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expression changes in HK-2 cells treated with elevated
uric acid and will contribute to further study of cell
apoptosis and fibrosis in renal disease patients.
Copyright © 2011 S. Karger AG, Basel

Abstract
Background/Aims: Hyperuricemia could lead to
serious renal disease. It will advance our
understanding of the mechanism of this disease to
study the differentially expressed protein in renal
tubular epithelial cells stimulated by elevated uric acid.
Methods: We used SILAC coupled to LC-MS to study
differentially expressed protein profile and to analysis
the functional status of renal tubular epithelial cells
stimulated by 600µM uric acid, and to investigate the
potential biology function. The MS results were
analyzed by online platform and further confirmed by
western blotting. Results: 789 differentially expressed
proteins were identified, of which 42 proteins and 49
proteins were related with cell proliferation and cell
apoptosis, respectively. Pathway analysis showed that
MAPK signaling pathway was a key pathway related
to the function of these proteins. In addition,
prohibitin-2 was identified to be related to renal cell
transdifferentiation stimulated by elevated uric acid.
Conclusion: This work provides an overview of protein
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Introduction
Hyperuricemia is a common disease, which can
cause direct damage to kidney and cardiovascular system
[1, 2]. Hyperuricemia can not only cause renal
insufficiency [3], but also is associated with end-stage
renal disease [4]. Human serum uric acid mainly exists
as free acid in blood and can freely filter through
glomerulus. In hyperuricemia patients, uric acid could be
transported into renal tubule by a complex mechanism
and lead to the renal tubule epithelial atrophy [5]. Elevated
uric acid will suppress the progression of renal tubular
epithelial cells. It was reported that cell apoptosis was
clinically observed in renal tubule of familial uric acid
nephropathy patients [6, 7]. However, it remains elusive
that how many differentially expressed genes and proteins
involved in cell progression and cell apoptosis in
renal tubule when uric acid level was elevated. Therefore
it is necessary to study differentially expressed genes by
high-throughput method under the condition of
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elevated uric acid.
Previous MS analysis is restricted in qualitative
analysis about differentially expressed proteins, while
SILAC (Stable Isotope Labeling by Amino Acids in Cell
Culture) analysis firstly reported by Mann group can be
used to both qualitatively and quantitatively analyze
differentially expressed proteins and greatly improves the
sensitivity and accuracy of measurement [8]. In addition,
this new technique has some other advantages as listed:
protein saving, high efficiency labeling, error inefficiency,
multiple sample comparison, high percentage of peptide
coverage, and simple operation [9].
Here we used HK-2 cell line to high-throughput and
effectively screen the differentially expressed proteins
of renal tubule under elevated uric acid by SILAC coupled
to LC-MS analysis. We also analyzed proteins involved
in cell proliferation and cell apoptosis using http://
www.uniprot.com and http://bioinfo.capitalbio.com/mas/
online analysis platforms.

Fig. 1. Schematic overview of SILAC based differentially
expressed protein profile in HK-2 cells treated with elevated
uric acid or not.

Materials and Methods
Main reagents
Human renal tubular epithelial cell line HK-2 CRL22190
(ATCC, USA), SILAC ™ Kits (Invitrogen, USA), Trypsin and
Uric Acid (Promega, USA), Antibodies (SantaCruz, USA), NanoESI LTQ-ion trap Mass spectrometer (Thermo Fisher Scientific,
Waltham, USA).
Cell culture
Human renal tubular epithelial cell line HK-2 was
maintained in a petri dish in DMEM medium with 10% fetal
bovine serum. The cultures were subcultured when growing to
80% at 37° C in a 5% CO2 atmosphere.

DTT was incubated at 56°C for 1 hour. After cooling to room
temperature, protein was alkalyted by 50 mM IAM in dark room
for 45 minutes. Excess IAM was removed by 40 mM DTT at
room temperature. The sample was further dilute to 5 folds by
25mM NH4HCO3 and one percent trypsin was sequentially
added to digest the protein for 12 hours and 6 hours at 37°C
respectively. 0.1% FA was used to end the digestion and the
debris was removed by centrifugation for 10 minutes at 13 000
g. The supernatant was stored at -80°C for MS analysis.

