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Abstract: The pathogenesis of congenital hydronephrosis in laboratory animals has been studied for many years, yet
little is known about the underlying mechanism of this disease. In this study, we investigated a MS-based compara-
tive proteomics approach to characterize the differently expressed proteins between kidney tissue samples of ICR/
Mlac-hydro and wild-type mice. Interestingly, proteomic results exhibited several mitochondrial protein alterations
especially the up-regulation of 60 kDa heat shock protein (Hsp60), stress-70 protein (GRP75) dysfunction, and
down-regulation of voltage-dependent anion-selective channel protein 1 (VDAC-1). The results demonstrated that
mitochondrial alteration may lead to inadequate energy-supply to maintain normal water reabsorption from the re-
nal tubule, causing hydronephrosis. Moreover, the alteration of cytoskeleton proteins in the renal tubule, in particu-
lar the up-regulation of tubulin beta-4B chain (Tb4B) and N-myc downstream-regulated gene 1 protein (Ndr-1) may
also be related due to their fundamental roles in maintaining cell morphology and tissue stability. In addition, cy-
toskeletal alterations may consequence to the reduction of glyceraldehydes-3-phosphate dehydrogenase (GAPDH),
cytoplasmic enzyme, which modulates the capacity of structural proteins. Our findings highlight a number of target
proteins that may play a crucial role in congenital hydronephrosis and emphasize that the disorder of mitochondria
and cytoskeleton proteins may be involved.
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Introduction

Hydronephrosis refers to the distension and
dilatation of the renal pelvis and calyces, with
accompanying atrophy to the parenchyma,
caused by obstructed of urine outflow [1]. This
obstruction may present itself mechanically [1,
2] and functionally [3]. Congenital hydronephro-
sis still remains a priority of antenatal detected
urinary tract abnormalities in mankind. More
importantly, congenital hydronephrosis is one
of five major birth defects subordinated to atri-
al septal defect and ventricular septal defect
with accumulated incidence of 15-580 cases
per 10,000 newborns [4-6]. To understand the
pathophysiology of congenital hydronephrosis
better, several spontaneously-arising animal
models, (STR/N mouse, NZC mouse, C3H

mouse, BRVR mouse, C57BL/KsJ mouse,
C57L/MsNrs mouse, DDD inbred mouse, and
cph/cph mouse) have been developed as the
study model for urinary tract diseases in bio-
medical research [3, 7-13].

The ICR/Mlac-hydro mice were established by
selective inbreeding of ICR mice carrying the
hydronephrosis mutation [14]. Our recent stud-
ies demonstrated that the mice develop bilat-
eral non-obstructive hydronephrosis without
evidence of interstitial fibrosis and glomerulo-
sclerosis [15]. They also display no abnormali-
ties in blood urea nitrogen, creatinine concen-
tration, and urine-specific gravity. Interestingly,
these mice exhibit trabeculae bone loss, possi-
bly caused by marked decreases in both osteo-
blast and osteoclast activities [16]. Since
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chronic renal disease stage affects to bone for-
mation. However the pathogenic roles of this
hydronephrotic model have not yet been
studied.

Proteomics is the large-scale analysis of pro-
teins in biological mixtures, and provides evi-
dence for protein expression levels regard to
molecular mechanisms, underlying health, dis-
eases, and pinpoints potential disease bio-
markers [17]. There are many associated
potential protein markers for renal diseases
such as nephrin and podocin for glomerular
injury in diabetic nephropathy [18], podocalyxin
for glomerular injury in lupus nephritis [19],
NGAL, KIM-1, and NAG for tubulointerstitial
injury in acute and chronic kidney diseases
[20], and proSAAS in newborn obstructive
nephropathy [21]. Recent comparative pro-
teomic analysis suggests that mitochondria are
involved in autosomal recessive polycystic kid-
ney disease [22].

Along this line of though, in this study, we con-
ducted proteomics approach to explore the pro-
tein expression profile of renal tissues from
ICR/Mlac-hydro and wild-type mice to identify
which proteins are involved in or control the
characteristics of hydronephrosis. To confirm
the proteomics results, further analysis was
detected by immunohistochemical study. It is
expected that the results of this study provide
new insights into the understanding of the
pathogenesis underlying congenital hydrone-
phrosis and preliminary guideline for therapeu-
tic approach.

