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ABSTRACT

C-peptide is produced during insulin biosynthesis and present in equal
amounts along with the insulin in circulation, it considering devoid of any
biological activity for long time. Therefore, this review focused on cellular
sgnaling effects of C-peptide. This peptide causes transmission of signals
from exterior of cells to their interior by signal transduction process. The
binding of C-peptidewith G-proteins coupled receptors (GPCR) activate phos-
pholipase C, which cleaves amembrane phospholipid to produces DAG and
IP-3. DAG hinds al members of the protein kinase C family, which, then
becomeactivated. | P-3 causesreleasing of stored calciuminto the cytoplasm,
thismediated influx of extracellular calciumtointrace lular leadingto increase
NO and cGMP. C-peptidein combination with insulin significantly enhances
insulin receptor phosphorylation either by increase of kinases or decrease of
phosphatases activity. C-peptide disaggregatesinsulin hexamer causing rapid
appearance of insulin in plasma. Consequently, the interaction of C-peptide
with GPCR influences many of intracellular processes including increase of
glucose metabolism, phosphorylation/dephosphorylation, erythrocytesfunc-
tion, blood flow aswell as cells growth and apoptosis. Nowadays, C-peptide
is biochemically active peptide and it may be dlicits insulin independent ef-
fect. Therefore C-peptide may be has beneficia rolein treatment of diabetic
associated complications. © 2011 Trade Sciencelnc. - INDIA
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OVERVIEW OFPROINSULIN CLEAVAGE

The proprotein convertase (PPC1), proprotein
convertase (PPC2) aswell ascarboxypeptidase (CPE),
involvedinthe production of C-peptidefrom proinsulin
molecule¥. Thisprocessoccursin calcium-richacidic
environment of pancreatic B-cells!?. Both PPC1 and
PPC2 are cal cium-dependent enzymes?, while, the

CPE iszinc dependant, whereas zincisfound abun-
dantly inthematrix of secretory granuleinassociation
with insulin. These enzymes were synthesized as
proproteinsmolecul eslikeproinsulin and then processed
and sorted to regul ated pathways of secretion®®. Both
PPC1 and PPC2 were acted together to process pro-
insulintoinsulinand C-peptidg® ™.

Theprocessing of theinsulin precursor isprimarily
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sequentid; thefirst cleavageat B chain/C-peptidejunc-
tionisoccurred under the effect of PPCL1 to produce,
des-31, 32-proinsulin, and then cleaved by PPC2 at A
chain/C-peptidejunction. While, thebasicamino acids
residues at C-termina were removed by aid of CPE.
Retention of the C-peptideisrequired for correct disul-
fidebridgesformation between A and B chainsof inaulin,
afterword the C-peptideremoved®. SeeFigure 1.
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Figure1: Processing of C-peptideand insulin from proinsu-
lin. Number srefer toamino acid residuesof proinsulin num-
ber ed from the N- ter minug®.

Defect of proinsulin processing

Thedefect intheprocessing of proinsulinintoinsu-
linand C-peptideleadsto devation of proinsulin/insulin
ratio. Thisdefectsmay be dueto decreasein theactivi-
ties of PPC1® or PPC21"% as well as inactivation of
CPE™, Furthermore, mutationsintheinsulingenere-
sultedinabnorma proinsulinsthat arenot normally pro-
cessed into fully activeinsulin®™, Theseabnormalities
were associated with type 2 diabetes (T2D) and/or
impaired glucosetolerance.

Inthese cases, thereisardativeincreasein proin-
sulin/insulinratio. Patientswith T2D might be appar-
ently hyperinsulinemic, owingto proinsulin crossreac-
tivity, but aredeficientinmatureinsulin. Also, thecause
of hyperproinsulinemiain T2D isthought to beapan-
creatic p-cell defect!™,

Ravelli et al.™, demonstrated that impaired glu-
cosetolerance might berelated to abnormal levels of
proinsulin and insulin resistance. Additionally,
Gabbay!™, described familia hyperproinsulinemia, an

—— M inireview

autosomal dominant defect inwhich C-peptideremains
attached toA chain and inwhich Arginine 65 hasbeen
replaced.

