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Abstract: In spite of intense research, over the past 2-3 decades, targeted to validating methods for the cure of T1D, 
based on cell substitution therapy in the place of exogenously administered insulin injections, achievement of the 
final goal continues to remain out of reach. In fact, aside of very limited clinical success of the few clinical trials of 
pancreatic islet cell transplantation in totally immunosuppressed patients with T1D, the vast majority of these dia-
betic patients invariably is insulin-dependent. New advances for cell and molecular therapy for T1D, including use 
of stem cells, are reviewed and discussed in an attempt to clearly establish where we are and where are we may go 
for the final cure for T1DM.
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Introduction

Diabetes mellitus, a metabolic disease hall-
marked by uncontrolled high blood glucose 
(BG) levels, may be considered, at this juncture, 
as a global epidemics with continuous, steep 
increase in its prevalence and incidence world-
wide [1]. Chronic high BG, is responsible, over 
time, for severe secondary complications. 
These include, but are not limited to, macro-/
microangiopathy, and in particular, retinopathy, 
leading to premature blindness, chronic renal 
insufficiency requiring hemodyalisis or kidney 
graft, central and peripheral disabling neuropa-
thy, possibly resulting in limb amputations, and 
cardiovascular disease. The main forms of this 
chronic disorder are type 1 (T1D) and type 2 
(T2D) diabetes mellitus: the latter is far more 
prevalent (90-95%) than the former, and it usu-
ally, although not necessarily, emerges at mid 
age, and it derives from a combination of 
peripheral insulin resistance with progressive 
pancreatic β-cell failure, often throughout final 
endogenous insulin secretory failure [2]. Hence 
T2D, after an initial phase where insulin resis-
tance prevails, might ultimately require exoge-
nous insulin supplementation upon functional 

β-cells exhaustion. T1D while much less com-
mon (5-10%) than T2D, and prevalently affec- 
ting the pediatric/adolescent/young age, be- 
cause of widespread autoimmune destruction 
of insulin secreting pancreatic β-cells, requires 
since diagnosis, substitution therapy regimen 
consisting of daily exogenous insulin multiple 
injections. Unfortunately, while a life-saving 
therapy, although a daily highly demanding 
choir, exogenous insulin may delay but not elim-
inate the risk for developing the above men-
tioned, secondary complications of the disease 
[3]. Hence new approaches, to possibly cure 
the disease, in both the two main clinical forms, 
are to be intensively sought.

Ongoing strategies for β-cell substitution: 
lights and shadows

Whole pancreatic transplant 

The apparent easiest solution to replace the 
diseased/destroyed islet β-cells, in T1D, with 
intact and viable tissue, would be to graft a 
whole pancreatic organ retrieved from cadav-
eric donors. The organ would be grafted hetero-
topically under strict recipient’s general phar-
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macologic immunosuppression therapy regi- 
mens to avoid immune rejection. In terms of 
metabolic control, looking at the data from the 
International Pancreatic Transplant Registry 
(IPTR) whole pancreatic grafts usually resulted 
in rapid control of hyperglycemia in the recipi-
ents, with consequential discontinuation of the 
exogenous insulin supplementation. However, 
two main drawbacks have shadowed, thus far, 
the impact of this strategy on the radical treat-
ment of T1D: 1) significant morbidity associat-
ed with this major surgery; 2) need for strict 
and life-long recipient’s immunosuppression 
with all the invariably associated, severe, immi-
nent side effects. These problems have sug-
gested that this therapeutic approach should 
apply to insulin-dependent diabetic patients 
who also suffer for end-stage renal disease [4]: 
this being the case, the patients could undergo 
either simultaneous kidney + pancreas trans-
plantation or pancreas after kidney graft, which 
would fully endorse general immunosuppres-
sion of the recipients. On the contrary, because 
of immunosuppression-related risks, pancreat-
ic graft alone is virtually confined to those 
patients with brittle diabetes and severe dete-
rioration of their quality of life, that would be 
otherwise untreatable. It is ultimately clear that 
both procedures (pancreas alone and pancreas 
+ kidney transplantation) remain experimental 
and are not to be recommended routinely.

