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(57) ABSTRACT 

A cell isolating device and method is provided to concen 
trate or isolate cells With speci?c characteristics from a 

mixture of different cell types. One embodiment may com 
prise tWo subtypes of antibodies that are directly conjugated 
to biotin (Abb) and conjugated to a ?uorescent molecule 
(Abf). The conjugated antibodies (Abb+Abf) bind to the 
target cells in a mixed cell suspension. The cell suspension 
is then passed over an immobilized avidin or streptavidin 
substrate on a glass microscope slide. The biotinylated target 
cells adhere to the avidin/streptavidin substrate, While the 
unbound cells are Washed off and collected in a Wicking 
member. Captured cells on the avidin/streptavidin substrate 
may then be visualized directly using a ?uorescent micro 
scope or detected and enumerated via an on-board ?uores 
cent detection device. Additional chemicals and/or physical 
manipulation may then be applied to the device to release 
viable target cells for subsequent analysis. 
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DEVICES AND METHODS FOR ISOLATING AND 
RECOVERING TARGET CELLS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/364,679, ?led Mar. 15, 2002, and 
Whose entire contents are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] All living bodies are comprised of individual cells, 
each cell de?ning an environment Where various biological 
and chemical reactions take place. In particular, each cell 
contains a cell membrane that separates the internal envi 
ronment of the cell from the eXternal environment and 
thereby controls the entry and eXit of various nutrients and 
Waste. Additionally, the cell membrane includes various 
proteins, sugars, and other molecules that “identify” a par 
ticular cell type, these identifying molecules commonly 
being referred to as antigens. 

[0003] In order to better understand the function and 
pathologies of cells, numerous methods have been devel 
oped to isolate and concentrate a desired target cell popu 
lation from a miXed cell population so that the target cell 
population can be further analyZed. One such method is 
based upon cell density Wherein a mixture of cells is spun at 
high speeds in a centrifuge so that the higher density cells 
become separated for the lesser density cells. Although this 
method is effective at separating different cells, centrifuga 
tion does not have good cell-separation speci?city as dif 
ferent types of cells may have the same or similar cell 
density. 
[0004] Accordingly, more sophisticated cell separation 
techniques have been developed Wherein cells are separated 
based upon the presence of certain cellular identi?ers, 
namely, antigens, found on the cellular membrane. More 
speci?cally, these selection methods are based upon using 
antibodies that react With antigens found on a particular 
target cell membrane. In one such method, the antibodies are 
af?Xed on the surface of a substrate, such as magnetic beads 
or small iron-coated particles. When miXed With the cell 
sample, the antibody-coated beads or particles bind to the 
speci?c antigens on the cell membrane. As a sample cell 
solution is passed through a magnetic separation column, the 
magnetic particles With the target cells attached then bind to 
the surface of the magnetic ?eld. The target cells are then 
released from the column by removing the magnetic ?eld 
from the cell separation column. Other knoWn methods use 
variations of target cell binding in continuous-?oW “immu 
noaf?nity” columns. Generally, With immunoaf?nity col 
umns, once the target cells bind to the column by antigen 
antibody affinity, the bound target cells are released by 
mechanically agitating the immunoaf?nity column. 

[0005] Cell separation techniques based upon cellular 
membrane identi?ers are particularly useful in isolating 
speci?c cells as such techniques may be modi?ed or tailored 
for speci?c target cells. Indeed, such highly speci?c cell 
separation techniques are particularly useful for diagnosing 
and treating speci?c and potent diseases such as, but not 
limited to, autoimmune diseases or cancer. 

[0006] The utility of immunoseparation techniques as a 
diagnostic tool is evident given the prevalence of various 
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diseases. Cancer, for instance, is eXpected to afflict approXi 
mately 1.3 million people in 2002 and result in approxi 
mately 500,000 deaths. Studies have shoWn, hoWever, that 
early detection of cancer results in improved survival rates 
as treatment is more likely to be successful during the early 
stages of cancer. Yet While early diagnosis and treatment 
increases the chances of survival, there still remains the 
possibility of relapse. Accordingly, there has been consid 
erable research into the causes of cancer relapse. 

[0007] In particular, over the past 12 years, numerous 
research studies have been designed to track the presence of 
loW numbers of micrometastic tumor cells (so called 
“micrometastases”) in blood, bone marroW, and effusion 
?uids in patients With cancer. Studies have shoWn that the 
presence of tumor micrometastases in blood and bone mar 
roW at time of surgery is a strong prognostic indicator of 
poor prognosis and early relapse in breast, prostate, ovarian, 
and lung cancer patients. Furthermore, the reappearance of 
circulating tumor cells folloWing chemotherapy appears to 
herald the earliest indication of disease recurrence. Accord 
ingly, the early detection of these micrometastases may 
result in higher survival rates for patients in relapse. 

