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ARTICLE INFO ABSTRACT

Keywords: Aims: In recent-onset type 1 diabetes, clamp-derived C-peptide predicts good response to anti-CD3. Elevated
anti-CD3 treatment proinsulin and proinsulin/C-peptide ratio (PI/CP) suggest increased metabolic/inflammatory beta cell burden.
beta cell function We reanalyzed trial data to compare the ability of baseline acutely glucose-stimulated proinsulin, C-peptide and
C—p‘.epnd_e PI/CP to predict functional outcome.

proinsulin

Methods: Eighty recent-onset type 1 diabetes patients participated in the placebo-controlled otelixizumab (GSK;
NCT00627146) trial. Hyperglycemic clamps were performed at baseline, 6, 12 and 18 months, involving 3 h of
induced euglycemia, followed by acutely raising and maintaining glycemia to > 10 mmol/1 for 140 min. Plasma
proinsulin, C-peptide and PI/CP were determined after acute (minute 0 at 10 mmol/l; PI,, CPy, PI/CPy) and
sustained glucose stimulation (AUC between minutes 60-140). Outcome was assessed as change in AUCg.140 C-
peptide from baseline.

Results: In multiple linear regression, higher baseline (>median [P50]) PI, independently predicted preservation
of beta cell function in response to anti-CD3 and interacted significantly with IAA. During follow-up, anti-CD3
tempered a further increase in PI/CPy, but not in PI,. CPy outperformed PI, and PI/CP, for post-treatment
monitoring.

Conclusions: In recent-onset type 1 diabetes, elevated acutely glucose-stimulated proinsulin may complement or
replace acutely or sustainedly stimulated C-peptide release for identifying good responders to anti-CD3, but not
as outcome measure.

proinsulin/C-peptide ratio
type 1 diabetes

1. Introduction ChAglyCD3 (otelixizumab, GSK) or hOKT3gammal(Ala-Ala) (teplizu-

mab, Provention Bio-Sanofi) were able to preserve beta cell function up

Preserving (residual) beta cell function is an important goal in to 4 years with associated positive effects on metabolic control, but only

(a)symptomatic type 1 diabetes [1]. Several immune interventions could in patients at high risk of rapidly losing residual beta cell function, i.e.

achieve this transiently in subgroups of patients, with Fc receptor non- relatively young individuals with short duration of clinical symptoms,
binding monoclonal antibodies to CD3 as most successful approach, and only moderately reduced beta cell function at baseline [4-8].

both at clinical onset and in asymptomatic disease [2,3]. At diagnosis, In a randomized placebo-controlled phase 2 trial (NCT00627146),
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the effectiveness of otelixizumab was limited to new-onset patients with
baseline residual function — as assessed by hyperglycemic clamp test
(HCT) [9] - exceeding 25 % of matched healthy controls, and presenting
with insulin autoantibody (IAA) positivity [7,8,10]. The HCT is
considered the gold standard for measuring beta cell function [1,9,11].
In type 1 diabetes patients, C-peptide release is measured under pro-
longed, constant intravenous glucose stimulation (target glycemia
10.0-13.9 mmol/1 during 140 min), after 3 h of insulin-induced eugly-
cemia [7,9]. Teplizumab was recently shown to delay clinical onset in
stage 2 asymptomatic type 1 diabetes and was subsequently granted
approval by the USA Food and Drug Administration for prescription use
[12,13]. Hence, it becomes increasingly important to identify in-
dividuals who are most likely to respond well to immunomodulation
[14]. This should avoid needlessly exposing non-responders — especially
when still symptom-free — to the potentially harmful side effects of
intravenous anti-CD3 administration, including signs of cytokine release
syndrome and transient Epstein-Barr virus reactivation [6,7]. Treatment
at lower doses is better tolerated but may not suffice to replicate the
beneficial effects of immunomodulation [15,16]. Therefore, future trials
may benefit from replacing cumbersome or lengthy beta cell stimulation
tests, which are difficult to perform in young children, by less tedious or
time-consuming tests for the selection of participants of choice.

