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developmental processes, transcription factors have 

a crucial role in cardiogenesis. In addition to 

controlling heart growth and development, cardiac 

transcription factors are attributed to play a role in 

managing stress to the heart tissue, which may cause 
1cardiac hypertrophy.  Cardiac hypertrophy is a 

thickening of the heart muscles as a cellular response 
1 , 2of cardiomyocytes to stress.  Prolonged 

hypertrophy resulting in thickened ventricular walls 
3,4may also lead to heart failure.  Myocardial 

dysfunction can occur as a result of various 

pathological and biomechanical reasons; however, 

common transcriptional alterations in the final 

pathway of sarcomeric gene expression have been 

reported to occur in different types of pathologic 

hypertrophy, which makes it plausible to consider 
1

cardiac hypertrophy as a regulatory disorder.  
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ABSTRACT
Objective: To check which of the eight pro-hypertrophic transcription factors bind in abundance to a set of 140 
functionally confirmed cardiac enhancers aiming to identify potential therapeutic targets for delaying the onset 
of cardiac hypertrophy. 

Study Design: Bioinformatics, in-Silico Study.

Place and Duration of Study: The study was conducted at the Department of Biological Sciences, National 

University of Medical Sciences (NUMS), Rawalpindi, Pakistan, from January 2022 to December 2022.

Methods: For experimentally verified human and mouse noncoding regions with gene enhancer activity 

measured in transgenic mice, VISTA Enhancer Browser was used to obtain 140 cardiac-specific functionally 

confirmed enhancers. Among these enhancers, transcription factor binding sites were computationally 

mapped to assess transcription factor occupancy. The binding sites for all eight transcription factors were 

screened in the collective set of 140 cardiac enhancers via an in-house script. 

Results: In this study, among a small set of eight pro-hypertrophic transcription factors, occupancy of 

transcription factor HAND (Heart- And Neural Crest Derivatives-Expressed Protein) was found to be maximum 

in the collected pool of functionally confirmed cardiac enhancers.  

Conclusion: The transcription factor HAND was found to have maximum binding occupancy among a set of 

experimentally confirmed cardiac enhancers. 
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Introduction
Gene Regulation has a paramount importance in cell 

growth and differentiation, which, in large part, is 

controlled by a set of tissue-specific transcription 
1factors.  Transcription factors are DNA-binding 

proteins that bind to particular sequences and 
1 , 2  regulate transcription. Like many other 

22



regulatory elements known as enhancers, in a 

specific number and in a unique combinatorial 

preference with other transcription factors, happens 

to play a huge role in the precise spatiotemporal 
5regulation of the genes.  Enhancers are short DNA 

sequences that make up the distal category of cis-

regulatory elements and bring about the spatio-
5,6temporal expression of the gene(s).  Each enhancer 

has a set of transcription factor binding sites that 

may be ordered in a specific way along the length of 
6

the enhancer.  To drive gene expression, tissue-

specific coordination between an enhancer and 

several other regulatory elements (promoters, 
3

silencers, insulators) is required.  With its defined 

repertoire of transcription factor binding sites, each 

enhancer can drive gene regulation in a tissue-

specific manner at different developmental stages by 

recruiting RNA polymerase II and transcriptional 
6machinery's component to a gene's promoter.  

Enhancers can operate from as far as 1 mega base 

from their target gene(s). Several mechanisms have 

been proposed such as linking, looping, tracking, and 

transcription factor mobilization, with which 

enhancers can communicate with their target 

promoters and hence mediate the on/off 
7mechanism of gene expression in specific tissues.  A 

single gene can be operated by multiple enhancers, 

each of which has a different combination of bound 

transcription factors. In cardio genesis, several 

transcription factors have been reported to express 

in the myocardium and ultimately control the 

expression of genes responsible for cardiomyocyte 
8

development.  Keeping the context as mentioned 

above in mind, this study has focused on pro-

hypertrophic transcription factors and analyzed their 

binding sites in a pool of functionally confirmed 
9cardiac enhancers.  

Methods
The In-silico analysis was carried out at the 

Department of Biological Sciences, National 

University of Medical Sciences (NUMS), Rawalpindi, 

Pakistan from January 2022 to December 2022 after 

taking waiver certificate from ethical review 
thcommittee of the university held on 05  January 

2022,  v ide  exempted waiver  letter  no:  

06/IRB&EC/NUMS/01. In order to see which of the 

pro-hypertrophic transcription factors display 

profuse binding instance with the cardiac-

enhancers, we referred to the VISTA enhancer 

browser for the functionally confirmed repertoire of 
9enhancers.  VISTA enhancer browser till date is the 

most comprehensive repertoire of functionally 

confirmed enhancers in which the enhancer 

sequences have been experimentally validated in-
9vivo.  The enhancers currently present in VISTA are 

conserved across very long evolutionary distances, 

such as down to zebrafish and pufferfish, whereas 

others are conserved across relatively shorter 

evolutionary distances (chicken and frog). Among 

the current number of enhancers present in the 

VISTA enhancer database with enhancer activity 

confirmed, 140 enhancers were shortlisted for this 

study with an expression in the heart tissue. Cardiac 

enhancer collection was conducted in two parts. In 

the first part, 98 enhancers were shortlisted that 

showed expression in the heart tissue only. In the 

second part, 42 enhancers were included in the 

analysis that showed expression in the heart as well 

as other tissues. A set of eight pro-hypertrophic 

transcription factors and their respective DNA 
1binding sites were collected via a literature survey.  

