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1 
CULTURE MEDIA FOR CULTURING PLURIPOTENT STEM CELLS IN 

SUSPENSION 

FIELD AND BACKGROUND OF THE INVENTION  

	

5 	The present invention, in some embodiments thereof, relates to defined culture 

media and, more particularly, but not exclusively, to methods of using same for culturing 

pluripotent stem cells in a suspension culture devoid of substrate adherence. 

Human Pluripotent stem cells (hPSCs), both induced pluripotent stem cells 

(iPSCs) or embryonic stem cells (ESCs), used to be traditionally cultured and derived 

	

10 	using the conventional methods for mouse ESCs, i.e., a medium supplemented with fetal 

bovine serum (FBS) and feeder-layers consisting of inactivated mouse embryonic 

fibroblasts (MEFs) [Thomson et al, 1998]. In recent years, extensive investigation into 

improving the culture systems for hESCs has yielded five main advances: (1) the ability 

to grow cells in serum-free conditions [Amit et al, 2000]; (2) maintenance of the cells in 

15 an undifferentiated state on MATRIGELTM  matrix with 100% MEF-conditioned 

medium [Xu et al, 2001]; (3) prolonged culture of hESCs in feeder-layer-free conditions 

without the addition of MEF-conditioned medium, while using selected growth factors 

[Amit et al, 2004; Xu et al, 2005; Xu et al, 2005b]; (4) the use of either human 

embryonic fibroblasts, adult Fallopian tube epithelium [Richards et al, 2002] or foreskin 

	

20 	fibroblasts [Amit et al, 2003; Hovatta et al, 2004] as feeder layers; and (5) culturing the 

cells in suspension cultures (Amit et al, 2010, 2011). 

Previous studies had offered the feeder layer-free culture systems which 

excluded the use of conditioned-medium. The first is based on MATRIGELTM  matrix 

and medium supplemented with serum replacement and 40 ng/ml basic fibroblast growth 

	

25 	factor (bFGF) [Xu et al, 2005b]. 

The authors reported 28% background differentiation while using this culture 

method and 20% differentiation when 75 ng/ml of Flt-3 ligand was added to the culture 

medium. The second is based on MATRIGELTM  matrix and medium supplemented with 

40 ng/ml bFGF and 0.5 µg/m1 Noggin [Xu et al, 2005]. In this culture system the 

	

30 	background differentiation of 10% was equivalent to that achieved by culturing the cells 

with Matrigel and MEF-conditioned medium. The third system, suggested by Amit and 

colleagues, is based on fibronectin as matrix, medium supplemented with 20% serum 

replacement, and 0.12 ng/ml of transforming growth factor 131 (TGF(31) and 4 ng/ml of 
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2 
bFGF [Amit et al, 2004]. All three methods were found to support continuous culture of 

hESCs, while maintaining hESC features for more than 32 passages. 

In some culture methods PSCs can be cultured continuously without feeder 

layers provided that the culture medium will be supplemented with a cocktail of various 

	

5 	factors such as F1t3 (Xu et al., 2005) and various inhibitors (Gafni 0., et al., 2013. 

Nature, 504:282-6. Epub 2013 Oct 30). Several recent studies discussed the possible 

involvement of several intracellular transduction pathways in hPSC renewal and 

maintenance of "stemness" identity, but the mechanism underlining hESC self-

maintenance is still unrevealed. 

	

10 	The first suggested pathway offered by Sato and colleague is the Wnt pathway 

(Sato N., et al, 2004. "Maintenance of pluripotency in human and mouse embryonic 

stem cells through activation of Wnt signaling by a pharmacological GSK-3-specific 

inhibitor"; Nature Medicine 10: 55-63). In their study, hESCs were cultured with 

Matrigel matrix and medium supplemented with 6-bromoindirubin-3'-oxime (BIO) for 

	

15 	seven days. HESCs cultured in these conditions not only maintained hESC properties 

but also demonstrated WNT signaling pathway up-regulation, suggesting involvement of 

this pathway in hESC self-renewal. A later publication by the same group indicates that 

the TGFI3 pathway plays a crucial role in cell-fate determination and holds 

interconnections with the Wnt signaling pathway in maintaining hESC features [Daylon 

	

20 	et al, 2005]. These results are consistent with the feeder layer-free culture method 

suggested by Amit and colleagues, which is based on the addition of TGFI3 to the culture 

medium [Amit et al, 2004]. 

However, while these two-dimensional (2-D) culture systems can be used for 

small scale production of PSCs, they are limited in their ability to generate large scale 

	

25 	production of PSCs. In addition, while all of the known culturing conditions require 

bFGF for maintaining PSC in a pluripotent state, this factor an expensive additive for 

large scale production of PSCs. 

Additional background art includes WO 2015/009146; WO 2015051122A2; 

Kakugawa S., et al. 2015 ("Notum deacylates Wnts to suppress signaling activity". 

	

30 	Nature, 519: 187-192). 
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3 
SUMMARY OF THE INVENTION  

According to an aspect of some embodiments of the present invention there is 

provided a defined culture medium comprising an effective amount of a protease 

inhibitor, wherein the culture medium is capable of maintaining human pluripotent stem 

	

5 	cells in a pluripotent state when cultured in a suspension culture devoid of substrate 

adherence. 

According to an aspect of some embodiments of the present invention there is 

provided a defined culture medium comprising a GSK3I3 inhibitor and at least one agent 

selected from the group consisting of a protease inhibitor and a WNT3A polypeptide, 

	

10 	wherein the culture medium is capable of maintaining human pluripotent stem cells in a 

pluripotent state when cultured in a suspension culture devoid of substrate adherence. 

According to an aspect of some embodiments of the present invention there is 

provided a defined culture medium comprising a WNT3A polypeptide and a stabilizing 

agent thereof with the proviso that the stabilizing agent is not a lipid vesicle, wherein the 

	

15 	culture medium is capable of maintaining human pluripotent stem cells in a pluripotent 

state when cultured in a suspension culture devoid of substrate adherence. 

According to an aspect of some embodiments of the present invention there is 

provided a defined culture medium comprising a GSK3I3 inhibitor, with the proviso that 

the medium is devoid of an ERK1/2 inhibitor, wherein the culture medium is capable of 

	

20 	maintaining human pluripotent stem cells in a pluripotent state when cultured in a 

suspension culture devoid of substrate adherence. 

According to an aspect of some embodiments of the present invention there is 

provided a cell culture comprising cells and the defined culture medium of any one of 

claims 1-30. 

	

25 	According to an aspect of some embodiments of the present invention there is 

provided a method of culturing pluripotent stem cells in a suspension culture devoid of 

substrate adherence, comprising culturing the pluripotent stem cells in the culture 

medium of any one of claims 1-30, thereby culturing the pluripotent stem cells in the 

suspension culture. 

	

30 	According to some embodiments of the invention, the protease inhibitor is 

phenylmethylsulfonyl fluoride (PMSF). 
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4 
According to some embodiments of the invention, the protease inhibitor is 

To s yl-L-ly s yl-chloromethane hydrochloride (TLCK). 

According to some embodiments of the invention, the concentration of TLCK in 

the culture medium is between 20-80 µM. 

	

5 	According to some embodiments of the invention, the concentration of TLCK in 

the culture medium is between 40-60 µM. 

According to some embodiments of the invention, the concentration of TLCK in 

the culture medium is about 50 µM. 

According to some embodiments of the invention, the defined culture medium 

	

10 	further comprises a GSK3I3 inhibitor. 

According to some embodiments of the invention, the defined culture medium 

further comprising a WNT3A polypeptide. 

According to some embodiments of the invention, the defined culture medium 

further comprising a stabilizing agent of the WNT3A, with the proviso that the 

	

15 	stabilizing agent is not a lipid vesicle. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention, with the proviso that the medium does not comprise 

more than 0.009 µM of an ERK1/2 inhibitor. 

According to some embodiments of the invention, the defined culture medium of 

	

20 	some embodiments of the invention being devoid of an ERK1/2 inhibitor. 

According to some embodiments of the invention, the GSK3I3 inhibitor is 

CHIR99021. 

According to some embodiments of the invention, the protease inhibitor is 

phenylmethylsulfonyl fluoride (PMSF). 

	

25 	According to some embodiments of the invention, the defined culture medium 

further comprising a stabilizing agent of the WNT3A, with the proviso that the 

stabilizing agent is not a lipid vesicle. 

According to some embodiments of the invention, the CHIR99021 is provided at 

a concentration of at least 1 µM. 

	

30 	According to some embodiments of the invention, the CHIR99021 is provided at 

a concentration range of 2-5 µM/ml. 
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5 
According to some embodiments of the invention, the stabilizing agent is 

selected from the group consisting of a GSK3I3 inhibitor and phenylmethylsulfonyl 

fluoride (PMSF). 

According to some embodiments of the invention, the WNT3A polypeptide is 

	

5 	provided at a concentration of at least 1 ng/ml. 

According to some embodiments of the invention, the WNT3A polypeptide is 

provided at a concentration in the range of about 5-15 ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention with the proviso that the medium does not comprise 

	

10 	more than 0.009 i_IM of an ERK1/2 inhibitor. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention being devoid of an ERK1/2 inhibitor. 

According to some embodiments of the invention, the stabilizing agent is GSK3I3 

inhibitor. 

	

15 	According to some embodiments of the invention, the stabilizing agent is 

phenylmethylsulfonyl fluoride (PMSF). 

According to some embodiments of the invention, the defined culture medium 

further comprising leukemia inhibitory factor (LIF). 

According to some embodiments of the invention, the defined culture medium 

	

20 	further comprising the IL6RIL6 chimera. 

According to some embodiments of the invention, the defined culture medium 

being devoid of a JNK inhibitor. 

According to some embodiments of the invention, the defined culture medium 

being devoid of a p38 inhibitor. 

	

25 	According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention being serum-free. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention does not comprise more than 1 ng/ml of basic 

fibroblast growth factor (bFGF). 

	

30 	According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention being devoid of basic fibroblast growth factor 

(bFGF). 
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6 
According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention being capable of maintaining pluripotent stem cells 

in a pluripotent state for at least 5 passages when cultured in a suspension culture devoid 

of substrate adherence. 

	

5 	According to some embodiments of the invention, the cells comprise pluripotent 

stem cells, and wherein the culture medium is capable of maintaining the pluripotent 

stem cells in a pluripotent state when cultured in a suspension culture devoid of substrate 

adherence. 

According to some embodiments of the invention, the culture medium of some 

	

10 	embodiments of the invention is capable of maintaining the pluripotent stem cells in an 

undifferentiated and pluripotent state for at least 5 passages when cultured in a 

suspension culture devoid of substrate adherence. 

According to some embodiments of the invention, the pluripotent stem cells are 

induced pluripotent stem cells. 

	

15 	According to some embodiments of the invention, the pluripotent stem cells are 

embryonic stem cells. 

According to some embodiments of the invention, the pluripotent stem cells are 

human pluripotent stem cells. 

According to some embodiments of the invention, the defined culture medium is 

	

20 	capable of maintaining the pluripotent stem cells in an undifferentiated and pluripotent 

state for at least 5 passages when cultured in a suspension culture devoid of substrate 

adherence. 

According to some embodiments of the invention, the method of some 

embodiments of the invention, for expanding the pluripotent stem cells while 

	

25 	maintaining the pluripotent stem cells in a proliferative, pluripotent and undifferentiated 

state. 

Unless otherwise defined, all technical and/or scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to which 

the invention pertains. Although methods and materials similar or equivalent to those 

	

30 	described herein can be used in the practice or testing of embodiments of the invention, 

exemplary methods and/or materials are described below. In case of conflict, the patent 
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7 
specification, including definitions, will control. In addition, the materials, methods, and 

examples are illustrative only and are not intended to be necessarily limiting. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)  

	

5 	Some embodiments of the invention are herein described, by way of example 

only, with reference to the accompanying drawings. With specific reference now to the 

drawings in detail, it is stressed that the particulars shown are by way of example and for 

purposes of illustrative discussion of embodiments of the invention. In this regard, the 

description taken with the drawings makes apparent to those skilled in the art how 

	

10 	embodiments of the invention may be practiced. 

In the drawings: 

Figs. lA-C depict FACS analysis of the SSEA4 marker of pluripotent stem cells 

cultured after at least 15 passages in the YFL3 (cont; Figure 1A), CHIR (CHIR99021; 

Figure 1B), and Wnt (Wnt3A; Figure 1C) culture media. Flow cytometry analysis for the 

	

15 	specific pluripotency marker SSEA4 expressed by hPSCs cultured in suspension while 

using the tested medium for 15-25 passages; 

Figs. 2A-L are images of immunostaining analysis for SSEA4 performed after at 

least 15 passages in the YFL3 (cont; Figures 2A-C), CHIR (CHIR99021; Figures 2D-F), 

Wnt (Wnt3A; Figures 2G-I) and mWnt (mouse Wnt) (Figures 2J-L) culture media. 

20 Immunofluorescence analysis for the pluripotency marker SSEA4 (labeled with CY5) 

expressed by hPSCs cultured using the tested medium for at least 15 passages. Shown 

are the nuclei staining by DAPI (Figures 2A, 2D, 2G and 2J), the SSEA4 labeling by 

CY5 (Figures 2B, 2E, 2H and 2K) and the merged images (Figures 2C, 2F, 21 and 2L). 

Figs. 3A-L are images of immunostaining for Oct4 performed after at least 15 

25 passages in the YFL3 (cont; Figures 3A-C), CHIR (CHIR99021; Figures 3D-F), Wnt 

(Wnt3A; Figures 3G-I) and mWnt (Figures 3J-L) culture media. Immunofluorescence 

analysis for the pluripotency marker Oct4 (labeled with CY5) expressed by hPSCs 

cultured using the tested medium for at least 15 passages. Shown are the nuclei staining 

by DAPI (Figures 3A, 3D, 3G and 3J), the OCT4 labeling by CY5 (Figures 3B, 3E, 3H 

	

30 	and 3K) and the merged images (Figures 3C, 3F, 31 and 3L). 

Figs. 4A-L are images of immunostaining for Nanog performed after at least 15 

passages in the YFL3 (cont; Figures 4A-C), CHIR (CHIR99021; Figures 4D-F), Wnt 
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8 
(Wnt3A; Figures 4G-I) and mWnt (Figures 4J-L) culture media. Immunofluorescence 

analysis for the pluripotency marker Nanog (labeled with CY5) expressed by hPSCs 

cultured using the tested medium for at least 15 passages. Shown are the nuclei staining 

by DAPI (Figures 4A, 4D, 4G and 4J), the Nanog labeling by CY5 (Figures 4B, 4E, 4H 

	

5 	and 4K) and the merged images (Figures 4C, 4F, 41 and 4L). 

Figs. 5A-L are images of immunostaining for TRA-1-60 performed after at least 

15 passages in the YFL3 (cont; Figures 5A-C), CHIR (CHIR99021; Figures 5D-F), Wnt 

(Figures 5G-I) and mWnt (Figures 5J-L) culture media. Immunofluorescence analysis 

for the pluripotency marker TRA-1-60 (labeled with CY5) expressed by hPSCs cultured 

	

10 	using the tested medium for at least 15 passages. Shown are the nuclei staining by DAPI 

(Figures 5A, 5D, 5G and 5J), the TRA-1-60 labeling by CY5 (Figures 5B, 5E, 5H and 

5K) and the merged images (Figures 5C, 5F, 51 and 5L). 

Figs. 6A-L are images of immunostaining for TRA-1-81 performed after at least 

15 passages in the YFL3 (cont; Figures 6A-C), CHIR (CHIR99021; Figures 6D-F), Wnt 

15 (Wnt3A; Figures 6G-I) and mWnt (Figures 6J-L) culture media. Immunofluorescence 

analysis for the pluripotency marker TRA-1-81 (labeled with CY5) expressed by hPSCs 

cultured using the tested medium for at least 15 passages. Shown are the nuclei staining 

by DAPI (Figures 6A, 6D, 6G and 6J), the TRA-1-81 labeling by CY5 (Figures 6B, 6E, 

6H and 6K) and the merged images (Figures 6C, 6F, 61 and 6L). 

	

20 	Figs. 7A-D depict aggregates of PSCs cultured in a suspension culture with the 

new culture media (Figures 7A-C) and a control culture medium (Figure 7D). Note that 

the cells maintained similar aggregate morphology as the PSCs cultured in suspension in 

the control medium. Figure 7A - medium PMSF without LIF; Figure 7B - PMSF and 

CHIR (CHIR99021) medium; Figure 7C - PMSF and Wnt3A medium. Size bar: 50 µM 

	

25 	in all panels. 

Figs. 8A-I are images of immunostaining for SSEA4 performed after at least 40 

passages in the YFL3 (cont; Figures 8A-C), CHIR (CHIR99021; Figures 8D-F), and 

Wnt (Wnt3A; Figures 8G-I) culture media. Immunofluorescence analysis for the 

pluripotency marker SSEA4 (labeled with CY5) expressed by hPSCs cultured using the 

	

30 	tested medium for at least 40 passages. Shown are the nuclei staining by DAPI (Figures 

8A, 8D, and 8G), the SSEA4 labeling by CY5 (Figures 8B, 8E, and 8H) and the merged 

images (Figures 8C, 8F, and 81). 
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9 
Figs. 9A-I are images of immunostaining for Nanog performed after at least 40 

passages in the YFL3 (cont; Figures 9A-C), CHIR (CHIR99021; Figures 9D-F), and 

Wnt (Wnt3A; Figures 9G-I) culture media. Immunofluorescence analysis for the 

pluripotency marker Nanog (labeled with CY5) expressed by hPSCs cultured using the 

	

5 	tested medium for at least 40 passages. Shown are the nuclei staining by DAPI (Figures 

9A, 9D, and 9G), the Nanog labeling by CY5 (Figures 9B, 9E, and 9H) and the merged 

images (Figures 9C, 9F, and 91). 

