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Abstract
·AIM: To investigate the protective effects of the natural
medicinal monomer ecdysterone (ECR) with estrogenic
activity against oxidative damage in human lens epithelial
cells B3 (HLE-B3) caused by hydrogen peroxide 21(H2O2)
and to pursue the possible mitochondrial proteomic
regularity of the protective effects.

· METHODS: HLE -B3 cells were treated with H2O2

(300滋mol/L), 茁-estuarial (E2; 10-8mol/L) and H2O2, ECR
(10-6mol/L) and H2O2, or left untreated. Altered expression
of all mitochondrial proteins was analyzed by protein
array and surface -enhanced laser desorption ionization
time of flight mass spectrometry (SELDI-TOF-MS). The
mass/charge (M/Z) ratios of each peak were tested by the
Kruskal-Wallis rank sum test, and the protein peak value
of the M/Z ratio for each treatment by pair comparison
was analyzed with the Nemenyi test.

·RESULTS: H2O2 up-regulated expression of two protein
spots (with M/Z of 6 532 and 6 809). When E2 mitigated
the oxidative damage, the expression of one protein spot
(M/Z 6 532) was down-regulated. In contrast, ECR down-
regulated both of protein spots (M/Z 6 532 and 6 809).

· CONCLUSION: ECR could effectively inhibite H2O2

induced oxidative damage in HLE -B3 cells. The protein
spot at M/Z of 6 532 might be the target spot of ECR
against oxidative damage induced by H2O2.
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INTRODUCTION

E pidemiology data indicated the morbility of senile
cataract in woman is higher than that in man; especially

obvious in the post-menopause woman [1-2]. Clinical and
fundamental studies find the development of senile cataract
is relative about deficiency of estrogen [3], the oxidative
damage extenuated by estrogen in the lens, inhibiting
apoptosis in the lens epithelia cells (LEC), and playing role
in the protection of cataract [4-8]. Current studies demonstrated
that Chinese drug abundant in phytoestrogen had estrogen-
like activity, such as achyranthis, psoralea fruits, kudzuvine
root, epimedium, black cohosh root, giant knotweed
rhizome, which were not succedaneous in protection of
cancer and cerebrovascular disease[9]. Ecdysterone (ECR), an
effective monomer in achyranthis, could enhance the
expression of estrogen receptor (ER) in tissue, accentuate the
effect of endogenous estrogen and has estrogen-like activity[10].
Previous works found that ECR increased expression of ER
茁 and activities of superoxide dismutase (SOD), glutathione
peroxidase (GSH-px) and catalase (CAT) on human lens
epithelial cell B3 (HLE-B3). It indicated that ECR had
estrogen-like activity and protected HLE-B3 against
oxidative damage [11-13]. Our study, based on the foundation of
protective effects of ecdysterone on oxidative damage of
HLE-B3, the change of expression of all mitochondrial
proteins in HLE-B3 after oxidative damage was assayed and
analyzed by protein array and surface-enhanced laser
desorption ionization time of flight mass spectrometry
(SELDI-TOF-MS) proteomics technology to seek differential
proteins.
MATERIALS AND METHODS
Materials
Reagents and apparatus HLE-B3 cells were provided by
the Research Institute of Ophthalmology of Guangzhou
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Zhongshan University. The following reagents were
purchased: E2 (Sigma, USA;97% ), ecdysterone (ECR)
(National institute for the control of pharmaceutical and
biological products, China, 96.3% ), 30% H2O2 (Shanghai
reagent plant, China), dulbecco's modified eagle's medium
(DMEM; GIBCO, USA), tryptase (Amresco, USA), 3-[(3-
cholamidopropyl) dimethylammonio] propanesulfonic acid
(CHAPS), ethylenediaminotetraacetic acid (EDTA; Augus,
USA); trifluoro-acetic acid (TFA), urea, and dithiothreitol,
(DTT; Sigma). The Mitochondria Isolation Kit for Cultured
Cells was purchased from Pierce (USA) and the
Mitochondria Protein Isolation Kit from Xinghan (China).
The ELISA reading instrument was a BioTek ELX808
(USA) product. The PBS II+ type SELDI-TOF-MS and
96-hole Bio-processor protein chip work platform were both
from Ciphergen Biosystem Inc (USA). The Biophotometer
6131 protein nucleic acid radiometer was from Eppendorf
(Germany).
Methods
HLE -B3 culture and generation The frozen cells were
thawed in a 37℃ water bath. The cell suspension was
diluted 10 times in culture medium, centrifuged, and then
washed three times. The cells were inoculated in a culture
flask at 5伊105 cells/mL, and grown at 37℃ with 5% CO2.
Every 2-3d, cells were subcultured.
Detection of mitochondrial proteome alteration in
HLE -B3 with SELDI -TOF -MS proteinchip array
Optimal drug concentrations were obtained by the MTT
assay [11]. HLE-B3 cells were treated with 300滋mol/L H2O2

