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METHOD FOR SEPARATING CELLS

FIELD OF THE INVENTION

|0001] The present invention relates to methods for sepa-
rating cells. In particular the invention relates to methods for
separating cells using dense particles and discontinuous den-
sity gradient centrifugation.

BACKGROUND OF THE INVENTION

10002] In many applications it is desirable to enrich, or
alternatively deplete, certain cell populations 1n a biological
sample. For example, the separation of specific cell types
from peripheral blood, bone marrow, spleen, thymus and fetal
liver 1s key to research 1n the fields of haematology, 1mmu-
nology and oncology, as well as diagnostics and therapy for
certain malignancies and immune disorders.

|0003] Most cell separation techniques require that the
input sample be a single cell suspension. For this reason,
blood has historically been the most common tissue used for
cell separations. Purified populations of immune cells such as
T cells and antigen presenting cells are necessary for the study
of immune function and are used 1n immunotherapy. Investi-
gation ol cellular, molecular and biochemical processes
requires analysis of certain cell types 1n 1solation. Numerous
techniques have been used to 1solate T cell subsets, B cells,
basophils, NK cells and dendritic cells from blood for these
ivestigations.

|0004] More recently, enzymatic digestion methods have
been developed to dissociate tissues from solid organs into
single cell suspensions, permitting distinct cell types to be
1solated. This 1s of particular benefit to the study of pluripo-
tent stem cells and tissue-specific stem cells from adults. The
rapidly growing field of stem cell research 1s spurred by the
potential of these cells to repair diseased or damaged tissues.
Bone marrow (hematopoietic) stem cells were the first adult
stem cells to be purified and used clinically and the therapeu-
tic potential of hematopoietic stem cells 1s now well docu-
mented. Transplantation of hematopoietic cells from periph-
eral blood and/or bone marrow 1s increasingly used 1n
combination with high-dose chemo- and/or radiotherapy for
the treatment of a variety of disorders including malignant,
nonmalignant and genetic disorders. Very few cells i such
transplants are capable of long-term hematopoietic reconsti-
tution, and thus there i1s a strong stimulus to develop tech-
niques for purification of hematopoietic stem cells. Further-
more, serious complications and indeed the success of a
transplant procedure 1s to a large degree dependent on the
cifectiveness of the procedures that are used for the removal
of cells 1n the transplant that pose a risk to the transplant
recipient. Such cells include T lymphocytes that are respon-
sible for grait versus host disease (GVHD) 1n allogenic grafts,
and tumor cells 1 autologous transplants that may cause
recurrence ol the malignant growth. It 1s also 1mportant to
debulk the graft by removing unnecessary cells and thus
reducing the volume of cyropreservant to be infused.

|0005] In certain instances it is desirable to remove or

deplete tumor cells from a biological sample, for example 1n
bone marrow transplants. Epithelial cancers of the bronchi,

mammary ducts and the gastrointestinal and urogenaital tracts

represent a major group of solid tumors seen today.
Micrometastatic tumor cell migration 1s thought to be an

important prognostic factor for patients with epithelial cancer
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(Braun et al., 2000; Vaughan et al., 1990). The ability to detect
such metastatic cells 1s limited by the effectiveness of tissue
or fluid sampling and the sensitivity of tumor detection meth-
ods. A technique to enrich circulating epithelial tumor cells 1n
blood samples would increase the ability to detect metastatic
disease and facilitate the study of such rare cells to determine
the biological changes which enable spread of the disease.

[0006] Hematopoietic cells and immune cells have been
separated on the basis of physical characteristics such as
density and on the basis of susceptibility to certain pharma-
cological agents which kill cycling cells. The advent of mono-
clonal antibodies against cell surface antigens has greatly
expanded the potential to distinguish and separate distinct
cell types. There are two basic conceptual approaches to
separating cell populations from blood and related cell sus-
pensions using monoclonal antibodies. They differ in
whether 1t 1s the desired or undesired cells which are distin-
guished/labeled with the antibody(s).

|0007] Inpositive selection techniques the desired cells are
labeled with antibodies and removed from the remaining
unlabeled/unwanted cells. In negative selection, the
unwanted cells are labeled and removed. Antibody/comple-
ment treatment and the use of immunotoxins are negative
selection techniques, but FACS sorting and most batch-wise
immunoadsorption techniques can be adapted to both posi-
tive and negative selection. In immunoadsorption techniques,
cells are selected with monoclonal antibodies and preferen-
tially bound to a surface which can be removed from the
remainder of the cells e.g. column of beads, flask, magnetic
particles. Immunoadsorption techniques have won favour
clinically and in research because they maintain the high
specificity of cell targeting with monoclonal antibodies, but
unlike FACSorting, they can be scaled up to directly process
the large numbers of cells 1n a clinical harvest and they avoid
the dangers of using cytotoxic reagents such as immunotox-
ins and complement. They do however, require the use of a
“device” or cell separation surface such as a column of beads,
panning flask or magnet.

|0008] Current techniques for the isolation of hematopoi-
etic stem cells, immune cells and circulating epithelial tumor
cells all imvolve an 1itial step to remove red cells prior to
antibody mediated adherence to a device or artificial particle
(Firat et al., 1988; de Wynter et al., 1975; Shpall et al., 1994;
Thomas et al., 1994; Milteny1 Biotec Inc., Gladbach, Ger-
many). In the case of positive selection there 1s yet another
step; removal of the cells from the device or particle. These
multiple steps require time and incur cell loss.

|0009] Discontinuous density gradient centrifugation is
commonly used to 1solate peripheral blood mononuclear cells
from granulocytes and erythrocytes. Ficoll-Paque® (Amer-
sham Pharmacia Biotech AB, Uppsala Sweden) 1s one of the
most popular density separation solutions used for this appli-
cation. In a Ficoll density separation whole blood 1s layered
over Ficoll, and then centrifuged. The erythrocytes, granulo-
cytes and approximately 50% of the mononuclear cells settle
to the cell pellet while the remaining 50% of the mononuclear
cells settle to the Ficoll plasma interface. The success of this
technique relies on the difference in density between mono-
nuclear cells and granulocytes/erythrocytes as well as the
choice of the density separation medium (DSM). During
centrifugation, cells that are more dense than the DSM settle
through the DSM forming a pellet at the bottom of the tube,
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while cells that are less dense than the DSM collect at the
interface between the DSM and the cell suspension medium
(c.g. plasma 1n the case of peripheral blood, cell culture
medium 1n the case of cultured cells or dissociated tissue
cells). Multiple layers of DSM having different densities can
be used to divide the cells into multiple fractions. The same
elfect can be achieved by centrifuging cells in a medium with
a continuous density gradient and then collecting the cells
from different positions 1n the gradient. Sedimentation rate
can also be used to separate cells of diflerent density, but the
separation time 1s influenced not only by density but also the
viscosity of the suspension and the cell size.