Figs. 10A-I are images of immunostaining for TRA-1-60 performed after at least 

40 passages in the YFL3 (cont; Figures 10A-C), CHIR (CHIR99021; Figures 10D-F), 

	

10 	and Wnt (Wnt3A; Figures 10G-I) culture media. Immunofluorescence analysis for the 

pluripotency marker TRA-1-60 (labeled with CY5) expressed by hPSCs cultured using 

the tested medium for at least 40 passages. Shown are the nuclei staining by DAPI 

(Figures 10A, 10D, and 10G), the TRA-1-60 labeling by CY5 (Figures 10B, 10E, and 

10H) and the merged images (Figures 10C, 10F, and 101). 

	

15 	Figs. 11A-I are images of immunostaining for TRA-1-81 performed after at least 

40 passages in the YFL3 (cont; Figures 11A-C), CHIR (CHIR99021; Figures 11D-F), 

and Wnt (Wnt3A; Figures 11G-I) culture media. Immunofluorescence analysis for the 

pluripotency marker TRA-1-81 (labeled with CY5) expressed by hPSCs cultured using 

the tested medium for at least 40 passages. Shown are the nuclei staining by DAPI 

	

20 	(Figures 11A, 11D, and 11G), the TRA-1-81 labeling by CY5 (Figures 11B, 11E, and 

11H) and the merged images (Figures 11C, 11F, and 111). 

Figs. 12A-I are images of immunostaining for OCT4 performed after at least 40 

passages in the YFL3 (cont; Figures 12A-C), CHIR (CHIR99021; Figures 12D-F), and 

Wnt (Wnt3A; Figures 12G-I) culture media. Immunofluorescence analysis for the 

	

25 	pluripotency marker OCT4 (labeled with CY5) expressed by hPSCs cultured using the 

tested medium for at least 40 passages. Shown are the nuclei staining by DAPI (Figures 

12A, 12D, and 12G), the OCT4 labeling by CY5 (Figures 12B, 12E, and 12H) and the 

merged images (Figures 12C, 12F, and 121). 

Figs. 13A-C depict growth curves of pluripotent stem cells cultured in the culture 

	

30 	media for at least 15 passages (Figure 13B) or for at least 40 passages (Figure 13A) and 

for 44-48 passages (Figure 13C). PSCs were plated and cultured for 14 days. Inoculation 
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10 
concentration was 1.5x105  cells per ml. Every two days the number of living cells was 

counted. 

Fig. 14 depicts results of RT-PCR analysis for Nanog, Oct4 (POU5F1) and 

SOX2. Real time PCR analysis was used to determine the expression levels of the genes 

	

5 	Oct4 (POU5F1), Nanog and sox2 from cells cultured for at least 40 passages while using 

the tested medium. No significant difference was identified between the tested medium 

and control (YFL3). 

Figs. 15A-G depict results of FACS analysis for the specific pluripotency marker 

SSEA4 in PSCs after culturing in suspension using the indicated culture media for 38-42 

	

10 	passages. Figure 15A — YFL3; Figure 15B — PMSF; Figure 15C — PMSF without LIF; 

Figure 15D — PMSF+WNT (Wnt3A); Figure 15E — PMSF+WNT (Wnt3A) without 

LIF; Figure 15F — PMSF+CHIR (CHIR99021); Figure 15G — PMSF+CHIR 

(CHIR99021) without LIF. 

Figs. 16A-L depict immunofluorescence analysis for pluripotency markers Tral- 

	

15 	81 and Oct4 expressed by hPSCs cultured in suspension using the tested medium. 

Figures 16A-D — cells were cultured in the YFL3 medium for 165 passages in 

suspension; Figures 16E-H — cells were cultured in the PMSF medium for 53 passages 

in suspension; Figures 16I-L — cells were cultured in the PMSF without LIF for 50 

passages in suspension. Shown are nuclei staining by DAPI (Figures 16A, 16E and 161), 

	

20 	TRA-1-81 staining ("Tra81"; Figures 16B, 16F and 16J), OCT4 staining (Figures 16C, 

16G and 16K), and merged images of OCT4 (green) and TRA-1-81 ("Tra81"; red) 

(Figures 16D, 16H, and 16L). 

Figs. 17A-L depict immunofluorescence analysis for pluripotency markers Tra-

1-81 and Oct4 expressed by hPSCs cultured in suspension using the tested medium. 

25 Figures 17A-D — cells were cultured in the PMSF+WNT (Wnt3A) medium for 53 

passages in suspension; Figures 17E-H — cells were cultured in the PMSF+WNT without 

LIF medium for 50 passages in suspension; Figures 171-L — cells were cultured in the 

PMSF+CHIR (CHIR99021) for 49 passages in suspension. Shown are nuclei staining by 

DAPI (Figures 17A, 17E and 171), TRA-1-81 staining (Figures 17B, 17F and 17J), 

	

30 	OCT4 staining (Figures 17C, 17G and 17K), and merged images of OCT4 (green) and 

TRA-181 (red) (Figures 17D, 17H, and 17L). 
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11 
Figs. 18A-G depict images embryoid bodies (EBs) formation from PSCs which 

grew for at least 40 passages on the following culture media. In each figure, the top 

image (marked as "1") relates to day 2 EBs, and the bottom image (marked as "2") 

relates to day 6 EBs. Figure 18A - YFL3 medium; Figure 18B - PMSF medium. Figure 

	

5 	18C - PMSF without LIF medium; Figure 18D — PMSF + Wnt (Wnt3A) medium; Figure 

18E - PMSF + Wnt (Wnt3A) without LIF medium; Figure 18F - PMSF + Chir 

(CHIR99021) medium; Figure 18G - PMSF + Chir (CHIR99021) without LIF medium. 

Figs. 19A-D are images depicting human pluripotent stem cells cultured for 19 

passages on a two-dimensional culture system on human foreskin fibroblasts (HFF) and 

	

10 	a culture medium supplemented with the WNT3A and the IL6RIL6 Chimera. The cells 

were immuno-stained for the pluripotent markers OCT4 (Figure 19A) and SSEA4 

(Figure 19C) and were further counterstained with nuclei staining of DAPI (Figures 19B 

and 19D). 

Figs. 20A-D are images depicting human pluripotent stem cells cultured for 19 

	

15 	passages on a two-dimensional culture system on human foreskin fibroblasts (HFF) and 

a culture medium supplemented with the WNT3A and the IL6RIL6 Chimera. The cells 

were immuno-stained for the pluripotent markers TRA-1-60 (Figure 20A) and TRA-1-

81 (Figure 20C) and were further counterstained with nuclei staining of DAPI (Figures 

20B and 20D). 

	

20 	Figs. 21A-C are images depicting cells morphology of human pluripotent stem 

cells cultured for 19 passages on a two-dimensional culture system on human foreskin 

fibroblasts (HFF) and a culture medium supplemented with the WNT3A and the 

IL6RIL6 Chimera. 

Fig. 22 is a schematic illustration of the phenylmethylsulfonyl fluoride (PMSF) 

	

25 	chemical structure. 

Figs. 23A-B depict cultivation of undifferentiated hESCs in TLCK media 

(without bFGF) in a static 3D (three dimensional) suspension culture. 

Undifferentiated hESCs (Sus 160, TE03) cultured for 6 passages in media supplemented 

with TLCK (no bFGF) in static 3D culture plates. Figure 23A — Morphology of the cells 

	

30 	after 6 passages. Figure 23B - Representative FACS analysis demonstrated >92% of the 

cells co-expresses Oct4 and SSEA4, >95% of the cells were positive to SSEA4. 
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Figs. 24A-B depict cultivation of undifferentiated hESCs in TLCK media 

(without bFGF) in a static 3D suspension culture. Undifferentiated hESCs (Sus 175, 

TE03) cultured for 6 passages in media supplemented with TLCK (no bFGF) in static 

3D culture plates. Figure 24A — Morphology of the cells after 6 passages. Figure 24B - 

	

5 	Representative FACS analysis demonstrated >83% of the cells co-expresses Oct4 and 

SSEA4, >92% of the cells were positive to SSEA4. 

Fig. 25 depicts cultivation of undifferentiated hESCs in the medium of some 

embodiments of the invention, which is supplemented with small molecule (PMSF), in a 

dynamic 3D culture system. Shown are representative FACS analyses of 

	

10 	undifferentiated hESCs (SUS 160, line 13; TE03) cultured as aggregates (MaxellsTM) for 

5 weeks (5 passages) in spinner flasks in media supplemented with PMSF. Note that 

>95% of the cells co-express Oct4 and SSEA4. >98% of the cells express SSEA4. 

Fig. 26 depicts FACS characterization of hESCs cultured in a dynamic 3D 

culture system. Shown are representative FACS analyses of undifferentiated hESCs 

	

15 	(SUS 175, line 13; TE03) cultured as aggregates (MaxellsTM) for 4 weeks (4 passages) in 

spinner flasks in media supplemented with Wnt3A and LIF. Note that >86% of the cells 

co-express Oct4 and SSEA4. >97% of the cells express SSEA4. 

Figs. 27A-C —depict the differentiation potential of PSCs cultured in PMSF-

supplemented media under 3D static culture conditions on plates. TE03 cells were 

	

20 	cultured as aggregates (MaxellsTM) in media supplemented with PMSF or PMSF+Wnt 

(Wnt3A) +CHIR (CHIR99021) and after passage 35-37 in the suspension 3D culture the 

cells were either allowed to spontaneously differentiate into embryoid bodies (Figures 

27A-B) or were directly induced to differentiate into the adipocyte lineage (Figure 27C). 

Shown are the following 16 days in the differentiation conditions stained with Oil-O red 

	

25 	(red) showing adipocyte cells. Figure 27A — the cells were cultured in PMSF 

supplemented medium before allowed to spontaneously differentiate into EBs. Figure 

27B — the cells were cultured in PMSF+Wnt (Wnt3A) +CHIR (CHIR99021) 

supplemented medium before allowed to spontaneously differentiate into EBs. Figure 

27C — the cells were cultured in PMSF+Wnt+CHIR (CHIR99021) supplemented 

	

30 	medium before were directly induced to the adipogenic lineage. Arrows point to cells 

containing lipid droplets thus indicating differentiation to pre-adipocytes. 
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13 
DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION 

The present invention, in some embodiments thereof, relates to defined culture 

media and, more particularly, but not exclusively, to methods of using same for culturing 

pluripotent stem cells in a suspension culture devoid of substrate adherence. 

	

5 	Before explaining at least one embodiment of the invention in detail, it is to be 

understood that the invention is not necessarily limited in its application to the details of 

construction and the arrangement of the components and/or methods set forth in the 

following description and/or illustrated in the drawings and/or the Examples. The 

invention is capable of other embodiments or of being practiced or carried out in various 

	

10 	ways. 

The suspension culture method presented in this study, is based on medium 

supplemented with Wnt3a, a GSK3I3i (GSK3(3 inhibitor), a phenylmethylsulfonyl 

fluoride (PMSF) and/or a Tosyl-L-lysyl-chloromethane hydrochloride (TLCK), yet 

without the addition of bFGF to the culture medium. Such defined culture media were 

	

15 	shown capable of supporting prolonged undifferentiated culture of human PSCs in a 

feeder layer-free and serum free environment, such as a suspension culture. 

In addition to their contribution to the research on early human development, 

human pluripotent stem cells (hPSCs) may also be used for cell-based therapies and 

industrial applications. The possible future use of hPSCs in human therapy requires an 

	

20 	animal-free, reproducible, affordable and scalable culture system for these cells. 

In this study the present inventors uncovered a new culture system for hPSCs, in 

suspension, based on medium supplemented with serum replacement (e.g., 15% serum 

replacement or content thereof) and Wnt3a, without the need to supplement the medium 

with bFGF. While using this new formulation hPSCs maintained all PSCs features after 

25 prolonged culture, including the developmental potential to differentiate into 

representative tissues of the three embryonic germ layers, unlimited and undifferentiated 

proliferative ability and maintenance of normal karyotype. 

The culture system reported here demonstrate that Wnt3a, GSK3I3i (GSK3(3 

inhibitor), phenylmethylsulfonyl fluoride (PMSF), and/or a Tosyl-L-lysyl- 

	

30 	chloromethane hydrochloride (TLCK) are sufficient to support undifferentiated culture 

of hPSCs in suspension. Such simple medium formulation will facilitate research 
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practices and provide an additional tool for mass production of hPSCs required for 

future industrial and clinical applications of these cells. 

According to an aspect of some embodiments of the invention there is provided a 

defined culture medium comprising an effective amount of a protease inhibitor, wherein 

	

5 	the culture medium is capable of maintaining human pluripotent stem cells in a 

pluripotent state when cultured in a suspension culture devoid of substrate adherence. 

According to an aspect of some embodiments of the invention, there is provided 

a defined culture medium comprising a GSK3I3 inhibitor and at least one agent selected 

from the group consisting of a protease inhibitor and a WNT3A polypeptide, wherein the 

	

10 	culture medium is capable of maintaining human pluripotent stem cells in a pluripotent 

state when cultured in a suspension culture devoid of substrate adherence. 

According to an aspect of some embodiments of the invention, there is provided 

a defined culture medium comprising a WNT3A polypeptide and a stabilizing agent 

thereof with the proviso that the stabilizing agent is not a lipid vesicle, wherein the 

	

15 	culture medium is capable of maintaining human pluripotent stem cells in a pluripotent 

state when cultured in a suspension culture devoid of substrate adherence. 

According to an aspect of some embodiments of the invention, there is provided 

a defined culture medium comprising a GSK3I3 inhibitor, with the proviso that the 

medium is devoid of an ERK1/2 inhibitor, wherein the culture medium is capable of 

	

20 	maintaining human pluripotent stem cells in a pluripotent state when cultured in a 

suspension culture devoid of substrate adherence. 

As used herein the term "defined culture medium" refers to a culture medium 

which is man-made and all its components are known. 

The culture medium can be a water-based medium which includes a combination 

	

25 	of substances such as salts, nutrients, minerals, vitamins, antibiotics, amino acids, 

nucleic acids, proteins such as cytokines, growth factors and hormones, all of which are 

needed for cell proliferation and are capable of maintaining the pluripotent stem cells in 

an undifferentiated state. 

For example, the defined culture medium can be a synthetic tissue culture 

	

30 	medium such as Ko-DMEM (Gibco-Invitrogen Corporation products, Grand Island, NY, 

USA), DMEM/F12 (Biological Industries, Beit Haemek, Israel), Mab ADCB medium 

(HyClone, Utah, USA) or DMEM (Biological Industries, Beit Haemek, Israel) 
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supplemented with the necessary additives as is further described hereinunder. 

Preferably, all ingredients included in the culture medium of the present invention are 

substantially pure, with a tissue culture grade. 

An example of a non-defined culture medium is a conditioned medium or 

5 medium that has been supplemented with a conditioned medium. Thus, the defined 

culture medium of some embodiments of the invention is not a conditioned medium. 

A conditioned medium is the growth medium of a monolayer cell culture (i.e., 

feeder cells) present following a certain culturing period. The conditioned medium 

includes growth factors and cytokines secreted by the monolayer cells in the culture. 

10 	Conditioned medium can be collected from a variety of cells forming monolayers 

in culture. Examples include mouse embryonic fibroblasts (MEF) conditioned medium, 

foreskin conditioned medium, human embryonic fibroblasts conditioned medium, 

human fallopian epithelial cells conditioned medium, and the like. 

As described, the defined culture medium of some embodiments of the invention 

15 	comprises an effective amount of a protease inhibitor. 

As used herein the phrase "effective amount of a protease inhibitor" refers to the 

amount of protease inhibitor which is sufficient to maintain pluripotent stem cells in a 

pluripotent state. 

Preferably, the effective amount of the protease inhibitor is sufficient for 

20 	maintaining the pluripotent stem cells in an undifferentiated state. 

According to some embodiments of the invention, the protease inhibitor is a 

reversible protease inhibitor. 

According to some embodiments of the invention, the protease inhibitor inhibits 

serine protease(s). 

25 	Non-limiting examples of reversible protease inhibitors which can be used in the 

medium of some embodiments of the invention include, but are not limited to 

phenylmethylsulfonyl fluoride (PMSF), GSK3I3 inhibitor, Aldehydes — CHO, 

Arylketones - CO-Aryl, Trifluoromethylketones - COCF3, and Ketocarboxylic acids — 

COCOOH. 

30 	According to some embodiments of the invention, the effective amount of the 

protease inhibitor is capable of inhibiting degradation of the WNT3A polypeptide. 
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Assays which can be used to determine if the protease inhibitor is capable of 

inhibiting and/or preventing degradation of WNT3A include, but are not limited to 

Western blot analysis, 	ELIS A (enzyme-linked immunosorbent assay), 

immunohistochemistry, radio immunoassay, and the like, which use an anti WNT3A 

	

5 	antibody for determining the level of WNT3A within the cells. A non-limiting example 

of a suitable anti WNT3A antibody is the Anti-Wnt3a antibody (ab28472) available 

from abcam Cambridge, MA, USA. For example, the cell can be incubated in the 

defined culture medium in the presence or absence of a specific concentration of the 

protease inhibitor, and the land following a few days of culturing (e.g., following 5 

	

10 	days). The degradation level of WNT3A can be compared and/or quantified between the 

two time periods. 

According to some embodiments of the invention, the protease inhibitor is 

phenylmethylsulfonyl fluoride (PMSF). 

PMSF is a serine protease inhibitor commonly used in the preparation of cell 

	

15 	lysates. The chemical structure of PMSF is schematically shown in Figure 22. PMSF is 

rapidly degraded in water and stock solutions are usually made up in anhydrous ethanol, 

isopropanol, corn oil, or DMSO. Proteolytic inhibition occurs when a concentration 

between 0.1 - 1 mM PMSF is used. 

