
Abstract. We performed proteomic differential display
analysis of hepatitis C virus-associated 21 human
hepatocellular carcinoma (HCV-HCC) tissues by using two-
dimensional gel electrophoresis (2-DE) and matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF/MS). One of the numerous spots which was
located next to three spots of glutamine synthetase showed
stronger intensity in well-differentiated HCC tissues
compared to non-cancerous tissues. Samples from 6 out of
21 patients showed up-regulation of this spot compared to
non-cancerous tissues. After in-gel digestion, MALDI-
TOF/MS identified the spot as tubulin alpha-6 chain. Two-
dimensional immunoblot analysis confirmed that this spot
was indeed tubulin alpha, and this spot was stronger in
cancerous tissues than in noncancerous tissues. These results
suggest that tubulin alpha-6 chain is one of the candidates
for biomarkers for well-differentiated HCV-associated HCC.

Hepatocellular carcinoma (HCC) is one of the most common
types of cancer worldwide, with a high incidence in many
countries. Although the causes of HCC are recognized as
infection with hepatitis virus, exposure to aflatoxin B1 and
alcoholic drinking habit, infection with hepatitis C virus
(HCV) is the most clearly established risk factor for HCC in
developed countries, including Japan. On the other hand, in
developing countries, infection with hepatitis B virus (HBV) is

the clearest risk factor for HCC. HCC cells progress through a
multistep process based on histological changes. Although
initially HCC tumour cells are well-differentiated, they
dedifferentiate to become moderately or poorly differentiated,
with high proliferation rates with the progression of the
tumour. Therefore, it is very important to diagnose HCC at the
stage of the well-differentiated form (1-4).

In recent studies, we have reported proteomic analysis for
HCV-associated HCC tissues by the combination of two-
dimensional gel electrophoresis (2-DE) and mass
spectrometry (MS), which is a proteomic method of high-
throughput analysis of protein expression. These studies have
identified diverse proteins that may be involved in the
pathogenic mechanism of HCC (5-8). In these proteomic
studies, we identified alpha enolase as being up-regulated in
poorly differentiated HCV-associated HCC tissues (9), and
glutamine synthetase isoforms as being up-regulated in well-
differentiated HCV-associated HCC tissues (10). Both are
expected to be biomarkers for poorly and well-differentiated
HCV-associated HCC.

In the present study, we performed proteomic analysis for
21 pairs of HCV-associated HCC tissues and corresponding
non-cancerous tissues to find proteins that might be involved
in tumour differentiation and progression. Since in well-
differentiated HCV-associated HCC tissues a spot of
approximately 42 kDa in MW with a pI of 7.0 showed
stronger intensity compared with that in non-cancerous
samples, we further analyzed this spot.

Materials and Methods

Tissue samples. Twenty-one pairs of cancerous tissues and adjacent
non-cancerous liver tissues were obtained from patients who had been
diagnosed as having HCV-associated HCC and had undergone surgical
liver resection at the Yamaguchi University School of Medicine from
May 1997 to December 2000. The histological diagnosis of HCC was
made from the formalin-fixed, paraffin-embedded tissues after surgery
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according to the World Health Organization criteria (Pathology and
Genetics. Tumours of the Digestive System. WHO Classification of
Tumours, Volume 2, Third Edition, 2000) in all cases. None was
positive for hepatitis B surface antigen. Informed consent in writing
had been obtained from all patients before surgery. The study protocol
was approved by the Institutional Review Board for Human Use of the
Yamaguchi University School of Medicine.

Sample preparation. The liver tissues were suspended and
homogenized in lysis buffer (50 mM Tris-HCl, pH 7.5, 165 mM NaCl,
10 mM NaF, 1 mM sodium vanadate, 1 mM phenylmethylsulfonyl
fluoride (PMSF), 10 mM EDTA, 10 μg/ml aprotinin, 10 μg/ml
leupeptin, and 1% NP40). After centrifugation at 15,000 ×g for 30 min
at 4˚C, the supernatants were taken and used as samples (6-10).