[0010] All density separation techniques have the same
basic limitation; they can not separate subpopulations of cells
with overlapping density distributions such as human lym-
phocyte subsets. Simple density separation techniques do not
offer the high cell specificity offered by antibody-mediated
techniques. "

To address this, dense particles have been tar-
geted to cells using monoclonal antibodies with aflinity to
cells surface antigens and used 1n discontinuous or continu-
ous density gradient centrifugation to separate cell popula-

tions with similar densities (Bildirici and Rickwood, 2001 ;
Bildiric1 and Rickwood, 2000; Patel and Rickwood, 1995;

Patel et al. 1993; U.S. Pat. No. 5,840,502; and StemCell
Technologies, Supplement to 1999/2000 Catalogue). There
are two advantages of using a discontinuous density gradient
rather than a continuous density gradient in dense particle
mediated cell separation. Discontinuous gradients are easier
to prepare and offer a visible boundary (interface) where cells
not bound to particles selectively collect.

|0011]| Several patents (U.S. Pat. No. 5,840,502, U.S. Pat.
No. 5,648,223, U.S. Pat. No. 5,646,004 and U.S. Pat. No.
5,474,68°7) describe the use of dense particles for negative
selection by selectively targeting and pelleting undesired cell
types using discontinuous density gradient separations.
These patents state that the optimum density of the DSM {for
dense particle separation 1s within *£0.0005 to *0.0002
g/cm of the density of the desired cell population.

|0012] There are no documented techniques for positive
selection of cells using dense particles and discontinuous
density gradients. In positive selection the desired cells are
targeted with antibodies and dense particles and pelleted dur-
Ing separation.

SUMMARY OF THE INVENTION

|0013] The invention relates to the use of dense particles
and discontinuous density gradients to separate populations
of cells from a mixed cell suspension. It has been found that
the use of dense particles to target a first population of cells
and a density separation medium (DSM) with a density at
least 0.001 g/cm” higher than the density of a second popu-
lation of cells not targeted by the dense particles, offers more
elfective cell separation through increased recovery of the
non-targeted population of cells at the interface between the
DSM and the sample suspension without atfecting the pellet-
ing of the targeted cells. This 1s contrary to current practice
and the teachings of U.S. Pat. Nos. 5,840,502, U.S. Pat. No.
5,648,223, U.S. Pat. No. 5,646,004 and U.S. Pat. No. 5,474,
68’7, which teach that the DSM should have a density prefer-
ably within =0.0005 g/cm” and more preferably within
+0.0002 g/cm” of the desired cell density. In these patents,
the desired cells are not targeted by the dense particles.
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|0014] Accordingly, the present invention provides a
method for separating a first population of cells from a second
population of cells 1n a sample comprising:

|0015] linking dense particles to the first population of
cells 1in the sample;

|0016] layering the sample over a density separation
medium (DSM) having a density at least about 0.001
g/cm greater than the mean density of the second popu-
lation of cells; and

|0017]| allowing the cells to settle,

wherein the particle-linked first population of cells will
settle to below the interface between the DSM and the
sample and the second population of cells will settle to
the interface between the DSM and the sample.

[0018]| Inthe method ofthe invention, the first population of
cells (1.e. those linked to the dense particles) will settle out
below the interface between the DSM and the sample and the
second population of cells will settle at the interface between
the DSM and the sample. Each population of cells may be
thus 1solated or recovered.

10019] The method of the invention may be used to posi-
tively or negatively select a population of desired cells. For
negative selection, the desired cells will be the second popu-
lations of cells and are accordingly recovered from the inter-
face between the DSM and the sample. For positive selection,
the desired cells will be the first population of cells, which are
linked to the dense particles, and thus are recovered from the
area below the interface between the DSM and the sample.
When positive selection techniques are used, 1t 1s typically
desired to remove the dense particles from the desired cells
using enzymatic, chemical or physical means.

10020] In embodiments of the invention, the settling of the
cells 1s accelerated by centrifugation.

|0021] The invention includes all uses of the above-de-
scribed methods as well as kits to perform the methods of the
invention.

10022]| Other features and advantages of the present inven-
tion will become apparent from the following detailed
description. It should be understood, however, that the
detailed description and the specific examples while indicat-
ing preferred embodiments of the invention are given by way
of 1llustration only, since various changes and modifications
within the spirit and scope of the mvention will become
apparent to those skilled in the art from this detailed descrip-
tion.

DETAILED DESCRIPTION OF THE INVENTION

(1) Methods of the Invention

|0023] Ashereinbefore stated, it has been found that the use
of dense particles to target a first population of cells and a
density separation medium (DSM) with a density at least
0.001 g/cm” higher than the mean density of the a second
population of cells not targeted by the dense particles, offers
more effective cell separation than separations according to
current practice.

|0024]| Accordingly, the present invention relates to a
method for separating a first population of cells from a second
population of cells 1n a sample comprising:
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|0025]| linking dense particles to the first population of
cells 1in the sample;

|0026| layering the sample over a density separation
medium (DSM) having a density at least about 0.001
g/cm greater than the mean density of the second popu-
lation of cells; and

10027] allowing the cells to settle,

wherein the particle-linked first population of cells waill
settle to below the interface between the DSM and the
sample and the second population of cells will settle to
the interface between the DSM and the sample.

|0028]| As used herein, the “first population of cells” (i.e.
those linked to the dense particles) are the cells which settle
out below the interface between the DSM and the sample and
the “second population of cells” are those cells which settle at
the interface between the DSM and the sample. As used
herein, the term “below the interface between the DSM and
the sample” typically means 1n a pellet at the bottom of the
container. Due to this difference 1n location, each population
of cells may be 1solated or recovered. Accordingly, the
present invention further comprises the step of 1solating the
first population of cells from below the interface between the
DSM and the sample and/or 1solating the second population
of cells from the interface between the DSM and the sample.
When the density of the DSM is at least about 0.001 g/cm”
greater than the mean density of the second population of
cells, more effective cell separations are achieved compared
to separations using currently practiced methods.