Materials and methods
Ethics statement

Animal studies were performed in accordance
with the Mahidol University policy for the care
and use of animals for scientific purposes and
approved by the institutional ethic committee
(Animal Welfare Assurance Number: RA2007-
01.01). Sixty days old of five male ICR/Mlac-
hydro mice (hydronephrosis strain) and five
male wild-type mice (free hydronephrosis
strain) from National Laboratory Animal Center,
Mahidol University were included in the study.

Sample preparation

Blood samples from each group were collected
by cardiac puncture under anesthesia with car-
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bon dioxide inhalation and the mice were
humanely sacrificed by exsanguination. Crea-
tinine and blood urea nitrogen (BUN) were mea-
sured by a Hitachi 902 automated blood ana-
lyzer (Hitachi Science Systems Ltd., Ibaraki,
Japan). A necropsy examination was performed
on each animal with grossly examined study of
the urinary tract. Urine from the urinary bladder
was collected into a clean syringe for spectro-
scopic measurement of urine specific gravity.
The kidneys were given cranial-longitudinal inci-
sions, one half was fixed in 10% neutral buff-
ered formalin for histological and immunohisto-
chemical studies and the other was snap fro-
zen in liquid nitrogen then stored in-70 to -80°C
for proteomic analysis. Fixed specimens were
routinely processed, embedded in paraffin,
5-um sectioned, and stained with hematoxylin
& eosin (H&E).

Histomorphology

The degree of hydronephrosis was determined
by measuring the percentage of renal paren-
chyma as assessed by an imaging analysis pro-
gram (ImageJ® Version 1.36; National Institutes
of Health; Bethesda, Maryland, USA). Briefly, a
line was drawn on the overall area of the kidney
and the remaining parenchymal area, and then
these areas were measured in um?2. Percentage
of renal parenchyma was calculated by
extrapolation.

2DE

2DE was modified from a previous study [22].
Snap frozen specimens of renal tissue samples
in both ICR/Mlac-hydro (n = 3) and wild-type
mice (n = 3) were homogenized in liquid nitro-
gen, and 100 mg of renal tissue was lysed in
500 pl of lysis buffer (7 M urea, 2 M thiourea,
4% CHAPS; Bio-Rad®) containing 1% (v/v) prote-
ase inhibitor (Sigma®). Samples were lysed by
ultrasonication in an ice bath for eight cycles,
each comprising of a 5-s sonication followed by
a 10-s break, and then held for 30 min on ice
with periodic vortex. After centrifugation at
12,000xg for 20 min at 4°C, the supernatant
was precipitated with cold acetone (1:4) over-
night at -20°C. Next, sample were centrifuged
at 14,000xg for 15 min at 4°C, pellets were
dissolved with 500 pl of rehydration buffer (7 M
urea, 2 M thiourea, 4% CHAPS, 120 mM DTT,
2% IPG buffer, 0.002% bromophenol blue).
Protein sample concentrations were deter-
mined by protein assay reagent (Bio-Rad®)
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using a spectrophotometer (NanoDrop-1000,
Thermo Scientific). Protein samples (200 ug) in
rehydration buffer (total volume = 250 pl) were
applied to Immobiline™ Drystrip IPG strip (13
cm, pH 3-10 NL, GE healthcare®) using a pas-
sive rehydration method for 12 h. Isoelectric
focusing was performed at 20°C using Ettan
IPGphor (GE healthcare®) as follows: 500 V
(step and hold) for 3 h, 1,000 V (Gradient) for 1
h, 8,000V (Gradient) for 2.5 h, and finally 8,000
V (step and hold) for 45 min. Following the IEF
separation, the gel strips were incubated with
gentle shaking in an equilibration solution | (75
mM Tris-HCI, pH 8.8, 6 M urea, 30% glycerol,
2% SDS, 0.002% bromophenol blue, 1.0% DTT)
for 15 min, then the strips were again put in an
equilibration solution Il (75 mM Tris-HCI, pH
8.8, 6 M urea, 30% glycerol, 2% SDS, 0.002%
bromophenol blue, 2.5% iodoacetamide) for 15
min. The equilibrated gel strips were placed on
the top of a 12.5% SDS-PAGE (2" dimension)
slab gels and sealed with agarose sealing solu-
tion (25 mM Tris base, 192 mM glycine, 0.1%
SDS, 0.5% agarose, 0.002% bromophenol
blue). SDS-PAGE was performed for 30 min ata
constant current of 15 mA/gel, and then at 30
mA/gel using a vertical slab gel electrophoresis
unit (SE 600 Chroma Hoefer®) until the bromo-
phenol blue reached the bottom of the gels.
Immediately after the 2nd dimension run, gels
were fixed for 2 h in 40% ethanol containing
10% acetic acid. The gels were then stained
with Flamingo™ Fluorescent gel stain (Bio-Rad®)
for 18 h on a rocking shaker. Excess dye was
washed out from the gel with distilled water.
The 2DE was performed on each kidney indi-
vidually, and the experiments were replicated
three times.

