
Introduction

Cardiac side effects are the most common cause of drug withdrawal from 
!"#$%&'(#!$&)*$*#+&,-$.)$'#/0+&!1',$&22'13&+$14$)#5$*'0/$6&)*.*&!#-71 
regardless of whether these drugs act on the cardiovascular system or 
)1!8$91"#'#)!+,7$!#-!.)/$41'$6&'*.13&-60+&'$-&4#!,$.-$&$%&:1'$;1!!+#)#6($
5.!".)$!"#$*'0/$*#3#+12%#)!$2'16#--7$&)*$+&6($14$/11*$6#++0+&'$%1*#+-$
40'!"#'$51'-#)-$!"#$-.!0&!.1)8$<**.!.1)&++,7$.)$=#-!#')$910)!'.#-7$6&'
diovascular diseases (CVD) themselves are the most common cause 
14$*#&!"$>?@8A$%.++.1)$1'$BCD$14$!"#$!1!&+$*#&!"-$.)$ECCF2G7$5.!"$"#&'!$
failure being one of the main aspects of CVD. Treatment of these diseases 
/#)#'&!#-$#)1'%10-$61-!$41'$!"#$"#&+!"$6&'#$-,-!#%73 illustrating the 
-.H#$14$!"#$%&'(#!$41'$"#&'!I'#+&!#*$*'0/-7$&)*$!"#$)##*$41'$-0.!&;+#$
pharmacological models. 

The most common in vitro models for assessment of the pharmacology 
and toxicity of drug candidates are (recombinant) cell lines or primary 
6&'*.1%,16,!#-$.-1+&!#*$4'1%$*.44#'#)!$-2#6.#-8$J15#3#'7$'#61%;.)&)!$
cell lines lack the physiological properties like ion channel environment 
and functional humoral regulation. Although primary cardiomyocytes 
demonstrate in vivo$2",-.1+1/.6&+$2'12#'!.#-7$!"#,$&'#$61-!+,7$!.%#$61)
-0%.)/$!1$2'1*06#7$*.44.60+!$!1$-!&)*&'*.H#7$&)*$61)!&%.)&!#*$5.!"$1!"#'$
cell types.4 These models are therefore not suitable to determine wheth
#'$&$/.3#)$61%210)*$-2#6.4.6&++,$#K#'!-$&$!1K.6$#44#6!$1)$6&'*.1%,16,!#-7$
;0!$)1!$)#6#--&'.+,$1)$1!"#'$6#++$!,2#-$14$!"#$"#&'!7$#8/87$4.;'1;+&-!-8

L0'.)/$!"#$+&-!$,#&'-7$#%;',1).6$-!#%$6#++-$>MN$6#++-G$"&3#$;##)$#%
2+1,#*$;,$'#-#&'6"#'-$.)$!"#$4.#+*$14$'#/#)#'&!.3#$%#*.6.)#7$;0!$&+-1$&-$
a versatile tool to generate in vitro test systems. Cor.At® Cardiomyocytes 
are derived from transgenic mouse embryonic stem cells (mESC) har
bouring a puromycin resistance cassette under control of the cardio
myocyte specific amyosin heavy chain(aMHC) promoter.F Using this 
&22'1&6"7$&$2120+&!.1)$14$20'#$91'8<!O$9&'*.1%,16,!#-$6&)$;#$-#+#6!#*$
from the large amount of noncardiomyocytes during differentiation of 
mESC. The resulting Cor.At® Cardiomyocytes are then dissociated and 
6',12'#-#'3#*$&-$&$-.)/+#$6#++$-0-2#)-.1)$41'$+1)/$!#'%$-!1'&/#$.)$+.P0.*$
).!'1/#)8$N!'.)/#)!$P0&+.!,$61)!'1+$-!'&!#/.#-$&'#$.%2+#%#)!#*$!1$/0&'
antee lottolot reproducibility and uniformity of functional properties 
14$91'8<!O$9&'*.1%,16,!#-$41'$&$-!1'&/#$2#'.1*$14$&!$+#&-!$?F$%1)!"-8

