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For decades, investigators have made numerous attempts to generate human 
pancreatic β cell lines that could be used to advance β cell biology, facili-
tate drug discovery, and provide a pathway to β cell replacement therapy for 
the treatment of diabetes. In this issue of the JCI, Ravassard and colleagues 
report that this has finally been achieved successfully with a multistep pro-
cess that led to the generation of cells, which they termed EndoC-βH1 cells, 
that secreted insulin in response to glucose challenge.

The pancreas is a complex organ with endo-
crine and exocrine compartments. The 
endocrine compartment consists of α, β, 
δ, and pancreatic polypeptide cells, which 
produce glucagon, insulin, somatostatin, 
and pancreatic polypeptide, respectively. 
These cells are organized into islets of Lang-
erhans, which are scattered throughout the 
exocrine pancreas. Loss of pancreatic β cell 
function as a result of autoimmune-medi-
ated destruction and failure of pancreatic  
β cells to produce enough insulin to meet 
the body’s demands result in type 1 and 
type 2 diabetes, respectively.

Even though β cells are the predominant 
cell type within islets of Langerhans, they 
comprise approximately 1%–2% of total 
pancreatic cells only. Isolating a homog-
enous population of β cells has therefore 
proven difficult, hampering studies of 
human pancreatic β cell physiology as 
well as studies of the pathogenesis of dia-
betes and the development of therapeu-
tics — both pharmacologic and cell based 
— to treat diabetes. Many questions per-
tinent to these issues could be addressed 

by studies using a human pancreatic  
β cell line. Despite decades of attempts by 
many, human pancreatic β cell lines that 
retain the characteristics of primary β cells 
remain unavailable. However, in this issue 
of the JCI, Ravassard and coworkers report 
that they have finally succeeded in gener-
ating a cell line from human pancreatic  
β cells (which they named EndoC-βH1) that 
maintains many of the characteristics of 
primary mature β cells (1).

Lessons from 30 years of work  
in rodents
When developing a strategy to generate a 
human pancreatic β cell line, Ravassard 
and colleagues clearly took to heart les-
sons from the development of rodent cell 
lines. The generation of rodent pancreatic 
β cell lines followed several decades of work 
in which several steps of the process were 
developed. In one of the earliest pertinent 
studies, it was found that an insulin-pro-
ducing pancreatic tumor, which appeared 
after irradiation of rats, could be propa-
gated as a transplantable insulinoma (2). 
After this, a way was found to passage these 
insulinoma cells in vitro as RIN cells (3, 4).  
These cells exhibited some phenotypic 
instability, as clones contained variable 
amounts of insulin and the δ cell product 

somatostatin. Nonetheless, some of the 
subcloned cell lines had a stable enough 
phenotype to have important research 
value. The next advance was achieved with 
cells from the same transplantable insuli-
noma, with the finding that treatment of 
the cells with 2-mercaptoethanol, which 
maintained glutathione levels, resulted 
in the generation of cells (known as INS1 
cells) that had impressively improved 
insulin content relative to the insulinoma 
cells and superior ability to secrete insu-
lin following stimulation with glucose, a 
phenotype resembling primary pancreatic  
β cells (5). Further improvements of INS1 
cells in terms of insulin content and secre-
tion were then obtained with clonal selec-
tion techniques to obtain a cell line called 
823/13 (6). In work going on in parallel, the 
oncogene simian virus 40 large tumor anti-
gen (SV40LT) was first used to make cells 
with β cell characteristics when HIT cells 
were generated from infected isolated islets 
from hamsters (7). Work in mice with the 
same oncogene then led to the generation 
of βTC cells (8) and MIN6 cells (9), which 
remain among the most widely used rodent 
pancreatic β cell lines today.

A multistep process starting  
with human fetal pancreas
The remarkable achievement of Ravassard 
and colleagues was accomplished by start-
ing with fetal pancreatic buds (1) (Figure 1).  
These were transduced with a lentiviral vec-
tor expressing SV40LT under the control 
of the insulin promoter and then trans-
planted into SCID mice to allow expansion 
of the transformed β cells to proceed over 
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time. After in vivo propagation to gener-
ate insulinomas, the tissue was transduced 
with human telomerase reverse transcrip-
tase (hTERT) and transplanted into other 
SCID mice to further amplify the proliferat-
ing human pancreatic β cells. The cells were 
then harvested and passaged more than 80 
times in vitro with maintenance of signifi-
cant insulin content and the ability to secrete 
insulin in response to glucose challenge. 
Importantly, these cells had only minimal 
expression of the main products of the other 
islet cell types: glucagon, somatostatin, and 

pancreatic polypeptide. Curiously, however, 
there were rare cells that costained for insu-
lin and somatostatin, although the signifi-
cance of these cells is unknown. The key step 
in this protocol that led to the successful 
generation of a human pancreatic cell line 
appears to be the expression of SV40LT in  
β cells from fetal pancreas, which resulted in 
the generation of insulinomas in an in vivo 
transplant site. Notably, this strategy did not 
succeed with adult human islets. The contri-
bution of hTERT remains to be determined, 
but it may have enhanced the longevity and 
stability of the resultant cell line.

