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Abstract

New paradigm in cancer pathogenesis revealed that microenvironmental conditions significantly contribute to cancer. Hence,
Warburg stated that cancer is a metabolic disease. Chlorogenic acid (CGA) is a polyphenol that is found abundantly in coffee. This
compound has proven ability in ameliorating some metabolic diseases through various pathways. This article will elaborate the potency
of CGA as a chemosensitizer in suppressing tumor growth through a metabolic pathway. AMPK pathway is the main cell metabolic
pathway that is activated by CGA in some studies. Moreover, CGA inhibited EGFR/PI3K/mTOR, HIF, VEGF pathways and MAPK/ERK
pathway that may suppress tumor cell growth. Furthermore, CGA induced intracellular DNA damage and topoisomerase |- and
II-DNA complexes formation that plays a key role in apoptosis. Conclusively, based on the ability of CGA in activate and inhibit some

important pathways in cancer metabolism, it may act as a chemosensitizing agent leading to cancer growth suppression.
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Cancer is a multifactorial disease that has been hypothesized to
be caused by genetic mutation. New paradigm in cancer patho-
genesis suggested that cancer is not solely caused by genetic
mutation. Moreover, cell microenvironment has a significant
contribution in cancer growth.! The new paradigm that consid-
ered cancer as a metabolic disease was stated by Warburg 30
years ago.” This paradigm explicated that cancer is a transition
from mitochondrial respiration into aerobe fermentation.” This
imperative transition contributes to phenotype changes from
epithelial cells to mesenchymal cells. Furthermore, cancer pro-
liferation takes advantage of lactate produced by the glycolysis
process to invade its surrounding normal stromal cells.* The
lactate acidity contributes to cytotoxicity on its surrounding
cells compared with that of the cancer cells.” Some recent
studies revealed that cancer stem cells demonstrate very differ-
ent characteristics compared with those of normal cells. This
metabolic difference contributes to driving the pluripotent cells
to cancer stem cells.® This phenomenon is known as metabolic
reprogram.” Thus, recent cancer therapy approaches focus on
inhibiting the metabolic reprogram.

Chlorogenic acid (CGA) is a well-known polyphenol that is
abundantly present in coffee.” Many studies showed that CGA

contributes to modulating the metabolic features of type 2 dia-
betes and obesity through some pathways such as AMPK
pathway.® Moreover, this substance has a potential effect on
suppressing growth of cancer cells mainly through inhibiting
cancer metabolic features. This article will elaborate the poten-
tial of CGA as a chemosensitizing chemotherapy agent to sup-
press tumor growth.

Metabolic Features of Cancer Cells

Warburg effect is a significant mechanism of metabolic
changes in cancer cells.® Cellular metabolism needs 3 basic
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features to divide: generating ATP rapidly to sustain energy
status, increase biosynthesis of macromolecules, and an appro-
priate cellular redox status for tight maintenance.” However,
cancer cells express metabolic alteration on 4 major macromo-
lecular metabolisms (carbohydrate, proteins, lipid, and nucleic
acids) to enhance energy biosynthesis and redox reaction.’
They tend to preform aerobic glycolysis that produce more
ATP compared with that of oxidative phosphorylation in mito-
chondria during the adaptation process to stress and microen-
vironmental changes, especially hypoxia, pH changes, and
nutrition deprivation.” These mechanisms are driven by PI3K,
hypoxia-inducible factor (HIF), p53, MYC, AMP-activated
protein kinase (AMPK), and liver kinase B1 (LKB1) path-
ways.'®!! This adaptation capability is affected by mutation
of oncogenesis and tumor suppressor gene. Thus, tumor cells
may skip metabolism checkpoints to maintain their growth and
proliferation. Among all those pathways, PI3K and AMPK
pathways have significant contribution in determining the
metabolic profile of cancer cells.'?

