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Background: Diabetic nephropathy (DN) is a leading cause of end-stage renal disease. To search for glomerular proteins as-
sociated with early-stage DN, glomeruli of spontaneous type 2 diabetic KKAy mice were analyzed by 2-dimen-
sional differential gel electrophoresis (2D-DIGE).

Material/Methods: Glomeruli of 20-week spontaneous type 2 diabetic KKAy mice and age-matched C57BL/6 mice were isolated
by kidney perfusion with magnetic beads. Proteomic profiles of glomeruli were investigated by using 2D-DIGE
and matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry. Western blot
analysis was used to confirm the results of proteomics. Immunohistochemical and semi-quantitative analysis
were used to confirm the differential expression of prohibitin and annexin A2 in glomeruli.

Results: We identified 19 differentially expressed proteins — 17 proteins were significantly up-regulated and 2 proteins
were significantly down-regulated in glomeruli of diabetic KKAy mice. Among them, prohibitin and annexin A2
were up-regulated and Western blot analysis validated the same result in proteomics. Immunohistochemical
analysis also revealed up-regulation of prohibitin and annexin A2 in glomeruli of KKAy mice.

Conclusions: Our findings suggest that prohibitin and annexin A2 may be associated with early-stage DN. Further function-
al research might help to reveal the pathogenesis of DN.
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Background

Diabetic nephropathy (DN) is a leading cause of end-stage re-
nal disease and is the major cause for diabetic disability and
mortality [1-6]. It also negatively affects patient’s quality of
life and their social environment, and it poses a significant
burden on national healthcare budgets [7].

DN is characterized by a long period of clinical silence without
significant signs or symptoms. Once diabetic patients develop
persistent proteinuria, the condition often becomes irrevers-
ible, usually leading to endstage renal failure [8]. Therefore,
pathogenesis and diagnosis of early stage DN remain key con-
cerns for basic and clinical research.

Multiple factors, including glucose metabolism, oxidative
stress, renal hemodynamic changes, cytokines, and genetic
predisposition, may contribute to the development of DN [9-
11]. To more fully understand the mechanisms involved in the
pathogenesis of DN, various proteomic strategies have been
applied to the pathophysiological study [12-14]. Since most
studies only focus on urine or renal cortex, to obtain global
proteomic profile in glomeruli, which are the functional units
of the kidney, we investigated the expression of glomerular
proteins in spontaneous type-2 diabetic KKAy and C57BL/6
control mice by using 2-dimensional differential gel electro-
phoresis (2D-DIGE) and matrix-assisted laser desorption/ion-
ization time-of-flight (MALDI-TOF) mass spectrometric anal-
yses. The changes in glomerular proteins during early-stage
DN were observed.

Material and Methods

Animals

Male KKAy mice (8 weeks of age, n=20) were purchased from
the Laboratory Animal Science Institute, Chinese Academy of
Medical Sciences. Male C57BL/6 mice (8 weeks of age, n=20),
which made up the study control group, were purchased
from the Laboratory Animal Center, China Medical University.
Mice were individually housed in plastic cages and were fed
a high-fat diet (58% fat, 25.6% carbohydrate, 16.4% protein).
Mice had free access to food and tap water throughout the
experimental period. All mice were maintained in a temper-
ature — (23+3°C) and humidity — (50£20%) controlled room
(China medical university, Laboratory Animal Center SPF ro-
dent housing facility) with a regular 12-h light/dark cycle ac-
cording to the Chinese National Standard (GB 14925-2001).
All experiments were approved by the local animal research
ethics committee.
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Reagents

Collagenase A was purchased from Roche (Roche Diagnostics,
Germany). The 2-D Clean-Up Kit and Ettan TM 2-D Quant Kit
were purchased from GE (GE Healthcare, USA). Dynabeads
M-450 Tosylactivated and magnetic particle concentrator
were purchased from Dynal (Dynal A.S., Norway). Cell strainers
(100-pm) were purchased from BD (BD, USA). Mouse Albumin
and Creatinine ELISA Kits were purchased from RB (RB, USA).
Immobilized non-linear pH gradient (IPG) strips, Cyanine dyes
Cy2, Cy3, Cy5, and Amersham™ Deep purple total protein
stain were purchased from GE. Rabbit polyclonal antibody to
Prohibitin (ab28172) and Rabbit polyclonal antibody to Annexin
A2 (ab75932) were purchased from Abcam.

