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OBJECTIVEdb-Cells have demonstrated altered proinsulin processing after islet transplan-
tation. We compare b-cell metabolic responses and proinsulin processing in pancreas and islet
transplant recipients with respect to healthy control subjects.

RESEARCHDESIGNANDMETHODSdWe studied 15 islet and 32 pancreas transplant
recipients. Islet subjects were subdivided into insulin-requiring (IR-ISL, n = 6) and insulin-
independent (II-ISL, n = 9) groups. Ten healthy subjects served as control subjects. Subjects were
administered an intravenous arginine stimulation test, and insulin, C-peptide, total proinsulin, intact
proinsulin, and proinsulin fragment levels were determined from serum samples. Acute insulin
response (AIR) and proinsulin processing rates were calculated.

RESULTSdWe found that basal insulin and C-peptide levels were higher in the pancreas
group than in all other groups. II-ISL patients had basal insulin and C-peptide levels similar
to healthy control subjects. The IR-ISL group had significantly lower AIRs than all other groups.
Basal processing rates were higher in the pancreas and II-ISL groups than in healthy control
subjects and the IR-ISL group. After arginine stimulation, all groups had elevated processing
rates, with the exception of the IR-ISL group.

CONCLUSIONSdOur data suggest that II-ISL transplant recipients can maintain basal met-
abolic parameters similar to healthy control subjects at the cost of a higher rate of proinsulin
processing. IR-ISL transplant recipients, on the other hand, demonstrate both lower insulin
response and lower basal rates of proinsulin processing even after arginine stimulation.
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A lthough the treatment of choice for
type 1 diabetes is maintenance of
blood glycemia through regular ad-

ministration of exogenous insulin, this
has proven to be troublesome in a small
proportion of patients. About 10% of type
1 diabetic patients will face problems due
to poor glycemic control and/or hypogly-
cemic unawareness (1). Whole pancreas
transplantation has been accepted and es-
tablished as a suitable treatment option to

induce insulin-independence in such pa-
tients, but remains a major surgical proce-
dure with high morbidity and mortality.
This fact combined with the enormous
potential of cell therapy has led to in-
creased interest in islet of Langerhans
transplantation as an alternative to whole
pancreas transplantation.

Islet of Langerhans transplantation
involves implantation of b-cells directly
into the liver via portal infusion. This

process can achieve insulin independence
but, thus far, with moderate long-term
results (2). A majority of patients will
eventually return to insulin therapy (3–
5). The gradual decline in graft function
is likely due to both allo- and autoim-
mune mechanisms as well as nonimmune
mechanisms (6,7). Initial b-cell mass may
be insufficient, and many of the trans-
planted cells may fail to engraft effectively
into the liver owing to poor revasculariza-
tion (8,9). Evidence also suggests that im-
munosuppressive drugs may play an
additional role in b-cell malfunction (10).

Insulin is synthesized by pancreatic
b-cells as preproinsulin, which is subse-
quently converted to proinsulin intracel-
lularly. Proinsulin is then cleaved to
produce insulin, C-peptide, and proinsu-
lin fragmentsdall of which are secreted
into the portal circulation. Under normal
conditions, insulin and C-peptide make up
.90% of the peptides secreted by b-cells
(11). This process is normally very efficient;
however, it has been shown that subjects
with reduced glucose tolerance as well as
those with type 2 diabetes demonstrate im-
paired processing, resulting in increased se-
cretion of immature proinsulin (12–14).
This phenomenon is strongly associated
with b-cell dysfunction, as both relative
and absolute hyperproinsulinemia have
also been observed in islet grafts demonstrat-
ing decreased function (15–17). A better un-
derstanding of this phenomenon may allow
us to explain howandwhy islet grafts tend to
lose function over time.

With this goal in mind and in order to
better understand endocrine reserve and
hormonal processing in islet transplants
compared with whole pancreas trans-
plants and healthy control subjects, we
assessed and compared insulin, C-peptide,
and proinsulin responses to arginine stim-
ulation in islet transplant recipients, whole
pancreas transplant recipients, and healthy
control subjects.

RESEARCH DESIGN AND
METHODSdThe protocol for this
cross-sectional study was reviewed and
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approved by the Institutional Ethical
Committee for Clinical Research at the
Geneva University Hospitals. All patients
who had received a whole pancreas or an
islet of Langerhans transplant at theGeneva
University Hospitals and who had regular
follow-ups at our institution were asked to
participate in the study. Patients were re-
quired to have at least partial graft function
(as determined by positive C-peptide lev-
els). All patients who met the criteria were
included in the study.

