
Description 

Title of Invention 

METHOD FOR OBTAINING MONOCYTES OR NK 

CELLS 

Technical Field 

The present invention relates to a method by which 

cells usable for an immune cell therapy are separated from 

peripheral blood and grown, more specifically to a method 

by which monocytes or NK cells are separated from 

peripheral blood and grown. 

Background Art 

In recent years, many medical institutions offer an 

NK therapy and a monocyte-derived dendritic cell therapy, 

each of which is an immune cell therapy. A dendritic cell 

therapy which uses acquired immunity and an NK therapy 

which uses natural immunity are frequently applied as a 

combined therapy due to their advantages. 

In the case of the combined therapy, dendritic cells 

and NK cells are obtained from independent blood so far. 

Components of monocytes to be differentiated into 

dendritic cells later are collected by apheresis (collection of 

blood components). Meanwhile, NK cells are collected from 

peripheral blood and grown. Therefore, the combined 
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therapy generally requires two times of blood collection. 
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Summary of Invention 

Technical Problem 

However, since even one of the above two types of 

blood collection (especially apheresis) imposes a burden on 

15 a patient, a physical burden on the patient further 

increases in a case where both the two types of blood 

collection are carried out. Accordingly, another method by 

which monocytes and NK cells are obtained and which 

imposes a lighter burden on a patient is required in an 

20 immune cell therapy. 

In view of the problems, an object of the present 

invention is to provide immune system cells which are 

large enough in number to be used in an immune cell 

therapy while reducing a burden on a patient. 

25 



Solution to Problem 

In order to attain the object, a method of the present 

invention for obtaining monocytes or NK cells, includes: (a) 

collecting a monocyte sample by separating the monocytes 

from peripheral blood by using an antibody specific for a 

surface marker of the monocytes; (b) collecting, as an NK 

cell sample, cell populations remaining after the separation 

of the monocytes; and (c) growing the monocytes or the NK 

cells by culturing the monocyte sample or the NK cell 

sample. 

Advantageous Effects of Invention 

The present invention makes it possible to provide 

immune system cells which are large enough in number to 

be used in an immune cell therapy while reducing a burden 

on a patient. 

Brief Description of Drawings 

Fig. 1 shows a result of a FACS analysis which 

reveals that monocytes are selectively separated from 

peripheral blood. 

Fig. 2 shows a result of the FACS analysis which 

reveals that a sample remaining after the selective 

separation of the monocytes include NK cells. 

Fig. 3 shows a change over time in number of cells of 
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(i) monocytes grown in accordance with a culture method of 

the present invention and a conventional culture method 

and (ii) dendritic cells differentiated from the monocytes. 

Fig. 4 shows a change over time in number of cells of 

5 NK cells grown in accordance with the culture method of 

the present invention and the conventional culture method. 

Fig. 5 shows a result of the FACS analysis which 

reveals that the monocytes are grown (on the third day). 

Fig. 6 shows a result of the FACS analysis which 

10 reveals that the dendritic cells are grown. 

Fig. 7 shows a result of the FACS analysis which 

reveals that the NK cells are grown. 

Description of Embodiments 

15 A method of the present invention for obtaining 

monocytes or NK cells, includes: (a) collecting a monocyte 

sample by separating the monocytes from peripheral blood 

by using an antibody specific for a surface marker of the 

monocytes; (b) collecting, as an NK cell sample, cell 

20 populations remaining after the separation of the 

monocytes; and (c) growing the monocytes or the NK cells 

by culturing the monocyte sample or the NK cell sample. 

That is, the method of the present invention includes 

the step of separating the monocytes and the NK cells from 

25 the peripheral blood assuming that at least one of the 



monocytes and the NK cells are grown later. This makes it 

unnecessary for the monocytes and the NK cells each 

obtained by the separation to be large enough in number to 

be used for performance of an immune cell therapy. 

According to the method of the present invention, by 

growing the monocytes and the NK cells each separated 

from a small amount of the peripheral blood, it is possible 

to provide immune system cells which are large enough in 

number to be used in the immune cell therapy. 

A process carried out in the method of the present 

invention is specifically described below by taking, as an 

exam pie, a case where necessary immune system cells are 

separated from a small amount of peripheral blood and 

then the immune system cells are grown until the immune 

system cells become large enough in number to be used in 

the immune cell therapy. Note that a term a "monocyte 

sample" herein refers to a sample including cell 

populations each made up mainly of the monocytes. Note 

also that a term an "NK cell sample" herein refers to a 

sample of cell populations each substantially including no 

monocytes but including the NK cells. 

