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Stem cell technology for drug discovery

Abstract

Stem cell-based technologies lay the basis for pioneering approaches in drug discovery, drug safety testing, and The data presented were obtained by

regenerative medicine. The routine application of human induced pluripotent stem cells (hiPSCs) and functional cells scientists at Ncardia. They tested,
whether the DASbox Mini Bioreactor

System was suitable for hiPSC expansion

derived from hiPSCs in high-throughput applications for drug discovery will require the constant supply of high cell

Ncardia

Stem cell experts

numbers at a consistent, high quality. Two-dimensional systems like T-flasks are widely used for the cultivation of stem

cells; however, they are limited in control and scalability. Stirred-tank bioreactors have emerged as promising culture and differentiation in a reproducible

system for large-scale expansion of stem cells and their differentiation into the desired cell type. manner.
Ncardia® is a stem cell drug discovery and development company developing highly predictive human cellular

(disease) assay systems for safety and efficacy testing. The company’s goal is to accelerate and improve drug candidate

selection, reduce drug development costs and ultimately increase drug discovery and development efficiency. Large- Neurons

scale manufacturing of hiPSC-based cardiomyocytes at high quality iIs integral for its cardiovascular services. Here - .
ifferentiation

manufacturing

we demonstrate the suitability of the Eppendorf DASbox® Mini Bioreactor system for the expansion of hiPSCs and

; hiPSC generation

subsequent production of Ncardia’s Pluricyte® Cardiomyocytes. Cardiomyocytes

We show that using the DASbox system, hiPSCs were successfully expanded as cell aggregates in a highly reproducible

manner. During the production of three different batches, aggregates were of homogenous size and the cells retained Endothelial cells

key iIPSC markers including Sox2, Oct3/4 and Nanog during the expansion phase. More importantly, using the DASbox,

a fully controlled production process scalable for large-scale manufacturing of hiPSC-derived cardiomyocytes could be

established. Quantification of cardiomyocyte markers (cTNT and MLC2v) revealed the robust and efficient generation ”’ﬁ”}’“‘“
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of multiple and pure ventricular-like cardiomyocyte batches. Analysis of the electrophysiological properties by —

multielectrode arrays (MEA) demonstrated the mature phenotype of the cells. The expected response to cardioactive Assay development for safety & drug efficacy testing
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reference compounds further confirmed the functionality of bioreactor-derived cardiomyocytes. Drug development -Biochemistry
Pharmacological research «Contraction

Altogether, the Eppendorf DASbox Mini Bioreactor System allows smooth integration of Pluricyte Cardiomyocytes into

high-throughput cardiovascular screening solutions to enhance the assessment of cardiac safety and efficacy of drug i Tl Nzl e o LEs e & al (edhmeloe @ 6e) beier meiieies o

didates. : : : :
candidates patients faster by improving the drug discovery and development process.

