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The results provide operational ranges of impeller speed, seeding
concentration, and feeding regimes to assist establishment of baseline process
and further scale-up of PSC expansion in STR.

Data is promising for intensification of aggregate culture and potential
continuous closed expansion and differentiation should be considered.

 Impact of automation in process cost/risk is being evaluated, as well as the
potential for the use of medium key component mimetics.
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Materials and CQAs
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CGT-RCiB10 is a research-grade iPSC line established from a cGMP seed lot, and Shef6.1 a ESC line kindly
gifted to CGT by University of Sheffield (UKSCB). These exemplar cell lines were adapted to 2D culture in
defined reagents and characterized to industry standards to support process development in different culture
systems in this space. Potency was assessed by random and 6-day directed differentiation assays.

SSEA-1 + 2.3 %

SSEA-4 + 98 %

SSEA-3 + 92 % 

TRA1-60 + 93 %

OCT4 + 93 %

NANOG + 90 %

SOX2 + 95 %

0

5

10

15

20

25

30

P1 P2 P3 P4 P5

C
P

D
L

Passage#

M1

M2

M3

M4

Nanog

DAPI

Merge

200µm
20µm

DAPI

Merge

Tra181

200µm
20µm

0%

20%

40%

60%

80%

100%

0.E+00

2.E+06

4.E+06

6.E+06

8.E+06

0 5 10 15

V
ia

b
il

it
y

V
C

D
 (

v
c

/c
m

2
)

Time (d)

0.2 µg/cm2 0.5 µg/cm2

0

5

10

15

20

25

30

0

100

200

300

400

500

0 24 48 72 96 120 144

C
e

ll
 c

o
n

c
. 

(1
0

5
/m

l)

M
e

a
n

 C
o

n
c

. 
(A

r
b

it
r

a
r

y
)

Time (h)

Feeding Design

Ramped 75% a Day

75% twice a day Static
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day 1

day 2
day 3

day 4

PC1

PC2
Medium Ylac/gluc Yamn/L-gln

M1 1.6 ±0.51 0.45 ±0.37

M2 1.8 ±0.51 n.a.

M3 1.6 ±0.45 0.37 ±0.10

M4 1.6 ±0.37 0.66± 0.23
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Process translation to GMP

Process control
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Materials

Automation/Scale-up/-out

Process monitor/control

Risk/cost/quality

• Design space 2D/3D culture 

• Automation (closed/continuous)

• Emerging technologies (fast processing)

• Control and quality (analytic development)

• Next Gen. CoGs reduction

Devices

cGMP

Seed             
Lot

Master             
Bank

Working            
Bank

RESEARCH

Sample 

Name

Self-

renewal
Ectoderm Mesoderm Endoderm

Seed Lot -1.20 -1.02 -1.91

MCB01 -0.77 -0.70 -0.75 -1.33

MCB02 -0.75 -0.82 -0.84 -1.34

WCB01 -0.61 -1.15 -1.00 -1.78

WCB02 -1.23 -0.79 -1.32 -1.55

x>1.5 Upregulated -1.0<=x<-0.5

1.0<x<=1.5 -1.5<=x<-1.0

0.5<x<=1.0 x<-1.5 Downregulated

-0.5<=x<=0.5 Comparable
OCT-3/4
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Sample 

Name

Self-

renewal
Ectoderm Mesoderm Endoderm

MCB -0.48 -0.70 0.08 -0.77

SSEA-1 + 3.3 %
SSEA-4 + 99 %
SSEA-3 + 92 % 
TRA1-60+ 95 %
OCT4 + 99 %
NANOG + 98 %
SOX2 + 99 %

CGT-RCiB10 iPSC

Shef6.1 hESC

OCT-3/4

C
o
u
n
t

10
0

10
1

10
2

10
3

0

17

34

50

67

OCT-3/4
99.80%

Type of substrate (ECM) and media (M) impact cell growth, metabolism, differentiation efficiency, and
manufacturing costs. We tested recombinant human LN-521 and Vitronectin as substrates, and different
medium formulations for 2D culture of PSCs in GMP. Expansion profiles of RCiB10 cells were found similar
in two substrate concentrations, and media M1 and M2 yield similar cell numbers as shown by the
cumulative doublings (CPDL) after five passages. We have developed imaging analysis algorithms to
automate and control confluence assessment and remove operator variability from the process.

0

1

2

3

4

P+1 P+2 P+3

P
D

L

Passage #

ECM1
ECM2
ECM1

ESC

iPSC

Substrate Medium Monitoring/Automation

Outputs Risks

Aggregate Size Baseline process

Fold Expansion Quality

Viability Productivity/ Scalability

Feeding design Cost

0%

20%

40%

60%

80%

100%

0.E+00

1.E+06

2.E+06

3.E+06

4.E+06

5.E+06

0 1 2 3 4 5

V
ia

b
il

it
y

 (
%

)

V
C

D
 (

c
e

ll
s

/m
L

)

Culture Time (d)

n=3

Higher impeller speeds show a positive
effect on day 1 cell survival but a
negative effect on total population
doublings (feeding design was needed).
Lactate accumulation can inhibit cell
growth at higher seeding
concentrations. Nucleocounter NC-200
consistently gives higher cell counts
and lower viabilities than ViCell XR.
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Day 1 cell survival increased for higher impeller speeds (variable). However, a reduction in impeller speed
from 24 hours did not cause the higher cell numbers to persist to day 2. From day 3, a clear increase was
observed in the rate of expansion of hESC with increasing medium exchange frequency (ramped), relative
to daily exchange. Increased medium exchange frequency did not increase the rate of expansion of iPSC.
Fixed impeller speeds resulted in higher expression with both lines.

Operational Design

iPSC gene expression clustering is affected by impeller speed and seeding concentration. Both dynamic
arrays and Scorecards™ show high level of similarity in gene expression. Dynamic arrays show overall
lower Ct values compared to Scorecards™ due to differences in the methods however the trend between
different genes remains similar. Scorecards™ were run on Quantstudio 7 (Thermo-Fischer) and 48.48
dynamic arrays were run on Biomark® HD (Fluidigm™). Statistical analysis was performed using
Genex® 6 (MultiD).
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Analytical Development – dynamic array
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Different agitation rates were tested to explore scaling parameters based on Ambr15 data. Vessel geometry
impacts fluid patterns and culture environment at different scales. Process parameters have been identified
for Shef6.1 aggregate culture in the DASbox system, and seeding concentrations and agitation rates have
been tested to compare cell growth at different scales to establish baseline process for aggregate culture of
CGT-RCiB10 in 100 mL STR with maintenance of cell pluripotency (Ambr15:n=5, DASbox:n=1).

Intensification

Relevance and Ongoing work
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Integration of cell retention devices to close and automate cell passage step in STR is being explored. The
effects of type, concentration and incubation time of the dissociation agent in cell viability were assessed,
and the residual amount of agent supporting the subsequent expansion cycle was determined. The
concentration of Shef6.1 cells increased after two cycles of expansion in aggregate culture in STR coupled
with a tangential flow filtration device. Process parameters for the dissociation step should be further
explored to reduce cell death during the dissociation step.
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Manual Automated

• 2 Dissociation agents
• Agent 100-300%
• Spent Medium 6-16%
• Residual Agent 0-10%
• Incubation time 5-30 min

Cycle 1-D4Cycle 2-D5

Aggregate Culture in STR 
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