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  Calcineurin (CaN) is activated in diabetes and plays a role in glomerular hypertrophy and ex-
tracellular matrix (ECM) accumulation. Here, kidneys from diabetic model mice were investigated for 
the expression of the regulator of CaN 1 (RCAN1) isoform 4 (RCAN1.4) which had been shown to 
be transcriptionally upregulated by CaN activation. We found the increased immunoreactivity for 
RCAN1 in the glomerular cells of db/db mice and streptozotocin-induced diabetic mice. In concordance, 
the expression of RCAN1 protein and RCAN1.4 mRNA were elevated in the whole kidney sample from 
db/db mice. Interleukin-1β (IL-1β ), tumor necrosis factor-α , and glycated albumin (AGE-BSA) were 
identified as inducers of RCAN1.4 in mesangial cells. Pretreatment of cyclosporine A blocked the 
increases of RCAN1.4 stimulated by IL-1β or AGE-BSA, suggesting that activation of CaN is required 
for the RCAN1.4 induction. Stable transfection of RCAN1.4 in Mes-13 mesangial cells upregulated 
several factors relevant to ECM production and degradation. These results suggested that RCAN1.4 
might act as a link between CaN activation and ECM turnover in diabetic nephropathy.
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INTRODUCTION

  Diabetic nephropathy is characterized histologically by 
an accumulation of excessive extracellular matrix protein 
(ECM) in the glomerular interstitium [1,2]. This abnormal-
ity could be caused by functional changes in diabetic glo-
meruli, particularly in glomerular mesangial cells, which 
were found to be capable of producing ECM proteins. 
Elevated blood glucose concentrations [3], advanced glyca-
tion endproducts (AGEs) [4], oxidation of renal glycopro-
teins [5], and a range of proteins implicated in inflam-
mation and ECM turnover are involved in this pathological 
abnormality [6-8]. However, only limited information is 
available about the role of intracellular signaling molecules. 
Studies in humans and in animal models of renal hyper-
trophy have indicated that early hypertrophy and ECM ac-
cumulation are potentially reversible [9]. Therefore, an in-
creased understanding of the changes in signaling path-
ways involved in diabetes may facilitate the development 
of therapies for preventing or reversing renal hypertrophy.
  Calcineurin (CaN) is a calcium-dependent, serine/threo-
nine phosphatase that has been implicated in ECM accu-

mulation in diabetic nephropathy. CaN activation and nu-
clear localization of its substrate, the nuclear factor of acti-
vated T cells (NFAT), were observed in kidney tissues of 
streptozotocin (STZ)-induced diabetic rats [10]. Inhibition 
of CaN by cyclosporine A (CsA) injections, beginning at the 
time of STZ treatment, prevented renal hypertrophy and 
glomerular ECM accumulation. Moreover, insulin-like gr-
owth factor-I [11] and transforming growth factor β (TGF-
β) [12] require activation of the CaN in ECM production 
in cultured mesangial cells. This suggested that CaN may 
be a common signaling mechanism for some fibrogenic stim-
uli in the pathogenesis of diabetic nephropathy.
  CaN activity is negatively regulated by several endoge-
nous inhibitory mechanisms [13]. The best studied is the 
human regulator of calcineurin 1 (RCAN1) protein, which 
binds to the catalytic subunit of CaN and inhibits its phos-
phatase activity [14]. The RCAN1 gene was localized near 
the Down Syndrome Critical Region on chromosome 21, and 
it generates four different transcripts (isoforms 1 through 
4) [15]. However, only RCAN isoform 1 (RCAN1.1) and iso-
form 4 (RCAN1.4) proteins have been detected in tissues 
[16]. Expression is differently regulated for these two 
isoforms. The expression of RCAN1.1 was shown to be con-
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stitutive, but the transcription of RCAN1.4 could be in-
duced by diverse mitogens and inflammatory cytokines, in-
cluding vascular endothelial growth factor (VEGF) [17], 
transforming growth factor-β1 (TGF-β1) [18], inter-
leukine-1 (IL-1), tumor necrosis factor-α (TNF-α) [19], and 
reactive oxygen species [20]. These molecules have also 
been causatively implicated in diabetic nephropathy [6]; 
therefore, we were interested in the role of RCAN1.4 in the 
development of this disease. The RCAN1.4 protein is a 
highly expressed in fetal and adult kidneys [16]. Thus, the 
first aim of our study was to examine whether expression 
of RCAN1.4 might be altered in the kidneys of diabetic 
mouse models; our second aim was to identify any mole-
cules that affected the expression of RCAN1.4. In addition, 
we investigated the effects of chronic overexpression of 
RCAN1.4 on ECM production by establishing a stable 
Mes-13 cell line transfected with the RCAN1.4 expression 
vector.

