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Description

BACKGROUND OF THE INVENTION

[0001] There are two distinct populations of circulating endothelial cells: bone marrow derived circulating endothelial
progenitors (CEPs) and mature circulating endothelial cells (mCECs) (Beaudry et al., 2005, Clin Cancer Res 11:3514;
For additional background see Rosenzweig, 2005; New Engl J Med 353:1055-1057; Khan SS, 2004; Cytometry Part B,
Clinical Cytometry 64B: 1-8). Measurement of circulating endothelial cells can act as surrogate markers for biological
activity of antiangiogenic agents and used to select patients who will benefit from such therapy for cancer (Beaudry et
al., 2005, Clin Cancer Res.). For example, patients with CEPs expressing high levels of VEGFR are excellent candidates
for treatment with VEGFR inhibitors such as bevacizumab (Avastin). Also, measurement of mCECs is useful in cancer
since an increased level indicates disease progression (Mancuso P et al., 2001, Blood 97:3658-61; Beerepoot LV et al,
2004, Ann Oncol 15:139-45).
[0002] But "The clinical testing of these [antiangiogenic] agents is currently hampered, by the lack of surrogate markers
for measuring their biological effect and predicting which patients are most likely to benefit." (Davis DW, et al., 2003, Br
J Cancer 89:8-14). Therefore there is a need for a test to predict which cancer patients will likely benefit from antiangiogenic
therapy.
[0003] Circulating endothelial cells are an important prognostic factor in cardiovascular field of medicine. Low levels
of CEPs indicate a high risk of cardiovascular events (Hill JM et al, 2003, New Engl J Med 348:593-600; Werner N, et
al., 2005, New Engl J Med 353:999-1007; Schmidt-Lucke C et al., Circulation 2005, 11 1:2981-87). There is a need for
a test to better predict which patients are at risk for cardiovascular events. In a patient suspected of having a myocardial
infrarction (MI), high levels of CEPs suggest the recent occurrence of an MI. There is a need for a better test to predict
which patients have had a myocardial infarction if they are suspected of having had one.
[0004] The approaches used in the published literature to quantify CEPs and mCECs often use flow cytometry (Werner
N et al., 2005, .N Engl J Med 353:999-1007) which is described as a "difficult undertaking" (Khan SS et al., 2004). This
is a cumbersome and time-consuming approach not readily amenable to automation. A further problem with flow cytometry
et al is the high background staining in flow cytometry. Nonspecific staining of 0.1 to 0.5% of cells analyzed is commonly
seen with flow cytometry and this is too high and will mask the detection and numeration of the desired circulating
endothelial cell population which can be as low as 0.0001% (Khan SS et al. (2004; Cytometry Part B, Clinical Cytometry
64B: 1-8)). Excessive data storage capacity is another problem with rare event analysis by flow cytometry (Khan et al.,
2004). Another method used in the literature to measure CEPs is by colony counting (Hill JM et al., 2003, New Engl J
Med 348:593-600). This method is slower than flow cytometry taking more than one week to perform (Hill et al., 2003).
The method of this invention therefore is a significant advance in the field in that it allows for a rapid assessment of
circulating endothelial cells and avoids the difficulties (background issues, excessive data storage capacity) inherent in
a rare event analysis by flow cytometry.
[0005] CEPs and mCECs represent a very small fraction of mononuclear cells in the blood with an estimate of between
0.0 1 % and 0.000 1 % (Khan SS et al., 2004). Enumeration of these cells in the peripheral blood is important medically
because they provide an insight into the body’s angiogenic and neovasculogenic activities. Angiogenesis has been
shown to be critical for tumor growth and novel antiangiogenic therapies (such as the approved agent bevacizumab)
are used to slow or prevent tumor growth. Angiogenesis and neovascularization are also detrimental in many other
diseases besides cancer, including sickle cell disease, vasculitidis, and pulmonary hypertension (Khan SS et al., 2004).
In contrast, in coronary artery disease, neovascularization or revascularization is desirable in order to improve blood
flow to the cardiac tissue.
[0006] Woywodt A. et al., The Lancet, Vol. 361 No. 9353, 18 January 2003, pages 206-210, describes the use of
circulating endothelial cells as markers for ANCA-associated small-vessel vasculitis.
[0007] Woywodt A. et al., Transplantation, Vol. 76(1), 15 July 2003, pages 1-4, describes elevated number of circulating
endothelial cells in renal transplant recipients.
[0008] Khan S. et al., Cytometry, Vol. 64B(1), March 2005, pages 1-8, describes detection of circulating endothelial
progenitor cells by flow cytometry.
[0009] US 2005/244897 describes the use of endothelial cells as a diagnostic instrument in cardiovascular diseases.
[0010] WO 03/006104 describes lymphatic endothelial cells, materials and methods.
[0011] WO 2006/041959 describes detection of elevated levels of Her-2/Neu protein on circulating cancer cells and
treatment.

