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Abstract
Purpose of Review The purpose of this review is to examine the proposed role of immune modulation in the development and
progression of diabetic kidney disease (DKD).
Recent Findings Diabetic kidney disease has not historically been considered an immune-mediated disease; however, increasing
evidence is emerging in support of an immune role in its pathophysiology. Both systemic and local renal inflammation have been
associated with DKD. Infiltration of immune cells, predominantly macrophages, into the kidney has been reported in a number of
both experimental and clinical studies. In addition, increased levels of circulating pro-inflammatory cytokines have been linked to
disease progression. Consequently, a variety of therapeutic strategies involving modulation of the immune response are currently
being investigated in diabetic kidney disease.
Summary Although no current therapies for DKD are directly based on immune modulation many of the therapies in clinical use
have anti-inflammatory effects along with their primary actions. Macrophages emerge as the most likely beneficial immune cell
target and compounds which reduce macrophage infiltration to the kidney have shown potential in both animal models and
clinical trials.
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Introduction

Diabetic kidney disease (DKD) is currently the most prevalent
chronic kidney disease and the leading cause of end-stage
renal disease (ESRD) in adults [1]. DKD has not historically
been considered an immune-mediated disease as metabolic
and haemodynamic factors have been thought to be the main
causes of injury. However, recent studies support a role for the
immune system in both the development and progression of

this disease. Emerging data indicate that DKD is associated
with both systemic and local renal inflammation. Elevated
levels of inflammatory cytokines including tumour ne-
crosis factor (TNF)-α, monocyte chemoattractant pro-
te in (MCP)-1 , in t race l lu lar adhes ion molecule
(ICAM)-1, vascular cell adhesion molecule (VCAM)-
1, interleukin (IL)-1 and IL-6 have been found in the
peripheral blood of patients with DKD in comparison
to healthy control individuals [2]. For a number of
these cytokines, expression was found to increase with
disease progression. In addition, analysis of renal biop-
sies has confirmed the presence of inflammatory cells
in both glomeruli and the interstitium at all stages of
DKD [3, 4••].

In this review, we discuss the role of the immune
system in both the development and progression of
DKD. We examine the role of leukocyte recruitment
to the kidney and also the effects of pro-inflammatory
cytokines and chemokines. Throughout, we highlight
implications for new therapeutic strategies and discuss
those which are currently under consideration particu-
larly those which have proceeded to clinical trials.
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Infiltrating Immune Cells

Inflammation in the kidney involves complex interactions be-
tween resident kidney cells and infiltrating leukocytes. There
is growing evidence that immune cells accumulate in the kid-
ney even in the early stages of DKD.While there is substantial
evidence for the infiltration of macrophages, the potential role
of other immune cells including neutrophils, mast cells and
lymphocytes is less clear. Below we review the potential role
of each immune cell type in DKD progression:

Macrophages

Macrophages are the most numerous infiltrating leukocytes
found in renal biopsies from patients with DKD and in exper-
imental animal models, with both glomerular and interstitial
accumulation reported [5]. Macrophage accumulation in the
kidneys of diabetic patients predicts declining renal function
[3]. A number of features of the diabetic kidney may enhance
the recruitment of macrophages. These include increased ex-
pression of ICAM-1 and MCP-1 by renal tubular cells
responding to high circulating levels of glucose and advanced
glycation end products (AGEs) [6, 7]. Once recruited to the
diabetic kidney, these macrophages respond to local high
levels of glucose, AGEs and oxidised low-density lipoprotein
(Ox-LDL) to execute inflammatory cytokine secretion [8, 9].
Other mechanisms by which macrophages have been pro-
posed to progress DKD include stimulation of the production
of reactive oxygen species (ROS) and proteases. This will lead
to tissue damage and ultimately to renal fibrosis [10].

