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Aims Step 2: Optimize T Cell Expansion in Step 3: Process Transferto Ambr®
Manufacturing remains challenging for many therapeutic cellular products, Ambr® 15 C@H CU'ture JS|ﬂg DO 250 Modular

including CAR-T cells. A critical step in the manufacturing process is T cell

expansion as it ensures that the required cell number and cell quality is obtained. First Optimization:
Establishing a scalable process in stirred culture systems offers many advantages = Batch culture in 10 mL culture volume using pre-cultured, activated T cells = Process transfer to larger scale bioreactor system: Ambr® 250 Modular (Fig. 5)
over static culture, enabling effects of agitation and other process control variables = Using MODDE" software a linear, reduced combinatorial design with replicates = Baffled and unbaffled vessels were tested
to be investigated earlier on in the process development lifecycle. of 4 vessels was chosen (24 experiments in total; all available vessels on Ambr® 15 = Process parameters are shown in Table 4

Cell Culture 24 vessel systemn were filled) = Control culture was expanded using the same medium and cells in static T flask
In this case study, we establish and optimize T cell culture in stirred tank bioreactors = Factors for evaluation: see Table 2 in a humidified 5% CO, incubator
using a DoE approach. We aim to show that the Ambr® platform in combination with = Response: fold expansion and viability on day 3 = Higher cell growth in both Ambr® 250 vessel types than in static control (Fig. 6)
the MODDE® software accelerates process development for cell-based therapies . = Cell growth in baffled vessel slightly higher than in unbaffled vessels (Fig. 6)
and provides means for better process understanding. * Good model for fold expansion: = Viability comparable for all cultures (Fig. 6)

= Good model fit (high R?), high predictive power and model validity (data not shown)
= Positive impact: IL-2, pH and medium 1

: ) ) ] ) ) _ ) Table 4: Parameters for Ambr® 250 Modular experiments: Two baffled and two unbaffled bioreactor vessels were
St U d y O\/e r\/| eW - Negatwe 'mpaCt: h|gh seedmg den5|ty and medium 4 (F|gure 3A) , tested in parallel with high and low stirring speeds. For comparison of the two different vessels, P/V was kept
= Contour plot (Fig. 3C): highest fold expansion at low seeding density and high -2 constant and stirring speeds were adapted accordingly
The study was set up in three main steps as described below and shown in Figure 1. concentration
= Poor model forviability: Parameter
Step 1: Establishment of T cell culture under agitated conditions in the Ambr® 15 » Low R? predictive power and model validity (data not shown) -> model should not DO [%] 50
Cell Culture system and screening of various T cell media under agitated and be used for predictions 5 5
static conditions = |ndication of positive |L-2 effect (Fig. 3B) L2 [U/mL] 00
= Continue with low seeding density, medium 1,400 rpm and narrow pH range (/.2 -/74) oH /.2
Step 2: Applying a DoE approach using the MODDE" software, process parameters for second optimization Mo v
(pH, DO, stirring speed, IL-2 concentration, seeding density) were investigated in ecim
Ambr® 15 Cell Culture to determine optimum conditions Table 2: Factors screened for T cell expansion Feed Batch
. . -
Step 3: Based on results from Step 2, T cell expansion was transferred to larger scale Parameter >eeding density [¢/mL]  5x10
bioreactors in Ambr® 250 Modular Stirring speed [rpm] 300: 400 Cells Pre-cultured and activated; from cryopreserved hPBMC
o - 70)- Vessel type Baffled | unbaffled
Figure 1. Study overview. An Ambr® 15 Cell Culture 24 way system with spargless vessels was used for this study DO [é] 0, 70,90 P |
oH 70:73:75 Stirring speed [rpm] 220,265 1150;180
Step1 | | | Medium M1: M4
Screemng of commermally available media . . Figure 5: Ambr® 250 Modular Benchtop system with 3 modules. Each module holds two ready to use bioreactor
Seeding density [cells/mL] 5x10% 1x10° vessels with attached reagent reservoirs
Step 2 IL-2 [U/mL] 50;125; 200
USIng the beSt medlum: Optlmlze T Ce“ eXpanSK)ﬂ 4 Ambr@ 15 USIr]g DOE Coefficients (Scaled and centered) - Day 3 fold Expansion - (Extended) Figure 3: Data analysis USiﬁg MODDE®

Coefficient plot for fold expansion (A) and viability
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Step 1 SCl’eeﬂlﬂg Of COmmel’CIa”y Second Optimization:

= Reduced number of factors (Table 3)

