS M-280 Streptavidin,
Catalog #110028, BioVeris Corporation, Gaithersburg, MD) in 25ul was added to
each well and incubated with constant shaking (for 30 minutes).

o PBS Assay Buffer was added to each well to make a final volume of 250 ul per
well. All conditions were tested in at least duplicate wells. The 96 well plate was
then analyzed for electrochemiluminescence using the M-Series® 384 Analyzer

(BioVeris Corporation, Gaithersburg, MD).

Using this immunoassay, as little as 4 pg per well of EGFR standard was detectable
with a signal above background (Table 3).
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Table 3. Electrochemiluminescence (ECL) detection of recombinant EGFR by
immunoassay using ruthenium-labeled polyclonal (TAG-pAb) and biotinylated
polyclonal antibody (Biotin-pAb).

EGFR Mean ECL Signal (above background)*
(pg/well)
4 443
16 1187
160 8107
1600 69113

* Mean ECL signal above the mean signal from control wells with no antigen.

EXAMPLE 8. In this example, the specificity for an ECL immunoassay against
EGFR for detecting EGFR from overexpressing vs. non-overexpressing cancer cells
was determined along with a repeat determination of the sensitivity of detecting
recombinant EGFR. Methods were as that used in Example 7 with the additional
analysis of cell extracts from MDA-MB-468 breast carcinoma cells (positive control
cells for EGFR overexpression) and ZR-75-1 breast carcinoma cells (negative for

EGFR overexpression) were analyzed.

MDA-MB-468 and ZR-75-1 cells (from ATCC, Manassas, VA) were grown in 6-well
tissue culture plates as per ATCC recommended conditions, washed two times with
PBS, and an aliquot counted using a hemacytometer. Lysis of SK-BR-3 cells and
obtaining the supernatant was performed using the Pierce Lysis Buffer [catalog
#78501; Pierce Biotechnology, Rockford, 1L} with Pierce protease inhibitor [catalog
#78410; Pierce Biotechnology]. The amount of lysate supernatant per well was
varied from that extracted from 1 to 250 MDA-MB-468 or ZR-75-1 cells and

analyzed for EGFR using the immunoassay described in Example 7.

Using the EGFR standard, as little as 4 pg per well of EGFR standard was again
detectable with a signal above background (Table 4).
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Table 4. Electrochemiluminescence (ECL) detection of recombinant EGFR by
immunoassay using ruthenium-labeled polyclonal (TAG-pAb) and biotinylated
polyclonal antibody (Biotin-pAb).

EGFR Mean ECL Signal (above background)*
(pg/well)
4 627
16 1919
160 12961
1600 113532

* Mean ECL signal above the mean signal from control wells with no antigen.

The results from this experiment using cell lysates are presented in Figures 1 and 2.
Figure 1 graphically displays the lower end of the data set to best see the ability of
this assay to detect EGFR from low cell numbers. Figure 1 only includes data for the
cell range up to 10 cells per well. Figure 2 graphically displays the entire data set (up
to 250 cells per well).

EGFR was detectable and above baseline from lysates from MDA-MB-468 cells in
this experiment including those wells using the lowest amount of MDA-MB-468
lysate in this experiment (lysate from 1 cell added per well; Figure 1). Furthermore,
the lysate from the MDAMB-468 cells (positive control for EGFR overexpression)
gave a much higher signal in the immunoassay for EGFR than the lysate from ZR-75-
1 cells (negative for EGFR overexpression) over the entire tested range from 1 to 250
cells per well, indicating the high specificity of the results for EGFR detection
(Figures 1 & 2).
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CLAIMS

What is claimed is:

1. A method of assaying a protein from cancer cells in a blood sample
comprising enriching the cancer cells from the blood sample followed by performing
on the enriched cancer cells an immunoassay capable of detecting the protein from the
enriched cancer cells; wherein

the immunoassay has a sensitivity defined by being capable of detecting the
protein from one hundred cancer cells per milliliter of blood or by being capable of
detecting one hundred sixty picograms of the protein; and

the protein is selected from the group consisting of epidermal growth factor
receptor, excision repair cross-complementation group 1, ribonucleotide reductase
subunit M1, thymidylate synthase, and beta-tubulin; and

the immunoassay generates a signal proportional to the number of molecules

of the protein present in the cancer cells in the blood sample.

2. A method of detecting the expression of a protein from cancer cells in a blood
sample comprising isolating the cancer cells from the blood sample followed by
making an extract from the isolated cancer cells followed by performing on the
extract an immunoassay capable of detecting the protein, in which a positive
immunoassay result indicates the presence of the protein in the cancer cells;

wherein

the protein is epidermal growth factor receptor; and

the immunoassay has a sensitivity defined by being capable of detecting the
protein from one hundred cancer cells per milliliter of blood or by being capable of

detecting one hundred sixty picograms of the protein.

3. The method of claim 1 or 2, wherein the immunoassay is capable of detecting

the protein from thirty cancer cells per milliliter of blood.

4. The method of claim 3, wherein the immunoassay is capable of detecting the

protein from ten cancer cells per milliliter of blood.
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5. The method of claim 4, wherein the immunoassay is capable of detecting the

protein from three cancer cells per milliliter of blood.

6. The method of claim 1 or 2, wherein the immunoassay is capable of detecting

four picograms of the protein.

7. The method of claim 1 or 2, wherein the immunoassay uses

electrochemiluminescence for detection.

8. The method of claim 1 or 2, wherein the immunoassay uses a technique
selected from chemiluminescence, fluorogenic chemiluminescence, fluorescence

polarization, and time-resolved fluorescence for detection.
9. A method of treating a cancer patient likely to benefit from treatment with an
anti- EGFR agent, comprising administering the agent to the patient whose blood

sample tested positive in the method of claim 1 or 2.

10. The method of claim 9 wherein the agent is selected from the group consisting

of cetuximab, panitumumab, erlotinib, and gefitinib.
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Figure 2
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