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ABSTRACT *Corresponding author

Diabetic Kidney Disease (DKD) can occur in approximately 30-40% of the population with
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type 1 or 2 diabetes mellitus around the world. In the pathogenesis and progression the Diabetic
Kidney Disease (DKD), three fundamental axes are distinguished: hemodynamic, metabolic and E-mail: jorgericof@yahoo.com
inflammatory.
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The primary purpose of the review is to describe the role and mechanisms related to inflammation
in the course of this disease. The pathophysiological mechanisms involved in the development Submitted: 29 June 2022

and progression of DKD include different pathways present long before the clinical diagnosis of
the disease. Inflammation is a complex mechanism where innate and acquired immunity play an
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important role, in addition to other factors such as oxidative stress and end products of glycation Published: 19 July 2022
that in one way or another would be linked to this process of inflammation. We cannot forget the

contribution in this axis of inflammation of the well-known aldosterone escape phenomenon. The
blockade of the Mineralocorticoid Receptor (MRA) inactivates the action of aldosterone and prevents

the genomic and non-genomic response from interacting with the receptor, thus decreasing the ©®
degree of inflammation and remodeling in the heart and kidney. Finally, there are many territories to

explore in this fascinating universe of inflammation as a mechanism of kidney damage in diabetic
patients. Current management of DKD with innovative interventions point to this multitarget approach.

Introduction

Diabetic Kidney Disease (DKD) can occur in approximately 30-40% of the
population with type 1 or 2 diabetes mellitus around the world [1-4]. In the
pathogenesis and progression of this condition, three fundamental axes are
distinguished: hemodynamic, metabolic and inflammatory, the latter with
importance and growing evidence oriented to a possible therapeutic target (Figure

1).

Consequently, the immune and inflammatory response play a central role in
the pathogenesis of DKD [5]. However, in the traditional view of this disease it is
considered a non-inflammatory glomerular disease, considering it a condition
induced primarily by metabolic and hemodynamic changes, a situation that has
been changing with the information constructed from the new available evidence

[6], being inflammation a main phenomenon for the onset and progression of DKD.
Therefore, we plan to review the role and mechanisms related to inflammation in
the course of this disease.
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Figure 1

Several studies and reports that have contributed to the
development of the molecular pathways involved in DKD
are emphasized, highlighting the role of inflammatory
mediators such as inflammatory cytokines, especially
Interleukin 1 (IL-1), IL-6 and IL-18. On the contrary,
the participation of different cell populations such as
monocytes and macrophages stands out, whose activation
has been identified as a risk factor for the development of
DKD [7]. In the following pages we will develop the different
mechanisms involved in the pathogenesis of DKD and that
can guide future therapeutic targets.

Hemodynamic Axis in DKD

Changes due to glomerular hyperfiltration lead to the
development and appearance of diabetic kidney disease
[8]. Hyperglycemia is related to the release of vasoactive
mediators, with secondary dilation of the afferent arterioles.
Among these mediators are insulin-like Growth Factor 1
(IGF-1), glucagon, Nitric Oxide (NO), Vascular Endothelial
Growth Factor (VEGF) and prostaglandin [8].

Furthermore, alterations in renal tubular function
occur in the early stages of diabetes mellitus, related to the
degree of glycemic control [8]. Due to the high filtered load
of glucose, tubular reabsorption of sodium and glucose is
increased by upregulation of sodium glucose cotransporter
2 (SGLT2) in the proximal tubule [9]. This phenomenon
leads to a decrease in the concentration of sodium in the
distal tubular fluid, which alters the tubuloglomerular
balance, the consequence of which is the dilation of the

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

afferent arteriole with increased intraglomerular pressures
and, therefore, a state of hyperfiltration [9]. This represents
a mechanism parallel to those classically described derived
from dysregulation in the vascular tone of the glomerular
capillaries.

Within the understanding of the pathogenesis of
DKD, Hostetter's work has made it possible to understand
the interaction between hemodynamic and metabolic
disturbances. In these publications, it was confirmed that
hyperglycemia alters the self-regulation mechanisms of the
glomerular capillaries, producing a secondary reduction in
the arterial tone of the afferent glomerular arterioles and,
to alesser extent, the efferent one [9]. This dysregulation of
vascular tone leads to glomerular hypertension and an initial
increase in glomerular filtration rate, which contributes to
the damage to the renal structure typical of type 2 diabetes
mellitus [10].

Additionally, the increase in the production of
angiotensin 2 mediated by hyperglycemia and with
activation of the Renin Angiotensin Aldosterone System
(RAAS), play an additional role in the dysregulation
present in the glomerular capillaries [9]. These would be
some fundamental hemodynamic mechanisms, a detailed
description is beyond the scope of this publication.