alone, or in combination with 10-8mol/L E2 or 10-6mol/L
ECR, or treated with culture medium (control). The DMEM
culture medium was removed after 24h, and then cells were
washed three times with phosphate-buffered saline (PBS).
After cells were scraped into 1mL PBS and centrifuged at
700伊g for 5min. the supernatant was removed and 1mL PBS
was added to resuspend the cells. The cells were counted and
aliquotted at 2伊107 cells/mL in 2.0mL microcentrifuge tubes
and centrifuged at 850伊g for 2min. Again, the supernatant
was removed, and 800滋L mitochondrial separation reagent
A was added. The solution was swirled for 5s, incubated for
2min on ice, and then the cell suspension was transferred to
a Dounce Tissue Grinder for homogenization. The lysed
cells were returned to the original tube and mitochondrial
separation reagent C (800滋L) and mitochondrial separation
reagent A (200滋L) were added to the tube, which was
inverted several times to mix and then centrifuged at 700伊g
for 10min at 4℃ . The resulting supernatant was extracted
and then centrifuged at 3 000 伊g for 15min at 4℃ . The
supernatant was removed, and 500滋L mitochondrial
separation reagent C was added. The sample was centrifuged
at 12 000伊g for 5min at 4℃ . The supernatant was removed
to get the pellet, HLE-B3 mitochondria. The

mitochondrial protein concentration was detected by the
Coomassie brilliant blue method as follows: 200滋L
mitochondrial protein extraction reagent was added,
oscillated for 15min at 4℃ , mixed and then centrifuged at
12 000 伊g for 15min at 4℃ . After the supernatant was
extracted, the protein concentration was determined and
adjusted to 5mg/mL.
Each mitochondrial protein sample was combined with a
CM10 chip, 3 spots on the chip for each treatment group, in
a wet box according to the manufacturer's instructions.
Binding buffer (50mmol/L sodium acetate, pH4.0; 3滋L) was
added to each sample spot, immersed for 3 times, 5min each
time. The buffer was removed, and 5滋L buffer was added
immediately to dilute the protein sample to 1.8mg/mL. After
1h at room temperature, the buffer was removed and 3滋L
binding buffer was added to each spot, and then removed
after 5min; this procedure was repeated 3 times. HPLC-grade
water (3滋L) was added to each spot and then removed
immediately; this procedure was repeated 2 times. The chips
were air-dried for 20min, and Sinapic Acid (SPA) solution
was added followed by air drying once more. The
SELDI-MS data were corrected to an error of less than 0.1%
molecular weight using a standard molecular weight chip.
The CM10 chip-combined proteins were detected by mass
meter reading. The unified analysis parameter was used, with
the laser intensity set at 185, detection sensitivity at 7, a
detection top limit of 100 000M/Z, optimized collection data
range of 2 000-20 000M/Z, and a signal collection location
of 20-80. Each sample had an average of 144 spots. Initial data
were exported in xlm format using Proteinchip Software 3.2 [14].
Statistical Analysis SELDI-TOF-MS data are presented as
the mean 依standard error of the mean (SEM). Statistical
analysis was performed with ZUCI-ProteinChip Data
Analyze System software .designed by the Cancer Institute of
Zhejiang University. Noise was removed from the initial data
for each sample using an undecimated discrete wavelet
transformation, and the baseline was subtracted. Peaks under
2 000 were discarded. Each sample peak was found by partly
extremum, and peaks with a signal to noise ratio less than 4
were discarded. The quantity of peaks from each sample, and
their m/z values, were all different. Peaks whose disparities
were less than 0.3% in each sample were divided into a
separate category. Peaks occurring in the sample at less than
10% were excised. The intensity of found peaks in each
sample was processed uniformly. Peaks were selected as a
characteristic vector by statistics filter combined model
dependent screening. Each peak value (M/Z ratio) was
analyzed by Kruskal-Wallis rank sum test. Peaks for which
the is minimum were chosen for further analysis. Pairwise
comparison of protein peak value for each defined M/C ratio
in different treatment groups were assessed by the Nemenyi
test. Differences were considered statistically significant
when the was less than 0.05[14].
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Figure 1 Comparison of expressions of CM10 Chip mitochondrial proteome between H2O2 group and control group.