Image analysis

The gels were scanned with the Typhoon Trio
Variable Mode Imager (GE Healthcare®) at
Green laser (532 nm) and 555 nm long pass
emission filter. Spot detection, quantification,
and comparison of 2D protein patterns were
done with the Image Master 2D software (GE
healthcare®). The quantity of each spot in a gel
was normalized as a percentage of the total
quantity in the map according to its OD value.
Significant spots were identified as the differ-
ence in per cent volume between the groups by
ANOVA p-value < 0.05. 20 significant spots
were selected for protein identification.

9194

In-gel tryptic digestion

Gel digestion was conducted as previously
described [23]. The selected protein spots were
manually excised with sterilized pipette tips
and dehydrated in acetonitrile (HPLC grade,
Merk®). In-gel reduction and alkylation were
performed by incubating the gel pieces in DTT
solution (10 mM DTT in 100 mM NH,HCO,) for
1 h, at 56°C, and then in iodoacetamide (55
mM iodoacetamide in 100 mM NH,HCO,) for
45 min, at room temperature with light protec-
tion. The gel pieces were then washed with 100
mM NH,HCO,, before being pre-incubated in
25-35 pl of trypsin digestive buffer (12.5 ng/ul
sequencing grade modified trypsin (Promega)
in 50 mM NH,HCO,) for 45 min, at 4°C. The
redundant trypsin solution was removed and
submerged in 5-10 pl of 50 mM NH, HCO, buf-
fer to completely immerse the gel pieces, which
were incubated overnight at 37°C (14-16 h).
Tryptic digests were extracted with 20 mM
NH,HCO, buffer followed by double extraction
with 5% formic acid in 50% acetonitrile for 20
min, at room temperature. At the time of extrac-
tion, samples were centrifuged at 14,000xg for
1 min, then the supernatant was collected. The
extracts were dried in a SpeedVac concentrator
(Thermo Scientific) at room temperature and
then subjected to MS.

MS/MS analysis and protein identification

Mass spectra were examined externally by
Salaya Central Instrument Facility (SCIF),
Mahidol University using a Nano LC/MS/MS,
Maxis UHR-QTOF (Bruker) coupled to a Nano LC
System (Dionex). The LC-MS/MS data files were
converted into the mascot generic file (.mgf)
using DataAnalysisTM software, version 3.4.
The mgf files were searched using Mascot ver-
sion 2.4.1 (Matrix Science, London, UK) against
the SwissProt database.

Immunohistochemistry

From the MS/MS analysis and protein identifi-
cation results, two significantly increased pro-
tein markers in the mutant mice were further
analyzed by immunohistochemical staining,
polyclonal rabbit anti 60 kDa heat shock pro-
tein (Hsp60) (Bioss, USA, 900291W) and poly-
clonal rabbit anti tubulin beta-4B chain (Tb4B)
(Bioss, USA, 9H20Y1). Four micron thick sec-
tions from the paraffin blocks were cut and
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Figure 1. Histopathology of kidney from wild type and ICR/Mlac-hydro (H&E staining). (A, B) 60 days old male ICR/
Mlac-hydro mouse kidney characterized parenchymal atrophy and expansion of pelvicocaliceal space when com-
pared to control mouse (C). (D) Glomerular and tubular architecture were preserved in ICR/Mlac-hydro mouse.

