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Abstract

Tyrosine kinase inhibitors (TKIs) are small-molecule targeted therapy
drugs that play an important role in the treatment of hematological
malignancies and solid tumors. Drug-induced cardiotoxicity in both
preclinical studies and clinical trials has been reported, whereas the
toxicity in populations with congenital electrophysiological dysfunction
remains unclarified. Hence, an investigation of TKIs toxicological research
helps assess the drug response in patients, predicting cardiotoxicity risk,
and providing a reference for clinical application. We investigate the
cardiotoxicity of four tyrosine kinase inhibitors (Crizotinib, Sunitinib,
Dasatinib, and Lapatinib) with different targets using cardiomyocytes
differentiated from disease-specific human-induced pluripotent stem
cells derived from WT- and Long QT syndrome patient (WT- and
LQT-hiPSC-CMs) combined with real-time cell analysis (RTCA),
immunofluorescence, and chemiluminescence. In this study, Crizotinib,
Sunitinib, and Lapatinib caused cardiotoxicity by reducing contractility,
damaging the cell structure, and activating the Caspase-3/7 pathway
supply. Dasatinib showed a lower risk of cardiotoxicity compared with
the other three candidates. Compared with WT-hiPSC-CMs, LQT-hiPSC-
CMs showed a higher sensitivity to Crizotinib and Sunitinib-induced
cardiotoxicity. Our study indicates that congenital channelopathies, such
as LQTs, may predispose patients to even higher risks, which require
particular monitoring for the occurrence of adverse cardiac events.
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handling, metabolism, and electrophysiology) [3]. Moreover,
patient-specific hiPSC-CMs provide an avenue to study
the precise mechanism of the effects of human genetic
mutations on cellular phenotypes. Different patient responses
to specific drugs are jointly driven by interactions between
genetic, epigenetic, and environmental factors, genetic
polymorphisms of drug-metabolizing enzymes, transporters,
target enzymes, ion channels, and receptors can affect
pharmacodynamics [4]. Genotype-specific cardiotoxicity
phenotypes can be mimicked in patients exposed to drugs
by using patient-specific hiPSC-CMs, and can also observe
compensatory mechanisms that are difficult to observe in
animal models, based on which researchers can accurately
analyze disease phenotypes and drug responses [5]. The
earliest report of disease modeling based on hiPSC-CMs
was derived from hiPSC-CMs from patients with Long QT
syndrome (LQTSs). Inherited forms of LQTs are caused by
mutations in genes encoding cardiac ion channels. More than
20 pathogenic genes for LQTs have been identified, among
which KCNQI1 (LQT1), KCNH2 (LQT2), and SCNS5A
(LQT3) are the most common pathogenic genes, hiPSC-
CMs from KCNQI-mutated patients exhibited a marked
prolongation of action potential duration and a decrease in
IKs current [6]. Therefore, two cell models of WT- and LQT-
specific hiPSC-CMs were used in this experiment to evaluate
TKI-induced cardiotoxicity, predict the risk of cardiotoxicity,
and provide a reference for its clinical medication.

Firstly, we use WT- and LQT-hiPSC-CMs for the
prediction of cardiotoxicity of TKIs by examination with
the xCELLigence Real-Time Cell Analysis (RTCA) Cardio
System, RTCA has been previously reported as an emerging
method to quantify cardiac [7], and it can monitor the growth
curve and beating state of cardiomyocytes differentiated from
human induced pluripotent stem cells. Secondly, the effects
of TKIs on myocardial structure and Cardiac Troponin T
(cTnT) expression were evaluated on WT- and LQT-hiPSC-
CMs. Finally, the effects of TKI on the activation of apoptotic
pathways in WT- and LQT-hiPSC-CMs were investigated.
The current study may shed light on the evaluation of cardiac
toxicity effects of TKIs.

Materials and Method
Cell culture

WT-hiPSC-CMs and LQT-hiPSC-CMs were purchased
from Cellapy (CA2101106, Beijing, China) and HELP
(HELP4120, Nanjing, China), respectively. Both cell
types were obtained as frozen 1 mL aliquots containing
approximately 1 and 2 million cells, respectively. The
cells were thawed and plated in 96-well E-plates (ACEA
Biosciences, Hangzhou, China) pre-coated with 0.1% gelatin.
The cells were incubated in a maintenance medium at 37 °C
in an atmosphere of 5% CO,, and the culture medium was
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refreshed every 2 days. The WT and LQT cells were plated
at densities of 3x10* and 6x10* cells/well, respectively.
After beating stably, these two cells were used to study
the electrophysiological characteristics and the activation
pathway of apoptosis.

