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Abstract: Hepatocellular carcinoma (HCC) is a major cause of cancer death worldwide. HCC
is usually asymptomatic at potential curative stages, and it has very poor prognosis if detected
later. Thus, the identification of early biomarkers and novel therapies is essential to improve HCC
patient survival. Ion channels have been proposed as potential tumor markers and therapeutic
targets for several cancers including HCC. Especially, the ether a-go-go-1 (Eagl) voltage-gated
potassium channel has been suggested as an early marker for HCC. Eag]1 is overexpressed dur-
ing HCC development from the cirrhotic and the preneoplastic lesions preceding HCC in a rat
model. The channel is also overexpressed in human HCC. Astemizole has gained great interest
as a potential anticancer drug because it targets several proteins involved in cancer including
Eagl. Actually, in vivo studies have shown that astemizole may have clinical utility for HCC
prevention and treatment. Here, we will review first some general aspects of HCC including
the current biomarkers and therapies, and then we will focus on Eagl channels as promising
tools in the early diagnosis of HCC.
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Introduction

Primary liver cancer is a major health problem,' representing the second leading cause
of cancer-related deaths in the world.? Hepatocellular carcinoma (HCC) accounts
for up to 90% of primary liver cancers.' Other liver cancer types include childhood
hepatoblastoma, adult cholangiocarcinoma (originating from the intrahepatic biliary
ducts), and angiosarcoma (from the intrahepatic blood vessels).?

HCC affects men three times more frequently than women worldwide. It is the
fifth most frequently diagnosed cancer in adult men, and the seventh most commonly
diagnosed cancer in adult women.* Interestingly, significant differences have been noted
between the races. Asians are affected two times more than blacks, and Hispanics are
affected two times more than whites. The ethnic variability reflects the contribution of
specific causal factor differences among populations.* Because of its poor prognosis,
it is compulsory to find novel early markers of the disease as well as new therapeutic
approaches for HCC prevention and treatment.

HCC pathophysiology

Liver cirrhosis is the strongest HCC predisposing factor. Actually, 80% of HCC
cases formerly developed cirrhosis. Other well-defined risk factors comprise viral
infections (chronic hepatitis B and C), toxics (alcohol and aflatoxin B1), and altered
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Table | Main HCC risk factors

Risk factor

Description

Liver cirrhosis

HBYV infection

HCYV infection

Aflatoxin
(AFB)

Alcohol

DM

NAFLD

HH

Tobacco use

Obesity

OCs

This is the most important clinical risk factor for HCC. The transition from chronic liver disease to cirrhosis involves
inflammation and activation of hepatic stellate cells with ensuing fibrogenesis and angiogenesis. As many hepatocytes are

lost, the liver loses the ability to metabolize bilirubin (which can result in an increased serum bilirubin and transaminase
level). Liver cirrhosis is characterized by diffuse nodular regeneration surrounded by dense fibrotic septa with subsequent
parenchymal extinction and liver structure collapse.®*°

The hepatitis B virus is a DNA virus belonging to the Hepadnaviridae family. Many evidences support that HBY DNA

is frequently integrated into the chromosomal DNA of hepatocytes in most HBV-infected patients. The mechanisms of
carcinogenesis in HBV infection have been extensively studied, and a major factor is chronic necroinflammation with
subsequent fibrosis and hepatocyte proliferation. However, HCC may occur in HBsAg carriers without cirrhosis. Therefore,
viral factors are likely involved in HBV-related hepatocarcinogenesis. For instance, the HBx protein promotes cell cycle
progression, inactivates negative growth regulators, and binds to and inhibits the expression of p53 and other tumor
suppressor genes and senescence-related factors.>460-62

HCYV is an enveloped, single-stranded, positive-sense RNA virus. Up to 80% of HCV-infected individuals fail to eliminate the
virus acutely and progress to chronic HCV infection. Continuous inflammation and hepatocyte regeneration in the setting of
chronic hepatitis and subsequent progression to cirrhosis are thought to lead to chromosomal damage and possibly to initiate
hepatic carcinogenesis. HCV also induces steatosis; oxidative stress causes steatohepatitis and these pathways lead to liver
injury or HCC in chronic HCV infection.®¢¢*

This is a difuranocoumarin-derivative mycotoxin from Aspergillus flavus and Aspergillus parasiticus. It is produced under certain
climatic factors and storage techniques favoring the fungus growth and contaminating foods such as maize, groundnuts,

rice, and sorghum. IARC ranked AFB, as the most potent experimental hepatocarcinogen, and it is causally related to the
development of HCC in humans.