Table 1. Comparison of renal parenchyma (%) of
ICR/Mlac-hydro and wild-type mice

% Renal parenchyma (Mean

ABE ey Side + SD) -

(Day) - value
ICR/Mlac-hydro  Wild type

60 M Left 59.57+9.7 91.67+4.5 .000

Right 47.45+10.4 92.67 £3.8 .000

placed on pre-coated immunohistochemistry
slides, and dried overnight at 56°C then allowed
to cool. The sections were deparaffinized in
xylene and rehydrated prior to immunostaining.
Heat-induced antigen retrieval with citrate buf-
fer (pH 6) was used to unmask the antigen from
all antibodies. Endogenous peroxidase was
quenched with 3% v/v hydrogen peroxide in
methanol after sections were cooled. The sec-
tions were washed with 0.2% v/v Tween in
Phosphate buffered saline (PBS) and blocked
with protein block serum free (Dako, Denmark,
X0909) for 10 min. Sections were incubated in
primary antibody diluted in PBS with 1% v/v
normal goat serum (NGS, Vector, USA, S1000).
The sections were washed and incubated for
30 min with labeled polymer HRP anti-mouse/
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rabbit EnVision kit (Dako, Denmark, K5007) at
room temperature, and visualized with diamino-
benzidine (DAB, Dako, Denmark, K3468). The
slides were counterstained with hematoxylin
before permanent mounting with Permount®.

In each group, ten random fields at 400 magni-
fications were examined by collecting duct and
distal tubule. Color images (640 x 480 pixel
resolution) were obtained with a light micro-
scope (BX51, Olympus®) and digital camera
(DP70, Olympus®). Immunohistochemical ex-
pression was then analyzed by a semi-quantita-
tive digitalized image analysis program using
Imagel) [24]. Briefly, color images were first con-
verted to 8 bit format in gray scale. Adjusted
images were transformed by threshold mode to
locate the area of expression. Then, the area of
positive reaction was estimated by the number
of black pixels determining the percentage of
black pixels/high power field.

Statistics
All experimental data were presented as means

+ SD and analyzed by independent t-test and
one way ANOVA test using IBM® SPSS® statisti-
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Table 2. Clinical chemistry (BUN and creatinine) and urine specific

gravity of ICR/Mlac-hydro and wild-type mice

and identified by MS analysis.
The results showed that two

Age

BUN (mg/ Creatinine Urine specific

sets of protein spots (spot

Breed (Day) Sex dl) (mg/dl) gravity number 9-10 and 16-17) were
ICR/Mlac-hydro 60 male 18.2+2.49 0.125+0.05 1.037 +0.013 identical. Interestingly, among
AN . .
Wild type 60 male 21.5+2.41 0.133+0.05 1.050+0.000 the identified proteins, 50.0%
pvalue 0.137 0.846 0.164 (9/18) were mitochondrial pro-

cal software version 20. Statistical significance
was defined as P < 0.05.

Results
Histomorphology

Microscopic analysis revealed that, the hydro-
nephrotic kidneys exhibited dilation of the renal
calyces, with a striking atrophy of the transi-
tional epithelium of the renal pelvises and caly-
ces (Figure 1A, 1B). There was no evidence of
interstitial fibrosis or glomerulosclerosis (Figure
1D). The percentage of renal parenchyma was
significantly lower in ICR/Mlac-hydro mice com-
pared to the wild-type (Table 1).

Clinical data

Clinical blood chemistry was compared
between ICR/Mlac-hydro and wild-type mice.
Similar to our previously work [15], levels of
BUN, creatinine, and urine specific gravity in
both strains of mice were identical (Table 2).

Comparative proteomics analysis

2DE was conducted to identify the differently
expressed proteins between ICR/Mlac-hydro
and wild-type mice. Three specimens of each
group were analyzed at least three times to
eliminate random error. Master 2D software
from GE Healthcare® was used to automatically
match the gels. The results exhibited a totally
of 669 protein spots in which 131 protein spots
had a significantly different expression. When
compared to wild-type mice, 17 proteins were
consistently up-regulated, 13 were consistently
down-regulated, 50 were not expressed in ICR/
Mlac-hydro mice, while 51 were not expressed
in wild-type mice.

