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Anagliptin ameliorates albuminuria and
urinary liver-type fatty acid-binding
protein excretion in patients with type 2
diabetes with nephropathy in a glucose-
lowering-independent manner
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Mizue Fuijii," Keizo Kanasaki,"? Makoto Nishizawa,' Atsushi Nakagawa,’

Daisuke Koya'?

ABSTRACT

Objective The objective of this study is to elucidate
the effect of anagliptin on glucose/lipid metabolism
and renoprotection in patients with type 2 diabetic
nephropathy.

Methods Twenty-five patients with type 2 diabetic
nephropathy received anagliptin 200 mg/day for

24 weeks, and 20 patients who were switched to
anagliptin from other dipeptidyl peptidase-4 (DPP-

4) inhibitors were analyzed regarding primary and
secondary endpoints. The primary endpoint was
change in hemoglobin A1c (HbA1c) during treatment
with anagliptin. Additionally, we evaluated changes in
lipid data (low-density lipoprotein-cholesterol, high-
density lipoprotein-cholesterol and triglyceride), blood
pressure (BP), urinary albumin to creatinine ratio (VACR),
liver-type fatty acid-binding protein to creatinine ratio
(ULFABP) and renal function (estimated glomerular
filtration rate and serum cystatin C) as secondary
endpoints.

Results After switching to anagliptin from other DPP-
4 inhibitors, the levels of HbA1c in the 20 participants
showed no significant change, 7.5%+1.2% at 24 weeks
compared with 7.3%=0.9% at baseline. The levels

of the log10-transformed UACR were significantly
reduced from 1.95+0.51 mg/g creatinine (Cr) at baseline
to 1.76+0.53 mg/g Cr at 24 weeks after anagliptin
treatment (p<0.01). The percentage change in the
UACR (A%UACR) from baseline to 24 weeks was also
significantly lower by —10.6% (p<0.001). Lipid data,
systolic BP and renal function were not changed during
anagliptin treatment. Additionally, ULFABP in eight
participants, who had >5 pg/g Cr at baseline, was
significantly decreased from baseline (8.5+2.8 pg/g Cr)
to 24 weeks (3.1x1.7 pg/g Cr, p<0.01) after anagliptin
treatment, and the percentage change in the ULFABP
during anagliptin treatment was —58.1% (p<0.001).
Conclusions Anagliptin induced no significant change
in HbA1c, lipid data, systolic BP and renal function.
However, anagliptin reduced the UACR and ULFABP,
although without a corresponding change in HbA1c,
indicating direct action of anagliptin on renoprotection in
patients with type 2 diabetic nephropathy.

Significance of the study

What is already known about this subject?

» Previous clinical reports already exhibit that
dipeptidyl peptidase-4 (DPP-4) inhibitors ameliorate
diabetic nephropathy, such as albuminuria, in a
glucose-lowering effect.

What are the new findings?

» Our current study demonstrates that administration
of anagliptin, which is switched from other DPP-4
inhibitors, in patients with type 2 diabetes with
nephropathy showed that the levels of urinary
albumin to creatinine ratio were significantly reduced
after 24 weeks. However, the levels of hemoglobin
Alc in patients showed no significant change during
the treatment.

» We also found that treatment with anagliptin
significantly decreased urinary liver-type fatty acid-
binding protein excretion after 24 weeks.

How might these results change the focus of

research or clinical practice?

» Anagliptin  may exert beneficial effects for
renoprotection in patients with type 2 diabetes with
nephropathy in a glucose-lowering-independent
manner.

INTRODUCTION

The prevalence of diabetes mellitus has
been increasing worldwide in recent years.
Long-term diabetes results in vascular
changes and dysfunction, and its compli-
cations are the major causes of morbidity
and mortality in patients. Among diabetic
vascular complications, nephropathy is
recognized as a leading cause of end-stage
renal disease (ESRD) and an indepen-
dent risk factor for cardiovascular diseases
(CVD).! The early clinical sign of diabetic
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nephropathy is elevated urinary albumin excretion,
referred to as microalbuminuria, which progresses to
overt proteinuria. Microalbuminuria in patients with
diabetes has been recognized as a useful biomarker
for diagnosing diabetic nephropathy and as a predic-
tive factor for progression to ESRD.? Additionally,
microalbuminuria has been shown to be closely
associated with an increased risk of cardiovascular
morbidity and mortality.”” Therefore, microalbu-
minuria is a biomarker for the diagnosis of diabetic
nephropathy and an important therapeutic target for
improving the prognosis of renal and cardiovascular
risk in patients with diabetes.’ Previous clinical data
also showed that urinary liver-type free fatty acid-
binding protein (L-FABP), which is associated with
renal tubulointerstitial damage and oxidative stress,
may be a predictive marker for renal and cardiovas-
cular prognosis in patients with type 2 diabetes.”®
Multifactorial management, including diet therapy
and glycemic, blood pressure (BP) and lipid control, is
recommended for diabetic nephropathy.” ' Among
the multifactorial treatments, intensive glycemic
control in type 2 diabetes significantly reduced
diabetes-induced microvascular events, mainly as a
consequence of areduction in nephropathy.” However,
intensive glycemic control, accompanied by hypogly-
cemia, is closely related to increased mortality, which
is associated with increased incidence of CVD.'
Therefore, avoiding hypoglycemia is important in the
treatment of patients with diabetes, in particular those
who have diabetic nephropathy, because they are a
high-risk group for CVD. Treatment with dipeptidyl
peptidase-4 (DPP-4) inhibitors, which are oral anti-
diabetic agents, results in improvements in the blood
glucose levels in patients with diabetes following
stimulation of endogenous insulin secretion, inhi-
bition of glucagon release and reduction of gastric
emptying via the enhanced production of incretin
hormones. DPP-4 inhibitors enhance active levels
of glucagon-like peptide-1 (GLP-1) and gastric inhib-
itory polypeptide (GIP) via inhibition of cleaving and
inactivating these incretins by DPP-4 enzyme. DPP-4
inhibitors have become widely accepted in clinical
practice because of their low risk of hypoglycemia.
In addition to the glucose-lowering effect, previous
data from animal and clinical studies demonstrate
that DPP-4 inhibitors, including sitagliptin,'*"®
linagliptin,'”™ alogliptin,”* vildagliptin® ** or
saxagliptin,”” have pleiotropic beneficial effects such
as renoprotection or antiatherogenesis, which are
independent of the glucose-lowering effect. Addition-
ally, anagliptin shows serum lipid-lowering effects,
which have not yet been observed with the other
DPP-4 inhibitors. However, there are not sufficient
clinical data regarding the renoprotective effect of
anagliptin in patients with diabetes. Therefore, the
aim of this study is to investigate the possible effects
of anagliptin on glycemic/lipid control and renal

function, including albuminuria, in patients with type
2 diabetes with nephropathy.