METHODS

Chemicals and antibodies

  STZ, TGF-β1, angiotensin II (ANG II), VEGF, IL-1β, 
TNF-α, monocyte chemotactic protein-1 (MCP-1), glycated 
bovine albumin (AGE-BSA), mannitol, and D-glucose were 
purchased from Sigma (St. Louis, MO, USA). CsA was ob-
tained from A.G.Scientific (San Diego, CA, USA), and H2O2 
was from Junsei (Tokyo, Japan). An antibody specific for 
RCAN1was purchased from Novus Biologicals (Littleton, 
CO, USA). 

Animal models

  All animal procedures were approved by the Ethics 
Committee of the Catholic University of Korea (CUMC- 
2011-0038-02) and carried out in accordance with the Guide 
for the Care and Use of Laboratory Animals published by 
the U.S. Institutes of Health (National Institutes of Health 
Publication No. 85∼23, revised 1996). 
  To obtain the type 1 diabetic mouse model, 8 to 9 week- 
old, male, C57BL/6 mice (Koatec, Kyungki, Korea) were in-
jected intraperitoneally with STZ dissolved in sterile citrate 
buffer (0.05 mol/l sodium citrate, pH 4.5, 60 mg/kg) for 5 
consecutive days during the first week of the study. Control 
mice were injected with citrate buffer alone. Mice with a 
blood glucose level ＞280 mg/dl were considered diabetic 
[21]; these mice were sacrificed for kidney isolation at 16 
weeks after STZ treatment. For the type 2 diabetic mouse 
model, we purchased male, C57BL/KsJ-leprdb/leprdb, 6-week 
old diabetic mice (db/db) from Jackson Laboratories (Bar 
Harbor, ME, USA). We also purchased their non-diabetic 
heterozygote littermates (db/m) to serve as controls. This 
group of mice was sacrificed at 20 weeks of age.

Cell culture and treatments

  Mes-13 cells were obtained from the American Type 
Culture Collection (Manassas, VA, USA). The cells were 
cultured in a 3 : 1 mixture of Dulbecco’s Modified Eagle’s 
Medium and Ham’s F12 medium supplemented with 14 
mM HEPES and 5% fetal bovine serum and maintained 
under an atmosphere of 5% CO2 at 37oC.
  Isolation of mesangial cells from the male C57BL/6 mice 

was based on a method in which the glomeruli were di-
gested with collagenase [22]. Briefly, the kidneys were re-
moved and dissected free of the capsule and medulla. The 
cortex was homogenized with a scalpel, passed over succes-
sive sieves with pores of 230∼104μm (Sigma, St. Louis, 
MO, USA), and collected on a final sieve with a pore size 
of 73.7μm. The tissue (containing the glomeruli) was col-
lected, washed with phosphate buffered saline (PBS), and 
digested with 2.5% collagenase (184 U/ml; Worthington 
type CLS IV) in PBS for 15∼25 min at 37oC. The glomeruli 
were washed in growth medium (DMEM, 55%; Ham’s F12, 
20%; l-glutamine, 2 mM; trace elements, 1%; transferrin, 
5 mg/ml; insulin, 125 U/ml; FBS, 20%; 500 U/ml penicillin 
G/500 U/ml streptomycin sulfate/2 mg/ml amphotericin B), 
seeded in culture dishes, and incubated in growth medium 
at 37oC for 10∼14 days. For experiments, cells (5×105 per 
well) were plated in a six-well culture dish and incubated 
for 24 h in the complete medium and then another 24 h 
in serum-reduced condition (0.1% FBS) to attain quies-
cence. For RCAN1.4 induction experiments, the cells were 
stimulated with TGFβ1 (4 ng/ml), ANG II (2μM), VEGF 
(10 ng/ml), IL-1β (20 ng/ml), TNF-α (20 ng/ml), MCP-1 
(100 ng/ml), H2O2 (300μM), AGE-BSA (50μg/ml), BSA (50 
μg/ml; as a control of AGE-BSA), or cultured for 48h in 
high glucose condition (33 mM) or in osmotically balanced 
control medium (5.9 mM glucose plus 27 mM mannitol). 