SUMMARY OF THE INVENTION

[0012] This invention provides a method of assaying endothelial cells in a blood sample comprising enriching the
endothelial cells from the blood sample followed by performing on the enriched endothelial cells an immunoassay capable
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of detecting an antigen expressed by the endothelial cells; wherein the endothelial cells are enriched by contacting the
blood with immunomagnetic beads capable of binding selectively to the endothelial cells; and wherein the immunoassay
uses electrochemiluminescence for detection, wherein the immunoassay has a sensitivity defined by being capable of
detecting the antigen from three hundred endothelial cells per milliliter of blood; and wherein the immunoassay generates
a signal proportional to the number of endothelial cells present in the blood sample.
[0013] The immunoassays described herein are sensitive enough for quantifying the levels of circulating endothelial
cells (mCECs and/or CEPs) in blood samples. These immunoassays provide methods of identifying patients at increased
risk from various diseases (e.g., cancer, sickle cell disease, vasculitidis, diabetes, pulmonary hypertension, and cardi-
ovascular disease).

BRIEF DESCRIPTION OF THE FIGURES

[0014]

Figure 1. Sensitivity for Detecting VEGFR2. Shown is a comparison of the ECL signal for the immunoassay detection
of VEGFR2 in lysates from HUVEC cells (endothelial cells which are a positive control for VEGFR2 expression)
versus K562 (negative control for VEGFR2 expression). Shown is the data using lysates from 300, 625 and 2500
cells per well.

Figure 2. Sensitivity and Specificity for Detecting VEGFR2 from Endothelial Cells vs. Non-Endothelial Cells. Shown
is a further comparison of the ECL signal for the immunoassay detection of VEGFR2 in lysates from HUVEC cells
(endothelial cells which are a positive control for VEGFR2 expression) versus K562 (negative control for VEGFR2
expression). Data from the same experiment as shown in Figure 1 is used for this figure, except that data obtained
from lysate material from 10,000 cells per well were also included in this graph in order to display an increased X-
axis scale.

Figure 3. Specificity for Detecting VEGFR2 from Endothelial Cells vs. Non-Endothelial Cells. Shown is a comparison
of the ECL signal for the immunoassay detection of VEGFR2 in lysates from HUVEC cells (endothelial cells which
are a positive control for VEGFR2 expression) versus PMBCs. Shown is the data using lysates up to 2500 cells per
well. Compared to Figures 1 and 2, this Figure 3 presents additional data from PBMCs. For comparison purposes,
the same data from the HUVEC cells from Figures 1 and 2 are also presented.

Figure 4. Effect of enrichment. Comparison of the ECL signal for the immunoassay detection of VEGFR2 in lysates
from either non-enriched human cord blood ex vivo cultures or from the same cultures enriched for CD34 antigen
using immunomagnetic beads with anti-CD34 antibody. In this figure, cells were extracted using M-PER Pierce
Extraction Reagent as indicated in Example 9. Using flow cytometry, it was estimated that there were 960 VEGFR2
positive cells per 5000 CD34 enriched cells.

Figure 5. Effect of enrichment. Comparison of the ECL signal for the immunoassay detection of VEGFR2 in lysates
from either non-enriched human cord blood ex vivo cultures or from the same cultures enriched for CD34 antigen
using immunomagnetic beads with anti-CD34 antibody. In this figure, the same cells as used to obtain lysates in
Figure 4 were used, except that cells were extracted using RIPA Extraction Butler as indicated in Example 9.

Figure 6. Effect of enrichment. Comparison of the ECL signal for the immunoassay detection of VEGFR2 in lysates
from either non-enriched human cord blood ex vivo cultures or from the same cultures enriched for CD34 antigen
using immunomagnetic beads with anti-CD34 antibody. In this figure, a different set of cells from the ex vivo culture
of cord blood was used. As in Figure 4, cells were lysed using the M-Per Pierce Extraction Reagent. Using flow
cytometry, it was estimated that there were 700 VEGFR2 positive cells per 5000 CD34 enriched cells.

DETAILED DESCRIPTION OF THE INVENTION

[0015] 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.
[0016] As used herein to "enrich" a given kind of cells from a sample means to purify or partially purify such cells from
other kinds of cells in the sample.
[0017] Abbreviations:
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mCEC: mature circulating endothelial cell
CEP: circulating endothelial progenitor
ECL: electrochemiluminescence
HUVEC: human umbilical vein endothelial cell
MI: myocardial infarction
PBMCs: peripheral blood mononuclear cells
VEGF: vascular endothelial growth factor
VEGFR2: vascular endothelial growth factor receptor-2

[0018] CEPs can be distinguished due to the presence of the following markers (Khan et al., 2004; Rosenzweig, 2005,
New Engl J Med 353:1055-7):

• CD133 (not present on mCECs)
• VEGFR-2 (vascular cell adhesion molecule-1; also called KDR)
• CD34
• Lack of CD45 and lack of CD3

mCECs can be distinguished due to the presence of the following markers:

• CD146 (not present on CEPs)
• Von Willebrand factor (vWF)
• CD31 (also called PECAM-1: platelet endothelium cell adhesion molecule-1) Lack of CD45 and lack of CD3 (this
is important since activated T cells can express CD146; Khan et al., 2004).

