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FIGURE 1A
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FIGURE 1B
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FIGURE 1C
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FIGURE 1D
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FIGURE 2

hESC 2D Colony Cultures
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FIGURE 3

hESC 2D Colony Cultures
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FIGURE 4
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FIGURE 5
Microcarrier cultures
Conditioned media:- Serum free media (StemPro, TseR1);-
Growth kinetics Growth kinetics
Metabolism, glucose, glutamine consumption Metabolism, glucose, glutamine consumption
Lactate, ammonia production, pH, amino acids Lactate, ammonia production, pH, amino acids
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Fi1GURE 6B
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FIGURE 6C
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FIGURE 6D
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FIGURE 7A
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FIGURE 7B
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FIGURE SA
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FIGURE 8B
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FIGURE 8C
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FIGURE 8D AND FIGURE 8E
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FIGURE 9
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FIGURE 10A
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FIGURE10B
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FIGURE 11B
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FIGURE 12
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FIGURE 13

Glutamine conpumption
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FIGURE 14

Glutamine consumption
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FIGURE 15
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FIGURE 16
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FIGURE 16 (CONTINUED)
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FIGURE 17
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FIGURE 17 (CONTINUED)

Lactate Production Rate

18 Lactate Production

1.4 -
= &

1.2 -
[+3] -
G40 =
5 B ¢
Z0.8 -

z 'z

0.8 4
204 4
»

e
b
®

< O(
oN
=

=1
—
»
[ 4
.
N
»
\l
0

Time {d)

¢ Monolayer & Microcarrier {fr Monolayer) A& Microcarrier (fr Microcarrier)

Ammonium Production rate

Ammonium Production

0.25
T
2020 - & &
5 o
50454 A a &
E A
= 0.10 A ¢
£
©0.05 - & 2
% ‘ i

0-00 T 4 i i T T H

0 1 2 3 4 5 5 7 8

Time (d}

¢ Monolayer & Microcarrier {fr Monolayer) 4 Microcarrier {fr Micrecarrier)




32/163

FIGURE 18
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FIGURE 19
Celi count on day 7 for protein coated cellulose
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FIGURE 21A
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FIGURE 21B
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FIGURE 22
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FIGURE 24
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FIGURE 25
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FIGURE 26A
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FIGURE 26C
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FIGURE 27A
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FIGURE 28
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FIGURE 29
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FIGURE 30
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FIGURE 31
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FIGURE 32
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FIGURE 34A
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FIGURE 34B
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FIGURE 35
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FIGURE 36
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FIGURE 36 (CONTINUED)
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FIGURE 37
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FIGURE 38
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FIGURE 39

o0

Oct-4{86.69% Mean:144.37)
= 1Trat-60(91.71%,Mean:820.34)
:

l My

Counts

Harma Fagmeisr  Gale
Neg FLIH Gt
... Dct-4 FLIH Gi
., fral-g0 FuH Gt

Day 0



59/163

FIGURE 39 (CONTINUED)
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FIGURE 40
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FIGURE 41
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FIGURE 41 (CONTINUED)
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FIGURE 42
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FIGURE 43B
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FIGURE 44
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FIGURE 44 (CONTINUED)
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FIGURE 45
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FIGURE 46A
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FIGURE 46B
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FIGURE 47A
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FIGURE 47B




FIGURE 48A
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FIGURE 48B
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FIGURE 49
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Comparison of hESC growth on cellulose microcarrier vs. 2D colony cultures
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Passage 15 & 16 of hESC on mairigel coated DE53 carriers
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Passage 21

Passage 23
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Passage 22
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Karyotypes

HES-3
P22 on microcarriers

P25 on microcarriers
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HES-2 P14 on microcarriers
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RT-PCR of Embryvoid bodies

HES-3 on DERS
Celtulose microcarriers
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Figure 56
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Growth of hESC in mTe8SR1 vs StemPRO media
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Comparison of Doubling Time
(mTeSR1 vs StemPRO media)
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Comparison of Metabolism in Defined Media
(hESC in Microcarrier Cultures)
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Comparison of Metabolism in Defined Media
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(hESC in Microcarrier Cultures)
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Specific Rates for hESC on Microcarriers in mTeSR1
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pH Measurement - Repeat Run
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Growth Kinetics — Repeat Expt
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Metabolite analysis of conditioned media from

spinner flask run 2
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pH and osmolarity conditions in spinner flask 2
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Observations of HES-3 i spinner

flask 2 cultures
Day 5

Figure 72

HES-2 Growth Curve in Spinner Flask Culture in

Conditioned Media
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Spinner Flask Pictures
Day 5 Day 7
, —

