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(57) ABSTRACT 

A microWell array chip that has multiple microWells and is 
employed to contain a single lymphocyte specimen in each 
microWell and detect antigen-speci?c lymphocytes in single 
units; Wherein the microWell array chip is of a shape and of 
dimensions Where only one lymphocyte is contained in each 
microWell. A method of detecting antigen-speci?c lympho 
cytes comprising the steps of adding antigen to each 
microWell in the above microWell array chip, stimulating the 
lymphocyte specimen, and detecting lymphocyte specimens 
reacting With the antigen. 
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MICROWELL ARRAY CHIP FOR DETECTING 
ANTIGEN-SPECIFIC LYMPHOCYTES, METHOD 

OF DETECTING AND METHOD OF 
MANUFACTURING ANTIGEN-SPECIFIC 

LYMPHOCYTES, AND METHOD OF CLONING 
ANTIGEN-SPECIFIC LYMPHOCYTE ANTIGEN 

RECEPTOR GENES 

TECHNICAL FIELD 

[0001] The present invention relates to a microWell array 
chip employed in detecting antigen-speci?c lymphocytes, a 
method of detecting antigen-speci?c lymphocytes, and a 
method of manufacturing antigen-speci?c lymphocytes. The 
present invention further relates to a method of cloning 
antigen-speci?c lymphocyte antigen receptor genes. 

TECHNICAL BACKGROUND 

[0002] In the past, antigen-speci?c lymphocytes have been 
detected by placing about 200,000 individual lymphocytes 
per Well in a 96-Well plate such as that shoWn in FIG. 3 and 
culturing them for from three days to a Week (“Lymphocyte 
Function Detection Methods”, ed. by 1unichi Yano, Michio 
Fujiwara, Chugai Igaku Corp. (1994) (Nonpatent Reference 
1) and “Methods of Conducting Immunological Experi 
ments I, II”, ed. by Shunsuke Ishida, Susumu Konda, 
Morosuke Moto, and Toshiyuki Hamaoka, Nankodo (1995) 
(Nonpatent Reference 2)). 

[0003] These detection methods detect antigen-speci?c 
lymphocytes by: 
[0004] 1. Cell proliferation (uptake of 3H-thymidine, 
detection of live cells), and 

[0005] 2. Production of antibody and cytokine. 

[0006] These methods are capable of determining the 
presence of antigen-speci?c lymphocytes in a lymphocyte 
population of about 200,000 cells. HoWever, they are inca 
pable of identifying individual antigen-speci?c lymphocytes 
present in the lymphocytepopulation. 

[0007] By contrast, in recent years, a method of mixing 
antigen molecules labeled With ?uorescent dye With lym 
phocytes to cause ?uorescence-labeled antigen to bind to the 
antigen receptors of antigen-speci?c lymphocytes, and then 
using a How cytometer to detect lymphocytes that have 
bound ?uorescence-labeled antigen has been developed and 
put to practice (Altman, 1. D., Moss, P. A., Goulder, P. 1., 
Barouch, D. H., McHeyZer-Williams, M. G., Bell, 1. I., 
McMichael, A. 1., Davis, M. M., Phenotypic analysis of 
antigen-speci?c T lymphocytes, Science, 274: 94-96, 1996 
(Nonpatent Reference 3)). This method is capable of iden 
tifying a single lymphocyte bound to antigen. It is also 
capable of separating out individual lymphocytes that bind 
antigen. 
[0008] HoWever, the above-cited method requires an 
expensive and complex device knoWn as a cell sorter for 
separating out individual lymphocytes, and presents the 
folloWing problems as Well: 

[0009] (1) It is dif?cult to set the separating conditions of 
the device, requiring skills for operating device to separate 
out cells; 

[0010] (2) The background is high, precluding the detec 
tion of antigen-speci?c lymphocytes at frequencies of less 
than or equal to 0.1 percent; 
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[0011] (3) cell separation is inef?cient; 

[0012] (4) time is required to separate out cells of loW 
frequency; and 

[0013] (5) although antigen binding can be determined, it 
is dif?cult to analyZe the reaction of the lymphocyte that has 
bound the antigen. 

[0014] Another antigen-speci?c lymphocyte detection 
method has been developed in Which antigen molecules 
bound to magnetic beads are mixed With lymphocytes to 
cause the magnetic bead-bound antigen to bind to the 
antigen receptors of the antigen-speci?c lymphocytes, and a 
magnet is then employed to separate the antigen-speci?c 
lymphocytes (Abts H., Emmerich M., Miltenyi S., Radbruch 
A., Tesch H. CD20 positive human B lymphocytes separated 
With the magnetic sorter (MACS) can be induced to prolif 
eration and antibody secretion in vitro. Journal of Immuno 
logical Methods 125:19-28, 1989 (Nonpatent Reference 4)). 

[0015] This method requires no complex device, cells are 
rapidly separated, and antigen binding can be determined. 
HoWever, it is not possible to analyZe the reaction of the 
lymphocyte in binding the antigen (the metabolic or physi 
ological reaction of the cell, such as intracellular signal 
transduction, RNA synthesis, or protein synthesis). Further, 
the antigen-speci?c lymphocyte cannot be detected When the 
frequency of the antigen-speci?c lymphocyte is less than or 
equal to 0.1 percent. 

[0016] Accordingly, the present invention has as its ?rst 
object to provide a method of detecting antigen-speci?c 
lymphocytes that does not require a complex device, rapidly 
separates cells, permits the determination of antigen binding, 
permits the detection of antigen-speci?c lymphocytes (even 
at 0.001 percent and above), permits analysis of Whether the 
lymphocyte that has bound the antigen reacts With antigen, 
and permits the separation of antigen-speci?c lymphocytes. 

[0017] Further objects of the present invention are to 
provide a microWell array chip for detecting antigen-speci?c 
lymphocytes to be employed in the above-described detec 
tion method and a method of manufacturing antigen- speci?c 
lymphocytes using the above-described detection method. 

[0018] The folloWing are conventionally knoWn methods 
of cloning antigen-speci?c antibody genes: 

[0019] (1) In humans, there exists the method in Which 
peripheral B lymphocytes are transformed With EB virus, 
antigen-speci?c antibody-producing cells are screened from 
the coloniZed cells, and antibody genes are cloned from the 
antigen-speci?c lymphocytes (Roome, A. 1., Reading, C. L. 
The use of Epstein-Barr virus transformation for the pro 
duction of human monoclonal antibodies. Exp. Biol. 43:35 
55, 1984 (Nonpatent Reference 5), Carson, D. A., Freimark, 
B. D. Human lymphocyte hybridomas and monoclonal 
antibodies. Adv. Immunol. 38:275-311, 1986 (Nonpatent 
Reference 6)). This method is bothersome in that the screen 
ing of antigen-speci?c lymphocyte cell colonies is inef?cient 
and a Whole month is required to culture the cells. Although 
hybridomas can be produced for mice, no ef?cient human 
hybridoma system has yet been produced. 