Creation of stable cell lines

  Parallel cultures of Mes-13 cells were transfected with vec-
tors (pcDNA3.1/NT-GFP-TOPO; Invitrogen, CA, USA) that 
contained the genes encoding green fluorescent protein (GFP) 
fused to RCAN1.4 or a vector with GFP alone [23]. Transfec-
tions were performed with Lipofectamine 2,000 (Invitrogen, 
USA) according to the manufacturer’s instructions. After se-
lection against 400μg/ml G418 (Roche Applied Science, 
Germany) for 2 weeks, GFP-positive populations were purified 
on a FACS Calibur machine (BD Biosciences, USA). The se-
lected cells were maintained in complete medium supple-
mented with 100μg/ml G418. Transcripts of RCAN1.4 con-
structs in these cells were confirmed by reverse tran-
scription-PCR amplification (data not shown).

Real-time RT-PCR

  The kidneys of the db/m and db/db mice were homogen-
ized and total RNA was isolated with the RNA queous- 
Micro kit (Ambion, Austin, TX, USA). The mRNA was pre-
pared from mouse primary mesangial cells and Mes-13 cells 
with the RNeasy Plus Mini Kit (Qiagen, Germany) accord-
ing to the manufacturer’s instructions. Levels of mRNA 
were determined by a one-step quantitative RT-PCR proto-
col with the FullVelocity SYBRⓇ Green QRT-PCR Master 
Mix (Stratagene, La Jolla, CA, USA) and the Mx3000P sys-
tem (Stratagene) [24]. The primer sequences are shown in 
Table 1.

Immunohistochemistry

  Mice were sacrificed by transaortic perfusion with saline 
and subsequent 4% paraformaldehyde in PBS. The kidneys 
were removed, and post-fixed for 4 h in the same fixative, 
then embedded in Tissue-Tek (Sakura Fine technical, To-
kyo, Japan). Free-floating sections (20μm thick) were in-
cubated overnight at 4oC with an antibody to RCAN1 raised 
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Table 1. Primer sequences used for real-time RT PCR

Target gene Sequence (Sense,anti-sense,5’-3’) Length of product (bp) GeneBank accession no.

RCAN1.4 CTTGTGTGGCAAACGATGATG  87 AF263239
TGGTGTCCTTGTCATATGTTCTG

RCAN1.1 TCGACTGCGTAGATGGAGG 141 NM_001081549
TGGTGTCCTTGTCATATGTTCTG

AGT GTACAGACAGCACCCTACTT 187 NM_007428
CACGTCACGGAGAAGTTGTT

ACE GTTCGTGGAAGAGTATGACCG 126 NM_207624
ACCTCCGTGCTTTTCTCAAG

TGF-β1 ACCTTGGTAACCGGCTGC 163 NM_011577
TCCTTGGTTCAGCCACTGC

COX2 CTTCTCCAACCTCTCCTACT 122 NM_011198
GAACCTTTTCCAGCACTTCT

MCP1 TTAACGCCCCACTCACCTGCTG 106 NM_011333
GCTTCTTTGGGACACCTGCTGC

thrombospodin CCCAATCCTGACCAGAAG  82 NM_011580
CTGGCACATTGTCATGGT

Col 1α1 GTCCCAACCCCCAAAGAC  78 NM_007742
CATCTTCTGAGTTTGGTGATACGT

Col 3α1 GAAGTCTCTGAAGCTGATGGG 149 NM_009930
TTGCCTTGCGTGTTTGATATTC

Col 4α1 CACCAT AGAGAGAAGCGAGATGTTC  80 NM_009931
GGCTGACGTGTGTTCGC

Fibronectin GTGGCTGCCTTCAACTTCTC 193 NM_010233
GTGGGTTGCAAACCTTCAAT

MMP9 AGACCAAGGGTACAGCCTGTTC  78 NM_013599
GGCACGCTGGAATGATCTAAG

TIMP1 GCCTACACCCCAGTCATGGA  82 NM_011593
GGCCCGTGATGAGAAACTCTT

TIMP2 GAGCCTGAACCACAGGTACCA  77 NM_011594
AGGAGATGTAGCAAGGGATCA

GAPDH TCAACAGCAACTCCCACTCTTCCA 115 NM_008084
ACCCTGTTGCTGTAGCCGTATTCA

commercially (1 : 100; Novus Biologicals, Littleton, CO, 
USA). The sections were subsequently incubated with an-
ti-rabbit IgG (1 : 500; Jackson Immunoresearch, West Grove, 
PA, USA) for 2 h at room temperature. Finally, all the re-
actions were visualized with 0.05% diaminobenzidine tetra-
hydrochloride and 0.005% H2O2 in 0.05 M Tris-HCl (pH 7.4).