Figure 76

Spinner vs. 2D colony cultures
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Figure 77
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Co-cuiture of hESC with feeders on microcarriers
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P2 FACS
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P2 FACS

Control- hESC on matrigel coated DES3

g
23
w3 |
£ M1 I
8:1
E-: i ?*Lé . o 1o k3
T4 *ﬁ@ i é{%‘gf‘?’?%w |
3 Vil L S
BB et B i I i % 1 ratt So T
109 o R 2 1
Key Hame Patameses Gate
T BawSi  CONTROL
Barnftd  OCT 4 - 89.7%
panapis TRA160-821%
Daaais  CONTROL FROM OCD

Figure 81



98/163
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o ‘Matrigel coated Protamine
beads (Using concentrated
matrigel stock)

Matrigel coated Protamine beads
(using routine microcarrier
coating method, 30X dilution
matrigel solution)

Figure 84
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FACS for P1
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FACS for P1
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FACS for P2
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FACS for P3
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Figure 91

Passage 4

Tosoh bead coated with Poly-L- Tosoh bead coated with Protaming
Lysine and coated with tatrigel and coated with Matrigel

Figure 92
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FACS for P4
PL+MG PR+MG
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FACS-P5
PL+MG PR+MG
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Figure 95
Passage §

Tosoh beads coated with Poly-L- Tosoh beads coated with
Lysine+Matrigel Protamine-+iatriget

Figure 96
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FACS- PR+MG

P5

Figure 97
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hESC on matrigel coated and uncoated Cylodex 3 microcarriers

Celisiwell

Celt count

N

P2dsy? F3  Plday? P4 Paday7 PS5 PSday? P8 PBdayT P7  Prday7
seading s2eding seeding szeding segding

Passage no

OStadic-wmpel B Statio- wio mgel [Aghaton st 100rpm w mgal [JAgitation at 20mpm w mgs!

Figure 99

hESC on matrigel coated Cyiodex 3 microcarriers
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Cytodex 2 without WMatrigel, non-agitated

Figure 101

Cytodex 3 without (Matrige! agilated at 100 rpm

Figure 102
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Cytodéx 3 coated with Matrigel, non-agitated

Figure 103

Cytodex 3 coated with Matrigel agitated at 100 rpm

Figure 104
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FACS for Cytodex 3, without matrigel
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FACS for Cytodex 3 with matrigel
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FACS for Cytodex 3 without matrigel with agitation at 100rpm
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FACS for Cytodex 3 with matrigel with agitation at 100rpm
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hESC on Cytodex 3 Microcarriers

H3 Passage 13 on matrigel ceated Cytodex H3 Passage P on laminin and fibreneotin coated Cytodex 3

-
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Figure 109

on Cyiodex 3 with matrigel
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H3 Stemy Cells passaqing on Cytodex 1 microcarriers

Cytodex1 {without Mgel) Cytodexq (with Mgel}

Celi lightly stick on microcarriers, Celt slick preperly on microcamiers.

Liitle aggregates formesd. Cells growth in cgarsgstes.
Best result ohserved.

Figure 111

H3 Stem Cells passaging on Hillex microcarriers

HLXII adsork pheno! red. Medium becomes colarless.
Carriers with Moe! coating aggragate {(even belore sezding).

HLXE {without Mgel) HLX1 (with Mgel)
Cell did not stick on microcaniers, Lightly Cell stick observed on microcamiars,
Little clumps fomied. Cells grawih in aggregates

Figure 112
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H3 Stem Cells passaging on microcarriers:

Summgry of the cell counting (<0 end 7}
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Figure 113

H3 stem cells passaging on microcarriers
{Cyt 1 and Hillex, wiwo Mgel)
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H3 Stem Cell passaging on microcarriers:

Mean of final cell concentration, Mean of fold expansion .
e0z2 430
7.02 1EG
€03 30
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o
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o
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~Higker cell concentration has been achieved when casriers were coaied with Mgst.

