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PROCESS FOR THE MULTIPLICATION OF 
STEM CELLS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of application Ser. No. 
09/980,484 ?led on Mar. 25, 2002; Which is the 35 U.S.C. 371 
national stage of International application PCT/FR00/ 01486 
?led on May 30, 2000; Which claimed priority to French 
application 99/0701 1 ?led Jun. 3, 1999. The entire contents of 
each of the above-identi?ed applications are hereby incorpo 
rated by reference. 
[0002] The present invention relates to a process for the 
multiplication of stem cells. The invention particularly relates 
to a process Which alloWs, at the same time, the said stem cells 
to multiply rapidly and to be maintained in a non-differenti 
ated state. 
[0003] Current cultures Which alloW stem cells to be main 
tained in a non-differentiated state, and in particular hemato 
poietic stem cells, and/ or alloW them to be multiplied, are 
long-term cultures in Which the cells divide very sloWly. More 
particularly, cultures Which alloW, for example, self-reneWal 
(multiplication to identical cells) of stem cells, in particular 
hematopoietic stem cells, are solely cultures on medullary 
stroma or cultures With sloW multiplication in the absence of 
medullary stroma. 
[0004] As regards more particularly long-term cultures on 
medullary stroma, there may be mentioned cultures of the 
Dexter type, in Which stem cells, in particular hematopoietic 
stem cells, develop on a medullary stroma, Which alloWs only 
feW cytokines to be used but causes sloW division of the cells 
(and therefore sloW multiplication of the cells) in the presence 
of a mixture of progenitors With mature hematopoietic and 
stromal cells. 
[0005] Furthermore, unlike mice, in humans, stem cells are 
not maintained on the stroma long term. 

[0006] As regards long-term cultures in the absence of 
medullary stroma the Piacibello culture system may be men 
tioned. In this culture system (Piacibello et al. 1997 Blood), 
CD34+ cells containing hematopoietic stem cells are seeded 
in an amount of 20,000 cells per ml, and every Week half of 
the culture is removed and replaced by fresh medium. After 
tWo Weeks the number of cells doubles at a rate of once a Week 
for several months. During the ?rst tWo Weeks of the Piaci 
bello culture there is a high loss of CD34+ cells, Which stabi 
liZes at less than 2%. 

[0007] The current cultures are therefore not very compat 
ible With production of stem cells, maintaining their non 
differentiated and multipotent character, for clinical or bio 
technological purposes. 
[0008] In addition, no inhibitor of differentiation of stem 
cells Which alloWs satisfactory continuous self-reneWal is 
knoWn to date. 
[0009] One of the main objects of the invention is to provide 
a process for culture of stem cells Which enables human stem 
cells to be obtained in a non-differentiated state rapidly and in 
a signi?cant amount. 

[0010] One of the objects of the invention is to provide a 
rapid process for culture of stem cells Without medullary 
stroma Which alloWs the culture volumes to be reduced. 
[0011] One of the other objects of the invention is the use of 
stem cells obtained in this Way to reconstitute tissue and 
transplant organs. 

Dec. 31, 2009 

[0012] The invention relates to the use of an inhibitor of cell 
development in a controlled manner to maintain the non 
differentiated state of stem cells, in particular human stem 
cells, While alloWing their cell division. 
[0013] The present invention emerges from the discovery 
made by the inventors that under certain conditions an inhibi 
tor of cell development may also be an inhibitor of cell dif 
ferentiation of stem cells. In this respect, TGF-[3 (transform 
ing groWth factor), previously knoWn as an inhibitor of cell 
development of stem cells, and in particular hematopoietic 
stein cells or primitive hematopoietic progenitors, is found to 
be, according to the invention, an inhibitor of cell differen 
tiation. 
[0014] The expression “inhibitor of cell development” 
encompasses at the same time any substance Which inhibits 
cell proliferation and/or cell groWth and/or cell differentia 
tion. 
[0015] The expression “inhibitor of cell proliferation” also 
means inhibitor of cell division or inhibitor of the cell cycle. 
[0016] The expression “use of an inhibitor of cell develop 
ment in a controlled manner” means that the inhibitor of cell 
development is used in a modi?able manner in order to alloW: 

[0017] (a) cell division of stem cells if this is desired, While 
maintaining the non-differentiated state of the said stem cells 
in the course of or at the end of the cell division, or 

