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APPARATUS AND METHOD FOR
DETECTING AND COUNTING RARE CELLS
IN BLOOD

TECHNICAL FIELD

[0001] The present invention relates to an apparatus and
method for detecting and enumerating a rare cell in blood, and
more particularly, to an apparatus and method for detecting
and enumerating a rare cell in blood such as a circulating
endothelial cell (CEC) using a simple complex in which a
target antibody and a marker are coupled, and plates with a
micro gap.

BACKGROUND ART

[0002] In whole blood, it is known that there are a small
minority of cells that can play an important role in a metasta-
sis of a disease or can be used as a biomarker, which are called
rare cells, compared to conventionally known blood cells
such as red blood cells, white blood cells, and platelets.
[0003] Circulating tumor cells (CTC) are representative of
rare cells, and it is known that one ortwo CTCs exist in several
billions of blood cells. When many CTCs are found, it can be
avery critical clue for determining the possibility of diagnos-
ing cancer through a blood test, and thus various blood test
methods using the CTCs are being developed.

[0004] Recent clinical papers and related techniques show
that CECs can be used as a biomarker in an early diagnosis of
cardiovascular diseases such as a heart attack, and therefore
CTC-like or related techniques are being rapidly developed.
[0005] For example, in “Characterization of circulating
endothelial cells in acute myocardial infarction,” from Sci-
ence Translational Medicine which was published on March,
2012, it was disclosed that a cardiovascular diseases group
had about five times the CECs of a healthy group, and it was
reported that an increase in the number of such CECs over a
predetermined number may lead to a diagnosis of a risk of a
heart attack within 2 weeks.

[0006] The cells such as CTCs or CECs are very difficult to
isolate or detect by a common technique since very few exist,
and they are very critical rare cells involved in two major
causes of human death, for example, cancer and cardiovas-
cular disease. This technique for the detection of such cells
may be difficult, but in that it can test for cancers and cardio-
vascular diseases by only providing a small amount of blood
(7.5 ml) from the patient’s perspective, it is a very innovative
technique that has a market waiting for it.

[0007] The currently known method of detecting CTCs or
CECs is a method of detecting rare cells using an antigen-
antibody reaction, which has very high selectivity. That is, a
surface of a nano particle having magnetic property is coated
with antibodies that can be attached in response to antigens of
specific rare cells, and mixed with a blood sample by stirring,
thereby the nano particles are attached to the specific rare
cells which exist in the blood. Then, they are tightly fixed
using a magnetic force, and washed to remove remaining
cells, thereby isolating only the specific rare cells. The iso-
lated rare cells may be verified by staining under a micro-
scope. and then cells in each sample may be enumerated.
[0008] However, such conventional methods require sepa-
rate processes such as a pretreatment and a post treatment,
and such processes take a very long time. Also, to handle such
processes, a skillful examiner is definitely necessary, and
therefore, it is very difficult to use the conventional methods
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in aclinical setting. Accordingly, in order to be rapidly used in
the clinical setting, examination should be simple and fast,
and in order to easily perform examination by medical per-
sonnel, a quantified and objectified apparatus and method for
detection are required.

DISCLOSURE

Technical Problem

[0009] An object of the present invention is to provide an
apparatus and method for rapidly and precisely detecting and
enumerating a small minority of rare cell from a predeter-
mined amount of blood.

Technical Solution

[0010] Inorderto accomplish the object, the present inven-
tion provides an apparatus for detecting and enumerating a
rare cell in blood, comprising: a sample collector configured
to collect a blood sample and receive a complex in which a
target antibody and a marker are coupled; a measuring kit
connected to the sample collector in such a way that a mixture
of the blood sample and the complex is injected into the
measuring kit, thereby individually trapping a blood cell; and
a detector configured to detect and enumerate the rare cell
having an antigen-antibody reaction with the target antibody
among the blood cell trapped in the measuring kit.

[0011] In the present invention, the target antibody may
specifically recognize the rare cell in the blood and bind to the
rare cell.

[0012] In the present invention, the marker may include at
least one selected from a fluorescent material; a quantum dot;
a micro bead in which the quantum dot is integrated; and a
metal nano particle.

[0013] Inthe present invention, the blood sample collected
in the sample collector may be stirred with a dispersion solu-
tion of the complex.