[0020] (2) A further method exists in Which bacteriophage 
is employed to clone antigen-speci?c antibody genes (Hus 
ton, 1. S., Levinson D., Mudgett-Hunter, M., Tai, M. S., 
Novotny, 1., Margolies, M. N., Ridge, R. 1., Bruccoleri, R. 
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E., Haber, E., Crea, R., et al. Protein engineering of antibody 
binding sites: recovery of speci?c activity in an anti-digoxin 
single-chain Fv analogue produced in Escherichia Coli. 
Proc. Natl. Acad. Sci., U.S.A. 85:5879-5883, 1988 (Non 
patent Reference 7)). In this case, mRNA is extracted from 
human lymphocytes, cDNA libraries consisting of the H and 
L chains of immunoglobulin, respectively, are prepared, the 
tWo are combined into single phage DNA, and the H and L 
chains are expressed by the phage. Antigen speci?city is 
determined by the combination of H and L chains. HoWever, 
in this system, the combinations are random and the phages 
producing antibody binding to the antigen are screened With 
antigen. As a result, When a phage producing antibody 
binding to antigen is produced, an antigen-speci?c antibody 
gene can be cloned. HoWever, the random combination of H 
and L chains renders the screening of antigen-speci?c anti 
body genes highly ine?icient. For example, assuming that 
the H chain cDNA and L chain cDNA of antibody for a given 
antigen are each present in the library at a frequency of one 
part in 104, the combination of an H chain and L chain 
capable of binding the antibody Will be present at a fre 
quency of one part in 108. Further, in this system, it is not 
knoWn Whether the combinations of H and L chains obtained 
are actually produced in the human body. 

[0021] As set forth above, conventional methods of clon 
ing antigen-speci?c antibody genes are highly ine?icient. 
Even so, With considerable effort, it is possible to clone 
antigen-speci?c antibody genes by these methods. HoWever, 
it is not possible to identify and select low-frequency 
antigen-speci?c lymphocytes using conventional methods. 

[0022] Accordingly, the present invention has as its object 
to provide a method of conveniently selecting lymphocytes 
reacting With speci?city to a certain antigen and e?iciently 
cloning antigen-speci?c antigen receptor gene from the 
selected antigen-speci?c lymphocytes, both for antigen 
speci?c lymphocytes of relatively high frequency and those 
of loW frequency. Further objects of the present invention 
are to provide a method of manufacturing monoclonal 
antibody from the cloned antigen-speci?c immunoglobulin 
gene, and to provide a method of manufacturing materials 
for gene therapy using the cloned antigen-speci?c T-cell 
receptor gene. 

DISCLOSURE OF THE INVENTION 

[0023] The present invention, Which solves the above 
stated problems, is described beloW. 

[0024] The ?rst aspect of the present invention relates to 
a microWell array chip that has multiple microWells and is 
employed to contain a single lymphocyte specimen in each 
microWell and detect antigen-speci?c lymphocytes in single 
units; Wherein the microWell array chip is of a shape and of 
dimensions Where only one lymphocyte is contained in each 
microWell. 

[0025] In the microWell array chip of the ?rst form of the 
present invention, the folloWing are desirable: 

[0026] (1) The microWell is of cylindrical, rectangular 
parallelepiped, inverse conical, or inverse pyramid shape, or 
some combination of tWo or more thereof. 

[0027] (2) The diameter of the maximum circle inscribable 
in a planar con?guration of the microWells falls Within a 
range of from one to tWo times the diameter of the lympho 
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cytes that are to be contained in the microWells, and the 
depth of the microWells falls Within a range of from one to 
tWo times the diameter of the lymphocytes to be contained 
in the microWells. 

[0028] The second form of the present invention relates to 
a microWell array chip that is employed to detect antigen 
speci?c lymphocytes and has multiple microWells each 
containing a single lymphocyte specimen. 

[0029] In the microWell array chip of the second aspect of 
the present invention, the folloWing are desirable: 

[0030] (1) The microWell has a diameter of from 5 to 100 
micrometers and a depth of from 5 to 100 micrometers. 

[0031] (2) The lymphocyte specimen is contained in the 
microWell together With a culture medium. 

[0032] (3) The lymphocyte specimen is derived from 
blood. 

[0033] (4) The lymphocyte specimen is a B lymphocyte or 
T lymphocyte. 

[0034] The third aspect of the present invention relates to 
a method of detecting antigen-speci?c lymphocytes com 
prising the steps of adding antigen to each microWell in the 
microWell array chip the above-described second aspect of 
the present invention, stimulating the lymphocyte specimen, 
and detecting lymphocyte specimens reacting With the anti 
gen. 

[0035] In the method of detecting antigen-speci?c lym 
phocytes of the third form of the present invention, the 
folloWing are desirable: 

[0036] (1) The detection of cells reacting With antigen is 
conducted by using Ca ion dependent ?uorescent dye. 

[0037] (2) The detection of cells reacting With antigen is 
conducted by employing, as a marker, an activated marker 
protein expressed on the surface of the activated lymphocyte 
specimen that has been stimulated With antigen. 

[0038] (3) The detection of cells reacting With antigen is 
conducted by employing, as an indicator, the degree of 
polariZation of ?uorescence emitted by a ?uorescent sub 
stance in the lymphocyte specimen. 

[0039] (4) The detection of cells reacting With antigen is 
conducted by employing, as an indicator, the proliferation of 
the lymphocyte specimen or the production of antibody. 

[0040] (5) The antigen is a protein, peptide, DNA, RNA, 
lipid, sugar chain, or organic macromolecular compound. 

[0041] (6) The antigen is a bacterium, virus, autoantigen, 
tumor antigen, or allergen. 

[0042] The fourth aspect of the present invention relates to 
a method of manufacturing antigen-speci?c lymphocytes 
comprising the step of recovering from microWells lympho 
cyte specimens reacting With antigen that have been detected 
by the method of the above-described third aspect of the 
present invention. 

[0043] The ?fth aspect of the present invention relates to 
a method in Which a single lymphocyte reacting speci?cally 
With a certain antigen (referred to hereinafter as an antigen 
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speci?c lymphocyte) is selected and an antigen-speci?c 
antigen receptor gene is cloned from the single antigen 
speci?c lymphocyte. 
[0044] In the method of cloning antigen-speci?c antigen 
receptor gene of the ?fth aspect of the present invention, the 
folloWing are desirable: 

[0045] (1) The selection of the antigen-speci?c single 
lymphocyte is conducted by adding antigen to each microW 
ell in an antigen-speci?c lymphocyte detection-use microW 
ell array chip having multiple microWells each containing a 
single lymphocyte specimen, detecting Which lymphocytes 
have reacted With the antigen, and removing the antigen 
speci?c lymphocytes that have been detected from the 
microWells. 

[0046] (2) The antigen-speci?c lymphocyte is present in a 
frequency of 0.1 percent or less. 

[0047] (3) The antigen-speci?c lymphocyte is broken 
doWn using a cytolytic agent and the antigen-speci?c anti 
gen receptor gene is ampli?ed by RT-PCR. 