RESEARCH DESIGN AND METHOD

Subjects

A total of 48 participants with type 2 diabetes (30
men and 18 women) were selected for the present
study from outpatients who visited the Department of
Endocrinology and Metabolism at Kanazawa Medical
University Hospital. The entry criteria included (1)
age 220 years old, (2) type 2 diabetes with hemoglobin
Alc (HbAlc) 26.0%, (3) urinary albumin to creati-
nine (Cr) ratio (UACR) =30mg/g Cr in spot urine for
screening of diabetic nephropathy, and (4) treatment
with diet, exercise therapy and oral antidiabetic agents
(glimepiride <2mg/day or gliclazide <40 mg/day or glib-
enclamide <1.25mg/day). The exclusion criteria were
(1) type 1 diabetes, (2) treatment with insulin therapy,
(3) severe diabetic metabolic complications such as keto-
acidosis, (4) severe liver dysfunction, (5) hemodialysis,
(6) severe chronic heart failure, (7) pregnant or nursing
women and those who might be pregnant, and (8) any
patient whom the investigator judged to be inappropriate
for this study. Patients were given detailed explanations of
the study protocol. Informed consent was obtained from
each patient. The study protocol was approved by the
Ethical Committee of Kanazawa Medical University. The
trial was registered with the University Hospital Medical
Information Network (UMIN No 000012802).

Study protocol

The present study was an open-label, prospective study.
At the start of the study, anagliptin 200 mg/day was added
to other oral antidiabetic agents such as sulfonylurea
(SU), metformin, an o-glucosidase inhibitor (o-GI),
pioglitazone and a sodium-glucose cotransporter 2
(SGLT2) inhibitor or, when participants received other
DPP-4 inhibitors, the DPP-4 inhibitor was switched to
anagliptin 200mg/day. In addition, in some cases, the
anagliptin dose was increased to up to 400 mg/day after
12 weeks, if the physician judged glucose control in the
patients to be insufficient. Participants were assessed for
the following parameters before the start of the study, 12
and 24 weeks after the addition of anagliptin or when
switching to anagliptin: No changes were made to the type
and dose of glucose-lowering agents, renin—angiotensin
system (RAS) inhibitors such as ACE inhibitors (ACEIs),
angiotensin receptor II blockers (ARBs) or spironolac-
tone during the study period. These agents had been
prescribed for at least 3 months before the study.

After performing a screening of UACR =30mg/g
Cr in spot urine, diabetic nephropathy was finally
diagnosed by an UACR =30mg/g Cr in the first urine
in the early morning. The primary endpoint of the
study was change in HbAlc during the treatment with
anagliptin. Additionally, we evaluated the changes in
lipid data (low-density lipoprotein-cholesterol (LDL-C),
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Enrolled (n=48)
Type 2 diabetic patients
HbA1c>6.0%

UACR=30mg/gCr (Screening by spot urine sample in out-clinic)

Exclude (n=23)
UACR<<30mg/gCr

(1st urine in early-morning) (n=16)
Other reasons (n=7)

Analyzed (n=25)

UACR=30mg/gCr (1st urine in early-morning)

Study Protocol

Type 2 diabetic patients

Addition of Anagliptin (n=5)

HbA1c>6.0%
UACR=30mg/gCr

Start

12w 24w

(1st urine in
early-morning)

Figure 1

Switching to Anagliptin from other DPP4 inhibitors
(n=20)

Patient disposition and study protocol. The 25 participants showed 30 mg/g creatinine (Cr) in the urinary albumin to

Cr ratio (UACR) in the first urine in the early morning and were diagnosed with diabetic nephropathy. They received anagliptin
as an additional treatment (n=5) or were switched from other dipeptidyl peptidase-4 (DPP-4) inhibitors (n=20), and were
evaluated at the start of the study and after 12 and 24 weeks. HbA1c, hemoglobin A1c.

high-density lipoprotein-cholesterol ~(HDL-C) and
triglyceride (TG) levels), UACR and urinary L-FABP
excretion as secondary endpoints.

Measurements

Blood samples were collected in the morning after an
overnight fast. First urine in the early morning sample
was collected at the home of participants, and urine
was carried in a cooling box to the hospital. HbAlc was
measured using an automated analyzer, HLC-723 GI11
(TOSHO, Tokyo, Japan). Serum LDL-C and HDL-C levels
were measured using enzymatic methods (Qualigent
HDL-C and Qualigent LDL-C, Sekisui Medical, Tokyo,
Japan). Serum TG levels were measured using enzymatic
assays (Kyowa Medex, Tokyo, Japan). Urinary albumin
was measured by immunonephelometry using a kit from
NITTOBO MEDICAL (Tokyo, Japan). Because of their
skewed distribution, the UACR data were loglO-trans-
formed before analysis. The results of the analysis were
back-transformed to obtain geometric means of the
UACR of the 24-week value to the baseline value; the

values then were expressed as percentage change in
the adjusted geometric mean of the UACR ratios of the
24-week value to the baseline value. Serum and urinary Cr
were measured using enzymatic assays (Sekisui Medical),
and the estimated glomerular filtration rate (eGFR)
was calculated as 194xserum creatinine "**xage ***’ in
men and as 194xserum creatinine " *"*xage "**"x0.739
in women.”® Urinary L-FABP was measured by a chemi-
luminescent enzyme immunoassay, using a Lumipulse
L-FABP assay (Fujirebio, Tokyo, Japan), and urinary
L-FABP excretion was expressed as the urinary L-FABP to
Cr ratio. Serum cystatin C was measured by Latex immu-
noturbidimetric methods (LSI Medience, Tokyo, Japan).

Statistical analysis

Statistical analyses were performed with a StatView
V.5 system (Abacus Concepts, Berkeley, California,
USA) for Windows. All values are summarized as the
mean and SD unless otherwise indicated. Differences
in the percentage change in the UACR and urinary
L-FABP before and after administration of anagliptin
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Table 1 Baseline clinical and biochemical characteristics

n 20 (Switch) 5 (Addition)
Male:female 15:5 3:2

Age (years) 67.6+9.0 71.2+4.6
BMI (kg/m?) 25.1+4.0 26.6+3.3
BP (mm Hg) 130.9+£12.3/71.8£10.8 145.4+18.5/73.0+6.8
HbA1c (%) 7.3£0.9 7.8+0.9
FPG (mg/dL) 153.7+38.5 182.8+80.5
LDL-C (mg/dL) 91.5+25.4 104.2+£17.6
HDL-C (mg/dL) 50.2+13.9 46.8+11.0
TG (mg/dL) 165.6+98.7 123.2+46.6
ALT (IU/L) 20.3+9.8 21.0+6.4
UA (mg/dL) 5.5+1.3 4.6+1.3
eGFR (mL/min/1.73m? 74.0+18.4 66.3+23.9
eGFR>90(mL/min/1.73m?), n (%) 5 (25) 1 (20)

eGFR 60-90 (mL/min/1.73m?), n (%) 10 (50) 2 (40)

eGFR 30-60 (mL/min/1.73m?), n (%) 5 (25) 2 (40)
Cystatin C (mg/dL) 0.95+0.23 0.98+0.35
UACR (mg/g Cr) 206.4+343.9 172.3£139.4
UACR 30-300 (mg/g Cr), n (%) 16 (80) 4 (80)
UACR>300 (mg/g Cr), n (%) 4 (20) 1 (20)
UACR (log) (mg/g Cr) 1.95+0.51 1.99+0.38
ULFABP>5.0 (ug/g Cr), n (%) 8 (40) 3 (60)
ULFABP (ug/g Cr) 8.5+2.8 6.4+0.95
Duration of diabetes (years) 15.1+7.6 12.4+4.8

Data are the mean=SD, or n (%).

