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Editorial

Humans and cancer: An ongo

Cancer is one of the leading causes of death worldwide.

Findings from laboratory and clinical researches conducted

during the last few decades have made a substantial contri-

bution to the development of more effective diagnostic and

surgical techniques, pharmacological regimens, and thera-

peutic protocols. In this issue of BioMedicine, we display several

review articles, a clinical study, and a clinical spotlight that

focuses on carcinogenesis.

Hepatitis C, a chronic disease caused by infection with the

hepatitis C virus (HCV), is endemic in many Asian countries.

Epidemiological investigations have shown that chronic HCV

infection is associated with the development of liver cancer

and that it is highly associated with the degree of morbidity in

patients with hepatocellular carcinoma. One of the studies in

this issue focuses on seromarkers that are highly predictive of

various HCV-related diseases. Lee et al conducted a 15-year

follow-up study of the outcomes of 1095 patients who were

seropositive for anti-HCV antibodies. The researchers found

that, besides reflecting the risk of inducing hepatocellular

carcinoma, anti-HCV seropositivity and elevated serum levels

of HCV RNA also increased the risk of mortality due to extra-

hepatic diseases such as cerebrovascular disease and renal

disease. The authors conclude that both anti-HCV seroposi-

tivity and HCV RNA levels are crucial factors for the deterio-

ration of renal and brain functions in infected hosts.

The results from numerous experiments indicate that

cancer stem cells as well as the up-regulation of integrin,

matrix metalloproteinases, endothelial growth factor, fibro-

nectin, transforming growth factor-b1, and intercellular

adhesion molecule-1 expression in tumors favor cancer cell

migration and invasion. Thus, targeting cancer stem cells,

associated molecules, and their related pathways may

enhance the possibility of mitigating the development or

progression of cancer. These findings also imply that moni-

toring the variation of certain biomarkers can help in the

evaluation of cancer progression.

Available online at

journal homepage: http
g fight

Traditional Chinese Medicine is widely used as an alter-

native to conventional cancer therapies because the majority

of the regimens demonstrate low levels of toxicity, have very

few side effects, and are less expensive to administer than

chemotherapy and radiation therapy. Anthraquinone and its

derivatives, namely aloe-emodin, danthron, emodin, chrys-

ophanol, physcion, and rhein, have been shown to have

potential anticancer properties. Aloe-emodin in particular has

attractedmuch attention because it has been shown to inhibit

angiogenesis, invasion, migration, chemical-induced carcin-

ogen-DNA adduct formation, and the expression of HER2/neu,

CKII kinase, and p34cdc2 kinase in human cancer cells. In

addition, carotenoids have been shown to have anticancer

effects by interrupting various stages of carcinogenesis such

as initiation, promotion, progression, and metastasis. There-

fore, dietary or supplemental intake of carotenoids or foods

rich in these compounds may prevent the development of

cancers.

Althoughmuchprogress in thefight against cancerhasbeen

made during the past few years, the disease is still far from

being conquered. More efforts from multiple directions are

required to update our understanding regarding the patholog-

ical characteristics and mechanisms of cancer development.

Mei-chin Yin

Department of Nutrition, China Medical University,

16th Floor, 91 Hsueh-shih Road, Taichung City, Taiwan.

E-mail address: mcyin@mail.cmu.edu.tw

Available online xxx

2211-8020/$ e see front matter

Copyright ª 2012, China Medical University. Published by

Elsevier Taiwan LLC. All rights reserved.

http://dx.doi.org/10.1016/j.biomed.2012.08.001

w.sciencedirect.com

www.e-biomedicine.com

mailto:mcyin@mail.cmu.edu.tw
http://dx.doi.org/10.1016/j.biomed.2012.08.001
www.sciencedirect.com/science/journal/22118020
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1. Introduction

Both adults and children can experience malignant brain

tumors, e.g., glioma, medulloblastoma, and ependymoma, yet

current translational medicine has not resulted in significant

improvement in survival. Glioblastoma (GBM) is the most

frequent adult primary brain tumor andhas an extremely poor

outcome with only a median survival of 15 months [1]. Brain

tumors, predominantly medulloblastomas, are comprised of

a heterogeneous group of tumors and also a leading cause of

* Corresponding author. Department of Molecular and Cellular On
Holcombe Boulevard, Houston, TX 77030, USA.
** Corresponding author. Center for Neuropsychiatry and Gradua
Taichung 40447, Taiwan.

E-mail addresses: mhung@mdanderson.org (M.-C. Hung), shyu
2211-8020/$ e see front matter Copyright ª 2012, China Medical U
n

e

c

u

a

ng 40447, Taiwan

g 40402, Taiwan

bute to tumor progression, resulting in their capacity to persis-

opagate tumors. Recent evidence suggests that brain cancer stem

for tumor vascular development and therapeutic resistance. Here,

olecular mechanisms and interacting niches involved in BCSCs,

le potential targets for malignant brain tumors and may provide

el antibrain tumor treatments.

Medical University. Published by Elsevier Taiwan LLC. All rights

reserved.

cancer death in children. Even though therapies for primary

tumor response have improved, these malignancies recur

most of the time, and newer treatmentmodalities are urgently

needed to target brain tumors. Based on extensive studies of

brain tumors, it appears that targeting the regulatory signaling

pathways, tumor microenvironment, and characterized stem

cells form the basis for future development of targeted ther-

apies [2e4]. Brain cancer stem cells (BCSCs) or brain tumor

initiating cells (BTICs) belong to a sub-population of cells that

possesses capacity for self-renewal, multipotency, and tumor

gy, The University of Texas M. D. Anderson Cancer Center, 1515

Institute of Immunology, China Medical University & Hospital,

3@gmail.com (W.-C. Shyu).
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propagation and has been attributed to increased angiogen-

esis and drug resistance [5e13]. There is mounting evidence

that unveiled the molecular actions of BCSCs, leading to

a significant number of potential targets. In this review, we

will discuss the role of BCSCs in initiation and propagation in

brain tumor aswell as how to targeting brain tumor by directly

or indirectly inhibiting BCSCs. Moreover, wewill also highlight

the niche of BCSCs, particularly in neurovascular interactions,

as target for brain tumor therapies.

2. Cancer stem cells in brain tumor

2.1. Characteristics and stem cells for malignant brain
tumor

Primary brain tumors (PBT) contain malignant heterogeneous

groups that originate and arise from the brain and the central

nervous system (CNS). According to the World Health Orga-

nization classification, the most prevalent PBT in elderly is

gliomas, and the most malignant type of gliomas is grade IV,

also known as glioblastoma multiforme (GBM) [14]. Both

aggressive primary GBM and secondary glioblastoma multi-

forme as a result of a low-grade glioma progressing into highly

malignance have very poor prognosis even with radiotherapy

and chemotherapy [15]. More importantly, GBM possesses

tissue-scattering distribution pattern accompanied by exten-

sive diffusion within the brain, making it difficult for surgical

resection [16]. In children, the highest incidence of brain

tumor is medulloblastomas, which is commonly developed

from the malignant transformation of progenitors of the

external granular layer in the cerebellum, and is by far the

most aggressive form of pediatric cancer with poor outcome.

Compared with adult glioma, medulloblastoma is thought to

develop from an embryonal tumor and shown to express

several genes which involved in differentiation of neural stem

cells, including Sox2, Bmi1, and Musashi 1[17,18].

The concept of cancer stem cells (CSCs) was first hypoth-

esized in the studies of acute myeloid leukemia [19,20] and

subsequently found in solid tumors, including brain tumors.

Several groups have identified and characterized CSCs in

clinical samples from patients with glioma and medulloblas-

toma [5,17,21e23]. Stem cells possess multipotent capacity to

generate different types of mature cells in the tissue origin.

Importantly, the key property of stem cells is the ability to

self-renew tomaintain a constant cell number in adult tissues

throughout life. Stem cells acquire self-renewal capacity by

executing asymmetric divisions to reliably reserve a copy of
Isolation CNS cancer stem cells in specimens by purification of

CD133þ cells from human glioblastoma and medulloblastoma
allows generation of neurospheres and growth of tumor stem

cell populations [23,25]. Neurospheres can be repeatedly sepa-

rated into single cells, and these single cells can produce a new

neurosphere. Evidence of self-renew is commonly observed

from the ability of single cells to repeatedly produce neuro-

spheres [26]. Additionally, as few as 100 CD133þ human

glioma cells which were transplanted into the brain of severely

immunodeficient (NOD-SCID)micedevelopedgliomas,whereas

no tumors formed fromtransplantation of 105 CD133- cells from

the same tumor [5]. Subsequent studies revealed controversial

findings that identified glioma stem cells as CD133 negative

[27,28]. This controversy might be caused by the use of distinct

methods and techniques to detect CD133 and factors that are

able to affect its detection [28]. Albeit the contradiction, CD133

continues to be a frequentlyusedmarker for BCSCs, followedby

several other BSCS markers, such as A2B5 [29], stage-specific

embryonic antigen (SSEA-1/CD15) [30], L1CAM (CD171) [31],

aldehyde dehydrogenase 1 (ALDH1) [32], integrin a6 (CD49f) [33],

CD44 [34], and epidermal growth factor receptor (EGFR) [35].

