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Abstract
Background: Heart disease has been identified as one of the main causes 
of heart attack; moreover, it is known to result in the death of billions of 
cardiomyocytes, which cannot be reproduced and replaced. The remaining 
cells are often faced with a significant increase in hemodynamic burden. 
Repairing the heart after an attack or other cardiovascular disease has eluded 
medical science. The ability to repair the heart muscles using the own cells 
of a patient who had suffered from a heart attack is a long-sought goal to 
regenerate healthy new tissues. Cell sources for cardiac disease treatment 
include human embryonic stem cells (hESCs), which are known to have 
the capacity to differentiate into chondrocytes, osteoblasts, adipocytes, 
and cardiomyocytes. Cardiac fibroblasts are present in large numbers in 
the heart; they are known to be involved in the repair of the structural, 
biochemical, mechanical, and electrical properties of the myocardium. 

Methods: Here, we present the use of Metadichol for the treatment of 
hESCs and human cardiac fibroblasts, wherein it resulted in the increase 
in the expression of the key cardiac progenitors ISL1, NKX2-5, and 
GATA4, WT-1, KIT, determined to be crucial in heart development. We 
characterized their mRNA expression by qRT-PCR and protein expression 
by Western blot.

Results: Treating hESCs with Metadichol at a concentration of 1 nanogram 
for 24 h has led to the enhanced gene expression of ISL1 (67-fold), GATA4 
(7.5-fold), NXK2-5 (4.35-fold), Kit (10.41-fold) and WT1(4.99-fold). 
In human cardiac fibroblasts treated with 100 picogram of Metadichol, 
increases of ISL1 (1.77-fold), NKX2-5 (19.82-fold), and GATA4 (19.9-
fold) kit (12.23-fold) and WT1(1.87-fold) were seen. 

Conclusions: These cardiac progenitors play a role in heart diseases, 
especially ISL1, which has been suggested to be a single source for the heart 
lineages and its development. Given the fact that Metadichol is nontoxic 
and safe it can be directly tested in humans skipping other procedures being 
employed today and improvements monitored non-invasively. possibility 
of the direct use of Metadichol in patients with heart disease, as it has no 
known toxicity and is commercially available and marketed worldwide.

Keywords: Fibroblasts; Cardiac progenitor markers; GATA4; 
Cardiomyocytes; NKX2-5; WT1; ISL1; c-kit; Metadichol VDr; Inverse 
agonist; Vitamin C.
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Abbrevations:
Gene            Description 

ISL1            Insulin Gene Enhancer Protein ISL-1

WT1            WT1 transcription factor

NKX2-5            NK2 homeobox 5

KIT            KIT proto-oncogene, receptor tyrosine kinase

GATA4            GATA binding protein 4

Introduction
More than 12 million people are reported to die annually 

from heart failure worldwide. Moreover, 2.5 million children 
are born with congenital heart disease yearly [1], and many 
of them will eventually develop heart failure. When the 
heart muscle is damaged and unable to cope with metabolic 
challenges, this may lead to a heart attack. Unlike some 
tissues, the heart muscle has a limited capacity for self-
repair. Scar tissue often cannot transmit electric impulses 
and contract, often leading to heart failure or even death. 
The heart cannot replace cardiomyocytes that are lost due 
to cardiac injury. Heart transplantation is the only treatment 
for end-stage heart failure. Patients who suffer from other 
severe medical conditions are not candidates for this therapy. 

Additionally, there remains an insufficient supply of donated 
hearts to meet the demand of the growing number of patients 
with end-stage disease, and this procedure is not universally 
available. Therefore, alternative treatments to stimulate heart 
regeneration are significantly needed to treat end-stage heart 
disease and congenital defects. Approaches to increase the 
number of cardiomyocytes in the adult heart could involve 
stimulation and proliferation of existing cardiomyocytes, 
activation of endogenous cardiac progenitor cells, or 
transplantation of in vitro derived cardiomyocytes into the 
injured area. Converting cardiac fibroblasts by reprograming 
them into cardiomyocytes has been identified as one option for 
patients with heart diseases [2]. Cardio-differentiating factors 
are needed to balance the suppression of gene expression 
and the induction of angiogenic factors in fibroblasts. Some 
well-documented cardiac stem or progenitor cell markers 
are NKX2-5, c-kit (CD117), GATA-4, ISL1 (Islet-1), and 
WT1 [3]. Heart development (Figure 1) involves two kinds 
of cardiac progenitor cells, namely, the first heart field (FHF) 
and the second heart field (SHF). Malfunction of any of these 
heart field progenitors can lead to congenital heart defects. 
The two heart fields express unique biomarkers. ISL1 is 
the key marker for the differentiation of SHF cells, whereas 
NKX2.5 is a marker for both the FHF and SHF cells. 

