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Type 1 diabetes is well recognized to
be immune mediated, resulting in destruction of b-cells. That this eradication
is not always complete was evident in an
early report from the Diabetes Control
and Complications Trial (DCCT) showing
that 11% of adult participants with type 1
diabetes for more than 5 years had measurable C-peptide in the fasting state and
following mixed-meal stimulation, while
no adolescents had evidence of such (1).
Further, in participants with measurable
C-peptide responses, C-peptide declined
in all after a year of randomized therapy,
with this decline being less in those who
received intensive insulin therapy. Subsequently, it was shown in adolescents
that 2 weeks of intensive insulin therapy,
compared with conventional therapy, resulted in improved b-cell function a year
later along with superior glucose control
(2). In addition to C-peptide, proinsulin
has also been shown to be circulating in
individuals with type 1 diabetes at the
time of diagnosis and to be still measurable 30 months later (3,4). Thus, there is
long-standing evidence that at the time
of diagnosis and subsequently, individuals
with type 1 diabetes have b-cells still capable of synthesizing proinsulin, and many
can process it to C-peptide and insulin.
In the current issue of Diabetes Care,
Sims et al. (5) report longitudinal ﬁndings

on proinsulin secretion in type 1 diabetes
using a large number of samples from the
T1D Exchange. They divided their subjects into three groups based on stimulated C-peptide responses to a mixed
meal. We have categorized these groups
as having absent, intermediate, and high
C-peptide responses, although the latter
are a great deal lower than what is observed in healthy people. Individuals
in the absent group had C-peptide responses that were below the reliable
lower detection limit of the assay, and
they were not studied further. These
patients had been diagnosed at age
15 years, and at the time of their initial
mixed meal they reported having the
disease for an average of 19 years. Those
in the intermediate and high groups had
measurable C-peptide responses and
were examined again with mixed-meal
tests at 1, 2, and 4 years after their initial
test. The high-response group had fasting and stimulated C-peptide values
that were nearly sevenfold greater than
the intermediate-response group, and
they also had better glycemic control.
Although both groups had been diagnosed on average 10–12 years earlier,
those in the high-response group were
markedly older (mean of 29 years of age)
at the time of diagnosis than were those
with intermediate responses (19 years of

age). In addition to C-peptide, proinsulin
concentrations were quantiﬁed at this
initial visit, and all three groups had
fasting levels in the reliable measurement range of the assay. The levels of
proinsulin relative to C-peptidedlong
used as a marker of b-cell dysfunction
in type 2 diabetes (6)dwere disproportionately increased in both groups with
detectable C-peptide compared with a
group of healthy control subjects. Further, the proinsulin–to–C-peptide ratio
was greater in those with the lowest
C-peptide responses, compatible with
them having poorer b-cell function.
There is renewed interest of late in the
idea of residual b-cell function (7–10) and
mass (11–13) in type 1 diabetes. What
do we know, what have we learned, and
what do we need to probe? We know that
type 1 diabetes is heterogeneous. Contributors to this heterogeneity could include HLA genotype (14), the number
of autoantibodies (15), age of onset (1),
and variability in b-cell mass and survival (11). Further, some people with a
typical type 2 diabetes phenotype have
an underlying immune diathesis comprising antibodies and/or T-cell activation
(16). We have now learned that despite
long-standing type 1 diabetes, the vast
majority of individuals have detectable
circulating proinsulin, although not all
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have measurable C-peptide. Thus, lingering b-cells must be the norm, but
whether they have escaped the immune
attack or are newly formed remains
unanswered. The efﬁciency of these cells
in processing proinsulin varies, with it
being poorest in those diagnosed when
younger and best in those diagnosed
when older. Although one might expect
that duration of disease may be a critical factor in determining progression of
b-cell dysfunction and thus processing
efﬁciency, this does not appear to be the
case. Participants in the current study (5)
who were older had the best secretory
function and were most efﬁcient in processing proinsulin. Further, this older
group had diabetes for somewhat longer
than the group with marginal C-peptide
responses. As proinsulin is less bioactive, it
is possible that in those with residual b-cell
function, impaired proinsulin processing
contributes to the observed differences
in glucose control (as in type 2 diabetes).
In those with the best b-cell function, information on the quantity of insulin required to achieve a lower hemoglobin A1c
would have been informative. With all this
information there is new opportunity to
probe deeper in order to better understand what may be happening with the
b-cell in individuals with type 1 diabetes.
While proinsulin immunoreactivity
was detectable, it is unclear whether
it was all intact proinsulin or whether
there were changes in the quantity and
distribution of the proinsulin conversion
intermediates des-31,32- and des-64,65proinsulin. In type 2 diabetes, the quantity of proinsulin relative to C-peptide is
increased, but the relative proportions of
intact proinsulin and des-31,32-proinsulin
do not differ, in keeping with deﬁcient
action of the proprotein convertases in
those with hyperglycemia (6,17). Change
in expression of the proprotein convertase Pcsk1 as a cause of persistent proinsulin secretion in type 1 diabetes has
recently been suggested from studies of
samples from the Network for Pancreatic Organ Donors with Diabetes (nPOD)
(13). In these pancreas extracts of patients with type 1 diabetes, expression
of this protease was decreased and
proinsulin–to–C-peptide ratios increased.
Thus, the basis for any differences in
proinsulin processing in type 1 and type 2
diabetes is an area worth probing.
Interestingly, aside from proinsulin,
processing of another b-cell proprotein