[0008] While the presence of micrometastases are strong 
indicators of cancer, these tumor cells are particularly dif 
?cult to detect as the reported frequency of micrometastatic 
tumor cells range from 1-5 micrometastatic tumor cells per 
100,000-1,000,000 bone marroW cells and from 1 
micrometastatic tumor cell in 1,000,000 to 100,000,000 
blood cells. Despite the loW frequency of micrometastases, 
various methods have been developed to concentrate or 
isolate the micrometastatic cells from blood, bone marroW, 
or effusion ?uids using immunoselection methods such as, 
but not limited to, immunomagnetic separation/isolation, 
immunocolloidal separation/isolation, or How cytometric 
separation/isolation. 
[0009] While these prior art immunoselection methods 
have proven useful, these methods can be inef?cient as they 
require considerable operator intervention during the sepa 
ration process. For instance, the separation column usually 
needs cleaning and priming prior to the introduction of a 
sample solution. Furthermore, the column requires constant 
monitoring during the separation process. As a result, the 
ef?ciency, accuracy, and recovery of targeted cell is often 
directly related to operator skill or error. Accordingly, it is 
desirable to have a cell separation device that minimiZes 
operator error. 

[0010] Moreover, the design of prior art immunosepara 
tion columns may also hinder the recovery of a targeted cell. 
For instance, immunomagnetic separation/isolation methods 
result in permanent or semi-permanent adherence of mag 
netic beads/particles to the isolated cells. Accordingly, the 
dif?culty and sometimes inability to remove the target cells 
from the magnetic beads reduces the accuracy of these 
methods. For eXample, isolated target cells may become 
damaged When the cells are separated from the column as 
relatively harsh chemical or mechanical processes are typi 
cally required to remove the target cells from the beads. This 
is particularly problematic When attempting to detect cells, 
such as micrometastases, Which have a loW frequency. 

[0011] Furthermore, target cell recovery is predicated on 
having the proper target cell to magnetic bead ratio. If the 
target cell to bead ratio is not properly optimiZed, “back 
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ground” interference may develop due to the presence of 
beads or particles that are not bound to the target cells 
thereby reducing the method’s accuracy. However, optimiZ 
ing the target cell to bead ratio is dif?cult as the frequency 
of the target cell is usually unknoWn. 

[0012] Accordingly, there remains a need for devices and 
methods that optimiZe target cell isolation, purity, and 
viability. There also remains a need for devices and methods 
that isolate viable, uncompromised cells (physically and/or 
biochemically) so as to enable subsequent analysis and 
potential therapeutic applications of the isolated cells. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The present invention relates to a device and 
method of concentrating or isolating a target cell from a 
mixture having different cell types. More speci?cally, the 
target cells are isolated onto a ?xed substrate through the use 
of a bifunctional molecule Wherein a ?rst functional group 
of the molecule is reactive With the ?xed substrate and the 
second functional group is reactive With the target cell. That 
is, target cells may be more easily recovered and identi?ed 
because the steps of isolation and identi?cation are carried 
out on the same substrate. In contrast, prior art devices and 
methods typically require tWo or more substrates to isolate 
and identify the target cell. In an exemplary embodiment, the 
present invention may be utiliZed in the detection of rare 
cellular events (e.g., tumor cells in blood, bone marroW, 
effusion ?uids, virally infected cells, cells carrying aberrant 
genetic information). 
[0014] According to an exemplary embodiment, the cell 
separating device comprises a substantially planar surface 
having a bioactive coating applied thereon and at least one 
bifunctional compound capable of binding to said target cell 
and to said bioactive coating. The bifunctional compound 
alloWs for the isolation of the target cell from a cellular 
mixture. 

[0015] According to another exemplary embodiment, the 
cell separating device comprises a substantially planar sur 
face having a bioactive coating applied thereon. The device 
further includes a conduit in spaced relationship With the 
planar surface, Wherein the conduit includes at least one 
channel to deliver a cellular mixture to the bioactive coating. 
The device also includes a ?uid absorbing media provided 
on the planar surface and positioned adjacent to the bioac 
tive coating. 

[0016] The present invention also provides methods of 
isolating a target cell from a cellular mixture. According to 
the teachings of the present invention, the method comprises 
the steps of providing a cell separation device having a 
planar surface coated With a bioactive coating and a bifunc 
tional compound. The bifunctional compound is combined 
With the cellular mixture, and this mixture is then exposed 
to the bioactive coating. The bioactive coating is then 
analyZed for the presence of the target cell. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] FIG. 1 is a perspective of the cell separation device 
made in accordance With the teachings of the present inven 
tion; 

[0018] FIG. 2 is an exploded perspective vieW of FIG. 1; 

Sep. 18, 2003 

[0019] FIG. 3 is a perspective vieW of an alternate 
embodiment of the capillary annulus; 

[0020] FIG. 4 is a perspective vieW of another exemplary 
embodiment of the cell separation device made in accor 
dance With the teachings of the present invention; 

[0021] FIG. 5 is a perspective vieW of yet another exem 
plary embodiment of the cell separation device made in 
accordance With the teachings of the present invention; 