Caveats with studies of clonal  
and primary islet cells
We can expect the human pancreatic cell 
line generated by Ravassard and colleagues 
(1) and future human β cell lines to be a 
boon for β cell biology, as was the case with 
rodent cell lines. However, it is important 
to not forget the shortcomings of all β and 
other islet cell lines. They are not primary 
islet cells, and even primary islet cells have 
significant complexities that confound 
interpretation of studies but are often not 
appreciated. Even in their in vivo home 
in the pancreas, β cells are heterogeneous 
(10). They differ in age; for example, there 
are big functional differences between 
newly formed β cells and fully mature cells 
(11). No doubt there must be other forces, 
such as local environment and interac-
tions among different islet cell types, that 
contribute to differences in phenotype. 
The ability to isolate islets with enzymatic 
digestion has been an enormously impor-
tant tool for studying pancreatic β cells, 
but there too are caveats. β Cells within 
these isolated islets are hypoxic if centrally 
located in large islets (12) and are no doubt 

flooded with locally released glucagon and 
somatostatin, which occurs to a far lesser 
extent in vivo due to compartmentalization 
of the flow of blood and interstitial fluid 
through islets (13). With isolated human 
islets, the same problems are faced along 
with additional challenges. Even the prepa-
rations used for clinical transplantation are 
far from pure, containing only about 35%  
β cells, and many cells in any fresh prepara-
tion are either dead or dying (14).

Despite all of their limitations, human 
β cell lines such as that generated by Rav-
assard and colleagues (1) can be expected 
to be valuable for answering a wide variety 
of important questions relevant to human 
pancreatic β cell physiology and pathol-
ogy. As with all good experimental models, 
valuable data carefully interpreted can lead 
us to what we are really after, information 
that will have an impact on understanding 
the pathogenesis of diabetes and further 
the development of pharmacologic and 
cell-based therapies. However, when work-
ing with these cells, it will be important to 
keep in mind that even at their best, the 
insulin content of the EndoC-βH1 cells 
was less than 10% that of normal β cells, 
which is not as good as some rodent β cell 
lines. Another point is that these cells must 
be closely monitored as they are passaged 
to determine how well they maintain their  
β cell characteristics and to be sure that 
cells with the phenotype of other islet cell 
types do not emerge.

Where this advance may lead
This initial success of Ravassard and col-
leagues (1) could lead to the production of 
even more valuable cells. Certainly, attempts 
will be made to use the same strategy but 
with conditional expression of SV40LT 
and hTERT, such that after cell expansion, 
expression of the genes can be removed. 
Based upon success using a similar strat-
egy of conditional expression of SV40LT 
in a mouse cell line (15), it is reasonable to 
expect that this will produce a more “nor-
mal” β cell phenotype, with higher insulin 
content and more exuberant insulin secre-
tion in response to glucose stimulation. 
In theory, this could generate unlimited 
numbers of true β cells. Thus, this genet-
ic engineering approach could compete 
with the impressive progress made using 
directed differentiation of human embry-
onic stem cells (16) and induced pluripo-
tent stem cells (17) to create fully mature  
β cells. Solving the problem of inadequate  
β cell supply would have enormous implica-

Figure 1
Protocol used by Ravassard and colleagues 
(1) to generate a human pancreatic β cell line. 
To generate the human pancreatic β cell line 
EndoC-βH1, Ravassard and colleagues trans-
duced fetal pancreatic buds with a lentiviral vec-
tor expressing SV40LT driven by the rat insulin 
promoter (1). When the resulting tissue was 
transplanted into SCID mice, insulinoma cells 
developed. These were removed and trans-
duced with lentivirus expressing hTERT. Cells 
receiving this second transduction with hTERT 
were then again transplanted into SCID mice. 
After hypoglycemia developed in the mice, cells 
were removed and propagated in tissue culture 
as insulin-containing cells that secreted insulin 
in response to glucose challenge.
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tions for experimental islet biology, under-
standing of disease pathogenesis, drug dis-
covery, and β cell–replacement therapy for 
both type 1 and type 2 diabetes; the work of 
Ravassard and colleagues (1) takes us a step 
closer toward solving this problem.
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