[0019] The immunoassays described herein are sensitive enough for quantifying the levels of circulating endothelial
cells (mCECs and/or CEPs) in blood samples. These immunoassays provide methods of identifying patients at increased
risk from various diseases (e.g., cancer, sickle cell disease, vasculitidis, diabetes, pulmonary hypertension, and cardi-
ovascular disease). The convenient, highly sensitive and rapid means to test blood samples to identify such patients
provided herein is highly desirable so that preventive measures may be undertaken. Use of electochemiluminescence
(ECL)-detection is the means to accomplish this.
[0020] This invention is based on combining the high specificity of procedures used to isolate circulating endothelial
cells from blood (as defined in the claims) with the high sensitivity of immunologically based assays using ECL. Circulating
endothelial cells are first enriched using immunomagnetic beads, as defined in the claims.
[0021] In an embodiment of the detection method of this invention, the immunological assay is such that the assay is
capable of detecting antigen from three hundred, more preferably one hundred fifty, more preferably one hundred, more
preferably thirty and most preferably ten endothelial cells per milliliter of blood.
[0022] The following is a preferred embodiment of a procedure to enrich for endothelial cells:

A blood sample (usually in the range of approximately 8 to 20 ml) is taken from a patient:

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 endothelial cells (mCECs or CEPs).
4. Detection and quantification of mCECs or CEPs using an immunoassay for one or more antigens from
circulating mCECs or CEPs.

1. Removal of red blood cells.

[0023] 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),
IMMUNOLYSE (Coulter), OPTILYSE B (Immunotech), and ACK lysing buffer (Biosource, Rockville, MD).
[0024] A preferred method uses the BD Vacutainer CPT tubes with anticoagulant (EDTA or citrate). These tubes
contain 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
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the neutrophils.

2. Negative selection to further deplete normal leukocytes.

[0025] A preferred embodiment of this invention uses a negative selection step for isolation of endothelial cells. Negative
selection is the selective removal of unwanted cells. Negative selection allows for further depletion of leukocytes especially
the lymphocytes and monocytes. One approach is to use magnetic beads with attached antibodies against one or more
leukocyte antigens such as CD45 and/or CD3. In a preferred embodiment, more than one antibody against leukocytes
is used. Addition of these magnetic beads to the blood sample and removal of the beads with a magnet further depletes
the sample from leukocytes and enriches for endothelial cells. Another approach for negative selection 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. 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 immu-
norosettes 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 endothelial cells (mCECs or CEPs).

[0026] The method of isolating circulating endothelial cells uses immunomagnetic beads, as defined in the claims. In
a preferred embodiment, the immunomagnetic beads have antibodies against antigens found selectively on the surface
of endothelial cells. Examples include but are not limited to: a) in the case of CEPs: CD133, VEGFR-2, and CD34; b)
in the case of mCECs: CD 146, vWF, and CD31. Immunomagnetic beads with antibodies against one of these antigens
are used. 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). In an embodiment of the invention, EasySep™ positive selection cocktail
and EasySep™ Magnetic nanoparticles (Stemcell Technologies) with the one of the above mentioned antibodies are
added to the fraction with the endothelial cells from the previous step. A magnet is then used to enrich or isolate endothelial
from the rest of the material and the endothelial cells are washed with an aqueous solution.

4. Detection and quantification of mCECs or CEPs using an immunoassay for one or more antigens from circulating 
mCECs or CEPs.

[0027] In a preferred embodiment, the isolated or enriched mCECs or CEPs are lyzed before assay and the previously
used magnetic beads removed magnetically. For lysis, commercially available cell lysis reagents can be used including,
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 CelLytie™-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 mCEC
or CEP antigens to be measured..
[0028] Detection of mCEC or CEP-specific antigens uses electrochemiluminescense. Detection may be accomplished
by use of a highly sensitive sandwich immunoassay using antibodies which bind to the antigen being assayed. A variety
of antibodies can be used for the immunoassay, preferably including at least one polyclonal antibody and most preferably,
using two polyclonal antibodies. In a preferred embodiment of the invention, one antibody is linked with biotin and the
a second antibody against ER is labeled with a detecting molecule, such as 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 lysate supernatant is then 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 (ER), 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). The ECL signal is proportional to the number of mCECs
or CEPs in the original blood sample.
[0029] In a preferred embodiment of the invention, the immunoassay utilized in accordance with this invention can
use one of the following combinations:

1. Two sets of polyclonal antibodies against the endothelial antigen (the most preferred embodiment)
2. A polyclonal antibody and a monoclonal antibody against the endothelial antigen.
3. Two monoclonal antibodies against the endothelial antigen.
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[0030] In a preferred embodiment of the invention, the antigen target used for enrichment or isolation of the endothelial
cells is different from the antigen target for the sandwich immunoassay. These two antigen targets form an antigen pair;
examples of these antigen pairs include:

Endothelial Cell Type for 
Assay

Antigen Pair Number Antigen target for 
enrichment or isolation 
using magnetic beads with 
antibodies against such 
antigen

Antigen target for sandwich 
immunoassay

MCECs 1 (preferred for mCECs) vWF CD146

2 CD146 vWF

3 CD31 CD146

4 CD31 vWF

CEPs 1 (preferred for CEPs) CD133 VEGFR-2

2 VEGFR-2 CD133

3 CD34 CD133

4 CD34 VEGFR-2

5 VLA-4 (CD49d/CD29 
heterodimer)

LFA-1 (CD11a/CD18 
heterodimer)

6 LFA-1 (CD)11a/CD 18 
heterodimer)

VLA-4 (CD49d/CD29 
heterodimer)

7 CD11a CD 146, VEGFR-2, CD133

8 CD11b CD146, VEGFR-2, CD133

9 CD11c CD146, VEGFR-2, CD133

10 CD18 CD146, VEGFR-2, CD133
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[0031] For example, a preferred embodiment for detecting mCECs is to use beads with antibodies against vWF for
enrichment or isolation followed by a pair of antibodies against CD146 for detection by sandwich immunoassay. A
preferred embodiment for detecting CEPs is to use beads with antibodies against CD 133 for enrichment or isolation
followed by a pair of antibodies against VEGFR-2 for detection by sandwich immunoassay. Another preferred embodiment
for detecting CEPs is to use beads with antibodies against CD34 for enrichment or isolation followed by a pair of antibodies
against VEGFR-2 for detection by sandwich immunoassay.
[0032] The immunoassay of this invention is more rapid and has a significantly greater sensitivity than any previously
developed immunoassay for an endothelial cell antigen. The immunoassay of this invention is capable of detecting
antigen from 300 circulating mCECs or CEPs per ml of blood, more preferably from 150 circulating mCECs or CEPs
per ml of blood, more preferably from 100 circulating mCECs or CEPs per ml of blood, more preferably from 30 circulating
mCECs or CEPs per ml of blood, and most preferably from 10 mCECs or CEPs per ml of blood.
[0033] In another preferred embodiment, the immunoassay of this invention consists of a method of assaying en-
dothelial cells in a blood sample comprising enriching the endothelial cells from the blood sample followed by performing
on the enriched endothelial cells an immunoassay capable of detecting VEGFR2 expressed by the endothelial cells and
wherein the immunoassay is capable of detecting VEGFR2 from 300 human umbilical vein endothelial cells (HUVEC),
more preferably from 150 HUVECs, more preferably from 100 HUVECs; more preferably from 30 HUVECs, and most
preferably from 10 HUVECs.
[0034] Due to its sensitivity the method according to this invention is useful for identifying patients at risk for increased
disease (including, but not limited to: cancer, sickle cell disease, vasculitidis, pulmonary hypertension, diabetes, and
cardiovascular disease) and who are likely to benefit from prophylactic measures to prevent such disease or disease
worsening.

(continued)

Endothelial Cell Type for 
Assay

Antigen Pair Number Antigen target for 
enrichment or isolation 
using magnetic beads with 
antibodies against such 
antigen

Antigen target for sandwich 
immunoassay

11 LFA-1 (CD11a/CD18 
heterodimer)

CD146, VEGFR-2, CD133

12 VLA-4 (CD49d/CD29 
heterodimer)

CD146, VEGFR-2, CD133

13 CD146, VEGFR-2, CD133 CD11a

14 CD 146, VEGFR-2, CD133 CD11b

15 CD146, VEGFR-2, CD133 CD11c

16 CD 146, VEGFR-2, CD133 CD18

17 CD146, VEGFR-2, CD 133 LFA-1 (CD11a/CD18 
heterodimer)

18 CD146, VEGFR-2, CD133 VLA-4 (CD49d/CD29 
heterodimer)

19 CD31 (PECAM) CD146, VEGFR-2, CD133

20 CD141 CD146, VEGFR-2, CD133

21 CD105 (Endoglin) CD146, VEGFR-2, CD133

22 CD144 (VE Cadherin) CD 146, VEGFR-2, CD133

23 tie2 (Angiopoietin I 
receptor)