[0022] FIG. 6 is an exploded perspective vieW of FIG. 4; 

[0023] FIG. 7 is a perspective vieW of another exemplary 
embodiment of the cell separation device made in accor 
dance With the teachings of the present invention; and 

[0024] FIG. 8 is a top vieW of the How chamber of FIG. 
7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The present invention relates to devices and meth 
ods of isolating and identifying a desired target cell on a 
single substrate. More speci?cally, the desired target cell is 
isolated from the various cells by targeting the various 
antigens found on the cell membrane of the target cell. That 
is, the present invention utiliZes monoclonal antibodies that 
are directly conjugated to biotin and to a marker molecule 
Wherein the conjugated antibodies are designed to bind to 
particular antigens found on the target cells. The present 
invention also utiliZes the unique binding af?nity of biotin 
(or biotin derivatives) to avidin or streptavidin to isolate the 
desired target cell from the cellular mixture. The target cells 
are separated from the cell suspension When the cell sus 
pension is passed over an immobiliZed avidin or streptavidin 
substrate. As a result, the conjugated cells adhere to the 
avidin/streptavidin substrate, While the unbound cells are 
Washed off and collected in a Wicking member. The captured 
cells can then be reacted With other antibodies for subse 
quent detection and enumeration. Furthermore, the methods 
of the present invention alloWs for release of the target cells 
by chemical and/or mechanical methods. 

[0026] The device and methods are advantageous over the 
prior art cell separation devices. First, the present invention 
optimiZes target cell recovery and purity as the captured 
target cell may be easily identi?ed and separated from the 
substrate. Rather, unlike prior art devices that utiliZe spheri 
cal beads, the present invention utiliZes a planar substrate 
Where the target cell may be separated from a cell mixture 
and may also be identi?ed on the substrate. Consequently, 
the isolated cells may easily be identi?ed on a planar surface 
as compared to a spherical bead. Moreover, the present 
invention also eliminates the steps of removing the target 
cell from the substrate for subsequent identi?cation. Rapid 
identi?cation and capture of a speci?c target cell is particu 
larly important Where the target cell, such as microme 
tastases, has a very loW frequency. Nevertheless, the devices 
and methods of the present invention are also useful for 
identifying and capturing target cells that have a loWer or 
greater frequency than micrometastases. 

[0027] Moreover, the target cells captured With the cell 
separation device of the present invention are uncompro 
mised physically or biochemically. Accordingly, the cap 
tured cells may be more easily recovered and analyZed as 
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compared to prior art techniques. Unlike the prior art tech 
niques, the isolated target cells of the present invention are 
not directly bound to the substrate. Rather, the isolated target 
cell is separated from a cell mixture by utilizing the binding 
af?nity of avidin and biotin. Consequently, the isolated 
target cells are more easily separated from the substrate than 
is possible With target cell removal from spherical beads or 
magnetic particles. Additionally, the device of the present 
invention is more ef?cient as compared to prior art devices 
and limits operator error. That is, according to the present 
invention, the target cell may be isolated, identi?ed, and 
subsequently released from the same ?xed substrate. 

[0028] According to an exemplary embodiment of the 
present invention, the cell separation apparatus 10 comprises 
a ?xed substrate 16 such as, but not limited to, a standard 
glass microscope slide. The ?xed substrate 16 may be made 
from materials such as, but not limited to, metal, glass, 
plastic, or ceramic materials. As shoWn in FIG. 2, the ?xed 
substrate 16 is provided With a bioactive coating 18 applied 
to a de?ned area that may have a plurality of shapes such as, 
but not limited to, a circle, an oval, a square, or a rectangle. 
According to exemplary embodiments of the present inven 
tion, the bioactive coating 18 may be avidin, streptavidin, or 
derivatives thereof. For purposes of example, but not of 
limitation, the bioactive coatings Will be referred to as 
“avidin” coating. 

[0029] The avidin coating 18 may be applied to the ?xed 
substrate 16 by a number of methods. One method includes 
directly bonding avidin 18 to the ?xed substrate’s surface. 
By directly attaching the avidin to the ?xed substrate 16, 
covalent chemical bonding techniques are required. Gener 
ally, the ?xed substrate 16 must possess chemical functional 
groups on its surface such as carbonyl groups, primary 
amines, hydroxyl groups, silane groups Which Will form a 
strong, chemical bond With similar groups on the active 
compound. In the absence of such chemical forming func 
tional group, techniques may be utiliZed to activate the 
material’s surface before coupling the biological compound. 
Surface activation is a process of generating, or producing, 
reactive chemical functional groups using chemical or 
physical techniques such as, but not limited to, ioniZation, 
heating, photochemical activation, oxidiZing acids, and etch 
ing With strong organic solvents. 