(Collection of monocyte sample and NK cell sample 

from peripheral blood) 

As described earlier, the method of the present 

invention includes the step of separately collecting the 



monocyte sample and the NK cell sample from the 

peripheral blood. Further, as described earlier, this step is 

carried out through selective separation of the monocytes 

by using the antibody specific for the surface marker of the 

monocytes. Such an antibody is bonded to a carrier such 

as magnetic beads. The monocyte sample is obtained by 

mixing the carriers which are bonded to the antibody with 

a sample which includes the monocytes, and then 

collecting the carriers which are bonded via the antibody 

against the monocytes. Alternatively, the antibody can be 

labeled with biotin. According to this method, the 

monocytes can be separated by use of an interaction of 

streptavidin on the biotin with which the antibody is 

labeled. 

Note here that the antibody is exemplified by an anti-

CD 14 antibody, an anti-CD16 antibody, and the like. The 

antibodies herein mentioned are merely taken as an 

example. Various antibodies which are specific for the 

surface marker of the monocytes which surface marker is 

publicly known to the present field can be used for the 

method of the present invention. 

A method for selectively separating the monocytes by 

use of the antibody and the carriers as described earlier is 

exemplified by a method in which a RoboSep device 

(provided by Stem Cell Technologies) and a RoboSep 



Human CD 14 Positive kit (provided by Stem Cell 

Technologies), a RoboSep negative Human monocyte kit 

(provided by Stem Cell Technologies), or the like are 

combined. The method, which makes it possible to separate 

the monocytes from a blood sample substantially not 

manually but automatically, is suitable for the method of 

the present invention. Stem Cell Technologies provides not 

only the kits (mentioned above) but also a kit such that a 

user selects an antibody to be used and combines the 

selected antibody with a reagent. Therefore, a combination 

of such a kit and the antibodies taken as an example 

makes it possible to separate the monocytes from the blood 

sample by use of the RoboSep device. 

Note that a combination of the RoboSep device and 

the RoboSep negative Human NK cell kit, the RoboSep 

Human CD56 Positive kit, or the like makes it possible to 

separate the NK cells from the blood sample. 

The peripheral blood is preferably partially separated 

before the monocytes are selectively separated by use of 

the antibody. The peripheral blood is preferably separated 

in advance by density gradient centrifugation by use of a 

Ficoll solution for separating mononuclear cell fractions. 

Since such density gradient centrifugation by use of the 

Ficoll solution is a general method for obtaining the NK 

cells for use in the immune cell therapy, no specific 



description thereof is particularly given here. 

Note that the density gradient centrifugation is a 

general method whose object is to obtain activated T 

lymphocytes and NK cells each obtained by culturing, 

together with a suitable antibody and cytokine, the 

mononuclear cell fractions which have been separated. 

That is, unlike the method of the present invention, 

normally, the density gradient centrifugation is not carried 

out before the monocytes are separated and grown. 

According to the method of the present invention, it 

is preferable to determine how many monocytes are 

included in the monocyte sample obtained as described 

earlier. It is possible to know in advance the number of 

days for which the monocytes included in the obtained 

monocyte sample need to be cultured so as to be grown to 

a desired number of monocytes, and if necessary, the 

number of days from the start of the culture to a day on 

which the monocytes are differentiated into dendritic cells. 

It can be determined, by a publicly-known flow cytometer 

and a FACS analysis in which a fluorescence-labeled anti-

CD 14 antibody is used, how many monocytes are included 

in the monocyte sample. An antibody to be used only needs 

to be an antibody specific for the surface marker of the 

monocytes. Therefore, for example, the antibodies for 

separating the monocytes (described earlier) can be used in 



the FACS analysis after being fluorescence-labeled. 

As described later, according to the method of the 

present invention, the monocytes and the NK cells are 

selectively and independently grown by culturing the 

obtained monocyte sample and the obtained NK cell 

sample. Accordingly, the obtained monocyte sample and 

the obtained NK cell sample only need to include a desired 

number of cells (monocytes and NK cells, respectively) 

which are much smaller in number than cells whose 

number is required for the immune cell therapy. Therefore, 

the method of the present invention requires only a slight 

amount (e.g., 25 mL) of the peripheral blood. That is, the 

method of the present invention prevents blood collection 

in a large amount (e.g., several hundred mL to several L), 

which has been generally carried out in separation of the 

monocytes, from being carried out. Therefore, the method 

of the present invention allows a considerable reduction in 

temporal and physical burden due to blood collection in 

the immune cell therapy. 

The peripheral blood in a small amount herein refers 

to peripheral blood in, for example, an amount of not more 

than 100 mL, preferably of not more than 75 mL, more 

preferably of not more than 50 mL, and most preferably of 

not more than 25 mL. Collection of blood in a smaller 

amount imposes a lighter burden on an individual. 
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However, the number of monocytes and NK cells each 

contained in the peripheral blood greatly varies depending 

on a physical state of the individual. Therefore, an amount 

of the peripheral blood to be collected can be appropriately 

changed in accordance with a state of the individual to be 

subjected to blood collection and the required number of 

cells. 