Thawed Cor.At® Cardiomyocytes readily form spontaneously and syn
6"'1)10-+,$61)!'&6!.)/$%1)1+&,#'-$13#')./"!8$MK!#)-.3#$6"&'&6!#'.H&
tion of these cells shows that they are functionally active with normal 
cardiac electrophysiology in terms of action potentials as well as the 
cardiac ion currents INa7$Q9&7R and IS.6$T"#'#41'#7$!".-$%1*#+$2'13.*#-$&$"1
%1/#)10-$&)*$'#2'1*06.;+#$6&'*.1%,16,!#$6#++$-,-!#%7$&**'#--.)/$!"#$
supply and reproducibility issues of primary cells while maintaining the 
biological significance of the data generated.

Using Cor.At® Cardiomyocytes as the specific target cell type in com
2&'.-1)$!1$%10-#$#%;',1).6$4.;'1;+&-!-$>UMVG$&-$&$'#4#'#)6#$6#++$!,2#7$
5#$"&3#$*#3#+12#*$91'8<!O$T1K7$&$'1;0-!$&)*$2'#*.6!.3#$!#-!$-,-!#%$!1$
&--#--$6&'*.&6$-2#6.4.6$6,!1!1K.6.!,7$.8#87$!"#$#44#6!$1)$3.&;.+.!,$&)*$.)
tegrity of cardiomyocytes. The effect of a given compound on Cor.At® 
9&'*.1%,16,!#-$&-$5#++$&-$1)$UMV$.-$&--#--#*$0-.)/$!"#$W#0!'&+$X#*$
Y2!&(#$!#-!$&-$'#&*I10!$>Z1'#)4'#0)*$M$&)*$[0#')#'$\<$?]^FG8$T".-$'#&*I
out system provides ease in handling as well as a high signaltonoise 
'&!.18$=.!"$!".-$&22'1&6"7$5#$"&3#$!#-!#*$B]$&)!.I)#12+&-!.6$61%210)*-$
4'1%$*.44#'#)!$6"#%.6&+$6+&--#-7$&)*$61%2&'#*$10'$'#-0+!-$5.!"$&).%&+$
as well as clinical data (see Table 1). Many of the antineoplastic agents 
60''#)!+,$.)$!"#$6+.).6$&'#$()15)$41'$!"#.'$6&'*.&6$-.*#$#44#6!-77 suggest
ing them as a good model to assess the predictivity of the assay.

!"#$"%&'()*+,(-.."/'*&0(,"(123(!45++*6.5,*"&

Alkylating Agents 9,6+12"1-2"&%.*#7$Q41-4&%.*#7$L&6&';&H.)

Antibiotics Z+#1%,6.)7$L&0)1'0;.6.)#7$L1K1'0;.6.)#7$L1K1'0;.6.)#$
+.21-1%&+7$M2.'0;.6.)#7$Q*&'0;.6.)#7$U.!1K&)!'1)#

mAb Z#3&6.H0%&;7$9#!0K.%&;7$X.!0K.%&;

Platinumbased Agents 9&';12+&!.)7$9.-2+&!.)7$_K&+.2+&!.)

AntiMetabolites 
 

9,!&'&;.)7$FIV+01'10'&6.+7$`#%6.!&;.)7$
V+0*&'&;.)2"1-2"&!7$[#%#!'#K#*7$U#!"1!'#K&!7$
Pegaspargase

Plant Alkaloids L16#!&K#+7$[&6+.!&K#+7$a.);+&-!.)7$a.)6'.-!.)7$a.)1'#+;.)7$
M!121-.*7$M!121-.*2"1-2"&!

Campothecin Derivates Q'.)1!#6&)7$T121!#6&)

Antiviral Agents 9.*1413.'7$`&)6.6+13.'

