Diabetic Kidney Disease: Pathogenesis
and Therapeutic Targets

@ Therapeutic Advances in Endocrinology and Metabolism

Special Collection

Systematic Review

Current updates on protein as
biomarkers for diabetic kidney disease:

a systematic review

Rani Sauriasari

Abstract

, Dhonna Dwi Safitri and Nuriza Ulul Azmi

Background: In the past decade, researchers have been focused on discovering protein
biomarkers for diabetic kidney disease. This paper aims to search for, analyze, and synthesize
current updates regarding the development of these efforts.

Methods: We systematically searched the ScienceDirect, SpringerLink, and PubMed
databases for observational studies of protein biomarkers in patients with diabetes mellitus.
We included studies published between January 2018 and April 2020, that were based on

a population of patients with type-1 or type-2 diabetes mellitus aged =18 years, with an
observational design such as cross-sectional, case-control, or cohort studies. The dependent
variable of the research results was in the form of protein biomarkers from urine, plasma, or

serum.

Results: Following the screening process, 20 research articles with available full text met the
inclusion criteria. These could be categorized as glomerular biomarkers (ANGPTL4, beta-2
microglobulin, Smad1, and glypican-5); inflammatory biomarkers (MCP-1 and adiponectin);
and tubular biomarkers (NGAL, VDBP, megalin, sKlotho, and KIM-1]. The development of a
panel of biomarkers showed more promising results than those for a single biomarker in

diagnosing diabetic kidney disease.

Conclusion: All the biomarkers discussed in this review showed promising results for
predicting diabetic kidney disease because they correlate with albuminuria, eGFR, or both.
However, of the 11 protein biomarkers, none have prognostic value beyond albuminuria and

eGFR.
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Introduction

Diabetic kidney disease is one of the main causes
of increased morbidity and mortality in patients
with diabetes mellitus (DM).! About 20%-40%
of patients with DM, both types 1 and 2, will
develop diabetic kidney disease. If not treated
properly, this will reach an advanced stage, known
as end-stage kidney disease (ESRD).? Currently,
the urinary albumin—creatinine ratio (UACR)
and estimated glomerular filtration rate (eGFR)
are two indicators that are commonly used in the
diagnosis of diabetic kidney disease.? Several

studies that have been conducted on the UACR
value showed that not all diabetic kidney disease
patients experience an increased value in the early
stages of the disease, which indicates that the
UACR value is not sensitive enough as a marker
in the early phase of diabetic kidney disease.* On
the contrary, calculation of the eGFR value using
serum creatinine is only accurate when the eGFR
value is <60 mL/min/1.73 m?2, in which case half
of the kidney function may have already been
lost.> Therefore, a more sensitive and specific bio-
marker than the two biomarkers currently used is
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highly needed, to accurately predict diabetic kid-
ney disease in the early phase.

In the past decade, many new biomarkers associ-
ated with diabetic kidney disease have been dis-
covered; these include proteins, metabolite
products and genes. Most of the biomarkers
found were protein,® a macromolecule that func-
tions in various biological processes in the body.
Given the important role of protein in the body, a
method that can provide information on protein
dysregulation would be useful in understanding
the pathogenesis of a disease.

The proteomic method is currently one of the
most promising in discovering new biomarkers.®
The method comprises a process of analyzing
proteomes and proteins, which are expressed in
various biological fluids such as urine, plasma,
and serum. In recent years, several biomarkers for
diabetic kidney disease have been identified.
Protein in the urine can reflect damage occurring
in the kidneys, such as kidney injury molecule-1
(KIM-1), which plays a role in renal tubular
damage.®

The development of diabetic kidney disease
involves various mechanisms. Therefore, a single
biomarker is not sufficient to describe the entire
process taking place. Instead, a biomarker panel
consisting of several proteins and peptides is con-
sidered more representative of the various disease
development mechanisms and a more accurate
biomarker.® We conducted a systematic review to
explore, examine, and synthesize some of the lat-
est findings regarding protein biomarkers, either
single biomarkers or biomarker panels, which can
potentially diagnose diabetic kidney disease in the
early phase. In addition, the latest situation
regarding the application of these biomarkers in
the clinical field is also presented.