[0014] In the present invention, the measuring kit may
include two plates with a micro-scale gap, and allow the blood
sample to be moved by capillary action. In the present inven-
tion, the plates may be manufactured in a rigid plate-type
structure or a flexible film-type structure.

[0015] In the present invention, the measuring kit may
include an inlet formed at one end of the measuring kit and a
capillary tube formed at the other end of the measuring kit, the
blood sample may be injected into the inlet, the capillary tube
may have an opening which is in communication with the
outside, and air may pass through the opening.

[0016] Inthe presentinvention, the opening of the capillary
tube may be connected to a fluidization driving mechanism,
and allow the blood sample to be injected into the measuring
kit and fluidized in the measuring kit.

[0017] Inthe present invention, atleast one of the two plates
may include a concave-convex part to individually trap the
blood cell.

[0018] In the present invention, the concave-convex part
may have a step in a stair shape, a small cell may be trapped
in a lower portion of the concave-convex part, and a large cell
may be trapped in an upper portion of the concave-convex
part.

[0019] In the present invention, the detector may be a fluo-
rescence scanner configured to detect a position and a number
of the blood cell that emits a light, and the fluorescence
scanner may include a light source configured to excite at
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least one selected from the fluorescent material, the quantum
dot, and the micro beads in which the quantum dot is inte-
grated; an image sensor configured to detect excited fluores-
cence; and a fluorescence filter through which a specific
wavelength range of light passes.

[0020] In the present invention, the light source may
include at least one selected from a mercury lamp, a laser
diode (LD) and a laser light-emitting diode (LED). In the
present invention, the image sensor may include at least one
selected from a photo diode array, a charge coupled device
(CCD) array, and a complementary metal oxide semiconduc-
tor (CMOS) array.

[0021] Inthe presentinvention, the image sensor may have
a zoom lens to obtain an optically enlarged image.

[0022] In the present invention, the light source and the
image sensor may be installed in such a way that the light
source and the image sensor may be sequentially joined.
[0023] In the present invention, the detector may be a sur-
face plasmon resonance imaging scanner configured to detect
a position and a number of the blood cell having a surface
plasmon resonance phenomenon, and the surface plasmon
resonance imaging scanner may include at least one selected
from an optical device capable of generating the surface plas-
mon resonance phenomenon of the metal nano particle, a
micro-scale prism array and a nano-scale grating array.
[0024] In the present invention, the surface plasmon reso-
nance imaging scanner may include a light source configured
to emit a parallel light to the measuring kit; and a camera
configured to detect the light reflected from the measuringkit.
[0025] In the present invention, the measuring kit may be
integrated with the micro-scale prism array or the nano-scale
grating array.

[0026] The apparatus of the present invention may further
comprise a moving rail connected to the detector, and config-
ured to guide movement of the detector for scanning of the
measuring kit; a moving collector configured to collect a
sample after detection; and a biaxial moving rail connected to
the moving collector, and configured to guide movement of
the moving collector.

[0027] Furthermore, the present invention provides a
method of detecting and enumerating a rare cell in blood
using the above-mentioned apparatus. The method of the
present invention comprises collecting the blood sample by
the sample collector; mixing and stirring the collected blood
sample and the complex in which the target antibody and the
marker are coupled; injecting the mixture of the blood sample
and the complex into the measuring kit, and individually
trapping the blood cell; and detecting and enumerating the
rare cell having the antigen-antibody reaction with the target
antibody among the blood cell trapped in the measuring kit,
using the detector.

Advantageous Effects

[0028] According to the present invention, arare cell can be
rapidly, easily and simply detected and enumerated by mixing
a mixture of a blood sample and a complex in which a target
antibody and a marker are coupled in a disposable blood
collection tube, injecting the mixture into plates of a measur-
ing kit, and counting the number of a light-emitting micro
trap. The objectified and standardized detection and enumera-
tion are possible even by general medical personnel using a
simple operating method. Particularly, due to a short time
spent on one examination, mass examination is also possible.
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DESCRIPTION OF DRAWINGS

[0029] FIG. 1 schematically illustrates an apparatus and
method for detecting and enumerating a rare cell in blood
according to the present invention.

[0030] FIG. 2isa plan view of a measuring kit according to
the present invention.

