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Pure populations of cardiomyocytes derived from embryonic stem cells offer great Design experiment (Design-Expert + AAO for BioRAPTR software) Microplate Format for ESC Differentiation Cardiomyocyte Optimization Screen Results
promise as potential cell replacement therapies, as well as for use in pharmaceutical 96-well adherent (day 8) A -

studies. The differentiation process, however, is frequently inefficient and nonspecific. s , _ | : .

We sought to improve uponi?[he current processes bC;/ Couz)lling automation and I?:Iesign A. 384-well embryoid body (day 5) B. (Yellow = beating regions) First Round i Identify Positive Factors Second Round i Optimize Concentrations Predicted Cardiomyocyte Percentage
of experiment (DOE). DOE-generated combinations of pro-cardiomyocyte compounds 50

were converted to dispensing volumes using Automated Assay Optimization (AAO) for

BiIoRAPTR* software, and reagents and cells were dispensed into 384-well plates £ %
using the BioRAPTR FRD* microfluidic workstation. After five days of culture, the adhere g g " 3
resulting embryoid bodies (EBs) were transferred to 96-well gelatin-coated plates g S 2
using the Biomek FXP* liquid handler. Over an additional three days, the wells were Day O Dispense reagents and mES cells (BioRAPTR system) S 5 30 %
observed for spontaneously beating regions of cardiomyocytes, and the differentiated Vo g 5 S
cells were further analyzed using flow cytometry to detect myosin heavy chain as a A Cells +/- pro-cardio = 2\3 20 =
marker of cardiomyocytes. This work illustrates the potential of a system that can both additives (40ul) “EE

ianwnmzwm C. MF20 staining (4X) D. Sarcomere visualization (40X)

automate and optimize the differentiation of murine embryonic stem cells.
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Murine Embryonic Stem Cell (mESC) Differentiation :

10

0 50 150 500

8888888888888888888 Standardized Effect nM Compound A

Figure 4: Statistical analysis of screen results using Design-Expert software. A) For the initial screen, combinations of 6

Z00m
129 mESCs (Invitrogen) were maintained as directed and differentiated in 15% FBS compounds were tested to determine which factors promote cardiomyocyte differentiation. A Half-Normal Plot was used to
medium without LIF. For differentiation experiments (Fig 1), the BioRAPTR FRD was e - - : identify the treatments that significant.ly affect the differentiation of MESCs into carc_lio_myoc;ytes (open squares), basec{ upon
used to dispense 500 celsiwellinto 334-well polypropyiene plates (Nunc) in a culture Pay TAQERe"ee reagen® 2nc Met A" ysiem e evtore of ot ot 1o e o e e e
volume of 40”'-/_\’\’9”- T_hese plates Prevented cell adherence_’ and the SUSpGﬁSIOﬂ Media +/- second round percentage is shown. C) The predicted cardiomyocyte percentage from optimal differentiation conditions. After two rounds
cells coalesced into a single embryoid body (EB) per well (Fig 2A). An additional pro-cardio additives (80ul) | | o | | . of optimization, we achieved a 6-fold increase in cardiomyocytes, resulting in cardiomyocytes accounting for 43% of cells.
80uL/well of media was added and on day 5 the EBs were transferred to 96-well Figure 2: Images of mESCs during microtiter plate-based cardiomyocyte differentiation. A) (control = average of both rounds).
gelatin-coated tissue culture plates containing 100uL fresh media (~200pL total §*§§§§*§§!§§§ fg*ffgff**ﬁfﬁfiff After 5 days of suspension culture in 384-well polypropylene plates, cells have coalesced into a _ _ o _ _ o o
volume), using the multichannel pipettor of the Biomek FXP workstation. The EBs SRR S round ball known as an embryoid body (EB). The EBs are transferred to gelatin-coated 96-well  \/aglidation of Optimized Cardiomyocyte Differentiation Conditions
: g pIp . _ S ' SRR S tissue culture plates, where they adhere, spread, and differentiate further for 3 days (B). Cells A
adhered to the well surface, allowing for further differentiation. Cultures were sEssmnasateanaie sEssiisssssnsniaisise that differentiate into cardiomyocytes can beat spontaneously, and these regions are visible by "'
analyzed for cardiomyocytes after 8 total days of culture (3 days post-adherence). “ “ microscopy (yellow outlines). C) Additional identification of cardiomyocytes was achieved by
staining the cells for myosin heavy chain (MF20 antibody). Positively stained cells most
Cardiomvocvte Optimization/Experimental Desian: ~ _ _ _ frequent_ly corr_esponded to _beating regions. D) Colonies Were_a_lso _dis_soci_ated, re-adhere(_j,
0 Optimi>zle I%/S Ceﬁ diﬁerentiationpinto a cardiomygcyte lineage, combinations of pro- Day 51 Transfer EBs to 960-well ge|at|n-C0ated plates (Biomek MC workstation) and stained with MF20 to illustrate the banded pattern of staining indicative of sarcomeric
_ _ _ o _ organization thereby further confirming the specific staining of cardiomyocytes.
cardiomyocyte cor_npounds/protems were tested using a Design of Ex_perlmen_t (DOE) 002000000000 | | 202000000000
methodology. Design-Expert software was used to generate test conditions using a D- §§§§§§§§§§§§ :ggggg:z:ggg : . .
Optimal Factorial design and these conditions were converted to reagent volumes Y eo00se0ss0ss | | sosessescsss Flow Cytometry Analysis of Differentiated Cells
using AAO for BioRAPTR software. Reagents were dispensed to 384-well plates, S ROISFIVONANN| (NUIIVIIONTES Undifferentiated ESC Control Differentiated Well E3
along with cells and media using the BioRAPTR dispenser as above. gggggﬁiiiﬁigmgg 200000000000 | | 200000000000 nditrerentiate ontrot Litterentiate €
gesssssassssessssossssss 000000000000 000000000000
©00000050000000005600006 000000000000 0000000000060
000000000000 000000000000
Assays: 332553382888 | | 332882322228 Control Optimal
. . : L . 000000000000 000000000000
Beating Cells:. Cardiomyocytes are capable of beating spontaneously, and bright field 000000000000 | | 900000000000 B.
microscopy was used to detect motion in the differentiated cell cultures as an initial
measure of cardiomyocyte formation (Fig 2B, 5B). ~ _ _ _
o | o Day 81 Prep cells for flow cytometry analysis (Biomek Span-8 workstation)
Sarc.omere Stammg. Thg presence of sarcomeres was used to confl_rm the identity of For more information on this process, see poster W570 (A. Yoder et. al., Beckman Coulter)
cardiomyocytes in the differentiated cells. Cells were processed using FIX & PERM
Cell Fixation & Permeabilization Kit (Invitrogen) and blocked with 2% goat serum.
Sar_comeres were stained with. Algxa 488—_conjugated anti-myosin heavy chain sssscesesses ssssssssesse
antibody (clone MF20, _1.500, eBioscience) (Fig 2C, D). Images were generated on §§§§§§§§§§§ ssssssszssgs Positive = 0.2% Positive = 5.9% Positive = 43%
an EVOS fluorescent microscope (AMG). 222922222858 > > | 8888882838228
00000000000 eesccscseses - - - - - - - Figure 5: Further characterization of optimal differentiation conditions. A) Quantitative PCR (gPCR) was used to
Flow Cytometry: The Biomek FXP multichannel pipettor was used to release cells from Figure 3: Scatter plots illustrating flow cytometric analysis of myosin heavy chain (MF20) ™9 | P ' d