Figure 1: Heart development model.
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increase when cardiac injury is present; it is often localized 
in the area where the infraction occurred, demonstrating the 
importance of WT1 in cardiac repair and regeneration. WT1 
expression is also needed for the development of the kidneys, 
gonads, and spleen [23].

C-KIT

In 2003, Beltrami et al. [24] reported the discovery of
c-kit expression in rodent’ cardiac cells that could potentially
lead to all cardiac lineages, including cardiomyocytes. C-kit
was co-expressed with Nkx2.5 and GATA-4 and has positive
effects on cardiac repair and regeneration .

GATA4

GATA4 along with NKX2‐5 can regulate cardiac gene 
expression and convert cardiac fibroblasts into functional 
cardiac cells in vitro and in vivo [25-28]. GATA4 plays a 
key role in cardiac signaling pathways with NKX2-5 in the 
regulation of cardiac development and hypertrophy.

NKX2-5

Nkx2-5 has been determined as one of the earliest markers 
of the cardiac lineage, and its role in embryonic development 
has been examined extensively [reviewed in [29-30]. It is 
expressed in the FHF and the SHF [31]. The role of Nkx2-5 
has also been examined at later stages of heart development 
using Nkx2-5 conditional null mice. These animals exhibited 
heart chamber dilatation and progressive heart failure [32]. 
After birth, Nkx2-5 is known to be expressed in the post-
natal heart, and its expression is significantly increased in 
hypertrophied hearts [33]. Mutations in the human NKX2-
5 gene may lead to congenital heart disease. Despite much 
progress in the field, major hurdles remain for human heart 
regeneration [34-36]. Based on previous knowledge, we used 
Metadichol [37], which is nontoxic [38-40], at concentrations 
of 1 picogram to 100 ng in stem cells and human cardiac 
fibroblast cells to establish the overexpression of the cardiac 
transcription factors NKX2.5, WT1, KIT, GATA4, and 
ISL1[41]. We characterized their mRNA expression by qRT-
PCR and protein expression by Western blot.

Materials and Methods
All work was performed by a service provider, Skanda 

Life Sciences (Bangalore, India).

Chemicals and Reagents
A549 cells, Colo-205 cells, and human cardiac fibroblast 

cells were obtained from ATCC (USA). Primary breast cancer 
cells were obtained from BIOIVT (Detroit, Michigan, USA). 
Primary antibodies were purchased from ABclonal (Woburn, 
MA, USA) and Elabscience (Houston, Texas USA). Primers 
(Table 1) were sourced from SahaGene (Hyderabad, India).. 
Additional reagents were obtained from Sigma-Aldrich, 
Bangalore, India.