Real-time impedance-based bioanalyses of hiPSC-
derived CMs

Spontaneous CM  contraction and cell health
were monitored in real-time by impedance using the
xCELLigence® RTCA cardio system (ACEA Biosciences,
Hangzhou, China). Impedance signals were monitored and
recorded for 20 seconds per sweep as shown in Table 1. The
cell index (CI), which is related to cell adherence and growth,
was used as a measure of cell vitality.

Connexin 43 (CX-43) immunostaining on hiPSC-
derived CMs

After drug treatment for 24 h, CX-43 immunostaining
was performed. Cells were fixed using 4% PFA for 20 min at
room temperature. Samples were then washed 3 times using
a solution of PBS. The permeating sealer was added for 1
h at room temperature. Primary antibody CX-43-specific
monoclonal antibodies (Invitrogen, C6219) were diluted at
1:100 in PBS and incubated for 12-20 h at 4 °C. Cells were
then washed and the cell pellet was resuspended with the
secondary antibody goat anti-mouse IgG (H+L) antibody
(Invitrogen, A-11001) diluted 1:500 in PBS and incubated
for 1 h in the dark. Cells were washed 3 times and 1 pg/
mL Hoechst 33258 (Sigma-Aldrich, B1155) was added for
20 min in the dark. Finally, cells were washed 3 times and
photographed immediately under a confocal laser microscope
(LSM710, Zeiss, Germany).

Table 1: Data signal acquisition settings

Sweep duration Interval
Step (second) Sweeps (minute) Comments
1 0 1 1 Baseline
measurements
2 20 100 60 Monitoring
3 20 100 60 Monitoring
Before
4 20 5 1 administration
5 20 12 5 After administration
1h
6 20 4 15 After administration
2h
After administration
7 20 8 30 3.6 h
After administration
8 20 100 60 724 h
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Apoptosis Pathway Activation of hiPSC-derived
CMs

Apoptosis was determined at 24 h post-drug treatment
using Caspase-Glo 3/7 assay (Promega, Madison, WI, USA).
Subsequently, the luminescence of cells was measured by
the SpectraMax 13 multi-mode microplate reader (Molecular
Devices, San Jose, CA, USA). At least three replicates of the
cell apoptosis assay were conducted. At least two wells per
drug dose were detected in each biological replicate.

Reagents

Four TKIs were investigated: Crizotinib, Dasatinib,
Lapatinib (all from Sigma-Aldrich, St. Louis, MO, USA;
PZ0191, CDS023389, and CDS022971, respectively), and
Sunitinib (Aladdin, Shanghai, China; S126061). The TKIs
and Thioridazine (Sigma-Aldrich, St. Louis, MO, USA;
1662504-200MG) were dissolved in dimethyl sulfoxide
(Sigma-Aldrich, D4540) and the diluted drugs were
equilibrated in a 37 °C, 5% CO, incubator for 30 min before
being applied to the cells.

Data analysis and statistics

For RTCA CM monitoring, the CI, beating rate, beating
amplitude, and half-maximal inhibitory concentration (IC, )
for each well were calculated offline using RTCA cardio
software 1.0 and normalized to the corresponding baseline
values measured before treatment with the compounds. A
threshold level of 12 was used to suppress noise for improved
peak recognition and the raw data of the beat curves were
displayed using a threshold level of 0.

For Caspase-3/7 data analysis, the Caspase-3/7 detection
result is expressed as the ratio of each concentration group
and solvent control group, and the calculation formula is as
follows: Caspase-3/7.

drug luminescence value—vehicle control luminescence value
content=

solvent control group luminescence value—vehicle control luminescence value

The data are presented as means =+ standard error of the
mean (SEM) and the statistical significance of differences was
estimated using a one-way analysis of variance (ANOVA) or
Student's t-test. A value of p <0.05 was considered significant.