The peripheral blood from which the monocyte and 

the NK cells are separated can be peripheral blood 

collected a single time or a mixture of peripheral blood 

collected a plurality of times. Since the peripheral blood in 

a small amount is required (described earlier), the 

peripheral blood is normally collected a single time 

according to the method of the present invention. 

(Growth of monocytes) 

According to the method of the present invention, the 

monocytes included in the collected monocyte sample are 

preferably selectively grown. According to the method of 

the present invention, the monocyte sample is cultured by 

use of a monocyte growth medium supplemented with Flt-

3L which is known as a stem cell growth factor. As shown 

in Examples (described later), use of the monocyte growth 

medium allows growth of the monocytes which has not 

been generally carried out. 

The monocyte growth medium uses, as a basic 
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medium, a publicly-known medium for use in maintenance 

of the monocytes. The basic medium is commercialized by 

TAKARA BIO INC. as shown in Examples, is a medium 

obtained by partially modifying a commercially-available 

product, or has a composition similar to that of a 

commercially-available product. The monocyte growth 

medium can contain publicly-known cytokine (e.g., GM-

CSF) for use in stimulation (promotion of growth, 

activation, and differentiation) of the monocytes. 

Furthermore, the monocyte growth medium can be 

supplemented with a suitable publicly-known antibiotic. 

Moreover, the monocyte growth medium can further 

contain plasma (self-plasma) separated from the peripheral 

blood from which the monocyte sample has been collected. 

Other suitable additives to the monocyte growth medium, 

which are various additives for use in maintenance of the 

monocytes and differentiation into the dendritic cells, are 

publicly known to a person skilled in the art. 

Flt-3L is contained in the monocyte growth medium 

in, for example, a concentration of 500 IU/mL to 5000 

IU/mL, more preferably of 1000 IU/mL to 4000 IU/mL, and 

most preferably of 2000 IU/mL. GM-CSF is contained in 

the monocyte growth medium in, for example, a 

concentration of 500 IU/mL to 5000 IU/mL, more 

preferably of 1000 IU/mL to 2500 IU/mL, and most 
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preferably of 1000 IU/mL. 

The monocyte sample is cultured by use of the 

monocyte growth medium for any period (until a desired 

number of monocytes are obtained). Such a period is 

5 changed in accordance with the number of monocytes 

included in the obtained monocyte sample. If the case of 

Examples (described later) is taken as an example, the 

period is approximately 14 days in a case where the 

monocyte sample is collected from 25 mL of the peripheral 

10 blood. In this case, the monocytes of the monocyte sample 

can be grown to, for example, approximately 1 * 107 cells 

by the culture for approximately 14 days. 

As is clear from the above description, Flt-3L of the 

present invention is an additive to be added to the 

15 monocyte growth medium (e.g., a promoter of growth of the 

monocytes). Further, the present invention relates to use of 

Flt-3L as an additive to be added to the monocyte growth 

medium. 

As described later, according to the method of the 

20 present invention, a factor for differentiation of the 

monocytes into the dendritic cells can be added to cultures 

during the culture (e.g., on the third day of the culture). 

That is, it is not always necessary to grow only the 

monocytes to, for example, approximately 1 * 107 cells. 

25 Accordingly, in this case, only the monocytes are 
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selectively cultured for approximately three days, and the 

entire period of the culture is approximately 14 days. 

Monocyte-derived dendritic cells are actually used in the 

immune cell therapy. Therefore, according to the method of 

the present invention, it is preferable to differentiate the 

monocytes into the dendritic cells for actual use while 

growing the monocytes. The following section discusses 

how to differentiate the monocytes into the dendritic cells 

while growing the monocytes. 

(Differentiation of monocytes into dendritic cells) 

According to the method of the present invention, the 

monocytes are differentiated into the dendritic cells by use 

of the monocyte growth medium further supplemented 

with, for example, cytokine. The cytokine with which the 

monocyte growth medium is supplemented in the 

differentiation of the monocytes into immature dendritic 

cells is generally IL-4 and GM-CSF. IL-4 and GM-CSF each 

of which can be used to differentiate the monocytes into 

the immature dendritic cells are commercially available or 

can be obtained by expressing (recombinant) human genes 

coding IL-4 or GM-CSF. 

Then, the immature dendritic cells are pulsed by use 

of antigen-containing biological materials (e.g., a tumor 

cell (a tumor cell-containing tissue piece), a tumor marker, 

a piece of a focus of a specific disease, a virus-infected 
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cell, and the like), or antigen-forming biological materials 

(e.g., antigenic peptide, protein (long-chain peptide) or a 

fragment thereof, antigenic nucleic acid, and the like). The 

pulsed immature dendritic cells are matured into mature 

dendritic cells by being cultured in the medium to which a 

physiologically active substance and an adjuvant have been 

further added. 