[0048] (4) The RT-PCR is conducted by preparing cDNA 
With reverse transcriptase and carrying out PCR tWice With 
primer mixes for antigen receptor gene. 

[0049] (5) The antigen-speci?c lymphocyte is a B lym 
phocyte or T lymphocyte. 

[0050] (6) The antigen-speci?c antigen receptor gene is an 
immunoglobulin gene When the antigen-speci?c lymphocyte 
is a B lymphocyte and a T-cell receptor gene When the 
antigen-speci?c lymphocyte is a T lymphocyte. 

[0051] (7) The antigen-speci?c lymphocyte is a B lym 
phocyte and an antigen-speci?c immunoglobulin gene is 
cloned. 

[0052] (8) The antigen-speci?c lymphocyte is a T lym 
phocyte and an antigen-speci?c T-cell receptor gene is 
cloned. 

[0053] (9) Gene ampli?cation is conducted in the microW 
ell Without removing from the microWell the antigen-spe 
ci?c lymphocyte that has been detected. 

[0054] The sixth aspect of the present invention relates to 
a method of manufacturing monoclonal antibody using the 
antigen-speci?c immunoglobulin gene that has been cloned 
by the method of cloning antigen-speci?c antigen receptor 
gene of the ?fth aspect of the present invention, speci?cally, 
by the method of cloning in Which the antigen-speci?c 
lymphocyte is a B lymphocyte and the antigen-speci?c 
immunoglobulin gene is cloned. 

[0055] The seventh aspect of the present invention relates 
to a method of manufacturing material for gene therapy 
employing the antigen-speci?c T-cell receptor gene that has 
been cloned by the method of cloning antigen-speci?c 
antigen receptor gene of the ?fth aspect of the present 
invention, speci?cally, by a method of cloning in Which the 
antigen-speci?c lymphocyte is a T lymphocyte and the 
antigen-speci?c T-cell receptor gene is cloned. 

BRIEF DESCRIPTION OF THE FIGURES 

[0056] FIG. 1 is a draWing descriptive of the method of 
measuring change in the concentration of Ca ions Within the 
cell using a ?uorescent dye dependant on Ca ions. In 
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particular, the introduction of Fluo3 dye into the cell and a 
method of detecting antigen-speci?c lymphocytes are 
described. 

[0057] FIG. 2 is a draWing descriptive of the introduction 
of cells into a microWell array chip, antigen stimulation, and 
removal in a method employing ?uorescent dye. In particu 
lar, the introduction of cells containing Fluo3 dye into the 
microWells is described. 

[0058] FIG. 3 is a conventional 96-Well plate employed to 
measure antigen-speci?c lymphocytes. 

[0059] FIG. 4 shoWs the results of a test of the e?iciency 
of introduction of cells into microWells conducted by ?uo 
rescence microscopy or microarray scanning. 

[0060] FIG. 5 shoWs the test results of antigen-speci?c 
B-lymphocytes by microarray scanning. 
[0061] FIG. 6 is a plot of ?uorescent intensity for 25 (5x5) 
cells enclosed in the frame shoWn in FIG. 5. 

[0062] FIG. 7 shoWs the frequency of cells (antigen 
speci?c B lymphocytes) in Which the ?uorescent signal has 
intensi?ed folloWing antigen stimulation. 

[0063] FIG. 8 is a draWing descriptive of PCR ampli? 
cation of antibody gene from antigen-speci?c B lympho 
cytes. 

[0064] FIG. 9 shoWs a comparison of the sequence of the 
antibody (L chain) gene obtained in an embodiment and the 
sequence of antibody genes contained in an existing data 
base. 

[0065] FIG. 10 shoWs a comparison of the sequence of 
antibody (H chain) gene obtained in an embodiment and the 
sequence of antibody gene contained in an existing database. 

BEST MODE OF IMPLEMENTING THE 
INVENTION 

[The MicroWell Array Chip] 

[0066] The microWell array chip of the present invention 
is a microWell array chip that has multiple microWells and is 
employed to contain a single lymphocyte specimen in each 
microWell and detect antigen-speci?c lymphocytes in single 
units. The microWell array chip is of a shape and of 
dimensions Where only one lymphocyte is contained in each 
microWell. 

[0067] The shape and siZe of the microWell are not spe 
ci?cally limited. HoWever, the shape of the microWell may 
be, for example, cylindrical or noncylindrical. It may be that 
of a rectangular parallelepiped, inverse conical, or inverse 
pyramid shape (inverse triangular pyramid, rectangular 
pyramid, pentagonal pyramid, hexagonal pyramid, heptago 
nal pyramid, or pyramid With a greater number of angles). It 
may also be of a shape combining tWo or more of these 
shapes. For example, one portion may be cylindrical, While 
the remainder is an inverse cone. Or, in the case of an inverse 
cone or inverse pyramid, the bottom surface may be the 
opening of the microWell and its shape may be one obtained 
by cutting off a portion of the top of an inverse cone or 
inverse pyramid (in Which case the bottom of the microWell 
is ?at). For cylinders and rectangular parallelepipes, the 
bottom of the microWell is normally ?at, but may also be in 
the form of a curved (convex or concave) surface. The 
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bottom of the microWell may be in the form of a curved 
surface as Well in the case of shapes obtained by cutting off 
a portion of the top of an inverse cone or inverse pyramid. 

[0068] The shape and dimensions of the microWell are 
suitably determined in consideration of the type (shape, siZe, 
and the like) of the lymphocyte to be contained in the 
microWell so that a single lymphocyte can be contained in 
each microWell. 

[0069] To permit a single lymphocyte to be contained in 
each microWell, for example, the diameter of the maximum 
circle that can be inscribed in the planar con?guration of the 
microWell is suitably determined to fall Within a range of 
from one to tWo times, preferably 1.1 to 1.9 times, and more 
preferably 1.2 to 1.8 times, the diameter of the lymphocyte 
to be contained in the microWell. 

[0070] Further, the depth of the microWell is suitably 
determined to fall Within a range of from one to tWo times, 
preferably 1.1 to 1.9 times, and more preferably 1.2 to 1.8 
times the diameter of the lymphocyte to be contained in the 
microWell. 

[0071] When the microWell is cylindrical in shape, for 
example, the diameter thereof can be from 5 to 100 
micrometers, and When the lymphocyte is a B lymphocyte, 
the diameter is desirably from 5 to 15 micrometers. The 
depth can be from 5 to 100 micrometers, for example, and 
When the lymphocyte is a B lymphocyte, the depth is 
desirably from 5 to 40 micrometers. However, the dimen 
sions of the microWell are suitably determined as stated 
above to obtain a suitable ratio of the diameter of the 
lymphocyte to be contained in the microWell to the siZe of 
the microWell. 

[0072] The number of microWells present on each 
microWell array chip is not speci?cally limited. HoWever, 
given that the frequency of antigen-speci?c lymphocytes is 
often only from 1 to at most 500 per 105 lymphocytes, the 
number of microWells present per square centimeter can 
range from about 2,000 to 1,000,000, for example. 