[0018] (b) inhibition of cell development of stem cells if 
this is necessary to inhibit cell differentiation of the said stem 
cells. 
[0019] The expression “use of an inhibitor of cell develop 
ment in a controlled manner” means, in other Words, that the 
inhibitor of cell development can be used in such conditions 
that the stem cells are brought out of their resting state in order 
to divide under controlled conditions preventing differentia 
tion. 
[0020] The expression “stem cells” means immature cells, 
or cells Which are not differentiated (or non-differentiated), or 
primitive cells, or pluripotent cells or multipotent cells. 
[0021] The stem cells advantageously used according to the 
invention are human stem cells chosen from the group con 
sisting of embryonic stein cells at the origin of somatic stem 
cells, and/or stem cells/ somatic progenitors themselves at the 
origin of blood and/or various solid tissues such as the skin, 
the liver, the pancreas, the heart, the kidney, bone or nerve 
tissue. 
[0022] The expression “embryonic stem cells at the origin 
of somatic stem cells” is de?ned, for example, as a cell Which 
can produce any one of the somatic stem cells. 

[0023] The expression “somatic stem cells” is de?ned, for 
example, as a cell Which can produce a speci?c tissue. 

[0024] The stem cells according to the invention are, in 
particular, human hematopoietic somatic stem cells, also 
called primitive hematopoietic progenitors. 
[0025] According to an advantageous embodiment, the 
inhibitor of cell development advantageously used according 
to the invention is chosen from the group consisting of prod 
ucts of genes Which control cell development With respect to 
cell differentiation and/or cell division, inhibitors of cycline 
dependent kinases, factors Which control apoptosis or ageing, 
and cytokines (such as interferons or TGF-B). The term 
“cytokines” means all the groWth factors, even if these factors 
can also act as groWth inhibitors under certain conditions. 

[0026] As products of genes Which control cell develop 
ment With respect to cell differentiation and/or cell division, 
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growth factors, cytokines and the product of genes control 
ling differentiation, ageing or apoptosis can in particular be 
mentioned. 
[0027] As inhibitors of cycline-dependent kinases, the ret 
inoblastoina gene and the genes P15, P16, P21 and P27 can in 
particular be mentioned. 
[0028] The retinoblastoma gene is a tumour suppresser 
gene (anti-oncogene) 
[0029] The genes P15, P16, P21 and P27 inhibit the cell 
cycle. 
[0030] As a factor Which controls apoptosis, the genes bcl 
2, bax and fas can in particular be mentioned. 
[0031] As a factor Which controls ageing there may be 
mentioned in particular telomerase. 
[0032] As cytokines Which can be inhibitors of cell devel 
opment, interferons and in particular TGF-[3 can in particular 
be mentioned. 
[0033] According to an advantageous embodiment, the 
invention relates to the use of an inhibitor of cell development 
as de?ned above in sequential combination With an anti 
inhibitor of cell proliferation to initiate a number of cell 
divisions ranging from 1 to about 100, in particular 1 to about 
10, and in particular to initiate a single cell division, While 
maintaining the non-differentiated state of stem cells, in par 
ticular human stem cells. 

[0034] The expression “sequential combination” means 
that the anti-inhibitor of cell proliferation is not used simul 
taneously With the inhibitor of cell development. 
[0035] According to an advantageous embodiment, the 
invention relates to a process for the multiplication of stem 
cells in a culture medium, in particular human stem cells, 
characterized in that it comprises: 
[0036] a stage in Which the stem cells, in particular human 
stem cells, in the resting state are brought out of their resting 
state by neutralization of the effect of an inhibitor of cell 
development, and in particular an inhibitor of cell prolifera 
tion, produced by the cells and/or present in the culture 
medium, so that there is initiation of a number of cell divi 
sions ranging from 1 to about 100, in particular 1 to about 10, 
and in particular a single cell division, 
[0037] and a stage in Which the stem cells, in particular 
human stem cells, obtained in the preceding stage are inhib 
ited in their differentiation With the aid of an inhibitor of cell 
development. 
[0038] The invention also relates to a process for the mul 
tiplication of stem cells in a culture medium, in particular 
human stem cells, characterized in that it comprises: 
[0039] a stage according to Which the stem cells, in particu 
lar human stem cells, in the state of division are prevented 
from entering into a state of differentiation With the aid of an 
inhibitor of cell development, 
[0040] and a stage according to Which the stem cells, in 
particular human stem cells, obtained in the preceding stage 
are returned to their state of division by neutralization of the 
effect of an inhibitor of cell development, and in particular an 
inhibitor of cell proliferation, so that there is initiation of a 
number of cell divisions ranging from 1 to about 100, in 
particular 1 to about 10, and in particular a single cell divi 
sion. 