Western blot analysis

  Tissues were quick frozen in liquid nitrogen, pulverized 
in a liquid nitrogen-cooled mortar and pestle, and solubi-
lized in lysis buffer (50 mM Tris, pH 7.5, 150 mM NaCl, 
1% Triton X-100, 5 mM sodium fluoride, 1 mM sodium or-
thovanadate, and protease inhibitor mixture). After in-
soluble material had been removed by centrifugation, the 
supernatants were denatured in Laemmli sample buffer. 
The proteins were separated by SDS-PAGE and transferred 
onto nitrocellulose membranes. The membranes were 
blocked for 1 h at room temperature in 1% (w/v) Hammers-
ten grade casein in phosphate-buffered saline containing 
0.05% Tween 20. Immunoblotting was performed with an-
ti-RCAN1 in 0.5% casein. The blots were incubated with 
horseradish peroxidase-conjugated anti-IgG secondary anti-
body (Vector Laboratories, Burlingame, CA, USA), washed, 
and then visualized with the Super Signal West Dura 
chemiluminescence substrate (Pierce Biotechnology, Rock-
ford, IL, USA). The band intensity was analyzed with an 
LAS-3000 image analyzer (Fujifilm, Tokyo, Japan).

RESULTS

RCAN1.4 was upregulated in the kidneys of db/ db 
and STZ-induced diabetic mice

  We assessed RCAN1 expression in mouse kidneys by im-
munohistochemistry with an antibody raised against a por-
tion of the C-terminus of RCAN1. This region is common 
to all isoforms [16]. Therefore, the antibody was expected 
to recognize all forms of the RCAN1 protein. Based on the 
intensity and number of immunoreactive cells (Fig. 1A), the 
level of RCAN1 expression in the kidneys of db/db [25] and 
STZ-induced diabetic mice was elevated compared to that 
of age matched-control db/m and c57BL mice, respectively. 
The immunoreactive cells were mainly found in the glo-
meruli. Consistent with the immunohistochemistry, west-
ern blot analysis of whole kidney homogenates showed a 
much higher level of RCAN1 protein expression in db/db 
mice than db/m mice (Fig. 1B). To determine which iso-
forms of  RCAN1 were expressed, total RNA samples were 
prepared from the kidneys and subjected to a quantitative 
real-time PCR analysis with two primers; one recognized 
a region specific to isoform 1, and the other recognized a 
region specific to isoform 4. This revealed that the mRNA 
level of RCAN1.4 was elevated in db/db mice compared to 
that in db/m mice by approximately two fold. In contrast, 
there was no significant difference in RCAN1.1 mRNA lev-
els between the two groups (Fig. 1C). 
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Fig. 1. RCAN1.4 expression in the kidneys of diabetic mouse models. (A) Representative photomicrographs of RCAN1 immunohistochemistry 
in the glomerulus of kidney sections that were obtained from diabetic (db/db) and non-diabetic (db/m) mice at the age of 20 weeks, and 
from diabetic (STZ＋) and non-diabetic (STZ-) C57BL mice at 16 weeks after treatment (400×). (B) Western blot analysis shows increased
levels of RCAN1 protein in the whole kidney homogenates of diabetic (db/db) mice compared to non-diabetic (db/m) mice. Alpha-tubulin 
(α-tubulin) served as a loading control. (C) Specific induction of RCAN1.4 mRNA. The relative amount of mRNAs was estimated by real-time 
PCR, normalized by GAPDH, and the values for db/db mice (open bars) are relative to the expression observed in db/m mice (filled bars; 
arbitrarily designated a value of 1). Data are means±SE of five experiments. *p＜0.01, db/m vs. db/db.