According to some embodiments of the invention, the PMSF used in the defined 

	

20 	culture medium of some embodiments of the invention is provided at a concentration of 

at least about 0.01 mM, e.g., at least about 0.02 mM, e.g., at least about 0.03 mM, e.g., at 

least about 0.04 mM, e.g., at least about 0.05 mM, e.g., at least about 0.06 mM, e.g., at 

least about 0.07 mM, e.g., at least about 0.08 mM, e.g., at least about 0.09 mM, e.g., at 

least about 0.1 mM PMSF. 

	

25 	For example, the PMSF included in the defined culture medium of some 

embodiments of the invention can be in the range of 0.05 mM to 1 mM, e.g., in the range 

of 0.05 mM to 0.8 mM, e.g., in the range of 0.05 mM to 0.7 mM, e.g., in the range of 

0.05 mM to 0.6 mM, e.g., in the range of 0.05 mM to 0.5 mM, e.g., in the range of 0.06 

mM to 0.4 mM, e.g., in the range of 0.07 mM to 0.3 mM, e.g., in the range of 0.08 mM 

	

30 	to 0.2 mM, e.g., in the range of 0.09 mM to 0.15 mM, e.g., in the range of 0.09 mM to 

0.12 mM, e.g., in the range of 0.09 mM to 0.1 mM, e.g., about 0.1 mM PMSF. 
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According to some embodiments of the invention, the protease inhibitor is an 

irreversible protease inhibitor. 

According to some embodiments of the invention, the irreversible protease 

inhibitor inhibits serine protease(s). 

	

5 	According to some embodiments of the invention, the irreversible protease 

inhibitor is Tosyl-L-lysyl-chloromethane hydrochloride (TLCK). 

TLCK (CAS 4238-41-9) is an irreversible inhibitor of trypsin and trypsin-like 

serine proteases. 

TLCK can be obtained from various suppliers such as abcam (e.g., Catalogue 

10 number ab144542), Enzo (Catalogue Number BML-PI121-0200), GENAXXON 

bioscience Catalogue Number M3375.0100) and the like. 

According to some embodiments of the invention, the TLCK is provided in the 

culture medium of some embodiments of the invention at a concentration range from 

about 0.05 µM to about 1000 µM. For example, between 0.5 µM to about 500 µM, 

	

15 	between 0.5 µM to about 400 µM, between 0.5 µM to about 300 µM, between 0.5 µM to 

about 200 µM, between 0.5 µM to about 100 µM, between 1 µM to about 100 µM, 

between 5 µM to about 100 µM, between 10 µM to about 100 µM, between 10 µM to 

about 90 µM, between 10 µM to about 80 µM, between 10 µM to about 70 µM, between 

20 µM to about 70 µM, between 30 µM to about 70 µM, between 40 µM to about 70 

	

20 	µM, between 40 µM to about 60 µM, e.g., about 50 µM, about 55 µM or about 60 µM. 

According to some embodiments of the invention, the TLCK is provided at a 

concentration of 20-80 µM. 

According to some embodiments of the invention, the TLCK is provided at a 

concentration of about 50 µM in the culture medium. 

	

25 	According to some embodiments of the invention, the defined culture medium 

further comprises a GSK3I3 inhibitor. 

As used herein the term "GSK313" refers to the glycogen synthase kinase 3 beta 

protein set forth by GenBank Accession Nos. NP 002084.2 (SEQ ID NO: 1) and/or 

NP 001139628.1 (SEQ ID NO: 2) having the WNT signaling regulatory activity via its 

	

30 	kinase activity. 
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As used herein the term "GSK3I3 inhibitor" (also referred to as refers to as 

"GSK3I3i") any molecule capable of inhibiting the activity of GSK3I3 as determined by 

specifically inhibiting levels of phosphorylated GSK3I3 (out of total GSK3I3 present in a 

cell). 

	

5 	Non-limiting examples of GSK3I3 inhibitors include CHIR99021 

(AXONMEDCHEM - AXON 1386), BIO (AXONMEDCHEM - Axon 1693), and 

Kenpaullone (TOCRIS - cat no. 1398). 

According to some embodiments of the invention, the GSK3I3 inhibitor is 

CHIR99021. 

	

10 	According to some embodiments of the invention, CHIR99021 is provided at a 

concentration of at least 0.1 µM, e.g., at least 0.5 µM, e.g., at least 1 µM. 

According to some embodiments of the invention, CHIR99021 is provided at a 

concentration range of between about 0.1-50 µM, e.g., from about 0.2 µM to about 50 

µM, e.g., between about 0.2-45 µM, e.g., between about 0.2-50 µM, e.g., between about 

	

15 	0.2-45 µM, e.g., between about 0.2-40 µM, e.g., between about 0.2-35 µM, e.g., 

between about 0.2-30 µM, e.g., between about 0.2-25 µM, e.g., between about 0.2-20 

µM, e.g., between about 0.2-15 µM, e.g., between about 0.2-10 µM, e.g., between about 

0.2-10 µM, e.g., between about 0.3-10 µM, e.g., between about 0.3-6 µM, e.g., between 

about 0.4-10 µM, e.g., between about 0.5-10 µM, e.g., between about 0.6-10 µM, e.g., 

	

20 	between about 0.7-10 µM, e.g., between 0.8-10 µM, e.g., between 0.9-10 µM, e.g., 

between 0.9-9 µM, e.g., between 1-8 µM, e.g., between 1-7 µM, e.g., between 1-6 µM, 

e.g., between 1-5 µM, e.g., between 2-5 µM, e.g., between 2-4 µM, e.g., about 3 µM. 

According to some embodiments of the invention, the CHIR99021 is provided at 

a concentration range of 2-5 µM/ml. 

	

25 	According to some embodiments of the invention, BIO is provided at a 

concentration range of between about 0.1-70 µM, e.g., from about 0.2 µM to about 70 

µM, e.g., between about 0.2-60 µM, e.g., between about 0.2-55 µM, e.g., between about 

0.2-50 µM, e.g., between about 0.2-45 µM, e.g., between about 0.2-40 µM, e.g., 

between about 0.2-35 µM, e.g., between about 0.2-30 µM, e.g., between about 0.2-25 

	

30 	µM, e.g., between about 0.2-20 µM, e.g., between about 0.2-15 µM, e.g., between about 

0.2-10 µM, e.g., between about 0.3-10 µM, e.g., between about 0.4-10 µM, e.g., 
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between about 0.5-10 µM, e.g., between about 0.6-10 µM, e.g., between about 0.7-10 

µM, e.g., between 0.8-10 µM, e.g., between 0.9-10 µM, e.g., between 0.9-9 µM, e.g., 

between 1-8 µM, e.g., between 1-7 µM, e.g., between 1-6 µM, e.g., between 1-5 µM, 

e.g., about 5 µM, e.g., between 2-4 µM. 

	

5 	According to some embodiments of the invention, Kenpaullone is provided at a 

concentration range of between about 0.1-70 µM, e.g., from about 0.2 µM to about 70 

µM, e.g., between about 0.2-60 µM, e.g., between about 0.2-55 µM, e.g., between about 

0.2-50 µM, e.g., between about 0.2-45 µM, e.g., between about 0.2-40 µM, e.g., 

between about 0.2-35 µM, e.g., between about 0.2-30 µM, e.g., between about 0.2-25 

	

10 	µM, e.g., between about 0.2-20 µM, e.g., between about 0.2-15 µM, e.g., between about 

0.2-10 µM, e.g., between about 0.3-10 µM, e.g., between about 0.4-10 µM, e.g., 

between about 0.5-10 µM, e.g., between about 0.6-10 µM, e.g., between about 0.7-10 

µM, e.g., between 0.8-10 µM, e.g., between 0.9-10 µM, e.g., between 0.9-9 µM, e.g., 

between 1-8 µM, e.g., between 1-7 µM, e.g., between 1-6 µM, e.g., between 1-5 µM, 

	

15 	e.g., between 2-4 µM, e.g., about 5 µM. 

According to some embodiments of the invention, the defined culture medium 

further comprises a WNT3A polypeptide. 

As used herein the term "WNT3A" refers to a member of the WNT gene family. 

The WNT gene family consists of structurally related genes which encode secreted 

	

20 	signaling proteins. These proteins have been implicated in oncogenesis and in several 

developmental processes, including regulation of cell fate and patterning during 

embryogenesis. 

The WNT3A mRNA (GenBank Accession NO. NM 033131.3; SEQ ID NO:3) 

encodes the WNT3A polypeptide (GenBank Accession No. NP 149122.1; SEQ ID NO: 

	

25 	4). The WNT3A polypeptide can be obtained from various manufacturers such as R&D 

SYSTEMS (e.g., Catalogue No. 5036-WN-010). 

According to some embodiments of the invention, the defined culture medium 

further comprises a stabilizing agent of the WNT3A, with the proviso that the stabilizing 

agent is not a lipid vesicle. 
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As used herein the phrase "stabilizing agent" of "WNT3A" refers to an agent 

which inhibits proteases and stabilizes the polypeptide WNT3A with the proviso that the 

stabilizing agent is not a lipid vesicle. 

Examples of stabilizing agents which are lipid vesicles include liposomes, 

	

5 	micelles and the like, such as dimyristoyl-sn-Glycero-3-Phosphocholine (DMPC), 1,2- 

dimyristoyl-sn-glycero-3-phospho-(1'-rac-glycerol)) (DMPG) and cholesterol, preferably 

in a DMPC:DMPG:cholesterol ration of 10: 1: 10. 

According to some embodiments of the invention, the WNT3A polypeptide is 

provided at a concentration of at least about 0.1 ng/ml, e.g., at least about 1 ng/ml, e.g., 

	

10 	at least about 2 ng/ml, e.g., at least about 3 ng/ml, e.g., at least about 4 ng/ml, e.g., at 

least about 5 ng/ml, e.g., at least about 6 ng/ml, e.g., at least about 7 ng/ml, e.g., at least 

about 8 ng/ml, e.g., at least about 9 ng/ml, e.g., at least about 10 ng/ml, e.g., at least 

about 11 ng/ml, e.g., at least about 12 ng/ml, e.g., at least about 13 ng/ml, e.g., at least 

about 14 ng/ml, e.g., at least about 15 ng/ml or more. 

	

15 	According to some embodiments of the invention, the WNT3A polypeptide is 

provided at a concentration in the range of about 0.1-150 ng/ml, e.g., about 1-150 ng/ml, 

e.g., about 1-130 ng/ml, e.g., about 1-100 ng/ml, e.g., about 2-100 ng/ml, e.g., about 2-

90 ng/ml, e.g., about 2-80 ng/ml, e.g., about 2-70 ng/ml, e.g., about 2-60 ng/ml, e.g., 

about 2-50 ng/ml, e.g., about 2-40 ng/ml, e.g., about 2-30 ng/ml, e.g., about 2-20 ng/ml, 

	

20 	e.g., about 2-15 ng/ml, e.g., about 2-12 ng/ml, e.g., about 8-12 ng/ml, e.g., about 10 

ng/ml of WNT3A polypeptide. 

According to some embodiments of the invention, the defined culture medium 

being devoid of an ERK1/2 inhibitor. 

As used herein the term "ERK1" refers to the mitogen-activated protein kinase 3 

25 (MAPK3) isoform 1 set forth by GenBank Accession No. NP 002737.2 (SEQ ID 

NO:5), the MAPK3 isoform 2 set forth by GenBank Accession No. NP 001035145.1 

(SEQ ID NO:6), the MAPK3 isoform 3 set forth by GenBank Accession No. 

NP 001103361.1 (SEQ ID NO:7) and/or ERK1 set forth in GenBank Accession No. 

M84490 (SEQ ID NO:8) having the MAPK signaling activity. 

	

30 	As used herein the term "ERK2" refers to the mitogen-activated protein kinase 1 

(MAPK1) set forth by GenBank Accession No. NP 002736.3 (SEQ ID NO:9) and/or 
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GenBank Accession No. NP 620407.1 (SEQ ID NO:10) having the MAPK signaling 

activity. 

As used herein the term "ERK1/2 inhibitor" refers to any molecule capable of 

inhibiting the activity of ERK1/2 as determined by Western blot protein detection of 

	

5 	phosphorylated ERK1/2 proteins. 

Non-limiting examples of ERK1/2 inhibitors include PD0325901 

(AXONMEDCHEM - AXON 1408), PD98059 (AXONMEDCHEM - Axon 1223), and 

PD184352 (AXONMEDCHEM — AXON 1368); or even inhibitors of RAF (which is 

upstream of ERK) such as Sorafenib or SB (AXONMEDCHEM —AXON 1397). 

	

10 	As used herein the phrase "being devoid of an ERK1/2 inhibitor" refers to a 

medium which does not comprise an ERK1/2 inhibitor at all or which may comprise 

only trace amounts of an ERK1/2 inhibitor which are ineffective in inhibiting the 

activity of ERK1/2 as determined by Western blot protein detection of phosphorylated 

ERK1/2 proteins. 

	

15 	According to some embodiments of the invention, trace amounts of the ERK1/2 

inhibitor are less than about 0.009 µM of an ERK1/2 inhibitor, e.g., less than about 

0.005 µM, less than about 0.001 µM, less than about 0.0009 µM, less than about 0.0005 

µM, less than about 0.0001 µM of an ERK1/2 inhibitor, as determined by Mass 

spectroscopy. 

	

20 	According to some embodiments of the invention, the defined culture medium 

does not comprise more than 0.009 µM of an ERK1/2 inhibitor. 

According to some embodiments of the invention, the defined culture medium 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

between 0.05 mM to 1 mM. 

	

25 	According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as PMSF and a GSK3I3 inhibitor such as CHIR99021 (also referred to as 

"CHIR" or "CHIR 99021" herein). 

For example, the defined culture medium of some embodiments of the invention 

	

30 	comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.05 mM to 1 mM and a GSK3I3 inhibitor such as CHIR99021 at a 

concentration range between about 0.1-50 µM. 
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For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.05-0.5 mM and a GSK3I3 inhibitor such as CHIR99021 at a 

concentration range between about 0.3-10 µM. 

	

5 	For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.08-0.2 mM and a GSK3I3 inhibitor such as CHIR99021 at a 

concentration range between about 0.3-6 µM. 

For example, the defined culture medium of some embodiments of the invention 

	

10 	comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.09 mM-0.12 mM and a GSK3I3 inhibitor such as CHIR99021 at a 

concentration range between about 2-5 µM. 

According to some embodiments of the invention, the defined culture medium 

comprises an effective amount of a protease inhibitor such as PMSF, a GSK3I3 inhibitor 

	

15 	such as CHIR99021 and a WNT3A polypeptide. 

For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.05 mM to 1 mM, a GSK3I3 inhibitor such as CHIR99021 at a 

concentration range between about 0.1-50 µM and a WNT3A polypeptide at a 

	

20 	concentration range between 0.1-150 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.05-0.5 mM, a GSK3I3 inhibitor such as CHIR99021 at a concentration 

range between about 0.3-10 µM and a WNT3A polypeptide at a concentration range 

	

25 	between 60-150 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.05-0.5 mM, a GSK3I3 inhibitor such as CHIR99021 at a concentration 

range between about 0.3-10 µM and a WNT3A polypeptide at a concentration range 

	

30 	between 2-50 ng/ml. 
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For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.08-0.2 mM, a GSK3I3 inhibitor such as CHIR99021 at a concentration 

range between about 0.3-6 µM and a WNT3A polypeptide at a concentration range 

	

5 	between 80-120 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.08-0.2 mM, a GSK3I3 inhibitor such as CHIR99021 at a concentration 

range between about 0.3-6 µM and a WNT3A polypeptide at a concentration range 

	

10 	between 2-50 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.09-0.12 mM, a GSK3I3 inhibitor such as CHIR99021 at a concentration 

range between about 2-5 µM and a WNT3A polypeptide at a concentration range 

	

15 	between 90-110 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises an effective amount of a protease inhibitor such as PMSF at a concentration 

range between 0.09-0.12 mM, a GSK3I3 inhibitor such as CHIR99021 at a concentration 

range between about 2-5 µM and a WNT3A polypeptide at a concentration range 

	

20 	between 2-50 ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, and a GSK3I3 inhibitor such as CHIR99021. 

	

25 	According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, and a GSK3I3 inhibitor such as CHIR99021 at a concentration range 

between about 0.1-50 µM. 

	

30 	According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 
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of 20-80 µM, and a GSK3I3 inhibitor such as CHIR99021 at a concentration range 

between about 0.3-10 µM. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

	

5 	inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, and a GSK3I3 inhibitor such as CHIR99021 at a concentration range 

between about 0.3-6 µM. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

	

10 	inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, and a GSK3I3 inhibitor such as CHIR99021 at a concentration range 

between about 2-5 µM. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

	

15 	inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, and a WNT3A polypeptide at a concentration range between 0.1-150 

ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

	

20 	inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, and a WNT3A polypeptide at a concentration range between 2-50 ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

25 of 20-80 µM, and a WNT3A polypeptide at a concentration range between 60-150 

ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

30 of 20-80 µM, and a WNT3A polypeptide at a concentration range between 80-120 

ng/ml. 
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25 
According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, and a WNT3A polypeptide at a concentration range between 5-20 ng/ml. 

	

5 	According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK), a GSK3I3 

inhibitor such as CHIR99021 and a WNT3A polypeptide. 

According to some embodiments of the invention, the defined culture medium of 

10 some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, a GSK3I3 inhibitor such as CHIR99021 at a concentration range between 

about 0.1-50 µM and a WNT3A polypeptide at a concentration range between 0.1-150 

ng/ml. 

	

15 	According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, a GSK3I3 inhibitor such as CHIR99021 at a concentration range between 

about 0.3-10 µM and a WNT3A polypeptide at a concentration range between 60-150 

20 ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, a GSK3I3 inhibitor such as CHIR99021 at a concentration range between 

25 about 0.3-10 µM and a WNT3A polypeptide at a concentration range between 2-50 

ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

	

30 	of 20-80 µM, a GSK3I3 inhibitor such as CHIR99021 at a concentration range between 

about 0.3-6 µM and a WNT3A polypeptide at a concentration range between 80-120 

ng/ml. 
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According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, a GSK3I3 inhibitor such as CHIR99021 at a concentration range between 

5 about 0.3-6 i_iM and a WNT3A polypeptide at a concentration range between 2-50 

ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

10 	of 20-80 µM, a GSK3I3 inhibitor such as CHIR99021 at a concentration range between 

about 2-5 i_IM and a WNT3A polypeptide at a concentration range between 90-110 

ng/ml. 