10029] As used herein, the term “below the interface
between the DSM and the sample” typically means 1n a pellet
at the bottom of the container.

|0030] The term “desired cells” as used herein refers to a
population of cells that one wishes to 1solate from a sample.
The population of desired cells may contain one or more cells

types.

|0031] The term “undesired cells” as used herein refers to a
population of cells that one wishes to remove from a sample.
The population of undesired cells may contain one or more
cell types.

10032] Inembodiments ofthe invention, the cells are settled
using gravity or centrifugation. In preferred embodiments,
the settling of the cells 1s accelerated using centrifugation.

[0033] When the desired cells are the second population of
cells, a negative selection protocol 1s employed. In this
instance, the dense particles are targeted to the first popula-
tion of cells, 1.e. undesired cells, which settle to an area below
the interface between the DSM and the sample. When cen-
trifugation 1s employed to accelerate settling, the first popu-
lation of cells will settle more quickly to the bottom of the
sample container to form a pellet. The second population of
cells, or desired cells, may be recovered from the interface
between the DSM and the sample. Accordingly, the method of
the present mnvention further comprises the step of recovering,
the second population of cells from the interface between the

DSM and the sample.

|0034] When the desired cells are the first population of
cells, a positive selection protocol 1s employed. In this
instance, the dense particles are targeted to the desired cells,

which settle to an area below the interface between the DSM
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and the sample. When centrifugation 1s employed to acceler-
ate settling, the desired cells will settle more quickly to the
bottom of the container to form a pellet. When positive selec-
tion 1s employed, 1t 1s desirable to remove the dense particles
from the cells. Accordingly, the method of the present inven-
tion further comprises the step of recovering the first popula-
tion of cells from an area below the interface between the
DSM and the sample and, optionally, removing the dense
particles from the first population of cells. Removal of the
dense particles from the first population of cells may be
carried out using enzymatic, chemical or physical methods
well known 1n the art. For example, using proteolytic
enzymes such, as papain.

|0035]| Ina preferred embodiment of the invention, the first
population of cells 1s the undesired cells and the second
population of cells are the desired cell, or a negative selection
protocol 1s used to separate desired cells from undesired cells.

|0036] The sample can be any cell suspension from which
one wishes to separate desired cells. As such, the sample will
generally contain a mixture of desired cells and undesired
cells suspended typically as single cells 1n a liquid medium.
The sample can be obtained from both 1n vivo and 1n vitro
sources. Examples of sources include, but are not limited to,
peripheral blood, bone marrow, spleen, thymus and fetal liver.
Specific cell types that may be 1solated using the method of
the 1nvention include, but are not limited to, T cells, B cells,
basophils, NK cells, dendritic cells, monocytes, macroph-
ages, megakaryocytes, platelets, eosinophils, neutrophils,
hematopoietic stem cells, mesenchymal stem cells, endothe-
lial cells, epithelial cells, fibroblasts and tumour cells.

|0037] A variety of commercially available materials may
be used as the DSM 1n the method of the invention, including,
but not limited to Ficoll-Paque®; Lymphoprep®; any sugar
solution, e.g. sucrose; dextran; any protein solution, e.g.
bovine serum albumin (BSA); 1odinated low molecular
welght compounds such as Metrizamide and heavy salts, e.g.
cesium chloride. In an embodiment of the invention, the den-
sity separation medium (DSM) 1s prepared by mixing
hetastarch, 1odixanol and water 1n different proportions such
that the desired density and osmolarity 1s obtained.

|0038] The density of the DSM should be at least about
0.001 g/cm’, preferably about 0.002 g/cm”, more preferably
about 0.004 g/cm”, higher, than the mean density of the den-
sity of the second population of cells (1.e. the cells that are not
targeted by the dense particles). As used herein, the term
“mean density of the second population of cells” refers to the
density of the second population of cells as determined using
density gradient centrifugation with a series of DSM having
different densities and without dense particles (for example,
see Example 6 herein).

10039] Mammalian cells and cells from most multi-cellular
organisms have semi-permeable membranes and are there-
fore sensitive to changes i1n the osmolarity of their environ-
ment. Cell density will increase with increasing osmolarity of
the surrounding solution. The mean density of some human
blood cell types 1s given 1n Table 1 for solutions 1so-osmolar
to plasma (270-290 mOsm) and for solutions hyper-osmolar
to plasma (300-310 mOsm). This table shows that the density
of the cells 1s strongly dependent on solution osmolarity. Thus
mean cell density of a given population 1s defined 1n the
context of the solution osmolarity. In discontinuous density
gradient separation, the mean cell density of a given popula-
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tion of cells 1s said to be equal to the density of the DSM 1f the
number of cells i the given population recovered at the
interface 1s approximately the same as the number recovered
in the pellet (or if 50% of the mnitially present second popu-
lation of cells are recovered at the interface when recovery 1n
the pellet cannot be reliably determined).

|0040] The osmolarity of the DSM is preferably approxi-
mately the same as the osmolarity of the sample (1.e the DSM
1s approximately i1so-molar to the sample). The term
“approximately the same” means that the osmolarity of the
DSM 1s 1 the range of about plus or minus 10% of the
osmolarity of the sample. Most preferably, the osmolarity of
the DSM 1s 1n the range of about 270 to about 300 mOsm.

|0041]| The density of the DSM should also be lower than
the effective density of the first population of cells when
linked to dense particles such that most of the particle-linked
first population of cells settle to the pellet during density
gradient separation.

