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ABSTRACT

Background and rationale. We aimed to provide novel information to better understand the molecular
mechanisms underlying gallstones formation and explore the potential protein markers for gallstones pro-
gression. The gallbladder tissues were collected from 20 patients with cholesterol gallstone and 10 liver
transplant donors from November 2010 to April 2011. The proteomics were compared between gallstone
patients and controls by two-dimensional gel electrophoresis (2-DE). The differentially expressed proteins
were identified and validated by western blotting and real-time PCR. Results. Total 19 protein spots were
found to be different between two groups and 11 proteins were identified, among which 4 ones (such as
Peroxiredoxin 3/Prdx3) were down-regulated and 7 (such as Tropomyosin 4/TPM4, Transgelin/SM22, Tran-
sthyretin/TTR) were up-regulated in gallstone group. Results of western blotting and RT-PCR were consist-
ent with the 2-DE results. Conclusion. The differentially expressed proteins of TTR, TPM4, SM22 and Prdx3
may play key roles in gallstone formation and may be markers for gallstone progression.

Key words. Molecular mechanisms. Proteomics.

Correspondence and reprint request: Hua Liu, M.D.
Department of General Surgery, South Campus, Ren Ji Hospital, School of
Medicine, Shanghai Jiao Tong University, 2000 Jiangyue Road, Shanghai,
201112, China.
Tel. and Fax: +86-021-58752345
E-mail: transferlh@163.com

Manuscript received: August 13, 2014.
Manuscript accepted: August 25, 2014.

March-April, Vol. 14 No. 2, 2015: 251-258

ORIGINAL ARTICLE

INTRODUCTION

Cholesterol gallstones are formed by accretion of
the bile components in the gallbladder. The presence
of cholesterol gallstones can result in gallstone
ileus, acute cholecystitis and the other serious con-
ditions such as ascending cholangitis or pancreati-
tis.1-3 There is an increasing trend for developing
cholesterol gallstones in women and people near or
above 40 years.4 The prevalence of cholesterol gall-
stones was found to be due to comprehensive factors
such as inherited body chemistry, body weight, and
low calorie diet.5,6

Although advances have been made in the preven-
tion of gallstones formation, the morbidity and mor-
tality caused by gallstones are high all over the

world.7 Many studies have focused on the pathogen-
esis of the gallstones formation. It was reported that
premarin increased the bile by enhancing hepatic li-
poprotein uptake and inhibiting bile acid synthesis.8

The enhanced hepatic secretion of cholesterol in
people with obesity contributed to the development
of precipitates in bile.5 However, the understanding of
the mechanism underlying gallstones formation is
far from being clear. Currently, advances in pro-
teomics research proved a novel perspective to un-
derstand the molecular mechanism of gallstones.
Comparative proteomics is a branch of proteomics
research,9-11 which focused on screening differential
expression protein between two tissue samples in
different conditions. The two-dimensional gel elec-
trophoresis (2-DE) technique has been increasingly
used in proteome analysis for its ability to separate
a large amount of proteins at a time.12 In the present
study, we applied 2-DE and mass spectrometry (MS)
techniques to compare the proteomics in gallbladder
tissue of cholesterol gallstone patients and normal
ones. In this paper, we aimed to improve the under-
standing of the mechanism of gallstone formation
and explore the potential biomarkers for gallstone
treatment.
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MATERIAL AND METHODS

Subjects

From November 2010 to April 2011, total 20 pa-
tients with cholesterol gallstone received elective
cholecystectomy in General Surgery Department of
Huashan Hospital affiliated Fudan University. All
the cases were confirmed to have the calculi choles-
terol content of > 70% by B-ultrasound and patho-
logical examination. The median age of the patients
(including 10 males and 8 females) were 52 years
old, ranging from 36 to 69 years. Total 20 gallblad-
der wall samples were collected from the patients
with cholesterol gallstone during cholecystectomy
and 10 normal gallbladder tissues were collected
form 10 liver transplant donors (including 6 males
and 2 females; median age 32 years, ranging from 26
to 48 years).

The study was approved by the hospital ethics
committee and all the subjects or their parents
signed the informed consent before this study.