Higher celi concenfration has been achieved using Cytodex 1 with Migel (5x10° celishwell or 1.2x308
cslis/mL), similar values as DES3 {ceilulose carriars) .

Figure 115
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Figure 117
H3 Stem Cell passaging on microcarriers:

Cyiodex 1 Mgal

FACS analysis, Cytodex 1
1
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*Approsimately afier 8 passages the sxpression of surface markers starf o decrsase gradually.
*The Moel coating provides more stability @ the culturs whan Cytodex 1 is used, and Hillex producss sinvlar

resuits with and without Mgs! costing.
*Cytodex 1 with Mgel is a more stabls platform than Hitlex; Cytodex 1 with Mgat coating is able to maintain

the exprassion suracs markers.

Figure 118
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FACS at passage 13

Cytodox 1
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Figure 119

Karyotypes of Cytodex 1 and Hillex microcarrier cultures
at passage 7

Cytodex 1 with matrigel
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DES3 coated with HA and HS ~ Fibronectin (100ug) DES3
‘ coated with HS+HA

Day 7 HA-Hyaluronic acid
HS-Heparin sodium salt

Figure 123

i # :
DE53 coated with HA Fibronectin DE53 coated with HA

HA-Hyaluronic acid
HS-Heparin sodium salt

Figure 124
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FACS for P1

FN HA+HS+FN HA+HS
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hESC on protein coated carriers

Ha+col [#FN
HA<col (V+FN
[IHA*col -FN+LIM
DHA+col M+FN+LI4
mHS+zaol +FN
HS+col N<FN
HS+col FFN+LM

Total cell count, E6

Passage no EIHS+col W+FN+L
HA= Hyaluronic Acid Col I= Collagen ] FN= Filbyronectin
HS= Heparin Sodium Salt Col IV= Collagen IV LM= Laminin

Figure 127
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DEE3-HS+Collagen IV+ Laminin ' DE53-H8+Collagen IV

Figure 130
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DE53-58+Collagen Lollagen IVt
LamininsFibranzain

DEES—HA—HS@Cotfag&n }+Callagen (V= Laminin+Fibrosecun

Figure 131
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FACS-P3
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FACS-P3
Koy  Name Parameter  Gae Key anne E’:‘xia'n:eeber Exglé
D807 oontrol — DR ontro)
Dan018 oot 4 - 53% Dual22 oot 4 - 59%
. Daa019 ssea 4- 65% mee D08 tra 1 60 - 579
e Datao tran 160~51%
H3P33KKP59 H3P33KKP5D
P3 HS+COLT+EN P3 HS+COLA+FN
280308 280308
HA= Hyaluronic Acid Col I= Collagen i FN= Fibronectin
HS8= Heparin Sodium Salt Col IV= Collagen IV Li= Laminin

Figure 134



125/163

Sy &
i T3
2 3 P
E =z T
g 3 g
3
i p
i e
o & L
00 ! w2 0wt
FL1-H
e Name Parameter Gate Kay Name Parameisr Gas
A - c‘ 7 ™ 4 ~
— Uata.Ozd contro' . Daia.G2 com:rcﬂ
Daal25 oct 4 - 62.9% e Dl e 4. 69,3%

e D025 tran 1 B0 - 54% wam  0212.026 SSEA 4 - 83%
Daa 30 tra 1 60 - 57%

H8PSSKKPS9 H3P33KKP5

P3 HS+COLT-+FN+LIM P3 HS+COL4A+EN+LM

280308 280808
HA= Hyalurenic Acid Col = Collagen | FN= Fibronectin
H&= Heparin Sodium Salt Col Iv= Collagen IV LM= Laminin

Figure 135

Hyaluronic Acid on DE53 carriers

Cell count for HA samples
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FACS of HA coated microcarriers
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FACS of HA coated microcarriers
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P6- HA on DE53

1mg BA/mg DES3 or 1:10 dilution (0.8%)

DEE3 coupled with Hyaluronic acid P8 {5x)

Figure 139

Schematic of claims on properties of
microcarriers for hESC culture

Extraraliddar matrizes costinge 2.9, matrigel, hyshironk add, Micocarier corposiden e, Celhlose, dextran,
Repudn, fbronectin, ete, With or without sdsorhed growth factors hydroxylated mathasiyfate, polvstyrans,
alars, collagen, gelata ste.