The transcription factors c-kit, GATA4, WT1, ISL1, 
and NKX2.5 drive the morphogenic events involved in the 
formation of the multi-chambered heart. Progenitor cells are 
involved in the replacement of dead cardiomyocytes at a low 
basal level. The regulation of early factors such as NANOG, 
OCT4, and SOX2 is needed for pluripotency [4]. Metadichol 
already expresses these factors with stem as well as fibroblast 
cells [5]. Endothelial cells created during heart development 
are key for vessel formation, cardiac muscle cells for 
contractility, and cardiac conduction cells for the overall 
electrical activity of the heart [6]. Dysregulation of cardiac 
progenitor cells may lead to heart problems. Cells needed to 
repair the damaged heart muscle and other tissues could be 
derived from stem cells. Recent research has demonstrated 
the role of multipotent progenitor cells in the heart; it also 
demonstrated the processes on how pluripotent cells may 
aid in the expression of types of cells needed to treat certain 
human heart diseases. Transcription factors from cells at 
sites of damage can protect tissue from being damaged. [7]. 
Committed cells like fibroblasts can be programmed into 
induced pluripotent stem cells (iPSCs) [8]. Reprogramming 
can convert cardiac fibroblasts in the myocardium into 
cardiomyocytes [9] with the GATA4, MEF2C, and TBX5 
(GMT) [10] transcription factors. Somatic cells are also found 
useful since a patient’s own fibroblasts can be converted for 
specific use in cardiac diseases [11,12]. Cardiomyocytes 
derived from iPSCs or ESCs have been shown to improve 
cardiac function after transplantation of (c-kit+ enriched 
cardiac stem cells treatment in an ischemic heart led to 
formation of blood-carrying new vessels) [13,14]. Cardiac 
resident stem cells (CRSCs) can be another source of cells 
to treat heart diseases. CRSCs express GATA4, but not c-kit, 
NKX2.5, ISL1, or WT1. CRSCs can produce cardiovascular 
lineages and release cytokines implicated in angiogenesis, 
inflammation, and cell survival [15].

Overview of Cardiac Progenitor Cell Biomarkers
ISL1

One of the key cardiac progenitors is ISL1, which is 
known to generate diverse cardiovascular lineages [16,17,18]. 
ISL1 is an important heart progenitor factor, as it induces 
the development of the heart and cardiac muscle, smooth 
muscle, and endothelium. ISL1+ progenitors are present in 
different regions of the embryonic and adult heart, leading to 
the theory that it is a stem cell factor for the differentiation of 
various lineages in the heart [19,20].

WT1

Wilms’ tumor-1 (WT1) has been determined to play a 
major role in cardiac development [21] WT1 expression is 
seen in the proepicardium and the epicardium [22]. WT1 
expression is key for the development of the coronary 
vessels and fibroblasts. WT1 is expressed exclusively via 
the endothelial cells in the heart. WT1 expression is seen to 
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Maintenance and Seeding
The cells were maintained in the appropriate medium, with 

or without the required supplements and 1% antibiotics, in a 
humidified atmosphere of 5% CO2 at 37°C. The medium was 
changed every other day until the cells reached confluency. 
The viability of the cells was assessed using hemocytometer.

When the cells reached 70%–80% confluence, single-
cell suspensions containing 106 cells/mL were prepared and 
seeded into 6-well plates at a density of 1 million cells per 
well. The cells were incubated for 24 h at 37°C in 5% CO2. 
After 24 h, the cell monolayer was rinsed with serum-free 
medium and treated with Metadichol concentrations as has 
been described below.

Cell treatments
Different concentrations of Metadichol (1 pg/mL, 100 pg/

mL, 1 ng/ml, and 100 ng/mL) were prepared in serum-free 
medium. Subsequently, a Metadichol-containing medium 
was added to predesignated wells. Control cells received the 
medium without the drug. The cells were then incubated for 
24 h. After treatment, the cells were gently rinsed with sterile 
PBS.

Quantitative Real-Time PCR (QRT-PCR)
Rna Isolation

Total RNA was isolated from each sample using TRIzol. 
Approximately, 1 × 106 cells were collected in 1.5-mL 
microcentrifuge tubes. The cells were thereafter centrifuged 
at 5000 rpm for 5 min at 4°C, and the cell supernatant was 
discarded. Then, 650 µL of TRIzol was added to the pellet, 
and the contents were mixed well and incubated for 20 min on 
ice. Next, 300 µL of chloroform was added, and the samples 
were mixed for 1–2 min by gentle inversion and incubated 
for 10 min on ice. Then, the samples were centrifuged at 
12,000 rpm for 15 min at 4°C. The upper aqueous layer was 
transferred into a sterile 1.5-mL centrifuge tube, an equal 
amount of prechilled isopropanol was added, and the samples 
were incubated at −20°C for 60 min. After incubation, the 

mixture was centrifuged at 12,000 rpm for 15 min at 4°C. 
The supernatant was thereafter carefully discarded. The pellet 
containing RNA was washed with 1.0 mL 100% ethanol, 
followed by 700 µL of 70% ethanol via centrifugation, 
as described above. The RNA pellet was air-dried at room 
temperature for 15–20 min. Then, it was resuspended in 30 
µL of DEPC-treated water. The RNA concentration was 
quantified using a SpectraDrop (SpectraMax i3x, USA) 
spectrophotometer (Molecular Devices). Finally, cDNA was 
synthesized using reverse-transcription PCR (RT-PCR).