10042 The effective density of the particle-bound cells will
depend on the size and density of the cells and the size,
density and number of particles linked to the cells. For any
cell linked to dense particles, the effective density can be
defined as the product of the cell volume (V) and cell density
(p.), plus the product ot the total volume ot the particles (V)
linked to the cell and the density of the particles (p,), all
divided by the total volume of the cell and the particles linked
to the cell:

Vepe + Vppp
Ve+ 'V,

|0043| For example, a cell with a diameter of 10 um and a
density of 1.0 g¢/Cm" linked to one particle with a diameter of
10 um and a density of 2.0 g/cm” would have an effective
density of 1.5 g/cm”. The same cell linked to 9 particles with
a diameter of 10 um and a density of 2.0 g/cm” would have an
effective density of 1.9 g/cm”.

|0044| The methods of the invention may be carried out in
any suitable container, for example a centrifuge tube or
SYringe.

|0045] The method of the invention can be used to separate
cells into multiple fractions by using multiple layers of DSM
each having a density that is at least about 0.001 g/cm” greater
than the mean density of the population of cells that one
wishes to have settle at the interface between that DSM and
the sample. Accordingly, 1n a further embodiment of the
present mvention there 1s provided a use, for discontinuous
density gradient separation of one or more populations of
cells from a sample, of a DSM having a density that 1s at least
about 0.001 g/cm” greater than the mean density of the popu-
lation of cells that 1s to settle at an interface between the DSM
and the sample.

|0046] The use of particles to adjust the density of the
undesired or desired cells during density gradient cell sepa-
rations 1s described in U.S. Pat. No. 5,840,502, the contents of
which are imncorporated herein by reference.

|0047]| In embodiments of the present invention, the first
population of cells may be linked to dense particles through
various types of binding including, but not limited to, drug-
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drug receptor, antibody-antigen, hormone-hormone receptor,
growth factor-growth factor receptor, carbohydrate-lectin,
nucleic acid sequence-complementary nucleic acid sequence,
enzyme-colactor or enzyme-inhibitor binding. Preferably,
the cells to be linked to the dense particles are defined by
specific surface proteins and the dense particles are linked to
these cells by antibodies specific for the cell surface proteins.

|0048]| In one embodiment of the invention, the antibodies
specific for cell surface proteins onthe cells to be linked to the
dense particles are 1n an antibody composition or cocktail.
Examples of antibody compositions or cocktails which may
be used to target a range of cell types are described U.S. Pat.
No. 6,448,075, the contents of which are incorporated herein
by reference. Examples of antibody compositions or cock-

tails which may be used to target hematopoietic stem cells and
progenitor cells are described 1n U.S. Pat. Nos. 5,877,299,

6,117,985 and 6,307,575, the contents of which are incorpo-
rated herein by reference.

10049| In further embodiments of the present invention, the
dense particles serve to increase the effective density of the
first population of cells and may be, for example, selected
from the group consisting of red blood cells, silica particles,
metal particles, metal oxide particles, polymer particles, glass
particles. Red blood cells may be linked to the first population
of cells using tetrameric antibody complexes as described 1n
Example 2 herein. Other particles may be linked to the first
population of cells by coating the particles with, for example,
antibodies or dextran.

Kits

|0050] Density separation media, cell specific targeting
agents and/or dense particles for the separation of specific cell
types may be prepared and packaged in convenient kits, pack-
aged 1nto suitable containers. Accordingly, the present mnven-
tion relates to a kit for separating a first population of cells
from a second population of cells 1n a sample comprising one
or more aliquots of a density separation medium having a
density at least about 0.001 g/cm” higher than the mean den-
sity of the second population of cells, one or more aliquots of
cell-specific targeting agents to target dense particles to the
first population of cells and one or more aliquots of dense
particles.

|0051] Inanembodiment of the invention, applications that
use red blood cells as dense particles to separate a first popu-
lation of cells from a second population of cells from whole
peripheral blood, as 1n Examples 2 and 3, the cell specific
targeting reagents may include one or more aliquots of tet-
rameric antibody complex cocktails that link the first popu-
lation of cells to the red blood cells.

|0052] In a further embodiment of the invention, a kit for
separating a first population of cells from a second population
of cells 1n a sample consisting more generally of nucleated
cells, may comprise one or more aliquots of a density sepa-
ration medium having a density at least about 0.001 g/cm”>
higher than the mean density of the second population of
cells, and one or more aliquots of cell targeting reagents. In
embodiments of the ivention the cell targeting reagents are
selected from dense particles coated with one or more cell-
specific binding agents that target the first population of cells,
for example, antibody coated dense particles that target the
first population of cells, or one or more aliquots of a cell-
targeting reagent, for example an antibody or antibody cock-
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tail, that binds to the first population of cells and one or more
aliquots of dense particles that then bind to those cells through
interactions with the cell targeting reagent. In specific
embodiments of the invention, the cell-targeting reagents are
tetrameric antibody complexes.

|0053] With particular regard to density separation media
packaged in “kat” form, 1t 1s preferred that aliquots of the
media be packaged in separate containers, with each con-
tainer including a sufficient quantity of reagent for at least one
assay to be conducted. A preferred kit 1s typically provided as
an enclosure (package) comprising one or more containers
tor the within-described reagents.

|0054| Printed instructions providing guidance in the use of
the packaged reagent(s) may also be included, 1n various
preferred embodiments. The term “instructions”™ or “instruc-
tions for use” typically includes a tangible expression
describing the reagent concentration or at least one assay
method parameter, such as the relattve amounts of reagent
and sample to be mixed, maintenance time periods for
reagent/sample mixtures, temperature, buifer conditions, and

the like.

|0055] The following non-limiting examples are illustra-
tive of the present invention:

EXAMPLES

Example 1

Preparation of Density Separation Media (DSM)

|0056] Density separation media (DSM) were prepared at
different densities by mixing hetastarch, 1odixanol and water
in different proportions such that the desired density was
obtained and the osmolarity was between 270 and 300 mOsm.
The hetastarch and 10dixanol components of this DSM serve
the same function as the polysaccharide and metrizoate com-
ponents respectively 1n both Ficoll-Paque® and Lymphop-
rep®.

