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Abstract
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Results: Oral administration of SCO-792 increased faecal protein content and
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The study was conducted with financial improved glycaemic control in WF rats. SCO-792 elicited a rapid decrease in urine

support from SCOHIA PHARMA Inc. albumin-to-creatinine ratio (UACR). SCO-792 also normalized glomerular hyper-
filtration and decreased fibrosis, inflammation and tubular injury markers in the
kidneys. However, pioglitazone-induced glycaemic improvement had no effect on
kidney variables. Dietary supplementation of amino acids (AAs), which bypass
the action of enteropeptidase inhibition, mitigated the effect of SCO-792 on
UACR reduction, suggesting a pivotal role for enteropeptidase. Furthermore,
autophagy activity in the glomerulus, which is impaired in DKD, was elevated in
SCO-792-treated rats. Finally, a therapeutically additive effect on UACR reduction was
observed with a combination of SCO-792 with irbesartan, an angiotensin Il receptor
blocker.

Conclusions: This study is the first to demonstrate that enteropeptidase inhibition is
effective in improving disease conditions in DKD. SCO-792-induced therapeutic effi-
cacy is likely to be independent of glycaemic control and mediated by the regulation
of AAs and autophagy. Taken together with a combination effect of irbesartan,

SCO-792 may be a novel therapeutic option for patients with DKD.
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1 | INTRODUCTION insufficiency. It is a global clinical problem that leads to microvas-

cular and macrovascular diabetic complications.® Diabetic kidney dis-
Type 2 diabetes mellitus is a chronic metabolic disorder character- ease (DKD) is a major microvascular diabetic complication that results
ized by hyperglycaemia, insulin resistance and relative insulin in chronic kidney disease (CKD) and end-stage renal disease. In the
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United States, more than 40% of patients with type 2 diabetes have
DKD.2 DKD is defined by microalbuminuria followed by proteinuria,
reflecting glomerular damage caused by hyperglycaemia-induced
hyperfiltration, hypertension and podocyte injury.® In proteinuria, an
excessive protein load to proximal tubular cells causes renal inflamma-
tion and interstitial fibrosis, key pathways in renal failure progression.*
Blockade of the renin-angiotensin system (RAS) with either
angiotensin-converting enzyme inhibitors or angiotensin Il receptor
blockers (ARBs) is clinically used as a standard treatment for patients
with DKD.® Recently, sodium-glucose co-transporter-2 inhibitors have
been introduced as a new class of renoprotective drugs.®’ However,
regardless of these drug interventions, patients with gradually deterio-
rating kidney function remain, and novel drugs with new mechanisms
of action are required to improve their renal pathological state.

Excess dietary protein intake is considered to accelerate the
progression of kidney failure by inducing glomerular hyper-
filtration, an accumulation of uraemic toxins, and an inhibition of
glomerular autophagy.8 It has been reported that increased dietary
protein intake is positively correlated with an increased risk of pro-
gression to end-stage renal failure in patients with CKD;? however,
the therapeutic significance of lowering dietary protein intake for

,Y0 and the effectiveness of

kidney function remains controversia
pharmacological interventions in regulating protein digestive cas-
cades is unclear.

Enteropeptidase is a type Il transmembrane serine protease,
highly expressed on the luminal side of enterocytes on the brush
border of the duodenum. It converts inactive trypsinogen into
active trypsin through cleavage at the trypsinogen-activation site,
and the activated trypsin subsequently activates other digestive
zymogens secreted from the pancreas, including chymotrypsino-
gen, proelastase and procarboxypeptidases.??"1® These activated
enzymes regulate protein breakdown into amino acids (AAs). Thus,
enteropeptidase plays a key role in protein digestion and AA
absorption. SCO-792 is a novel, orally available enteropeptidase
inhibitor with a half maximal inhibitory concentration of <10 nM
against rat and human enteropeptidase in vitro.'* In mouse models,
enteropeptidase inhibition improves obesity and diabetes.*®> How-
ever, the pharmacological effects of enteropeptidase inhibition on
diabetic kidney complications are largely unknown. Considering
that enteropeptidase is the furthest upstream of the enzymes
involved in protein digestion and the absorption process, an inves-
tigation of the therapeutic effect of enteropeptidase inhibition on
the DKD condition may be worthwhile.