ALT, alanine transaminase; BMI, body mass index; BP, blood pressure; Cr, creatinine; eGFR, estimated glomerular filtration rate; FPG, fasting
plasma glucose; Hb1Ac, hemoglobin A1c; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG,
triglyceride; UA, uric acid; UACR, urinary albumin to creatinine ratio; ULFABP, urinary liver-type fatty acid-binding protein to creatinine ratio.

were assessed by a paired t-test. A Wilcoxon signed-rank
test was performed as appropriate for comparison of
the two groups. The unpaired t-test was performed as
comparison of the two groups on HbAlc, lipid data,
BP, body mass index (BMI) and renal function. The
correlation of two variables was analyzed by single
linear regression analysis. Statistical significance was
defined as p<0.05.

RESULTS

Patient disposition is shown in figure 1. Initially, 48
subjects who exhibited albuminuria of more than
30mg/g Cr in spot urine were enrolled in this study.
However, seven subjects were excluded for several
reasons, which were diarrhea (n=2), elevation of BP
(n=1), colon diverticulitis (n=1), worsening of depres-
sion (n=1), increased drowsiness (n=1) and withdrawal
of consent before the beginning of treatment with
anagliptin (n=1). Furthermore, 16 subjects were also
excluded because their albuminuria was less than
30mg/g Cr in the early-morning first urine. Therefore,
we evaluated 25 subjects for the analysis of diabetic

nephropathy in this study. Of 25 subjects, 20 subjects
were switched to anagliptin from other DPP-4 inhib-
itors, and in 5 subjects anagliptin was additionally
administered.

Baseline clinical and biochemical characteristics
in two groups (shown as a group of switch (n=20)
and a group of addition (n=5)), as well as concomi-
tant background therapies, are shown in tables 1 and
2. The mean age was 67.6£9.0and 71.2+4.6 years old,
men:women=15:5 and 3:2, baseline BMI of the study
population was 25.1+4.0 kg/m®and 26.6+3.3 kg/m?, and
the duration of diabetes was 15.1+7.6 and 12.4+4.8 years,
respectively, in the two groups. Baseline HbAlc levels
were 7.3%+0.9% and 7.8%+0.9%, and fasting glucose
levels were 153.7+38.5mg/dL and 182.8+80.5mg/dL.
Lipid data were 91.5+25.4 mg/dLand 104.2+17.6 mg/
dL for LDL-C, 50.2+13.9mg/dL and 46.8+11.0mg/dL
for HDL-C, and 165.6+98.7 mg/dL and 123.2+46.6 mg/
dL for TG, respectively. Alanine aminotransferase
levels were 20.3+9.8 IU/Land 21.0+6.4IU/L, and
uric acid levels were 5.5+1.3 mg/dLand 4.6+1.3mg/
dL, respectively. The median eGFR and serum cystatin
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Table 2 Baseline background therapies for diabetes,
hypertension and dyslipidemia

Antidiabetic background 20 (100) 5 (100)
therapy at baseline, n (%) (Switch) (Addition)
Metformin, n (%) 15 (75) 5 (100)
SUs, n (%) 11 (55) 2 (40)
DPP-4 inhibitors, n (%) 20 (100) -
Sitagliptin, n (%) 7 (35) -
Teneligliptin, n (%) 5 (25) -
Alogliptin, n (%) 3(15) -
Vildagliptin, n (%) 3 (15) -
Linagliptin, n (%) 2 (10) -
o-Gls, n (%) 4 (20) 0
Pioglitazone, n (%) 2 (10) 0
SGLT?2 inhibitors, n (%) 1(5) 0
Antihypertensive background
therapy at baseline, n (%) 15 (75) 3 (60)
RAS inhibitors, n (%) 13 (87) 2 (67)
ACEls, n 4 0
ARBs, n 9 2
ACEI+ARB, n 1 0
Spironolactone, n 2 0
Ca antagonists, n (%) 11 (73) 3 (60)
Diuretics, n (%) 0 (0) 1 (20)
B blockers, n (%) 1(7) 1(20)
o-Methyldopa, n (%) 2(13) 0
Lipid-lowering background
therapy, n (%) 14 (70) 2 (40)
Statins, n (%) 12 (85) 2 (40)
Fibrate, n (%) 2 (14) 0
Ezetimibe, n (%) 1(0.7) 0

a-Gl, a-glucosidase inhibitor; ACEI, ACE inhibitor; ARB,
angiotensin Il receptor blocker; DPP-4, dipeptidyl peptidase-4;
RAS, renin—angiotensin system; SGLT2, sodium-glucose
cotransporter 2; SU, sulfonylurea.

C at baseline were 74.0+18.4 mL/min/1.73 m%and
66.3+23.9mL/min/1.73m? and 0.95+0.23 mg/dLand
0.98+0.35mg/dL, and the UACR values at baseline
were 206.4£343.9 mg/g Crand 172.3+139.4mg/g Cr,
respectively. We assessed urinary L-FABP excretion in
the participants showing more than 5pg/g Cr at base-
line, and the median urinary L-FABP excretion was
8.5+2.8and 6.4+0.95ng/g Cr, respectively. At entry of
study, in each of the two groups, 80% of the partici-
pants had microalbuminuria, and macroalbuminuria
was noted in 20% of the individuals. All participants
received oral antidiabetic agents including SU (55%
and 40%), metformin (75% and 100%), an o-GI (20%
and 0%), pioglitazone (10% and 0%) and an SGLT2
inhibitor (5% and 0%) at baseline. Twenty participants
received a DPP-4 inhibitor, which includes sitagliptin

(n=7, 35%), teneligliptin (n=5, 25%), alogliptin (n=3,
15%), vildagliptin (n=3, 15%) and linagliptin (n=2,
10%). Fifteen participants (75%) in the group of switch
(n=20) received antihypertensive therapy at baseline.
Of the 15 participants, 13 participants (87%) received
RAS inhibitors such as ACEIs (n=4), ARBs (n=9) or
spironolactone (n=2) at baseline, with two participants
receiving dual RAS blockade, using ACEI and ARBs, or
ARBs and spironolactone. Fourteen participants (70%)
in the group of switch were treated with lipid-lowering
therapy. Of the 14 participants, 12 participants received
statins (85%).