Phenotypic characterization

At 20 weeks of age, body weight and random glucose levels
of KKAy mice and C57BL/6 mice were measured. An automat-
ic biochemical analyzer was used to detect serum creatinine
and blood urea nitrogen levels, and an ELISA kit was used to
measure urine albumin and urine creatinine levels.

Isolation of mouse glomeruli and sample preparation

Glomeruli of mice were isolated from KKAy mice and C57BL/6
mice at 20 weeks of age. Briefly, kidneys were perfused with
ice-cold PBS via abdominal or thoracic aorta to remove any
remaining blood from the blood vessels. Next, Dynabeads in
a concentration of 4x10%/ml PBS were perfused into the kid-
ney at a constant rate of 7.4 ml/min/g kidney. Kidneys were
removed, minced, and digested in collagenase A (1 mg/ml)
for 30 min at 37°C with gentle agitation. The digested tissue
was pressed through a 100-pm cell strainer, followed by in-
termittent flushing using ice-cold PBS. The filtered suspension
was centrifuged at 200xg for 5 min under a stable tempera-
ture of 4°C. After the supernatant was discarded, the pellet
was dissolved in 2 ml of PBS, and transferred to a 2-ml tube.
Glomeruli that contained Dynabeads were separated from re-
nal tubules by a magnetic particle concentrator. To remove
the Dynabeads, the extracted glomeruli were lysed in a 2-DE
lysis buffer (7M urea, 2M thiourea, 4% [w/v]CHAPS, 2% [v/v]
immobilized pH gradient [IPG] buffer, 40 mM dithiothreitol
[DTT]), and sonicated (30 Hz, 4x5 s pulses on ice). The lysates
were subsequently centrifuged at 12 500xg for 10 min at a
temperature of 4°C. The glomeruli protein was purified ac-
cording to the instructions of the 2-D Clean-Up Kit, and pro-
tein concentration was determined using the Ettan TM 2-D
Quant Kit. The samples were stored at =70°C. With the ex-
ception of the collagenase digestion, the entire procedure
was performed on ice.
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Fluorescence labeling (minimal labeling) with CyDyes

Protein samples were labeled with CyDyes (dissolved in N,N-
dimethylformamide) according to the manufacturer’s instruc-
tions (GE Healthcare). Typically, 50 pg each of soluble protein
samples from glomeruli of 20-week-old C57BL/6 mice and
20-week-old KKAy mice were labeled with 400 pmol of either
Cy3 or Cy5, respectively. An internal standard (50 pg), which is
the equivalent mixture of all glomerular protein samples in the
study, was simultaneously labeled with 400 pmol of Cy2 on the
same 2-D gel. Labeling reactions were performed on ice in the
dark for 30 min. Subsequently, the reaction was quenched with
1 pl of 10 mM lysine for 10 min under the same conditions.

Two-dimensional differential gel electrophoresis (2D-DIGE)

Cy3-, Cy5-, and Cy2-labeled samples (total 150 pg) and pre-
parative samples for later protein identification (600 pg) were
pooled. An equal volume of 2xsample buffer (7M urea, 2M thio-
urea, 4% [w/v] CHAPS, 2% [v/v] IPG buffer, 40 mM DTT) and
1xhydrated fluid (7 M urea, 2 M thiourea, 2% [w/v] CHAPS,
2% [v/v] IPG buffer, 20 mM DTT) were added to the mixture
to make a total volume of 450 pl. Subsequently, isoelectric fo-
cusing in Ettan IPGphor IIl (GE Healthcare) at 20°C (74510Vh)
was performed with 24-cm immobilized non-linear pH gradi-
ent strips (pH 3-10).

After the first dimension, each strips was equilibrated in 10-
ml equilibration solution-1 (6M urea, 75 mM Tris-HC| pH8.8,
29.3% glycerol, 2% sodium dodecy!l sulphate[SDS], 0.002%
bromphenol blue, 100 mg DTT) and 10-ml equilibration so-
lution-2 (6M urea, 75 mM Tris-HCl pH8.8, 29.3% glycerol, 2%
SDS, 0.002% bromphenol blue, 250 mg iodoacetamide) for 15
min at room temperature. After equilibration, the strips were
individually overlaid on 12.5% polyacrylamide gels and immo-
bilized with 0.5% agarose in a buffer of 1xLaemmli SDS buffer
(25 mM Tris, 192 mM glycine, 0.1% [W/V] SDS) run at 2 W/gel
using Ettan-DALTsix system (GE Healthcare).