Samples preparation

In Petri dishes with 0.9% normal saline, all the
gallbladder tissues were grinded into powder in liquid
nitrogen. Then the samples were lysed and subjected
to ultrasound pyrolysis for 6 to 10 times and ice
cracking for 3~4 h. After centrifugation at 15,000
r/min for 60 min at 4 °C, the supernatant were
collected and stored at 70 °C for further studies.

Two-dimensional Gel electrophoresis

Proteins were processed with 2D Clean-up kit
(Amersham Pharmacia Biotech Company, United
States) and mixed based on the source of patients
and normal controls. 2-DE was performed according
to a previous method with slight modification.13 Af-
ter rehydration (8 M urea, 2% CHAPS, 0.5% Phar-
malyte, 18 mM DTT, add DTT before use), total 250
μL samples from patients and control group were
added into 13 cm pH3-10NL IPG strip tank. Hydra-
tion and isoelectric focusing were performed at 20 °C
with the maximum current at 50 μA/strip and volt-
age at 30V 13h (hydration), 100V 1h, 200V 1h, 500V
1h, 1,000V 1h, 1,000-8,000V gradient 0.5h, 8,000V
4h). After isoelectric focusing, IPG strips were put
into the equilibrium liquid I (6 M urea, 50 mM Tris,
30% (v/v) glycero, 2% SDS, a small amount of
bromophenol blue, add 1% DTT before use) and then
equilibrium liquid II (add 2.5% iodoacetamide before

use) each for at least 15 min. The equilibrated gel
strip was placed on the top of 12.5% SDS-PAGE gel.
The SDS-PAGE electrophoresis was carried out at
constant voltage 40V/gel and then 100V/gel for 30
min until the bromophenol blue reached the bottom
of the gel.

Image acquisition and analysis

The separated proteins were analyzed by silver
staining. The 2-DE images were visualized by Image
Scanner image scanner scans. The image back-
ground subtraction, spot detection, erase, protein
spots matching and differentially expressed proteins
were analyzed by 2D Image Master Analysis Soft-
ware.

Spot identification by mass spectrometry

The protein spots were excised from the gels and
analyzed by 4700 MALDI-TOF/TOF Proteomics
Analyzer. Proteins in gel plugs were digested with
two trypsins: [M + H] + 842.51 and [M + H] +
2,211.10 as internal standards. Analyzer (TOF/TOF)
with automatic retrieval software system was
applied to obtain mass spectra against NCBI database.
The matching score was set to 65 points or greater.

Western blot analysis

Western blot analysis was performed as previous-
ly described.14 Proteins (50 μL) of gallbladder tissues
from patients and control were separated by 10%
SDS-PAGE electrophoresis and then transferred to
PVDF membrane. After sealed in 5% skim milk at
room temperature for 2h, the membranes were incu-
bated with primary antibodies against TPM4
(mouse anti-Human TPM4 monoclonal antibody,
1:1,000; Creative biomart, Shirley, US), sm22 (rabbit
anti-human SM22 monoclonal antibody, 1:1,000;
Abcam, Cambridge, MA) and TTR (mouse anti-
human TTR monoclonal antibody; 1:500; Creative
biomart, Shirley, US) at 4 °C overnight and then
incubated with horseradish peroxidase (HRP)-conju-
gated second antibodies (Kang-Chen Biotech,
Shanghai, China). GAPDH was used as an internal
control.

Real-time quantitative PCR

Total RNA was isolated from gallbladder tissues
of patients and control using TRIzol® reagent (Inv-
itrogen, San Diego, CA) according to the manufac-
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turer’s instructions. The cDNA was synthesized by
reverse-transcription reaction according to the pre-
vious method14 and then RT-PCR was performed
with the cDNA productions as templates. Primers
for TTR, SM22, Prdx3 and GAPDH were designed
by Primer 3 software (Table 1). The amplification
program was performed as follows: 95 °C for 5 min,
30 cycles of 95 °C for 30 sec, 65 °C for 30 sec, 72 °C
for 2.5 min and then 72 °C for 10 min. The RT-PCR
analysis was performed for different proteins in trip-
licates and the target DNA fragments were detected
by 1% agarose gel electrophoresis.

