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Q@ Proinsulin - C-peptide
A Consensus Statement
[

>

To C-nenTidio nailel Eéva onUAvTiko

O0Ao oTn oUVvOEOoN TNG IVOOUAivng, C-peptide
XPNOIHEVOVTAG WG CUVIETIKOG KPikOG ".'“.'0..

HETAEU TwVv A-kal B-aAUoewvVv TNnG 0 .0~
IVOOUAivNG, d1EUKOAUVOVTAC £TOI TOV .0.
OXNHATIOHO TWV 3100UAPISIK®DV (
YEQUPWV TOU HOPIOU IVOOUAIVNG 3
: . : 0
To C-nenTidio diaondartal and To popic ‘ -chain @
TNG NPOivoouAivnG kaTa Tn di1akeia 0% '
TNC B10GUVOEONC TNC IVOOUAIVNC 0 0... '.
Q%gb r
0

AnoOnkeveTal oTa B-kKUTTAPA KAl 0
TEAIKG aneAeuBep@VETAI 6TAV NUAaia OW
Kal TN CUCTNHATIKN KUKAopopia o€

ICOMOPIAKEG HE TNV IVOOUAivn _
NOGOTNTEC B-chain

J. Wahren:, Clin Physiol Funct Imaging, 24, pp180-189, 2004



Processing of insulin and c-peptide from proinsulin

C-peptide
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Schematic representation of C-peptide’s molecular effects

C-peptide

Acts through
G-protein-coupled

receptors to activate
calcium-dependent
signaling
pathways

anscription
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MAPK _ (caz)

Na*,K*-ATPase
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C-peptide activation of calcium signaling

is thought to increase the activity of Na+-K+-ATPase,

which has been found to be reduced in patients
with the advanced microvascular complications
of diabetes mellitus
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C-peptide’s beneficial
affects on the microvascular
complications of diabetes
mellitus are thought to be

mediated through
endothelial nitric oxide

synthase



General overview of intracellular signaling
by C-peptide

A C-peptide

{CRER, ATF), PPAGY, NFA(L ZE SREBFI|

J.Wahren et.al., Diabetes. 2012 Apr; 61(4): 761-772



Q@ Rationale for C-peptide
measurement

Since C-peptide and insulin are released in

equimolar amounts from the B-cells of the

pancreas, the measurement of C-peptide has
been used as a marker of B-cell function and

an index of insulin secretion



(@ C-Peptide: What it is, What it Does,
Why You Test For It, What it Means (1)

> H IvoouAdivn kai 1o C-Menmidio E&10€EpYovVTAl OTNV
nuAaia kukAo@opia kai 3pouv HECW TOU NNATOG, ONOU
TouAayxioTov 10 50% TNG 1IVOOUAiIivNG NPOOCJEVETAI OE
UNOJOXEIC EVEPyONOIWMVTAC E£TOI TN  OIEYEPON TNG
nNNaTikng npoocAnywng vYAukolng, TnVv KATaoTOAR TNG
YAUukOyovOAuonG, TNGC YAUKOVEOYEVEONG KAl TNG
KETOYEVEONG KAl OTN CUVEXEIaQ AnodoMEITAl

> Ta nsplacstpa ano Ta |.|op|c1 TNC 1IVOOUAivnG Mnou
NEPVOUV__LECA _ aAnO __TO NNAp oTnv__kKukAopopida,
OUVOEOVTAl OFE MNEPIPEPEIAKOUC UMNOOOXEIC TNG
IVOOUAIVNC Kal npowBouv tTnv npoocAnwn yYAukodlng,
EVW Ta unoAoina gopia anofaAAovTtal ano Ta veppd




(‘ C-Peptide: What it is, What it Does,
~ Why You Test For It, What it Means (2)

> Z€ avTiOeon HE TNV IvoouAivn, To C-nenTidio
OEV UMOKEITAI OUTE OE NNATIKN OUTE OE
NEPIPEPIKN anodounon, aAAd anopakpuUVETAl
KUPI®WC ano TOUG VEPPOUC