[0030] According to an alternative method, avidin 18 is 
indirectly bound to the ?xed substrate’s surface 16 through 
an intermediate layer (not shoWn). This intermediate layer 
may be either covalently bound to the ?xed substrate’s 
surface or bonded through strong intermolecular attractions 
such as ionic or Van der Waals forces. Examples of com 
monly used intermediate layers include, but are not limited 
to, organic polymers such as silicones, polyamines, poly 
styrene, polyurethane, acrylates, and methoxysilanes. 

[0031] As shoWn in FIG. 2, the capillary annulus 20 is a 
generally cylindrical structure having a conduit 22 that 
extends along the longitudinal axis of the cylindrical struc 
ture through Which the cell sample may travel. The capillary 
annulus 20 may be made from a number of different mate 
rials such as, but not limited to, plastic, metal, or ceramic. In 
an alternate embodiment, the capillary annulus 20 may 
include a plurality of conduits that extend along the longi 
tudinal axis. As shoWn in FIG. 1, the conduit 22 has a 
constant diameter along the length of the conduit. In an 
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alternate embodiment, the conduit 28 may be tapered (coni 
cal) or have a decreasing radius as illustrated in FIG. 3. 

[0032] The capillary annulus 20 is placed in spaced com 
munication With the ?xed substrate 16. The distance 
betWeen the base of the annulus and the ?xed substrate 16 
is a factor in de?ning the How rate of the cell sample across 
the avidin coated portion 18 of the ?xed substrate 16. This 
distance is also related to the binding ef?ciency betWeen the 
biotinlyated antibodies and the avidin as the binding ef? 
ciency is predicated on the contact time betWeen the biotin 
lyated antibodies and the avidin coating. In a preferred 
embodiment, this distance is in the range of 2 to 20 microns. 

[0033] Optionally, the capillary annulus 20 may be pro 
vided With at least one protuberance (not shoWn) extending 
axially from the edge of the base of the annulus. The 
protuberance(s) may be positioned along the perimeter of 
the annulus and is siZed so that the annulus 20 is consistently 
spaced a speci?ed distance from the avidin coated area 18 of 
the ?xed substrate. As those skilled in the art Will appreciate, 
the protuberances may be siZed differently to effect different 
distances betWeen the base of the capillary annulus 20 and 
the surface of the ?xed substrate 16. Furthermore, the 
capillary annulus 20 may include at least one fastening 
member such as, but not limited to, braces, latches, clamps, 
or hooks (not shoWn) provided about the periphery of the 
annulus. The fastening members serve to secure the annulus 
20 to the ?xed substrate 16. The fastening members are 
shaped to permit the attachment and removal of the annulus 
20 from the substrate 16. 

[0034] The cell separation device 10 may also include a 
specimen chamber 12 that is in communication With the 
capillary annulus 20. The specimen chamber 12 is a gener 
ally cylindrical chamber having at least one opening 24 
provided on the bottom surface of the chamber that corre 
sponds to the conduit opening 22 on the capillary annulus 
20. In a preferred embodiment, the specimen chamber 12 is 
adapted to hold approximately 5.0 mL to 25.0 mL of 
solution. The specimen chamber 12 may be made from 
materials such as plastics, metals, or ceramics. As illustrated 
in FIGS. 1-2, the specimen chamber 12 may be reversibly 
attachable and detachable from the capillary annulus 20. In 
an alternate embodiment, those skilled in the art Will appre 
ciate that the capillary annulus 20 and the specimen chamber 
12 may be made from a single piece of material. 

[0035] As shoWn in FIGS. 1-2, a ?uid absorbing media 14 
surrounds the capillary annulus 20. According to one 
embodiment, the ?uid absorbing media 14 is reversibly 
attached to the ?xed substrate 16 by a fastening means (not 
shoWn) such as, but not limited to, braces, latches, clamps, 
or hooks. According to another embodiment of the present 
invention, the ?uid absorbing media 14 may be permanently 
af?xed to the ?xed substrate 16 With glue or other bonding 
agents. The ?uid absorbing media 14 may be comprise 
absorbent materials such as, but not limited to, cellulose 
acetate, polyester, nylon, polyole?n, or blends thereof. 
According to one exemplary embodiment, the ?uid absorb 
ing media 14 comprises thermal bonded extra absorbent 
materials supplied by Filtrona Richmond Inc. The ?uid 
absorbing media 14 is siZed to have suf?cient capacity to 
absorb at least a volume of cells equivalent to the maximum 
capacity of the specimen chamber 12. Those skilled in the art 
Will appreciate that the siZe and shape of the ?uid absorbing 
media 14 may deviate from What is depicted in FIG. 1. 
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[0036] The ?uid absorbing media 14 absorbs the unbound 
cells and solution that have been exposed to avidin 18 on the 
?xed substrate 16. Additionally, the absorptive properties of 
the media 14 also contribute to the binding ef?ciency 
betWeen the biotinylated antibodies and the avidin coating. 
That is, the greater the absorptive properties of the media 14, 
the less resulting contact time betWeen the solution and the 
avidin 18. Accordingly, the absorptive ef?ciency of the ?uid 
absorbing media 14 must be selected so as to optimiZe the 
time for the biotinylated antibodies to bind to the avidin 
coating on the substrate 16. 

