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Abstract
Thalassemia is the most common inherited single gene blood disease worldwide and present a significant health 
problem in the world. Approximately, 1.5% of the global populations (An estimated 80–90 million people) are carriers 
of β-thalassemia. Around 5% of Indonesia population is thought to carry the thalassemia gene. The globin imbalance 
in β-thalassemia major causes hemolysis and ineffective erythropoiesis which results in anemia leading to increases 
of iron absorption. Furthermore, repeated blood transfusion and long-term increased iron absorption will lead to 
excessive accumulation of iron in vital organs, especially in the liver, causes liver fibrosis then leading to liver 
disease. Iron overload can be controlled by iron chelating drugs with the risk of side effects; therefore, a breakthrough 
is needed. Stem cell technology has a potential to provide novel insight in thalassemia major, through induced 
pluripotent stem cells (iPSCs) who has the ability to differentiate into hepatic stellate cells (HSCs)-like cells. iPSCs 
derived HSC-like cells (iPSC-HSCs) present the phenotypic and functional characteristics of HSCs. The utilization of 
iPSCs is a new option in personalized thalassemia management.
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Introduction

Thalassemia is the most common form of 
inherited anemia worldwide and is associated with 
significant morbidity and mortality rates leading to a 
significant global health problem. Globally, around 7% of 
pregnant women carry β or α thalassemia, or hemoglobin 
S, C, D Punjab, or E, and over 1% of couples are at 
risk of having children with a thalassemia disease [1]. 
It is reported around 5% of individual Indonesian were 
carrying thalassemia and predicted at least 2,500 
children with thalassemia major were born every year [2].

The term “thalassemia” refers to a group of 
autosomal recessive blood diseases characterized 
by the decreased or absent synthesis of normal 
globin chains. From a clinical point of view, the most 
relevant types are α and β-thalassemia, resulting 

from the decreased synthesis of one of the two types 
of polypeptide chains (α or β) that form the normal 
adult human hemoglobin (Hb) (α2β2) and reduced 
hemoglobinization. The basic defect in β-thalassemia 
is reduced or absent production of β globin chains 
with a relative excess of α chains. The α globin chains 
accumulate and precipitate in the erythroid precursors 
forming inclusion bodies that cause oxidative membrane 
damage and ineffective erythropoiesis lead hemolytic 
anemia [3]. Individuals with β-thalassemia major have 
severe anemia and hepatosplenomegaly; they usually 
come to medical attention within the first 2 years of life. 
Without treatment, affected children have severe failure 
to thrive and shortened life expectancy [4].

Classically, the spectrum of thalassemia is divided 
into thalassemia major, intermedia, and minor (trait); based 
on a need for transfusion, practically it is categorized into 
two groups: thalassemia dependent transfusion (TDT) 
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equal to thalassemia major and non-transfusion dependent 
thalassemia [4]. People with thalassemia major will 
require a regular blood transfusion to treat their anemia. 
However, one major drawback of blood transfusion is iron 
overload. Excessive levels of iron due to blood transfusion 
accompanied by increased iron absorption cause 
accumulation of iron in the organs, especially the liver [5]. 
The thalassemia-blood transfusion was shown in Figure 1.

Hepatocytes are the main site of iron (Fe) 
storage and also the principal site of synthesis of 
hepcidin, a hormone responsible for the regulation of 
iron transport to the extracellular space. In cases of 
thalassemia, the excess iron initially accumulates in 
macrophages and later in hepatocytes, while hypoxia 
caused by dyserythropoietic intensifies erythropoietin 
production leading to further suppression of hepcidin 
production and increased transferrin bound iron (TBI) 
and non-TBI (NTBI) plasma levels [6].

