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BelDIA PRE Point-Of-Care-Testing

Elevated Intact Proinsulin Levels Are Indicative of Beta-Cell
Dysfunction, Insulin Resistance, and Cardiovascular Risk

Summary:

Proinsulin is the prohormone precursor to insulin made in the beta cells of the
islets of Langerhans, which are histologically distinct cell agglomerations of the
endocrine pancreas. In humans, proinsulin is encoded by the INS gene. Insulin
resistance (IR) and deterioration of beta-cell secretion are main disturbances in the
development of type 2 diabetes. This is reflected by increasing serum intact
proinsulin levels in later disease stage. Introduction of stable assays that are able
to distinguish between intact proinsulin and its specific and unspecific cleavage
products has resulted in the finding that serum intact proinsulin values can serve
as a direct marker for beta-cell dysfunction. Elevated intact proinsulin is a highly
specific indirect indicator of IR, can predict diabetes development in non-diabetic

subjects, and can predict cardiovascular risk in diabetic and non-diabetic subjects.

Measurement of fasting intact proinsulin may be used to determine the stage of
R-cell dysfunction and to monitor and optimize antidiabetic treatment approaches.
Our study group has been involved in a variety of clinical studies investigating drug

effects on beta-cell secretory capacity, IR, and intact proinsulin levels.

Treatment with drugs interacting with the pathophysiology of type 2 diabetes,
such as insulin, GLP-1 analogs, glitazones, and SGLT-2 inhibitors resulted in
significant decreases in elevated proinsulin levels in type 2 diabetes patients. This

effect was independent from glycemic control.

Measurement of fasting intact proinsulin values allows a staging of beta-cell
dysfunction and evaluation of IR, thus providing an interesting diagnostic tool for

both selection of appropriate therapy and monitoring of treatment success.
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Overview of Measurement of Fasting
Intact proinsulin Values

Type 2 diabetes mellitus (T2DM) is characterized initially by a metabolic insulin resistance (IR) and
a genetically determined dysfunction of the insulin-secreting pancreatic beta cells. In clinical
practice, patients are classified by laboratory markers and symptoms such as hemoglobin Alc
(HbA1c), glucose, lipids, blood pressure, and body mass index. However, this specification does

not provide insight into the underlying pathophysiological disorders.

There has been a rapidly growing interest in new methods for the evaluation of pancreatic beta-

cell dysfunction to optimize therapeutic intervention strategies.

Conventional means for assessing insulin secretion impairment include homeostasis model

assessment (HOMA) score and meal-related functional parameters.

Next to this, a current focus is on the defective islet beta-cell processing of the proinsulin molecule

that directly reflects the degree of beta-cell dysfunction.

Impaired beta-cell secretory capacity induces disproportionately elevated serum proinsulin levels,

such as found in subjects with T2DM and impaired glucose tolerance.

Beyond its role as a direct biomarker for beta-cell dysfunction, measurement of intact proinsulin
values has also emerged to be an important indirect predictor for IR5and individual
cardiovascular risk (Figurel). In addition, elevated intact proinsulin is indicative for future type 2

diabetes development in non-diabetic subjects for up to 5-7 years in advance '
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Figure 1: Characteristics of proinsulin: Its role as a biomarker.
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As a result, determination of fasting intact proinsulin or the proinsulin-to-insulin ratio has become
a popular method to describe insulin-resistance-associated beta-cell impairment and the impact

of therapeutic interventions on insulin-secreting cells.

In the cross-sectional epidemiological SETT2D study (Study for the Evaluation of Treatment
Preference in Type 2 Diabetes), the biochemical and demographic characteristics of 532
individuals with diet or orally treated but insufficiently controlled T2DM were investigated?.

Both IR, as assessed by HOMA-IR score, and disproportionately increased intact proinsulin levels
were prevalent in the vast number of patients. These findings underline the close association
between beta-cell function and insulin sensitivity .

Routine assessment of intact proinsulin therefore provides a better understanding of the
underlying disease conditions and may allow optimization of antidiabetic therapy beyond simple
glucose control.

A variety of clinical studies was conducted that investigated changes in intact proinsulin levels as
a biomarker of beta-cell dysfunction and IR. It is noticeable that patients with T2DM may show a
very early increase in fasting intact proinsulin secretion, independent from disease duration or
other clinical feature?>.