Depletion of macrophages using diphtheria toxin (DT) in
CD11b–DT receptor (CD11b-DTR) transgenic mice con-
firmed the direct role of macrophages in the progression of
DKD. In this study, CD11b-DTR mice were treated with DT
in order to deplete macrophages after induction of diabetes
using streptozotocin (STZ). This macrophage depletion sig-
nificantly reduced albuminuria, kidney macrophage recruit-
ment and glomerular histological changes [11]. Mice lacking
chemokine-CC motif ligand 2 (Ccl2) demonstrated signifi-
cantly reduced capacity to recruit and activate kidney macro-
phages andwere substantially protected from the development
of DKD [7, 12]. Similarly, chemokine-CC motif receptor
(CCR)2 antagonists have been shown to prevent
glomerulosclerosis and renal failure in the db/db mouse model
of type 2 diabetes and also in diabetic human transgenic
CCR2 knockin mice [13–15]. These findings have led to
phase 2 clinical trials of such compounds in type 2 diabetes
patients with DKD. In addition, co-treatment with one such
compound, CCX140-B, provided additional protection
against the development of albuminuria and declining renal
function compared with current standard of care therapy alone

[16•]. Phase 3 clinical trials are now planned for the CCR2
antagonist CCX140-B.

Macrophages are classified based on their inflammatory
phenotype intoM1 (classically activated macrophages, secret-
ing pro-inflammatory cytokines) and M2 (alternatively acti-
vated macrophages, capable of modulating immune responses
through anti-inflammatory or pro-resolution mechanisms)
[17, 18] (Fig. 1). Macrophages located at the site of diabetic
kidney injury are predominantlyM1 [7, 11, 19]. The relevance
of M1 macrophages to the development of DKD has been
shown using mice with macrophages deficient in
cyclooxygenase-2 (Cox-2). Macrophages in these mice dem-
onstrate increased M1 polarisation which is associated with
increased renal injury [20]. Conversely, adoptive transfer of
pro-resolution, M2 macrophages to STZ-induced type 1 dia-
betic mice led to decreased macrophage infiltration to the
kidney along with decreased renal damage including tubular
atrophy, glomerular hypertrophy and interstitial expansion
[21]. Pentraxin-3 has also been shown recently to attenuate
renal damage in DKD by promoting M2 macrophage differ-
entiation [22••]. These data suggest that therapeutic strategies
which reduce the M1 phenotype and promote the M2 pheno-
type in kidney macrophages could have significant potential
in the treatment and management of DKD.

One potential class of compounds which have been shown
to promote pro-resolution bioactions are Lipoxins (LXs). One
member of the Lipoxin family, LXA4 has been shown to act
on macrophages by blocking ICAM-1 expression along with
the production of inflammatory cytokines including IL-6 and
TNF-α [23–25]. LXA4 has also been shown to reduce fibrotic
and inflammatory responses in the unilateral ureteric obstruc-
tion (UUO) model of renal fibrosis [26].

T Cells

While there is little evidence that T cells play a direct role in
the development of DKD, activated T cells may enhance pro-
gression of the disease. Modest increases in both CD4+ and
CD8+ Tcells have been reported in the interstitium of patients
with type 2 diabetes, with numbers of these cells correlating
with proteinuria [27]. Similarly, the number of T cells infiltrat-
ing the kidneys of DKD animals have been shown to correlate
with the degree of albuminuria [27–29]. Studies on RAG1−/−
mice, which lack both mature Tand B cells, demonstrated that
while these mice were not protected from STZ-induced renal
fibrosis or histological injury, preservation of podocytes and a
reduction in albuminuria was seen [28]. Another study using
the STZ mouse model demonstrated that treatment with
CTLA4-Ig (abatacept) effectively reduced the accumulation
of activated CD4+ T cells in the kidney. However, no differ-
ences were found in albumin excretion rate (AER) or albumin/
creatinine ratio, or mesangial expansion suggesting that renal
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T cell inflammation is not a driving factor in the pathology of
DKD, at least in this model [30].

Forkhead box P3 (FoxP3)+ T-regulatory cells (Tregs) have
also been reported in kidneys of diabetic mice. One study in
db/db mice has shown that depletion of Tregs using an anti-
CD25 monoclonal antibody resulted in accelerated progres-
sion of renal injury including increased glomerular
hyperfiltration and albuminuria. Conversely, adoptive transfer
of immunosuppressive Tregs resulted in decreased albumin-
uria and glomerular diameter [31]. Another study in patients
with type 2 diabetes has demonstrated an inverse correlation
between the number of Tregs in the kidney and urinary AER
[32]. Zhang et al. examined the relative proportions of Th1/
Th2/Th17/Treg cells in serum from patients with various de-
grees of DKD and controls. They found a skew towards Th1
and Th17 cells in DKD and that the urine albumin/creatinine
ratio (ACR) was positively correlated with proportions of Th1
and Th17 cells and also the ratio of Th17:Treg cells [33•].