Image analysis

After completion of 2-dimensional gel electrophoresis, the
CyDyes-labeled images were scanned using a Typhoon TRIO
scanner (GE Healthcare). Images were analyzed by using
DeCyder™ 2-D Differential Analysis Software 6.5 (GE Healthcare).
The DeCyder differential in-gel analysis (DIA) module was used
for pairwise comparisons of each 20-week-old KKAy mice glo-
merular sample and 20-week C57BL/6 mice glomerular sample
to the internal standard present in each gel and for simultane-
ous comparison of 20-week-old KKAy/C57BL/6 abundance. The
DeCyder biological variation analysis (BVA) module was then
used to simultaneously match all 9 protein-spot maps from 3
gels which dyed samples with crossed Cy3- and Cy5-dyes, and
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using the Cy3: Cy2 and Cy5: Cy2 DIA ratios. Statistical analy-
sis of differences between the 2 groups was done using the
paired t test and the level of statistical significance was set at
p<0.05. The software automatically generated a list of differ-
entially expressed proteins, including fold change, and these
differentially expressed proteins were further identified by
mass spectrometry.

Deep purple post-staining

Gels were fixed for 2 h in 7.5% (v/v) acetic acid and 10% (v/v)
methanol, and washed twice in 35 mM NaHCO, and 300 mM
Na,CO, for 15 min per cycle. The total protein was stained with
deep purple dye for 1 h in the dark. Next, post-stained gels
were washed twice in 7.5% (v/v) acetic acid and subsequent-
ly imaged by a Typhoon 9400 scanner. Post-stained images
were matched with CyDyes-stained images using DeCyder™
2-D Differential Analysis Software, and the chosen spots were
picked by use of an Ettan spot picker (GE Healthcare).

In-gel tryptic digestion

The selected gel particles in 96-well plates were washed twice
with deionized water, dehydrated with acetonitrile (ACN), ex-
tracted with 25 mM NH,HCO,, and dehydrated again with ACN.
Subsequently, trypsin (Promega, USA) was added for at least
1 h while on ice, followed by an overnight addition of 25 mM
NH,HCO, at 37°C.

Mass spectrometric analysis for protein identification

Each trypsin-digested sample was spotted on an MTP
Anchorchip™ target (Bruker Daltonics, Germany). Once the
samples were completely dried, 1.1 pl of matrix (4 mg 4-hy-
droxy-alpha-cyanocinnamic acid dissolved in ACN: 0.1%TFA[7:3])
was also spotted. Tryptic peptides were identified by MALDI-
TOF mass spectrometry (Bruker Daltonics) using peptide frag-
ments of assorted lengths as the internal standard. Detailed
analysis of peptide mapping fingerprint data was performed by
flexAnalysis™ 3.0, and protein identification was performed by
searching the Swiss Prot database using the MASCOT engine.

Western blot

Glomerular proteins isolated from 20-week-old KKAy and
C57BL/6 mice were mixed with a 5xLaemmli sample buffer and
boiled for 5 min. Subsequently, 30 pg of total proteins were
loaded onto a 10% SDS-PAGE for separation. Proteins were
transferred to a polyvinylidene fluoride membrane, which was
treated with antibodies, and blocked with 5% milk/TBS. The
antibody detection system consisted of a rabbit polyclonal an-
tibody to prohibitin (1:1000 dilution), annexin A2 (1:1000 di-
lution), and HRP-conjugated anti-rabbit antibody. B-actin was
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Table 1. Mean phenotypic values at 20 weeks of age.
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Body weight (g)

Urinary albumin: creatinine ratio (mg/g)

KKAy C57BL/6
46.88+2.61* 30.32+1.3
""""""""" 20624399 11074126
""""""""" 3033582 32674451
12301318 11032297
-~ 7soomi77a9t 4937:1877

Data are expressed as mean +SD. * P<0.05 vs. C57BL/6 control group.
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Figure 1. Two-dimensional electrophoresis
image of differentially expressed
glomerular proteins in early-stage
diabetic nephropathy. Glomerular
proteins were separated by
2-dimensional gel electrophoresis (2-
DE). The gel was stained with Deep
Purple dye and 19 differentially
expressed proteins were labeled
on the map. Marked spot numbers
represent differentially expressed
proteins between 20-week-old
spontaneous type-2 diabetic KKAy
mice and 20-week-old C57BL/6 mice.
The marked spot numbers refer to
“Spot ID” in Tables 2 and 3.