[0031] FIG. 3isacross-sectional view illustrating a mecha-
nism in which cells are trapped in the measuring kit having a
concave-convex structure according to the present invention.
[0032] FIG. 41is a cross-sectional view illustrating another
mechanism in which cells are trapped in the measuring kit
having a stair-shaped concave-convex structure according to
the present invention.

[0033] FIG. 51s a plan view of the apparatus according to
the present invention.

[0034] FIG. 6is a front view of the apparatus according to
the present invention.

[0035] FIG. 7 is a diagram of a fluorescence scanner as a
detector according to the present invention.

[0036] FIG. 8 is a diagram of a surface plasmon resonance
imaging scanner as the detector according to the present
invention.

[0037] FIG.9isaperspective view illustrating that a micro-
scale prism array or a nano-scale grating array used in a
surface plasmon resonance imaging method is integrated
with the measuring kit according to the present invention.

MODES OF THE INVENTION

[0038] Hereinafter, the present invention will be described
with reference to the accompanying drawings.

[0039] FIG. 1 schematically illustrates an apparatus and
method for detecting and enumerating a rare cell in blood
according to the present invention, and the apparatus 100
according to the present invention may be adiagnostic system
for the rare cell, which may include a sample collector 10, a
measuring kit 20, and a detector 30.

[0040] The sample collector 10 serves to collect a blood
sample, and to receive acomplex 11. That is, the blood sample
is loaded to the sample collector 10.

[0041] The sample collector 10 may be formed in a tube
shape, and include a plug. Preferably, the sample collector 10
may have the structure of a 7.5 ml blood collection tube,
which is commonly and widely used.

[0042] The blood sample may include a plurality of blood
cells B, which are broadly classified into two groups: a small
cell S such as a red blood cell; and a large cell L such as a
white blood cell and the rare cell.

[0043] The complex 11 may include a marker 12 and a
target antibody 13, which are coupled to each other. The
marker 12 and the target antibody 13 may be chemically
coupled by a linker, or physically coupled. There is no par-
ticular limitation to the linker, and thus a conventional linker,
for example a peptide linker, a hydrazine linker or a disulfide
linker may be used.

[0044] The complex 11 may be provided in the form of a
solution containing the complex 11, and preferably a disper-
sion solution prepared by dispersing the complex 11 in a
dispersion medium. For example, the dispersion solution of
the complex may include the complex 11 as a dispersoid,
water as the dispersion medium, and a surfactant as a dispers-
ing agent.
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[0045] As the marker 12, at least one selected from 1) a
fluorescent material, 2) a quantum dot, 3) a micro bead in
which the quantum dot is integrated and 4) a metal nano
particle may be used.

[0046] As the fluorescent material, a conventional fluores-
cent material may be used without particular limitation, and
for example fluorescein, isothiocyanate, rthodamine, phyco-
erythrin, phycocyanin, allophycocyanin, phthaldehyde, fluo-
rescamine, etc. may be used. The size of the fluorescent
material may be, but is not particularly limited to, for example
1 t0 900 nm, preferably 10 to 500 nm, and more preferably 30
to 300 nm.

[0047] The quantum dot may include a core particle and a
ligand binding to a surface of the core particle. An example of
a material for forming the core particle may be II-VI group
compound semiconductor nanocrystal such as CdS, CdSe,
CdTe,ZnS, ZnSe, ZnTe, HgS, HgSe, HgTe; I1I-V group com-
pound semiconductor nanocrystal such as GaN, GaP, GaAs,
InP, InAs; or a mixture thereof. The core particle may have a
core/shell structure, and each of the core and shell of the core
particle may include the above-described compounds. The
above-described compounds may be included in the core or
shell alone or in combination of at least two thereof. For
example, the core particle may have a CdSe—ZnS (core/
shell) structure in which CdSe is contained as the core and
ZnS is contained as the shell. The ligand can prevent extinc-
tion caused by instant agglomeration of adjacent core par-
ticles. In addition, the ligand is bonded to the core particle
such that the core particle can have hydrophobicity. An
example of the ligand may be an amine-based compound or
carboxylic acid compound, which has an alkyl group having
6 to 30 carbon atoms. Another example of the ligand may be
an amine-based compound or carboxylic acid compound,
which has an alkenyl group having 6 to 30 carbon atoms. The
size of the quantum dot may be, but is not particularly limited
to, for example 1 to 900 nm, preferably 10 to 500 nm, and
more preferably 30 to 300 nm.