The binding sites for all eight transcription factors 

were screened in the collective set of 140 cardiac 
10enhancers via an R script.  The screening and 

diagrammatic display of transcription factors over 
10

the enhancers was also conducted in R.  

Results
A stringent shortlisting standard was applied in the 

collection of cardiac enhancers in which functionally 

confirmed enhancers were shortlisted for the 
11

study.  This criterion avoided the chance of including 

any predicted noncoding regions that might not 
12

result in the enhancer activity when tested in vivo.  

Out of the 140 enhancers shortlisted, 98 enhancers 

had an expression solely in the heart tissue, whereas 

the remaining enhancers had an expression in the 

heart as well as the other tissues. Transcription 

factor binding sites for a subset of 8 pro-hypertrophic 

transcription factors namely GATA family members 

((A/T)GATA(A/G)), MEF-2 (CAT(A/T)GTA(G/A), Csx-

Nkx-2.5 (T(C/T)AAGTG, SRF & Myocardin 

(CC(A/T) GG), HAND (CANNTG), TEAD (CATTCC(T/A)), 6

and NFAT ((A/T)GGAAA(A/N)(A/T/C)N) were 
1

collected from literature.  The binding sites of the 
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aforementioned transcription factors were 

thoroughly examined across all 140 enhancers. This 

screening was divided into two parts; the first part 

included 98 enhancers that had a sole expression in 

the heart tissue, and the other part included the 

remaining 42 enhancers that had an expression in 

multiple tissues, including the heart tissue. This 

thorough screening in both parts resulted in an 

abundant presence of the HAND transcription 

factors (Figure 1 and Figure 2). The highest binding 

instance of HAND transcription factors was observed 

in the form of 37 binding sites in enhancer hs1963. 

Transcription factor binding sites of NFAT and GATA 

family members also had a reasonable presence 

among the enhancers of both the parts. 

Transcription factor binding sites for transcription 

factors TEAD and Csx-NKx-2.5 had a slight presence 

in all of the 140 enhancers. However, binding sites for 

SRF & Myocardin and MEF-2 had the scarcest 

presence in all of the 140 enhancers.

Discussion
Gene regulation is a crucial driver of a cell's 
translational output. Despite having an identical 
genome, each cell delivers a different set of proteins. 
This spatiotemporal control over a gene's expression 
is maintained by a variety of regulatory elements. It is 
reported that up to 20% of the human genome has a 

5
regulatory function.  Besides, 80% of the SNPs 
associated via genome-wide association studies 
have also been reported in the noncoding regions, of 
which regulatory regions make up a significant 

13
portion.  Among the regulatory regions, enhancers 
are the most widely categorized regulatory 
elements. Several studies have reported transgenic 
mice assays employed to determine the tissue-

14,15specificity of enhancers.  Enhancers are able to 
recruit transcription factors in several ways. The 
interaction between the contiguously bound 
transcription factors over an enhancer can be direct 
or through a co-factor. The nature of this interaction 
between the transcription factors bound directly or 
indirectly over an enhancer region can largely 
determine the transcriptional output of an 

16
enhancer.  However, transcription factors can also 
bind to an enhancer due to easier chromatin access, 
and the binding event does not always result in 

16
spatiotemporal control of the genes.  The 
transcription factor binding sites over the DNA in 
regulatory regions such as enhancers have a huge 

11,17role in organismic development.  A single base pair 
change in the binding site can hugely impact the 
binding affinity of a transcription factor. Due to a 
single nucleotide change in the regulatory region, a 
transcription factor can either bind very strongly or 
with less affinity to a transcription factor binding 

18,19site.  Comparative analysis of enhancers between 
the species has also shown the lack of the binding 

11,20
event due to a nucleotide change.  In the case of 
cardiac muscle differentiation genes, a large number 
of transcription factors have been reported that play 
a maladaptive regulatory role in cardiac 

1hypertrophy.  These factors have a robust activity in 
hypertrophic responses and therefore given the 
name hypertrophic transcription factors. In this 
study, a set of 140 enhancers was analyzed and 
scanned for the occurrence of eight transcription 
factors. The extensive binding event over all of the 

Fig 1: Heatmap for the 98 Heart-specific Enhancers (The 
heat map shows maximum transcription factor (TF) 
occupancy for the HAND protein) 

Fig 2: Heatmap for the 42 Heart and other tissue 
enhancers (The heat map shows the maximum 
transcription factor (TF) occupancy for the HAND 
protein)
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140 enhancers was found to be that of transcription 
factor HAND. HAND proteins belong to a well-
conserved class of transcription factors comprising 

21of the basic Helix-loop-Helix structural motif.  Hand 
proteins exhibit a well-known function in many 
developmental processes in vertebrates, such as 

22neurogenesis and cardiogenesis.  In higher 
vertebrates, two paralogs of the HAND proteins 
namely HAND1 and HAND2 are expressed in the 
developing heart along with the neural crest cells 

22and lateral plate mesoderm.  
Conclusion
In sum, this study outlines the function of cardiac 
transcription factors in cardiac hypertrophy, with a 
focus on how they may be convergent targets for 
existing therapy and may present an appealing 
therapeutic targets to delay the onset of heart failure 
and sudden death. Moreover, the single nucleotide 
changes within the binding sites of the cardiac pro-
hypertrophic transcription factors may also prove to 
be useful in understanding the overall evolution of 
the human heart anatomy in its present form.
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