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COMPARISON OF METHODS FOR CARDIOMYOCYTE
DIFFERENTIATION OF MURINE EMBRYONIC STEM
AND INDUCED PLURIPOTENT CELLS

Hanging drop and mass culture methods for differentiation of genetically modified embryonic stem cells
line aPIG44 and induced pluripotent cell line At25 towards cardiomyocytes were compared. Both cell lines
express enhanced green fluorescent protein (GFP) under the control of a-myosin heavy chain promoter.
FACS analysis and fluorescent microscopy were used to investigate the effectiveness of both methods. As a
result the differentiation curve for 2 types of cell lines was obtained. The maximum rate of GFP-positive
beating cardiomyocytes was reached on day 11. Attachment of cells during differentiation by hanging drop
method on day 2 was inferior if compared to day same parameters on day 5 and earlier attachment pro-
longed the overall process of differentiation. It was figured out that hanging drop method produced large
beating areas in comparison with mass culture method, but could not be applied for large scale production.
Mass culture method produced higher yield of embryoid bodies, but due to the heterogeneity of formed

spheroids the effectiveness of differentiation of individual embryoid body was lower.
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Introduction

Heart disease and failure are often characterized
by a loss of functioning cardiomyocytes, which are
terminally differentiated and show a very limited
capacity for regeneration. Cardiac transplantation is
currently the treatment of choice for end-stage heart
failure; however, the number of available donors
limits this treatment option for majority of patients.
The development of new therapeutic paradigms for
heart failure and alternative therapies, such as car-
diac cell replacement, has therefore become impera-
tive [1].

Cardiac replacement therapy can be done with
the help of embryonic stem (ES) cell. ES cells can
differentiate into derivatives of all three primary
germ layers, mesoderm, ectoderm and ectoderm
from which various cell types including cardiomyo-
cytes can be differentiated depending on the on the
cultivation conditions [2]. However the develop-
ment of ES cells for regeneration therapy has two
main disadvantages. First of all, ethical conside-
rations make must be take in to account while new
human ES cell lines are generated, as they are de-
rived from preimplantation human embryos. Se-
cond, ES cells do not show the autologous genotype
of patients [3].

Both this disadvantages can be solved with the
methodology of induced pluripotent stem (iPS)
cells. Recently, new insights in iPS cell technology
showed that differentiation and lineage commitment
are not irreversible processes and this has opened

new avenues in stem cell research. Hence, culture
systems for expansion and differentiation of iPS
cells can also apply methodologies developed with
ES cells, although direct evidence of their use for
iPS cells is still limited and needs further investiga-
tion [3].

The most popular method for cardiomyocyte dif-
ferentiations in laboratories is the formation of em-
bryoid bodies (EB), an aggregates of ES cells that
mimic early stages of the embryonic development.
Generally, there are two main ways to induce EB
formation: in hanging drops and in liquid suspen-
sion culture in nonadherent dishes on the orbital ro-
tary shaker called mass culture [4].

Usually the hanging drop method is composed
of two steps; the aggregation of ES cells in drops
and maturation of aggregates to EBs in suspension
culture using low adherence bacterial Petri-dishes.
Several elements of the method may be troublesome
such as losses of EBs during picking up the formed
EBs by pipette and attachment of premature EBs on
Petri-dishes [5].

Orbital rotary shakers have been used to produce
EBs as the constant circular motion provided by this
simple system is good for improving the efficiency
of EB formation. The advantages of this technique
include accommodation of cell culture dishes on the
rotary platform, easily allowing production of nu-
merous parallel samples and allowing comparison
of different experimental parameters [5].

The quality of formed EBs effects further dif-
ferentiation occurring in EBs afterwards; this fea-
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ture differs between EBs depending on the methods,
because culture conditions such as cell density, cul-
ture period, and culture vessel are not the same.
Heterogeneity in the quality of EBs may have det-
rimental effects on the synchronism of differentia-
tion. To guarantee the homogeneity of EBs a reli-
able method is required for EB formation with re-
producibility [4].