[0048] The micro bead in which the quantum dot is inte-
grated may have a capsule structure surrounding a quantum
dot aggregate formed by integrating a plurality of quantum
dots. The capsule may be manufactured using a gelatin, a
cellulose-based compound, etc. The size of the micro bead
may be, but is not particularly limited to, for example 0.1 to
900 um, preferably 0.5 to 500 um, and more preferably 1 to
100 um.

[0049] As a metal for constituting the metal nano particle,
any of conventional metals, for example gold, silver, bronze,
iron, platinum, tungsten, titanium, tin, nickel, chromium,
cobalt, zinc, iridium, etc. may be used without particular
limitation. Also, a metal oxide, a metal salt or an alloy may be
used. The size of the metal nano particle may be, but is not
particularly limited to, forexample [ to 900 nm, preferably 10
to 500 nm, and more preferably 30 to 300 nm.

[0050] The target antibody 13 may be an antibody capable
of specifically recognizing the rare cell in blood such as CTC,
CEC, etc. and binding thereto. For example, an Anti-EpCAM
antibody may be used.

[0051] A predetermined amount of the blood sample may
be collected in the sample collector 10, and then stirred with
the dispersion solution of the complex present in the sample
collector 10 for mixing. The stirring may be manually per-
formed by shaking by hand, or automatically performed using
a stirrer. The order of mixing the blood sample with the
dispersion solution of the complex is not particularly limited,
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and the blood sample may be put into the sample collector 10
first, or the dispersion solution ofthe complex may be put into
the sample collector 10 first. During stirring, when a specific
rare cell in blood is present, a large amount of the complexes
11 in which the marker 12 and the target antibody 13 are
coupled may be attached around a cell membrane of the rare
cell through an antigen-antibody reaction.

[0052] On thelower right side of FIG. 1, there is a scanning
image illustrating cell counting, wherein a black spot in a
plurality of lattices represents a hybridized rare cell (RC) to
which the complex binds.

[0053] FIG. 2isa plan view of the measuring kit according
to the present invention, and the measuring kit 20 may include
plates 21 and 22, an inlet 23, a capillary tube 24, and a
concave-convex structure 25, 26, 27 and 28.

[0054] The measuring kit 20 serves to individually trap the
blood cell. The measuring kit 20 may be connected to the
sample collector 10 in such a way that the mixture of the
blood sample and the complex 11 is injected into the measur-
ing kit 20. To this end, the inlet 23 into which the blood
sample is injected may be formed at one end of the measuring
kit 20. The inlet 23 may be formed, for example, in a needle
shape, or have a needle structure. For example, when the
sample collector 10 is stood upside down, and then the plug of
the sample collector 10 is put on the needle-shaped inlet 23 or
the needle structure of the inlet 23, the sample collector 10
and the measuring kit 20 are connected to each other, and
therefore the mixture of the blood sample and the complex
stirred in the sample collector 10 may be injected into the
measuring kit 20.

[0055] The measuring kit 20 may be formed in a microflu-
idic sheet structure for cell spreading. Preferably, the measur-
ing kit 20 may include two plates 21 and 22 having a micro-
scale gap, and may be capable of moving the blood sample by
capillary action. However, the present invention is not limited
thereto, and the measuring kit 20 may be formed in one plate
structure, or in a structure having three or more plates. The
gap between the two plates 21 and 22 may be, for example, 1
to 500 um, preferably 5 to 100 um, and more preferably 10 to
50 pm.

[0056] Theplates 21 and 22 may be manufactured in a rigid
plate-type structure or flexible film-type structure. The plates
21 and 22 may be formed of metal, plastic, glass, ceramic, etc.
and may be preferably transparent to facilitate detection. The
thickness of the plates 21 and 22 may be, for example, 1 pm
to 10 mm, preferably 10 pm to 5 mm, and more preferably 50
um to 3 mm.

[0057] When the two plates 21 and 22 are disposed parallel
to each other at a regular interval, edge portions between the
two plates 21 and 22, that is, the right and left sides and the
front and back sides between the two plates 21 and 22 may be
open, and an opened portion may be sealed with a sealing
material. Alternatively, the measuring kit 20 may be manu-
factured ina very thin hexahedron shaped integrated structure
without the opened portion. Of course, the inlet 23 and the
capillary tube 24 may be separately formed.

