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Introduction
Therapeutic approaches towards diabetes must face the 
multifactorial complexity of the disease. In this context, 
the simple transfection of the insulin gene into non-pan-
creatic tissues (gene therapy) only represents a modest 
advancement that does not guarantee the complete cure 
of the pathology.1 Therefore, insulin expression is not 
the only trait to pursue in regenerative strategies for dia-
betes treatment. Correct processing of the hormone, glu-
cose sensing and stimulus-secretion coupling are addi-
tional key properties to consider when proposing a full 
therapeutic protocol.2 The recent, although modest, suc-
cess in islet transplantation3-5 has enhanced the interest 

of several laboratories in many topics related to cell ther-
apy, including embryonic stem cell and adult stem cell 
reprogramming, pancreas regeneration and β-cell turno-
ver/survival.6-10

The progress in areas such as endocrine pancreas on-
togenesis, β-cell function and alterations of the diabetic 
pathology are inspiring new arising concepts in β-cell 
bioengineering and bioartiÞ cial endocrine pancreatic de-
sign. Several protocols have been published in this con-
text; however none has been capable of answering key 
important questions. Compared to adult stem cells 
(ASCs), embryonic stem cell (ESCs) based protocols 
have achieved an acceptable degree of differentiation in 
their Þ nal cell products, obtaining cells with hormone 
contents and several phenotypic traits very similar to 
those found in adult β-cells.11 However, obtaining fully 
functional cells, the risk of tumour formation, immune 
rejection and implant survival are still unsolved prob-
lems in animal models.2 On the other hand, these ques-
tions seem to be less important in ASCs, which display 
low proliferation rates and no immune rejection provid-
ed that donor and acceptor is the same person. However, 
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protocols to obtain insulin-producing cells derived from 
ASCs still present modest results, mainly because the 
operating mechanism (i.e. transdifferentiation, cell fu-
sion, stimulation of pancreatic regeneration) has not 
been fully elucidated.

In any case, National Granting Agencies must support all 
possible, and at the same time logical, lines of research. 
The design of more consistent cell therapy protocols 
could beneÞ t in the future both type 1 and type 2 diabet-
ic patients. In type 1, the immune system speciÞ cally de-
stroys pancreatic β-cells, surpassing their own regenerat-
ing potential.12 For this reason, this disease is the target 
of many cell therapy-based strategies. Cell substitution 
protocols or the induction of β-cell replication/neogene-
sis could be alternatives to consider in advanced stages 
of type 2 diabetes, mainly when β-cell apoptosis ap-
pears.13,14 This review will intend to summarize the key 
approaches that have been published in the Þ eld of β-cell 
bioengineering. Their results and conclusions will also 
be brieß y analyzed. Finally, the use of cell therapy and 
their future perspectives in the battle against diabetes 
will be evaluated.

Cell therapy strategies based 
on embryonic stem cells
Our laboratory was the Þ rst to demonstrate the proof of 
principle that mouse ESCs can give rise to insulin-pro-
ducing cells.15 In our strategy, mouse R1-ESCs, trans-
fected with the insulin-promoter directing the expression 
of the neomycin resistance gene, were induced to differ-
entiate. To this end, undifferentiated cells were trans-
ferred from attached monolayer cultures to suspension 
cultures, forming cell aggregates called embryoid bodies 
(EBs). EBs are cell clusters that favour cell differentia-
tion processes by still unknown mechanisms. Once this 
step was achieved, cells were allowed to attach again 
(outgrowth phase) and insulin+-cells were selected by 
adding neomycin to the culture medium. Therefore, the 
presence of insulin+ cells as the Þ nal product was based 
on the spontaneous expression of the insulin-gene. How-
ever, the Þ nal cell product was actually formed by a het-
erogeneous population of cells, deriving from the neur-
oectoderm (most abundant), primitive endoderm and 
deÞ nitive endoderm. In addition, in this report we ad-
vanced the key role of several determinants, such as the 
incubation in the presence of nicotinamide and low glu-
cose concentration in the outgrowth phase, as well as 