CD146, VEGFR-2, CD133

24 Ulex europaeus lectin CD146, VEGFR-2, CD133

25 E-selectin CD 146, VEGFR-2, CD133
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EXAMPLES

[0035] EXAMPLE 1. A patient comes into the office and a blood sample is collected in a tube to prevent clotting,
mCECs are isolated and then lyzed using a lysis buffer. A ruthenium-labeled antibody against an antigen against mCECs
and a biotinylated antibody (also against the antigen from mCECs) is added along with a solution of tripropylamine and
magnetic beads with avidin attached. 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 mCECs per ml found in the circulation.
[0036] EXAMPLE 2. Methods as in Example 1, in which mCECs are isolated or enriched using magnetic beads coated
with antibodies against vWF. These cells are lysed using Sigma Lysis Buffer [Sigma CetLytic™-M (Sigma Product Number
C 2978, Sigina-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). A magnet is used to
further deplete the magnetic particles. Ruthenium-labeled antibodies against CD-146 and biotinlyated antibodies against
CD-146 are added to the lysate and then magnetic strepavidin beads and a solution containing tripropylamine. An electric
current is applied and electrochemiluminescence (ECL) is detected using an ECL detection device such as one com-
mercially available (BioVeris Corporation). The signal is proportional to the amount of mCECs and the number of mCECs
can be estimated by comparing this signal with the signal from a positive control sample.
[0037] EXAMPLE 3. Methods as in example 2, except that the number of CEPs is determined and the magnetic beads
used for isolation or enrichment of CEPs are coated with antibodies against CD133 not vWF and the sandwich ECL
immunoassay uses antibodies against VEGFR-2 not CD-146.

EXAMPLE 4.

[0038] An assay buffer is prepared: 0.5% Tween-20 and 0.5% bovine serum albumin (BSA) in PBS (phosphate buffered
saline).
[0039] Antibody against CD146 is first obtained in both biotinylated and non-biotinylated forms. Biotinylation of anti-
bodies is well-known in the art and can be performed in solution or in solid-phase (Strachan E et al., 2004, J Mol Recognit
17:268-76). Ruthenium labeling ("TAG-label") is performed as follows:

• 1.5 Pg/Pl ruthenium label (BV-TAG-NHS Ester, Catalog # 110034; BioVeris Corporation, Gaithersburg, MD, USA)
is prepared in DMSO.

• 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 20Pl of
2M glycine.

• Uncoupled BV-TAG-NHS Ester in each reaction mixture is removed using a PD-10 gel filtration column, pre-equil-
ibrated 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.

[0040] The ruthenium-labeled antibody against CD146 and the biotinylated antibody against CD146 are referred
hereafter in this example as "TAG-pAb" and "Biotin-pAb".
[0041] Endothelial cells [human umbilical vein endothelial cells (HUVEC, Catalog number CC-2517) from Cambrex
Corporation, East Rutheford, NJ 07073] are grown in 6-well tissue culture plates as per manufacturer’s 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).
[0042] An electrochemiluminescence assay is performed as follows:

• Sequentially, to each well, cell lysate supernatants are added (the amount of lysate per well is varied from that
extracted from 30 to 100 endothelial 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 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).

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

[0043] Using this immunoassay, the ECL signal is proportional to the number of HUVEC cells and CD146 is detectable
and above baseline from at least 100 HUVEC cells per well.
[0044] EXAMPLE 5. In this example, the sensitivity of detecting recombinant VEGFR2 using a sandwich immunoassay
using electrochemiluminescence was examined.
[0045] A PBS assay buffer was prepared:

• Assay Buffer: 0.5% Tween-20 and 0.5% bovine serum albumin (BSA) in PBS (phosphate buffered saline, pH 7.2)

[0046] A standard diluent was prepared:

• Standard Diluent: 1% bovine serum albumin (BSA) in PBS (phosphate buffered sal ine, pH 7.2)

[0047] Anti-VEGFR2 polyclonal antibody was first obtained in both biotinylated (BAF357 from R&D Systems) and non-
biotinylated forms (AF357 from R&D systems). The non-biotinylated polyclonal antibody is ruthenium labeled ("TAG-
labeled") according the methods of Lorence & Lu (PCT 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".
[0048] Recombinant VEGFR2 protein was obtained in the form of VEGFR2-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 #357-KD).
[0049] An electrochemiluminescence assay was performed as follows:

• Standards were diluted in 1 ml PBS (pH 7.2 with 0.1% 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 Pl prior to addition) and the resultant
solution was incubated at room temperature with constant shaking (for 2 hours).

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

• PBS Assay Buffer was added to each well to make a final volume of 250 Pl 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).

[0050] Using this immunoassay, as little as 4 pg per well of VEGFR2 standard was detectable with a signal above
background (Table 1).