RESULTS
Mitochondrial Proteome of HLE-B3 Induced by H2O2

There were 50 protein spots in CM10 chip binded with
HLE-B3 induced by H2O2, The expression was up-regulated
in those two protein spots, the m/z ratios of which were 6
532 and 6 809. The values of those two sample were 13.6
and 4.8 times higher than those of the control respectively
(Table 1 and Figure 1). There were significant difference
between H2O2 group and control group ( <0.05).
Mitochondrial Proteome of Protective Effects of E2 on
Oxidative Damage in HLE -B3 There were 46 protein
spots in CM10 chip binded with HLE-B3 after protective
effects of E2 on oxidative damage induced by H2O2. The
expression was down-regulated in protein spot with a m/z of
6 532. It was 2.8 times lower than that of H2O2 group (Table 2,
Figure 2). Difference was significant between E2 group and
H2O2 group ( <0.05).
Mitochondrial Proteomics of Protective Effects of ECR
on Oxidative Damage in HLE-B3 There were 49 protein
spots in CM10 chip binded with HLE-B3 after protective
effects of ECR on oxidative damage induced by H2O2. The
expression was obviously down-regulated in those protein
spots with the M/Z ratios of 6 532 and 6 809. They were 3.4
and 2.6 times lower than those of H2O2 group (Table 3,
Figure 3). Difference was significant between ECR group
and H2O2 group ( <0.05).
As shown in all the above tables and figures, there was a
protein spot with a M/Z of 6 502 in ECR group, E2 group,
H2O2 group and control group. Its expression of H2O2 group
(1 460.72 依267.57) was significantly higher than that of
control group (107.76依70.84) ( <0.05). The expressions in
ECR group (420.22依449.56) and E2 group (519.59依138.72)
were all obviously lower than H2O2 group ( <0.05). H2O2

up-regulated expression of two protein spots (with M/Z of
6 532 and 6 809). When E2 mitigated the oxidative damage,
the expression of one protein spot (M/Z 6 532) was down-
regulated. In contrast, ECR down-regulated both of protein
spots (M/Z 6 532 and 6 809).

DISCUSSION
Mitochondria are essential for cell's life and death.
Mitochondrial proteomics, at subcellular level, mainly
identifies the total protein in mitochondria. The research of
mitochondrial proteomics could comprehend its structure and
function, find the effect of mitochondrial proteomics in
generation and development of disease, and provide clue to
seek especial protein which is intimately related to disease.
By comparing different research proteomic techniques, we
found different mitochondrial proteins in pathological
conditions and provided important target for diagnosis and
treatment. Mitochondrial proteomic analysis has been
performed in cardiac failure, liver cancer, and amyotrophic
lateral sclerosis, among others. However, there are only two
reports about eye diseases. Nordgaard [15] demonstrated
that age-related macular degeneration (AMD) induces
differential expression of eight different spots. These results

Table 1  Mitochondrial proteomics of HLE-B3 induced by H2O2  

(n=3， sx ± ) 
Average intensity 

M/Z 
Control group H2O2 group 

Multiples of the 
intensity change 

6532 107.76±70.84 1460.72±267.57a +13.6 
6809 109.59±31.19 522.09±200.20a +4.8 

aP<0.05, compared with control group. 