In this context we wondered whether — and to what extent — the
discharge of various beta cell secretory peptides during a shorter glucose
stimulus may also reliably predict functional outcome after anti-CD3
therapy. Rises in plasma proinsulin levels and the proinsulin/C-
peptide ratio (PI/CP) precede and accompany the clinical course of
type 1 diabetes and reflect impaired processing of proinsulin to insulin,
allegedly due to increased metabolic and/or inflammatory burden upon
the beta cells [17-33]. As anti-CD3 treatment is believed to be most
effective in the peri-onset period when immune aggression against the
beta cells is allegedly at its highest [4-8,12,34], we wanted to investi-
gate whether these markers of beta cell stress may complement or
replace C-peptide release for predicting a good therapeutic response to
anti-CD3.

Taking advantage of stored data from the above-mentioned otelix-
izumab trial (NCT00627146) [7], we investigated (i) how acutely
glucose-stimulated proinsulin (PIp), C-peptide (CPy) and PI/CP (P1/CPg)
relate to each other, to sustained glucose-stimulated area under the
curve C-peptide release during minutes 60-140 of a HCT (AUCg-140),
and to other patient characteristics at baseline, (ii) whether Py and P1/
CP( may help predict the effectiveness of anti-CD3 treatment for pre-
serving residual beta cell function in new-onset disease, and (iii) how
their evolution during follow-up relates to the therapeutic response.

2. Subjects, materials and methods
2.1. Study design

Eighty recent-onset type 1 diabetes patients were enrolled in a multi-
centric randomized phase 2 placebo-controlled trial after written
informed consent (NCT00627146) according to the following inclusion
criteria: 12-39 years of age, treated with insulin < 4 weeks before
enrolment, polyuria for < 6 months, <10 % weight loss during the
previous 6 months, random C-peptide > 200 pmol/l at a glycemia of
10.0-13.9 mmol/1, ICA" and/or GADA™, and Epstein-Barr virus IgG"
[7]. Treatment was assigned by a third-party member after randomi-
zation according to trial center, age, and the presence or absence of ICA
[7]. Patients received an infusion of ChAglyCD3 (otelixizumab, n = 40)
or placebo (n = 40) via intravenous infusion over 2-4 h on six consec-
utive days (64 mg cumulative dose in the first 4 patients; 48 mg in the
following 36 patients) [7]. The primary endpoint was residual beta cell
function, determined as AUC between minutes 60-140 (AUCgo.140) C-
peptide release during a HCT [1,7,9,10] and expressed per minute. Ef-
ficacy and safety data were previously reported [7]. Originally, follow-
up was planned for 18 months [7], but later extended to evaluate the 48-
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month outcome [8]. During this extension, the number of participants
who underwent HCTs became insufficient (n = 36) to use HCT-derived
C-peptide release as endpoint; therefore we opted to limit the current
analyses to 18 months of follow-up [8,10].

2.2. Patient follow-up

All patients received intensive insulin therapy during the entire trial.
Insulin doses were adjusted at least once every three months with the
aim of maintaining blood glucose levels (home capillary measurements)
between 4.4 and 7.8 mmol/1 and HbA;. levels below 7.0 % (53 mmol/
mol) [7]. Type and dose of insulin, body weight, home capillary glucose
measurements, concomitant medication and adverse events were
recorded during three-monthly follow-up visits [7].

HCTs were performed at baseline (at start of treatment, after a me-
dian [IQR] of 20 [15-25] days of insulin treatment) and every 6 months
thereafter, if the patient agreed. After 180 min of euglycemia (glycemia
between 3.3 and 5.0 mmol/1), maintained by intravenous insulin infu-
sion, glycemia was acutely raised by intravenous administration of a
concentrated glucose solution aiming to increase blood glucose levels >
10.0 mmol/] in 30 min [7]. Glycemia was measured bedside every 15
min, and the intravenous glucose load adapted according to Supple-
mental Table S1. Glycemia > 10.0 mmol/]1 was reached after on average
30 min (cumulative glucose load: 3.75 g), with some interindividual
variability, and defined the start (minute 0) of the hyperglycemic phase
(Supplemental Fig. S1). During sustained stimulation, glycemia was
maintained at 10.0-13.9 mmol/l. Proinsulin and C-peptide were
measured at minutes 0, 60, 90, 120 and 140 of the hyperglycemic
plateau [7].