[0041] The multiplication process according to the inven 
tion is characterized in that in the course of and at the end of 
the said process, the stem cells multiplied in this Way are 
maintained in a non-differentiated state. 
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[0042] According to the invention, the expression “multi 
plied stem cells” has the same meaning as the expression 
“ampli?ed stem cells”. Furthermore, the expression “multi 
plication process” has the same meaning as the expression 
“ampli?cation process”. 
[0043] The resting state of cells means that the cells are not 
differentiating and are not dividing. 
[0044] According to an advantageous embodiment, the 
stem cells multiplied by the multiplication process of the 
invention are human stem cells chosen from the group con 
sisting of embryonic stem cells at the origin of somatic stem 
cells, and the somatic cells themselves at the origin of blood 
and/or various solid tissues, such as the skin, the liver, the 
pancreas, the heart, the kidney, bone or nerve tissue. 
[0045] The multiplication process according to the inven 
tion is characterized in that the stem cells, in particular human 
cells, are present in a cell concentration of about 1 to about 
1010 cells per ml, and in particular in a concentration ranging 
from about 103 to about 1010 cells per ml, and more particu 
larly about 104 to about 109 cells per ml. 
[0046] It should be pointed out that the present invention 
applies both to human cells and to animal cells. 
[0047] In the multiplication process of the invention, the 
inhibitor of cell development is synthesized by the stem cells, 
in particular human stem cells, and/ or is added to the culture 
medium containing the stem cells, in particular human stem 
cells. 
[0048] The said inhibitor of cell development is synthe 
sized by the stem cells and/ or is added to the culture medium: 
[0049] (a) before the ?rst cell division, and 
[0050] (b) in the course of or at the end of a division cycle 
(if the said cells are in the state of division beforehand). 
[0051] If the inhibitor of cell development is synthesized by 
the stem cells, it may or may not be secreted. 
[0052] The amount of inhibitor of cell development synthe 
sized by the stem cells or added to the culture medium must be 
suf?cient for the said cells (a) to be maintained in their resting 
state before the ?rst cell division and (b) to be placed in the 
resting state if they Were in the state of division beforehand. 
[0053] The amount of inhibitor of cell development synthe 
sized by the stem cells may vary from 0.01 pg to 1 mg/ml in 
the culture medium, and in particular 0.1 pg to 10 ng/ml. 
[0054] The amount of inhibitor of cell development added 
to the culture medium may vary from 0.1 pg to 1 mg/ml in the 
culture medium, and in particular 1 pg to 10 ng/ml. 
[0055] According to an advantageous embodiment, the 
multiplication process according to the invention is charac 
terized in that the inhibitor of cell development is chosen from 
the group consisting of gene products Which control cell 
development With respect to cell differentiation and/or cell 
division, inhibitors of cycline-dependent kinases, factors 
Which control apoptosis or ageing, and cytokines (such as 
interferons and TGF-B). 
[0056] The products of genes Which control cell develop 
ment With respect to cell differentiation and/or cell division, 
inhibitors of cycline-dependent kinases, factors Which con 
trol apoptosis or ageing and cytokines are, in particular, those 
described above. 

[0057] According to an advantageous embodiment, the 
inhibitor of cell development is present in a loW concentration 
in the culture medium containing the stem cells, and in par 
ticular in a concentration ranging from about 10-10 mg/ml to 
1 mg/ml. 
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[0058] The multiplication process according to the inven 
tion is characterized in that the neutralization of the effect of 
the inhibitor of cell development, and in particular the inhibi 
tor of cell proliferation, present in the culture medium is 
effected by: 
[0059] addition to the culture medium of an anti-inhibitor 
of cell proliferation, and/or 
[0060] WithdraWal from the culture medium of the inhibitor 
of cell development, and in particular the inhibitor of cell 
proliferation. 
[0061] The neutralization of the effect of the inhibitor of 
cell development alloWs the stem cells to leave their resting 
state and to initiate at least one division. 

