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DESCRIPTION 

 

COMPOSITION FOR PROMOTING PROLIFERATION OF PLURIPOTENT STEM 

CELLS, AND METHOD FOR PROMOTING PROLIFERATION OF PLURIPOTENT 

STEM CELLS 5 

 

Technical Field 

[0001] The present disclosure relates to a composition for promoting the proliferation 

of pluripotent stem cells and a method for promoting the proliferation of pluripotent 

stem cells. 10 

 

Background Art 

[0002] In the stem cell industry, including regenerative medicine, pluripotent stem 

cells need to be cultured in large quantities while maintaining their undifferentiated 

state. 15 

 To proliferate pluripotent stem cells such as iPS cells while maintaining their 

undifferentiated state, Patent Document 1 discloses culturing pluripotent stem cells in 

the presence of activin. 

[0003] On the other hand, Patent Documents 2 and 3 disclose a method for removing 

cells deviated from the undifferentiated state, which emerge during culture of 20 

pluripotent stem cells, by using hemagglutinin and modified hemagglutinin.  Patent 

Document 3 discloses a method for dividing a cell aggregate into small aggregates in 

suspension culture of pluripotent stem cells by using hemagglutinin. 

 

Prior Art Documents 25 

Patent Documents 

[0004] Patent Document 1: JP 2012-143229 A 

 Patent Document 2: WO 2014/104207 

 Patent Document 3: WP 2015/199243 

 30 

Disclosure of Invention 

Problem to be Solved by the Invention 
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[0005] The present disclosure provides a composition for promoting the proliferation 

of pluripotent stem cells and a method for promoting the proliferation of pluripotent 

stem cells. 

 

Means for Solving Problem 5 

[0006] In one aspect, the present disclosure relates to a composition for promoting the 

proliferation of pluripotent stem cells.  The composition contains hemagglutinin or 

modified hemagglutinin as an active ingredient. 

[0007] In another aspect, the present disclosure relates to a method for promoting the 

proliferation of pluripotent stem cells.  The method includes culturing pluripotent 10 

stem cells in a culture medium to which the proliferation promoting composition of the 

present disclosure has been added. 

[0008] In yet another aspect, the present disclosure relates to a method for culturing 

pluripotent stem cells.  The method includes performing the proliferation promoting 

method of the present disclosure. 15 

 

Effects of the Invention 

[0009] In one or more embodiments, the present disclosure has the effect of being 

able to promote the proliferation of pluripotent stem cells while maintaining their 

undifferentiated state. 20 

 

Brief Description of Drawings 

[0010] [FIG. 1] FIG. 1 shows the results of observing the proliferation promoting 

effect of hemagglutinin (HA) in clonal cell culture derived from single cells of human 

iPS cells. 25 

 [FIG. 2] FIG. 2 is a schematic view of the experimental scheme in Examples. 

 [FIG. 3] FIG. 3 is a diagram plotting the culture time and the cell density in 

suspension culture of cell aggregates of human iPS cells. 

 [FIG. 4] FIG. 4 shows the results of the micrographs of the effect of 

hemagglutinin (HA) in suspension culture of cell aggregates of human iPS cells. 30 

 [FIG. 5] FIG. 5 shows an example of a graph that confirmed the effect of the 

addition of HA on the number of cells in a cell aggregate (○: without the addition of 
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HA, △: with the addition of HA (5 nM), □: with the addition of HA (10 nM)). 

 [FIG. 6] FIG. 6 shows an example of the results of the micrographs of 

fluorescent staining of the localization of divisible cells in cell aggregates. 

