
Abstract
Hepatocellular carcinoma (HCCa) is a primary malignancy
of the liver. Many different proteins are involved in HCCa
including insulin growth factor (IGF) II , signal transducers
and activators of transcription (STAT) 3, STAT4, mothers
against decapentaplegic homolog 4 (SMAD 4), fragile
histidine triad (FHIT) and selective internal radiation
therapy (SIRT) etc. The present study is based on the
bioinformatics analysis of FHIT protein in order to
understand the proteomics aspect and improvement of
the diagnosis of the disease based on the protein.
Different information related to protein were gathered
from different databases, including National Centre for
Biotechnology Information (NCBI) Gene, Protein and
Online Mendelian Inheritance in Man (OMIM) databases,
Uniprot database, String database and Kyoto
Encyclopedia of Genes and Genomes (KEGG) database.
Moreover, the structure of the protein and evaluation of
the quality of the structure were included from Easy
modeler programme. Hence, this analysis not only helped
to gather information related to the protein at one place,
but also analysed the structure and quality of the protein
to conclude that the protein has a role in carcinoma.

Keywords: Hepatocellular carcinoma, Fragile histidine
triad, FHIT, Proteomics, Bioinformatics.

Introduction
In our previous study,1 we presented the analysis of
mothers against decapentaplegic homolog 4 (SMAD4)
protein, while the current study is based on the analysis of
fragile histidine triad (FHIT) protein involved in
hepatocellular carcinoma. The proteomics studies are
helpful in understanding the cell processes, and the effect
of proteins on the cell processes. Moreover, it can also be
helpful in studying the effect of the environment and the
cell processes on the proteins. Hence, through applying
the proteomics tools and identifying the proteins in a
disease and the healthy individuals' samples, we may
identify the biomarkers to differentiate both the classes.

Such discoveries may also lead to protein-based
diagnostic tools and better understanding of a disease
state. For example, protein expression pattern or profile
during cancer is different compared to a normal healthy
situation. Such unique proteins which are present in the
diseased condition and not in the healthy cells can be
used as markers for the disease study as well as target
during the disease treatment. The analysis of the proteins
using a proteomics approach is very useful and has
different applications. For example, proteins isolated from
body tissues gives a complete idea of the tissue situation
as well as provided a good basis to study other processes
such as post-translational modifications, protein
functionality or protein complexes.2

Bioinformatics introduce new algorithms in the field of
proteomics to handle large and heterogeneous data sets.
With the integrated use of "-omics" disciplines, the
identification and the characterisation of candidate
genes, proteins and molecules involved in a given disease
will probably represent one of the milestones of future
healthcare.3 Proteomics deals with the identification of
the proteins produced by cells in normal and diseased
conditions, while metabolomics monitors the role of small
molecules (lipids, sugars and amino acids) involved in
daily cellular function.4 There are approximately 30,000
genes in the human genome and the number of proteins
is likely at least three times higher, as resulting from
alternative splicing and post-translational modifications.5

Hepatocellular Carcinoma
Hepatocellular carcinoma (HCCa) is a primary malignancy
of the liver. Most cases of HCCa are secondary to either a
viral hepatitide infection (hepatitis B or C) or cirrhosis
(alcoholism) which is the most common cause of hepatic
cirrhosis.6 In countries where hepatitis is not endemic,
most malignant cancers in the liver are not primary HCCa
but metastasis of cancer from elsewhere in the body, e.g.,
the colon. HCCa is the fifth most common cancer and the
third most common cause of cancer death worldwide.
There were few effective therapeutic options available for
those suffering from advanced disease7 but progress has
been seen in surgical treatment of hepatocellular
carcinoma.8 Moreover, many immune-based approaches
have shown efficacy in achieving disease regression and
representing the most promising new treatment
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approach.9 Administration of levocarnitine and/or
branched chain amino acids during invasive treatments
reduced blood ammonia (NH3) concentration and
suppressed the albumen.10 HCCa is reported to be the
second most common cause of non-islet cell tumour
hypoglycaemia (NICTH) which was controlled by using
systemic chemotherapy.11 This type of cancer occurs more
often in men than women and is usually seen in people
with age of 50 or older.12 However, age varies in different
parts of the world. Moreover, different risk factors of HCCa
include hepatitis B virus (HBV) and alcohol intake, passive
smoking, indoor air pollution and pesticide exposure.
Moreover, fruit and tea intake may significantly lower the
risk of HCCs.13 Furthermore, different factors influencing
the prognosis of patients with HCCa were explored.14

