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Epidermal growth factor receptor signaling and

the progression

Diabetic nephropathy is a life-threatening
complication in patients with diabetes
mellitus; it is the leading cause of end-
stage renal disease worldwide, and is
associated with higher cardiovascular
morbidity and mortality. Although the
intensive control of glucose and blood
pressure by blocking the renin—angioten-
sin system has been shown to prevent
the development and progression of dia-
betic nephropathy as well as cardiovascu-
lar events to some extent, the residual
risk for the progression of diabetic
nephropathy is still high'. Thus, active
investigations to understand the underly-
ing mechanisms by which diabetes pre-
disposes patients to the development and
progression of diabetic nephropathy have
implicated a variety of causal factors,
such as altered intracellular signaling, the
accumulation of advanced glycation end
products and the overproduction of
inflammatory cytokines™. Of these, the
crucial role of transforming growth factor
(TGF)-P action in mediating progressive
glomerulosclerosis and tubulointerstitial
fibrosis has been intensively investigated®.
We have recently reported that inhibiting
dipeptidyl peptidase-4 (DPP-4) activity
with the DPP-4 inhibitor, linagliptin,
ameliorated diabetes-induced glomerulo-
sclerosis and tubulointerstitial ~fibrosis
through the inhibition of endothelial

mesenchymal transition by blocking
TGE-B2/DPP-4/miR29s  cross-talk  in
streptozotocin  (STZ)-induced ~ diabetic

mice’. Recently, Chen et al® implicated
the role of epidermal growth factor
receptor (EGFR) phosphorylation in
mediating TGF-B-induced renal fibrosis
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of diabetic nephropathy

and its inhibition by the EGFR inhibitor,
erlotinib, in STZ-induced diabetic mice.

To extend their findings, Zang et al.’”
reported that EGFR inhibition with erl-
otinib treatment slowed the progression
of diabetic nephropathy in association
with a decrease in endoplasmic reticulum
(ER) stress and an increase in autophagy
in STZ-induced diabetic endothelial nitric
oxide synthase (eNOS) knockout mice.
The findings here support the results of
Zang et al” in that the EGFR inhibitor,
erlotinib, clearly inhibited renal ER stress
based on the expression of C/EBP
homologous protein, protein kinase ribo-
nucleic acid-like endoplasmic reticulum
kinase and binding immunoglobulin pro-
tein, and enhanced autophagy based on
the increased expression of autophagy-
related protein 12, beclin and microtu-
bule-associated protein light chain 3 All
and the decreased expression of sequesto-
some 1/p62 in the kidney of STZ-
induced diabetic eNOS knockout mice.
Because both enhanced ER stress and
decreased autophagy are coordinately
associated with the pathogenesis of dia-
betic nephropathy and because prevent-
ing these changes have recently been the
focus as new therapeutic targets®”, the
current findings by Zang et al.” suggest a
strong therapeutic potency of EGFR
inhibition in diabetic nephropathy (Fig-
ure 1).

The upstream signaling regulation of
autophagy is mainly by two intracellular
nutrient-sensing  kinases,  adenosine
monophosphate-activated protein kinase
(AMPK) and mammalian target of rapa-
mycin complex 1 (mTORC1). Autophagy
is activated by the AMPK-mediated
phosphorylation of UNC-51-like kinase 1
(ser317), and is suppressed by the
mTORCI1-mediated phosphorylation of
UNC-51-like kinase 1 (ser757)'°. Previ-
ous reports have shown that AMPK
activity is decreased, whereas mTORCI1
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activity is increased in the kidneys of
diabetic mice compared with non-dia-
betic mice'" ™%, suggesting that both
kinases might be involved in the upregu-
lation of autophagy in erlotinib-treated
STZ-induced diabetic eNOS™~ mice.
Indeed, Zang et al” showed that EGFR
inhibition with erlotinib increased AMPK
activity based on the increased phosphor-
ylation of AMPK-a and AMPK-f,
whereas it decreased mTORCI activity
based on the decreased phosphorylation
of phosphorylated p70 ribosomal protein
S6 kinase (p70S6K) and eukaryotic trans-
lation initiation factor 4B. Thus, they
concluded that EGFR inhibition modifies
the intracellular nutrient-sensing signals
and subsequently activates autophagy,
resulting in the amelioration of diabetic
nephropathy. However, the detailed
molecular mechanisms underlying the
interaction between EGFR signaling and
two nutrient-sensing signals remain
unclear.

The cross-talk between mTORC1 and
ER stress has recently highlighted their
possible pathogenic roles in diabetic
nephropathy. For instance, Inoki et al."
reported that the interaction between
mTORC1 and ER stress in glomerular
podocytes plays a pivotal role in mediat-
ing the development and progression of
diabetic nephropathy. Briefly, Inoki
et al.” found that binding immunoglobu-
lin protein induced by ER stress was over-
expressed, and its accumulation was
significantly reduced by treatment with
an mTORCI-specific inhibitor, rapamy-
cin, in podocyte-specific mTORCI-acti-
vated mice, which suggested that the
elevated ER stress is induced by mTORC1
activation. Interestingly, Zang et al”
provided the first evidence that altered
bidirectional interaction between ER stress
and mTORCI is involved not in only
podocyte damage, but also in tubular epi-
thelial cell damage in the progression of
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Figure 1 | Diabetes mellitus-related endoplasmic reticulum (ER) stress is a potent pathogenic factor of diabetic nephropathy. Healthy kidney cells
have the ability to induce autophagy to overcome prolonged ER stress conditions, leading to kidney protection (blue lines and boxes). Autophagy
is negatively and positively regulated by two intracellular nutrient signals, mammalian target of rapamycin complex 1 (MTORC1) and adenosine
monophosphate-activated protein kinase (AMPK), respectively. Diabetes mellitus-related hypernutrient condition activates mTORC1 and suppresses
AMPK, leading to autophagy inhibition through the inactivation of UNC-51-like kinase 1 (ULK1), a critical regulatory protein to initiate autophagy.
Altered intracellular nutrient-sensing signal-mediated autophagy inhibition is involved in the progression of diabetic nephropathy via the
enhancement of ER stress (red lines and boxes). Epidermal growth factor receptor (EGFR) inhibition slows the progression of diabetic nephropathy
with a reduction in ER stress and an increase in autophagy by amelioration of altered nutrient-sensing signals (light blue line and box).
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diabetic nephropathy. Collectively, the
cross-talk between mTORC1 and ER
stress could be involved in the pathogene-
sis of both podocyte and tubular cell
damage in diabetic nephropathy, and
might become a potential therapeutic
target.

More recently, Chen et al.'® reported
that podocyte-specific EGFR knockout
mice were resistant to the progression of
diabetes-related  podocyte  damage,
although the relationship between EFGR
signaling, nutrient-sensing signals and
autophagy was not shown in the study.
A recent study by Fang et al.'® showed
that autophagy activity was suppressed
in a mTORCI-dependent manner in
podocytes of diabetic mice. Therefore, I
am curious about how podocyte-specific
EGFR gene deletion in mice affects dia-
betes-related hyperactivation of
mTORCI and the inhibition of auto-
phagy in podocytes, which could provide
further evidence that EGFR-mediated
regulation of intracellular nutrient-sens-
ing is involved in the pathogenesis of
diabetic nephropathy.

In summary, the current understand-
ing based on a series of EGFR research
studies might shed light on a potential
therapeutic implication of EGFR inhibi-
tion in diabetic nephropathy. Further
studies are required of cross-talk between
EGFR and intracellular nutrient-sensing
signals.
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