Isolated pancreatic islet cell transplantation

At least less traumatizing would appear re- 
course to isolated islet grafts for cell substitu-
tion therapy. In fact, the islets occupy an incom-
parably smaller volume than whole pancreas, 
could be lodged by minimally invasive proce-
dures, into an organ (ie, liver) and finally, last 
but not least, the islet β-cells are the sole tis-
sue that is required for cell replacement in T1D. 
However, isolated islets, upon retrieval from 
the whole donor pancreas, get disconnected 
from their native ECM, and are more difficult to 
engraft in a different organ, ie, the liver, while 
they invariably become exposed to not only 
immune but also not immune, local noxious 
environmental factors. Moreover, isolated 
islets like whole pancreases, would elicit 
immune rejection upon allograft, therefore also 
requiring strict recipient’s general immuno- 
suppression.

Looking at clinical data on islet transplantation 
(TX), human islet allografts have steadily 

improved through the past few decades with 
special regard to 2007–2010, when, according 
to the data of the Clinical Islet Transplant (CIT) 
Consortium, 65% of the treated patients 
achieved insulin-independency at 1 year of 
post-TX. Less consistent was the maintenance 
of insulin independence at 5 years of TX, rang-
ing on as low as 5-6% with few exceptions in 
few Centers [5].

The actual reasons for such a poor outcome of 
the islet graft clinical trials likely are multiple, 
and only partially identified. One reason may 
relate to progressive decline of the functionally 
active β-cell mass, by the time of retrieval from 
donor pancreata, to the grafting procedures, to 
the immediate post-transplant time period [6]. 

The islet engraftment process is adversely 
affected by several immune and not immune 
specific factors, mainly based on activation of 
the coagulation system (IBMIR) as well as the 
hostile liver cell/tissue environment) [7].

Additionally, general immunosuppression re- 
sults in both local and systemic toxicity that 
invariably impairs survival and functional com-
petence of the grafted islet cells. 

Perspectives on Β-cell substitution therapy for 
insulin-dependent diabetes 

In an attempt to circumvent the above men-
tioned problems two possible alternatives 
could be envisioned:

-Immunoprotection of islet grafts by microen- 
capsulation

-New strategies for cell and molecular therapy 

Microencapsulation consists of entrapping 
cells/tissue within polymeric and non-cytotoxic 
membranes that constitute immunoprotective 
barriers. These would prevent physical, cell-to-
cell contact between the host and the trans-
planted cell/tissue, thereby virtually circum-
venting the islet graft-directed immune 
destruction. Based on this concept, a wide 
spectrum of cells, other than pancreatic islet 
cells, have been immobilized within the micro-
capsules in order to broaden applicability of 
this approach well beyond diabetes [8]. This 
strategy holds promise to allow for islet graft-
ing, with no recipient’s immunosuppression, 
not only across genetically different individuals 
from the same species, but eventually, also 
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across species barriers [9, 10]. Consequently, 
microcapsules might offer the opportunity to 
employ non-human tissue as a resource for 
donor islets, an issue that is gaining growing 
interest in light of the shortage of cadaveric 
human donor organs. In summary, should the 
grafted islets be enveloped within artificial 
membranes that selectively regulate cross-per-
meability of noxious soluble factors, while pre-
venting access to immune-reactive cells, the 
classic immunosuppressive treatment of the 
recipients could theoretically be obviated. In 
order to afford clinical feasibility to this technol-
ogy, the microcapsules, of variable size, should 
be comprised of highly purified chemical poly-
mers, virtually endotoxin and pyrogen-free, that 
are applicable to humans following FDA guide-
lines. Moreover, these capsules should be 
associated with established physical-chemical 
membrane’s properties so as to comply with 
the required permeability and porosity selec-
tiveness. The last generation of these alginic 
acid-based microcapsules has been success-
fully applied to microencapsulated human islet 
allograft pilot clinicals, in patients with T1D in 
our Center [11, 12]. 

However and unfortunately, microencapsula-
tion would mitigate but not fully overcome the 
problem of the restricted availability of human 
donor islets coupled with the finite life-span of 
the retrieved islet beta-cells. This basic “cell 
mass shortage” issue, even in the best scenar-
io, would not enable the microencapsulated 
islet grafts to be an universal treatment for all 
insulin-requiring diabetic patients.

Prospectively, fully novel attempts to replace 
the destroyed β-cell mass in T1D could be: 
expansion of the native pancreatic islet β-cell 
pool; substitution of β-cells by endogenous or 
exogenously grafted stem cells that are associ-
ated with the potential of self-renewal and 
multi-lineage cell differentiation, with special 
regard to insulin producing cells for transplan-
tation purposes.