Tyrosinkinase Inhibitors Q%&!.).;7$L&-&!.).;7$N1'&4#).;7$N0).!.).;7$R&2&!.).;7$
Erlotinib
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System to Predict Cardiac Specific Cytotoxicity
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Materials and Methods

91'8<!O$9&'*.1%,16,!#-$5#'#$!"&5#*$&)*$-##*#*$&!$E$K$?C4 cells per well 
1)$4.;'1)#6!.)I61&!#*$]AI5#++$T9$2+&!#-$&-$*#-6'.;#*$.)$!"#$T#6").6&+$
Manual.8$Q''&*.&!#*$%10-#$#%;',1).6$4.;'1;+&-!-$>UMVG$5#'#$-##*#*$
&!$?8F$K$?C4 cells per well on fibronectincoated TC plates in the same 
%#*.0%$&-$!"#$91'8<!O$9#++-8$9#++-$5#'#$.)60;&!#*$&!$B@b97$FD$9_2 and 
]FD$"0%.*.!,8$<$61%2+#!#$%#*.0%$6"&)/#$5&-$2#'41'%#*$Ec$"10'-$
&4!#'$!"&5.)/7$&)*$-0;-#P0#)!+,$#3#',$c^$"10'-8$

<4!#'$B$1'$?c$*&,-$14$2'#I60+!0'#$>)#1)&!&+$1'$&*0+!$2"#)1!,2#G7$%#*.0%$
was changed and test compounds were added at different concentra
tions as indicated in the figures. Appropriate vehicle controls were per
formed for each compound on the same plate. After 48 hours of treat
%#)!7$61%210)*$-1+0!.1)-$5#'#$'#%13#*7$6#++-$5&-"#*$!5.6#$5.!"$[ZN7$
and the Neutral Red Uptake test was performed as described in the  
Cor.At® Tox Technical Manual.] 

V1'$*&!&$&)&+,-.-7$;+&)($&;-1'2!.1)$3&+0#-$5#'#$-0;!'&6!#*$4'1%$&++$1!"#'$
3&+0#-8$U#&)$3#".6+#$61)!'1+$3&+0#-$5#'#$-#!$&-$d?CCDe7$&)*$3&+0#-$14$
!'#&!#*$6#++-$5#'#$#K2'#--#*$&-$dD$14$61)!'1+e$.)$&$*1-#$'#-21)-#$60'3#8$
All dose response curves represent the mean of at least six datapoints 
2#'$61%210)*$61)6#)!'&!.1)8$NMU$5&-$;#+15$?CD$41'$&++$61%210)*-$
and concentrations. ECFC values were derived from the dose response 
curves using an automated data evaluation software. If the effect of 
a given compound on Cor.At® Cardiomyocytes was more pronounced 
!"&)$1)$UMV$>#8/87$+15#'$M9FC$3&+0#-$.)$91'8<!O$9&'*.1%,16,!#-G7$!"#$
compound was classified as cardiotoxic. If the compound affects Cor.At® 
9&'*.1%,16,!#-$&)*$UMV$.)$!"#$-&%#$5&,7$!"#$61%210)*$5&-$:0*/#*$
as generally cytotoxic.

Results

Z,$61%2&'.)/$#44#6!-$1)$91'8<!O$9#++-$5.!"$#44#6!-$1)$UMV7$?^$10!$14$B]$
61%210)*-$5#'#$-2#6.4.6&++,$!1K.6$!1$MN$6#++$*#'.3#*$6&'*.1%,16,!#-7$
&)*$?F$10!$14$B]$5#'#$)1!8$<$'#3.#5$14$!"#$+.!#'&!0'#$-0//#-!#*$?A$14$!"#$
-#+#6!#*$B]$61%210)*-$5#'#$6&'*.1!1K.6$.)$"0%&)-$>#8/87$%,12#'.6&'
*.!.-7$.-6"#%.&7$2#'.6&'*.!.-7$%,16&'*.&+$.)4&'6!.1)f$!51$4&+-#$21-.!.3#-G7$
?@$10!$14$B]$5#'#$)1!$6&'*.1!1K.6$>!51$4&+-#$)#/&!.3#-G7$&)*$-.K$10!$14$
B]$61%210)*-$"&*$)1$*&!&$'#21'!#*$41'$6&'*.&6$-2#6.4.6$*&%&/#$.)$!"#$
+.!#'&!0'#7$&+!"10/"$!"#-#$61%210)*-$"&3#$;##)$1)$!"#$%&'(#!$&+'#&*,$
41'$,#&'-8$T"0-7$5#$.*#)!.4.#*$!51$4&+-#$)#/&!.3#-$&-$5#++$&-$!51$4&+-#$
positives. The six compounds lacking human clinical data were not toxic 
in this assay. The statistical analysis revealing an overall predictivity of 
]CD$.-$-0%%&'.H#*$.)$T&;+#$E8$