[0062] Preferably, if the inhibitor of cell development is 
synthesized Without being secreted by the stem cells, the 
effect of the said inhibitor is neutralized by addition to the 
culture medium of an anti-inhibitor of cell proliferation 
Which can penetrate into the cell, such as an antisense oligo 
nucleotide. 
[0063] HoWever, if the inhibitor of cell development is 
secreted by the stem cells or if the said inhibitor is added to the 
culture medium the effect of the said inhibitor is neutralized 
either by addition to the culture medium of an anti-inhibitor of 
cell proliferation or by WithdraWal from the culture medium 
of the inhibitor of cell development. 
[0064] The WithdraWal of the inhibitor of cell development 
from the culture medium can in particular be effected With the 
aid of blocking antibodies or by Washing in order to neutralize 
the said inhibitor. 
[0065] The amount of inhibitor of cell development With 
draWn from the culture medium containing the stem cells 
must be su?icient for there to be initiation of a number of cell 
division ranging from 1 to about 100, in particular 1 to about 
10, and in particular a single cell division. 
[0066] The amount of inhibitor of cell development With 
draWn from the culture medium varies from 0.01 pg to 1 
ng/ml, and in particular 0.1 pg to 10 ng/ml 
[0067] The inhibitor of cell development WithdraWn from 
the culture medium belongs in particular to the group con 
sisting of cytokines and antisense oligonucleotides Which 
block the expression of development genes. 
[0068] The amount of anti-inhibitor of cell proliferation 
added to the culture medium containing the stem cells must be 
suf?cient for there to be initiation of a number of cell divi 
sions ranging from 1 to about 100, in particular 1 to about 10, 
and in particular a single cell division. 
[0069] The amount of anti-inhibitor of cell proliferation 
added to the culture medium varies from 0.1 pg to 10 mg/ml 
for the blocking antibodies or from 0.01 [1M to 1 mM of 
antisense oligonucleotide in the culture medium, and in par 
ticular 1 pg to 100 ug/ml for the blocking antibodies or 0.1 uM 
to 100 [1M of antisense oligonucleotides. 
[0070] The anti-inhibitor of cell proliferation is chosen 
from the group consisting of antisense oligonucleotides or 
blocking antibodies and in particular anti-TGF-B. 
[0071] According to an advantageous embodiment, the 
multiplication process according to the invention is charac 
terized in that the anti-inhibitor of cell proliferation is present 
in a concentration ranging from about 10'18 to about 10'3 
g/ml, in particular 0.1 to 20 ug/ml, and in particular 4.10-6 
g/ml (4 ug/ml). 
[0072] The process according to the invention for the mul 
tiplication of stem cells, in particular human stem cells, is 
characterized in that it comprises, in order to obtain a su?i 
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cient number of stem cells maintained in the non-differenti 
ated state, a total number of division cycles (or states of 
division) of between 1 to 100 cycles, in particular betWeen 5 
to 20 cycles, and in particular 10 cycles. 

[0073] According to an advantageous embodiment, the 
total duration of all the resting states of the multiplication 
process according to the invention varies from 1 hour to 3 
years, in particular 20 hours to 200 hours, and the total dura 
tion of all the division cycles of the multiplication process 
according to the invention varies from 10 hours to 3 years, and 
in particular 20 hours to 200 hours. 

[0074] According to an advantageous embodiment, the 
multiplication process according to the invention is charac 
terized in that the duration of a single resting state ranges from 
about 1 hour to 3 years, and is in particular about 6 hours to 72 
hours, and in that the duration of a single division cycle ranges 
from about 6 hours to 3 years, and is inparticular 6 hours to 24 
hours. 

[0075] The total duration of the multiplication process 
according to the invention comprising all the states of resting 
and of division ranges from 1 day to 3 years, and is in par 
ticular 1 day to 15 days. 

[0076] According to an advantageous embodiment, the 
total of all the cycles of resting and division of a multiplica 
tion process lasts 1 to 15 days, and the proposed applications 
are cell therapy. 