In a group with additional treatment with anagliptin
(n=5, including one participant with anagliptin dose of
up to 400mg/day after 12 weeks), HbAlc was signifi-
cantly decreased at 12 and 24 weeks (6.9%=0.5%, p<0.01
and 6.7%+0.3%, p<0.05) from baseline (7.8%=0.9%),
respectively (see online supplementary figure 1A).
The UACR from baseline to 12 or 24 weeks was not
significantly decreased in this group, but there was a
tendency toward reduction (see online supplementary
figure 1B,C). However, a single linear regression anal-
ysis between A%UACR and AHbAlc at 24 weeks showed
significant correlation (r=0.904, p=0.035) (see online
supplementary figure 1D). However, since the number
of participants who received additional treatment with
anagliptin was small (n=5) in this study, limited conclu-
sions can be drawn. Therefore, we excluded five patients
who received additional treatment with anagliptin, and
analyzed 20 subjects who were switched to anagliptin
from other DPP-4 inhibitors for evaluating the effect of
anagliptin on glycemic control, lipid data and diabetic
nephropathy in this study.

After treatment with anagliptin switching from other
DPP-4 inhibitors (n=20), HbAlc was not significantly
changed, 7.4%+1.1% at 12 weeks and 7.5%+1.2% at 24
weeks, compared with baseline HbAlc (7.3%=0.9%)
(figure 2A). The UACR (log) was significantly
reduced after 24 weeks of treatment with anagliptin
(1.76+0.53 mg/ g Cr, p<0.01), compared with that at base-
line (1.95+0.51mg/g Cr) (figure 2B). The percentage
change in UACR (A%UACR) from baseline to 12 or
24 weeks was also significantly lower by -8.8% at 12
weeks (p<0.001) and by -10.6% at 24 weeks (p<0.001)
(figure 2C). The significant reduction in the UACR
induced by anagliptin might be due to switching from
sitagliptin, alogliptin and teneligliptin. By contrast,
switching from vildagliptin and linagliptin to anagliptin
seemed to show no effect on urinary albumin excretion
(figure 2D). Lipid data including LDL-C, HDL-C and
TG were not changed during treatment with anagliptin
(figure 3A-C). We also found no significant change in
systolic BP during treatment with anagliptin (figure 3D),
and the reduction of A%UACR from baseline to 12 or
24 weeks was independent of receiving RAS inhibitors
(figure 3E,F). BMI showed no significant change after
12 and 24 weeks of treatment with anagliptin compared
with that at baseline (figure 3G). Renal function, which
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Figure 2 (A) Hemoglobin A1c (HbA1c) values at baseline and after treatment with anagliptin in 20 participants at 12 and
24 weeks. (B) Urinary albumin to creatinine ratio (UACR) (log) values in 20 participants at baseline and after treatment with
anagliptin at 24 weeks. p<0.01 versus baseline. (C) Percentage change in the UACR in 20 participants from baseline to

after treatment with anagliptin at 12 and 24 weeks. p<0.001 versus baseline. (D) Change in the UACR after switching from
sitagliptin, alogliptin, vildagliptin, teneligliptin or linagliptin to anagliptin. p<0.05 versus baseline. Error bars represent SD. n.s,

denotes not significant.

was evaluated by measurement of eGFR and serum
cystatin C levels, showed no significant change during
anagliptin treatment (figure 3H,I). Furthermore, we
assessed urinary L-FABP excretion. We analyzed eight
participants who had more than 5pg/g Cr of urinary
L-FABP excretion at baseline in switching to anagliptin
treatment group. Urinary L-FABP excretion was signifi-
cantly decreased from baseline (8.5+2.8pg/g Cr) to 24
weeks (3.1+1.7pg/g Cr, p<0.01) after treatment with
anagliptin (figure 4A), and the percentage change in
urinary L-FABP excretion (A%ULFABP (L-FABP to
creatinine ratio)) during treatment with anagliptin was
-58.1% (p<0.001) (figure 4B).

The single linear regression analysis between A%UACR
and age, duration of diabetes, AHbAIc, ALDL-C, Asystolic
BP or ABMI for 24 weeks, and HbAlc, UACR, BMI and
eGFR at baseline, did not show significant correlation
(table 3). In addition, there was no relationship between
A%ULFABP and AHDbAlc after 24 weeks, which was

evaluated by a single linear regression analysis (r=0.547,
95% CI -0.270 to 1.48, p=0.165).

DISCUSSION

The present study showed that the administration of
anagliptin for 24 weeks significantly decreased the UACR
from the baseline in a glucose-independent, lipid-in-
dependent and BP-independent manner. In addition,
treatment with anagliptin significantly reduced the levels
of urinary L-FABP excretion in the participants, who
had more than 5pg/g Cr at baseline, independent of
the change in HbAlc. This is the first report showing a
renoprotective effect of anagliptin on patients with type
2 diabetes with nephropathy.

DPP-4 is an enzyme that cleaves and inactivates incretin
hormones capable of stimulating insulin secretion from
pancreatic 8 cells. DPP-4 inhibitors are now widely used
for the treatment of type 2 diabetes. Previous reports
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Figure 3 (A) Low-density lipoprotein-cholesterol (LDL-C) values at baseline and after treatment with anagliptin in 20
participants at 12 and 24 weeks. (B) High-density lipoprotein-cholesterol (HDL-C) values at baseline and after treatment with
anagliptin in 20 participants at 12 and 24 weeks. (C) Triglyceride (TG) values at baseline and after treatment with anagliptin in
20 participants at 12 and 24 weeks. Error bars represent SD. n.s denotes not significant.

have shown that currently available DPP-4 inhibitors,
including anagliptin, exert a glucose-lowering effect in
patients with diabetes,” and there is no significant differ-
ence in their glucose-lowering efficacy. Our data also
demonstrated that HbAlc was significantly decreased
at 12 weeks and 24 weeks from baseline levels by addi-
tional treatment with anagliptin. However, switching to
anagliptin from other DPP-4 inhibitors such as sitagliptin,
alogliptin, vildagliptin, linagliptin or teneligliptin exhib-
ited no significant change in HbAlc levels after 12 and 24
weeks of treatment with anagliptin in 20 participants. In
addition to the glucose-lowering effect, previous reports
have shown that anagliptin has a lipid-lowering effect,
decreasing the plasma total cholesterol, LDL-C and TG
levels, which was indicated by pooled analysis of phase III
clinical trials.”’ However, in this study, administration of
anagliptin showed no change in lipid data after both 12
and 24 weeks of treatment. Although 70% of participants
received lipid-lowering drugs, including statins, fibrate or
ezetimibe, anagliptin did not show lipid-lowering effects,

independent of receiving lipid-lowering drugs or not
receiving them. It is unclear why anagliptin exhibited no
lipid-lowering effects in this study.