Figure 1—Representative pancreatic islets from a healthy individual and individuals with type 1
diabetes and type 2 diabetes. Islet amyloid is demonstrated by thioﬂavin S staining (green) and
b-cells by insulin immunostaining (red). Scale bar = 50 mm.

has also recently been described as impaired in type 1 diabetes. We recently
reported that an intermediate precursor
form of islet amyloid polypeptide (IAPP),
called proIAPP1–48, is also disproportionately elevated in persons with type 1
diabetes (18). Together, these ﬁndings
suggest a common mechanism may exist
that leads to persistent propeptide secretion from b-cells in type 1 diabetes. It
will be of value to probe whether persistent proIAPP1–48 secretion in type 1
diabetes is derived from the same b-cells
as proinsulin, whether in both cases this
is due to loss of prohormone convertase
expression or action, and whether it occurs in a subset of residual b-cells escaping immune attack. IAPP aggregation
leads to formation of amyloid deposits in
the islet, a morphological feature thought
to be pathognomonic of type 2 diabetes
(19). Interestingly, amyloid has now also
been described in islet transplants (20)
and pancreata of some cases of type 1
diabetes (21). Figure 1 illustrates that the
conformation of islet amyloid in type 1
diabetes is indistinguishable from that
observed in type 2 diabetes, and the
deposits are located in proximity to residual b-cells (S.E.K., A.T.T., and R.L.H.,
unpublished observation). This location
of the amyloid deposits is in keeping with
IAPP, their unique peptide component,
being a secretory product of the b-cell
that typically has to be exocytosed for
amyloid to form (22,23). We have proposed that b-cell dysfunction and impaired processing of proIAPP are linked
to its aggregation and amyloid formation
(24,25), raising the possibility that a
common pathway leads to amyloid formation in both type 2 diabetes and in
some cases of type 1 diabetes in which
residual b-cells remain.
Sims et al. (5) have also provided information regarding the performance of
the proinsulin assay in their hands, not

simply based on the manufacturer’s information. They are commended for doing so, and we would encourage others
to follow their lead. Too frequently,
results from purchased assays are reported with blanket acceptance that the
assays are well validated. This is clearly
not always the case, resulting in inaccurate information making its way into the
literature. For this reason, funding agencies such as the National Institutes of
Health are requiring applicants to provide information on how they plan to
determine the reliability, reproducibility,
and authenticity of their observations
(26), and some journals now require
provision of more than minimal information to allow readers to be better
informed (27,28). We believe the broadening of this approach would leave us all
better served to investigate and understand not only the pathogenesis of
type 1 diabetes but much, much more.
The current study and others, some
going back decades, now strongly support the hypothesis that type 1 diabetes
is more than just a destructive disease.
By probing the meaning of persistent
propeptide release, we hope greater insights into b-cell dysfunction in type 1 diabetes will result.
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