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ABSTRACT
Aims/Introduction: To establish novel therapies to combat diabetic kidney disease, a
human disease-relevant animal model is essential. However, a type 2 diabetic mouse
model presenting progressive kidney fibrosis has not yet been established. Kidneys of
streptozotocin-induced diabetic CD-1 mice showed severe fibrosis compared with other
backgrounds of mice associated with the suppression of antifibrotic peptide N-acetyl-seryl-
aspartyl-lysyl-proline. The BKS background (BKSdb/db) is often utilized for diabetic kidney dis-
ease research; the kidney fibrosis in the BKSdb/db phenotype is minimal.
Materials and Methods: We generated CD-1db/db mice by backcrossing the db gene
into the CD-1 background, and analyzed phenotypic differences compared with BKSdb/db

and CD-1db/m mice.
Results: Male CD-1db/db mice appeared to have elevated blood glucose levels compared
with those of BKSdb/db mice. Fasting insulin levels declined in CD-1db/db mice. Plasma cys-
tatin C levels tended to be elevated in CD-1db/db mice from 16 to 24 weeks-of-age. Male
CD-1db/db mice showed significantly progressive kidney and heart fibrosis from 16 to
24 weeks-of-age when compared with that of age-matched BKSdb/db mice. The gene
expression profile showed fibrogenic program-associated genes in male CD-1db/db mice.
Male CD-1db/db mice displayed significantly lower urine antifibrotic peptide N-acetyl-seryl-
aspartyl-lysyl-proline when compared to that of BKSdb/db at 24 weeks-of-age. The gene
expression of prolyl oligopeptidase, the enzyme essential for antifibrotic peptide N-acetyl-
seryl-aspartyl-lysyl-proline production from thymosin b4, was significantly lower in the CD-
1 mice. Thymosin b4 levels were also lower in CD-1 mice.
Conclusions: These results suggest that CD-1db/db mice are a novel type 2 diabetic
mouse model with progressive kidney and heart fibrosis.

INTRODUCTION
Diabetic kidney disease (DKD) is the leading cause of kidney
disease that develops into end-stage kidney disease worldwide1.
The critical problems in DKD are not limited to kidney health;
indeed, it is well known that the cardiovascular event risk
appears to be higher in patients with DKD in a linear fashion2.
Especially with the rapid increase in type 2 diabetes, DKD in
patients with type 2 diabetes has become a serious public
health threat around the world3.
To understand the pathogenesis and to establish novel ther-

apy to combat DKD, a human disease-relevant animal model is

essential4. There are many reports that some drugs or mole-
cules ameliorate renal injury in mouse diabetic models, but few
have been applied to human DKD so far. A possible reason
might be that the mouse model used for a long time is not a
phenocopy to human DKD, and in particular does not cause
progressive fibrosis and renal dysfunction. In general, the type 2
diabetic mouse model showed minor kidney phenotypes as
compared with the kidney phenotype in human progressive
DKD4. Kidney fibrosis is the final common pathway of any
kind of progressive kidney disease, including DKD; a type 2
diabetic mouse model presenting progressive kidney fibrosis has
not yet been established. Therefore, to establish a new model of
DKD that causes renal dysfunction with fibrosis and searchingReceived 24 December 2019; revised 28 March 2020; accepted 11 May 2020
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for a molecule that can suppress it should contribute to devel-
oping a novel treatment that can be applied to human DKD
more than ever. Sugimoto et al.5 elegantly showed that on the
induction of diabetes with streptozotocin (STZ), the CD-1
strain of mice showed much stronger kidney fibrosis compared
with that of either 129SV or C57BL6 mice. However, whether
such a fibrotic phenotype in CD-1 mice was also relevant to
type 2 diabetic mice has not yet been established. With regard
to this, spontaneous mutation in the leptin receptor gene in the
CD-1 mouse strain has been reported to be associated with
early death compared with other strains with high susceptibility
to insulin defects6; however, no organ damage or dysfunction,
including kidney phenotypes, was elucidated.
N-acetyl-seryl-aspartyl-lysyl-proline (AcSDKP), an endoge-