[0051] EXAMPLE 6. In this example, the specificity for an ECL immunoassay against VEGFR2 for detecting VEGFR2
from endothelial cells vs. non-endothelial cells was determined along with a repeat determination of the sensitivity of
detecting recombinant EGFR. Methods were as that used in example 5 with (1) the testing of lower amounts of VEGFR2
standard; and (2) the additional analysis of cell extracts from HUVEC cells (positive control cells for VEGFR2 expression)
and K562 human leukemia (negative for VEGFR2).
[0052] HUVECs [Catalog number CC-2517) from Cambrex Corporation, East Rutheford, NJ 07073] were grown in

Table 1. Electrochemiluminescence (ECL) detection of recombinant VEGFR2 by immunoassay using ruthenium-
labeled polyclonal (TAG-pAb) and biotinylated polyclonal antibody (Biotin-pAb).

VEGFR2 (pg/well) Mean ECL Signal (above background)*

4 722

16 1957

160 13021

1600 113347

* Mean ECL signal above the mean signal from control wells with no antigen.
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tissue culture as per manufacturer’s recommended conditions (and did not include VEGF), washed two times with PBS,
and an aliquot counted using a hemacytometer. K562 cells (from ATCC, Manassas, VA) were grown in tissue culture
plates as per ATCC recommended conditions, washed two times with PBS, and an aliquot counted using a hemacy-
tometer. Lysis of HUVEC and K562 cells and obtaining the supernatant was performed using Pierce RIPA Buffer [catalog
#89900, Pierce Biotechnology, Rockford, IL] with Pierce protease inhibitor [catalog #78410; Pierce Biotechnology] as
per manufacturer’s recommended conditions. The amount of lysate supernatant per well was varied from that extracted
from 300, 625, 2500 and 10,000 cells and analyzed for VEGFR2 using the immunoassay described in Example 5.
[0053] Using the VEGFR2 standard, as little as 1 pg per well of EGFR standard was detectable with a signal above
background (Table 2).

[0054] Using cell lysates, the results from this experiment 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 VEGFR2 from low cell numbers.
Figure 1 only includes data for the cell range up to 2500 cells per well. Figure 2 graphically displays the entire data set
(up to 10,000 cells per well).
[0055] VEGFR2 was detectable and above baseline from lysates from HUVEC cells in this experiment including those
wells using the lowest amount of HUVEC lysate in this experiment (lysate from 300 cells added per well; Figure 1).
Furthermore, the lysate from the HUVEC cells (endothelial cell positive control for VEGFR2 expression) gave a much
higher signal in the immunoassay for VEGFR2 than the lysate from K562 cells (negative for VEGFR2 expression) over
the entire tested range from 300 to 10,000 cells per well and all of the lysates from K562 cells were negative indicating
the high sensitivity and specificity of the results for VEGFR22 detection (Figures 1 & 2).
[0056] EXAMPLE 7. In this example, the sensitivity for an ECL immunoassay against VEGFR2 for detecting VEGFR2
from HUVEC endothelial cells was further examined. Methods were as that used in example 6 with the testing of lower
amounts of cell extracts from HUVEC cells (positive control cells for VEGFR2 expression).
[0057] Using the lysates from HUVEC endothelial cells, lysates from as little as 150 HUVECs per well was detectable
with a signal above background (Table 3).

[0058] EXAMPLE 8. In this example, the ECL signals from an immunoassay against VEGFR2 was determined for
small numbers of human peripheral blood mononuclear cells (PBMCs). Methods to test cell lysates as in Example 6
were used except that lysates of human PBMCs were used. Human PBMCs were obtained from Cellular Technology
Ltd.; Cleveland, Ohio; product #CTL-UP1). Lysates from 156, 313, 625, 1250 and 1500 PMBCs were tested in the ECL

Table 2. Electrochemiluminescence (ECL) detection of recombinant VEGFR2 by immunoassay using ruthenium-
labeled polyclonal (TAG-pAb) and biotinylated polyclonal antibody (Biotin-pAb).

VEGFR2 (pg/well) Mean ECL Signal (above background)*

1 504

4 1706

16 6289

160 26023

1600 91935

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

Table 3. Electrochemiluminescence (ECL) detection of VEGFR2 from HUVEC lysates by immunoassay using 
ruthenium-labeled polyclonal (TAG-pAb) and biotinylated polyclonal antibody (Biotin-pAb).