Spot 1778: Prolubitin (Ratio:1.32)
K20

Qo

k20 T

Spot 1642 Annexin A2 (Ratio:1.36)
Qo

Figure 2. Two-dimensional differential gel
electrophoresis (2D-DIGE) image of
mice glomeruli. Prohibitin and annexin
A2 were up-regulated in glomeruli

of 20-week spontaneous type-2
diabetic KKAy mice, with a differential
expression rate of 1.32 and 1.36,
respectively. The 3-dimensional images
2 indicated by arrows were generated
by DeCyder™ 2-D Differential Analysis
software. K20 represents 20-week-old
KKAy mice; C20 represents 20-week-
old C57BL/6 mice.

used as internal control. Using MF-ChemiBIS 3.2 and Image)
software, the Western blot images were captured and analyzed.

Immunohistochemistry

Paraffin sections were deparaffinized with xylene and rehy-
drated in a graded alcohol series. Tissue sections were treated
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with 3% H,0, at room temperature for 10 min, followed by
overnight incubation with anti-prohibitin (1:250) and anti-an-
nexin A2 (1:250) antibodies at 4°C. Finally, the tissue sections
were incubated with peroxidase-conjugated goat anti-rabbit
antibody, developed with diaminobenzidine as the chromogen,
and counterstained with hematoxylin. Twenty-five glomeruli
in each group were observed, and semi-quantitative analysis
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Table 2. Up-regulated glomerular proteins in KKAy mice.
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. Acc.no. Ratio Protein Molecular
SpotIDEMY (b=l Froteminems SwissProt  (K20/C20) Score function
1392 32931 48 405 ribosomal protein SA P14206 233 99 Ribosomal
protein
1352 56265 5.19 ATP synthase subunit beta, mitochondrial P56480 1.77 184 Hydrolase
894 68272 7.23 Transketolase P40142 1.64 124 Transferase
1136 56857 557 " YPeproton ATPase subunit B, brain P62814 1.49 156 Hydrolase
isoform
923 62638 595  Dihydropyrimidinase-related protein 2 008553 147 103 Ef;i'&pme”tal
Propionyl-CoA ha chai
790 g0a08 683 " ropionyl-CoA carboxylase alpha chain, Q91ZA3 1.46 92 Ligase
mitochondrial
1070 60013 7.72 Catalase P24270 1.41 98 Oxidoreductase
1500 47780 9.13 Aspartate aminotransferase, mitochondrial ~ P05202 1.38 90 Transferase
1642 38937  7.55  Annexin A2 P07356 136 156 calcium on
binding
1812 28928 6.67 Phosphoglycerate mutase 1 Q9DBJ1 1.36 115 Glycolysis
1049 63045 5.85 Epoxide hydrolase 2 P34914 1.35 99 Hydrolase
£ .
1350 49876  7.23  Elongation factor Tu, mitochondrial Q8BFRS5 1.34 98 fzii:ograt'c’”
865 71055 5.37 Heat shock cognate 71 kDa protein P63017 1.32 107 Chaperone
1778 29859 5.57 Prohibitin P67778 1.32 185 DNA synthesis
830 80501 6.25 Heat shock protein 75 kDa, mitochondrial Q9CQN1 1.24 147 Chaperone
1210 61640 8.05 Glutamate dehydrogenase 1, mitochondrial  P26443 1.22 126 Oxidoreductase
1591 36792 6.9 Alcohol dehydrogenase [NADP+] QIllle 1.21 131 Oxidoreductase

“K20/C20” represents 20-week-old spontaneous type-2 diabetic KKAy

mice vs. 20-week-old C57BL/6 mice. Protein score is —10*Log(P),

where P is the probability that the observed match is a random event. Protein scores greater than 55 are significant (P<0.05).

of glomerular images was made by MetaMorph image analy-
sis system (UIC, USA).

Statistical analysis
SPSS 15.0 statistic software was used for data processing. The
results are expressed as average + standard deviation. Analysis

of variance (ANOVA) was used to compare differences between
groups. A P<0.05 was considered statistically significant.

