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~—ABSTRACT ~
C-Peptide (“connecting” peptide — molecular formula C112H179N35046) is a peptide made of 31

aminoacids, making the bond between A and B chains of insulin from the pro-insulin molecule. Pro-insulin
is the precursor of the insulin that is synthesized in the beta-pancreatic cells. After its discovery in 1967 by
Steiner et al, together with the discovery of insulin biosynthesis, C-peptide seemed to bring new benefits,
having similar effects as those of insulin. Unfortunately, the subsequent studies have classified C-peptide as
a biologically inactive peptide. After the ‘90s, however, both studies on animals and those on human subjects
with type 1 diabetes where C-peptide had been administered showed that it played important biological
parts in improving kidney function and nerve conduction velocity, as well as in increasing blood flow in
muscles, skin, kidneys, thus being seen as a possible treatment for chronic complications of type 1 diabetes.
Although for a long time C-peptide has been considered to be an inert biological product, recent research
has emphasized its active biological function. C-peptide bonds to the membrane of certain types of cells
(neuronal, endothelial, renal tubular cells, fibroblasts) through a surface receptor coupled with a G protein,
and it determines multiple effects at the cellular level: it improves the quality of red cells, generating a better
oxygenation of tissues; it has a vasodilator effect for muscles, skin, kidneys; it generates blood flow increase
in skeletal muscles and at the skin level; it decreases glomerular hyper-filtering; it reduces albumin urinary
excretion; it improves the function and structure of nerves in patients with type 1 diabetes and C-peptide
deficiency, but not in healthy subjects. Therefore, C-peptide could have a therapeutic potential in preventing
some of the late complications of diabetes mellitus.
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INTRODUCTION

-Peptide (“connecting” peptide — mo-

lecular formula C112H179N35046)

is a peptide made of 31 aminoacids,

making the bond between A and B

chains of insulin from the pro-insulin
molecule (Fig. 1). Pro-insulin is the precursor of
the insulin that is synthesized in the beta-pancre-
atic cells.It is transported to the Golgi complex
and embedded in secretory grains covered by a
coating called clathrin. C-peptide plays an essen-
tial role in the correct folding of pro-insulin
through the two disulfide bridges. After matura-
tion, the secretory grains lose their clathrin co-
vering, and pro-insulin will be submitted to the
action of two types of endopeptidases (2 and 3
convertases), generating the forming of two in-
termediate products: 31,32-split pro-insulin,
and 64-, 65-split pro-insulin, respectively. Of
these two molecules, four aminoacids (31, 32
and 64, 65) will be excluded, resulting in insulin
and C-peptide that will be discharged in echi-
molar ratio in the portal circulation (1). The
C-peptide fragment resulting from the splitting of
pro-insulin during the secretor process releases
insulin as a complex of two united peptide
chains. Echimolar quantities ofinsulin and
C-peptide are subsequently released into circu-
lation. C-peptide has a longer halving time
(25-30 minutes) compared to insulin (5-10 mi-
nutes), it is not metabolized by the liver but in
the proximal renal tubes, from where it is secre-
ted by urine in proportion of 5-10%. C-peptide
may be measured in serum, plasma or urine, be-
ing much more exact than insulin in appraising
the endogen secretion of insulin. As it is not pre-
sent in injectable insulin preparations, C-peptide
may be measured in patients treated with insu-
lin.

After its discovery in 1967 by Steiner et al,
together with the discovery of biosynthesis of in-
sulin (2), C-peptide seemed to bring new bene-
fits, having effects similar to those of insulin. Un-
fortunately, subsequent studies have classified
C-peptide as a biologically inactive peptide. Af-
ter the ‘90s, however, both studies on animals
and human subjects with type 1 diabetes where
C-peptide had been administered showed that it
played important biological parts in improving
kidney function and nerve conduction velocity
as well as in increasing blood flow in muscles,
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skin, kidneys, thus being seen as a possible treat-
ment for chronic complications of type 1 dia-
betes (3-5).