Cells per Well Mean ECL Signal (above background)*

150 207

200 261

300 338

625 504

2500 824

* Mean ECL signal above the mean signal from control wells with no antigen.
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immunoassay for VEGFR2 as described in Example 7.
[0059] Figure 3 shows the results and for comparison purposes the data from Example 6 using HUVECs are included
in this graph. For the entire range of PBMCs tested the signal was low or at background levels. These results were
consistent with the fact that endothelial cells would not be expected to be found in the maximum amount of PBMCs
tested (2500). As indicated in the Background section, CEPs and mCECs represent a very small fraction of mononuclear
cells in the blood with an estimate of between 0.01% and 0.0001% (Khan SS et al., 2004). The results from this experiment
demonstrate that if there are small numbers of contaminating PBMCs in an enriched population of endothelial cells,
these contaminating PBMCs would not give rise to a signal that would prevent the determination of endothelial cell
antigens from such an enriched endothelial cell population.
[0060] EXAMPLE 9. In this example, the effectiveness of enrichment was determined. In this example the ability to
detect VEGFR2 from cells following enrichment of a hematopoietic cell sample for CD34+ cells was tested twice using
immunomagnetic beads. As noted previously, EPCs express both CD34+ and VEGFR2. Therefore enrichment for CD34+
would be expected to enrich for cells with VEGFR2 expression. A Direct CD34 Progenitor Cell Isolation Kit (now called
CD34 MicroBead Kit) was obtained from Miltenyi Biotec Inc. (Auburn, CA) and used per manufacturer’s instructions.
This kit contains MicroBeads which are conjugated to the monoclonal mouse anti-human CD34 antibody, QBEND/10.
As starting cells for CD34 isolation, cultures of human cord blood (from Cambrex (East Rutherford, NJ, Catalog #2C-
101A) were used and were grown in StemSpan Serum Free medium (Stem Cell Technologies; www.stemcell.com) with
the following growth factors, all from PeproTech (Rocky Hill, NJ): human vascular endothelial growth factor (VEGF; 50
ng/ml; catalog number 100-20), human thrombopoeitin (20 ng/ml; catalog number 300-188); human interleukin-6 (20
ng/ml; catalog number 200-06), human Fms-related tyrosine kinase 3 ligand (Flt-3; 100 ng/ml; catalog number 300-19)
and human stem cell factor (SCF; 100 ng/ml catalog number 300-07). The effect on the expression level of VEGFR2
per cell from culturing the cells in the presence of the ligand (VEGF) for this receptor was not determined.
[0061] Lysates (performed as in Example 6 using RIPA or with the addition of the use of Pierce M-PER Mammalian
Protein Extraction Reagent, Pierce catalog number 78501) from up to 250,000 cells from two cultures of these human
cord blood were analyzed for VEGFR2 expression using the ECL immunoassay as described in Example 5.
[0062] Results from this experiment are shown in Figures 4-6. Figures 4-6 all indicate that enrichment using immu-
nomagnetic beads against CD34 antigen was markedly successful at enriching for cells expressing the endothelial cell
marker VEGFR2. This was true regardless of the method of making the cell lysates, although higher signals were obtained
using the RIPA buffer (compare Figures 4 with M-PER lysis buffer vs. Figure 5 using RIPA) when using the exact same
set of cells for extraction.

Claims

1. A method of assaying endothelial cells in a blood sample comprising enriching the endothelial cells from the blood
sample followed by performing on the enriched endothelial cells an immunoassay capable of detecting an antigen
expressed by the endothelial cells;
wherein the endothelial cells are enriched by contacting the blood with immunomagnetic beads capable of binding
selectively to the endothelial cells; and wherein the immunoassay uses electrochemiluminescence for detection,
wherein the immunoassay has a sensitivity defined by being capable of detecting the antigen from three hundred
endothelial cells per milliliter of blood;
and wherein the immunoassay generates a signal proportional to the number of endothelial cells present in the
blood sample.

2. The method of Claim 1, wherein the immunoassay is capable of detecting the antigen from one hundred endothelial
cells per milliliter of blood.

3. The method of Claim 1, wherein the immunoassay is capable of detecting the antigen from thirty endothelial cells
per milliliter of blood.

4. The method of Claim 1, wherein the endothelial cells are selected from the group consisting of mature circulating
endothelial cells and circulating endothelial progenitor cells.

5. The method of Claim 4 wherein said endothelial cells are mature circulating endothelial cells and the antigen is
selected from the group consisting of CD146 and vWF.

6. The method of Claim 4 wherein said endothelial cells are circulating endothelial progenitor cells and the antigen is
selected from the group consisting of VEGFR-2 and CD133.
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7. The method of Claim 1, wherein the immunoassay is performed on intact endothelial cells and utilizes an antibody
that binds selectively to the extracellular domain of the antigen.

8. The method of Claim 1, further comprising lysing the enriched endothelial cells prior to the immunoassay and wherein
the immunoassay is performed on the cell lysate.

9. The method of Claim 1, wherein the immunoassay uses a polyclonal antibody against the antigen, or wherein the
immunoassay uses a monoclonal antibody against the antigen.