Postive chargs andlor gefadnfrollezen microcariers

Seherical or ovab-like microcerdiers, Rod or cylindrizal ¢z spiral-like microraries,
dremzzer 5D to 2000 micrens Iangth 20 to 2000 micrans, dismeter § to 50 microns

Figure 140
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General Amino Acid Analysis (HPLC) of Spent Media

Table 1
Amino Acids Consumed No Significant Change Produstion
Alsnine ¢
Arginine ¥
Aspzragine <
Azpartic AcK ¢
Cystine |
Glutamine N
Gliztamic Aok : $
Glycine e
Histidine B
Isoleucine ¥
Leusine ) ¥ .
Lysine -
Methionine ¥
" Phenylhfanine ¢
roling ¥
Sering ) ¥
Threosnne 4
Tyresas K
Vaine of

Figure 141

Amino Acid Analysis of Spent Media from StemPRO and mTe3R1

Table 2
mTeSR1 StemPRO
Amies Aolde Farosniipeilit Anteunt Farconisgeia) Ameunt
Aspariie Asle -387 1730 &3 R A%
P ~ag2 [rese ~306 57
Asparagre ~43 2322 e 253
aerine 298 235 218 3032
[PS— Lakzaing st 2 DER2E
Slutarzae 28 INLPTLS 233 191003
Sisee -B i sl ] SARITR RS B3CLET
Lrgirine PALE Rk 2+ 368 147398
Theernme 2 2AINENL TCLRET ~£3 2320
Manbe - {83 I -&& 283+312%
Frate ~ 382 332 -0 35435
Cyzline ~37.8 S50 -3 23914
P 2 AALLEEL 22D TL “T2 AImET
Valive 2 L3Fa 528 EDe3
MeitZaning ~308 1wtz X1 ATH13
Lyzins 3 sarmns et 52 B3 72938
it 3 phalrsaing axegr 3z “ATg L7223
(rusne A7 L5¥3F -3%4 £728
Fhenianming 2 Haimmyns 3aeet 33 LRi5 2E3iT

- Consumption + Production

Figure 142
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Co-culture of hESC with feeders on microcarriers

Tabie 3
Seeding density at Seeding density at
8ES5 celisiwell 0.75 10 BES cellsiwell
Passage number | PO F1

Feeders on Cyiodex 3 3.7 E6 celisfwell 4.3 E6 ceilsiwell
hESC on DES3
Feeders on Tosoh 4.2 E6 cellstwell 4.9 E6 celisiwell
polylysing
hESC on DES3
Feeders on matrigel 3.7 E6 cellsiveell 5.9 EB cellsiwell
DES3
hESC on DE 53

Figure 143

Co~cuftura of hESC with feeders on microcarriers

Tabie 4
Seeding density | Seeding density at | Seeding density at
at 0.75 to GE5 08 EXto1ESB
8E5 celisfwell celisiwell cellsfwelt
Passage number | PO P P2
Feeders on cvtodex | 3.7 EG cellsiwell | 4.3 EG cellsiwell 4.05 ER cellsfwell
3
hESC on DE5SS
Feeders on fosoh 4.2 £6 cellsiwell | 4.9 E6 cellsiwell 3.4 EG cells/well
polviysine
hESC on DES3
Feeders on mafrigel | 3.7 EG cellsiwell | 5.9 E6 celisiwell 4.7 E6 cellsiwell
DESS
hESC on DE 53
NESG on matrigel
coated DES3 (seed
at1Eg) o

Figure 144
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hESC culture on Tosch carriers

Table 5
Type of head Particle Coating Passage 0 Passage 1
size

Toyopear! TSKgel 10um 4mg profaraine (86 mg 2 Ei calisfwelt 4,425 cellsfvell
Trasyl SPw protamine/s dry beads)

Tayopear TSKge! Hym 0.2mg profamine {£.6mg 1.99 £8 cellsiwzll 5.88 cellstwsll
Tresyl SPw ) prolaminely dry beads} «

mgs!