In the present study, we examined the effects of an ent-
eropeptidase inhibitor, SCO-792, on kidney variables in Wistar
fatty (WF) rats, an animal model with DKD. First, we evaluated
the metabolic and renoprotective effects of SCO-792 in WF rats.
Next, the contribution of the changes in AA absorption to the effi-
cacy of SCO-792 was evaluated. Additional experiments were per-
formed to reveal the effect of SCO-792 on glomerular autophagy
activity, and to examine a combined effect of SCO-792 with
an ARB.

2 | MATERIALS AND METHODS

21 | Materials

All reagents were purchased from FUJIFILM Wako Pure Chemical
Corporation (Osaka, Japan), unless otherwise indicated. SCO-792 was
synthesized by Takeda Pharmaceutical Co. Ltd (Tokyo, Japan).
Pioglitazone hydrochloride was purchased from Tokyo Chemical
Industry (Tokyo, Japan). Irbesartan was purchased from LKT Laborato-
ries, Inc. (St Paul, Minnesota).

22 | Animals

Male WF rats and the corresponding untyped Wistar lean (WL) rats
were obtained from RABICS Ltd (Kanagawa, Japan). All animals were
housed in a room with controlled temperature (23°C), humidity (55%),
and lighting (lights were on between 7:00 am and 7:00 pm), with free
access to standard laboratory chow diet (CE-2; CLEA Japan, Inc.,
Tokyo, Japan) and tap water. The animal care procedures and animal
experimental protocols used in the present studies were approved by
the Institutional Animal Care and Use Committee (Shonan Health
Innovation Park), which is accredited by the American Association for
Accreditation of Laboratory Animal Care.

2.3 | Two-week repeated dosing study in WF rats

Male WF rats, 31 weeks of age, with a baseline body weight of
693.5 +22.5 g and glycated haemoglobin level of 7.4 + 0.4%, were
randomized into five groups (vehicle, 6, 20 and 60 mg/kg SCO-792,
and 1 mg/kg pioglitazone hydrochloride; n = 7), considering the initial
urine albumin-to-creatinine ratio (UACR), glycated haemoglobin,
plasma glucose, plasma insulin and body weight. WL rats were used as
controls (n = 5). Rats were orally administered either vehicle (0.5%
[w/v] methylcellulose), SCO-792, or pioglitazone hydrochloride once
daily for 15 days. The first treatment day was designated as day
0. Body weight and food intake were monitored every 1 to 4 days,
and faeces were collected on day 7. Blood samples were collected
before randomization and on day 14 to assess blood variables. Urine
samples were collected before randomization and on days 3, 7 and
13 to measure urine variables. On day 15, kidney tissues were isolated

from the anaesthetized rats and stored at —80°C until use.

24 | Measurement of glomerular filtration rate

Male WF rats, 30 weeks of age, were randomized into two groups
(n = 7) based on their initial glomerular filtration rate (GFR), UACR,
glycated haemoglobin and body weight and were then orally adminis-
tered vehicle (0.5% methylcellulose) or 60 mg/kg SCO-792 for 4 days.

WL rats were used as controls (n = 5). GFR was measured using
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fluorescein isothiocyanate (FITC)-inulin (F3272; Sigma-Aldrich, St
Louis, Missouri). FITC-inulin dissolved in saline was injected into the
rat tail veins at 36 mg/kg, and blood was collected at 20, 40, 60 and
80 minutes after injection to measure FITC-inulin concentration. GFR

was calculated from FITC-inulin clearance.'”

2.5 | Evaluation of AA supplementation in WF rats
Male WF rats, 24 weeks of age, were randomized into four groups
(n = 5) based on their initial UACR, glycated haemoglobin, plasma glu-
cose and body weight. Rats received either a powder CE-2 diet or diet
including a 51.8% increase in AAs (at the same ratio of CE-2) following
supplementation with 18 L-AAs (aspartic acid, threonine, serine, glu-
tamic acid, glycine, alanine, valine, isoleucine, leucine, tyrosine, phe-
nylalanine, lysine, histidine, arginine, proline, cysteine, methionine and
tryptophan). Either vehicle (0.5% methylcellulose) or 60 mg/kg SCO-
792 was orally administered to the rats once daily for 11 days. To
evaluate changes in the plasma AA levels, blood samples were col-
lected before and at 3, 8 and 13 hours after SCO-792 administration

on day 9. Urine samples were collected on day 11 to measure UACR.