 

Description of the Invention 5 

[0011] The present inventors have been involved in the development of the 

technology of removing “cells deviated from the undifferentiated state" that emerge 

during culture of pluripotent stem cells.  The “cells deviated from the undifferentiated 

state" tend to emerge in the central or peripheral portion of a colony of pluripotent 

stem cells during culture.  It has been revealed that the “cells deviated from the 10 

undifferentiated state" that have emerged or emerge in the central portion of a colony 

can be removed by adding hemagglutinin to the colony during culture (WO 

2014/104207 and WO 2015/199243).  Moreover, it has also been revealed that when 

hemagglutinin is added to a cell aggregate formed in suspension culture of pluripotent 

stem cells, the cell aggregate can easily be divided into small aggregates (WO 15 

2015/199243).  These results may be attributed to the mechanism that hemagglutinin 

specifically binds to E-cadherin that is a cell adhesion molecule to inhibit cell-cell 

adhesion. 

 The present inventors conducted further intensive studies and found out that 

hemagglutinin has the effect of contributing to the promotion of proliferation of 20 

pluripotent stem cells.  The present disclosure is based on the findings.  Specifically, 

hemagglutinin is expected to function to reduce cell-cell adhesion so that the cell 

environment in the colonies or cell aggregates of pluripotent stem cells to be cultured 

may become more suitable for proliferation, thereby promoting the proliferation of 

pluripotent stem cells.  Moreover, it is assumed that such a reduction in cell-cell 25 

adhesion will make the cell-cell adhesion strength uniform in the colonies of 

pluripotent stem cells to be cultured, and thus can suppress the emergence of “cells 

deviated from the undifferentiated state."  However, the present disclosure should not 

be interpreted solely based on the above mechanism. 

[0012] [Pluripotent stem cells] 30 

 In one or more non-limiting embodiments, pluripotent stem cells of the 

present disclosure are human pluripotent stem cells.  In one or more non-limiting 
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embodiments, the human pluripotent stem cells of the present disclosure are human 

iPS cells or human ES cells. 

[0013] [Cells deviated from undifferentiated state] 

 In one or more non-limiting embodiments, the cells deviated from the 

undifferentiated state (i.e., deviated cells) of the present disclosure are different in 5 

morphology from cells in the undifferentiated state and therefore can be distinguished.  

Moreover, in one or more non-limiting embodiments, the emergence of deviated cells 

(cells in undifferentiated state have deviated from that state) can be confirmed by the 

disappearance of an undifferentiation marker.  In one or more non-limiting 

embodiments, the undifferentiation marker is Oct3/4, Nanog, SSEA-4, or TRA-1-60. 10 

[0014] [Hemagglutinin (HA)] 

 In one or more non-limiting embodiments, hemagglutinin of the present 

disclosure is hemagglutinin of Clostridium botulinum.  Unless otherwise specified in 

the present disclosure, hemagglutinin is a neurotoxin complex (also referred to as a 

hemagglutinin complex).  From the viewpoint of promoting the proliferation of cells 15 

having pluripotency, hemagglutinin may be a complex composed of two or three 

components selected from the group consisting of three hemagglutinin subcomponents 

HA1 (HA33), HA2 (HA17), and HA3 (HA70) of the neurotoxin complex of Clostridium 

botulinum, or a substance containing the complex.  Moreover, hemagglutinin may be 

a complex composed of HA2 (HA17) and HA3 (HA70), a complex composed of the three 20 

components, or a substance containing the complex. 

[0015] In one or more embodiments, from the viewpoint of promoting the 

proliferation of cells having pluripotency, the subcomponent HA3 (HA70) is preferably 

of Clostridium botulinum type A or Clostridium botulinum type B.  In one or more 

non-limiting embodiments, the subcomponents HA1 (HA33) and HA2 (HA17) may be 25 

of any one of Clostridium botulinum type A, Clostridium botulinum type B, and 

Clostridium botulinum type C.  In one or more non-limiting embodiments, each 

subcomponent of hemagglutinin may be of a recombinant type or a natural type. 

[0016] [Modified hemagglutinin] 

 In the present disclosure, hemagglutinin may be modified hemagglutinin as 30 

long as it has the effect of contributing to the promotion of proliferation of pluripotent 

stem cells.  In one or more embodiments, the modified hemagglutinin may have at 
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least one amino acid mutation in an amino acid sequence of one, two or three 

subcomponents.  Examples of the modified hemagglutinin include those described in 

WO 2015/199243. 