$$$$$$$$$$$<$*#!&.+#*$13#'3.#5$14$!"#$'#-0+!-$&)*$6+.).6&+$*&!&$6&)$;#$'#P0#-!#* 
$ $&!$*'0/*.-613#',g+1)H&861%8

Q)$V./0'#$?7$'#2'#-#)!&!.3#$*1-#I'#-21)-#I60'3#-$14$!"'##$&)!"'&6,6+.)-$
are displayed. Anthracyclins are one of the most effective classes of 
&)!.I)#12+&-!.6$&/#)!-$5.!"$;'1&*$-2#6!'0%$&)!.I!0%1'$&6!.3.!,8$J15#3#'7$
.!$5&-$'#&+.H#*$!"&!$!"#-#$&)!"'&6,6+.)-$.)*06#*$.''#3#'-.;+#$6&'*.&6$
damage in patients on chronic therapy.?C
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Figure 1
Effect of three anthracyclins  Doxorubicin, Daunorubicin, and Epirubicin  on viability of  
Cor.At® Cardiomyocytes in comparison with MEF. All three anthracyclins exhibit a pronounced 
toxic effect on Cor.At® Cardiomyocytes with ICFC$3&+0#-$'&)/.)/$4'1%$?c$I$FB$0/h%R8$Q)$61)!'&-!7$
!"#$#44#6!$14$L&0)1'0;.6.)7$L1K1'0;.6.)$&)*$M2.'0;.6.)$1)$UMV$5&-$%06"$+15#'7$-"15.)/$&$
toxic effect only at the two highest concentrations tested.

Table 2

L#i).!.1)$>61)-#'3&!.3#Gj 
in vivo neg.  in vitro unpredictable = false positive 
in vivo pos.  in vitro unpredictable = false negative 

BioResearch
Resource NotesTM

N2'.)/$EC??

No. of 
compounds

23

16

Cardiac cytotoxic 
in humans

No

Yes

Yes

2

14

Prediction in vitro

No

21

2

Contingency tables in %

N2#6.i6.!,

Sensitivity

Negative predictive value

Positive predictive value

Accuracy

]?

^]

]?

^]

]C

Cardiac cytotoxic 
in humans

No

Yes

Prediction in vitro

No

a

c = false neg.

Yes

b = false pos.

d

7$8.*6.*,9

Sensitivity

Negative predictive value

Positive predictive value

Accuracy

a/a+b

d/c+d

a/a+c

d/b+d

a+d/a+b+c+d

Contingency tables
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U1-!$TSQ$ !#-!#*$ .)$ !"#$-!0*,$-"15#*$#)"&)6#*$!1K.6.!,$1)$91'8<!O$ 
9&'*.1%,16,!#-$61%2&'#*$!1$UMV$>V./0'#$EG8$T"#'#$5&-$&$-!'1)/$61'
relation between published clinical cardiotoxicity11 and the effect of 
!"#$TSQ-$1)$91'8<!O$9#++-$>T&;+#$BG8$Q!$.-$'#%&'(&;+#$!"&!$!"#$3&'.10-$TSQ$
!#-!#*$.)$!"#$-!0*,$*.-2+&,#*$-.%.+&'$-./)&!0'#-7$#3#)$5.!"$-06"$&$-.%2+#$
readout as the NRU test.