Results

Analysis of the hiPSC-CMs based on marker protein
expression and electrophysiological measurements revealed
that the expected phenotypes were replicated in these cell
models, namely that the WT-hiPSC-CMs had a normal
phenotype and the LQT-hiPSC-CMs showed QT-interval
prolongation. The relevant certificate of analysis is provided
in the Supplementary data. Spontaneously contracting CMs
were observed in both WT- and LQT-hiPSC-CMs as assessed
by light microscopy.

The CI values increased and gradually stabilized with

Volume 8 ¢ Issue 2 56

the growth and adherence of both WT- and LQT-hiPSC-
CMs (Figure S1A and S1C). Within 168 h after plating, the
WT-hiPSC-CMs achieved a stable state in both beating rate
and amplitude earlier than the LQT-hiPSC-CMs did (Figure
S1B and S1D). The spontaneous beating rate of both WT-
and LQT-hiPSC-CMs was stable at approximately 40 bpm,
and the amplitude steadily increased over time and stabilized
at approximately 0.09, with arhythmic irregularity < 40%
(Figure S2).

When both types of cell colonies were examined by
fluorescence microscopy, an obvious decrease in CX-43
expression was noted in 20 pmol/L Thioridazine-treated cell
colonies when compared with untreated cells. The CX-43
appeared as puncta located in or around some cell nuclear
rather than between cell gaps in both types of cell colonies
(Figure S3).

The effects of TKIs on WT-and LQT-hiPSC-CMs

Effects of Crizotinib: Crizotinib reduced the CI of both
WT- and LQT-hiPSC-CMs in a concentration-dependent
manner, indicating its inhibitory effect on the growth and
adherence of cells at concentrations > 3 pmol/L (Figure 1A
and 1B). Crizotinib affected pulse signals of both WT- and
LQT-hiPSC-CMs in a concentration-dependent manner
and abolished the cellular automaticity at 3 umol/L and 10
umol/L, but the latter CMs showed signs of recovery at 3
pmol/L (Figure 1C and 1D). The beating rate reduced at
concentrations > 0.1 pmol/L in a concentration-dependent
manner on WT- and LQT-hiPSC-CMs (Figure 1E and IF).
Analysis of the concentration-related effects of Crizotinib on
WT- and LQT-hiPSC-CMs demonstrated IC, values of 0.89
pmol/L and 0.76 pmol/L, respectively (Table 2).

When both types of cell colonies were examined by
fluorescence microscopy, increased CX-43 expression around
some cell nuclear and decreased CX-43 expression between
cell gaps were noted at > 1 pmol/L on Crizotinib-treated WT-
and LQT-hiPSC-CMs colonies and the CX-43 expression
between the gaps of LQT-hiPSC-CMs was less than that of
WT-hiPSC-CMs at the same concentration. (Figure 2A and
2B). Crizotinib could increase the activity of Caspase-3/7
protein in a concentration-dependent manner at > 3 pumol/L
on WT-hiPSC-CMs and at > 1 pmol/L on LQT-hiPSC-CMs
(Figure 2C).

Table 2: Comparison of WT-hiPSC-CMs with LQT-hiPSC-CMs
IC,, (umol/L)

Tl WT-hiPSC-CMs LQT-hiPSC-CMs
Crizotinib 0.89 0.76
Sunitinib 4.71 0.52
Dasatinib 27.34 23.3
Lapatinib 6.87 10.89
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Figure 1: Effects of Crizotinib on WT- and LQT-hiPSC-CMs. Effect of Crizotinib on cell index (CI) of A WT- and B LQT-hiPSC-CM:s. Effect
of Crizotinib on transient pulse patterns of C WT- and D LQT-hiPSC-CMs. Effect of Crizotinib on beating rate of E WT- and F LQT-hiPSC-
CMs. Data are means =+ standard error of the mean (SEM) of n = 3-6 experiments. *p< 0.05 and **p < 0.01 compared to control (DMSO).