Fig. 2. RCAN1.4 mRNA induction by diverse stimuli in mouse primary mesangial cells. (A) Mesangial cells were isolated from glomeruli 
by differential sieving, and then the cells of passages 7 to 10 in quiescent state were stimulated with the agents indicated below for 24 
h or cultured for 48 h in high glucose condition (33 mM) or in osmotically balanced control medium (5.9 mM glucose plus 27 mM mannitol). 
Effect of the each stimulation was tested for RCAN1.4 mRNA induction, as described in the Methods. Concentrations  were: TGF-β1 
(4 ng/ml), ANG II (2μM), VEGF (10 ng/ml), IL-1β (20 ng/ml), TNF-α (20 ng/ml), MCP-1 (100 ng/ml), oxidative stress (300μM of H2O2), 
BSA (50 μg/ml), and AGE-BSA (50μg/ml). *p＜0.01 compared to no-treatment. (B) Effect of CsA on IL-1β- or AGE-BSA-mediated RCAN1.4
induction was tested. Quiescent mesangial cells were stimulated with IL-1β (20 ng/ml) or AGE-BSA (50μg/ml) in presence of CsA 
(1μM; open bars) or vehicle (filled bars). After 24 h, mRNAs were isolated to determine RCAN1.4 mRNA induction. All the values are 
means±SE of five experiments/group. Values are expressed relative to the expression observed in untreated controls (arbitrarily assigned 
a value of 1). *p＜0.01 vs. the corresponding control (vehicle) group. 

RCAN1.4 transcription was induced by IL-1β , TNF
α , and ACEs

  To identify the factors responsible for the induction of 
RCAN1.4, we stimulated mouse mesangial cells for 24 h 

with molecules that were causatively implicated in diabetic 
nephropathy, and then examined RCAN1.4 mRNA levels 
(Fig. 2A). Among the treatments, IL-1β, TNF-α, and 
AGE-BSA significantly increased RCAN1.4 mRNA by ap-
proximately 7, 3, and 8.5 fold over control, respectively. 
However, TGFβ1, VEGF, ANG II, MCP-1, H2O2 or culture 
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Fig. 3. Expression patterns of ECM-related factors in Mes-13 cells 
stably transfected with RCAN1.4. Mes-13 cells were stably trans-
fected with an expression vector containing RCAN1.4 construct 
(RCAN1.4; open bars) or vector alone (GFP; filled bars). From the 
actively dividing cells in complete medium, mRNAs were prepared 
and then subjected to analysis for the ECM-related gene expression 
with specific primers (Table 1). All values are means±SE of at least 
5 experiments/group and the values of RCAN1.4-transfected cells are 
expressed relative to the expression observed in GFP-transfected cells 
(arbitrarily designated a value of 1). *p＜0.01, RCAN1.4 vs. GFP 
group. Col, collagen.

in high glucose condition did not affect the RCAN1.4 
expression. It is well-known that CaN is in the upstream 
pathway of RCAN1.4 induction [26]; therefore, we exam-
ined effect of a CaN inhibitor, CsA, on the RCAN1.4 upre-
gulation by IL-1β and AGE-BSA. As shown Fig. 2B, the 
pretreatment of cells with CsA significantly inhibited both 
IL-1β- and AGE-BSA-mediated RCAN1.4 increase.

Overexpression of RCAN1.4 increased the production 
of collagens in Mes-13 cells 

  We next addressed whether there is any change of 
ECM-related gene expression in mesangial cells under the 
chronic elevation of RCAN1.4. For this, we generated two 
derivatives of the Mes-13 cell line; one stably expressed the 
RCAN1.4-GFP fusion protein, and the other expressed GFP 
alone (control) [23]. These cells were subjected to quantita-
tive real-time PCR for analysis of genes that were pre-
viously associated with ECM expansion in the diabetic 
nephropathy. Among the assayed molecules, significant ele-
vations were observed for the transcripts of angiotensin- 
converting enzyme (ACE), collagens type I, type III, type 
IV, and matrix metalloproteinase 9 (MMP-9). On the other 
hand, expression of angiotensinogen (AGT) was signifi-
cantly reduced (Fig. 3). RCAN1.4 is an endogenous inhibitor 
of CaN; therefore, we tested whether the regulation of these 
genes were mediated by CaN inhibition. For this, Mes-13 
cells were treated with CsA (1μM) for 48 h, and then sub-
jected to analysis of ECM-related gene. Unexpectedly, the 
expression of the genes was not affected by the CsA treat-
ment (data not shown). These results suggest that chronic 
elevation of RCAN1.4 induces ECM-related genes in Mes- 
13 cells; however, the mechanism may not be directly re-
lated with CaN inhibition.