26 |
markers

Measurement of glomerular autophagy

Male WF rats, 29 weeks of age, were randomized into two groups
based on their UACR, glycated haemoglobin level, plasma glucose
level and body weight (n = 7) and were then orally administered vehi-
cle (0.5% methylcellulose) or 60 mg/kg SCO-792. After 3 hours, kid-
ney tissues were isolated from the anaesthetized rats, and then the
glomeruli were isolated by a sieving method.’® The levels of target
proteins, including LC3A/B, p62, p-S6, S6, Wilms tumour 1 (WT1) and

B-actin, in the glomeruli were detected by Western blotting.

2.7 | Four-week combination treatment of
SCO-792 with irbesartan in WF rats

Male WEF rats, 32 weeks of age, with a baseline body weight of
675.7 £ 31.2 g and glycated haemoglobin of 7.0% + 0.3% were ran-
domized into six groups (vehicle, 0.02% SCO-792, 0.05% SCO-792,
15 mg/kg irbesartan, 0.02% SCO-792 plus 15 mg/kg irbesartan, and
0.05% SCO-792 plus 15 mg/kg irbesartan; n = 7) based on their
UACR, glycated haemoglobin, plasma glucose and body weight. WL
rats were used as normal controls (n = 5). Rats had free access to the
CE-2 powder diet containing each compound (w/w: 0.02 and 0.05%
SCO-792) or CE-2 powder diet alone. Either vehicle (0.5% methylcel-
lulose) or irbesartan (15 mg/kg) was orally administered once daily.
Blood samples were collected on day 28 to determine blood variables.
Urine samples were collected before randomization, and on days
7 and 30 to determine urine variables. Kidney tissues were isolated

from the anaesthetized rats on day 33 and stored at —80°C until use.

2.8 | Statistical analyses
Statistical significance was first analysed using Bartlett's test for
homogeneity of variances, followed by Williams' test (P > 0.05) and
Shirley-Williams test (P < 0.05) for dose-dependent studies, Dunnett's
test (P > 0.05) and Steel test (P < 0.05) for multiple comparisons ver-
sus a control, or Tukey's test (P > 0.05) for all pairwise comparisons.
Alternatively, statistical significance was analysed using the F test for
homogeneity of variances, followed by Student's t-test (P > 0.2) or an
Aspin-Welch test (P < 0.2). Williams' and Shirley-Williams tests were
conducted using a one-tailed significance level of 2.5% (0.025). Other
tests were conducted using two-tailed significance levels of 1% (0.01)
and 5% (0.05). To evaluate if combination treatment with SCO-792
and irbesartan had significant additive or synergistic effects, two-way
ANOVA was performed, which provided the main effects and interac-
tion effect of SCO-792 and irbesartan. All data are presented as
mean * SD.

Methods for quantifying faecal protein content, measuring blood
and urine variables, analysing gene expression, isolating the glomeru-
lus, conducting Western blotting, and measuring renal collagen con-

tent are described in Appendix S1.

3 | RESULTS
3.1 | SCO-792 improved metabolic variables in
WF rats

To evaluate the anti-DKD potential of enteropeptidase inhibition, SCO-792
was orally administered to WF rats once daily for 2 weeks. The WF rats
were generated by crossbreeding Wistar Kyoto rats and Zucker fatty rats’
and are ideal for use as a DKD model because of their representative meta-
bolic phenotypes (hyperglycaemia, insulin resistance with severe obesity,
progressive proteinuria from the age of 12 weeks®). Faecal protein levels,
which are a pharmacodynamic marker of diminished protein digestion fol-
lowing enteropeptidase inhibition in the gut, were dose-dependently
increased in SCO-792-treated rats (Figure 1A). Food intake reduction was
observed during the study and cumulative food intake was significantly
decreased by SCO-792 (Figure 1B). Consistently, body weight was
lower in SCO-792-treated rats (Figure 1C). Diabetic variables such as
plasma glucose, glycated haemoglobin, plasma insulin and plasma
glucagon levels were decreased after the 2-week repeated dosing of
SCO-792 (Figure 1D-G). Plasma lipid levels were also decreased by
SCO-792 (Figure 1H,)).