Previous clinical studies have shown a beneficial effect
of DPP-4 inhibitors in diabetic nephropathy. Sitagliptin
reduced albuminuria in several uncontrolled trials and
a small randomized controlled trial, and the reduc-
tion of albuminuria was independent of the decrease
n HbAl(:,14 7 and correlated with decreases in both
systolic BP and eGFR.”" Groop et al,”® in a pooled analysis
of four studies, demonstrated that treatment with lina-
gliptin in addition to RAS inhibitors reduced UACR by
32% and by 6% compared with placebo, and the efficacy
of linagliptin was unaffected by baseline HbAlc levels
or systolic BP, changing of HbAlc or systolic BP during
the treatment with linagliptin. Therefore, the effect of
linagliptin on the reduction of albuminuria was exerted
in a glucose-independent and BP-independent manner.
Tani et al’ also evaluated the effects of vildagliptin on
atherogenic LDL-C heterogeneity and albuminuria in
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Figure 3 (D) Systolic blood pressure (BP) values at baseline and after treatment with anagliptin in 20 participants at 12

and 24 weeks. . (E) Percentage change in the urinary albumin to creatinine ratio (UACR) in 13 participants who received
renin—angiotensin system (RAS) inhibitors from baseline to after treatment with anagliptin at 12 and 24 weeks. p<0.05 versus
baseline. (F) Percentage change in the UACR in 7 participants who did not receive RAS inhibitors from baseline to after
treatment with anagliptin at 12 and 24 weeks. p<0.05 versus baseline. Error bars represent SD. n.s denotes not significant.

subjects with diabetes. The UACR decreased significantly
by ~45% after 8 weeks of treatment with vildagliptin, and
reduction of UACR by vildagliptin was correlated with
change in HbAlc, lipid data, systolic BP and eGFR. Thus,
clinically, DPP-4 inhibitors may improve albuminuria and
may have a renoprotective effect; however, further study
is necessary to identify whether long-term treatment with
several DPP-4 inhibitors in patients with diabetes may
maintain renal function as well as reduction of albumin-
uria.

There are few reports regarding comparative data
among DPP-4 inhibitors on the renoprotective effect,
including reduction of albuminuria. Fujita et al
reported that in a crossover study with two DPP-4 inhib-
itors, sitagliptin and alogliptin, in patients with type 2
diabetes who have microalbuminuria and take ARBs,
switching from sitagliptin to alogliptin reduced UACR

in a glucose-lowering-independent manner. Switching to
alogliptin from sitagliptin significantly reduced urinary
8-hydroxy-2’-deoxyguanosine  (8-OHdG)  excretion,
and increased the plasma levels of stromal cell-derived
factor-1o. (SDF-1at), which is one of the substrates of
DPP-4. Therefore, alogliptin might be more effective
in the reduction of albuminuria compared with sita-
gliptin. However, the detailed mechanism is still unclear.
In our study, the A%UACR from baseline to 12 or 24
weeks after anagliptin treatment was significantly lower,
in a glucose-independent, lipid-independent, BP-inde-
pendent or use of RAS inhibitors-independent manner.
The reduction in the UACR induced by anagliptin might
be observed by switching from sitagliptin, alogliptin and
teneligliptin. By contrast, switching from vildagliptin
and linagliptin to anagliptin seemed to show no effect
on urinary albumin excretion, but the sample number
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Figure 3 (G) Body mass index (BMI) values at baseline and after treatment with anagliptin in 20 participants at 12 and 24
weeks. (H) Estimated glomerular filtration rate (€GFR) at baseline and after treatment with anagliptin in 20 participants at
12 and 24 weeks. (I) Serum cystatin C values at baseline and after treatment with anagliptin in 20 participants at 12 and 24

weeks. Error bars represent SD. n.s denotes not significant.

was very small. What is the difference in the effect of
reduction of the UACR among each of the DPP-4 inhib-
itors? Previously, we reported that linagliptin, but not
sitagliptin, inhibits the homodimer formation of DPP-4,
which is related to DPP-4 activation, in cultured endothe-
lial cells,” and this difference may be one of the reasons
why the two drugs display different properties. DPP-4
is widely expressed in many cell types, including renal
endothelial cells and epithelial tubular cells; therefore,
different DPP-4 inhibitors may exhibit diverse biolog-
ical influences depending on the cell type. However, it
is unclear whether anagliptin can inhibit the homod-
imer formation of DPP-4, similar to linagliptin. In
addition, differences in the binding modes in the active
site of DPP-4 and the form of binding may contribute
to the different effects exhibited by DPP-4 inhibitors. A
previous report analyzing the single-crystal structure and
enzyme interactions showed that the interacting subsites
of anagliptin with DPP-4 are the S1, S2 and S2 extensive
subsites, and anagliptin is included in class 3 according to

the categorization by Nabeno et al.” This binding mode
of anagliptin leads to high and selective DPP-4 inhibi-
tion. Furthermore, anagliptin binds to Ser630 of DPP-4,
which is a catalytic residue and a center of its activation in
the S1 subsite, through a dipole interaction of the cyan-
opyrrolidine structure, and anagliptin may possibly lead
to the formation of the imidate intermediates through
covalent binding to DPP-4.”* Vildagliptin also binds to
DPP-4 through covalent binding, which is thought to
be a strong binding form.” Therefore, inhibition of
DPP-4 activity due to strength of binding to DPP-4 may
be related to the renoprotective effect of anagliptin. In
addition, anagliptin is taken twice a day, and therefore
the peak of inhibition of DPP-4 activity occurs twice a day,
which can lead to strong suppression of DPP-4 activity in
the kidney, compared with other DPP-4 inhibitors such as
sitagliptin, alogliptin and teneligliptin, which are taken
once a day. Uchino and Kaku™ reported that administra-
tion of anagliptin twice a day exhibited the significantly
increased plasma levels of active GLP-1, particularly
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Figure 4 (A) Urinary L-FABP (ULFABP) values in eight participants who had more than 5pug/g creatinine (Cr) at the start
of the study, at baseline and after treatment with anagliptin at 24 weeks. p<0.01 versus baseline. (B) Percentage change
in UFABP (A%UFABP) in eight participants from baseline to after treatment with anagliptin at 24 weeks. p<0.001 versus

baseline. Error bars represent SD. L-FABP, liver-type fatty acid-binding protein.

Table 3 The single linear regression analysis between
A%UACR and clinical parameters

r 95% ClI p Value

A% UACR

Age (year) -0.180 -0.293t0 0.658 0.447

Duration of diabetes 0.317 -0.147 to 0.804 0.173

(vear)

AHbA1c (%) 0.039 -0.437to00.514 0.871

ASystolic BP -0.292 -0.190t0 0.790 0.226

(mm Hg)

ABMI (kg/m?) -0.002 -0.473t00.477 0.993

ALDL-C (mg/dL) -0.149 -0.325t00.625 0.531

ATG (mg/dL) -0.250 -0.220t0 0.730 0.288

AHDL-C (mg/dL) 0.033 -0.442to0 0.509 0.890

AeGFR (mL/ 0.180 -0.294 to 0.657 0.448

min/1.73m?

HbA1c at baseline -0.219 -0.253 t0 0.698 0.354

(%)

UACR (log) at -0.010 -0.465t00.486 0.965

baseline (mg/g Cr)

BMI at baseline (kg/ -0.323 -0.140t0 0.811 0.164

m?)
eGFR at baseline
(mL/min/1.73m?

-0.305 -0.1611t00.790 0.191

Data are the results of a single linear regression analysis for
variables at 24 weeks.