Sructureof C-peptide

C-peptide, adeavage product of theproinsulinmol-
ecule, haslong beenregarded ashiologically inert. The
number of amino acidsin C-peptideisranged from 30
to 35 amino acids according to specied*®. Human C-
peptide consists of 31 amino acid residues5 of them
areacidic residuesbut it lacksthe basic residues. C-
peptideisdevoid of detectable stable secondary struc-
ture, but the N-terminal 11 amino acidsresiduesform
a-helical structure*?,

Theregion of positions13-25, containing five gly-
cineresdues, isin partslackingin somemammas, and
not haveastable secondary structure. The C-terminal
fiveamino acidsresidue(27-31) highly conserved resi-
duesandfoundto possesshiologica activity!’®. TABLE
1, represented the structure of C-peptidefrom differ-
ent species.

TABLE 1: Amino acids sequence of proinsulin C-peptide
among somespeciesaccor ding oneletter abbreviation of amino
acids.

Species Amino acids sequence

EAEDLQV-—
GQVELGGGPGAGSLQPLALEGSLQ
EVEGPQV--GALELAGGPGAGG- — ———
LEGPPQ
EVEDPQV--EQLELGGSPG- —
DLQTLALEVARQ

EVEDPQV-—
PQLELGGGPEAGDLQTLALEVARQ
EAENPQA--GAVELGGGLGG- -
LQALALEGPPQ
EVEGPQV--GALELAGGPG- — ———
AGGLEGPPQ

EAEDPQV-—
GEVELGGGPGLGGLQPLALAGPQQ

Roleof C- peptidein insulin maturation

Human

Bovine
Mouse
Rat

Pig
Sheep

Horse

Preproinsulin carriesasignal peptidethat directs
the peptide chain of preproinsulinto theinterior of the
endoplasmicreticulum(ER). Inthe ER the N-termina
signa sequenceof preproinsuliniscleaved and there-
aulting proinsulinmoleculeundergoesfol ding and disul-
fidebond formation(*9.

At the Golgi apparatus proinsulinispackaged into
secretory granulesand converted to insulinand C-pep-
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tide by PPCs. C-peptideand insulin are stored in ma-
ture secretory vesicles, afterword they, co-secreted in
equimolar anounts®. Thematureinsulinisstoredin
theform of zinc-containing hexamersuntil secretion.

C-peptideplaysanimportant roleininsulinfolding,
by providing optimal orientation of sulfhydryl groups
for inter and intradisulfide bond formation between A
and B chainsof insulin?-22, Beside thisrole, C-pep-
tidemaintainsthe C-peptide/insulinA-chainjunctionin
proinsulin structure, which is arecognition site for
PPC223, Figure 2 depictstheroleof C-peptidein pro-
ng and secretion of proinsulin molecule.
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Figure?2: Removal of signal peptide from proinsulin mol-
eculeaswell assortingand packaginginsulin and C-peptide.

C-peptidereceptors

Upon binding of C-peptidewith G-protein recep-
tors(GPCR) severa enzymeswereactivated including
Na'/K*-ATPase, eNOS aswell MAPK ™4, Thesere-
ceptorsfor C-peptidepresent inrend tubular cdlls, skin
fibroblastsand endothelid cdllS%!. Thepresenceof such
receptor was demonstrated by using of G-proteinsin-
hibitors. Whereas, treatment of the cellswith pertussis
toxins (PTX) asG-proteininhibitorsabolishingthein-
teraction between C-peptide and receptors?d. Also,
mogt of theintrace lular sgnaling of thispeptideblocked
by pre-incubation of the cellswith PTX, these obser-
vationsindicated that involvement of GPCR in C-pep-
tidesgnaing®.
Signal transduction by C-peptide

Themessagestransmitted by hydrophilicsignaling
substanceswere sent to theinterior of thecell by mem-

BIOCHEMISTRY (mm—

branereceptors. Thebinding of sgnaing moleculeswith
theoutsideof thecedll trigger anew second signd onthe
ingdeof thecdlls. Intheinterior of thecell, thissecond-
ary sgnd influencestheactivity of enzymes, ion chan-
nels, metabolism and cytoskeleton aswell asactivation
or inhibition of transcription factors.

Binding of C-peptidewith GPCR activate phos-
pholipase C (PLC), provokeincreasing of second mes-
sengers like diacylglycerol (DAG), and inositol
trisphosphate (1P-3)12"). Furthermore, C-peptide pro-
vokesaprompt elevation of intracelular clciumasone
of strong second messengers®. Thisleadsto stimula
tion of eNOSinrena tubular and endothélia cells?.
Inadditionto, C-peptide stimul ates phosphoryl ation of
protein kinase C (PK C):31,

Aswadll, exposureof the cellsto C-peptideinduced
theactivation of one or more componentsof themito-
gen activated protein kinases (MAPK's) cascadeina
concentrati on-dependent manner, which increasetran-
scription factor expression®d. Furthermore, C-peptide
has a so been found toinducethe mimic effectsof insu-
lininmuscle cellg*. Thefollowingfigureshowsthe
binding of C-peptideto acell membrane receptor that
iscoupledtoaPTX-sengitive G-protein.
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Figure 3 : Overall signalling transduction and second
messenger *sactivation by C-peptidd?.

