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ABSTRACT

The molecular signalling pathways for hepatocellular carcinoma and hepatoblastoma have been extensively studied. The
treatment of these highly vascular tumors mainly revolves around chemotherapy and surgery. Yet there is a high associated
morbidity and mortality due to advanced stages, adverse effects owing to chemotherapy and recurrence. The role of Curcumin
as an adjuvant remedy is explored in this article. Curcumin stimulates apoptosis of cancer cells, acts as anti-proliferative
agent, has anti-angiogenic action, prevents tumor invasiveness and metastasis and prevents recurrence. It also has been
proven to decrease the adverse effects of chemotherapeutic agents and has a synergistic anticancer action. It acts at the
molecular level and affects the various metabolic pathways involved in tumorigenesis. It also promotes healing and has anti-
inflammatory, anti-oxidant and anti-infective action. This natural phytocompounds has immense anti-cancer potential and
holds future promise as an adjuvant remedy to treat liver cancer.
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INTRODUCTION
Primary liver cancer characterised by active
neovascularization is among the most common

lethal cancers worldwide and can occur at any age.
Hepatocellular carcinoma (HCC) occurs in older children
and adults and has a high prevalence in developing Asian
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and African countries. In children under five years of
age, hepatoblastoma (HB) accounts for more than 90% of
primary hepatic malignant tumors and HCC for 12.5%.!"!

With recent advances in diagnostic technology, the
incidence of HCC and HB has been increasing in the past
decades, especially in Europe and North America.”” Risk
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factors for HCC include cirrhosis, hepatocarcinogenic like
aflatoxins and nitrosamines, dietary and environmental
carcinogens by generation of reactive oxygen species
(ROS) and infections like hepatitis B and C viruses.?

The current management of liver tumors is not satisfactory.
Chemotherapy, surgery, and radiofrequency ablation are
all directed at reducing the tumor bulk. However, in the
majority of cases, tumor recurrence and relapse occurs on
completion of therapy. Also, liver cancer is diagnosed at
an advanced stage quite frequently; hence the available
chemotherapy regimens fail to offer a complete cure. Even
if chemotherapy has been instituted timely, the available
chemotherapeutic agents are reported to show severe
adverse effects. Angiogenesis plays a significant role in
human HCC tumor progression and recent studies are
focussing on anti-angiogenic agents targeting specific
tumor vasculature.”!

In this regard, discovery of natural phytocompounds
having anti-tumor and anti-angiogenic activities could have
greater clinical significance as they do not affect physiology
and survival of normal cells. Many phytochemicals have
proven anti-tumor action including catechins, quercetin
in apples and onions, resveratorl in grapes, red wine,
peanuts, and ellagic acid in pomegranates.*” This review
describes firstly the molecular pathology of liver cancers
and then summaries the evidence based literature that
describes the various proven mechanism demonstrating
the anti-tumor potential of curcumin in turmeric (Curcuma
longa) and thus exploring its role as an adjuvant therapeutic
remedy for liver cancer.

CURCUMIN

Curcumin is the active phytoconstituent of turmeric. It
has been widely used as a therapeutic medicine in Indian
traditional medicine. Of late, scientists all over the world
have recognized its therapeutic potential as an anti-
inflammatory, anti-oxidant and anti-cancer agent.®'!
Curcumin inhibits lipid peroxidation and maintains the
normal concentration of intracellular antioxidant enzymes
like catalase, glutathione peroxidase and superoxide
dismutase and scavenges reactive oxygen species
effectively.!'>13!

TUMORIGENESIS AND MOLECULAR BIOLOGY OF
LIVER CANCER

Tumorigenesis of liver cancer is a complex process. The
recognition of tumor stem cells and their molecular
signaling has opened new pathways for therapeutic
strategies. The liver has great potential to regenerate after
the loss of hepatic tissue which depends on proliferation
of existing mature hepatocytes.

Growth factors like hepatocyte growth factor, epidermal
growth factor and transforming growth factor (TGF)-alpha

control normal hepatic regeneration via DNA synthesis
stimulation. TGF-B and activin serve as negative feedback
mechanisms and regulate the end point of the hepatocyte
proliferation. This termination is regulated by the ratio of
liver to body mass thus providing a check on the extent of
liver regeneration.!