cDNA Synthesis
cDNA was synthesized from 2 µg RNA using the 

PrimeScript cDNA synthesis kit (Takara) and oligo-dT 
primers according to the manufacturer’s instructions. A 20 
μL reaction volume was used, and cDNA synthesis was 
performed on an Applied Biosystems instrument (Veriti). 
Then, qPCR was performed (50°C for 30 min followed by 
85°C for 5 min).

Primers and QPCR
The PCR mixture (at a final volume of 20 µL) contained 1 

µL of cDNA, 10 µL of SYBR Green Master Mix, and 1 µM 
specific forward and reverse primers for the respective target 
genes. PCR was performed under the following conditions: an 
initial denaturation at 95°C for 5 min, followed by 30 cycles 
of secondary denaturation at 95°C for 30 s, annealing at the 
optimized temperature for 30 s, and extension at 72°C for 
1 min. The number of cycles amplifying in the exponential 
range without reaching a plateau was selected as the optimal 
cycle number. The results were then analyzed using CFX 
Maestro software. Fold change was calculated using the fold 
change was calculated using the following equation.

(ΔΔCT Method)

The comparative CT method determined the relative 
expression of target genes to the housekeeping gene (β-actin) 
and untreated control cells.

The delta CT for each treatment was calculated using the 
formula.

Delta Ct = Ct (target gene) – Ct (reference gene)

To compare the delta Ct of individually treated samples 
with the untreated control sample, the Ct was subtracted from 
the control to obtain the delta delta CT.

Delta delta Ct = delta Ct (treatment group) – delta Ct 
(control group)

The fold change in target gene expression for each 
treatment was calculated using the formula. Fold change = 
2^ (−delta delta Ct)

Protein Isolation
Total protein was isolated from 106 cells with RIPA 

buffer supplemented with the protease inhibitor phenylmethyl 

Gene Name Sequence

ISL-1 Forward TACAAAGTTACCAGCCACC

Reverse GGAAGTTGAGAGGACATTGA

Gata4 Forward CCTGTCATCTCACTACGG

Reverse GCTGTTCCAAGAGTCCTG

Nkx2-5 Forward CACCGGCCAAGTGTGCGTCT

Reverse GCAGCGCGCACAGCTCTTTC

c-kit Forward TGGGCCACCGTTTGGAAAGCT

Reverse AGGGTGTGGGGATGGATTTGCTCT

WT-1 Forward CAGCTTGAATGCATGACCTG

Reverse TATTCTGTATTGGGCTCCGC

Table 1: Primers
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sulfonyl fluoride. The cells were lysed for 30 min at 4°C 
while gently inverted. Next, the cells were centrifuged at 
10,000 rpm for 15 min. The supernatant was transferred to 
a new tube. The Bradford method was used to determine the 
protein concentration, and 25 µg of protein was mixed with 
1× sample loading dye containing SDS and loaded onto a 
gel. Proteins were then separated in Tris-glycine buffer under 
denaturing conditions.

The proteins were then transferred onto methanol 
activated PVDF membranes (Invitrogen) using the Trans-
Blot Turbo system (Bio-Rad, USA). Nonspecific binding to 
the membranes was blocked via incubation in 5% BSA for 
1 h. The membranes were then incubated overnight with the 
respective primary antibodies at 4°C and then with a species-
specific secondary antibody for 1 h at room temperature. The 
blots were washed and incubated with ECL substrate (Merck) 
for 1 min in the dark. The images showing the results were 
captured at appropriate exposure settings using the ChemiDoc 
XRS system (Bio-Rad, USA).