Methods

Study search

The systematic review followed recommenda-
tions of the Preferred Reporting Items for
Systematic  Reviews and  Meta-Analyses
(PRISMA) guidelines. The research articles used
in this systematic review were obtained from
Internet searches of databases from ScienceDirect,
SpringerLink, and PubMed, and limited to ones

published from January 2018 to April 2020. The
search was carried out using keywords: ‘diabetic
kidney disease’, ‘biomarker for diabetic nephrop-

athy’, and ‘biomarker for diabetic kidney
disease’.
Eligibility criteria

The inclusion criteria set were that (1) the study
was published in January 2018 to April 2020; (2)
the research was based on a population of patients
with type-1 or type-2 DM aged =18 years; (3) the
research study design was observational, such as
cross-sectional, case—control, or cohort; and (4)
the dependent variable of the research results was
in the form of protein biomarkers from urine,
plasma, or serum.

In addition, a study was not included if: (1) the
article was not published in English; (2) the full-
text article was not available; and (3) it was not
related to diabetic kidney disease.

Study selection

The search process conducted is briefly described
in Figure 1. Based on the search results from sev-
eral databases using predefined keywords, 17,054
research articles were obtained. After the screen-
ing process, 20 of these were judged to meet the
criteria set and were subsequently reviewed.

Results and discussion

Diabetic kidney disease is one of the main causes
of mortality and morbidity in DM patients.
Currently, albuminuria and eGFR are the gold
standard markers used to diagnose and monitor
diabetic kidney disease. However, these two mark-
ers have several limitations in detecting the early
phase of diabetic kidney disease.*> Therefore, a
new marker or biomarker that has a more sensitive
and specific prognosis ability is needed. We con-
ducted a systematic review to explore, examine,
and synthesize some of the latest findings regard-
ing protein biomarkers, either single biomarkers
or biomarker panels, which can potentially diag-
nose diabetic kidney disease. The biomarker
measure was the mean difference comparing bio-
marker in patients to the control group. Table 1
summarizes the key points for each review article
included in this systematic review and Table 2
summarizes the characteristics of each biomarker.
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Figure 1. Flowchart of information search strategy according to a four-phase flow diagram of PRISMA

schematic guidelines.

Biomarkers related to tubular damage

Vitamin D-binding protein (VDBP) is a plasma
protein that plays a role in various physiological
functions of the body, including as a carrier for
vitamin D3 metabolites in the blood circulation;
the binding and absorption of actin; and inflam-
mation and the immune system.3® Tian er al.4°
revealed that increased excretion of VDBP in urine
was associated with tubular dysfunction. Therefore,
it is thought that an increase in VDBP excretion
can also occur in patients with diabetic kidney dis-
ease. In their study, it was shown that the concen-
tration of VDBP in urine significantly increased in
type-2 DM patients with various levels of albumin
secretion when compared with the healthy control
group. These results were similar to those of previ-
ous studies. Apart from an increase in urine, VDBP
concentrations were also significantly increased in
the microalbuminuria group. VDBP in urine and
serum shows a relationship with the UACR.1!

KIM-1 is a transmembrane protein that includes
an immunoglobulin-like domain and a mucin
domain expressed on proximal tubular epithelial
cells. It is thought to have the potential to be used

as a marker to determine renal tubular damage in
diabetic kidney patients.*! Gohda ez al.1? found
that the KIM-1 concentration in serum was sig-
nificant in patients with renal insufficiency, show-
ing an association with better eGFR value than
KIM-1 in urine. In addition, KIM-1 in serum
also has a relationship with the duration of suffer-
ing from diabetes; it was found to be elevated in
patients with diabetes duration of <5 years. The
results indicate that KIM-1 has the potential to
be used as a biomarker in the early phase of dia-
betic kidney disease.13

In this review, three articles discuss the potential of
neutrophil gelatinase—associated lipocalin INGAL)
as a biomarker for diabetic kidney disease. Kaul
et al.® and Li et al.® conducted studies on its poten-
tial as a biomarker for diabetic kidney disease. The
results of both studies indicated that the concen-
tration of NGAL in urine increased as diabetic kid-
ney disease progressed. Correlation analysis shows
that NGAL associates with albuminuria and eGFR
values. In addition, NGAL in serum and plasma
was also found to be elevated in diabetic kidney
disease patients.%10
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Table 2. Characteristics of all protein biomarkers in the systematic review.