[0077] According to another embodiment, the total of all 
the cycles of resting and division of a multiplication process 
lasts 1 day to 3 years, and the proposed applications are of an 
experimental order. 
[0078] A process Which lasts 3 years alloWs, for example, 
experiments of long duration to study senescence. 
[0079] According to an advantageous embodiment, the 
process according to the invention for the multiplication of 
stem cells, and in particular human somatic stem cells, 
enables an ampli?cation of stem cells by a factor of betWeen 
about 2 to about 1012, and in particular 2 to about 104, to be 
obtained. 

[0080] The multiplication process according to the inven 
tion thus alloWs a number of stem cells ampli?ed and main 
tained in the non-differentiated state 2 to 1012 times higher 
than the initial number of non-differentiated stem cells to be 
obtained. 

[0081] According to an advantageous embodiment, the cul 
ture medium of the multiplication process according to the 
invention contains hematopoietic stem cells and comprises 
one or more cytokines (added to the culture medium) chosen 
from the groups consisting of interleukins and CSF, the said 
cytokines being present in a concentration ranging from 
about 10'8 ug/ml to about 1 mg/ml, and in particular about 
10-5 ug/ml to 0.1 ug/ml, and Where appropriate other groWth 
factors. 

[0082] As cytokines Which can be added to the culture 
medium there may be mentioned in particular interleukins, 
such as IL 1 to IL 16, CSF (colony-stimulating factors), such 
as GM-CSF (granulocyte and monocyte colony-stimulating 
factor), GCSF (granulocyte colony-stimulating factor), 
MCSF (monocyte colony-stimulating factor), SP (Steel fac 
tor), TPO (thrombopoietin) or FL (Flt-3 ligand). 
[0083] GroWth factors other than interleukins and CSF can 
be used. 
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[0084] The process according to the invention for the mul 
tiplication of stem cells, and inparticular human somatic stem 
cells, is more particularly characterized in that it comprises 
the following stages: 
[0085] a) initiation of a ?rst cycle of division of non-differ 
entiated embryonic or somatic stem cells in a culture medium, 
and in particular of hematopoietic somatic stem cells, by 
seeding the said non-differentiated stem cells in the resting 
state in a high initial cell concentration, in particular in a 
concentration ranging from 103 to 1010 cells per nil, in the 
presence of one or more cytokines, and by neutralization of 
the effect of the inhibitor of cell development, and in particu 
lar the inhibitor of cell proliferation, present in the culture 
medium so that the above-mentioned cells leave their resting 
state by the initiation of a ?rst cell division, 
[0086] b) return to resting of the non-differentiated embry 
onic or somatic stem cells obtained in the preceding stage 
With the aid of an inhibitor of cell development, the said 
inhibitor being synthesized by the said stem cells or being 
added to the culture medium, 
[0087] c) if appropriate Washing of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
stage in order to remove the catabolites and the inhibitor of 
cell development, and in particular the inhibitor of cell pro 
liferation Which may be present in the culture medium, 
[0088] d) if appropriate dilution of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
stage in order to maintain an optimum cell concentration 
ranging from about 100 to 1010 cells per ml, 
[0089] e) successive repetition of the cycles of division and 
resting described above until the ampli?cation factor of the 
cells is su?icient to obtain the number of desired stem cells, 
and in particular 2 times to about 1012 times the number of 
initial non-differentiated embryonic or somatic stem cells, 
Which corresponds to a total duration of the multiplication 
process of about 1 day to 3 years, and in particular 1 day to 15 
days, 
[0090] f) stopping of the multiplication of non-differenti 
ated embryonic or somatic stem cells to store them, use them 
or cause them to differentiate in vitro. 

[0091] The methods of the various stages of the process 
according to the invention for the multiplication of stem cells 
are those already described above. 

[0092] The amount of anti-inhibitor of cell proliferation 
added to the culture medium or the amount of inhibitor of cell 
development WithdraWn from the culture medium containing 
the stem cells must thus be su?icient for there to be initiation 
of a ?rst cell division. 

[0093] According to a preferred embodiment, the inhibitor 
of cell development is TGF-B; TGF-[3 is synthesized by 
hematopoietic somatic stem cells themselves in an amount 
ranging from 0.01 pg to 1 ng/ml. 
[0094] The TGF-[3 is then neutralized by addition to the 
culture medium of an anti-inhibitor of cell proliferation: anti 
TGF-B. Anti-TGF-[3 is added in an amount ranging from 0.1 
to 100 ug/ml ofantibodies or 0.1 uM to 10 [1M ofoligonucle 
otides. 