BP, blood pressure; BMI, body mass index; eGFR, estimated
glomerular filtration rate; HbA1c, hemoglobin A1c; HDL-C, high-
density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-
cholesterol; TG, triglyceride; UACR, urinary albumin to creatinine
ratio.

after dinner, compared with those in the treatment with
sitagliptin once a day, in an open-label, two-period cross-
over study. Thus, differences in the chemical structure,
binding mode of DPP-4 inhibitors and the number of the
peak of inhibition of DPP-4 activity may cause different
effects on renoprotection; however, further studies are
necessary to elucidate differences between anagliptin
and other DPP-4 inhibitors, or whether anagliptin has a
better effect than other DPP-4 inhibitors, particularly sita-
gliptin, alogliptin and teneligliptin, on renoprotection.
Urinary L-FABP is one of the markers for tubulointer-
stitial damage and an oxidative stress marker. Araki et al
reported that urinary L-FABP of more than 5pg/g Cr may
be a predictive marker for renal and cardiovascular prog-
nosis in patients with type 2 diabetes without advanced
nephropathy.” * Therefore, we evaluated the effect of
anagliptin on urinary excretion in patients who had a
urinary L-FABP level of more than 5pg/g Cr. Interest-
ingly, anagliptin clearly decreased the excretion of urinary
L-FABP, which indicates a reduction of tubulointerstitial
damage, tubular hypoxia and oxidative stress. There are
no reports showing a beneficial effect of DPP-4 inhibitors
on urinary L-FABP excretion. However, since we could
not measure the oxidative stress marker such as urinary
8-OHdG excretion, it is unclear whether anagliptin may
provide renal protective effect via stronger antioxidative
action than other DPP-4 inhibitors. Thus, our data indi-
cate that anagliptin may suppress both albuminuria and
urinary L-FABP, which are predictive markers for renal
and cardiovascular prognosis, indicating improvement
of glomerular/tubulointerstitial damage, possibly inhib-
iting the progression of diabetic nephropathy and CVD.
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Experimental studies have suggested a renoprotective
role of DPP-4 inhibitors in various models of chronic
kidney disease (CKD), including diabetic nephropathy,
which may be independent of lowering glucose levels.
The renoprotective effect of DPP-4 inhibitors in diabetic
nephropathy may be exerted through an increase in
active GLP-1 or through the inhibition of DPP-4 itself.
Previous reports show that GLP-1 receptor agonists may
prevent disease progression in diabetic nephropathy
through direct effects on the GLP-1 receptor in renal cells
including glomerular endothelial cells and monocytes/
macrophages.” * Higashijima et al’® also demonstrated
that DPP-4 inhibitors, including anagliptin, reduced
macrophage infiltration directly via GLP-1-dependent
signaling in a rat Thy-1 nephritis model. Therefore,
increased GLP-1 induced by DPP-4 inhibition may also
lead to renal protection through the GLP-1 receptor and
its signaling.” By contrast, several reports showed that
the inhibition of DPP-4 ameliorates kidney injury animal
models, including diabetic nephropathy. Tanaka et al’
also demonstrated that linagliptin significantly inhibited
tubulointerstitial injury induced by peritoneal injection
of free fatty acid-bound albumin, such as inflammation,
fibrosis and apoptosis, in mice without altering blood
glucose levels. The anti-inflammatory effect of DPP-4
inhibition in monocytes/macrophages is also associated
with renoprotection. In an apolipoprotein E-deficient
atherosclerotic mice model, not a kidney disease model,
Ervinna et al'' demonstrated that anagliptin exerted
an antiatherosclerotic effect through inhibition of the
inflammatory reaction of monocytes and inhibition
of smooth muscle cell proliferation. Shinjo et al”® also
demonstrated that anagliptin attenuated inflammatory
cytokine expression in lipopolysaccharide-stimulated
macrophage, adipocytes and hepatocytes. The in vitro
suppressive effects on cytokine production in cultured
macrophages by anagliptin suggest the anti-inflamma-
tory effects of these DPP-4 inhibitors to be direct actions
rather than via increased concentrations of incretins such
as GLP-1. Furthermore, they showed that sitagliptin also
exerted anti-inflammation, as well as that of anagliptin;
however, the effect of sitagliptin is weaker than that of
anagliptin. The treatment with anagliptin and sitagliptin
resulted in similar inhibitory effects on DPP-4 activity
in the supernatants of both cultured macrophages and
adipocytes, whereas anagliptin more strongly inhibited
DPP-4 activity in both cell lysates than sitagliptin. The
difference in the degrees of anti-inflammatory effects
between anagliptin and sitagliptin may be explained
by different inhibitory efficiencies against DPP-4 in cell
lysates (cell surface DPP-4) and supernatants (soluble
form of DPP-4). Oxidative stress also plays a crucial role
for the pathogenesis of diabetic nephropathy. Mega et al'’
showed that sitagliptin ameliorated diabetic nephrop-
athy in Zucker diabetic fatty rat, accompanied by reduced
lipid peroxidation. Furthermore, teneligliptin works as a
direct scavenger of hydroxyl radicals, resulting in reduc-
tion of oxidative stress."* There are few reports regarding

the renoprotective effect of anagliptin in both exper-
imental animal models and in human data. Therefore,
further study is necessary to evaluate these points.

There were several limitations in our study design. It was
a non-controlled observational study that occurred over
a short time period, and the number of participants was
small. DPP-4 cleavesalotofsubstrates (peptides) including
GLP-1, GIP, SDF-10, brain natriuretic peptide (BNP)
and so on. Although we could not show the changes in
the levels of these peptides following anagliptin treat-
ment, these changes may be involved in renal protection
observed in this study. In addition, we could not evaluate
oxidative stress or inflammation to assess the mechanism
of the beneficial effect on the diabetic kidney. Therefore,
the mechanism by which anagliptin reduced the UACR
and urinary L-FABP excretion in a glucose-lowering inde-
pendent manner is unclear. Further study is necessary to
elucidate these points.

In conclusion, in the present study of just 24 weeks’
duration, anagliptin caused a decrease in the UACR and
urinary L-FABP, which are prognostic markers for CKD
and CVD, and the decrease was independent of any
change in HbAlc. Therefore, anagliptin may have poten-
tial for halting the progression of diabetic nephropathy
and the development of CVD through a renoprotective
effect.

Acknowledgments We thank Yuka Kuroshima, Erii Hayashi and Yuka Udagawa,
who are clinical research coordinators, and all the staff in the Department of

Endocrinology and Metabolism of Kanazawa Medical University Hospital for their
great assistance in this study.

Contributors MK and DK designed the study, researched and analyzed the data
and wrote and edited the manuscript. KK, ST, MF, MN and AN contributed to the
research and the collection of data. KK contributed to the discussion. DK is the
guarantor of this work.

Funding This work was financially supported by a grant from the Kidney
Foundation, Japan to DK.

Competing interests Boehringer Ingelheim, Mitsubishi Tanabe Pharma, Kyowa
Hakko Kirin, Taisho Toyama Pharmaceutical and Ono Pharmaceutical contributed
to establishing the Division of Anticipatory Molecular Food Science and Technology.
The authors declare that there are no conflicts of interest associated with this
manuscript.