Materials and methods
Cell culture

Transgenic murine embryonic stem (ES) and in-
duced pluripotent stem (iPS) cell lines expressing
enhanced green fluorescent protein (EGFP) under
the control of a-myosine heavy chain (a-MHC) pro-
moter (pa-MHC-EGFP) were used in our experi-
ments. iPS cell lines AT25 was derived by Azra Fa-
tima and coworkers in the laboratory of Tomo Saric.
The murine ESC line D3-aPIG44 [6] was used as a
control was modified by Kolossov. iPS and ES cells
were cultivated on murine embryonic fibroblasts
(MEFs) to maintain the undifferentiated state in
Dulbecco modified Eagle medium with 15 % fetal
calf serum, 1 % nonessential amino acids, 0.1 mM
B-mercaptoethanol (all purchased from Invitrogen,
Karlsruhe, Germany), and 1000 U/ml LIF (Esgro®;
Millipore, Billerica, MA, USA). MEFs were pre-
pared from Him:OF1 outbred mice at embryonic
day (E)14.5 and inactivated by mitomycin C treat-
ment (10 pg/ml; SERVA Electrophoresis, Heidel-
berg, Germany). Next, iPS and ES cells were pas-
saged every 2 d; cells were trypsinized (0.05 %) and
counted, and then 5 x 10° cells were added to a 6-cm
dish with preplated growth arrested MEF's (0.8 x 10°
feeder cells/6-cm dish).

Differentiation toward cardiomyocytes
Hanging drop method

ES and iPS cells were differentiated as three-
dimensional multicellular EBs using the hanging
drop method. Briefly, upon reaching ~ 70 % con-
fluence, ES cells were trypsinized and a single cell
suspension of 2.5x10* cells/ml was prepared in EB
medium consisting of Iscove’s Modified Dulbec-
co’s Medium supplemented with 20% fetal calf
serum, 1 % nonessential amino acids, 0.1 mM
B-mercaptoethanol (all purchased from Invitrogen,
Karlsruhe, Germany). ES or iPS cells were aggre-
gated in hanging drops containing 500 cells/20 pul
suspension on the inner surface of the lid of a
10 cm bacteriological non-adherent Petri dish filled
with 5 ml of phosphate buffered saline to prevent
the evaporation of the drops and placed in the hu-
midified incubator with 5 % CO, in the atmosphere,
at the temperature of 37°. After two days the multi-
cellular aggregates were transferred into a new
bacteriological dish using EB medium and cultured

in suspension until day 5. On day 5 they were
transferred to dishes coated with 0,1 % gelatin and
cultured for a further 8 days as adherent EBs. Other-
wise multicellular aggregates were attached on
0,1 % gelatin covered Petri dishes on day 2. Moni-
toring of the beating of EBs was performed from
day 6 until day 15. On day 9 medium change was
performed.

Appearance of one beating colony in 1 EB was
counted as one beating area despite of the location
and the size of the beating area within the EB.

Mass culture method

Cardiac differentiation of the iPS and ES cells
was performed in mass culture. Confluent undiffer-
entiated ES or iPS cells were trypsinized into a sin-
gle cell suspension. Suspension with 1 x 10° cells
per 13 ml of EB medium composed of Iscove’s
modified Dulbecco’s medium supplemented with
20 % fetal calf serum, 1 % nonessential amino ac-
ids, 0.1 mM B-mercaptoethanol (all purchased from
Invitrogen, Karlsruhe, Germany) were placed per 1
10 cm? bacteriological nonadherent Petri dish and
maintained on a horizontal shaker to allow EB for-
mation. After 2 days they were diluted to ~2000 em-
bryonic bodies/10cm? dish, and maintained on the
shaker until day 15.

Microscopy and fluorescent microscopy

Apotome Axiovert Zeiss microscope with IMC
optics, FITC filter set (AF Analysentechnik, Stutt-
gart, Germany) and x4 or x10 objectives was imple-
mented for monitoring of differentiation process.
Canon EOS 300D was used as capture device.