3.2 | SCO-792 improved renal variables in WF rats
In addition to the improvement in diabetic variables, SCO-792
reduced UACR promptly and this effect was maintained during the
repeated dosing (Figure 2A). In contrast, UACR remained unchanged
in rats administered pioglitazone, a peroxisome proliferator-activated

receptor y agonist, despite a potent reduction in plasma glucose level
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FIGURE 1 Effects of repeated administration of SCO-792 on metabolic variables in Wistar fatty (WF) rats. SCO-792 was orally administered

to rats once daily for 2 weeks. A, Faeces were collected on day 7 and faecal protein contents were measured. B, Daily and cumulative food intake
during the study. C, Percent changes in body weight from the initial values. Plasma glucose level (D), the changes in glycated haemoglobin level
from the initial values (E), plasma level of insulin (F), glucagon (G), triglycerides (H), and total cholesterol (l) were measured on day 14. Data are
expressed as mean + SD (n = 7 and 5 for WF and Wistar lean rats, respectively). TP <0.025 vs. vehicle by one-tailed Williams' test. *P <0.05 and

**P <0.01 vs. vehicle by Student's t-test. **P <0.01 vs. vehicle by Aspin-Welch test
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Effects of repeated administration of SCO-792 on kidney variables in Wistar fatty (WF) rats. SCO-792 was orally administered to

rats once daily for 2 weeks, and urine albumin-to-creatinine ratio (UACR) was measured before administration and on days 3, 7 and 14 (A). Colala
and Ccl2 mRNA levels in the kidney tissues (B) and urinary kidney injury molecule-1 (KIM-1) protein levels (C) were evaluated after 2 weeks of
drug administration. Glomerular filtration rate was measured using fluorescein isothiocyanate-inulin in WF rats dosed with SCO-792 for 4 days
(D). Data are expressed as mean + SD (n = 7 and 5 for WF and Wistar lean rats, respectively). TP <0.025 vs. vehicle by one-tailed Williams' test.
*p <0.025 vs. vehicle by one-tailed Shirley-Williams test. **P <0.01 by Tukey test

equivalent to that of SCO-792 (Figures 1D, 2A). At the end of the
study, renal mRNA levels of Collal, a fibrosis marker,?° and Ccl2, an
inflammation marker,?! were decreased in rats administered SCO-792
(Figure 2B). Urinary kidney injury molecule-1 (KIM-1), which is a bio-
marker of kidney tubular injury,?> was also reduced in SCO-
792-treated rats (Figure 2C). Measurement of GFR using FITC-inulin
revealed a glomerular hyperfiltration state in WF rats compared to
WL rats. However, after 4-day administration of SCO-792, the glo-
merular overload in WF rats was completely normalized (Figure 2D).

3.3 | AA supplementation of diet reversed UACR
reduction by SCO-792 in WF rats

The observed increase in faecal protein level following SCO-792
treatment confirmed that enteropeptidase inhibition prevented pro-
tein digestion (Figure 1A). Thus, SCO-792 attenuated the generation
of AAs from proteins in the gut lumen. To investigate the role of AA
intake in the renoprotective effects of SCO-792, rats dosed with vehi-
cle or SCO-792 were housed with free access to a normal chow or an

AA-supplemented chow. As expected, in normal chow-fed rats, SCO-

792 lowered plasma total AA level (Figure 3A,C). However, AA sup-
plementation to the diet negated the enteropeptidase-induced change
(Figure 3B,C). While plasma levels of branched-chain amino acids
(BCAAs) such as valine, leucine and isoleucine were especially
decreased by SCO-792 in normal chow-fed rats, again, these changes
were negated by AA supplementation (Figure 3D-F). Consistent with
the observed changes in plasma AA levels, SCO-792-induced UACR
reduction was largely attenuated in AA-supplemented chow-fed rats
(Figure 3G).