Nucleation time

The small model bile and comprehensive model bile
were prepared according to the method published in
the previous literatures. Nucleation times were deter-
mined as previously described.15 Briefly, the model
bile was ultra-centrifugated at 45,000 rpm for 30 min
at 37 °C to remove crystal debris with 0.22 μm filter
membrane. Then the retinol binding protein (RBP),
500 μL human serum albumin (ALB as control), or
500 μL TTR at 100 μg/mL were added in the model
bile samples. The mixtures were placed in constant
temperature incubator at 37 °C for 30 min. Then the
time zero for nucleation time was determined arbi-
trarily. The refraction of cholesterol crystallization
was observed with polarizing microscope every 24 h
for continuous 21 days. The interval between time
zero and the first detection of the formation of cho-
lesterol crystal precipitate was defined as the nuclea-
tion time (NT). Additionally, the nucleation activity
(NT test/NT control) were calculated.

Statistical analysis

Results were displayed as mean ± standard devia-
tion (X ± SD). All the data were analyzed by
SPSS11.0 software. Differences were analyzed by bi-
lateral Student’s t test. P < 0.05 was considered to
be significantly different.

RESULTS

Protein expression profiles of
gallbladder Tissues in cholesterol gallstones

patient group and controls

The 2DE images of the separated proteins were
shown in figure 1. The distribution of protein spots
in patient and control was basically accordant. After
background subtraction, the average matching
points of the protein expression profiles of cholester-
ol gallstones patients and controls were 589 ± 57
and 537 ± 58, respectively by ImageMaster software
analysis and the average matching rate was 87.56
and 78.89%. Compared the 2DE images of patient
and control group, the matching rate of protein
spots was 65.56% with 436 ± 34 spots matched.

Identification of
differentially expressed protein by MS

Differential analysis by student’s t test revealed
that 19 protein spots showed quantitative changes
compared the 2D images from patient and control
group (Figure 2). After MS analysis, 11 proteins were
successfully identified, among which 4 ones (such as
Prdx3) were down-regulated and 7 ones (such as
TTR, TPM4, SM22) were up-regulated (Table 2).

Western Blotting
analysis and RT-PCR analysis

In order to confirm the results above, we per-
formed western blotting and RT-PCR analysis.
Three identified proteins including TTR, SM22,
TPM4 were randomly selected for western blotting
analysis. As shown in figure 3, the expression index
of TTR, SM22 in cholesterol gallstone patients were
significantly higher than those in normal control
group, which was consistent with the results of pro-
teomic analysis. In addition, we performed RT-PCR
method to test SM22, Prdx3 and TTR mRNA expres-
sion levels. After normalized by the expression value
of GAPDH, the mRNA expression levels of SM22
and TTR were higher in patients group compared
with controls, while the expression of Prdx3 was

Table 1. Primers in RT-PCR.

Genes Primer sequence (5'- 3')

TTR
Sense GGGGGTACCATGGCTTCTCATCGTCTGG
Anti-sense CCCGAGCTCATTCCTTGGGATTGGTG

SM22
Sense AGAGGGCTAGCCCTGAGC
Anti-sense CTTCTTCAATGGGCTTTTGC

Prdx3
Sense TACATATGCCTGCTGTCACCCAGCACG
Anti-sense CTCTTCCAGGTAGTCATCCTAGGTAG

GAPDH (internal control)
Sense GAAGGTGAAGGTCGGAGTC
Anti-sense GAAGATGGTGATGGGATTTC
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Figure 1. Protein expression pro-
files of gallbladder tissue in gall-
stone and control group. Silver
staining: sample volume 320μg,
13cm pH3-10NL (non-linear) IPG,
12.5% SDS-PAGE. GS: cholesterol
gallstone patients. GSF: normal
people.

Fgure 2. Partial enlarged views of differential protein spots. GS: cholesterol gallstone patients group. GSF: normal control
groug.
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lower in cholesterol gallstone patient group (Figure
4). All these suggested that either protein level or
the mRNA level of TTR were significantly up-regu-
lated in cholesterol gallstone patients.

