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Antitumoral activity of curcumin: an adjuvant therapeutic strategy
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Abstract

Curcumin, an active substance contained in an Indian spice
called turmeric or curcuma, is well known for its anti-inflammatory
and antioxidant properties. In recent times, it was taken into account
and studied as an antitumoral molecule, by relying on its interfer-
ence on several biological mechanisms, such as the inhibition of
inflammatory mediators, the enhancement of detoxifying enzymes’
action and processes of cell growth and proliferation. Studies show
how the high dosage of curcumin in vitro inhibits colorectal tumor
cells, pancreatic tumor cells, lung cancer cells and glioblastoma’s
cells, interfering in signaling pathways as Wnt/B-catenin, NF-kB
and PI3K/Akt and leading to cell cycle arrest and apoptosis.
Furthermore, the association between curcumin and chemothera-
peutic agents such as 5-fluorouracil strengthens the drug’s cytotox-
icity and cells’ susceptibility towards the chemotherapeutic agent.

Introduction

Curcumin is a bioactive yellow pigment, whose chemical
name is 1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-
3,5-dione and whose formula is C21H2006.!
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It is contained in turmeric, an Indian spice that can be obtained
from the root of the plant Curcuma longa, together with other two
curcuminoids, desmetossigurcumin (20-27%) and bisdesme-
tossigurcumin (10-15%). Curcumin represents the 60-70% of cur-
cuminoids available in a rough extract of the root.2

According to several studies, curcumin is considered as a
highly anti-inflammatory and anti-microbial substance, and lately,
it is being studied for its antitumoral effects.’*

Experiments made on murine models show how curcumin
plays a preventive role in induction and progression of carcino-
genesis, and therefore a chemopreventive role has been profiled
for the substance.

Curcumin takes part in carcinogenetic mechanisms thanks to its
ability in affecting cell proliferation, cell cycle (especially G2/M
arrest), apoptosis, protein folding, proteolysis and translation
processes,> and it’s mainly involved in the following patterns: 1)
Antioxidant effect related to the up-regulation of some detoxifying
enzymes, such as glutathione S-transferase;2* ii) Inhibition of the
expression of some substances that are involved in the inflammation
process, such as cyclooxygenase2 (COX-2), prostaglandins, lipoxy-
genases (LOX), inducible nitric oxide synthases (iNOS), interferon
gamma (IFNy), tumor necrosis factor alpha (TNFa), and inter-
leukins 1, 2, 6, 8 (IL-1, IL-2, IL6, IL-8).24¢ The previously men-
tioned inhibitory effect is being enabled by an adjustment mecha-
nism towards Toll-Like Receptors (TLR), which are responsible for
both inflammatory and innate immunity processes. The TLR
involved are TLR4 (activating Nf-kb pathway and innate immuni-
ty), TLR2 (activating innate immunity), and TLR9 (located into
intracellular vesicles of B-lymphocytes, monocytes and natural
killer cells, activated by bacterial and viral DNA and initiator of pro-
inflammatory responses that lead to cytokine production;® iii)
Inhibition of molecules, such as metalloproteinase 9, involved in the
metastatic proliferation of tumors;’ iv) Inhibition of kB nuclear fac-
tor, responsible for both carcinogenesis induction and proliferation,
and in the development of resistance towards anti-cancer thera-
pies;>7 v) Apoptotic effect on therapies-resistant tumoral cells, relat-
ed to telomerase enzyme down-regulation;’ vi) Interference towards
PI3K/Akt signaling pathway, relevant for growth factors in vivo,
that can activate the anti-apoptotic mechanism and promote glucose
and proteins synthesis, in order to stimulate cells growth and prolif-
eration. This signaling pathway is unusual, as in tumoral cells case,
and is able to lead to an abnormal increase of cells growth, prolifer-
ation, metabolism, and anti-apoptotic effects, involved in the devel-
opment of the majority of cancers;? vii) Anti-apoptotic effect related
to the intracellular activation of redox reactions, that leads to reac-
tive oxygen species (ROS) production, thereby causing an up-regu-
lation of apoptosis receptors on tumoral cells’ membrane.®
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Taking note of the numerous mechanisms in which curcumin
intervenes, we propose to investigate in more detail, in the follow-
ing paragraphs, the role of the above mentioned molecule in spe-
cific tumoral pathologies. The tumor cells that, according to the
data in the articles examined, are affected by the action of curcum-
in, have been observed in cancer pathologies like colorectal cancer,
pancreatic cancer, stomach cancer, lung cancer and glioblastoma.
Positive results were also found in laryngeal, breast, prostate and
liver tumors. The aim of the article is therefore to underline the
importance of the action of curcumin, to stimulate scientific inves-
tigations and to investigate the possible role on the same patholo-
gies about human organisms in order to take into consideration
curcumin in the numerous therapeutic protocols of the above men-
tioned diseases.