Results and Discussion 
The fibroblasts and hESCs treated with Metadichol results 

are shown in Tables 2-5. All five targeted transcription 
factors were expressed. Differences can be noted between 
the cell types; for example, in hESCs, ISL1 at 1 ng of 
Metadichol showed a 67-fold increase, but it showed only 
a 1.77-fold increase in fibroblasts. Other than ISL1 and 
WT1, there was increased expression of GATA4, NKX2-5, 
and c-kit in fibroblasts at 100 pg compared to the 1 ng result 
from hESCs cells. Next, we have carried out gene network 
analysis in order to characterize the interactions among these 
five genes and assess their importance in heart regeneration. 
The analysis of gene networks using Pathway Studio [42,43] 
and protein-protein interaction maps is shown in Figure 2. 
The top 18 most highly significant (P < e−9) cell processes 
regulated by the gene set are shown in Table 6. A complete 
list of the diseases in the network maps regulated by these 
genes is available in the Supplementary Material. Figure 2 
shows that WT1 regulates GATA4, which has been observed 
in studies demonstrating that GATA4/WT1 cooperation 
regulates the transcription of genes required for mammalian 
sex determination [44]. Maximum GATA4/WT1 synergism 
was dependent on WT1, but not GATA4 [45]. Additionally, 
NKX2-5 regulates ISL1, and this is necessary for proper 
specification and maturation of the ventricular myocardial 
lineage [46]. WT1 plays a key role in controlling the 
expression of GATA4 and c-kit [47].

A sample of over 300 cellular processes regulated by 
these genes is shown in Table 6. Most of the processes are 
found to be involved in cell differentiation, pluripotency 
maintenance, cardiomyocyte differentiation, heart looping, 
and other processes related to development of the heart and 
vital cellular processes. These genes have more interactions 
among themselves than expected for a random set of genes of 

the same size and degree distribution drawn from the genome. 
Such enrichment indicates that the group of five genes shares a 
significant biological connection through their involvement in 
heart development processes [48]. Based on these results, the 
expressed genes and their related mechanisms pave the way 
in reproducing these findings in vivo in humans. All patients 
had normalized blood pressure in 12 weeks on treatment with 
Metadichol, as shown in our previous study [49]. Endothelial 
dysfunction [50] is a leading cause of hypertension; thus, it 
is likely that Metadichol treatment led to overexpression of 
genes like WT1 and replacement of the damaged endothelial 
cells, thereby leading to normalized diastolic and systolic 
blood pressure. Because Metadichol is nontoxic, it allows one 
avoid in vitro cell approaches; thus, avoiding harvesting, and 
other cumbersome methods that are in use today and can be 
tested directly in patients to potentially repair their damaged 
heart tissues noninvasively.

Treatment Actin ISL1 WT1 c-KIT NKX2-5 GATA4
Control 20.85 27 12.86 16.71 22.85 22.94

1 pg 20.53 26.39 12.6 14.34 21.49 21.28

100 pg 21.34 26.67 12.45 13.59 19.82 19.91

1 ng 20.62 26.56 11.69 14.89 21.9 20.2

100 ng 20.75 27.99 12.34 16.7 23.26 22.56

Table 2: Mean Cq values in human cardiac fibroblasts after 
treatment with Metadichol

Treatment ISL1 WT1 c-KIT NKX2-5 GATA4
Control 1 1 1 1 1

1 pg 1.23 0.96 4.16 2.06 2.54

100 pg 1.77 1.87 12.23 11.48 11.51

1 ng 1.16 1.91 3.01 1.65 5.72

100 ng 0.47 1.33 0.94 0.7 1.22

Table 3: Relative fold expression of various biomarkers

Treatment GAPDH ISL1 WT-1 c-Kit NKx-2.5 GATA
Control 21.18 28.54 21.75 25.55 24.67 26.42

1 pg 21.65 25.48 21.25 25.43 25.05 26.68

100 pg 19.09 22.07 20.71 21.69 21.82 24.94

1 ng 22.43 23.72 20.68 23.42 23.8 24.76

100 ng 22.25 25.57 21.7 24.26 25.55 28.33

Table 4: Mean Cq values in human embryonic stem cells after 
treatment with Metadichol