Hence in order to prevent HCCa, clinicians should provide
health education to overcome such risk factors and
encourage HBV and hepatitis C virus (HCV) carriers to
undergo annual physical examination and receive
adequate treatment.15 Specifically, hepatitis B should be
treated in order to prevent HCCa.16

Different up-regulated proteins during the disease
include insulin growth factor (IGF) II, a disintegrin and
metalloproteases (ADAM) 9, signal transducers and
activators of transcription (STAT) 3, suppressors of
cytokine signalling (SOCS) 3, and cyclin D1 while the
down-regulated proteins during the disease include
collagen I, SMAD 4, fragile histidine triad (FHIT), and
SOCS1.17 Other proteins include, POU class 5 homeobox 1
(OCT4), baculoviral IAP repeat containing 5 (BIRC5), cyclin
D1 (CCND1), ATP binding cassette subfamily G member 2
(BCRP), SRY-box 2 (Sox2), Glutathione S-transferases
(GST), NCK adaptor protein 1 (NCK1), human leukocyte
antigen DQ (HLA-DQ), miR-106b, c-Myc, Ki67 and
selective internal radiation therapy (SIRT).

Analysis of FHIT by Different Databases and
Software Tools
The bioinformatics analysis of FHIT protein was
performed by using different tools, software and
databases related to bioinformatics. Different details
related to the proteins were gathered from different
databases and software including the National Centre of
Biotechnology Information (NCBI) gene, protein and
Online Mendelian Inheritance in Man (OMIM) databases
and UniProt database. Basic Local Alignment Search Tool
(BLAST) was used to get the closest proteins related to
FHIT in protein databank (PDB) database. Moreover, Kyoto
Encyclopaedia of Genes and Genomes (KEGG) pathway
database was used to show that the protein is involved in
tumour suppression. Furthermore, String database was
used to show the interacting proteins with FHIT while

easy modeller programme was used to model the protein
structure and to draw Ramachandaran plot.

FASTA Sequence of the Protein
The FASTA sequence of FHIT protein consists of 147 amino
acids taken from NCBI protein database, which is:
>gi|21595364|gb|AAH32336.1| FHIT protein [Homo
sapiens]

MSFRFGQHLIKPSVVFLKTELSFALVNRKPVVPGHVLVCPLRPV
ERFHDLRPDEVADLFQTTQRVGTVVEKHFHGTSLTFSMQDGP
EAGQTVKHVHVHVLPRKAGDFHRNDSIYEELQKHDKEDFPAS
WRSEEEMAAEAAALRVYFQ18

Chromosome Location
The protein is located at chromosome 3 and the exact
location of the protein is 3p14.2. Moreover, the molecular
weight of the protein is 16858 Da. Different domains of
FHIT protein include Histidine triad (HIT) domain, HIT-like
domain and Histidine triad conserved site domain.19
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Table: Detail of the top eight closest proteins compared to the query FASTA sequence
of fragile histidine triad (FHIT) protein in protein databank (PDB) database using Basic
Local Alignment Search Tool (BLAST) tool.

Serial number Accession Query coverage E value Identity

1 1FHIA 100% 3e-106 100%
2 2FHIA 100% 2e-105 99%
3 3FITA 100% 5e-104 99%
4 1EMSA 96% 3e-33 49%
5 4Q61A 59% 2e-04 34%
6 3ANOA 63% 6e-11 34%
7 2C82A 40% 0.86 33%
8 3ZIOA 40% 1.1 33%

Figure-1: Three-dimentional protein structure of fragile histidine triad (FHIT) showing
alpha helices and beta sheets in the protein. The protein structure was generated using
1FHIA as template by easy modeller software.34,35
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Figure-2: Ramachandran plot to check the protein's quality for fragile histidine triad (FHIT). The red dots are showing protein residues. Most of the residues are present in most
favourable regions suggesting a good quality protein structure. The plot was generated by easy modeller software.35

Figure-3: Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway for the protein fragile histidine triad (FHIT). It is showing FHIT as tumour suppressor protein and unavailability
of the protein leads to reduced apoptosis and cell-cycle progression.36