Materials and Methods

In the elaboration of the article about 30 scientific articles were
analyzed using the PubMed search engine. The key words used
were: curcumin, colon cancer, chemoprevention, antitumor activi-
ty, S-fluorouracil, nutrition, glioblastoma, pancreatic cancer, stom-
ach cancer, lung cancer, therapeutic adjuvant. Of the numerous
articles resulting from the insertion of the keywords, only those
about biochemical mechanisms of oncological pathologies or
strategic therapeutic activities have been examined, starting from
the established anti-inflammatory activity of curcumin.

Colon-rectum

Colorectal cancer is one of the most common cancer in indus-
trialized countries and one of the most relevant causes of death for
tumoral pathologies.!0-11

It’s a multifactorial pathology that includes, among its causes,
a chronical inflammatory status. This can be related to intestinal
dysbiosis,'? oxidative stress,!! and chronic Inflammatory Bowel
Diseases (IBD), such as Morbus Crohn, ulcerative colitis, and non-
specific colitis.!3-13

Several studies have been performed in animal models, in
order to test the effect of curcumin on colorectal tumoral cells.

It was highlighted that curcumin, administrated to APC/Min+
mice, reduces the neoplastic progression of intestinal polyps,
enhancing DNA repairing processes, increasing mutated cells
apoptosis and reducing colic inflammatory processes.!®

In Min mice, affected by Familial adenomatous polyposis, cur-
cumin has shown to be effective in lowering the 64% of colorectal
tumor formation.*

Apart from being active by itself, curcumin is capable of a syn-
ergic action with other active substances. For instance, when com-
bined with silibinin, reduces polyps’ formation decreasing inflam-
matory processes, inhibiting angiogenesis, lowering 3-catenin lev-
els and inhibiting colorectal stem cells proliferation.'®

When in conjunction with quercetin, curcumin comes up to be
effective in adenomatous polyps’ qualitative and quantitative
reduction. This effect was reported in patients with FAP, previous-
ly surgically treated with colectomy.*

Curcumin’s antitumoral activity towards colorectal cancer is
due to the suppression of Wnt/B-catenin signaling pathway
(towards down-regulation of 3-catenin) and the expression of some
microRNA (miR), mainly miR130. These signaling pathways are
involved in tumoral proliferation, and for this reason, it appears
that curcumin favors a repressive mechanism of action on signal-
ing pathways than on apoptosis induction.!”
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Pancreas

Curcumin has shown antitumoral effects even on pancreatic can-
cer’s cell lines (PCa, PANCI1, and BxPC3). The administration of
curcumin doses of 40 pg/mL to PCa cells, 80 pg/ml to PANCI cells
and 10 pg/mL to BXxPC3 cells has shown a cell cycle arrest in G2/M
phase in all three the cell lines. It has also been shown that the
administration of 80 pug/mL of curcumin on PANCI cells and of 10
pg/mL on BxPC3 cells causes both an enhancement of apoptosis rate
and of the expression of the anti-apoptotic molecule Bax, together
with the downregulation of the anti-apoptotic molecule BCL-2.!

In PCa cells, curcumin down-regulates the expression of mTOR
protein and induces the expression of LC3II protein, furthering in
this way the creation of autophagosomes in PCa cells and the conse-
quential autophagy.!

It is shown that curcumin, together with gemcitabine, a drug
used for pancreatic cancer’s treatment, enhances the rate of
cell cycle arrest in the G2/M phase, significantly increasing
apoptosis rate.!

Lastly, a phase 2 trial on patients with advanced pancreatic car-
cinoma shows that the daily oral administration of 8g curcumin
had reduced the tumor by 73% in one of the patients treated,
although it improved neither prognosis nor the survival, suggesting
that the patient could have had a curcumin-sensitive tumor.!'®

Stomach

Studies achieved on Mesenchymal Stromal Cells associated
with Gastric Cancer (GC-MSC) have shown how curcumin
reduces the angiogenic potential and the metastatic ability in these
cells.

The high expression of fibroblastic proteins, such as a-SMA
and vimentin, in GC-MSC cells leads to the ability to promote
tumoral growth, stimulating tumoral cells proliferation, inducing
the epithelium-mesenchymal transition in tumoral cells, support-
ing the expansion of tumoral cells and promoting angiogenesis and
metastasis development. Curcumin treatment on GC-MSC cells
has blunted the previously mentioned mechanism, reducing the
protein expression.?