Toyopear TSKgel um 4mg proiamine + mgel 1.84 E6 cellsiwell 4,58 cellsfesh

Tresyl 5Pw
Toyopsarl AF-Tresyl- B5pm 4mg profamine + mgs! 1.71 E8 cailatvzl 5.18 callsivsll
850

Total nuclei count on day 7.
Note: Seeding density at 1EG cellsisell (5mi media per well) for passage

0 and split raifo of 1:4 for passage 1

Figure 145
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Cells were seeded at 4 to 8 E5 cells/well and counts taken at day 7
Table 6

Nuclei count resuits

Large 65 micron
Tosoh
microcarriers
{Sample ID}

Passage 0, E6
Celisimi

Passage 1,
E& Cellsiwell

Passage 2, E6
Cellsfwelt

Passage 3,
E8 Cellsiwell

Passage 4,
ES8 Celisfwell

Poly-lysine (PL}

274

1.2

N

Polylysine
coupled with
matrigel {(PLMG]

HA

Poly lysine
coated with
matrigel
{PL+MG}

372

340

4.36

Protamine (PR}

3.8

4,30

1.2

1.99

Protansine
coupled with
matrigel (PRMG)

3.80

15

NA

Protamine
coated with
matrigel
(PR+MG)

[5]
ha

Figure 146
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hESC on Cytodex 3 microcarriers

Nuciei count results

Table 7

Sample ID PO, ES cells P1, E6 celis | P3, EB cells
Static- cytodex 3 wio

matrigel 0.5 2 5.2
Static- cytodex 3 with

matrigel 1.7 9 8.1
Agitation- cytodex 3 wlo

matrigel 1.2 1.2 4.6
Agitation- cytodex 3 with

mafrigel 1.67 39 6.9

Note: Seeding density at 8E5 celisiwell and counts taken atday 7

Figure 147

PO of new sxtracellular matrix coatings on DES3I cellulose carriers

Cells were seeded at 4 E5 cellsiwell and counts taken at day 7
Control: KO = 4.3 E5 cells/well; CM = 4.4 ES cellsiwell

Table §

Dilution ratio

Chondroitin
Suifate {Stock
cone. 0.41 g/mi)

Heparin (Stock
conc. 0.2 g/imi)

Hyaluronic Acid
{Stock cone.
7.08 mgimi)

110 NA 9.6 6 cellsiwell | 1.17 E6 cellsiwell
1:20 8.3 E5 cellsfwell | 1.03 EB cellsiwell | 7.7 E cellsiwell
1:40 8.0 Ea cellsiwell | 1.18 E6 cellsiwell | 8.3 E5 cellsiwell
1:60 8.5 B cellsiwell | 1.12 E6 cellsfwell | 5.4 EG cellsiwell

Figure 148
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P1 of new extracellular matrix coatings on DES3 celiulose carriers

Cells were seeded at 4 ES cells/well and counts taken at day 7
Control: KO = 1.42 E6 cells/well

Table ©
Dilution ratio Chondroitin Heparin (Stock | Hyaluronic Acid
Sulfate (Stock conc. 0.2 g/imly | (Stock cone.
cone. 0.41 g/imi) 7.08 mg/ml)
1:10 1.53 EG cellsiwell | 1.58 E6 cellsfwell | 1.67 EG cellsfwell
1.20 1.84 EG6 cellsfwell | 1.26 EB cells/well | 1.338 E& celis/wel
1:40 2.09 E6 cellsfwell | 1.47 ES cellsiwell | 1.44 E8 cellsiwell
1:80 1.72 E6 cellsiwell | 1.58 E6 cellsfwell | 1.17 E8 celisiwell

Figure 149

P1 of new extraceliuiar matrix coatings on DESJ cellulose carriers

Table 10
Passage 0, E6 Cells/well | Passage 1, ES Cells/well

Sample D

Fibronectin (FN) g2 RESY
Hyaluronic Acid {HA),

Heparin Sodium Salt (HS), FN g 0.672
HA, HS 3 1.4z
HA, FN 9.8 3.2
HA 10,2 111

Celis were seeded at 4 ES cells/well and counts taken at day 7

Figure 150
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P1 and P2 of protein coatings (with collagen |, IV and Laminin)

Cells were seeded at 4 ES cells/well and counts taken at day 7

Nuclei count results Table 11

Sample D P1, E6 cells P2, EG cells P3, E6 cells

HA+col I+FN 8.67 559 482
HAscol IW+FN 8.46 3.87 2.00
HA+col I+FN+L# 956 £.78 1.37
HA+col IV+FN+LM 2.12 402 251
HS+col I+FN 543 3.78 4.35
HS8+col IV+FN £.82 38 5.26
HS+col +FN+LM 536 7.53 4.16
HS+col [V+FN+LM 6.39 42 2.4