nous antifibrotic tetrapeptide, is enzymatically cleaved by pro-
lyl oligopeptidase from the N-terminal sequence of thymosin
b4 (Tb4) and eliminated by angiotensin-converting enzyme7–10.
The present authors and others have reported that AcSDKP
suppresses renal fibrosis by inhibiting the transforming
growth factor-b/Smad signaling pathway11. Compared
with non-diabetic mice, STZ-induced CD-1 diabetic mice
showed suppressed levels of AcSDKP; non-fibrotic diabetic
SV129 mice did not12. Diabetic db/db mice with a BKS
background (BKSdb/db) showed suppressed levels of
AcSDKP compared with that of BKSdb/m13. Furthermore,
we recently reported that in patients with normoalbumin-
uria and type 2 diabetes with estimated glomerular filtra-
tion rate ≥30 mL/min/1.73 m2, urine and plasma AcSDKP
levels predict future preservation of estimated glomerular
filtration rate alterations14. These data showed that
AcSDKP suppression in the CD-1 strain could be relevant
to fibrosis in a type 2 diabetic mouse model.
In this study, we aimed to establish a mouse model of DKD

with strong fibrosis. We found that db/db mice in the CD-1
strain of mice (CD-1db/db) had progressively stronger fibrosis
compared with BKSdb/db mice when evaluating their AcSDKP
metabolism.

METHODS
Animal experiments
The animal experiments were approved by the institutional ani-
mal care and use committee of Kanazawa Medical University
(protocol number: 2017-75 and 2017-78). BKSdb/m mice (ob-
tained from the Jackson Laboratory, Bar Harbor, ME, USA)
were backcrossed into CD-1 mice (obtained from Charles River
Laboratories Japan Inc., Yokomama, Japan) for 12 generations,
and we analyzed 8–11th backcrossed mice for evaluation. For
the strain comparison analysis, we evaluated BKSdb/db (BKS.
Cg-Dock7m +/+Leprdb/J obtained from the Jackson Laboratory),
CD-1db/m and CD-1db/db. Mice were killed at 16 and 24 weeks-
of-age. Before killing the mice, food and water intake, body-
weight, blood glucose level, fasting plasma insulin concen-
tration, plasma cystatin C level, urine albumin-to-creatinine
ratio, and blood pressure were analyzed. Blood pressure was

measured using the tail-cuff method with a BP-98A instrument
(Softron Co., Beijing, China) within 1 week before death.

Mouse genotyping
Deoxyribonucleic acid (DNA) from mice was extracted from
the tail through hydrochloric acid. The db gene could be posi-
tively identified in genomic DNA by amplification with a pair
of primers: forward: 50-AGA ACG GAC ACT CTT TGA AGT
CTC-30 and reverse: 50-CAT TCA AAC CAT AGT TTA GGT
TTG TGT-30. Amplification was carried out with a hot-start
polymerase chain reaction (PCR; 1 9 AB PCR Buffer Ⅱ, in
mmol/L: 2 MgCl2, 0.2 dNTPs, 1 lL genomic DNA and
1 lmol/L of each primer) with 0.6 U Taq DNA polymerase
and 35 cycles (95, 58 and 72°C sequentially at 15 s for each
plateau). After amplification, the PCR product was digested
with Afa I. The digested PCR product was size fractionated on
an agarose gel (3% agarose with 50–800 bp agarose) and visual-
ized by ultraviolet illumination after staining with ethidium
bromide. The wild type (CD-1) produced a 135-bp fragment
that was not cut by restriction enzymes. The homozygote (CD-
1db/db) produced two fragments of 108 and 27 bp, whereas the
heterozygote (CD-1db/m) yielded three fragments of 27, 108 and
135 bp. Male mice had an unknown artifact band of 170 bp in
small yield (Figure S1).

Measurement of fasting plasma insulin concentrations
Mice were fasted for 16 h, and blood samples were collected
for fasting plasma insulin measurement. Insulin concentrations
were measured using an ultrasensitive mouse insulin enzyme-
linked immunosorbent assay (ELISA) kit (Morinaga Institute of
Biological Science, Inc., Yokohama city, Japan).

Measurement of plasma cystatin C levels
Plasma cystatin C levels were estimated using an ELISA kit
(Mouse/Rat Cystatin C Quantikine ELISA Kit; R&D Systems,
Minneapolis, MN, USA).

Measurement of the urine albumin-to-creatinine ratio
The murine-specific urinary albumin level was measured using
a murine microalbuminuria ELISA kit (Albuwell M Test kit;
Exocell, Inc., Philadelphia, PA, USA; Cosmo Bio Co., Ltd,
Tokyo, Japan). The urinary creatinine levels were measured
using a QuantiChromTM Creatinine Assay Kit (BioAssay Sys-
tem, Hayward, CA, USA). We used SoftMax pro 6.4 (Molecu-
lar Devices, LLC., San Jose, CA, USA) to analyze the urinary
albumin and creatinine levels.