Patient consent Obtained.

Ethics approval Kanazawa Medical University.
Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits
others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES
1. Adler Al, Stevens RJ, Manley SE, et al. Development and
progression of nephropathy in type 2 diabetes: the United Kingdom
Prospective Diabetes Study (UKPDS 64). Kidney Int 2003;63:225-32.
2. Kitada M, Kanasaki K, Koya D. Clinical therapeutic strategies
for early stage of diabetic kidney disease. World J Diabetes
2014;5:342-56.

BMJ Open Diab Res Care 2017;5:¢000391. doi:10.1136/bmjdrc-2017-000391

11


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1046/j.1523-1755.2003.00712.x
http://dx.doi.org/10.4239/wjd.v5.i3.342

Pathophysiology/Complications

3. Garg JP, Bakris GL. Microalbuminuria: marker of vascular 25. Liu WJ, Xie SH, Liu YN, et al. Dipeptidyl peptidase IV inhibitor
dysfunction, risk factor for cardiovascular disease. Vasc Med attenuates kidney injury in streptozotocin-induced diabetic rats. J
2002;7:35-43. Pharmacol Exp Ther 2012;340:248-55.

4. Basi S, Lewis JB. Microalbuminuria as a target to improve 26. Tani S, Nagao K, Hirayama A. Association between urinary albumin
cardiovascular and renal outcomes. Am J Kidney Dis excretion and low-density lipoprotein heterogeneity following
2006;47:927-46. treatment of type 2 diabetes patients with the dipeptidyl peptidase-4

5. Ninomiya T, Perkovic V, de Galan BE, et al. Albuminuria and kidney inhibitor, vildagliptin: a pilot study. Am J Cardiovasc Drugs
function independently predict cardiovascular and renal outcomes in 2013;13:443-50.
diabetes. J Am Soc Nephrol 2009;20:1813-21. 27. Mosenzon O, Leibowitz G, Bhatt DL, et al. Effect of saxagliptin

6. Araki S, Haneda M, Koya D, et al. Reduction in Microalbuminuria as on renal outcomes in the SAVOR-TIMI 53 trial. Diabetes Care
an integrated Indicator for renal and cardiovascular risk reduction in 2017;40:69-76.
patients with type 2 diabetes. Diabetes 2007;56:1727-30. 28. Matsuo S, Imai E, Horio M, et al. Revised equations for

7. Kamijo-lkemori A, Sugaya T, Yasuda T, et al. Clinical significance of estimated GFR from serum creatinine in Japan. Am J Kidney Dis
urinary liver-type fatty acid-binding protein in diabetic nephropathy 2009;53:982-92.
of type 2 diabetic patients. Diabetes Care 2011;34:691-6. 29. Chen XW, He ZX, Zhou ZW, et al. Clinical pharmacology of dipeptidyl

8. Araki S, Haneda M, Koya D, et al. Predictive effects of urinary peptidase 4 inhibitors indicated for the treatment of type 2 diabetes
liver-type fatty acid-binding protein for deteriorating renal function mellitus. Clin Exp Pharmacol Physiol 2015;42:999-1024.
and incidence of cardiovascular disease in type 2 diabetic patients 30. Nishio S, Abe M, Ito H. Anagliptin in the treatment of type 2
without advanced nephropathy. Diabetes Care 2013;36:1248-53. diabetes: safety, efficacy, and patient acceptability. Diabetes Metab

9. Gaede P, Vedel P, Larsen N, et al. Multifactorial intervention and Syndr Obes 2015;8:163-71.
cardiovascular disease in patients with type 2 diabetes. N Engl J 31. Kawasaki |, Hiura Y, Tamai A, et al. Sitagliptin reduces the urine
Med 2003;348:383-93. albumin-to-creatinine ratio in type 2 diabetes through decreasing

10. Gaede P, Lund-Andersen H, Parving HH, et al. Effect of a both blood pressure and estimated glomerular filtration rate. J
multifactorial intervention on mortality in type 2 diabetes. N Engl J Diabetes 2015;7:41-6.

Med 2008;358:580-91. 32. Shi S, Kanasaki K, Koya D. Linagliptin but not sitagliptin inhibited

11. Gerstein HC, Miller ME, Byington RP, et al. Effects of transforming growth factor-f2-induced endothelial DPP-4 activity
intensive glucose lowering in type 2 diabetes. N Engl J Med and the endothelial-mesenchymal transition. Biochem Biophys Res
2008;358:2545-59. Commun 2016;471:184-90.

12. Goto A, Arah OA, Goto M, et al. Severe hypoglycaemia and 33. Nabeno M, Akahoshi F, Kishida H, et al. A comparative study
cardiovascular disease: systematic review and meta-analysis with of the binding modes of recently launched dipeptidyl peptidase
Bias analysis. BMJ 2013;347:f4533. IV inhibitors in the active site. Biochem Biophys Res Commun

13. Mega C, Teixeira de Lemos E, Vala H, et al. Diabetic Nephropathy 2013;434:191-6.
amelioration by a Low-Dose sitagliptin in an Animal Model of 34. Watanabe YS, Yasuda Y, Kojima Y, Kanou K, Terashi G, et al.
type 2 Diabetes (Zucker Diabetic Fatty rat). Exp Diabetes Res Anagliptin, a potent dipeptidyl peptidase IV inhibitor: its single-
2011;2011:1-12. crystal structure and enzyme interactions. J Enzyme Inhib Med

14. Mori H, Okada Y, Arao T, et al. Sitagliptin improves albuminuria Chem 2015;30:981-8.
in patients with type 2 diabetes mellitus. J Diabetes Investig 35. Uchino H, Kaku K. A novel dipeptidyl peptidase-4 inhibitor,
2014;5:313-9. anagliptin, improved the daily blood glucose profile. Jap Pharmacol

15. Marques C, Mega C, Gongalves A, et al. Sitagliptin prevents Ther 2012;40:859-69. (Japanase).
inflammation and apoptotic cell death in the kidney of type 2 36. Kodera R, Shikata K, Kataoka HU, et al. Glucagon-like peptide-1
diabetic animals. Mediators Inflamm 2014;2014:1-15. receptor agonist ameliorates renal injury through its anti-

16. Vaghasiya J, Sheth N, Bhalodia Y, et al. Sitagliptin protects renal inflammatory action without lowering blood glucose level in a rat
ischemia reperfusion induced renal damage in diabetes. Regul Pept model of type 1 diabetes. Diabetologia 2011;54:965-78.
2011;166(1-3):48-54. 37. Mima A, Hiraoka-Yamomoto J, Li Q, et al. Protective effects of GLP-

17. Hattori S. Sitagliptin reduces albuminuria in patients with type 2 1 on glomerular endothelium and its inhibition by pkcp activation in
diabetes. Endocr J 2011;58:69-73. diabetes. Diabetes 2012;61:2967-79.