Example 2

Method to Negatively Select Cells from Whole
Human Peripheral Blood Using the Method of the
Invention with Red Blood Cells as Dense Particles

Preparation of Tetramers

|0057]| In order to prepare a tetrameric antibody complex
for use 1n the method of the present mvention, the following

protocol may be used: (a) take 1 mg of antibody specific for
cells to be bound for red blood cells (e.g. anti-CD2, CD3,

CD4, CDg, CD14, CDIl6, CD19 etc.); (b) add 3 mg anti-
Glycophorin A antibody (against red blood cells); mix well
(c)thenadd 4.0 mg o1 P9 antibody or 2.72 mg of the P9 F(ab'),
antibody fragment. Incubate overnight at 37° C. The P9 anti-
body binds the Fc portion of the antibodies added in steps (a)
and (b) resulting 1n a tetrameric antibody complex. For more
information on the preparation of tetramers see U.S. Pat. No.
4,868,109 to Lansdorp, which 1s incorporated herein by ret-
erence. Tetrameric antibody complexes incorporating differ-
ent antibodies to antigens expressed on nucleated cells are
prepared separately and then mixed.

|0058]| The antibody compositions are made by combining,
various tetrameric antibody complexes depending on which
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cells one wishes to pellet during density gradient separation.
The concentration of the various tetrameric antibody com-
plexes varies: typically antibodies to antigens expressed on
nucleated cells are at 10-30 ug/mL 1n tetrameric complexes.
The composition 1s then diluted 1/10 1nto the cells so the final
concentrations of each anti nucleated cell antibody 1n the cell
suspensions 1s 1.0-3.0 ug/mlL.

Separation Method

|0059] A negative selection protocol for separating cells
from whole peripheral blood 1s set out below.

[0060] 1. Add 100 pL. antibody composition per mL of
whole peripheral blood.

[0061] 2. Incubate 20 minutes at room temperature.

[0062] 3. Dilute sample with an equal volume of phosphate
buifered saline (PBS)+2% fetal calf serum (FCS) and mix
gently.

|0063]| 4. Layer the diluted sample on top of the DSM.

10064]| 5. Centrifuge for 20 minutes at 1200X g, room tem-
perature, with the brake off.

|0065] 6. Remove the desired cells from the DSM:plasma
interface.

|0066] 7. Wash desired cells with 5-10X volume of PBS +
2% FCS.

Example 3

Method to Positively Select Cells from Whole
Human Peripheral Blood Using the Method of the
Invention with Red Blood Cells as Dense Particles

Preparation of Tetramers

10067 Tetrameric antibody complexes were prepared as
described in Example 2. The antibody compositions are one
or more types of tetrameric antibody complexes depending on
which cells one wishes to select.

Separation Method

|0068] A positive selection protocol for separating cells
from peripheral blood 1s set out below.

[0069] 1. Add 100 pul. antibody composition per mL of
peripheral blood.

[0070] 2. Incubate 20 minutes at room temperature.

[0071] 3. Dilute sample with an equal volume of phosphate
buifered saline (PBS)+2% fetal calf serum (FCS) and mix
gently.

|0072] 4. Layer the diluted sample on top of the DSM.

|0073] 5. Centrifuge for 20 minutes at 1200 X g, room tem-
perature, with the brake off.

0074] 6. Remove the desired cells from the pellet.

0075] 7. Wash desired cells with 5-10X volume of PBS +
2% FCS.

[0076] 8. Lyse red blood cells by adding 10X volume of
lysis builer such as ammonium chloride, incubate 5-10
min, spin down and resuspend 1n PBS+2% FCS
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Example 4

Method to Negatively Select Cells from Human
Peripheral Blood Mononuclear Cell Suspensions
Using the Method of the Invention with Silica
Particles as Dense Particles

Preparation of Tetramers

|0077] In order to prepare a tetrameric antibody complex
for use 1n the method of the present invention, the protocol
describe 1 Example 2 may be used with the following

changes: (a) take 1 mg of antibody specific for cells to be
pelleted (e.g. ant1-CD2, CD3, CD4, CD8, CD14, CDle,

CD19 etc.); (b) add 2 mg anti-Dextran antibody; mix well (c¢)
then add 3.0 mg of P9 antibody or 2.04 mg of the P9 F(ab'),

antibody fragment.

|0078] The antibody compositions are made by combining,
various tetrameric antibody complexes depending on which
cells one wishes to pellet during density gradient separation.

Preparation of Mononuclear Cell Suspension

|0079]| Previously frozen mononuclear cells obtained by

Ficoll-Paque® density gradient separation were thawed and
washed once with a 10X volume of PBS+2% FCS. The cells

were resuspended at 5X 107 cells/mL.

Separation Method

|0080] A negative selection protocol for density gradient
separation from human peripheral blood mononuclear cells
using silica particles 1s set out below. The silica particles were
coated with dextran.

|0081]| 1. Add dextran-coated silica particles to cell sus-
pension and mix.

0082 2. Add 100 uLL antibody composition per mL of
cell suspension and mix.

(0083

|0084| 4. Dilute sample with an equal volume of phos-
phate buifered saline (PBS)+2% fetal calf serum (FCS)
and mix gently.

|0085| 5. Layer the diluted sample on top of the DSM.

|0086]| 6. Centrifuge for 20 minutes at 1200Xg, room
temperature, with the brake off.

|0087] 7.Remove the desired cells from the DSM: buif-
ered saline interface

|0088] 8. Wash desired cells with 5-10X volume of
PBS+2% ECS.

3. Incubate 20 minutes at room temperature.

Example 5

Method to Negatively Select Cells from Mouse
Spleen Cell or Bone Marrow Cell Suspensions Using,
the Method of the Invention with Silica Particles as
Dense Particles

|0089] A protocol for negative selection of cells from
mouse spleen or bone marrow 1s set out below.