Liver stem cells are proposed to be from dual origins,
intrahepatic with short-term proliferative capacity present
within the canals of Herring and interlobular bile ducts and
extrahepatic derived from bone marrow and peripheral
blood cells with long-term proliferation capacity.!'”!

MOLECULAR SIGNALING PATHWAYS IN LIVER
CANCER

Liver cancer stem cells have many signals to maintain
self-renewal and pluripotency including EpCAM, Wnt/B-
catenin pathway, Sonic Hedgehog pathway, and Notch
pathway, which play a decisive role in the regulation
and maintenance of stemness and in tumor formation.
Tumorigenesis results from uncontrolled activation of
these pathways. Wnt pathway proteins regulate the
cellular fate and self-renewal of stem cells.!"! The Notch
pathway is involved in cellular differentiation, fate of the
cell, cellular proliferation, apoptosis, and cell adhesion.
Notch signaling in the liver is involved in cholangiocyte
differentiation.!"’!

HEPATOCELLULAR CARCINOMA

EpCAM signaling pathway

EpCAM consists of a large extracellular, a single
transmembrane and a short intracellular domain. There
is a cross-talk between EpCAM signaling and the Wnt
pathway.!'$19!

Whnt/B-catenin signaling pathway

The Wnt/B-catenin pathway is essential for development,
growth, survival, regeneration, and self-renewal.?"
Disruption of Wnt/B-catenin signaling by mutational and
non-mutational events is associated with many cancers,
including HCC. Disrupted Wnt/B-catenin signaling
pathway has been reported in around one third of all
HCCs.”"! However, the point at which cross-talk occurs
in the signaling cascades of Wnt/Frizzled and EpCAM
remains unknown.

SALL4 signaling pathway

As an oncofetal gene, SALL4 is expressed at high levels in
fetal-liver progenitor cells but not in adult hepatocytes,
and it has an important role in hepatic cell lineage
commitment./?2%!

TGF-B family

The TGF-B family controls cellular differentiation and
proliferation in both cancer stem cells and cancer cells.
Impaired TGF-B signaling through the activation of
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interleukin-6 in hepatic stem/progenitor cells can cause
HCC.”¥ TGF-B inhibits cell proliferation and promotes
tumor cell invasion. Many studies have reported a
reduction of TGF-B receptors in up to 70% of HCCs that
also correlated with metastasis within the liver. On
the other hand, high TGF-B levels have been correlated
with advanced clinical stages of HCC. This twofold role
of TGF-B signaling in HCC is explained by the tumor
microenvironment and selective loss of TGF-B-induced
antiproliferative pathway. Tumor cells that have selectively
lost their growth-inhibitory response to TGF-B, but
retain a functional TGF-B signaling pathway may exhibit
increased migration and invasive behaviour on TGF-B
stimulation. Cells with dysfunctional TGF-B signaling have
been reported to be cancer progenitor cells giving rise to
HCC.!%!

The Notch signhaling pathway

This plays an important role in stem cell self-renewal
and differentiation. Notch signaling is important in liver
embryogenesis, bile duct formation; angiogenesis and
endothelial sprouting. However, other signaling pathways
have a control on whether Notch functions as a tumor
suppressor or oncogene.?® The increased expression of
genes involved in this pathway has been shown in CD133-
positive liver cancer cells vs. CD133-negative cells. The
activated intracellular form of Notch-3, and the Notch
ligand Jagged, is highly expressed in HCC. Activation of

Notch-1 signaling increases the death receptor 5 (DR5)
expression with augmentation of tumor necrosis factor
(TNF)-related apoptosis-inducing ligand induced apoptosis
in vitro and in vivo.?’

Sonic Hedgehog pathway

Activation of Hedgehog signalling is related to liver
cancer.® Up to 60% of human HCCs express Sonic
Hedgehog. After specific blockade of the sonic Hedgehog
pathway, concomitant down regulation of Gli-related target
genes is observed. Furthermore, tumorigenic activation of
SMO can mediate over expression of c-myc, a gene having
an important pathogenic role in liver carcinogenesis.

miRNAs

miRNAs directly interact with specific messenger
RNAs (mRNAs) through base pairing and inhibiting
the expression of target genes. MiRNAs can undergo
anomalous regulation during carcinogenesis, and can act
as oncogenes or tumor suppressor genes. MiR-181 also
regulates the Wnt/B-catenin signaling pathway with a
positive feedback loop within stem cells. This is used by
cancer cells to self-propagate continuously, metastasize
and develop drug resistance.