Hepatitis B virus infection may directly or indirectly sensitize hepatocytes to the carcinogenic effects of AFB,, raising the
possibility of a synergistic hepatocarcinogenic interaction between these two agents, although the precise mechanism is still
not well understood.®¢*

Alcohol use has definitely been recognized as a cause of HCC. This may be well related to the development of HCC due to
direct (genotoxic) and indirect factors (cirrhosis development). ADH metabolizes ethanol to acetaldehyde; this metabolite

is not only extremely toxic but also carcinogenic. Alcohol-related liver cirrhosis is most likely the main risk factor for HCC
in groups of people with low rates of hepatitis B or C viral infection, such as the US and Northern Europe. Some reports
mention that 25-80 g/d of alcohol use for 10 years or more for men, and 12-20 g/d for women, increases the risk of
developing cirrhosis."®

This metabolic disorder may predispose the liver to relative insulin resistance due to inadequate insulin secretion or receptor
insensitivity to endogenous insulin. Several evidences showed that insulin resistance and DM induce the progression of
NAFLD, including its most severe form, NASH, which has been identified as a cause of cirrhosis and HCC."*"

NAFLD defines liver abnormalities ranging from simple steatosis (abnormal hepatic fat accumulation) or nonalcoholic

fatty liver to NASH with or without cirrhosis development. Importantly, it is also closely linked to obesity and metabolic
syndromes.

Although there is significant progress in understanding carcinogenesis, the exact mechanism of HCC development from
NAFLD has not yet been fully elucidated. However, a recent report suggests that the antiapoptotic protein survivin is
differently expressed in NASH-HCC-related tissues compared with HCV-HCC-related samples. Besides, another study
identified that mTOR was differently expressed in NAFLD-related cirrhosis compared with other causes of cirrhosis.®®¢°

HH is an inherited (genetic) disorder causing the body to absorb too much iron from the diet. The main storage sites of iron
are the hepatocytes, and this metal is essential for their normal functioning, although iron is ubiquitous in human cells. The
hepatotoxic and hepatocarcinogenic potential of excessive iron (>5 g) is due to its ability to generate ROS intermediates and
oxidative stress (by the Fenton reaction). This stress damages DNA, lipids, and proteins, resulting in necrosis and apoptosis of
hepatocytes. Patients with HH have an estimated 240-fold increased relative risk of developing HCC.'"®

Tobacco smoking has been suggested as a significant HCC risk factor. Nicotine, the main component of cigarette smoke,
upregulates CYP2E| activity in the liver of rodents and humans. CYP2EI induction is associated with ROS generation and lipid
peroxidation, which may be some mechanisms whereby tobacco smoke contributes to HCC.”'

Obesity has been associated with HCC because lipid accumulation within hepatocytes leads to a chronic low-grade
inflammation involving the release of proinflammatory cytokines and inhibition of anti-inflammatory cytokines, leading to
hyperinsulinemia. Increased levels of IGF-1 have important proliferative and antiapoptotic effects. This factor also promotes
angiogenesis via increased vascular endothelial growth factor production, which in turn leads to proliferation of cancer cells.”
OCs are combinations of estrogens and progestogens. Synthetic estrogens such as ethinyl estradiol and mestranol produce
malignant liver tumors in rodents, probably by acting as promoting agents. Additionally, progestogens (norethisterone

and norethynodrel) cause benign liver neoplasia in animals. OCs may cause liver cancer by mitogenesis because increased
proliferation rates may enhance the rate of spontaneous mutations due to DNA polymerase errors."*

Abbreviations: ADH, alcohol dehydrogenase; DM, diabetes mellitus; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; HH, hereditary hemochromatosis; IARC, International Agency for Research on Cancer; IGF-1, insulin growth factor-1; mTOR, mechanistic target of
rapamycin; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; OCs, oral contraceptives; ROS, reactive oxygen species.
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metabolic conditions (diabetes, nonalcoholic fatty liver
disease, hereditary hemochromatosis).>”’ Recently, tobacco
and obesity have also been proposed as potential risk factors
for the development of HCC.® The major risk factors for HCC
are described in Table 1.