[0090] 1. Obtain single cell suspensions from murine
spleen or bone marrow using standard procedures

10091 2.Addratanti-mouse antibodies that bind to specific
cell surface proteins on unwanted cells at a final concen-
tration of between 1.0 and 3.0 pg/ml. For example to
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enrich for murine CD4+ cells, add antibodies targeting
CDl11b, CD45R, CD8, erythroid cells (TER119) and

myeloid differentiation antigen (Gr-1).
10092] 3. Incubate for at least 5 min

|0093]| 4. Wash cells then incubate with silica particles that
are coated with goat-anti-mouse antibodies.

0094| 5. Layer the cell-particle mixture over DSM
0095]| 6. Centrifuge for 20 min at 1200X g with no brake

0096] 7. Remove desired cells from the DSM: buffered
saline interface.

10097 8. Wash desired cells with 5-10X volume of PBS +
2% FCS.

Example 6

Determination of Cell Densities

|0098] Three (3) mL of various DSM were aliquoted in

separate 15 mL conical polypropylene tubes. The DSM and
their respective density and osmolarity were Ficoll-Paque
Plus from Pharmacia (1.077, g/cm”, 300-310 mOsm) and
three density separation media (DSM) prepared as described
in Example 1 with densities of 1.077, 1.081 and 1.085 g/cm”
and Osm =290 mOsm. Single cell suspensions were obtained
from mouse spleens using standard procedures. A total of
2X10 cells was diluted in 2 mL of the appropriate butler. The
diluted cell suspensions were layered on top of each of the
DSM. The samples were centrifuged 1n a swinging bucket
centrifuge at 1200Xg for 10 minutes at room temperature
with the centrifuge brake ofl. The original spleen cell suspen-
s1om, light density cells (collected from the buffer:DSM inter-
face) and pellet cells were analyzed by tlow cytometry.

[0099| The results in Table 2 show that the recovery of
lymphocytes and granulocytes increases with increasing den-
sity of the DSM up to 1.085 g/cm’. The recovery with Ficoll-
Paque® 1s lower than with the DSM prepared with the same
density likely because 1t has a lower osmolarity than Ficoll-
Paque® (see Table 1). A DSM density of 1.081 g/cm” is ideal
for depleting RBC while maintaining a high lymphocyte
recovery according to these data. The data in Table 2 also
show that the average lymphocyte and granulocyte density 1s
between 1.077 and 1.081 g/cm’. According to the prior art a
DSM with a density 1n this range 1s preferred for dense par-
ticle assisted density separations. Further examples will show
that the preferred DSM density 1s higher than the average
lymphocyte or granulocyte density. Although the data in
Table 2 relate specifically to mouse spleen cells, this type of
analysis can be applied to any cell population to determine the
recovery and purity as a function of DSM density.

Example 7

Effect of DSM Density on the Negative Selection of
Murine Spleen and Bone Marrow Cells Using Silica
Particles and Discontinuous Density Gradient
Separation

[0100] CD4 " cells were enriched from murine spleen sus-

pensions following the method of Example 5 using a cocktail
of antibodies targeting CD11b, CD43R, CD8, erythroid cells

(TER119) and myeloid differentiation antigen (Gr-1). CD8 ™"
cells were similarly enriched using a cocktail of antibodies
targeting CD11b, CD45R, CD4, ervthroid cells (TER119)
and myeloid differentiation antigen. Murine progenitors,

defined as Scal "/lineage negative (CD3, CD11b, CD45R
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and Gr-1 negative), were enriched from murine bone marrow
using a cocktail of antibodies targeting CD5, CDI11b,
CDA43R, erythroid cells (using TER antibody), myeloid dii-
ferentiation antigen (Gr-1) and neutrophils (using 7-4 anti-

body).

10101] The results in Table 3 show that recovery of the
desired cells increases with increasing density of the DSM
and that the range of usetul densities 1s well above 1.081
g/cm which was shown in Example 6 to be the upper limit of
the density of the desired lymphocytes. Thus, 1t 1s advanta-
geous to use a DSM with a higher density than the density of
the desired cell for murine cell separations.

Example 8

Effect of DSM Density on Negatwe Selection of
Human Peripheral Blood Cells using Red Blood
Cells as Dense Particles and Discontinuous Density

Gradient Separation

10102] Human peripheral blood cells were separated using,
the method described in Example 2. The T (CD3™) cell
enrichment cocktail included antibody complexes targeting
CD16,CD19,CD36 and CD56.The CD4+ T cell enrichment
cocktail included antibody complexes targeting CDS, CD16,
CD19, CD36 and CD56. The CD8+ T cell enrichment cock-
tall included antibody complexes targeting CD4, CDI16,
CD19, CD36 and CD56. The B (CD19+) cell enrichment
cocktail included antibody complexes targeting CD2, CD3,
CD16, CD36 and CD36. The NK (CD36+) cell enrichment
cocktail included antibody complexes targeting CD3, CD4,
CD19, CD36 and CD66b.

|0103] Table 4 shows data obtained from two different
samples, where one sample was incubated with a cocktail of
antibody complexes to enrich T-cells and the other was 1ncu-
bated with the B-cell enrichment cocktail. The samples were
then layered 1n 3 equal volume aliquots over each of Ficoll-
Paque® (1.077 g/cm”, 300-310 mOsm) and two DSM pre-
pared with densities of 1.081 and 1.085 g/cm” (290 mOsm)
and separated following Example 1. The tabulated values are
the average of the results for the n=3 separations for each
DSM. The results 1n Table 4 clearly show that the recovery of
the desired cells 1s improved with increased DSM densﬂy and
that the purity of the desired cell population obtained 1s not
adversely affected up to a density of 1.085 g/cm”.