Excessive levels of iron in the bloodstream 
exceed the capacity of plasma transferrin to bind iron 
and lead to the appearance of NTBI in the plasma 
which consists of a highly toxic iron species. The liver 
rapidly clears NTBI from the serum through divalent 
metal transporter 1 and incorporates it into ferritin. 
However, once the protective storage efficiency of 
ferritin is exceeded, unbound iron accumulates in the 

hepatocytes and leads to severe oxidative stress and 
overproduction of toxic reactive oxygen species, which 
can oxidize lipid membrane, protein, and organelle 
membrane, leading to cell damage and death [5]. The 
subsequent hepatic inflammation and necrosis lead to 
fibrosis and cirrhosis [7]. The development of fibrosis 
in the absence of inflammation has also been found to 
be associated with iron accumulation in the liver and 
relates to the direct activation of stellate cells [8].

To date, iron overload is treated by iron 
chelation drugs, such as deferoxamine, deferiprone, 
and deferasirox. Besides its efficacy, as a drug that is 
consumed for a long time, there is a risk of side effects. 
However, iron chelator therapy cannot completely 
eliminate the risk of iron accumulation in the liver 
leading to liver fibrosis. Hepatitis virus infection related 
to blood transfusion is another cause of liver fibrosis in 
TDT patients. Elalfy et al. reported liver fibrosis even in 
young Egyptian β-thalassemia major patients [9].

Cell-based therapy, a technique to modify 
a patient’s cells or cells from the donor, can be used 
to treat various diseases. The primary function of 
cell-based therapy is to fight disease safely and 
effectively [10]. Stem cell-based therapy can migrate to 
the host site and differentiation with specific characters. 
The classification of stem cell based on differentiation 

Figure 1: Induced pluripotent stem cells (iPSCs)- hepatic stellate cells (HSC) pathway for liver fibrosis to thalassemia therapy. Blood transfusion 
is a primary therapy for thalassemia, but that therapy can cause iron accumulation lead to liver fibrosis. Cell-based therapy is an alternative 
therapy for liver fibrosis, such as iPSCs. iPSCs can be generated from mesenchymal stem cells by reprogramming. Induced palmitic acid, bone 
morphogenetic proteins, fibroblast growth factors, and retinol can differentiate iPSC to iPSC-HSC. HSCs are the key to wound healing a liver 
fibrosis. iPSC-HSC have characteristics of primary HSCs, activate and promote intra-spheroid fibrogenesis, respond to hepatocyte-mediated 
toxicity, and promote hepatocyte metabolic  function.  iPSC-HSC transplanted  to  thalassemia patient with  liver fibrosis, so  the patient could 
continue to receive blood transfusion
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is totipotent, pluripotent, multipotent, oligopotent, and 
unipotent [11]. Mesenchymal stem cells (MSCs) are a 
commonly used cell-based therapy, but the plasticity of 
MSCs is rapidly lost during expansion [12].

Stem cells especially induced pluripotent 
stem cells (iPSCs) can be an alternative treatment 
for liver fibrosis. The iPSCs differentiate to hepatic 
stellate cells (HSCs)-like cells. HSCs is a key to wound 
healing liver fibrosis regarding injured liver condition, 
damaged hepatocytes, and immune cells will secrete a 
signal that will be received by HSCs [13]. Then, HSCs 
is transdifferentiated into activated myofibroblast-
like cells. Activated HSCs increase the production of 
extracellular matrix (ECM), reducing degradation, and 
becoming the main fibrogenic cell type of the liver [14].

Thalassemia Therapy

Despite important advances in curative 
approaches such as stem cell transplantation and 
promising results of gene therapy, blood transfusions, 
and iron chelation remain as cornerstones of thalassemia 
management [4], [15]. Blood transfusions are needed to 
maintain the pre-transfusion Hb level 9.5−10.5 g/dL, to 
prevent growth impairment, bone marrow suppression 
activity, inhibition of increased gastrointestinal iron 
absorption, and prevent a progressive increase in spleen 
size [4]. While iron chelator drugs aim to reduce iron 
overload caused by repeated blood transfusions and 
increase iron absorption to maintain safe levels of body 
iron. Practically, an iron chelator is indicated to start after 
the first 10–20 transfusions, or when the ferritin level rises 
above 1000 μg/L [4]. The study by Susanah et al. found 
that even in newly diagnosed β-thalassemia major an 
increase in iron status has occurred due to erythropoiesis 
drive and iron overload might occur earlier [16].