[0095] The return to resting of the hematopoietic somatic 
stem cells, in particular described in stage b) above, is 
obtained by the TGF-[3 synthesized by the said stem cells 
themselves (or other added inhibitors). 
[0096] The Washing stage (c) described above alloWs in 
particular neutralization of the inhibitor TGF-[3 formed in the 
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course of or at the end of a preceding division cycle in order 
to alloW the folloWing division. 
[0097] The dilution stage (d) described above maintaining 
an optimum cell concentration alloWs at the same time: 

[0098] rapid return to the resting state of the stem cells due 
to a rapid synthesis by the said cells of the inhibitor of cell 
development, in particular TGF-B, 
[0099] no less rapid a division of the stem cells after each 
resting state, in the presence of the anti-inhibitor of cell pro 
liferation, in particular anti-TGF-B. 
[0100] TGF-[3 sloWs doWn the process of differentiation of 
stem cells throughout the multiplication process, that is to say 
in the course of and at the end of the various cycles of resting 
and division. 

[0101] The stopping stage f) described above can be 
effected by Washing the said stem cells multiplied in this Way, 
by freezing them, or by placing them in a differentiation 
medium. 
[0102] The differentiation medium in Which the stem cells 
multiplied and maintained in a non-differentiated state in this 
Way by the process of the present invention are placed is 
chosen according to the tissue or organ it is intended to 
reconstitute. 
[0103] For example, if the intention is to obtain erythroid 
cells, a culture medium comprising erythropoietin (EPO) Will 
be used. 
[0104] The multiplication process according to the inven 
tion alloWs signi?cant productions of stem cells to be 
obtained, the said stem cells being maintained in a non 
differentiated state in the course of the various cycles of 
resting and division of the said process. Signi?cant produc 
tions of immature cells are obtained in this Way in a reduced 
volume. 

[0105] The present invention relates to the use of non 
differentiated and ampli?ed human stem cells such as are 
obtained by the process of the invention described above to 
reconstitute human blood and/or human solid tissue or 
organs. 

[0106] The non-differentiated and ampli?ed human stem 
cells such as are obtained by the process of the invention can 
thus be used in particular to amplify insu?icient samples of 
blood from the umbilical cord, bone marroW or peripheral 
blood, or for transplantation of hematopoietic stem cells. 
[0107] The non-differentiated and ampli?ed human stem 
cells such as are obtained by the process of the invention can 
also be used for studies on the human genome (expression and 
functioning of the genes of human development). 

LEGEND TO THE FIGURES 

[0108] FIGS. 1A and 1B shoW the effect of TGF-[3 on the 
maintenance of the non-differentiated state of CD34+ cells. 

[0109] The stain PKH26 Which attaches itself to the mem 
brane of cells alloWs the number of divisions Which the cell 
has effected to be determined: after one doubling of the cell 
the intensity of the stain is divided by 2, after 2 doublings by 
4 etc. Various populations displaced to the right are thus 
obtained. 

[0110] Under culture conditions Without TGF-B, (20,000 
cells per ml) (FIG. 1A), the cells divide, and after 3 days the 
cells Which have divided more than once contain only 1 .l% of 
cD34+’"'gh cells. 
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[01 1 1] Under culture conditions according to the invention, 
since the concentration of TGF-[3 is higher (30 pg/ml TGF-B) 
(FIG. 1B), a higherpercentage of CD34+high cells is observed. 

EXAMPLE 

Process for the Multiplication of Hematopoietic 
Stem Cells 

[0112] Materials and Methods 
[0113] The stem cells used in the example beloW are more 
particularly human hematopoietic somatic stem cells origi 
nating from the blood of the umbilical cord and characterized 
by the membrane marker CD34+. In the following, the said 
cells Will be called “CD34+ cells”. 

[0114] l) Marking of CD34+ Cells 
[0115] The CD34+ cells are diluted in PBS (phosphate 
buffered saline)/BSA (bovine serum albumin) (0.2%) and 
incubated With anti-CD34+ antibodies conjugated With FITC 
(?uoroisothiocyanate) (clone 8Gl2; Becton Dickinson, San 
Jose, Calif.) for 30 minutes at 40 C. and then Washed 2 times 
in PBS/ BSA. The control consists of cells incubated With 
non-speci?c lgGl conjugated With FITC. 
[0116] To detect the stain alloWing the proliferation of the 
cells to be monitored, the CD34+ are marked With the stain 
PKH26 (Sigma, France) in accordance With the manufactur 
er’s instructions. 