Renal IL-17-producing T helper cells (Th17 cells) have
also been identified in the STZ mouse model [34]. One study
has suggested that Th17 cells may protect diabetic kidneys by
reducing and modifying the inflammatory response. Type 1
diabetic mice genetically deficient in IL-17A developed more
severe nephropathy than controls, while administration of IL-
17A to wild-type mice effectively prevented the development
of nephropathy and reversed established disease [35].
However, Kim et al. have conversely demonstrated a

significant increase in the number of IL-17A+ CD4+ T cells
in the kidneys of STZ-treated mice and reported that this in-
crease is associated with progression of DKD [34]. They have
also shown that modulating Th17 cells using mycophenolate
mofetil (MMF) was associated with a decrease in albuminuria.
Similarly, Kuo et al. found increased numbers of CD4+ IL-
17+ T cells in kidney biopsies from patients with type 2 dia-
betes. The number of these cells was positively correlatedwith
deterioration in estimated glomerular filtration rate (eGFR)
[36]. As such, the role of T cells in DKD remains
controversial.

Other Immune Cells

There is little evidence that B cells play a direct role in the
pathogenesis of DKD. One study in non-obese diabetic
(NOD) mice reported a modest increase in the numbers of B
cells in the glomeruli [37]. More recently Moon et al. reported
an increase in B cells in the kidneys of patients with type 2
diabetes. Converse to the mouse model, this increase was seen
in the interstitium. The authors also found that the numbers of
these cells correlated with levels of proteinuria [27]. However,
given a lack of any further evidence, it is most likely that the
role of B cells in DKD is in the production of immunoglobu-
lins directed against antigens produced in diabetes, e.g.,

Fig. 1 M1 versus M2 macrophages. Local cytokine production can
polarise macrophages to an M1 or M2 phenotype. M1 macrophages are
largely pro-inflammatory and secrete ROS and nitric oxide (NO) along
with pro-inflammatory cytokines including IL-12, TNF-1α, IL-1β and
MCP-1. M1 macrophages have been shown to contribute to the renal
damage seen in DKD [20]. Conversely, M2 macrophages are anti-
inflammatory and promote resolution of inflammation and healing.

They secrete regulatory cytokines including IL-10 and TGF-β.
Promotion of M2 macrophage polarisation has been shown to attenuate
renal damage in DKD [21, 22••]. IFN, interferon; IL, interleukin; LPS,
lipopolysaccharide; MCP, monocyte chemoattractant protein; NO, nitric
oxide; ROS, reactive oxygen species; TNF, tumour necrosis factor; TGF,
transforming growth factor
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oxLDL and AGEs, leading to increased levels of immune
complexes [38, 39].

Mast cells have also been shown to be increased in the
interstitium of DKD patients, with the numbers of mast cells
correlating with serum creatinine [40].Mast cell degranulation
has also been reported in renal biopsies of patients with type 2
diabetes at varying stages of nephropathy [41]. Mast cell
stabilising agents have been shown to significantly improve
kidney function in terms of renal collagen content, urinary
protein and creatinine clearance in STZ rats [42]. These data
suggest that mast cells may contribute to the development, or
more likely to the progression of DKD.

Pro-inflammatory Cytokines, Chemokines
and Adhesion Molecules

Increased serum levels of pro-inflammatory cytokines and
chemokines have been reported in experimental models of
DKD and also in patients, where circulating levels have been
shown to correlate with proteinuria [43, 44].

TNF-α

Increased serum levels of TNF-α have been reported in pa-
tients with type 2 diabetes where increases have been shown
to correlate with the degree of albuminuria [45, 46•]. Urinary
TNF-α has also been shown to be increased in diabetic pa-
tients and correlates with clinical markers of DKD and disease
progression [47]. Increased levels of TNF-α in the kidney lead
to increased ROS production, increased endothelial cell per-
meability, cytotoxicity and recruitment of macrophages, fur-
ther perpetuating inflammation [48, 49]. From a therapeutic
perspective, TNF-α inhibitors have been shown to decrease
albumin excretion in diabetic rats [50]. A similar study using
Ins2(Akita) mice, demonstrated that blockade of TNF-α with
an anti-TNF-α antibody led to kidney protection as measured
by reductions in albuminuria, plasma creatinine, histopatho-
logic changes, kidney macrophage recruitment and plasma
inflammatory cytokine levels. Using macrophage-specific
TNF-α-deficient mice, this study further demonstrated that
macrophages are the primary source of renal TNF-α in the
STZ model of diabetes. Loss of macrophage-derived TNF-α
significantly reduced albuminuria, histopathologic changes
and kidney macrophage recruitment compared to control mice
[51••].