Effects of Sunitinib: Sunitinib reduced the CI of both
WT- and LQT-hiPSC-CMs at 10 umol/L (Figure 3A and 3B).
Sunitinib affected pulse signals of both WT- and LQT-hiPSC-
CMs in a concentration-dependent manner and abolished
the cellular automaticity at 10 pmol/L for WT-hiPSC-CMs
while at 1 pmol/L for LQT-hiPSC-CMs. (Figure 3C and 3D).
The beating rate reduced at concentrations > 0.3 pmol/L in a
concentration-dependent manner on WT- and LQT-hiPSC-
CMs (Figure 3E and 3F). Evaluation of the concentration-
dependent effects of Sunitinib on WT- and LQT-hiPSC-CMs
demonstrated IC_ values of 4.71 pmol/L and 0.52 pmol/L,
respectively (Table 2).

When both types of cell colonies were examined by
fluorescence microscopy, increased CX-43 expression
around some cell nuclear and decreased CX-43 expression

between cell gaps were noted at > 1 pmol/L on Sunitinib-
treated WT- and LQT-hiPSC-CMs colonies and the CX-43
expression between the gaps of LQT-hiPSC-CMs was less
than that of WT-hiPSC-CMs at the same concentration.
(Figure 4A and 4B). Sunitinib could increase the activity of
Caspase-3/7 protein in a concentration-dependent manner at
>3 umol/L on WT-hiPSC-CMs and at> 0.1 pumol/L on LQT-
hiPSC-CMs (Figure 4C).

Effects of Dasatinib: Dasatinib does not affect the
CI values of both WT- and LQT-hiPSC-CMs (Figure 5A
and 5B). Dasatinib affected pulse signals of both WT- and
LQT-hiPSC-CMs in a concentration-dependent manner
and abolished the cellular automaticity at 30 pmol/L on
LQT-hiPSC-CMs (Figure 5C and 5D). The beating rate of
WT-hiPSC-CMs reduced in a concentration-dependent
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Figure 3: Effects of Sunitinib on WT- and LQT-hiPSC-CMs. Effect of Sunitinib on cell index (CI) of A WT- and B LQT-hiPSC-CMs. Effect of
Sunitinib on transient pulse patterns of C WT- and D LQT-hiPSC-CMs. Effect of Sunitinib on beating rate of E WT- and F LQT-hiPSC-CMs.
Data are means =+ standard error of the mean (SEM) of n = 3-6 experiments. *p< 0.05 and **p < 0.01 compared to control (DMSO).

manner at concentrations > 0.3 pmol/L (Figure 5E) The
beating rate of LQT-hiPSC-CMs reduced in a concentration-
dependent manner at concentrations > 10 umol/L. while the
beating rate of LQT-hiPSC-CMs increased at 0.3 pmol/L
and 3 pmol/L (Figure 5F). Evaluation of the concentration-
dependent effects of Dasatinib on WT- and LQT-hiPSC-CMs
demonstrated IC, values of 27.34 pmol/L and 23.30 pmol/L,
respectively (Table 2).

When both types of cell colonies were examined by
fluorescence microscopy, increased CX-43 expression around
some cell nuclear and decreased CX-43 expression between
cell gaps was noted at 30 pmol/L on Dasatinib-treated
WT- and LQT-hiPSC-CMs colonies (Figure 6A and 6B).

Dasatinib could increase the activity of Caspase-3/7 protein
in a concentration-dependent manner at > 0.3 umol/L on WT
(except 3 pmol/L)- and LQT-hiPSC-CMs (Figure 6C).

Effects of Lapatinib: Lapatinib reduced the CI of both
WT- and LQT-hiPSC-CMs in a concentration-dependent
manner, indicating its inhibitory effect on the growth and
adherence of cells at concentrations > 10 pmol/L (Figure
7A and 7B). Lapatinib affected pulse signals of both WT-
and LQT-hiPSC-CMs in a concentration-dependent manner
and abolished the cellular automaticity at 3 umol/L and 10
pmol/L, but the latter CMs showed signs of recovery at 3
pmol/L (Figure 7C and 7D). The beating rate was reduced
in a concentration-dependent manner at concentrations >
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Figure 5: Effects of Dasatinib on WT- and LQT-hiPSC-CMs. Effect of Dasatinib on cell index (CI) of A WT- and B LQT-hiPSC-CMs. Effect
of Dasatinib on transient pulse patterns of C WT- and D LQT-hiPSC-CMs. Effect of Dasatinib on beating rate of E WT- and F LQT-hiPSC-
CMs. Data are means =+ standard error of the mean (SEM) of n = 3-6 experiments. *p< 0.05 and **p < 0.01 compared to control (DMSO).

