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Abstract
Hepatocellular carcinoma (HCC) is considered as one of the major liver cancers prevailing in the
world. The survival rate for the patients diagnosed with HCC is very low as average survival
time is only one year. Due to the lack of early diagnosis and poor knowledge of
pathophysiological mechanisms, screening of HCC remains possible only at advanced stages.
Furthermore, due to non-effective treatment and poor diagnostic techniques led to high fatality
rate. Previously, number of HCC markers has been identified but have very less specificity.
This study was designed to look into and find out certain HCC specific serological proteins
which may be used as biomarker for the early diagnosis of the said disease. In this study all
collected samples were analyzed by SDS-PAGE. The results revealed that four different proteins
were up-regulated in HCC diagnosed patients compared to the control sample. These proteins
may be used as potential biomarkers for the early diagnosis of HCC. The further investigations
of the relevant proteins may reveal important clues for the early diagnosis of HCC.
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diseases which lead to death in very short
Introduction
Hepatocellular carcinoma (HCC) has been
time [1]. Poor knowledge, inadequate
reported as one of the most common
preliminary screening tests leads to
malignant tumor worldwide [1]. HCC is
advanced stage of HCC which ultimately
ranked as sixth most common cancer type
results in poor prognosis and high mortality
and placed among first three cancerous
rates [2]. In Great Britain during 1975 HCC
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prevalence rate was only 1.4per 100,000
which rose to 4.7 per 100,000 during 2009
which reflects a high rise of HCC incidence.
Almost 3,960 new cases of liver cancer were
reported in the UK during 2009 and caused
3,800 liver cancer deaths during 2010 [3].
Several studies have demonstrated that
infectious diseases such as hepatitis B,
hepatitis C, presence of aflatoxin in diet and
alcohol addiction were the principal
etiological factors for HCC [4, 5]. Hepatitis
C virus (HCV) related disease is reported as
the single largest cause of HCC in Pakistan
[6]. In Pakistan, prevalence of HCV and
HBV is alarming as 4.8% of population is
positive for anti-HCV antibodies and 2.5%
for HBV surface antigen [7, 8]. Almost 70%
of HCC diagnosed patients were also
infected with HCV while almost 20% HCC
diagnosed patients were co-infected HBV
[9-11]. Due to poor hygienic conditions in
Pakistan, high contamination of aflatoxin
also contributes to liver carcinogenesis [12,
13]. In Pakistan, the prevalence of HCC in
male is about 7.6 and 2.8/100,000 head in
male and female respectively [14-16].
Patients with HCC typically present with an
enlarged, irregular and nodular liver [17],
and in 75% HCC cases multifocal liver
tumors were observed. Typical HCC
diagnosis is usually made by history,
physical examination and several imaging
techniques such as MRI or CT scan and
ultrasound, which come up with consistent
liver mass [18] but all these techniques give
diagnosis of HCC at advanced stage of the
disease when no or limited treatment options
remain available. To date no specific
serologic biomarker except alpha fetoprotein
(up to 75% specificity) is available for early
HCC diagnosis [18]. AFP is a 70-kD
glycoprotein produced by the fetal liver and
yolk sac during pregnancy [19, 20]. Several
studies highlighted the over expression of
many tumor associated antigens (TAA) and
the production of auto-antibodies against

those TAAs could be used as diagnostic
biomarkers.
Materials and methods
Sample collection
Twenty four serum samples were obtained
from patients diagnosed with HCC and 10
were collected from healthy donors at
tertiary hospital (Bolan Medical College
Quetta). Samples from healthy donors were
pooled and used as control. All samples
were collected in sterile falcon tubes without
anticoagulant or EDTA. After collection,
blood samples were centrifuged at 12000
rpm for 5-10 min and collected serum
samples were transferred into micro
centrifuge tubes and instantly preserved at 80°C until used. The estimation of protein
concentration in obtained serum samples
was determined by using the BCA protein
kit bio world (GE Healthcare) according to
the standard protocol.