Two-dimensional gel electrophoresis (2-DE). Three hundred
micrograms of protein was used for each electrophoresis. The first
dimensional isoelectric focusing (IEF) was performed in an IPGphor3
IEF unit (GE Healthcare, Buckinghamshire, UK) on 7 cm,
immobilized, pH 3-10 linear gradient strips (Bio-Rad, Hercules, CA,
USA) at 50 μA/strip. The strips were rehydrated with 125 μl sample
containing 8 M urea, 2% CHAPS, 0.01% bromophenol blue,
dithiothreitol (DTT), and immobilized pH gradient (IPG) buffer, for 14
h. IEF was then run in 3 steps, at 500 V for 1 h, 1000 V for 1 h, and
8000 V for 2 h. The second dimension was performed on SDS-
polyacrylamide gels. After electrophoresis, the gels were stained with
Coomassie Brilliant Blue (CBB) R250 (Nacalai Tesque, Kyoto, Japan)
for 24 h. They were destained with 10% acetic acid in water containing
methanol for 30 min, and again destained with 7% acetic acid (6-10).

Image analysis. The positions of the protein spots on the gels
obtained using samples of non-cancerous and cancerous tissues were
recorded with an Agfa ARCUS 1200 image scanner (Agfa-Gevaert
N.V., Mortsel, Belgium) and were analyzed with Image Master 2D
Platinum ver. 5.0 (GE Healthcare). Spots present at different
intensities were excised from the gels for MS analysis (6-10).

In-gel digestion. The CBB dye was removed by rinsing twice in
60% methanol, containing 50 mM ammonium bicarbonate and 
5 mM DTT, for 15 min, and twice in 50% acetonitrile, containing
50 mM ammonium bicarbonate and 5 mM DTT, for 7 min. The gel
piece was dehydrated in 100% acetonitrile, and then re-swollen with
an in-gel digestion reagent containing 10 μg/ml sequencing grade
trypsin (Promega V5111, Madison, WI, USA) in 30% acetonitrile,
containing 50 mM ammonium bicarbonate and 5 mM DTT. In-gel
digestion was carried out overnight at 30˚C (6-10).

Peptide mass fingerprinting (PMF). After the in-gel digestion, 1 μl
of the reaction mixture was removed and mixed with 1 μl of the
matrix solution (10 mg/ml alpha-cyano-4-hydroxycinnamic acid in
50% acetonitrile, 40% methanol, 0.1% trifluoroacetic acid (TFA))
on a MALDI target plate. The MALDI-TOF/MS for PMF was
performed on a Shimadzu Biotech AXIMA-CFR mass spectrometer
in a reflectron mode. The MS-Fit database search engine at the
ProteinProspecter web site (http://prospecter.ucsf.edu/) was used for
the protein identification (6, 7).

Two-dimensional immunoblot analysis. After 2-DE, fractionated proteins
(50 μg) were transferred electrophoretically onto poly-vinylidene
difluoride (PVDF) membranes (Immobilon-P; Millipore Corporation,
Bedford, MA, USA), and the membranes were blocked overnight at 4˚C

in Tris-buffered saline (TBS) containing 5% skim milk. The primary
antibody was a mouse anti-alpha tubulin monoclonal antibody (1:4000;
Sigma-Aldrich, St. Louis, MO, USA). The membranes were then
incubated for 1 h at 4˚C, washed four times with TBS containing 0.05%
Tween 20, and incubated for 1 h at 4˚C with horseradish peroxidase-
conjugated secondary antibody (1:5000; Jackson ImmunoResearch
Laboratories Inc, West Grove, PA, USA). The reaction was visualized
with a chemiluminescence reagent (ImmunoStar Long Detection, Wako,
Osaka, Japan) and scanned by using Image Reader LAS-1000 Pro
(Fujifilm Corporation, Tokyo, Japan) (10, 11).