measure expression of cardiomyocyte-specific genes (Nkx2.5, Myh6, Actcl) in cells differentiated under control and
optimal conditions. All markers were increased more than 200-fold with differentiation (compared to undifferentiated
ESCs), validating the microtiter plate differentiation method. Using the optimized differentiation conditions further
Increased expression of these genes 7- to 17-fold, illustrating a dramatic effect of optimization on cardiomyocyte gene
expression. B) Bright field microscopy images illustrating an increase in the size of the beating regions with the optimal
differentiation conditions, further supporting a larger number of cardiomyocytes.

staining of differentiated mMESCs. The percentage of cardiomyocytes in each sample was
guantified by gating on highly positive cell populations ( A Car d i o nyat®).c Yyntee cwtrol
conditions, roughly 6% of the differentiated cells were positive (Center panel). This analysis
method was utilized to screen combinations of various compounds, some of which yielded
greater numbers of cardiomyocytes (Right panel - Well E3 from second screen, 43% positive).

the plate through Accumax (Millipore) treatment coupled with robust pipetting. A
Biomek NXP with Span-8 Pipettor was used to stain cells for myosin using the
reagents described above (also see poster W570). Samples were run on a FC500 ..
MPL cytometer and the resulting data were analyzed using Kaluza® software. Day S 1 Assay cells on plate-based flow cytometer (FC500 MPL), analyze data
Cardiomyocytes were identified as a highly positive myosin population (Fig 3). The (Kaluza software) and deconvolute screen results (AAO for BioRAPTR software)

percentage of cells in this population was used for the cardiomyocyte optimization

Quantitative PCR: Optimal differentiation conditions were validated by measuring the Fes g a e s 830982852202

Induction of cardiomyocyte-specific gene expression (Fig 5A). Differentiated cells ssssssssssss #2%:  We have shown that the differentiation of murine embryonic stem cells can be both automated and optimized using a variety of Beckman Coulter products. Diverse
from 8 wells per condition were combined and total RNA was extracted using the SV eesccscccscs e experimental conditions were quickly designed and plated using AAO for BioRAPTR software and the BioRAPTR FRD dispenser. The Biomek platforms were ideal for
Total RNA Isolation System (Promega). RNA was reverse transcribed using the High =& both transferring embryoid bodies to adherence plates and for flow cytometry sample preparation. Analysis of these samples using the FC500 MPL flow cytometer and

& secoun

Capacity cDNA Reverse Transcription Kit (Applied Biosystems) and gene expression
was analyzed using TagMan probes and a 7900 Real-Time PCR System (Applied
Biosystems)_ Relative gene expression was determined using the Cpc@t method with Figure 1. Workflow for the automation and optimization of mESC differentiation into cardiomyocytes.

GAPDH as a reference gene.

Kaluza software generated the results necessary to identify differentiation conditions that increased the percentage of cardiomyocytes in the cultures. Additional
iterations based on these optimization results could be used to further refine and improve the differentiation process.
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