10104] The results summarized in Table 5 are from the
separation of 3 samples where such sample was divided 1nto
5 equal parts and incubated with a cocktail of antibody com-
plexes for the enrichment of the 5 desired cell types listed
tollowing the method of Example 2. Each of these volumes

was then diluted, split into two equal volumes and layered
over either Ficoll-Paque® (1.077 g/cm>, 300-310 mOsm) or

a DSM prepared with a density of 1.081 g/cm” (290 mOsm).
Table 5 shows that the recovery of desired cells 1s higher using
a DSM with a higher density than Ficoll-Paque® despite the
difference 1n osmolarity. The purity of the desired population
1s equivalent or higher using DSM. The optimum DSM den-
sity for the 1solation of T, B and NK cells from whole blood 1n
conjunction with dense particle enrichment 1s thus higher
than that of Ficoll-Paque® which 1s close to the density of
MNC at 300-310 mOsm (see Table 1) and 1s optimum for
MNC 1solation 1n the absence of dense particle enrichment.
This example shows that the preferred DSM density for den-
sity separations of human lymphocyte subsets using red
blood cells as dense particles to deplete unwanted cells 1s
substantially higher than the density of the desired lympho-
cytes.
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Example 9

Depletion of Undesired Human Peripheral Blood
Cells Using Dextran Coated Silica Particles and
Discontinuous Density Gradient Separation

|0105] Previously frozen mononuclear cells were incu-
bated with anti-CD3:anti-dextran bi-specific antibody com-
plex (as described 1n Example 4) at 1.0 ug/mlL anti-CD3
antibody for 20 min at room temperature, then washed to
remove excess tetramer. Dextran coated silica particles were
then added at 2.5 ug/mlL, incubated for 20 minutes at room
temperature and then diluted 4 fold and layered over either
Ficoll-Paque® (1.077 g/cm’, 300-310 mOsm) or a DSM with
a density of 1.081 g/cm” (290 mOsm) in a centrifuge tube.
The tubes were centrifuged for 20 min at 1200Xg with no
brake and the cells at the interface were recovered and washed
1 X. The CD3+ cell log depletion was determined by taking
the log of the number of cells labeled with sheep anti-mouse
(SAM)-FITC "in the start sample divided by the number in
the final sample. SAM antibodies bind to cells that have been
targeted by murine antibodies including the anti-CD3: anti-
dextran bi-specific antibodies.

[0106] Table 6 shows that the log depletion of CD3 ™" cells
was equivalent for both DSM but that the recovery of CD3-
negative cells was higher using DSM (1.081 g/cm’, 290
mOsm) because more cells were buoyant than in Ficoll-
Paque®. The density of Ficoll-Paque® 1s close to the mean
lymphocyte density (see Table 1). This example shows that
the preferred density of the DSM for density separations
using silica particles to deplete unwanted cells 1s higher than
the lymphocyte density to provide improved recovery of
CD3-negative cells without affecting CD3 cell depletion
elficiency.

Example 10

Effect of DSM Density on Positive Selection of

CD3+ Human Peripheral Blood Cells Using Red

Blood Cells as Dense Particles and Discontinuous
Density Gradient Separation

|0107] Three DSM were prepared following Example 1
with densities of 1.081, 1.085 and 1.090 g/cm’. Anti-CD3:
aGlyA antibody complexes were prepared as described 1n
Example 2. Following the positive selection separation
method described in Example 3, four equal volume aliquots
of blood were incubated with the ant1-CD3: aGly A antibody
complexes and layered over each of Ficoll-Paque® (1.077
g/cm”, 300-310 mOsm) and the three DSM with densities of
1.081, 1.085 and 1.090 g/cm” (290 mOsm) and separated by
centrifugation. The desired cells were recovered from the
pellet and the red blood cells were removed from the desired
cells by lysis using an ammonium chloride solution.

|0108] The results in Table 7 clearly show that the purity of
the desired cells 1s improved using a DSM with a density of
1.081 g/cm” instead of Ficoll-Paque (1.077 g/cm’, 300-310
mOsm). The undesired dense cells, such as granulocytes, are
more buoyant in the higher density DSM and do not settle to
the pellet. The recovery of desired cells generally decreases
with increasing DSM density. This 1s due to the greater buoy-
ancy of the desired cells 1in DSM of increasing density and the
greater number of linked RBC necessary to change the effec-
tive density of the cells such that they will pellet. This
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example shows that the preferred DSM density for positive
selection density separations of human CD3 + cells using red
blood cells as dense particles 1s substantially higher than the
density of Ficoll-Paque despite the di

.

‘erence 1n osmolarity

and 1s higher than the density of the undesired cells.

10109] While the present invention has been described with
reference to what are presently considered to be the preferred
examples, 1t 1s to be understood that the mvention i1s not
limited to the disclosed examples. To the contrary, the mven-
tion 1s intended to cover various modifications and equivalent
arrangements 1mcluded within the spirit and scope of the
appended claims.

|0110] All publications, patents and patent applications are
herein mncorporated by reference 1n their entirety to the same
extent as 1f each individual publication, patent or patent appli-
cation was specifically and individually indicated to be incor-
porated by reference in 1ts entirety.

TABL.

(Ll

Mean density of human peripheral blood cells in solutions
1so-osmolar to plasma and hyper-osmolar to plasma

Cell Type

Monocytes
Lymphocytes
Neutrophils

NA: not available
*Nycomed Amersham “Centrifugation Techniques”
SFicoll-Paque ® Product information sheet

[0111]

Cell Density (g/cm3) n:

Iso-osmolar solution
(270-290 mOsm)

1.064*
1.072%
1.078%

Hyper-osmolar solution
(300-310 mOsm)®

1.077%

TABLE 2
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[0112]
TABLE 3

Purity and recovery of negatively selected murine cells using
GAR-coated silica particles and discontinuous density gradient
separation with DSM of different densities (290 mOsm).