[0073] The microWell array chip for detecting antigen 
speci?c lymphocytes of the present invention is character 
iZed by comprising multiple microWells each of Which holds 
a single lymphocyte specimen. The above-described 
microWell array chip of the present invention may be 
employed as is. 

[0074] Since each microWell in the microWell array chip 
for detecting antigen-speci?c lymphocytes of the present 
invention holds just one lymphocyte specimen, it is possible 
to specify antigen-speci?c lymphocytes at the individual cell 
level. That is, in the method of detecting antigen-speci?c 
lymphocytes employing the microWell array chip of the 
present invention, since only one lymphocyte specimen is 
contained in each microWell, it is possible to specify the 
lymphocyte specimen reacting With antigen as a single cell. 

[0075] As a result, it is possible to remove an antigen 
speci?c lymphocyte that has been detected and clone the 
antigen-speci?c antibody gene or T cell receptor gene. For 
example, given the ability to clone antigen-speci?c antibody 
genes, it is possible to produce large amounts of human 
monoclonal antibody. This antibody can then be adminis 
tered to an infected patient or the like to treat or prevent 
infection. 
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[0076] HoWever, cells other than lymphocytes may also be 
contained along With the lymphocyte specimen in a single 
microWell. This is because cells other than lymphocytes do 
not react With antigen and are not detected. 

[0077] The lymphocyte specimen is contained in the 
microWell With culture medium, for example. The folloWing 
are examples of culture media suitable for use. 

[0078] 1. 137 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl2, 1 
mM MgCl2, 1 mg/mL glucose, 1 mg/mL BSA, 20 mM 
HEPES (pH 7.4). 

[0079] 2. RPMI 1640 culture medium containing 10 per 
cent FCS (fetal calf serum). 

[0080] 3. RPMI 1640 culture medium 1 mg/mL BSA. 

[0081] 4. Dulbecco’s MEM culture medium containing 10 
percent FCS. 

[0082] 5. Dulbecco’s MEM culture medium containing 1 
mg/mL BSA. 

[0083] The lymphocyte specimen may be derived from 
blood; for example, it may be a B lymphocyte or T lym 
phocyte. Further examples are lymphocytes derived from 
lymphoid tissues such as the tonsils (lymph nodes) and 
spleen, and lymphocytes in?ltrating pathologically altered 
parts, such as cancer-in?ltrating lymphocytes. 

[The Method of Detecting Antigen-Speci?c Lymphocytes] 

[0084] The method of detecting antigen-speci?c lympho 
cytes of the present invention comprises the steps of adding 
antigen to each of the microWells in the above described 
microWell array chip of the present invention, stimulating 
the lymphocytes, and detecting those lymphocytes reacting 
With the antigen. 

[0085] The antigen may be added to the individual 
microWells in the folloWing manner. 

[0086] 1. An antigen solution is supplied With a pipette in 
a manner covering the entire surface of the microWell array. 

[0087] 2. An antigen solution is supplied With an auto 
matic spotter to each Well. 

[0088] The antigen that is detected by the method of 
detecting antigen-speci?c lymphocytes of the present inven 
tion is not speci?cally limited; examples are proteins, pep 
tides, DNA, RNA, lipids, sugar chains, and organic macro 
molecular compounds (for example, environmental 
hormones). Further examples are bacteria, viruses, autoan 
tigens, tumor antigens, allergens and the like. 

[0089] The cells may be cultured by, for example, sus 
pending the lymphocytes in culture medium, inserting them 
into microWells, and culturing them at room temperature or 
at 370 C. in the air or in a C02 incubator. 

[0090] The cells reacting With antigen are detected by (1) 
using Ca ion dependent ?uorescent dye, (2) using, as a 
marker, an activated marker protein expressed on the surface 
of a lymphocyte specimen that has been activated by stimu 
lation With antigen, (3) employing, as an indicator, the 
degree of polariZation of ?uorescence generated by a ?uo 
rescent substance present Within the lymphocyte specimen, 
and (4) employing, as an indicator, the proliferation of 
lymphocyte specimen cells or the generation of antibody by 
them. 
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[0091] More speci?cally, for example, When antigen binds 
to the antigen receptor (immunoglobulin) of a B lympho 
cyte, signal transduction ?rst occurs Within the cell, after 
Which the cell proliferates and antibody production occurs. 
Accordingly, various methods may be employed to detect 
signal transduction Within the cell, cell proliferation, and 
antibody production, thereby detecting cells reacting to 
antibody. Alternatively, for example, When antigen binds to 
the antigen receptor of a T lymphocyte, signal transduction 
?rst occurs Within the cell, after Which the cell proliferates 
and cytokine production occurs. Accordingly, various meth 
ods may be employed to detect signal transduction Within 
the cell, cell proliferation, and the production of cytokine, 
thereby detecting cells reacting to antigen. 

[0092] The detection of signal transduction Within the cell 
to detect cells reacting With antigen, for example, can be 
conducted by detecting change in the concentration of Ca 
ions Within the cell With Ca ion dependent ?uorescent dyes. 

[0093] When detecting change in the concentration of Ca 
ions Within the cell, the ?uorescent dye employed may be 
Fura-2, Fluo-3, or Fluo-4, and the detection device may be 
a ?uorescence microscope or microarray scanner. 

[0094] Speci?cally, as shoWn in FIG. 1, a Ca-ion depen 
dent ?uorescent dye such as Fura-2 or Fluo-3 is introduced 
into the B lymphocyte. Next, the B lymphocyte is stimulated 
With antigen, causing the Ca ion concentration Within the B 
lymphocyte to rise. As a result, Ca ions bind to the Ca ion 
dependent ?uorescent dye, and the ?uorescent intensity 
increases. Cells With loW concentration of Ca ions are shoWn 
as bluish in color and cells With high concentration of Ca 
ions are shoWn as reddish color. This method permits the use 
of a microWell array chip to detect B lymphocytes (antigen 
speci?city) in Which the Ca ion concentration Within the 
cells has increased due to stimulation With antigen. 

[0095] In the detection of cell proliferation, cells reacting 
With antigen can be detected by measuring, for example, the 
number of cells by using a live cell-speci?c ?uorescent dye. 
In this method, speci?cally, B lymphocytes are stimulated 
With antigen and cultured in a C02 incubator at 37° C. for 
three days, causing the cells to proliferate. Once the cells 
have proliferated, ?uorescein diacetate (FDA) or carboxy 
?uorescein diacetate succinimidyl ester (CFSE) solution is 
added to the culture medium. These reagents pass through 
the membranes of living cells and are decomposed by 
esterase Within the cells, producing a ?uorescent dye that is 
incapable of passing throughout the membrane. The light 
emitted by this ?uorescent dye is proportional to the number 
of cells, so the sum of the ?uorescent intensity of the living 
cells Within the Well can be measured With a ?uorescence 
microscope or microarray scanner to determine the number 
of living cells. 