Results

Phenotypic characterization

As shown in Table 1, body weight and random glucose lev-
els at 20 weeks of age were both significantly higher in KKAy

mice than in age-matched C57BL/6 control mice (P<0.05). The
urinary albumin/creatinine ratio of KKAy mice at 20 weeks of
age was significantly higher than that of the C57BL/6 con-
trol group (P<0.05). Blood creatinine and blood urea nitrogen
levels were not statistically different between the 2 groups.
Pathological lesions in 20-week-old KKAy mice were increasing
in glomerular area under a light microscope, including glomer-
ular basement membrane thickening, and segmental and dif-
fuse mesangial expansion. Glomerular basement membrane
thickening with fused foot processes were also observed un-
der an electron microscope [15].

Proteomic profile in glomeruli of diabetic KKAy mice
By using DeCyder™ 2-D Differential Analysis Software, 114

spots of differential expression of mouse glomeruli were ex-
tracted for further mass spectrometry analysis. By the individual
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Table 3. Down-regulated glomerular proteins in KKAy mice.

Ratio
(K20/€20)

Molecular
function

Protein
Score

Acc.no.

Spoths SwissProt

MW(Da)

pl Protein name

NADH dehydrogenase [ubiquinone]
iron-sulfur protein 2, mitochondrial

1677 35720 5.3 Q91XE4 -1.29 88

1338 52991 6.52 Q91WD5

Aspartoacylase-2 Hydrolase

“K20/C20” represents 20-week-old spontaneous type-2 diabetic KKAy mice vs. 20-week-old C57BL/6 mice. Protein score is —10*Log(P),
where P is the probability that the observed match is a random event. Protein scores greater than 55 are significant (P<0.05).
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Figure 3. Western blot analysis of annexin A2 and prohibitin in glomeruli. (A) Annexin A2 was up-regulated in glomeruli of 20-week-
old spontaneous type-2 diabetic KKAy mice, * P<0.05 compared to control. (B) Prohibitin was up-regulated in glomeruli of
20-week-old spontaneous type-2 diabetic KKAy mice, * P<0.05 compared to control. K20 represents 20-week-old KKAy mice;
C20 represents 20-week-old C57BL/6 mice.

Table 4. Semi-quantitative analysis of glomerular images in mice (n=25).

Image name Optical density average Integrated OD average
Annexin A2-C20 0.152+0.004 12.371+4.706
AmexinA2k20  o0247s0004* 20688£16329*
Prohibitn-c20  o1so007 73892621
Cprohibitnk20  oxs0004# 25.881:7178%

Data are expressed as mean +SD. * P<0.05 vs. C57BL/6 control group. K20 represents 20-week-old spontaneous type-2 diabetic KKAy
mice; C20 represents 20-week-old C57BL/6 mice.

analysis of MALDI-TOF mass spectrometry, 19 differential pro-
tein-spots of mice glomeruli were identified (Figures 1 and 2).
Among the glomerular differential proteins, there were 17 pro-
teins significantly up-regulated and 2 proteins significantly
down-regulated in KKAy mice (Tables 2 and 3).

Western blot analysis of annexin A2 and prohibitin in
glomeruli

Western blot analysis showed that the glomerular expression
of annexin A2 and prohibitin were up-regulated in 20-week-old
KKAy mice in comparison to C57BL/6 control mice (Figure 3).
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Prohibitin

Annexin 2

Figure 4. Immunohistochemical analysis
of prohibitin and annexin A2 in
glomeruli. In glomeruli, prohibitin and
annexin A2 were observed in 20-week-
old C57BL/6 control mice (A, C) and
20-week-old spontaneous type-2
diabetic KKAy mice (B, D). Both were
expressed higher in KKAy mice than
in C57BL/6 mice. Magnification power
was 1000x in all panels.

Immunohistochemical analysis of prohibitin and annexin
A2 in glomeruli

Figures 4 shows immunostaining results of prohibitin and an-
nexin A2 in kidneys of 20-week-old KKAy and C57BL/6 mice.
In glomeruli, both prohibitin and annexin A2 were expressed
at higher levels in KKAy mice than in C57BL/6 mice (Table 4).