[0117] The cells With an average intensity of PKH26 are 
screened in a WindoW representing about 10% of the complete 
Width. This corresponds to about 20% of the CD34+ cells. 
Four aliquots of 400 cells are used in the HPP-Q test. The 
remainder of the resting cells and the cells Which proliferate 
are screened and cultured in semi-solid medium. Calibrated 
beads (Coulter-Beckman) are used to standardiZe the analy 
ses betWeen day 0 and day 3. 
[0118] Description of the HPP-Q Test (High Proliferative 
Potential-Quiescent Cell) 
[0119] The HPP-Q test alloWs veri?cation that the inhibitor 
of cell development, in particular TGF-B, is maintaining the 
stem cells, in particular hematopoietic stem cells, at rest. 
[0120] More particularly, the HPP-Q test consists of deter 
mination of the degree of maturity of stem cells, in particular 
hematopoictic stem cells, and is characterized in that it com 
prises the folloWing stages: 
[0121] a ?rst collection of stem cells, in particular hemato 
poietic stem cells, is cultured in a medium suitable for their 
culture, the said medium containing no means of blocking for 
at least one inhibitor of cell development, such as TGF-B, for 
about 14 to about 28 days, preferably 18 days, 
[0122] a second collection of stem cells, in particular 
hematopoietic stem cells, of the same nature and the same 
degree of maturity as those mentioned above is cultured in a 
suitable medium comprising means of blocking for at least 
one inhibitor of cell development, these means of blocking 
being present in the culture medium in an effective concen 
tration, 
[0123] 18 days after the start of culture of each of the tWo 
collections of stem cells, the number and the nature of the 
colonies and the difference in the totals of colonies of high 
proliferative potential (HPP-CFCrprogenitor forming a 
colony of high proliferative potential, HPP 
MEGImegakaryocyte progenitor of high proliferative poten 
tial, HPP-GEMM:granulocyte erythrocyte monocyte mega 
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karyocyte progenitor of high proliferative potential) 
respectively in that of the second collection and that of the 
?rst collection are compared. 
[0124] The evaluation of the maturity or immaturity of the 
stem cells corresponds to the folloWing observation. 
[0125] After 18 days the number and nature of the colonies 
are observed under a microscope: the number of mixed colo 
nies made up of cells of the red line and of one or more types 
of the White line is counted. The number of mixed colonies is 
higher if the cell population cultured is immature, that is to 
say made up of younger cells, some of Which are at rest. On 
the other hand, the more immature, or even at rest, the cell 
Which has produced the colony, the higher its potential for 
proliferation, and therefore the colony originating from this 
cell, once activated, Will be larger in siZe. 
[0126] 2) Culture of CD34+ Cells 
[0127] CD34+ cells Were seeded at a cell concentration of 
106 cell per ml in 24-Well culture plates in an amount of 1 ml 
per Well on day D0. The said cells Were seeded in a medium 
Without serum and comprising cytokines and an inhibitor of 

TGF-[3 (anti-TGF-B). 

“Medium”: 
SBA (medium Without serum With albumin) + 

SF (Steel factor) 10 ngml 
TPO (thrombopoietin) l0 ngml 
FL (ligand FLt3) 50 ngml 
1L6 (interleukin 6) 10 ng/ml 
Anti-TGF-? 4 pgml 

