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Abstract
Hepatocellular carcinoma (HCC) is a dreadful can-
cer and a major cause of death among patients with 
chronic liver disease and cirrhosis. The apparent al-
terations in a diversity of intracellular pathways found 
in HCC has set the rational for developing molecular-
directed drugs that simultaneously inhibit multiple 
pathways, such as the multi-kinase inhibitor Sorafenib. 
However, recently this concept has been challenged 
by showing that HCC is heavily dependent on a single 
oncogene designated late SV-40 factor (LSF), a tran-
scription factor that is over-expressed in liver cancer 
cells and that its expression is strongly correlated with 
tumor grade and aggressiveness. Furthermore, using 
an intensive screening for drugs that inhibit LSF activi-
ty, Grant et al  have found a molecule designated factor 
quinolinone inhibitor 1 that can specifically block the 
ability of LSF to bind its target promoters, resulting in 
a massive death of HCC cells both in vitro  and in vivo . 
The innovative findings of HCC representing “oncogene 
addiction” to LSF and the ability of a single molecule to 
block the activity of this oncogene resulting in tumor 
abolishment are encouraging and provide us with the 
hope that the “Achilles heel” of HCC has been found.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer in men and the seventh in women, and its 
incidence has been sharply rising during the last two de-
cades[1]. Whereas patients with localized disease can ben-
efit from curative therapeutics modalities, such as liver 
resection, liver transplantation or radiofrequency abla-
tion, until recently little could be offered to patients with 
advanced disease, whose survival was often measured in 
a few months[2].

MULTIPLE PATHWAYS ARE DISTORTED 
IN HEPATOCELLULAR CARCINOMA
Disruption of  a variety of  cellular pathways, as well as 
mutations in tumor suppressors and oncogenes have 
been described in patients with HCC[3]; mutations in the 
genes encoding for TP53 and β-������������������������ catenin, amplifications 
of  the vascular endothelial growth factor (VEGF) and 
Cyclin D1 (CCDN1) genes, silencing of  E-Cadherin tu-
mor suppressor and activation of  the myelocytomatosis 
viral oncogene are a partial list. Indeed, the more effort 
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invested in elucidating molecular mechanisms underly-
ing HCC, the clearer it became that the complexity and 
diversity of  such mechanisms make the development of  
potential gene-targeted drugs a highly complicated task. 

SORAFENIB-THE FIRST APPROVED 
MOLECULAR-DIRECTED DRUG FOR 
HEPATOCELLULAR CARCINOMA
In 2008, Llovet et al[4] have published the results of  a 
phase 3 multi-center placebo control trial showing that 
the multi-kinase inhibitor Sorafenib prolongs survival 
in patients with advanced HCC. The rational for using 
a multi-kinase inhibitor that simultaneously blocks Raf, 
VEGF, platelet-derived growth factor and c-Kit signal-
ing is to “cover” as much diverse signaling pathways 
involved in hepatic carcinogenesis as possible. However, 
although the introduction of  this first molecular-directed 
drug is a major breakthrough in the field of  HCC, the 
results are still far from optimal as reflected by the only 
modest improvement in life expectancy of  2.8 mo on 
average in the price of  often-severe adverse events[5,6].

LATE SV40 FACTOR-AN ESSENTIAL 
ONCOGENE IN HEPATOCELLULAR 
CARCINOMA
Recently, Yoo et al[7] ����������� ��������  ������� ��� �������has recognized the Late SV40 �������f������actor 
(LSF) transcription factor as a central oncogene in HCC. 
LSF, which is induced in the liver via inflammatory cy-
tokines, has a major role in DNA synthesis by transcrip-
tionally activating the rate-limiting enzyme in pyramidine 
synthesis, thymidylate synthase, as well as other target 
genes important for DNA synthesis and cell survival. 
LSF inhibition results in constraining DNA synthesis, 
which ultimately leads to cell death. Interestingly, Sarker’
s group has found that LSF protein is significantly over-
expressed in HCC cells as compared to normal human 
liver cells. Furthermore, the degree of  LSF expression 
revealed a significant correlation with the stage and 
grade of  the tumor. Most importantly, whereas over 
expression of  LSF pushed the tumor towards a more 
aggressive phenotype, LSF inhibition resulted in abroga-
tion of  tumor growth and its metastatic potential, both 
in-vitro and in-vivo. Interestingly, among the various genes 
induced by LSF following its binding to their promoters, 
SPP1 gene encoding for the osteopontin (OPN) protein 
has been found to be induces to the greatest extant. 
Indeed, the importance of  OPN in promoting hepatic 
carcinogenesis was recently emphasized by a study 
showing that OPN is much more sensitive than the tra-
ditional alpha-fetoprotein as a marker for early HCC[8]. 
Whatsoever, Sarker’s work as well as a later work by Fan 
et al[9] strongly indicated that LSF is an essential oncop-
rotein required for the maintenance and propagation of  
liver cancer, making it a potentially ideal target for HCC 
treatment. Furthermore, the merit of  these findings lies 