Histopathological evaluation
The organs were fixed in 10% formaldehyde and embedded in
paraffin. For Masson’s trichrome staining and picrosirius red
(SR) staining, all tissues were cut into 5-lm thick sections. SR
staining was carried out using a Picrosirius Red Stain Kit
(Cosmo Bio Co., Ltd; Philadelphia, PA, USA). SR-stained 9200
visual areas (eight areas for kidney and heart, and five areas for
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liver) from each mouse were analyzed to calculate the fibrotic
area using ImageJ software (NIH, Bethesda, MD, USA).

AcSDKP measurements
Blood samples were obtained in heparinized tubes containing
captopril (final concentration 10 lmol/L) and centrifuged at
3,000 g for 15 min at 4°C. The plasma was kept in a -80°C
freezer until the following assays were carried out. Plasma and
urine AcSDKP concentrations were estimated using a competi-
tive enzyme immunoassay kit (SPI-BIO, Massy, France) accord-
ing to the manufacturer’s instructions.

Microarray analysis
For microarray analysis, complementary ribonucleic acids were
prepared and applied to a Mouse Gene ST 2.0 microarray
(Affymetrix, High Wycombe, UK) according to the manufac-
turer’s instructions. Genes that were upregulated or downregu-
lated were extracted using the GeneSpring GX software package
version 14.9.1 (Agilent Technologies, Santa Clara, CA, USA).
Ingenuity Pathway Analysis (Ingenuity Systems Inc., Redwood
City, CA, USA) was used to evaluate the gene network.

Western blot analysis
Protein lysates were denatured in a sodium dodecyl sulfate
sample buffer at 100°C for 5 min. After centrifugation
(15,000 g for 10 min at 4°C), the proteins in the supernatants
were separated on sodium dodecyl sulfate-polyacrylamide gels
and blotted onto polyvinylidene difluoride membranes (Pall
Corporation, Pensacola, FL, USA) using the semidry method.
The immunoreactive bands were developed using an enhanced
chemiluminescence detection system (Pierce Biotechnology,
Rockford, IL, USA) and detected using an ImageQuant LAS
400 digital biomolecular imaging system (GE Healthcare Life
Sciences, Uppsala, Sweden).

Statistical analysis
The data are expressed as the mean – standard deviation val-
ues. A one-way ANOVA followed by Tukey’s test was used to
determine the significance of the differences. Statistical signifi-
cance was defined as P < 0.05. GraphPad Prism 8 (GraphPad,
La Jolla, CA, USA) was used for statistical analyses.

RESULTS
Characteristics of mice
First, we evaluated the characteristics of experimental animals.
As compared with control male CD-1db/m mice, male CD-1db/db

mice showed higher blood glucose levels, ate nearly double the
amount of food and drank fourfold more water until 24 weeks-
of-age (Figure 1a,b,d). Male CD-1db/db mice were heavier com-
pared with control male CD-1db/m mice at 12 weeks-of-age;
after then, the bodyweight of CD-1db/db mice fluctuated and
tended to be reduced, and at 16 weeks-of-age, we could not
find any difference between CD-1db/db and CD-1db/m mice (Fig-
ure 1c). As compared with the strain difference between CD-1

and BKS, similarly, male CD-1db/db mice showed higher blood
glucose levels, drank more water and ate more food (Figure 1a,
b,d). The bodyweight of CD1db/db mice was heavier than that
of BKSdb/db until 16 weeks-of-age; at 24 weeks-of-age, body-
weight did not differ between these two strains (Figure 1c).
Kidney weight per bodyweight was heavier in CD-1db/db when
compared with that of either CD-1db/m or BKSdb/db mice (Fig-
ure 1e). Heart weight per bodyweight showed no differences
between male CD1db/db and BKSdb/db mice, but it tended to be
heavier when compared with that of BKSdb/db mice (Figure 1f).
We also evaluated the fasting plasma insulin levels. CD-1db/db

mice showed a significant decline, whereas BKSdb/db showed a
significant increase from 16 to 24 weeks-of-age (Figure 1g).
Both systolic and diastolic blood pressure were similar in CD-
1db/m and CD-1db/db mice (Figure 1h,i). When analyzing the
female mice, the characteristics were similar to the differences
found in the males, even though the bodyweight of female CD-
1db/db mice was consistently heavier than that of either CD-
1db/m or BKSdb/db mice (Figure S2).