Protein preparation
The protein concentration was determined by BCA
method (Bio-Rad Company, U.S.A). 100µg protein with 10 mM

LC-MS analysis
LC-MS was performed as reported by JohnYates using
LTQ ion-Trap MS (ThermoFisher Scientific, Waltham, USA)
[10-12]. 100µg digested peptides were injected onto a self-made
biphasic capillary column by high pressure nitrogen facility.
The mobile phase consists of A (5% CAN, 0.1% FA), B (80%
CAN, 0.1% FA), and C (800 mM ammonium acetate, 5% CAN,
0.1% FA). The biphasic capillary column was disalted by A for
45 minutes. Then the column was washed by C in a step by
step manner with the concentration of ammonium acetate from
0 to 800 mM. All the elution from the column was directly loaded
onto C18 analytical capillary chromatography column, and
fraction from the column was ionized by electrospray for MS
analysis. The spray voltage was set to 2.0 kV, and the
temperature of the heated capillary was set to 200°C. MS data
was collected in a data dependent acquisition mode. Parameters
related with MS/MS data acquisition were set as follows:
normalized collision energy 35%, ion selection threshold 200
counts, activation Q 0.250, activation time 30ms, and dynamic
exclusion time 30 seconds. The elution gradient of HPLC and
MS scanning were controlled by XCalibur (Thermo Fisher,
Waltham, USA).
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Stable heavy isotope labeling
DMEM medium containing stable heavy isotope labeled
[13C6]-Lys or light Lys was prepared according to SILAC kit
mannual (http://toolszh.invitrogen.com/content/sfs/manuals/
silac_man.pdf). HK-2 was serially subcultured for 6 passages
to obtain greater than 99% incorporation of the isotope labeled
Lys into proteins. The cells are planted to 10 cm dishes and
named light DMEM group and heavy DMEM stimulated by
uric acid group, respectively. Based on the foundation of our
previous studies, 500µM uric acid was used to stimulate renal
tubular epithelial cells for 48 hours and the cells were
subsequently collected and counted. Cells from the two different
groups were mixed together by 1:1 ratio. The general
experimental procedure was shown in Fig. 1.
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Data analysis
Data from MS analysis were searched against NCBI RAT
Refseq Database,Version 2009.10.05 using SEQUESTv.28 of
Bioworks3.31. The false discovery rate was calculated in reverse
database using trypsin as searching parameter including up to
two missed cleavages [13]. The initial mass deviations of
precursor and fragment ions were up to 2 Da and 1 Da,
respectively. The mass deviations of amino acids modification
was set to 57.02 Da for alkylated cysteine and 19.02Da for
oxidated methionine, respectively. The peptide possibility was
calculated by Bioworks. The false discovery rate will reach 1%
by XCorr, sp, Rsp, DeltaCn and Peptide possibility filtration.
The protein coverage rate was calculated by protein Coverage
Summarizer.
Protein functional groupings
The Refseq of proteins were transformed into UniProtKB
on http://www.uniprot.org website [14]. Pathway networks and
protein functional grouping were generated by http://
bioinfo.capitalbio.com/mas/ online platform.
Proximal Tubule Epithelial Cell Culture
The primary proximal tubule epithelial cells (PTECs) were
prepared and grown in media from proximal tubule fragments
isolated from male Wistar rats (weighing 200-250 g), as
previously described [15, 16] . Briefly, the rats were anesthetized
with sodium pentobarbital (50 mg/kg i.p.). After a midline incision
had been made, the kidneys were selectively perfused with
Krebs-Henseleit buffer with collagenase at a flow rate of 6 ml/
min. The kidneys were excised, then the cortexes were removed,
minced and digested in buffer with collagen for 2–3 min. The
digested suspension was filtered through an 80-µm mesh and
subjected to centrifugation on Ficoll density gradient. The
proximal tubular suspension was plated in 100-mm diameter
dishes and maintained at 37°C in an atmosphere of 5% CO2 and
95% air. The first medium was changed after 72 h of seeding
and then every alternate day.
Cell proliferation assay
The cells were planted into 96-well plate at a concentration
of 3000 cells per well and stimulated by 600µM uric acid. The
cell proliferation activity was determined at 24h, 48h, and 72h
after stimulation by CCK-8 kit according to the protocol
provided by manufacturer (http://www.sigmaaldrich.com/etc/
medialib/docs/Sigma/Datasheet/6/96992dat.Par.0001.File.tmp/
96992dat.pdf).