According to some embodiments of the invention, the defined culture medium of 

some embodiments of the invention comprises an effective amount of a protease 

15 	inhibitor such as Tosyl-L-lysyl-chloromethane hydrochloride (TLCK) at a concentration 

of 20-80 µM, a GSK3I3 inhibitor such as CHIR99021 at a concentration range between 

about 2-5 i_IM and a WNT3A polypeptide at a concentration range between 2-50 ng/ml. 

As described, the defined culture medium of some embodiments of the invention 

comprises a GSK3I3 inhibitor and at least one agent selected from the group consisting 

20 	of a protease inhibitor and a WNT3A polypeptide. 

According to some embodiments of the invention, the defined culture medium 

comprises a GSK3I3 inhibitor (e.g., CHIR99021) and a protease inhibitor (e.g., 

phenylmethylsulfonyl fluoride (PMSF)). 

According to some embodiments of the invention, the defined culture medium 

25 	comprises a GSK3I3 inhibitor (e.g., CHIR99021) and a protease inhibitor [e.g., Tos yl-L- 

lysyl-chloromethane hydrochloride (TLCK)]. 

According to some embodiments of the invention, the defined culture medium 

comprises a GSK3I3 inhibitor (e.g., CHIR99021) and a WNT3A polypeptide. 

For example, the defined culture medium of some embodiments of the invention 

30 	comprises the GSK3I3 inhibitor CHIR99021 at a concentration range of 0.1-50 µM, and 

a WNT3A polypeptide at a concentration range of about 0.1-150 ng/ml. 
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For example, the defined culture medium of some embodiments of the invention 

comprises the GSK3I3 inhibitor CHIR99021 at a concentration range of 0.3-10 µM, and 

a WNT3A polypeptide at a concentration range of about 60-150 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

	

5 	comprises the GSK3I3 inhibitor CHIR99021 at a concentration range of 0.3-10 µM, and 

a WNT3A polypeptide at a concentration range of about 2-50 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises the GSK3I3 inhibitor CHIR99021 at a concentration range of 0.3-6 µM, and a 

WNT3A polypeptide at a concentration range of about 80-120 ng/ml. 

	

10 	For example, the defined culture medium of some embodiments of the invention 

comprises the GSK3I3 inhibitor CHIR99021 at a concentration range of 0.3-6 µM, and a 

WNT3A polypeptide at a concentration range of about 2-50 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises the GSK3I3 inhibitor CHIR99021 at a concentration range of 2-5 µM, and a 

	

15 	WNT3A polypeptide at a concentration range of about 90-110 ng/ml. 

For example, the defined culture medium of some embodiments of the invention 

comprises the GSK3I3 inhibitor CHIR99021 at a concentration range of 2-5 µM, and a 

WNT3A polypeptide at a concentration range of about 2-50 ng/ml. 

As described, the defined culture medium of some embodiments of the invention 

	

20 	comprises a WNT3A polypeptide and a stabilizing agent thereof with the proviso that 

the stabilizing agent is not a lipid vesicle. 

According to some embodiments of the invention, the defined culture medium 

comprises a WNT3A polypeptide at a concentration range of about 0.1-150 ng/ml and a 

stabilizing agent thereof with the proviso that the stabilizing agent is not a lipid vesicle. 

	

25 	According to some embodiments of the invention, the stabilizing agent is 

selected from the group consisting of a GSK3I3 inhibitor and phenylmethylsulfonyl 

fluoride (PMSF). 

According to some embodiments of the invention, the defined culture medium 

comprises a WNT3A polypeptide and stabilizing agent selected from the group 

	

30 	consisting of a GSK3I3 inhibitor and phenylmethylsulfonyl fluoride (PMSF). 

According to some embodiments of the invention, the stabilizing agent is GSK3I3 

inhibitor. 
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According to some embodiments of the invention, the defined culture medium 

comprises a WNT3A polypeptide and stabilizing agent GSK3I3 inhibitor. 

According to some embodiments of the invention, the stabilizing agent is 

phenylmethylsulfonyl fluoride (PMSF). 

	

5 	According to some embodiments of the invention, the defined culture medium 

comprises a WNT3A polypeptide and stabilizing agent phenylmethylsulfonyl fluoride 

(PMSF). 

For example, the defined culture medium of some embodiments of the invention 

comprises the WNT3A polypeptide at a concentration range of about 0.1-150 ng/ml and 

	

10 	the PMSF at a concentration range of 0.05 mM to 1 mM. 

For example, the defined culture medium of some embodiments of the invention 

comprises the WNT3A polypeptide at a concentration range of about 60-150 ng/ml and 

the PMSF at a concentration range of 0.05-0.5 mM. 

For example, the defined culture medium of some embodiments of the invention 

	

15 	comprises the WNT3A polypeptide at a concentration range of about 2-50 ng/ml and the 

PMSF at a concentration range of 0.05-0.5 mM. 

For example, the defined culture medium of some embodiments of the invention 

comprises the WNT3A polypeptide at a concentration range of about 80-120 ng/ml and 

the PMSF at a concentration range of 0.08-0.2 mM. 

	

20 	For example, the defined culture medium of some embodiments of the invention 

comprises the WNT3A polypeptide at a concentration range of about 2-50 ng/ml and the 

PMSF at a concentration range of 0.08-0.2 mM. 

For example, the defined culture medium of some embodiments of the invention 

comprises the WNT3A polypeptide at a concentration range of about 90-110 ng/ml and 

	

25 	the PMSF at a concentration range of 0.09-0.12 mM. 

For example, the defined culture medium of some embodiments of the invention 

comprises the WNT3A polypeptide at a concentration range of about 2-50 ng/ml and the 

PMSF at a concentration range of 0.09-0.12 mM. 

According to some embodiments of the invention, the defined culture medium 

30 comprises a WNT3A polypeptide and the stabilizing agents phenylmethylsulfonyl 

fluoride (PMSF) and GSK3I3 inhibitor. 
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According to some embodiments of the invention, the culture medium which 

comprises WNT3A polypeptide and a stabilizing agent thereof does not comprise more 

than 0.009 µM of an ERK1/2 inhibitor. 

According to some embodiments of the invention, the culture medium which 

	

5 	comprises WNT3A polypeptide and a stabilizing agent thereof is devoid of an ERK1/2 

inhibitor. 

As described, the defined culture medium of some embodiments of the invention 

comprises a GSK3I3 inhibitor, with the proviso that the medium is devoid of an ERK1/2 

inhibitor. 

	

10 	According to some embodiments of the invention, the defined culture medium 

comprises the GSK3I3 inhibitor CHIR99021 and does not comprise an ERK1/2 inhibitor. 

According to some embodiments of the invention, the defined culture medium 

comprises the GSK3I3 inhibitor CHIR99021 and comprises only trace amounts of 

ERK1/2 inhibitor as described above. 

	

15 	For example, the defined culture medium of some embodiments of the invention 

comprises GSK3I3 inhibitor CHIR99021 at a concentration range of 0.1-50 µM and is 

devoid of an ERK1/2 inhibitor. 

For example, the defined culture medium of some embodiments of the invention 

comprises GSK3I3 inhibitor CHIR99021 at a concentration range of 2-5 µM and is 

	

20 	devoid of an ERK1/2 inhibitor. 

The culture medium of some embodiments of the invention further comprises 

leukemia inhibitory factor (LIF). 

According to some embodiments of the invention, the defined culture medium 

comprises TLCK (at a concentration in the range of 0.05 µM to about 1000 µM, e.g., 20- 

	

25 	80 µM), GSK3I3 inhibitor CHIR99021 (e.g., at a concentration range of 0.1-50 µM) and 

LIF (e.g., at a concentration of 2000 -10,000 units/ml). 

As used herein the term "leukemia inhibitory factor (LIF)" refers to the 

pleiotropic cytokine which is involved in the induction of hematopoietic differentiation, 

induction of neuronal cell differentiation, regulator of mesenchymal to epithelial 

	

30 	conversion during kidney development, and may also have a role in immune tolerance at 

the maternal-fetal interface. 
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The LIF used in the culture medium of some embodiments of the invention can 

be a purified, synthetic or recombinantly expressed LIF protein [e.g., human LIF 

polypeptide GenBank Accession No. NP 002300.1 (SEQ ID NO:11); human LIF 

polynucleotide GenBank Accession No. NM 002309.4 (SEQ ID NO:12). It should be 

	

5 	noted that for the preparation of a xeno-free culture medium LIF is preferably purified 

from a human source or is recombinantly expressed. Recombinant human LIF can be 

obtained from various sources such as Chemicon, USA (Catalogue No. LIF10100) and 

AbD Serotec (MorphoSys US Inc, Raleigh, NC 27604, USA). Murine LIF ESGRO® 

(LIF) can be obtained from Millipore, USA (Catalogue No. ESG1107). 

	

10 	According to some embodiments of the invention, the concentration of LIF in the 

culture medium is from about 2000 units/ml to about 10,000 units/ml, e.g., from about 

2000 units/ml to about 8,000 units/ml, e.g., from about 2000 units/ml to about 6,000 

units/ml, e.g., from about 2000 units/ml to about 5,000 units/ml, e.g., from about 2000 

units/ml to about 4,000 units/ml, e.g., from about 2,500 units/ml to about 3,500 units/ml, 

	

15 	e.g., from about 2,800 units/ml to about 3,200 units/ml, e.g., from about 2,900 units/ml 

to about 3,100 units/ml, e.g., about 3000 units/ml. 

According to some embodiments of the invention, the concentration of LIF in the 

culture medium is at least about 2000 units/ml, e.g., at least about 2100 units/ml, e.g., at 

least about 2200 units/ml, e.g., at least about 2300 units/ml, e.g., at least about 2400 

	

20 	units/ml, e.g., at least about 2500 units/ml, e.g., at least about 2600 units/ml, e.g., at least 

about 2700 units/ml, e.g., at least about 2800 units/ml, e.g., at least about 2900 units/ml, 

e.g., at least about 2950 units/ml, e.g., about 3000 units/ml. 

According to some embodiments of the invention, the culture medium further 

comprises the IL6RIL6 chimera. 

	

25 	As used herein the term "IL6RIL6" refers to a chimeric polypeptide which 

comprises the soluble portion of interleukin-6 receptor (IL-6-R, e.g., the human IL-6-R 

as set forth by GenBank Accession No. AAH89410, SEQ ID NO:13) (e.g., a portion of 

the soluble IL6 receptors as set forth by amino acids 112-355 of GenBank Accession 

No. AAH89410 SEQ ID NO:14) and the interleukin-6 (IL6) (e.g., human IL-6 as set 

	

30 	forth by GenBank Accession No. CAG29292 SEQ ID NO:15) or a biologically active 

fraction thereof (e.g., a receptor binding domain). Preferably, the IL6RIL6 chimera used 

by the method according to this aspect of the present invention is capable of supporting 
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the undifferentiated growth of human pluripotent stem cells, while maintaining their 

pluripotent capacity. It will be appreciated that when constructing the IL6RIL6 chimera 

the two functional portions (i.e., the IL6 and its receptor) can be directly fused (e.g., 

attached or translationally fused, i.e., encoded by a single open reading frame) to each 

	

5 	other or conjugated (attached or translationally fused) via a suitable linker (e.g., a 

polypeptide linker). Preferably, the IL6RIL6 chimeric polypeptide exhibits a similar 

amount and pattern of glycosylation as the naturally occurring IL6 and IL6 receptor. For 

example, a suitable IL6RIL6 chimera is as set forth in SEQ ID NO:16) and in Figure 11 

of WO 99/02552 to Revel M., et al., which is fully incorporated herein by reference. 

	

10 	According to some embodiments of the invention, the IL6RIL6 chimera which is 

included in the defined culture medium is present at a concentration of at least 25 pg/ml 

(picograms per milliliter), preferably at least 50 pg/ml, preferably, at least 100 pg/ml, 

preferably, at least 200 pg/ml, preferably, at least 300 pg/ml. 

According to some embodiments of the invention, the IL6RIL6 chimera which is 

	

15 	included in the defined culture medium is present at a concentration range of between 

about 25 pg/ml to about 1 ng/ml (nanograms per milliliter), e.g., between 25 pg/ml to 

about 900 pg/ml, e.g., between 25 pg/ml to about 800 pg/ml, e.g., between 25 pg/ml to 

about 700 pg/ml, e.g., between 25 pg/ml to about 600 pg/ml, e.g., between 25 pg/ml to 

about 500 pg/ml, e.g., between 25 pg/ml to about 400 pg/ml, e.g., between 25 pg/ml to 

	

20 	about 300 pg/ml, e.g., between 25 pg/ml to about 200 pg/ml, e.g., between 50 pg/ml to 

about 150 pg/ml, e.g., between 70 pg/ml to about 120 pg/ml, e.g., between 90 pg/ml to 

about 110 pg/ml, e.g., about 100 pg/ml, e.g., between 100 pg/ml to about 600 pg/ml, 

e.g., between 200 pg/ml to about 500 pg/ml, e.g., between 300 pg/ml to about 500 pg/ml. 

According to some embodiments of the invention, the IL6RIL6 chimera which is 

	

25 	included in the defined culture medium is present at a concentration range of between 

about 25 ng/ml to about 350 ng/ml, e.g., between 25 ng/ml to about 250 ng/ml, e.g., 

between 25 ng/ml to about 200 ng/ml, e.g., between 30 ng/ml to about 200 ng/ml, e.g., 

between 50 ng/ml to about 150 ng/ml, e.g., between 70 ng/ml to about 120 ng/ml, e.g., 

between 80 ng/ml to about 110 ng/ml, e.g., between 90 ng/ml to about 110 ng/ml, e.g., 

	

30 	about 100 ng/ml. 

It should be noted that the concentration of the IL6RIL6 chimera can vary 

depending on the purity of the chimeric polypeptide following its synthesis or 
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recombinant expression and those of skills in the art are capable of adjusting the optimal 

concentration depending on such purity. 

According to some embodiments of the invention the culture medium being 

devoid of a JNK inhibitor. 

	

5 	As used herein the term "JNK" refers to the mitogen-activated protein kinase 8 

(MAPK8) protein set forth by GenBank Accession Nos. NP 620637.1 (isoform alpha2) 

(SEQ ID NO:17), NP 001265476.1 (isoform beta2) (SEQ ID NO:18), NP 620634.1 

(isoform betal) (SEQ ID NO:19), NP 001310231.1 (isoform alphal) (SEQ ID NO:20) 

which are involved in a wide variety of cellular processes such as proliferation, 

	

10 	differentiation, transcription regulation and development. 

As used herein the term "JNK inhibitor" refers to any molecule capable of 

inhibiting the activity of JNK as determined by phosphorylation of JNK family member 

protein by Western blot analysis. 

Non-limiting examples of JNK inhibitors include SP600125 (TOCRIS — Cat no. 

15 1496), AEG3482 (AXONMEDCHEM- AXON 1291), and BIRB796 

(AXONMEDCHEM — Axon 1358). 

As used herein the phrase "being devoid of a JNK inhibitor" refers to a medium 

which does not comprise a JNK inhibitor at all or which may comprise only trace 

amounts of a JNK inhibitor. 

	

20 	According to some embodiments of the invention, trace amounts of the JNK 

inhibitor are less than about 0.01 i_iM of an JNK inhibitor, e.g., less than about 0.005 

IAM, less than about 0.001 IAM, less than about 0.0009 IAM, less than about 0.0005 IAM, 

less than about 0.0001 i_iM of an JNK inhibitor. 

According to some embodiments of the invention, the culture medium being 

	

25 	devoid of a p38 inhibitor. 

As used herein the term "p38" refers to the "p38a (alpha)" mitogen-activated 

protein kinase 14 (MAPK14), which includes MAPK14 isoform 1 set forth by GenBank 

Accession No. NP 001306.1 (SEQ ID NO:21), MAPK14 isoform 2 set forth by 

GenBank Accession No. NP 620581.1 (SEQ ID NO:22), MAPK14 isoform 3 set forth 

	

30 	by GenBank Accession No. NP 620582.1 (SEQ ID NO:23) and MAPK14 isoform 4 set 

forth by GenBank Accession No. NP 620583.1 (SEQ ID NO:24); "p38P (beta)" 

(MAPK11), which is set forth by GenBank Accession No. NP 002742.3 (SEQ ID 
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NO:25); "p38y (gamma)" (MAPK12) which is set forth by GenBank Accession No. 

NP 002960.2 (SEQ ID NO:26); and/or "p386 (delta)" (MAPK13) which is set forth in 

GenBank Accession No. NP 002745.1 (SEQ ID NO:27), all of them having kinase 

activity and involved in signal transduction. 

	

5 	As used herein the term "p38 inhibitor" refers to any molecule (e.g., small 

molecules or proteins) capable of inhibiting the activity of p38 family members as 

determined by Western blot quantification of phosphorylated p38 levels. 

Non-limiting examples of p38 inhibitors include SB203580 (AXONMEDCHEM 

— Axon 1363), and SB 202190 (AXONMEDCHEM — Axon 1364), LY 2228820 

10 (AXONMEDCHEM- Axon 1895), BIRB796 (Axon Medchem 1358) and PD169316 

(AXONMEDCHEM — Axon 1365). 

As used herein the phrase "being devoid of a p38 inhibitor" refers to a medium 

which does not comprise a p38 inhibitor at all or which may comprise only trace 

amounts of a p38 inhibitor. 