Recently, Clement and colleagues [36] attempted an alter-

native method by utilizing intrinsic autofluoresce properties

and distinct morphology to isolate human glioma stem cells

without using molecular markers. For example, subpopula-

tions of human gliomas with tumor initiating activities were

identified by autofluorescence emission at 520 nm after exci-

tation at 488 nm. Because the differences in marker expres-

sion or enrichment capacity of BCSCs varies from one

laboratory to another, it is important to standardize the

method of cell sorting by flow cytometric analysis for easier

comparison of methods and data from different groups [37].

3. Niche of BCSCs

Gliomas appear to be highly vascular, and endothelial cells,

pericytes, and astrocytes have been shown to serve as the

functional unit for neurovasculature to foster tumor growth.

Staining of BCSC markers and tumor vasculature from glio-

blastoma specimens showed a physically colocalized pattern,

which appears in the angiogenic regions within glioblastoma

[2,9]. Neural stem cells (NSCs) also share a defined vascular

niche with medulloblastoma CSCs [9,38,39]. BCSCs are found

adjacent to the neurovasculature in brain tumors, suggesting

that the existence of molecular signaling and microenviron-

mental factors in the specialized perivascular niche make

significant contributions tomaintain BCSCs. Additionally, self-

renew and proliferation of BCSCs can be promoted by tumor

endothelial cells such that simultaneous injection of both CSCs
the mother cells, while producing mature progenitor simul-

taneously. Cancer stem cells have been proposed to arise from

mutation in normal stem cells, and subsequently grow and

differentiate to generate primary tumors. Similar to normal

stem cells, cancer stem cells are able to self-renew, develop

heterogeneous populations of daughter cells, and proliferate

extensively [24].

2.2. Enrichment of BCSCs
and endothelial cells accelerates tumor initiation and

progression [40], indicating that cell-to-cell signaling within

perivascular niche is important to brain tumor development.

The maintenance of NSCs depends on their interactions

with the extracellular matrix (ECM) [41], implying that ECM

has a vital role in perivascular niche to regulate the mainte-

nance of BCSCs. Although the components of the ECM have

not been defined in gliomas perivascular, different groups

have reported the expression of several laminin chains,
including a2, a3, a4, a5, a3b1, and g1, in brain tumors. Ljubi-

mova and colleagues [42,43] also reported that expression of

laminin depends on the tumor grade and is associated with

http://dx.doi.org/10.1016/j.biomed.2012.06.001
http://dx.doi.org/10.1016/j.biomed.2012.06.001


patient survival. More importantly, receptor integrin-a6 is

highly expressed in BCSCs, and integrin-a6 is able to recognize

several forms of laminin [41]. The interaction between integ-

rin-a6-positive BCSCs and laminin in the perivascular niche

may promote BCSC maintenance. Alternatively, the survival

and tumorigenic ability of BCSCs were decreased by targeting

integrin-a6 via lentiviral delivered short hairpin RNA (shRNA)

[33]. Furthermore, ECM components that are located in the

perivascular are capable of accelerating the BCSCs phenotype.

More in-depth mechanisms remain to be identified and

characterized.

In the paracrine regulatory pathway that associates endo-

thelial cells with BCSCs functions is mediated by nitric oxide

(NO). Accumulated evidence indicates that NO enhances

tumorigenesis and gives rise to increased levels of endothelial

NO synthase (eNOS) in gliomas [44]. The perivascular NO

produced by eNOS has been suggested to facilitate glioma

progression in a glioblastoma mouse model [45]. Thus, BCSCs

may support their survival through mechanisms similar to

autocrine regulatory pathway. For instance, Eyler and

colleagues [46] demonstrated that inducible NO synthase

(iNOS)-generated NO in BCSCs promotes glioma growth in

xenograft mouse model. These findings suggest that NO

comes from the endothelial cells or BCSCs and is a critical

factor involved in modulation of BCSC maintenance.

4. Molecular signaling of BCSCs

A crucial issue in CSC biology is to delineate the regulatory

signaling pathways that are involved in maintaining their

phenotypes. Glioma CSCs were earlier reported among solid

tumor CSCs and appear cellular hierarchy to initiate tumor

formation [5]. Notably, glioma CSCs have been shown to

promote tumor angiogenesis and are also highly resistant to

chemotherapy and radiotherapy [5e7,13], and, thus, raise the

importance of elucidating the underlying molecular mecha-

nisms underlying in the regulation of BCSCs to develop more

efficient therapies against BCSCs.

4.1. Signaling of development and growth factor

External signals from the microenvironment such as stromal,

immune response, and other non-stem tumor cells persis-

tently influence CSC actions. Thus, cell surface ligand-receptor

systems also play an important role in the regulation of CSCs

by extracellular and paracrine signals. There is accumulating

evidence to suggest that receptor-mediated pathways control

the physiologic functions of BCSCs.

4.1.1. Notch signaling
In both invertebrates and vertebrates, Notch signaling is

crucial for regulating cell fate determination in many cell

lineages through cell-cell communication. Notch proteins are

transmembrane receptors, and their intracellular domains

(ICD) can be cleaved by the g-secretase complex for trans-

location into the nucleus to function as a transcriptional factor

upon ligand binding. The significance of Notch signaling

pathway has also demonstrated its high conservation during

evolution. Notch can facilitate normal NSC proliferation that

results in repression of their differentiation [47,48]. Notch has

been implicated in brain tumor based on a significantly corre-

lation observed between Notch-1 expression and its ligands,

such as Delta-like-1 and Jagged-1 in high-grade gliomas and

medulloblastomas [49,50]. Previousstudieshave indicated that

Notch signaling potentially regulates BCSCs in medulloblas-

tomas. Moreover, elevated expression of Notch in BCSCs has

been shown to augment the sensitivity to inhibitors of the

Notch pathway [51]. Notch proteins are also associated with

CSCs, which can enhance the stem cell marker, Nestin in

gliomas. The activation of Notch and K-Ras in mouse glio-

blastomamodel yieldedproliferative lesions that are located in

NSC-occupied subventricular zone (SVZ) due to increased

expression of Nestin and glioma formation [52]. Moreover,

increased neurosphere-like colonies are also observed while

Notch signaling is activated in glioma cell lines [53].

4.1.2. Hedgehog signaling
The Hedgehog pathway plays a key role in the regulation of

embryogenesis, CNS development, and neural stem cell

proliferation and differentiation [54,55]. Upon Hedgehog

ligand binding to their receptors, Gli transcription factors and

glioma-associated oncogene are activated and subsequently

translocated into nucleus to turn on or off their target genes.

Aberrant Hedgehog pathways are correlated with primary

brain tumor, such as medulloblastoma and evaluated by

genetic medulloblastoma models [56]. Moreover, Hedgehog

signaling enhances CSCs self-renew and tumorigenicity in

gliomas [57]. Increased glioma apoptosis was observed when

treated with Hedgehog inhibitor cyclonamine or transduced

interference RNA of Gli, which inhibits proliferation and self-

renewal of glioma CSCs. Importantly, combining Hedgehog

inhibitor and traditional chemotherapy agent, such as temo-

zolomide (TMZ) for treating GBM, has been shown to improve

cell death of BCSCs cell death and reduce tumor cell prolifer-

ation [57]. Several reports also demonstrated that cyclon-

amine treatment not only abolishes BCSCs resulting in the

failure of tumor progression in vivo but also increases the

sensitivity of BCSCs to radiation therapy [58]. Collectively,

these findings indicate that the Hedgehog pathway is critical

for BCSCs, and inhibitors that target this pathway may

enhance the efficacy of standard treatment for brain tumor.

4.1.3. Receptor tyrosine kinase
The receptor tyrosine kinase (RTK) family is critically involved

in growth factor-mediated oncogenesis, and among them, one

of the first identified and best-characterized RTK in glioma is

EGFR. Enhancement of EGFR signaling pathway is frequently

observed in malignant glioma cells such as the constitutively

active EGFR type III variant (EGFRvIII) and aberrantly amplified

copy number of EGFR. In addition, glioma-like lesions are

formed after transduction of Nestin-positive neural stem cells

with EGFRvIII in orthotopic mouse model [59]. Consistent of

this notion, Li and colleagues [60] revealed that transduction

of constitutive EGFRvIII into phosphatase and tensin homolog

deleted on chromosome 10-deficient neural precursor cells is

sufficient to generate glioblastoma in which the transformed

cells harbor tumor and stem-cell marker, CD133, and possess

self-renewal ability. Additionally, EGF can promote formation

of spheres and facilitate the self-renewal ability in CD133þ
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sub-populations derived from three brain tumor patients [61].

Interestingly, gefitinib, which is a selective inhibitor of EGFR,

induced apoptosis and significantly repressed CD133þ BCSCs

[61]. Together, these data suggest an important role for EGFR

signaling pathways in glioma and BCSC biology.

RTK signaling can be propagated and amplified by the

downstream cascades, including the serine/threonine specific

protein kinase B (AKT)/phosphoinositide 3-hydroxykinase

(PI3K) pathway. Upon RTK activation, AKT enhances cell

survival, proliferation, and invasion. It has been demonstrated

that gliomaCSCs relymore on theAKT signaling pathway than

the paired non-stem glioma cells. AKT inhibitors have been

shown to reduce the number of viable BCSCs and glioma

neurospheres, and attenuate intracranial tumor formation

[62]. Collectively, targeting BCSCs subpopulation by inhibition

of AKT via specific inhibitors can suppress brain tumor

malignancy.