Studies have also examined curcumin’s effect towards tumoral
angiogenesis, since tumor growth specifically requires the devel-
opment of new blood vessels, in order to bring additional nutrition
and oxygen. It has been noticed that curcumin administration to
GC-MSC cells inhibits their pro-angiogenic role, through the inhi-
bition of both endothelial growth factors pathway (VEGF) and NF-
kB pathway.3

Gastric cancer cells show overexpression of COX-2 and abnor-
mal activation of the NF-kB signaling pathway compared to nor-
mal gastric mucosa. This suggests that COX-2 and NF-kB
inhibitors can be successful in treating gastric cancer. One of the
assumptions that have been made is that curcumin could enhance
gastric tumor’s sensitivity towards chemotherapeutical agents,
through the inhibition of NF-kB expression. Studies have shown
that the association between 5-fluorouracil (5-FU, used to treat
several tumors) and curcumin reduces in a dose-related way the
expression of COX-2 and NF-kB.3

Lung

Referring to Non-Small Cells Lung Cancer (NSCLC), studies
have shown how curcumin is able to reduce cell growth and
colonies development in NSCLC human cells.

In NSCLC, human cells that have received a 10 pM dose of
curcumin, vitality has been reduced in parallel with apoptosis
enhancement. Furthermore, curcumin has been proved to be suc-
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cessful in increasing autophagy mechanisms in lung cancer cells.
It has to be recalled that this mechanism can stimulate degradation
of cytoplasmic content inside of the cellular lysosomal compart-
ment and that maintaining a constant level of autophagy is a pos-
sible therapeutic target for anti-cancer therapy.!%20

These results have been obtained through the suppression,
made by curcumin, of mTOR/PI3K/AKT signaling pathway,
linked to both autophagy and apoptosis processes.!?

In addition, other studies have shown how curcumin inhibits
cellular survival and proliferation, reducing the expression of Axl
tyrosine kinase receptor and affecting Axl activation in NCLSC,
leading as a result to lung cancer cells apoptosis. In particular,
seems that the administration on curcumin in NCLSC cells inhibits
Axl phosphorylation, bonding his ligand Gas6.?!

Curcumin has proved anti-proliferation effects also on H460
lung cancer cells, and on their chemoresistant versions H460/CisR
and H460/TR. The anti-proliferative effect is given by the induc-
tion of p21, a molecule that inhibits cyclin-dependent kinase, and
the reduction of X-linked Inhibitor of Apoptosis Protein (XIAP),
that has an anti-apoptotic action.?!

Glioblastoma

Glioblastoma (GBM), for its high proliferation rate and inva-
sive nature, is a low survival rate tumor. Therefore, new molecules
are sought in order to enhance the therapeutic performance: cur-
cumin is included between these new molecules, in association
with other therapeutic substances.

Firstly, curcumin has been associated with micro RNA
(miRNA, small non-coding RNA that regulate genic expression in
a post-transcriptional level).

Studies made on animal models and cellular lines show that the
association of 50 pM of curcumin with miR-378 (miRNA suppressed
in GMB cells, that plays a suppressive role on tumors and inhibits
tumoral migration and invasion), reduces tumor cells proliferation.?

A second curcumin association for GMB treatment is with
Nimustine hydrochloride (ACNU), a chemotherapeutic drug com-
monly used for GMB treatment.

The association of 20 pM of curcumin with ACNU has inhib-
ited cellular vitality in GMB cellular cultures. This action seems to
be linked to curcumin ability to strengthen ACNU effects, towards
the simultaneous action of the cytochrome/caspase-linked apoptot-
ic pathway, the inactivation of PI3K/AKT signal and the inhibition
of NF-kB/COX-2 pathway.?3

Curcumin and ACNU association seems to be relevant also in
chronic inflammation, which may lead to an increment of cancer
risk, including malignant brain tumors. A key factor in inflamma-
tory processes is COX-2, associated with cancerogenesis and
apoptosis resistance, and whose overexpression is relevant in
glioma development. The activation of NF-kB p65/p50 pathway
plays a role in COX-2 overexpression.

It has emerged that the association curcumin-ACNU improves
the inhibition of COX-2 expression, presumably through repres-
sion of NF-kB dimers translocation from cytosol to nucleus, by
canceling COX-2 transcriptional activation in GBM cells.?? In
addition, the abovementioned association reduces the migration,
invasion and metastasization ability of GBM cells towards the
down-regulation of MMP-2/9, N-cadherin and vimentin, proteins
involved in remote metastasis creation.??