3 umol/L on WT-hiPSC-CMs and at concentrations > 10
pmol/L on LQT-hiPSC-CMs (Figure 7E and 7F). Evaluation
of the concentration-dependent effects of Lapatinib on WT-
and LQT-hiPSC-CMs demonstrated IC,, values of 6.87
umol/L and 10.89 umol/L, respectively (Table 2).

When both types of cell colonies were examined by
fluorescence microscopy, increased CX-43 expression around
some cell nuclear and decreased CX-43 expression between
cell gaps was noted at > 3 umol/L and wrinkled morphology
was noted at 30 pumol/L on Lapatinib-treated WT-hiPSC-CMs
colonies (Figure 8A). Decreased CX-43 expression between
cell gaps was noted in a concentration-dependent manner at
> 3 pumol/L on Lapatinib-treated LQT-hiPSC-CMs (Figure
8B). Lapatinib could increase the activity of Caspase-3/7

protein in a concentration-dependent manner at > 10 pmol/L
on WT-hiPSC-CMs and at > 30 pmol/L on LQT-hiPSC-CMs
(Figure 8C).

Discussions

Drug-induced cardiotoxicity is one of the main reasons
for drug clinical trial failure or withdrawal from the market.
Cardiotoxicity has received extensive attention from drug
regulatory authorities and R&D institutions in various
countries [8, 9]. Tyrosine kinase inhibitors, as small-molecule
targeted therapy drugs, play an important role in the treatment
of hematological malignancies and solid tumors, but potential
cardiotoxicity and other side effects limit their efficacy [10].
Crizotinib, a receptor TKI with several targets including
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Figure 6: Effect of Dasatinib on CX-43 expression of A WT- and B LQT-hiPSC-CMs. C Effect of Dasatinib on
Caspase-3/7 activation in WT- and LQT-hiPSC-CMs. Data are means =+ standard error of the mean (SEM), n = 3.
*p <0.05 and **p < 0.01 compared to control (DMSO).
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Figure 7: Effects of Lapatinib on WT- and LQT-hiPSC-CMs. Effect of Lapatinib on cell index (CI) of A WT- and B LQT-hiPSC-CMs. Effect
of Lapatinib on transient pulse patterns of C WT- and D LaQT-hiPSC-CMs. Effect of Lapatinib on beating rate of E WT- and F LQT-hiPSC-
CMs. Data are means =+ standard error of the mean (SEM) of n = 3-6 experiments. *p< 0.05 and **p < 0.01 compared to control (DMSO).

c-ros oncogenel (ROS1) and MET protooncogene (MET),
is mainly used to treat anaplastic lymphoma kinase (ALK)-
positive advanced non-small cell lung cancer (NSCLC). The
most frequent Crizotinib-related cardiotoxicities reported in
clinical trials were QT interval prolongation and bradycardia
[11, 12]. Consistent with these clinical findings, slowing of
the beating rate was observed in our study. Crizotinib reduced
the CI of both WT- and LQT-hiPSC-CMs > 3 pmol/L in
a concentration-dependent manner, which indicates the
cytotoxic effect may be the reason for the cardiotoxicity of
Crizotinib. Decreased CX-43 expression between cell gaps
at > 1 pmol/L and increased activity of Caspase-3/7 protein
at > 3 umol/L were noted on WT-hiPSC-CMs; decreased
CX-43 expression between cell gaps and increased activity
of Caspase-3/7 protein were noted at > 1 umol/L on LQT-