HA= Hyaluronic Acid

HS= Heparin Sodium Sait

Col I= Collagen |

Col IV= Collagen IV

Figure 151

FM= Fibronectin
LM= Laminin
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Simple method of passaging hESC cultures

Pt

4 N [r2d <

O

(=t < faw S
1 { i

Micracarvrier - 100 micron filter
A Microcarvier - Mechanical pipetting

O Microcarrier - TrypLE enzyme
[0 2D colany control

Oct4 5SEA4 TRA-1-60

Figure 152



Continuous passaging of hESC on microcarriers

Cournts
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|E] Static microcarrier cultures I

, Cell counts range from 1.2 to 1.8 million/ml Viability > 80%
= % —
g"\ R
S 154 [ T — ]
]
:'E 1.0 N
il
o
& 0.5 1
o
O 00 l T . .
1 2 3 4 7 ] 9
P9
85 Rey 2
g3 oOct4 =] SSEA 4 33 TRA-1-60
gd 92% 8 N 05.4%
3 - 3
%.3 W3 V?;g f
& 8 °23
=3 2] o]
o =3 a:'i

Figure 153




Cell Concentration { x10° collsfml)
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Microcarrier vs. 2D colony cultures

1.8
1.6 /
1.4 4
1.2 o—¢
1 //
o / & w'/@ .
pom o x.\%
0.6 4 - > =
/@/ﬁ“
=
T T i ] 1 1
2 3 4 5 B 7 8

Time {days}

—g—Microcarrier culfure ~z-2D colony culture

Figure 154
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Specific glutamine and glucose consumption
rates and lactate and ammonia production rates

o GRanIne (orRamEyon Gvese vonarmalion
éé (129 A g = &
= TEs 2 qzoad
::f E 1228 2 . o
R s ? 125 4
§8 wmes 5]
4 té % & §‘§ - ¢
% < 3 ? ——
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0: L d - [3
E 5 ] + R 8 © % &t
i | . 5 ozem
g 153 - .
B0 T v T t Y T 4 DE: T u T T T
3 1 2 3 % & i ] $ o £ H F] 2 ¢ & i :
Tiens (d} Tims {9t
N SeiEm Prost
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= 5 ¥ e ®
=
s £g
FE £Z 4m4c
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3
i Z e a 5 E smag | — 4 ® s ¢
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More efficient metabolism on microcarriers vs. 2D colony cultures

Figure 155
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Microcarriers cultures in defined media

14
124 mTeSR1 - Better growth kinetics /a\_
L]
%104
n w]
= 0.8
&
G 0.6 4
204
©
S 02 i
L fr: SRR duat = =
004 :
o 1 2 3 £ 5 & 7 3
Time {Day}
l —e—mleSRi —a---mTeSRi_duplicate
& StemPRO o StemPRO duplicate
mieSRk1 StemPRO
Growth Rate, p () 0.0303 0.0187
Doubling Time ¢h) 23 35

Figure 156
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Microcarrier cultures in serum free media

StemPro
s 8 By
1 Oct4 zi SSEA 4 =i TRA-1.60
7B,7% . a
i 96.7% 5 88.6%
23 ‘ { ,
£%4
2 &
%3
k t';u?‘ 1t c‘c” gt
mTeSR1
o & Sy
o] Oct4 23 TRA-1-60
‘ 89.7% " 3 91.6%
&3 & 84
= %3 gl
; } |
L g T T Q:‘ 1 O

Figure 157
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hESC on Tosoh microcarriers

Protamine coupled Tosoh beads
coated with matrigel
HES-3

. Passage 7
514
] e BRI Cantrol
S WA (AT A G9%
0:na1s TRA-T-60 5259
\ |
gl I i
g
8
S 4
.‘&r*&gi‘
!E:
o T
A 16+

Tesoh Protamine coupled and coated with matrigal
-H3P33KHP34

Calfshvel)

Passage

FACS anzlysis-Tosoh Protamine coupled and coated with

matrigel

o 1 2 2 <

Ps2Ege

4ot DAl £2 117731

Figure 158
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Cell concentration (x10°% cells/ml)
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Static vs. agitated cellulose microcarrier cultures
14