 Unless otherwise specified in the present disclosure, the term “hemagglutinin” 

includes “modified hemagglutinin”.  Moreover, unless otherwise specified in the 5 

present disclosure, the “modified hemagglutinin” has the effect of contributing to the 

promotion of proliferation of pluripotent stem cells. 

[0017] [Composition for promoting proliferation of pluripotent stem cells] 

 In one aspect, the present disclosure relates to a composition for promoting the 

proliferation of pluripotent stem cells.  The composition contains hemagglutinin or 10 

modified hemagglutinin. 

 From the viewpoint of promoting the proliferation of cells having pluripotency, 

the proliferation promoting composition of the present disclosure preferably contains 

an effective amount of hemagglutinin or modified hemagglutinin. 

[0018] The proliferation promoting composition of the present disclosure can promote 15 

the proliferation of pluripotent stem cells.  In one or more embodiments, the 

proliferation promoting composition of the present disclosure further allows the cells to 

be cultured with high uniformity.  The term “high uniformity” may indicate, e.g., that 

the uniformity in cell-cell adhesion of cells to be cultured is high, that the uniformity in 

the cell-cell adhesion strength is high, or that cell aggregates are the same in size.  20 

The cell culture with high uniformity can contribute to the improvement in quality of 

the pluripotent stem cells obtained after proliferation.  In one or more embodiments, 

unlike the conventional culture method, the proliferation promoting composition of the 

present disclosure allows the cells to be cultured with high uniformity between the 

cells in cell aggregates or cell colonies.  Consequently, the number of cells that 25 

maintain the cell proliferative capacity is increased even at the position where the 

number of cells with low proliferative capacity has been increased in the conventional 

culture method, e.g., the position other than the inside of a cell aggregate or the 

peripheral portion of a cell colony.  Thus, cells can be efficiently proliferated. 

[0019] The proliferation promoting composition of the present disclosure may be 30 

added to a culture medium of pluripotent stem cells.  In one or more embodiments, 

from the viewpoint of promoting the proliferation of cells having pluripotency, the 
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concentration of the composition added to the culture medium may be determined so 

that the concentration of hemagglutinin or modified hemagglutinin in the culture 

medium after the addition of the composition is 5 nM or more, 10 nM or more, or 15 

nM or more.  From the same view point, the added concentration may be determined 

so that the concentration of hemagglutinin or modified hemagglutinin is 200 nM or 5 

less, 150 nM or less, or 100 nM or less. 

[0020] The proliferation promoting composition of the present disclosure may be used 

in a method for promoting the proliferation of pluripotent stem cells and a method for 

culturing pluripotent stem cells, which will be described later. 

[0021] [Method for promoting proliferation of pluripotent stem cells] 10 

 In one aspect, the present disclosure relates to a method for promoting the 

proliferation of pluripotent stem cells.  The method includes culturing pluripotent 

stem cells in a culture medium to which the proliferation promoting composition of the 

present disclosure has been added.  The culture medium to which the proliferation 

promoting composition of the present disclosure is added is not particularly limited 15 

and may be a culture medium that can be used for culture of pluripotent stem cells.  

The added concentration of the proliferation promoting composition of the present 

disclosure may be the effective amount, as described above.  In one or more 

embodiments, the added concentration may be determined so that the concentration of 

hemagglutinin or modified hemagglutinin in the culture medium after the addition of 20 

the composition is 5 nM or more, 10 nM or more, or 15 nM or more.  From the same 

view point, the added concentration may be determined so that the concentration of 

hemagglutinin or modified hemagglutinin is 200 nM or less, 150 nM or less, or 100 nM 

or less. 