	

15 	According to some embodiments of the invention, trace amounts of the p38 

inhibitor are less than about 0.01 i_IM of an p38 inhibitor, e.g., less than about 0.005 IAM, 

less than about 0.001 IAM, less than about 0.0009 IAM, less than about 0.0005 IAM, less 

than about 0.0001 i_IM of an p38 inhibitor. 

According to some embodiments of the invention, the culture medium being 

	

20 	serum-free. 

As used herein the phrase "serum-free" refers to being devoid of a human or an 

animal serum. 

It should be noted that the function of serum in culturing protocols is to provide 

the cultured cells with an environment similar to that present in vivo (i.e., within the 

	

25 	organism from which the cells are derived, e.g., a blastocyst of an embryo). However, 

the use of serum which is derived from either an animal source (e.g., bovine serum) or a 

human source (human serum) is limited by the significant variations in serum 

components between individuals and the risk of having xeno contaminants (in case of an 

animal serum is used). 

	

30 	According to some embodiments of the invention, the serum-free culture 

medium does not comprise serum or portions thereof. 
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According to some embodiments of the invention, the serum-free culture 

medium of the invention is devoid of serum albumin (e.g., albumin which is purified 

from human serum or animal serum). 

According to specific embodiments, the culture medium comprises recombinant 

	

5 	albumin, such as recombinant human albumin. 

According to some embodiments of the invention the culture medium comprises 

serum replacement. 

As used herein the phrase "serum replacement" refers to a defined formulation, 

which substitutes the function of serum by providing pluripotent stem cells with 

	

10 	components needed for growth and viability. 

Various serum replacement formulations are known in the art and are 

commercially available. 

For example, GIBCOTM KnockoutTM Serum Replacement (Gibco-Invitrogen 

Corporation, Grand Island, NY USA, Catalogue No. 10828028) is a defined serum-free 

	

15 	formulation optimized to grow and maintain undifferentiated ES cells in culture. It 

should be noted that the foimulation of GIBCOTM KnockoutTM Serum Replacement 

includes Albumax (Bovine serum albumin enriched with lipids) which is from an animal 

source (International Patent Publication No. WO 98/30679 to Price, P.J. et al). 

However, a publication by Crook et al., 2007 (Crook JM., et al., 2007, Cell Stem Cell, 1: 

	

20 	490-494) describes six clinical-grade hESC lines generated using FDA-approved clinical 

grade foreskin fibroblasts in cGMP-manufactured KnockoutTM Serum Replacement 

(Invitrogen Corporation, USA, Catalogue No. 04-0095). 

Another commercially available serum replacement is the B27 supplement 

without vitamin A which is available from Gibco-Invitrogen, Corporation, Grand Island, 

	

25 	NY USA, Catalogue No. 12587-010. The B27 supplement is a serum-free formulation 

which includes d-biotin, fatty acid free fraction V bovine serum albumin (BSA), 

catalase, L-carnitine HC1, corticosterone, ethanolamine HC1, D-galactose (Anhyd.), 

glutathione (reduced), recombinant human insulin, linoleic acid, linolenic acid, 

progesterone, putrescine-2-HC1, sodium selenite, superoxide dismutase, T-3/albumin 

	

30 	complex, DL alpha-tocopherol and DL alpha tocopherol acetate. However, the use of 

B27 supplement is limited since it includes albumin from an animal source. 
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According to some embodiments of the invention, the serum replacement is 

devoid of (completely free of) animal contaminants. Such contaminants can be 

pathogens which can infect human cells, cellular components or a-cellular components 

(e.g., fluid) of animals. 

	

5 	It should be noted that when an animal-contaminant-free serum replacement is 

used to culture human cells, then the serum replacement is referred to as being "xeno-

free". 

The term "xeno" is a prefix based on the Greek word "Xenos", i.e., a stranger. As 

used herein the phrase "xeno-free" refers to being devoid of any 

10 components/contaminants which are derived from a xenos (i.e., not the same, a 

foreigner) species. 

For example, a xeno-free serum replacement for use with human cells (i.e., an 

animal contaminant-free serum replacement) can include a combination of insulin, 

transferrin and selenium. Additionally or alternatively, a xeno-free serum replacement 

	

15 	can include human or recombinantly produced albumin, transferrin and insulin. 

Non-limiting examples of commercially available xeno-free serum replacement 

compositions include the premix of ITS (Insulin, Transferrin and Selenium) available 

from Invitrogen corporation (ITS, Invitrogen, Catalogue No. 51500-056); Serum 

replacement 3 (SR3; Sigma, Catalogue No. S2640) which includes human serum 

20 albumin, human transferring and human recombinant insulin and does not contain 

growth factors, steroid hormones, glucocorticoids, cell adhesion factors, detectable Ig 

and mitogens; KnockOutTM SR XenoFree [Catalogue numbers A10992-01, A10992-02, 

part Nos. 12618-012 or 12618-013, Invitrogen GIBCO] which contains only human-

derived or human recombinant proteins. 

	

25 	According to some embodiments of the invention, the ITS (Invitrogen 

corporation) or SR3 (Sigma) xeno-free serum replacement formulations are diluted in a 

1 to 100 ratio in order to reach a x 1 working concentration. 

According to some embodiments of the invention, the concentration of the serum 

replacement [e.g., KnockOutTM SR XenoFree (Invitrogen)] in the culture medium is in 

	

30 	the range of from about 1 % [volume/volume (v/v)] to about 50 % (v/v), e.g., from about 

5 % (v/v) to about 40 % (v/v), e.g., from about 5 % (v/v) to about 30 % (v/v), e.g., from 

about 10 % (v/v) to about 30 % (v/v), e.g., from about 10 % (v/v) to about 25 % (v/v), 
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e.g., from about 10 % (v/v) to about 20 % (v/v), e.g., about 10 % (v/v), e.g., about 15 % 

(v/v), e.g., about 20 % (v/v), e.g., about 30 % (v/v). 

According to some embodiments of the invention, the culture medium further 

comprises a lipid mixture. 

	

5 	As used herein the phrase "lipid mixture" refers to a defined (e.g., chemically 

defined) lipid composition needed for culturing the pluripotent stem cells. It should be 

noted that the lipid mixture is usually added to a culture medium which is devoid of 

serum or serum replacement and thus substitutes the lipids which are usually added to 

formulations of serum or serum replacement. 

	

10 	A non-limiting example of a commercially available lipid mixture, which can be 

used in the culture medium of some embodiments of the invention, include the 

Chemically Define Lipid Concentrate available from Invitrogen (Catalogue No. 11905-

031). 

According to some embodiments of the invention, the concentration of the lipid 

	

15 	mixture in the culture medium is from about 0.5 % [volume/volume (v/v)] to about 3 % 

v/v, e.g., from about 0.5 % v/v to about 2 % v/v, e.g., from about 0.5 % v/v to about 1 % 

v/v, e.g., about 1 % v/v. 

It is well known in the art that culturing protocols for maintaining pluripotent 

stem cells in a pluripotent state using a defined culture medium require the addition of 

	

20 	basic fibroblast growth factor (bFGF) to the medium. 

As used herein the term "basic fibroblast growth factor (bFGF)" refers to a 

polypeptide of the fibroblast growth factor (FGF) family, which binds heparin and 

possesses broad mitogenic and angiogenic activities. The mRNA for the BFGF gene 

contains multiple polyadenylation sites, and is alternatively translated from non-AUG 

	

25 	(CUG) and AUG initiation codons, resulting in five different isoforms with distinct 

properties. The CUG-initiated isoforms are localized in the nucleus and are responsible 

for the intracrine effect, whereas, the AUG-initiated form is mostly cytosolic and is 

responsible for the paracrine and autocrine effects of this FGF. 

Usually, these culturing protocols use the bFGF polypeptide provided in 

30 GenBank Accession No. NP 001997 (SEQ ID NO:28), which can be obtained from 

various manufacturers such as Peprotech, R&D systems (e.g., Catalog Number: 233-

FB), and Millipore. 
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In sharp contrast to the known culturing protocols, and as shown in the Examples 

section which follows, the present inventors have uncovered, for the first time, culture 

conditions which do not require the addition of bFGF to the culture medium in order to 

maintain pluripotent stem cells in a pluripotent state. These culture media include, for 

5 example, the Wnt3A medium; Wnt3A - IL6RIL6 chimera medium; Wnt3A -LIF 

medium; Defined Wnt3A medium; Defined Wnt3A medium with IL6RIL6 chimera; 

Defined Wnt3A medium with LIF; SR3 Wnt3A medium; SR3 Wnt3A medium and LIF; 

SR3 Wnt3A Medium with IL6RIL6 chimera; any of the above media with PMSF; CHIR 

99021 medium; CHIR 99021 medium with LIF; PMSF medium (alone); PMSF and LIF 

10 	medium; PMSF and Wnt3A medium; PMSF and CHIR 99021 medium; PMSF, CHIR 

99021 and LIF medium; defined PMSF medium; defined PMSF medium with IL6RIL6 

chimera; defined PMSF with LIF; SR3 PMSF medium; SR3 PMSF LIF medium; SR3 

PMSF IL6RIL6 chimera medium; TLCK medium; TLCK medium with LIF; TLCK 

medium with CHIR 99021; TLCK medium with CHIR 99021 and LIF; defined TLCK 

15 	medium; defined TLCK medium with IL6RIL6 chimera; defined TLCK medium with 

LIF; SR3 TLCK medium; SR3 TLCK medium with LIF; SR3 TLCK medium with 

IL6RIL6 chimera; TLCK and Wnt3A medium; TLCK and CHIR 99021 medium; TLCK 

medium with CHIR 99021 and LIF medium (media compositions are described in the 

Examples section which follows). Since bFGF is a proteinaceous agent which is used in 

20 	a pure form, devoid of animal contaminants, such as a synthetic or recombinant bFGF, 

the discovery of a culture medium which does not require the addition of bFGF to the 

culture medium will advance the field of pluripotent stem cells since it will significantly 

lower costs involved in generating scalable cultures of undifferentiated pluripotent stem 

cells. 

25 	According to some embodiments of the invention, the culture medium does not 

comprise more than 1 ng/ml of basic fibroblast growth factor (bFGF), e.g., no more than 

0.9 ng/ml bFGF, e.g., no more than 0.8 ng/ml bFGF, e.g., no more than 0.7 ng/ml bFGF, 

e.g., no more than 0.6 ng/ml bFGF, e.g., no more than 0.5 ng/ml bFGF, e.g., no more 

than 0.4 ng/ml bFGF, e.g., no more than 0.3 ng/ml bFGF, e.g., no more than 0.2 ng/ml 

30 	bFGF, e.g., no more than 0.1 ng/ml bFGF. 

According to some embodiments of the invention, the culture medium being 

devoid of basic fibroblast growth factor (bFGF). 
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As used herein the phrase "pluripotent stem cells" refers to cells which are 

capable of differentiating into cells of all three embryonic germ layers (i.e., endoderm, 

ectoderm and mesoderm). The phrase "pluripotent stem cells" may read on embryonic 

stem cells (ESCs) and/or induced pluripotent stem cells (iPS cells). 

	

5 	The phrase "embryonic stem cells" as used herein refers to cells which are 

obtained from the embryonic tissue formed after gestation (e.g., blastocyst) before 

implantation (i.e., a pre-implantation blastocyst); extended blastocyst cells (EBCs) 

which are obtained from a post-implantation/pre-gastrulation stage blastocyst (see 

W02006/040763]; and/or embryonic germ (EG) cells which are obtained from the 

	

10 	genital tissue of a fetus any time during gestation, preferably before 10 weeks of 

gestation. 

According to some embodiments of the invention, the pluripotent stem cells of 

the invention are embryonic stem cells, such as from a human or primate (e.g., monkey) 

origin. 

	

15 	The embryonic stem cells of the invention can be obtained using well-known 

cell-culture methods. For example, human embryonic stem cells can be isolated from 

human blastocysts. Human blastocysts are typically obtained from human in vivo 

preimplantation embryos or from in vitro fertilized (IVF) embryos. Alternatively, a 

single cell human embryo can be expanded to the blastocyst stage. For the isolation of 

20 human ES cells the zona pellucida is removed from the blastocyst and the inner cell 

mass (ICM) is isolated by immunosurgery, in which the trophectoderm cells are lysed 

and removed from the intact ICM by gentle pipetting. The ICM is then plated in a tissue 

culture flask containing the appropriate medium which enables its outgrowth. Following 

9 to 15 days, the ICM derived outgrowth is dissociated into clumps either by a 

	

25 	mechanical dissociation or by an enzymatic degradation and the cells are then re-plated 

on a fresh tissue culture medium. Colonies demonstrating undifferentiated morphology 

are individually selected by micropipette, mechanically dissociated into clumps, and re-

plated. Resulting ES cells are then routinely split every 4-7 days. For further details on 

methods of preparation human ES cells see Thomson et al., [U.S. Pat. No. 5,843,780; 

	

30 	Science 282: 1145, 1998; Curr. Top. Dev. Biol. 38: 133, 1998; Proc. Natl. Acad. Sci. 

USA 92: 7844, 1995]; Bongso et al., [Hum Reprod 4: 706, 1989]; and Gardner et al., 

[Fertil. Steril. 69: 84, 1998]. 
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It will be appreciated that commercially available stem cells can also be used 

with this aspect of the present invention. Human ES cells can be purchased from the 

NIH human embryonic stem cells registry (www(dot)escr(dot)nih(dot)gov). Non-

limiting examples of commercially available embryonic stem cell lines are B G01, BG02, 

	

5 	BG03, BG04, CY12, CY30, CY92, CY10, TE03, TE04 and TE06. 

Extended blastocyst cells (EBCs) can be obtained from a blastocyst of at least 

nine days post fertilization at a stage prior to gastrulation. Prior to culturing the 

blastocyst, the zona pellucida is digested [for example by Tyrode's acidic solution 

(Sigma Aldrich, St Louis, MO, USA)] so as to expose the inner cell mass. The 

10 blastocysts are then cultured as whole embryos for at least nine and no more than 

fourteen days post fertilization (i.e., prior to the gastrulation event) in vitro using 

standard embryonic stem cell culturing methods. 

Another method for preparing ES cells is described in Chung et al., Cell Stem 

Cell, Volume 2, Issue 2, 113-117, 7 February 2008. This method comprises removing a 

	

15 	single cell from an embryo during an in vitro fertilization process. The embryo is not 

destroyed in this process. 

Embryonic germ (EG) cells are prepared from the primordial germ cells obtained 

from fetuses of about 8-11 weeks of gestation (in the case of a human fetus) using 

laboratory techniques known to anyone skilled in the arts. The genital ridges are 

	

20 	dissociated and cut into small chunks which are thereafter disaggregated into cells by 

mechanical dissociation. The EG cells are then grown in tissue culture flasks with the 

appropriate medium. The cells are cultured with daily replacement of medium until a 

cell morphology consistent with EG cells is observed, typically after 7-30 days or 1-4 

passages. For additional details on methods of preparation human EG cells see 

	

25 	Shamblott et al., [Proc. Natl. Acad. Sci. USA 95: 13726, 1998] and U.S. Pat. No. 

6,090,622. 

The phrase "induced pluripotent stem (iPS) cell" (or embryonic-like stem cell) as 

used herein refers to a proliferative and pluripotent stem cell which is obtained by de-

differentiation of a somatic cell (e.g., an adult somatic cell). 

	

30 	According to some embodiments of the invention, the iPS cell is characterized by 

a proliferative capacity which is similar to that of ESCs and thus can be maintained and 

expanded in culture for an almost unlimited time. 
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IPS cells can be endowed with pluripotency by genetic manipulation which re-

program the cell to acquire embryonic stem cells characteristics. For example, the iPS 

cells of the invention can be generated from somatic cells such as fibroblasts, 

hepatocytes, gastric epithelial cells by induction of expression of Oct-4, Sox2, Kfl4 and 

	

5 	c-Myc in a somatic cell essentially as described in Yamanaka S, Cell Stem Cell. 2007, 

1(1):39-49; Aoi T, et al., Generation of Pluripotent Stem Cells from Adult Mouse Liver 

and Stomach Cells. Science. 2008 Feb 14. (Epub ahead of print); NI Park, Zhao R, West 

JA, et al. Reprogramming of human somatic cells to pluripotency with defined factors. 

Nature 2008;451:141-146; K Takahashi, Tanabe K, Ohnuki M, et al. Induction of 

10 pluripotent stem cells from adult human fibroblasts by defined factors. Cell 

2007;131:861-872, each of which is fully incorporated by reference in its entirety. 

Additionally or alternatively, the iPS cells of the invention can be generated from 

somatic cells by induction of expression of Oct4, Sox2, Nanog and Lin28 essentially as 

described in Yu Junying et al. (Science 318:1917-1920, 2007), and Nakagawa et al, 

	

15 	2008 (Nat Biotechnol. 26(1):101-106). It should be noted that the genetic manipulation 

(re-programming) of the somatic cells can be performed using any known method such 

as using plasmids or viral vectors, or by derivation without any integration to the 

genome [Yu J, et al., Science. 2009, 324: 797-801]. Other embryonic-like stem cells can 

be generated by nuclear transfer to oocytes, fusion with embryonic stem cells or nuclear 

	

20 	transfer into zygotes if the recipient cells are arrested in mitosis. WO 03/046141 A2 

(Advanced Cell Tech Inc. 5 June 2003) teaches generation of activated human embryos 

by parthenogenesis as well as by somatic cell nuclear transfer. 

The iPS cells of the invention can be obtained by inducing de-differentiation of 

embryonic fibroblasts [Takahashi and Yamanaka, 2006 Cell. 2006, 126(4):663-676; 

	

25 	Meissner et al, 2007 Nat Biotechnol. 2007, 25(10):1177-1181], fibroblasts formed from 

hESCs [Park et al, 2008 Nature. 2008, 451(7175):141-146], Fetal fibroblasts [Yu et al, 

2007 Science. 2009, 324(5928):797-801; Park et al, 2008 (supra)], foreskin fibroblast 

[Yu et al, 2007 (supra); Park et al, 2008 (supra)], adult dermal and skin tissues [Hanna et 

al, 2007 Science. 2007, 318(5858):1920-1923; Lowry et al, 2008 Proc Natl Acad Sci 

	

30 	USA, 105(8):2883-2888], b-lymphocytes [Hanna et al 2007 (supra)] and adult liver and 

stomach cells [Aoi et al, 2008 Science. 2008 Aug 1;321(5889):699-702]. 