A\/a | |a b | & M ed |a = Two responses: fold expansion and viability on day 3

= Quadratic reduced combinatorial design with 6 replicate vessels was chosen

- Screening of 4 different commercially available media ([VH _ M4) (24 experiments) Figure 6: Cell expaﬁsipn in Ambr® 250 Modular. Cell expansion was performed in baffled and uhbafﬂed bioreactor
: _ , , vessels using two stirring speeds (cacluated based on constant P/V for both vessel types. A static control culture
= Two media, recommended to be used with serum (media 2 and 3), were tested with (T flask) was performed in parallel. Solid lines = viable cell density (VCD), dotted lines = viability
and without serum supplementation = Good model for fold expansion and viability:
= Comparison of static and stirred culture conditions showed differences in media = Coefficient plots (Fig. 4A and 4B): {E+O7 . 100 nbafied, 150 rorm
performance = [L-2 most important factor for fold expansion and viability 9E+06 Q_ﬂ,,@mﬁizﬁbﬂﬁg 90 baffled, 220 rpm
» Overall a higher fold expansion was achieved in the stirred cultures, compared to = |ndication that higher DO may have a negative effect 8 E+06 ":?-'-“-?"’ o 80 —@— static
static cultures = Weak effect of pH -  7E+06 0 —@— unbaffled, 180 rpm
: : : : . . . . - S —@— baffled, 265 rpm
= Medium 3 +human serum (HS) showed the highest fold expansion under static = Sweet Spot Plot (Fig. 4C) illustrate the optimal area (in green) where both fold 5 6E+06 60 >
conditions but did not perform as well in stirred culture expansion and viability are high: 3 5.E+06 50 2
» Media Tand 4 were chosen for step 2: serum-free and highest fold expansion in = Optimal area at settings of IL-2 > 164 U/mL and low DO < ;1.E+86 / ;‘8 > VCD Viability
- " : : . E+06
Ambr® 15 (stirred conditions) = As|L-2 concentrations increase above 164 U/mL, the DO range can be increased 2 E+06 20
and the sweet spot will still be met {E+06 0 - ===
Table 1: Ambr® 15 Cell Cult ters f di i . . " . S . : —_— e
apie AMBE 1o e LHTHTE PArameters 1or media sereening = |L-2 was identified as a critical factor with high impact on cell growth and viability 0E+00 0 -
Parameter » pHwas identified as a critical factor during screening of wide pH range; high pH 0 1 2 3 4
impact reduced by narrowing the pH range Cultivation time (d)
Stirring speed [rpm] 300
¢ able 3: Reduced number of factors for second Dok optimization. Other factors were kept constant
DO [% 60 Table 3: Reduced number of f f d DoE Other f k X
edium 1, rom, seeding density: 5 x cells/mL, culture volume: 10 mL, batch culture
(Medium 1,400 rp ding density: 5x10° cells/mL, cul | 10 mL, batch cul ONCIUSIONS
oH /.2
. . c Factors Second optimization Ambr® 15 Cell Culture can be used in a time- and cost-efficient manner to establish
Seeding density [cells/mL] 5x10” (in 10 mL) , . , ,
DO [%] 50 70 90 T cell culture under stirred conditions and to screen various T cell media. In both the
o /7 7 . . . .
Feed Fed batch (day 2 to 15 mL) Ambr®15 and Ambr® 250 systems higher cell growth was achieved in the stirred
IL-2 [U/mL] 400 oH 12,74 bioreactors when compared to static cultures. Using a DoE approach, the Ambr® 15
IL-2 [U/mL] 50125 200 Cell Culture platform in combination with the MODDE® software allows for a rapid and
Cells Activated primary human T cells from S systematic evaluation of critical process parameters (CPP) to optimize T cell expansion.
cryopreserved hPBMC . -
Coefficients (Scaled and centered) Flgur.e 4 Data ana|y5|s 4sing M,ODDE(@ o
Figure 2: Screening of media. Pre-cultured T cells were expanded in Ambr® 15 (n=3 replicates) or static well plates o5 Day 3 fold Expansion Coefﬁmen.t IO|.O.t for fold expansion (A) and viability
and T flasks (n=1) in a humidified 5% CO, incubator. Inoculum for agitated and static cultures was derived from the . T T (B). Non-significant model terms were removed.
same cell pool and expanded under the respective condition using the same medium batches and feeding on day 2. 2 o1b=—— positive coefficient value indicates positive effect A k | d g m ‘t
Fold expansion (A) and viability (B) was determined 8 3 onresponse. Sweet spot Plot (C) highlights area C n OW e e e n S
i bt - where fold expansion =8 and viability > 90 %
- 00 59 o S (green, "Sweet spot’) The authors would like to thank Erik Johansson and Timo Schmidberger for their
B o) © 008 —— — Sweet Spot Plot support on Dok and MODDE.
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