Biomarker

Molecular weight

Physiological source

Physiological matrix

Physiological role

Glomerular biomarkers

ANGPTL4? 50 kDa
B,-MG28 11.8 kDa
Smad1%? 52 kDa
Glypican-5% 64 kDa

Inflammatory biomarkers

MCP-131 11-13 kDa

HMW-
adiponectin3?

300 kDa

Tubular biomarkers

NGAL?33 25 kDa

VDBP3 52-59 kDa

Megalin® 38-50 kDa
600 kDa

Synthesized and secreted from
several metabolically active
tissues

Found on the surface of all
nucleated cells

Translocated from cytoplasm to
the nucleus after phosphorylated
and further forms the complex
with Smadé4 upon the activation of
BMP type 1 receptors

Expressed in fetal tissues such as
brain, lung, and liver, while in the
adult mainly in the brain tissue. It
can be secreted from cell surface

Produced by a variety of cell
types, including endothelial,
fibroblasts, epithelial, smooth
muscle, mesangial, astrocytic,
monocytic, and microglial cells,

with the major source is monocyte/

macrophages

Synthesized in adipocytes

Produced by neutrophils and
various epithelial cells including
kidney tubular cell

Expressed in liver

Expressed in kidney, brain, and
central nervous system. In the
kidney, the expression is in
clathrin-coated pits and proximal
tubule epithelial cell microvilli
Megalin is also found in intestinal
brush border cells, gallbladder
epithelial cells, thyroid follicular
cells, ocular ciliary bodies,
fallopian tubes, and uterus

Plasma

Urine

Urine

Urine

Urine

Urine or serum or
plasma

Urine or serum or
plasma

Urine or serum

Urine

Modulating triacylglycerol homeostasis, by
inhibiting lipoprotein lipase and stimulates
intracellular adipocyte lipolysis. Angptl4 can
directly stimulate cAMP-dependent PKA
signaling and lipolysis

Associated with class-1 major histocompatibility
complex proteins. Produced in response to
systemic inflammation, some acute viral
infections, and a number of malignancies

Mediating the bone morphogenetics proteins
(BMPs] signaling by forming the heteromeric
complex with Smad 4 to act as DNA-binding
transcriptional modulator that is activated by
BMP type 1 receptors

Its function essentially in cell growth and
development, play a role as co-receptor

for several heparin-binding growth factors
to modulate their activity, and able to
regulate a variety of pathways such as Wnt,
hedgehog, fibroblast growth factor, and bone
morphogenetic protein

Plays a role in the recruitment of
macrophages and monocytes

Functions as insulin sensitizer, involved in
energy homeostasis, and also shows the effect
of anti-diabetic, anti-inflammatory, and anti-
atherogenic

Contributed to several roles such as in iron
metabolism, innate immunity to bacterial, and
mycobacterial infection, kidney development,
and as a growth factor

A carrier (binding and transporting) of all vitamin
D3 metabolites, actin monomers, fatty acids, and
membranes proteoglycans of leukocytes and
activation of complement C5 system

Plays a role mainly in receptor-mediated
endocytosis and particularly in the proximal
tubular uptake of glomerular-filtered albumin
and other low-molecular-weight proteins

[continued]
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Table 2. (continued)

Biomarker Molecular weight Physiological source Physiological matrix Physiological role
Soluble 135 kDa Synthesized in kidney as the Plasma or serum Implicated in increase the transient receptor
klotho3¢ 130 kDa major source and in brain. Soluble potential cation channel subfamily V. member 5
klotho is released from the cell (TRPV5) and renal outer medullary potassium
membrane channel (ROMK)] 1 that important in calcium
and potassium re-absorption, participate
in phosphate homeostasis, suppress the
oxidative stress, block the TGF-f signaling,
and may be involved in several processes such
as apoptosis, cell cycle, and immune system
KIM-137 104 kDa Produced by the human kidney Urine and serum Recognizing and phagocytizing the apoptosis

after injury, specifically in the

proximal tubule

cells in the kidney after injury and thus

limiting the proinflammatory response. KIM-1
may also be involved in the interstitial fibrosis
development and regeneration process

ANGPTL, angiopoietin-like protein 4; B,-MG, beta-2-microglobulin; BMP, bone morphogenetics proteins; HMW, high molecular weight; KIM-1,
kidney injury molecule-1; MCP-1, monocyte chemoattractant protein-1; NGAL, neutrophil gelatinase-associated lipocalin; PKA, protein kinase A;
PKA, protein kinase A; ROMK, renal outer medullary potassium channel; Smad1, suppressor of mothers against decapentaplegic transcription

factor 1; VDBP, vitamin D-binding protein.