Patentansprüche

1. Verfahren zum Testen von Endothelzellen in einer Blutprobe, das das Anreichern der Endothelzellen aus der Blut-
probe gefolgt von der Durchführung bei den angereicherten Endothelzellen eines Immunassay umfasst, der in der
Lage ist, ein Antigen zu entdecken bzw. nachzuweisen, das von den Endothelzellen exprimiert wird;
wobei die Endothelzellen angereichert werden, indem das Blut mit immunomagnetischen Kügelchen (Beads) in
Kontakt gebracht wird, die in der Lage sind, selektiv an die Endothelzellen zu binden;
und wobei der Immunassay Elektrochemilumineszenz für die Entdeckung bzw. den Nachweis verwendet, wobei
der Immunassay eine Empfindlichkeit aufweist, die dadurch definiert wird, dass er in der Lage ist, das Antigen aus
dreihundert Endothelzellen pro Milliliter Blut zu entdecken;
und wobei der Immunassay ein Signal proportional zu der Anzahl von Endothelzellen, die in der Blutprobe vorhanden
sind, erzeugt.

2. Verfahren nach Anspruch 1, wobei der Immunassay in der Lage ist, das Antigen aus einhundert Endothelzellen pro
Milliliter Blut zu entdecken.

3. Verfahren nach Anspruch 1, wobei der Immunassay in der Lage ist, das Antigen aus dreißig Endothelzellen pro
Milliliter Blut zu entdecken.

4. Verfahren nach Anspruch 1, wobei die Endothelzellen ausgewählt werden aus der Gruppe bestehend aus reifen
zirkulierenden Endothelzellen und zirkulierenden Endothelvorläuferzellen.

5. Verfahren nach Anspruch 4, wobei die Endothelzellen reife zirkulierende Endothelzellen sind und das Antigen aus
der Gruppe bestehend aus CD146 und vWF ausgewählt wird.

6. Verfahren nach Anspruch 4, wobei die Endothelzellen zirkulierende Endothelvorläuferzellen sind und das Antigen
aus der Gruppe bestehend aus VEGFR-2 und CD133 ausgewählt wird.

7. Verfahren nach Anspruch 1, wobei der Immunassay bei intakten Endothelzellen durchgeführt wird und einen Anti-
körper verwendet, der selektiv an die extrazelluläre Domäne des Antigens bindet.

8. Verfahren nach Anspruch 1, das des Weiteren das Lysieren der angereicherten Endothelzellen vor dem Immunassay
umfasst, und wobei der Immunassay bei dem Zelllysat durchgeführt wird.

9. Verfahren nach Anspruch 1, wobei der Immunassay einen polyklonalen Antikörper gegen das Antigen verwendet,
oder wobei der Immunassay einen monoklonalen Antikörper gegen das Antigen verwendet.

Revendications

1. Procédé d’analyse des cellules endothéliales dans un échantillon de sang comprenant l’enrichissement des cellules
endothéliales à partir de l’échantillon de sang suivi de la réalisation sur les cellules endothéliales enrichies d’un test
immunologique capable de détecter un antigène exprimé par les cellules endothéliales ;
dans lequel les cellules endothéliales sont enrichies par la mise en contact du sang avec des billes immunomagné-
tiques capables de se lier sélectivement aux cellules endothéliales ; et dans lequel le test immunologique utilise
l’électrochimio-luminescence pour la détection, où le test immunologique a une sensibilité définie par la capacité
de détecter l’antigène à partir de trois cents cellules endothéliales par millilitre de sang ;
et dans lequel le test immunologique génère un signal proportionnel au nombre de cellules endothéliales présentes
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dans l’échantillon de sang.

2. Procédé selon la revendication 1, dans lequel le test immunologique est capable de détecter l’antigène à partir de
cent cellules endothéliales par millilitre de sang.

3. Procédé selon la revendication 1, dans lequel le test immunologique est capable de détecter l’antigène à partir de
trente cellules endothéliales par millilitre de sang.

4. Procédé selon la revendication 1, dans lequel les cellules endothéliales sont choisies dans le groupe constitué de
cellules endothéliales matures circulantes et de progéniteurs des cellules endothéliales circulants.

5. Procédé selon la revendication 4, dans lequel lesdites cellules endothéliales sont des cellules endothéliales matures
circulantes et l’antigène est choisi dans le groupe constitué de CD146 et vWF.

6. Procédé selon la revendication 4, dans lequel lesdites cellules endothéliales sont des progéniteurs des cellules
endothéliales circulants et l’antigène est choisi dans le groupe constitué de VEGFR-2 et CD133.

7. Procédé selon la revendication 1, dans lequel le test immunologique est réalisé sur des cellules endothéliales
intactes et utilise un anticorps qui se lie sélectivement au domaine extracellulaire de l’antigène.

8. Procédé selon la revendication 1, comprenant en outre la lyse des cellules endothéliales enrichies avant le test
immunologique et dans lequel le test immunologique est réalisé sur le lysat cellulaire.

9. Procédé selon la revendication 1, dans lequel le test immunologique utilise un anticorps polyclonal dirigé contre
l’antigène, ou dans lequel le test immunologique utilise un anticorps monoclonal dirigé contre l’antigène.
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