Proinsulin: A Pathophysiological Background

Proinsulin is synthesized by the beta cell of the pancreas as a precursor molecule for insulin.
Physiologically, virtually all proinsulin molecules are intracellularly cleaved by carboxypeptidases

into insulin and C-peptide.

In healthy subjects, only a minor percentage of uncleaved intact proinsulin is (postprandially)

released into the circulation.

Progressive IR leads to an increased demand for insulin. Thus, the cleavage capacity of the
processing enzymes may be exhausted, and the intact precursor or partially processed proinsulin
is secreted in addition to insulin and C-peptide?®. Intact proinsulin binds to the insulin receptor.
However, it has only 10-20% of the glucose-lowering effect of insulin but comparable

adipogenesis activity®.

In the past, conventional nonspecific assays showed a high cross reactivity with various fractions
of proinsulin-like molecules. This has led to only partial and sometimes incorrect conclusions
about the role of proinsulin in the prediction and diagnosis of beta-cell dysfunction and T2DM

progression’s,

New stable assays have been developed that can distinguish between intact proinsulin and its
specific and unspecific cleavage products’®. Use of these assays in epidemiological and
interventional studies has helped to get a better understanding about beta-cell dysfunction and

its relation to IR and cardio-vascular risk. Noteworthy is a new specific intact proinsulin enzyme-
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linked immunosorbent assay (ELISA) that can be easily introduced into routine laboratories and
does not require any further specific instrumentation®. In addition, the new BelDIAPRE point-of-
care-test has been developed to enable rapid and economic (semi-quantitative or quantitative)

intact proinsulin testing without need of any extra laboratory equipment®,

Practical Aspects for the Use of Fasting Intact proinsulin Values in Daily

Therapeutic Practice

In later stages of T2DM, proinsulin and proinsulin-like molecules are secreted in increasing
amounts with insulin. Based on very specific antibodies, assays are now able to specifically
differentiate intact proinsulin from other degradation products, thus allowing a reliable staging of
beta-cell dysfunction and IR evaluation®®.

Intact proinsulin is stable in ethylenediaminetetraacetic acid (EDTA) whole blood samples, which
can be obtained from the routine sample for HbAlc measurement.

However, the point-of-care proinsulin test from PharmACT AG enables people to measure their
proinsulin level with capillary blood obtained from a finger-prick every time and everywhere,
without expensive laboratory equipment.

Time point:
1.0 - 1.5 hours after the meal (time-point of largest R-cell stress), or
Fasting morning state (time-point of lowest R-cell stress)
Specimen:
2 drops of capillary whole blood obtained from the fingertip or ear lobe
Result:
Fasting intact proinsulin <7 pmol/liter at manifestation or therapy control = normal value:

e No qualitative beta-cell dysfunction
e Start or continue therapy to reach glucose target

e Repetition after 6 months (sulfonylurea treatment) or 12 months (diet)
recommended

Fasting intact proinsulin >7 pmol/liter = elevated value:

e Beta-cell dysfunction and IR

e Beta-cell protective therapy recommended (exercise, pharmacological insulin-
sensitizing strategies, glucagon-like peptide-1 analog, insulin)

e Further diagnosis of cardiovascular risk recommended
(e.g. lipids or high-sensitivity C-reactive protein)

e Control measurement after 3 months recommended

e Apositive value in case of healthy subjects indicates type 2 diabetes development
for up to 5-7 years
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Elevated Intact proinsulin Values Reveal Beta-Cell Dysfunction

Fasting measures of intact proinsulin values allow for a pathophysiological staging of T2DM based
on islet beta-cell processing®®.

Beta-cell dysfunction is comprised of three components: (1) secretion timing disorder, (2)
quantitative disorder, and (3) qualitative disorder. A loss of first phase insulin response, an
important inhibitory signal for hepatic glucose release, portrays the secretion timing disorder in
early stages of T2DM.

Disease progression may then lead to a decline in pulsatile insulin release, reflecting an additional
secretion timing failure. The quantitative disorder starts when beta cells increase the volume of
insulin release based on the progressive external demand.

In later stages, exhaustion of the production capacity may result in an almost complete loss of
insulin secretion. The quantitative increase in proinsulin secretion will finally induce a
deterioration of secretion product composition?* (Figure 2).
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Figure 2: Classification of type 2 diabetes based on the pathophysiology of beta-cell secretion.
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Insulin-sensitive patients with normal quantitative insulin secretion but lack of the first-phase
insulin response would be classified as stage | (timing disorder). ...

