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Abstract — Recent data indicated the emerging role of
glomerular autophagy in diabetic kidney disease. We aimed to
assess the effect of SGLT2 inhibitor empagliflozin, DPP4 inhibitor
linagliptin, and their combination, on glomerular autophagy in a
model of type 2 diabetes. Eight-week-old male db/db mice were
randomly assigned to treatment with vehicle, empagliflozin or
combonation of empagliflozin and linagliptin for 8 weeks. Age-
matched non-diabetic db/+ mice were acted as control. To estimate
glomerular autophagy, immunohistochemistry for beclin-1 and
LAMP-1 was performed. Podocyte autophagy was assessed by
counting the volume density (Vv) of autophagosomes, lysosomes
and autolysosomes by transmission electron microscopy. LC3B
and LAMP-1, autophagy markers, caspase-3 and Bcl-2, apoptotic
markers, were evaluated in renal cortex by western blot. Vehicle-
treated db/db mice had weak glomerular staining for beclin-1 and
LAMP-1 and reduced Vv of autophagosomes, autolysosomes and
lysosomes in podocytes. Empagliflozin and the combination
empagliflozin and linagliptin, enhanced the areas of glomerular
staining for beclin-1 and LAMP-1 and increased Vv of
autophagosomes and autolysosomes in podocytes. Renal LC3B
and Bcl-2 was restored in actively-treated animals. LAMP-1
expression was enhanced in empagliflozin group; caspase-3
expression decreased in the empagliflozin-linagliptin group only.
Mesangial expansion, podocyte foot process effacement and
urinary albumin excretion were mitigated by both agents. The
data provide further explanation for the mechanism of
renoprotective effect of SGLT2 inhibitors and DPP4 inhibitors in
diabetes.
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Introduction

Diabetic nephropathy is the most common cause for end-
stage renal disease worldwide [1]. Synthetic dysfunction and
violations in the life cycle of glomerular cells play an important
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role in the development of diabetic kidney disease [2]. Recent
data indicate emerging role of autophagy and apoptosis
dysregulation in the process [3-5]. Moreover, autophagy and
apoptosis are considered as the therapeutic targets in diabetes [4-
6]. Inhibitors of sodium-glucose cotransporter-2 (SGLT2) [7,8]
and inhibitors of dipeptidyl peptidase-4 (DPP4) are considered as
promising therapeutic agents in diabetic nephropathy [9,10], but
little is known about the exact mechanisms of their protective
activity.

Thus, we aim of our study to assess the effects of SGLT2
inhibitor empagliflozin, either alone or in combination with
DPP4 inhibitor linagliptin, on the renal expression of autophagy
and apoptosis regulators in a model of type 2 diabetes.

Matherials and Methods

Eight-week-old male db/db diabetic mice (BKS.Cg-
Dock7™+/+Lepr®/J) were treated by vehicle, empagliflozin (10
mg/kg) or combination of empagliflozin and linagliptin (10
mg/kg of each agent) for 8 weeks. Non-diabetic heterozygous
db/+ mice were acted as control. Plasma levels of glucose,
fructosamine, glycated albumin, creatinine and urinary albumin
to creatinine ratio (UACR) were measured at Week 0 and 8 of
experiment. Renal structural changes were analyzed
quantitatively from the light and electron microscopic images.
The levels of LC3B and LAMP-1, the markers for autophagy,
caspase-3 and Bcl-2, the markers for apoptosis, were assessed in
renal cortex by Western blot. To estimate autophagy in
glomeruli, staining areas for beclin-1 and LAMP-1 were
estimated by immunohistochemistry. Autophagy in podocytes
was assessed by counting the volume density (Vv) of
autophagosomes, lysosomes and autolysosomes in the electron
microscopy images.



Results

The db/db mice were obese and hyperglycemic prior to the
start of experiment. The blood glucose, fructosamine and
glycated albumin levels, as well as UACR, remained elevated
throughout the experiment in the vehicle group; these
parameters decreased significantly in empagliflozin and
empagliflozin-linagliptin-treated ~ animals  (all ~ p<0.05).
Empagliflozin, either alone or in combination with linagliptin,
attenuated mesangial expansion, the thickening of glomerular
basement membrane and effacement of podocyte foot processes
(all p<0.05 vs. vehicle group).

Vehicle-treated db/db mice demonstrated higher renal
expression of LC3B and caspase-3 as compared to db/+ mice;
while expression of LAMP-1 and Bcl-2 was decreased (all
p<0.01). The weaker glomerular staining for beclin-1 and
LAMP-1, and lower Vv of autophagosome, autolysosomes and
lysosomes in podocytes was revealed (all p<0.05 vs. db/+ mice).

There was increase in Vv of podocyte autophagosomes,
autolysosomes and lysosomes and the areas of glomerular
staining for beclin-1 and LAMP-1 under empagliflozin and
empagliflozin-linagliptin treatment (all p<0.05). The renal
expression of LC3B and Bcl-2 was restored in actively treated
animals (all p<0.05 vs. vehicle group). Besides, LAMP-1
expression was enhanced in empagliflozin group (p=0.03 vs.
vehicle group). The protein content of caspase-3 was decreased
significantly in the combination group only (p=0.008).

Conclusion

The data demonstrate that empagliflozin, either alone or in
combination with linagliptin, promotes autophagy and
suppresses apoptosis in the kidneys in a model of type 2 diabetic
nephropathy. These effects could contribute to preservation of
glomerular structure and mitigation of podocyte injury. The data
provide further explanation for the mechanism of renal
protective effect of SGLT-2 and DPP-4 inhibitors in diabetes.
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