Hepatocarcinogenesis is a multistep process in which a
number of genetic alterations accumulate in the cells. After
hepatic injury due to major predisposing risk factors for
HCC, necrosis arises followed by hepatocyte proliferation.
This continuous process of destructive—regenerative cycles in
the hepatocyte promotes chronic liver injury and progressive
liver fibrosis resulting in cirrhosis. If the process continues,
the next step is the progressive malignant transformation of
cirrhotic nodules and premalignant lesions, which will finally
lead to HCC*!° (Figure 1).

Because most HCC cases are associated with chronic
viral hepatitis, prevention of virus infection should lead to the
prevention of HCC.!'"!* Some preventive strategies already
used include vaccination (the universal vaccination was
introduced in all newborns and high-risk groups as routine
immunization'*'%), antiviral treatment (it has been shown that
antiviral treatment of chronic hepatitis B virus and hepatitis
C virus infections may reduce the risk of HCC'*!¢17) and
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Figure | Eagl expression in the progression of HCC.

Marked genomic

periodical surveillance in patients at risk of developing a
disease (Figure 2).'"!318

HCC diagnosis and treatment
Diagnosis

HCC is frequently diagnosed at an asymptomatic stage while
the patients are being evaluated for liver transplantation or
as part of routine screening in cirrhotic patients. The classic
clinical features of HCC include right upper quadrant pain,
weight loss, and worsening of liver function. Patients with
chronic liver diseases belong to a high-risk group for HCC
and a follow-up based on imaging and tumor marker levels!*
should be regularly made for early diagnosis.

Current and emerging potential HCC

biomarkers

Alfa-fetoprotein (AFP) is commonly used as an HCC
marker; serum AFP levels may be helpful in the diagnosis
and management of HCC. AFP is higher than 20 ng/mL in
more than 70% of HCC patients. However, AFP levels from
10 to 500 ng/mL and even up to 1,000 ng/mL may be found
in patients with other liver diseases who do not have HCC.
AFP is useful mainly in monitoring the response to treatment
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Notes: The principal risk factors for the development of HCC induce serious liver damage, causing necrosis and proliferation in the hepatocyte. This phase is known as
chronic liver disease and may continue to liver cirrhosis. Cirrhosis is characterized by the presence of fibrosis; during this process, the connective tissue separates the liver
into multiple regeneration nodules, that is, the fibrosis surrounds the nodules completely. The hyperplastic nodules evolve to dysplastic ones and ultimately to HCC. The
use of astemizole in the cirrhosis stage may prevent the development of HCC and even produce HCC regression. Eagl channels have been shown to be expressed at early
stages of HCC development.®

Abbreviations: Eagl, ether a-go-go-1; HCC, hepatocellular carcinoma.
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Figure 2 Follow-up for patients at risk of HCC.

Notes: The early screening should help to detect HCC when treatable. This
screening should be performed, especially in patients with liver diseases at risk of
developing HCC, and Eagl detection may be also included in this screening.
Abbreviations: AFP, alfa-fetoprotein; CT, computed tomography; Eagl, ether
a-go-go-1; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; US,
ultrasound.

and detecting recurrence after treatment of HCC, if the AFP
levels were elevated before treatment.!!:121920

Despite that an ideal biomarker should have high sensi-
tivity and specificity?! and be detectable in any of different
samples such as blood, urine, or tissues,? the coexistence of
inflammation and cirrhosis in HCC makes the early diagnosis
and prognostic assessment much more difficult. This com-
plication highlights the need to identify valuable biomarkers
for the diagnosis and treatment of HCC.*

Recent advances in genomics and proteomics have facili-
tated the identification of many biomarkers, including new
HCC molecular markers. However, only a few biomarkers
are acceptable for clinical utility because the rest have low
predictive accuracy and/or high cost.?*** The most relevant
biomarkers in liver cancer are described in Table 2.