The cytokine, the physiologically active substance, 

and the adjuvant for use in differentiation into the mature 

dendritic cells are, for example, IL-lp, IL-6, TNFa, PGE2, 

picibanil chloride (OK432), and the like, and these are 

available as commercial items or can be obtained by 

expressing (recombinant) human genes coding such 

cytokine as mentioned above. Note that a combination of 

the cytokine, the physiologically active substance, and the 

adjuvant which combination is the most suitable for 

differentiation of the immature dendritic cells into the 

mature dendritic cells is mentioned here. The combination 

which is essential for the differentiation is, for example, a 

combination of PGE2 and OK432. 

IL-ip is contained in the monocyte growth medium 

for differentiation of the monocytes into the dendritic cells 

in, for example, a concentration of 2 ng/mL to 100 ng/mL, 

more preferably of 5 ng/mL to 50 ng/mL, and most 

preferably of 10 ng/mL. IL-6 is contained in the monocyte 



growth medium for differentiation of the monocytes into 

the dendritic cells in, for example, a concentration of 200 

IU/mL to 6000 IU/mL, more preferably of 500 IU/mL to 

4000 IU/mL, and most preferably of 1000 IU/mL. TNFa is 

contained in the monocyte growth medium for 

differentiation of the monocytes into the dendritic cells in, 

for example, a concentration of 2 ng/mL to 100 ng/mL, 

more preferably of 10 ng/mL to 50 ng/mL, and most 

preferably of 20 ng/mL. PGE2 is contained in the monocyte 

growth medium for differentiation of the monocytes into 

the dendritic cells in, for example, a concentration of 0.05 

iag/mL to 5 jig/mL, more preferably of 0.5 |ig/mL to 2 

yg/mL, and most preferably of 1 |ig/mL. Picibanil chloride 

is contained in the monocyte growth medium for 

differentiation of the monocytes into the dendritic cells in, 

for example, a concentration of 0.005 KE to 10 KE, more 

preferably of 0.05 KE to 5 KE, and most preferably of 0.1 

KE. 

According to the method of the present invention, in 

a case where the monocyte sample has been obtained from 

25 mL of the peripheral blood, the monocyte sample is 

cultured for approximately 14 days (described earlier). In 

this case, the cytokine for differentiating the monocytes 

into the immature dendritic cells is added to the medium 

on, for example, the third day of the culture. The pulse is 



- 16 -

carried out on, for example, the eleventh day of the 

culture. The cytokine and the adjuvant each of which 

induces differentiation into the mature dendritic cells are 

added to the medium after the pulse. A desired number of 

5 dendritic cells (e.g., 1 x io7 cells) are obtained on the 

fourteenth day of the culture (see Example 2-1.). 

As is clear from the above description, Flt-3L of the 

present invention is an additive to be added to the medium 

for obtaining the dendritic cells (e.g., a promoter of growth 

10 of the dendritic cells). Further, the present invention 

relates to use of Flt-3L as an additive to be added to the 

medium for obtaining the dendritic cells. 

The above description has discussed the respective 

periods for growth and differentiation of the monocytes by 

15 taking, as an example, a case where the monocyte sample 

has been obtained from 25 jimL of the peripheral blood. 

However, the period for the culture can be extended or 

shortened in accordance with the number of monocytes 

included in the obtained monocyte sample (described 

20 earlier). Such setting of the period for the culture is a 

matter empirically known to a person skilled in the art. 

The number of cells can be counted at any point in 

time by use of, for example, trypan blue. A ratio in which 

the monocytes are included in the counted cell populations 

25 can be determined by the FACS analysis in which the anti-



CD 14 antibody that is fluorescence-labeled is used, and a 

ratio in which the dendritic cells are included in the 

counted cell populations can be determined by the FACS 

analysis in which an anti-CD83 antibody that is 

fluorescence-labeled is used. Accordingly, the respective 

periods for the culture and the differentiation can be freely 

changed at respective points in time at which points the 

number of cells and cell types are determined. 

The dendritic cells incorporate, into the cells, foreign 

matters in the body (e.g., viruses, bacteria, and fragments 

thereof). Then, the dendritic cells activate an immune 

response specific for the foreign matters by presenting an 

antigen (the foreign matters or the foreign matters which 

have been treated) to other immune system cells. 

Accordingly, in a case where the monocyte-derived 

dendritic cells are pulsed by use of a disease marker 

specific for a disease (e.g., a tumor) which is normally not 

recognized as a foreign matter by the dendritic cells (e.g., 

WT1 for a tumor), it is possible to obtain the dendritic cells 

which allow treatment of various diseases. 

(Growth of NK cells) 

According to the method of the present invention, the 

NK cells included in the collected NK cell sample are 

preferably selectively grown. According to the method of 

the present invention, the NK cell sample is cultured by 
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use of an NK cell growth medium supplemented with an 

anti-CD56 antibody which recognizes a surface marker of 

the NK cells. Use of the NK cell growth medium makes it 

possible to selectively grow the NK cells included in the NK 

5 cell sample (the cell populations remaining after separation 

of the monocytes) (see Examples described later). 