Flow cytometry

Single cell suspension was prepared by trypsini-
zation. Cell clumps were removed by passing
through cell filter strainer cap of a round bottom
tube from Falcon® (BD, Heidelberg, Germany).
Propidium iodide (PI) staining (Sigma) was inclu-
ded to exclude dead cells. Acquisition of 10 000 live
(PI negative) cells was made with FACscan (BD
Biosciences), and the data analysis was carried out
with CellQuest software (BD).

Results

First the formation of EBs from iPS and ES cell
line by mass culture method was compared. Both
cell lines express enhanced green fluorescent pro-
tein (GFP) under the control of a-myosine heavy
chain promoter. The analysis of cardiomyocyte dif-
ferentiation was made by monitoring of spontane-
ous contraction using bright field and fluorescent
microscopy, and FACS analysis of GFP* cells. Both
cell lines started to show spontaneous contraction
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Fig. 1. Percentage of GFP" cells obtained by FACS analysis

from day 8. Amount of beating EBs with GFP* cells
increased and reached its maximum until day 11
(see fig. 1). The percentage of GFP* cells measured
by FACS on day 11 was 1,6 %+0,6 for aP1G44 cell
line. Maximum numbers of beating cells for iPS cell
line was also measured on day 11, but was lower in
comparison with ES cell line. It’s rate was
0,8+0,13 % of GFP" cells. After day 11 the number
of beating EBs slowly decreased. But some GFP*
cells could still be detected even after a month of
cultivation in EB medium.

On day 3 both cell lines differentiated by mass
culture method formed heterogeneous population of
EBs with different size and form of EBs (see fig. 2).
But formation of EBs by iPS cell line was more ho-
mogeneous in comparison to ES cell line. On latter
stages of differentiation towards cardiomyocytes,
clearer differences in EB heterogeneity could be ob-
served, especially in aPIG44 cell line. Heterogene-
ity of the size and form of EBs can be the reason for
big variation of differentiation rate of aP1G44 cell
line.

AT25

aPIG44

Fig. 2. Comparison of the morphological appearance of EBs
formed by ES cell line aPIG44 and iPS cell line AT25 on day
3 and day 13 of differentiation by mass culture method,
magnification x4

Next step was to compare differentiation by hang-
ing drop method. The appearance of beating areas
started on day 7 for both cell lines in the experiments
where EBs were transferred on gelatin-covered plates
on day 5. Until day 11 most of EBs started contract
spontaneously and had at least one beating area per
EB (see fig. 3). Beating areas of P1G44 cell line cov-
ered the whole EB and synchronous contraction of
hole EB could be easily seen under light microscopy.
For AT25 cell line most common was presence of
several small beating areas with different frequency
of contraction within the same EB. The amount of
beating areas had a tendency to decrease slightly after
day 11, but the difference was not significant. Such
tendency was admitted not only for iPS cell line, but
for ES cells also.

The rate of differentiation was high in aPIG44
cells in comparison with AT25 cell line. Beating
areas could be observed in 68+4,7 % of EBs formed
from the aPIG cell line. Amount of produced cells
with spontaneous contraction by AT25 cell line was
at 45+3,7 %. Such fact means that AT25 cell line has
lower cardiomyicyte differentiation potential then
established ES cell line, and requires modification
of differentiation method in order to produce a large
numbers of active cardiomyocytes.