DSM
Cell type Density % Purity in % Purity in % Recovery in
enriched (g/cm?) Start Enriched Enriched
CD8+ cells 1.0950 9.4 88, 86 49, 49
(n = 2) 1.0900 9.4 90, 90 32, 29
Sca+, lin- 1.0900 1.6 10, 11 52, 39
(n = 2) 1.0875 1.6 9.2,94 47,41

1.0800 1.6 8.6, 8.5 33, 37
CD4+ cells 1.0900 21 84, 81 34, 27
(n = 2) 1.0875 21 88, 86 34, 34

1.0800 21 84, 84 29, 30
CD4 + cells 1.0950 24 87 26
(n=1) 1.0900 24 89 23
[0113]

TABLE 4

Purity and recovery of human cells negatively selected from whole
blood using red blood cells as dense particles and discontinuous
density gradient separation with DSM of different densities.

% purity
desired cells

% recovery

DSM Density (g/cm?) desired cell

T cell (CD3+) enrichment

1.077 (Ficoll-Paque ®) * 96 26
1.081 % 06 44
1.085 % 06 55

B cell (CD19+) enrichment

1.077 (Ficoll-Paque ®) * 86 62
1.081 % R 06
1.085 3 R35 01

* Ficoll-Paque ®: 300-310 mOsm
¥ Other DSM: 290 mOsm

Recovery of red blood cells (RBC), lymphocytes (Lymphs) and granulocyte (Grans)

populations in the mterface and pellet after density gradient centrifugation

of murine spleen cells over density media of various densities

DSM Density

(g/em?)

1.077 *
1.077 3
1.081 %
1.085 %
1.077 *
1.077 3
1.081 %
1.085 %

* Ficoll-Paque ®: 300-310 mOsm

Interface

Pellet

RBC

% recovery

0.2
0.2
0.3
16
<0.1
0.2
0.3
3.6

$ Other DSM: 290 mOsm

Lymphs

% recovery

20
48
68
8O
5.3

15
101

=100

%o recovery

(Jrans

18
50
38
80
10.4
16

=100
=100

RBC

% recovery

76

92
=100
09
=100
100
100
25

V

V

Lymphs Granus

% recovery % recovery

20 79
50 42
1.4 2
1 1.13
83 96
70 o7
5.9 12
1.9 3.2
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[0114]

TABL

(L.

D

Purity and recovery of human cells negatively selected from whole
blood using red blood cells as dense particles and discontinuous

density gradient separation with Ficoll-Paque ® (1.077
g/cm’, 300-310 mOsm) and DSM at 1.081 g/cm” (290 mOsm).

Purity Recovery
Desired Cell Ficoll- DSM (1.081 Ficoll-  DSM (1.081
Population Paque ® g/cm?) Paque ® g/cm?)
T cell (CD3+) 98% 98% 61% 71%
CD4+ T cell 94% 94% 67% 78%
CD&+ T cell 85% 85% 42% 43%
B cell 84% 90% 72% 87%
(CD19+)
NK cell 82% 85% 24% 27%
(CD56+)
|0115]

TABLE 6

Depletion of human CD3 positive T cells and recovery of CD3 negative
cells using silica particles and discontinuous density gradient
separation with Ficoll-Paque ® (1.077 g/cm?, 300-310 mOsm)
and DSM at 1.081 g/em” (290 mOsm).

% CD3"in % CD3" in Log

start depleted depletion % Recovery
DSM sample sample CD3" CD3  cells
DSM 1.081 g/cm? 39 4.3 1.6 34
Ficoll-Paque ® 39 9.9 1.4 26
DSM 1.081 g/cm? 39 4.0 1.7 41
Ficoll-Paque ® 39 3.7 1.8 31
(0116]

TABLE 7

Purity and recovery of human CD3+ cells positively selected
from human blood using red blood cells as dense particles
and discontinuous density gradient separation.

DSM density (g/cm?) % Purity % Recovery
1.077 (Ficoll-Paque ®)* 80.2 42
1.081°% 03.6 51
1.085% 9.0 43
1.090% 3.9 41

*Ficoll-Paque ®: 300-310 mOsm
3Other DSM: 290 mOsm
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supplement

1-27. (canceled)

28. A kit for separating a {irst population of cells from a
second population of cells comprising one or more aliquots of
a density separation medium having a density at least about
0.001 g/cm” greater than the mean density of the second
population of cells, one or more aliquots of cell-specific tar-
geting agents and one or more aliquots of dense particles.

29. The kit according to claim 28, wherein the dense par-
ticles are red blood cells.

30. The kit according to claim 29, wherein the cell-specific
targeting agents are tetrameric antibody complexes that link
the first population of cells to the red blood cells.

31. The kit according to claim 28, wherein the dense par-
ticles are silica particles.

32. The kit according to claim 28, wherein the cell-specific
targeting agents are tetrameric antibody complexes that link
the first population of cells to the dense particles.

33. The kit according to claim 28, wherein the cell-specific
targeting agent 1s an antibody or antibody cocktail that binds
the first population of cells and the dense particles.

34. The kit according to claim 28 comprising one or more
aliquots of a density separation medium having a density at
least about 0.002 g/cm” greater than the mean density of the
second population of cells.

35. The kit according to claim 28 comprising one or more
aliquots of a density separation medium having a density at
least about 0.004 g/cm” greater than the mean density of the
second population of cells.

36. A kit for separating a first population of cells from a
second population of cells comprising one or more aliquots of
a density separation medium having a density at least about
0.001 g/cm’ greater than the mean density of the second
population of cells, and one or more aliquots of dense par-
ticles coated with one or more cell-specific binding agents
that bind the first population of cells.

377. The kit according to claim 36, wherein the dense par-
ticles are red blood cells.

38. The kit according to claim 36, wherein the dense par-
ticles are silica particles.
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39. The kit according to claim 38, wherein the dense par-
ticles are coated with one or more antibodies that bind the first
population of cells.

40. The kit according to claim 39, wherein the antibodies
are tetrameric antibody complexes.

41. The kit according to claim 36 comprising one or more
aliquots of a density separation medium having a density at
least about 0.002 g/cm” greater than the mean density of the
second population of cells.
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42. The kit according to claim 36 comprising one or more
aliquots of a density separation medium having a density at
least about 0.004 g/cm” greater than the mean density of the
second population of cells.

43. The kat according claim 28, further comprising printed
instructions.

44. The kat according claim 36, further comprising printed
instructions.
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