Theoretical bases 

Molecular regulation of the endocrine pancre-
as development: The human pancreas origi-
nates from the fusion of two distinct outgrowths 
of the foregut endoderm, dorsal, and ventral. 
One of the most important factors in the endo-
crine pancreas developmental process is PDX-1 

gene (pancreatic and duodenal homeobox  
gene 1) [13]. During development, its expres-
sion has been reported in both endocrine and 
exocrine progenitors, while in the mature organ 
it is mainly expressed by β-cells [14]. Following 
the first wave of expression of PDX-1, the cells 
that will give rise to both acinar and endocrine 
tissue start co-expressing the bHLH (basic 
Helix-Loop-Helix) transcription factor Ptf1a 
(pancreas specific transcription factor 1a) [15, 
16]. Absence of Ptf1a usually results in pancre-
as-deprived animals [17]. The endocrine pro-
gram is initiated by Ngn-3 (Neurogenin 3), a 
bHLH transcription factor. Ngn3-null mice do 
not have islets in their pancreases and die with-
in a short time due to hyperglycaemia [18]. 
Ngn-3+ cells are the progenitors of each endo-
crine cell type in mature islets. Then, specifica-
tion of single hormone positive cells occurs via 
other transcription factors, acting either as 
activators or repressors, e.g. Pax4 (paired box 
4), Arx (aristaless elated homebox), Pax6 
(paired box 6), and NeuroD1. Among the latter 
factors, involved in the endocrine cells differen-
tiation, a key regulator of β-cells differentiation 
is Nkx2.2 (NK2 homebox 2). Its inactivation 
gives rise to Islet1+/Insulin- cells, thus suggest-
ing its role in blocking the definitive differentia-
tion of such endocrine elements [19, 20].

Sources of stem cells for diabetes: Various 
types of stem cells have been isolated, to date, 
in humans from a variety of tissues including 
pre-implantation embryos, fetuses, birth-asso-
ciated tissues and adult organs. Based on bio-
chemical and genomic markers, they can be 
broadly classified into Embryonic stem cells; 
(ESC); Mesenchymal stem cells (MSC); He- 
matopoietic stem cells (HPS); Induced pluripo-
tent stem cells (iPSCs); Adult stem cells derived 
from adult tissues (ASC). 

Embryonic stem cells have the highest differen-
tiation potential into insulin secreting cells. 
Soria et al. were the first to differentiate mouse 
ESC into insulin producing cells and to observe 
that the differentiated cells, upon transplanta-
tion in diabetic mice, induced reversal of hyper-
glycaemia. In fact, insulin secreting cells 
derived from ESC normalize glycemia in strep-
tozotocin-induced diabetic mice [21]. Lumelsky 
and co-workers described a protocol to obtain 
iPCs from mouse ESC via a nestin expression 
step [22]. In all experiments, the differentiated 
ESCs were able to synthesize insulin, by cleav-
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age of pro-insulin into C-peptide and insulin, 
and expressed voltage-activated calcium chan-
nels. Despite the fact that these ESC-derived 
cells showed features resembling β-cells, they 
were unable to secrete insulin exclusively in 
response to high glucose levels, and did not 
show the presence of insulin-containing secre-
tory granules, with these results having been 
confirmed also by others [23]. Hence the inabil-
ity to secrete insulin in response to glucose 
stimulation, which is the key function of β-cells, 
remains an issue to be tackled by future 
research [24]. As far as pro’s and con’s are con-
cerned, a first hurdle to use of ESCs would be 
the potential tumorigenesis of such cells. In 
fact, ESCs can give rise to teratomas and tera-
tocarcinomas in humans [25]. The substantial 
number of rounds of replication which these 
cells undergo before transplantation may lead 
to the accumulation of potentially oncogenic 
chromosomal abnormalities [26]. Moreover, 
self-renewal, rapid proliferation, lack of contact 
inhibition and telomerase activity are some of 
the shared characteristics between ESCs and 
cancer cells [27]. An efficient way to reduce the 
risk of tumor/teratoma development could be 
increasing differentiation status and commit-
ment to the cell type of interest before trans-
plantation into the patient. Even cell sorting 
procedures, using surface antigen markers for 
undifferentiated (negative selection) or com-
mitted (positive selection) cells can partially 
contribute some oncological risk. However, 
these approaches are unlikely to be viable for 
the production of large numbers of cells need-
ed for clinical use. A “kill-gene” strategy (such 
as timidine kinase) or the packaging in micro/
macrocapsules are other strategies under 
evaluation. 

