REVIEW ARTICLE

RAGE and Serum Copeptin Act as a Potential Biomarker for
Chronic Kidney Disease with and without Type 2 Diabetes
Mellitus
Divya Mishra1, Roshan Alam2, Mohammad Kaleem Ahmed3, Pulak Raj4, Saba Khan5, Mustafa Khan6

A b s t r ac t
The critical role of receptors for advanced glycation end products (RAGEs) and serum copeptin in the progression of chronic diseases and their
complications has recently become more apparent. This review summarizes the recent contributions to the field of RAGEs and serum copeptin
in chronic kidney disease (CKD). Over the past 2 decades, RAGEs have been seen to be involved in the progression of CKD, and specifically, it
leads to diabetic nephropathy. Although several in vitro and in vivo studies highlighten the detrimental role of AGEs accumulation in tissue
injury. Recent studies have focused on the novel mechanisms that contribute to end-organ injury as a result of AGEs accumulation, as well as
novel targets of therapy in kidney disease. Serum copeptin is related to the severity of the disease in autosomal dominant polycystic kidney
disease (ADPKD), and it helps in the prediction of future renal events (decline in renal function and increase in total kidney volume). The main
purpose of this review is to evaluate critically the role of RAGE and serum copeptin as a prognostic biomarker for renal outcomes in ADPKD,
and it will be potentially helpful as a predictive marker of treatment response. As the prevalence and the incidence of CKD rises all over the
world, nowadays it is very essential to identify the therapeutic strategies which must either delay the progression and aggressiveness of CKD
or to improve the mortality rate in this population. The main focus of this review is to highlight the recent studies that enhance our current
understanding of the mechanisms that mediate AGEs-induced progression in CKD as well as novel treatment strategies that have the potential to
avoid this disease process. This review presents current knowledge regarding the roles of RAGE and copeptin in CKD with and without diabetes
mellitus. Studies from human subjects are presented to highlight the breadth of evidence linking RAGE and copeptin to CKD consequences
of these metabolic disorders.
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I n t r o d u c t i o n
Chronic kidney disease (CKD) is a condition associated with
progressive loss of kidney function and kidney damage. The
two common causes of CKD are diabetes mellitus (DM) and
hypertension. Other causes of CKD also include polycystic kidney
disease, obstructive uropathy, and primary glomerulonephritis.1
Chronic kidney disease patients present elevated advanced
glycation end products (AGEs) blood levels. Advanced glycation
end products promote inflammation through binding to their
receptor (RAGE), located on the membrane of mesangial cells,
endothelial cells, and macrophages. 2 Chronic kidney disease
patients have many affected physiological pathways. Variations in
the genes regulating these pathways might affect the incidence
and predisposition to this disease. Chronic kidney disease patients
are also characterized by high genomic instability. This instability
could be translated to high levels of genetic damage measured by
the incidence of chromosomal damage (micronuclei) when their
cells are challenged with ionizing radiation and could be either
the cause or the consequence of renal pathologies. In addition, it
has been observed that CKD patients repair less efficiently DNA
damage. 3 Diabetes mellitus is a disorder of multiple etiologies,
where alteration is characterized by chronic hyperglycemia with
disturbances of carbohydrate, fat, and protein metabolism resulting
from defects in insulin secretion, insulin action or both.4 The
chronic hyperglycemia of diabetes is associated with a significant
long-term squeal, particularly damage and/or dysfunction and

1,2,5

Department of Biochemistry, Integral Institute of Medical Sciences
and Research, Integral University, Lucknow, Uttar Pradesh, India
3
Department of Biochemistry, King George’s Medical University,
Lucknow, Uttar Pradesh, India
4
Department of Medicine, Integral Institute of Medical Sciences and
Research, Integral University, Lucknow, Uttar Pradesh, India
6
Department of Basic Medical Sciences, Integral Institute of Allied
Health Sciences & Research, Integral University, Lucknow, Uttar
Pradesh, India
Corresponding Author: Roshan Alam, Department of Biochemistry,
Integral Institute of Medical Sciences and Research, Integral University,
Lucknow, Uttar Pradesh, India, Phone: +91 8340131885, e-mail:
drroshan@iul.ac.in
How to cite this article: Mishra D, Alam R, Ahmed MK, et al. RAGE
and Serum Copeptin Act as a Potential Biomarker for Chronic Kidney
Disease with and without Type 2 Diabetes Mellitus. Indian J Med
Biochem 2021;25(3):131–134.
Source of support: Self-funded and supported by Institute
Conflict of interest: None

failure of various organs, especially the kidneys, eyes, nerves,
heart, and blood vessels. 5 Diabetic nephropathy is one of the
main microvascular complications of DM and is a leading cause of
end-stage renal disease (ESRD). It is widely accepted that diabetic
nephropathy is a heterogeneous disorder caused by the interaction
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between environmental and genetic factors.6 We have seen the
discovery of the receptor for AGE products (RAGE; The name for
its gene is AGER) in 1992 on account of this molecule’s ability to
bind the products of non-enzymatic glycation and oxidation of
proteins/lipids, the advanced glycation end products, or AGEs.6
Advanced glycation end products are not the only biomarkers
of a hyperglycemic and pro-inflammatory/pro-oxidative state;
rather they also play a very important role in the pathogenesis of
complications associated with DM, in the larger part through their
interactions with RAGE. Various AGEs are also generated in highly
heated and processed foods.7 Hence, the interaction of AGE with
RAGE shows both from endogenously-formed AGE adducts and
from dietary AGE sources. RAGE is expressed on multiple types of
cells, such as vascular cells, immune cells, neurons, cardiomyocytes,
adipocytes, glomerular epithelial cells or podocytes, lung epithelial
cells, and a wide range of transformed cells, both in animal models
and human subjects.8–10

Formation of AGEs
Refer to Flowchart 1.