[0096] It is also possible to detect cells reacting With 
antigen by measuring the production of antibody. Antibody 
production can be detected by immunochemically measur 
ing the antibody. 

[0097] Speci?cally, When B lymphocytes are stimulated 
With antigen, incubated in a C02 incubator for 37° C., and 
cultured for one Week, they secrete antibody into the culture 
medium. Antigen-speci?c antibody that has been secreted 
into the culture medium can be detected by the ELISA 
method (enzyme-linked immunosorbent assay). 
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[0098] Alternatively, it is also possible to employ mitogen, 
lectin, antibody, cytokine, PMA, and Ca ionophore to detect 
signal transduction, cell proliferation, and antibody produc 
tion. 

[0099] The introduction of cells onto the microWell array 
chip, their stimulation With antigen, and their removal in the 
method employing ?uorescent dye Will be described beloW 
based on FIG. 2. 

[0100] (1) Cell Introduction 

[0101] Single cells are introduced into each microWell. 

[0102] The cells introduced into the microWells are pre 
pared, for example, by separating the lymphocyte fraction 
from peripheral blood, folloWed by further separation and 
puri?cation of the B lymphocyte fraction. 

[0103] Next, the cells are suspended in Fluo3/AM (2 
micromole) solution, kept standing for 30 min. at room 
temperature, and Washed With buffer solution to remove dye 
that has not been incorporated into the cells. 

[0104] The cells loaded With Fluo3 are then introduced 
into the microWells. Both sides of the microWell array chip 
are sealed, a glass cover is placed thereover, and the space 
betWeen is ?lled with buffer solution to prevent it from 
drying out. 

(2) Measuring Fluorescence 

[0105] First, the ?uorescence of the unstimulated cells is 
measured and at the time, ?uorescence intensity (A) is 
calculated. Next, an antigen solution is applied to ?oW 
betWeen the glass slide and the glass cover, replacing the 
buffer solution, and the ?uorescence of cells that have been 
stimulated by the antigen is measured. One or tWo minutes 
folloWing stimulation, the ?uorescent intensity (B) is mea 
sured. The cells in Wells With a high ratio of ?uorescence 
intensity (B/A) before and after stimulation are selected. 

(3) Removal (Recovery) of Cells Reacting to Antibody 
Stimulation 

[0106] When air is introduced betWeen the glass slide and 
the glass cover, the cover glass is readily removed. Cells that 
have reacted due to antigen stimulation are selected based on 
the ratio (B/A) of ?uorescence intensity of the cells after 
stimulation to the ratio of ?uorescent intensity of the cells 
prior to stimulation and removed to recover antigen-speci?c 
lymphocytes. 

[The Method of Cloning Antigen-Speci?c Antigen Receptor 
Genes] 
[0107] In the cloning method of the present invention, a 
single lymphocyte (antigen-speci?c lymphocyte) speci? 
cally reacting With a certain antigen is selected, and antigen 
speci?c antigen receptor gene is cloned from this single 
antigen-speci?c lymphocyte. 

[0108] The cloning method of the present invention is 
particularly effective When the frequency of the antigen 
speci?c lymphocyte is 0.1 percent or less. HoWever, it is also 
suited to cases Where the frequency exceeds 0.1 percent. 

[0109] The antigen-speci?c lymphocyte may be, for 
example, a B lymphocyte or T lymphocyte. Further, the 
antigen-speci?c antigen receptor gene is an immunoglobulin 
gene When the antigen-speci?c lymphocyte is a B lympho 
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cyte and a T cell receptor gene When the antigen-speci?c 
receptor gene is a T lymphocyte. 

[0110] Each lymphocyte in the blood reacts With a differ 
ent antigen. Accordingly, the present invention can detect a 
B lymphocyte speci?cally reacting With an antigen, and 
from this B lymphocyte, immunoglobulin (antibody) gene 
reacting With an antigen (pathogen) can be ampli?ed by 
RT-PCR ampli?cation. Similarly, a T lymphocyte speci? 
cally reacting With an antigen can be detected and from this 
T lymphocyte, T cell receptor gene reacting to antigen 
(pathogen) can be ampli?ed by RT-PCR. 

[The selection of Antigen-Speci?c Lymphocytes] 

[0111] A single antigen-speci?c lymphocyte can be 
selected by a method employing a microWell array chip, for 
example. In methods employing a microWell array chip, for 
example, antigen is added to each of the microWells of a 
microWell array chip having multiple microWells containing 
single lymphocyte specimens that is used for detecting 
antigen-speci?c lymphocytes. Next, the lymphocytes react 
ing With the antigen are detected, the detected antigen 
speci?c lymphocytes are removed from the microWells, and 
it is possible to obtain a single antigen-speci?c lymphocyte. 
This method Will be described in greater detail. 

(The MicroWell Array Chip) 

[0112] A microWell array chip having multiple microWells 
each of Which is capable of holding one lymphocyte speci 
men can be employed. Holding a single lymphocyte speci 
men in each microWell permits the speci?cation of antigen 
speci?c lymphocytes at the cell level. That is, using such a 
microWell array chip, since a single lymphocyte specimen is 
contained in each microWell, lymphocyte specimens react 
ing With antigen can be speci?ed as single cells. As a result, 
antigen-speci?c lymphocytes can be detected as single cells. 
The single antigen-speci?c lymphocyte that is detected can 
be removed and the gene can be cloned. 

[0113] HoWever, cells other than lymphocytes may be 
contained in a single microWell along With the lymphocyte 
specimen. This is because cells other than lymphocytes do 
not react With antigen and are not detected. 

[0114] An example of a microWell array chip is the 
above-described microWell array chip of the present inven 
tion. 

[0115] A lymphocyte specimen is contained in the 
microWells together With a culture medium. Examples of 
culture media are given beloW. 

[0116] 1. 137 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl2, 1 
mM Mg C12 1 mg/mL glucose, 1 mg/mL BSA, 20 mM 
HEPES (pH 7.4) 

[0117] 2. RPMI 1640 culture medium containing 10 per 
cent FCS (fetal calf serum) 

[0118] 3. RPMI 1640 culture medium containing 1 mg/mL 
BSA 

[0119] 4. Dulbecco’s MEM culture medium containing 10 
percent FCS 

[0120] 5. Dulbecco’s MEM culture medium containing 1 
mg/mL BSA. 

Jun. 22, 2006 

[0121] The lymphocyte specimens may be derived from 
blood; for example, they may be B lymphocytes or T 
lymphocytes. They may also be lymphocytes derived from 
lymphoid tissues such as the tonsils (lymph nodes) and 
spleen, and lymphocytes in?ltrating pathologically altered 
parts, such as cancer-in?ltrating lymphocytes. 

(The Method of Detecting Antigen-Speci?c Lymphocytes) 

[0122] The method of detecting antigen-speci?c lympho 
cytes comprises the steps of adding antigen to each of the 
microWells of the above-described microWell array chip, 
stimulating the cells, and detecting the cells that react to the 
antigen. 
[0123] The antigen can be added to each of the microWells 
in the folloWing manner. 