MCP-1

MCP-1 (CCL2) is one of the key chemokines involved in
regulating the migration and infiltration of monocytes,

macrophages, T cells and dendritic cells to the sites of inflam-
mation [52, 53]. In animal models of diabetes-induced kidney
damage, levels of MCP-1 in the kidney have been shown to
increase progressively [12, 19]. In addition, experimental
models of both type 1 and type 2 diabetes have shown that
renal injury is attenuated in MCP-1−/− animals [7, 12].
Clinically, increased urinary excretion of MCP-1 is seen in
patients with microalbuminuria and macroalbuminuria
and correlate with urine albumin/creatinine ratio and
decline in renal function [54•]. In diabetic patients with
macroalbuminuria, urinary MCP-1 levels are a predictor of
progression of nephropathy [55]. The pathogenic role of
MCP-1 is further supported by the fact that inhibition of the
MCP-1 receptor (CCR-2) with a selective antagonist amelio-
rated glomerulosclerosis in an experimental model of diabetes
[56].

A number of other studies have provided indirect evidence
for the role of MCP-1 in the pathogenesis of DKD
Angiotensin-converting enzyme (ACE) inhibitors, angioten-
sin II receptor blockers (ARBs) and the aldosterone-receptor
antagonist spironolactone have all been shown to reduce
MCP-1 expression, renal macrophage infiltration and renal
injury [57–60]. Similarly, the immunosuppressant MMF has
been shown to block increases in urinary AER and glomerular
damage, along with reducing kidney macrophage accumula-
tion and the severity of renal injury in experimental models of
DKD. This has been shown to be associated with decreased
expression of MCP-1 and ICAM-1 [61, 62]. A clinical trial to
evaluate the effects of MMF on proteinuria and progression of
DKD is currently underway [63].These studies provide strong
evidence for a key role for MCP-1 in the progression of DKD.
They have demonstrated that decreased MCP-1 expression is
associated with decreased macrophage infiltration into the
kidney and importantly with reductions in diabetic kidney
damage. These data suggest that specific targeting of MCP-1
would potentially be beneficial in the treatment of DKD.
NOXXON Pharma have developed an anti-MCP-1
Spiegelmer NOX-E36 (an anti-MCP-1-enantiomeric RNA
aptamer) and have sponsored a number of phase I and phase
II clinical trials to investigate the potential therapeutic benefit
in DKD [64]. NOX-E36 was well tolerated in these trials and
promising results were seen. MCP-1 inhibition attenuated al-
buminuria and restored glomerular endothelial glycocalyx and
barrier function.While overall numbers of macrophages in the
kidney were not altered, NOX-E36 altered cytokine and cell-
surface marker expression of these macrophages in favour of
an anti-inflammatory phenotype [65••].

Other Cytokines

Increased serum levels of IL-6 have been reported in patients
with overt nephropathy when compared to diabetic patients
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with normal renal function [66]. Serum IL-6 has been found to
correlate with urinary AER and glomerular basement mem-
brane thickening [67]. Additionally, patients with type 2 dia-
betes carrying certain polymorphisms in the IL-6 gene have
increased risk of developing DKD [68–70].

Macrophage migration inhibitory factor (MIF) plays a crit-
ical role in inflammation and has been shown to be elevated in
the kidney in experimental models of DKD where it precedes
the onset of microalbuminuria [19, 71]. Elevated MIF levels
have also been reported in the serum of patients with type 2
diabetes [72]. TheMIF receptor CD74 has also been shown to
be upregulated in both experimental and clinical DKD [73].
Wang et al. have reported that treatment with theMIF inhibitor
ISO-1 led to decreased blood glucose, albuminuria, extracel-
lular matrix accumulation, epithelial-mesenchymal transition
(EMT) and macrophage activation in the kidneys of db/db
mice [74•]. Thus, MIF inhibition may be a potential therapeu-
tic strategy for DKD attributable to its inhibitory effect on
macrophage activation in the diabetic kidney.