Other tumors

Curcumin had shown its effectiveness also towards other cate-
gories of tumors. In particular, studies have proved that: 1)
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Curcumin inhibits cells proliferation and promotes apoptosis in
laryngeal tumor cells, towards a mechanism that entails the alter-
ation of Bcl-2’s target miRNA regulation and of PI3K/Akt signal-
ing pathway. Laryngeal tumor cells AMC-HN-8 treated with 40
uM of curcumin has ve shown an enhancement of the apoptotic
rate towards the expression of PI3K protein and p-Akt protein;? ii)
In pancreatic, hepatic?® and prostatic® cells curcumin has dimin-
ished the clonogenic capability, inhibited invasion and migration,
suppressed cell growth and induced apoptosis and cell cycle arrest.
In these cells treated with curcumin, it has been shown an incre-
ment in the expression of the proapoptotic molecule Bax, together
with the reduction of the anti-apoptotic molecule Bcl-2.
Curcumin’s inhibitory effect has been higher when administrated
at a concentration of 20 uM;20 iii) In MCF-7 breast cancer cells,
treated with increasing doses of curcumin (2.5, 5, 10, 20 and 40
puM) it has been observed a reduction of cells proliferation in a
dose-related way. When treated with 20 uM of curcumin for 24, 48
and 72 hours, MCF-7 cells have shown an increment in apoptotic
rate, of the amount of pro-apoptotic protein Bax and a reduction of
anti-apoptotic protein Bcl-2, proportionally to the amount of time
they were kept in culture.?’

Curcumin role as a therapeutical adjuvant

Apart from being an antitumoral factor, curcumin, thanks to its
negligible toxicity, can be used as an adjuvant in currently in
chemotherapies that are already being used for several tumors’
treatments.

Curcumin role in such case is to enhance treatment’s effects
and to improve cellular resistance to drugs. The association
between fluorouracil (5-FU) and 20uM of curcumin has proved to
be effective in enhancing drug’s cytotoxicity in colon cancer cell
lines HCT116 and HT29.

The mechanism by which this activity is carried out is the sup-
pression of Akt signaling and autophagic activity, through the
reduction of AMPK / ULK1 signaling.?* Curcumin has shown to
be effective in enhancing the cytotoxic effects of 5-FU also in cell
lines of bladder tumor epithelial cells (EJ138).

EJ138 cells, treated with 15 uM of curcumin, have shown an
increased response to 5-FU, with a markedly increased drug’s
cytotoxicity, a reduction of cell viability has in addition been
observed.

Surprisingly the opposite effect has been observed if cells were
treated with 5-FU and 5 uM of curcumin, suggesting that curcumin
effects are dose-related.”

The therapeutic activity of curcumin has eventually been
proved in non-tumoral pathologies such as IBD and periodontal
diseases.’

In experimental colitis, induced by trinitrobenzene sulfonic acid,
curcumin has proved to be effective in reducing the inflammatory
effect, towards the inhibition of TLR4, and this suggests that this
effect could be mirrored in IBD affected patients.% In periodontal
diseases (chronic inflammatory diseases caused by an immune
response towards bacteria located in dental biofilm), curcumin
reduces the innate immune responses, by modulating TLR signal.¢

Conclusions

A significant number of studies show curcumin’s antitumoral
potential on different kinds of tumors, suggesting that that results
obtained during the in-vitro studies, could potentially be found also
in in-vivo studies. These results, if confirmed in future studies on
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human beings, could have a strong impact on therapeutic choices,
especially considering the high incidence of pathologies such as
colorectal cancer, or such as the ones whose main risk is represent-
ed by intestinal polyp’s progression towards malignancy.
Remarkable is the contribution that could result from curcumin
usage in those tumors characterized by a lower incidence but with
a decreased rate of survival, such as pancreas tumor and glioblas-
toma. Curcumin role in pro-apoptotic and anti-angiogenic process-
es, found in Non-Small Cells Lungs Cancer (NSCLC) and gastric
cancer, has to be used as an input for further studies. Nevertheless,
it has to be pointed out that the results obtained and the subsequent
assumptions of the application on human beings are based on
murine models or cell culture. To this day there are neither evi-
dence nor studies that could confirm the antitumoral and therapeu-
tic potential of curcumin on human beings. In addition, there are
no strong pieces of evidence that, in vivo, the association of cur-
cumin and chemotherapy drugs improve prognosis and survival
rate in patients affected by tumors.
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