HEPATOBLASTOMA

The best characterized pathways in pathogenesis of HB

Prevents
metastasis/Tumor
progression

Inhibits vasculogenic

met signaling pathway

Stimulates Apoptosis

1Cytochrome C, 1cleaved PARP,
1Bax, 1Caspase 3.
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Figure 1: Flow chart depicting the various anti-cancer properties of curcumin. VEGF: vascular endothelial growth factor; MMP: matrix metalloproteinase; PDGF:
platelet derived growth factor; TGF: transforming growth factor; COX: cyclooxygenase; iNOS: inducible nitric oxide synthase; EpCAM: epithelial cell adhesion

molecule
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include the following.

Canonical Wnt/beta-catenin sighaling pathway
Multiple Wnt/beta-catenin target genes are key
regulators of cellular proliferation, anti-apoptosis and
angiogenesis. These include c-myc, cyclin D1, FRA-1,
matrix metalloproteinase-7, c-Jun, urokinase plasminogen
activator receptor, immunoglobulin transcription factor 2,
endothelial growth factor receptor and vascular endothelial
growth factor (VEGF) receptor.”3!l In the absence of Wnt
ligand, the Wnt/beta-catenin signaling pathway is turned
off and beta-catenin undergoes ubiquitin-mediated
degradation.”?

Majority of HBs contain beta-catenin gene mutations that
prevent beta-catenin from being degraded.”! As a result,
beta-catenin accumulates aberrantly in the cytoplasm, and
then translocates to the nucleus. Most HBs have cytoplasm
and nuclear beta-catenin levels.’* Nuclear localization
of beta-catenin is leads to uncontrolled hepatoblast
proliferation.” Beta-catenin has been considered as a
highly sensitive tumor marker for HB.

Some HBs without beta-catenin mutations may also
display beta-catenin accumulation due to other aberrant
components. About 65% of sporadic HBs possess
adenomatous polyposis coli APC gene alterations.”®
In absence of beta-catenin mutations, HBs with over
expression of a catalytic subunit of the enzyme telomerase,
telomerase reverse transcriptase also demonstrate beta-
catenin accumulation.”” The Wnt/catenin signaling in HB
is dependent on the liver and may contribute more to the
genesis of the embryonal than the fetal component of HB.P®

Hepatocyte growth factor/c-met signaling
pathway

Hepatocyte growth factor (HGF), the natural ligand for
c-met receptors HGF/c-met signaling also leads to aberrant
beta-catenin accumulation in hepatoblasts.P*¥ After
binding to HGF, c-met undergoes autophosphorylation
on tyrosine residues and further downstream signaling.
Beta-catenin is a substrate for tyrosine kinase. Tyrosine
phosphorylation of beta-catenin shields beta-catenin
from serine/threonine phosphorylation and subsequent
degradation, and leads to beta-catenin accumulation in
the tumor cells. Though this process is independent of
Wnt but the result is the same.

Notch signaling pathway

The Notch signaling plays a critical role in stem cell renewal,
differentiation, angiogenesis and endothelial sprouting.
It is relevant for both hepatocyte embryogenesis and
cholangiocyte differentiation.

Deregulation of Notch signaling in HB has been
documented.”” Notch activation is associated more with
the subtype pure fetal HB. The role of Notch signaling in
tumorigenesis is dependent on the cellular context. The

crosstalk between Notch and Ras, a cell survival pathway,
or the death receptor 5, an apoptotic pathway, may decide
whether Notch functions as an oncogene or a tumor
suppressor, respectively.

Hedgehog signaling pathway

Activation of Hedgehog signaling induces hepatic
malignancies.*!! Many signaling molecules of the
Hedgehog pathway, Sonic Hedgehog, PTC, SMO and GLI-1,
are over expressed in HB. Specific blockade of Hedgehog
signal transduction inhibits the growth of HB./*

ANTI-TUMOR PROPERTIES OF CURCUMIN IN LIVER
CANCER

As an anti-tumor agent, curcumin has been reported to
exhibit direct action by inhibiting proliferation of tumor
cells as well as an indirect action by inhibiting angiogenesis
[Figurel].