Generally, the NK cells for use in the immune cell 

therapy are grown by culturing peripheral blood-derived 

mononuclear cell fractions by use of a medium containing 

10 cytokine (IL-2, IL-12, and IL-15) which induces 

differentiation, maturation, activation, and growth of the 

NK cells. However, when the NK cell sample of the present 

invention was cultured by use of such a medium, the 

number of the NK cells grown was insufficient (see Example 

15 2-6.). Accordingly, neither a conventionally-known 

condition for growing the NK cells nor a conventionally-

known method for growing the NK cells is applicable to the 

method of the present invention. 

The NK cell growth medium uses, as a basic medium, 

20 a publicly-known medium for use in growth of the NK cells. 

The basic medium is commercialized by Kohjin Bio Co., 

Ltd. as shown in Examples, is a medium obtained by 

partially modifying a commercially-available product, or 

has a composition similar to that of a commercially-

25 available product. The NK cell growth medium can contain 



IL-2, IL-12, and IL-15 for use in normal growth and 

activation of the NK cells. An additive to the NK cell growth 

medium other than the additives mentioned above is 

publicly known to a person skilled in the art through the 

conventionally-known condition for growing the NK cells 

(described earlier) and the conventionally-known method 

for growing the NK cells (described earlier). 

The anti-CD56 antibody is contained in the NK 

growth medium for growth and activation of the NK cells 

in, for example, a concentration of 1 pg/mL to 200 pg/mL, 

more preferably of 10 pg/mL to 150 pg/mL, and most 

preferably of 80 pg/mL. Note that it is possible to use, as 

the anti-CD56 antibody, which is directly added to the 

medium according to the above description, an anti-CD56 

antibody which is fixed to any support (e.g., a plastic flask 

and a dish) (a coated anti-CD56 antibody). In a case where 

the anti-CD56 antibody is coated, the above range of the 

concentration indicates a used amount of the anti-CD56 

antibody with respect to a used amount of the medium. IL-

2 is contained in the NK growth medium for growth and 

activation of the NK cells in, for example, a concentration 

of 100 IU/mL to 3000 IU/mL, more preferably of 1000 

IU/mL to 2000 IU/mL, and most preferably of 1750 IU/mL. 

IL-12 is contained in the NK growth medium for growth and 

activation of the NK cells in, for example, a concentration 
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of 100 IU/mL to 5000 IU/mL, more preferably of 500 

IU/mL to 3000 IU/mL, and most preferably of 2000 IU/mL. 

IL-15 is contained in the NK growth medium for growth and 

activation of the NK cells in, for example, a concentration 

5 of 100 IU/mL to 5000 IU/mL, more preferably of 500 

IU/mL to 3000 IU/mL, and most preferably of 2000 IU/mL. 

The NK cell sample can be cultured for a period 

similar to the period for which the monocyte sample 

(described earlier) is cultured. For example, the NK cell 

10 sample of the present invention is cultured for 

approximately 14 days by use of the NK cell growth 

medium. The NK cells can be grown to, for example, 

approximately 1 x 109 cells by the culture for 

approximately 14 days (see Example 2-3.). 

15 As is clear from the above description, the anti-CD56 

antibody of the present invention is an additive to be 

added to the NK cell growth medium (e.g., a promoter of 

growth of the NK cells). Further, the present invention 

relates to use of the anti-CD56 antibody as an additive to 

20 be added to the NK cell growth medium. 

The number of cells included in the cultures is 

counted at any point in time during the culture by use of 

trypan blue as in the case of the monocytes. In this case, a 

ratio in which the NK cells are included in the cell 

25 populations of the cultures can be determined by the FACS 
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analysis in which the anti-CD56 antibody that is 

fluorescence-labeled is used. 

A main role which is normally played by the NK cells 

is an attack on tumor cells and infected cells. Accordingly, 

5 the NK cells which have been activated are usable for 

treatment of cancer and infectious diseases. Therefore, in a 

case where together with the NK. cells, the dendritic cells 

which are matured by a pulse by use of a tumor marker are 

used, a therapeutic effect especially excellent for treatment 

10 of cancer can be expected. 

As described earlier, the method of the present 

invention makes it possible to obtain, from a small amount 

of the peripheral blood, the NK cells which are large 

enough in number to be used in the immune cell therapy 

15 and the dendritic cells which are large enough in number 

to be used in the immune cell therapy. Accordingly, the 

method of the present invention allows a considerable 

reduction in temporal and physical burden on a patient 

due to blood collection. In particular, there are many cases 

20 where immune cells need to be administered a plurality of 

times for a long period of time in treatment of cancer by 

the immune cell therapy. Such a case not only causes 

blood collection in a large amount to impose an enormous 

burden on a patient but also forces treatment itself to be 

25 postponed or suspended since blood collection cannot be 
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carried out with respect to a patient depending on a state 

of the patient. The method of the present invention thus 

easily makes it possible to continuously carry out the 

immune cell therapy while reducing a burden on a patient. 