A novel approach of therapy for thalassemia 
major is gene therapy. Several clinical trials are 
investigating the safety and efficacy of gene addition and 
gene editing to restore Hb synthesis in β-thalassemia. 
Most of the products are gene addition-based 
technologies, while few are gene-editing strategies that 
aim to reactivate fetal Hb. However, this therapy needs 
conditioning myeloablative, which is associated with short 
and long toxicity in hematopoietic and non-hematopoietic 
tissues, to reduce the risk of graft failure. That toxicity 
effect lessens the willingness of patients to consider 
this therapy. Then, this therapy needs mobilization to 
mobilize hematopoietic stem and progenitor cells for 
transplantation. Before transplantation, this procedure 
needs an agent for mobilization such as hydroxyurea 
which can reduce the circulating CD34+, which is 
associated with myelosuppression. Furthermore, gene 
therapy and gene editing procedures are also known to 
be expensive [17].

Stem Cells

Stem cells are cells with the ability to self-
renew by dividing and differentiation with specific 
characteristics and functions under appropriate 
conditions and certain signals. Stem cells are classified 
as totipotent, pluripotent, multipotent, oligopotent, 
and unipotent [11]. Normally, stem cells can act as a 
replacement for lost cells due to injury, apoptosis, and 
physiological programmed turnover, a condition that is 
commonly found in the postnatal period. For therapy, 
stem cells can secrete soluble growth factors to repair 
injured tissues. The ideal stem cell is immunologically 
inert, obtained through sources easily accessible, as 
well as able to migrate into the host site, transfect, and 
express exogenous genes [12].

Based on traditional studies from somatic 
tissues, three common dogmas were found. First, it 
was thought that stem cells reservoirs only exist on 
tissues able to produce mature cells or regenerate 
under stressful conditions like intestinal epithelial and 
liver. Second, it has always been assumed that stem 
cells from a given somatic tissue have a differentiation 
potential that is limited to the mature cell populations 
that comprise the same tissue. Finally, the process of 
stem cell differentiation was thought to be unidirectional, 
thus the process was deemed irreversible [18].

All of these traditional dogmas, with current 
and modern scientific breakthroughs, were eventually 
debunked. First, stem cells reservoir can be found in 
the central nervous system that is identified in rodents 
and primates. Similarly, stem cells are found in the 
adult bone marrow. There are contain multipotent 
mesenchymal precursors. Second, stem cells are not 
limited to differentiating into adipocyte, chondrocyte, 
and hepatocyte. Recently, stem cells from muscle tissue 
can reconstitute hematopoietic cells in lethally irradiated 
mice. The other studies found hematopoietic stem cells 
from bone marrow-derived cells can reconstitute muscle 
fibers in a muscular dystrophy model [19]. Furthermore, 
differentiation stem cells are not limited to others germ 
layers. It is found that stem cells from bone marrow can 
generate neuronal-like cells in the brains of transplanted 
mice and can produce robust numbers of liver cells 
in a damaged liver. Finally, the process of stem cells 
differentiation may be quite flexible. Dedifferentiation 
process was shown in induced derived from the C2C12 
myoblast cell line [18].