MS/MS analysis and protein identification

As shown in Figure 2 and Table 3, 20 differen-
tially expressed protein spots were selected
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teins which play roles in apop-
tosis and cell proliferation. In
addition, 11.2% (2/18) were structural proteins
related to the cytoskeletal system function.
22.3% (4/18) included enzymes and catalytic
agents in the cytoplasm, and 16.6% (3/18) con-
tained blood components.

Validation of altered proteins by immunohisto-
chemistry

In order to validate the altered protein expres-
sion from the 2DE gel results and to exclude
the experimental errors, immunohistochemical
staining was performed on two chosen protein
markers. This technique is an excellent detec-
tion to determine exactly where given proteins
are located within the examined tissue. As
shown in Figure 3, Hsp60 and Tubb4b were
expressed in the cytoplasm of the collecting
duct and apical membrane of distal tubule,
respectively. The levels of their expression in
ICR/Mlac-hydro were significantly higher than
those of the wild-type, which were in good
agreement with the 2DE gel results.

Discussion

Proteomic analysis on tissues, as an approach
to investigate the pathophysiology of diseases,
has achieved widespread acceptance in renal
disease research [17-21]. Only a few proteins
are known to be affected by hydronephrosis
and the pathogenesis underlying this renal
abnormality remains unclear. In this study,
MS-based comparative proteomic analyses
were applied to the kidneys of both ICR/Mlac-
hydro and wild-type mice. Proteins with compa-
rable expression levels were investigated, and
their association with the pathogenesis of
hydronephrosis was analyzed. As shown in
Table 3, our study identified 20 stably, signifi-
cantly altered proteins which functioned in mul-
tiple biological processes mainly related to
mitochondrial proteins (Hsp60, GK, GRP75,
VDAC-1, DId, MCCase «, PCB, Sd, and IVD). We
also identified some structural (cytoskeleton)

Int J Clin Exp Med 2015;8(6):9192-9204
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Figure 2. 2DE of ICR/Mlac-hydro mouse and wild-type mouse. Total protein extracts from ICR/Mlac-hydro mouse
No. 2 (A) and wild-type mouse No. 1 (B) were separated on pH 3-10 IPG strips in the first dimension and followed by
SDS-PAGE in the second dimension and visualized by Flamingo™ Fluorescent gel staining.

proteins (Tb4B and Ndr-1), some enzymes and
cytoplasmic catalytic agents (Cnsd, V-ATPase
A, 10-FTHFDH, and GAPDH), and a few blood
components (Hb-b1, Alb, and Transferrin). To
further validate these 2DE results, two select-
ed proteins, Tb4B and Hsp60, from MS pro-
teomics were confirmed by immunohistochem-
istry on renal tissues of both strains. These
results showed similar up-regulation levels,
thus confirming the proteomic data.

Biological activities of mitochondria are not
only limit to the powerhouse of the cell, but also
include biosynthetic pathways, calcium homeo-
stasis, thermogenesis, cell death by apoptosis,
and several different signal transduction path-
ways [25]. Indeed, a growing number of studies
which assign a significant pathogenic role to
damaged mitochondria in different diseases:
ischemia/reperfusion in-
jury [26], neurodegenerative diseases [27],
metabolic syndrome, cardiovascular dis-
eases, cancer [28], and hyperlipidemias [29].
Moreover, mitochondria dysfunction in the kid-
ney plays a critical role in the pathogenesis of
kidney diseases [30]. The renal manifestations
that have been reported in relation to mito-
chondrial dysfunction include renal tubular dys-
function [31], interstitial nephritis, glomerular
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pathology [32], and in rare cases cystic disease
[33]. There are two forms of renal manifesta-
tions in relation to mitochondrial dysfunction
[34], with or without some well-recognized
mitochondrial disease syndromes, such as
Pearson syndrome, KearnsSayre syndrome,
and Leigh syndrome.