> Qc anoTeAeopa, To C-NnenTidIO £XEI
HEYAAUTEPO XPOVO NHioelac {mNC ano Tnv
ivoouAivn (30-35 min vs 5-10 min)



(@ C-peptide as a measure of insulin
secretion

> C-peptide gives a measure of the patient's current
status - does the patient produce endogenous insulin
now? -
and has greater utility further from diagnosis, when
rapid decline is less likely

> Autoantibodies are of prognostic value

- will they continue to produce endogenous insulin in
the future?-

and have greatest utility at diagnosis

> This illustrates an important difference between the
use of C-peptide and islet autoantibody testing



(@ Measurement of C-peptide in blood

> When assessing insulin production, C-peptide can
be measured in a fasting or non-fasting (‘random’)
sample or in a formal stimulation test (e.g. after
intravenous glucagon or a standardized mixed-meal
test)

o C-peptide - Fasting: 0.51-2.72 ng/mL
(or 0.17-0.90 nmol/L)

> While formal stimulation tests are most accurate
and reproducible for research purposes, a fasting or
non-fasting (‘random’) sample is usually suitable in
clinical practice




Boxplot of random non-fasting, fasting and glucagon-stimulated C-
peptide in well-defined (on clinical features) Type 1 and Type 2
diabetes
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(@ Measurement of C-peptide in urine

> Urine C-peptide measurement is a potentially
attractive non-invasive measure of B-cell
function

> C-peptide is excreted in the urine through
glomerular filtration and uptake from
peritubular capillaries

> The concentration in urine is typically 10-20
times higher than in plasma and the absence of
proteases found in blood mean that C-peptide is
more



Urine C-Peptide:Creatinine ratio to discriminate
Type 1 diabetes of over 5 yvears’ duration from
Type 2 diabetes and HNF1A/4A MODY

10

0.2nmol/mmol
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Urine C-peptide creatinine ratio (nmol/mmol)

| I |
Type 1 Type 2 MODY
Diabetes subtype

Adapted with permission from Besser et al/



Q@ H KAiviki) XpnoipotTnta TnE Mérpnong Tou
=/ C-NMenTidiou og AoBeveic e Zakxapwdon AilaBnTn

> H &eKTiHnONn TnNG EKKPIONG IVOOUAIvNG €ival duvnTika XPRnoIiHn
oTNV KAIVIK NPAKTIKNA

> To C-nenTtidlo NApAayeTal O iI0OEG NOCOTNTEG HE TNV IVOOUAivn,
enopévw¢ Mnopei va xpnoigonoinBei:

1. MNa TnVv &eKTigNnon TNG €&VOOYEVOUG E£KKPIONG IVOOUAIvNG,
OUMNEPIAAUBAVOUNEVWV KAl TWV acBevwv ol onoiol AapfBdavouv
IVOOUAIvVN

2. Na T11c d1aPOPEC OTO YAUKAIHIKO €AEYXO Kdal TN OEPpANEUTIKA
avTINETONION METAEU TOUu TUNOU 1 kal Tunou 2 diaBnTn

3. AAAayEc oTn Ogpaneia Tou 31AaBATN TUNOU 2 KAl NPWTIOTWG
OTav agopd nNPOOdeUTIK dNWAEId TNG IKAVOTNTAC EKKPIONG
IVOOUAIVNG

A.G. Jones and A.T. Hattersley: Diabet Med.30 (7): 803-817, Jul.2013



KAIVIKA XpNOIHOTNTA TNC HETPNONC Tou C-nenTidiou
Alapoponoinon Tou tunou 1 kai tunou 2 diapnrn (1)

>'Evac onuavrtikoG KAIVIKOG poAog Tou C-nentidiou e€ival oTn
diagpoponoinon HeETa&u TUNou 1 kal TUnou 2 diIaBnATn

>H anoAurtn £3£1a¢ 1IVOOUAivNG €ival KUPIO XAPAKTNPIOTIKO TOU
S1aBATN TUNOU 1 Kal MNIO_OXETIKOC J€IKTNG Aano _OTI __TAd KAIVIKA
XapaKTNPIOTIKA Oonw¢ n nAikia kar To BMI kara tn diayvmwon, Td
onoia enikaAunTovral oAogva HeTa&U TUNOU 1 kail TuUnou 2 diaBnTn