Renal function
Unexpectedly, at 16 weeks, CD-1db/db mice showed suppressed
plasma cystatin C levels compared with those of CD-1db/m

mice, and no difference was observed with BKSdb/db mice (Fig-
ure 2a). In CD-1db/db mice, plasma cystatin C levels were ele-
vated from 16 to 24 weeks; such trends were not found in
other mice (Figure 2a). The urine albumin-to-creatinine ratio
was remarkably higher in the CD-1db/db mice than that in the
CD-1db/m or BKSdb/db mice at both 16 and 24 weeks-of-age
(Figure 2b).

Prominent fibrosis in kidney and heart of CD-1db/db mice
Masson trichrome staining and SR staining revealed that CD-
1db/db mice showed prominent accumulation of extracellular
matrix in tubulointerstitial spaces and also in the glomerulus
compared with that of CD-1db/m or BKSdb/db (Figure 3a–c,e–g).
Additionally, glomerular hypertrophy was prominent in CD-
1db/db mice compared with that of CD-1db/m or BKSdb/db mice
(Figure 3d,h). CD-1db/db mice showed significant fibrosis in the
heart, as well as prominent perivascular fibrosis; such fibrotic
areas were not found in other groups (Figure 4a–d). Supporting
this, western blot analysis in the kidney demonstrated that male
CD-1db/db mice showed increased levels of a-smooth muscle
actin compared with levels in either male CD-1db/m or BKSdb/db

mice (Figure S3). Female CD-1db/db mice showed a similar, but
weaker, phenotype of organ fibrosis (Figure S4).

Gene expression profile showed fibrogenic program-
associated genes in CD-1db/db mice
We carried out pathway analysis for altered genes in CD-1db/db

mice compared with those of BKSdb/db by messenger ribonu-
cleic acid array analysis using the kidneys of 16-week-old mice.
As a result, we found that the fibrosis and epithelial–mesenchy-
mal transition program pathways were induced in CD-1db/db
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Figure 1 | Characteristics of experimental animals. (a) Casual blood glucose levels were measured every 4 weeks from 8 weeks-of-age, n = 5–12.
(b) Water intake was measured every 4 weeks from 8 weeks-of-age as the average of 2 days’ intake, n = 5–15. (c) Bodyweight through 24 weeks-
of-age, n = 5–19. (d) Food intake was measured the same way as water intake, n = 5–14. (e–f) Kidney and heart weights relative to bodyweight
(BW) at 24 weeks-of-age. BKSdb/db, n = 6; CD-1db/m, n = 5; and CD-1db/db, n = 10. (g) Fasting plasma insulin levels were measured after 16-h
overnight fasting, n = 3–5 in each group at each week-of-age. (h–i) Blood pressure was measured within 1 week before euthanasia. CD-1db/m,
n = 3; and CD-1db/db, n = 5. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. NS, not significant.
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mice, which suggested a potential role for fibronectin by net-
work analysis (Figure 5a,b). Subsequently, by evaluating fibro-
genic gene expression, we found that CD-1db/db mice showed
significantly increased levels of fibronectin 1, angiopoietin-like 4
and connective tissue growth factor compared with levels in
BKSdb/db (Figure 5c). The heatmaps of associated genes in
fibrosis and epithelial–mesenchymal transition pathways
showed enhanced gene expression of fibronectin 1 and so on
in CD-1db/db compared with BKSdb/db (Figure S5). We have
reported that the induction of integrin b1 and dipeptidyl pepti-
dase (DPP)-4 was associated with fibrotic programming and
transforming growth factor-b signaling in STZ-induced diabetic
mice15,16. However, the gene expression levels of both integrin
b1 and transforming growth factor-b1 were insignificantly ele-
vated in CD-1db/db mice compared with BKSdb/db mice (Fig-
ure 5c). Additionally, for DPP-4 gene expression, BKSdb/db mice
showed a significantly higher level of DPP-4 compared with
that of CD-1db/db (Figure 5c). Therefore, the DPP-4 gene level
did not correlate with the fibrotic phenotypic difference
between CD-1db/db and BKSdb/db mice.