[0058] The capillary tube 24 may allow the mixture of the
blood sample and the complex to easily flow between the two
plates 21 and 22 of the measuring kit 20. To this end, the
capillary tube 24 may be formed at the other end of the
measuring kit 20, for example, at the opposite side of the inlet
23. The capillary tube 24 may include an opening which is in
communication with the outside, and air may pass through the
opening. The opening may be formed, for example, at the
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terminal end of the capillary tube 24. The diameter of the
capillary tube 24 may be, for example 0.01 to 100 um, pref-
erably 0.1 to 50 pm, and more preferably 0.5 to 20 um such
that only the air can pass through.

[0059] A fluidization driving mechanism may be connected
to the opening at the terminal end of the capillary tube 24,
thereby injecting the blood sample into the measuring kit 20
at an appropriate rate, and allowing the blood sample to be
fluidized in the measuring kit 20. The fluidization driving
mechanism may include, for example, a vacuum pump. For
example, when the vacuum pump is operated to create a
vacuum in the measuring kit 20 and then is stopped to operate,
the blood sample may flow forward and then backward (coun-
terflow), and may be evenly spread on the whole. Also, an
injection rate and fluidization rate of the blood sample may be
adjusted depending on a pressure of the vacuum pump.

[0060] FIG.31isacross-sectional view illustrating a mecha-
nism in which cells are trapped in the measuring kit having a
concave-convex structure according to the present invention,
a concave and convex part 25 and 26 may be included in at
least one of the two plates 21 and 22 to individually trap the
blood cell B. In FIG. 3, the concave and convex part 25 and 26
is formed in the lower plate 22, but the present invention is not
limited thereto, and thus the concave and convex part 25 and
26 may be formed in the upper plate 21. Alternatively, the
concave and convex part 25 and 26 may be formed in both of
the plates 21 and 22.

[0061] The concave-convex part 25 and 26 may be com-
posed of a concave part 25 and a convex part 26, and prefer-
ably may be form in a fine microstructure. A number of the
concave and convex part 25 and 26 is not particularly limited,
but varies depending on a size of the measuring kit 20. The
number of the concave and convex part 25 and 26 is prefer-
ably 10 or more, and more preferably 100 or more. Even
numbers of 10,000 or more, 100,000 or more, 1,000,000 or
more are possible.

[0062] Each of the width, length, and height (depth) of the
concave and convex part 25 and 26 is for example 0.1 to 200
wm, preferably 0.5 to 70 um, and more preferably 1 to 30 um.

[0063] In FIG. 3, the arrow marks the direction of move-
ment of the blood sample, and it can be confirmed that the
blood cell B is trapped in the concave part 25.

[0064] Meanwhile, the fluidization driving mechanism, in
order to individually trap the blood cell B in a trap of the
concave and convex part 25 and 26, may repeatedly induce a
forward flow or backward flow of the blood sample between
the two plates 21 and 22, and thereby one cell B can be
trapped in one of the concave and convex part 25 and 26.

[0065] FIG. 41is a cross-sectional view illustrating another
mechanism in which cells are trapped in the measuring kit
having a stair-shaped concave-convex structure according to
the present invention, a stair-shaped step may be formed in the
concave and convex part 25, 26, 27, and 28, and thus a small
cell S may be trapped in a lower portion of the concave and
convex part, and a large cell L may be trapped in an upper
portion of the concave and convex part.

[0066] The stair-shaped concave-convex structure may be,
as shown in FIG. 4, a structure in which a small concave part
27 is further formed on a lower portion of a large concave part
25. Also, a small convex part 28 may be formed by carving
both sides of an upper portion of a large convex part 26, or by
protruding from both sides of a lower portion of the large
convex part 26.
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[0067] As described above, the concave and convex part 25,
26, 27, and 28 may be formed in a stair shape having a step
difference, and thus, as shown in FIG. 3, the small cell S such
as a red blood cell may be trapped in the small concave part
27, and the large cell L such as a white blood cell and the rare
cell may be trapped in the large concave part 25, which is
placed directly over the small concave part 27.