Treatment ISL1 WT-1 c-Kit NKx-2.5 GATA
Control 1 1 1 1 1

1 pg 11.55 1.96 1.51 1.06 1.16

100 pg 20.82 0.48 3.41 1.69 0.66

1 ng 67.18 4.99 10.41 4.35 7.52

100 ng 16.45 2.17 5.13 1.14 0.56

Table 5: Fold expression of target genes post treatment



Raghavan PR., Cardiol Cardiovasc Med 2023 
DOI:10.26502/fccm.92920340

Citation: Palayakotai R. Raghavan. Metadichol Treatment of Fibroblasts and Embryonic Stem Cells Regulates Key Cardiac Progenitors. 
Cardiology and Cardiovascular Medicine. 7 (2023): 302-310.

Volume 7 • Issue 4 307 

Total # of 
Neighbors Gene Set Seed Overlap Percent 

Overlap Overlapping Entities p-value

Protein regulators 
of cardiomyocyte 

differentiation
289 Cardiomyocyte 

differentiation 5 1 KIT,WT1,NKX2-5,GATA4,ISL1 3.06719E-09

Protein regulators of 
heart morphogenesis 158 Heart morphogenesis 4 2 WT1,NKX2-5,GATA4,ISL1 6.7779E-08

Protein regulators of 
stem cell survival 641 Stem cell survival 5 0 KIT,WT1,NKX2-5,GATA4,ISL1 1.67825E-07

Protein regulators of 
organogenesis 878 Organogenesis 5 0 KIT,WT1,NKX2-5,GATA4,ISL1 8.12596E-07

Protein regulators of 
Leydig cell differentiation 64 Leydig cell 

differentiation 3 4 KIT,WT1,GATA4 8.19382E-07

Protein regulators of 
stem cell apoptosis 315 Stem cell apoptosis 4 1 KIT,WT1,GATA4,ISL1 1.08194E-06

Protein regulators 
of proepicardium 

development
6 Proepicardium 

development 2 28 WT1,NKX2-5 1.43131E-06

Protein regulators of 
arteriogenesis 343 Arteriogenesis 4 1 KIT,WT1,NKX2-5,GATA4 1.52101E-06

Protein regulators of cell 
fate specification 411 Cell fate specification 4 0 KIT,NKX2-5,GATA4,ISL1 3.13272E-06

Protein regulators of 
fertilization 1197 Fertilization 5 0 KIT,WT1,NKX2-5,GATA4,ISL1 3.8388E-06

Protein regulators of 
heart looping 125 Heart looping 3 2 NKX2-5,GATA4,ISL1 6.20944E-06

Protein regulators 
of cardiac chamber 

development
14 Cardiac chamber 

development 2 13 NKX2-5,GATA4 8.67369E-06

Protein regulators of 
hemopoiesis 1459 Hemopoiesis 5 0 KIT,WT1,NKX2-5,GATA4,ISL1 1.03432E-05

Protein regulators of cell 
fate commitment 558 Cell fate commitment 4 0 KIT,NKX2-5,GATA4,ISL1 1.0596E-05

Protein regulators of 
ectopic expression 578 Ectopic expression 4 0 WT1,NKX2-5,GATA4,ISL1 1.21895E-05

Protein regulators of 
muscle cell differentiation 1529 Muscle cell 

differentiation 5 0 KIT,WT1,NKX2-5,GATA4,ISL1 1.30783E-05

Protein regulators of 
cardioblast differentiation 19 Cardioblast 

differentiation 2 10 NKX2-5,ISL1 1.62876E-05

Protein regulators of 
vasculogenesis 626 Vasculogenesis 4 0 KIT,NKX2-5,GATA4,ISL1 1.67388E-05

Table 6: Cell processes regulated by input genes
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Conclusion
Our results show that the vital cardiac progenitors that 

play a critical role in heart diseases are expressed in the 
stem, and cardiac dermal cells without grafting that are in use 
today. Direct cardiac reprogramming [51] is what this work 
can potentially bring us closer to cardiac regeneration therapy 
given the non-toxic nature of Metadichol® and avoiding the 
cumbersome methods in operation today in gene therapy.
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