Although there have been few reports regard-
ing links between mitochondria dysfunction to
hydronephrosis, Bushma'’s study demonstrated
that in rabbits given gentamicin induced neph-
rotoxicity condition reduced the mitochondria’s
ability to oxidize alpha-ketoglutarate, palmi-
toilkarnitin, and succinate, predisposition to
hydronephrosis [35]. To the best of our knowl-
edge, our study reported here is the first to
show a direct relationship between hydrone-
phrosis and alterations of mitochondrial & cyto-
skeletal protein. However, the exact functional
roles of these mitochondria-associated pro-
teins in hydronephrosis need further study.

Hsp60 (60 kDa heat shock protein) and GRP75
(Stress-70 protein) are heat shock proteins and
the most important chaperones found in the
mitochondrial matrix [36]. Heat shock proteins
act as protecting intracellular proteins from
heat shock, toxicity, hypoxia, and inflammation

Int J Clin Exp Med 2015;8(6):9192-9204
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Table 3. Differently expressed proteins comparison between wild type and ICR/Mlac-hydro (the mutant) mice

Soot Intensity G s
0 ene ) equence . .
P Wild ANOVA Protein name q Location  Function
number Mutant name coverage
type
1 0.4616 0.7988 0.0088 Tubb4b Tubulin beta-4B chain (Th4B) 59% Microtubule  Chief component of microtubules [52]
2 0.5925 0.8195 0.0116 Hspdl 60 kDa heat shock protein (Hsp60) 73% Mitochondria Implicate in mitochondrial protein import and macromolecular
assembly [36]
3 0.7653 0.0000 0.0064 Hbb-bl Hemoglobin subunit beta-1 (Hb-b1) 7% Red blood cell Oxygen transportation
4 0.0712 0.1164 0.0063 Gk Glycerol kinase (GK) 48% Mitochondria  Enzyme in the regulation of glycerol uptake and metabolism [45]
5 0.1870 0.2667 0.0203 Cndp2 Cytosolic non-specific dipeptidase (Cnsd) 50% Cytoplasm Hydrolyze a variety of dipeptides including L-carnosine [65]
6 0.5128 0.6844 0.0030 Atp6vila V-type proton ATPase catalytic subunit A (V-ATPase A) 64% Cytoplasm Responsible for acidifying a variety of intracellular compartments
in eukaryotic cells [59]
7 0.3490 0.0000 0.0000 HSPA9 Stress-70 protein (GRP75) 53% Mitochondria Implicate in the control of cell proliferation and cellular aging [37]
0.0163 0.0928 0.0371 Ndrgl N-myc downstream-regulated gene 1 protein (Ndr 1) 22% Microtubule  Chief component of microtubules [53]
9 0.0076  0.1018 0.0127 Aldh1l1 Cytosolic 10-formyltetrahydrofolate dehydrogenase A47% Cytoplasm Induce catalytic activity [66]
(10-FTHFDH)
10 0.0406 0.0225 0.0148 Aldhll1 Cytosolic 10-formyltetrahydrofolate dehydrogenase 36% Cytoplasm Induce catalytic activity [66]
(10-FTHFDH)
11 0.0000 0.0738 0.0452 Alb Serum albumin (Alb) 36% Blood Regulation of the colloidal osmotic pressure of blood
12 0.4130 0.0000 0.0032 Vdacl Voltage-dependent anion-selective channel protein 1 59% Mitochondria Responsible for the release of mitochondrial products that trig-
(VDAC-1) gers apoptosis [42, 43]
13 0.5698 0.1479 0.0353 Gapdh Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 34% Cytoplasm Play a role in glycolysis and nuclear functions [63]
14 0.1723  0.2155 0.0441 Did Dihydrolipoyl dehydrogenase (DId) 35% Mitochondria Involve in the hyperactivation of spermatazoa during capacitation
and in the spermatazoal acrosome reaction [46, 47]
15 0.0778 0.1693 0.0437 Tf Serotransferrin (Transferrin) 62% Blood Responsible for the transport of iron
16 0.0320 0.0428 0.0228 Mcccl Methylcrotonoyl-CoA carboxylase subunit alpha (MC- 36% Mitochondria A critical enzyme for leucine and isovaleric acid catabolism [67]
Case )
17 0.0381 0.0621 0.0206 Mcccl Methylcrotonoyl-CoA carboxylase subunit alpha (MC- 21% Mitochondria A critical enzyme for leucine and isovaleric acid catabolism [67]
Case )
18 0.0000 0.0326 0.0056 Pc Pyruvate carboxylase (PCB) 20% Mitochondria Catalyze initiates reactions of glucose and lipid synthesis from
pyruvate [49]
19 0.3050 0.0220 0.0011  Sord  Sorbitol dehydrogenase (Sd) 57% Mitochondria Play an important role in sperm physiology [47]
20 0.3265 0.1065 0.0022 Ivd Isovaleryl-CoA dehydrogenase (IVD) 50% Mitochondria Catalytic activity in mitochondria [51]
9198 Int J Clin Exp Med 2015;8(6):9192-9204
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Figure 3. The expression of 60 kDa heat shock protein and Tubulin beta-4B chain in kidney. (A, B) Box plot dem-
onstrates the difference of % area of expression/Hpf of Hsp60 and Tb4B in wild type compared to ICR/Mlac-hydro
mouse. (C-F) Immunohistochemical staining of 60 days old male wild type (C&E) and ICR/Mlac-hydro (D&F) mouse
kidney characterized Hsp60 localized in cytoplasm of collecting tubule (C&D) and Tb4B localized on apical mem-
brane of distal tubule (E&F). *; p-value < 0.05, ***; p-value < 0.001.