[0068] Also, the concave and convex part 25, 26, 27, 28
may be formed to have an optimal depth (height) and width so
that the escape of the trapped cell S and L caused by external
fluidization can be prevented. Since the size of the red blood
cell may be approximately 1 to 8 um and the size of the white
blood cell may be approximately 12 to 25 um, the width and
depth of the small concave part 27 may be approximately 1 to
10 pm and the width and depth of the large concave part 25
may be approximately 11 to 30 um. As a result, the blood
sample may be injected into the measuring kit 20, and each
cell B may be trapped in each micro trap structure.

[0069] Meanwhile, the measuring kit 20 may be installed
on a support of the apparatus 100 to count the number of the
cell which emit a light in response to the complex 11 or have
a surface plasmon resonance phenomenon among the cell
captured in the concave and convex part 25, 26, 27, and 28.
[0070] FIG. 5is a plan view of the apparatus according to
the present invention, and FIG. 6 is a front view of the appa-
ratus, and the apparatus 100 may include a moving rail 34, a
moving collector 40, and a biaxial moving rail 41, in addition
to the sample collector 10, the measuring kit 20 and the
detector 30.

[0071] The detector 30 may serve to detect and enumerate
the rare cell having an antigen-antibody reaction with the
target antibody 13 among the blood cell B trapped in the
measuring kit 20. The detector 30 may detect the position and
number of the blood cell by an optical method. The detector
30 may include, for example, a high accuracy CCD sensor
array, and detect the position and the number of a light-
emitting cell by scanning the measuring kit 20. The detector
30 may be a fluorescence scanner or a surface plasmon reso-
nance imaging scanner depending on a type of the marker 12,
and will be described later.

[0072] Themoving rail 34 serves to guide the movement of
the detector 30 for scanning of the measuring kit 20. To this
end, one end of the moving rail 34 may be installed on the
support of the apparatus 100, and the other end of the moving
rail 34 may be connected to the detector 30. The detector 30
may be moved up and down on FIG. 5 along the moving rail
34. The detector 30 may include a wheel or roller to be moved
along the moving rail 34. The moving rail 34 may be fixed and
may not be moved. The movement of the detector 30 may be
manual movement by hand or automatic movement by a
motor.

[0073] The moving collector 40 serves to collect a sample
after detection. The moving collector 40 may be formed, for
example, in a syringe form. When using the syringe form, the
sample may be collected by piercing the upper plate 21 of the
measuring kit 20. The moving collector 40 may be manually
moved by hand or automatically moved by the motor.
[0074] Thebiaxial moving rail 41 serves to guide the move-
ment of the moving collector 40. The biaxial moving rail 41
may consist of a vertical rail and a horizontal rail as shown in
FIG. 5, and the moving collector 40 may be installed at an
intersecting point of the two rails. The moving collector 40
may be moved up and down and right and left on FIG. S along
the biaxial moving rail 41. The biaxial moving rail 41 may be
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not fixed to the support of the apparatus 100 and may be
installed to be self-moving, and may be moved along with the
moving collector 40.

[0075] When the scanning of the detector 30 is finished, the
moving collector 40 may be moved to a target position along
the biaxial moving rail 41 by addressing a detected position of
the rare cell, and thus the rare cell can be collected. The
collected sample may be used as a specimen for a secondary
precision analysis.

[0076] FIG. 7 is a diagram of the fluorescence scanner as
the detector according to the present invention. When the
marker 12 is at least one selected from 1) the fluorescent
material, 2) the quantum dot, and 3) the micro bead in which
the quantum dot is integrated, the detector 30 may be consti-
tuted in the form of the fluorescence scanner.

[0077] The fluorescence scanner 30 may include a light
source 31 capable of exciting at least one selected from the
fluorescent material, the quantum dot, and the micro bead in
which the quantum dot is integrated; an image sensor 32
capable of measuring excited fluorescence; and a fluores-
cence filter 33 through which a specific wavelength range of
light can pass, and thus the position and the number of the
light-emitting blood cell may be detected.

[0078] Thelightsource 31 may include at least one selected
from a mercury lamp, a laser diode (LD) and a laser light-
emitting diode (LED).

[0079] The image sensor 32 may include at least one
selected from a photo diode array, a charge coupled device
(CCD) array, and a complementary metal oxide semiconduc-
tor (CMOS) array.

