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Abstract

Type 1 diabetes mellitus is due to the loss of pancreatic
islet β cells, and islet transplantation is a promising
therapy. However, sustaining pancreatic β cell function
and survival is challenge for successful islet
transplantation. Stem cells can be used to increase the
supply of pancreatic islet β cells and sustain β cell survival.
In this review, we briefly summarize how various types of
stem cells can be used to either differentiate into
functional β cells or to improve the microenvironment of
an islet to support β cell. Special attention is paid towards
the contribution of bone marrow mesenchymal stem cells
to sustain human islet β cell.

Keywords: Stem cells; Diabetes mellitus;
Transplantation; Insulin; Induced pluripotent stem cells;
Mesenchymal stem cells

Introduction
Diabetes mellitus type 1 is characterized by insulin

deficiency due to autoimmune destruction of the pancreatic
islets. Usually presenting in childhood, these patients usually
rely on insulin therapy. It is possible to treat diabetes mellitus
type 1 with islet transplantation [1]. Transplanted islet tissue
more closely mimics the physiology of the lost islets, and
patients no longer require multiple daily insulin injections.
Transplantation, however, is limited by the supply and viability
of islets [2]. Islets are limited not only by the availability of
donors, but by the tissue viability after procurement. In fact,
the Edmonton protocol used for islet transplantation requires
two set of donors for one recipient [3].

Stem cells offer a way to improve the supply of pancreatic
islets [3]. This review focuses on ways various stem cells can be
used to increase available β cells and improve the viability of
islet β cell after procurement. Stem cells could be
differentiated in vitro into cells capable of glucose stimulated
insulin secretion and subsequently transplanted. Alternatively,
certain types of stem cells once transplanted may improve the
β cell function of the recipient. This case does not involve
differentiation but rather support of the islets through a

paracrine effect and through improving the microenvironment
of the β cell.

Transplanted islet β cell survival and function require a
supportive microenvironment, which consists of the
microvasculature [4], the endogenous adult stem cells, and
pro-apoptotic factors and cytokines [5]. After procurement,
this microenvironment is compromised, resulting in apoptosis
of at least 60% of the islets [3]. In fact, if islets are transplanted
intact with the pancreas as opposed to islets alone, patients
are less likely to need insulin therapy [5].

Stem Cells Can Trans-Differentiate
into β-Like Cells

The most direct way to address the limited supply of
pancreatic islets is trans-differentiation. Embryonic stem cells,
derived from embryos can differentiate into insulin producing
cells by over-expressing embryonic transcription factors [6].
Embryonic stem cells lowered hyperglycemia in mice with
immunosuppression [7,8]. Unfortunately, they are associated
with tumor formation [9]. This method is not autologous and
has the risk of immune-rejection.

Induced pluripotent stem cells (iPSCs) are derived from
various somatic cells, induced by transcription factors [10].
Mouse and human studies have converted iPSCs into β-like
cells both in vitro and in vivo [11,12]. iPSCs have the advantage
of being essentially autologous since the cells are from the
patient-self [13,14] (Figure 1).

Figure 1 Potential role of stem cells
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Adult stem cells generally reside within the organ into which
they differentiate [15,16]. In particular, bone marrow
mesenchymal stem cells (BM-MSCs) can be used to create
insulin-producing cells [17-20]. BM-MSCs are of particular
interest because patients with diabetes mellitus who
incidentally receive a bone marrow transfusion can improve β
cell function. This has been observed in multiple clinical
studies [21-23].

Umbilical cord-derived mesenchymal stem cells (UCMSCs)
are another source of stem cells [24]. They are more
pluripotent than adult stem cells and are not as tumor-genic as
embryonic stem cells. They have a lower likelihood of immune-
rejection [25,26]. One study demonstrated their differentiation
into insulin producing cells [27]. Another demonstrated that
injection of UCMSCs into diabetic mice improved
hyperglycemia and restored islet β cell function [28]. A recent
type of stem cell, amniotic fluid-derived stem cells (AFSC) is an
emerging type of stem cell [29]. AFSCs were shown to
differentiate into insulin-producing cell in vitro [30].

Stem Cells Can Improve Islet β Cell
Function through a Paracrine Effect

An indirect method by which stem cells can improve the
availability of pancreatic islet β cell is by stimulating the
patients’ pancreatic islets through a paracrine effect or by
improving the islets’ microenvironment [2]. Studies
demonstrate that stem cells co-cultured with islets improve
their viability and function [31,32]. It is in the experience of
this lab that islets co-cultured with BM-MSCs have improved
morphology [33].

Stem cells address aspects of the microenvironment.
Mesenchymal stem cells can promote revascularization
through angiopoietin and vascular endothelial growth factor
[32,34,35]. Some studies suggest that bone marrow
mesenchymal stem cells lower apoptosis by lowering
apoptotic factors, such as IL-1β [4,5,35,36]. Mesenchymal stem
cells also have an immunosuppressive effect [31]. Amniotic
fluid stem cells prevent β cell injury by increasing vascular
endothelial growth factor A expression and activating the
insulin receptor/Pi2K/Akt pathway [37].