In the beginning of "stage Illa“, the elevated proinsulin may be recognizable long before blood
glucose is elevated. The Point-of-Care Test “BelDIA PRE” can therefore be used for very early
detection self-test for diabetes development and prevention of diabetes by changing lifestyle and
nutrition may still be possible!®.

Because of the minor but evident glucose-lowering effect®, patients with severe beta-cell
dysfunction and high proinsulin output may still have sufficient glucose-lowering capacity to avoid
the diagnosis of diabetes mellitus in an oral glucose tolerance test experiment®?.
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In fact, beta-cell dysfunction and proinsulin secretion are not consequently correlated with

diabetes duration and proinsulin secretion may precede the onset of clinically overt T2DM%>11-13,

Intact Proinsulin Is an Independent Cardiovascular Risk Factor

Current evidence suggests that proinsulin contributes to the excess incidence of cardiovascular
disease in T2DM by stimulating plasminogen activator inhibitor-1 secretion and the consecutive
inhibition of fibrinolysis (Figure1)>>!*. Elevated proinsulin concentrations predicted a 200%
increased risk for cardiovascular death and morbidity over a 27-year period, independent of other
major cardiovascular risk factors in male patients without diabetes'?.

In the Hoorn Study, fasting proinsulin levels proved to be significantly associated with all-cause
and cardiovascular mortality, independent of glucose tolerance status and IR and largely
independent of other cardiovascular risk factors>6,

Numerous other clinical trials provide similar results, supporting an independent association
between the increase of proinsulin levels and cardiovascular disease**°,

Intact Proinsulin Predicts Progression of Insulin Resistance

Insulin resistance is a hallmark of T2DM and has been proposed as the common link between
glucose metabolism disorder and cardiovascular disease?..

Progression of IR in the course of T2DM leads to increased insulin demands and finally to an
impairment of beta-cell function in later stages of the disease. Disproportionately elevated intact
proinsulin levels in the peripheral blood serve as an appropriate laboratory marker for this
phenomenon by disclosing the exhausted cleavage capacity of intra-cellular processing
enzymes?,

Haffner and colleagues4 examined the relation between the fasting proinsulin-to-insulin ratio
with a number of metabolic disorders believed to be associated with the IR syndrome. In 423
subjects without diabetes, an increased ratio was significantly associated with hypertension, low
high-density lipoprotein cholesterol, high triglyceride levels, and impaired glucose tolerance®.

These results suggest that even nondiabetic individuals with the IR syndrome not only exhibit
hyperinsulinemia as a marker of IR, but also show elevated proinsulin values, which may reflect
relative beta-cell failure or malfunction. Our group conducted further research including T2DM
patients. Data from IRIS-II (study on Insulin Resistance and Insulin Sensitivity — Il)] a large
epidemiology study with 4270 people with diabetes revealed a calculated specificity of 93.2%
(sensitivity 46.9%) for elevated intact proinsulin levels (>10 pmol/liter in the chemiluminescence
assay) as an indirect marker of IR. Moreover, patients who presented with elevated proinsulin
values demonstrated a higher prevalence of micro- and macro-vascular disease?.

The disproportionate increase in fasting intact proinsulin concentrations even appeared to be a
more specific marker for IR and increased cardiovascular risk than suppression of fasting
adiponectin®*.
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Another investigation explored the predictive value of intact proinsulin in 48 T2DM patients as a
highly specific indicator for clinically relevant insulin resistance (Figure 3).

Again, there was a significant correlation between intact proinsulin values and gold standard IR
measurements (i.v. glucose challenge test with minimal model analysis, p < .05; HOMA,p < .01).
Elevation of intact proinsulin values above the reference range (>10 pmol/liter in the
chemiluminescence assay) showed a very high specificity (minimal model analysis, 100%; HOMA,
92.9%) and a moderate sensitivity (minimal model analysis, 48.6%; HOMA, 47.1%) as marker for
IR%,
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Figure 3: Intact proinsulin is a highly specific marker for IR
Conclusion

In conclusion, assessment of intact proinsulin by means of a (semi)quantitative point-of-care rapid
test may be a useful tool to identify otherwise healthy subject, which are in the process to develop
type 2 diabetes. In diabetes patients, this test can be used to identify subjects with particularly
increased cardiovascular risk. A positive test result should lead to further clinical and laboratory
assessment of these subjects and introduction of appropriate preventive measures once the
screening tests are confirmed.
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