[0037] The cell separation device of the present invention 
also includes at least tWo types of conjugated antibodies. 
The antibodies may be conjugated With either a biotin 
molecule or a marker molecule. Moreover, the antibodies are 
speci?c for the target cells and are non-reactive With the 
mixed cell population such as, but not limited to, blood, 
bone marroW, or effusion ?uids. For instance, according to 
one embodiment of the present invention, a pan-epithelial 
cell antibody may be utiliZed. Such antibody is directed to 
antigens present on epithelial cell membranes. Accordingly, 
the cell separation device utiliZing these antibodies Will 
target and separate those cells that have antigens that react 
With the pan-epithelial antibody. In an alternate embodi 
ment, antibodies that are speci?c to certain blood cell 
antigens (knoWn as CD antigens) may be utiliZed. For 
example, CD19 and CD20 antibodies may be used to 
selectively capture B lymphocytes in a mixed population of 
blood or bone marroW cells. In yet another embodiment, 
antibodies to infectious agents such as, but not limited to, 
cytomegalovirus or HIV may also be used to selectively 
capture infectious cells in blood or body ?uid samples. 

[0038] Additionally, the present invention includes anti 
bodies that are conjugated With marker molecules such as, 
but not limited to, ?urochromes, radiolabels, ?uorescent 
agents, or chromophores. The antibodies that are conjugated 
With a marker molecule alloW the isolated target cell to be 
easily identi?ed on the avidin coated slide. Accordingly, the 
present invention provides a device Wherein cell separation 
and identi?cation may occur on the same substrate. 

[0039] Furthermore, according to alternate embodiments 
of the present invention, binder molecules, other than an 
antibodies, may be conjugated With biotin. The binder 
molecules include, but are not limited to, glycoconjugates, 
lectins, hormones, cell receptors, vitamins, amino acids, 
sugars, lipids, fatty acids, liposomes, DNA probes, or RNA 
probes. These binder molecules may be utiliZed to target 
particular lectins, enZymes, receptors, transport proteins, 
hydrophobic sites, membranes, nucleic acids, or genes. 

[0040] FIGS. 4-6 illustrate other exemplary embodiments 
of the present invention. The cell separation device 30 
comprises a ?xed substrate 16 having an avidin coating 18 
provided thereon, a specimen chamber 34, a capillary ?oW 
chamber 32 and a ?uid absorbing media 36. Like the 
previous embodiment of the present invention, the avidin is 
provided on a de?ned area of the ?xed substrate 16. The 
capillary ?oW chamber 32 is in communication With the 
?xed substrate 16 and spans at least the avidin coated region 
18 of the ?xed substrate 16. The capillary chamber 32 is a 
housing having a top Wall, a ?rst side Wall, and a second side 
Wall. The top Wall is con?gured such that the top Wall is 
approximately parallel to the surface of the ?xed substrate 
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16. The ?rst and second side Walls span betWeen the top Wall 
and the surface of the ?xed substrate 16 to de?ne a conduit. 
The side Walls are con?gured such that the capillary ?oW 
chamber 32 is reversibly attached to the ?xed substrate 16 by 
a fastening means (not shoWn). The fastening means may be 
fasteners such as, but not limited to, braces, latches, clamps, 
or hooks. According to another embodiment, the capillary 
?oW chamber 32 may be permanently af?xed to the ?xed 
substrate 16. 

[0041] Generally, the specimen chamber 34 is provided at 
the ?rst end of the capillary ?oW chamber 32 and a ?uid 
absorbing media 36 is provided at the second end of the 
capillary ?oW chamber 32. For instance, FIG. 5 illustrates 
one embodiment Wherein the ?uid absorbing media 36 is 
external to the capillary ?oW chamber 32, and FIG. 6 
illustrates a second embodiment Wherein the ?uid absorbing 
media 36 is positioned Within the capillary ?oW chamber 32. 
With respect to the second embodiment as depicted in FIG. 
6, the ?uid absorbing media 36 is positioned doWnstream of 
the avidin coating. 

[0042] FIGS. 7-8 illustrate another exemplary embodi 
ment of the present invention. The cell separation device 40 
comprises a ?xed substrate 42 having an avidin coating 44 
provided thereon, a ?oW chamber 46, and a ?uid absorbing 
media 48. Like previous embodiments, the avidin is pro 
vided on de?ned area of the ?xed substrate 42. According to 
one embodiment, the avidin coating comprises a surface area 
of approximately 8 cm2. Those skilled in the art Will 
appreciate that the surface area may vary in siZe and is also 
dependent on the siZe of the ?xed substrate 42. 