iPSCs (induced pluripotent stem cells) Pros- 
Human iPSCs are generated by transfection of 
somatic cells like fibroblasts [28], stomach 
cells and hepatocytes [29] human keratino-
cytes and blood cells [30] with a group of key 
transcription factors, including OCT4, SOX2, 
cMYC, KLF4 31, SOX2, LIN28, and NANOG [5]. 
Like hESCs, hiPSCs can be differentiated into 
insulin-secreting cells upon step-wise differen-
tiation protocols into SOX17-positive cells, 
PDX1-positive cells (pancreatic progenitors), 
and NGN3-positive cells (endocrine progeni-
tors) [32-36], using the same protocols applied 
to hESCs [32-34]. The first report showing dif-

ferentiation of hiPSCs into pancreatic β cells 
was communicated in 2008 [37]. Using a four-
stage differentiation procedure, skin fibroblast-
derived hiPSCs can differentiate into insulin 
secreting cells, which are responsive to glucose 
stimulation. Although hiPSC clones generated 
from T1D patients have similar capacities to 
differentiate into DE cells, they showed intra-
assay variability in their differentiation poten-
tial into pancreatic β cells, which was more evi-
dent in the final stage of differentiation [36]. 
Furthermore, the variations in pancreatic differ-
entiation abilities have been observed among 
hiPSC clones too [38-40]. The ability of iPSCs to 
differentiate into fully functional pancreatic β 
cells, remains controversial [41], with the most 
important feature being consistent generation 
of pancreatic β cell-like that retain insulin secre-
tory competence upon glucose stimulation. 
Also, as a sign of incomplete maturation, the 
hiPSC-derived β cells may co-express multi-
hormones, such as INS, GCG (glucagon) and 
C-peptide, but they lack the expression of spe-
cific mature pancreatic β cell markers such as 
NKX6-1 and MAFA [37]. Although several stud-
ies successfully generated insulin-secreting 
cells in vitro from hESCs using step-wise differ-
entiation protocols [33, 39, 41, 43-47], the 
functionality of the produced β cells is very low, 
since they showed blunted glucose responsive-
ness. An important role has been ascribed to 
the in vivo microenvironment, for maturation of 
pancreatic β-cells intended for transplantation. 
In fact, transplantation of still immature pan-
creatic β cells or pancreatic progenitors cells 
into experimental animals, may lead to pancre-
atic β cells maturation, a result otherwise not 
achievable. The transplanted iPSC-derived β 
cells into two mouse models of T1D and T2D, 
were able to proficiently secrete insulin in 
response to glucose and improved the hyper-
glycemic phenotype [48]. Furthermore, trans-
plantation of monkey iPSC-derived β cells could 
rescue hyperglycemia in diabetic mouse mod-
els [49]. Finally, the iPSC-derived insulin-secret-
ing cells obtained from pancreatic epithelial 
cells in non-obese diabetic (NOD) mice, a model 
of human T1D, produced insulin in response to 
glucose stimulation, and their transplantation 
into a kidney of non-obese diabetic mice led to 
functional response to glucose stimulation 
[50]. All together, these findings suggest that in 
vivo maturation is essential for the functionality 
of iPSC-derived pancreatic β cells. Possibly, 
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there are specific signals at the transplantation 
sites that promote β cell differentiation and 
maturation.

Cons- The reprogramming of somatic cells into 
iPSCs is usually obtained by using viral trans-
fection of transcription factors. The major limi-
tation of this technology is the use of harmful 
genome integrating viruses, where the vector 
backbone and transgenes are permanently 
incorporated into the genome. This incorpora-
tion can cause mutations, which may hinder 
the normal function of iPSCs, their differentia-
tion ability, or cause tumorigenesis [51]. To 
overcome this problem, some studies have 
generated iPSCs using an adenoviral repro-
gramming method, where non-integrating ade-
noviruses transiently expressing Oct4, Sox2, 
Klf4 and c-Myc are used. This procedure re- 
quires longer exposure to reprogramming fac-
tors [52, 53] and establishment of disease 
models. The relationship between iPSC pluripo-
tency and tumorigenicity lies on the fact that 
some genes used to generate iPSCs are onco-
genes such as MYC [54, 55]. Recently, addi-
tional techniques have been developed to 
exclude the tumorigenic gene MYC so as to 
avoid genetic modifications, by use of microri-
bonucleic acids (mir-) [56, 57]. Furthermore, 
iPSCs have been generated from patients with 
T1D by using three factors (OCT4, SOX2, and 
KLF4), and excluding the tumorigenic gene 
C-MYC [32]. Obviously, further studies are 
required to confirm the efficiency of methods to 
generate iPSCs from different human somatic 
cells.