4.1.4. Bone morphogenetic protein
The major role of bone morphogenetic proteins (BMPs) is to

mediate bone and cartilage development [63]. BMPs bind to

the BMP receptors, which are transmembrane serine/threo-

nine kinases, and subsequently activate the canonical regu-

latory proteins, Smads (Smad1/5/8). Phosphorylated Smads

then interact with co-activator Smad4 to form a protein

complex that translocates to the nucleus where it regulates

transcription and gene expression. BMP signaling regulates

NSC proliferation and apoptosis and mainly facilitates the

differentiation of NSCs [64]. Interestingly, BMPs have also

been shown to suppress the stem-like and cancer stem cell

precursors of human glioblastomas [65]. BMP ligands can

abolish BCSCs population by inducing stem cell to undergo

differentiation into astroglial and neuron-like cells [65]. Glio-

blastoma treatedwith BMPs in vivo can effectively delay tumor

growth and invasion [65]. These results offer a new thera-

peutic approach to treat glioblastoma by inducing BCSC

differentiation rather than directly killing them.

Lee and colleagues [66] also demonstrated that BMPs could

induceBCSCdifferentiation. Interestingly, they found that BMPs

actually facilitateBCSCsproliferationratherthandifferentiation

by EZH2-dependent epigenetic silencing of the BMP receptor 1B

(BMPR1B) similar to early embryonic NSCs. However, enforcing

the expression of BMPR1Bcan sensitize BCSCs to BMP-mediated

differentiation. Therefore, an individual’s epigenetic features

may affect the response of BCSCs treatment.

4.2. Epigenetic signaling

Epigenetic gene regulation has a pivotal role in regulation of

embryogenesis, stem cells, and human cancers. In cancers,

aberrant epigenetic modulation is correlated with chromatin

regulation of gene expression that maintains the embryonic

stem cell (ESC) or progenitor cell state. Accumulated data

suggest that cancer stem cells have the gene expression

signature reminiscent of ESCs and that BCSCs are epigeneti-

cally deregulated.

4.2.1. Bmi1
Thepolycombgroup (PcG)proteinBmi1 isanepigenetic silencer

and has been implicatednot only in the regulation stemcells in

multiple tissues but also in mediating self-renewal of stem

cells. Postnatal brain, and human brain tumor samples exten-

sivelyexpressedBmi1,anddefectivestemcell compartments in

the brain were observed in Bmi1-deficient mice [67]. Bmi1 also

possesses oncogenic ability involved in several types of cancer,

including glioblastoma. Bruggeman and colleagues [68]

demonstrated that Bmi1 is not only required for astrocytes

transformation and differentiation in vitro and in vivo but also

essential for neural stem cells transformation and differentia-

tion ability. Moreover, Bmi1 knockout neural stem cells can

develop into low-grade tumor compared to wild type and are

able to progress into high-grade gliomas. Fewer NSCs in Bmi1-

deficient tumors express the stem cell marker, Nestin, indi-

cating that theremight be lessnumberofBCSCs comparedwith

the control. The repression of neurogenic capacity was

observed both in transformed and non-transformed Bmi1-

deficient glial cells, implicating Bmi1 as a key mediator

involved in controlling NSC and CSC differentiation.

Consistently, there is direct evidence that shows Bmi1is

highly expressed in enriched CD133þ cells in human GBM [68].

Depletion of Bmi1 expression in GBM cell lines inhibited

neurosphere and clonogenic formation. Furthermore, knock-

ing down Bmi1 strongly inhibited brain tumor development

even with to 1 � 105 cells inoculated in NOD/SCID mice. Gene

expression profiling indicated that Bmi1 attenuates alternate

tumor suppressor signaling pathway that can be activated to

compensate for the deletion of INK4A/ARF, a inhibitor for cell

cycle by arresting cell in G1 phase, and activation of AKT/PI3K.

Disruption of INK4A/ARF, which is a tumor suppressor gene to

regulate RB and p53 pathways, is one of the most common

mutations existing in human GBM [69,70]. Also, the activity of

AKT/PI3K is extremely increased in GBM and treatment of an

AKT inhibitor enhances the sensitivity against CSCs due to

decrease GBM malignancy [62]. These results support Bmi1 as

an important in sustaining cancer stem cell renewal in human

GBM.

4.2.2. EZH2
Enhancer of zeste homolog 2 (EZH2) is a catalytically active

component of polycomb repressive complex 2 (PRC2) and

participates in transcriptional silencing of specific genes via

trimethylationof histone3at lysine 27 (H3K27me3). Inductionof

EZH2 is not only involved in hematopoietic and solid tumor

progression but also associated with poor prognosis. Addition-

ally, EZH2 plays a key role in stem cell maintenance, differenti-

ation, and self-renew during development. Suva and colleagues

[71] demonstrated that EZH2 is overexpressed and enriched in

glioblastoma CSCs. The self-renewal and tumor initiating abili-

ties of glioblastomaCSCs in vivoare dramatically inhibitedwhen

pharmacologic inhibitors or shRNAsareused to target EZH2 [71].

More recent studies also indicated that disruption of EZH2

reduces the expression of CD133 and proliferation of glioblas-

toma CSCs [72]. Together, these data support the potential of

EZH2 as a valuable therapeutic target for GBM treatment.

4.2.3. MicroRNAs
MicroRNAs (miRNAs) are small noncoding RNAs that can

modulate gene expression by targeting specific genes to

silence protein expression. miRNAs play a significant role

in cell fate determination and proliferation involved in
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development and cancer biology. Several studies have been

identified several miRNAs that specifically regulate brain

development and neural differentiation through microarray

analysis of miRNA expression in mammalian brain. For

instance, the expression ofmiR-21 is significantly increased in

glioblastomas, and attenuated its action triggers caspase

dependent apoptosis [73]. Similar to miR-21, a recent study

indicated that the miR-17-92 cluster is highly expressed in

primary astrocytic gliomas and glioblastomas compared with

the normal brain, and it is also implicated in the progression

of low-grade to more aggressive brain tumors. Inhibitors of

miR-17-92 were shown to suppress glioblastoma spheroids by

promoting apoptosis and reducing proliferation [74].

Silber and colleagues [75] investigated the possible role of

miRNA in the regulation of CSCs in glioma. Specifically, miR-

124 and miR137 expression levels were dramatically reduced

in anaplastic astrocytomas (grade III) and GBM (grade IV)

compared with normal brain tissues. Ectopic expression of

miR-124 andmiR137 in GBM cells can reduce cell proliferation

and promote differentiation of glioma stem cells. These data

indicate that these two miRNAs could serve as a tumor

suppressor in BCSCs. In addition, another study demonstrated

that the expression ofmiR-451 is lower in gliomaCD133þ CSCs

compared to CD133- non-glioma stem cells [76], suggesting the

possibility of inducing the expression of miR-451 to destroy

neurosphere formation and reduce giloma CSCs proliferation.

4.3. Signaling in CSC niches

Several studies have reported that the interactions and regu-

latory signaling pathways between BCSCs and perivascular

endothelial cells are important for brain tumor progression

and clinical targeting. BCSCs can not only receive signals from

microenvironment but also propagate signals to affect the

environment. The perivascular niche of brain tumor is the

best example for such communication.

4.3.1. Vascular endothelial growth factor
BCSCs are able to produce the well-characterized proangio-

genic factor such as vascular endothelial growth factor (VEGF)

[6,11]. A paracrine role of VEGF generated from BCSCs is

demonstrated through the inhibition of endothelial cell

proliferation and tube formation when BCSC-conditional

medium is supplied with VEGF-neutralizing or VEGFR2-

blocking antibodies (bevacizumab). The significant suppres-

sion of human glioma growth in xenograft mice is observed

while treatment with anti-VEGF or anti-VEGFR2 antibodies,

that resulting in a reduction of blood vessels density [6,11]. In

addition to undoubtable contribution of targeting effects of

VEGF on endothelial cells, glioma cells also express VEGF and

VEGFRs [77]. VEGF-VEGFR autocrine signaling can enhance

glioma cells proliferation and viability, and blockage of this

effect leading to increase the response to radiation-induced

cell death [77]. Together, these results support that glioma

progression relies on BCSCs-driven generation of VEGF

through both autocrine and paracrine signal.

4.3.2. Hypoxia inducible factors
Microenvironmental stress, including nonphysiologic levels of

oxygen, pH, andmetabolites, can influence tumordevelopment

through distinct signaling pathway. For example, low oxygen

concentrationandhypoxiaarecrucial tomaintainingBCSCsvia

hypoxia inducible factors (HIFs), in particular, HIF2a [2]. Under

hypoxia condition or overexpression of a non-degradable form

of HIF2a promotes non-stem glioblastoma cells to gain self-

renewal capacity that leads to cellular transformation [78].

Under hypoxia, studies have shown that the signature genes

such as lysyl oxidase (LOX), VEGF, HIG2, and prominin1 (CD133)

of glioblastoma stem cell are overexpressed under hypoxia

condition [79,80]. Importantly, response to hypoxia in BCSCs

can be attenuated by digoxin, a HIF inhibitor [80], suggesting

that HIF proteins could potentially become therapeutic targets

for malignant brain tumors.

5. Targeting of BCSCs

5.1. Direct BCSC targeting

The standard treatment for brain cancer commonly uses both

irradiation and chemotherapy, e.g., temozolomide (TMZ).

However, resistance to irradiation and TMZ often occurs due

to the enrichment of CD133þ fraction in tumor [7,13,81].