During the euglycemic phase of the HCT, C-peptide values often fell
below the lower limit of quantification (30 pmol/]) of the assay [21]
used in the original study [7]. Therefore, values of proinsulin, C-peptide
and PI/CP are reported here after a standardized acute glucose stimu-
lation at the beginning of the hyperglycemic plateau phase of the HCT
(minute 0 at > 10 mmol/] glucose) as PIy, CPy and PI/CPy, respectively.
C-peptide release under sustained glycemic stimulation during HCT was
expressed as AUC between minutes 60-140 of the hyperglycemic
plateau at > 10 mmol/]1 (AUCgg.140). Data availability for PIy, CPy and
PI/CP, compared to AUCg.149 C-peptide, was similar at baseline and
during follow-up (Supplemental Table S2).

2.3. Analytical methods

For peptide measurements, venous whole blood was collected in K-
EDTA monovettes (Sarstedt) containing aprotinin (Trasylol; Bayer; final
concentration 600 kallikrein inactivator units/ml) and aliquoted plasma
samples were stored at —80 °C before analysis. The present report is
based on peptide concentrations obtained with the immunoassays used
in the original study [7] because exhaustion of plasma samples pre-
cluded reanalysis with more recent methods. Plasma proinsulin and C-
peptide were measured by enzyme-linked immunosorbent assay (ELISA)
[35] and time-resolved immunofluorescence assay (TRFIA; AutoDelfia-
C-peptide kit, Perkin Elmer, with in-house modifications), respectively
[21]. Up to a 500-fold excess of C-peptide did not interfere in the pro-
insulin assay. Because of high cross-reactivity with conversion in-
termediates (74 % for split[32-33] —, 65 % for des[31-32] —, 78 % for
split[65-66] — and 99 % for des[64-65] proinsulin) is considered to
measure total proinsulin immunoreactive material [35]. This is not
considered a disadvantage as conversion intermediates are also reported
to increase in pre-diabetes [36]. Given the 100 % cross-reactivity of
proinsulin immunoreactive material in the C-peptide assay used, the
concentration of true, intact C-peptide (pmol/1) was calculated by sub-
tracting the proinsulin concentration (pmol/l) from the measured con-
centration of total C-peptide (pmol/1) [37,38]. For the calculation of PI/
CP (as percentage), proinsulin values were used as numerator and intact
C-peptide values as denominator.
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IAA levels were determined at screening (i.e. after a median [IQR] of
6 [3-14] days of insulin treatment) as previously described [10]. The
cut-off value for IAA-positivity was determined as the 99th percentile
(P99) of IAA levels in a healthy control population and amounted to 0.6
% tracer binding [10]. HbA;. levels were measured using high-
performance liquid chromatography [7].

2.4. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics, version
29.0. Figures were generated using Graphpad Prism, version 9.4.1. All
tests were performed two-tailed with P-values below 0.05 considered
significant. Statistical differences between groups for unpaired contin-
uous and discontinuous data were assessed by Mann-Whitney U and Chi-
Square tests with test-by-test exclusion of missing data, respectively, and
correlations between variables by Spearman rank-order correlation co-
efficient (r;) with pairwise exclusion of missing data. No adjustments
were made for multiple testing, except where specified. C-peptide,
proinsulin and PI/CP levels were used as continuous variables in
regression and correlation analysis, or as categorical variables to define
subgroups of participants with baseline values above or below the me-
dian (P50) for the graphical analysis.