>H xpnoigoTnTa €ivalr HeEYAAUTEPN O HAKpoOXpovio diaBntn,
Kabwcg HNopei va unap&el Hia ouoIaoTIKN ENIKAAUWYN TOV ENINESWV
TOoU C-nenTidiou peTa&u Tou TUNOU 1 Kail Tunou 2 diaBnATn kKara Tn

OTIYHR TNG d1Iayvwong

>'0OTav_o diaBnTng Tafivoucital ka@apa pe Bacn TNV _napoucsia n

anougia auToavTiIowHaTwy, To C-nenTidio NAPAMEVEI €vAG OXETIKA
KAAOG nNPoOyvmWOTIKOG O€iKTNG ano o1l nAikia n to BMI kara Tn
diayvwon




(@ Identifying patients with maturity-
- onset diabetes of the young (MODY)

> Persistence of C-peptide is an important clinical
feature of MODY

> In contrast to Type 1 diabetes, substantial insulin
secretion persists in__these forms of diabetes
outside of the honeymoon period and the
persistence of C-peptide in a patient thought to
have Type 1 diabetes may be suggestive of MODY

» A random blood C-peptide of = 0.2 nmol/l in those
with diabetes diagnosed under 30 years of age and
> 3 years’ duration has been suggested as a criteria
for consideration of MODY testing



(@ ngh Values of C-Peptide

> High levels of both C-peptide and blood glucose
are found in people with type 2 diabetes or

insulin resistance

> A high level of C-peptide with a low blood
glucose level may mean that an insulin-
producing tumor of the pancreas (insulinoma)
is present or that the use of certain medicines
such as sulfonylureas is causing the high level




&

Low Values of C-Peptide

>

>

A low level of C-peptide with a high blood glucose
level is found in people with type 1 diabetes

Persons with LADA typically have low, although
sometimes moderate levels of C-peptide as the
disease progresses and high blood glucose levels

The most common MODY syndrome may also have
normal fasting C-peptide results because the flaw
in_this case is in the secretion of insulin_in
response to rising glucose and fasting secretion is
still near normal. Their postprandial C-peptide
however is below normal with elevated blood

glucose




2h-mixed-meal test C-peptide values in relation to
diabetes duration at entry screening for the DCCT

adults > 18 ys

adults < 18 ys

o~
o
S’

Stimulated C-peptide (nmol/l)
PCOo00o000co000O M~
O=NWAMHLAN® OO

o~
*)
S’

Stimulated C-peptide (nmol/])

Adults (nz = 2432)
n =738

T — = o o o
- »
: - . - . 2%
Lt L e .- 6%
- -‘ . 2 o .y I - -
52 / - I :-:-:—.::;E:_ .‘ y=s T ';, 1 - _'- T . POy
I . :l-""‘l:g e s L b e T : - o
e = “eaallilela l.lao, renrze) I'"':l .:p-a.-..Ln. E S ll- = al .-: l.-.l ...r|-|.... .....1...-. - R

|..|::||.:F,.

T T T T T T T T T T T T

<4 5 6 7 8 9 10 11 12 13 14 15
Duration of Type 1 diabetes (years)

Adolescents (z = 1304)
n = 838

0.4%
C . ) i ; 2.6%
certa b L T e Tt 9T%
.-15-?'5155-5-]5-5:5 e e e e T L D S e D e
T T T T T T T T T T
4 5 6 7 8 9 10 11 12 13 14 15

Duration of Type 1 diabetes (years)




(@ C-Peptide and Transplant Failure

> C-peptide can be used to assist patient
selection for islet cell transplantation

> After transplantation, monitoring graft
function by monitoring B-cell function has
been used to detect transplant failure

» Transplant failure is typically monitored with
measurements of insulin, glucose, and C-
peptide, and in some protocols, graft failure
has been defined by a specific level of C-
peptide