Therefore, novel treatments for brain cancer that block

function of BCSCs could potentially overcome resistance to

standard therapy. Direct targets of BCSCs include Notch,

Hedgehog/Gli, EGF/EGFR/AKT pathway, Bmi1, EZH2, and

miRNAs, all of which have been shown to sensitize BCSCs to

drug treatments and inhibit BCSC survival [82]. Also, as

mentioned previously, another strategy to enforce BCSC and

reduce their tumorigenic potential is to induce BCSC differ-

entiation, such as through BMP signaling [65]. For instance,

BCSCs treated with BMP by implantation of BMP-bearing

beads in glioblastoma mouse model significantly attenuated

their transforming capacities [65].

5.2. Indirect BCSC targeting

Strategies that indirectly target BCSCs focus on the niche or

cell microenvironment that harbors key determinants to

sustain growth and survival of BCSCs. In perivascular niche,

bevacizumab, a well-known inhibitor of VEGF, inhibited

tumor vasculature, decreased CD133þ BCSC number, and

significantly reduced tumor size [9]. Moreover, there are

compelling data demonstrating that the hypoxia microenvi-

ronment is a distinct niche that enriches BCSCs through

upregulation of HIF2a. Downregulation of HIF2a can reduce

stem cell marker expression, neurosphere formation, and

VEGF signaling [10,82]. These landmark studies not only

characterized the importance of perivascular or hypoxia

niches for BCSCs but also identified new therapeutic

approaches that target them.

6. Conclusion

In the past decade, CSC research has provided distinct new

views in cancer biology. In particular, the cellular hierarchy

and tumorigenic ability of BCSCs are highly attractive as

targets for therapeutic development against brain cancer.
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Moreover, by addressing the regulatory molecular mecha-

nisms and interactions between BCSCs and the niches that

maintain and propagate them, researchers have provided

extraordinary insights on potential therapies that directly or

indirectly target BCSCs. While extensive investigations have

broadened the understanding of brain cancer biology, there is

still a lack of substantial improvement in brain cancer patient

survival. Therefore, there is an urgent need for more in-depth

investigations to unravel the underlying molecular mecha-

nisms that support and maintain BCSCs as well as the devel-

opment of novel therapies against brain cancer.
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a b s t r a c t

Chondrosarcoma is highly malignant, with a strong capacity for local invasion as well as

distant metastasis. Surgical resection remains the primary mode of therapy. This cancer

shows a predilection for metastasis to the lungs. This article will highlight numerous

molecular mechanisms mediating cell motility, as described in such cases. Numerous

experiments have demonstrated that upregulation of integrin and matrix metal-

loproteinases (MMPs) and intercellular adhesion molecule-1 (ICAM-1) expression lead to

increased tumor cell migration and invasion. Data from these experiments suggest that

targeting these pathways and molecules may enhance control of chondrosarcoma and

decrease metastasis ratio.

Copyright ª 2012, China Medical University. Published by Elsevier Taiwan LLC. All rights

reserved.

1. Introduction

Chondrosarcoma is the second most common primary

malignant bone tumor after osteosarcoma andmost common

in patients age 20 years or older [1]. It is a malignant bone

tumor of chondrogenic origin, typically occurring in the fourth

and fifth decades of life [2]. Chondrosarcoma can be divided

into primary subtypes, based on histopathology: conven-

tional, dedifferentiated, clear cell, andmesenchymal [3]. Local

invasiveness and metastatic potential primarily depend on

tumor grade and are primary predictors of clinical outcome

[4]. Most diagnosed tumors (>90%) are of the conventional

subtype, with approximately 90% of these showing pathology

of low to intermediate grade (grades 1 and 2).

Chondrosarcomas primarily develop in the skull base in

cartilaginous rests within the synchondroses of basilar skull

bones [5]. These tumors are most commonly observed in the

petrous portion of the temporal bone as well as in petro-

occipital, spheno-occipital, and sphenopetrosal syn-

chondroses areas. Location of these tumors highlights differ-

ences in bone development between the cranial vault and

skull base. Bones of the cranial vault chiefly develop by

intramembranous ossification; those in the skull base form by

endochondral ossification and contain remaining chon-

drocytes, even in the mature skull [6]. Chondrosarcomas

account for 6% of skull base tumors but for only 0.15% of all

intracranial tumors. Most chondrosarcoma is characterized

by low- and intermediate-grade conventional-type lesions

with indolent growth and low metastatic potential. Only 12%

of all skull base chondrosarcomas show mesenchymal type

histopathology, associated with a higher grade and worse

clinical prognosis [7]. Compared to chondrosarcomas with
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conventional histopathologic traits, those with mesenchymal

characteristics are associated with an approximately tenfold

increase in 5-year mortality.

Chondrosarcoma is relatively resistant to radiotherapy and

chemotherapeutic regimens [8,9], making surgical resection

the primary treatment, with an average 5-year survival rate of

50% [8,10]. Because chondrosarcoma is highlymalignant, with

a strong capacity of local invasion and distant metastasis

[11,12], an approach in which ability of a tumor to invade and

metastasize is decreased may facilitate development of

effective adjuvant therapy. Numerous studies have investi-

gated signaling pathways involved in chondrosarcoma growth

and invasion. This article summarizesmolecularmechanisms

involved in chondrosarcoma metastasis.

2. Metastasis of chondrosarcoma

Carcinomas metastasize following a complex succession of

cell-biologic events, collectively termed invasion-metastasis

cascade, whereby epithelial cells in primary tumors invade

locally through surrounding extracellular matrix (ECM) and

stromal cell layers; intravasate into lumina of blood vessels;

survive transport through the vasculature; arrest at distant

organ sites; extravasate into parenchyma of distant tissue;

initially survive in foreign microenvironments for micro-

metastases; and reinitiate their proliferative programs at

these metastatic sites [13]. Many such complex cell-biologic

events are orchestrated by molecular pathways operating

within carcinoma cells. Notably, nonautonomous cell inter-

actions between carcinoma and nonneoplastic stromal cells

play vital roles throughout the invasion-metastasis cascade.

Deregulating these intrinsic and extrinsic signaling cascades

allows incipient metastatic carcinoma cells to generate high-

grade, life-threatening malignancy [13].

Chondrosarcoma is a highly malignant tumor with the

potent capacity to cause local invasion and distantmetastasis,

preferentially in the lungs [14]. Recurrence typically occurs as

pulmonary metastases or, less frequently, metastases to

distant bones or as a local recurrence. Initial steps in pulmo-

nary metastases resemble those of metastases to any other

site. Primary tumor cells invade the surrounding normal

tissue by producing proteolytic enzymes that traverse walls of

small blood vessels in normal tissue or by enzymes induced by

a tumor that then enters the circulation [15]. These tumors

cells then travel to distant organ sites. These events have been

described as inefficient because many cancer cells do not

survive action of normal protective host-surveillance mech-

anisms during these initial stages [16,17]. Surviving cancer

cells can enter the lungs and cause pulmonary metastases.

Malignant cells must possess specific properties for this to

occur: e.g., capacity for migrating to lungs and generating

their own blood supply (Fig. 1). Each step entails important

molecular interaction between tumor cells and normal host

cells, each a potential target for development of drugs

designed to abrogate the metastatic process. This article

highlights several molecular mechanisms mediating cell

motility described for human chondrosarcoma. Numerous

experiments have demonstrated that upregulation of integrin

and matrix metalloproteinases (MMPs), and intercellular

adhesion molecule-1 (ICAM-1) and cyclooxygenase-2 (COX-2)

expression lead to increased tumor cell migration and

invasion.

2.1. Integrin and metastasis of chondrosarcoma

Integrins are transmembrane receptors that connect cells

with their surrounding environments. This superfamily of cell

adhesion receptors recognizes and primarily binds ligands of

ECM, including fibronectin, laminin, collagen, and vitronectin

[18]. Integrins, as primary receptors for cellular adhesion to

ECMmolecules, act as crucial transducers for bidirectional cell

signaling, regulating cell survival, differentiation, prolifera-

tion, migration, and tissue remodeling [19]. Generally, a and

b subunits noncovalently bind to form an ab heterodimer,

with two subunits involved in ligand recognition. Ligand

binding head present in extracellular domain is connected by

two arms, each linked to intracellular domain of integrin by

a single transmembrane helix. All a and b subunits consist of

numerous extracellular domains; a subunits of most integrins

possess a domain of approximately 200 amino acids known as

inserted (I) domain or von Willebrand factor A domain [20].

Cytoplasmic tails of human integrins typically contain fewer

than 75 amino acids. However, the b4 tail contains more than

100 amino acids. Commonly, length of the extracellular

portion is �788 amino acids for b subunits and 1,104 amino

acids for a subunits [20]. In humans, integrins consist of 18

a and 8 b subunits that covalently attach to form 24 unique ab

Fig. 1 e Metastasis of chondrosarcoma. Primary chondrosarcoma promotes new blood vessel formation. These blood

vessels carry cancer cells to capillary beds in the lungs. Aggregates of tumor cells and other blood cells eventually form

embolisms in distant lung capillaries. These cancer cells can then adhere to vascular endothelial cells to escape blood

vessels. While entering the lung, these cells are exposed to factors in the microenvironment that support metastases.
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transmembrane heterodimers, depending on cell type and

cellular functions [21]. After ligand binding, integrin clustering

occurs due to conformational changes, activating a signaling

cascade and recruiting multiprotein complexes to focal

adhesions.