3.4 | SCO-792 activated autophagy signalling in
the glomerulus of WF rats

Amino acids act as a key regulator of intracellular protein homeostasis,
thus modulating the balance between anabolic (protein synthesis) and
catabolic (autophagy) processes.?® This is achieved through AA-
sensing proteins, such as mammalian target of rapamycin (nTOR), and
general control nonderepressible kinase 2. To examine whether SCO-
792 affects an autophagy pathway in the glomerulus, expression of
LC3A/B-I and LC3A/B-Il proteins in the glomerulus of WF rats was
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FIGURE 3 Effects of amino acid (AA) supplementation on SCO-792-induced urine albumin-to-creatinine ratio (UACR) reduction in Wistar
fatty rats. SCO-792 was orally administered to rats fed a normal chow or an AA-supplemented chow. Plasma total AA concentrations were
measured after the dosing of SCO-792 to normal chow-fed rats (A) and AA-supplemented chow-fed rats (B) on day 9. The area under the plasma
AA concentration-time curves from 0 to 13 hours after dosing (AUCy.13 ) was calculated for total AAs (C), valine (D), leucine (E) and isoleucine

(F). UACR was measured on day 11 (G). Data are expressed as mean + SD (n = 5). 1P <0.01 vs. vehicle with normal chow by Dunnett's test.
8P <0.05 vs. vehicle with normal chow by steel test
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FIGURE 4 Effects of SCO-792 on glomerular autophagy activity in Wistar fatty rats. A, Protein expression levels in the glomeruli of rats were

detected by immunoblotting, and the blots were quantified by a luminescent image analyser. B, LC3A/B expression was expressed as the ratio of
LC3A/B-Il to LC3A/B-I. C, The expression level of p62 was normalized to that of B-actin. D, Phosphorylated Sé level was normalized by the total
Sé6 protein level. Wilms tumour 1 (WT1) (E) and B-actin (F) levels were expressed as the ratio to the vehicle. Data are expressed as mean + SD

(n = 7). *P <0.05 and **P <0.01 vs. vehicle by Student's t-test. **P <0.01 vs. vehicle by Aspin-Welch test

measured by Western blotting. LC3A/B is an autophagosome marker,
while LC3A/B-I is converted to LC3A/B-Il by C-terminal lipidation
during autophagy. Therefore, the protein expression ratio of LC3A/
B-Il to LC3A/B-I is used as an indicator of autophagy.?* Here, the

Western blotting analysis revealed that SCO-792 significantly

increased the ratio of LC3A/B-Il to LC3A/B-I in the glomerulus of WF
rats (Figure 4A,B). In contrast, the protein level of p62, an alternative
that
autophagosomes and is degraded by autophagy,?® was reduced by
SCO-792 (Figure 4A,C). Additionally, SCO-792 significantly decreased

autophagy marker delivers autophagic substrates to
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the phosphorylation level of S6 protein; this indicated the inactivation
of mTOR signalling (Figure 4A,D). By contrast, the expression levels of
WT1, a podocyte marker, and B-actin, a loading control for Western

blotting, were unchanged between the groups (Figure 4AE,F).

3.5 | Combination of SCO-792 with irbesartan
additively decreased UACR in WF rats

As RAS inhibitors are widely used as standard treatments for patients
with DKD, an add-on effect to RAS inhibitors is required for novel
anti-DKD drugs. To evaluate the combined effect of SCO-792 with
an ARB, SCO-792 (0.02% and 0.05% in the diet) and irbesartan
(15 mg/kg once daily oral dose) alone or in combination were adminis-
tered to WF rats for 4 weeks. It was of interest to evaluate the effi-
cacy of sustained enteropeptidase inhibition on disease variables;
hence diet-admix administration of SCO-792 was conducted in this
study. The calculated SCO-792 doses (mg/kg/d) for each group were
6.81 for the 0.02% SCO-792 group, 13.10 for the 0.05% SCO-792
group, 6.59 for the 0.02% SCO-792 plus irbesartan group, and 11.44
for the 0.05% SCO-792 plus irbesartan group. While SCO-792 alone
and irbesartan alone decreased UACR, a combination of SCO-792 and
irbesartan further decreased UACR. A significant additive effect on
UACR reduction was observed following the administration of SCO-
792 in combination with irbesartan (Figure 5AB). In contrast,
irbesartan did not affect the anti-diabetic or anti-obese effect
achieved by SCO-792 (Figure 5C-F). Notably, SCO-792 significantly

reduced the renal collagen content (Figure 5G).