Effect of C-peptideon phosphorylation/ dephos-
phorylation

Phosphorylation/ dephosphorylation processplays
animportant roleintheregulation of enzymesactivity at
post trandationa level. Thisbiochemica processisun-
der control of proteintyrosinekinase (PTK), incon-
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junction with protein tyrosine phosphatase (PTP)34.
PTPisanegativeregulator intheinsulin-stimulated sg-
naling pathway. Therefore, thelacking of PTPactivity
increased sengtivity towardsinsulin®. Conversdy, pro-
tein tyrosine kinaserequired for phosphorylation, is
chromium dependent!®.

Meyer et al.,*d, demonstrated that thereisanin-
creasein ATPreleasefrom the erythrocytes by chro-
mium-activated C-peptide. C-peptide complexed with
chromium, thereforetheamount of glucosetransported
into the erythrocyte increased, thisindicated that C-
peptideinhibition of PTPactivity. Moreover, J2gerbrink
et al.,*, reported that C-peptideinhibit intracel lular
PTPactivity, thisincreased autophosphorylation of the
insulinreceptor.

Activation of Na*/K*-atpaseby C-peptide

TheNa'/K*-ATPase protein complex utilizesen-
ergy released from the hydrolysisof ATPto drivethe
counter-transport of Na" and K* ionsacrossthe plasma
membrane. It has been demonstrated that C-peptide
cause’s phosphorylation of the Na*/K*-ATPasea-sub-
unitinrat’s kidney medullary thick ascending limb tu-
bules®!,

In diabetes, Na'/K*-ATPase activity isdecreased
invarioustissues, and thisreduction isthought to be
one of thefactorsresponsibleto the devel opment of
diabetic complicationg®!. Kidney tubulesare arich
sourceof Na'/K*-ATPaseand C-peptidestimul atesthis
pump inrat tubular segmentg“?.

Reduced erythrocyte Na'/K*-ATPase activity in
T1D patient’s results in impaired deformability and in-
creased blood viscosity*! andisstrongly linked to mi-
crovascular complications. Complete C-peptide defi-
ciency asin T1D patientsandininsulin-treated patients
withT2D, erythrocyte Na'/K*-ATPase activity islower
than in healthy control§%2. Injection of C-peptideinto
T1D patientscorrectsthisNa'/K*-ATPaseactivity.

Effectsof C-peptideon nitricoxide

It has been reported that that supplementation of
C-peptideto diabetic animal modelsandto T1D pa-
tientsresultsin concentration dependent increases of
microvascular blood flow(*. Thiseffect attributed to
increasethenitricoxide (NO) leve ether by ectivation
of endothelid nitric oxide synthase (eNOS) by cacium

—— M inireview

dependent mechanismor by induction eNOS gene ex-
pressioni*!, Additionally, theinteraction between C-
peptide and GPCR increasesthetissues perfusion by
activation of the NO system!?”), The C-pegptide-medi-
ated influx of extracellular calcium leadsto increased
NOS activity, NO and cGMP production, vasodila-
tion, and blood flow which beneficial in endothelial
cellg™,

In neuronal cells, C-peptidein combination with
insulinsgnificantly enhancesinsulinreceptor (IR) phos-
phorylation and activetion of downsream sgnds, might
underlietheeffectsof C-peptide on neurite outgrowth.
The combined vascular and neurotrophic effectsof C-
peptide arethought to contributeto its observed ben-
eficia effectsindiabetic poly neuropathyi.
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Figure4: Inneuronal and endothelial Cells, C-peptidesig-
nalsaretransduced via pertussis-toxin sensitive G-protein-
coupled receptor (GPCR) that couplespositively to calcium
signaling!®!

