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Abstract

Diabetic kidney disease (DKD) is a chronic complication of diabetes mellitus. DKD is a frequent entity, which occurs in approximately 30-40%
of diabetic patients. Traditionally, DKD has been considered a non-inflammatory glomerular disease, being perceived as a condition induced
primarily by metabolic and hemodynamic changes. Inflammation has been classified as a main phenomenon for the onset and progression of
DKD. Today, the inclusion of the inflammatory component is fundamental for the comprehension of the onset and development of this disease.
The inflammatory component has multiple pathways, within which the activation and regulation of the complement system is of particular
interest. The mechanisms by which complement is part of the multiple inflammatory pathways in DKD are being increasingly understood, which

will guide the development of strategies and therapeutic targets.
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Introduction

Diabetic kidney disease (DKD) is a chronic complication of diabetes
mellitus that can lead to end-stage renal disease (ESRD) and
increased morbidity and mortality in patients with diabetes mellitus
worldwide ™2, DKD is a frequent entity, which occurs in
approximately 30-40% of diabetic patients and its appearance carries
with it an increase in the direct and indirect costs of interventions in
the diabetic patient 24°1, Over the years, basic and applied research
studies have been developed to describe the pathophysiological
pathways involved in the onset and development of this disease. We
focus this review on the role of the complement system in this
particular scenario.

The classic and global vision of DKD has placed it as a non-
inflammatory glomerular disease, directing its pathogenesis towards
the classic pathways of hemodynamic and metabolic alterations as
the cornerstone of its clinical course. However, this vision is limited
by the recent discoveries and advances in the understanding of the
immune response and especially inflammation as a central
phenomenon in the development and evolution of the disease [°!.

Such studies have demonstrated the interaction of multiple
additional pathogenic pathways and inflammatory processes that are
present during the course of DKD [, Within these, we must
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distinguish the participation of the complement system, a functional
system of soluble plasma proteins and a small proportion of
membrane proteins that interact with each other in a regulated
manner and that participate in many of the effector functions of
natural and acquired immunity [5°. We plan to review these basic
pathways and their potential role in the pathogenesis of DKD and
possible therapeutic options.

Overview of the Complement System

The complement system was first described at the end of the 19th
century as a system that mediates the downstream effects of
antibodies, complementing their function 1. Currently, it is
promulgated as a network made up of soluble and membrane
proteins that respond to signaling pathways, leading to the activation
of a proteolytic cascade and effector pathways of the immune
response 71, This can be activated through three different pathways
1191, First, there is the classical pathway mediated by immune
complexes; second, the alternative pathway which is activated by
cell surface constituents that are foreign to the organism; and finally,
the lectin pathway, which is a kind of variant of the classical
pathway, however, is activated without the need for the presence of
antibodies [*1:21,
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The C1 factor is composed of 3 protein subunits, C1q, C1r
and C1s.The binding of C1q to the Fc domains of IgM and IgG is
the initial step in the activation of the classical complement pathway.
Once this pathway is activated, plasma C4 is cleaved into C4a and
C4b. C4b, will be part of the C3-convertase, which will go to the
final activation of the complement [, C1q has been found in
different pathophysiological models of kidney disease, both in
kidney biopsies from patients with immune complex
glomerulonephritis and in those with lupus nephritis 71,

On the other hand, the lectin pathway is activated by a group
of sugar-binding proteins expressed on the bacterial surface. Among
the proteins that can activate this pathway are: mannose binding
lectin (MBL), ficolins A, B, or C, and collectins 10 and 11 %1, When
they interact with sugar residues, they activate serine proteases that
can cleave C4, generating the same C3-convertase generated by the
classical pathway (C4b2a) [*l, There is evidence that this pathway
can be activated in the glomeruli, and could be involved in diseases
such as IgA nephropathy or those measured by immunocomplexes
[9,10]