1 mM PMSF, a variety of protease inhibitionagents: 1 µg / ml)
was used to extract protein. The lysate of cell was taken for
determination of the concentration of protein with BCA kit.
About 80µg protein were loaded for 10% SDS-PAGE
electrophoresis , then transferred to PVDF membrane, it will be
kept overnight in the 5% no-milk at 4°C after Ponceau S being
dyed. The membrane was incubated in primary antibodies
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). The blots
were developed with ECL reagent (Santa Cruz Biotechnologies)
according to the manufacturer’s instructions and exposed to
X-ray film. The protein bands were quantified using Quantity
One software (Bio-rad).
Statistical Analysis
The results were presented as means ± SD. The data were
analyzed with a one-way analysis of variance plus Bonferroni’s
correction (Student-Newman-Keuls). A p value less than 0.05
was considered statistically significant.

Results and Discussion
LC-MS analysis results
In total, 22250 hits were identified. About 1329 hits
belong to reverse transcription database, while 21921 hits
belong to real database. The false discovery rate was
1.47%, which is defined as the ratio between hits from
reverse transcription database and real database. 13652
unique peptides (Suppl. 1 peptide.xls, (http://
www.rayfile.com/zh-cn/files/242cf64f-24a3-11e0-a3d80015c55db73d/)) were identified from 21921 effective
peaks. A total of 1745 proteins were generated from
13652 peptides by protein coverage summarizer, of which
differently expressed proteins were 789. The proteins with
20>Nratio>1.5 were thought to be up regulated, while
proteins with 0.05<Nratio<0.66 were thought to be down
regulated. Of all the differently expressed proteins, 92
proteins are absent in Uniprot database, and 697 proteins
have 936 hits in Uniprot database. The basic information
about proteins and the functional grouping were shown
in Suppl. 1 Protein annotation.xls (http://www.rayfile.com/
zh-cn/files/242cf64f-24a3-11e0-a3d8-0015c55db73d/ ).

Western Blot assay
RIPA lysis buffer (containing 50 mmol/L Tris-HCl pH 7.5,150
mmol/L NaCl, 0.5% deoxycholate, 1% Nonidet P-40, 0.1% SDS,

Functional grouping of differentially expressed
proteins
It is reported that elevated uric acid may affect cell
proliferation and cell apoptosis [6, 7, 17-19]. Therefore
we focus on proteins involved in cell proliferation and
cell apoptosis using GO classification system to analyze
differentially expressed proteins (Table 1 & Table 2).
It was found that about 42 proteins are related with
cell proliferation, of which 12 proteins such as K22E,
TRXR1, HDAC1, Prohibitin are downregulated. K22E
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Assay Apoptosis by FACS
To quantify the apoptotic cells, flow cytometry
experiments were conducted according to our previous study
and the manufacturer’s instruction. The data were processed
with Cellquest software. This test discriminates between intact
cells (annexin V–/PI–), apoptotic cells (annexin V+/PI–) and
necrotic cells (annexin V+/PI+).
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Table 1. Protein profiles related to cell proliferation in GO Summary