The obvious medical application of stem cell studies is to
produce β cells that are transplantable or to improve the
viability of islet β cells after procurement. Stem cell supporting
β cell longevity in vitro could now be used to elucidate the
microenvironments necessary for cellular growth and
development. This would have applications towards tissue
regeneration for diabetes therapy.

Conclusion
Islet transplantation is a treatment that would obviate the

need for multiple daily insulin injections. The limited supply of
islets can be addressed by stem cells. There are multiple ways
by which stem cell can contribute to improve islet
transplantation: Stem cells transdifferentiate into β cells to

increase β cell supplies, improve the microenvironment of islet
to support β cell function and survival in vivo.

Acknowledgement
This work was funded by grants from the US National

Institutes of Health (NIH) 1R01DK097380-01A1 (L.L.) and
National Center for Research Resources (COBRE,
5P20RR018757-10), Juvenile Diabetes Research Foundation
International (JDRF) foundation 1 2007-180 (L.L.) and Roger
Williams Hospital Research fund (L.L.).

References
1. Nathan DM (2015) Diabetes: Advances in Diagnosis and

Treatment. JAMA 314: 1052-1062.

2. Luo LG (2012) Islet Transplantation Challenge -Human islet
longevity: A Potential Solution from Bone Marrow Cells. J
Bioanal Biomed 4: e107.

3. Luo L, Badiavas E, Luo JZ, Maizel A (2007) Allogeneic bone
marrow supports human islet beta cell survival and function
over six months. Biochem Biophys Res Commun 361: 859-864.

4. Luo JZ, Xiong F, Al-Homsi AS, Roy T, Luo LG (2011) Human BM
stem cells initiate angiogenesis in human islets in vitro. Bone
Marrow Transplant 46: 1128-1137.

5. Redfield RR, Rickels MR, Naji A, Odorico JS (2016) Pancreas
Transplantation in the Modern Era. Gastroenterol Clin North Am
45: 145-66.

6. Noguchi H (2012) Stem cell applications in diabetes. J Stem Cells
7: 229-244.

7. Szot GL, Yadav M, Lang J, Kroon E, Kerr J, et al. (2015) Tolerance
induction and reversal of diabetes in mice transplanted with
human embryonic stem cell-derived pancreatic endoderm. Cell
Stem Cell 16: 148-157.

8. Hua XF, Wang YW, Tang YX, Yu SQ, Jin SH, et al. (2014) Pancreatic
insulin-producing cells differentiated from human embryonic
stem cells correct hyperglycemia in SCID/NOD mice, an animal
model of diabetes. PLoS One 9: e102198.

9. Pokrywczynska M, Lewandowska MA, Krzyzanowska S, Jundzill
A, Rasmus M, et al. (2015) Transdifferentiation of bone marrow
mesenchymal stem cells into the islet-like cells: the role of
extracellular matrix proteins. Arch Immunol Ther Exp 63:
377-384.

10. Muir KR, Lima MJ, Docherty HM, Docherty K (2014) Cell therapy
for type 1 diabetes. QJM 107: 253-259.

11. Singh VK, Kalsan M, Kumar N, Saini A, Chandra R (2015) Induced
pluripotent stem cells: applications in regenerative medicine,
disease modeling, and drug discovery. Front Cell Dev Biol 3: 2.

12. Oh BJ, Oh SH, Choi JM, Jin SM, Shim WY, et al. (2015) Co-culture
with mature islet cells augments the differentiation of insulin-
producing cells from pluripotent stem cells. Stem Cell Rev 11:
62-74.

13. Angelos MG, Kaufman DS (2015) Pluripotent stem cell
applications for regenerative medicine. Curr Opin Organ
Transplant 20: 663-670.

14. Teo AK, Gupta MK, Doria A, Kulkarni RN (2015) Dissecting
diabetes/metabolic disease mechanisms using pluripotent stem
cells and genome editing tools. Mol Metab 4: 593-604.

Insights in Stem Cells

Vol.2 No.1:11

2016

2 This article is available from:http://stemcells.imedpub.com/

http://stemcells.imedpub.com/


15. http://stemcells.nih.gov/info/basics/pages/basics4.aspx.

16. Jiang FX, Morahan G (2014) Pancreatic stem cells remain
unresolved. Stem Cells Dev 23: 2803-2812.

17. Ullah I, Subbarao RB, Rho GJ (2015) Human mesenchymal stem
cells - current trends and future prospective. Biosci Rep 35:
e00191.

18. Czubak P, Bojarska-Junak A, Tabarkiewicz J, Putowski L (2014) A
modified method of insulin producing cells' generation from
bone marrow-derived mesenchymal stem cells. J Diabetes Res
2014: 628591.