[0043] As shoWn in FIG. 8, the ?oW chamber 46 is a 
housing capable of holding a ?uid. According to one exem 
plary embodiment, the ?oW chamber 46 may be siZed to 
contain approximately 24 mL of ?uids. HoWever, those 
skilled in the art Will appreciate that the capacity of the ?oW 
chamber may be varied by altering the siZe of the ?oW 
chamber or the height of the Walls. The base of the housing 
also includes a plurality of holes 50 that alloW the cell 
sample to be delivered onto the avidin coated portion 44 of 
the ?xed substrate 42. Those skilled in the art Will appreciate 
that the siZe, geometry, and density of holes on the housing 
base may be varied to alter or optimiZe ?uid ?oW rates onto 
the ?xed substrate Which Will also effect target cell capture 
characteristics of the ?xed substrate. 

[0044] The ?oW chamber 46 also includes at least one 
fastening means 52 to attach and detach the ?oW chamber to 
the ?xed substrate 42. The fastening means may be fasteners 
such as, but not limited to, braces, latches, clamps, or hooks. 
According to one embodiment, the fastening means is posi 
tioned on the ?xed substrate so as to provide clearance 
distance betWeen the base of the ?oW chamber and the ?xed 
substrate. Accordingly, like other embodiments of the 
present invention, this distance is a factor in regulating the 
?oW rate of the cell sample across the avidin coated portion 
44 of the ?xed substrate 42. Alternatively, the ?oW chamber 
46 may be directly affixed to the surface of the ?xed 
substrate 42. According to this exemplary embodiment, the 
?oW chamber 46 is provided With a skirt (not shoWn) around 
the base of the ?oW chamber. The skirt is also provided With 
or de?nes at least one slot (not shoWn). The slot alloWs ?uid 
to travel from the avidin portion of the ?xed substrate 42 to 
the ?uid absorbing media 48. According to one exemplary 
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embodiment, the ?oW chamber 46 is provided With one slot 
that extends along the main axis of the ?oW chamber as 
shoWn in FIG. 7. According to another exemplary embodi 
ment, slots may be positioned on opposing sides of the ?oW 
chamber. 

[0045] As shoWn in FIG. 7, ?uid absorbing media 48 is 
positioned along one edge of the ?xed substrate. HoWever, 
in alternate embodiments, those skilled in the art Will 
appreciate that ?uid absorbing media may be positioned on 
one or more edges of the ?xed substrate to absorb the cell 
sample solution or Washing ?uids that may accumulate on 
the surface of the ?xed substrate. The ?uid absorbing media 
48 is siZed so that it may accommodate up to approximately 
60 mL of ?uid. 

[0046] In operation, a cell sample is loaded into the 
specimen chamber. The cell sample ?oWs across the slide, 
and those cells bound to biotinlyated antibodies are removed 
from the cell sample as the biotin reacts With the avidin. The 
binding betWeen the biotin and the avidin is adjustable by 
varying the ?oW rate of the cell sample across the avidin 
coated portion of the ?xed substrate. The ?oW rate may be 
increased by positioning the capillary ?oW chamber such 
that the specimen chamber is above the ?uid absorbing 
media. For instance, the ?xed substrate is angled such that 
the cell sample ?oWs doWnstream toWards the ?uid absorb 
ing media. Alternately, the absorptive properties of the ?uid 
absorbing media may be increased or decreased Which may 
increase or decrease the ?oW of cell sample over the avidin 
coating. Furthermore, a combination of the absorptive prop 
erties of the ?uid absorbing media and the incline of the slide 
may also be adjusted to varying the ?oW rate of the cell 
sample across the avidin coated portion of the ?xed sub 
strate. 

[0047] The present invention also relates to methods of 
isolating speci?c cells from a mixture of different cells. 
According to one method of the present invention, the cell 
preparation is de-bulked of red blood cells using standard 
laboratory procedures. The preparation is then incubated 
With a mixture of biotinylated antibodies [mAbb] and ?uo 
rescent-conjugated antibodies [mAbf]. The mAbb and the 
mAbf components bind to the target cells in approximate 
equal proportion. The cell preparation is subsequently 
Washed to remove unbound antibodies and loaded into the 
specimen-loading chamber of the device. In one embodi 
ment, the loading chamber is designed to accommodate 
liquid volumes ranging from approximately 5.0 ml to 25.0 
ml. The cell preparation then ?oWs through the capillary 
annulus at a preset ?oW rate that alloWs the mAbb on the 
target cell surface to bind to the avidin substrate on the slide. 
Cells that do not bind (non-target cells) are pulled into the 
absorbent Wicking pad by passive absorption. 

[0048] Washing ?uids such as, but not limited to, phos 
phate buffered saline or Water may be then applied into the 
specimen-loading chamber at a controlled ?oW rate. This 
provides for additional movement of unbound cells into the 
Wicking pad. The specimen loading chamber, capillary 
annulus, and Wicking pad may be then removed and the 
collected target cells may be vieWed under a ?uorescent 
microscope. Optionally, the slide may then be ?xed With an 
aldehyde or cell-preservation media for permanence. 