cell cluster formation before transplantation into the 
spleen of streptozotocin-diabetic mice. Interestingly, 
similar results were subsequently reported in human 
ESCs.16 However, the variable amounts of insulin pro-
duced by the different clones constrained the reproduci-
bility of the protocol. Only clones derived from initial 
passages of R1-ESCs resulted in euglycaemia recovery 
in transplanted animals. Late passages of R1-ESCs pro-
duced lower amounts of insulin (mainly insulin II), indi-
cating a clear commitment to neuroectoderm-derived in-
sulin+ cells with a major risk of teratoma formation in 
transplanted animals.17,18 Altogether, these observations 
suggest a redeÞ nition of the strategy by taking in account 
two points: A) The necessity of well-designed coaxial 
strategies in order to increase reproducibility and B) To 
initially commit the cells to deÞ nitive endoderm, the em-
bryonic layer from which the endocrine pancreas de-
rives, by assessing the expression of preproinsulin I (the 
main gene product of pancreatic β-cells).

Concerning coaxial strategies, Lumelsky and coworkers 
proposed a protocol widely used in many laboratories.19 
The strategy was based on the idea that nestin+ neurons 
and pancreatic β-cells share many features, allowing the 
possibility of obtaining insulin+-cells from ectoderm-de-
rived cells. Indeed, speciÞ c transcription factors, pro-
teins of the glucose-sensing machinery and components 
of the secretory pathway are well expressed in both hy-
pothalamic neurons and pancreatic β-cells.20-22 However, 
from a phenotypic and functional point of view, neurons 
and β-cells markedly differ, as it has been clearly evi-
denced in this group of protocols.23, 24 The cells obtained 
using this strategy only expressed the insulin II gene, 
which is barely expressed in mouse pancreatic islets.25 
Also, there was no information concerning the hormone 
processing, and the euglycaemia recovery experiments 
in transplanted animals were not fully convincing.26 In 
this sense, teratoma formation could be observed after 
implantation19 or, in the best of the cases, a recovery sim-
ilar to that seen in animals transplanted with non-differ-
entiated cells.27 We analyzed in more detail these tumour 
cells by tracing them with speciÞ c gene markers. As a re-
sult, the cells were still capable of expressing high levels 
of pluripotential markers (Oct3/4, Nanog and Esg-1) and 
histone H2AX, possessed an altered pattern of c-myc 
phosphorylation, aberrant chromosomal numbers (tri-
somy of chromosomes 8 and 9) and a high degree of Br-
dU (bromodeoxyuridine) incorporation.18,28 Altogether, 
these observations indicate that nestin-based selection 
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protocols still require substantial improvements in order 
to obtain functional cell products that are similar to ma-
ture β-cells.

As we predicted in a previous publication,17 to circum-
vent the limitations posed by neuroectodermal deriva-
tives it is necessary to initially commit the cells to deÞ n-
itive endoderm. Although this idea was repetitively 
developed by our group in several grant proposals to the 
Ministry of Science during 4 years and reiteratively an-
nulled, it was a laboratory in San Diego which Þ nally de-
signed a protocol prototype.11 The rationale was to en-
rich the human ESC monolayers in deÞ nitive endoderm 
precursors and then to incubate these cells following 5 
steps, imitating the key steps in pancreas ontogenesis 
(Þ gure 1). Of great importance in this protocol was the 
fact that the resulting cells possessed the highest insulin 
content described so far, similar to the amounts found in 
adult β-cells. However, the authors claimed that the insu-
lin+ cells did not display a mature functional phenotype.