Apart from KIM-1, NGAL is also thought to play a role in renal tubular damage. In healthy individuals, NGAL is secreted by various organs. It is then
filtered by the glomerulus and reabsorbed in the proximal tubule. If there are abnormalities in the kidneys, NGAL will be synthesized and quickly
regulated in the renal tubules, increasing the excretion of NGAL in the urine.3®

In diabetics, endocytosis of advanced glycation end
products (AGEs) by megalin in proximal tubular
epithelial cells can cause cellular toxicity.3> Studies
of megalin as a tubular biomarker showed that
increased concentrations of megalin in urine corre-
lated with the severity of diabetic kidney disease.*?

Inflammation-related biomarkers

Biomarkers of the inflammatory process also
show promising results in predicting the develop-
ment of diabetic kidney disease.*> MCP-1, which
plays a role in the recruitment of macrophages
and monocytes, was found to be increased in peo-
ple with DM without albuminuria. A significant
increase occurred in the levels of MCP-1 in the
urine of type-2 DM patients with macroalbumi-
nuria compared with other groups of type-2 DM
patients and healthy controls.**

Adiponectin, which functions as an anti-inflamma-
tory agent, decreases in concentration as diabetic
kidney disease develops. Adults with type-1 DM
experienced a significant increase in adiponectin
than healthy adults. The difference in concentra-
tion between the two groups also remained signifi-
cant during the follow-up period of 6 years after
adjustments for eGFR and albumin excretion
ratio. In addition, diabetic kidney disease patients

with a rapid decrease in eGFR values also had
higher adiponectin concentrations than type-1
DM patients without diabetic kidney disease.2°

Biomarkers related to glomerular damage

Beta-2 microglobulin (B2M) has shown a promis-
ing ability to detect glomerular damage in diabetic
kidney disease. B2ZM concentrations increased in
diabetic patients with normal kidney function
(eGFR =90 mL/min/1.73 m?).22 Glypican-5 and
Smadl showed involvement in the occurrence of
glomerular morphological changes, especially in
mesangial cell dysfunction.>

An n vivo study found that GPC5 levels were sig-
nificantly elevated in mice with induced diabetes,
especially in the mesangial cells and kidney podo-
cytes.*> Diabetic patients experienced a significant
increase in GCP5 concentrations compared to the
healthy control group. After a 52-week follow-up
period, in the diabetic kidney disease patients,
GCP5 was estimated to have a strong correlation
with decreased eGFR values (r=-0.786) and
albumin secretion (r=0.346). Therefore, GCP5
has the potential to be used as a biomarker for dia-
betic kidney disease. However, further studies are
needed regarding the mechanism of the associa-
tion of GCP5 with other clinical parameters.2!
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In the development of diabetic kidney disease,
Smad]1 plays a role in the overproduction of type-
IV collagen in mesangial cells in animals, which is
induced by diabetes acting on the TGF-f recep-
tor. Type-IV collagen is a component that plays a
major role in the expansion of the mesangial
matrix in diabetic kidney disease.*® A study
showed that high Smadl concentrations corre-
lated with the rate of mesangial cell expansion in
diabetic kidney disease.!”

ANGPTLA4 is also thought to play a role in the
breakdown of glomerular podocytes.
Physiologically, it plays a role as a regulator in
lipid metabolism by inhibiting lipoprotein lipase
(LPL) activity and also plays a role in the patho-
physiological mechanisms of cardiovascular dis-
ease and metabolic syndrome.2? Clement ez al.%
explained that ANGPTLA4 plays a part in the pro-
teinuria process in nephropathic syndrome, in
which the high concentration of ANGPTL4 pro-
duced by podocytes can cause changes in the glo-
merular basement membrane and reduce the
ability of the podocyte diaphragm slit in experi-
mental animals.

