http://rjms.iums.ac.ir Ve wanl Y olas YA 003 15jl) g Saisjs ogle alan

B ki ) ‘f'vw"""efm" e

&

£
f
il

gy Al ] '

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.5.1 ]

B S low b b 0 S 5 sloga (3wl 43 Sl (s> (SO ST g (b5 od Cuor!

el <l (ool ST oSl (ol 5 pole o1y ((gulish Can 09,5105 5> sl 1 y2 (B 0,5

S5 0l ol clpl (S pole ot o) w3 Gope 5 8 lopd 5 (e (o Bisel [Sy0 i aley 8 Go e 9 8 Slado S50 bl 1L S LG LGS
Ol ol ol (K pole ol (o) dted Goye 9 B loyd 9 S (oBjgel 35 pe o By 5 (ol M Dliiow

Ol el Olal (S5 pole SRl (o) ed Gope 9 8 (Glopd 9 (o (o Bisel p0  Fope 5 (S M0 o 35 e il 1 ped] e

el oMol o1 ol8etsls (i 5 psle doly bt Canms) 09,5 il 1 21 Toped

#) Al 0l ol (S35 pole oA (ale) ke B985 B oy 5 Sl (50l 3 0 1l A5 Ggp 5 B Sl 3 e il 1)L 9o i
Malakootian@rhc.ac.ir (Jgws ot

Sjmowla@yah00.CoM (st oxiws s #) lpl (s (o0 S5 09,5 < st pole 03581 ¢ poyda a3 ol&sils bl 2 Jgo 3lga s

oS
Lojlganls _ )
Regenerative ) Ll (Sosp a1 Logas (ol 03) o 4 pled sly ol ool sla ol (Ul 1802 g diuwe
b alae b Jobw ples s ol 355l Sl b g yloss 55 B pao s (sl ls B ¢ o ol bl 03,5 s 355 4, (o0l 5 4255 (Meedlicine
‘Lﬁ‘@ dthd)l"") u;l);l_.u S o UL‘“’ l) @JU.;L..M) s)sle 9 JDIS\L& dl“uf}iﬁ loss Loy )'3)4‘ 4 b as oolo L;LmJ}L.; 5o Sudo ‘:.15
et i mp dlllas ol 51 Bam )l (60L5 Cenl N VILIO Lylyis )3 (B (sl Joboo il 51 55Vl 0 & (s sz los il dasgs
@bl ¢

ol UJS d\.hd)\.a:)' leh){)lx:% @LJL.» » lmoi L:A:Aﬂl “*r 9 UJS dLhJ}Lu LY )JLQ.; » ul" u}Lm dl)l.) dlmoj

by el 1 sl 3l B el sl 5 ool sl sk slaaises RNA-SEQUENCING jI Lol pls (sla bbb luz) 1,8 g,
aSe Lo R g asby 1sj 1o ol @slis eyl sl s plogl baiged U1 sy g oel cussy GSE76523 o)los |
5 B lacsilon 5 (Sefsdon (sloatlp (SIS (slaje adox Sl Lagys (63, Shos JIUT (o 15 (3l DESEQ2
85 B ey 090 2T gy ol Sl S Sla S iyl (se95909)S slacuBse

oy L ogmy il gl Gials 50 5 VEAY 5 ol iolisl (ghyls Jlaisygn (cbadiges w5 (5VEEY 0 ol oo (asly
JTNNT2 MYL2 ACTC1 . TPM1 .TNNC1 MYBPC3 TTN sile olayjas e ie 3,y Soe slailll
Sy ipmle Slgend)lS g (oLl Slsena)lS )3 o0 5 (B ladshs 2l )3 o2 & dn oy dex s MYHT s MYHG
slacusdse e3> sy 4 Chrllpl o chrllg2l chrdq ChrSpll Legjses)S clacumdse ouoman g cudls xalgs jid
Ve VY iedl s g i3 ol ol Sl o) o ) ke (293509,
DRRVAN/E B oS 2 sl (ol gla S loges (alulis sl slozel LB lag) 4 (ol & e > (J5Sse sla gy ooy 16 5 Aot
sl 3908 (Gl B3 g )15 dmwgs (KB G SRS (4lp

e 015 55 e 5, a5
sl b Bgpe 5 B ey 5 Silidos (bjgel 3 s kS Cylos puie

lio oyl 4 ol gl
Gholipour A, Shakerian F, Zahedmehr A, Irani S, Malakootian M, Mowla SJ. The Importance of Cardiac
Differentiation of Human Embryonic Stem Cells in Identifying Biomarkers Associated with Heart Disease. Razi
J Med Sci. 2021;28(12):153-165.

sl 4383 < 3940 CCBY-NC-SA 3.0 by Galao ST i w3 yg0043 allie oyl plibisl™

YoY


http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://rjms.iums.ac.ir/
http://rjms.iums.ac.ir/
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.5.1
https://rjms.iums.ac.ir/article-1-6427-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.5.1 ]