PI3K pathway is the main pathway in cell glycolysis. This
pathway activates the AKT1 pathway that augments the
expression and translocation of membrane glucose transporter,
the phosphorylation of glycolysis key enzyme, inhibits Fork-
head Box Family O (FOXO) increasing glycolytic capacity,'
and activates ectonucleoside triphosphate diphosphorylation
that support protein glycosylation in the endoplasmic reticu-
lum."" Moreover, this pathway activates mTOR, which plays a
key role in metabolism integration, especially protein and lipid
biosynthesis during nutrition and energy deprivation.'?
Furthermore, it activates HIF-1 during hypoxia. HIF-1 is a
transcription factor that plays a role in augmenting glucose
transporter gene transcription.'> Furthermore, it activates pyr-
uvate dehydrogenase reducing pyruvate flow in the tricar-
boxylic acid cycle.'® Hence, oxidative phosphorylation in
mitochondria and oxygen consumption declines. Moreover,
HIF-1 can be activated by mutated tumor suppressor protein
such as VHL,'” succinate dehydrogenase, and fumarate
dehydrogenase.'®

AMPK pathway is the main regulator in energy status sen-
sor, metabolism checkpoint, proliferation inhibitor, and has a
pleiotropic role in metabolic stress. The AMPK pathway can be
activated through some mechanism:

1. ATP-ADP ratio difference in hypoxia, nutrition depri-
vation condition.'® Moreover, some chemical sub-
stances from plants or drugs can activate the liver
kinase B1 (LKB1)-AMPK pathway.*’

2. Ob-Rb and ADRAI1A receptors are activated by leptin.
Furthermore, these receptors activate the CaMKK-
AMPK pathway."®

3. AdipoR receptor is activated by adiponectin.?' Further-
more, this receptor activates the CaMKKI-AMPK
pathway.

LKBI1 is one of tumor suppressor genes. Cancer cells
experience mutation in LKB1 and AdipoR receptors. Hence,

it cannot recognize the adiponectin signal that activates
AMPK. AMPK inhibition will enhance glycolysis that supports
cells’ ability to proliferate in abnormal environment conditions.
Glycolysis upsurge is a result of AMPK failure in inhibiting
glycogenic gene expression, inhibiting the gluconeogenesis
program, and inhibiting the synthesis of fatty acid, cholesterol,
and glycogen.*

Cancer incidence is frequently associated with hypoadipo-
nectinemia, and insulin resistance results in hyperinsuline-
mia.”> Moreover, many cancers often overexpress AdipoR1/
R2. In fact, the mechanism of this overexpression remains
obscure. Metabolic compensatory response to hypoadiponecti-
nemia is mostly considered as the reason of this phenomenon.
Moreover, the AdipoR1/R2 downstream signaling pathway
activation will affect the likelihood of tumorigenesis.**

MAPK Pathway in Cancer Cell

Mitogen-activated protein kinases (MAPKs) are a kinase pro-
tein family that has a main role in proliferation, gene expres-
sion, differentiation, mitosis, cell motility, cell metabolism,
apoptosis, and embryogenesis.”> MAPK consists of 3 subfami-
lies: extracelullar signal-regulated kinase (ERK; ERK 1 and
ERK 2), c-Jun N terminal kinase (JNK; JNK1 and JNK 2), and
p38-MAP.?® MAPK is activated by MAP kinase kinase (MKK
or MAP2K) or MAP kinase kinase kinase (MEKK or
MAP2 K). MAPK needs at least 2 similar MAP2Ks and some
MAP3Ks. ERK 1/2 is a pathway that has a role in regulating
cell cycle such as meiosis, mitosis, and cell differentiation.?’
Moreover, this pathway has a role in DNA repair, anti-
apoptosis, and pro-apoptosis.”” Furthermore, this pathway is
activated by some extracellular stimulus such as growth fac-
tor, cytokines, virus infection, G protein ligand, and carsino-
gen.”® ERK 1/2 activation through extracellular stimulus
activates Ras protein, Rat, and MKK 1/2.>° ERK 1/2 is acti-
vated continuously in cancer cells because mutation of Ras
protein to proto-oncogen Ras escalates cancer and tumor cell
proliferation.

Chlorogenic Acid
Chemical Structure of Chlorogenic Acid

Chlorogenic acid is polyphenol that possess many advantages
in health. This substance is mostly found in green coffee
bean.>® Moreover, this substance is an ester that consist of
cinnamic acid and quinic acid.” Furthermore, it has hydroxyl
axis chain in the first and third carbons and equatorial hydroxyl
in the fourth and fifth carbons, known as 5-O-caffeoylquinic
acid (5-CQA) or 3-caffeoylquinic acid (3-CQA). 5-CQA is the
most abundant form of CGA (see Figure 1).*!