Mesenchymal Stem Cells (MSCs)- MSCs are 
multipotent cells localized in several tissues 
including cord blood, bone marrow, and adi-
pose tissue [58]; however, we will primarily 
refer to the cells derived from the most widely 
used source: the bone marrow-derived MSCs. 
BM-MSC are multipotent progenitor cells, capa-
ble of self-renewal and “vocational” differentia-
tion into adipogenic, chondrogenic, and osteo-
genic cell lineages [59]. The cells can be 
isolated from bone marrow in a low-density cel-
lular culture by removal of non-adherent cells 
[60]. BM-MSC express a typical set of cell 
markers including CD29, CD44, CD73, CD90, 
CD105, CD166 CD49e, CD51, CD54, CD59, 
CD71 [61]. Recently Delorme and colleagues 
also suggested the expression of CD200 [62]. 
Unlike endothelial and hematopoietic cells, 

BM-MSC do not express CD14, CD31, CD34, 
CD45, CD79, CD86, CD117 and glycophorin A 
[63, 64]. In addition, these cells express mole-
cules of class I major histocompatibility com-
plex (MHC), but not class II (such as HLA-DR) 
such as human leukocyte antigen-DR) which 
may be very advantageous, graft-wise [65]. 
Although BM-MSCs are ones of the most stud-
ied and well-documented adult stem cells, they 
have limitations in terms of procured cell mass, 
thereby possibly requiring in vitro expansion. 
Unfortunately, the latter could expose the cells 
to the risk of either losing stemness properties, 
or inducing artifactual chromosomal changes, 
or finally, microbial contamination [66].

Towards generation of a β cell-like cell pheno-
type from BM-MSC

Experiments aimed at inducing BM-MSC to dif-
ferentiate into insulin producing cells (IPC) were 
conceived to correctly reprogram these cells by 
activating “ad hoc” differentiation pathways. 
Oh and co-workers suggested that rat 
BM-derived cells, cultured in a medium supple-
mented with DMSO (dimethylsulfoxide) and 
high glucose concentration, could trans-differ-
entiate into IPC. In particular, this group high-
lighted the formation of cell aggregates by dif-
ferentiated cells, which, upon transplantation 
into hyperglycemic mice, would acquire a three-
dimensional architecture mimicking the islets 
of Langerhans. These cells expressed typical 
pancreatic endocrine genes as insulin, gluca-
gon and somatostatin, therefore giving rise to a 
mixed population of islet-like cells. These cells 
possessed granules with relatively low insulin 
content and, when transplanted into diabetic 
mice, favored normalization of blood glucose 
levels for over almost 3 months [67]. More 
recently, Xie and co-workers demonstrated that 
hBM-MSC were able to give rise to IPC by a 
three-step differentiation protocol, with the 
final addition of Activin A as a key differentiat-
ing agent. The acquisition of a β cell-like pheno-
type by these cells was attested by morphologi-
cal analyses and the expression of typical 
pancreatic genes such as Nkx6.1, Isl-1, Beta2/
NeuroD,Glut2, Pax6, nestin, Pdx-1, ngn3, insu-
lin, glucagon and C-peptide. More importantly, 
differentiated cells released insulin in a glu-
cose-dependent manner and improved hyper-
glycaemia for over 1 month in streptozotocin-
induced diabetic rats [68]. 
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Adipose tissue (AT)- AT is gaining progressive 
attention as a primary source of MSCs for cell 
therapy purposes, by virtue of its ready avail-
ability, excellent expandability, and ease of iso-
lation with minimal patient discomfort [69, 70]. 
AT is a remarkable organ that regulates the fat 
mass and nutrient homeostasis in the body. It 
releases a large number of bioactive mediators 
(adipokines) modulating fuel homeostasis, 
blood pressure, and lipid and glucose metabo-
lism. Adipokines like leptin, adiponectin, and 
andvisfatin are well known insulin sensitizers 
and play a major role in glucose pathophysiolo-
gy [71]. Adipocytes from the carp have been 
also reported to express insulin, which is 
termed carp adipocyte insulin. Studies have 
also shown that the transcription factor ISL-1 
and PAX-6, which play important roles in pan-
creatic endocrine development, are also 
expressed in the proliferative population of 
ASCs [72, 73]. All these features make ASCs a 
prominent cell candidate for cell differentiation 
into pancreatic endocrine tissue for use in cell-
based therapies for diabetes. ASCs can easily 
be obtained from the patient’s own tissue, iso-
lated ex vivo, expanded, differentiated into 
insulin-producing cells, and transplanted back 
into the patient as an autologous transplant.