[0124] 1. An antigen solution is added With a pipette in a 
manner covering the entire surface of the microWell array. 

[0125] 2. An antigen solution is added to each Well With an 
automatic spotter. 

[0126] The antigen that is detected by the method of 
detecting antigen-speci?c lymphocytes of the present inven 
tion is not speci?cally limited; examples are proteins, pep 
tides, DNA, RNA, lipids, sugar chains, and organic macro 
molecular compounds. Further examples are bacteria, 
viruses, autoantigens, tumor antigens, allergens and the like. 

[0127] The cell may be cultured, for example, by suspend 
ing the lymphocytes in culture medium, pouring the medium 
into microWells, and culturing at room temperature or at 370 
C. in air or in a C02 incubator. 

[0128] Cells reacting With antigen may be detected in the 
folloWing manner. 

[0129] For example, When antigen binds to the antigen 
receptor (immunoglobulin) of a B lymphocyte, signal trans 
duction Within the cell occurs ?rst. This is folloWed by cell 
proliferation and antibody production. Accordingly, cells 
reacting With antigen can be detected by detection of internal 
cell signal transduction, cell proliferation, and antibody 
production using a number of methods. Alternatively, When 
antigen binds to the antigen receptor of a T lymphocyte, 
signal transduction Within the cell occurs ?rst. This is 
folloWed by cell proliferation and cytokine production. 
Accordingly, cells reacting With antigen can be identi?ed by 
detection of internal cell signal transduction, cell prolifera 
tion, and cytokine production using a number of methods. 

[0130] The detection of signal transduction Within the cell 
to detect cells reacting With antigen, for example, can be 
conducted by detecting change in the concentration of 
intra-cellular Ca ions With Ca ion-dependent ?uorescent 
dyes. When detecting change in the concentration of intra 
cellular Ca ions, the ?uorescent dye employed may be 
Fura-2 or Fluo-3, and the detection device employed may be 
a ?uorescence microscope or microarray scanner. 

[0131] Speci?cally, as shoWn in FIG. 1, a Ca ion-depen 
dent ?uorescent dye such as Fura-2 or Fluo-3 is introduced 
into the B lymphocyte. Next, the B lymphocyte is stimulated 
With an antigen, causing the Ca ion concentration Within the 
B lymphocyte to rise. As a result, Ca ions bind to the Ca ion 
dependent ?uorescent dye, and the ?uorescent intensity 
increases. A cell With loW concentration of Ca ions is shoWn 
With bluish color and a cell With high concentration of Ca 
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ions is shown With reddish color. This method permits the 
use of a microWell array chip to detect (antigen-speci?c) B 
lymphocytes in Which the Ca ion concentration Within the 
cells has increased due to stimulation With antigen. 

[0132] In the detection of cell proliferation, cells reacting 
With antigen can be detected by measuring, for example, the 
number of cells by using a live cell-speci?c ?uorescent dye. 
In this method, speci?cally, B lymphocytes are stimulated 
With an antigen and cultured in a C02 incubator at 370 C. for 
three days, causing the cells to proliferate. Once the cells 
have proliferated, ?uorescein diacetate (FDA) or carboxy 
?uorescein diacetate succinimidyl ester (CFSE) solution is 
added to the culture medium. These reagents pass through 
the membranes of living cells and are decomposed by 
esterase Within the cells, producing a ?uorescent dye that is 
incapable of passing through the membrane. The light 
emitted by this ?uorescent dye is proportional to the number 
of cells, so the sum of the ?uorescent intensity of the living 
cells Within the Well can be measured With a ?uorescence 
microscope or microarray scanner to determine the number 
of living cells. 

[0133] It is also possible to detect cells reacting to antigen 
by measuring antibody production. Antibody production can 
be detected by immunochemical measurement of antibodies. 

[0134] Speci?cally, When B lymphocytes are stimulated 
With antigen, cultured in a C02 incubator at 37° C. for one 
Week, they secrete antibody into the culture medium. Anti 
gen-speci?c antibody that has been secreted into the culture 
medium can be detected by the ELISA method (enzyme 
linked immunosorbent assay). 

[0135] In these detection methods, it is also possible to 
employ mitogen, lectin, antibody, cytokine, PMA, and Ca 
ionophore to detect signal transduction, cell proliferation, 
and antibody production. 

[0136] The introduction of cells into a microWell array 
chip in the method employing a ?uorescent dye, stimulation 
With antigen, and the removal of the cells Will be described 
beloW based on FIG. 2. 

[0137] (1) Cell Introduction 

[0138] Single cells are introduced into each Well. 

[0139] The cells introduced into the Wells are obtained, for 
example, by separating the lymphocyte fraction from 
peripheral blood, folloWed by further separation and puri 
?cation of the B lymphocyte fraction. 

[0140] Next, the cells are suspended in Fluo3/AM (2 
microM) solution, kept standing for 30 min. at room tem 
perature, and Washed with buffer solution to remove the dye 
that has not been incorporated into the cells. 

[0141] The cells loaded With ?uorescent dye are then 
introduced into the microWells. 

[0142] Both sides of the microWell array chip are sealed, 
a cover glass is placed thereover, and the space betWeen 
microWell array chip are sealed, a cover glass is ?lled with 
buffer solution to prevent it from drying out. 

(2) Measuring Fluorescence 

[0143] First, the ?uorescence of the unstimulated cells is 
measured and at the time, ?uorescence intensity (A) is 
calculated. Next, an antigen solution is added to ?oW 
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betWeen the slide glass and the cover glass, replacing the 
buffer solution, and the ?uorescence of cells that have been 
stimulated by the antigen is measured. One or tWo minutes 
folloWing stimulation, the ?uorescent intensity (B) is mea 
sured. The cells in Wells With a high ratio of ?uorescent 
intensity (B/A) before and after stimulation are selected. 

(3) Removal (Recovery) of Cells Reacting to Antigen Stimu 
lation 

[0144] When air is introduced betWeen the glass slide and 
the glass cover, the cover glass is readily removed. Cells that 
have reacted due to antigen stimulation are selected based on 
the ratio of ?uorescent intensity (B/A) of the cells after 
stimulation to the ratio of ?uorescent intensity of the cells 
prior to stimulation and removed. HoWever, antigen-speci?c 
lymphocytes that have been selected (detected) need not be 
necessary removed from the microWells, remaining there for 
gene ampli?cation. 

(Gene Ampli?cation) 

[0145] The antigen-speci?c lymphocytes that have been 
removed are lysed With a cytolytic agent. RT-PCR is then 
employed to clone antigen-speci?c immunoglobulin (anti 
body) gene When the antigen-speci?c lymphocyte is a B 
lymphocyte, and to clone antigen-speci?c T cell receptor 
gene When the antigen-speci?c lymphocyte is a T lympho 
cyte. 

[0146] Known cytolytic agents may be employed; 
examples are given beloW. 