Most of these markers have been studied in a retrospec-
tive manner, and only a few prospective trials have evaluated
their clinical significance. However, as HCC is a complex
disease with multiple underlying pathogenic mechanisms
caused by a variety of risk factors, it is difficult to characterize

HCC with a single biomarker. In addition, most of the used
biomarkers are associated with liver damage and not
HCC itself. Therefore, novel HCC markers and diagnostic
approaches are needed. The combination of biomarkers in
a detection kit may be more valuable for the diagnosis and
prognosis of HCC. It is also important to identify noninvasive
and cost-effective biomarkers for early diagnosis.

Imaging

Ultrasound (US) studies still play an important role in detect-
ing HCC because US is able to detect small liver lesions
and has relatively high sensitivity and specificity. Its use in
diagnosis is being replaced by computed tomography and
magnetic resonance imaging, especially for those patients
whose liver cannot be fully imaged by US because the tumors
are very small or whose echograms do not show lesions
clearly.!-121

Biopsy

If a tumor is detected by imaging, a biopsy can be obtained
typically with a needle under US radiologic guidance. The
material obtained by fine-needle aspiration is evaluated to
determine HCC staging.'">!° Because HCC patients are
diagnosed at advanced stages of the disease, it is advis-
able to screen patients who are at risk of developing the
disease like those with chronic hepatitis and cirrhosis for
early diagnosis (Figure 2). The most common classifica-
tion of HCC depends on its stage (from early to terminal)
and its differentiation grade (well, moderately, or poorly
differentiated).'

Treatment

HCC treatment depends on the tumor stage, patient perfor-
mance status, and liver function and requires a multidis-
ciplinary approach. The treatment strategies of HCC are
summarized in Table 3.

Unfortunately, HCC is among the most chemoresistant
tumors. Chemotherapy with cytotoxic agents, such as doxoru-
bicin, gemcitabine, cisplatin, and 5-fluorouracil, or combined
regimen for palliative care is associated with low response
rates. Interestingly, targeted chemotherapy with multikinase
inhibitors (Table 4) seems to be an attractive alternative to
conventional systemic chemotherapy.

Electrochemotherapy is a treatment used in cutaneous
and subcutaneous tumors with positive results. Its use in
deep tumors has been studied. The study showed favorable
results in the treatment of liver metastases. Therefore this
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Table 2 Principal and potential HCC biomarkers

AFP

DKKI

GP73

PIVKA-II

SCCA-IGM

AFU

GPC3

IGF-II

OPN

miRNAs

Exosomes

AFP is a fetal component protein produced in the yolk sac and liver of the developing fetus, it has been considered as the
most useful serum protein for the diagnosis of patients at risk of HCC.

High AFP serum levels have been found in 60%—70% of patients with HCC. Nevertheless, it is not HCC specific since
elevated AFP levels are observed in liver cirrhosis and other tumors, including lung, biliary, gastric, and pancreatic cancer.
AFP levels <20 ng/mL are considered normal, while high levels of AFP (> 400 ng/mL) are strongly predictive for HCC. This
diagnostic test has sensitivity values of 41%-65% to diagnose HCC, but low specificity.?*”*

DKKI is a serum protein marker for HCC and plays an important role in HCC progression through the promotion of
cytoplasmic/nuclear accumulation of beta-catenin in HCC cells via the Whnt/beta-catenin signaling. It has been proposed that
DKKI alone or in combination with AFP is better than AFP alone for HCC diagnosis, especially for patients with normal
AFP values or at early stage of HCC.24747¢

This is a type Il Golgi transmembrane protein. GP73 is expressed primarily in the bile duct of epithelial cells and rarely

in the hepatocytes of the normal human liver. Its expression is significantly increased in liver diseases including HCC.
Therefore, GP73 has been suggested as a potential HCC serum marker and also as a potentially useful marker of general
liver disease progression.?*”’

PIVKA-II (also known as DCP) is an abnormal prothrombin protein that is increased in the sera of patients with HCC.
Zakhary et al proved that PIVKA-II has the ability to discriminate between different histopathological grades of HCC (early
and late stages of HCC); this confers PIVKA-II’s high sensitivity and specificity in comparison to oFP.24787%