SDS –PAGE
Sodium dodecyl sulphatepolyacrylamide gel
electrophoresis (SDS-PAGE) was used to
separate the proteins by their molecular
weight. A mini (cleaver scientific Ltd.)
system was used for electrophoresis. Two
large plates 10cm with 1mm thick spacer
and two 8.5cm notched plates were cleaned
with 70% ethanol and were placed in casting
frame placed in the casting stand. Two types
of Polyacrylamide gels resolving and
stacking gel were casted and after gel
polymerization samples with equal quantity
of protein were loaded. Subsequently,
electrophoresis was performed.
Resolving gel (12% polyacrylamide), Tris
1.5M pH =8.8 (MP biomedicals, LLC) 25%
(v/v),SDS
10%
(invitrogen)
1%
(v/v),TEMED (Alpha Aesar) 0.05% (v/v),
ammonium persulfate10% (MP biomedicals,
LLC)0.5%
(v/v).Stacking
gel
4%
components are follows, Stacking gel (4%
polyacrylamide),
Acrylamide
(30%),
Bisacrylamide (0.8%) 13.3% (v/v), Tris
0.5M pH =6.8 (MP biomedicals, LLC) 25%
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(v/v), SDS 10% (invitrogen) 1% (v/v),
TEMED (Alpha Aesar) 0.05% (v/v),
Ammonium
persulfate10%
(MP
biomedicals, LLC) 0.5% (v/v). Comassie
brilliant blue staining technique was used to
visualize the protein bands. Transilluminator
apparatus (WEALTEC dolphin-view) was
used to take the images of stained gels.
Results and discussion
Serum samples from HCC diagnosed
patients and healthy individuals were
analyzed by SDS-PAGE to evaluate the
expression of proteins in given samples.
Results indicated the upregulation of several
proteins in the form of clusters which can
further categorized by several other
techniques like western blotting and dot
blotting. The representative gel loaded with
HCC positive and control samples is shown
in Figure 1. Several proteins are upregulated
in HCC diagnosed patients as compared to
the controls as shown in Figure 1. The most
interesting and important one is the AFP
with 70 kDa and a thick band in all patients’
samples can be observed (marked with
arrow heads). The high level of AFP in
relation to HCC has been reported with
remarkable
sensitivity
(41–65%).
Previously, it has been reported that due to
high specificity of AFP expression in HCC
patients, it’s highly recommended to be used
as a marker for early diagnosis of HCC. [21]
The other protein which attracted our
attention was protein phosphate 2A
(p90/CIP2A) with molecular weight of 90
kDa, P90/CIP2A is a tumor associated
antigen (TAA) also known as cancerous
inhibitor. In this study we also observed the

upregulation of same protein in all HCC
positive samples [22]. This protein is also
marked as a candidate for the early
diagnosis of HCC [22]. Calreticulin (CRT)
is over expressed in HCC cells and our
results are also in agreement with previous
reports (Figure 1). CRT was observed to be
upregulated in all patients’ samples at
approximate molecular weight of 32 kDa
(marked with arrow head). Studies have
reported that knockout of CRT with siRNA
inhibited the proliferation of HCC cells and
leads to cell arrest [23]. These properties of
CRT make it a suitable biomarker for the
early diagnosis of HCC.
Interestingly, we also found the upregulation
of Tu translation elongation factor (TUFM)
protein with molecular weight of 50 kDa.
Previously, TUFM has been reported to be
over expressed only in lung cancer cells and
for the first time we detected its
upregulation in HCC cells. Its further
investigations will be performed by Western
blot analysis to clearly demonstrate its role
in HCC. It has been reported that TUFM
and E-cadherin down regulation leads to
abruption in mitochondrial respiratory chain
activity and the excessive production of
reactive oxygen species [24].
These results indicate that the above
mentioned proteins can be used as
biomarkers for the early diagnosis of HCC
and these results are in promise with the
studies reported earlier.
Further studies are planned to confirm the
specificity of these proteins by modern
molecular techniques such as western blot.
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Figure 1. Serum samples collected from HCC diagnosed patients and healthy individual
were processed and run on SDS page to compare the protein expression. From left to right
is marker for molecular weight (MW), S1, S2, S3, S4 are the samples from HCC diagnosed
patients and C denotes the Control from healthy donor
Conclusion
The study concludes that proteins regulation
pattern can be used a early diagnostic tool
and for the first time we report the upregulation of TUFM in HCC diagnosed
patients
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