The method of the present invention is a method for 

separating and growing useful immune system cells 

contained in blood collected from an individual (e.g., a 

human). The monocytes obtained in accordance with the 

present invention are materials for preparing the dendritic 

cells for use in the immune cell therapy by being 

differentiated. Further, the NK cells and the dendritic cells 

each obtained in accordance with the present invention are 

cells (pharmaceuticals) which are directly used in the 

immune cell therapy. 

[Conclusion] 

A method of the present invention for obtaining 

monocytes or NK cells, includes: (a) collecting a monocyte 

sample by separating the monocytes from peripheral blood 

by using an antibody specific for a surface marker of the 

monocytes; (b) collecting, as an NK cell sample, cell 

populations remaining after the separation of the 

monocytes; and (c) growing the monocytes or the NK cells 

by culturing the monocyte sample or the NK cell sample. 

The method of the present invention is preferably 

configured such that in the step (c), the monocytes are 
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grown by culturing the monocyte sample by use of a first 

medium containing Flt-3L. 

The method of the present invention is preferably 

configured to further include: (d) differentiating the 

monocytes into dendritic cells while growing the monocytes 

by adding GM-CSF and IL-4 to the first medium. 

The method of the present invention is preferably 

configured such that in the step (c), the NK cells are grown 

by culturing the NK cell sample by use of a second medium 

containing an anti-CD56 antibody or IFN-y. 

The method of the present invention is preferably 

configured such that in the step (c), the NK cells are 

further grown by culturing the NK cell sample by use of a 

second medium containing an anti-CD56 antibody or IFN-y. 

The method of the present invention is preferably 

configured such that the second medium contains the anti-

CD56 antibody. 

The method of the present invention is preferably 

configured such that the second medium further contains 

IL-2, IL-12, and IL-15. 

The method of the present invention is preferably 

configured such that the peripheral blood is collected a 

single time from an individual. 

Examples 

[1. Separation of monocytes and NK cells from 
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peripheral blood collected single time] 

(1-1. Selective separation of monocytes and 

confirmation thereof) 

By density gradient centrifugation (30 minutes, 900 

5 g, 20 °C) by use of a Ficoll solution (GE Healthcare), 

monocyte fractions were separated from 25 mL of 

peripheral blood collected from a healthy person. 

Monocytes were further separated from the obtained 

monocyte fractions by use of the RoboSep device (Stem Cell 

10 Technologies). In the separation of the monocytes from the 

monocyte fractions, the RoboSep Human CD 14 Positive kit 

(Stem Cell Technologies) was used as a reagent for 

selectively separating the monocytes. A procedure through 

which the monocytes were selectively separated and all the 

15 other necessary reagents for use in the selective separation 

of the monocytes were in conformity with (i) an operation 

program of the RoboSep device which operation program 

was compatible with the reagents and (ii) a user manual 

attached to the RoboSep device. 

20 A part of a sample obtained in accordance with the 

above operation was mixed with the fluorescence-labeled 

anti-CD 14 antibody (BioLegend, antibody against a cell 

surface marker of the monocytes). Then, it was examined 

by use of a BD FACSCalibur (Registered Trademark) flow 

25 cytometer (Nippon Becton Dickinson Company, Ltd.) how 



many monocytes were contained in the resulting mixture. 

Fig. 1 shows a result of the FACS analysis. Fig. 1 shows a 

histogram of a quadrant region which histogram was 

obtained by carrying out the FACS analysis on CD 14 

positive cells. As shown in Fig. 1, it was confirmed that the 

monocytes each having a surface on which CD 14 was 

expressed were mainly included in the sample. 

(1-2. Confirmation of presence of NK cells) 

A part of the remaining cell populations of the 

monocytes obtained in 1-1. were mixed with the 

fluorescence-labeled anti-CD56 antibody (BioLegend, 

antibody against a cell surface marker of the NK cells). 

Then, it was examined by use of the BD FACSCalibur 

(Registered Trademark) flow cytometer how many NK cells 

were contained in the resulting mixture. Fig. 2 shows a 

result of the FACS analysis. Fig. 2 shows a histogram of a 

quadrant region which histogram was obtained by carrying 

out the FACS analysis on CD56 positive cells. As shown in 

Fig. 2, it was revealed that useful NK cells were included in 

the cell populations which have been conventionally 

disposed of. 

As described earlier, it was revealed that by not only 

conventionally separating only the monocytes but also 

further collecting the cell populations which have been 

disposed of so far, the monocytes and the NK cells were 
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made available separately from a small amount of the 

peripheral blood obtained by single blood collection. 