in the fact that although multiple genes and signaling 
pathways are impaired in HCC, the cancerous liver cells 
are heavily dependent on a single oncogenic protein, the 
transcription factor LSF, for their survival. This phe-
nomenon, designated “oncogene addiction”, has been 
recognized in various cancers in the last few years, mak-
ing the oncogene to which a particular cancer is addicted 
to an ideal target for anti-cancer therapy[10,11].

FACTOR QUINOLINONE INHIBITOR 1 
SPECIFICALLY INHIBITS LATE SV40 
FACTOR ACTIVITY RESULTING IN 
ABOLISHMENT OF HEPATOCELLULAR 
CARCINOMA
However, how can one translate experimental abolish-
ment of  LSF achieved mainly by dominant negative con-
structs or knockdown strategies to a drug that inhibits 
LSF function in-vivo and that can be easily delivered to 
the liver?

A study recently published in the PNAS provided 
an unexpected and exciting solution to this problem[12]. 
By screening for small molecules that could block the 
interaction of  LSF to its DNA binding sites along the 
genome, Grant et al[12] have revealed a small molecule 
named factor quinolinone inhibitor 1 (FQI1) that inhibits 
LSF DNA binding activity both in-vitro and in-vivo. Func-
tionally, treating HCC cells with FQI1 results in a mas-
sive apoptosis of  HCC cells whereas normal hepatocytes 
remain intact. FQI1 treatment results in a robust activity 
in-vivo, as well, reflected by inhibition of  tumor growth in 
mouse HCC xenografts. Importantly, no toxicity was ob-
served in FQI1 treated animals, as evaluated by animals’ 
general well being and by careful examination of  various 
non-hepatic tissues that remained intact following treat-
ment. Noteworthy is the observation that tumors from 
FQI1-treated animals expressed LSF at similar levels to 
those of  control mice, whereas the expression of  a cen-
tral LSF target gene, OPN, as well the proliferative activ-
ity of  the tumor were dramatically reduced. This observa-
tion reflects the inhibition of  LSF activity as a transcrip-
tion factor by blocking its binding to DNA, rather than 
reducing its level following FQI1 treatment. Further-
more, the close correlation between the concentrations 
of  FQI1 required for inhibition of  LSF transactivation 
and those required for proliferation inhibition strongly 
suggest that FQI1 specifically targets LSF and does not 
share a general non-specific anti proliferative activity.

FQI1 AS AN EMERGING ANTI 
HEPATOCELLULAR CARCINOMA DRUG-
PROMISES AND CHALLENGES
The originality and the importance of  the aforemen-
tioned studies are dual. First, the identification of  a single 
oncogene serving as a cellular transcription factor to 
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which HCC is “addicted” and completely dependent on. 
This finding may completely change the current concept 
of  using drugs inhibiting multiple alternated cellular tar-
gets[5], to a strategy that specifically inhibits a particular 
target that is essential for HCC maintenance and propa-
gation. Second, in contrast to what was formally consid-
ered as an almost impossible target for drug therapy, the 
efficiency of  FQI1 strongly indicates that targeting the 
activity rather than the level of  a transcription factor is an 
effective and specific mechanism for an anti-cancer drug.

Further studies should address potential caveats and 
open question remaining before implementing those 
findings to an efficient anti-HCC drug. The bioavail-
ability of  FQI1 in human subjects following treatment 
should be carefully checked and the long-term conse-
quences in terms of  adverse effects should be moni-
tored. The potential for tumor resistance due to muta-
tions in the LSF DNA binding domain is certainly there 
and should be taken into consideration. In this regard, 
the combination of  the current molecular-targeted drug, 
Sorafenib, with LSF inhibitors has the potential to mini-
mize the risk of  cancer cells “escaping” their oncogene 
addiction to LSF. Last but not least, the validity of  LSF 
role in HCC should be ascertained for the various etiolo-
gies of  HCC, including viral, metabolic and toxic. 

In summary, the introduction of  a small molecule 
that specifically inhibits the activity of  an oncogene on 
which HCC heavily depends seems as stimulating news 
to the field. Time will tell whether, similar to the Greek 
mythology, LSF represents the Achilles heel of  HCC, 
an innovation that can ultimately lead to defeating this 
deadly cancer.
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