4 | DISCUSSION

In the present study, we evaluated the effects of a novel ent-
eropeptidase inhibitor, SCO-792, on disease state in a preclinical rat
model of DKD. Oral administration of SCO-792 to WF rats promptly
alleviated albuminuria after only 3 days of treatment, and this effect
was maintained throughout the drug administration period. Moreover,
this effect was probably glucose control-independent. Additionally, a
decrease in fibrosis, inflammation and tubular injury markers in the
kidney was observed in SCO-792-treated rats. SCO-792 dosing
induced additional kidney protective effects, including relief of glo-
merular hyperfiltration and activation of autophagy in the glomerulus.
An SCO-792-induced reduction of UACR was largely attenuated by
AA supplementation of the diet. Finally, combining SCO-792 and
irbesartan effectively decreased UACR.

Amino acids are a known inducer of hyperfiltration.?® In
humans, a single protein-rich meal or an AA infusion transiently
increases GFR.27?® The hyperfiltration state caused by a protein-
rich diet is presumed to accelerate the progressive decline in renal
function in patients with CKD.?° In the present study, WF rats
showed elevated GFR, indicating glomerular hyperfiltration that
likely elevates UACR. While SCO-792 treatment reduced plasma AA
levels and decreased UACR in WF rats, this effect was negated after

AA supplementation to the diet. In addition, SCO-792 treatment
normalized GFR in WF rats. Taken together, the SCO-792-induced
decrease in circulating AAs may play a role in ameliorating glomeru-
lar hyperfiltration and reducing UACR in WF rats. Furthermore,
SCO-792 improved fibrosis, inflammation and tubular injury markers
in the kidney. Excess protein in the glomerular filtrate may induce
renal inflammation and interstitial fibrosis in proximal tubular cells.*
Mitigation of albuminuria might therefore protect glomerular and
renal tubular cells in SCO-792-treated rats from the progression of
renal impairment.

The changes in LC3AB-II to LC3AB-I ratio and p62 protein level
demonstrated SCO-792-induced autophagy activation in the glomeru-
lar fraction of the kidney tissues in WF rats. Interestingly, SCO-792
acutely decreased plasma BCAA levels in WF rats. BCAAs, especially
leucine, are key regulators of the autophagy pathway with mTOR
signalling, and inhibit the formation of autophagosomes.?*>%° In fact,
the phosphorylation of Sé protein, which is a downstream signalling
molecule of mTOR, was potently inhibited by SCO-792, indicating
that the decreased plasma BCAA levels by enteropeptidase inhibition
may be involved in glomerular autophagy activation via the inactiva-
tion of the mTOR pathway. Autophagy is generally a response to
nutrient deprivation, but it is also involved in various physiological
processes and disease development, including kidney diseases.®* In
the glomerulus, autophagy is necessary to protect podocytes from
endoplasmic reticulum stress and to maintain podocyte function, and
thus, there is a high basal level of autophagy activity in podocytes.>?
An impairment of podocyte-specific autophagy results in proteinuria,
indicating the pivotal role of autophagy in the glomerular filtration
machinery.®23% Hence, the activation of glomerular autophagy might
be one of the AA-related mechanisms by which SCO-792 improved
albuminuria in WF rats.