In any case, this protocol has settled an important tool 
for future research, opening new questions and redeÞ n-
ing old dogmas. From the obtained results, it is clear that 
it is necessary to delve in human pancreas development, 
but at the same time more information must be acquired 
concerning β-cell function in normal and in diabetic con-
ditions. Since the protocol only works with deÞ nitive en-
doderm committed cells, but not with neuroectoderm or 
visceral endoderm, the pathway to obtain in vitro deÞ ni-
tive endoderm has to be clearly deÞ ned and speciÞ c 
markers need to be detected.29,30 In this context, in vitro 
experiments seem to suggest that deÞ nitive endoderm 
could derive from a progenitor mesendodermic cell pop-
ulation, which as its name suggests is capable of giving 
rise to both mesoderm and endoderm fates.31 In this con-
text, Brachyury (a mesendoderm marker)-selected cells 
can give rise to modest amounts of insulin I+ cells, con-
Þ rming the previous hypothesis.32 The addition of activin 
A and serum deprivation seem to improve the yield of 
cells committed to deÞ nitive endoderm from mesendo-
dermic precursors in human ESC cultures.29,30

Several additional questions remain to be addressed in 
Baetge’s protocol11 in order to transfer this technology to 
a more therapeutic context. First, the differentiation pro-
tocol presents an artiÞ cial situation in which one day of 
the in vitro protocol recapitulates what occurs in one 
week of normal in vivo pancreas development. The re-

stricted culture conditions in terms of space in the cul-
ture dish could favour differentiation processes over pro-
liferation, which usually has longer periods of time 
during mammalian organogenesis. Several aspects need 
to be solved concerning the resulting immature cells. In 
this sense, the Þ nal cell product bears unprocessed proin-
sulin, low secretory response to extracellular glucose 
concentrations and co-expression of insulin with other 
hormones, such as glucagon or somatostatin, in the same 
cell. In this sense, cell tracing experiments using trans-
genic models unequivocally indicate that pancreatic α 
and β-cells arise from independent lineages, at least in 

100% human ESCs

RPMI + 0% FCS + Activin

80% definitive endoderm-committed cells20% ?

1

RPMI + 2% FCS + FG10 + cyclopamine

80% primitive gut cells (PGCs)20% ?

2

DMEN + 1% B27 + FGF10 + cyclopamine + RA

50% posterior foregut cells (PFCs)20% ?

3

30% PGCs

BRA
NCAD
WNT3
SOX17

HNF-1B
HNF-4A

PDX1
HNF-6
HLXB9

DMEN + 1% B27 + DAPT + exendin4

20% ?

4

30% PGCs

PDX1
NKX6.1
NKX2.2
NGN3
PAX4

35% PECs15% PFCs

CMRL + 1% B27 + exendin4 + IGF1 + HGF

20% ?

5

30% PGCs

INS
GCG
SST
PP
GHR

20% ECs15% PFCs 15% PECs

(7% INS+ cells)

Figure 1. Protocol to differentiate human ESCs to insulin-producing 
cells developed by Dr Emmanuel Baetge (San Diego, USA)11. The 
differentiation protocol is divided in 5 stages in which different growth 
factors, chemicals, medium and serum (FBS) are added. Stage 1: 
Definitive endoderm, Stage 2: Primitive gut tube, Stage 3: Posterior 
foregut, Stage 4: Pancreatic endoderm and Stage 5: Pancreatic 
endocrine cells. Markers for each stage are listed in capital letters on 
the right. The percentages of cells obtained in each condition are 
indicated. This protocol lasts approximately 2-3 weeks, resulting in 7% 
of insulin+ cells at the end of stage 5. In this stage, the cells also 
express NEUROD1, ISL1, PAX6, SYP (synaptophysin) and IAPP (islet 
amyloid polypeptide). Other abbreviations used: BRA: brachyury, DAPT: 
γ-secretase inhibitor, ECs: endocrine cells, FGF10: fibroblast growth 
factor-10, GHR: ghrelin, GCG: glucagon, HGF: hepatocyte growth factor, 
IGF1: insulin-like growth factor-1, INS: insulin, NCAD: N-cadherin, 
PECs: pancreatic endocrine-precursor cells, PP: pancreatic polypeptide, 
RA: all-trans retinoic acid, SST: somatostatin, ?: cells of unknown origin
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rodents.33 However, this and other in vitro protocols very 
often present cells co-expressing both hormones.34 In ad-
dition, glucagon and insulin are very often co-expressed 
in insulinoma cell lines. In particular, PDX-1 downregu-
lation, which subsequently decreases insulin gene ex-
pression, favours preproglucagon expression in tumour 
cell lines.35 Gene expression artefacts due to particular 
culture conditions cannot be discarded either. Addition-
ally, the expression of transcription factor MAFA, which 
is required for the progression to a mature β-cell pheno-
type,36 has not been reported in this strategy.11 Finally, 
this protocol seems to be restricted to certain cell lines. 
In this sense, there is no explanation to why H7 and H9 
human ESCs can be successfully committed to deÞ nitive 
endoderm,29 but fail to derive to pancreatic precursors.11 
These and other questions need to be answered in order 
to design a more universal protocol for β-cell differentia-
tion.