[0049] According to another exemplary method of the 
present invention, the cell isolating device may be used to 
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obtain viable target cells. First, the targeted cell is isolated 
by the preceding methods. After the specimen loading 
chamber, capillary annulus, and Wicking pad are removed 
from the slide, a second specimen loading chamber and 
capillary annulus (Without a Wicking pad) are attached to the 
slide. Cell releasing agents are loaded into the specimen 
loading chamber, and they are alloWed to contact the slide. 
FolloWing a brief incubation time, the chamber is then 
loaded With a solution (e.g., isotonic buffer, protein medium 
in solution) that stops the cell releasing chemical reaction. 
The released target cells are in solution and may be collected 
in a secondary collection vessel. According to an alternate 
embodiment, a port may be provided on the annulus/slide 
interface to alloW for the collection of the solution contain 
ing the target cells. The cells contained Within the secondary 
collection vessel then may be reacted With other antibodies 
for subsequent detection and enumeration. According to an 
alternate method of the present invention, the released cells 
may be subsequently analyZed by molecular biology tech 
niques for particular cellular genes and/or proteins. 

[0050] According to one embodiment of the present inven 
tion, the cell releasing agent may be a loW pH buffer solution 
having a pH ranging from about 3.0 to 6.0. Examples of the 
buffer solution that may be adjusted to the desired pH range 
include, but are not limited to, TRIS (Tris(hydroxymethy 
l)aminomethane) buffer, phosphate-buffered saline, and 
lithium carbonate. According to another embodiment, the 
cell releasing agent may be enZymes such as, but not limited 
to, chymopapain, trypsin, chymotrypsin, and V8 protease. 
According to yet another embodiment, the cell releasing 
agent may be a chemical reagent that cleaves peptide such 
as, but not limited to, EDTA (Ethylenediaminetetraacetic 
Acid), cyanogen bromide, or 2-Nitro-5-thiocyanobenZoate. 

[0051] According to yet another exemplary method of the 
present invention, viable target cells may be separated from 
the cell isolating device. First, the targeted cell is isolated by 
the preceding methods. After the specimen loading chamber, 
capillary annulus, and Wicking pad are removed from the 
slide, a second specimen loading chamber and capillary 
annulus (Without a Wicking pad) are attached to the slide. 
The second specimen loading chamber is then loaded With 
an isotonic buffer solution. The isotonic buffer is then 
alloWed to contact the cell isolating device. The buffer 
solution on the cell isolating device is then mechanically 
agitated thereby resulting in the breaking of the antigen 
antibody bond. As a result, the target cell may be released 
into the buffer solution and collected for subsequent analy 
sis. According to one exemplary method, the buffer solution 
may be agitated by sonication or other means of shaking a 
solution knoWn to those skilled in the art. According to 
another exemplary method, the cell isolating device may be 
physically manipulated by sonication or other means to 
cause the target cells to be separated from the cell isolating 
device. 

[0052] In closing, it is to be understood that the embodi 
ments and examples of the present invention are illustrative 
of the principles of the present invention. Other modi?ca 
tions that may be employed are Within the scope of the 
present invention; thus, by Way of example, but not of 
limitation, alternative con?gurations and methods of the 
present invention are also contemplated. Accordingly, the 
present invention is not limited to that precisely shoWn and 
described herein. 
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What is claimed: 
1. A device for recovering a target cell from a cellular 

matrix, comprising: 
a housing having at least one Wall and a base, said base 

having a plurality of openings; 

a reaction surface positioned proximate to said plurality of 
openings; and 

a ?uid absorbing media in communication With said 
substrate and adjacent to said housing. 

2. The device of claim 1 Wherein said housing further 
includes at least one fastening member capable of engaging 
said reaction surface. 

3. The device of claim 1 Wherein said housing and said 
reaction surface are in spaced relationship. 

4. The device of claim 3 Wherein said reaction surface and 
said housing are separated by a distance of approximately 2 
to 20 microns. 

5. The device of claim 1 Wherein said reaction surface 
comprises a bioactive coating selected from the group 
consisting of avidin, streptavidin, avidin derivatives, strepta 
vidin derivatives, and blends thereof. 

6. The device of claim 5 Wherein said bioactive coating 
has a surface area of approximately 8 cm2. 

7. A method of recovering a target cell from a cellular 
mixture comprising: 

exposing a cellular mixture to a targeting solution to form 
a target cell mixture; 

delivering said target cell mixture to a reaction surface; 

controlling the delivery of said target cell mixture so as to 
optimiZe the ?oW over said reaction surface; 

retaining said target cells on said reaction surface; 

delivering a releasing solution to said reaction surface; 
and 

collecting said releasing solution, Wherein said releasing 
solution includes said target cells. 

8. A method as set forth in claim 7, Wherein the control 
ling of the delivery of the target cell mixture is performed by 
establishing a predetermined delivery distance for said target 
cell solution to traverse to said reaction surface. 