Nucleation time

In the Small model bile system, the mean nuclea-
tion time of TTR and ALB were 14.5 ± 1.29 18.0 ±

0.82 d, and the difference was statistically signifi-
cant (P < 0.01). The nucleation activity of TTR in
Small model bile system was 0.81. In comprehen-
sive model bile system, the mean nucleation time of
TTR (13.5 ± 0.58 d) was significantly shorter than
ALB (18.5 ± 1.29 d) (P < 0.01). The nucleation ac-
tivity of TTR in comprehensive model bile system
was 0.73.

Table 2. Differentially expressed protein by mass spectrometry.

Spot Protein description Accession Theoretical Mr Protein
 No. No. (Da)/pI Score GS

1 Tropomyosin 4(TPM4) gi|4507651 28504.5/4.67 204 up

2 Transgelin variant (SM22) gi|62897565 20875.6/8.69 120 up

3 Chain A, Transthyretin(TTR) gi|443295 13752.9 /5.35 144 up

4 Chain B, Cyanomet Rhb1.1 gi|2982014 15903.3/7.13 299 up

5 Regulatory myosin light chain long version gi|33338062 19880.4/4.8 243 down

6 Peroxiredoxin 3 isoform b (Prdx-3) gi|32483377 25822.3/7.04 171 down

7 Chain A, The structure of holo type gi|31615344 15794.9/5.7 133 up
human Cu, Zn superoxide dismutase

8 Haptoglobin related protein precursor gi|3337391 38786.6/6.67 80 up

9 Transgelin variant gi|62897565 20875.6/8.69 128 up

10 Hypothetical protein gi|71413112 64957.2/6.21 69 down

11 T cell receptor alpha chain gi|853649 3445.8/10.02 65 down

Figure 3. Western Blotting for differentially expressed
proteins in cholesterol gallstone group and normal control
group. GS: cholesterol stones group. GSF: normal control.
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Figure 4. mRNA levels in two groups of differentially
expressed proteins by RT-PCR validation. GS: cholesterol
stones group. GSF: normal control group.
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DISCUSSION

Gallstone is one of the most common digestive
disease with a prevalence of 10-15% in adults.16

Gallbladder, a cystic organ, is composed of mucous
membrane, smooth muscle, fibrous connective tissue
and outer layer serosa tissues, which has functions
in storing and concentrating bile.17 The dysfunction
of gallbladder is closely related with the cholesterol
gallstones. Gallbladder emptying dysfunction makes
gallbladder bile stay longer in the gallbladder, thus
result in nucleation and crystallization and eventu-
ally lead to the stone formation.18 Additionally, the
changes of bile components (lipids, proteins, etc.)
can affect functional changes of the gallbladder wall.
Thus, in this paper, we collected the gallbladder tis-
sues from cholesterol gallstone patients and normal
ones, and explored the changes in the proteome by
2-DE and MS technique.

Our results revealed that the protein expression
profiles of patient and control group showed high
repeatability in high-abundance proteinogram, while
11 protein spots were found to have different expres-
sion values, which suggested that the different
abundance proteins may be closely related with cho-
lesterol gallstone formation. The differentially ex-
pressed proteins were identified by MS and were
verified by western blotting and RT-PCR analysis.

Transthyretin (TTR), served as a kind of synthet-
ic glycoprotein, mainly exists in liver cells and part-
ly in the choroid plexus of the brain or retinal
photosensitive tissue.19 The main physiological func-
tion for TTR is to transport thyroid hormone and
vitamin A, and TTR has thymus hormone activity,
which can improve the body’s immunity by promot-
ing maturation of lymphocytes.20 Studies have
shown that the elevated levels of serum TTR is
closely related to diabetes.21 Refai, et al.22 indicated
that the TTR tetramer converting into polymer in-
duced β-cell dysfunction and leaded to the diabetes
development. Sundsten, et al.23 used SDS-PAGE and
SELDI-TOF MS technologies to analyze the pro-
teome in the serum of diabetic patients, results
showed that the level of TTR was up-regulated in
patients with diabetes in comparison with normal
controls, and the pathogenesis of diabetes was relat-
ed with cholesterol stones formation. Diabetes can
cause the complications of lipodystrophy, visceral
autonomic nervous system dysfunction, and microv-
ascular lesions, and induce the imbalanced ratio of
cholesterol, bile acids and phospholipids in bile,
which may increase the risk of stone formation. Be-
sides, the data of Nucleation time test in our study