Miscellaneous sources- Recent data suggest 
that in particular the post-partum umbilical 
cord-extracted Wharton Jelly (WJ) contains 
adult mesenchymal stem cells that can differ-
entiate into ectodermal, mesodermal and 
endodermal cellular lineages and successfully 
be expanded ex vivo and cryopreserved [74]. 
WJ-derived MSC (WJ-MSC) have a gene ex- 
pression profile similar to BM-MSC, although 
they also express additional markers (e.g.  
for CD117) [75, 76]. A differentiation study 
attempted conversion of adult stem cells from 
umbilical cord blood-derived mesenchymal 
cells (UCB-MSC), WJ-MSC and amniotic epithe-
lial stem cells (AE-SC) into insulin-producing 
cells. WJ-MSC immune features resemble 
those of BM-MSC, since they do not express 
type II MHC (HLA-DR). Moreover, as we and oth-
ers observed, these cells are further character-
ized by the expression of key molecules that 
are associated with immunomodulatory prop-
erties [77, 78]. These clearly enhance the MSCs 
potential, in terms of either cells that can trans-
differentiate into IPCs or ancillary cells that may 
help islet cells or IPC of different origin to 
engraft and be functionally active in a diabetic 

host [79]. WJ-MSCs could be very useful in allo-
geneic cell transplantation settings. In fact, an 
important requisite for allogeneic transplanta-
tion is low immunogenicity. A recent study 
assessed the long-term effects of the implanta-
tion of WJ-MSC in newly-onset T1D, with initial 
interesting results [80]. Ongoing studies where 
WJ-MSCs are combined with normal islet β 
cells, within a newly generated syncytium-like 
complex, possibly enveloped by alginate-based 
microcapsules, could not only enhance β-cell 
survival and function, but also potentiate cell 
graft acceptance by the host. All this could 
translate in efficient and performing cell grafts 
for T1D.

Conclusion

T1D and T2D lead, by different mechanisms, 
involving autoimmune destruction pathways in 
the former and progressive toxicity (by lipid infil-
tration, and activation of cell apoptosis) in the 
latter, to destruction of the original pancreatic 
endocrine β-cell pool. The field of β-cell regen-
eration to substitute the diseased/destroyed 
cells, has fueled increasing hopes and enthusi-
asm as an alternative to either conventional 
insulin replacement therapy regimens or the 
more recent attempt to graft whole pancreatic 
or isolated islets from cadaveric donors. Either 
endogenous endocrine pancreatic regenera-
tion by possibly stimulating organ-specific pro-
genitor cells or use of cells derived from organs 
that share with the pancreas similar develop-
mental pathways are very appealing, but still 
require seminal work to be performed. 
“Exogenous” stem cells such as MSCs derived 
from bone marrow or other sources, like the 
umbilical cord Wharton Jelly are extremely com-
petitive due to their trans-differentiation capa-
bility coupled with potent immunomodulatory 
properties. Once safety issues were surmount-
ed, use of recipient specific iPSC in conjunction 
with MSCs isolated from the same patient 
could be auspicable. Still under investigation is 
the possibility that by eliminating the β-cell 
directed autoimmune destruction vicious cycle, 
with the addition of proper stimuli, the original 
β-cell reservoir of the pancreas could be regen-
erated in T1D. Endogenous regeneration of the 
β cells would be the most physiological way to 
reconstitute a sufficient mass of IPC, with less 
invasive methods. This would also represent 
the ultimate frontier to cure T1D and T2D, the 
latter, in particular, when advanced β-cell dys-
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fuction would make exogenous insulin treat-
ment an ineludible choice.
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