iPSCs

iPSCs are a type of pluripotent stem cell. 
Pluripotent stem cells can differentiate into myocytes, 
hepatocytes, and neurons from three germ layers 
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(endoderm, mesoderm, and ectoderm). iPSCs are a 
type of stem cell that is the most attractive for cell therapy 
because iPSCs can differentiate into all body cell types, 
rapid growth, high plasticity, and able to differentiate 
to multipotent-like cells. It was first discovered in 2006 
when mouse fibroblasts are reprogrammed to be 
pluripotent and the result is similar to that observed in 
embryonic stem cells (ESCs) [20]. The reprogramming 
method used retroviral and transcription factors Oct4, 
Sox2, Klf4, and c-Myc. Retroviral vectors are used 
for iPSC transgene expression. However, retrovirally 
derived iPSCs can lead to differentiation failure, as they 
retrovirally have multiple transgene integrations in the 
genome, which may result in expression leaks [21]. 
Another problem is c-Myc (transcription factor), c-Myc 
can cause tumor formation [22]. Therefore, c-Myc 
cannot be used as a transcription factor. The significantly 
reduced when fibroblast-derived iPSCs with only Oct4, 
Sox2, and Klf4 as a transcription factor. Other methods 
have been designed to insert reprogramming factors 
into somatic cells, such as the reduction of integration 
site by putting the transcription factor, a transposon 
system encoding a transcription factor, plasmid-based 
transposon, and expression of reprogramming factor 
(viral vectors, DNA vectors, and direct protein delivery). 
The efficiency of iPSCs induction is lower than that 
with retrovirus vectors. The other transcription factors 
are used, which are Oct4, Sox2, Nanog, and Lin28. 
That transcription factor is successfully induced iPSCs. 
The transcription factor efficiency is enhanced by the 
addition of extra factors, such as ESRRB, UTF1, Sall4, 
Tb3, mRNA, and small hairpin RNAs [23].

iPSCs can be generated from MSCs derived 
from adipose tissue (reprogramming). MSCs derived 
from diverse iPSCs was the effective source of 
multipotent cells and have both advantages of iPSCs 
and traditional MSC, that is greater proliferation capacity 
in vitro with no time limit, have similar immunomodulatory 
properties with traditional MSC cells, impairing NK-cells, 
and have long-term survival after transplantation [12]. 
While HSC derived from diverse iPSCs have similar 
characteristics (functional and phenotypic) with human 
primary HSC and can generate the spheroid cultures 
that better mimic the complexity of the liver function [13]. 
iPSCs-MSCs and iPSCs-HSC are safe and effective for 
cell-based therapy, because of that, iPSCs can be used 
for various diseases therapy, such as liver fibrosis for 
thalassemia.

iPSCs−HSCs for Thalassemia Therapy

HSCs are the key to wound healing in the 
liver, including liver fibrosis by forming myofibroblasts, 
increasing ECM production, and reducing degradation. 
Human primary HSCs are difficult to obtain because of 

their heterogeneity and limited proliferative capacity. 
Thus, the HSCs cell line was used, but the cell line 
didn’t have the functional characteristics of the primary 
HSC. Therefore, an alternative source is needed to 
obtain HSCs, which is iPSCs. iPSCs have unlimited 
differentiation ability and potential to differentiate into 
parenchymal and non-parenchymal liver cells [13].

In the study of Coll et al. 2018 research, 
70–80% of iPSC−HSCs were found, which were 
characterized by the expression of HSC markers on 
iPSC−HSCs, there is platelet-derived growth factor 
receptor-ß, vimentin, fibronectin, nerve growth factor, 
neural cell adhesion molecule, and smooth muscle 
actin α and protocadherin-7. The method of this 
research is used several stages of growth factors and 
compounds (palmitic acid, retinol, fibroblast growth 
factors, and bone morphogenetic proteins, that play a 
role during embryonic liver development and obtained 
the expression of markers, which are the expression 
of progenitor cells and mesothelial cells during 
differentiation [13]. The primary function of growth 
factors and compounds are induced differentiation of 
ESCs to mesodermal state, induced differentiation of 
iPSCs to hepatic progenitor cells, and promoted HSCs 
differentiation (palmitic acid and retinol) [24]. The iPSCs-
HSCs can promote hepatocyte metabolic function, 
respond to toxicity, activate and promote intra-spheroid 
fibrogenesis. As a result, iPSC-HSCs had functional and 
phenotypic characteristics of human primary cultured 
HSCs. This method was shown in Figure 1. iPSC-HSCs 
differ from fibroblasts because iPSCs-HSCs express 
levels of lecithin retinol acyltransferase which plays a 
role in the formation of retinyl esters present in lipid 
droplets to store vitamin C [13].