Chronic hyperglycaemia is reported to be involved in the patho-
genesis of DKD by inducing the activation of the polyol pathway, gen-
eration of advanced glycation endproducts, oxidative stress, and
inflammation.3* In the present study, pioglitazone, which improved
hyperglycaemia, failed to decrease UACR in WF rats. This suggests
that improving hyperglycaemia is not a main factor in the prompt
UACR reduction by SCO-792 in this model. RAS is a crucial pathway
for the progression of renal failure, and the beneficial effect of its inhi-
bition with ARBs in patients with DKD is well established.> A combi-
nation study revealed that time to onset of UACR-lowering is
different between SCO-792 and irbesartan, and that these com-
pounds acted additively to improve UACR in WF rats. These results
indicate that the mechanism underlying the anti-albuminuria effect of
SCO-792 is RAS-independent. WF rats are normotensive and SCO-
792 had no effect on blood pressure in WF rats; hence, the observed
effect of SCO-792 may not depend on blood pressure control
(Figure S1). Therefore, SCO-792 may be used as an add-on therapy to
RAS inhibitors in any future clinical setting. Furthermore, sustained
inhibition of enteropeptidase has been suggested to be more effective
in treating disease variables because diet-admix administration of
SCO-792 showed more potent therapeutic efficacy at lower daily
dose than once-daily oral dosing.
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Effects of 4-week combination treatment of SCO-792 and irbesartan on kidney and diabetic variables in Wistar fatty (WF) rats.

Urine albumin-to-creatinine ratio (UACR) during the study (A) and on day 30 (B). Plasma glucose level (C) and the changes in glycated
haemoglobin level from the initial values (D) were measured on day 28. Cumulative food intake during the study (E). Percent changes in body
weight from the initial values (F). Renal collagen content on day 33 (G). The results of a two-way ANOVA are presented in the figure inserts. Data
are expressed as mean = SD (n = 7 and 5 for WF and Wistar lean rats, respectively)

As mentioned above, plasma BCAA levels were particularly
decreased among AAs by SCO-792 in WF rats. The relationships
between metabolic diseases and BCAAs have been extensively

investigated. For instance, a relationship between BCAAs and insulin

sensitivity has been suggested; thus, obese people showed higher

plasma BCAA levels than healthy subjects, and the levels were



SUGAMA ET AL.

WILEY_L_*

correlated with insulin resistance.®®> Additionally, protein ingestion
induces muscular insulin resistance in humans.®® Therefore, plasma
BCAA reduction caused by the administration of SCO-792 may
improve insulin resistance and ameliorate the diabetic phenotype in
WEF rats. This is consistent with previous study results in diabetic mice
which indicate that SCO-792 increased insulin sensitivity (mainly in
the muscle) in a hyperinsulinaemic-euglycaemic clamp study.!®> More-
over, the decreased AA levels by SCO-792 may be involved in plasma
glucagon reduction via a mutual feedback cycle between glucagon
and AAs.%” Interestingly, the potent improvement in diabetic variables
was observed even at the dose that had only minor effects on body
weight in the 2-week repeated dosing study of SCO-792. This indi-
cates AA-dependent mechanisms including the improvement in insulin
resistance and the reduction in plasma glucagon levels are likely to be
involved in the anti-diabetic effect of SCO-792 besides the body
weight reduction-dependent action.

The main limitation of the present study is that the effect of
SCO-792 on the late phase of DKD was not evaluated. WF rats
showed albuminuria with elevated GFR, a disease condition rep-
resenting a relatively early phase of DKD. To address this limitation,
other CKD models presenting a progressive decline in GFR would be
required for the evaluation of long-term renal outcome following
SCO-792 treatment. Recently, the gut-kidney axis has become one
of the topics of interest, and the association of gut microbiota and
its metabolites with kidney diseases has been investigated.®® Con-
sidering the physiological role of enteropeptidase, its inhibition may
modulate gut microbiota composition. Therefore, additional analyses
focusing on SCO-792-induced changes in the microbiota are also
needed.

In conclusion, this is the first study to demonstrate that the ent-
eropeptidase inhibitor SCO-792 effectively improves kidney variables
in rat models of DKD. The inhibition of protein breakdown in the gut,
followed by decreased AA absorption, is likely to be a major pathway
for the renoprotective effects of SCO-792, effecting relief of glomeru-
lar hyperfiltration and activation of autophagy in the glomerulus.
Taken together, the results suggest that SCO-792 has potential as a
novel therapeutic option for patients with DKD.
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