Discussion

The purpose of this study was to identify proteins closely as-
sociated with early-stage DN. The KKAy mice, produced by the
transfer of the yellow obese gene (Ay) into KK mice, become
obese, hyperglycemic, hypertriglyceridemic, and hyperinsulin-
emic. Furthermore, after 16 weeks of age, these mice were found
to develop typical proteinuria, glomerular mesangial matrix accu-
mulation, and glomerular basement membrane thickening. Thus,
the spontaneous type-2 diabetic KKAy mice are considered to
be an ideal animal model for studying early-stage DN [16-20].

Glomeruli are the major target of injury in diabetic nephrop-
athy [21]. However, because of the limitation in methodology
and the demand of protein quantity, most proteomic studies
about DN using mouse models only focused on whole kidney
or renal cortex [22,23], and the glomerular proteome was rarely
reported. In our study, by using Dynabeads perfusion, we suc-
cessfully isolated mouse glomeruli with high purity [24]. By us-
ing 2D-DIGE and MALDI-TOF mass spectrometric analysis, we
attained 19 differentially expressed glomerular proteins be-
tween KKAy mice and C57BL/6 mice. Out of these 19 proteins,
17 were up-regulated and 2 were down-regulated in KKAy mice.
Among them, prohibitin and annexin A2 were up-regulated.

Prohibitin was named for its ability to inhibit cell proliferation.
It is a pleiotropic protein in the cell, which has been implicat-
ed in the maintenance of mitochondrial function, protection
against senescence, and also has been found to participate
in the regulation of proliferation, apoptosis, transcription, and
as a cell-surface receptor [25-28]. Shi et al. [29] analyzed the
antiproliferative activity of prohibitin in children with nephrit-
ic syndrome, and results showed that serum prohibitin was
significantly increased in children with kidney diseases and
were positively correlated with the degrees of renal glomeru-
lar and interstitial damage. Research has identified that pro-
hibitin may be a potential therapeutic option for treatment of
diseases associated with increased oxidative stress and mito-
chondrial dysfunction, such as insulin resistance/type 2 dia-
betes, obesity, and cancer [30].

Prohibitin could interact with annexin A2, ie, annexin A2 was
found with prohibitin as prey [31]. Annexin A2 belongs to a
family of calcium-dependent, phospholipid-binding proteins
[32,33]. It was first identified as an intracellular protein and
attributed to intracellular functions, while extracellular annexin
A2 has also been found in several tissues as both soluble and
membrane-bound protein and has attracted increasing atten-
tion in recent years [34]. Extracellular annexin A2 is a co-recep-
tor for plasminogen and tissue plasminogen activator on endo-
thelial cells, and is one of the molecules required to maintain
the anti-thrombogenic properties of endothelial cells. Ishii et
al. [35] administered recombinant annexin-2 protein (rAN II)
to KKAy mice; albuminuria and histological glomerular lesions
were significantly milder without influencing the coagulation
system. Cell surface annexin A2 is a high-affinity receptor for
large Tenascin C splice variants, and may play a crucial role in
the interaction between cells and the extracellular matrix [36].
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In our study, we found that prohibitin and annexin A2 were
up-regulated in glomeruli in diabetic KKAy mice. Prohibitin
could interact with annexin A2, and the interactions be-
tween prohibitin, annexin A2 seem to be regulated in a Ca?-
dependent manner, and addition of Ca?* blocked the associa-
tion of the 2 proteins, which are both cell-surface receptors.
Baran et al. [37] reported that annexin A2 may serve as a re-
ceptor for rapid actions of 1alpha, 25-dihydroxyvitamin D(3).
Mooso et al. [38] demonstrated that prohibitin participates
in the regulation of the reaction of vitamin D receptor to cal-
citriol (1,25(0H)(2)D3) in prostate cancer. Further studies on
the up-regulation of prohibitin and annexin A2 participate in
the mechanism relative to vitamin D insufficiency during ear-
ly-stage DN might aid in understanding the pathophysiolog-
ic mechanism of DN. Although proteomic analysis is one of
the most powerful and useful tools in the detection of nov-
el proteins in kidney diseases, it requires further mechanical
analysis of the results.
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Conclusions

Our study identified 19 differentially expressed glomerular pro-
teins in diabetic KKAy mice vs. C57BL/6 control mice. Prohibitin
and annexin A2 were significantly up-regulated in glomeruli
of KKAy mice. These results can be utilized as a database for
analysis of protein expression during early-stage DN, and fur-
ther studies on prohibitin and annexin A2 might yield new in-
sights into the pathogenesis of DN.
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