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Introduction

In humans, insulin is originally secreted as a 110 amino-acids 
molecule called pre-proinsulin [1] that undergoes proteolytic cleavage 
to yield mature insulin and a 31 amino-acid peptide - C-peptide 
[2]. Both the mature insulin and the C-peptide remain stored in 
secretory vesicles in pancreatic β-cells and are released extracellularly 
in response to increased blood glucose levels [2]. Since its discovery 
in year 1967, C-peptide was considered a biologically inert molecule 
that simply enables correct folding and stabilizes α- and β- chains of 
insulin molecule. However, it was in early 1990s that a series of studies 
established that C-peptide in physiological concentrations significantly 
improves several diabetes-induced abnormalities and the possibility of 
C-peptide being a functional molecule was re-evaluated. Alike a ‘Swiss 
army knife’, C-peptide has now been known to have multiple functions 
independent of T2D biology that has reintroduced scientific interest 
in understanding C-peptide biology. This commentary highlights 
the importance of monitoring C-peptide levels in diabetes and its 
crucial role in preventing and comforting late stage complications that 
otherwise cease to restore by insulin administration alone.

C-peptide as Precise Measure for Endogenous Insulin

C-peptide is released into bloodstream at an equimolar 
concentration with that of insulin and is cleared at a constant rate 
however, the insulin gets cleared variably. C-peptide encounters 
negligible first-pass metabolism by liver and thus enjoys a much longer 
plasma half-life (30 mins) than a mere half-life of 5 mins for insulin [3]. 
Hence, the direct measurement of insulin is inaccurate assessment of its 
physiological secretion. Also, C-peptide measurement avoids the pitfall 
of cross-detection of exogenous and endogenous insulin to understand 
residual function of pancreatic β cells in diabetic patients administering 
insulin. This marks C-peptide as a valuable and precise indicator of 
insulin release, a critical parameter for clinical management of patients 
with diabetes. Normal circulating levels of C-peptide depend upon 
the type of diabetes (Type 1 or Type 2) (i.e. residual β-cell function) 
and its duration (i.e. onset of late-stage microvascular complications – 
neuropathy, nephropathy or retinopathy and eventually macrovascular 
complications- hypertension, cardiovascular diseases, coronary artery 
disease, etc.).

Mechanistic Role of C-peptide in Diabetes Etiology
It is well-established that C-peptide serves an important role in 

insulin synthesis. Remarkably there is a steady increase in number 
of reports stating new aspects of C-peptide physiology. C-peptide 
is known to bind in a stereospecific fashion to several human cell-
types – endothelial, renal tubular and skin fibroblasts [4]. The binding 

occurs at specific G protein coupled receptors, probably GPR146 [5]. 
Upon binding to the cell membrane, C-peptide has been observed 
to get internalized in mouse fibroblasts Swiss 373 and human 
embryonic kidney 293 cells [6]. Endosomes are key sorting stations 
for internalized peptides. Internalized C-peptide has been shown to 
localize initially to early endosomes before lysosomal degradation in 
human aortic endothelial cells and umbilical artery smooth muscle 
cells [7]. Besides, internalized C-peptide has been seen to localize to 
nucleoli where it binds to histone H4 and promotes acetylation at lysine 
residue 16 (H4K16Ac) of promoters of ribosomal RNA genes, thereby 
enhancing gene transcription [8]. C-peptide has been documented to 
act via diverse intracellular mechanisms. C-peptide at physiological 
concentrations in endothelial cells causes influx of Ca2+ increasing 
intracellular concentrations [9]. Increased Ca2+ levels activate 
endothelial nitric oxide synthase (eNOS) to boost nitric oxide (NO) 
synthesis and release which in turn relaxes vascular smooth muscles. 
This results in an increased blood flow that enhances insulin absorption 
and consequently glucose utilization. A reduced eNOS activity and a 
subsequent alteration in micro-circulation is a major pathological 
factor for development of microvascular complications in diabetes. At 
physiological concentrations, C-peptide stimulates Na+/K+ ATPase 
activity primarily via phosphorylation of phospholipase C (PLC), several 
protein kinase C (PKC) isoforms, and phosphatidylinositol 3-kinase; 
and activation of mitogen activated protein kinase (MAPK) system 
[10]. C-peptide also activates transcription factor zinc E-box binding 
protein (ZEB) to augment expression of Na+/K+ ATPase [10]. Besides 
ZEB, C-peptide stimulates a number of transcription factors essential 
for cell growth, migration, inflammatory responses, and apoptosis 
– CREB, ATF, Bcl2, PPARγ, SREBF1 and NF-ƙB [11]. Subsequently 
eNOS synthesis is upregulated. Inflammation induced vascular damage 
is a key pathological condition in diabetes. C-peptide has been reported 
to exhibit anti-inflammatory effects by antagonizing inflammatory 
cytokine secretion, adhesion molecule expression and reactive oxygen 
species (ROS) formation in endothelial cells and leukocytes [12,13]. 
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Abstract
C-peptide is a product of insulin biosynthesis and its independent functional role has been largely overlooked. 