Metabolic Axis in DKD

Exposure to chronic hyperglycemia, present in the
course of diabetes mellitus, leads to increased absorption
and oxidation of this by the cell, interfering with
mitochondrial energy metabolism [9]. Electron donors drive
a disproportionate increase in the mitochondrial membrane
voltage gradient that results in inhibition of the complex
III electron transport chain and increased synthesis of
superoxide and Reactive Oxygen Species (ROS) [9].

Consequently, this increased production of free radicals
and reactive oxygen species leads to inhibition of the activity
of the enzyme glyceraldehyde-3-phosphate dehydrogenase,
a key enzyme in glycolysis [11]. This inhibition of
glycolysis activates the metabolic pathways involved in
the pathogenesis of DKD; these include the hexosamine
pathway, the pathway involved in Advanced Glycation End
product (AGE) synthesis, the sorbitol pathway, and protein
kinase-C activation [9].

Among the factors involved in the metabolic
disturbances typical of diabetes mellitus and that lead
to DKD are Angiotensin (ANG) 2, Vascular Endothelial
Growth Factor (VEGF) A, Angiopoietin (ANGPT) 2, and
Transforming Growth Factor (TGF) 1 [9]. The participation
and contribution of ROS in the pathogenesis of DKD has been
questioned, with variable results, it continues to be a point
of research interest, without being able to clearly establish
their participation. Recently, the parallel participation of
lipid metabolism and the contribution of lipotoxicity in the

Rico-Fontalvo J, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1513 780



Lif&Pature

development of this disease has been included, assuming
that lipids are central elements in the progression of kidney
disease [9]. The reader is referred to texts that fully address
this basic problem in the development of diabetic kidney
disease.

The Role of Inflammation in the
Pathogenesis of Diabetic Kidney Disease

The pathophysiological mechanisms involved in
the development and progression of DKD are complex
and include different pathways present long before the
clinical diagnosis of the disease. The processes that lead to
stimulation of inflammation and fibrosis are the product
of the intervention of metabolic alterations, glomerular
hyperfiltration, oxidative stress and production of ROS, as
well as the activation of innate immunity with secondary
development of inflammation and fibrosis [12]. However,
it was considered a non-inflammatory glomerular disease,
indicating that it was a disease induced primarily by
metabolic and hemodynamic changes, a situation that is
reconsidered in light of the recent evidence of inflammation
as the third pillar of the development of the disease [6]
(Figure 2).

ARN 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 [12,13]. 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 [12]. Predominating
some subpopulations of interest such as monocytes, B cells
and plasma cells [12].

The traditional approach to DKD directs it towards a
predominantly metabolic pathology. However, it is now
recognized that hyperglycemia triggers an inflammatory
response and induces oxidative stress in the different organs
and tissues affected by diabetes [1,14]. These inflammatory
mechanisms will be reviewed in the following pages and are
presented as a therapeutic target for interventions derived
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from recent RCT's involving the use of SGLT2i, GLP-1RA and
finerenone.

Consequently, hyperglycemia correlates with the
development of inflammation, a situation precipitated by
multiple mechanisms, among which there are some that are
related to immunity [6]. Hyperglycemia generates activation
of different pathways beyond the classical, hemodynamic,
and metabolic axes. Within these, as previously noted,
the inflammatory cascade generates interest; there is a
correlation between inflammatory and hemodynamic
phenomena [12]. There is an interaction between the
inflammatory and non-inflammatory mechanisms in
diabetes, these will generate the development of the natural
history of DKD.

Toll-like receptors

Membrane Toll-Like Receptors (TLRs) and cytoplasmic
Nod-Like Receptors (NLRs) are the main sensors present in
immune cells that play a fundamental role in the initiation of
the innate immune response through detection by sensing
Pathogen-Associated Molecular Patterns (PAMPs) and
Damage-Associated Molecular Patterns (DAMPs).

TLRs are encoded in a unique germline of Pattern
Recognition Receptors (PRRs), which participate in the
recognition and activation of the innate immune response,
triggering a cascade of inflammatory events that lead to
the production of cytokines. These types of receptors are
expressed on a large number of immune cells, including
macrophages, dendritic cells, T cells, B cells, and Natural
Killer (NK) cells, as well as by non-immune cells, including
renal tubular epithelial cells, endothelial cells, podocytes
and mesangial cells [6]. The genome human encodes about
10 TLRs (1-10). In DRD, the participation of TLR2 and TLR4
has been reported contributing to the pathogenesis of
inflammation [15].