The predictive value of baseline PIy, CPy and PI/CP for preserving
residual beta cell function with anti-CD3 therapy was tested in multiple
linear regression analysis against variables other than C-peptide that
were found to be significant in the original anti-CD3 trial and its follow-
up studies, i.e. age at start of treatment, and IAA levels at screening
[7,8,10]. Functional decline expressed as change in clamp-derived
AUCg0.140 C-peptide release at 18 months of follow-up versus baseline,
was used as dependent variable. IAA values below the limit of detection
(0.3 % tracer binding) were assigned a value of 0.2 % [10]. The pa-
rameters that were significant (P < 0.05) in univariable analysis were
included in the forward stepwise multiple linear regression analysis, and
eventual interactions investigated. Missing data were excluded list-wise.

In graphical analyses, AUCgo.149 C-peptide, Ply, CPy, and PI/CPg at
month 0 (baseline, at start of treatment), 6, 12 and 18, were plotted as
means and standard error of the mean (SEM) for each subgroup.
Changes in these variables from baseline were compared statistically
between subgroups to assess their potential as markers of therapeutic
response.

3. Results
3.1. Baseline characteristics

At baseline, the anti-CD3-treated group and the placebo-treated
group did not differ significantly in proinsulin (PIy), C-peptide (CPg)
and PI/CP (PI/CPy) levels after acute glucose stimulation following a
period of induced euglycemia (i.e. at minute O, the start of the hyper-
glycemic plateau during baseline HCT). Neither did they differ in age,
sex, duration and dosage of insulin treatment, HbA;., AUCgg.149 C-
peptide release during HCT, BMI and autoantibody profile (prevalence,
number and levels of the 4 main molecularly defined specificities)
(Supplemental Table S3) [7,10]. Plasma glucose values at minute
0 were > 10 mmol/]l and not significantly correlated with CPy (P =
0.900; rs = -0.014), PIy (P = 0.479; rs = 0.081), nor with PI/CP (P =
0.474; rs = 0.082). AUCg0.140 C-peptide was significantly correlated with
CPg and PIj (both P < 0.001; ry = 0.851 and r; = 0.648, respectively), but
not with PI/CPy (Supplemental Fig. S2). PIp and CPy were mutually
correlated (P < 0.001; ry = 0.748), as were Pl and PI/CPj (P < 0.001; rg
= 0.674), but not PI/CPy and CPy. Two-by-two scatterplots for the
various peptide markers are shown in Supplemental Fig. S2.

At baseline, Pl was inversely correlated with HbA;. (P < 0.001; rs =
-0.441) and insulin dose (P = 0.017; ry = -0.270), particularly after
adjustment for body weight (P = 0.001; ry =-0.378). Similar correlations
were found when substituting PIy with CPy, but not with PI/CP, (not
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shown). BMI tended to be more closely correlated with baseline values
of PIy (P = 0.003; rs =0.332) than those of PI/CPq (P = 0.038; r; =0.235)
or CPy (P = 0.039; r; =0.234).

Compared to participants with baseline PI, < P50, patients with PIj
> P50 tended to have higher levels of IA-2A, a higher BMI, and lower
insulin needs and HbA;; unsurprisingly PI/CPy and C-peptide (both
under acute and chronic glycemic stimulation) were significantly higher
in the group with Pl > P50, given their significant correlation with PIj
(Supplemental Table S4).

3.2. Response to anti-CD3 treatment according to baseline proinsulin and
PI/CP

3.2.1. Multiple linear regression analysis

We investigated the relation of PIy, CPo, and PI/CP, values after
acute glucose stimulation at baseline with the change in beta cell
function — expressed as AUCgg.140 C-peptide under chronic glucose
stimulation — during follow-up in both treatment arms separately, taking
previously identified relevant baseline variables (age, IAA levels)
[7,8,10] into consideration (Table 1). Both uni- and multivariable linear
regression analysis confirmed that IAA levels were significantly associ-
ated with a more pronounced drop in AUCgg.1490 C-peptide after 18
months in the placebo-treated group (Table 1, Model 1), as previously
reported [7,10]. Higher PIy was the only variable at baseline that was
significantly associated with better preserved AUCgo.140 C-peptide in the
anti-CD3-treated group (hence the negative standardized beta coeffi-
cient) after 18 months of follow-up, both in uni- and multivariable
analysis (Table 1, Model 1). When interactions between variables were
also taken into consideration, Pl and IAA interacted significantly in the
placebo group, while proinsulin remained the only significant variable
in the anti-CD3-treated group (Table 1, Model 2).