Under physiological conditions, it is found in the spinous and granular layers of normal squamous epithelium. Recent
findings have identified overexpression of SCCA variants (SCCA-I, SCCA-2, and SCCA-PD) in all surgically resected HCC
specimens but no expression in the normal livers. Specifically, SCCA-1 and SCCA-2 isoforms protect neoplastic cells from
apoptosis induced by several stimuli; in vivo experiments have demonstrated that SCCA-| promotes tumor growth.2#
AFU is a liposomal enzyme present in all mammalian cells, blood, and body fluids, which is involved in the degradation of a
variety of fructose-containing fucoglyco-conjugates. AFU-based detection is able to diagnose 85% of patients with HCC 6
months before the detection by ultrasonography. Consequently, AFU has been proposed as a promising tumor marker in
the diagnosis of HCC.74828

This is a member of the heparan sulfate proteoglycan family. Glypicans regulate the activity of several signaling molecules
including Wnts. GPC3 can be detected in the serum as a secreted protein in a subset of patients with HCC, but it is
undetectable in healthy individuals; patients with hepatitis and cirrhosis; or benign hepatic lesions. Therefore, GPC3 protein
detection by immunohistochemistry in liver biopsies is currently being used in the clinic to confirm HCC diagnosis when
the malignant nature of the lesion is difficult to establish.®%

IGF-Il is a 67-amino-acid polypeptide growth factor that is mainly produced by liver cells and plays a crucial role in normal
fetal growth. IGF-Il may play an important role in the development of HCC neovascularization. It has been observed that
free-circulating IGF-II levels are significantly higher in HCC patients than in those with chronic liver disease.®%

OPN expression is found in normal bones and kidneys. Serum OPN levels are correlated with hepatic inflammation and
fibrosis in heavy alcohol drinkers, Circulating levels of OPN are elevated in patients with liver lesions associated with HCV
and HBYV infections. Although data suggest a better performance of plasma OPN in the diagnosis of HCC, the role of this
biomarker still needs validation.®

miRNAs are a class of small, noncoding, ~22 nucleotide-long RNAs, which may function as posttranscriptional regulators
of gene expression. Many miRNAs are expressed in a tissue- or organ-specific manner, suggesting them as highly specific
biomarkers. In the case of liver, miRNAs may enter the serum passively through apoptosis and necrosis or actively through
secretion of exosomes and viral particles.® Its detection in serum may provide a way to estimate miRNA activity in the
liver. In addition to serum, miRNAs are detectable and remarkably stable in clinical samples such as blood, plasma, urine,
and feces. Furthermore, frozen samples can be stored without substantial degradation because miRNAs are shown to be
resistant to endogenous RNase activity, extreme pH, high temperature, and multiple freeze—thaw cycles.” In the last years,
the expression profile of miRNAs in different types of samples such as HCC, cirrhotic patients, and healthy controls has
been investigated. Some studies have shown the potential of the serum microRNAs miR-19a, miR-296, miR-130a, miR-195,
miR-192, miR-34a, miR-146a, miR-15b, miR-21, miR-130b, miR-183, miR-20a-5p, miR-320a, miR-324-3p, and miR-375 as
early diagnostic HCC biomarkers.”'-%

The new identification of panel of serum miRNAs (alone or combined with AFP) could be useful as early detection
biomarkers for HCC screening with high accuracy in HCC diagnosis. It is important to mention that additional studies are
required to confirm the clinical use of miRNAs in HCC diagnosis and prognosis.*“

Exosomes are cell-derived vesicles ranging from 30 to 100 nm that have been shown to affect gene expression in recipient
cells. Exosomes contain characteristic RNA transcripts, including miRNAs, transfer RNAs, other types of noncoding RNAs,
and several types of proteins depending on the cell of origin. Exosomes have gained great interest because they could serve
as biomarkers for different types of cancer and could be easily detected in plasma. Thus, hepatocyte-derived exosomes may
be also useful in HCC diagnosis.“*

Abbreviations: AFP, alfa-fetoprotein; AFU, alfa-L-fucosidase; DCP, des-y-carboxy-prothrombin; DKKI, dickkopf-1; GPC3; glypican 3; GP73, Golgi protein 73; HBV,
hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IGF, insulin-like growth factor; miRNAs, microRNAs; OPN, osteopontin; PIVKA-II, protein induced
by vitamin K absence or antagonist Il; SCCA-IGM, serine protease inhibitor squamous cell carcinoma antigen-immunoglobulin M complex.
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Table 3 Therapies according to the HCC stage

HCC stage
Early

Treatment

Hepatic resection, liver transplantation, and ablation
by radiofrequency or percutaneous alcohol injection

Intermediate Chemoembolization

Advanced Chemotherapy; the multikinase inhibitor sorafenib
is the most commonly used treatment option.
Terminal Symptomatic treatment

Note: Data on HCC stage.®'2'>!?
Abbreviation: HCC, hepatocellular carcinoma.