[0128] The CD34+ cells are incubated at 37° C. in an atmo 
sphere With 5% CO2 and humidity saturation at 97%. 
[0129] Every 2 days the volume of the culture is measured, 
the number of CD34+ cells is counted and the viability of the 
said cells is determined. 
[0130] After the number of CD34+ cells contained in the 
culture has been counted, the volume necessary to leave only 
106 cells per Well is removed. 
[0131] The volume, cytokines or groWth factors and inhibi 
tor of TGF-[3 in the medium is readjusted. 
[0132] Every 8 days screening is carried out to evaluate the 
CD34+ and CD38- cells and the proliferative capacity of the 
CD34+ cells is evaluated in the HPP-Q test. 
[0133] The results of the HPP-Q test are con?rmed regu 
larly by a test in immunode?cient mice (SClD-NOD). 
[0134] The protocol of the process according to the inven 
tion alloWs cells to be cultured in a microbioreactor Which 
keeps the conditions of the media constant as regards catabo 
lites and anabolites (excluding cytokines and inhibitors). 
[0135] Seeding of the CD34+ cells in a high cell concen 
tration alloWs a bioreactor to be created at a high cell concen 
tration, and thus alloWs the culture volumes to be reduced. 
[0136] Bioreactor or Microbioreactor Principle 
[0137] A microbioreactor comprises a culture chamber of a 
siZe suitable for the number of cells and their cell density (1 to 
100 ml), separated from a dialysis chamber by a membrane, 
and Where appropriate from a gas chamber by another mem 
brane, to keep the constituents of the medium constant. 
[0138] Microdetectors alloW control of various parameters 
in the culture chamber: pH, CO2, 02, glucose, lactate etc. 
[0139] lnlets and outlets alloW reneWal or modi?cation of 
the culture media, or addition or WithdraWal of cells. 
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[0140] The entire microbioreactor can be automated by 
pumps and computerized programmers. 

1. A method for maintaining human embryonic stem cells 
in a non-differentiated state While allowing cell division of the 
stem cells, the method comprising 

repeatedly administering to the stem cells an effective 
amount of an inhibitor of cell development in sequential 
combination With an anti-inhibitor of cell proliferation 
in a controlled manner to maintain the stem cells in a 
non-differentiated state While alloWing cell division of 
the stem cells, until ampli?cation of the stem cells is 
su?icient to obtain a desired number of cells, 

Wherein the inhibitor of cell development is TGFP in an 
amount of 0.01 pg/ml to 1 mg/ml and the anti-inhibitor 
of cell proliferation is anti-TGFB in an amount of 0.1 
ug/ml to 10 mg/ml. 

2. The method according to claim 1, Wherein the human 
stem cells are in a cell concentration in a range from about 1 
to about 1010 cells per ml. 

3. The method according to claim 1, further comprising the 
folloWing steps: 

a) initiating a ?rst cycle of cell division of the stem cells, by 
seeding the stem cells in a resting state in the presence of 
one or more cytokines, and neutraliZing the effect of an 
inhibitor of cell development present in the culture 
medium so that the stem cells leave their resting state by 
initiation of a ?rst cell division, 

b) returning the stem cells to a resting state by treating the 
cells With an inhibitor of cell development, 

c) repeating the cycles of division and resting described in 
steps a) and b) until the ampli?cation of the stem cells is 
su?icient to obtain the desired number of stem cells, and 
then 

d) stopping the multiplication of the non-differentiated 
stem cells. 
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4. The method according to claim 3, further comprising 
Washing the stem cells obtained in step b) to remove catabo 
lites and the inhibitor of cell development, prior to step c). 

5. The method according to claim 3, further comprising 
diluting the stem cells obtained in step b) to maintain a stem 
cell concentration in a range from about 100 to 1010 stem cells 
per ml, prior to step c). 

6. The method according to claim 3, further comprising e) 
storing the stem cells, using the stem cells, and/or causing the 
stem cells to differentiate in vitro. 

7. The method according to claim 3, Wherein the inhibitor 
of cell development in step b) is synthesiZed by the stem cells 
and/or is added to the culture medium. 

8. The method according to claim 3, Wherein neutraliZing 
the effect of the inhibitor of cell development present in the 
culture medium is effected by 

adding a suitable amount of an anti-inhibitor of cell prolif 
eration to the cell culture medium, and 

removing the inhibitor of cell development from the cul 
ture medium. 

9. The method according to claim 3, Wherein the duration 
of a single resting state is in a range from about 1 hour to 3 
years. 

10. The method according to claim 3, Wherein the duration 
of a single division cycle is in a range from about 6 hours to 3 
years. 

11. The method according to claim 3, Wherein the number 
of cell divisions is in a range from 1 to about 100. 

12. The method according to claim 3, Wherein the desired 
number of stem cells is in a range from about 2 times to about 
1012 times the number of initially seeded stem cells. 

13. The method according to claim 1, Wherein the human 
embryonic stem cells are at the origin of somatic stem cells. 

* * * * * 