3.2.2. Changes in beta cell function during follow-up

Fig. 1 illustrates the change in AUCgp.149 C-peptide release during
HCT over 18 months from baseline, in placebo- vs. anti-CD3-treated
participants, before (panel a) or after stratification according to base-
line PI values below (panel b) or above (panel c) P50 of all participants.
Throughout follow-up, patients with baseline PI, values > P50 experi-
enced overall significantly less decline in AUCgo.140 C-peptide from
baseline when treated with anti-CD3 than after receiving a placebo
(Fig. 1c). In the patients with initial PIy < P50, only borderline signifi-
cant differences in AUCgg.149 C-peptide changes from baseline were
observed between both treatment arms at month 6 (Fig. 1b). Similar
patterns were obtained for participants stratified according to initial
levels of PI/CPg or CPy, albeit with slightly less significant differences in
the latter case (not shown).

3.3. Changes in proinsulin and PI/CP during follow-up

During follow-up of the entire patient group, Ply levels overall
increased further, but changes from baseline did not differ according to
treatment arm (Fig. 2a). In contrast, changes in CPg (Fig. 2b) remained
significantly lower in the anti-CD3 group over the entire follow-up
period, with similar confidence as previously reported for changes in
AUCgp-140 C-peptide [10]. Anti-CD3 treatment tended to temper the
increase in PI/CP ratio from baseline (Fig. 2c).

4. Discussion
4.1. Principal findings

Our multivariable analysis of beta cell secretion data from a ran-
domized placebo-controlled anti-CD3 trial (otelixizumab) [7] in recent-
onset type 1 diabetes identified relatively high acutely glucose-
stimulated levels of proinsulin (PIy) as an independent predictor of a
good therapeutic response in terms of preserved residual beta cell
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Table 1

Forward stepwise multiple linear regression analysis in placebo- and anti-CD3-treated subgroups with change in residual beta cell function, expressed as change in
AUCg0.140 C-peptide release over an 18-month period from start of treatment (start — month 18), as dependent variable. All parameters were included as continuous
variables. ®At screening; "At start of treatment (baseline). Py, PI/CP, and CP, (available baseline data in n = 79) represent circulating levels of acutely glucose-
stimulated proinsulin, proinsulin/C-peptide ratio and C-peptide, i.e. at the start of the hyperglycemic plateau phase (minute 0). p, standardized coefficient; NM,
not selected for entry in the multivariable model. Multivariable model 2 includes interactions between independent variables. Significant P-values (<0.050) are
indicated with *.

Variables Univariable analysis Multivariable model 1 Multivariable model 2
Placebo Anti-CD3 Placebo Anti-CD3 Placebo Anti-CD3
P P P B P B P B P B
Age? 0.515 0.593 NM NM NM NM
1AA? 0.030* 0.858 0.030* 0.384 NM NM NM
PI} 0.971 0.029* NM 0.029* —0.355 NM 0.029* —0.355
CP‘S 0.425 0.594 NM NM NM NM
PI/CP§ 0.990 0.085 NM NM NM NM
PI§ x IAA? 0.022* 0.057 — — 0.022* 0.402 NM
1.2 a b b Pl,<P50 1 C Ply > P50

(]

S - 17

a 18

o £ 0.9 7 1 = 18

Q £ 38

(S 40 38

=4 % 0.6 38 4 18 21 2 . 18
8 E % 35 2 20
8 £ 03+ 2 » { 21 1 i 9
< 13 12
<0.001 0.002 0.007 0.030 0.007 0.017 0.027
0.0 I 1 1 1 1 1 1 1 1 1 I I
0 6 12 18 0 6 12 18 0 6 12 18

Time (months)