Razi Journal of Medical Sciences. 2022;28(12):153-165. http://rjms.iums.ac.ir

\e2IPaIAl JO Asianiun ued)

22
’)0

‘ Original Article

The Importance of Cardiac Differentiation of Human Embryonic Stem Cells in
Identifying Biomarkers Associated with Heart Disease

Akram Gholipour: PhD Student, Department of Biology, Science and Research branch, Islamic Azad University, Tehran,
Iran

Farshad Shakerian: Professsor, Cardiogenetic Research Center, Rajaie Cardiovascular Medical and Research Center, Iran
University of Medical Sciences, Tehran, Iran, & Cardiovascular Intervention Research Center, Rajaie Cardiovascular
Medical and Research Center, Iran University of Medical Sciences, Tehran, Iran

Ali Zahedmehr: Associate Professsor, Cardiovascular Intervention Research Center, Rajaie Cardiovascular Medical and
Research Center, Iran University of Medical Sciences, Tehran, Iran

Shiva Irani: Associate Professsor, Department of Biology, Science and Research branch, Islamic Azad University, Tehran,
Iran

Mahshid Malakootian: Associate Professsor, Cardiogenetic Research Center, Rajaie Cardiovascular Medical and Research
Center, Iran University of Medical Sciences, Tehran, Iran (* Corresponding author) Malakootian@rhc.ac.ir

Seyed Javad Mowla: Professsor, Department of Molecular Genetics, Faculty of Biological Sciences, Tarbiat Modares
University, Tehran, Iran (* Corresponding author) sjmowla@yahoo.com

Abstract

Background & Aims: An adult heart has limited regenerative potential, resulting in many Key\_Nords
problems such as ischemic heart disease and diseases in which heart muscle cells C_ardlom_yo_cyte cells
(cardiomyocytes) become defective, leading to heart failure. Since therapies for heart disease differentiation,
and heart transplants are limited due to the small number of heart donors, the ability of Heart disease,
pluripotent stem cells to differentiate into heart disease, especially in regenerative medicine, Stem cells

has received considerable attention. Recently, stem cells can be induced to produce

functional cardiomyocyte cells using a variety of methods (1-3). As a result, the formation of

heart muscle cells from stem cells requires a deep understanding of the molecular processes

involved in the evolution of myocardial cells(7). The aim of this study was to investigate

genes with differential expression between embryonic stem cells and differentiated

cardiomyocyte cells by bioinformatics analysis. Furthermore, we show the importance of

these genes in the development of heart disease in order to utilize this model to achieve more

appropriate biomarkers for heart diseases which are effective in both cardiac differentiation

and heart disease.

Methods: RNA-sequencing samples of embryonic stem cells (hESC) and differentiated

cardiomyocyte cells were obtained from the dataset number GSE76523 (14). FastQC

software was used to check the quality of the raw data reads. Adapter sequences and low

quality sequences were removed using Trimmomatic software, version 0.36. Using HISAT2 Received: 04/10/2021
software, version 2.1.0, the sequences were aligned with the genome, and using the .
annotation reference obtained from the UCSC database and HTSeq software, version 0.9.1, Published: 22/02/2022
the reading count of each gene was obtained and using DESeq2 Package in the R program.

Genes with differential expression between stem cell samples and differentiated cells were

isolated. To evaluate the functional analysis of genes with differences in expression between

the two groups, the KEGG and Enrichr databases were used to examine important pathways

and biological processes in which genes with differential expression were involved. In the

ClinVar and DisGeNET databases, it was determined which genes with differential

expression would play a role in heart diseases. In addition, using the database of

chromosomal location, important chromosomal positions of genes with differential

expression between the two groups were analyzed.

Results: Our results showed that between the two groups, 1463 and 1682 genes had

increased and decreased expression, respectively. Functional analysis and examination of

disease databases demonstrated genes with differential expression had essential roles in
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dilated cardiomyopathy (DCM), hypertrophic cardiomyopathy (HCM), arrhythmogenic right
ventricular cardiomyopathy (ARVC), adrenergic signaling in myocardial cells, myocardial
contraction, and myocardial infarction. Moreover, chr5pll, chr4q, chrllg2l and chrllpl
locations correspondingly were important chromosomal positions among genes with
differential expression. Interestingly, it was found that genes involved in the differentiation
of cardiomyocyte cells can also be involved in heart diseases as well. Among the genes with
differential expression that were examined in different functional analyzes, genes including
TTN, MYBPC3, TNNC1, TPM1, ACTC1, MYL2, TNNT2, MYHS6, and MYH7 were
important genes in both cardiac differentiation and heart diseases, especially different types
of cardiomyopathies.