Curcumin stimulates apoptosis of cancer cells

Apoptosis or programmed cell death can be triggered by
extrinsic and intrinsic pathways.? Intrinsic pathway is
stimulated by internal stimuli such as DNA abnormality,
hypoxia, viral infection, cellular distress, etc. Extrinsic
(receptor mediated) pathway is initiated by extracellular
messenger proteins such as TNE Intrinsic pathway is
regulated by the members of the Bcl-2 family of proteins,
which can be divided into three groups: (1) pro-apoptotic
members that promote apoptosis, e.g. Bax, Bak; (2) anti-
apoptotic members that protect cell from apoptosis,
e.g. Bcl-2, Bcl-w; (3) BH-3, only protein that promote
apoptosis through indirect mechanism. Extrinsic pathway
of apoptosis is mediated by several caspases which
are proteases with specific cellular targets, caspase-8
followed by caspase 3, 6 and 7. Cancer cells are resistant
to apoptosis and this leads to their uncontrolled growth.

Curcumin affects the following pathways and promotes
apoptosis of cancer cells.

EF24 is a synthetic compound and a potent curcumin
analogue with enhanced bioavailability. Liu et al.*
demonstrated that EF24 significantly suppressed HCC
and induced apoptosis in mouse liver cancer cell line. The
levels of cytochrome c, cleaved-PARP, Bax and activated
caspase-3 were increased whereas the levels of PARP and
Bcl-2 were down-regulated as compared to control (non-
EF24 treated) groups. Incubation of human hepatoma
SMMC-7721 cells with curcumin for 24 h resulted in
decreased expression of bcl-2 protein whereas expression
of bax protein increased significantly and a higher
curcumin concentration showed potent cytotoxicity.*!

EF24 induces cell cycle arrest at G2/M phase in mouse
liver cancer cells. Passage from G2 to M-phase requires
the activation of cdc2 by cyclin B1. With the use of
curcumin, the levels of cyclin B1 and cdc2 in the cells
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were significantly reduced.*¥ Wang et al.*® showed that
treatment with curcumin resulted in the activation of Chk1
mediated G2 checkpoint which caused the induction of
G2/M arrest and resistance of cancerous cells to curcumin-
induced apoptosis. In hepatoma cell lines Chk1-mediated
activation of G2 checkpoint was required for curcumin
induced G2/M arrest. Chk1 inhibition reversed this arrest
significantly and sensitizes curcumin resistant cells to
apoptosis. Single knockdown of Chkl in Hep3B cells
caused the abrogation of curcumin-induced G2/M arrest
and decreased phosphorylation of Cdk1. Thus G2/M arrest
is Chk1-mediated and may be responsible for the resistance
of cancer cells to curcumin-induced apoptosis.*!

Caspase-3 is the key member of caspase family proteins
that are crucial in apoptosis. The pro-apoptotic effect
of curcumin was assessed by measurement of caspase-3
activity. Dai et al.¥! demonstrated that curcumin
significantly elevated the activity of caspase-3.

Tumor necrosis factor-related apoptosis inducing ligand
(TRAIL) can induce apoptosis in cancer cells by binding
to four types of membrane bound death receptors (DR4,
DR5, DcR1 and DcR2). Jung et al.*¥! established that
curcumin sensitizes human renal cancer cells to TRAIL
mediated apoptosis. Membrane bound death receptors
DR4 and DR5 have a conserved cytoplasmic region called
the death domain which is necessary for TRAIL-induced
apoptosis.¥! TRAIL induces apoptosis only in the cancer
cells without any toxicity to normal cells because normal
cells have decoy receptors on their surface.!

Notch signaling can either behave as an oncogene or as
a tumor suppressor. When the pathway is unregulated,
it behaves as an oncogene and hence it results in
increased cell proliferation, prevention of differentiation
and inhibition of apoptosis.P Aziz et al.’"l proved that
curcumin has inhibitory effects on Notch1 signaling and
its target genes (Hes1 and cyclin D1).