Results
Identification of proteins on 2-DE gels. We have already
reported proteomic analysis of cancerous and non-cancerous
tissues of HCV-associated HCC, and showed that there were
three spots of glutamine synthetase (GS) showing stronger
intensity in the cancerous tissues of well-differentiated HCC
than in the non-cancerous tissues (10). Besides these three
spots (spots 1-3 in Figure 1B), a spot of approximately 42 kDa
in MW with a pI of 7.0 (spot 4) showed stronger intensity in
well-differentiated HCC tissues than in non-cancerous samples
(Figure 1A). While the up-regulation of this spot was seen in
6/21 samples, in the samples of well-differentiated HCC
tissues, up-regulation was found in 3/4. The spot was digested
and analyzed by MS. This sample provided a good spectrum
of amino acid sequences by MALDI-TOF/MS and the protein
was identified as tubulin alpha-6 chain. Peptide sequences of
tubulin alpha-6 chain were identified as (K)EIIDLVLDR(I),
(K)YMACCLLYR(G), (R)LDHKFDLMYAK(R), (R)TIQFV
DWCPTGFK(V), (R)AVFVDLEPTVIDEVR(T) and (R)NLDI
ERPTYTNLNR(L) by MS spectra of trypsin-digested sample.
The expression of this protein was confirmed by 2-D
immunoblot analysis. The position of this spot was confirmed
and the intensity of this spot was stronger in cancerous tissues
than in noncancerous tissues (Figure 2).

Discussion

Up-regulation of tubulin alpha-6 chain in the well-differentiated
HCV-associated HCC tissues was observed on the 2-DE gels,
and immunoblot analysis with specific anti-alpha tubulin mAb
confirmed that this spot was tubulin alpha-6 chain.

Tubulin forms microtubules by means of the
polymerization of tubulin alpha and beta heterodimers. This
assembly and disassembly of tubulin into microtubules is
assisted by other factors such as the binding of microtubule-
associated proteins. This dynamic state is characterized by
growth randomly interrupted by pauses and shrinkage.
Microtubules play critical roles in diverse cellular functions.
They are essential components of all cells, and play roles as
essential factors in intracellular signaling, cellular
morphology and mitosis (12). Since microtubules play
important roles in mitosis, microtubule-destabilizing agents
and -stabilizing agents have been used for anticancer therapy.
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Figure 1. 2-DE patterns of spots for four proteins in tissues from patients with hepatocellular carcinoma infected with HCV. Protein samples
(300 μg) were loaded onto the gel. A: Non-cancerous and B: cancerous tissues. Arrows indicate four strongly stained protein spots of 42 kDa and
with pI 6.4-7.0. Spots 1-3 have been already reported as liver glutamine synthetase, including phosphorylated forms.
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Figure 2. Continued
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Figure 2. 2-D immunoblot analysis of alpha-tubulin in non-cancerous and paired cancerous tissues. For the 2-D immunoblot analysis, 50 μg protein
of non-cancerous (A, C) and cancerous (B, D) tissues was applied. Expression of alpha-tubulin was confirmed; the intensity of the spot was stronger
in cancerous tissue than non-cancerous tissue. The spot (40 kDa, pI 7.0) marked by a circle was confirmed as being alpha-tubulin.



Microtubule-destabilizing agents, such as vinblastine and
vincristine, inhibit polymerization of microtubules, resulting
in the inhibition of mitosis; microtubule-destabilizing agents,
such as taxanes, stabilize polymerized microtubules,
arresting mitosis and apoptosis (13, 14).

Overexpression of tubulins in tumour tissues have been
reported by many groups. Matos et al. reported beta-5-tubulin
was up-regulated in HCC in the USA (15). He et al. showed
tubulin beta-2C to be up-regulated in sentinel lymph nodes of
colorectal cancer (16). Not only beta-tubulins, but also
overexpression of alpha-tubulins in tumour tissues have been
reported by many groups. In tissues of pulmonary sclerosing
haemangioma, small cell lung cancer, renal cell carcinoma
and oesophageal squamous cell carcinoma, overexpression of
tubulin alpha proteins has been detected (17-20).
Furthermore, overexpression of tubulin alpha 6 chain has
been also reported in gastric cancer and ovarian cancer (21,
22). However, no report has shown increased fragment of
alpha-tubulin in tumour tissues. The molecular weight of the
up-regulated tubulin alpha-6 chain fragment in HCV-
associated HCC tissues here was 42 kDa. Tubulin alpha-6
chain reported by Wu et al. (21) and Lim et al. (22) was of
about 50 kDa. This would apparently seem to be different
from our reported tubulin alpha-6 chain fragment. As yet, no
report about digesting enzyme for tubulin alpha-6 chain has
been published. Therefore, it is important to clarify the
mechanism of overexpression of 42 kDa tubulin alpha-6 chain
fragment in well-differentiated HCV-associated HCC tissues.
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