Conclusion: As the prevalence of cardiac disorders such as cardiomyopathies is increasing
and due to the limitations of existing experimental models, suitable progress in treatment
strategies for these disorders has not been encountered. One of the important factors in the
development of cell-based models in heart disease is the existence of reliable methods for the
production of heart cells from stem cells (17,18). In the present study, by investigating the
signaling pathways and database, it was found that genes with differential expression in the
differentiation of stem cells into heart cells can play a role in causing various heart diseases,
especially dilated DCM and HCM. Better understanding of the underlying pathological
mechanisms of these diseases will help prevent disease progression (24).

In addition, we introduced genes which are involved in both cardiac cell differentiation and
cardiomyopathy via bioinformatics analysis. Among them, TTN, MYBPC3, TNNC1, TPM1,
ACTC1, MYL2, TNNT2, MYH6 and MYH?7 genes were found to be involved in patients
with dilated cardiomyopathy as well as hypertrophic cardiomyopathy. All of these genes
were expressed in cardiac cells resulting from stem cell differentiation. Studies have shown
that heterozygous mutations in the sarcomroponin T (TNNT2) protein, which were produced
by induced stem cells, impaired calcium control and decreased contraction (27,28). Other
stem cell models have examined the effect of LMNA encoding genes (LMNA A/ C) and
TTN on cardiomyopathy, and have found that TTN mutations are associated with heart
disease, especially dilated cardiomyopathy (31). Other studies have shown sarcomere protein
mutations, -myosin heavy chain mutations, and MYH7 genes are associated with
hypertrophic cardiomyopathy (32).

In this disease stem cell models with mutations in MYH7 and MYBPC3, showed many of
the features of the disease, such as cell enlargement, sarcomere disorder and contraction, as
well as altered gene expression in calcium administration (33,34). Mutations in the TNNC1
gene also play a central role in the development of hypertrophic cardiomyopathy (38). A
study of a large family with familial hypertrophic cardiomyopathy showed that a mutation in
the TPM1 gene was associated with the clinical features of cardiac hypertrophy (39). Studies
highlight an important role for MYL2 phosphorylation as an important contractile protein in
the adult heart. These studies further show that the disappearance of mediated
phosphorylation mechanisms in this gene causes dilated cardiomyopathy. Further studies
have shown that in the model of hypertrophic cardiomyopathy using human cell-derived
stem cells (hiPSC-CMs), the presence of cardiac actin E99K-ACTC1 mutation causes
abnormal phenotypes in the produced hiPSC-CMs (40,41). In this study, important
chromosomal positions including chr5pl1, chrdq, chrllg21l and chrllpl were introduced,
which suggested that these positions may play a role in heart diseases, especially
cardiomyopathies. Studies have not yet addressed the role of these chromosomal positions in
heart diseases. Therefore, more detailed study and attention to tissue origin genes as well as
studies of important chromosomal positions will be needed to achieve more specific
biomarkers for the heart diseases and clarify the mechanisms of the heart diseases as well as
cardiomyocyte differentiation.
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Index Name P-value Adjusted p-value  Odds Ratio  Combined score
1 Heart development (GO:0007507) 3.583e-10 9.142e-7 2.38 51.70
2 Cardiac muscle tissue 2.960e-10 0.000001510 4.08 89.60

morphogenesis (GO:0055008)

3 Heart contraction (Go0:0060047) 4.842¢-8 0.00006177 3.34 56.28

4 Myofibril assembly (G0O:0030239) 4.038e-8 0.00006868 3.27 55.67

5 Cardiac muscle cell development 1.521e-7 0.0001552 3.96 62.17
(G0:0055013)

6 Circulatory system development 1.951e-7 0.0001659 2.33 35.99
(G0:0072359)

7 Cardiac myofibril assembly (GO: 3.658e-7 0.0002074 4.72 69.91

0055003)

8 Muscle contraction (GO:0006936) 3.261e-7 0.0002080 2.15 32.05

9 Sarcomere organization 2.914e-7 0.0002125 3.66 55.14
(G0O:0045214)

10 Cardiac muscle contraction 8.065-7 0.0003741 3.34 46.88
(G0:0060048)

11 Striated muscle contraction 7.665e-7 0.0003911 2.74 38.56
(G0O:0006941)

12 Ventricular cardiac muscle tissue ~ 0.000001634 0.0006948 3.34 44.52

morphogenesis (GO:0055010)

13 Response to muscle stretch 0.000001948 0.0007645 5.94 78.10
(G0:0035994)

14 Collagen fibril organization 0.000003908 0.001424 3.46 43.04
(G0O:0030199)

15 Cardiac muscle tissue development  0.000004459 0.001517 3.16 38.88
(G0:0048738)

16 Ventricular cardiac muscle tissue 0.000009648 0.003077 3.82 4410

development (GO:0003229)

17 Cardiac ventricular morphogenesis ~ 0.00001887 0.005665 2.80 30.43

(G0O:0003208)
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