The third pathway for the activation of the complement
system corresponds to the alternative pathway, which, unlike the
previous ones, does not require specific activators. The first factor
in this pathway is C3, which is permanently at moderate plasma
levels. C3 is cleaved into a small C3a fragment and a larger inactive
C3b. However, C3b can change fate, that is, instead of entering a

catabolism pathway, it forms a covalent bond with the germ surface
that amplifies the alternative pathway. This fact and the intervention
of factor B, D and certain complexes that act as convertase of C3b
cause the germ to end up being opsonized by molecules of C3b; that
is, recognized and phagocyted by macrophages. In parallel with the
release of C3b, fragments of C3a of great functional importance are
produced 171,

Finally, the three described pathways converge at the level
of C3, creating an area of C3b binding on the surface of the targets.
This C3b can react with any of the C3-convertase as trimolecular
complexes: C4b2a3b or (C3b)2Bb. These complexes gradually lose
the ability to cleave C3, gaining the ability to cleave C5, cleaving it
into C5a and C5b fragments. The latter, C5b, can bind to C6 and C7
forming an amphophilic trimer, which contains a lipid-binding site,
facilitating the binding of this complex to nearby cell membranes
and mediating binding to C8 molecules [°!, This C5h-C8 complex
will interact with the C9 protein, which polymerizes on the cell
surface, constituting a pore through the lipid membrane %, The pore
formed by the union on the cell surface of C5b-C9 allows the free
flow of ions inside and outside the cell, favoring osmotic lysis 7,
Consequently, this is the final pathway of cell injury, it has been
described in pathological models of membranous nephropathy and
podocytopathies [°l. An overview of the complement system is
shown in Figure 1.
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Figure 1. Overview of the complement system. The classical, lectin and alternative pathways are the three main components of the system;
they converge on C3, eventually leading to the cleavage of C5, resulting in more reactions that result in cell membrane lysis.

Inflammation and Diabetic Kidney Disease

Traditionally, DKD has been considered a non-inflammatory
glomerular disease, being perceived as a condition induced primarily
by metabolic and hemodynamic changes, facts that have been
modified in light of the new available evidence ; Inflammation
has been classified as a main phenomenon for the onset and
progression of DKD and with implications for its pathogenesis and
treatment. In this sense, the inflammatory response and the immune
system play an important role in the central axis of this pathology
113141 Within the different pathways involved in the inflammatory
response, the activation of the complement system has aroused
recent interest.

The pathophysiological processes that lead to the
stimulation of inflammation and fibrosis are the product of the
intervention of metabolic alterations, glomerular hyperfiltration,
oxidative stress and production of reactive oxygen species (ROS), as
well as the activation of innate immunity with the secondary
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development of inflammation and fibrosis [*°1. So, with the recent
accumulated evidence, inflammation has been established as the
third pillar in the course of the disease [*].

RNA sequencing studies of the nucleus of kidney cells taken
from biopsies of patients with type 2 diabetes mellitus support the
activation of signaling pathways involved in inflammation [*516], On
the other hand, the study of the diabetic kidney shows an increase in
the presence of inflammatory cells, leukocytes in an order of 7 to 8
times in relation to the kidney of healthy subjects. Predominating
some subpopulations of interest such as monocytes, B cells and
plasma cells [**1, Advances in the knowledge of the pathogenesis of
DKD make it increasingly clear that diabetes is a systemic
inflammatory disease in which one of the organs that is most
compromised is the kidneys.

The Role of Complement in Diabetic Kidney
Disease

459


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

The fundamental role of the complement system is the innate
immune defense, assuming a protective function against viruses and
bacteria that it recognizes as pathogens, in turn promoting
inflammation, due to its participation in the elimination of atypical
cells that the body identifies as targets to be eliminated. Two main
mechanisms are believed to explain the involvement of complement
in the development of DKD, some of these are summarized in the
Table 1 68171,