AcSDKP level was lower in the urine of CD-1db/db mice when
compared with BKSdb/db mice
The present authors have reported that lower plasma and/or
urine levels of AcSDKP were associated with glomerulosclerosis
and/or tubulointerstitial fibrosis in mice, and progressive kidney
function decline in patients with diabetes14,17. Plasma levels of
AcSDKP in male CD-1db/db mice trended to be lower compared
with male BKSdb/db mice (Figure 6a). The urine level of
AcSDKP is similar to plasma and was significantly depleted in
male CD-1db/db mice (Figure 6b). Microarray analysis showed
that compared with BKSdb/db, thymosin b4 levels were also

lower in CD-1db/db mice; expression of prolyl oligopeptidase,
the enzyme essential for AcSDKP production from thymosin
b4, was significantly lower in the CD-1db/db mice (Figure 6c–e).
Gene expression of angiotensin-converting enzyme, an
AcSDKP-degrading enzyme, tended to be higher in CD-1db/db

mice, with an insignificant difference compared with expression
in BKSdb/db mice (Figure 6f).

DISCUSSION
In the present study, we showed that db/db mice of the CD-1
strain displayed prominent fibrosis compared with BKSdb/db

mice, a type 2 diabetic mouse model often utilized in diabetic
complication research. Essentially, we found that CD-1db/db

mice showed: (i) higher blood glucose, heavier bodyweight,
and more food and water consumption; (ii) a progressive
decline in insulin levels; (iii) prominent fibrosis in the kidney
and a progressive declining trend in kidney function; (iv)
higher expression of kidney fibrotic genes; and (v) low levels
of AcSDKP with suppression of genes important for AcSDKP
production. The progressive decline in insulin levels was con-
sistent with the previous report that spontaneous mutation in
the db gene into CD-1 background resulted in decreased insu-
lin production6. The authors considered that this phenotype
could be due to islet degeneration6, and is also relevant to
human type 2 diabetes patients. CD-1 mouse strain is often
used in research of fibrosis and aging; for example, CD-1
mice showed severer age-related changes compared with other
strains, such as C57BL/6J or CBA/CaJ18. The present results
showed that CD-1db/m mice were also heavy, as well as CD-
1db/db mice from 16 weeks-of-age, and insulin levels were
decreased in both db/m and db/db CD-1 mice. These findings
suggested that CD-1 mice were susceptible to insulin secretory
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defect. Furthermore, low levels of the antifibrotic peptide,
AcSDKP, had been shown to be associated with kidney fibro-
sis in mice17 and a progressive decline in estimated

glomerular filtration rate in patients with diabetes14. Therefore,
CD-1db/db mice could be a human disease-relevant type 2 dia-
betic mouse model with organ fibrosis.
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250 µm and lower panel was 50 µm. Quantification of SR positive area at (c) 16 weeks-of-age and (g) 24 weeks-of-age. Diameter of glomerulus at
(d) 16 weeks-of-age and (h) 24 weeks-of-age. ***P < 0.001, ****P < 0.0001.
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Appropriate animal models are essential for understanding
the pathological molecular mechanisms or carrying out experi-
mental therapy. For the diabetic kidney disease model, the pres-
ence of progressive fibrosis, the common final pathological
feature, is essential. However, BKSdb/db mice often show some
glomerular phenotypes relevant to human DKD, but interstitial
fibrosis is minimal. Other rodent models that show progressive
kidney diseases, such as the Zucker diabetic fatty rat19, Wistar
fatty rat19 or Spontaneously Diabetic Torii fatty rat20, are
indeed expensive; therefore, these models could be inappropri-
ate for experimental therapy or drug screening. Therefore, we
focused on the fibrogenic phenotypic difference between strains

of mice, especially extensive fibrosis, in CD-1 mice compared
with other strains of mice exposed to diabetes with STZ5,12.
These reports showed that CD-1 mice are prone to fibrosis in
diabetic conditions; utilizing STZ for the induction of diabetes
is often criticized for the toxicity of STZ on the kidney pheno-
type. Our current report clearly demonstrated that the CD-1
mouse strain showed progressive kidney damage under the
condition of diabetes, and suggested that CD-1 mice displayed
some genetic or epigenetic factors that could be relevant for the
induction of progressive kidney damage and fibrosis. Mean-
while, because CD-1db/db mice developed few characteristic
lesions in diabetic nephropathy, such as nodular lesions and
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Figure 4 | CD-1db/db showed prominent progressive heart fibrosis when compared with BKSdb/db. (a,c) Masson trichrome staining (upper panels)
and sirius red (SR) staining (lower panels) for myocardial tissue of experimental mice at (a) 16 weeks-of-age and (b) 24 weeks-of-age. Scale bar,
100 µm. SR staining positive area at (b) 16 weeks-of-age and (d) 24 weeks-of-age. ***P < 0.001, ****P < 0.0001.
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(a)