Administration of C-peptide along with regular insulin therapy tends to comfort or delay late stage diabetic 
complications. The article collates mechanistic role of C-peptide in diabetes, its clinical measurement and prospective 
therapeutic potential.
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Further, it has been noted that C-peptide may interact synergistically 
with insulin signaling pathway. C-peptide activates tyrosine kinase 
to phosphorylate insulin receptor substrate 1 (IRS1), thus mimicking 
insulin [14]. Unlike insulin, C-peptide inhibits ROS production [15] 
and hence antagonizes downstream insulin signaling. Also, C-peptide 
has been demonstrated to regulate the availability of monomeric 
insulin for activating IR by binding to Zn2+ ions and therefore alter the 
equilibrium between oligomeric and monomeric insulin [16].

Clinical Measurement of C-peptide
C-peptide can be estimated by various immunoassays that have 

been developed to detect its blood and urine levels in an outpatient 
clinical setting. The physiological levels can be measured in random, 
fasting and stimulated states [17]. The plasma concentration of 
C-peptide in an overnight fasted state generally varies between 
0.3-0.6 nM in healthy subjects and postprandial levels may range 
between 1-3 nM [18]. Its concentration is generally 10–20 times 
higher in urine than plasma [19]. At room temperature, C-peptide 
in whole blood is stable for up to 24 hours in EDTA vacutainers 
however urinary C-peptide for up to 3 days when collected in boric 
acid container [20,21]. The currently available assays to detect 
C-peptide provide high specificity offering a nearly null cross-
reactivity to detect C-peptide levels as low as 0.003 nmol/L. In people 
with normal glucose tolerance, urinary C-peptide to creatinine ratio 
substantially mirrors 24 hours urinary C-peptide levels and is also 
a reliable and convenient method of estimation [20]. C-peptide is 
largely removed from the body by the kidneys. Majority of which 
gets degraded via peritubular uptake and only 5-10% of the total 
C-peptide is excreted unaltered in the urine [17,20]. Therefore, 
during a renal impairment, concentration of C-peptide in blood 
may be falsely elevated and hence unreliable for correct estimation.

Therapeutic Potential of C-peptide Administration

So, as described above diabetic complications occur due to 
secondary systemic damage caused by chronic hyperglycemia and 
largely contribute to diabetes-related morbidity and mortality. 
C-peptide deficiency is a characteristic property of Type 1 Diabetes 
and the late stages of Type 2 Diabetes. C-peptide biosynthesis 
continues to persist for decades after diabetes onset and remains 
functionally responsive [22]. Over the past decades, certain rigorous 
research efforts have highlighted that C-peptide administration alone 
or in combination with the ongoing insulin therapy is beneficial in 
protecting organ-specific vascular outcomes in diabetes [22,23]. 
The findings indicate that patients with advanced stage of diabetes, 
whose β-cell function was presumed to have long ceased, will 
certainly benefit from interventions that preserve β-cell function 
or prevent complications. Studies have shown that diabetic patients 
undergoing C-peptide administration feature marked improvement 
in vascular blood flow (due to eNOS mediated NO formation and 
erythrocyte Na+/K+-ATPase activation) and capillary diffusion 
rate leading to an increased capacity of oxygen and glucose uptake 
[2,17,19,24,25]. Apart from this, C-peptide restores left ventricular 
ejection fraction and stroke volume in diabetic patients like those 
in healthy controls [26]. At physiological levels, C-peptide exhibits 
anti-inflammatory effects [2] and stimulates angiogenesis [27]. 
Therefore, it is beneficial for impaired wound healing, a common 
ailment observed in advanced diabetics. Diminished glomerular 
filtration is a key feature of renal failure in diabetes. C-peptide 
replacement therapy has been observed to reduce hyperpermeability 
of glomeruli and improve kidney function by restricting excess 

protein leakage [28-30]. Likewise, a 3- to 6- month administration 
of insulin accompanied by C-peptide has shown to reinstate nerve 
dysfunction by reestablishing sensory nerve conduction velocity 
to 80% in Type 1 Diabetics presenting early signs of neuropathy 
[31,32]. Retinopathy is a major diabetic complications and leading 
cause of blindness. C-peptide acts retino-protective by impeding 
ROS generation and preventing VEGF induced microvascular 
leakage across retina in a diabetic eye [33,34].

Conclusion and Future Perspective
Blood insulin levels are predominantly used to assess a person’s 

response to glycemic conditions which do not reflect the correct 
endogenous insulin production. Despite several reports that establish 
a critical and independent role of C-peptide in diabetes etiology, its 
levels are rarely measured to assess actual endogenous insulin secretion 
and residual β cell function. Diabetes is today an epidemic affecting 
all world populations regardless of their socioeconomic status, genetic 
diversity and environment. Decades of intense research efforts globally 
to understand diabetes physiology have not fully succeeded in providing 
an appropriate therapeutic intervention for the disease. Considering 
a large body of documented functions, C-peptide administration 
along with the regular insulin therapy is beneficial to not only control 
glucose utilization but also restore normal physiological functioning 
of various organs in advanced diabetes scenario which may not be 
achieved otherwise. This combinatorial replacement therapy shall be 
looked upon for testing in clinical settings to reach an effective diabetes 
treatment.
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