Table 2 Mitochondrial proteome of protective effects of E2 on 
oxidative damage in HLE-B3                 (n=3， sx ± ) 

Average intensity 
M/Z 

H2O2 group E2 group 
Multiples of the 
intensity change 

6532 1460.72±267.57 519.59±138.72a -2.8 
aP<0.05, compared with H2O2 group. 

Table 3 Mitochondrial proteomics of protective effects of ECR 

on oxidative damage of HLE-B3              (n=3， sx ± ) 
Average intensity 

M/Z 
H2O2 group ECR group 

Multiples of the 
intensity change 

6 532 1460.72±267.57 420.22±449.56a -3.4 
6 809 522.09±200.20 197.29±90.35a -2.6 

aP<0.05, compared with H2O2 group. 
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Figure 2 Comparison of expressions of CM10 chip mitochondrial proteome between E2 group and H2O2 group.

Figure 3 Comparison of expressions of CM10 chip mitochondrial proteome between ECR Group and H2O2 group.

are consistent with the hypothesis that mitochondrial
dysfunction is associated with AMD, and suggest specific
pathophysiological mechanisms involving altered
mitochondrial translation, import of nuclear-encoded
proteins, and adenosine triphosphate (ATP) synthase activity.
Saraswathy and Rao [16] found alterations in retinal
mitochondrial protein levels in response to oxidative stress
during the early phase of experimental autoimmune uveitis
(EAU). The presence of mitochondrial-specific oxidative
stress-related proteins in the early EAU retina, along with the
down-regulation of ATP synthase, provides early evidence of
stress-related retinal damage. The presence of high levels of
alphaA and betaB2 crystallin in the mitochondria may
prevent cell death during early EAU. Neither of these
addresses the mitochondrial proteomics of lens epithelial
cells forming cataracts. There was no report about
mitochondrial proteomics of lens epithelial cell and cataract
SELDI-TOF-MS ProteinChip array which is a new research
method of proteomics consist of protein separation and
purification and mass spectrometric detection. Though
different protein chip modification, it selectively captures

different protein in sample, consumedly decreases protein
complexity in sample. It maintains analyzing diversiform
sample diversiform protein, puts every protein to a
cross-reference value background. It directly detects
relatively initial biological specimen and discovers many low
concentration, low molecular weight protein which is
masked. This technique, which could detect small protein
whose concentration is 10-15moL (fmol) and obtain data of
hundreds of protein in sample, is a useful tool to analyze cell
proteome. And it has many advantages, such as high
resolution and repeatability, simple application and high
sensitivity. So, its application in proteomics becomes more
and more wide. Yet there has been no report on
mitochondrial proteomics of lens epithelium cells using this
technique so far.
Previous works showed that H2O2 induced oxidative damage
in HLE-B3. E2 and ECR increased HLE-B3 proliferation, as
well as enhancing SOD, GSH-px and CAT activities and
decreasing malondialdehyde (MDA) expression to prevent
oxidative damage. Both of E2 and ECR also increased DNA
content in the HLE-B3 nucleus, and stabilized the
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mitochondrial transmembrane potential to prevent apoptosis.
Increased ER茁 expression reduced oxidative damage in
HLE-B3 cells. These results demonstrated that ECR might
have estrogen-like activity, increases antioxidant activity in
HLE-B3 cells, decrease apoptosis, and protect HLE-B3 cells
against oxidative damage[11-13].
According to other researches, this study applied three chip,
including H4 chip, WCX2 chip and CM10 chip which were
combined with proteins in sample respectively[17,18]. We found
that protein spots combined with CM10 chip were the most
of all chips, and protein spots combined with CM10 chip
almost included all protein spots combined with H4 chip and
WCX2 chip. Estrogen reduces oxidative damage and inhibits
the LEC apoptosis involved in cataract development. Fifty
protein spots were detected in the samples of H2O2 group, 46
protein spots in those of E2 group and 49 protein spots of
ECR group. Differential expression occurred in two spots
(m/z 6 532 and 6 809). After H2O2-induced oxidative damage,
the expression of these two protein spots was up-regulated
compared to untreated cells. E2 down-regulated expression of
the spot with the m/z ratio of 6 532, while both were
down-regulated by ECR. The protein spot with an m/z ratio
of 6 532 may be an important target of ECR, to protect
HLE-B3 cells against oxidative damage induced by H2O2.
Next we identified the mitochondrial proteins to elucidate the
pathogenesis of senile cataract. According to the m/z ratio
combined with the isoelectric point range from chip, we
retrieved matched protein information in the Swiss-Prot data
bank. There were seven proteins that matched the protein
spot with an m/z ratio of 6 532: putative protein FAM41C,
40S ribosomal protein S29, 茁-alexin 136, surface active
agent associated protein 2, putative uncharacterized protein
C10orf99, uncharacterized protein C21orf119 and putative
antigen processing associated transporter-2 connected
polypeptide. Which associated with HLE-B3 apoptosis, cells
from oxidative damage and senile cataract -related protein is
only one, namely the 40S ribosomal protein S29 (ribosomal
protein S29, RPS29). The protein may play important role in
protecting ECR against oxidative damage in HLE-B3
induced by H2O2. It may be the drug target against senile
cataract.
Ribosomal proteins, the major constituents of ribosomes,
catalyze protein synthesis in the cytoplasm. The eukaryotic
ribosome is composed of a large (60S) and a small (40S)
subunit consisting of three RNAs and 46 proteins and one
RNA and 33 proteins, respectively [19]. Zhang [20] found
that numerous transcripts exhibited altered levels of gene
expression. One transcript exhibiting a decreased level of
expression in cataracts compared with normal lenses was
identified as encoding ribosomal protein L21. Three
additional ribosomal proteins, L15, L13a, and L7a, also
exhibited decreased expression in cataracts compared with