Marker expression in DASbox

Bioprocess equipment

Figure. 2: DASbox Mini Bioreactor Figure 3. Characterization of iPSC aggregates and A B C
_ | 100
System differentiated cardiomyocytes in DASbox Mini Bioreactors 5 ) ﬂ\ S 5.
g & ) »
> &1 =y n
° ° ° — g s —_ @ 504
The DASbox Mini Bioreactor System was used as show reprodqcﬂgle s’gem cell and cardiac marker expression. YU | s
culture system for the expansion of hiPSCs as cell 25 PINESE Ot |rT1ag|ng o iee aggre.gates ‘ _ _ =
aggregates and their differentiation into B: FACS profiles of iPSC marker expression at the start of pre-cardiac specification ) _ Sox2 Oct3/4 Nanog
cardiomyocytes. ol - . S : 3
. = g1 >
> Parallel control of up to 24 bioreactors & QUAITIEE Jom 6 'PS_C markgr FACS data . N : = ~ D
> Allows monitoring and control of critical process D: Percentage of cTNT in cardiomyocytes batches generated with DASbox ol o e W e e e
parameters like dissolved oxygen, pH, temperature T, =i PO
. . . = g E 60
> For use with conventional glass bioreactors or g ; o °
. . o 2 87 o X 40
BioBLU® Single-Use Vessels 5 ) 5 .
> Rigid-wall, stirred-tank design simplifies culture - | - T - N
102 104 105 1 0% 10 105 108 2 107 102 10% 10* 105 108 1072 0 5 1 0 1 5 20
scale-up Sox-2 Oct3/4 Nanog b atch
Pharmacological response A B C D
< 20 g 50 0.5 —— Baseline 80 -
. . 2 S - —— 300 M Mexiletine |
Figure 5. Expected pharmacological responses of 5 L0 S 5 03 i o geeine |8
bioreactor-derived cardiomyocytes to CiPA refer- 3 o 2 - 5 40
A B H g 2 0.1 a
: N T ey ence compounds = ] ¢ ° T 20
» 100 + 100 QY %?%f%@iég‘ .‘?&{@'&2 A | t pl ( _ d . t . t) d b t . d 'g -204 3. -100- 03 TNa* channel blocker
3 80 % 80 STl i A : Isoproterenol (3-a rene.r.g.lc receptor agoms. .re uces e.a perio A A A 05 0 1 ; ' ol
+ 60- = 60 & (enhances beat rate). Mexilitine blocks the rapid inward sodium current nM Isoproterenol MM Mexilitine Time (s) x10° UM Mexilitine
£ 40- *; 40 as well as the hERG potasium channels leading to a reduction in so- E F G H
= 20 s 20- dium spike amplitude (B,C) and a prolongation of the field potential — Faseine 20- 800- 800 -
X . . . .. — n exiletine - ./I/i_i\. . —_
0 : : 0 : : duration (D,E) respectively (C,E show averaged waveforms). Nifedipine 02 o Moxietine s 2 600 % 6004
Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3 ) : ; Z 0.1 — 10 UM Mexiletine = = ’ <
(calcium channel blocker) causes a shortening of the field potential = £ 5 5 o0
D, < 251 251 800 duration (F). hERG potassium channel blockers dofetilide (G) and £ memra—— 2 4001 2
> > . . >-0.1 hERG channel block Q Q 2 200
= 2.0 T 2.0 E 204 600 E4031 (H) prolong the field potential duration (G,H) and cause flatten- 02 m 8 200 m
T 454 E» 15- é’ 15 B ing of the repolarization peak (I,J show average waveforms). Arrhyth- | | -604 0 - Ll I L
= o = = o, . 0 0.5 1 1.5
g = 4o 2., o 4% mia’s were observed for both dofetilide (10 nM, K) and E4031 (30 nM, Time (s) 1 W Nitedioine 1 T Dotetiige 1 " e 0
© o < [ . .
. - g . 200 L). Corresponding DMSO concentrations were used as control. I J K L
. © . tIEJ- . 0.5 —— Baseline 0.5 _238“722031
0- : : ® 004 : : 0 - : : i : : —— 3 M Dofetilide T oM E4031 02 _ 02
o Batch1 Batch 2 Batch 3 » 00 Batch 1 Batch 2 Batch 3 o0 Batch1 Batch2 Batch 3 ’ Batch1 Batch2 Batch 3 % 03 —— i Roeee % z:: —— 30nME4031 E 0.1 L>E,0.1
0.1 £ 0. = -
° = E 0 > o0 T_W_I_"—F— S 0 T“*r-*ﬂjwrwvw-ﬂ'w F T2 ey ot vt Ity i f et
2 0.5- 2 16- 2 161 g o1 ' Vv “ I § 01 S .0.1 S.01