18. Mita T, Katakami N, Shiraiwa T, et al. Sitagliptin attenuates the 38. Higashijima Y, Tanaka T, Yamaguchi J, et al. Anti-inflammatory role
progression of carotid Intima-Media Thickening in Insulin-Treated of DPP-4 inhibitors in a nondiabetic model of glomerular injury. Am J
Patients with type 2 Diabetes: the Sitagliptin Preventive Study Physiol Renal Physiol 2015;308:F878-F887.
of Intima-Media Thickness evaluation (SPIKE): A Randomized 39. Kodera R, Shikata K, Takatsuka T, et al. Dipeptidyl peptidase-4
Controlled Trial. Diabetes Care 2016;39:455-64. inhibitor ameliorates early renal injury through its anti-inflammatory

19. Kanasaki K, Shi S, Kanasaki M, et al. Linagliptin-mediated DPP-4 action in a rat model of type 1 diabetes. Biochem Biophys Res
inhibition ameliorates kidney fibrosis in streptozotocin-induced Commun 2014;443:828-33.
diabetic mice by inhibiting endothelial-to-mesenchymal transition in 40. Tanaka Y, Kume S, Chin-Kanasaki M, et al. Renoprotective effect
a therapeutic regimen. Diabetes 2014;63:2120-31. of DPP-4 inhibitors against free fatty acid-bound albumin-induced

20. Sharkovska Y, Reichetzeder C, Alter M, et al. Blood pressure renal proximal tubular cell injury. Biochem Biophys Res Commun
and glucose independent renoprotective effects of dipeptidyl 2016;470:539-45.
peptidase-4 inhibition in a mouse model of type-2 diabetic 41. Ervinna N, Mita T, Yasunari E, et al. Anagliptin, a DPP-4 inhibitor,
nephropathy. J Hypertens 2014;32:2211-283. discussion 2223. suppresses proliferation of vascular smooth muscles and monocyte

21. Nakashima S, Matsui T, Takeuchi M, et al. Linagliptin blocks renal inflammatory reaction and attenuates atherosclerosis in male apo
damage in type 1 diabetic rats by suppressing advanced glycation E-deficient mice. Endocrinology 2013;154:1260-70.
end products-receptor Axis. Horm Metab Res 2014;46:717-21. 42. Shinjo T, Nakatsu Y, lwashita M, et al. DPP-IV inhibitor anagliptin

22. Alter ML, Ott IM, von Websky K, et al. DPP-4 inhibition on top of exerts anti-inflammatory effects on macrophages, adipocytes,
angiotensin receptor blockade offers a new therapeutic approach for and mouse livers by suppressing NF-«B activation. Am J Physiol
diabetic nephropathy. Kidney Blood Press Res 2012;36:119-30. Endocrinol Metab 2015;309:E214-E223.

23. Groop PH, Cooper ME, Perkovic V, et al. Linagliptin lowers 43. Mega C, de Lemos ET, Vala H, et al. Diabetic nephropathy
albuminuria on top of recommended standard treatment in amelioration by a low-dose sitagliptin in an animal model of
patients with type 2 diabetes and renal dysfunction. Diabetes Care type 2 diabetes (Zucker diabetic fatty rat). Exp Diabetes Res
2013;36:3460-8. 2011;2011:1-12.

24. Fujita H, Taniai H, Murayama H, et al. DPP-4 inhibition with alogliptin 44. Kimura S, Inoguchi T, Yamasaki T, et al. A novel DPP-4 inhibitor
on top of angiotensin Il type 1 receptor blockade ameliorates teneligliptin scavenges hydroxyl radicals: in vitro study evaluated by
albuminuria via up-regulation of SDF-1a in type 2 diabetic patients electron spin resonance spectroscopy and in vivo study using DPP-
with incipient nephropathy. Endocr J 2014;61:159-66. 4 deficient rats. Metabolism 20165;65:138-45;65:138-45. .

12 BMJ Open Diab Res Care 2017;5:6000391. doi:10.1136/bmjdrc-2017-000391


http://dx.doi.org/10.1191/1358863x02vm412ra
http://dx.doi.org/10.1053/j.ajkd.2006.02.182
http://dx.doi.org/10.1681/ASN.2008121270
http://dx.doi.org/10.2337/db06-1646
http://dx.doi.org/10.2337/dc10-1392
http://dx.doi.org/10.2337/dc12-1298
http://dx.doi.org/10.1056/NEJMoa021778
http://dx.doi.org/10.1056/NEJMoa021778
http://dx.doi.org/10.1056/NEJMoa0706245
http://dx.doi.org/10.1056/NEJMoa0706245
http://dx.doi.org/10.1056/NEJMoa0802743
http://dx.doi.org/10.1136/bmj.f4533
http://dx.doi.org/10.1155/2011/162092
http://dx.doi.org/10.1111/jdi.12142
http://dx.doi.org/10.1155/2014/538737
http://dx.doi.org/10.1016/j.regpep.2010.08.007
http://dx.doi.org/10.2337/dc15-2145
http://dx.doi.org/10.2337/db13-1029
http://dx.doi.org/10.1097/HJH.0000000000000328
http://dx.doi.org/10.1055/s-0034-1371892
http://dx.doi.org/10.1159/000341487
http://dx.doi.org/10.2337/dc13-0323
http://dx.doi.org/10.1507/endocrj.EJ13-0305
http://dx.doi.org/10.1124/jpet.111.186866
http://dx.doi.org/10.1124/jpet.111.186866
http://dx.doi.org/10.1007/s40256-013-0043-2
http://dx.doi.org/10.2337/dc16-0621
http://dx.doi.org/10.1053/j.ajkd.2008.12.034
http://dx.doi.org/10.1111/1440-1681.12455
http://dx.doi.org/10.2147/DMSO.S54679
http://dx.doi.org/10.2147/DMSO.S54679
http://dx.doi.org/10.1111/1753-0407.12153
http://dx.doi.org/10.1111/1753-0407.12153
http://dx.doi.org/10.1016/j.bbrc.2016.01.154
http://dx.doi.org/10.1016/j.bbrc.2016.01.154
http://dx.doi.org/10.1016/j.bbrc.2013.03.010
http://dx.doi.org/10.3109/14756366.2014.1002402
http://dx.doi.org/10.3109/14756366.2014.1002402
http://dx.doi.org/10.1007/s00125-010-2028-x
http://dx.doi.org/10.2337/db11-1824
http://dx.doi.org/10.1152/ajprenal.00590.2014
http://dx.doi.org/10.1152/ajprenal.00590.2014
http://dx.doi.org/10.1016/j.bbrc.2013.12.049
http://dx.doi.org/10.1016/j.bbrc.2013.12.049
http://dx.doi.org/10.1016/j.bbrc.2016.01.109
http://dx.doi.org/10.1210/en.2012-1855
http://dx.doi.org/10.1152/ajpendo.00553.2014
http://dx.doi.org/10.1152/ajpendo.00553.2014
http://dx.doi.org/10.1155/2011/162092
http://dx.doi.org/10.1016/j.metabol.2015.10.030

