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Introduction 

Animal body is made up of many different types of cell. 
Most cells are specialized to perform particular functions. As 
for instance, the red blood cells carry oxygen around animal 
bodies through the blood, but they are unable to divide. Stem 
cells provide new cells for the body as it grows, and replace 
specialized cells that are damaged or lost [1]. They can divide 
over and over again to produce new cells and as they divide, 
they can change into the other types to make up the body 
[2,3]. There are mainly three types of stem cells-embryonic, 
adult and induced pluripotent [4].

Hyperglycemia is a condition in which the blood 
glucose level gets high through an abnormal metabolism 
of carbohydrates, often termed as diabetes. Hormone that 
is involved in glucose transportation with the help of GLUT 
channels in cell is insulin. When body does not able to 
make insulin from pancreatic β-cells due to dysfunction or 
damaged, is called diabetes type 1 while in Type 2, body is 
not able to use glucose [5].

A number of techniques have been used in the past 
to treat hyperglycemia that includes insulin delivery, 
glucose monitoring systems, whole pancreatic and islet cell 
transplantation or ß-cell generation either from pancreatic 
ducts or stem cells [6,7]. Islet transplantation has been 
effective therapy for producing sustained insulin level in 
the patients [8,9] but due to the lack of donor for the islets 
transplantation, this technique has not been widely used. 

Imperfection of the Conventional Approaches 
to Treat Hyperglycemia

In many current cases, hyperglycemia is not controlled 
by the drugs because they do not provide sufficient control on 
the blood glucose level [10]. Whole pancreas transplantation 
was an effective treatment but it had some serious issues like 

surgery and long term immunosuppression. The failure of 
many conventional processes was a bad situation not only 
for the patient and relatives but also for the whole society. 
The cost of the treatment was very high due to the increase in 
the number of the patients of diabetes. So, the development 
in the treatment of the diabetes was very important for the 
patient and society also [11].

Therapeutic Cloning Approach

The transferred nucleus of somatic cell from breast 
tissue into a donor oocyte from which nucleus has re-moved 
is used to clone mammalian species. The oocyte is re-placed 
by nucleus transfers genetic info of donor. This method was 
firstly used to clone Dolly sheep. Blastocysts can establish in 
vitro from oocytes and ESC that genetically identical to donor 
(Figure 1A). This production of cells from embryonic stem 
cells has become a good source for hyperglycemia treatment 
[12,13]. 

Stem Cell Therapy Approach 

Cells, tissues and organs can sometimes be permanently 
damaged or lost by disease, injury and genetic conditions 
[14]. Stem cell therapy has emerged as one of the most 
effective way of treating hyperglycemia nowadays hence it 
can then be transplanted into the body to replace those that 
are damaged or lost. 

The use of adult stem cells: Adult stem cells are currently 
used to treat some conditions, for example: Blood stem cells 
are used to provide a source of healthy blood cells for people 
with thalassemia, and cancer patients who have lost their 
own blood stem cells [15].

The Use Of Embryonic Stem (ES) Cells 

The mammalian body contains about 200 different cell 
types; all derive from fertilized egg cell. Human embryonic 

https://doi.org/10.23880/jes-16000138


Journal of Embryology & Stem Cell Research
2

Khandaker AM. Stem Cell Diversity and Therapeutic Aspects of Hyperglycemia. J Embryol 
Stem Cell Res 2020, 4(1): 000138.

Copyright©  Khandaker AM.

stem cells (hESCs) have been a good alternative source of 
repair and used to produce Beta cells [9,16]. The fertilized 
human egg distributes and raises the primary embryo, at 
blastula stage that comprises cluster of totipotent cell. Such 
ESC can be proliferated in-definitely in vitro and can also be 
induced to differentiate into numerous different lineages 
in vitro [12]. These embryonic stem cells are being used to 
produce functional Beta cells and can be transplanted to 
patient for the treatment of diabetes as shown in the Figure 
1B.

Figure 1: Current approaches of Hyperglycemia treatment 
using stem cells. A) Therapeutic cloning approach; B) ES/
iPS Stem cell, therapy.

The Use Of Induced Pluripotent Cells 

IPS have high replicative capacity and pluripotency and 
these cells can be differentiated into the insulin producing 
cells [17]. These cells are highly similar to ES cells with 
having high differentiation ability. These are also able to 
maintain the normal telomere length. These cells can also 
differentiate in to the three germ layers to form embryonic 
body. These three germ layers ectoderm, mesoderm and 
endoderm can be differentiated in to the different kinds of 
cells. Thus, pancreatic beta cells can be made and used for 
the treatment of diabetes. This process is also shown in the 
Figure 1B.

The Use of A Cell Precursor and Fetal Pancreatic 
Stem Cells

Previously vast improvements have made in empathetic 
fetal endocrine growth. These give significant guide and 
efforts to produce islet cells in vitro. Endocrine predecessor 
cells in developing pancreas that modulate cellular signaling, 

can be used in vitro to grow endocrine precursor cells, taken 
either from embryonic pancreas from aborted fetuses or 
using pancreatic duct cells. In 2013 the fetal pancreatic cell 
was used to produce active insulin producing cells that was 
an excellent work by the biotechnologists. In this work, the 
fetal pancreatic progenitor cells were taken from the aborted 
embryos and were isolated by using markers (PDX1 and 
NGN3) [18,19] .Then the scientists cultured them and some 
islets like structures were formed and started to produce 
insulin producing cells. Interestingly those cells showed the 
high efficiency than the normal Beta cells of the body [20].

The Use of Mesenchymal Stem Cells (MSCs)

Mesenchymal stem cell therapy is best among autologous 
adult stem cells. Mesenchymal stem cells are less pluripotent 
than embryonic stem cells. It renders the efficiency of 
MSCs to be differentiated into insulin secreting stem cells. 
Moreover, MSCs can be isolated from different sources such 
as- umbilical cord, bone marrow and pancreatic stroma. 
Autologous MSCs from diabetic patients are still remarkably 
different from ESCs, because of prolonged exposure to 
hyperglycemia. Studies in transgenic mice showed that stem 
cells engineered to produce insulin did much more efficiently 
in hyperglycemic environment hence MSCs are niche cells 
[21].

Conclusion

By using these different kinds of stem cell technologies, 
insulin producing cells can be made to cure diabetes. Among 
all stem cells, fetal pancreatic cells are the best-known stem 
cells that have high efficiency than any other stem cells. 
Human fetal pancreatic stem cells have excellent capacity 
for proliferation; these may be induced to differentiate into 
insulin-producing cells resulting in the formation of islet-
like structures in vitro. These are capable of secreting insulin 
and help to reduce hyperglycemia after transplantation in 
diabetic animals and resulted islets might become a potential 
source for islets transplantation. 
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