Chlorogenic Acid Bioavailability

Around 70% of CGA is absorbed in small intestine and colon.
CGA is relatively stable in saliva and gastric acid. At the first
digestion some CGA is absorbed in gastric and the remaining
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Figure |. Chemical structure of chlorogenic acid.>

will be absorbed in jejunum and ileum.**=3 Furthermore, it will
enter portal circulation that is directly connected with hepatic
artery to undergo enzymatic reaction.’® CGA absorption is
facilitated through passive paracellular diffusion, facilitating
transportation. In appropriate pH CGA holds 2 hydroxyl ions
that come from quinic acid and succinic acid residues.’” More-
over, these ions bind to transporter in intestine known as
sodium glucose cotransporter 1 (SGLT 1) and sodium dicar-
boxylate cotransporter 1 (SDCT 1). Furthermore, the absorp-
tion process of CGA in the intestine is affected by normal flora
cleaving CGA cinnamic acid to caffeic acid and ferulic acid.
These substances can be absorbed and metabolized through
reduction, demethylation, dehydroxylation, and isomerization.
Based on pharmacokinetic analysis most circulating CGA is
eliminated quickly from the circulatory system with half-time
of 0.3 to 1.9 hours and T,,,x of 0.6 to 1 hour. Furthermore,
about 120.2 umol or 29.2% of ingested CGA is excreted in
urine 24 hours after consumption.®’*

Potential Mechanism of Chlorogenic Acid
as Anticancer Agent

CGA Effects on Metabolic Diseases

Many studies have reported CGA as an antidiabetic and antil-
ipidemic. A study by Murase et al in humans suggested meta-
bolism increase and fatty acid oxidation increase after injection
of CGA. A study of the effects of CGA in experimental animals
that had induction of high-fat diet revealed that CGA therapy
significantly reduced triglyceride levels in the mice liver,*'
improved insulin resistance,** and inhibited adipogenesis,
TLR4-mediated pro-inflammatory pathway, and stimulation
of GLUT4 translocation.*> These effects were mediated
through AMPK activation. CGA worked in ameliorating meta-
bolic disease via increasing the level of adiponectin. Another
study by Jin et al suggested that CGA administration signifi-
cantly increase the protein expression of adiponectin receptors
in late diabetic db/db mice.** After 12 weeks of CGA admin-
istration, the expression of adiponectin receptor-1 (ADPNR-1)
in liver and adiponectin receptor-2 (ADPNR-2) in skeletal
muscle was significantly higher than that of the control group.

Moreover, AMPK phosphorylation was significantly higher in
both liver and skeletal tissue compared with that of the control
group. This study suggested that CGA administration not only
increases the level of adiponectin but also the expression of the
receptor both in the liver and skeletal tissue. These findings
may potentiate a hypothesis that CGA has some abilities as an
anticancer agent through cancer metabolism, growth, and
proliferation inhibition.

CGA Inhibits HIF-1a/AKT Pathway

Aberrant in EGFR/PI3K/mTOR pathway, HIF and VEGF
expression induced most cancer. Hypoxia is the primary stimu-
lus for HIF-1o upregulation.'® Moreover, epidermal growth
factor receptor (EGFR) and PI3K pathway contribute to HIF-
lo. upregulation.® Thus, the components of this pathway
becomes the primary target in cancer therapy. Park et al sug-
gested that CGAs downregulate the HIF-1a/AKT pathway to
inhibit hypoxia-induced angiogenesis in HUVEC cells.*> CGA
suppressed VEGF-induced angiogenesis in vivo via AKT acti-
vation blocking. Moreover, CGA-treated cells showed a down-
regulation of VEGF expression and secretion compared with
that of hypoxia alone. In addition, CGA exposure (2 uM or
10 uM) decreased transcriptional activity of HIF-1 4 However,
this study used CGA only a as single agent. Thus, another study
that combines CGA with other targeted inhibitors is warranted.