The classical approach via EB formation allows sponta-
neous expression of preproglucagon gene, suggesting 
differentiation to deÞ nitive endoderm and indicating that 
part of the pathway described by Baetge could be spon-
taneously recapitulated in EBs structures. However, glu-
cagon+-cells obtained in these protocols have not been 
characterized in detail in order to establish its real origin. 
Indeed, glucagon is well expressed in endoderm derived 
tissues, such as endocrine pancreatic α-cells and intesti-
nal L-cells, as well as in the neuroectoderm derived hy-
pothalamus, thalamus and septal regions of the brain.35 
Nevertheless, the Þ nal product differs in these cell types: 
preproglucagon in α-cells and glucagon-like peptide-1 
(GLP-1) in L-cells and neuroectoderm derived tissues.37 
Therefore, we cannot ascribe that 100% of glucagon+-
cells found in EBs are derivatives from the deÞ nitive en-
doderm, since a neuroectodermic origin of glucagon+-
cells in bioengineering protocols cannot be discarded.

The unsolved aspects of Baetge’s protocol open the pos-
sibility of searching for new determinants to complete 
the differentiation process. When human ESCs were co-
transplanted with mouse foetal dorsal pancreas, they be-
gan to express processed insulin as well as many pan-
creatic transcription factors,38 suggesting that in the 
niche where pancreas develops there should exist a 
source to Þ sh the key differentiation factors that could 
complement this protocol. This was the rationale behind 
a granted project in which transfected mouse D3-ESCs 
with the insulin promoter-neomycin resistance gene 

were incubated in the presence of low serum and condi-
tioned media from pancreatic rudiment cultures of em-
bryonic day –16.5.39 Incomprehensibly, this study did 
not report the real origin of the obtained insulin+-cells. 
Similar experiments performed by our group revealed 
that only insulin II gene was expressed, along with Am-
nionless, indicating that this was an excellent protocol 
to obtain primitive endoderm but not deÞ nitive endo-
derm (Þ gure 2). This was conÞ rmed by the lack of ex-
pression of the glucagon gene, which was not reported 
in the original publication. Data concerning the process-
ing of insulin were also obviated. The release of 20% of 
the insulin content when Þ nal cells were stimulated with 
glucose is very unusual and far from what is observed in 
mature β-cells. Finally, the large amounts of BrdU in-
corporated by the cells strongly indicated that the Þ nal 
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Figure 2. EB formation (A) and gene expression pattern (B) of insulin+ 
cells obtained according to the protocol developed in reference 39. 
Mouse D3-ESCs were transfected with a DNA construct containing the 
human insulin promoter directing the expression of the neomycin-
resistance gene. The differentiation protocol commenced by EB 
formation in non-adherent plates at 3% foetal calf serum (FCS) in 
absence of LIF and in the presence of pancreatic bud conditioned 
medium for 7d. Cells were transferred to adherent plates under the 
same culture conditions but with 10% FCS instead and neomycin 
selection was performed. The rationale was to use the pancreatic 
soluble factors released by the buds which would direct the 
differentiation process. A) First step of directed differentiation: Resulting 
EBs (1.5 x 106 cells/mL) (see page 259 of reference 39) according to 
the protocol published after hygromycin selection. Bar: 100 μm. 
B) Gene expression pattern analysis by RT-PCR of undifferentiated 
mouse D3-cells (1) and obtained cells in the outgrowth phase at the 
end of the protocol (2). Final cells were positive for Neurofilament 
middle (neuroectoderm marker), Amnionless (primitive endoderm 
marker), Oct3/4 (undifferentiated cells and neuroectoderm marker) 
and insulin II (neuroectoderm and primitive endoderm marker). No 
expression of insulin I and glucagon genes (definitive endoderm 
markers, the embryo layer from which β-cell derives) was observed. 
Same results were obtained with a new batch of D3-cells (purchased 
from ATTC, Middlesex, UK), EBs formed with 25 x 103 cells/mL and 
no neomycin selection
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cell obtained could produce tumours in transplanted an-
imals, point which was elegantly bypassed by the au-
thors by simply sacriÞ cing the animals after 15 d post-
implantation.