[0147] l><lSt strand bulfer [GIBCO-BRL, attached to 
SuperScriptI], 0.2 mM of dNTP, 0.25 percent NP-40, 0.1 
mg/mL BSA, 10 mM DTT, Random Primer 0.05 microM, l 
U/microliter RNasin. 

[0148] The antigen receptor gene in B lymphocytes is 
identical to antibody gene and, as a protein, called as 
immunoglobulin. The antigen receptor is present on the 
surface membrane of B lymphocytes (membrane-bound 
immunoglobulin), and the antibody is produced as a com 
mon secretory protein (secretory immunoglobulin). The 
difference lies on the C terminal side of the protein. Mem 
brane immunoglobulin has a membrane domain buried in 
the cell membrane and a portion extending to the cytoplas 
mic side. Secretory immunoglobulin is also produced by the 
same gene. HoWever, as a result of alternative splicing, the 
C terminal side of the protein differs from membrane immu 
noglobulin by not having a membrane domain. Conse 
quently, it is produced as a secretory protein. HoWever, the 
antigen binding site of these tWo proteins is identical. 
Accordingly, for B lymphocytes, antibody gene cloning and 
antigen receptor gene cloning are identical. 

[0149] In the case of T lymphocytes, there is no secretory 
antigen receptor. Accordingly, there is only one clone of 
each antigen receptor gene. In the case of T lymphocytes, 
just as in the case of the primer designed for B lymphocytes, 
one designs primers. This is because the genomic structure 
of the T lymphocyte antigen receptor (TCR) is nearly 
identical to the genomic structure of the immunoglobulin 
gene of B lymphocytes. Thus, along the same line of 
thinking, it is possible to design primers. Accordingly, if one 
is able to clone the antibody gene, one can clone the TCR 
gene by nearly the same method. 
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[0150] A further example of the ampli?cation of antigen 
speci?c immunoglobulin gene Will be described below. 

[0151] An antigen-speci?c lymphocyte that has been 
removed is lysed With a cytolytic agent to obtain a solution, 
and this solution is used to prepare cDNA With reverse 
transcriptase. Next, immunoglobulin gene primer mixes are 
employed to conduct tWo cycles of PCR, permitting ampli 
?cation (cloning) of the desired antigen-speci?c immuno 
globulin gene. 

[0152] Reverse transcribed cDNA can be prepared by the 
usual methods (for example, Sambrook 1., Russell, D. W., in 
Molecular Cloning: A Laboratory Manual, 3rd Ed. (Cold 
Spring Harbor Laboratory Press, NeW York, 2001). 
[0153] In the present invention, the RT reaction may not 
be conducted With RNA that has been extracted and puri?ed 
from cells, but is suited to be conducted directly With a 
single cell in the cytolytic solution. 

(Antibody Gene Ampli?cation by PCR) 
[0154] In antibody gene ampli?cation by PCR, the PCR 
reaction is implemented tWice to amplify the V region gene 
of the antibody gene. 

[0155] An antibody molecule is comprised of an H chain 
and an L chain. The H chain of the human antibody gene, in 
the germ-line cell system, is comprised of about 200 types 
of V region gene fragments, about 20 types of D fragments, 
and about 6 types of J fragments. When differentiated into a 
B lymphocyte, genetic rearrangement causes each of the V 
fragments, D fragments, and J fragments to recombine 
(V/D/J recombination) into a single antigen binding site. The 
same holds true for the L chain. 

[0156] Each B lymphocyte expresses antibody molecules 
of a single antigen-speci?city on the cell surface. Ampli? 
cation of antigen-speci?c antibody gene from an antigen 
speci?c B lymphocyte requires the use of a primer matching 
the various V fragment sequences. 

[0157] Antibody molecules are comprised of a peptide 
chain of tWo H chains and tWo L chains binding to the 
antigen With the V regions (in the H chain, the VH chain, and 
in the L chain, the VK or Vlambda region) on the left side of 
the schematic draWing shoWn in FIG. 8. The folloWing table 
shoWs the number of subfamilies of H chains and L chains. 

TABLE 1 

V region C region 

H chain 7 types 9 types* 
L chain Kappa chain 7 types 1 type 

Lambda chain 11 types 7 types** 

[0158] As indicated in Table 1 above, the V region of the 
H chain of human antibody gene is divided into seven 
subfamilies. The sequences of the V fragments in each 
subfamily are quite similar, making it possible to establish a 
common primer. (*In the CH region, there are Cgamma 1-4, 
Cmu, Cdelta, Calpha I-2, and Ceps?on. HoWever, a single 
primer is designed for the main types of antibodies found in 
bloodiIgG and IgMiand used in PCR. Since Cgamma l-4 
all share a common sequence, including Cmu, tWo types of 
primer are employed. **In the Clambda chain, although 
C a chains 1 through 7 exist, only one primer of common 

lambd _ 

sequence is employed.) 
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[0159] Since the same Way of thinking can be applied for 
the individual subfamilies of V and C regions of the L chain, 
a primer is established for each subfamily, and in PCR, a 
mixture of all the primers of all the subfamilies of the H and 
L chains is employed. That is, a family in the form of a 
mixture of all types of H and L chains is employed. 

[0160] TWo cycles of PCR are conducted as set forth 
beloW to amplify the antibody gene. 

[0161] The number of amino acids in the V regions of the 
H and L chains is about 110 to 120. Thus, the gene of the V 
region comprises about 400 hp. 

[0162] Accordingly, as shoWn in FIG. 8, in PCRl, Which 
is the ?rst PCR cycle, cDNA is ampli?ed from the leader 
sequence (L) to the C region. 

[0163] In PCR2, Which is the second PCR cycle, cDNA of 
about 400 bp inside PCRl (from the start of the V region to 
the start of the C region) is ampli?ed. 

[0164] The sequence of the cDNA ampli?ed in the second 
PCR cycle is analyZed. 

[0165] This Will be described in greater detail beloW. 

[0166] In the present invention, the reason for using 
primer mixes of different sequences in PCRl and PCR2 is as 
folloWs. Although the ampli?cation product of PCRl is 
re-ampli?ed in PCR2, the product of PCRl may contain 
both speci?c and nonspeci?c ampli?cation products. If 
PCR2 is ampli?ed With the same primer, both speci?c and 
nonspeci?c DNA sequences may be ampli?ed. Accordingly, 
a primer of Which sequence is slightly inside of the position 
of the primer of PCRl in the DNA sequence ampli?ed in 
PCRl is employed in PCR2. In this manner, the nonspeci?c 
DNA sequences ampli?ed in PCRl are not ampli?ed, yield 
ing a speci?c DNA sequence. In addition to changing the 
primer and conducting a second cycle, PCR2, to amplify a 
speci?c DNA sequence, the quantity produced by a single 
PCR cycle is also inadequate When amplifying antibody 
gene from a single B lymphocyte, so tWo PCR cycles are 
employed. 