Study population characteristics are
shown in Table 1. Fifteen islet transplant
recipients were enrolled in the islet group,
which was further subdivided into an
insulin-independent group (II-ISL) and an
insulin-requiring group (IR-ISL). Thirty-
two pancreas transplant recipients were
recruited for the pancreas group. Ten
healthy nondiabetic volunteers were re-
cruited to serve as control subjects. Fi-
nally, five patients with type 1 diabetes
awaiting pancreas or islet transplant, all
of whom demonstrated no C-peptide
production at the time of study inclusion,
served as negative control subjects. Writ-
ten informed consent was obtained from
all patients and control subjects prior to
their participation in the study.

Sample collection
All samples were obtained from patients
during either their annual posttransplan-
tation follow-up or one of their regularly
scheduled outpatient consultations.

Blood samples were collected in anon-
ymously labeled EDTA tubes. All sam-
ples were immediately centrifuged for
serum separation. The serum volumes
obtained were divided into three ali-
quots and stored at 2808C. The serum
was labeled using the same anony-
mous codes assigned to the tubes at the
time of the test. The serum remained
stored at 2808C until the assays were
performed.

Arginine stimulation test
An arginine stimulation test was per-
formed on all subjects to determine basal
and stimulated pancreatic hormone lev-
els. Blood was drawn at210, 0, 2, 3, 4, 5,
7, and 10 min from intravenous injection
of a 5 g arginine bolus. All subjects were
required to fast overnight. Patients who
were back on insulin were required to dis-
continue slow-acting insulin at least 24 h
prior to the test and rapid-acting insulin at
least 6 h before the test. Serum levels of
insulin, C-peptide, total proinsulin, and
intact proinsulin (IPI) were then mea-
sured using commercially available ELISAs
as described below. Acute insulin re-
sponse (AIR) was calculated as the mean
of the three highest values between 2
and 5 min minus the mean of the basal
values at210 and 0min. Acute responses
for C-peptide were calculated similarly.
The area under the curve (AUC) between
0 and 10 min postinjection for insulin
and C-peptide was calculated by the

trapezoidal rule with the mean of the
baseline values subtracted.

Proinsulin fragments, including split-
32,33 proinsulin, des-31,32 proinsulin,
split-65,66 proinsulin, and des-64,65
proinsulin, were obtained by subtracting
IPI from total proinsulin. Ratios of insulin
to total proinsulin and insulin [insulin/
(total proinsulin+insulin)] as well as pro-
insulin fragments to total proinsulin (pro-
insulin fragments/total proinsulin) were
calculated to quantify the rate of proinsu-
lin processing. Baseline fasting state ratios
were calculated for levels observed 10 min
before arginine injection. Ratios represent-
ing peak stimulation were calculated as
the mean of ratios for the three highest
time points between 2 and 5 min after
arginine stimulation. Insulin/(total proin-
sulin+insulin) ratio represents the quan-
tity of fully processed insulin with respect
to all circulating forms of the hormone.
Proinsulin fragments/total proinsulin rep-
resents the percentage of proinsulin that is
partially processed.

Assays
Commercially available ELISAs were
used tomeasure hormone levels for insulin,
C-peptide, total proinsulin, and IPI. The
following kitswere used: insulin (Mercodia,
Uppsala, Sweden), C-peptide (Mercodia),
total proinsulin (Millipore, Zug, Switzerland),
and IPI (Millipore).