BLAST was used to collect eight closest sequences
compared to the query FASTA sequence of FHIT protein
in PDB database. The PDB codes of selected proteins
with other details were noted (Table). Hence, the
template chosen to predict the structure of the protein
was 1FHIA. This template was predicted by Pace H.C. et
al in 1998 by X-ray diffraction method with the
resolution of 3.10 Å.20 The structure of FHIT was
predicted by using easy modeller software (Figure-1),
while the quality of the predicted structure was checked
by Ramachandran plot (Figure-2). There were three most
favourable regions in the plot and most of the residues
were present in most favourable regions, suggesting a

good quality protein structure.

Role of FHIT in other Carcinoma
Among 50% of oesophageal, stomach and colon
carcinomas, inconsistent FHIT transcripts were
identified.21 Moreover, loss of FHIT promoted carcinogens
in human bronchial epithelial cells.22 Furthermore, in a
series of small cell lung cancers (SCLCs) and non-small cell
(NSCLC) types, FHIT gene structure and transcription were
also analysed.23 The study was performed by reverse
transcription polymerase chain reaction (RT-PCR) where in
11 of 14 SCLC tumours, abnormal-sized transcripts were
found. In 9 of these cases, both normal and abnormal
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Figure-4: Fragile histidine triad (FHIT) interaction with other proteins. The highest interaction with score 0.973 is found with ferredoxin reductase (FDXR) protein. The image and the
related details were retrieved from STRING database.37



sized transcripts were present. Moreover, abnormal
transcripts were found in 18 of 25 NSCLC tumours. One or
2 abnormal sized bands which were accompanied by a
normal sized transcript suggested the presence of normal
cells within the tumours. These researchers reported loss
of heterozygosity for microsatellite markers internal to
and flanking the FHIT locus. Furthermore, 11 of 12
tumours that exhibited abnormal FHIT transcripts showed
allelic loss at 1 or more of the loci. Hence, the researchers
suggested the inactivation of the FHIT gene by a
mechanism of loss of 1 allele and altered expression of the
remaining alleles in these tumours. They further
concluded that accumulation of high levels of intracellular
diadenosine tetraphosphate and the stimulation of
deoxyribonucleic acid (DNA) synthesis and proliferation
resulted in the loss of function of the FHIT (Figure-3)
which may occur as a consequence of physical, chemical,
and biological agents. FHIT was associated with breast
cancer,24 thyroid tumours,25 lung cancer,26,27 and acute
lymphoblastic leukaemia.28 Hence, the tumour
suppressor gene proteins (FHIT and others) expression
can be one of the factors influencing prognosis and
valuable for clinical treatment.29

String is a known and predicted protein-protein
interaction database which shows the highest interaction
of FHIT with ferredoxin reductase (FDXR) (Figure-4) and it
has also been detected by in vitro assay.30

Since the discovery of FHIT gene in 1996, more than 350
studies have been published.31 Hence, FHIT is altered in
many human tumours, particularly in those caused by
environmental carcinogens, such as those present in
tobacco smoke.32 In many of these tumours, particularly
in those induced by tobacco or other environmental
carcinogens, alterations of FHIT occur very early during
the multistep process of carcinogenesis. Infection with
FHIT recombinant viruses may cause regression, and
prevention of tumours in experimental animals showed
that FHIT-negative cancer cells are very sensitive to the
expression of FHIT.33 Thus, it is logical to predict the
development of a gene therapy approach for the
treatment and prevention of FHIT-negative human
cancers. Moreover, the analysis of the protein using a
proteomics approach is very useful and may have
different applications. Bioinformatics introducing new
algorithms in the field of proteomics to handle large and
heterogeneous data sets and bioinformatics analysis of
FHIT protein involved in different carcinomas may lead to
better diagnosis as well as the treatment of the disease.

Conclusion
This review paper presented a summary of findings by a

number of studies regarding significant role of FHIT in
carcinogenesis. It is clear that the protein has a role in
tumour regression. Moreover, bioinformatics has really
made the proteomics research easy and efficient by
introducing new algorithms in the field of proteomics to
handle large and heterogeneous data sets. Proteins and
molecules involved in a given disease will probably
represent one of the milestones of future healthcare.
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