IPSCs-HSCs have emerged as novel sources 
of MSCs, HSCs derive from sub-mesothelial cells 
that showing mesenchymal characteristics. MSCs 
attenuate liver inflammation by regulating the immune 
cell function creating a hepato-protective environment 
through paracrine effect via cell-cell interaction. HSCs 
also have essential roles in treatment of liver fibrosis by 
changing their characteristic from quiescent cells to an 
activated state, producing ECMs [25], [26].

iPSCs Modeling

Modeling human disease with 2D and 3D 
culture

Disease modeling for therapeutic treatment 
is important for an understanding of human disease 
pathologies, but that is challenging because of the 
limited disease modeling. Because of that, iPSCs used 
for disease modeling with 2D and 3D culture because 
iPSCs are able to differentiate into all body cell types and 
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recreate the genetic background of patients. 2D culture 
systems are the simplest tool than 3D culture systems 
because using cells plated directly on a rigid substrate 
supported cell adhesion and cell behavior (proliferation 
and differentiation). The 2D iPSCs models used to 
study monogenic and polygenic disease, for example, 
successful studies for Parkinson’s disease. However, 2D 
iPSC models have to lack information on communication 
cells, cell-matrix mechanics, the unique in vivo 
environment, and limitation for application to disease 
modelings, such as cellular and molecular analysis 
because 2D iPSCs suitable for modeling early age-onset 
disease. For improved bioengineering methods, a 3D 
iPSCs model was used. There are various kinds of 3D 
iPSCs models, such as engineered tissue, organoid, and 
organ-on-chip. Engineered tissues successfully used for 
engineered heart tissue, that is fabricated with hydrogels 
and supporting cells. Engineered tissue has limited 
application for cells and inner cell phenotype. Organ on 
chip used for control tissue composition and architecture in 
vitro 3D, organ on chip successfully applied for lung, Barth 
syndrome-associated cardiomyopathy, drug-induced 
kidney glomerular injury, blood-brain barrier function, 
and skin wound healing. Organoids are recapitulate the 
architecture and function of tissue or organ, mostly self-
organizing, and exhibit 3D architecture containing many 
of the cell types found in organs. Organoids iPSCs are 
successfully used for the brain, liver, gut, lung, kidney, 
and heart. Furthermore, organoids iPSCs and organ 
on chip have limited application because they are only 
at a micrometer to millimeter scale (engineered tissues 
are centimeter scale). The other lack is iPSC-generated 
engineering tissues and organoids no supporting tissue, 
without that, cells cannot access the important nutrients 
and response signals, so the life span and function of 
the tissue are limited. The 3D culture system is develop 
the engineering tissues, but the manufacturing cost 
is expensive and inconsistent tissue construct quality. 
Although 2D iPSCs is less adaptable, 2D iPSCs has 
high reproducibility, greater potential for control, and 
are acceptable for some application (fetal/early-onset 
disease) [27].

Bioethical Concerns

Bioethical concerns about iPSCs

Stem cells have ethical concerns because the 
process requires the destruction of embryos. Human-
iPSCs (hiPSCs) can be the solution. Derivation hiPSCs 
from somatic cells does not require the destruction 
of embryos. However, this study needs to be studied 
furthermore about the safety of iPSCs therapy, such 
as abnormal reprogramming, tumorigenicity, cloning 
humans, producing human germ cells, and making 
human embryos [28].

Reprograming is needed to induce hiPSCs, but 
the process is associated with deletions of the tumor-
suppressor gene. Generated hiPSCs can be genetically 
modified; those cause alterations in gene expression 
in cells and affect differentiation, proliferation, and 
development. hiPSCs have the ability of unlimited 
proliferation and able to differentiate into other cell types. 
If differentiated cells transplanted is uncontrolled, that 
can cause generate tumor. Cloning humans is used for 
people who have lost their ability to reproduce and want 
to have babies. However, human cloning is ethically 
objectionable. For testing the pluripotency of iPSCs, 
the tetraploid complementation method is needed. This 
method is performed by injecting the stem cells into 
tetraploid embryos, then transferring them to recipients 
to see the ability of iPSC. But to get the tetraploid 
embryos, normal diploid embryos are destroyed, and 
that causes ethical problems. Normal diploid embryos 
have the potential to form fetuses [28].