[0022] [Embodiment 1: culture from single cell or dispersed cell] 25 

 In one or more embodiments of the proliferation promoting method of the 

present disclosure, the present disclosure relates to a method for promoting the 

proliferation of pluripotent stem cells.  The method includes seeding pluripotent stem 

cells in a single-cell state or a dispersed state, and culturing the pluripotent stem cells 

in a culture medium to which hemagglutinin or modified hemagglutinin has been 30 

added.  In one or more embodiments, when the pluripotent stem cell population in the 

single-cell state or the dispersed state is brought into contact with hemagglutinin or 
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modified hemagglutinin, the number of cells that maintain the cell proliferative 

capacity is increased even in the center of a colony during culture, so that the cells can 

be cultured with high uniformity.  This can improve the efficiency of the promotion of 

cell proliferation, which in the end makes it possible to culture the cells at a high 

proliferation ratio, as compared to the conventional method. 5 

[0023] Cells in the single-cell state of the present disclosure mean one or more cells 

obtained by dispersing a cell aggregate to a single-cell state with a cell dispersion 

treatment.  The number of cells to be seeded is not particularly limited and may be 

either one or more than one cell.  The method of the cell dispersion treatment is not 

particularly limited and may be, e.g., an enzyme treatment using trypsin, pronase, etc., 10 

a physical treatment such as pipetting, or a combination of these treatments. 

[0024] Seeding cells in the dispersed state of the present disclosure means seeding a 

cell population that is obtained by the cell dispersion treatment of a cell aggregate, and 

that is in a state where not all cells are single cells.  The cell population may include 

single cells. 15 

[0025] The addition of hemagglutinin or modified hemagglutinin to the culture 

medium and the seeding of pluripotent stem cells may be performed in any desired 

order or simultaneously. 

[0026] The proliferation promoting method of Embodiment 1 may be monolayer 

culture (adhesion culture) or suspension culture.  For monolayer culture, it is 20 

preferable that hemagglutinin or modified hemagglutinin is added to the culture 

medium before a colony of pluripotent stem cells is formed. 

[0027] [Embodiment 2: suspension culture] 

 In one or more embodiments of the proliferation promoting method of the 

present disclosure, the present disclosure relates to a method for promoting the 25 

proliferation of pluripotent stem cells.  The method includes adding hemagglutinin or 

modified hemagglutinin to a culture medium for suspension culture of a cell aggregate 

of pluripotent stem cells, and culturing the pluripotent stem cells without dividing the 

cell aggregate into small aggregates.  In one or more embodiments, the cell aggregate 

of the present disclosure means a spheroid cell cluster that is formed by suspension 30 

culture of pluripotent stem cells.  In one or more embodiment, the phrase “without 

dividing the cell aggregate into small aggregates” of the present disclosure means that 
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after hemagglutinin or modified hemagglutinin is added, no operation or treatment is 

performed to produce, e.g., a cell aggregate, a dispersed cell, and a single cell, which 

are smaller in size than the cell aggregate before the addition of hemagglutinin or 

modified hemagglutinin, until a part or the whole of the culture is completed. 

 In this embodiment, since the cells can be cultured with high uniformity, the 5 

proliferation of pluripotent stem cells can be promoted while reducing damage or 

stress to the cells.  Consequently, the cells can be efficiently proliferated without 

dividing the cell aggregate. 

[0028] Unless otherwise specified in the present disclosure, the phrase “dividing the 

cell aggregate into small aggregates” means dividing the cell aggregate of pluripotent 10 

stem cells due to hemagglutinin (see WO 2015/199243).  WO 2015/199243 discloses 

that when hemagglutinin is added to a culture medium including cell aggregates of 

iPS cells during culture, the cell aggregates can be smoothly divided into small 

aggregates by, e.g., pipetting, although the cell clusters are composed of delicate cells 

such as iPS cells.  This document also discloses that dividing the cell aggregate into 15 

small aggregates can improve the concentration of viable cells to be cultured. 

[0029] On the other hand, in the proliferation promoting method of this embodiment 

(Embodiment 2), the cells are cultured without dividing the cell aggregate after 

hemagglutinin has acted on the cell aggregate.  The mechanism of the proliferation 

promoting method of this embodiment can be assumed as follows.  When 20 

hemagglutinin acts on the cell aggregate, the interaction between cells of the cell 

aggregate is reduced.  Therefore, the number of cells that maintain the cell 

proliferative capacity is increased even inside the cell aggregate, so that the cells can 

be cultured with high uniformity.  Consequently, larger cell aggregates can be formed, 

which in turn promotes efficient proliferation.  However, the present disclosure should 25 

not be interpreted solely based on the above mechanism. 