hiPSC-CMs. These findings suggested that damage to the
CX-43 protein and activation of the Caspase-3/7 pathway
are responsible for the negative inotropy of Crizotinib.
Furthermore, LQT-hiPSC-CMs showed a higher sensitivity
to Crizotinib-induced cardiotoxicity than WT-hiPSC-CMs.
Sunitinib targets vascular epidermal growth factor receptor
1 (VEGFR1)-3, platelet-derived growth factor receptor
(PDGFR)-a and -B, and colony-stimulating factor 1 receptor
(CSFIR) [23]. This agent is known for its therapeutic effect
on renal cell carcinoma, chronic myeloid leukemia, imatinib-
resistant gastrointestinal stromal tumors, pancreatic cancer,
and neuroendocrine tumors [2, 14, 15]. The cardiotoxicity
of Sunitinib has been reported in several clinical trials and
it causes hypertension and myocardial ischemia frequently
because it inhibits blood circulation [16, 17]. In the
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Figure 8: Effect of Lapatinib on CX-43 expression of A WT- and B LQT-hiPSC-CMs. C Effect of Lapatinib on
Caspase-3/7 activation in WT- and LQT-hiPSC-CMs. Data are means =+ standard error of the mean (SEM), n = 3.
*p <0.05 and **p < 0.01 compared to control (DMSO).
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cardiovascular system, the tyrosine kinase inhibition induced
by Sunitinib impairs cellular signal transduction, cell cycle
regulation and metabolism, and transcription [18]. In our
study, decreased beating rate at > 0.3 umol/L and decreased
CI at 10 umol/L were noted on WT- and LQT-hiPSC-CMs
with the IC,, value of WT-hiPSC-CMs greater than that of
LQT-hiPSC-CMs. Decreased CX-43 expression between cell
gaps was noted at > 1 pmol/L WT- and LQT-hiPSC-CMs.
Increased activity of Caspase-3/7 protein was noted at > 3
pmol/L on WT-hiPSC-CMs and at > 0.1 pmol/L on LQT-
hiPSC-CMs. These findings suggested that damage to the
CX-43 protein and activation of the Caspase-3/7 pathway
are responsible for cell apoptosis of Sunitinib. Furthermore,
LQT-hiPSC-CMs showed a higher sensitivity to Sunitinib-
induced cardiotoxicity than WT-hiPSC-CMs.

Dasatinib was approved by the US Food and Drug
Administration (FDA) in 2006 as a small-molecule BCR-
ABLI1-targeted TKI. Its cardiovascular toxicities include
pleural effusions, pulmonary arterial hypertension, and QT
interval prolongation [19-21]. Compared to other TKIs,
Dasatinib is thought to have relatively few cardiac side
effects because the mean QT interval change is only 3-13 ms
[22] at the therapeutic concentration combined with the C
of Dasatinib at the human clinical therapeutic concentration
(about 0.21 pmol/L) [23]. In agreement with this notion, in
this study, the effects of cardiotoxicity for Dasatinib were less
than that of the other tested TKIs, although slight changes were
noted in the beating rate, CX-43 expression, and the activity
of Caspase-3/7 protein on both types of cells up to 30 pumol/L.
Lapatinib targets human epidermal growth factor receptor 2
(HER2, HER2/neu, or ErbB2) and epidermal growth factor
receptor (EGFR)/HERI1 and is used in combination with
capecitabine for the treatment of ErbB2 overexpression in
advanced or metastatic breast cancers [24]. The most common
clinical manifestation of the cardiotoxicity of Lapatinib is
decreased left ventricular ejection fraction (LVEF), although
the underlying mechanism is still not completely understood
[25]. Likewise, in our study, a decreased beating rate was
noted at > 3 umol/L on WT-hiPSC-CMs and at > 10 umol/L
on LQT-hiPSC-CMs. Additionally, decreased CI at > 10
pmol/L and decreased CX-43 expression between cell gaps
at > 3 umol/L were noted on both WT- and LQT-hiPSC-
CMs, and an increase the activity of Caspase-3/7 protein was
noted at > 10 pumol/L on WT-hiPSC-CMs and at > 30 umol/L
on LQT-hiPSC-CMs. However, the effects of Lapatinib on
the beating rate and the activity of Caspase-3/7 protein of
both WT- and LQT-hiPSC-CMs were basically the same by
comparing the IC,  values of Lapatinib on the beating rate
and the Caspase-3/7 protein content of the two type’s cells.