[37]. GRP75 is also called mortalin which disease alters the level of Hsp60 and GRP75,
involved in stress response, cell proliferation, suggesting an adaptive response [40]. It has
and apoptosis inhibition [38]. In case of cell been found that increased expression of
damage and necrosis, heat shock proteins are GRP75 in the cell results in a decreased ten-
released into circulation and play a protective dency toward apoptosis [38, 41]. Our finding in
role as danger signal [37, 39]. Chronic kidney the present study suggested that, the elevation
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of Hsp60 in the ICR/Mlac-hydro mice may be
associated with the stress conditions from uri-
nary flow disturbance in hydronephrosis. While
GRP75 was presented in wild-type mice, there
was not found in ICR/Mlac-hydro mice. This
refers that GRP75 dysfunction appears to have
occurred in hydronephrotic condition probably
resulting in high predisposition to cellular dam-
age from apoptosis.

Voltage-dependent anion selective channel
proteinl (VDAC-1) is located on the outer mem-
brane of the mitochondria and helps form of
the permeability transition pore complex (PTPC)
responsible for the release of mitochondrial
products that triggers apoptosis [42]. The
reduction of VDAC-1 expression may be benefi-
cial to synaptic activity, improve function, and
protect against toxicities of Alzheimer’s disease
[43]. In accordance with other altered protein
expressions in this study, reduced the level of
VDAC-1 expression in ICR/Mlac-hydro mice
may be related to an adaptive response to sur-
vive in the hydronephrotic condition since
mutant mice can survive and maintain normal
levels of renal enzymes for their entire lives
[15].

It is noteworthy that, there are interaction
among Hsp60, VDAC-1, and GRP75 [38].
GRP75 interacts with Hsp60 then promotes the
entering of mitochondrial matrix compartment
as the motor importer. This coupling process
enhances the role of Hsp60 in proteins to
refold, assembly, sort, and perform their corre-
sponding function. GRP75 also interacts with
VDAC-1 and modulates its channel properties.
In ICR/Mlac-hydro mice, it is possible that
GRP75 dysfunction may contribute to Hsp60
and VDAC-1 anomaly and involve in pathogen-
esis of hydronephrosis.