First, there is the activation of lectin in response to the
glycation of proteins that are present on the surface of cells in
hyperglycemia. The second mechanism involved is the dysfunction
of complement regulatory mechanisms, mediated by the glycation
of complement regulatory proteins in response to hyperglycemia [*"-
91, Complement regulatory proteins, eg: CD59, prevent membrane
attack complex (MAC) formation in the tissue itself. Increased blood
glucose in diabetic patients could induce glycation of complement
regulatory proteins and thus inactivate the proteins [*"-'°l, This
connection between the complement system and DKD is supported
by different experimental and clinical studies 182021,

A factorial clinical trial in mice with streptozotocin-induced
diabetes evaluated the possible role of mannose-binding lectin
(MBL) in the development of DKD. They were able to establish that
wild-type mice with streptozotocin-induced diabetes (a model of
Type 1 diabetes mellitus) compared with diabetic MBL knock-out
mice had less kidney damage, and showed increased levels of
endogenous MBL after induction of diabetes. An increase in the
half-life of recombinant human MBL associated with an increase in
kidney weight, urinary albumin excretion, and expression of
collagen IVal (Col4al) mRNA was observed. This indicates that the
appearance of diabetes could be due to a greater production of MBL
and therefore to greater renal compromise [¢1,

Complement activation is implicated in most immune-
mediated kidney diseases [°l. For example, complement C1q and C4
are strongly associated with lupus nephritis, C3 deposition is usually
detected in renal biopsies from patients with immunoglobulin A
(1gA) nephropathy, increased tubular expression of C5b-9 has been
correlated with tubulointerstitial expression of transforming growth
factor beta 1 (TGF-B1) and renal fibrosis in rapidly progressive
idiopathic glomerulonephritis [°2021],

Complement C5a is the most effective mediator of
inflammation by inducing the secretion of interleukin 6 (IL-6), IL-8,
tumor necrosis factor alpha (TNF-a) [??, C5a signaling is activated
by interacting with two different receptors, C5aR and C5L2. In the
kidney, C5aR is strongly expressed on tubular epithelial cells 423,
Proteomic analyzes in patients with type 2 diabetes mellitus and
biopsy-proven DKD found that the abundance of C5, breakdown
accelerating factor (DAF), and CD59 were positively correlated with
the annual rate of decline in glomerular filtration rate. (4],

In a recently published experimental study, the levels of C5a
and C5aR in kidney biopsies from DKD patients were examined and
the contribution of Cba in the pathogenesis of DKD in db/db mice
was investigated with the use of a new C5a inhibitor (NOX -D21),
which binds and inhibits C5a in mice and human 25261, In this study,
an increase in C5 complement deposition at the tubular level was
demonstrated in patients with DKD, which was strongly associated
with the progression of kidney disease. In addition, the therapeutic
potential of C5a inhibition for renal fibrosis by means of NOX-D21
was evaluated in groups of diabetic mice, where the group
administered NOX-D21 had a reduction in the level of serum
triglycerides, the expression of sterol regulatory element-binding
protein-1 and lipid accumulation in the diabetic kidney [%>26, The
rats. Furthermore, they also had reduced blood urea nitrogen and
creatinine levels with less glomerular and tubulointerstitial damage,
thus it was concluded that blockade of C5a signaling by NOX-D21
moderates altered lipid metabolism in diabetes and improves
tubulointerstitial ~ fibrosis by reducing TGF-B-driven lipid
accumulation and fibrosis in the diabetic kidney [“l. This indicates
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that therapeutically targeting to the complement pathway can
alleviate the progression of DKD. In addition, a large-scale cohort
study found that diabetic patients with elevated plasma levels of C3
and C7 are more prone to kidney damage than the general population
[25,26]

Another retrospective study with a total of 241 patients with
DM2 with kidney diseases, diagnosed between January 2011 and
August 2019 in the renal department of the First Affiliated Hospital
of Nanjing Medical University, found that patients with glomerular
deposition of C4c had worse course in developing kidney failure
than those without C4c deposits, along with 24-hour urinary protein,
higher triglycerides, but lower serum albumin, and higher interstitial
inflammation score. Furthermore, serum C4 levels were positively
correlated with urinary protein and serum C3 levels [?7],