Conclusions
In conclusion, we found that WT-hiPSC-CMs and
LQT-hiPSC-CMs from different sources exhibited similar
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responses to several TKIs. When reached a relatively stable
state, the two types of cells' beat frequency, amplitude, and
irregularity index were basically the same. Of the four tested
drugs, Crizotinib, Sunitinib, and Lapatinib induced a higher
degree of cardiotoxicity than Dasatinib, and Dasatinib was
considered to be a relatively safe and effective drug, as
previously reported. The current study provides valuable
information on the mechanisms by which TKIs affect cardiac
myocardial contraction of both WT- and LQT-hiPSC-CMs.
Moreover, LQT-hiPSC-CMs showed a higher sensitivity to
Crizotinib and Sunitinib-induced cardiotoxicity than WT-
hiPSC-CMs, which indicates LQT1 patients should exercise
extreme caution with Crizotinib and Sunitinib. The results
of this study could contribute to providing a platform for
precision medicine and drug screening in the future. HiPSC-
CMs from healthy volunteers have the potential used for
drug screening and cardiotoxicity evaluation, providing a
more complete understanding of the mechanism of drug
cardiotoxicity. HIPSC-CMs from patients could be used to
understand disease mechanisms and screened therapeutic
drugs, which is conducive to the development of personalized
diagnosis and treatment.
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Patch clamp analysis of NovoCell™ Cardiomyocytes
Electrophysiological characteristics of NovoCell™ Cardiomyocytes were analyzed by manual patch clamp.

Electrophysiological characteristics

Test parameter Action Potential | RMP (mV) | APA{(mV) | APD90 (ms) | APD50 (ms) | Vmax (V/S)

Result Ventricular-like 633 108+1 502189 450 £ 80 34+ 17

50mv

200ms

Representative ventricular-like action potential profiles of NovoCell™ Cardiomyocytes from the same
batch.
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Immunofluorescence analysis of a-Actinin and ¢TnT expression in NovoCell™ Cardiomyocytes

NovoCell™ Cardiomyocytes were labeled for a-actinin and cTnT (Green). Nuclei were labeled with Hoechst
(Blue).
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Flow cytometry analysis of cardiomyocyte marker cTnT expression in NovoCell™ Cardiomyocytes
NovoCell™ Cardiomyocytes were labeled for cTnT to ensure purity.
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CERTIFICATE OF ANALYSIS

PRODUCT: NovoCell™ Cardiomyocytes
CAT NO.: NC20300002

LOT NO.: 201904042

DATE OF REPORT: 20 May 2019

PRODUCT DESCRIPTION

NovoCell™ Cardiomyocytes are human iPSC-derived cardiomyocytes suitable for drug screening, toxicity
evaluation and other in vitro applications.

This product was manufactured in a GMP facility.

Viability

TEST DESCRIPTION SPECIFICATION RESULT
Cell Number >2 X 10° cells Pass
Post-Thaw Recovery >70% adhere Pass
Sterility

TEST DESCRIPTION SPECIFICATION RESULT
Bacteria Negative Pass
Fungi (Yeast and Mold) Negative Pass
Mycoplasma Negative Pass
Characterization

PLURIPOTENCY MARKERS SPECIFICATION RESULT

Cardiac Troponin T {cTnT) >90% cTnT Pass
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CERTIFICATE OF ANALYSIS

PRODUCT: CardioEasy®™ Human Cardiomyocytes
Cat NO.: CA2201106
LOT NO.: FI18GI162
PRODUCT DESCRIPTION
CardioFasy® Human Cardiomyocytes are a ready-to-use, high purity human iPSC-derived
cardiomyocytes suitable for drug screening, toxicity evaluation and other in vitro applications. The

product is produced using the highly efficient cardiomyocytes directed differentiation and purification

of Cellapy® Co.,LTD..
TEST PARAMETER:

Test Description Specification Result
Viable Cells/Vial 1.0x10% at thaw by trypan blue exclusion Pass
Mycoplasma No contamination detected Pass
Sterility No contamination detected Pass

MICROELECTRODE ARRAY TEST:

Test Beat Period(s) FPD(is) FPDc(Fridericia | Spike Amplitude
Parameter: ms) (mV)
Result 1.3+0.1 412 £33 381 +£32 0.6+03

B: Electrode 13 Stable Beats gt M_13 Average Beat

Voltage (mv)
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Beijing Cellapy biotechnology Co,LTD.  TEL : 010-69737398  http://www.cellapybio.com  E-Mail : support@cellapybio.com
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