HES-2

"p<005

1.2

1.0

0.8

2D colony culture Static microcarrier Agiated microcarrier

Figure 159
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Static vs. agifated microcarrier cultures

l[] 2D colony cultmre B Static microcarrier culture B Agitated microcarrier culture

100
90
80
70 -
60 1
50
40
30 -
20
10 5

SSEA4

Figure 160
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Microcarriers culture in 50 mi spinner flask

Total cells (x10° cellsiml)

4.0
;5] HES3 P /&\\
//
3.0 - - \
Exponential growthi Mwl/r \A
2.5
4
2.6 Doubling time =21hrs
Growth rate = 0.033 hr? .
1.5 4 o
1.0 1
0.5
0:0 E?} T L) T T T T ] )
o 20 40 60 80 100 120 140 160 180
Time {h}

—&— 50ml Spinner Flask
—— Static microcarrier cujture in 6-well plate
—&— Monolayer culture in 6-well plate

Figure 161
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Human iPS on cellulose
microcarriers

0.8x 5%

Figure 162
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Human iPS on microcarriers

Courts

Oct-3/4 Tra-1-60 mAb 84
3 2 8
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A
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Figure 163
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Human iPS Cells (IMR90)

iPSIMFB0 on matrigel coated DES3

Watrigel coated DES3 microcamisr- 20 mginell
(&mgimly

MEF condiffonsd KO-medium with 100ngiml
LFGF {Smihvell}y

Seeded from iPS IMROOPSMEPS
{8 pussages of cultivation on feaders followed

by adaptation on matrigel for 5 passages

Cedf enncmat et fon st wrall)

iPS IMROD P10 on
Mairigel conted DES3

CONFIDENTIAL

Figure 164

Rae  Hwnw Famrwe  Low
—— SR Conttof
Deatd® QLT 4 TR

T AR B¢ QG
Ovaoé THATGO B9 7

Figure 1
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Microcarriers Coatings
DES3 cellulose (3 mg/ml) Conditioned media
(uncoated)

DE53 cellulose (4 mg/mi) Laminin (4 ug/ml)
DES3 cellulose (4 mg/ml) Fibronectin (20 ug/ml)
DESS cellulose (4 mg/ml) Vitronectin {4 ug/ml)
Tosoh 65 protamine (9,600 | Conditioned media

beads/ml) (uncoated)
Tosoh 65 protamine (9,600 |Laminin (4 ug/mi)
beads/ml)

Figure 165

Differentiation on cellulose microcarriers with different coatings

DES3-Laminin DE53-Fibronectin DES3-Vitronectin

DES3-Matrigel DES3-CM (uncoated) Day 3 EBs alone

Figure 166
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Differentiation on cellulose microcarriers with different coatings

DeS52 Laminin 0 DES3 Cid 1 DE53 Fibrenectin
DES3 Vitronectin 13 Tosoh 85 PR &1 Tosoh 85 PR+Laminin

ac
70
50
50
40
20
20
10

Microcarriers coatings "

% hetaing areas

0 14 15 16
16
14

12

Microcarriers coatings

Tolal belaing areas

e S O < O v ¢}

2 14 5 ks 17 18 19 20 1

Time differentiation {days)

Figure 167
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Expansion and differentiation with different ECM coatings

Dav 14 agareaqates

Laminin Matrigel Uncoated

Figure 168
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Expansion and differentiation with different ECM coatings

Expansion Fold

5.0

Expansion Folkl

i i i

Laminin  Mgel Uncoated
Figure 169
[%v]
Label Seeding [DEB3] imgiwell} Medium
[eBiweil)
1 K 15 BEBFS {Cordrol)
2 3 15 BEFS + Hy-Boy (0.1%)
2 2 18 2SFS = Lip Mixture (1x}
% 3 18 LEFS + BSA {1%)
£ ] 16 LSFS + Lip Mixture (1x} = Hy-Soy
g 3 15 BEFS + Lip Mixture (1x} + Hy-Soy + BSA

Figure 170
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Differentiation with different media supplements

bSFS
[IbSFS 1% BSA

1 bSFS Hysov 0.1% ObSFS Lip Mix
g bSFS Lip Mix + Hysoy BSFS Lip Mix + Hysov+BSA

r Total beating aggregates

80
70
60
50
40
30
20
10

0

[ln

% beating aggregates

70
60
&0
40
30
20
10

0

e

14
Time {days differentiation)

Figure 171




A)
B)
C)
D)
E)

F)
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Differentiation with different media supplements
with hESC seeded from microcarriers to microcarriers

Different additives added to serum free media bSFS or DMEM/F12
+ SB203580 (5uM) for differentiation on microcarriers

BSFS

BSFS + Lipid mixture.