E 0.4 :; % Bt A 7 g -0 3 > -0.3 > -0.2 0.2
> 5 121 3 121 ———) B ) hERG channel block hERG channel block
S 0.3- % 2 Zﬁ 3 " 0.5 e 050 05 1 15 2 25 3 124 128 132 136 140 130 134 138 142 146 150
% 0.24 % ® 7 é . gm&i] ’Ki ’ e Tin::(s) toed Time (s) Time (s) Time (s)
'E E 4 - E 4 -
S 0.1- S = j
g 0.0- T T g 0 - T T S 0- T T : - ° ° ° °
© Batch 1 Batch2 Batch3 Batch 1 Batch2 Batch3s  Batch1 Batch2 Batch 3 ngh'th roughPUt screenin Flgure 6. ngh throughput compound screening In
. . . o . w v JzlsTafolelv]elowloln w/w]|w|wlw w]lwls[s]e]sles]l DRC FLIPR calcium transient assay using bioreactor-derived
Flgure 4. Phenotyplc and functional characterization of three batches of iPSC- O T e e T e e e h:u““u‘q"glﬁruﬁmnfu‘tr -NM'ﬂﬂh‘m‘ikm,mm,.wawmenﬂ._Wmuuwh MSINA [ 3 nM .
g Illrlkl.lj‘liﬁ;;h-.l {F".}IJ}MUr lr'__ﬂ__-‘ﬁr:]’ﬂ’..r IR _|"._|",.!__"I_|Ill|||.|rLr’__'ljz:l_,l'u"_"l ‘LLLUJJI“IHH_MM%JJE.HFJ”&”"-”|||-] Lle‘ "—ul "--—\JI.,I:‘“-.‘Pﬁ{'- i A AL A A = 10 nM Ca rdlomyo CytESo
derived, cryopreserved cardiomyocytes produced in bioreactors e L VAol R~ —— i 30 nM Bi i i i
oy . oreactor-derived cardiomyocytes were cultured for 10 days in 384-well plate
A, P Y ¥ Tpl\IT d y y p 2 Mﬁlt%h' ; "' f|" |.“|rI LA AR S Jlfll'l”ﬂl‘.mrlll“JJ.’H.IL,'LLU.U.WMWHL i "JL_"LK" J B - ] 100 nM y y H y p 1
: Percentage of cINI+an | U NSNS . R L o | {300 nM format. On day 10 cells were treated with dose response curve (DRC) of vari-
B: cTNT+/MLC2v+ co-expression in three cryopreserved batches of bioreactor-derived Pluricyte . jrwrﬂ\{.ﬁh;f;fﬁ”{11{}5}'1?@ i ;um ous cardioactive compounds. 0.1 % DMSO was used as negative control and
Cardiomyocytes. STV H . " -
o yt y . - eolle 8 ¢ o ure in Pluricute Cardi o Medi . 03 iMBayk(8644)| DRC compound 1 ‘ DRC compound 4 | DRC compound 5 | | 10 uM v BayK 8644, Nitrendipine a.nd Isoproterenol were used as p05|t|\{e controls.
[ lanE COITIAS AR OF THAWEE G675, 8 Fays aTer CHTHTe I T HTIEyie »areiomyoeyie Tediu. 5 IR TR — A oan M AP A AAANUAARANAA A PAAARARAN s SRS RGeS OIS OSSP S (I A S
D: Functionality of the cardiomyocytes (sodium spike amplitude, beat period, beat period irregularity, field ' e DA ARARAARARAN AT AP P P A AR SIS S P AR SR cium transient assay. The expected effects of compounds on calcium signal
potential duration, number of active electrodes per well; >300 pV sodium spike and the number of FPD . —Ta——— ARARMACUUNANARANAIAR N s s e D PSS RAA AR AR AN were observed in various concentrations as follows: Isoproterenol increased
. . . . . - |0.5 yMNitrendipine AR AN ARSI TS S SIS e st pemd BN AR AR AN . . : .
electrodes; with a detectable T-wave) was assessed in Maestro™ MEA system at different timepoints after : _
' y P O T T e T N T O O U ot o Y, peak frequency, BayK 8644 increased peak amplitude and peak width, Nitren
plating. I TR AT CEAATTTYY, A S N 0, VA V) ¥ P NPT SN AVAVAY et Lsh L ISR ARSI dipine decreased peak amplitude.
S TR Y Wi VW VR Vi Ve ALY S | N S X AR SN
11 roterenol DRC compound 6 | DRC compound 7 | DRC compound 8.| DRC compound 9 ||No treatment, ..

Conclusion and perspectives

> DASbox Mini Bioreactor System was suitable for expansion of hiPSCs and differentiation into hiPSC-derived cardiomyocytes:

> DASbox-derived cardiomyocytes showed excellent baseline electrophysiological function, revealed expected phenotypic responses to a set of reference compounds, and
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