After the discovery of the iPSCs, scientists 
believe that stem cells can be differentiated into germ 
layers used for artificial reproduction. However, this 
cause ethical problem, such as artificial germ cells 
from iPSCs having the same cell morphology and 
structures as natural germ layers, stability of artificial 
germ layer without abnormalities of chromosomes 
and genetic mutation, the ability of fertilization, and 
their developmental potentiality. Then, to improve the 
success rate of the research, when a large number of 
artificial germ cells are produced, only the high-quality 
embryos are to be selected for transplantation. The poor-
quality embryos should be destroyed or discarded. The 
other ethical problem in cloning is iPSCs are genetically 
modified and then use to obtain offspring with specific 
characteristics. In practice, that specific characteristic 
may fail to occur or produce the defective characteristics 
that are can be carried to next-generation [28].

Biobanking of iPSCs

Biobanks are an organized collection of 
biological samples and their related data, which have 
high quality and safety standards for clinical research. 
Those biological samples can include cells such as 
iPSCs. Quality control of the samples is important for 
biobanks; there are three levels for quality control, which 
are cell line identity and hygiene, cell performance and 
stability, and cell product characterization [29].

Short tandem repeat profiling and single 
nucleotide polymorphism (SNP) genotyping are a 
method for confirming cell line identity. To identify 
sample hygiene, microbial analysis is needed. Microbial 
contamination includes bacterial, fungal, mycoplasma, 
and virus contamination. The addition of antibiotics to 
cultured cells can prevent contamination. For detection 
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of mycoplasma contamination, direct cultured (broth or 
agar), and indirect test (indicator culture or DNA dye) 
can be used [29], [30].

The SNP genotyping is also used for 
monitoring the genomic stability of cells that can detect 
small duplication and deletions. The other method for 
confirming the stability of the cell is karyotyping with 
Giemsa-banding (G-banding) that used for identification 
integrity of the chromosome, spectral karyotyping 
that used for analysis the identification locating 
translocation, and comparative genome hybridization 
microarrays that used for identification the integrity of 
the whole genome [30].

After banking, iPSCs should produce cells 
representative of the three-germ layer, and after 
cryopreservation, iPSCs should not be lost their ability 
to differentiate. The teratomas method is used to test the 
pluripotency of iPSCs. There is the newest method for 
analysis of the pluripotency iPSCs and able differentiation, 
such as gene expression profiles, immunocytochemistry, 
and flow 4ecytometry staining [30].

Hopes and Challenge

Research on cell-based therapy with iPSCs 
continues. Various studies for diseases with iPSCs 
continue to be carried out. This is because iPSCs have 
the ability to unlimited self-renewal, differentiate into 
three germ layers, and can produce unlimited autologous 
cells for therapy. In addition, iPSCs have also been 
used as a disease model for heart disease. iPSCs from 
patients with the long-QT syndrome were used and 
induced to differentiate into functional cardiac myocytes 
that recapitulated the electrophysiological defects 
characteristic of the disorder, but contamination may occur 
during the growth of iPSCs from adult organs. In addition, 
it is known that iPSCs can be used to generate functional 
organs through studies showing that gut and liver from 
3D models can be derived into iPSCs. However, the use 
of iPSCs in clinical application is still being studied further 
for the safety of iPSCs (tumorigenicity, immunogenicity, 
and genome instability) [31].

Conclusion

Cell based therapy with IPSCs-HSCs as 
a novel sources of MSCs will lead a new option in 
personalized therapy for thalassemia patients with liver 
fibrosis mostly due to iron accumulation.
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