BIOLOGICAL PART AND CELLULAR EFFECTS
OF C-PEPTIDE

Although for a long time C-peptide has been
considered to be an inert biological product, re-
cent research has emphasized its active biologi-
cal function. C-peptide bonds to the membrane
of certain types of cells (neuronal, endothelial,
renal tubular cells, fibroblasts) through a surface
receptor coupled with a G protein, and it deter-
mines multiple effects at the cellular level:

- it stimulates the activity of Na*-K *ATPase
(6, 7): it is well known that, in diabetic patients,
the activity of Na-K-ATPase pump is reduced at
the level of several types of tissues, which deter-
mines the occurrence of chronic complications
of diabetes. Studies have shown that the admi-
nistration of C-peptide in rats stimulated the ac-
tivity of Na-K-ATPase in renal tubular cells and in
nerve cells (8, 9). Also, at the erythrocyte level,
there is a decrease in Na-K-ATPase activity, which
determines the alteration of red cell deformabi-
lity and a growth of blood viscosity with role in
the occurrence of micro-vascular complications
of type 1 diabetes. The administering of C-pep-
tide leads to an improvement of red cell defor-
mability and better tissue oxygenation (10, 11).

- effects on eNOS: studies have shown that
the administering of C-peptide activates the re-
lease of nitric oxide (NO) by stimulating endo-
thelial synthetase (eNOS), with vasodilator effect
on muscles, skin and kidneys (7, 12);

- it stimulates the activity of phosphoinositide
3-kinase, triggering the growth of cellular, tubu-
lar renal and neuronal proliferation (13);

- MAPK stimulation (mitogen activated pro-
tein kinases): C-peptide significantly stimulates
cellular proliferation by activating C phospholi-
pase, increasing the intracellular concentration
of Ca**, followed by phosphorylation and activa-
tion of MAPK (14).

Consequently, the administration of C-pep-
tide triggers the growth of blood flow in skeletal
muscles and at the skin level, decreases glomeru-
lar hyper-filtering, reduces the urinary secretion
of albumin, and improves the function and struc-
ture of nerves in patients with type 1 diabetes
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and deficit of C-peptide, but not in healthy sub-
jects.

Thus, C-peptide could play a potential thera-
peutic part in preventing some of the late com-
plications of diabetes mellitus (15).

DOSING OF C-PEPTIDE/NORMAL VALUES PER
AGE GROUPS

The values of C-peptide depend on several fac-
tors: sampling moment (basal or stimulated), pa-
tient’s age, the dosing method used. Yet, there is
no optimal standardization regarding the dosing
of C-peptide, which requires caution in inter-
preting the values of C-peptide, taking into ac-
count the fact that they differ depending of the
methods that are used and on the laboratory
(16).

From a practical point of view, the dosing of
C-peptide is of clinical importance in evaluating
cases of hypoglycemia, measuring the reserve of
beta-pancreatic cells in patients with type 1 dia-
betes mellitus (DM), making differential diagno-
sis in case of type 1 DM/type 2 DM/MODY dia-
betes/latent diabetes of autoimmune type in
adults (LADA) or when evaluating insulin resis-
tance in obese patients and in those with poly-
cystic ovaries.

Low values of C-peptide may appear in
case of: abusive administering of insulin; pan-
createctomy; type 1 DM and in the latent auto-
immune diabetes of the adult (LADA).

High values of C-peptide may appear in:
type 2 DM and MODY; endogenous hyperinsu-
linism; ingestion of oral antidiabetic drugs; insu-
linoma; transplant of pancreas.

Measuring of C-peptide in the blood. We
may determine basal C-peptide/C-peptide a
jeun or stimulated C-peptide. When we want to
assess the resistance to insulin in non-insulin
treated patients, the dosing a jeun is preferred.
The dosing of the stimulated C-peptide
(postprandial: dosing of C-peptide at 90-120
minutes after meal or stimulated by glucagon —
dosing a jeun of C-peptide at six minutes after
adm IV of 1 mL of glucagon) would be indicated
to be used when testing the residual function of
beta insular cells in insulin-treated patients (16).