Cumulative Three-Year Patient and Graft Survival in
C-Peptide Negative Type-1 Diabetic Recipients; 1991-2002; n=256*
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Islet-After-Kidney T1D-Recipient transplanted
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(@ Hypoglycemia

> In the evaluation of a nondiabetic patient with
hypoglycemia, C-peptide can be a useful aid in
narrowing the differential diagnosis

> C-peptide measurements in the evaluation of
hypoglycemia are performed in the context of the

72-hour (prolonged) fast, the gold standard
procedure

> Elevated C-peptide and insulin levels at the end of
the fast point to an insulinoma or sulfonylurea

ingestion as the cause for the hypoglycemia

> Low C-peptide levels and high insulin levels point
to exogenous insulin administration




(@ C-Peptide
and Diabetes Complications

e Studies have linked low levels of C-peptide to
diabetes mellitus complications and evidence
suggests that maintaining higher levels of C-

eptide is_especially beneficial for type 1
diabetics

o C-peptide measurements have also been
used to classify diabetes mellitus and as a
marker of pancreatic B-cell function



%

=/ Onset of Type 1 Diabetes Reduces Risk of

Residual B-Cell Function 3-6 Years After

Severe Hypoglycemia in Children and
Adolescents

OBJECTIVE: To determine the prevalence of residual B-cell
function (RBF) in children after 3-6 yrs of type 1 diabetes and
to examine the association between RBF and incidence of

severe hypoglycemia, glycemic control and insulin
requirements

CONCLUSIONS: We demonstrated considerable phenotypic
diversity in RBF among children after 3-6 yrs of type 1 diabetes.
Children with RBF are at Ilower risk for severe
hypoglycemia, have better diabetes requlation and have
lower insulin requirements compared with children without
RBF. There appears to be a lower limit for stimulated RBF of
~0.04 nmol/L that confers a beneficial effect on hypoglycemia and
metabolic control

J.S. SORENSEN et al., Diabetes Care 36:3454-3459, 2013



(@ Impact of C-Peptide Preservation on
- Metabolic and Clinical Outcomes in
the DCC - Trial

The DCC - Trial established that a stimulated

C-peptide concentration =0.2 nmol/L at study

entry among subjects with up to a 5-year diabetes
duration is associated with favorable metabolic
and clinical outcomes over the subsequent 7 yrs of

follow-up

J.M. Lachin et. al. for the DCCT/EDIC Research Group*
Diabetes, Vol. 63, Feb., 2014



(@ C-Peptide Used as Indicator of Glycemic
__ Control and Declining B-Cell Function

» The DCCT found that there was
less retinopathy and nephropathy with
preserved B-cell function

» GADA screen in combination with C-peptide
measurements can be used to identify a
subset of type 2 patients whose disease is
progressing and who may need to be treated
more aggressively

» These data suggest that C-peptide levels
might be able to identify type 2 diabetic
patients that would be managed better with
insulin



Percentages of subjects who experienced at least one episode of
severe hypoglycemia over the first 6 years of the DCCT

Percentage of
patients
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Steffes M W et al. Dia Care;26:832-836, 2003



Metabolic and Clinical Outcomes
in the DCCT- Trial

(@ Impact of C-Peptide Preservation on

Discussion

> Preservation of B-cell function as measured by C-
peptide in patients with type 1 diabetes is known to
result in improved metabolic control and reduced
microvascular complications

> Across the range of values, higher amounts of
secreted C-peptide were associated with lower
HbAlc, lower daily insulin dose, less severe
hypoglycemia and less risk of retinopathy

J.M. Lachin et. al. for the DCCT/EDIC Research Group*
Diabetes, Vol. 63, Feb., 2014



Levels of C-peptide, BMI and age and their
usefulness in classification of diabetes in
relation to autoimmunity, in adults with newly
diagnosed diabetes in Kronoberg, Sweden

e Aim: To check the ability of age, BMI and C-peptide
to discriminate between autoantibody-positive (Ab+)
and -negative (Ab-) diabetes.