[2. Growth of monocytes and NK cells] 

(2-1. Growth of monocytes and differentiation into 

5 dendritic cells in accordance with the present invention) 

The monocytes separated in 1-1. were grown and 

then differentiated into the dendritic cells. The monocytes 

were selectively grown until the third day from the zeroth 

day of culture by use of a medium Al obtained by 

10 supplementing an X-VIVO-15 medium (TAKARA BIO INC.) 

with 1000 IU/mL of GM-CSF (Miltenyi Biotec), 2000 IU/mL 

of Flt-3L (Cellgenix), 50 ng/mL of gentamicin, and 5% of 

self-plasma. On the third day, 1000 IU/mL of IL-4 (Miltenyi 

Biotec) was added to the medium Al (a medium A2). Then, 

15 the monocytes were differentiated into immature dendritic 

cells by continuing the culture until the eleventh day. On 

the eleventh day, the immature dendritic cells were pulsed 

by use of MUC1 peptide (Thermo Fisher), WT1 encapsulated 

in a lipid vesicle, or the like. Subsequently, the immature 

20 dendritic cells were differentiated into mature dendritic 

cells by use of a medium A3 obtained by adding, to the 

medium A2, 10 ng/mL of IL-1 (3 (Miltenyi Biotec), 1000 

IU/mL of IL-6 (Miltenyi Biotec), 1 |ig/mL of PGE2 (Cayman 

Chemical Company), 20 ng/mL of TNF-a (Miltenyi Biotec), 

25 and 0.1 KE of picibanil chloride (CHUGAI 
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PHARMACEUTICAL CO., LTD.). All the above culture was 

carried out at 37 °C in the presence of 5% CO2. The 

number of cells (number of cells/mL) obtained on each of 

the zeroth, third, sixth, eighth, eleventh, and fourteenth 

5 days of the culture was determined by trypan blue dyeing. 

Fig. 3 shows a change over time in determined number of 

cells. 

As shown in Fig. 3 (Flt-3L ADDED), it was confirmed 

that 7.4 x 105 cells obtained on the zeroth day of the 

10 culture were grown to 1.05 x 107 cells on the fourteenth 

day of the culture. According to the above description, the 

dendritic cells differentiated from the monocytes and grown 

were 1.05 x 107 cells. This made it possible to obtain, from 

25 mL of peripheral blood collected a single time, the 

15 dendritic cells which are large enough in number to be 

used in the immune cell therapy. 

(2-2. Examination of grown cell types) 

Types of grown cells were examined by the FACS 

analysis on each of the third and fourteenth days of the 

20 culture in 2-1. A part of the cultures obtained on the third 

day were examined by use of the fluorescence-labeled CD14 

antibody (BioLegend). A part of the cultures obtained on 

the fourteenth day were examined by use of a fluorescence-

labeled anti-CDllc antibody (Becton, Dickinson and 

25 Company) and the fluorescence-labeled anti-CD83 antibody 
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(eBioscience). All the FACS analysis was carried out by use 

of the BD FACSCalibur (Registered Trademark) flow 

cytometer (Nippon Becton Dickinson Company, Ltd.). Figs. 

5 and 6 each show a result of the FACS analysis. 

5 As shown in Fig. 5, it was revealed that the cultures 

obtained on the third day included substantially only the 

monocytes. As shown in Fig. 6, it was revealed that the 

cultures obtained on the fourteenth day included 

substantially only the mature dendritic cells. Therefore, it 

10 was confirmed that the growth and the differentiation 

proceeded as desired in 2-1. 

(2-3. Culture of monocytes by use of publicly-known 

factor for stimulating monocytes) 

The monocytes were separated by carrying out again 

15 the operation of 1-1. besides the operation of 2-1.. These 

monocytes were cultured as in the case of those in 2-1. 

except that no Flt-3L was added to the medium. Fig. 3 

shows the number of cells obtained at each point in time of 

this culture. As shown in Fig. 3 (NO Flt-3L ADDED), 

20 according to such a general method for inducing 

differentiation of the monocytes, the cells were merely 

grown to 2.8 x 106/mL on the fourteenth day of the 

culture. 

As described earlier, according to the method of the 

25 present invention, by using a factor whose action of 



growing the monocytes had not been known, it was 

possible to obtain the mature dendritic cells which were 

large enough in number to be used for medical purposes. 

(2-4. Selective growth of NK cells) 

The cell populations obtained in 1-1. were cultured 

as below. On the zeroth day of the culture, lymphocytes 

were activated at 38 °C in the presence of 5% CO2 for 24 

hours by use of a medium obtained by supplementing 

KBM502 Medium (Kohjin Bio Co., Ltd.) (containing 1750 

IU/mL of IL-2 in advance) with 200 IU/mL of IL-12 

(Miltenyi Biotec), 2000 IU/mL of IL-15 (Cellgenix), 80 

pg/mL of the anti-CD56 antibody (BioLegend), and 5% of 

self-plasma. Then, the cells were cultured until the 

fourteenth day by changing a condition for the culture so 

that the cells were cultured at 37 °C in the presence of 5% 

CO2. The number of cells (number of cells/mL) obtained on 

each of the zeroth, third, sixth, eighth, eleventh, and 

fourteenth days of the culture was determined by trypan 

blue dyeing. Fig. 4 shows a change over time in determined 

number of cells. 