19. Jafarian A, Taghikhani M, Abroun S, Pourpak Z, Allahverdi A, et
al. (2014) Generation of high-yield insulin producing cells from
human bone marrow mesenchymal stem cells. Mol Biol Rep 41:
4783-4794.

20. Dave SD, Vanikar AV, Trivedi HL, Thakkar UG, Gopal SC, et al.
(2015) Novel therapy for insulin-dependent diabetes mellitus:
infusion of in vitro-generated insulin-secreting cells. Clin Exp
Med 15: 41-45.

21. Xiaoxia S, Wei G, Dexue L, Yueyue Z (2014) Clinical observation
of 32 cases with transplantation of autologous bone marrow
stem cells on diabetes and its complications. Pak J Pharm Sci 27:
2083-2085.

22. Dave SD, Trivedi HL, Gopal SC, Chandra T (2014) Combined
therapy of insulin-producing cells and haematopoietic stem cells
offers better diabetic control than only haematopoietic stem
cells' infusion for patients with insulin-dependent diabetes. BMJ
Case Rep. 2014.

23. Bhansali A, Asokumar P, Walia R, Bhansali S, Gupta V, et al.
(2014) Efficacy and safety of autologous bone marrow-derived
stem cell transplantation in patients with type 2 diabetes
mellitus: a randomized placebo-controlled study. Cell Transplant
23: 1075-1085.

24. Tsai PJ, Wang HS, Shyr YM, Weng ZC, Tai LC, et al. (2012)
Transplantation of insulin-producing cells from umbilical cord
mesenchymal stem cells for the treatment of streptozotocin-
induced diabetic rats. J Biomed Sci 19: 47.

25. Guan LX, Guan H, Li HB, Ren CA, Liu L, et al. (2015) Therapeutic
efficacy of umbilical cord-derived mesenchymal stem cells in
patients with type 2 diabetes. Exp Ther Med 9: 1623-1630.

26. Roche E, Vicente-Salar N, Arribas M, Paredes B (2012) Cell
differentiation: therapeutical challenges in diabetes. J Stem Cells
7: 211-228.

27. Li J, Zhu L, Zhao CH (2011) Virus free induction of umbilical cord
derived mesenchymal stem cells into islet-like cells. Zhongguo Yi
Xue Ke Xue Yuan Xue Bao 33: 675-678.

28. Xiao N, Zhao X, Luo P, Guo J, Zhao Q, et al. (2013) Co-
transplantation of mesenchymal stromal cells and cord blood
cells in treatment of diabetes. Cytotherapy 15: 1374-1384.

29. Dziadosz M, Basch RS, Young BK (2016) Human amniotic fluid: a
source of stem cells for possible therapeutic use. Am J Obstet
Gynecol [epub ahead of print].

30. Hu J, Yu X, Wang Z, Wang F, Wang L, et al. (2013) Long term
effects of the implantation of Wharton's jelly-derived
mesenchymal stem cells from the umbilical cord for newly-onset
type 1 diabetes mellitus. Endocr J 60: 347-357.

31. Mabed M, Shahin M (2012) Mesenchymal stem cell-based
therapy for the treatment of type 1 diabetes mellitus. Curr Stem
Cell Res Ther 7: 179-190.

32. Milanesi A, Lee JW, Li Z, Da Sacco S, Villani V, et al. (2012) β-Cell
regeneration mediated by human bone marrow mesenchymal
stem cells. PLoS One 7: e42177.

33. Kim Joseph W, Souriya V, John L, Luguang L Morphology, 3D
Culture improves Human Pancreatic ß Cell Function and
Morphology. Unpublished raw data, to be submitted.

34. Zacharek A, Chen J, Cui X, Li A, Li Y, et al. (2007) Angiopoietin1/
Tie2 and VEGF/Flk1 induced by MSC treatment amplifies
angiogenesis and vascular stabilization after stroke. J Cereb
Blood Flow Metab 27: 1684-1691.

35. Shin JY, Jeong JH, Han J, Bhang SH, Jeong GJ, et al. (2015)
Transplantation of heterospheroids of islet cells and
mesenchymal stem cells for effective angiogenesis and
antiapoptosis. Tissue Eng Part A 21: 1024-1035.

36. Luo LG, Luo JZ (2015) Anti-apoptotic Effects of Bone Marrow on
Human Islets: A Preliminary Report. J Stem Cell Res Ther 5: 274.

37. Villani V, Milanesi A, Sedrakyan S, Da Sacco S, Angelow S, et al.
(2014) Amniotic fluid stem cells prevent β-cell injury.
Cytotherapy 16: 41-55.

 

Insights in Stem Cells

Vol.2 No.1:11

2016

© Copyright iMedPub 3


	Contents
	Islet Transplantation: Potential Role of Stem Cells
	Abstract
	Keywords:
	Introduction
	Stem Cells Can Trans-Differentiate into β-Like Cells
	Stem Cells Can Improve Islet β Cell Function through a Paracrine Effect
	Conclusion
	Acknowledgement
	References