e Classification: Age and BMI are among the most
frequently used tools for clinical classification but seldom
tested in an evidence-based manner. In our large (1180
patients) population-based cohort of nhewly diagnosed
patients, we found that, while still not ideal, C-
peptide was a better discriminator than both age and
BMI for identifying those positive to at least one of
GADA and/or ICA and C-peptide AUC reached the same
level in ROC analysis as several classification schemes for
ketosis-prone diabetes

M.Thunander et.al., Eur J Endocrinol.166(6): 1021-1029, Jun 2012



Mean fasting C-peptide per antibody positivity in
adults with newly diagnosed diabetes

VY,

**p<0.001
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M.Thunander, Eur J Endocrinol;166(6):1021-9, Jun 2012



Levels of C-peptide, body mass index and age, and
their usefulness in classification of diabetes in
relation to autoimmunity, in adults with newly

diagnosed diabetes in Kronoberg, Sweden

Conclusions

> At diagnosis of diabetes, C-peptide was superior to age

and BMI in discriminating between autoimmune and
non-autoimmune diabetes. Most of the adults had normal
or high levels of C-peptide at presentation of diabetes among
the autoimmune patients

> Analysis of C-peptide is less expensive than antibody
analyses and better than both BMI and age at indicating

autoimmune diabetes

» C-peptide can be a good complement in clinical practice
in many settings

M.Thunander et.al., Eur J Endocrinol.166(6): 1021-1029, Jun 2012



C-peptide levels can be predictive of
autoantibodies

%

> Torn et al. have found that C-peptide levels
can predict the presence of autoantibodies

They determined that:
e A random C-peptide value of below 0.91

ng/ml had a 94% positive predictive value
for patients with autoantibodies
and

e A value above 2.42 ng/ml had a 72%
positive predictive value for patients
without autoantibodies



HLA Genes, Islet Autoantibodies and Residual C-
Peptide at the Clinical Onset of Type 1 Diabetes
Mellitus and the Risk of Retinopathy 15 Years Later

Aim: HLA genes, islet autoantibodies and residual C-peptide
were studied to determine the independent association of
each exposure with diabetic retinopathy (DR), 15
yvears after the clinical onset of type 1 diabetes in 15-
34 year old individuals

In conclusion: Increased levels of GADA at the time of
onset were associated with an increased risk of DR 15
years later

R. A. Jensenon et.al.,on behalf of the DISS: PLoS ONE, Vol. 6 (3), March 2011



HLA Genes, Islet Autoantibodies and Residual C-
Peptide at the Clinical Onset of Type 1 Diabetes
Mellitus and the Risk of Retinopathy 15 Years Later

Islet
Autoantibodies

Diabetic
Retinopathy

Clinical Onset of 15 years later
Type 1 Diabetes

R. A. Jensenon et.al.,on behalf of the DISS: PLoS ONE, Vol. 6 (3), March 2011



Benefits of Preservation of Endogenous
Insulin Secretion
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“'Stages” in Development of Type 1A Diabetes

Beta cell mass

Genetic
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(@ AYTOANTIZQMATA

AvTi-ivoouAivika avricwparta (IAA)

v A1 16-69%

v’ Zuyyeveic 1ou Babuou 2-4%

v [evIKOC NANBUOHOC 1.5-3.9%
AvTi-vnoidiaka avriocouara (ICA)

v A1 60-90%

v’ Juyyeveic 1ou BaBuou 1-9%

v [evikOC NANBUCPOC 1.4-5.3%

AvTiowpara evavri TnG anokapBo&uAaong
TOU VYAouTtapuivikoU o&goc (GAD)

v A1 22-81%
v' Zuyyeveic 1ou Babuou 5-13%
v TevikOG NANBUOPOC 1.4-5.3%

AvTio®OuATa £Vavrti TNC PWOoPATACNG TNG
TUpoaivng (IA-2ic)

v A1 48-80%
v/ Juyyeveic 1ou BaBuou 2-5%
v [evikOC NANBUCPOG 1.5-2.4%



Progression to Diabetes vs Number of Autoantibodies
(GAD, ICA512, Insulin)
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Betazell-Aktivitit (%)

100

50 2 Diabetes

Pradiabetes

Zeit (Jahre)

Die 1. Serumprobe aller 882 Probanden wurde auf die vier derzeit
aktuellen und im Stadium des Pradiabetes bereits nachweibaren
Antikorpern untersucht.