In any case, a new design of this approach could be ex-
ploited in a more rational manner to search for extracel-
lular factors that could complement an in vitro universal 
protocol, obtaining functional β-cells amenable for trans-
plantation trials. To this end, it is necessary to discover 
the unknown aspects of β-cell physiology in the adult 
and developing organism.40,41

Cell therapy strategies 
based on adult stem cells
The low proliferation rate, which diminishes the risk of 
tumour formation, along with its immune compatibility, 
make ASCs an interesting alternative to consider in cell 
therapy strategies for diabetes. In this context, it is im-
portant to discriminate between pancreatic and extrapan-
creatic stem cells (Þ gure 3). The search for pancreatic 
progenitors has been hampered by the observation that 

the pancreas does not regenerate when it suffers partial 
ablation, conversely to other endoderm-derived organs, 
such as the liver. Despite the large amount of research 
being performed, the location and identiÞ cation of a pan-
creatic stem cell population remains elusive. Several 
candidates have been proposed, including ductal cells, 
exocrine-associated cells, pancreatic mesenchymal cells 
as well as the β-cells themselves.

The observation of islet budding from pancreatic ducts 
has suggested the existence of islet precursors in this 
structure. Budding can be stimulated by certain factors 
such as INGAP (Islet Neogenesis-Associated Protein) 
peptide or all-trans retinoic acid.42,43 These candidates 
have been given several names, such as CHIBs (Cultivat-
ed Human Islet Buds) expressing cytokeratin-19 
(CK19),44 IPSCs (Islet Pluripotent Stem Cells),45 NIPs 
(Nestin-positive Islet-derived Progenitors)46 and NEPEC 
(Non-Endocrine Pancreatic Epithelial Precursor).47 NIPs, 
which express nestin, have been found to be also associ-
ated with islet structures and have been identiÞ ed as 
most likely being pancreatic mesenchymal stem cells.48 
Recently, Neurogenin3+ cells have been described as β-
cell precursors.49 At least in vitro, insulin+-cells derived 
from ductal precursors produce modest amounts of insu-
lin, and their stimulus-coupled secretory response is very 
poor, requiring further improvements. On the other hand, 
endocrine pancreatic precursors have been described in 
the exocrine portion, though the true nature of this popu-
lation remains unknown.50,51