normal human lenses. By contrast, the levels of elongation
factor (EF)-1alpha1 and eukaryotic initiation factor (eIF)-4E
remained unchanged. These results provide evidence that
age-related cataracts in humans are associated with
decreased expression of L21 and other ribosomal proteins.
Therefore, modulation of protein synthesis and/or other
functions mediated by ribosomal proteins may be associated
with the formation of age-related cataracts.
Mitochondrial ribosomal proteins S29 （Mitochondrial
ribosomal proteins S29, MRPS29）is a mitochondrial
ribosomal small subunit 40S protein component. MRPs
constitute the mitochondrial translation machinery, but also
has other functions. In 1996, Kondoh [21] first identified
the ribosomal protein S29 (ribosomal protein S29, RPS29)
can increase Krev-1 gene expression of the inhibitory activity
of the product of the malignant proliferation of cells; Khanna

[22] studied the apoptosis related genes found that
apoptosis of thymus cells and normal thymocytes RPS29
gene expression was significantly increased; the gene
transfection of human Hela cells and rat thymocytes
apoptosis intensified, show that RPS29 in the occurrence of
apoptosis in primary a key role. Tang [23] experimental
study found that the RPS29 gene product can inhibit the
proliferation of fibroblasts, and can promote into the
occurrence of apoptosis in fibroblasts. Cavdar Koc [24]

found that two closely related to the apoptosis protein
GTP-binding protein DAP3 (death associated protein, 3) and
PDCD9 (programmed cell death protein 9)are actually of
mitochondrial ribosomal small subunit protein MRPS29 and
MRPS30, and further clarify the mitochondrial ribosome and
apoptosis are closely related. Furthermore, ECR can be
reduced within HLEC 40S ribosomal protein S29, affecting
protein synthesis within HLEC and inhibiting oxidative
damage in HLEC. Therefore, the 40S ribosomal protein S29
may be the target of ECR protection against H2O2-induced
oxidative damage.
Compared with other proteomics techniques, SELDI-
TOF-MS has higher discrimination in the low molecular
weight range (from 2 to 200kDa). Differentially expressed
proteins, mostly low-molecular-weight proteins generated in
a specific environment, usually are some metabolic products,
abnormally located proteins, modified proteins,
neurotransmitters, polypeptides or cytokines. Therefore,
differentially expressed mitochondrial proteins detected in
this study were probably not reported previously as being
involved in senile cataract pathogenesis. Further identifying
and studying these mitochondrial proteins could be helpful to
identify their roles in senile cataracts, as well as the potential
drug targets.
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