[0080] A zoom lens may be installed on the image sensor
32, and thus an optically enlarged image may be obtained.
[0081] The light source 31 and the image sensor 32 may be
installed in such a way that the light source 31 and the image
sensor 32 may be sequentially joined.

[0082] The wavelength range of light passing through the
fluorescence filter 33 may be determined by a type of the
fluorescent material or quantum dot used.

[0083] After the detection, the measuring kit 20 may be
examined by an optical device such as a microscope, thereby
confirming the morphology of cells at the location of light
emission.

[0084] FIG. 8 is a diagram of the surface plasmon reso-
nance imaging scanner as the detector according to the
present invention. When the marker 12 is the metal nano
particle, the detector 30 may be constituted in the form of the
surface plasmon resonance imaging scanner 50.

[0085] The surface plasmon resonance imaging scanner 50
may include at least one selected from an optical device
capable of generating the surface plasmon resonance phe-
nomenon of the metal nano particle, a micro-scale prism array
and a nano-scale grating array, and thus may detect the posi-
tion and number of the blood cell having the surface plasmon
resonance phenomenon.

[0086] The surface plasmon resonance imaging scanner 50
may include, as shown in FIG. 8, a light source 51 emitting a
parallel light 53 to the measuring kit 20; and a camera 52
detecting a reflected light 54 from the measuring kit 20.
[0087] As described above, in the surface plasmon reso-
nance imaging scanner 50, the light 54 reflected from the
measuring kit 20 into which the parallel light 53 is incident
may be detected by the camera 52. When a large amount of the
metal nano particle is attached to the rare cell in blood and the
light s incident into the cell at a specific incident angle, the
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light is absorbed only at the position of the cell, thereby
generating a difference in the amount of reflected light from
other parts of the measuring kit 20, and the detection may be
accomplished using such a difference. For example, the light
with a wavelength of 400 to 900 nm may be incident at an
angle of 10 to 80 degrees. Preferably. the light with a wave-
length of 600 to 800 nm may be incident at an angle of 30 to
70 degrees.

[0088] FIG. 9 is a perspective view illustrating that the
micro-scale prism array or nano-scale grating array used in a
surface plasmon resonance imaging method is integrated
with the measuring kit according to the present invention,
wherein the measuring kit 20 may be integrated with the
micro-scale prism array 60 or nano-scale grating array in
order to make a condition for the surface plasmon resonance
phenomenon.

[0089] The prism array 60 or grating array may be inte-
grated with an external surface of the measuring kit 20, and
specifically integrated with the external surface of the upper
plate 21 or the lower plate 22 by adhesion, welding, injection
molding, extrusion molding, etc.

[0090] The shape of the prism array 60 or grating array
preferably has a triangular cross-section as shown in FIG. 9,
but may be a circular, oval or polygonal shape when neces-
sary.

[0091] The size of the prism array 60 may be, for example
1 pm to 1 mm, preferably 10 to 500 um, and more preferably
100 to 200 pm. The size of the grating array may be, for
example 1 nm to 10 pm, preferably 10 nm to 3 um, and more
preferably 100 nm to 1 pm.

DESCRIPTIONS OF SYMBOLS

[0092] 10: Sample collector
[0093] 11: Complex
[0094] 12: Marker
[0095] 13: Target antibody
[0096] 20: Measuring kit
[0097] 21,22: Plate
[0098] 23: Inlet
[0099] 24: Capillary tube
[0100] 25,26, 27, 28: Concave-convex part
[0101] 30: Detector (Fluorescence scanner)
[0102] 31: Light source
[0103] 32: Image sensor
[0104] 33: Fluorescence filter
[0105] 34: Moving rail
[0106] 40: Moving collector
[0107] 41: Biaxial moving rail
[0108] 50: Surface plasmon resonance imaging scanner
[0109] 51: Light source
[0110] 52: Camera
[0111] 53: Parallel light
[0112] 54: Reflected light
[0113] 60: Prism array (grating array)
[0114] 100: Apparatus for detecting and enumerating rare
cell (rare cell diagnostic system)
1. An apparatus for detecting and enumerating a rare cell in
blood, comprising:
asample collector configured to collect a blood sample and
receive a complex in which a target antibody and a
marker are coupled;
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ameasuring kit connected to the sample collector in such a
way that a mixture of the blood sample and the complex
is injected into the measuring kit, thereby individually
trapping a blood cell; and

a detector configured to detect and enumerate the rare cell
having an antigen-antibody reaction with the target anti-
body among the blood cell trapped in the measuring kit.