DMEM/F12 (with Glutamax, glucose, without insulin, transferrin, selenite).

DMEM/F12 (with Glutamax, glucose, without insulin, transferrin, selenite) + Lipid Mixture.
BSFS + BSA (0.1%).

BSFS + Hy-Soy (0.1%).

Figure 172

Differentiation with different media supplements
with hESC seeded from microcarriers to microcarriers

20
BSFS
25 7 BSFS Lip mix
50 O F12/DMEM
O F12/DMEM Lip WMix

BSFS 0,1% BSA

Total num. beating
aggregates
o

10 BSFS 0,1% Hy-Soy
: HE
CR—— ﬁ LI
g 10 11 14 16 18 21 23 24
Day

Figure 173
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C
4.00E+05 - ell Growth
3.00E+05 - .
&

2.00B+05 4 4 & =% &

e, *
LOOE+05 1 =5 4o
0.00E+00 , ,

0 100 200
Time [d]

¢ Spinner 1 = Spinner 2 & Spimner 3

Figure 174



[cells/ml]
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Spinner 1 Spinner 2 Spinner 3
[mg] Carriers/ml 15 3 3
no of cells/carrier 12 12 12
Cellsiml 6.0E+04 1.0E+05 1.8E+05
Cellsfcm? 1.3E+04 1.3E+04 1.3E+04
Doubling Time [h] 103 126 385
Figure 175
Cell Growth
3.50E+05 -
3.00E+05 -
2.50E+05 - PN
2.00E+05 |
1.50E+05 4 © &
1.00E+05 - =
5.00E+04 -
0.00E+00 . ; )
0 100 200 300
Time [h]
@ Spinner1 4 Spinner2 @ Spinner 3

Figure 176
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Spinner 1 Spinner 2 Spinner 3
{mg] Carriers/ml 3.0 30 3.0
no of cells/carrier 5 8 14
Cellsfmi 4 5E+04 7.2E+04 1.3E+05
Cells/cm? 5.6E+03 8.9E+03 1.6E+04
Doubling Time [h] 116 133 204

Figure 177
Cell Growth
5.00E+05 -
g 4.00E+05 - 4
=
)
Q
= 3.00E+05 - 5 o
ks ¢
& 2.00B+05 - ® ®
= @
5 1.00E+05 | @8 ¢
0.00E+0Q0 - 1 1 |
0 100 200 300
Time [h]

¢ Spinner = Monolayer

Figure 178




Cells/ml
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Monolayer Spinner

[mg] Microcarriers/ml NA 3,0
No. Of cells/Cartrier NA 7,5
cells/ml 5.57E4 6.75F4
cells/om? 7.00E3  8.30E3
Doubling Time [h] 47 37
Figure 179

Cell Growth
4.00E+05
3.20E+05 A 7
2.40E+05 j /

S/

16005 [ ¢ é/?
8.00E-+04 — I

0 100 200 300
Time [h]

—— Spinner 2: Add Microcarriers

~—&— Spinner 3: Detach Cells & add Microcarriers

Figure 180
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Doubling Times [h]

Passage 1
Passage 2
Passage 3

Spinner 2 Spinner 3
31.08
45.90
81.55

32.54
48.81
29.37

Figure 181
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% of beatings Eb's
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Beatings from day 12 to 17 of differentiation

80

Number of aggregates per well
10<n<15

Laminin Fibronectin

Figure 184



%6 of beating EBs

30
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! }ﬁ}ﬁ

Number of aggregates per well
20<n <35

bSF3 Lipid Mixture Vitamins
Solution

0.5% Yeast
Exiract

Supplement

Figure 185

Yeastolate 1.8% BSA 0.5% Hy-Soy
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iP8 foreskin cells

ZODEE0S b

S.00E500

A

ADDELCAE -
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Total No. of Cells
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Cell Growth Curve
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Figure 187
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