In humans, Glycerol kinase (GK) deficiency
results in a wide range of phenotypic variability:
severe metabolic problems, CNS abnormali-
ties, hyperglycerolemia, and glyceroluria [44].
Mutant mice with X-linked GK deficiency show
growth retardation, altered fat metabolism,
autonomous glucocorticoid secretion, and neo-
natal death [45]. Dihydrolipoyl dehydrogenase
(DId) and sorbitol dehydrogenase (Sd) are also
located in mitochondria, involve in the hyperac-
tivation of spermatozoa [46] and sperm motility
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[47]. Methylcrotonoyl-CoA carboxylase subunit
alpha (MCCase ) deficiency is inherited as an
autosomal recessive trait resulting in clinical
phenotype of seizures, muscular hypotonia,
and aciduria [48]. Pyruvate carboxylase (PCB),
located in mitochondrial matrix, is a catalyst
that initiates reactions of glucose and lipid syn-
thesis from pyruvate [49]. PCB deficiency has a
complex form of lethal metabolic acidosis,
renal tubular acidosis, hyperammonemia, and
citrullinemia [50]. Isovaleryl-CoA dehydroge-
nase (IVD) deficiency in humans causes acide-
mia [51]. Although all described mitochondrial
proteins are not directly associated with the
pathophysiology of hydronephrosis, they are
indicators for several kinds of mitochondrial
protein alteration in ICR/Mlac-hydro mice.

Tubulin, present in all eukaryotes, is the chief
component of microtubules (cytoskeleton) and
consists of two similar but not identical sub-
units, oo- and B-tubulin [52]. Like tubulin, N-myc
downstream-regulated gene 1 protein (Ndr-1) is
also located in the microtubule, and involved in
regulating microtubule dynamics [53]. The cyto-
skeleton plays a fundamental role in maintain-
ing cell morphology and tissue stability, as well
as cellular motility, cell proliferation, and cell
communication [54]. Several physiologic condi-
tions have been linked to the disturbance of the
cytoskeleton, including cardiovascular diseas-
es, muscular degeneration, neurodegenerative
diseases, cancers, cirrhosis, pulmonary fibro-
sis, and some skin diseases [55]. Disruption of
primary cilium is associated with polycystic kid-
ney disease, resulting from cilia loss with both
altered microtubule stability and increased
oo-tubulin acetyl transferase activity [56]. Renal
ischemia-reperfusion induced expression and
redistribution of actin and microtubule cyto-
skeleton components in renal tubules is char-
acterized by strongly increased actin and tubu-
lin expressions [57]. In addition, Ndr-1 is
involved in cystogenesis in polycystic kidney
disease transgenic mouse model, exhibiting
high level of Ndr-1 protein in the cyst lining epi-
thelial [58]. In our study, Tubulin beta-4B chain
(Tb4B) and Ndr-1 were up-regulated in the
mutant mice. This suggests that hydronephro-
sis can induce changes in the renal cytoskele-
ton, Tb4B and Ndr-1, which react to an altered
environment enhanced by a pressure-induced
stretch of the renal tubular cells which can lead
to tubular collapse and hypoxia.
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Following the significantly altered proteins,
some cytoplasmic enzymes and catalyzes were
identified. V-type proton ATPase catalytic sub-
unit A (V-ATPase A) is associated to luminal
acidification in the kidney collecting duct and
the epididymis/vas deference by vesicle recy-
cling and transcytotic pathways [59]. Cytosolic
non-specific dipeptidase (Cnsd) is linked to the
risk of nephropathy in type 2 diabetes [60]
and Parkinson’s disease [61]. Cytosolic 10-
formyltetrahydrofolate dehydrogenase (10-
FTHFDH) is associated with folate deficiency
due to alcohol intake [62]. These described
proteins do not appear to be associated with
congenital hydronephrosis. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) modulates
and assemblies of the cytoskeleton [63] and a
loss of glycolytic activity of GAPDH has been
found in transgenic models and postmortem
tissues of several neurodegenerative diseases
[64]. Down-regulation of GAPDH in mutant mice
may reduce the capacity of cytoskeleton modu-
lation resulting in a dysfunction.

In summary, the renal proteome of ICR/Mlac-
hydro mice significantly differs from the renal
proteome of wild-type mice. Our study high-
lights some interesting proteins which may be
involved in the pathogenesis of congenital
hydronephrosis, not only through mitochondrial
protein alteration but also accompanied by the
alteration of structural proteins. This informa-
tion may be used as a basis for further genomic
studies to obtain more detailed descriptions of
this strain as an animal model for the study of
urinary tract diseases in biomedical research.
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