Table 4 Molecular targeted therapies for HCC

Drug Molecular mechanism

First line

Sorafenib Multikinase tyrosine kinase inhibitor
(Raf, VEGFR, PDGFR)'2!394-%7

Sunitinib Multi-targeting receptor tyrosine kinase
inhibitor!2!395:%

Brivanib Multikinase tyrosine kinase inhibitor
(VEGFR, FGFR)'>!3%

Linifanib PDGFR/VEGFR tyrosine kinase
inhibitor'213%5

Lenvatinib Multikinase tyrosine kinase inhibitor

Second line
Brivanib post-sorafenib

Everolimus
Ramucirumab
Regorafenib
Tivantinib
Cabozantinib
Refametinib

(VEGFR2 and VEGFR3)'?

Multikinase tyrosine kinase inhibitor
(VEGFR, PDGFR)'%!3%7

mTOR inhibitor'?%

Monoclonal anti-VEGFR2 antibody'%%
raf, VEGF, PDGF, Tie2 inhibitor'?
c-Met inhibitor'>'?

c-Met inhibitor'?

MEK inhibitor'?

Abbreviations: FGFR, fibroblast growth factor receptor; mTOR, mechanistic
target of rapamycin; PDGFR, platelet-derived growth factor receptor; VEGFR;
vascular endothelial growth factor receptor.

treatment was proposed to be used in other types of liver
tumors including HCC.*

Due to the very poor prognosis of HCC and its late detec-
tion, it is essential to find early tumor markers as well as
new therapeutic targets and potential anticancer drugs. Ion
channels seem to be promising alternative tools in oncology
to reach these goals.

Eagl potassium channels as
potential early biomarkers

and alternative tools for HCC
prevention and treatment

Several reports have shown the abnormal expression of potas-
sium channels in many tumors. Especially, the voltage-gated
potassium channel ether a-go-go-1 (Eagl, KCNH1, Kv10.1)
has gained enormous interest in cancer research because of
its oncogenic properties.?2® Eagl is overexpressed in most

human tumors, including liver, cervical, lung, breast, colon,
and prostate cancer.23? Eagl channels have been also pro-
posed as early tumor biomarkers and therapeutic targets for
different types of cancers.?*% In accordance with its role
in cell proliferation, inhibition of Eagl reduces tumor cell
proliferation in vitro and in vivo, 2683233353740 Astemizole is
an antihistamine that has gained great interest as a potential
anticancer drug because it targets several proteins involved
in cancer, including Eagl channels, histamine receptors, and
proteins involved in drug resistance*! Cells expressing Eagl
and treated with astemizole display lower cell proliferation; it
is hypothesized that this cell proliferation inhibition may be
due to astemizole’s blockage of the Eagl channel 3333742 In
vivo studies showed that astemizole administration reduced
the growth rate of xenograft tumors in mice implanted with
Eagl-expressing cells.*” Thus, Eagl channels are inhib-
ited by astemizole and may be potential targets for cancer
therapy.?¢?"324! Because Eagl expression has been reported
in human biopsies from liver tumors,*® astemizole may be
used as an anticancer therapy in patients with liver cancer.

Considering the poor prognosis of HCC, our research
group investigated if Eagl channels could serve as early
HCC markers by studying Eagl expression during tumor
development in vivo. We used the already established animal
model of HCC development, where chronicle injection with
diethylnitrosamine (DEN) induces liver injury in rats. This
model recapitulates the sequential change from cirrhosis to
HCC, as it occurs in humans. Interestingly, we observed high
Eagl mRNA expression in most of the DEN-treated groups,
and strong Eagl protein expression was observed at early
stages of HCC development?®? (Figure 1). Eagl expression at
the mRNA and protein level was clearly higher in cirrhotic
tissues and preneoplastic lesions, in comparison to normal
livers.*> Thus, our results showed the potential of Eagl chan-
nels as HCC early biomarkers.