Finally, it seems that new β-cells can arise from replica-
tion processes of pre-existing β-cells.52 Convincing cell 
tracing experiments have demonstrated this point, but 
the limitation of this experimental approach does not 
give any clues concerning the nature of the pancreatic 
progenitors, which most likely do not express insulin. In 
any case, β-cell turnover could be the standard mecha-
nism to renew these endocrine cells during the life cycle 
as well as in pregnancy, and most likely are activated 
during the Þ rst stages of type 2 diabetes, which is char-
acterised by the presence of insulin resistance.8,53 How-
ever, when overt diabetes, either type 1 or type 2, is de-
clared, accelerated β-cell destruction occurs, at a rate 
that the self-regeneration mechanisms cannot compen-
sate the amount of β-cell lost.52,54 An interesting question 
that has not been properly addressed in the current stud-
ies is how this unfavourable environment can also ham-
per the pancreatic progenitor’s function. At present, little 
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Figure 3. Possibilities offered by ASCs in diabetes cell therapy. Several 
pancreatic cells could contribute to β-cell regeneration: β-cell self-
replicating mechanisms, or ductal, acinar or mesenchymal cells by 
giving rise to new β-cells (neogenesis). Other extrapancreatic tissues 
could contribute to β-cell regeneration by neogenesis as well as 
through self-renewal mechanisms. Neogenesis could be achieved from 
tissue specific stem cells or extrapancreatic mesenchymal stem cells 
(MSCs) by transdifferentiation and self-renewal, providing extracellular 
factors that could enhance β-cell division. Circulating factors should be 
also taken into account



Av Diabetol. 2008; 24(2): 113-121

118

is known about the antigen determinants displayed by 
these progenitors or their sensitivity to cytokines which 
could prone these cells to suffer similar damage process-
es as mature β-cells in type 1 diabetes. This rationale can 
also be applied to type 2 diabetes, where self-suicide 
mechanisms could be activated in the precursor cell pop-
ulation. This idea is supported by the observation of trig-
lyceride accumulation not only in β-cells, but in pancre-
atic Þ broblasts as well of ZDF (Zucker diabetic fatty) 
rats, suggesting that lipotoxic mechanisms could affect 
this cell population.14

On the other hand, the possibility of bioengineering ex-
trapancreatic ASCs to obtain insulin-producing cells is 
supported by the accumulated experience of ectopic in-
sulin expression in gene therapy protocols.1,55,56 In this 
sense, bone marrow represents an important ASC popu-
lation in which its transdifferentiation to insulin-secret-
ing cells has been proven,57 although it has not been re-
produced by others.58-62 The explanation could be that 
bone marrow harbours a heterogeneous population of 
progenitors, including haematopoietic, endothelial, pread-
ipoblast and mesenchymal progenitors, among others, 
bearing different degrees of plasticity and thereby culmi-
nating in distinct differentiation processes with a very di-
verse efÞ ciency. In addition, insulin+-cell self-renewal 
from bone marrow ASCs cannot dwell exclusively in 
transdifferentiation mechanisms. Other possibilities, 
such as cell fusion and angiogenesis, could participate in 
this process in different degrees.63,64

A key conclusion raised is that a precise phenotyping of 
precursors would be mandatory in all published reports 
in order to avoid problems related with reproducibility 
when these experiments are carried out in other labora-
tories. For instance, a population derived from circulat-
ing human monocytes could be coaxed to express the in-
sulin gene and possess very modest amounts of 
C-peptide.65 Several authors of this work publicly 
claimed in scientiÞ c forums the difÞ culty to reproduce 
these results. The lack of a precise phenotypic character-
ization of these precursors could explain this arbitrary 
variability. In this sense, insulin+ cells were obtained in 
another laboratory from a human stem cell population 
derived from peripheral blood. The phenotypic charac-
terization showed that these cells were positive for Oct-
4, Nanog and the haematopoietic markers CD9, CD45 
and CD117, while negative for CD34 and markers of the 
monocyte or lymphocyte lineages.66