Measuring of C-peptide in urine. The total
quantity of C-peptide excreted in urine/day re-
presents approximately 5% of the pancreatic se-
cretion. The concentration in urine is usually

\
< 10 ani 11-17 ani >17 ani
00,3 0,4-3,3 0,9-4
‘ ng/ml ng/ml ng/ml
0-0,09 0,13-1,09 0,3-1,3
nmol/I nmol/| nmol/I

FIGURE 1. Normal values of basal C-peptide in children (18)

C-peptide value C-peptide value

Age (ng/mL) (nmol/L)
<10 years 0-0.3 0-0.09
11-17 years 0.4-3.3 0.13-1.09
> 17 years 0.9-4 0.3-1.3

TABLE 1. Normal values of basal C-peptide in
children (18)

RIA: 04-2.2ng/mL

. (0.13-0.73 nmol/L)
Basal/d jeun ECLIA: 1.1-4.4 ng/mL
Stmulated /P o (0.37-1.47 nmol/L)

( Z‘a}rlr)lu ated/Postprandial 4 » 3 4 ng/mL
TTGO (2h) 2.0-4.5 ng/Ml
Ry 20 nmol/24 h

(DZtypel: <5 nmol/24 h )
TABLE 2. Normal values of C-peptide in adults (18)

10-20 times higher than in plasma, and the ab-
sence of proteases in urine (unlike plasma) gives
C-peptide a greater stability at room tempera-
ture. Apparently, the dosing of C-peptide in urine
is more attractive, being totally non-invasive,
which may be very useful, particularly in chil-
dren. It may be dosed in the collected
urine/24 hours or in spontaneous sample, dosing
the  ratio  C-peptide/urinary  creatinine
(nmol/mmol).

EVOLUTION OF C-PEPTIDE IN
TYPE 1 DIABETES

Type 1 DM supposes the destruction of the pan-
creatic beta cells by an autoimmune process that
begins way before setting the clinical diagnosis
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and it continues for a long time in the evolution
of the disease, as shown by research (19). The
first data describing the modifications at the level
of pancreatic beta cells immediately after the di-
agnosis were published in 1973 (New England
Journal of Medicine), mentioning a growth of the
C-peptide level in the remission interval, respec-
tively a drop of its concentrations when coming
out of remission. The decline of pancreatic beta
cells residual function correlated with the drop
of C-peptide values occurs in the period of time
before diagnosis (even up to six months) as well
as immediately afterwards (20). Most patients
with type 1 DM have an endogenous secretion
of insulin at diagnosis and in the following
1-2 years (21, 22) and, according to some au-
thors, even five years from onset (23).

On the other hand, some studies have pro-
ven the existence of unexpectedly large concen-
trations in subjects with type 1 DM diagnosed for
several years (24). The DCCT study shows that
48% of all patients with type 1 DM screened for
1-5 years after diagnosis have registered a value
of the stimulated C-peptide of = 0.2 nmol/L.
This is the level where patients obviously have a
better glycemic control, fewer micro-vascular
complications and a lower risk of hypoglycemia
(25). Several factors influencing the rate of de-
crease of the insular reserve in patients with
type 1 SD have been identified: age on onset,
quality of glycemic control, level of autoimmune
markers, genetic factors such as HLA, insulin
gene or simply individual variations (26-28). Pa-
tients diagnosed in the pre-puberty period show
lower levels on onset (<0.2 nmol/L) as well as a
more accelerated rate of C-peptide decrease in
the evolution of the disease, comparatively with
those diagnosed at puberty or as adults
(0.3-0.9 nmol/L basal C-peptide, respectively:
0.6-1.3 nmol/L stimulated C-peptide) (29). The
same DCCT concluded that patients with inten-
sive treatment since the onset had a lower de-
cline rate of C-peptide (30). It was noticed that
the smaller the age at onset, the smaller the va-
lues of C-peptide. If C-peptide is high at onset,
then its values will drop faster in the first year of
evolution. Those with high BMI usually show
higher values of C-peptide, but the rate of
C-peptide decrease in the first year is also high.
Asymptomatic patients with a low HbA, at onset
associate a high C-peptide at onset, but they
have a fast drop in the first year (31).
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BRIEFLY:

- most patients with type 1 diabetes show an ob-
vious decline in the reserve of insular beta cells
in five years since onset, due to their destruction
by an autoimmune mechanism;

- the level of C-peptide in children is generally
lower than in adults, with a much faster drop in its
rate (particularly in children under five);

- studies have shown that patients with type 1
diabetes continue to secrete C-peptide in a low
quantity, sometimes in 10 years after onset, and
these beta cells that are still secretor may be re-
activated by prandial stimulation (32);

- C-peptide persistence has been demons-
trated to be advantageous for patients: the DCCT
study has shown that a stimulated C-peptide
> 0.2 nmol/L (200 pmol/L) was associated with
a favorable prognosis of clinical evolution: lower
frequency of chronic complications, less severe
hypoglycemia.