belongs to intermediate filament protein family. As a
marker of epithelial cells, K22E plays an important role
in epithelial cell proliferation [20]. Overexpression of K22E
can enhance the cell adhesion and cell growth of MDCK
[21]. TRXR1 can inhibit the production of ROS and play
an important role in the oxido-reduction signaling pathway
[22]. In this way, TRXR1 could regulate cell proliferation,
cell apoptosis, and cell migration. Guo et al. reported that
overexpression of Prohibitin can repress cell phenotype
change caused by TGF-b by inhibiting the transcription
of E2F [23]. Renal pathological variation is mainly
interstitial fibrosis in hyperuricemia patients. Then we
prepared the primary proximal tubule epithelial cells
(PTECs) to confirm Prohibitin-2 protein expression level
when stimulated by elevated uric acid. It was found that

the expression of Prohibitin-2 was downregulated in
PTECs stimulated by elevated uric acid for 48h, which
may promote trans-differentiation of renal tubular epithelial
cells. MS results showed that the expression of α-SMA,
a marker of fibrosis cell, was up-regulated for 3.9 folds,
while the expression of E-cadherin, a marker of renal
tubule cell, was down-regulated to 17 percent. Western
blotting results also showed the up-regulation of α-SMA
expression and down-regulation of E-cadherin expression
in PTECs when stimulated by elevated uric acid for 48
hours (Fig. 2).
S100A6 is one of the up regulated proteins related
with cell proliferation. Kroliczak W et al reported that
P53 can suppress cell proliferation by inhibiting the
expression of S100A6 [24]. Zimmermann S et al. found
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Table 2. Protein profiles related to cell apoptosis in GO Summary

that the expression of S100A6 was up-regulated in cells
lack of telomerase activity [25]. S100A6 may affect the
length of telomere by modulating telomerase activity, and
overexpression of S100A6 may suppress cell proliferation
and even lead to cell senescence. However, Slomnicki
LP et al. found that S100A6 could maintain the cell
proliferation and function in fibroblast cells [26]. Cell
proliferation was suppressed in leukocyte when the
expression of S100A6 was knocked down by siRNA [27].
In different types of cells, the effects of S100A6 for cell
proliferation differ from each other. Elevated uric acid
may suppress cell proliferation by affecting many proteins

related with cell proliferation, which is confirmed by the
CCK-8 experiment. PTECs proliferation was significantly
suppressed after culturing in elevated uric acid for 48
hours (Fig. 3A, P<0.05). MS data showed that the
expression of HDAC1 was down regulated after elevated
uric acid stimulation. HDAC1 belongs to histone
deacetylyase family and plays an important role in multiple
cellular processes. Cell cycle was arrested when the
HDAC1 was conditionally knocked out [28, 29]. The
down-regulation of this protein gave a reasonable
explanation for the phenomenon that cells in G0/G1 phase
increase under elevated uric acid condition. No proteins

Differential Protein of HK-2 Stimulated by Uric Acid
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Fig. 2. Western blot analysis of protein
expression in PTECs. Cells were treated
with elevated uric acid for 48h, then were
analysis with Western blot. a-SMA, BAX
and Erk were upregulated, while
Prohibition-2 and E-cadherin was
downregulated in PTECs treated with
elevated uric acid, there were
significantly difference from those of
control. *p < 0.05, v.s. control.