The liver derives from the upper foregut deÞ nitive endo-
derm, similar to the pancreas; however, this organ dis-
plays a robust self-renewing capacity. In this context, 
oval hepatic stem cells are precursors capable of differen-
tiating into hepatocytes, bile duct epithelium and also to 
insulin-positive cells.67,68 In addition, the over-expression 
of the pancreatic transcription factor PDX-1 allows the 
transdifferentiation of human foetal hepatic stem cells69 
and adult human and mouse hepatocytes into insulin-pro-
ducing cells.70,71 However, PDX-1 could additionally in-
duce the differentiation to pancreatic exocrine tissue, 
causing hepatic destruction. Transfection with more spe-
ciÞ c transcription factors of the endocrine pancreas (i.e. 
NeuroD) combined with betacellulin, gave rise to insu-
lin+-cells with no such secondary effects.72

Following the same rationale as in liver, endoderm-de-
rived endocrine cells of the intestinal epithelium might 
be good candidates for ectopic insulin expression and 
secretion. K-enteroendocrine cells share certain func-
tional traits with pancreatic β-cells, such as glucoki-
nase expression, the hormone processing machinery 
and glucose-dependent secretion of the glucose-de-
pendent insulinotropic peptide (GIP). Transfection of a 
tumour-derived K-cell line with the human insulin gene 
under control of the GIP-promoter resulted in glucose 
regulated hormone secretion in a very similar fashion 
to that observed in certain β-cell lines.73 However, the 
transfer of such technology to a real in vivo situation 
still requires important amendments.

Finally, mesenchymal stem cells, which are present in 
many organs including the pancreas, represent another 
alternative source to obtain insulin-secreting cells. Al-
though our knowledge is limited, it seems that these cells 
represent a heterogeneous population inside the or-
gan.74,75 It has been proposed that in the pancreas, insu-
lin-producing cells may arise by a mechanism called the 
epithelial-to-mesenchymal-to-epithelial transition which 
implies the dedifferentiation of islet cells to mesenchy-
mal cells in order to re-differentiate again into new is-
lets.76,77 However, whether this mechanism, which has 
only been described in vitro, also occurs in vivo is a de-
bated question.78-82 On the other hand, mesenchymal 
cells from the bone marrow stroma, adipose tissue and 
liver can give rise to insulin-producing cells through the 
use of different reprogramming strategies.83-87 However, 
data from functional secretion tests and glycaemia man-
agement in transplanted animal models are still lacking. 
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In any case, it is important to note that mesenchymal cell 
cloning (table 1) can substantially increase the reproduc-
ibility of the results in vitro, obtaining productive cells in 
terms of hormone biosynthesis and regulated secretion.

Conclusions
Research on ESCs and ASCs as potential sources for 
the treatment of diabetes requires substantial improve-
ments before transferring this technology to a clinical 
context. In both cases, in vitro culture conditions need 
to be Þ ne-tuned in order to establish a universal proto-
col, which means reproducibility in any laboratory and 
not dependent of the cell line used. Parallel advances in 
ESC and ASC bioengineering will improve the custom-
ization of the Þ nal cell product which must intend to be 
functional in terms of insulin processing and secretion, 

immunocompatible and free of exacerbated prolifera-
tion or limited survival. Research in pancreatic ASCs 
must also be strongly supported, since this will allow 
the optimization of pancreas donations through the 
stimulation of islet replication or islet neogeneis in or-
der to increase the quality of the transplantable bio-
mass. In addition, novel pharmacological agents that 
could stimulate in vivo islet/β-cell turnover and/or neo-
genesis need to be developed.

To achieve this enormous task, it is necessary to continue 
investigating the mechanisms underlying endocrine pan-
creas pathophysiology and development. In this context, 
National Founding Organisms must support innovative 
ideas that could represent signiÞ cant advances in this 
Þ eld rather than support projects coming from laborato-
ries that can only provide an image or, even worst, irre-
producible results. The follow-up of the projects must 
contemplate the same rigor and exigency as the initial 
evaluation. To this end, reviewers must Þ rst have certain 
knowledge in the Þ eld, and be ethical in their judge-
ments, letting aside political and economical beneÞ ts. 
Only in this context, we can fulfil the ancient Bible 
phrase: “Render to Caesar the things that are Caesar’s, 
and to God the things that are God’s”.
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