WO 2018/015954 	 PCT/1L2017/050812 

41 
IPS cell lines are also available via cell banks such as the WiCell bank. Non-

limiting examples of commercially available iPS cell lines include the iPS foreskin clone 

1 [WiCell Catalogue No. iPS(foreskin)-1-DL-1], the iPSIMR90 clone 1 [WiCell 

Catalogue No. iPS(IMR90)-1-DL-1], and the iPSIMR90 clone 4 [WiCell Catalogue No. 

	

5 	iPS (IMR90)-4-DL-1] . 

As used herein the phrase "suspension culture" refers to a culture in which the 

pluripotent stem cells are suspended in a medium rather than adhering to a surface. 

Thus, the culture of the present invention is "devoid of substrate adherence" in 

which the pluripotent stem cells are capable of expanding without adherence to an 

	

10 	external substrate such as components of extracellular matrix, a glass microcarrier or 

beads. 

It should be noted that some protocols of culturing pluripotent stem cells such as 

hESCs and iPS cells include microencapsulation of the cells inside a semipermeable 

hydrogel membrane, which allows the exchange of nutrients, gases, and metabolic 

	

15 	products with the bulk medium surrounding the capsule (for details see e.g., U.S. Patent 

Application No. 20090029462 to Beardsley et al.). 

According to some embodiments of the invention, the pluripotent stem cells 

cultured in the suspension culture are devoid of cell encapsulation. 

Preferably, in order to obtain a well-defined, xeno-free PSC culture which can be 

	

20 	easily scalable and is suitable for both cell based-therapy and use in the pharmaceutical 

industry (e.g., for drug screening, identification of drug targets and cell-based compound 

delivery), the culture medium of some embodiments of the invention should be well-

defined (i.e., with known and constant components) and xeno-free (i.e., devoid of xeno 

contaminants). 

	

25 	According to some embodiments of the invention, the culture medium and/or the 

conditions for culturing the pluripotent stem cells in suspension are devoid of a protein 

carrier. 

According to some embodiments of the invention the suspension culture is 

devoid of substrate adherence and devoid of protein carrier. 

	

30 	As used herein the phrase "protein carrier" refers to a protein which acts in the 

transfer of proteins or nutrients (e.g., minerals such as zinc) to the cells in the culture. 

Such protein carriers can be, for example, albumin (e.g., bovine serum albumin), 
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Albumax (lipid enriched albumin) or plasmanate (human plasma isolated proteins). 

Since these carriers are derived from either human or animal sources their use in hESCs 

of human iPS cell cultures is limited by batch-specific variations and/or exposure to 

pathogens. On the other hand, the recombinant human albumin, which is substantially 

	

5 	pure and devoid of animal contaminants is highly expensive, thus not commonly used in 

hESCs cultures. Thus, a culture medium which is devoid of a protein carrier (e.g., 

albumin) is highly advantageous since it enables a truly defined medium that can be 

manufacture from recombinant or synthetic materials. 

Preferably, the culture medium used by the method of this aspect of the present 

	

10 	invention is serum-free, xeno-free, feeder-free (i.e., devoid of feeder cells) and protein 

carrier-free. 

According to some embodiments of the invention, the defined culture medium 

being capable of maintaining pluripotent stem cells (e.g., human pluripotent stem cells) 

in a pluripotent state for at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 

	

15 	20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 passages, or even more, e.g., for at least about 

35 passages, e.g., for at least about 40 passages, e.g., for at least about 45 passages, e.g., 

for at least about 50 passages when cultured in a suspension culture devoid of substrate 

adherence. 

According to some embodiments of the invention, the defined culture medium 

	

20 	being capable of maintaining pluripotent stem cells (e.g., human pluripotent stem cells) 

in a pluripotent state for at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 passages, or even more, e.g., for at least about 

35 passages, e.g., for at least about 40 passages, e.g., for at least about 45 passages, e.g., 

for at least about 50 passages when cultured in a suspension culture devoid of substrate 

	

25 	adherence and devoid of a protein carrier. 

According to some embodiments of the invention, the defined culture medium 

being capable of maintaining pluripotent stem cells (e.g., human pluripotent stem cells) 

in a pluripotent state for at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 days when cultured in a suspension culture 

	

30 	devoid of substrate adherence, e.g., for at least about 2, about 3, about 4, about 5, about 

6, or about 7 months when cultured in a suspension culture devoid of substrate 

adherence while maintaining the pluripotent stem cells in a pluripotent state. 
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According to some embodiments of the invention, the defined culture medium is 

suitable for expanding the pluripotent stem cells while maintaining the pluripotent stem 

cells in a proliferative, pluripotent and undifferentiated state. 

As used herein the term "expanding" refers to increasing the number of 

	

5 	pluripotent stem cells over the culturing period (by at least about 5 %, 10 %, 15 %, 20 

%, 30 %, 50 %, 100 %, 200 %, 500 %, 1000 %, and more). It will be appreciated that 

the number of pluripotent stem cells, which can be obtained from a single pluripotent 

stem cell, depends on the proliferation capacity of the pluripotent stem cell. The 

proliferation capacity of a pluripotent stem cell can be calculated by the doubling time of 

	

10 	the cell (i.e., the time needed for a cell to undergo a mitotic division in the culture) and 

the period the pluripotent stem cell culture can be maintained in the undifferentiated 

state (which is equivalent to the number of passages multiplied by the days between each 

passage). 

According to an aspect of some embodiments of the invention, there is provided 

	

15 	a cell culture comprising cells and the defined culture medium of some embodiments of 

the invention. 

The cells can be of any type and source. For example, the cells can be eukaryotic 

cells, e.g., mammalian cells. 

The cells can be somatic cells or stem cells. Examples of stem cells include, but 

	

20 	are not limited to adult stem cells, hematopoietic stem cells, "young stem cells" (e.g., 

placental and cord blood stem cells), embryonic stem cells, induced pluripotent stem 

cells, mesenchymal stem cells, mesenchymal-like stem cells, and the like. 

It will be appreciated that undifferentiated stem cells are of a distinct 

morphology, which is clearly distinguishable from differentiated cells of embryo or adult 

	

25 	origin by the skilled in the art. Typically, undifferentiated stem cells have high 

nuclear/cytoplasmic ratios, prominent nucleoli and compact colony formation with 

poorly discernible cell junctions. Additional features of undifferentiated stem cells are 

further described hereinunder. 

According to some embodiments of the invention, the cells comprise pluripotent 

	

30 	stem cells, and wherein the culture medium is capable of maintaining the pluripotent 

stem cells in a pluripotent state when cultured in a suspension culture devoid of substrate 

adherence. 
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According to some embodiments of the invention, the pluripotent stem cells are 

induced pluripotent stem cells. 

According to some embodiments of the invention, the pluripotent stem cells are 

embryonic stem cells. 

	

5 	According to some embodiments of the invention, the pluripotent stem cells are 

human pluripotent stem cells. 

According to an aspect of some embodiments of the invention there is provided 

a method of culturing pluripotent stem cells (PSCs) in a suspension culture devoid of 

substrate adherence, the method comprising culturing the pluripotent stem cells in the 

	

10 	culture medium of some embodiments of the invention thereby culturing the pluripotent 

stem cells in the suspension culture. 

Culturing according to this aspect of the present invention is effected by plating 

the stem cells in a culture vessel at a cell density which promotes cell survival and 

proliferation but limits differentiation. Typically, a plating density of between about 5 x 

	

15 	104  — 2 x 105  cells per ml is used. It will be appreciated that although single-cell 

suspensions of stem cells are usually seeded, small clusters such as 10-200 cells may 

also be used. 

In order to provide the PSCs with sufficient and constant supply of nutrients and 

growth factors while in the suspension culture, the culture medium can be replaced on a 

	

20 	daily basis, or, at a pre-determined schedule such as every 2-3 days. For example, 

replacement of the culture medium can be performed by subjecting the PSCs suspension 

culture to centrifugation for about 3 minutes at 80 g, and resuspension of the formed 

PSCs pellet in a fresh medium. Additionally, or alternatively, a culture system in which 

the culture medium is subject to constant filtration or dialysis so as to provide a constant 

	

25 	supply of nutrients or growth factors to the PSCs may be employed. 

Since large clusters of PSCs may cause cell differentiation, measures are taken 

to avoid large PSCs aggregates. Preferably, the formed ESC clumps are dissociated 

every 5-7 days and the single cells or small clumps of cells are either split into 

additional culture vessels (i.e., passaged) or remained in the same culture vessel yet 

	

30 	with additional culture medium. For dissociation of large PSCs clumps, a pellet of 

PSCs (which may be achieved by centrifugation as described hereinabove) or an 
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isolated PSCs clump can be subject to enzymatic digestion and/or mechanical 

dissociation. 

Enzymatic digestion of PSCs clump(s) can be performed by subjecting the 

clump(s) to an enzyme such as type IV Collagenase (Worthington biochemical 

	

5 	corporation, Lakewood, NJ, USA) and/or Dispase (Invitrogen Corporation products, 

Grand Island NY, USA) and/or trypsin, and/or tyrplE, and/or acutase (each require 

incubation of 5-15 minutes). The time of incubation with the enzyme depends on the 

size of cell clumps present in the suspension culture. Typically, when hPSCs cell 

clumps are dissociated every 5-7 days while in the suspension culture, incubation of 20- 

	

10 	60 minutes with 1.5 mg/ml type IV Collagenase results in small cell clumps which can 

be further cultured in the undifferentiated state. Alternatively, PSCs clumps can be 

subjected to incubation of about 25 minutes with 1.5 mg/ml type IV Collagenase 

followed by five minutes incubation with 1 mg/ml Dispase, essentially as described 

under "General Materials and Experimental Methods" of the Examples section which 

	

15 	follows. It should be noted that passaging of human ESCs with trypsin may result in 

chromosomal instability and abnormalities (see for example, Mitalipova MM., et al., 

Nature Biotechnology, 23: 19-20, 2005 and Cowan CA et al., N. Engl. J. of Med. 350: 

1353-1356, 2004), and therefore should be avoided. 

Preferably, following enzymatic or mechanical dissociation of the large cell 

	

20 	clumps, the dissociated ESC clumps are further broken to small clumps using 200 µ1 

Gilson pipette tips (e.g., by pipetting up and down the cells). 

According to some embodiments of the invention, the PSCs are cultured in a 

suspension culture as single cells essentially as described in W02012/032521 which is 

fully incorporated herein by reference in its entirety. Briefly, the cells clumps are 

	

25 	dissociated to single cells or small clusters (up to 200 cells) using only mechanical 

dissociation (without an enzymatic dissociation) for at least 2 and no more than 10 

passages, following which the cells are passaged as single cells without the need to 

further dissociate cell clumps. 

As used herein the phrase "mechanical dissociation" refers to separating the 

	

30 	pluripotent stem cell clumps to single cells by employing a physical force rather than an 

enzymatic activity. 
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As used herein the phrase "single cells" refers to the state in which the 

pluripotent stem cells do not form cell clusters, each cluster comprising more than about 

200 pluripotent stem cells, in the suspension culture. 

According to some embodiments of the invention, the pluripotent stem cells do 

	

5 	not form cell clusters, each cluster comprising more than about 150, about 100, about 

90, about 80, about 70, about 60, about 50, about 40, about 30, about 20, about 19, about 

18, about 17, about 16, about 15, about 14, about 13, about 12, about 11, about 10, about 

9, about 8, about 7, about 6, about 5, about 3, about 2, or about 1 pluripotent stem cell, in 

the suspension culture. 

	

10 	According to some embodiments of the invention, each of the plurality of the 

pluripotent stem cells does not adhere to another pluripotent stem cell while in the 

suspension culture. 

For mechanical dissociation, a pellet of pluripotent stem cells (which may be 

achieved by centrifugation of the cells) or an isolated pluripotent stem cells clump can 

	

15 	be dissociated by pipetting the cells up and down in a small amount of medium (e.g., 

0.2-1 ml). For example, pipetting can be performed for several times (e.g., between 3-

20 times) using a tip of a 200 i_il or 1000 i_il pipette. 

Additionally or alternatively, mechanical dissociation of large pluripotent stem 

cells clumps can be performed using a device designed to break the clumps to a 

	

20 	predetermined size. Such a device can be obtained from CellArtis Goteborg, Sweden. 

Additionally or alternatively, mechanical dissociation can be manually performed using 

a needle such as a 27g needle (BD Microlance, Drogheda, Ireland) while viewing the 

clumps under an inverted microscope. 

The culture vessel used for culturing the PSCs in suspension according to the 

	

25 	method of this aspect of the present invention can be any tissue culture vessel (e.g., with 

a purity grade suitable for culturing PSCs) having an internal surface designed such that 

PSCs cultured therein are unable to adhere or attach to such a surface (e.g., non-tissue 

culture treated cells, to prevent attachment or adherence to the surface). Preferably, in 

order to obtain a scalable culture, culturing according to this aspect of the present 

	

30 	invention is effected using a controlled culturing system (preferably a computer- 

controlled culturing system) in which culture parameters such as temperature, agitation, 

pH, and p02  is automatically performed using a suitable device. Once the culture 
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parameters are recorded, the system is set for automatic adjustment of culture 

parameters as needed for PSCs expansion. 

It will be appreciated that culturing according to the method of this aspect of the 

present invention can be performed under dynamic conditions (i.e., under conditions in 

	

5 	which the PSCs are subject to constant movement while in the suspension culture) or 

under non-dynamic conditions (i.e., a static culture). For non-dynamic culturing of 

PSCs, the PSCs can be cultured in uncoated 58 mm Petri dishes (Greiner, 

Frickenhausen, Germany). For dynamic culturing of PSCs, the PSCs can be cultured in 

spinner flasks [e.g., of 200 ml to 1000 ml, for example 250 ml which can be obtained 

10 from CellSpin of Integra Biosciences, Fernwald, Germany; of 100 ml which can be 

obtained from Bellco, Vineland, NJ; or in 125 ml Erlenmeyer (Corning Incorporated, 

Corning NY, USA)] or in 30 ml shaking flasks (Corning Incorporated, Corning NY, 

USA)] which can be connected to a control unit and thus present a controlled culturing 

system. 

	

15 	According to some embodiments of the invention, culturing the PSCs in the 

medium is performed for at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 passages, or even more, e.g., for at least about 

35 passages, e.g., for at least about 40 passages, e.g., for at least about 45 passages, e.g., 

for at least about 50 passages in a suspension culture devoid of substrate adherence. 

	

20 	According to some embodiments of the invention, wherein the culture medium is 

capable of maintaining the pluripotent stem cells in a pluripotent state during the entire 

culturing period. 

According to some embodiments of the invention, the method is for culturing 

induced pluripotent stem cells. 

	

25 	According to some embodiments of the invention, the method is for culturing 

embryonic stem cells. 

According to some embodiments of the invention, the method is for culturing 

human pluripotent stem cells. 

According to some embodiments of the invention, the method is for culturing 

	

30 	human induced pluripotent stem cells. 

According to some embodiments of the invention, the method is for culturing 

human embryonic stem cells. 
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As mentioned, any of the proteinaceous factors used in the culture medium of the 

some embodiments of the invention (e.g., the IL6RIL6 chimera, insulin, transferrin) can 

be recombinantly expressed or biochemically synthesized. It should be noted that for the 

preparation of an animal contaminant-free culture medium the proteinaceous factor is 

	

5 	preferably purified from a human source or is recombinantly expressed. 

Biochemical synthesis of the proteinaceous factors of the present invention (e.g., 

the IL6RIL6 chimera) can be performed using standard solid phase techniques. These 

methods include exclusive solid phase synthesis, partial solid phase synthesis methods, 

fragment condensation and classical solution synthesis. 

	

10 	Recombinant expression of the proteinaceous factors of the present invention can 

be generated using recombinant techniques such as described by Bitter et al., (1987) 

Methods in Enzymol. 153:516-544, Studier et al. (1990) Methods in Enzymol. 185:60-

89, Brisson et al. (1984) Nature 310:511-514, Takamatsu et al. (1987) EMBO J. 6:307-

311, Coruzzi et al. (1984) EMBO J. 3:1671-1680, Brogli et al., (1984) Science 224:838- 

	

15 	843, Gurley et al. (1986) Mol. Cell. Biol. 6:559-565 and Weissbach & Weissbach, 1988, 

Methods for Plant Molecular Biology, Academic Press, NY, Section VIII, pp 421-463. 

Specifically, the IL6RIL6 chimera can be generated as described in PCT publication 

WO 99/02552 to Revel M., et al. and Chebath J, et al., 1997, which are fully 

incorporated herein by reference. 

	

20 	As used herein the term "about" refers to ±10 % 

The terms "comprises", "comprising", "includes", "including", "having" and 

their conjugates mean "including but not limited to". 

The term "consisting of means "including and limited to". 

The term "consisting essentially of" means that the composition, method or 

	

25 	structure may include additional ingredients, steps and/or parts, but only if the 

additional ingredients, steps and/or parts do not materially alter the basic and novel 

characteristics of the claimed composition, method or structure. 

As used herein, the singular form "a", "an" and "the" include plural references 

unless the context clearly dictates otherwise. For example, the term "a compound" or 

	

30 	"at least one compound" may include a plurality of compounds, including mixtures 

thereof. 
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Throughout this application, various embodiments of this invention may be 

presented in a range format. It should be understood that the description in range format 

is merely for convenience and brevity and should not be construed as an inflexible 

limitation on the scope of the invention. Accordingly, the description of a range should 

	

5 	be considered to have specifically disclosed all the possible subranges as well as 

individual numerical values within that range. For example, description of a range such 

as from 1 to 6 should be considered to have specifically disclosed subranges such as 

from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well 

as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies 

	

10 	regardless of the breadth of the range. 