DISCUSSION

  Previous studies have suggested that CaN is an im-
portant signaling mediator for ECM production [10-12]. 
However, RCAN1, the endogenous inhibitor of CaN, has 
never been examined in the diabetic kidney. In this study 
we have used STZ-induced diabetic mice and db/db mice 
as a type 1 and 2 diabetic model, respectively, to study the 
change of RCAN1.4 expression in the kidney. The findings 
herein have demonstrated for the first time that RCAN1.4 
was upregulated in the glomeruli of the both diabetic 
models. Farther study showed that the elevation of 
RCAN1.4 was induced by IL-1β, TNF-α, and AGE-BSA, 
which were previously implicated in ECM formation in dia-
betic nephropathy. In the same context, our results showed 
that RCAN1.4 plays a role in the regulation of several fac-
tors responsible for ECM turnover.
  Both IL-1β and TNF-α were previously reported to in-
duce RCAN1.4 in neuronal cells [19], however, AGE-BSA 
is a novel inducer, first reported in this study. AGE-BSA 
stimulated transcription of RCAN1.4 via a CaN-dependent 
pathway. This finding was consistent with the previous 
finding that multiple NFAT-response elements were pres-
ent in the internal RCAN1.4 promoter between exons 3 and 
4 [26]. Our observation was also supported by a recent 
study that showed AGE-BSA induced a rise in intracellular 
Ca2＋ and subsequent activation of the CaN-NFAT pathway 
[27]. The same promoter region was involved in the regu-
lation of RCAN1.4 expression in endothelial cells treated 
with VEGF [28]. However, mesangial cells did not respond 
to VEGF stimulation in the present study. This appeared 
to be due to the minimal expression or absence of VEGF 
receptors on normal mesangial cells [29,30].
  We showed that Mes-13 cells stably transfected with 
RCAN1.4 expressed higher levels of collagen than control 
Mes-13 cells. Given that RCAN1.4 is an inhibitor of CaN, 
this result was unexpected, because CaN had previously 
been reported to mediate ECM production in mesangial 
cells [10]. One possible explanation for this unexpected re-
sult could be that the chronically upregulated RCAN1.4 in 
Mes-13 cells increased collagen production not by the CaN 
inhibition mechanism. This hypothesis is supported by the 
observation that treatment of CsA for 48 h did not affect 
the expression of collagen in these cells. Upon association 
of CsA with cyclophilin A, the drug-protein complex binds 
at the interface between the catalytic and regulatory sub-
units of CaN [31], while RCAN1 binds at the substrate- 
docking cleft on the catalytic subunit [32]. Although RCAN1 
and CsA utilize distinct binding sites, inhibition of CaN ac-
tivity by them is the same consequence of the spatial block-
age for a substrate to approach the phosphatase active site 
[32,33].
  Although RCAN1 has been best characterized as an in-
hibitor of CaN, RCAN1 also directly interacts with several 
proteins, including Raf-1 [34], NIK [35], CREB [36], SCFβ- 
TrCP ubiquitin ligase [37], and Tollip [38]. In addition, 
RCAN1 has been demonstrated to modulate the activity of 
nuclear factor κB [23] and ERK pathways [39]. The spec-
ulation of RCAN1.4-mediated ECM production, in which 
CaN inhibition was not involved, dose not conflict with the 
results of a previous report that showed treatment with 
CaN inhibitors prevented ECM accumulation in a diabetic 
model [10]; in that case, we hypothesize that the treatment 
with CsA might have suppressed RCAN1.4 expression by 
CaN inhibition, and thereby inhibited the RCAN1.4- medi-
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ated ECM production. However, our data did not address 
the mechanism by which chronic elevation of RCAN1.4 af-
fected the expression of collagens. Thus, this point remains 
to be elucidated in future studies.
  In summary, we demonstrated that RCAN1.4 expression 
was elevated in a diabetic nephropathy mouse model, and 
we identified causative factors. In an attempt to elucidate 
a role for RCAN1.4, we found that overexpression of 
RCAN1.4 affected the expression levels of several proteins 
relevant to ECM production and degradation in diabetic 
nephropathy, such as collagens, MMP-9, ACE, and AGT. 
Although the mechanism and overall influence of these 
changes on the pathogenesis of diabetic nephropathy are 
difficult to determine at this stage, the current study 
showed that RCAN1.4 might play a role in ECM production 
and degradation. 
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