[0167] In the above-described method, the cDNA 
sequence ampli?ed by tWo PCR cycles is analyZed. In the 
course of the analysis, it is unnecessary to separate the ?rst 
PCR cycle product from the second PCR cycle product. This 
is because the PCRl product is normally negligible relative 
to the product ampli?ed in PCR2. 

[0168] When the antigen-speci?c lymphocyte is a T lym 
phocyte, antigen-speci?c T cell receptor gene is cloned. The 
same cloning method can be employed as for the above 
described B lymphocytes. The subfamilies of antigen recep 
tors (TCRs) of T lymphocytes are given in the folloWing 
table. 

TABLE 2 

V region C region 

Alpha chain 41 types 1 type 
Beta chain 30 types 2 type 

[0169] In the cloning method of the present invention, 
When the antigen-speci?c lymphocyte is a B lymphocyte, 
antigen-speci?c immunoglobulin (antibody) gene is cloned. 
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Then, employing the gene that has been cloned, a mono 
clonal antibody can be manufactured. The monoclonal anti 
body can be manufactured by the usual methods from the 
cloned gene. PCR-ampli?ed cDNA of the V region and the 
gene sequence of the C region are joined and inserted into 
an expression vector that is employed to obtain the antibody 
molecule. 

[0170] As an example, it is possible to employ the mono 
clonal antibody manufacturing method described in Kanda, 
H., Mori K., Koga, H., Taniguchi, K., Kobayashi, H., 
Sakahara, H., Konishi, 1., Endo, K., Watanabe, T. Construc 
tion and expression of chimeric antibodies by a simple 
replacement of heavy and light chain V genes into a single 
cassette vector. Hybridoma 13:359-366, 1994. 

[0171] In the method of the present invention, it is unnec 
essary to manufacture the entire antibody molecule; it suf 
?ces to obtain the V region. Further, the sequence of genes 
obtained by PCR is the V region and a portion of the C 
region. Accordingly, the gene that is introduced into the 
expression vector in the method of manufacturing mono 
clonal antibody need not be the (entire) antibody molecule, 
but may be just the V region or the V region plus a portion 
of the C region. 

[0172] The H chain and L chain are usually separately 
cloned. In that case, the reaction is conducted in a single tube 
through RT, therafter tWo tubes are employed for the H chain 
and the L chain in PCR. It is sometimes possible to synthe 
siZe both the H chain and the L chain in a single tube. 
HoWever, since it is often the case Where ampli?cation of 
one of the chains With the ease of ampli?cation prevails over 
that of the other, it is preferred to amplify the H chain and 
L chain in tWo separate tubes for reliable ampli?cation of 
both chains. 

[0173] Expression of both the H chain and L chain is 
necessary to obtain the antibody molecule. Both the H chain 
and the L chain are incorporated into the above-described 
expression vector. 

[0174] In this case, in the course of separately inserting 
both the H chain and L chain into the expression vector and 
expressing the protein, tWo methods exist. One is simulta 
neous incorporation of the tWo expression vectors for H 
chain and L chain into the cell to express both the H chain 
and L chain in a single cell. The other is to construct an 
expression vector into Which both the H chain and L chain 
have been incorporated, and then introduce the expression 
vector into the cell to express both the H chain and L chain 
in a single cell. 

[0175] When introducing an expression vector into an 
animal cell, the antibody that is produced is precisely 
identical to the antibody that is produced in the human or 
mammalian body. When employing E. Coli, although the 
amino acid sequence is precisely identical to that of the 
above-described antibody, there is no sugar chain attached. 
Since the method of the present invention produces antibody 
precisely identical to that produced in the human or mam 
malian body, production of antibody With animal cells is 
preferred. 

[0176] In the cloning method of the present invention, 
When the antigen-speci?c lymphocyte is a T lymphocyte, 
antigen-speci?c T cell receptor gene is cloned. Using the 
cloned antigen-speci?c receptor molecule, it is possible to 
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conduct genetic therapy. For example, it is possible to 
incorporate cloned T cell receptor gene into T lymphocyte or 
T lymphocyte precursor cells, thereby permitting the arti? 
cial production of T lymphocytes expressing speci?c T cell 
receptors in pathogens. The administration of T lymphocytes 
prepared in this manner to patients With diminished immune 
function permits the restoration of the immune function. 

EMBODIMENTS 

[0177] The present invention is described in greater detail 
beloW through embodiments. 

Embodiment 1 

1. Separation of B Lymphocytes 

[0178] Employing Ficoll-Paque (Pharmacia, Uppsala, 
SWeden), the lymphocyte fraction Was separated from 
peripheral blood. The B lymphocyte fraction Was then 
further separated and puri?ed from the lymphocyte fraction 
using an AutoMACS (Miltenyi Biotec, Bergisch Gladbach, 
Germany) 
2. Introduction of Fluo3 into Cells (see FIG. 1) 

[0179] 2><106 cells of B lymphocyte Were suspended in 
RPMI 1640/10 percent FCS solution containing 2 micro 
moles of Fluo3/AM (Dojin, Kumamoto) and incubated for 
30 min at room temperature. The cells Were Washed With 
RPMI 1640/ 10 percent FCS to remove the Fluo3/AM that 
had not been incorporated into the cells. Subsequently, the 
cells Were suspended in RPMI 1640/ 10 percent FCS solu 
tion. 

3. MicroWell Array Chip (see FIG. 2) 

[0180] The microWell array chip Was made of poly(dim 
ethylsiloxane) (PDMS) and had microWells of 10 microme 
ters in diameter and 32 micrometers in depth arranged 
horiZontally and vertically at a spacing of 30 micrometers 
(the center-to-center distance of the microWells Was 40 
micrometers) on a 2 cm><2 cm chip. Seals With a thickness 
of 1 mm, a Width of about 1 mm, and a length of 2 cm Were 
attached to both sides of the microWell array chip. 

4. The Microarray Scanner 

[0181] The device employed Was basicallya Hitachi Soft 
Ware Engineering (K.K.) (Yokohama-shi) Microarray Scan 
ner (CRBIO IIe-FITC) With the folloWing changes: 

[0182] (1) One of the built-in lasers (Cy3-use, 532 nm; 
Cy5-use, 635 nm) Was replaced With a 473 nm laser. 

[0183] (2) The original focal depth of :25 micrometers 
Was changed in this device to :50 micrometers. 

5. Detection of Activated B Lymphocyte by MicroWell 
Array Chip (see FIG. 2) 

[0184] The above-described cell suspension Was added to 
the above-described microWell array chip and kept standing 
for ?ve minutes. Cells that had not entered into microWells 
Were Washed aWay With RPMI 1640/ 10 percent FCS. The 
diameter of the lymphocytes Was about 8 micrometers (8:1 
micrometer). Since the diameter of the microWells employed 
Was 10 micrometers, a single lymphocyte entered into each 
microWell. A glass cover Was placed over the above-de 
scribed seal and the space betWeen the chip and the glass 
cover Was ?lled With RPMI 1640/ 10 percent FCS solution. 
