There is a correlation between the metabolic and
inflammatory pathways mediated by TLRs, circulating
monocytes have a high expression of TLR2 and TLR4,
especially within the population with diabetes mellitus type
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1and 2, and these levels of expression of TLRs are positively
correlated with glycosylated hemoglobin levels and insulin
resistance [15,16]. TLR4s are overexpressed at the renal
tubular level and are associated with interstitial infiltration
by macrophages in patients with type 2 diabetes mellitus
[12]. The expression of the latter correlates with progression
of chronic kidney disease and negative correlation with the
glomerular filtration rate [12].

Nod-Like Receptors (NLRs)

Nod-Like Receptors (NLRs) are expressed in the
cytoplasm and detect intracellular PAMPs and DAMPs
[12]. NLRs included nucleotide-binding oligomerization
domain, leucine rich repeat-containing, and pyrin domain-
containing 1 (NLRP1), NLRP3, NLRP6, NLRP12, and NLRC%
(C for CARD, caspase activation and recruitment domain),
will form the inflammasome, which plays a central role in
the detection of inflammatory and microbiota disturbances,
fundamental in the innate immune response [6].

The participation of renal resident mononuclear cells,
such as macrophages and dendritic cells, stands out. They
contain all the components of the inflammasome and
precipitate the activation of the inflammatory cascade.
The NLRP3 inflammasome complex is the most widely
studied and implicated in different diseases in humans,
including cancer, liver diseases and those of interest in the
current document, kidney diseases [17,18]. This complex
is composed of 3 components: an adapter protein ASC
(apoptosis-associated speck-like protein containing a
caspase-activating recruitment domain) and an effector
protein, pro-CASP1 [6]. Finally, it is activated by different
components fatty acid, uric acid, uromodulin, extracellular
adenosine triphosphate, hyperglycemia, serum amyloid A,
and mitochondrial ROS [12].

Innate immunity cells

The effector cells of innate immunity involved in
the immune response and inflammation correspond to
macrophages and dendritic cells, these infiltrate the kidney
of patients with diabetes mellitus, mediating histological
damage and a drop in the glomerular filtration rate [6,12].
The inflammatory response in the setting of type 2 diabetes
mellitus is precipitated as a consequence of the presence
of multiple metabolic products derived from prolonged
exposure to hyperglycemia and hemodynamic changes.
Among these products, ROS stand out, hyperuricemia and
lipid metabolites which act as DAMPs detected by TLR and
NLR inducing secondary activation of innate immune cells
[19,20].

On the other hand, the overproduction of deleterious
metabolic products could have an influence on non-immune
renal cells, which would participate in the release of
chemokines and cytokines with effects on the recruitment of
immune cells themselves, as discussed in other sections [6].
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The proliferation and maintenance of these inflammatory
mononuclear cells in the kidney requires the presence and
participation of Colony-Stimulating Factor-1 (CSF-1),
which acts through the C-FMS receptor [12]. Consequently,
the increased production of renal CSF-1 contributes to the
proliferation and activation of renal mononuclear cells, a
key part of the innate immune response in DKD [6].

Another relevant pathophysiological event is the
increased expression of adhesion molecules such as
Intercellular Adhesion Molecule 1 (ICAM-1) and Monocyte
Chemoattractant Protein 1 (MCP-1)/CC motif chemokine
ligand 2 (CCL2), which promote migration and arrival of
immune cells to the kidney of the diabetic patient [21,22].
Other cells have been identified beyond macrophages and
detrital cells, identified with markers such as Di1b, F4/80,
and CD68 for macrophages or CD11c, myosin heavy chain II,
and CD80/86 for dentritic cells [12].

Inflammatory cytokines

Inflammatory cytokines correspond to polypeptide
molecules produced by immune cells, endothelial cells,
epithelial cells, and fibroblasts in an autocrine, paracrine,
and juxtacrine manner [12]. Among the inflammatory
cytokines, IL-1, IL-18, IL-6, Tumor Necrosis Factor (TNF),
and IL-17 stand out with powerful proinflammatory effects
in the pathogenesis of DKD [23]. In the study of the role of
cytokines in inflammation, IL-1 and the determination of
elevated urinary levels of IL-1 have been correlated with
injury to the epithelial cells of the proximal tubules and
podocytes [6].

Moreover, IL-18 is a member of the IL-1 superfamily and
mediates the stimulation of Interferon-y (IFN-y) release,
secondarily modulating the function of innate and adaptive
immune cells [12]. In patients with type 2 diabetes mellitus
and renal involvement, it has been possible to identify
elevated levels of this cytokine in urine and serum, which
may be a marker of renal inflammation.