2. The apparatus of claim 1, wherein the target antibody
specifically recognizes the rare cell in the blood and binds to
the rare cell.

3. The apparatus of claim 1, wherein the marker includes at
least one selected from a fluorescent material; a quantum dot;
a micro bead in which the quantum dot is integrated; and a
metal nano particle.

4. The apparatus of claim 1, wherein the blood sample
collected in the sample collector is stirred with a dispersion
solution of the complex.

5. The apparatus of claim 1, wherein the measuring kit
includes two plates with a micro-scale gap, and allows the
blood sample to be moved by capillary action.

6. The apparatus of claim 5, wherein the plates are manu-
factured in a rigid plate-type structure or a flexible film-type
structure.

7. The apparatus of claim 5, wherein the measuring kit
includes an inlet formed at one end of the measuring kit and
a capillary tube formed at the other end of the measuring kit,
the blood sample is injected into the inlet, the capillary tube
has an opening which is in communication with the outside,
and air passes through the opening.

8. The apparatus of claim 7, wherein the opening of the
capillary tube is connected to a fluidization driving mecha-
nism, and allows the blood sample to be injected into the
measuring kit and fluidized in the measuring kit.

9. The apparatus of claim 5, wherein at least one of the two
plates includes a concave-convex part to individually trap the
blood cell.

10. The apparatus of claim 9, wherein the concave-convex
parthas a step in a stair shape, a small cell is trapped in a lower
portion of the concave-convex part, and a large cell is trapped
in an upper portion of the concave-convex part.

11. The apparatus of claim 3, wherein the detector is a
fluorescence scanner configured to detect a position and a
number of the blood cell that emits a light, and the fluores-
cence scanner includes a light source configured to excite at
least one selected from the fluorescent material, the quantum
dot, and the micro beads in which the quantum dot is inte-
grated; an image sensor configured to detect excited fluores-
cence; and a fluorescence filter through which a specific
wavelength range of light passes.
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12. The apparatus of claim 11, wherein the light source
includes at least one selected from a mercury lamp, a laser
diode (LD) and a laser light-emitting diode (LED).

13. The apparatus of claim 11, wherein the image sensor
includes at least one selected from a photo diode atray, a
charge coupled device (CCD) array, and a complementary
metal oxide semiconductor (CMOS) array.

14. The apparatus of claim 11, wherein the image sensor
has a zoom lens to obtain an optically enlarged image.

15. The apparatus of claim 11, wherein the light source and
the image sensor are installed in such a way that the light
source and the image sensor are sequentially joined.

16. The apparatus of claim 3, wherein the detector is a
surface plasmon resonance imaging scanner configured to
detect a position and a number of the blood cell having a
surface plasmon resonance phenomenon, and the surface
plasmon resonance imaging scanner includes at least one
selected from an optical device capable of generating the
surface plasmon resonance phenomenon of the metal nano
particle, a micro-scale prism array and a nano-scale grating
array.

17. The apparatus of claim 16, wherein the surface plasmon
resonance imaging scanner includes a light source configured
to emit a parallel light to the measuring kit; and a camera
configured to detect the light reflected from the measuring kit.

18. The apparatus of claim 16, wherein the measuring kit is
integrated with the micro-scale prism array or the nano-scale
grating array.

19. The apparatus of claim 1, further comprising:

a moving rail connected to the detector, and configured to
guide movement of the detector for scanning of the
measuring kit;

a moving collector configured to collect a sample after
detection; and

a biaxial moving rail connected to the moving collector,
and configured to guide movement of the moving col-
lector.

20. A method of detecting and enumerating a rare cell in

blood using the apparatus of claim 1, the method comprising:
collecting the blood sample by the sample collector;
mixing and stirring the collected blood sample and the
complex in which the target antibody and the marker are
coupled,

injecting the mixture of the blood sample and the complex
into the measuring kit, and individually trapping the
blood cell; and

detecting and enumerating the rare cell having the antigen-
antibody reaction with the target antibody among the
blood cell trapped in the measuring kit, using the detec-
tor.
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