related with cell cycle were identified in this study. A
possible explanation for this is that our technique is not
sensitive enough to test the slight variation of these proteins
leading to the change of cell proliferation.
In differentially expressed proteins, 47 proteins are
involved in cell apoptosis including BAX and DAP3 that
are upregulated by elevated uric acid [30-33]. The
expression level of pro-apototic proteins was increased
for 3 folds, indicating that elevated uric acid may induce
cell apoptosis in renal tubule. The ratio of apoptotic cells
is about 10.1±1.1% in cells stimulated by elevated uric
acid, which is significantly higher than that in the untreated
cells (P<0.05)(Fig. 3B). Western blotting results also
showed that the BAX expression was up regulated in
PTECs after stimulation by elevated uric acid for 48 hours
(Fig. 2), which was consistent with the MS results. During
ischemic reperfusion injury to the kidney, HSP70 can
suppress renal tubule cell apoptosis [34-37]. In addition,
Mao H et al found that HSP70 can also prevent renal
tubule cell apoptosis and cell transformation induced by
TGF-β, indicating that HSP70 may be beneficial for the
treatment of obstructive nephropathy by inhibiting renal
tubule cell apoptosis and renal pulmonary fibrosis [38].
MS analysis showed that the expression of HSP70 in
HK-2 cells treated by uric acid was decreased to 5% of
that in untreated cells, while the expression of TGF-β
was increased for 2 folds in HK-2 cells treated by uric
acid than that in untreated cells. These results indicate
that elevated uric acid can induce renal tubule cell
apoptosis by both downregulating anti-apoptotic proteins
and upregulating pro-apoptotic proteins.
In cells treated with elevated uric acid, the expression
of Annexin family was also upregulated, among which
Annexin A1 and Annexin A5 are related with cell
apoptosis [39-41]. These proteins may induce cell
apoptosis and suppress cell proliferation by inhibiting
96

Cell Physiol Biochem 2011;27:91-98

A

B

Fig. 3. Suppression of PTEC proliferation and promotion
of apoptosis by elevated uric acid. A. PTECs treated with
or without 600µM uric acid were shown in red and blue,
respectively. The growth rate of PTECs treated with uric
acid is lower than control ,*, Δ p < 0.05. B. PTECs treated
with or without 600µM uric acid, the percentage of
apoptotic cells treated with uric acid were remarkedly
higher than control.
NF-κB bond with DNA.
Pathway analysis
Pathway networks, in which the differentially
expressed proteins are involved, were generated using
MAS system. As depicted in Suppl. 2 (http://
Quan/Peng/Liu/Bo/Yang/Huang/Li/Chen/Di

www.rayfile.com/zh-cn/files/ce19c991-24a1-11e0-a9d60015c55db73d/), MAPK pathway is located in the center
of the networks, which plays an important role in renal
tubule cell proliferation and apoptosis. We identified 19
differentially expressed proteins involved in this signaling
pathway such as RAC1, MAP4K1 (Table 3), and the
western blot results also confirmed that when PTECs
were stimulated with 600ìM uric acid for 48h erk1/2 were
upregulated, there was significantly differently between
control group and uric acid treated group, Fig. 2, p<0.05.
These results indicated the significance of MAPK signaling
pathway in renal tubule epithelial cell proliferation and
apoptosis regulated by uric acid. In addition, the
differentially expression of NF-κB suggests the crosstalk
between NF-κB signaling pathway and MAPK signaling
pathway, which corresponds with the observation of Han
JH et al that uric acid regulates renal tubule cell
proliferation through MAPK and NF-κB signaling
pathways [7].
The relationship between proteins in cell proliferation
and cell apoptosis was given in Suppl. 3 and 4 (http://
www.rayfile.com/zh-cn/files/06d1d14c-24a2-11e0-a7840015c55db73d/; http://www.rayfile.com/zh-cn/files/
1fb2a670-24a2-11e0-b848-0015c55db73d/) by
comprehensive analysis, which also showed the
importance of proteins in MAPK signaling pathway during
cell apoptosis and cell proliferation.

Table 3. Proteins involved
in the MAPK Signaling
Pathway

pathways involved in renal tubule cell proliferation and
cell apoptosis that affected by elevated uric acid. MAPK
signaling pathway was shown to play a central role in
this process. Proteins related with cell trans-differentiation
under elevated uric acid condition were also identified in
this study. In conclusion, our study has laid a solid
foundation for the elucidation of the mechanisms of renal
tubule cell apoptosis and interstitial fibrosis in
hyperuricemia patients.

Conclusion
In summary, our work gives an overview of the
proteomic variations of renal tubule epithelial cells treated
with elevated uric acid. In this study, LS-MS analysis
was used to generate the differentially expressed protein
profiles of renal tubule epithelial cells treated with elevated
uric acid. This study reveals proteins and signaling
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