[0030] The proliferation promoting method of this embodiment (Embodiment 2) can 

promote the proliferation of cells while suppressing damage caused by the division of 

cell aggregates, even if the cells are delicate cells such as iPS cells. 

[0031] In the present disclosure, the suspension culture of pluripotent stem cells may 30 

be performed by using, e.g., a bioreactor. 

[0032] [Method for culturing pluripotent stem cells] 
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 In another aspect, the present disclosure relates to a method for culturing 

pluripotent stem cells.  The method includes performing the proliferation promoting 

method of the present disclosure.  The proliferation promoting method of the present 

disclosure has already been described above. 

 The culture method of the present disclosure can promote the proliferation of 5 

pluripotent stem cells.  In one or more embodiments, the culture method of the 

present disclosure further allows the cells to be cultured with high uniformity. 

[0033] The present disclosure may also relate to the following embodiments. 

 [1] A composition for promoting proliferation of pluripotent stem cells, 

comprising: 10 

 hemagglutinin or modified hemagglutinin. 

 [2] A method for promoting proliferation of pluripotent stem cells, comprising: 

 culturing pluripotent stem cells in a culture medium to which the composition 

according to [1] has been added. 

 [3] A method for promoting proliferation of pluripotent stem cells, comprising: 15 

 seeding pluripotent stem cells in a single-cell state or a dispersed state; and 

 culturing the pluripotent stem cells in a culture medium to which 

hemagglutinin or modified hemagglutinin has been added. 

 [4] The method according to [3], comprising: 

 adding hemagglutinin or modified hemagglutinin to the culture medium 20 

before a colony of the pluripotent stem cells is formed. 

 [5] A method for promoting proliferation of pluripotent stem cells, comprising: 

 adding hemagglutinin or modified hemagglutinin to a culture medium for 

suspension culture of a cell aggregate of pluripotent stem cells; and 

 culturing the pluripotent stem cells without dividing the cell aggregate into 25 

small aggregates. 

 [6] A method for culturing pluripotent stem cells; comprising: 

 performing the method according to any one of [2] to [5]. 

 

Examples 30 

[0034] Hereinafter, the present disclosure will be described in more detail by way of 

examples.  However, the following examples are merely illustrative and are not 
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intended to limit the present disclosure. 

[0035] [Adhesion culture: clonal cell culture] 

 The effect of hemagglutinin (HA) in clonal cell culture derived from single cells 

of human iPS cells was confirmed.  The iPS cells (single cells) were seeded on an 

iMatrix-coated culture surface and cultured under the following conditions.  Then, the 5 

effect of the presence or absence of HA was observed. 

 [Cells] 

 Human iPS cells: single cells of Tic strain 

 [Medium] 

 Stemfit (registered trademark) AK03 (manufactured by Ajinomoto Healthy 10 

Supply Co., Inc.) 

 [Vessel] 

 iMatrix-coated culture surface 

 [HA preparing and adding method] 

 HA: Type B 15 

 Added concentration: 50 nM 

 Addition frequency (every day from the first day of culture) 

 [Culture conditions] 

 5% CO2 atmosphere at 37ºC 

 The HA complex was added to the culture medium from the start of culture (t 20 

= 0). 

 [Observation] 

 At t = 24 h and t = 216 h, the cultured cells were observed with IN Cell 

Analyzer 2000 (trade name, manufactured by GE healthcare Bio-Sciences Corp.) and 

the images of the cultured cells were acquired.  FIG. 1 shows the micrographs thus 25 

obtained. 

[0036] [Results] 

 As shown in FIG. 1, the growth rate was higher in the culture using the 

culture medium that contained HA than in the culture using the culture medium that 

did not contain HA.  The frequency of appearance of the cells deviated from the 30 

undifferentiated state was suppressed in the culture using the culture medium that 

contained HA, as compared to the culture using the culture medium that did not 
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contain HA. 