Progression of several diseases is also related to modula-

tion of integrin function and abnormal integrin expression:

deleterious embryonic development, autoimmune diseases,

cardiovascular diseases, and cancer [21]. Several studies

reveal integrin signaling as altered in cancer cells to facilitate

cancer progression by mediating metastasis, tumor invasive-

ness, tumor-induced angiogenesis, lymphangiogenesis, des-

moplasia, and inflammation [22]. Integrins provide an

appropriate tumor microenvironment during tumorigenesis

via crosstalk with growth factor receptors and oncogenes.

Modification in epigenetic regulation of integrin and integrin-

linked kinase gene expression is directly related to carcino-

genesis and cancer stem cell formation [22]. Activation and

elevated expression of integrin-coupled signaling effectors

have been implicated in a wide variety of human cancers,

such as in the breast, colon, prostate, and ovaries [22]. Addi-

tionally, integrin has been implicated in metastasis of the

lung, breast, bladder, and colon [23e25].

Integrins a2, a5, av, b1, and b3, all highly expressed in

chondrocytes, are the focus of multiple functional studies

examining effect of integrin upregulation in chondrosarcoma

cell migration [26e31]. Most data were acquired via Transwell

cell migration and wound healing assays to examine migra-

tion and invasion activity of chondrosarcoma cells (JJ012 and

SW1353 cell lines). Integrin avb3 expression is thought to be

regulated by activation of transforming growth factor-b (TGF-

b), stromal cell-derived factor-1 (SDF-1), leptin, glial cell-

derived neurotropic factor, tumor necrosis factor-a (TNF-a),

and interleukin-8 (IL-8) [26e31] (Table 1). Stimulation of cells

with these factors induced cell migration and avb3 integrin

expression in human chondrosarcoma cell lines. Pretreat-

ment of cells with avb3 antibody or inhibitor (RGD) reduced

cell motility of human chondrosarcoma cells; transfection of

cells with av or b3 integrin small interfering RNA (siRNA) also

reduced cell migration of human chondrosarcoma cells. Yet

avb3 integrin as a functional receptor induces expression of

cysteine-rich protein 61 (Cyr61), connective tissue growth

factor (CTGF) and osteopontin, along with nephroblastoma

overexpressed (NOV)-mediated cell migration and invasion

[32e35]. Hence, inside-out and outside-in integrin signaling is

involved in metastasis of chondrosarcoma. Integrin a2b1 is

a key factor in regulating migratory activity of chon-

drosarcoma cells. Prior results linked a2b1 integrin with

cyclooxygenase-2 (COX-2)-, bradykinin-, and adiponectin-

mediated cell migration of chondrosarcoma cells [36e38]

(Table 1). Stimulation of cells with these factors increased

cell surface and protein levels of a2b1 integrin in human

chondrosarcoma cells. Cell migratory rates were reduced to

control levels by addition of a monoclonal antibody against

integrin a2b1. Furthermore, a5b1 integrin mediated insulin-

like growth factor-I (IGF-I) cell motility of chondrosarcoma

cells [39] (Table 1). Therefore, avb3, a2b1, and a5b1 are major

integrin components in chondrosarcoma metastasis.

2.2. MMPs and metastasis of chondrosarcoma

MMPs, or matrixins, a subfamily of metalloproteases,

comprise 23 distinct proteases in humans. MMP was first

identified in 1962 as responsible for degradation of fibrillar

collagen in tadpole tails during metamorphosis and thus

termed interstitial collagenase [40]. After identification of

a similar collagenase in human skin, this protease was

renamed MMP-1. MMPs have since been identified as major

enzymes responsible for turnover of the ECM by proteolytic

degradation of virtually all proteinaceous ECM components

[41]. MMPs are primarily excreted proteins with several

conserved domains. All contain a catalytic domain shielded by

prodomain in an inactive form of the enzyme; this propeptide

interacts with a catalytic region through conserved cysteine

residue and Zn2þ ion in the catalytic pocket. Except forMMP-7,

MMP-23, and MMP-26, all MMPs contain a C-terminal

hemopexin-like domain that functions primarily as

a substrate recognition sequence [42]. Although MMPs retain

catalytic activity toward a wide range of substrates when this

domain is absent, the hemopexin domain, which has a four-

blade propeller structure with each blade consisting of four

antiparallel b-sheets and one a-helix, is essential for degra-

dation of triple-helical collagens [43]. Gelatinases (MMP-2

and -9) contain a series of three fibronectin type II inserts in

the catalytic domain, which facilitate binding of gelatin and

collagen [43].

MMP function is regulated at several levels. First, induction

of gene expression is controlled by numerous growth factors

and cytokines and may be suppressed by TGF-b and gluco-

corticoids. Recent studies indicate a pivotal modulatory role

for epigenetic processes in MMP expression [44]. In addition to

regulation by soluble factors, MMP expression may also be

regulated by cell-cell contact or interaction of cells with ECM

components such as ECM metalloprotease inducer or CD147

(EMMPRIN). Expressed MMPs are largely excreted as inactive

proenzymes, with propeptide effectively limiting substrate

entrance into and catalysis in the catalytic pocket by blocking

the catalytic zinc (II) ion via a cysteine switch mechanism.

Activation of proMMPs occurs through several mechanisms,

all of which disrupt cysteine switch. The most important

mechanism may be proteolytic removal of the prodomain by

other endopeptidases such as furin [45]. Removal of the MMP

prodomain, which contains a furin-like proprotein convertase

recognition site, has been described for nine MMPs, including

all membrane-type MMPs. Alternatively, the prodomain can

be proteolytically removed by plasmin and other serine

proteases or even other MMPs. This mechanism is well

described for MMP-2 for which proMMP-2 binds the

Table 1 e Integrin and metastasis of chondrosarcoma.

Integrin Activators

avb3 TGF-b, SDF-1, leptin, GDNF, TNF-a, IL-8

a2b1 COX-2, bradykinin, adiponectin

a5b1 IGF-I

COX-2 ¼ cyclooxygenase-2; IGF-I ¼ insulin growth factor-I;

IL-8 ¼ interleukin-8; SDF-1 ¼ stromal cell-derived factor-1;

TGF¼ transforming growth factor-b; TNF¼ tumor necrosis factor-a.
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endogenous MMP inhibitor tissue inhibitor of metal-

loproteases 2 (TIMP-2). This complex in turn serves as ligand

for membrane-bound MMP-14 (or membrane type 1 MMP),

leading to activation of MMP-2 [45].

MMPs play vital roles in many processesdcell prolifera-

tion, differentiation, apoptosis, migrationdthrough degrada-

tion of both matrix and nonmatrix substrates [46e48]. These

processing enzymes exhibit linkage to cancer and tumor

progression, during which proteolysis of the ECM is required

to accommodate increased growth,migration, and invasion of

tumor cells. Expression of MMP-1, MMP-2, MMP-3, MMP-9, and

MMP-13 has been demonstrated in human chondrosarcoma

cells [49]. MMP-1 is particularly important in chondrosarcoma,

as it is upregulated in locally invasive tumors and is respon-

sible for degradation of collagen in cartilaginous tissue.

Transfection of cells with MMP-1 siRNA reduced chon-

drosarcoma cell motility [50]. In contrast, thrombin and Wnt-

induced secreted protein-1 (WISP-1) induced cellmigration via

upregulation of MMP-2 [51,52]. Stimulation of cells with

thrombin and WISP-1 increased MMP-2 enzyme and protein

expression. An MMP-2 siRNA and inhibitor also reduced

motility of chondrosarcoma cells. MMP-3 is secreted as an

inactive soluble proform, activated by a variety of proteases

[49] (Table 2). Tang et al. [53] demonstrated that C-C motif

ligand 5 (CCL5) enhances MMP-3 expression and cell migra-

tion. MMP-3 inhibitor or siRNA blocked CCL5-mediated cell

migration and invasion. By contrast, MMP-9 upregulation is

involved in osteopontin-mediated cell motility [34] (Table 2).

Most effective for degrading type II collagen is MMP-13,

thought to participate actively in situations that require

rapid and effective remodeling of collagenous ECM is [49].

Previous studies show MMP-13 involved migration of human

chondrosarcoma cells induced by bone morphogenetic

protein-2 (BMP-2), Cyr61, CTGF, NOV, and IL-6 expression

[32,33,35,54,55] (Table 2). MMP-1, MMP-2, MMP-3, MMP-9, and

MMP-13 are major MMPs contributing to metastasis of chon-

drosarcoma cells.

2.3. Intercellular adhesion molecule-1 and metastasis of
chondrosarcoma

ICAM-1 (also known as CD54), a member of the immunoglob-

ulin (Ig) supergene family, is an inducible surface glycoprotein,

primarily expressed in leukocytes, endothelial cells, and

fibroblasts, which mediates adhesion-dependent, cell-cell

interactions [56,57]. ICAM-1 possesses five extracellular Ig-like

domains, a transmembrane segment, and a short cytoplasmic

tail.Human ICAM-1hasfiveextracellular Ig-likedomains, each

presenting differences in ligand specificity: e.g., lymphocyte

function-associated antigen-1 (LFA-1) antigen shows a binding

preference for the first Ig domain, whereas Mac-1 binds to the

third domain of extracellular regions of amolecule. The first Ig

domain also harbors a binding site for major group human

rhinoviruses and Plasmodium falciparum-infected erythrocytes

[56,57]. The extracellular domain of ICAM-1 is crucial for

transendothelial migration of leukocytes from the capillary

bed into the tissue [58], and ICAM-1 may facilitate movement

(or retention) of cells through the ECM [58].