(b)

Figure 5 | Messenger ribonucleic acid array analysis for 16-week-old male kidney revealed gene expression profile showing fibrogenic program-
associated genes in CD-1db/db. (a,b) The fibrosis and epithelial–mesenchymal transition (EMT) pathways induced in CD-1db/db, which suggested the
potential role of fibronectin. (c) Each fibrogenic gene expression of BKSdb/db and CD-1db/db; n = 3 in each group. *P < 0.05, **P < 0.01. Angptl4,
angiopoietin-like 4; CTGF, connective tissue growth factor; DPP-4, dipeptidyl peptidase-4; NS, not significant; TGF-b1, transforming growth factor-b1.

ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 11 No. 6 November 2020 1477

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi CD-1db/db mice show organ fibrosis



mesangiolysis, we need to modify this mouse model to show
glomerular lesions without genetic modification. It is necessary
to analyze this model in regard to the metabolisms of advanced
glycation end-products or nitric oxide synthase, which are asso-
ciated with glomerular lesions. Although in the majority of our
analyses we utilized male animals, female CD-1db/db mice
showed a similar, but lighter, fibrotic phenotype. Future studies
to identify genetic loci by genome-wide association study or
epigenetic analysis could show the responsible molecular mech-
anisms of the fibrotic phenotype in CD-1db/db mice.
Although the present analysis showed that plasma AcSDKP

levels were insignificantly suppressed in the CD-1db/db mice
compared with the levels of other groups of mice, urine levels
of AcSDKP were significantly suppressed in the CD-1db/db mice
compared with levels in the BKSdb/db mice. AcSDKP has been
confirmed to have antifibrotic peptide and organ protective
potential in various fibrotic models in preclinical studies21–27.

Additionally, a human study showed that such organ protective
bioactivity might be relevant for human diseases, including
type 2 diabetes14,28,29. Interestingly, prolyl oligopeptidase gene
levels are significantly suppressed in CD-1db/db mice compared
with those of BKSdb/db mice, and thymosin b4 gene expression
showed a similar trend. Whether urine AcSDKP is functionally
relevant to protecting against kidney tubular fibrosis and dam-
age is not yet clear, but our current data strongly support past
reports regarding the antifibrotic potential of AcSDKP in both
humans and rodents. It would be reasonable in future studies
to examine several interventions or knockdown target genes
utilizing CD-1db/db mice.
Even though the present study showed a novel type 2 dia-

betic mouse model with progressive kidney damage, our
research also showed several limitations. First, we induced
type 2 diabetes by backcrossing the db gene into CD-1 mice.
Indeed, db/db mice or other leptin-deficient rodents are often
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utilized for diabetic research, especially for DKD or other com-
plication studies. However, leptin deficiency is a rare disorder
in human type 2 diabetes30,31, and any leptin-deficient rodent
model, including the present model, might not be representa-
tive of type 2 diabetes pathobiology. Second, even though our
CD-1db/db mice showed advanced fibrosis similar to STZ-in-
duced type 1 diabetic CD-1 mice, the CD-1 mouse is an out-
bred strain and therefore could show genetic diversity; such
genetic diversity could produce an unstable phenotype in the
kidney as compared with inbred strains, such as the BKS strain.
Third, it is necessary to compare the degree of renal impair-
ment between CD-1db/db and BKSdb/db while controlling blood
glucose level to the same value using insulin treatment. How-
ever, the purpose of the present study was to establish a novel
type 2 diabetic mouse model, and we need to carry out inter-
vention experiments including insulin in future studies. Despite
the limitations of the present study, CD-1db/db mice could be a
novel type 2 diabetic mouse model that shows progressive kid-
ney injury and is useful for drug screening or experimental
therapy.

In conclusion, the present study clearly showed that leptin
receptor-deficient CD-1db/db mice could provide us with an
opportunity to demonstrate the progressive phenotype of DKD
and even more experimental therapies.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Gel picture of mouse genotyping; the wild type (CD-1) produced a 135-bp fragment.
Figure S2 | Characteristics of female experimental animals.
Figure S3 | Western blot analysis of a-smooth muscle actin expression in male kidney at 24 weeks-of-age.
Figure S4 | Female CD-1db/db showed milder fibrotic phenotype than males.
Figure S5 | Heatmaps of differentially expressed genes in (a) fibrosis and (b) epithelial–mesenchymal transition pathways.
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