Adhesion Molecules

ICAM-1 and VCAM-1 are cell-surface glycoproteins which
mediate the adhesion of leukocytes to vascular endothelium.
Increased levels of both have been reported in the rat model of
STZ-induced diabetes [75]. Clinical studies have also de-
scribed increased levels of soluble forms of ICAM-1 and
VCAM-1 in the plasma of patients with DKD compared to
diabetic patients without nephropathy [76–79]. More recently,
Polat et al. have demonstrated that serum ICAM-1
and VCAM-1 levels are increased in patients with
microalbuminuria compared to those with normalbuminuria
and that serum VCAM-1 correlated with urinary AER, sug-
gesting that it might be useful as a predictive marker for de-
velopment and progression of DKD [80].

ICAM-1−/− mice have been found to be resistant to renal
injury in terms of albuminuria, glomerular hypertrophy and
tubular damage, in experimental models of diabetes. This is
associated with a decrease in the infiltration of CD4+ cells and
macrophages into the kidneys of these mice [6, 81]. As such,
modulation of the activity of these adhesionmolecules may be
a potential target for therapeutic intervention in DKD. ICAM-
1 antagonists are currently under development [82].

NLRP3 Inflammasome—IL-1β and IL-18

A number of features of DKD including hyperglycaemia, for-
mation of AGEs andmitochondrial oxidative stress are known
to activate the NLRP3 inflammasome resulting in the produc-
tion of IL-1β and IL-18 [83••, 84] (Fig. 2). Studies in both
patients and animal models of DKD associated with both

type 1 and type 2 diabetes have demonstrated increased
renal levels of components of the inflammasome includ-
ing caspase 1, mature IL-1β and IL-18 that were associ-
ated with podocyte injury, albuminuria and mesangial
matrix accumulation [83••, 85, 86]. In addition, Nlrp3
and caspase-1 deficient mice are protected against DKD
[82, 85]. Loss of these genes in myeloid cells alone did
not confer protection against DKD, indicating that
NLRP3 inflammasome activity in other cell types plays
a role in the development of DKD [83••].

Blockade of hyperglycaemia-induced mitochondrial ROS
with the superoxide dismutase mimetic MitoTempo has been
shown to block DKD in diabetic mice and also to block glo-
merular NLRP3 activation [83••, 85]. Treatment of diabetic
mice with an IL-1 receptor antagonist also reduces renal dam-
age [8].

Several NLRP3 antagonists have been shown to have ther-
apeutic potential in animal models of inflammatory diseases
[87]. These have not been tested in models of DKD but based
on the above evidence there is potential for these agents to
have a beneficial effect.

NF-κB

The nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB) transcription factor acts as a master regulator of
the expression of pro-inflammatory genes including cyto-
kines, chemokines, adhesion molecules and immune recep-
tors. There is significant experimental evidence from both
in vivo models and human studies to support a critical role
for NF-κB in the pathogenesis of renal inflammation. NF-kB
activation has been shown in the STZmodel of type 1 diabetes
along with increased macrophage infiltration into the kidney
and increased production of pro-inflammatory cytokines in-
cluding TNF-α and IL-1β [88]. Similarly, nuclear transloca-
tion and activation of NF-κB has been demonstrated in tubular
epithelial cells from DKD patients. This was found to corre-
late with proteinuria and interstitial cell infiltration in these
patients [89, 90]. Increased NF-κB protein andmRNA expres-
sion have been reported in peripheral blood mononuclear cells
from patients with diabetes in comparison to healthy control
individuals and to correlate with the severity of DKD [91].

Although NF-κB inhibitors are not currently in use for the
treatment of renal disease, many drugs currently in clinical use
have been shown to block NF-κB along with their other ac-
tions. These include statins, steroids and vitamin D receptor
agonists [92–94]. Similarly, curcumin (an anti-inflammatory
plant polyphenolic compound) has been shown to protect
against the development of DKD in STZ rats by reducing
macrophage infiltration through the inhibition of NF-κB acti-
vation [88]. Also using the STZ model, the antioxidant
tocotrienol has been shown to suppress NF-κB activation,
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reduce TNF-α and transforming growth factor (TGF)-β1
levels and reverse renal dysfunction [95, 96].

Also in STZ rats, administration of pyrrolidine dithiocar-
bamate (an antioxidant inhibitor of NF-κB activity) or BAY-
110782 (an inhibitor of IκB phosphorylation) for 4 weeks
after the onset of diabetes led to a reduction in NF-κB activa-
tion along with decreased renal macrophage infiltration and
production of inflammatory cytokines including MCP-1,
TNF-α, IL-1β and IL-6 [97, 98].