The variable binding ability of ICAM-1 is directly related to

the multifunctional physiologic and biologic roles of this

molecule. Participation of ICAM-1 in inflammatory processes

and in migration of activated leukocytes in inflammatory foci,

first studied in the skin, is well established [59]. This complex

process is mediated by several adhesive molecules expressed

on both leukocyte and endothelial membrane. ICAM-1 is also

a potent costimulatory molecule in T cell-mediated cytotox-

icity; contribution of this adhesive molecule to host immune

response led to a hypothesis that inhibition of ICAM-1 expres-

sion may correlate with cancer, because cancer is in fact

a cascade of reactions closely connected to loss of normal

immune surveillance. Conformational change in ICAM-1 and/

or significantly altered concentration of its soluble form will

positively correlate with breast cancer, hematologic malig-

nancies, gastrointestinal cancer, and melanoma [59]. ICAM-1

plays a key role in lung cancer cell invasion [60]. ICAM-1 anti-

body or antisense ICAM-1 complementary DNA is likewise re-

portedto reduce invasivenessofbreastcancercells [61]. ICAM-1

regulates motility of human chondrosarcoma cells [62]. Addi-

tionally, protein levels of ICAM-1 in human chondrosarcoma

patients were significantly higher than in healthy patients.

Treatment of chondrosarcoma with CCN6 demonstrably

induces ICAM-1mRNAandproteinexpression. Pretreatmentof

cellswith ICAM-1Abor transfectionof cellswith ICAM-1 siRNA

reduced CCN6-induced cell migration [62]; ICAM-1 thus plays

an important role in motility of chondrosarcoma cells.

2.4. COX-2 and metastasis of chondrosarcoma

COXs are rate-limiting enzymes that catalyze conversion of

arachidonic acid to prostaglandins (PGs). Two COX isoforms

with distinct tissue distributions and physiologic functions

have been identified [63]. COX-1 is constitutively expressed in

many tissues and important for control of homeostasis [64].

Conversely, COX-2 is an inducible enzyme activated by

extracellular stimuli such as growth factors and proin-

flammatory cytokines [65]. Recent investigations indicate

overexpression of COX-2 frequently observed inmany types of

cancer (colon, lung, breast, pancreas, head, and neck) [66e68],

typically associated with poor prognosis and short survival

time. Four prostaglandin E (PGE) receptor subtypes have been

identified (EP1-EP4) and their effects on human cancer cells

analyzed [69]. Studies show EP1 as coupled to Ca2þ mobiliza-

tion; EP2 and EP4 activate adenylate cyclase, whereas EP3

inhibits adenylate cyclase [69,70]. These studies indicate

cancer cells expressing multiple subtypes of PGE receptor;

Table 2 e MMPs and metastasis of chondrosarcoma.

MMPs Activators

MMP-2 Thrombin, WISP-1

MMP-3 CCL5

MMP-9 Osteopontin

MMP-13 BMP-2, Cyr61, CTGF, NOV, IL-6

BMP-2 ¼ bone morphogenetic protein-2; CCL5 ¼ C-C motif ligand 5;

CTGF ¼ connective tissue growth factor; Cyr61 ¼ cysteine-rich

protein 61; IL-6 ¼ interleukin-6; MMP ¼ matrix metalloproteinase;

NOV ¼ nephroblastoma overexpressed; WISP-1 ¼ Wnt-induced

secreted protein-1.
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each subtypemay link to diverse actions of PGE2. Liu et al. [36]

reported overexpression of COX-2 or exogenous PGE2,

increasing migration of human chondrosarcoma cells. Also,

human chondrosarcoma tissues and chondrosarcoma cell

lines significantly expressed COX-2 at levels above those in

normal cartilage. Using pharmacologic inhibitors, activators,

or genetic inhibition of EP receptors, Liu et al. found the EP1

receptor, not other PGE receptors, involved in PGE2-mediated

cell migration [36]. COX-2/PEG2/EP1 axis thus plays a vital role

in metastasis of chondrosarcoma cells.

3. Discussion

Unlike in cases of mesenchymal malignancies such as oste-

osarcoma and Ewing sarcoma in which dramatic increases in

long-term survival are reported with the advent of systemic

chemotherapy, cases of chondrosarcoma continue to show

poor prognosis because of lack of effective adjuvant therapy

[12]. The metastatic potential of conventional chon-

drosarcomas correlates well with histologic grade of the

tumor. Because of the relatively indolent growth rates of

many low- and moderate-grade chondrosarcomas, approxi-

mately 15% of patients die of metastatic disease more than 5

years after initial diagnosis [12]. It thus is important to develop

an effective adjuvant therapy for preventing chondrosarcoma

metastasis. This article summarized recent studies examining

metastasis of chondrosarcoma. Identifying signal pathways

increases understanding of human chondrosarcoma metas-

tasis, which may yield effective therapy.
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a b s t r a c t

Chronic hepatitis C affects more than 180 million people worldwide. As one of the most

important infectious diseases, it causes around 250,000 deaths per year. A long-term

follow-up cohort study is essential for evaluating health outcomes associated with virus

infection, and for exploring potential seromarkers that have high predictability for risk of

developing various diseases. However, the prospective cohorts consisted of individuals

with chronic hepatitis C virus (HCV) infection are still rare. The Risk Elevation of Viral Load

Elevation and Associated Liver Disease/Cancer in HCV (REVEAL-HCV) study has followed

a cohort of 1095 residents seropositive for anti-HCV antibodies lived in seven townships in

Taiwan for 15 years. These anti-HCV seropositives were asymptomatic and relatively more

healthy than chronic hepatitis C patients cared in clinics and hospitals. Most of them

acquired HCV infection through iatrogenic transmission routes in study townships. The

epidemiological characteristics of HCV infection were very similar to those in countries

with high prevalence such as Japan, Korea, Italy, and India. As the participants in the

REVEAL-HCV study rarely received antiviral therapies, it provided an exceptional oppor-

tunity to study the natural history of chronic HCV infection. In this review article, we

describe the details of participant enrollment, laboratory tests, follow-up procedures, and

major recent findings. Anti-HCV seropositives with elevated serum HCV RNA levels were

found to have an increasing risk of developing hepatocellular carcinoma in a dose-

response relationship. In addition to the serum HCV RNA level, serum alanine amino-

transferase levels and HCV genotype also had long-term predictability for the risk of

hepatocellular carcinoma. Moreover, anti-HCV seropositives with detectable serum HCV

RNA levels had an increased mortality from extrahepatic diseases such as cerebrovascular

and renal diseases. Our study revealed that anti-HCV seropositives with detectable serum

HCV RNA levels had an increased risk of hepatic and extrahepatic diseases.
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1. Introduction

Hepatitis C virus (HCV) is recognized as a major cause of

chronic liver disease. Liver cirrhosis eventuates in 20% to

30% patients with chronic HCV infection, generally after 2 to

3 decades [1]. Once cirrhosis occurs, hepatocellular carci-

noma develops in 1% to 4% of these patients per year [2].

HCV was estimated to be attributable to one third of hepa-

tocellular carcinoma cases globally [3]. Due to successful

hepatitis B virus vaccination programs, HCV related health

burdens are emerging quickly in Asian countries and

represent a great public health burden [4]. Because a vaccine

is not available and treatment options are still limited and

expensive, the efforts of infection controls should be

focused on primary prevention. A long-term follow-up

cohort may help evaluate the incidence and mortality of

various diseases associated with chronic HCV infection. In

this review article, we describe the study population,

enrollment and follow-up procedures, recent findings and

future perspectives of Risk Elevation of Viral Load Elevation

and Associated Liver Disease/Cancer in HCV (REVEAL-HCV)

study.

2. REVEAL-HCV study cohort

The REVEAL-HCV study cohort was recruited from a commu-

nity-based cancer screening program conducted in Taiwan

during 1991 to 1992. There were seven townships selected as

the study areas, including two northern townships (Sanchi

and Chutung) and two southern townships (Potzu and

Kaohsu) on main Taiwan Island, and three townships

(Makung, Huhsi, and Paihsa) on Penghu Islets.

There were 89,293 inhabitants aged 30 to 65 years in the

seven study townships invited to participate in the study,

and 23,820 (11,973 males and 11,847 females) were enrolled

after giving written informed consent. The vital status of the

study participants were followed by the computerized

linkage with the national cancer registration and death

certification profiles. The national identification number,

date of birth, and sex were used as the linking variables to

double-check the vital status and causes of death of study

participants. At enrollment, the participants were person-

ally interviewed using structured questionnaires by well-

trained public health nurses. The information collected

included the sociodemographic characteristics (age, sex,

educational levels, occupation, etc.), habits of life styles

(cigarette smoking, alcohol consumption, betel nut chew-

ing), and personal and family history of major diseases.

Anthropometric measurements including weight and height

were also performed.

In addition to the questionnaire interview, 10 mL blood

samples were collected from each participant at study entry.

The blood samples were obtained using disposable needles

and heparinized vacuum syringes. They were fractioned on

the day of collection and stored at e70�C until assayed.

Serum samples of all participants were tested for hepatitis B

surface antigen (HBsAg) by radioimmunoassay (Abbott

Laboratories, North Chicago, IL, USA), anti-HCV by enzyme

immunoassay (Abbott Laboratories), serum levels of aspi-

rate aminotransferase (AST) and alanine aminotransferase

(ALT) by serum chemistry autoanalyzer (Model 736, Hitachi,

Tokyo, Japan) using commercial reagents (Biomerieux,

Marcy L’Etoile, France).