Cytotoxic/anti-proliferation activity of curcumin
Curcumin has been demonstrated to inhibit the
proliferation of HepG2 cells (Hepatoma cell line) in a dose
and time dependent manner in in vitro studies.”! Curcumin
demonstrates anti-proliferative action by blocking two
important pathways; the Wnt signaling pathway and the
Hedgehog pathway. Both these pathways affect the cancer
stem cells.

Blockade of the Wnt signaling pathway

Wnt signaling pathways have important role in
carcinogenesis as well as embryonic development. Wnt
proteins can activate different pathways but canonical
wnt/B-catenin pathway is the most studied. In the absence
of wnt proteins, B-catenin is targeted to the destruction
complex for its phosphorylation at specific sites, B-catenin
accumulates and recruited to the nucleus by Bcl-9 adaptor

proteins. In the nucleus, B-catenin binds to the T-cell factor/
lymphocyte enhancer factor, transcription factors and
activates the expression of target genes like c-myc, VEGE,
cyclin -D1, that results in cell proliferation.*? Curcumin has
been shown to interrupt this pathway and thus suppress
the expression of B-catenin target genes like c-myc, VEGF,
cyclin-D. Curcumin has been reported to suppress cell
proliferation and induced apoptosis by interrupting wnt
signaling via decreasing B-catenin activity.”® Curcumin
and its reduced analogue tetrahydrocurcumin showed
anti-proliferative effects on HepG2 cell lines.’ HepG2
cells (hepatoma cell line) when treated with novel
curcumin derivative and mesenchymal stem cells showed
a significantly decrease of proliferation rate as compared
to the control group.P! Xu et al.¥ found that curcumin
significantly suppressed the cell proliferation, decreased
the B-catenin accumulation and induced apoptosis in
human HCC cell lines BEL-7402 and QGY-7703 in a dose
dependent manner. A dose dependent decrease in the
expressions of c-myc and VEGF was also reported. Thus
curcumin attenuated wnt signals in HCC cells.

Blockade of the Hedgehog pathway

The Hedgehog pathway is another potential target for
cancer stem cell eradication. In liver cells, the suppression
of the Sonic Hedgehog pathway by small interfering RNA
decreased HCC cell proliferation also chemosensitized the
cells to 5-fluorouracil and induction of cell apoptosis.>
In HB, blocking the Hh Hedgehog signaling pathway
with an antagonist cyclopamine strongly inhibited cell
proliferation of HB cell lines.”® A significant decrease in
expression of Notch1, Hes1 and cyclin D1 was observed in
HepG2 cells upon treatment of hepatoma cell lines (HepG2)
with mesenchymal stem cells conditioned medium (MSCs
CM) and novel curcumin derivative (NCD)."! Pre-treatment
of MSCs with NCD resulted in a more significant decrease
in the expression of these genes. Thus NCD and MSCs had
synergistic effect in suppression of Notch1 signaling.5"

Induce differentiation of cancer stem cell

Cancer stem cells comprising a small proportion of cancer
cells sustain tumor growth and are more resistant to
conventional chemotherapy than other more differentiated
cancer cells. Malignancy may thus be treated by inducing
the differentiation of cancer stem cells and thus making
them lose their self-renewal property. Curcumin has been
shown to induce differentiation of embryonic stem cells
through possible modulation of nitric oxide-cyclic GMP
pathway.>”!

Anti-antiangiogenic effects of curcumin

Active neovascularisation is a predominant feature in HCC
and supports tumor growth. Angiogenesis starts when
tumor cells start sending signals to the nearby surrounding
normal host tissue and encourage the release of signaling
molecules that initiate and promote angiogenesis. This
angiogenesis provides the tumor cells with oxygen and
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nutrients and also a route to enter general circulation.
HCC cells secrete various angiogenesis activators like
VEGEF, platelet derived growth factor, TGF-B. Among these,
VEGF is most critical antigenic factor.”! Cancer cells grow
in hypoxic conditions that lead to expression of several
hypoxia response genes which are involved in metabolic
dysregulation.?® These include inflammatory angiogenic
molecules secreted by tumor cells like cyclooxygenase-2
(COX-2) and inducible nitric oxide synthase. Angiogenesis
requires the expressions of COX-2, VEGF and matrix
metalloproteinase-9 (MMP-9). Anti angiogenic effects of
curcumin have been demonstrated.” COX-2 and VEGF are
associated with angiogenesis in HCC.’® ROS generated
as a result of oxidative stress in the cells also causes
up regulation of MMPs that causes angiogenesis and
invasiveness.® Cao et al.®'l found that curcumin treatment
inhibited the cell proliferation and induce apoptosis in
cancer cells. Curcumin also exhibited inhibitory action on
cancer metastasis by inhibiting the secretion of MMP-9.[2