Receptors for Advanced Glycation End Products
(RAGE)
When AGEs interact with their cellular receptors, it plays an
important role in the pathogenesis of diabetic complications.11
Receptors for advanced glycated end products have been
recognized as a receptor for amyloid-beta peptide (Aβ) and
β-sheet fibrils [65] S100/calgranulins;12 amphoterin13 and Mac-1.14
RAGE is made up of three extracellular domains, which contains
a V-type that contains ligand binding properties and two C-type
immunoglobulin domains C 1, and C 2, a transmembrane helix, and
a short cytosolic tail.15 A fourth transmembrane domain anchors
RAGE in the membrane and is connected to a highly charged
fifth intracellular domain that mediates interaction with cytosolic
transduction molecules. RAGE acts as a signal transduction receptor
for N3-carboxymethyl-lysine (CML), the major AGE in vivo, and

Flowchart 1: Formation of advanced glycation end products in three
stages, i.e., early, intermediate, and late-stage involving (AGEs). In an
early stage, sugars react with a free amino group to form a Schiff base
which undergoes a rearrangement to a more stable product known as
the Amadori product. In an intermediate stage, the Amadori product
degrades to a variety of reactive dicarbonyl compounds. In the late stage
of the glycation process, AGEs (irreversible compounds) are formed
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is likely to interact with other AGEs.16 Advanced glycation end
products bind only to the V domain of RAGE (Flowchart 2).16,17

Ages and Diabetic Complications
•
•
•
•
•

Diabetic retinopathy.
Diabetic cataract.
Diabetic nephropathy.
Diabetic neuropathy.
Diabetic cardiomyopathy.

Diabetic nephropathy is defined as a progressive decline in
glomerular filtration rate, accompanied by proteinuria and other
end-organ complications such as retinopathy.18 A renal disease
that occurs in patients suffering from DM is characterized by
hemodynamic (hyperfiltration and hyperperfusion) as well as
there are structural abnormalities (glomerulosclerosis, alterations
in tubulointerstitium including interstitial fibrosis) and metabolic
changes also take place.19 It has been reported that the AGE-RAGE
axis plays a very important role in diabetic nephropathy.
Arginine vasopressin (AVP) is an important pituitary hormone in
humans that mediates osmoregulation, water balance, and tonicity.
Disturbances in AVP regulation contribute to the pathogenesis
of diabetes insipidus and cardiovascular diseases (CVDs).14,20,21
However, the measurement of endogenous plasma AVP level is
difficult due to technical limitations and is not widely available.
Copeptin, a 39 glycosylated amino acid, is the carboxyl-terminal
part of precursor-AVP and is released from the hypothalamus
synergistically with AVP. It is easier to measure copeptin rather than
AVP in serum due to its superior stability. Previous studies have
demonstrated a high functional correlation between copeptin
and mature AVP supporting it as an appropriate surrogate marker
instead of AVP. 22 Copeptin is partly cleared by the kidneys and
hence, the level of copeptin is higher in CKD or ESRD patients,
compared to those with preserved kidney function.13,23 Associations
between copeptin and the development of heart failure, myocardial
infarction, diabetes insipidus, hyponatremia, DM, and metabolic
syndrome have been reported. The importance of copeptin in
kidney diseases has also been illustrated in the recent literature.
In those with ESRD and type 2 DM, a higher copeptin level was
Flowchart 2: Interaction of AGE with RAGE which leads to oxidative stress
and initiation of inflammation cascade takes place which involves the
activation of MAPK pathway, NF-kB, IL-6, TNF-α, expression of ICAM-1
and VCAM-2 which ultimately leads to diabetic complications
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Flowchart 3: Interrelationships and pivotal roles of the five emerging
biomarkers in cardiorenal syndrome. AVP, arginine vasopressin; BNPs,
B-type natriuretic peptides (BNP and NT-proBNP), CKD, chronic kidney
disease; cTns, cardiac troponins (troponin I and T); CVD, cardiovascular
disease; ESRD, end-stage renal disease; FGF-23, fibroblast growth
factor-23; and NGAL, neutrophil gelatinase-associated lipocalin

accordingly the management of the case could be done. This study
will help in reducing the mortality rate which occurs due to CKD.
Early determination of the complications and management of the
cases could be done. Adds to the growing body of literature about
the utility of RAGE and copeptin as a marker to portend adverse
outcomes. Further studies should confirm these findings along with
addressing the limitations of this report. In addition, larger studies
examining whether the increased formation of advanced glycated
end products and lowering copeptin in CKD could help us answer if
the observed relationship between copeptin and decline in kidney
function is causally related.
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increases with the advancement of CKD. The purpose of this study
was to evaluate copeptin content as a potential marker of CKD.
Plasma copeptin may help to identify subjects with diabetic CKD
who are at high risk for renal function decline. If with the help of
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