9. A method as set forth in claim 8 Wherein the predeter 
mined delivery distance is approximately 2 to 20 microns. 

10. A method as set forth in claim 8, Wherein the con 
trolling the delivery of the target cell mixture further 
includes absorbing non-reacting amounts of said target cell 
solution from said reaction surface at a predetermined rate. 

11. The method of claim 10 further comprising delivering 
another aliquot of the target cell releasing solution to said 
reaction surface, mechanically agitating said target cell 
releasing solution, and collecting said target cell releasing 
solution, Wherein said target cell releasing solution includes 
said target cells. 

12. The method of claim 7 Wherein said targeting solution 
includes a marker compound comprising a binder molecule 
and a probe. 

13. The method of claim 12 Wherein said binder molecule 
is selected from the group consisting of antibodies, antigens, 
glycoproteins, lectins, hormones, cell receptors, vitamins, 
amino acids, sugars, lipids, fatty acids, liposomes, DNA 
probes, and RNA probes. 
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14. The method of claim 13 Wherein said probe is selected 
from the group consisting of ?urochromes, radiolabels, 
?uorescent agents, and chromophores. 

15. The method of claim 7 Wherein said reaction surface 
comprises a bioactive coating selected from the group 
consisting of avidin, streptavidin, avidin derivatives, strepta 
vidin derivatives, and blends thereof. 

16. The method of claim 7 Wherein said releasing solution 
is a buffer solution having a pH ranging from about 3.0 to 
6.0. 

17. The method of claim 7 Wherein said releasing solution 
includes a cell releasing agent selected from the group 
consisting of chymopapain, trypsin, chymotrypsin, V8 pro 
tease, Ethylenediaminetetraacetic Acid, cyanogen bromide, 
or 2-Nitro-5-thiocyanobenZoate. 

18. A method of isolating target cells from a cellular 
mixture comprising: 

exposing a cellular mixture to a targeting solution to form 
a target cell mixture; 

delivering said target cell mixture to a reaction surface; 

controlling the delivery of said target cell mixture so as to 
optimiZe the ?oW over said reaction surface; 

retaining said target cells on said reaction surface; 

analyZing said target cells remaining on said reaction 
surface; and 

delivering at least one target cell releasing solution to said 
reaction surface, and collecting said target cell releas 
ing solution, Wherein said target cell releasing solution 
includes said target cells. 

19. A method as set forth in claim 18, Wherein the 
controlling of the delivery of the target cell mixture is 
performed by establishing a predetermined delivery distance 
for said target cell solution to traverse to said reaction 
surface. 

20. A method as set forth in claim 19 Wherein the 
predetermined delivery distance is approximately 2 to 20 
microns. 

21. A method as set forth in claim 19, Wherein the 
controlling the delivery of the target cell mixture further 
includes absorbing non-reacting amounts of said target cell 
solution from said reaction surface at a predetermined rate. 

22. A method as set forth in claim 21 further comprising 
delivering another aliquot of the target cell releasing solu 
tion to said reaction surface, mechanically agitating said 
target cell releasing solution, and collecting said target cell 
releasing solution, Wherein said target cell releasing solution 
includes said target cells. 

23. The method of claim 18 Wherein said targeting solu 
tion includes a marker compound comprising a binder 
molecule and a probe. 

24. The method of claim 23 Wherein said binder molecule 
is selected from the group consisting of antibodies, antigens, 
glycoproteins, lectins, hormones, cell receptors, vitamins, 
amino acids, sugars, lipids, fatty acids, liposomes, DNA 
probes, and RNA probes. 

25. The method of claim 24 Wherein said probe is selected 
from the group consisting of ?urochromes, radiolabels, 
?uorescent agents, and chromophores. 

26. The method of claim 18 Wherein said reaction surface 
comprises a bioactive coating selected from the group 
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consisting of avidin, streptavidin, avidin derivatives, strepta 
vidin derivatives, and blends thereof. 

27. The method of claim 18 Wherein said target cell 
releasing solution is a buffer solution having a pH ranging 
from about 3.0 to 6.0. 

28. The method of claim 18 Wherein said releasing 
solution includes a cell releasing agent selected from the 
group consisting of chymopapain, trypsin, chymotrypsin, 
V8 protease, Ethylenediaminetetraacetic Acid, cyanogen 
bromide, or 2-Nitro-5-thiocyanobenZoate. 

29. A method of recovering viable target cells from a 
cellular mixture, comprising: 

providing an apparatus of claim 1; 

exposing the cellular mixture to a targeting solution to 
form a target cell mixture; 
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adding the target cell mixture to the apparatus; 

controlling the rate of contact betWeen the reaction sur 
face and the target cell mixture by establishing a 
predetermined delivery distance for said target cell 
mixture to traverse to the reaction surface; 

analyZing the reaction surface for target cells; and 

removing target cells from the reaction surface by deliv 
ering a releasing solution to the reaction surface; and 

collecting the releasing solution, Wherein the releasing 
solution includes the target cells. 