Ranking 
Cor.At®/MEF

IC50 NRU                                IC50 NRU
Cor.At®                                   MEF

Cardiotoxicity
in vitro

Reference
cardiotoxicity in vivo

Sorafenib 1 C8EE]$µg/ml 12.6 µg/ml ++ \$9+.)$_)61+$Ec>]Gj$?BABk?BA]7$ECCA

Imatinib 2 C8ccE$µg/ml 18.6 µg/ml ++ W&!$U#*$?E>^Gj$]C^k]?A7$ECCA

Dasatinib 3 C8ECB$µ/h%+$ c8Fc$µg/ml ++ <6!&$_)61+8$ECC]f$c^>@Gj$]Ack@C

Sunitinib 4 C8?cE$µ/h%+$ C8cAF$µg/ml + R&)6#!$B@C>]ACcGj$ECC?kECC?]7$ECC@

R&2&!.).; F c8]@$µg/ml 2.16 µg/ml / T"#$_)61+1/.-!$?Ej$@FAk@AF7$ECC@

Erlotinib 6 WL$ C8FE^$µg/ml / NA (only reports on skin and lung toxicity)

?]

Figure 2
Effect of two tyrosin kinase inhibitors (TKI)  Sorafenib and Erlotinib. Y-.)/$!"#$P01!.#)!$14$
ICFC$3&+0#-$14$91'8<!O$9&'*.1%,16,!#-$&)*$UMV7$N1'&4#).;$5&-$!"#$%1-!$6&'*.1!1K.6$TSQ7$&)*$
M'+1!.).;$-"15#*$)1$-2#6.i6$6&'*.&6$!1K.6.!,$&!$61)6#)!'&!.1)-$;#!5##)$?$)U$&)*$C8?$%U$ 
>-##$T&;+#$BG8$T"#$2'1i+#$14$!1K.6.!,$14$!"#$TSQ-$1)$%10-#$MNI*#'.3#*$6&'*.1%,16,!#-$5&-$
)1!$!"#$-&%#$&-$!"&!$1)$UMV7$-0//#-!.)/$!"&!$-2#6.i6$6&'*.1%,16,!#$!1K.6.!,$610+*$;#$*.-
!.)/0.-"#*$4'1%$&$%1'#$/#)#'&+.H#*$6,!1!1K.6$#44#6!$.)$!"#-#$&--&,-8
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Conclusion

Our results demonstrate the reliability and specificity of Cor.At®  
Cardiomyocytes as a convenient model to predict cardiac specific cyto
toxicity. Improving the ability to determine potential cardiotoxic effects 
of compounds in early stages of drug development reduces costs and 
.%2'13#-$2'1*06!.3.!,7$2'13.*.)/$;#!!#'$%#&-0'#-$!1$%13#$+#&*$61%
pounds toward preclinical and clinical development.

Mouse ES derived Cor.At® Cardiomyocytes are not available for sale in North America. 
[+#&-#$61)!&6!$,10'$R1)H&$N&+#-$X#2'#-#)!&!.3#$41'$&+!#')&!.3#-8

Daunorubicin-Cor.At®

Epirubicin-Cor.At®

Doxorubicin-Cor.At®

% 
of

 c
on

tr
ol

      1.0E-08         1.0E-07                      1.0E-06          1.0E-05            1.0E-04                       1.0E-03                       1.0E-02                        1.0E-01

125

100

75

50

25

0

Daunorubicin-MEF

Epirubicin-MEF

Doxorubicin-MEF

Concentration (mg/ml)

      1.0E-10         1.0E-09                       1.0E-08            1.0E-07              1.0E-06                        1.0E-05                       1.0E-04                        1.0E-03

200

150

100

50

0

% 
of

 c
on

tr
ol

Sorafenib-Cor.At®

Erlotinib-Cor.At®

Sorafenib-MEF

Erlotinib-MEF

Concentration (M)

ResourceNotes_Spring2011.NewStyle.2-22-11.indd   19 3/11/11   12:14 PM