Stages of Type 1 Diabetes Prevention

Genetic risk

Antibody positive

100%

Loss of insulin secretion

Time points at which intervention to prevent or delay
progression towards T1DM could be possible:

> before the development of islet cell autoimmunity

»during islet cell autoimmune attack before the onset
of clinically apparent disease

> at diagnosis of T1DM and in established disease

Clinical onset of disease

Time



Intervention studies in man Completed large immunological
intervention trials conducted in antibody-positive individuals

Agent/intervention Antigen Proposed mechanism Study population Development
specific? of action characteristics of diabetes
prevented/
delayed
Insulin (oral Yes Down-regulation of the ICA- and IAA-positive No
administration), inflammatory immune relatives (age 3-45
DPT-14° response and induction years) of person with
of antigen-specific T1DM with 5-year
regulatory T cells projected risk for

developing T1IDM of

26—50%
Insulin (parenteral Yes As for oral ICA- and IAA-positive No
administration), insulin + B-cell ‘rest’ relatives (age 3—-45
DPT-13° years) of person with

T1DM with 5-year

projected risk for

developing T1DM

=50%
Insulin (nasal Yes As for oral insulin HLA susceptible No
administration), DIPP infants, screened for
study?? development of two or

more autoantibodies.

Treatment commenced

when tested antibody

positive, aged 1-10

years
Nicotinamide (oral No p-cell protection by ICA-positive relatives of No

administration)
European
Nicotinamide Diabetes
Intervention Trial
(ENDIT)*4

prevention of NAD
depletion

person with T1DM, age
3—-40 years




Predicting Adult-Onset Autoimmune Diabetes
Clarity From Complexity

R. David Leslie

Autoimmune Diabetes Spectrum

Frequencyof Age  Multiple  C-peptide Insulin
MHC Genes Autoantibodies Treatment

T1DM in children

)

T1DM in adults

Vgl

LADA




Clinical utilities of anti-islet autoantibodies
in patients with diabetes

1A (autoimmune)
- 1B (idiopathic)

Anti-islet " Pzl . *Onset

QtoAbs ~ +Progression

- Insulitis specific
- General autoimmunity

Clin Pediatr Endocrinol. 2014 Oct; 23(4): 99-105



(@ Clinical Applications of Diabetes
Antibody Testing

Context:

o Islet autoantibodies are characteristic of type
1 diabetes.

e They are detectable before clinical onset and
define also the subgroup of patients with
LADA diabetes

o Autoantibody assays are increasingly available
to clinicians

P.]). Bingley:J Clin Endocrinol Metab., 95: 25-33, 2010
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Clinical Applications of Diabetes
Antibody Testing

vidence Synthesis:

Islet autoantibodies appearearly in life and testing for multiple
antibodies identifies unaffected individuals at very high risk
of type 1 diabetes with high sensitivity

This is important for research, but currently no intervention
prevents or delays diabetes and evidence of benefit from
awareness of risk is weak

In non-insulin-treated diabetes, patients with autoantibodies
progress to insulin requirement more rapidly, but evidence
that testing benefits the individual patient is limited.

Antibody testing is useful in classifying diabetes of other

types.
P.]). Bingley:J Clin Endocrinol Metab., 95: 25-33, 2010



(@ Clinical Applications of Diabetes
" Antibody Testing

Conclusions:

e Islet autoantibody testing allows prediction of type 1
diabetes and definition of the LADA diabetes

e Although useful for research, until therapies
modulating the disease process become available,
the benefit to individual patients is generally
questionable

e With a few exceptions, diabetes antibody
testing does not yet have a role in routine
clinical care

P.J. Bingley:J Clin Endocrinol Metab., 95: 25-33, 2010
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