Whenever a numerical range is indicated herein, it is meant to include any cited 

numeral (fractional or integral) within the indicated range. The phrases "ranging/ranges 

between" a first indicate number and a second indicate number and "ranging/ranges 

from" a first indicate number "to" a second indicate number are used herein 

	

15 	interchangeably and are meant to include the first and second indicated numbers and all 

the fractional and integral numerals therebetween. 

As used herein the term "method" refers to manners, means, techniques and 

procedures for accomplishing a given task including, but not limited to, those manners, 

means, techniques and procedures either known to, or readily developed from known 

20 manners, means, techniques and procedures by practitioners of the chemical, 

pharmacological, biological, biochemical and medical arts. 

As used herein, the term "treating" includes abrogating, substantially inhibiting, 

slowing or reversing the progression of a condition, substantially ameliorating clinical 

or aesthetical symptoms of a condition or substantially preventing the appearance of 

	

25 	clinical or aesthetical symptoms of a condition. 

When reference is made to particular sequence listings, such reference is to be 

understood to also encompass sequences that substantially correspond to its 

complementary sequence as including minor sequence variations, resulting from, e.g., 

sequencing errors, cloning errors, or other alterations resulting in base substitution, base 

	

30 	deletion or base addition, provided that the frequency of such variations is less than 1 in 

50 nucleotides, alternatively, less than 1 in 100 nucleotides, alternatively, less than 1 in 

200 nucleotides, alternatively, less than 1 in 500 nucleotides, alternatively, less than 1 
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in 1000 nucleotides, alternatively, less than 1 in 5,000 nucleotides, alternatively, less 

than 1 in 10,000 nucleotides. 

It is understood that any Sequence Identification Number (SEQ ID NO) 

disclosed in the instant application can refer to either a DNA sequence or a RNA 

	

5 	sequence, depending on the context where that SEQ ID NO is mentioned, even if that 

SEQ ID NO is expressed only in a DNA sequence format or a RNA sequence format. 

For example, SEQ ID NO:3 is expressed in a DNA sequence format (e.g., reciting T for 

thymine), but it can refer to either a DNA sequence that corresponds to a WNT3A 

nucleic acid sequence, or the RNA sequence of an RNA molecule nucleic acid 

	

10 	sequence. Similarly, though some sequences are expressed in a RNA sequence format 

(e.g., reciting U for uracil), depending on the actual type of molecule being described, it 

can refer to either the sequence of a RNA molecule comprising a dsRNA, or the 

sequence of a DNA molecule that corresponds to the RNA sequence shown. In any 

event, both DNA and RNA molecules having the sequences disclosed with any 

	

15 	substitutes are envisioned. 

It is appreciated that certain features of the invention, which are, for clarity, 

described in the context of separate embodiments, may also be provided in combination 

in a single embodiment. Conversely, various features of the invention, which are, for 

brevity, described in the context of a single embodiment, may also be provided 

	

20 	separately or in any suitable subcombination or as suitable in any other described 

embodiment of the invention. Certain features described in the context of various 

embodiments are not to be considered essential features of those embodiments, unless 

the embodiment is inoperative without those elements. 

Various embodiments and aspects of the present invention as delineated 

	

25 	hereinabove and as claimed in the claims section below find experimental support in the 

following examples. 

EXAMPLES 

Reference is now made to the following examples, which together with the above 

	

30 	descriptions illustrate some embodiments of the invention in a non limiting fashion. 

Generally, the nomenclature used herein and the laboratory procedures utilized 

in the present invention include molecular, biochemical, microbiological and 
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recombinant DNA techniques. Such techniques are thoroughly explained in the 

literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et 

al., (1989); "Current Protocols in Molecular Biology" Volumes I-III Ausubel, R. M., ed. 

(1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and Sons, 

	

5 	Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning", John 

Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific 

American Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory 

Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998); 

methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 

	

10 	and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III Cellis, J. E., ed. 

(1994); "Current Protocols in Immunology" Volumes I-III Coligan J. E., ed. (1994); 

Stites et al. (eds), "Basic and Clinical Immunology" (8th Edition), Appleton & Lange, 

Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods in Cellular 

Immunology", W. H. Freeman and Co., New York (1980); available immunoassays are 

	

15 	extensively described in the patent and scientific literature, see, for example, U.S. Pat. 

Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 

3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 

5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., ed. (1984); "Nucleic 

Acid Hybridization" Hames, B. D., and Higgins S. J., eds. (1985); "Transcription and 

	

20 	Translation" Hames, B. D., and Higgins S. J., Eds. (1984); "Animal Cell Culture" 

Freshney, R. I., ed. (1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A 

Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods in 

Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide To Methods And 

Applications", Academic Press, San Diego, CA (1990); Marshak et al., "Strategies for 

	

25 	Protein Purification and Characterization - A Laboratory Course Manual" CSHL Press 

(1996); all of which are incorporated by reference as if fully set forth herein. Other 

general references are provided throughout this document. The procedures therein are 

believed to be well known in the art and are provided for the convenience of the reader. 

All the information contained therein is incorporated herein by reference. 
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GENERAL MATERIALS AND EXPERIMENTAL METHODS 

Pluripotent stem cell (PSC) adherent (2-dimensional, 2D) culture - Prior to 

their culturing on the novel culture media developed by the present inventors the HESC 

lines 1-6 and 1-3 [Amit and Itskovitz-Eldor, 2002] were cultured with (i) inactivated 

	

5 	human foreskin fibroblast (HFF); (ii) mouse embryonic stem cells (MEF) as described 

elsewhere (Amit et al, 2000; Amit et al 2003); or alternatively (iii) on MATRIGELTM 

matrix as described elsewhere (Amit et al, 2001; Amit et al 2003). 

When HFF (feeder cells) were used as a co-culture, the culture medium included 

85% DMEM/F12, supplemented with 15% knockout-SR, 2 mM L-glutamine, 0.1 mM 

	

10 	13—mercaptoethanol, 1% non-essential amino acid stock, and 4 ng/ml bFGF (all Gibco 

Invitrogen Corporation products, Grand Island NY, USA). 

When the MatrigelTM  matrix was used for culturing the pluripotent stem cells 

(PSCs) the mTeSR1 or TeSR-E8 (Stem cells technologies Canada) culture media were 

used. 

	

15 	Pluripotent stem cell (PSC) suspension (3-dimensional, 3D) culture - When 

transferred into suspension culture the following culture medium combinations were 

used: 

WNT3a based culture media:  

(1). Wnt3A medium (10 neml Wnt3a) - 85% DMEM/F12, supplemented 

	

20 	with 15% knockout-SR (serum replacement, Gibco, Catalogue No. 10828-028), 2 mM 

L-glutamine, 0.1 mM (3—mercaptoethanol, 1% non-essential amino acid stock, 10 ng/ml 

Wnt3a R&D systems, Catalogue No. 5036-WN). 

(2). Wnt3A - chimera (WNT3A and IL6RIL6 chimera) medium - 85% 

DMEM/F12, supplemented with 15% knockout-SR, 2 mM L-glutamine, 0.1 mM 13- 

	

25 	mercaptoethanol, 1% non-essential amino acid stock, 10 ng/ml Wnt3a (R&D systems) 

and 100 pg per ml of the IL6RIL6 chimera. 

(3). Wnt3A - LIF (WNT3A and LIF) medium - 85% DMEM/F12, 

supplemented with 15% knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 

1% non-essential amino acid stock, 10 ng/ml Wnt3a and 3000 u/ml (units per milliliter) 

	

30 	human recombinant LIF (PeproTech, Catalogue No. 300-05). 

(4). Defined Wnt (WNT3A) medium included the following combination of 

reagents: 
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Table 1 

Defined Wnt medium (with 10 neml Wnt3a) 

Material Manufacturer Final concentration 
DMEM/F12 Biological Industries 

Lipid mixture Sigma 1% 
*ITS Corning 1% 

Ascorbic acid Sigma 500 µg/m1 
L-glutamine Biological Industries 4 mM 

hr albumin (human 
recombinant albumin) 

Sigma 0.5% 
 

Wnt3a R&D Systems 10 ng/ml 
Table 1. *ITS = insulin, transferrin and selenium. 

5 
(5). Defined Wnt3A medium with IL6RIL6 chimera — Defined Wnt3A 

(Table 1) supplemented with 100 ng/ml of the IL6RIL6 chimera. 

(6). Defined Wnt3A medium with IL6RIL6 chimera - Defined Wnt3A 

medium (Table 1) supplemented with 100 pg/ml of the IL6RIL6 chimera. 

10 	(7). Defined Wnt3A medium with LIF - Defined Wnt3A medium (Table 1) 

supplemented with 3000 U/ml hrLIF (human recombinant LIF; PeproTech). 

(8). SR3 Wnt3A medium - DMEM/F12 (94 %) (Biological Industries, Israel, 

Sigma Israel), L-glutamine 2 mM (Invitrogen corporation, Sigma, Israel), ascorbic acid 

500 µg/m1 (Sigma, Israel), SR3 — 1 % (Sigma, Israel), defined lipid mixture 1 % 

15 	(Invitrogen corporation, Sigma, Israel) and 10 ng/ml Wnt3a (R&D systems). 

(9). SR3 Wnt3A medium with LIF - SR3 Wnt3A medium supplemented with 

3000 U/ml hrLIF (human recombinant LIF; PeproTech). 

(10). SR3 Wnt3A medium with IL6RIL6 chimera - SR3 Wnt3A medium 

supplemented with 100 pg/ml of the IL6RIL6 chimera. 

20 	(11). SR3 Wnt3A medium with IL6RIL6 chimera - supplemented with 100 

ng/ml of the IL6RIL6 chimera. 

(12). All of the above described medium formulations with the addition of 

PMSF (GOLD BIOTECHNOLOGY) at a final concentration of 0.1 mM. 

25 	CHIR 99021 based medium  

(13). CHIR 99021 medium alone (without LIF) - 85% DMEM/F12, 

supplemented with 15% knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 

1% non-essential amino acid stock, and 3 µM CHIR 99021. 
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(14). CHIR 99021 medium with LIF - 85% DMEM/F12, supplemented with 

15% knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential 

amino acid stock, 3000 u/ml LIF (human recombinant LIF) and 3 µM CHIR 99021. 

	

5 	PMSF based culture media  

(15). PMSF medium (alone) - 85% DMEM/F12, supplemented with 15% 

knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, and 0.1 mM PMSF. 

(16). PMSF and LIF medium - 85% DMEM/F12, supplemented with 15% 

	

10 	knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, 0.1 mM PMSF and hrLIF 3000 u/ml. 

(17). PMSF and Wnt3A medium - 85% DMEM/F12, supplemented with 15% 

knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, 0.1 mM PMSF and 10 ng/ml Wnt3A. 

	

15 	(18). PMSF and CHIR medium - 85% DMEM/F12, supplemented with 15% 

knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, 0.1 mM PMSF and 3 µM CHIR 99021. 

(19). PMSF, CHIR and LIF medium - 85% DMEM/F12, supplemented with 

15% knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential 

	

20 	amino acid stock, 0.1mM PMSF, 3 µM CHIR 99021 and hrLIF 3000 u/ml. 

(20) Defined PMSF medium - Table 2 hereinbelow, describes the defined 

PMSF medium according to some embodiments of the invention: 

	

25 	 Table 2 
Defined PMSF medium 

Material Manufacturer Final concentration 

DMEM/F12 Biological Industries NA 

Lipid mixture Sigma 1% 

*ITS Corning 1% 

Ascorbic acid Sigma 500 µgrim' 

L-glutamine Biological Industries 4 mM 
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hr albumin Sigma 0.5% 

PMSF R&D Systems 0.1 mM 

Table 2. *ITS = insulin, transferrin and selenium. 

(21). Defined PMSF medium with IL6RIL6 chimera - Defined PMSF 

medium (Table 2) supplemented with 100 ng/ml of the IL6RIL6 chimera. 

	

5 	(22). Defined PMSF medium with IL6RIL6 chimera - Defined PMSF 

medium (Table 2) supplemented with 100 pg/ml of the IL6RIL6 chimera. 

(23). Defined PMSF medium with LIF - Defined PMSF medium (Table 2) 

supplemented with 3000 U/ml hrLIF (PeproTech). 

(24). SR3 PMSF medium - DMEM/F12 (94 %) (Biological Industries, Israel, 

	

10 	Sigma Israel), L-glutamine 2 mM (Invitrogen corporation, Sigma, Israel), ascorbic acid 

500 µg/m1 (Sigma, Israel), SR3 — 1 % (Sigma, Israel), defined lipid mixture 1 % 

(Invitrogen corporation, Sigma, Israel) and 0.1 mM PMSF (R&D systems). 

(25). SR3 PMSF medium with LIF - SR3 PMSF medium supplemented with 

3000 U/ml hrLIF (human recombinant LIF). 

	

15 	(26). SR3 PMSF medium with IL6RIL6 chimera - SR3 PMSF Medium 

supplemented with 100 ng/ml of the IL6RIL6 chimera. 

(27). SR3 PMSF medium with IL6RIL6 chimera - SR3 PMSF Medium 

supplemented with 100 pg/ml of the IL6RIL6 chimera. 

	

20 	TLCK based culture media  

(28). TLCK medium - 85% DMEM/F12, supplemented with 15% knockout-

SR, 2 mM L-glutamine, 0.1 mM13—mercaptoethanol, 1% non-essential amino acid stock, 

50 i.i.M TLCK. 

(29). TLCK - LIF medium - 85% DMEM/F12, supplemented with 15% 

	

25 	knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, 50 i_iM TLCK and 3000 u/ml human recombinant LIF (PeproTech). 

(30). TLCK - Chir medium - 85% DMEM/F12, supplemented with 15% 

knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, 50 i_iM TLCK and 3µM CHIR 99021 (PeproTech). 
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(31). TLCK— Chir - LIF medium - 85% DMEM/F12, supplemented with 15% 

knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, 50 µM TLCK, 3000 u/ml hrLIF and 3 µM CHIR 99021 (PeproTech). 

(32) Defined TLCK medium - Table 3 describes the defined TLCK medium 

5 	according to some embodiments of the invention. 

Table 3 
Defined TLCK medium 

Material Manufacturer Final concentration 

DMEM/F12 Biological Industries NA 

Lipid mixture Sigma 1% 

*ITS Corning 1% 

Ascorbic acid Sigma 500 µgrim' 

L-glutamine Biological Industries 4 mM 

hr albumin Sigma 0.5% 

TLCK Sigma 50 µM 

10 	Table 3. *ITS = insulin, transferrin and selenium. 

(33). Defined TLCK medium with IL6RIL6 chimera Defined TLCK 

medium (Table 3) supplemented with 100 ng/ml IL6RIL6 chimera. 

(34). Defined TLCK medium with IL6RIL6 chimera Defined TLCK 

15 	medium (Table 3) supplemented with 100 pg/ml IL6RIL6 chimera. 

(35). Defined TLCK medium with LIF -Defined TLCK medium (Table 3) 

supplemented with 3000 U/Ml hrLIF (PeproTech) 

(36). SR3 TLCK medium - DMEM/F12 (94 %) (Biological Industries, Israel, 

Sigma Israel), L-glutamine 2 mM (Invitrogen corporation, Sigma, Israel), ascorbic acid 

20 	500 µg/m1 (Sigma, Israel), SR3 — 1 % (Sigma, Israel), defined lipid mixture 1 % 

(Invitrogen corporation, Sigma, Israel) and 50 µM TLCK (R&D systems). 

(37). SR3 TLCK medium with LIF - SR3 TLCK medium supplemented with 

3000 U/ml hrLIF. 

(38). SR3 TLCK medium with IL6RIL6 chimera - SR3 TLCK medium 

25 	supplemented with 100 pg/ml of the IL6RIL6 chimera. 
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(39). TLCK and Wnt3A medium - 85% DMEM/F12, supplemented with 15% 

knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-essential amino 

acid stock, 50 µM TLCK and 10 ng/ml Wnt3A. 

(40). TLCK and CHIR 99021 medium - 85% DMEM/F12, supplemented 

5 with 15% knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1% non-

essential amino acid stock, 50 µM TLCK and 3 mM CHIR 99021. 

(41). TLCK, CHIR 99021 and LIF medium - 85% DMEM/F12, 

supplemented with 15% knockout-SR, 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 

1% non-essential amino acid stock, 50 µM TLCK, 3 mM CHIR 99021 and hrLIF 3000 

10 	u/ml. 

For control, the following "yFL3" medium was used: 85 % DMEM/F12 

(Biological Industries, Biet Haemek, Israel), containing 15 % knockout serum 

replacement (SR), 2 mM L-glutamine, 0.1 mM 13—mercaptoethanol, 1 % non-essential 

amino acid stock, 10 ng/ml bFGF (all but mentioned are Invitrogen Corporation 

15 products, Grand Island NY, USA), and 3000 u/ml human recombinant leukemia 

inhibitory factor (hrLIF) (R&D Systems Minneapolis MN, USA). It is noted that the 

concentration of bFGF was increased in the yFL3 medium to 10 ng/ml in order to better 

support the culturing of iPSCs. 