Increased secretion of ANGPTL4 in podocytes
causes a decrease in the function of the podocyte
diaphragm slit. In a study of type-2 DM patients
by Al Shawaf ez al.,” the plasma ANGPTL4 con-
centration was significantly higher in diabetic kid-
ney disease patients compared to type-2 DM
patients and the control group. In addition,
ANGPTL4 was found to have a correlation with
the eGFR value and albumin—creatinine ratio.

The kidneys play an important role in klotho home-
ostasis by maintaining its circulation in the body. In
a cross-sectional study of patients with chronic renal
failure, the soluble Klotho (sKlotho) concentration
was found to decrease in the early stages of the dis-
ease, but decreased as the disease progressed.8 In a
study conducted on diabetic kidney disease patients,
patients with low sKlotho concentrations showed a
faster decrease in eGFR values from baseline than
patients with higher concentrations.!>

However, research conducted by Bob er all®
obtained contradictory results. sKlotho showed
an increase in concentration in patients with
eGFR values <60 ml/min/1.73 m?2. The differ-
ence in the results of this study are thought to be
due to technical differences when measuring bio-
markers, as there is no standardization in

commercially available kits. In addition, it is
important to remember that the concentration of
biomarkers does not always decrease as the dis-
ease progresses.” Therefore, further studies are
needed to determine whether sKlotho can predict
the longitudinal progression of diabetic kidney
disease.48

An increase or decrease in the concentration of
biomarkers in urine, serum, and plasma indicates
that biomarkers play a role in various disease
pathogenesis mechanisms, such as glomerular
and tubular morphological changes, and inflam-
matory events. In addition, the single biomarkers
discussed in this review are associated with albu-
min excretion in the urine, decreased eGFR val-
ues, or both.

Biomarker panels

Diabetic kidney disease involves various pathoge-
netic processes in its development. Therefore, the
use of one single biomarker is considered insuffi-
cient to describe the overall disease progression
process.#950 Several studies on biomarker panels
have been conducted to improve disease diagnos-
tics, prognostics, and therapeutic responses.49-33 A
multimarker score increased prognostic accuracy
and reclassification compared with traditional clin-
ical variables alone.5? One of the most researched
biomarker panels is the CKD273 classification.50
This value was used to classify patients based on
the level of risk of decreased kidney function. This
can be useful for providing interventions according
to the patient’s needs to reduce medical costs and
prevent unwanted side effects.5! However, other
biomarker panel studies showed that the biomarker
panel they analyzed did not have a good prognostic
ability to predict decreased kidney function in dia-
betic kidney disease patients.>2:53

Limitations of the research on

protein and peptide biomarkers

Apart from the emergence of various new bio-
markers that provide promising results, some
studies have limitations, such as too few samples
and too short follow-up periods.?? In addition,
the results of one study to another are not always
similar and consistent, which is due to the use of
different analysis methods and conditions.?3
Other factors, such as lifestyle and population
ethnicity, must also be considered when present-
ing research results.
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Researchers are still using albuminuria and eGFR
values as final parameters in research related to
diabetic kidney disease. To date, no new biomark-
ers have been found that have a prognostic ability
beyond albuminuria and eGFR values. However,
some experts claim that new biomarkers can better
describe disease progression than albuminuria and
eGFR value.? Therefore, further studies are needed
on developing this biomarker, especially biomarker
panels, to predict decreased kidney function and
therapeutic responses in DM patients.

Conclusion

All the biomarkers discussed in this systematic
review showed promising results for predicting
diabetic kidney disease because they correlate
with albuminuria, eGFR, or both. These could be
categorized as glomerular biomarkers
(ANGPTL4, B2M, Smadl, and glypican-5);
inflammatory biomarkers (MCP-1 and adiponec-
tin); and tubular biomarkers (NGAL, VDBP,
megalin, sKlotho, and KIM-1). However, of the
11 protein biomarkers, none showed a prognostic
value beyond albuminuria and eGFR.

The use of single biomarkers or biomarker panels
in clinical practice is still very limited. Apart from
the various limitations that arise in the process of
discovering new biomarkers, the development of
proteomic technology in the effort to find new
biomarkers for diabetic kidney disease must still
be implemented.
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