Vasculogenic mimicry (VM) refers to the functional plasticity
of the aggressive and metastatic tumor cells forming the
non-endothelial tumor cell-lined microvascular channels
which contribute to the tumor progression. VM is detected
in gliomas.®® Liang et al.** demonstrated that curcumin
inhibits vasculogenic mimicry through down regulation of
protein and mRNA expression of erythropoietin producing
hepatocellular carcinoma-A2, phosphoinositide 3-kinase
and MMP-2. The same authors reported that curcumin
was found to inhibit the VM formation of glioma U251
cells which they were unable to form network structures,
inhibit the migration and invasion in a dose dependent
manner and reduced the mRNA expression of EphA2, PI3K
and MMP-2 as detected by quantitative polymerase chain
reaction (QPCR).

Prevents metastasis and tumor progression

TNF-a inhibition

TNF-a has a very important role in tumor cell survival
and metastasis. Curcumin inhibits TNF-a expression.
However, the hydrophobicity and low bioavailability of
curcumin are the major barriers. Thus, scientists have
encapsulated curcumin in microcells to make it a sustained
release preparation in order to increase its solubility and
bioavailability.®® Moreover curcumin bearing microcells
significantly reduced the levels of the liver enzymes
in HCC induced animal group as compared to the free
form curcumin. In addition, curcumin bearing microcells
induced expression of proapoptotic molecules like p53
and Bax.

DNA damage induced by curcumin

Mitochondrial DNA (mDNA), being in closer contact to
ROS produced in mitochondria, is more prone to oxidative
damage. Cao et al.®® reported mitochondrial and nuclear
DNA damage induced by curcumin in human hepatoma
(HepG2) cells, a cell line that retains many characteristics

of hepatocytes. Furthermore, QPCR assay revealed that
curcumin led to dose dependent damage in nuclear as
well as mitochondrial genomes.

EpCAM as a target in cancer therapy

EpCAM is potentially a promising target as it is highly
expressed in most cancer cells as well as on cancer stem
cells. In normal tissue, EpCAM is localized to basolateral
membranes. Thus, the ease of access for EpCAM-binding
antibodies is lower for normal cells than for cancer cells.
EpCAM is strongly over expressed in cancer cells and thus
might be partly unbound and more accessible for targeting
antibodies and curcumin-loaded lipid-polymer-lecithin
hybrid nanoparticles have been used against EpCAM for
targeted delivery to colorectal adenocarcinoma cells.!*”)

ROLE OF CURCUMIN IN DECREASING ADVERSE
EFFECTS OF CHEMOTHERAPY

Neuroprotective effect of curcumin

Cisplatin is potent chemotherapeutic agent with adverse
effects like nephrotoxicity and peripheral neuropathy.
Mendonca et al.®® reported the neuroprotective effect of
curcumin against cisplatin induced cytotoxicity without
any interference of curcumin with the cytotoxic activity
of cisplatin.

Anti-inflammatory action

Curcumin has proven anti-inflammatory, antioxidant,
antimicrobial, hepatoprotective, immunostimulant,
antiseptic, and antimutagenic properties.” This anti-
inflammatory action of turmeric helps to decrease the
side effects like gastro intestinal inflammation due to
chemotherapy or radiotherapy.

Anti-infective action

Patients who receive chemotherapy are immuno-
compromised and prone to multiple infections. Curcumin
with its beneficial anti-infective action would help to
prevent infections and take care of minor infections.®7?

ROLE OF CURCUMIN IN WOUND HEALING

After liver resection of the tumor, liver regeneration takes
place. Patients with cancer have poor nutrition and poor
healing following chemotherapy. The catabolic phase
following surgery is enhanced and hence healing takes a
long time. Curcumin would be beneficial to expedite the
liver regeneration.”!