Immune Complex Deposition
and Complement Activation

Immune Complex Deposition

Immune complex deposition has been reported along the
glomerular and tubular basement membranes in DKD pa-
tients [99]. Greater intensity of this staining is associated
with worse outcomes in diabetic patients [100]. A number
of modified proteins which develop in diabetes including
Ox-LDL and AGEs are potentially immunogenic and can
result in the formation of immune complexes [101, 102].
A number of studies have shown increased serum concen-
tration of Ox-LDL immune complexes in patients with
DKD which are associated with the development of albu-
minuria [103, 104]. In mesangial cells in vitro, anti-Ox-
LDL immune complexes have been shown to promote
production of MCP-1 and colony-stimulating factor
(CSF)-1 and also to stimulate mesangial expansion by
inducing collagen production [105, 106]. Anti-Ox-LDL
complexes have also been shown to activate the classical
complement pathway and the production of inflammatory

cytokines including TNF-α, IL-1 and IL-6 in human mac-
rophages [107]. These responses occur through the bind-
ing of immune complexes to Fcγ receptors on the surface
of mesangial cells and macrophages [106]. Mice geneti-
cally deficient in Fcγ receptors are protected from inflam-
mation, glomerular damage and albuminuria in DKD
[108].

Complement Activation

The complement system is a component of the innate immune
system that enhances the ability of antibodies and phagocytic
cells to clear microbes and damaged cells and also promotes
inflammation. Growing evidence suggests that activation of
the complement cascade may contribute to DKD [109–111].
Both hyperglycemia-induced ROS and immune complex de-
position have been shown to activate complement [107, 109].
Glomerular deposition of complement component C3 is a fea-
ture of animal models of both type 1 and type 2 diabetes-
associated DKD [19, 37, 112]. In addition, analysis of renal
biopsies has found that 50–60% of DKD patients have glo-
merular deposition of complement component C3 which cor-
relates with the severity of glomerulosclerosis [113]. C3 can
act as both a potent chemoattractant and activator of mast
cells.

An inhibitor of the complement cascade (K-76 COONa)
has been shown to significantly reduce proteinuria and
mesangial expansion in a rat model of diabetes, and this was
associated with decreased glomerular immune complex depo-
sition [114]. Similarly, blockade of the complement C3a re-
ceptor reduces kidney inflammation, albuminuria, renal fibro-
sis and loss of renal function in diabetic rats [115].

Fig. 2 Inflammasome activation.
Diabetes-associated products
including hyperglycaemia and
AGEs have been shown to
activate the NLRP3
inflammasome via the production
of mitochondrial ROS. This
involves the oligomerization of
inactive NLRP3, ASC and pro-
caspase 1 leading to the activation
of caspase 1 and subsequent
production and secretion of
mature pro-inflammatory
cytokines IL-1β and IL-18.
AGEs, advanced glycation end
products; ASC, apoptosis-
associated speck-like protein
containing a carboxy-terminal
CARD; IL, interleukin; ROS,
reactive oxygen species
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Conclusions

The important role played by immune modulation in the de-
velopment and progression of DKD is now indisputable. This
modulation involves increased infiltration of immune cells to
the kidney, pro-inflammatory cytokine production, chemo-
kine production, immune complex formation, complement
activation and ultimately renal tissue damage. Macrophages
are the primary leukocytes recruited to the diabetic kidney.
Consequently compounds which reduce macrophage infiltra-
tion to the kidney, including those which block MCP-1 and
CCR2, have proven beneficial in experimental models of
DKD and as adjunct therapies in clinical trials. Studies have
demonstrated that the macrophages located within the diabetic
kidney are predominantly M1 phenotype and pre-clinical
studies suggest that reprogramming of these macrophages to
a pro-resolution M2 phenotype may attenuate renal damage.
As such, much ongoing research is investigating the specific
targeting of macrophages as potential therapeutic strategy in
DKD.

Another emerging area of interest is the role of the
inflammasome in the progression of DKD. In experimental
models, hyperglycaemia and other products of diabetes have
been shown to activate the NLRP3 inflammasome via induc-
tion of mitochondrial ROS. This provides two potential ther-
apeutic targets—blockade of mitochondrial ROS production
and inhibition of inflammasome activation. Compounds
targeting both of these pathways have proved effective in ex-
perimental models of DKD and should be investigated in clin-
ical trials.
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