We also observed that astemizole clearly prevented the
development of HCC; the antihistamine prevented tumor
formation when administered either from the start of DEN
treatment or from week 12 of DEN treatment, when cirrhosis
is already present.** These results suggest that astemizole
might be used as a chemopreventive agent in patients at risk
of developing liver cancer. Additionally, astemizole could be
used as an antineoplastic because when administered at the
end of the DEN treatment, the animals did not develop big
tumors as those receiving astemizole,*? suggesting that this
compound may induce tumor regression.

Eagl mRNA and protein are expressed in the human
HCC cell lines HepG2 and HuH7; accordingly, astemizole
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decreased their cell proliferation and induced apoptosis.*
Taken together, all these results suggest that astemizole may
be a novel therapeutic approach for HCC patients.

Other types of channels and transporters also displayed a
differential expression during HCC development, suggesting
other channels as potential early markers and/or therapeutic
targets of HCC.#

Future research on Eagl channels

as HCC biomarkers and challenges
The discovery of cancer biomarkers in recent years has
become a major focus of cancer research. The development
of new technologies, especially genomics and proteomics, has
made possible the identification and discovery of potential
biomarkers. In the recent years, the study of microRNAs
and exosomes has gained great interest to diagnose HCC in
at-risk patients.*** An ideal tumor marker would be DNA-,
RNA-, protein-, or antibody-based measurable in serum,
urine, or sputum,**>

Because Eagl may have clinical potential as an early
biomarker for HCC,* it would be very interesting to track
Eagl protein expression using sensitive imaging techniques
in human livers. Actually, when Eagl-expressing cells
were injected into mice, the channel was detected in non-
palpable tumors®! using dye-tagged antibodies and imaging
techniques. This type of approach might also be used to
screen Eagl expression in the liver of patients at risk of
developing HCC and in HCC animal models. It would be
also very important to study exosomes containing Eagl
at different stages of HCC in liquid biopsies. Astemizole
may be a very promising preventive option for patients at
risk of developing HCC as well as a hopeful therapeutic
option for HCC patients.*? Therefore, clinical trials testing
the effect of astemizole alone or in combination with other
antineoplastic drugs in patients either at risk of developing
or with HCC should be performed. In addition, detection
of Eagl could be included in the surveillance scheme for
patients who are at risk of developing HCC for timely
diagnosis (Figure 2).

The precise role of Eagl channels in HCC development
remains to be elucidated. This might be accomplished in dif-
ferent manners, such as the use of mouse models like Eagl
knockout mice.>? It would be very interesting to investigate
whether these knockout mice are resistant to the development
of liver cirrhosis and HCC.*?

Another very important issue to investigate is the mecha-
nism of the oncogenic potential of the channel. Eagl expres-
sion is regulated by the p53-mir-34-E2F 1 pathway.>* It has

been suggested that mutated or inactive p53 increases Eagl
expression; p53 is mutated in most tumors including HCC.>*
The increased Eagl expression could lead to the activation of
different proteins such as HIF-1, cyclins D/E, ERK1/2, and
FAK complex as well as increase the intracellular calcium
concentration and induce vascular endothelial growth factor
release. All these changes may lead to angiogenesis, therapy
resistance, cell proliferation, migration, and survival, con-
tributing to carcinogenesis.>> However, the precise molecular
mechanism of how Eagl may contribute to HCC development
remains to be elucidated.

Liquid biopsies studying HCC circulating cells may
provide novel insights into HCC diagnosis and prognosis.>*’
Because Eagl channels might serve as early markers for
different types of cancer, it may be very useful to detect
Eagl mRNA/protein expression in such liquid biopsies.
This approach may help to find the urgently needed HCC
markers, which are hardly available. However, one of the
biggest challenges to overcome would be the sensitivity
and specificity of the HCC detection method based on Eagl
expression. In addition, prospective studies should be made
to know if cirrhotic patients expressing Eagl channels would
develop HCC.

Conclusion

Because of the poor prognosis of HCC, it is very important
to find novel preventive and therapeutic alternatives. Recent
studies have suggested that astemizole may be a very promis-
ing preventive option for patients at risk of developing HCC
as well as a hopeful therapeutic option for HCC patients. It
has also been recently proposed that Eagl may be a potential
early biomarker of HCC. Astemizole-based prevention and
therapy and early Eagl detection in the liver should help to
reduce mortality from this disease.
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