Time when EBs attached to the surface dramati-
cally influenced the amount of differentiated cardio-
myocytes. In both cell lines there was a tendency
that EBs attached on earlier stages (on day 2) pro-
duced less cardiomyocytes. EBs formed by aP1G44
cell line started to form first beating areas only on
day 8, and the peak of EBs with beating arcas was
reached only on D13, that means that attachment of
not completely formed EBs on earlier stages pro-
longed the differentiation process and makes the
protocol more time-consuming. For iPS cell line
AT25 the tendency for prolonged differentiation af-
ter earlier attachment was also observed, but the dif-
ference between EBs with spontaneous contractility
on day 11, 13 and 15 was not significant.
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Fig. 3. Percantages of beating areas in EB formed by hanging drop method

Discussion

Hanging drop and mass culture methods intro-
duced for cell differentiation into cardiomyocytes
were developed for embryonic stem cell lines. Ap-
plication of both of these methods for differentia-
tion of murine iPS cells lead to formation of EBs.
GFP" cells with spontaneous contractility under ap-
propriate conditions were present in obtained EBs.
Such result means that both methods used in experi-
mental work can be applied for iPS cell differentia-
tion into cardiomyocytes. But obtained results show
that At25 cell line produce less cardiomyocytes un-
der standard differentiation conditions. In order to
get more cells for heart recovery therapy new modi-
fication of protocol should be applied.

The percentage of beating EBs formed by hang-
ing drop method was higher then formed by mass
culture method. Even though hanging drop method
is commonly used to prepare uniform-sized EBs,
this method has disadvantages in the mass prepara-
tion of EBs due to its labor-intensive procedure.
Mass culture EB generation is easier for production
of the large amounts of EBs. One drawback of this
method, however, is that the EBs often fuse together
to form large aggregates, which leads to formation
of heterogeneous population of EBs. This has nega-
tive effects on cell proliferation and differentiation,
as well as causing extensive cell death. But mass
culture method can easily allow production of nu-

merous parallel samples what can be used for com-
parison of different experimental parameters.

Conclusions

Differentiation of iPS cell line towards cario-
myocytes by hanging drop and mass culture meth-
ods is comparable with differentiation of established
ES cell line.

Attachment of EBs on early stages of differenti-
ation prolongs the whole process of differentiation
towards cardiomyocytes and leads to less effective
differentiation.

Amount of EBs with beating areas produced with
hanging drop method is significantly higher when
compared to the mass culture method, but this method
is very time and labor consuming, and could not be
applied for large scale production of cardiomyocytes.

Heterogeneity of produced population of EB by
mass culture method results in decrease of its effec-
tiveness.
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byoaw I’ B., Capiu T., Xewunep IO., Manuwesa C. B., Binvxo /. 1., Binvko H. M.

IHOPIBHAHHA METOAIB IUP®EPEHIIIOBAHHS B KIIITUHU
CEPLIA EMBPIOHAJIBHUX CTOBBYPOBHUX TA IHAYKOBAHUX
IVIIOPUITIOTEHTHUX KJIITUH MUIII

byno nopignsano memoo sucauoi kpanii ma Memoo CycheH3iluHoi Kyibmypu 015 ougheperyiayii emopio-
HabHOI cmogbyposoi ma iHOYK08aHOI nuopunomenmuol ninii 6 kapoiomioyumu. Ob6uoei 1iHii € 2eHemuyHo
MoOughikosanumu ma excnpecyioms 3eneHuil uyopecyenmuuii npomein (GFP) nio konmponem a-MHC
npomomepa. /lna nepesipku egexmugnocmi ougpepenyiayii 6yno 3acmoco8ano memoou npomouHoi
yumodghnyopumempii ma ¢nyopecyenmnoi mikpockonii. B pezynomami ompumaro xpugy ougpepenyiayii
060ox munis knimut. Maxcumanvuuii pisenv GFP nozsumusHux xapoiomioyumis, ujo cKopouyomucs, 3agik-
cosaro na 11-ii 0enwv oughepenyirosanns. Ilpu sacmocysanni memooy 8uca4oi Kpanii nPUKPInieHHs KiimuH
nio yac ougpepenyiayii Ha OiTLW pAHHIX cMadisax (Ha 2-u OeHb Ha 8IOMIHY 8i0 5-020 OHA JupepeHyiosants)
npononeye npoyec ougepenyiayii. Bcmanosunu, wjo Memoo 8Uca4oi Kpanii npooykye OilsAHKY, WO CKOpO-
YYIOMbCs, Wo0o eenuKo2o posmipy. OOHax yeti Memoo He Moxice Oymu 3aCMOCOBAHULL i MACOB020 UPOO-
Huymea Kapoiomioyumis. Memooom KyI1bmueysants @ CyCneH3iuHil KyIbmypi MOXCHA cmeopumu OiibuLy
KIIbKICMb eMOPIOHANbHUX M, POMe iX 2emepOSeHHICNG 3MEeHULYE eheKmuHicmy Ougepenyiayii KOJCHO-
20 OKpemo2o eMOpioHaIbHO20 Mind.