Effects C-peptideon calciump levels

C-peptideincreasestheintracellular level of cal-
cium“, Thisisal sotruefor the C-termina pentapep-
tide of C-peptide. Thiswas demonstrated by previous
study reported that, addition of PTX preventsthe ef-
fectsof C-peptideonintracd lular calciumlevesof both
full-length C-peptide and of the C-termina pentapep-
tidewhich suggest that G-protei n-dependent effectsare
upstream of theinflux of calciumi®. Furthermore, ad-
dition of thecalcium chelator to the medium abolishes
theeffectsof C-peptideonintracelular calciumlevels,
suggesting that theincrease of intracellular calciumis
mediated by influx of extracellular of suchion &4,

Effectsof C-peptideon cell growth

MAPK sareimportant regulator of many cellular
e—,  BIOCHEMISTRY
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processes, such asmitosis, metabolism, cell survival,
gene expression as well as programmed cell death
(apoptosis)*” 48, Claireand Nigel®?, reported that C-
peptide activatesM APK s after binding to GPCR lead-
ingto activation of PLC aswell asPKCisoforms. In
additiontoincreased intracellular levelsof DAG and
calcium®® %1 These processeshave been linked to ac-
tivation of cCAM P-response-element-binding protein
(CREB) and activating transcription factor 1 (ATF1)
asonetranscription factorg*d.

Tsamaratoset al B4, smilarly demonstrated PK Co-
and ERK 1/2-dependent activation of Na'/K*-ATPase
by C-peptideinisolated kidney tubular ssgments. Fur-
thermore, inhuman kidney proximal tubular cells, C-
peptide activatesERK 1/2, INK, PK Csand promotes
trand ocation of thelow-molecular-weight GTPbinding
protein from the cytopl asm to the membrané'sY.

Effect ontranscriptional factors

C-peptide causesactivation and DNA bindingwith
severd transcription factors, d so, C-peptideisreported
to decreased surface expression of thecell adhesion
moleculesP-sdectinandintercdlular adhesonmolecule-
1 onvascular endothdium, thereby inhibitingleucocytes
endotheliuminteractiong®Y.

A stimulatory effect of C-peptideoncdl prolifera
tion has been reported for renal tubular®™. Also, such
peptide enhances anti-gpoptoti c effect of insulinonneu-
roblastomacellsgrown at ahigh glucose concentra-
tion™3, Additionally, C-peptide exposureresultedin
activation of PI-3-K and p38 MAPK leading to en-
hanced expression and trangl ocation of nuclear factor
kappaB (NF«kB). Aswell as, C-peptidehasbeenfound
to protect against tumor necrotic factor-o (TNF-a)
mediated apoptosisof rend tubular cellg*.

Insulin likeaction of C-peptide

There C-peptide signaling pathways mediated by
activationof MAPKsaswell asPI-3-K aresmilar Sg-
naingfollow after insulin-insulinreceptor interactions™.
Therefore, C-peptide exhibited insulin-like actions
though increasing muscle glucose transport'™. It has
been founded that C-peptideat level (0.3-3 nM) acti-
vated insulin receptor through increase phosphoryla-
tion of tyrosinein theinsulin receptor. M oreover, sub-
maximal concentrationsof insulin and C-peptidewere

BIOCHEMISTRY (mm—

additivein effect’™,

Mass spectrometry analysisreveaed that insulin
hexamersin solution became undetectableinthe pres-
enceof C-peptide. Thismay bedueto C-peptidebind-
ingwithinsulin causesdisaggregetion of insulin. Accord-
ingly, subcutaneousinjection of mixture of C-peptide
andaninsulinin T1D patientsresult inarapid appear-
anceof insulinin plasmaand stimulation of glucose uti-
lization compared with injection of insulin alone?.
Insulinomimetic like signalling of C-peptide demon-
dratedthisinfigure.

C-peptide

Insulin

AKVPKB

Transcription

Glucose metabolism factors

Figure5: Insulin likesignaling of C-peptide. Dashed lines
indicateinsulinomimetic signalling demonstrated in muscle
cells. GTPyS, guanosinetriphosphateyS; JNK, c-Jun N-ter -
minal kinase; PPARY, peroxisomeproliferator activated re-
ceptor v; ZEB, zincfinger homeodomain enhancer binding
proteinte:

CONCLUSION

C-peptidedicitsinsulin-independent biologicd ef-
fectsthrough binding with GPCR receptors. Someen-
zymes like PTP, PI-3-K, MAPK, GSK3, Na'/K*-
ATPase and eNOS were activated by C-peptide re-
ceptorsinteraction, thisindicating that it hassignaling
effect. C-peptide causesdisaggregation of insulin, there-
foreitincreasetheavailability of biologically active
monomericinaulin.
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