Fig. 1. Evolution of clamp-derived AUCs0.140 C-peptide release (nmol-1~!-min~") during 18 months of follow-up in placebo-treated (blue circle) and anti-CD3-treated
(red triangle) patients with available baseline data (n = 79) before (panel a) and after stratification according to acutely glucose-stimulated proinsulin (PI,) at
baseline below (panel b) or above/equal to (panel c¢) the median (PI, P50 = 4.49 pmol/1). Values represent means + SEM. Small numbers next to the whiskers
indicate number of observations at the respective time points. Statistical differences in change in clamp-induced AUCg(.149 C-peptide release from baseline (month 0,
at start of treatment) vs. month 6, 12, 18 of follow-up between the placebo-treated vs. anti-CD3-treated groups were assessed by Mann-Whitney U test. Significant P-
values (<0.050) are indicated above the respective time points. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

function as assessed by the change in clamp-derived AUCg(.149 C-peptide may detract from randomization balancing the groups. Another limita-
from baseline, the primary outcome measure of the trial [7,10]. Changes tion is that the otelixizumab trial did not include children under the age
in PIy and PI/CP, during follow-up could not distinguish between anti- of 12 years, who may benefit most from anti-CD3 treatment in view of an
CD3- and placebo-treated patients, and were outperformed by changes overall more intense immune inflammatory process, allegedly reflected
in CPy as measures of good therapeutic response. by higher PI and PI/CP levels [20,39-41]. However, the age range of the

included patients spans the period of life during which most diagnoses of
new-onset type 1 diabetes are made [41]. Finally, during the euglycemic
phase of the HCT, C-peptide levels often fell below the assays’ lower
limit of quantification, prompting the use of proinsulin, C-peptide and
PI/CP after a low-dose, acute intravenous glucose stimulation. Albeit
less time-consuming and cumbersome than chronic glycemic stimula-
tion during a full HCT, the findings may still need to be replicated using
more convenient measurement conditions, e.g. fasting or peak-
stimulated proinsulin during a mixed meal tolerance test, prior to
implementation, which is considered a limitation. We should also
consider that the quality of the studied acute beta cell discharge data is
likely to have benefitted from the induced period of euglycemia pre-
ceding the glucose challenge [1].

4.2. Strengths and limitations of the study

Strengths of the otelixizumab trial include adherence to stringent
patient selection criteria (e.g. short duration of symptoms, positivity for
islet autoantibodies at screening, C-peptide levels above a pre-set
threshold at study entry), the use of the HCT - the gold standard for
assessing residual beta cell function — and validated biomarker assays
[7]. The precision of PI/CP values may have been limited by the need to
use proinsulin and C-peptide values measured separately in the original
study with ELISA and TRFIA, respectively [7], instead of reanalyzing
stored samples with more recent immunoassays, such as our trefoil-type
TRFIA assay for simultaneous quantification of both secretory peptides
and more precise estimation of PI/CP [37,38]. This choice was made to

keep missing data to a minimum, as several original plasma samples 4.3. Interpretation of the findings

were no longer available for retesting. This is relevant since the present

analysis is limited by the relatively low number of participants, partic- Elevated proinsulin and PI/CP levels both reflect incomplete proin-
ularly when making subgroups. Measuring both intact and partially sulin processing, allegedly due to an increased metabolic and/or in-
converted proinsulin is considered a strength as both increase in path- flammatory burden upon the beta cells. Additionally, the significant
ological situations [36-38]. Calculating instead of measuring true intact correlation at study entry of Pl — but not PI/CPy — with clamp-induced