All fasting serum levels were assayed
in duplicate. No dilution of serum samples

Table 1dDemographics and population characteristics

Islet recipients Pancreas
recipients

Healthy control
subjects

Type 1 diabetic
control subjectsII-ISL IR-ISL Total

n 9 6 15 32 10 5
Age (years) 53.1 6 11.7 55.8 6 7.9 54.2 6 10.1 49.5 6 7.3 33.6 6 10.8* 49.4 6 7.4
Sex (female:male) 7:2 3:3 10:5 19:13 4:6 3:2
Tx follow-up (years) 4.3 6 1.6 8.5 6 3.1 6.0 6 3.1 7.9 6 3.8 N/A N/A
Onset of diabetes (years) 36.3 6 11.8 38.7 6 13.8 37.3 6 12.2 35.8 6 9.6 N/A 38.4 6 6.6
Daily insulin (UI/kg) N/A 0.33 6 0.10 0.13 6 0.18 0.03 6 0.08 N/A 0.76 6 0.57
Fasting glycemia (mmol/L) 6.2 6 0.9† 6.7 6 2.4† 6.4 6 1.6† 5.3 6 1.1 4.7 6 0.8 10.9 6 4.7*
HbA1c (%) 5.9 6 0.5† 6.7 6 0.8‡ 6.2 6 0.7† 5.5 6 0.4 5.4 6 0.4 8.1 6 0.9*
HbA1c (mmol/mol) 41 6 5.5† 50 6 8.7‡ 44 6 7.7† 37 6 4.4 36 6 4.4 65 6 9.8*
Serum creatinine (mmol/L) 90.0 6 25.7 124.2 6 40.1x 103.7 6 35.4 122.5 6 36.6|| 71.6 6 17.0 251.2 6 284.9*
BMI (kg/m2) 22.1 6 3.3 22.3 6 4.3 22.2 6 3.6 23.7 6 4.2 22.1 6 2.4 25.6 6 6.3
B score 7.1 6 0.9 3.8 6 0.8 5.8 6 1.9 N/A N/A N/A
Transplant type SIK, n = 2 SIK, n = 3 SIK, n = 5 SPK, n = 26 N/A N/A

IAK, n = 2 IAK, n = 2 IAK, n = 4 PAK, n = 5
ITA, n = 5 ITA, n = 1 ITA, n = 6 PTA, n = 1

Data are means6 SD unless otherwise indicated. IAK, islet after kidney; ITA, islet transplant alone; PAK, pancreas after kidney; PTA, pancreas transplant alone; SIK,
simultaneous islet-kidney; SPK, simultaneous pancreas-kidney. *P, 0.005 vs. all other groups. †P, 0.05 vs. both pancreas recipients and healthy control subjects.
‡P, 0.05 vs. II-ISL recipients, P, 0.0001 vs. pancreas recipients, P, 0.005 vs. healthy control subjects. xP, 0.005 vs. healthy control subjects. ||P, 0.05 vs. II-ISL
recipients, P , 0.0001 vs. healthy control subjects.
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was performed. Concentrations were de-
termined using a standard curve with high-
and low-level control subjects.

Cross-reactivities of the assays were
provided by the manufacturer and are
as follows: The insulin assay cross-reacts
98% with des-64,65 proinsulin,,0.01%
with C-peptide and proinsulin, and
,0.05% with des-31,32 proinsulin and
split-32,33 proinsulin; the C-peptide
ELISA cross-reacts ,0.0006% with insu-
lin, ,1.8% with proinsulin, 10% with
split-65,66 proinsulin, 74% with des-
64,65 proinsulin, 3% with des-31,32 pro-
insulin, and 2%with split-32,33 proinsulin;
the total proinsulin ELISA cross-reacts
100% with intact and des-31,32 pro-
insulin, and 81% with des-64,65 pro-
insulin; the IPI ELISA cross-reacts
36% with des-64,54 proinsulin, and it
shows no cross-reactivity with des-31,32
proinsulin.

The lower limits of detection of the
assays were provided by themanufacturer
and are as follows: the insulin assay has a
detection limit of 6 pmol/L, the C-peptide
ELISA has a limit of 15 pmol/L, the total
proinsulin assay has a limit of 0.5 pmol/L,
and the IPI assay has a lower limit of 0.1
pmol/L.

Statistical analysis
All statistical analyses were performed
using Prism 6 software (Graphpad Soft-
ware, La Jolla, CA). For all analyses,
values obtained from healthy subjects
were used as control subjects. For data
that were normally distributed, Student
t test was used to compare two groups,
and one-way ANOVA was used to com-
pare between more than two groups. For
data that had non-Gaussian distributions,
we used theMann-Whitney test to compare
between two groups and theKruskal-Wallis
test to compare between more than two
groups. Significance was considered for
values of P , 0.05.

RESULTS

Demographic characteristics
The study population characteristics are
shown in Table 1. Subjects in the healthy
control group were slightly younger than
the rest of the study population (P ,
0.01). Islet recipients exhibited higher
fasting glycemia and HbA1c levels than
other groups (P , 0.05). Nonetheless,
HbA1c levels remained in the normal
range for the II-ISL group. Creatinine lev-
els were elevated in the pancreas and IR-
ISL groups with respect to the II-ISL and

healthy control groups (P , 0.005 vs.
control, P , 0.05 vs. II-ISL).