[0037] [Suspension culture: cell aggregate culture] 

 The effect of hemagglutinin (HA) on suspension culture of iPS cells was 

confirmed. 

 [Cells] 5 

 Human iPS cells: single cells of Tic strain 

 [Medium] 

 mTeSR1 (STEMCELL Technologies) 

 [Vessel] 

 30 ml bioreactor (Able Co., Ltd.) 10 

 [Seeding density] 

 1.0 × 105 cells/mL 

 [HA preparing and adding method] 

 HA: Type B 

 Added concentration: 10 nM 15 

 [Culture conditions] 

 5% CO2 atmosphere at 37ºC 

 The HA complex was added 72 hours after the start of culture (t = 0) every 24 

hours for 3 days so that the hemagglutinin concentration was 10 nM (FIG. 2). 

 [Observation] 20 

 The cultured cells were observed every 24 hours from t = 0 with IN Cell 

Analyzer 2000 (trade name, manufactured by GE healthcare Bio-Sciences Corp.) and 

the images of the cultured cells were acquired, and further the cell density per volume 

of the culture medium was measured (FIGS 3 and 4). 

[0038] [Results] 25 

 The culture time was divided into 2 phases: the first phase from t = 0 to t = 72 

h and the second phase from t = 72 h to t = 168 h.  Then, the cell survival ratio ( ) and 

the apparent specific growth rate (µ) in each phase were calculated (Table 1).  As 

shown in Table 1, the proliferation speed was higher in the second phase to which HA 

was added than in the first phase and the second phase to which HA was not added.  30 

The size of the cell aggregates was uniform and the frequency of appearance of the 

cells deviated from the undifferentiated state was suppressed in the second phase to 
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which HA was added, as compared to the first phase and the second phase to which 

HA was not added. 

[0039] Method of calculation of  value and µ value 

  = X24/X0 

 X0 = Cell density at seeding (0 h) 5 

 X24 = Cell density 24 hours after seeding 

 µ = LN (X2/X1) / (t2 – t1) 

 t1 = 24 h (first phase) or 96 h (second phase) 

 t2 = 72 h (first phase) or 168 h (second phase) 

[0040] [Table 1] Comparison of cell survival ratio ( ) and apparent specific growth 10 

rate (µ) 

 
HA (Type B, 10 nM) Control 

1st phase 2nd phase 1st phase 2nd phase 

(-) 0.35  0.33  

µ(h-1) 0.031 0.035 0.033 0.013 

 

[0041] [Suspension culture: cell aggregate culture 2] 

 As the effects of the addition of HA for proliferation of human iPS cell 

aggregates, two points were evaluated: the cell proliferation properties and the 15 

localization of cell division in the cell aggregates. 

 [Cell] 

 Human iPS cells: single cells of Tic strain 

 [Medium] 

 Stemfit (registered trademark) AK02 (manufactured by Ajinomoto Healthy 20 

Supply Co., Inc.) 

 Frequency of replacement of medium: every 24 hours 

 [Vessel] 

 96 well plate V-bottom (manufactured by Sumitomo Bakelite Co., Ltd., 

PrimeSurface (registered trademark)) 25 

 [HA preparing and adding method] 

 HA: Type B 

 Added concentration (after culture for 24 hours): 0, 5, 10 nM 

 [Culture conditions] 
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 5% CO2 atmosphere at 37ºC 

 Number of cells seeded: 3.0 × 103 cells/well 

 Culture time: 240 hours 

 [Measurement items] 

 Cell proliferation properties: The number of cells in a cell aggregate and the 5 

apparent specific growth rate (µ) in culture between 24 h and 168 h were measured. 

 Properties in cell aggregates: The localization of cell division was observed by 

fluorescent staining (nuclei = DAPI, divisible cells = anti-ki-67 antibody) of frozen 

sections. 