Participants who were seropositive for anti-HCV were

further examined for serum HCV RNA levels by polymerase

chain reaction using the COBAS TaqMan HCV test, v2.0 (Roche

Diagnostics, Indianapolis, NJ, USA), and an in vitro nucleic acid

amplification test for the quantification of HCV RNA. The

quantificationmethod used the high pure system viral nucleic

acid kit for manual specimen preparation and the COBAS

TaqMan 48 Analyzer for automated amplification and detec-

tion. The manufacturer’s procedures for sample preparation

to extract HCV RNA, automated reverse transcription of the

target RNA to generate complementary DNA, and amplifica-

tion of target cDNA were followed. In any test procedure,

a replicate of negative, low-positive, and high-positive

controls were included in each run for HCV RNA quantifica-

tion. The HCV RNA titer was expressed in international units

(IU)/mL according to theWHO International Standard for HCV

RNA NAT assays, and the linear range for the COBAS TaqMan

HCV test was from 25 IU/mL to 3.9�108 IU/mL. Moreover,

those with positive serum HCV RNA levels were examined for

HCV genotypes by melting curve analysis, which could effec-

tively differentiate different HCV genotypes by showing

different melting temperatures [5,6]. In the REVEAL-HCV

study, HCV genotype-1 and HCV genotype non-1 were

differentiated.

Participants seropositive for HBsAg or anti-HCV were

invited to receive regular health examinations. The health

examinations included abdominal ultrasonography exami-

nations and blood tests. The certified hepatologists

performed the high-resolution real-time abdominal ultra-

sonography and interpreted according to a standardized

protocol. Liver cirrhosis was determined based on a quanti-

tative scoring system, which was derived from the appear-

ance of liver surface (normal, irregular, undulated), liver

parenchymal texture (normal, heterogeneous, coarse),

intrahepatic blood vessel size (normal, obscure, narrowing),

and splenic size (normal, enlarged) [7e9]. The serological

tests included serum levels of AST, ALT, and a-fetoprotein.

To ensure all study participants received standard care,

those who had abnormal serum levels of ALT and/or a-

fetoprotein levels and ultrasonographic findings were

referred to hepatologists in medical centers for further

clinical managements.

There were 1095 participants seropositive for anti-HCV but

seronegative for HBsAg. Among them, 975 (89%) had adequate

retrievable serumsamples for HCVRNA test. Comparing those

who had adequate serum samples (n¼ 975) and those without

adequate serum samples for HCV RNA test (n¼ 120), there

were no significant differences in the distributions of baseline

characteristics except for gender. However, for the 975 anti-

HCV seropositives with adequate samples for HCV RNA test,

the proportion of gender was similar to that of all 1095 anti-

HCV seropositives.
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3. Seroprevalence of anti-HCV by age and
gender

There were 1313 participants seropositive for anti-HCV, giving

seroprevalence of 5.5% in our study population. The seropre-

valence increasedwith age. For females, the seroprevalence of

HCV was 3.0%, 3.6%. 4.2%, 6.8%, 7.3%, 9.7%, and 9.8%,

respectively, for the 30 to 34, 35 to 39, 40 to 44, 45 to 49, 50 to 54,

55 to 59, and 60 to 65 year age groups. The corresponding

seroprevalence for males was 2.7%, 3.7%, 3.2%, 5.2%, 5.6%,

6.4%, and 6.1%, respectively. As shown in Fig. 1, females had

higher age-specific anti-HCV seroprevalence than males with

the overall seroprevalence of 6.2% versus 4.8%, respectively.

Themajor risk factors of HCV infection in the REVEAL-HCV

study population were iatrogenic risk factors including blood

transfusion, hemodialysis, medical injections, and dental

procedures. In our previous reports,>80%HCV infection could

be attributable to iatrogenic factors [10,11]. Older people had

an increased chance to receive multiple medical injections

and had an increased cumulative risk of HCV infection in their

lifetime. The gender difference in the seroprevalence of HCV

infection might be explained by: 1) females being more con-

cerned about their minor illness and more likely to receive

glucose-based nutrient or vitamin injections than males,

which were frequently prescribed to sick people; or 2) males

infected with HCV having a higher mortality rate than infec-

ted females, thus the anti-HCV prevalence in males would

more likely to be lower than females due to a faster attrition of

the HCV-infected [12].

4. HCV RNA seropositive rate and its
associated baseline characteristics

Serum HCV RNA was detectable in 676 (69.3%) anti-HCV

seropositives in the REVEAL-HCV study cohort. Table 1

shows the HCV RNA seropositive rate by baseline character-

istics. The HCV RNA seropositive rate was 78.8% in males and

62.0% in females, suggesting that females were more likely to

have spontaneous seroclearance of HCV RNA. Participants

with the habit of cigarette smoking or alcohol consumption

had a higher HCV RNA seropositive rate than those without

these habits. However, the associations might result from the

higher proportions of cigarette smokers and alcohol drinkers

inmales than females. After adjustment for gender, there was

no association between theHCVRNA seropositivity and habits

of cigarette smoking and alcohol drinking. There was no

significant association with HCV RNA seropositivity for body

mass index (BMI) and history of diabetes.

Participants with increasing serumALT levels had elevated

HCV RNA seropositive rates. In comparison to those with

serum ALT levels �15 U/L as the referent, the sex-adjusted

odds ratio [95% confidence interval (CI)] of having detectable

serum HCV RNA levels was 3.69 (2.69e5.06) and 10.18

(5.58e18.60), respectively, for serum ALT levels of 15 to 45 U/L

and higher than 45 U/L. Males had a 2.26-fold (95% CI

1.66e3.07) higher risk of having detectable serum HCV RNA

after adjustment for serum ALT levels. It is interesting to note

that females had a higher anti-HCV seroprevalence, as shown

in Fig. 1, but a lower HCV RNA seropositive rate among anti-

HCV seropositives than males, as shown in Fig. 2. It suggests

that the serum HCV RNA level might be a seromarker to be

considered in management of anti-HCV seropositives.

However, the importance and significance of this seromarker

should be further evaluated by comparing the health

outcomes between HCV RNA seronegative and seropositive

participants who were seropositive for anti-HCV.

5. Incidence of hepatocellular carcinoma by
baseline characteristics

There were 101 newly developed hepatocellular carcinoma

(HCC) cases that occurred after 17,944 person-years of follow-

up, giving an incidence rate of 562.9 per 100,000 person-years.

Table 2 shows the number of participants, person-years of

follow-up, number of HCC cases, and the incidence rate of

HCC by baseline characteristics. Older individuals, or those

with habits of cigarette smoking or alcohol consumption,

increased BMI (�25 kg/m2), elevated serum ALT levels, or

detectable serum HCV RNA levels had an increased incidence

of HCC among the 1095 anti-HCV seropositives who were

seronegative for HBsAg. The baseline characteristics thatwere

significantly associated with increased HCC risk in univariate

analyses were included in the subsequent multivariate anal-

yses. Participants with older age, a habit of cigarette smoking

or alcohol consumption, or increased BMI still had a signifi-

cantly increased HCC risk after adjustment for each other, but

no significant association was observed for habits of cigarette

smoking or alcohol consumption after further adjustment for

serum levels of ALT and HCV RNA.

In comparison to those with serum ALT levels �15 U/L as

the referent group, the adjusted-hazard ratio (95% CI) was 1.78

(1.01e3.14) and 2.98 (1.65e5.40), respectively, for serum ALT

levels of 16 to 44 U/L and �45 U/L. Individuals with detectable

serumHCV RNA had 5.67 times greater risk of HCC than those

with undetectable HCV RNA. In a recent study [13], it was

found that serum levels of ALT and HCV RNA and HCV

genotype had long-term predictability for HCC. These sero-

markers had predictability 5 years or earlier than theFig. 1 e Seroprevalence of anti-HCV by age and gender.
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occurrence of HCC. After 15 years of follow-up, the cumulative

HCC risk was only 0.4% for participants seronegative for anti-

HCV. There was an increasing cumulative HCC risk for anti-

HCV-seropositive participants with undetectable, low, and

high serum HCV RNA (1.1%, 6.4%, and 14.7%, respectively,

p< 0.001 for trend). Among participants seropositive for anti-

HCV, the cumulative HCC risk was 1.7%, 4.2%, and 13.8% for

serum ALT levels of persistently �15 U/L, 15 to 45 U/L, and

>45 U/L, respectively ( p< 0.001 for trend). Among partici-

pants with detectable serum HCV RNA, the cumulative HCC

incidencewas 12.6% for HCV genotype 1 and 4.5% for genotype

non-1 ( p< 0.001) [13]. Moreover, the increasing HCC risk by

the elevating serum levels of HCV RNA was found not only in

men but also in women [14].

6. All causes and liver-related mortality by
baseline characteristics

Table 3 shows all-causes and liver-related mortality rates and

associated hazard ratios for each baseline characteristic. The

mortality rate from all causes was 1557.7 per 100,000 person-

years and the liver-related mortality rate was 493.5 per

100,000 person-years, respectively. The cumulative mortality

from all causes of death was 30.1% and 12.8% after 17 years of

follow-up for participants with detectable and undetectable

serumHCVRNA, respectively. Similarly, thosewith detectable

serum HCV RNA had an increased cumulative mortality from

liver-related diseases compared with those with undetectable

Fig. 2 e Seropositive rate of HCV RNA among anti-HCV-

seropositives by age and gender.

Table 1 e HCV RNA seropositive rates by baseline characteristics in REVEAL-HCV study.