20 	Table 4 lists possible sources and catalog numbers. 

Table 4 

Reagent Company, 	Catalog 
Numbers 

Final Concentration 

DMEM/F12 (1:1) BI, #01-170-1A 82% 

*KnockOut SR (KOSR) Gibco, #10828-028 15% 

MEM NEAA (100x) Gibco, #11140-035 1% 

13-mercaptoethanol, 50 mM Gibco, #31350-010 0.1 mM 

L-Glu, 200 mM BI, #03-020-1B 1 mM 
Pen-streptomycin, 	Pen 	10000 
u/ml strep 10000 µg/m1 

BI, #03-031-1B 
Pen: 	50 	Units/ml, 
µg/ml 

Strep: 50 

PMSF, 1M 
Gold Biotechnology, 
# P-470 

0.1 mM 

CHIR 99021, 20 mM Tocris bioscience, # 4423 3µM 

LIF, 106  u/ml PeproTech, # 300-05 3000 units/ml 
* KOSR can be replaced by Sigma SR3 (S2640 catalogue number) or the combination of 
lipid mixture and ITS as described in Table 1. 
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To initiate suspension culture, the following steps were taken: 

(1) In adaptation to suspension culture from PSCs cultured on feeder cells, 

the first passage was performed using an enzymatic splitting with any of the following 

enzymes: TrypLEx (Gibco-Invitrogen Corporation, Grand Island NY, USA), Trypsin 

	

5 	EDTA (BI), accutase, Gentle dissociator (SCT), Releaser (SCT) or collagenase type IV 

(Worthington), following which the cells were transferred to Petri dishes. 

When the cells were cultured in suspension culture (devoid feeder cells and 

devoid of substrate adherence), the passaging was performed by either enzymatic 

passaging (as describe above) or by mechanical dissociation by pipetting the cell clusters 

	

10 	up and down using 200-1000 IAL Gilson tips. 

When the PSCs were cultured on 2-D (two dimensional) feeder-free culture 

conditions, the first passage was performed using either enzymatic dissociation as 

described above or by mechanical dissociation as described above. 

In either case, after the first passage the cells were passaged by either enzymatic 

	

15 	or mechanical dissociation. 

(2) Cells were cultured for 3-5 passages, split every 4-6 days. Culturing was 

performed on either 2D or 3D culturing systems. 

It should be noted that "passage number one" is considered as the transferring of 

the cells from 2-D to 3-D suspension culture into Petri dish, spinner flask, shaking flask 

	

20 	or a bioreactor. 

(3) In suspension cultures, after at least the first passage in which the cells 

were transferred to spinner flasks (75 rpm) or shaker flasks, no splitting was needed. 

(4) In suspension cultures, after at least the first passage in which the cells 

were transferred to bioreactors, no splitting was needed. 

	

25 	Suspension cultures were based on the protocols described by Amit et al., 2010 

and 2011 and in W02011/058558 and WO/2008/015682, each of which is fully 

incorporated herein by reference in its entirety, except for using the defined media 

described herein. 

Immunohistochemistry - Undifferentiated hESCs grown in suspension or using 

	

30 	2D culture were fixed with 4% paraformaldehyde and exposed to the primary antibodies 

(1:50) overnight at 4°C. stage-specific embryonic antigen (SSEA) 1,3 and 4 (Hybridoma 

Bank, Iowa, USA), and tumor recognition antigen (TRA) 1-60 and TRA1-81 (Chemicon 
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International, Temecula CA, USA), were used as primary antibodies. Cys 3 conjugated 

antibodies (Chemicon International, Temecula CA, USA) were used as secondary 

antibodies (1:100). 

Karyotype analysis - Karyotype analysis (G-banding) was performed on at least 

	

5 	15-20 cells from each sample, two samples per test, as previously described [Amit et al, 

2003]. Karyotypes were analyzed and documented according to the "International 

System for Human Cytogenetic Nomenclature" (ISCN). 

EB formation - For the formation of EBs, ESCs were broken into small clumps 

using 1000 1_11 Gilson pipette tips, and cultured in suspension in 58 mm petri dishes 

	

10 	(Greiner, Frickenhausen, Germany) in the presence of a medium suitable for formation 

of EBs ("EB s-Med" hereinafter), in which the factors maintaining the pluripotent stem 

cells in an undifferentiated state are removed. The EBs-Med consists of 80% Ko-

DMEM, supplemented with 20% FBSd (HyClone, Utah, USA), 1 mM L-glutamine, 0.1 

mM 13—mercaptoethanol, and 1% non-essential amino acid stock (all but FBSd from 

	

15 	Gibco Invitrogen Corporation, Grand Island NY, USA,). 10 day-old EBs were plated in 

culture plates covered with gelatin and further cultured for at least 7 more days. Cells 

were harvested for RNA isolation. 10-21 day-old EBs were harvested for RNA isolation 

and histological examination. 

Real Time PCR - Total RNA was isolated from hPSCs grown for 10-15 passages 

20 in suspension using Tri-Reagent (Sigma, St. Louis MO, USA), according to the 

manufacturer's instructions. cDNA was synthesized from 1µg total RNA using MMLV 

reverse transcriptase RNase H minus (Promega, Madison WI, USA). PCR reaction 

included denaturation for 5 minutes at 94°C followed by repeated cycles of 94°C for 30 

seconds, annealing temperature (as in Table 1) for 30 seconds and extension at 72°C for 

	

25 	30 seconds. PCR primers and reaction conditions used are described in Table 5 below. 



WO 2018/015954 
	

PCT/IL2017/050812 

60 
Table 5, PCR primers 

Name Company, Catalog Numbers Method 

GAPDH Hs99999905 nil, Thermo Fisher RT- PCR 

SOX2 Hs01053049_s I , 
Thermo Fisher 

RT- PCR 

NANOG Hs04260366 g , 

Thermo Fisher 

RT- PCR 

OCT4/POU5F 1 Hs00999634 o .___,.,il , 

Thermo Fisher 

RT- PCR 

Table 5. 

Growth Curves - 1x105  cells were plated in suspension with the tested culture 

	

5 	media. Cells were counted every 5-7 days. 

FACS analysis - Spheres of hPSC cultured in suspension were dissociated to 

single cells using trypLE (Invitrogen Corporation products, Grand Island, NY, USA). 

The cells were stained with anti-h/mSSEA4 Ab conjugated to Phycoerythrin, 

Phycoerythrin conjugated Rat IgG2B were used as isotype control (both (R&D systems, 

	

10 	Minneapolis, MN, USA). The stained cells were then analyzed with FACScalibur flow 

cytometer (Becton Dickinson, San Jose, CA, USA) using CellQuest software according 

to the manufacturer's instructions. 

Flow cytometry - Aggregates were split to single cells using enzymatic splitting 

(trypsin EDTA, Biological industries, TrplEx, Life technologies). The cells were 

	

15 	washed twice with PBS and incubated with specific antibody or with matched isotype 

control for 30 minutes at room temperature. Cells were washed 3 times with phosphate 

buffered saline (PBS), and analyzed using flow cytometry (LSR II flow cytometer). 

Table 6 lists antibodies, which were used in some of the experiments described 

herein. 
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Table 6 

Antibodies 

Name 
Company, 
Catalog Source 
NO. 

 Reactivity Lot 
Recommended 
dilution 

SSEA-4, 
PE- 
conjugated 

R&D 
Systems, 
FAB1435P 

Mouse 
IgG3, 
Monoclonal, 
Clone MC- 
813-70 

a-Human a- ' 
Mouse 

LNK1114021 1:10 

Oct-4A 
(POU5F1) , 
APC- 
conjugated 

R&D 
Systems, 
IC6344A 

Mouse 
IgG2A, 
Monoclonal, 
Clone 
653108 

a-Human ABQQ0114041 1:10 

IgG2A, 
APC- 
conjugated 

R&D 
Systems, 
IC003A 

Mouse LHA1116021 
ABQQ0114041 

 
for Oct4-APC 

1
:
20 	for 	Lot: 

IgG3, 
PE- 
conjugated 

. 
Ebioscience, 
12-4742-41 

Mouse 4309699 for SSEA4-PE 
1

:
10 	for 	Lot: 

LNK1114021 

Table 6. "a-human" = anti human; "a-mouse" — anti mouse. 
5 

EXAMPLE I 

Experimental Results 

Several medium formulations based on Wnt3a were tested for the ability to 

support the feeder-layer free culture of hPSCs in suspension, without the addition of 

10 bFGF. The tested media formulations were found suitable to support undifferentiated 

feeder-layer free hESC proliferation. 

Cells cultured in the tested medium formulations for at least 30 passages 

maintained their ESC features, including undifferentiated proliferation, karyotype 

stability and pluripotency. Example for the expression of surface marker SSEA4 is 

15 

	

	shown in Figures 1A-C. Interestingly, when cultured in the medium supplemented with 

the IL6RIL6 chimera and bFGF using fibronectin as substrate, the cells differentiated at 

the periphery of the colonies and formed an outgrowth of feeder-like cells (Data not 

shown). 

In addition, PSCs cultured in the tested culture medium strongly expressed 

20 specific pluripotency markers such as Nanog, Oct4, TRA-1-60 and TRA-1-81, as 

demonstrated by Immunostaining analyses (Figures 2A-20D). 
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When compared to hPSCs cultures in suspension using control medium, no 

morphological differences could be observed between aggregates grown in the tested 

medium and PSCs grown using control medium (Figures 7A-D). 

Expression of pluripotent markers by PSCs cultured in a suspension culture in 

	

5 	the new culture media - After prolonged culture of more than 15 or 40 passages in 

suspension the cells were tested for pluripotency markers. Immunostaining analyses of 

PSCs cultured with the tested new media formulations revealed expression of typical 

markers of pluripotency such as SSEA4 (Figures 2A-L, and Figures 8A-I), Oct4 

(Figures 3A-L, Figures 12A-I, and Figures 16A-L), Nanog (Figures 4A-L, and Figures 

10 9A-I), TRA1-60 (Figures 5A-L and Figures 10A-I), and TRA1-81 (Figures 6A-L, 

Figures 11A-I, Figures 16A-L, and Figures 17A-L), were find positive and strong, 

similarly to cells cultured in control medium. FACS analysis demonstrated high 

numbers of cells positive for SSEA4 (more than 90%) while cultured with the tested 

media (Figures 1A-C and Figures 15A-G). 

	

15 	In addition, RT-PCR analyses demonstrate that the genes Nanog, Sox2 and Oct4 

remained highly expressed (Figure 14). 

PSCs cultured in a suspension culture in the new culture media remain stable 

and with normal karyotype - Karyotype analysis by G-banding demonstrated stable 

karyotype after 15 passages with the new media (Data not shown). 

	

20 	PSCs cultured in a suspension culture in the new culture media exhibit normal 

growth curves after prolonged culturing - Growth rates of the PSCs cultured using the 

tested new medium formulation were similar to control medium after 15 and more than 

40 passages (Figures 13A-B and Table 7 hereinbelow). 

Table 7 describes the cell counts and viability in each of the tested culture media 

	

25 	after 20 passages. 

Table 7 

Medium Cell count at passage 
60 

Cell counts at passage 
63 

viability 

YFL3 0.15x106  60.48x106  89%-94% 
PMSF 0.15x106  95.4x106  95%-98% 

PMSF + Wnt 0.15x106  90.36x106 
90.1%- 

96% 
PMSF w.o. LIF 0.15x106  284 x106  88-100 
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Medium 
Cell count at passage 

60 
Cell counts at passage 

63 
viability 

PMSF + Chir w.o. 
LIF 0.15x106  

98 x106  75-98 

PMSF + Wnt w.o. 
LIF 

0.15x106  300 x106  90-98 

Table 7. "w.o." = without; 

PSCs cultured in suspension in the new culture media were capable of 

5 differentiating into all three embryonic germ layers: endoderm, ectoderm and 

mesoderm - The developmental potential of the PSCs after prolonged culture while 

using the tested new formulations was examined in vitro by the formation of embryoid 

bodies (EBs). When cultured in suspension, after 20 passages in the tested medium 

hPSCs formed EBs similar to those created by ES cells grown on MEFs (Figures 18A- 

10 	G). Within these EBs, stem cells differentiated into cell types representative of the three 

embryonic germ layers. 

Thus, the new tested medium formulations were found suitable for prolonged 

culture of hPSCs while maintaining PSC characteristics. 

15 

EXAMPLE 2 

THE NEW CULTURE MEDIA CAN ALSO SUPPORT CONTINUOUS 

CULTURING OF PSCS ON 2-DIMENSIONAL CULTURE SYSTEMS 

20 	Experimental Results 

PSCs were cultured as adherent cells using culture dish covered with either 

Matrigel matrix, fibronectin, laminin or human foreskins fibroblasts acellular matrix 

with the tested media. The cells were passage every 4-7 days using collagenase type IV. 

Medium was changed daily. After 20 passages of continuous growth the cells were 

25 	characterized for pluripotency markers including Oct4, Tra160 and TA181. Results are 

shown in Figures 21A-C. As shown, the new culture media can also support the growth 

of undifferentiated and pluripotent stem cells on two-dimensional culture systems. 
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EXAMPLE 3 

SERUM-FREE DEFINED CULTURE MEDIA COMPRISING VARIOUS 

PROTEASE INHIBITORS SUPPORT THE UNDIFFERENTIATED GROWTH OF 

HUMAN PLURIPOTENT STEM CELLS 

	

5 	Experimental Results 

Several new culture medium formulations were tested for the ability to support 

PSCs undifferentiated culture in suspension (the culture media described under the 

"GENERAL MATERIALS AND EXPERIMENTAL METHODS". While using 

medium supplemented with either PMSF, TLCK, or Wnt3a, without supplementing 

10 bFGF, hESCs could be cultured as undifferentiated for more than 18 passages while 

expressing PSCs features. Cells morphology resembles the reported morphology of 

PSCs cultured in suspension (Figures 23A-B), an aggregate of cells with clear border 

and disc like shape (Amit et al., 2010). Using FACS analysis, it was demonstrated that 

after 6 passages in suspension, 92 percent of cultured PSCs (I3) co-expressed Oct4 and 

	

15 	SSEA4. >95% of the tested cells were positive to SSEA4 (Figure 23B). Similarly, 

results from additional biological repeats, demonstrated at Figure 24B, show that 83 

percent of the cells co-expressed these markers Culturing the cells with dynamic 

system (spinners) resulted in cells exceeding cell concentrations of 6 million cells per ml 

(Data not shown). Cells cultured continuously with spinner flacks for more than a 

20 month (4-5 passages) maintained the expression of pluripotency markers Oct4 and 

SSEA4, co-expression by 95% or 86% from two biological repeats (Figures 25 and 26). 

In addition, cells cultured in suspension using the tested medium versions were capable 

to form EBs and differentiate to different cell lineages as exemplified in Figures 27A-C. 

Although the invention has been described in conjunction with specific 

	

25 	embodiments thereof, it is evident that many alternatives, modifications and variations 

will be apparent to those skilled in the art. Accordingly, it is intended to embrace all 

such alternatives, modifications and variations that fall within the spirit and broad scope 

of the appended claims. 

All publications, patents and patent applications mentioned in this specification 

	

30 	are herein incorporated in their entirety by reference into the specification, to the same 

extent as if each individual publication, patent or patent application was specifically and 

individually indicated to be incorporated herein by reference. In addition, citation or 
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identification of any reference in this application shall not be construed as an admission 

that such reference is available as prior art to the present invention. To the extent that 

section headings are used, they should not be construed as necessarily limiting. 
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68  WHAT IS CLAIMED IS:   1. A defined culture medium comprising a synthetic medium, serum replacement, L-glutamine and an effective amount of a protease inhibitor, wherein said effective amount of said protease inhibitor inhibits degradation of a WNT3A polypeptide, wherein the culture medium is capable of maintaining human pluripotent stem cells in a pluripotent state when cultured in a suspension culture devoid of substrate adherence.   2. The defined culture medium of claim 1, wherein said synthetic medium is KO-DMEM, DMEM/F12, Mab ADCB or DMEM medium.   3. The defined culture medium of claim 1 or 2, wherein said serum replacement comprises a insulin, transferrin and selenium (ITS), a lipid mixture, and ascorbic acid.   4. The defined culture medium of any one of claims 1-3, wherein inhibition of said degradation of said WNT3A polypeptide is detectable by a method selected from the group consisting of: Western blot analysis, enzyme-linked immunosorbent assay (ELISA), immunohistochemistry, and radio immunoassay.   5. The defined culture medium of any one of claims 1-4, wherein said protease inhibitor is a serine protease inhibitor.    6. The defined culture medium of any one of claims 1-5, wherein said protease inhibitor is phenylmethylsulfonyl fluoride (PMSF).    7. The defined culture medium of any one of claims 1-5, wherein said protease inhibitor is Tosyl-L-lysyl-chloromethane hydrochloride (TLCK).    8. The defined culture medium of any one of claims 1-3, 6, or 7, further comprises a GSK3 inhibitor.    9. The defined culture medium of any one of claims 1-6, further comprising a WNT3A polypeptide. 



69    10. The defined culture medium of any one of claims 1-3, further comprising a WNT3A polypeptide and stabilizing agent of said WNT3A, wherein said stabilizing agent inhibits proteases and stabilizes the polypeptide WNT3A, with the proviso that said stabilizing agent is not a lipid vesicle.   11. The defined culture medium of claim 10, wherein said stabilizing agent of said WNT3A is selected from the group consisting of GSK3 inhibitor and phenylmethylsulfonyl fluoride (PMSF).    12. The defined culture medium of any one of claims 1-11, with the proviso that the medium does not comprise more than 0.009 M of an ERK1/2 inhibitor.   13. The defined culture medium of any one of claims 1-12, further comprising leukemia inhibitory factor (LIF).   14. The defined culture medium of any one of claims 1-13, further comprising an IL6RIL6 chimera.   15. The defined culture medium of any one of claims 1-14, being serum-free.   16. The defined culture medium of any one of claims 1-15, wherein said culture medium does not comprise more than 1 ng/ml of basic fibroblast growth factor (bFGF).   17. A cell culture comprising cells and the defined culture medium of any one of claims 1-16.    18. The cell culture of claim 17, wherein said culture medium is capable of maintaining said pluripotent stem cells in an undifferentiated and pluripotent state for at least 5 passages when cultured in a suspension culture devoid of substrate adherence.   19. A method of culturing pluripotent stem cells in a suspension culture devoid of substrate adherence, comprising culturing the pluripotent stem cells in the defined culture 



70  medium of any one of claims 1-16, thereby culturing the pluripotent stem cells in the suspension culture.  