IL-6 functions as a co-stimulatory molecule and an
acute phase reactant mediating the activation of T and B cells
[12]. Elevated levels of this molecule have been determined
in patients with type 2 diabetes mellitus and DKD [24]. The
determination of inflammatory markers such as the cytokine
IL-6 and IL-10 allows the identification of diabetic patients
with DKD even before deterioration in glomerular function
or filtration appears [25].

Tumor Necrosis Factor o« (TNF-o), acts as a
proinflammatory molecule in DKD, within these functions
the induction and differentiation of inflammatory cells,
renal cytotoxicity, induction of apoptosis, hemodynamic
alteration and autoregulation of the glomeruli, increased
permeability of the vascular endothelium and the production
of reactive oxygen species and oxidative stress [12]. Genomic
sequencing studies have been able to establish an inverse
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correlation between the expression of TNF-a and the drop
in the glomerular filtration rate [26]. Different population
studies carried out in patients with type 2 diabetes mellitus
have oriented the relationship between the renal expression
of TNF-a and its receptors associated with impaired
glomerular filtration rate and the appearance of DKD [27,28].

Finally, the role of IL-17 is fundamental in the production
of CD4+ IL-17+ cells, referred to as T helper 17 cells, which
interact with the IL-17 receptor. IL-17 dysregulation in
autoimmune diseases activates various immune pathways
leading to induction of IL-6, TNF-a, CCL2, and CCL5
expression. Activation of these molecules contributes to
the recruitment of monocytes and neutrophils to the site
of inflammation [6]. IL-17 levels are particularly elevated
in patients with type 1 diabetes mellitus and correlate with
glomerular filtration rate. The participation of this group of
cytokines correlates as well as the activation and progression
of inflammation, keeping a close relationship with the
remaining complementary pathways and the deterioration
in glomerular filtration.

Chemokines and their receptors

Chemokines are small cytokines with the ability to
recruit different cell populations through chemotaxis [12].
These proteins are activated in non-immune renal cells
in response to the hemodynamic and metabolic changes
associated with DKD. This results in the recruitment,
migration and adhesion of inflammatory cells [29]. The main
chemokines involved in DKD correspond to CCL2 (MCP-1),
CCL5 (RANTES), and C-X3-C motif chemokine 1 (CX3CL1,
Fractalkine) with growing evidence in this regard [12].

The participation of CCL2 (MCP-1) is highlighted,
produced by renal tubular epithelial cells and podocytes in
the kidney of patients with diabetes mellitus, these favor
the recruitment of mononuclear cells of innate immunity
and memory T lymphocytes in the foci of inflammation
renal [30]. Urine levels of CCL2 have been correlated with
progression of chronic kidney disease in healthy adults and
those with DKD [12]. Additionally, the degree of infiltration
by inflammatory cells would correlate with urinary levels of
CCL2, for example in the case of the presence of CD68+ cells
in the interstitium, markers of cells such as inflammatory
cells such as macrophages [12].

Besides, other chemokines such as CCL5 are involved in
the recruitment of monocytes and T cells, playing a central
role in the marginalization and localization of leukocytes
at sites of inflammation. Elevated levels of CCL5 (RANTES)
have been shown to participate as markers of progression
to type 2 diabetes mellitus in patients with obesity and
intolerance to carbohydrates when compared with healthy
subjects [31]. Kidney biopsy studies of patients with type 2
diabetes mellitus and DKD have been able to identify a strong
upregulation in the concentrations of CCL2 and CCL5, which
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would be related to the progression of renal complications
derived from diabetes mellitus.

Complement system

Two main complement-mediated mechanisms have
been identified in the development of DKD [32]. In the
first instance, the activation of the lectin pathway in
response to the presence of glycosylated proteins, present
on the surface of cells in response to hyperglycemia
[6]. The second mechanism involved is mediated by the
glycation of complement regulatory proteins in response
to hyperglycemia, with dysfunction of the regulatory
mechanisms of the complement pathways [6]. In the
histopathological study of the kidney of patients with DKD,
the presence of complement deposits has been confirmed

[6].

The complement system is an effector organ of innate
immunity, with great participation in the pathogenesis
of different inflammatory and infectious diseases [12]. At
the renal level, different components of this system are
expressed, among which the expression by the epithelial
cells of the proximal tubule complement C3 and membrane-
bound C3 convertase are distinguished, which could activate
the intrarenal complement pathway in various kidney
diseases [33,34].