As shown in Fig. 4 (IL-2, anti-CD56, IL-12, IL-15), it 

was confirmed that 9.6 x 106 cells obtained on the zeroth 

day of the culture were increased to 8.8 * 108 cells on the 

fourteenth day of the culture. According to the above 

description, the grown NK cells were approximately 109 
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cells. This made it possible to obtain, from 25 mL of the 

peripheral blood collected a single time, the NK cells which 

are large enough in number to be used in the immune cell 

therapy. 

(2-5. Examination of grown cell types) 

Types of grown cells were examined by the FACS 

analysis on the fourteenth day of the culture in 2-4. A part 

of the cultures were examined by use of the fluorescence-

labeled anti-CD56 antibody (BioLegend). The FACS analysis 

was carried out by use of the BD FACSCalibur (Registered 

Trademark) flow cytometer (Nippon Becton Dickinson 

Company, Ltd.). Fig. 7 shows a result of the FACS analysis. 

As shown in Fig. 7, it was confirmed that the 

cultures including substantially only the NK cells were 

finally obtained. 

(2-6. Growth of NK cells by using only IL-2 as growth 

factor) 

The cell populations including the NK cells were 

obtained by carrying out again the operation of 1-1. 

besides the operation of 2-4.. These cell populations were 

cultured as in the case of those in 2-4. except that only IL-

2 was used as a growth factor. Fig. 4 shows the number of 

cells obtained at each point in time of this culture. As 

shown in Fig. 4 (IL-2), according to such a method, the 

cells were merely increased to 4.6*107 cells on the 
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fourteenth day of the culture. This makes it impossible to 

obtain sufficient cells. 

The above description revealed that IL-2 was 

insufficient and at least one of IL-12, IL-15, and the anti-

CD56 antibody was necessary for obtaining a desired 

number of NK cells by selectively growing the NK cells 

separated from the peripheral blood. 

As is clear from Examples, it was possible to obtain, 

from a slight amount of 25 mL of the peripheral blood 

collected a single time, the NK cells which are large enough 

in number to be used in the immune cell therapy and the 

dendritic cells which are large enough in number to be 

used in the immune cell therapy. This makes it possible to 

obtain two types of useful immune system cells in large 

amounts from the peripheral blood in an amount sufficient 

enough for use in examination. That is, the method of the 

present invention allows an increase in usefulness of the 

immune cell therapy in which the dendritic cells and the 

NK cells are used (allows a significant reduction in 

temporal and physical burden on a subject to blood 

collection). 

The present invention is not limited to the 

description of the embodiments and examples above, but 

may be altered by a skilled person within the scope of the 

claims. An embodiment based on a proper combination of 
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technical means disclosed in different embodiments is 

encompassed in the technical scope of the present 

invention. 

5 Industrial Applicability 

The present invention is usable for an immune cell 

therapy for various diseases. 



CLAIMS 
33 

1. A method for obtaining monocytes or NK cells, comprising: 
collecting a monocyte sample by separating the monocytes from 

peripheral blood by using an antibody specific for a surface marker of the 
monocytes; 

collecting, as an NK cell sample, cell populations remaining after the 
separation of the monocytes; and 

growing the monocytes by culturing the monocyte sample by use of a 
first medium containing Flt-3L. 

2. The method as set forth in claim 1, wherein the first medium further 
contains GM-CSF. 

3. The method as set forth in claim 1 or 2, further comprising: 
differentiating the monocytes into dendritic cells while growing the 

monocytes by adding a stimulating factor for the monocytes to the first 
medium. 

4. A method for obtaining monocytes or NK cells, comprising: 
collecting a monocyte sample by separating the monocytes from 

peripheral blood by using an antibody specific for a surface marker of the 
monocytes; 

collecting, as an NK cell sample, cell populations remaining after the 
separation of the monocytes; and 

growing the NK cells by culturing the NK cell sample by use of a 
second medium containing an anti-CD56 antibody or IFN-y. 

5. The method as set forth in any one of claims 1 through 3, further 
comprising growing the NK cells by culturing the NK cell sample by use of a 
second medium containing an anti-CD56 antibody or IFN-y. 

6. The method as set forth in claim 4 or 5, wherein the second medium 
contains the anti-CD56 antibody. 

7. The method as set forth in any one of claims 4 through 6, wherein 
the second medium further contains IL-2, IL-12, and IL-15. 

8. The method as set forth in any one of claims 1 through 7, wherein 
the peripheral blood is collected a single time from an individual. 