On the other hand, in patients with DKD an increase in the
urinary excretion of C3b, Bb and MAC has been observed; the
presence of these elements has been associated with progression to
end-stage kidney disease and death [?%l. However, without
specifying the moment within the course of the disease where this
activation occurs [l. Genomic analyzes in DKD models have
identified an increased expression of complement system proteins
such as C3, CD55, C1QA, CD46, C1QB, CFB, C4A/C4B, C7, CFH,
C3AR1, CR1, and C2 [*], Additionally, advanced stages of DKD are
associated with glomerulosclerosis which could indicate nonspecific
complement activation, but differential transcriptomics of early
stage DKD, before proteinuria or changes in eGFR, have also
indicated that dysregulated expression of complement is the
alteration. most significant 2%,

The Complement System as a Therapeutic
Target in Diabetic Kidney Disease

Activation of the complement system is a central element in the
development of multiple inflammatory kidney diseases [°l. For this
reason, efforts have been increased to develop drugs aimed at this
system. Therapeutic resources aimed at the complement system are
limited; eculizumab is one of the approved agents in the specific case
of paroxysmal nocturnal hemoglobinuria and atypical hemolytic
uremic syndrome (aHUS) [,

Morigi, et al. demonstrated that C3aR antagonists favor
preservation in the number of podocytes and prevent the
development of proteinuria and worsening of renal function in DKD
models %, These works have suggested that an increase in
complement activity potentiates the inflammatory response and the
progression of DKD 11, At the moment, drugs aimed at inhibiting
complement activity in the setting of inflammatory glomerular
diseases measured by complement activation (other than DKD) are
under development, with the possibility of future work that could
reveal the role of these drugs in diabetic population 2.,

The activation process of the complement system, as a
component of the innate immune response, has been related to the
development of microvascular complications of diabetes mellitus
(41, Dipeptidyl peptidase-4 (DPP-4) is a cell surface serine protease
that is expressed in a wide variety of tissues. DPP-4 inhibitors are
widely used in the treatment of type 2 diabetes and seem to produce
beneficial pleiotropic effects beyond their hypoglycaemic action, for
example, renoprotective and anti-inflammatory properties, without
being able to establish the exact mechanisms 4%, A recent
publication by Hoffmann et al. showed that DPP-4 inhibitors have
in vitro activity on the lectin pathway involved in complement
activation. This modulation of the complement system is still unclear
as to its usefulness or clinical relevance in the management of the
patient with DKD [, Currently, there are no effective therapeutic
interventions that target the complement system. The effect of DPP-
4 inhibitors on the complement system is shown in Figure 2.
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Figure 2. DPP-4 inhibitors and their action in the complement system, acting via the lectin pathway.

Table 1. Overview of the studies involving the different complement system components and their potential clinical relevance.
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Compleme | Primary Population Type of Clinical Potential Reference
nt author and Study
year of
publication
C3a Morgini 16 mice with Kidney damage Retrospective | C3a inhibition reduce mitochondrial (30)
et.2022 and albuminuria dysfunction and oxidative stress in
8mice received C3aR antagonist podocytes from diabetic mice
8 control mice
C7 Sircar et al. Post-mortem biological sample | Retrospective | High concentrations of C7 are associated | (29)
2018 (blood and kidney tissue) with early detection of DKD
18 non-diabetic subjects
17 diabetic subjects
C3 Rasmussen 95202 individuals from the Prospective High baseline concentrations of (36)
et al. 2018 general population complement C3 were associated with an
increased risk of retinopathy,
nephropathy, and neuropathy diabetic in
individuals from the general population
C5 Lietal. Kidney biopsies from patients Retrospective | Inpatients with DM2, the positive 37)
2021 with type 2 diabetes and DKD regulation of C5a activated the
kidney biopsies from healthy transcriptional activator — 3, promoting
patients the inflammatory response and greater
24 mice renal fibrosis
8 mice control group C5 complement blockade attenuated
8mice with DKD inflammation and renal dysfunction in
8 mice with DKD + C5aR db/db mice by suppressing the activator
antagonist of transcription - 3
Cb5a Jiang et al. 217 diabetic patients who Retrospective | Complement deposition helps predict (38)
2022 underwent kidney biopsy faster kidney function decline in DKD
between 2010 and 2021 patients
MLB Ostergaard 7 non-diabetic wild-type mice Retrospective | Increased MBL is associated with (39)
et al. 2007 8 non-diabetic MBL knockout increased kidney weight, urinary albumin
mice excretion and mRNA expression of [Val
11 diabetic wild-type mice collagen
11 MBL diabetic knockout
mice
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Cbha Tan 2020 Subjects with DM1 or DM2 Retrospective | Markedly elevated levels of C5a, C3a and | (40)
C5b-9 in plasma were found in
normoalbuminuric patients with DM1 or
DMZ2, suggesting that the C5aR1 axis is
active in human diabetes before the
development of DKD