Insulin and C-peptide levels
Figure 1A and B shows the insulin and
C-peptide response curves for all five
groups. The insulin and C-peptide re-
sponse curves maintain the same overall
shape in all groups, with the exception of
the diabetic control subjects who demon-
strate no response to arginine stimulation.
Insulin levels were higher in pancreas re-
cipients but lower in islet recipients com-
pared with healthy control subjects.
Insulin levels in the pancreas group
were significantly higher than those of
the healthy control group. AIRs for
healthy control subjects, IR-ISL, II-ISL,
and pancreas groups were 217 6 163,
23 6 13, 125 6 90, and 266 6 129
pmol/L, respectively. The C-peptide acute
responses in the same groups were 7176
362, 91 6 53, 278 6 124, and 550 6
244 pmol/L, respectively (Supplementary
Table 1). Mean acute C-peptide responses
were similar in the healthy control group
and pancreas group but significantly

lower in the islet groups. The IR-ISL
transplantees showed a significantly de-
creased acute insulin and C-peptide re-
sponse with respect to all other groups.
There was no significant difference in AIR
between the II-ISL and control groups. As
expected, the diabetic control group
showed negligible insulin and C-peptide
levels.

AUC values demonstrated similar
distributions to acute responses in the
various study groups (Supplementary Ta-
ble 1). AUC values for insulin response in
healthy control subjects, IR-ISL, II-ISL,
and pancreas groups were 1,332 6 959,
152 6 91, 774 6 528, and 1,540 6 707
pmol z min/L, respectively. These values
were higher in pancreas recipients and
lower in islet recipients compared with
healthy control subjects. AUC values for
C-peptide response in healthy control
subjects, IR-ISL, II-ISL, and pancreas
groups were 4,955 6 3,158, 630 6
428, 1,843 6 875, and 3,859 6 2,061
pmol z min/L, respectively. The AUC of
C-peptide for the IR-ISL groupwas signif-
icantly lower than in all other groups.

Figure 1dA: Mean insulin levels during arginine stimulation of healthy control group, IR-ISL
group, II-ISL group, pancreas group, and diabetic control group. B: Mean C-peptide levels during
arginine stimulation of healthy control group, IR-ISL group, II-ISL group, pancreas group, and
diabetic control group. Whiskers = SEM.
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Proinsulinemia
Mean values for C-peptide and total pro-
insulin before and after arginine stimula-
tion are shown in Fig. 2. These figures
show that total proinsulin levels are re-
duced in the IR-ISL group with respect
to all other groups and follow a distribu-
tion similar to that of C-peptide.

Basal proinsulin processing
Basal proinsulin-processing ratios are
shown in Fig. 3A. The healthy control group
demonstrated lower basal proinsulin-
processing rates than the pancreas (P ,
0.01) and II-ISL (P, 0.05) groups [746
14% vs. 83 6 7% vs. 86 6 12%, respec-
tively, for insulin/(total proinsulin+
insulin) and 54 6 25% vs. 67 6 18% vs.
76 6 16%, respectively, for proinsulin
fragments/total proinsulin]. The IR-ISL
group displayed a basal insulin/(total
proinsulin+insulin) rate of 75 6 14% and
a basal proinsulin fragments/total proin-
sulin rate of 54 6 25%.

Stimulated proinsulin processing
Stimulated proinsulin-processing ratios
are shown in Fig. 3B. Interestingly, healthy

control subjects, pancreas recipients, and
II-ISL recipients all attain similarly ele-
vated processing ratios after stimulation
(93 6 2% vs. 93 6 3% vs. 93 6 5%, re-
spectively, for insulin/(total proinsulin+
insulin) and 80 6 7% vs. 77 6 9% vs.
76 6 12%, respectively, for proinsulin
fragments/total proinsulin), while IR-ISL
transplant recipients’ ratios do not
demonstrate a comparable increase. Al-
though IR-ISL proinsulin-processing ra-
tios do increase slightly after stimulation
to 87 6 4% and 58 6 18% for insulin/
(total proinsulin + insulin) and proinsulin
fragments/total proinsulin, respectively,
these values remain significantly lower
than all other groups (P, 0.01 vs. control
and pancreas groups, P, 0.05 vs. II-ISL).