 Frequency of measurement: every 48 hours after culture for 24 hours 10 

[0042] [Results of cell proliferation properties] 

 The Tic strain was cultured in the culture media containing HA at a 

concentration of 0, 5, 10 nM under the above culture conditions.  The number of cells 

in each cell aggregate and the specific growth rate (µ) were measured as the 

proliferation properties. 15 

 FIG. 5 shows the results of the number of cells in a cell aggregate.  As shown 

in FIG. 5, the results confirmed that the number of cells in a cell aggregate was 

increased by the addition of HA (added concentration: △ = 5 nM, □ = 10 nM), as 

compared to without the addition of HA (○ = 0 nM).  The specific growth rate (µ) was 

calculated based on the following formulas as an apparent specific growth rate in 20 

culture between 24 h and 168 h.  Table 2 shows the results.  As shown in Table 2, the 

results confirmed that the specific growth rate (µ) was higher with the addition of HA 

than without the addition of HA, and that the cell proliferation was promoted. 

 µ = LN (X2/X1) / (t2 – t1) 

 X1 = t1 = 24 h 25 

 X2 = t2 = 168 h 

[0043] [TABLE 2] 

Comparison of proliferation properties 

HA concentration (nM) µ (10-2h-1) 

0 2.04 ± 0.12 

5 2.33 ± 0.15 

10 2.35 ± 0.05 
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[0044] [Results of properties in cell aggregates] 

 The properties in cell aggregates were observed by fluorescent staining with a 

microscope.  The nuclei were stained with DAPI (red) and the divisible cells were 

stained with the anti-ki-67 antibody (green) so that the localization of the divisible cells 

in the cell aggregates was confirmed.  FIG. 6 shows an example of the results. 5 

 When HA was not added, the divisible cells (ki-67 positive cells) were 

substantially uniformly present (i.e., portions represented by yellow) in a cell 

aggregate after 24 hours of culture.  Then, no divisible cell was observed inside the 

cell aggregate and the cells were localized only in the peripheral portion.  In other 

words, the cells divided only in the peripheral portion of the cell aggregate, and thus 10 

the number of cells in the cell aggregate was increased. 

 When HA was added (5, 10 nM), the cells had the same tendency as those 

without the addition of HA after 24 hours of culture.  However, in the subsequent 

culture, the frequency of the divisible cells was increased in the peripheral portion of 

the aggregate, as compared to without the addition of HA.  In the culture with the 15 

addition of HA at 10 nM, the divisible cells were also present inside the cell aggregate.  

Thus, it was evident that the addition of HA improved the frequency of cell division in 

cell aggregates and increased the growth rate.  Moreover, it was confirmed that the 

increase in growth rate due to HA indicated the HA concentration dependence. 

 20 

Industrial Applicability 

[0045] The method and composition of the present disclosure are useful, e.g., in the 

field of regenerative medicine. 
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CLAIMS 

[1] A composition for use in promotion of proliferation of pluripotent stem cells, 

comprising: 

 hemagglutinin or modified hemagglutinin. 

 5 

[2] A method for promoting proliferation of pluripotent stem cells, comprising: 

 culturing pluripotent stem cells in a culture medium to which the composition 

according to claim 1 has been added. 

 

[3] A method for promoting proliferation of pluripotent stem cells, comprising: 10 

 seeding pluripotent stem cells in a single-cell state or a dispersed state; and 

 culturing the pluripotent stem cells in a culture medium to which 

hemagglutinin or modified hemagglutinin has been added. 

 

[4] The method according to claim 3, comprising: 15 

 adding hemagglutinin or modified hemagglutinin to the culture medium 

before a colony of the pluripotent stem cells is formed. 

 

[5] A method for promoting proliferation of pluripotent stem cells, comprising: 

 adding hemagglutinin or modified hemagglutinin to a culture medium for 20 

suspension culture of a cell aggregate of pluripotent stem cells; and 

 culturing the pluripotent stem cells without dividing the cell aggregate into 

small aggregates. 

 

[6] A method for culturing pluripotent stem cells; comprising: 25 

 performing the method according to any one of claims 2 to 5. 