CLINICAL UTILITY OF C-PEPTIDE

From a practical point of view, the dosing of
C-peptide is of clinical importance in the follo-
wing situations: measurement of insulin endo-
genous secretion in patients with diabetes melli-
tus; differentiation between type 1 DM/type 2
DM/MODY/latent diabetes of autoimmune type
in adults (LADA) and initiating the suitable treat-
ment; suspicion of insulin-resistance in obese
patients or in those with polycystic ovary syn-
drome (high C-peptide); evaluation of hypogly-
cemia due to hyperinsulin (high values of C pep-
tide) versus hypoglycemia of other causes than
hyperinsulinism (C-peptide with low values).

C-PEPTIDE — AS MEASURE OF INSULIN
SECRETION

Knowing that C-peptide is secreted in an echi-
molar ratio as the insulin in pancreatic beta cells,
its level provides data on insulin endogenous se-
cretion in patients with type 1 DM. Given that
approximately 50% of insulin produced by the
pancreas is metabolized in the liver, the serum
level of insulin does not accurately show the le-
vel of insulin secretion (in both insulin-treated
and non-insulin treated patients).

The values of C-peptide must be carefully in-
terpreted in renal insufficiency (~ 50% is me-
tabolized in urine and only 5% is eliminated in
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urine). Therefore, in renal impairment, the va-
lues of C-peptide may be falsely high (16, 33). In
insulin-resistant obese patients, C-peptide values
may be either normal or high (16).

DIFFERENTIATION FROM SD t1/SD2

The dosing of C-peptide is the key element for a
correct diagnosis of SD (34). C-peptide allows
for the differentiation between DM 1 and DM 2,
particularly when long-term diabetes is con-
cerned, because C-peptide values may be super-
posable in both types of diabetes at onset. In
DM 1, the level of C-peptide drops quickly, so
that the utility of C-peptide testing is obvious af-
ter 3-5 years since onset, when most patients
have low values of C-peptide. The low values of
C-peptide in the first years after diagnosis may
confirm the presence of type 1 DM (values
< 0.2 nmol/L show a severe insulin deficiency).
The high values must be carefully interpreted —
they may reveal the presence of an endogenous
secretion of insulin during remission (16).

IDENTIFICATION OF PATIENTS WITH MODY
TYPE DIABETES

The persistence of C-peptide values within the
normal limits after the end of the remission
pleads for MODY type diabetes. It is important
to identify such situations, when it may be op-
portune to change the treatment (stop adminis-
tering insulin and introduce sulphonyl urea de-
rivatives) (16, 35). However, C-peptide is not
useful in differentiating DM 2 from MODY-type
diabetes (36). 4

DETERMINATION OF PROGNOSIS

n type 1 DM, the preservation of residual insu-
lar secretion (highlighted by the optimal level of

stimulated C-peptide: >0.2 nmol/L) is associa-
ted with a better glycemic control, fewer cases of
hypoglycemia and a lower rate of micro-vascular
complications (37). In type 2 DM, high values of
C-peptide are associated with a high risk of ma-
cro-vascular complications (38-40). The relation
between C-peptide and occurrence of micro-
vascular complications in type 2 DM is not fully
elucidated.

THERAPEUTIC PERSPECTIVES

In the last 20 years, increasing information has
been emerging on the physiology of C-peptide
and treatment possibilities that it offers in type 1
diabetes. It is now known that C-peptide bonds
specifically to the cellular membrane by a
G-protein receptor, and it activates the
Na-K-ATPase system, increases the expression of
NO-synthetase as well as certain transcription
factors that play a part in the anti-inflammatory
and antioxidant mechanisms. Studies on animals
and recent research on patients with DM 1 have
demonstrated that administering of C-peptide in
substitution doses has favourable effects on the
structural and functional modifications induced
by hyperglycemia of DM in peripheral nerves,
kidneys and at retina level (41). Therefore,
C-peptide may be taken into account as a poten-
tial therapeutic agent in chronic complications of
DM: neuropathy, nephropathy and retinopathy.
The discovery of C-peptide intracellular effects
provides a new perspective over the relation
between C-peptide and the occurrence of mi-
crovascular complications in DM (42). O
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