CONCLUSIONSdThis study ex-
plores for the first time proinsulin pro-
cessing in islet transplant recipients, not
only in comparison with healthy control
subjects, but also with respect to pancreas
transplant recipients. This study also ex-
plores the impact of endocrine cell stim-
ulation on proinsulin processing. We
have shown, first, that the exposure to

arginine stimulation is in fact similar in II-
ISL transplant recipients and healthy con-
trol subjects. As expected, recipients of
pancreas transplants with systemic ve-
nous drainage demonstrate higher insulin
response to arginine than healthy control
subjects. Second, there is a noticeable
difference in the rate of basal proinsulin
processing comparing II-ISL and IR-ISL
transplant recipients. II-ISL patients have
proinsulin-processing ratios similar to
those of pancreas transplant recipients,
which are significantly higher than those
of healthy control and IR-ISL patients.
Third, after stimulation, II-ISL, pancreas,
and healthy control subjects all increase
their proinsulin-processing ratios to a
similar level. In contrast, IR-ISL patients
are unable to achieve the same increase in
proinsulin-processing rate.

These data suggest that fully func-
tional islet grafts are able to attain optimal
proinsulin processing when stimulated
but are required to sustain high levels of
processing even during a metabolic fast-
ing state in order to maintain glycemic
control. Islet grafts requiring supplemen-
tation with insulin therapy, on the other
hand, demonstrate low basal proinsulin-
processing rates, which are unable to
reach optimal levels even when stimu-
lated. Interestingly, total proinsulin levels
in this group (IR-ISL) are low compared
with other groups both before and after
stimulation. However, the ratio of pro-
insulin to insulin in the IR-ISL group after
stimulation is disproportionately high.
This suggests that partially functional islet
grafts have a defect in proinsulin process-
ing, which manifests itself as relative and
not absolute hyperproinsulinemia.

It should be noted that the calculation
of proinsulin fragments may be slightly
biased owing to ELISA cross-reactivities.
In theory, when we calculate proinsulin
fragments as proinsulin fragments = total
proinsulin2 IPI, we are assuming that all
of the des-64,65 proinsulin has beenmea-
sured by the total proinsulin assay and
that none of it has been measured by the
intact assay. In reality, we measure only
81% of des-64,65 with the total proinsu-
lin assay and 36% with the IPI assay. So,
theoretically we are underestimating the
level of des-64,65 proinsulin by ~50%.
However, since the PC2 pathway respon-
sible for the formation of des-64,65 pro-
insulin is not the primary pathway for the
production of insulin, unmeasured levels
of des-64,65 proinsulin are relatively in-
significant with respect to des-31,32 pro-
insulin levels.

Figure 2dA: Box plots of basal C-peptide and total proinsulin levels in healthy control group, IR-
ISL group, II-ISR group, and pancreas group before arginine injection (basal values). B: Box plots
of stimulated C-peptide and total proinsulin levels in healthy control group, IR-ISL group, II-ISL
group, and pancreas group during peak stimulation after arginine injection (stimulated values).
Data are expressed as median (solid line), interquartile range (box), and range (whiskers).
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It should also be noted that clearance
of proinsulin and proinsulin fragments
could be altered by diminished renal
function. As seen in Table 1, our IR-ISL
group demonstrated creatinine levels that
were elevated compared with healthy
control subjects. However, this difference
was not significant comparing the IR-ISL
group to II-ISL and pancreas groups. In
contrast, the reduced processing ratios
observed in the IR-ISL group are signifi-
cantly lower than all other groups. This
suggests that diminished renal function
alone cannot explain the observed relative
hyperproinsulinemia.

Both absolute and relative hyper-
proinsulinemia have already been ob-
served in settings of impaired glucose
metabolism (12–14). Two theories have
been proposed to explain this. First, it
has been suggested that dysfunctional
b-cells present a fundamental defect in
the pathway responsible for processing
of proinsulin to insulin (18). It is possible
in the case of islet transplantation that ma-
nipulation of islets, introduction of

b-cells into a foreign microenvironment,
or immunosuppressive drugs may render
these cells inherently dysfunctional. A
second theory suggests that hyperproin-
sulinemia occurs because of increased
demand on b-cells, which leads to insuf-
ficient time to complete proinsulin pro-
cessing intracellularly before granule
secretion occurs (15,19,20). It seems rea-
sonable to suppose that a combination of
insulin resistance and decreased b-cell
mass could lead to unattainable insulin
needs and eventual b-cell deterioration
via exhaustion. Our data show that islet
grafts initially present increased basal
proinsulin processing with respect to
healthy control subjects and that this pro-
cessing deteriorates as graft function
declines, a phenomenon that more read-
ily supports the latter theory. We cannot,
however, exclude the effect of prolonged
glucotoxicity on b-cell function as an ad-
ditional possible explanation for the ob-
served processing defects. Hyperglycemia
alone can be sufficient to provoke se-
cretion of immature proinsulin (21).