C-peptide is a weakness. We acknowledge that the use of subset data AUCg0-140 C-peptide, CPy and lower bodyweight-adjusted insulin needs
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Fig. 2. Evolution of circulating levels after acute glucose stimulation of pro-
insulin (PIp; pmol/l; panel a), C-peptide levels (CPp; nmol/l; panel b) and
proinsulin/C-peptide (PI/CPy; %; panel c) during 18 months of follow-up in
placebo-treated (blue circle) and anti-CD3-treated (red triangle) patients with
available baseline PI, data (n = 79). Values represent means + SEM. Small
numbers next to the whiskers indicate number of observations at the respective
time points. Statistical differences in change in proinsulin, C-peptide and PI/CP
levels from baseline (month 0, at start of treatment) vs. month 6, 12, 18 of
follow-up between the placebo-treated vs. anti-CD3-treated groups were
assessed by Mann-Whitney U test. Significant P-values (<0.050) are indicated
above the respective time points. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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(see §3.1.) supports the notion that proinsulin could serve as an indicator
of residual insulin biosynthetic capacity [22]. This extra information
conferred by PIy could underlie why it is retained as best independent
predictor of good functional outcome. Our findings in patients are also in
agreement with observations in autoantibody-positive relatives of type 1
diabetes patients in whom proinsulin, but not PI/CP, was significantly
correlated with clamp-induced AUC C-peptide release [38].

The association of higher baseline levels of proinsulin with more
rapid loss of beta cell function in the placebo group is consistent with a
recent study in new-onset type 1 diabetes [24] and our own previous
observation of a more rapid functional decline in the placebo group in
case of initially relatively preserved clamp-derived AUCgp.149 C-peptide
[7]. These observations may be ascribed to a higher potential to rapidly
lose beta cells in presence of a relatively preserved functional beta cell
mass and/or a more aggressive immune-mediated attack on these cells —
particularly in individuals positive for IAA — which could preferentially
be curbed by anti-CD3 treatment [7,10]. The better preservation of beta
cell function in anti-CD3 treated participants with higher proinsulin
levels at baseline suggests that a sufficient insulin biosynthetic capacity
is needed for an optimal response to this immune intervention [22].
Increased proinsulin and PI/CP levels may also to a variable degree be
ascribed to cytokine-induced phenotypical beta cell changes affecting
prohormone folding, trafficking and conversion as a consequence of the
immune-mediated disease process [22,23,25,27].

In conditions of increased metabolic and/or inflammatory burden on
beta cells — allegedly present around the time of clinical onset of type 1
diabetes — proinsulin release may reflect the functional potential of the
beta cells better than C-peptide [22,23]. It has become increasingly clear
that proinsulin secretion is a persistent feature of human type 1 diabetes,
even in long-standing disease and in the absence of detectable C-peptide,
indicating the presence of cells that can synthesize — but not timely
process — proinsulin [28-30]. Our results in recent-onset type 1 diabetes
are compatible with the presence of such partly dysfunctional cells,
which may be rescued from a sleeping, degranulated or dedifferentiated
state by adequate immune and metabolic intervention [28-30].

In contrast CPy was superior to PIy or PI/CPy for monitoring the
response to anti-CD3 treatment during follow-up. Inconsistent results
have been reported on the relationship between therapy-induced
changes in proinsulin or PI/CP levels and metabolic outcome [31].
Cyclosporin [32] and golimumab [42] reportedly suppressed the rise in
PI/CP observed in the placebo group during the first months post-
diagnosis. However, PI/CP was a poor predictor for cyclosporin-
induced non-insulin requiring remission [43], while the relation be-
tween proinsulin and clinical outcomes was not reported in the goli-
mumab study [14,31,42]. In a recent study in stage 2 type 1 diabetes, P1/
CP did not differ between anti-CD3- and placebo-treated groups, despite
clinical onset being delayed by > 3 years by teplizumab [12,13].

In conclusion, proinsulin discharge after acute glucose stimulation
may replace or at least complement C-peptide for identifying putative
good responders to anti-CD3 treatment in recent-onset type 1 diabetes.
In the present study, proinsulin was measured after a low-dose, acute
(on average 3.75 g over 30 min) glucose stimulation during a HCT, as the
preceding insulin-induced euglycemic period blunted unstimulated beta
cell secretion. We call for confirmation of the present results by retro-
and prospective analysis of data and samples (both fasting and stimu-
lated) obtained from other intervention trials — with anti-CD3 or other
agents — including younger children and using more convenient and less
cumbersome beta cell stimulation tests, to further evaluate the relevance
and optimal conditions for assessment of proinsulin discharge as a
marker for good therapeutic response to immune interventions in (a)
symptomatic type 1 diabetes.
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