5-FU and CGA Combination Inactivated MAPK/ERK
in Hepatocellular Carcinoma Cells

Cell proliferation is mainly driven by mitogen activated protein
kinase signaling pathway. Disturbance in the regulation of this
pathway will lead to carcinogenesis and contribute to cancer
drug resistance.”® Yan et al revealed that the combination of
CGA and 5-FU inhibited MAPK/ERK activation via ROS
overproduction.*” Combination of 250 pmol/L CGA and
20 pumol/L 5-FU promoted a prominent production of ROS in
HepG2 and Hep3B cells. Consequently, combination of CGA
and 5-FU significantly inhibited ERK1/2 phosphorylation in
HepG2 and Hep3B cells. On the other hand, either 5-FU or
CGA alone resulted in no significant change. It can be con-
cluded that ROS overproduction due to CGA administration
led to HCC cells’ sensitization to 5-FU treatment by suppres-
sing ERK activation. Consequently, this mechanism enhanced
5-FU-induced inhibition of HCC cells’ proliferation.

CGA May Work as Metformin in Inhibiting Tumor
Growth via Activation of AMPK Pathway

Many studies have suggested that metformin might ameliorate
drug resistant in breast cancer chemotherapy.** Moreover,
many studies revealed that metformin has a direct antiprolifera-
tive effect through AMPK activation.*” CGA is a substance that
works in the AMPK pathway to ameliorate metabolic condition
of patients with type 2 diabetes mellitus and obesity.>> CGA
induced AMPK activation via promoting the rise of CAMKKf}
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expression in HepG2 hepatoma cells.® Moreover, this study
suggested that CGA administration induced an increase in the
intracellular Ca2+concentration measured by Fluo-4.>® This
study suggested that CGA might have a beneficial effect on
cancer therapy by affecting the upstream kinases that mediates
AMPK phosphorylation.

Some studies suggested that CGA treatment increase the
level of adiponectin.** Adiponectin is a cytokine from adipo-
cyte that is known to play a role in cancer.”* Adiponectin acts
as a key activator of the AMPK pathway. Some studies sug-
gested that lower expression of adiponectin correlates with
increased risk of breast, endometrial, colon, prostate, hepatic,
renal cell, and lung cancers.”

CGA Induces Cellular DNA Damage and Formation
of Topoisomerase I- and II-DNA Complexes

Topoisomerase inhibitor, known as cancer killer drug, works
by inducing topoisomerase-mediated DNA damage.’’ Topo I
and topo II are key players of DNA fragmentation during apop-
tosis.”> A study conducted by Burgos-Morén et al suggested
that CGA formed topo-DNA complexes and induced cellular
DNA damage.’® In fact, CGA induced significant levels of
topo-DNA complexes after 24 hours of exposure in cells. Flow
cytometry assay showed a high percentage of late apoptotic
cells after 24 hours of exposure to CGA. This action mediated
through the generation of hydrogen peroxide.

Chlorogenic acid as a polyphenol has a wide range of phar-
macokinetic profiles such as cancer prevention, carcinogenic,
and therapeutic potential on cancer cells depending on the
concentration, dose, and duration of exposure.’'>* Burgos-
Moron et al suggested that CGA induced DNA damage and
formed topoisomerase-DNA complexes at concentrations of
0.5 to 5 mM.>

Conclusion

Based on the ability of CGA in activating and inhibiting some
important pathways in cancer metabolism, it may act as che-
mosensitizing agent leading to cancer growth suppression.

Future Challenges

Despite the advantages of CGA as chemosensitizer, there are
many challenges on its mode of administration. Researchers
are still developing this potential agent since CGA has low
oral bioavailability. Monteiro et al*®> measured the level of
CGA in plasma and urine and revealed that the level of CGA
in plasma was low. Moreover, they revealed that the level of
CGA in urine was also low. They suggested that oral admin-
istration of CGA may not achieve the desired effect on cancer
cells. Hence, there should be other technologies to deliver
CGA to the target.

A study by Park et al*® successfully developed CGA-
AuNPS as a novel green synthesis method for gold nanoparti-
cles. This agent had successfully enhanced anti-inflammatory

effects on an NF-Kb-mediated inflammatory network com-
pared with that of CGA only. A study reported by Del Rio
et al*® suggested that CGA was mainly absorbed in the small
intestine. Moreover, CGA is fragmented into at least 3 main
chemistry structure, SCQA, 4CQA, and 3CQA, in the small
intestine. Furthermore, Renouf et al>® reported that colon and
microflora have a primary role in CGA absorption and meta-
bolism. Thus, dihydrophenolic acid can be detected in plasma
after 8 hours. More research is required that explores the role of
each of the CGA chemical compounds to inhibit the growth,
proliferation, and metastasis of cancer cells and verify the dif-
ferent and specific functions of each compound.
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