KurouoBi ciioBa: xapaioMionuTy, iHIyKOBaHI IIIOPUIOTEHTHI KIIITUHHU, METOJ BUCSIUOI Kparii, METO/
CYCIIEH31IHO1 KyIBTypH, eMOpPiOHAIbHI TIJIBIIA.

Mamepian naoitiwos 31.08.2011

YIK 616-006.66:616-085:615.375

Cumuuu T B., FOoina O. IO., Kapaman O. M., @edocosa H. 1., /[ioxiscvka JI. I1.,
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NPOTUIIYXJIUHHA AKTUBHICTHh EMBPIOHAJIBHUX MMPOTEIHIB
KYPKHU Y MUUIEN 3 KAPHHUHOMOIO JIETEHI JIBIOIC

Ha mooeni memacma3zyiouoi kapyuromu nezeni JIvroic nokaszano, wo HAUOIbwull npOMunyXauHHul ma
aumMumMemacmamuyHull egpexm 3acmocy8anHts emMOpionanrbHUx npomeinie KypKu cnocmepicacmocs npu ix
66edenni Ha 1-wy, 7-my ma 14-my 0obu nicis nepewjenienus abo GUOALEHHS NYXTUHU.

KurouoBi ciioBa: eMOpioHaNbHI IPOTETHN KYPKH, TPOTUIYXJIMHHA aKTUBHICThH, aHTUMETACTaTUYHA aK-
TUBHICTb.

3actocyBaHHs MpoTUNyXJIMHHUX BakuuH (I1B) €
OJTHHM 13 IMOTEHIIIHO IMOTY>KHUX 3ac00iB GioTeparii
paxy. CboroziHi 3a pi3HUMH TEXHOJOTISIMU PO3pO-
Onena 1ina Huska I1B [1, 2], 3HayHa KIIBKICTH 3
SIKMX TPOXOAWTH KIIHIYHI BHUIIPOOYBaHHSA, MpPOTE
€(PEKTUBHICTD 1X 3aCTOCYBAHHS 3QJIUIIAETHCS HEIO-
CTaTHhO BUCOKOI. OJHIEI 3 IMOBIpHUX NPUYUH
LBOTO € TOJIEPAHTHICTh IMyHHOT CUCTEMHU OHKOXBO-
pOTO 110 MyXJIMHHUX aHTUTEHIB, sIKi € BIACHUMU 1 B

MepeBaXxKHiii OUTBIIOCTI HEMYTOBAaHUMH OllKaMu
oprani3my [3]. [TopiBHSAHO HEeaBHO B HAYKOBIH JIi-
TepaTypi 3°SBUIMCh MOBIIOMJICHHS IpPO TE, IO
BUKOPUCTAHHS 5K [IB KCeHOreHHNX TOMOJIOTIB ITyX-
JMHHUX aHTHUTEHIB 4M OiNKiB-y4aCHHKIB KaHIEpO-
TCHEe3y 3IaTHE MOAONATH IMyHOJIOTIYHY TOJEpaHT-
HICTh JIO BIJMOBITHHX OIUIKIB OpraHi3My XBOPOTO
[3-5]. Hacmpasni, 3a 34aTHICTIO IHAYKYBaTH MPOTH-
MyXJIMHHY IMyHHY BIJIITOBIIb KCEHOTCHHI TOMOJIOTH
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