Variations in  concentrations of complement
components have been correlated with increased risk
of diabetic retinopathy, nephropathy, and neuropathy,
especially increased levels of complement C3 [35]. Also, the
concentrations of complement proteins such as Mannose-
Binding Lectin (MBL) have been associated with an OR 2.6 for
the development of proteinuria and decreased renal function
in patients with type 2 diabetes mellitus [36]. Changes in
MBL concentrations could correlate with progression to
end-stage kidney disease and thus progression to DKD.
Increased renal tubular expression of C5a in patients
with CKD has been correlated with the progression of this
disease [37]. The role of innate immunity is fundamental
in the development of DKD, with a growing participation of
complement pathways both in the onset of the disease and
in its progression.

Adaptive immunity cells

Infiltration by inflammatory cells in the kidney of diabetic
patients occurs predominantly by cells of innate immunity;
however, the presence of T and B lymphocytes has been
confirmed to a lesser extent [12]. The participation of cells of
adaptive immunity has been documented in recent reports,
participating in the pathogenesis of metabolic diseases,
highlighting their participation in DKD. In this scenario, the
response mediated by Th1 and Th17 cells predominates, with
the consequence of a reduction in the expression of Treg
lymphocytes as an adaptive response to hyperglycemia [38].
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In the setting of glomerular diseases, the presence of
proteinuria in patients with type 2 diabetes mellitus is
related to increased circulation of Th1 and Th17 cells [39].
Thi cells are characterized by the production of cytokines
such as IFN-y, TNF-q, IL-2 and in the case of Th17 cells,
the production of IL-17 type cytokines predominates [12].
Moon, et al. [40] managed to demonstrate an increase
in the expression of CD4+, CD8+ and CD20+ cells in the
glomerular and tubulointerstitial areas; additionally, that
the expression of CD4+ and CD20+ cells correlates with the
severity and amount of proteinuria. The participation of
cells of adaptive immunity is a piece to consider within the
articulated inflammatory response that leads to the onset
and progression of CKD.

Aldosterone

Finally, we cannot forget the contribution in this axis
of inflammation of the well-known aldosterone escape

phenomenon. From preclinical models, the antifibrotic and
anti-inflammatory effects of mineralocorticoid receptor
blockade have been documented [41,42]. This is a very active
field of current research and much progress is expected in
the coming years (Figure 3).

Aldosterone acts directly on the Na/K/ATP-ase pumps
located in the basolateral membrane of the principal cells
of the kidney [42]; however, Mineralocorticoid (MR)
receptors are present in multiple tissues, including vascular
and endothelial smooth muscle cells, cardiomyocytes,
fibroblasts, kidney (mesangial cells and podocytes),
adipocytes, macrophages, and brain (hypothalamus),
activating remodeling in response to inflammation and
damage[42]. Thiswidedistributionexplainswhyaldosterone
exerts multiple cardiac, vascular, and renal effects including
endothelial dysfunction, vasoconstriction, natriuresis, K+
retention, sympathetic activation, adverse cardiovascular
(hypertrophy, fibrosis), and renal (glomerular and tubular
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sclerosis) remodeling and oxidative stress; it increases
vascular stress, stiffness and exerts proarrhythmic,
proinflammatory and prothrombotic effects [42].

In summary, blockade of the Mineralocorticoid Receptor
(MRA) inactivates the action of aldosterone and prevents the
genomic and non-genomic response from interacting with
the receptor, thus decreasing the degree of inflammation
and remodeling in the heart and kidney.

Innovative therapies emerging for the management
of diabetes and DKD significantly engage and impact the
inflammatory axis. We must remember that these therapies
act at different points of this inflammatory axis which,
as has been reviewed, is quite complex and there are still
aspects to be elucidated. These innovative therapies would
be SGLT-2 co-transporter inhibitors, some GLP-1 agonists
and mineralocorticoid receptor blockers, of which we
highlight Finerenone.

Conclusion

Previously, diabetic glomerulopathy was considered a
non-inflammatory disorder, highlighting the metabolic
and hemodynamic components as the main substrates.
Nevertheless, with the passage of time and new advances
in the pathophysiological mechanisms of DKD, it has
been understood more and more, the fundamental role
of inflammation in the onset and progression of kidney
damage. Inflammation is a complex mechanism where
innate and acquired immunity play an important role, in
addition to other factors such as oxidative stress and end
products of glycation that in one way or another would be
linked to this process of inflammation.

In light of these new findings, we must consider DKD
as an inflammatory process where multiple axes act in its
development and progression. There are many territories
to explore in this fascinating universe of inflammation as a
mechanism of kidney damage in diabetic patients. Current
management of DRD with innovative interventions point to
this multitarget approach.
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