Although our two islet groups had similar
fasting glucose levels, HbA1c was slightly
increased in the IR-ISL group, indicating
that chronic glucotoxicity may have
played a role in the functional deteriora-
tion of b-cells within this subgroup.
Ultimately, a longitudinal study on the
same or similar populations might help
to verify this hypothesis.

Two studies have previously investi-
gated proinsulin processing in islet trans-
plant recipients (16,22). However,
neither study used arginine stimulation
to explore hormonal processing when un-
der simulated metabolic stress and nei-
ther study compared islet and pancreas
transplant recipients. It is interesting to
note that these studies produced con-
flicting data and presented contrasting
conclusions.

Our study tends to agree with those of
McDonald et al. (16) and explains why
Klimek et al. (22) found seemingly “con-
trasting” results.We found that functional
islet grafts display increased processing
and relatively lower proinsulinemia at
rest, with an inability to increase their
processing rates further when stimulated.
These grafts are essentially behaving the
same during the metabolic fasting state as
fully stimulated healthy control subjects.
As islet grafts lose function, however,
processingdeven during the fasting
statedbecomes less effective and proin-
sulinemia increases. These findings di-
rectly correlate with the findings of
McDonald et al. and are supported by
the data of Klimek at al., which include
mostly IR-ISL transplant recipients. Two
other groups, Fiorina et al. (17) and Rickels
et al. (21), found similar results. It would
seem that there is a threshold level of
demand beyond which b-cells can no
longer process proinsulin effectively.
As stated earlier, we presume this to
be due to an increased demand on de-
creased b-cell mass. Further investiga-
tion is warranted to explain the exact
mechanism responsible for the increased
basal proinsulin processing seen in II-ISL
grafts. Again, a longitudinal study of these
patients might help shed more light on
the issue.

No study previously analyzed the
stimulated hormonal response of pan-
creas grafts with respect to islet grafts.
Our data show that pancreas grafts be-
have quite similarly to healthy control
subjects but with elevated overall hor-
mone levels. This is undoubtedly a re-
flection of the systemic venous pancreatic
drainage of these patients, in whom there

Figure 3dA: Box plots of the proinsulin-processing ratios [(insulin/total proinsulin+insulin) and
(proinsulin fragments/total proinsulin)] in healthy control group, IR-ISL group, II-ISL group, and
pancreas group before arginine injection (basal values). B: Box plots of the proinsulin-processing
ratios [(insulin/total proinsulin+insulin) and (proinsulin fragments/total proinsulin)] in healthy
control group, IR-ISL group, II-ISL group, and pancreas group during peak stimulation after
arginine injection (stimulated values). Data are expressed as median (solid line), interquartile
range (box), and range (whiskers). I/TP+I, insulin/total proinsulin+insulin; PF/TP, proinsulin
fragments/total proinsulin.
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is no hepatic first-pass metabolism of
pancreatic hormonal secretions (23). Pan-
creas grafts tend to show similar patterns
of proinsulin processing to fully func-
tional islet grafts. Whether this is peculiar
to systemically drained pancreata cannot
be elucidated from this data.

This study used arginine stimulation
rather than oral or intravenous glucose
tolerance tests to test secretory reserve in
our patient populations. Arginine stimu-
lation provides the advantage of not in-
ducing hyperglycemia, thus reducing the
confounding influence of glucotoxicity
to a minimum. Other investigators have
found the intravenous glucose tolerance
tests to be more robust and a better in-
dicator of b-cell status (24), but this
method does not account for host insulin
resistance.

In summary, II-ISL transplant recip-
ients can maintain basal metabolic pa-
rameters similar to healthy control
subjects at the cost of a higher rate of
basal proinsulin processing. IR-ISL trans-
plant recipients demonstrate both lower
insulin response and lower basal rates of
proinsulin processing, which remain sub-
optimal even after arginine stimulation
(i.e., loss of graft function is associated
with less effective processing and relative
hyperproinsulinemia). Finally, the higher
AIRs of pancreas transplant recipients are a
reflection of systemic venous drainage of
endocrine secretions.
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