POTENTIAL SIDE EFFECTS OF CURCUMIN

Curcumin is generally considered safe and has been used
since ages in Asian countries as a condiment. The low
incidence of colorectal carcinoma in India has been linked
to the consumption of curcumin in all meals. There have
been no side effects in the daily consumption in cooked
food. However, when consumed raw in larger doses, it may
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cause gastric irritation, stomach upset, nausea, diarrhoea,
allergic skin reaction, and antithrombosis activity. The
Food and drug administration has declared curcumin
as: generally regarded as safe.”® Curcumin exhibits both
antioxidant and prooxidant activities.”! These opposing
actions of curcumin might be regulated by its concentration
that might switch roles. Thus research studies are needed
to study the effects of curcumin in different conditions and
the doses need to be titrated to get the maximum benefit.
Till date, there have not been any long-term studies with
curcumin, which show its toxic or adverse effects. Such
studies are necessary in both animal models and human
subjects to determine the long term safety of curcumin.
Currently, there are no carcinogenic effects of consuming
curcumin in doses of around 100-200 mg/day over long
periods of time."!

CONCLUSION

Liver cancer is a leading cause of death in children and
adults. The treatment revolves around chemotherapy,
radiotherapy  and surgery. Recent  advances
include transcatheter arterial chemoembolization,
radioembolization, anti-angioigenic drugs like sorafenib
and liver transplantation in advanced stages. Despite
improving diagnostic methods, the results have been
far from satisfactory mainly due to advanced stage at
diagnosis and the side effects of chemotherapy. However,
the successful cure of liver cancer mandates destruction
of both the differentiated neoplastic cells and the
potential cancer stem cells. The conventional anticancer
therapies reduce the tumor mass, but potentially leave
behind cancer-initiating cells. Thus, new combinations
of therapies may be needed to overcome the complex
network of signaling pathways, and ultimately inhibit
the signaling that controls tumor growth and survival.
Adjuvant curcumin along with the current modalities of
treatment may help to overcome the side effects and also
have synergistic action as an anti-cancer agent.

Curcumin has been reported to inhibit telomerase activity
in human cancer cell lines.” Synergistic anti-cancer effects
of curcumin has also been demonstrated in conjunction
with chemotherapeutic drugs such as doxorubicin and
paclitaxel by in vivo animal models, and with cisplatin,
5-FU, and adriamycin by in vitro studies.”>"!

Synergistic effects of curcumin have also been
demonstrated in combined treatment with anti-angiogenic
agents such as leflunomide and perindopril in in vivo mice
models.’®

Thus, to conclude, curcumin has a lot of potential to act as
an adjuvant remedy in liver cancer. As far as toxicity issue
is concerned, herbal medicines are much safer, have less
adverse effects and relatively cheaper than conventional
medicines. Curcumin as an adjunct would have a synergistic

anti-cancer action and would also protect against the side
effects of the current chemotherapeutic agents. Previous
studies have also claimed its antitumor effects against
various types of cancers due to its inhibitory effects on
many types of pathways. In this article we have discussed
various pharmacological activities of curcumin along with
its various antitumor mechanisms.

As we have discussed, oxidative stress is a risk factor
cancer. Curcumin, being a strong antioxidant has been
proved to scavenge reactive species and can control
tumor cell proliferation. Although preclinical results are
promising but its clinical use in the treatment of HCC and
HB remains to be elucidated.

Curcumin has the ability to modify many signaling
pathways demonstrating its anti-tumor potential. Also, we
noticed that curcumin has been proved to possess strong
anti-oxidant and anti-inflammatory properties. Curcumin
also targets principal anti-antigenic molecules like VEGF
and COX-2. All these properties of curcumin are essential
for its use as a therapeutic anti-tumor agent. It provides a
future perspective for the development of a novel adjuvant
anticancer agent for humans.

Poor bioavailability and hydrophobicity of curcumin
are the main obstacles in its path to be used clinically
as an anti-tumor agent. However this issue can be
resolved with the advancements in the drug delivery like
formation of nanoparticles and microcells of curcumin via
polymerization and these can be used to target cancerous
cells without affecting other normal cells. Thus we can
conclude that curcumin might be a promising candidate
as an adjuvant therapy for liver cancer in the future
but further research is needed to elucidate its various
mechanisms of action, to reveal its therapeutic strategy
and to titrate the dose required to reap maximum benefit.
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