18mice In mice, an increase in the excretion of
6 mice were administered C5a/C5aR1 was observed before the
C5aR1 peptide inhibitor appearance of albuminuria (detectable
12 mice control group renal damage)
PMX53 significantly decreased the extent
of renal structural injury, decreased renal
fibrosis in diabetic mice
Cbha Yiuetal. Biopsies of diabetic patients An increase in C5a was found in renal (41)
2018 tubule biopsies from patients with DKD
suggesting an increase in the local
inflammatory response in the kidney, and
this was increased in direct proportion to
Retrospective | renal injury
10 diabetic mice In mice that were treated with the C5a
5 non-diabetic control mice inhibitor NOX-D21, a decrease in the
appearance of glomerulosclerosis was
observed
Cc7 Gou et al. 31 patients (16 men and 15 miRNA are non-coding RNAs that can (42)
2021 women) with DKD who were inhibit RNA expression through
hospitalized at Chu Hsien-I translation inhibition, in this study it was
Memorial Hospital (Tianjin, shown that miR-494-3p and miR-5p can
China) from January 2020 to Retrospective | down-regulate C7 expression, in
December 2022 and 30 healthy conclusion reveals that the high level of
donors expression of the C7 gene is regulated by
miR-494-3p and miR-574-5p in early
DKD
C3a Lietal 2019 | Renal biopsy of patients with A significant increase in C3aR expression | (43)
DKD was reported in kidney biopsies from
patients with DKD compared to biopsies
from patients without DKD. This was
positively correlated with the percentage
of glomerulosclerosis, serum creatinine,
and interstitial fibrosis and tubular
atrophy scores
Mice with induced diabetics Retrospective | C3aR-deficient diabetic mice were found
Diabetics-induced mice with to exhibit significant lower levels of
C3aR deficiency albuminuria compared to non-deficient
diabetic mice
24 mice; Complement components C1qg, MBL, (44)
Complemen | Huangetal. | 8 mice control group MASP-2, factor B, C3 and C5b-9, were
t 2019 8 mice group with DM2 Retrospective | highly expressed in the kidneys of type 2
8 mice with DKD diabetic rats with DKD compared to the
others groups
MLB Zheng et al. C5b-9, MBL, and MBL-associated serine
2018 72 biopsy-proven DKD patients | Retrospective | protease 1 MASP1 were found to increase | (45)
with DKD progression
Conclusion Ethics approval and consent to participate

Understanding the pathophysiology of DKD has made significant
progress in recent years, moving away from the traditional approach
of hemodynamic and metabolic alterations. Today the inclusion of
the inflammatory component is fundamental for the compression of
the onset and development of this disease. Said inflammatory
component has multiple pathways, within which the activation and
regulation of the complement system is of particular interest. The
mechanisms by which complement is part of the multiple
inflammatory pathways in DKD are increasingly understood, which

will guide the development of strategies and therapeutic targets.
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