showed that TTR accelerated the nucleation time of
cholesterol crystallization in the model bile system
in vitro. In our paper, TTR expression was signifi-
cantly up-regulated in gallbladder tissues from cho-
lesterol gallstone patients compared with controls.
Although the direct relationship between TTR level
in gallbladder tissues and cholesterol stones has not
been reported, TTR may be a biomarker for choles-
terol gallstone.

Tropomyosin is a two-stranded helical structure
protein, which is an important regulatory proteins
in muscle contraction process.24 In mammals, tropo-
myosin has more than 40 isoforms encoded by 4
genes including TPM1, TPM2, TPM3 and TPM4.
Recently, Elif Kaga, et al.25 applied proteomics tech-
nology to analyze the protein expression profiles in
atherosclerotic arterial tissues, and found that
peroxiredoxin1, peroxiredoxin2, tropomyosin were
differentially expressed in patients with atheroscle-
rosis. Evidence showed that the progressive athero-
sclerosis had close association with hyperlipidemia.
It is reported that hyperlipidemia is characterized
by abnormalities in cholesterol and bile acid metabo-
lism, which is the primary risk factor for suffering
gallstone disease. So we hypothesized that tropomy-
osin might play a key role in gallstone formation.

Transgelin, also named as SM22 for the molecu-
lar mass of 22,000, was first discovered by Lees-
Mille et al in chicken gastric smooth muscle.
Transgelin is a critical structure protein and plays a
key role in cytoskeletal contraction regulation,
through combining with actin.26 Recent evidence
showed that the transgelin and peroxiredoxin3
(prdx3) were decreased in patients with degenerative
aortic stenosis compared with normal controls and
the significantly changed proteins were considered
to be involved in the pathogenesis of degenerative
aortic stenosis.27 Dweck, et al.28 considered that the
degenerative aortic valve stenosis is closely related
to hyperlipidemia and cholesterol deposition. There-
fore, in this paper, the differentially expressed pro-
teins of SM22 and Prdx3 may affect lipid
metabolism, thus contributing to the formation of
gallstones.

Furthermore, Xie, et al. found that the mutation
of Prdx3 gene increased the risk of obesity.29 Stud-
ies conducted by Eric, et al. have shown that inflam-
matory cytokines selectively reduced antioxidant
genes (such as Prdx3) in visceral adipose tissues
and resulted in the increased lipid and protein carb-
onylation.30 In this study, Prdx3 was down-regulat-
ed in cholesterol gallstone group, so we further
hypothesized that the reduction of Prdx3 caused ex-
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cessive lipids secreted by gallbladder wall and final-
ly, led to the occurrence of gallstones in patients.

Limitations

Although we found some significant protein asso-
ciated with gallstones formation, our paper re-
mained some limitations. First, despite of the
advantages of 2-DE technique in reproducibility and
sensitivity, 2-DE method cannot detect hydrophobic
protein, acidic protein and alkaline protein with ex-
treme PH and some low-abundance proteins. So it is
far from being able to capture all intracellular pro-
teins. Second, MS analysis requires necessary purifi-
cation prior to sample testing, and therefore cannot
achieve high-throughput analysis of “all” of the pro-
teins. Besides, the sample size in this paper was
small and large scale of studies should be conducted
to verify our findings.

CONCLUSION

In summary, a proteomic approach was carried
out on gallbladder tissues of gallstones patients and
normal controls. Total 11 proteins were found to be
differentially expressed in gallbladder tissues of gall-
stones group in comparison with controls. The dif-
ferentially expressed proteins of TTR, SM22, Prdx3,
TPM4 may be involved in the lipid and cholesterol
metabolism and play key roles in the progression of
cholesterol stones formation. The proteomics pro-
vided new protein targets associated with the com-
plex event of cholesterol stones formation. However,
the significant meaning for these specific proteins
should be verified in the future.
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