Baseline
characteristics

Total
n¼ 975

HCV RNA
undetectable
n¼ 299 (30.7%)

HCV RNA
detectable

n¼ 676 (69.3%)

p value

Sex

Females 550 209 (38.0%) 341 (62.0%) <0.001

Males 425 90 (21.2%) 335 (78.8%)

Age at recruitment, years

30e39 163 55 (33.7%) 108 (66.3%) 0.49

40e49 217 72 (33.2%) 145 (66.8%)

50e59 399 113 (28.3%) 286 (71.7%)

60e65 196 59 (30.1%) 137 (69.9%)

Cigarette smoking

Never 701 245 (35.0%) 456 (65.0%) <0.001

Yes 270 52 (19.3%) 218 (80.7%)

Unknown 4 2 2

Alcohol consumption

No 893 286 (32.0%) 607 (68.0%) 0.003

Yes 80 13 (16.2%) 67 (83.8%)

Unknown 2 0 2

Body mass index (kg/m2)

<25 589 170 (28.9%) 419 (71.1%) 0.12

�25 385 129 (33.5%) 256 (66.5%)

Unknown 1 0 1

History of diabetes

No 930 285 (30.6%) 645 (69.4%) 0.78

Yes 42 12 (28.6%) 30 (71.4%)

Unknown 3 2 1

Serum ALT level (U/L)

�15 429 207 (48.3%) 222 (51.7%) <0.001

16e45 387 79 (20.4%) 308 (79.6%)

>45 159 13 (8.2%) 146 (91.8%)

ALT¼ alanine aminotransferase.
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serum HCV RNA, with the cumulative mortality of 12.8% and

1.6% [15]. Generally, male gender, older age, habits of cigarette

smoking and alcohol consumption, BMI �25 kg/m2, history of

diabetes, elevated serum ALT levels, and detectable serum

HCV RNA levels were associated with an increased mortality

from all causes or liver-related deaths. After adjustment for

potential risk factors, participants with detectable serumHCV

RNA had an increased risk for all causes of death and hepatic-

related deaths with the adjusted hazard ratio (95% CI) of 2.78

(1.56e3.33) and 6.53 (2.32e18.37), respectively. This implies

that those with detectable serum HCV RNA levels might die

from other extrahepatic diseases in addition to hepatic

diseases. Our findings indicate that the serum HCV RNA level

is an important marker for management of individuals sero-

positive for anti-HCV.

7. HCV infection and deaths from
extrahepatic diseases

The mortality from extrahepatic diseases was 1064.2 per

100,000 person-years for the participants in the REVEAL-HCV

cohort. Among participants seronegative for HBsAg, the

cumulative mortality from extrahepatic diseases after 17

years of follow-up was 12.2% for anti-HCV seronegatives and

17.7% for anti-HCV seropositives. In other words, partici-

pants seropositive for anti-HCV had a 1.4-fold increased risk

of dying from extrahepatic diseases after adjustment for age

and sex. Anti-HCV seropositives had an increased mortality

from either extrahepatic cancers or extrahepatic diseases

other than cancers with age-sex-adjusted hazard ratio (95%

CI) of 1.23 (0.92e1.65) and 1.43 (1.19e1.73), respectively. Fig. 3

shows the associations between extrahepatic deaths and

HCV infection. The HCV infection was associated with an

increased mortality from circulatory diseases. Based on the

long-term follow-up design of the REVEAL-HCV study, there

was a correct causal temporality for the HCV-induced

atherosclerotic diseases [16]. Moreover, the increasing

serum HCV RNA levels were found to be associated with

mortality from cerebrovascular disease in a dose-response

relationship after adjustment for conventional risk factors

for cerebrovascular disease. Compared with participants

seronegative for anti-HCV as the referent group, the

multivariate-adjusted hazard ratio (95% CI) of dying from

cerebrovascular disease was 1.43 (0.63e3.23), 2.29 (1.38e3.82),

and 2.81 (1.25e6.35), respectively, for anti-HCV-seropositive

participants with undetectable, low, and high serum levels

of HCV RNA ( p< 0.001 for trend). However, there was no

significant association between HCV genotype and mortality

from cerebrovascular disease [17]. In addition, HCV infection

was associated with an increased mortality from renal

disease and cancers of the esophagus, prostate, and thyroid,

and the mortality was even higher for those with detectable

serum of HCV RNA [15].

Table 2 e Numbers of participants, person-years of follow-up, hepatocellular carcinoma case numbers and incidence rates
by baseline characteristics.

Baseline
risk factors

No. (%) of
participants

Pearson-years
of follow-up

No. of
hepatocellular

carcinoma cases

Incidence rate
per 100,000
person-years

Crude hazard
ratio (95% CI)

Multivariate
adjusted hazard
ratio (95% CI)

Sex

Females 630 (57.5) 10430 51 489.0 1.00 Not included

Males 465 (42.5) 7514 50 665.4 1.36 (0.92e2.01)

Age at recruitment, years

30e39 186 (17.0) 3148 3 95.3 1.00 1.00

40e49 243 (22.2) 4055 11 271.3 2.86 (0.80e10.26) 2.45 (0.68e8.80)

50e59 444 (40.6) 7196 56 778.2 8.32 (2.60e26.57) 5.70 (1.77e18.37)

60e65 222 (20.3) 3546 31 874.3 9.36 (2.86e30.62) 6.78 (2.05e22.39)

Cigarette smoking

Never 793 (72.7) 13092 65 496.5 1.00 1.00

Ever 298 (27.3) 4782 36 752.8 1.52 (1.01e2.29) 1.12 (0.70e1.80)

Alcohol consumption

No 1007 (92.1) 16540 87 526.0 1.00 1.00

Yes 86 (7.9) 1371 13 948.3 1.83 (1.02e3.28) 1.38 (0.69e2.76)

Body mass index (kg/m2)

<25 663 (60.7) 11003 45 409.0 1.00 1.00

�25 430 (39.3) 6906 56 810.9 2.01 (1.36e2.97) 1.76 (1.16e2.67)

History of diabetes

No 1043 (95.7) 17115 95 555.1 1.00 Not included

Yes 47 (4.3) 747 6 802.7 1.48 (0.65e3.37)

Serum ALT level (U/L)

�15 495 (45.2) 8302 21 252.9 1.00 1.00

16e44 426 (38.9) 6950 43 618.7 2.49 (1.48e4.19) 1.78 (1.01e3.14)

�45 174 (15.9) 2692 37 1374.4 5.66 (3.31e9.67) 2.98 (1.65e5.40)

Serum HCV RNA level (IU/mL)

<25 (undetectable) 299 (30.7) 5040 5 99.2 1.00 1.00

�25 (detectable) 676 (69.3) 10943 86 785.9 8.08 (3.28e19.90) 5.67 (2.25e14.31)

ALT¼ alanine aminotransferase.
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8. Advantages and limitations of the
REVEAL-HCV study

Chronic hepatitis C patients in Taiwan rarely received anti-

viral treatment with interferon due to its high cost and

adverse effects until November 2003, when patients with

abnormal serum ALT levels (>82 U/L) and moderate fibrosis

proven by liver biopsy could be reimbursed for treatment by

the National Health Insurance. Therefore this cohort study

may be considered as a natural history study of chronic

hepatitis C. To ensure that study participants received stan-

dard care, those who had abnormal serum levels of ALT and

a-fetoprotein or abnormal ultrasonographic findings were

referred tomedical centers for further clinical management in

this study. This cohort, consisting of 1000 anti-HCV seropos-

itives, provided an exceptional opportunity to examine the

seromarker changes and liver disease occurrence of anti-HCV

seropositives during the natural course of HCV infection.

Participants enrolled in the REVEAL-HCV cohort lived in

the community. Unlike other cohorts, which enrolled patients

with experiences of drug injections [18] or HCV-contaminated

vaccinations [19,20], the exact time of HCV infection was

unavailable for our participants. As the major risk factors of

HCV infection in the REVEAL-HCV cohort were iatrogenic

factors, it was difficult to obtain the exact time of HCV infec-

tion; the information on advanced fibrosis or mild cirrhosis

was not available in this community-based cohort because it

is not practical to have asymptomatic participants examined

by liver biopsy. Liver cirrhosis is an intermediate clinical

outcome before the occurrence of HCC among chronic hepa-

titis C patients. Based on the abdominal ultrasonographic

examination and serial tests of serum levels of AST and ALT,

>80% of newly-developed HCC cases in participants seropos-

itive for anti-HCV had liver cirrhosis detected by ultrasonog-

raphy and/or an increased ratio between serum levels of AST

and ALT.

9. Summary

Based on the REVEAL-HCV cohort study, we found that anti-

HCV seropositives with detectable serum HCV RNA levels

had an increased risk of both hepatic and extrahepatic

diseases. Anti-HCV seropositives with undetectable serum

HCV RNA levels had cumulative HCC risk similar to anti-HCV

seronegatives (1.1 vs. 0.4%), implying that antiviral treatment

to aid seroclearance of HCV RNA may benefit patients. In

addition, the findings suggest that clinical patients experi-

enced sustained virologic response after receiving antiviral

therapy may have reduced HCC risk and improved survival

[21e26]. Recent trials showed that use of direct-acting anti-

viral agents may achieve sustained virologic response among

patients who had not had a response to prior therapy [27,28].

Our study provides evidence that patients with HCV infection,

particular for those with active HCV infection (seropositive for

HCV RNA), should be encouraged for intensive management

because they had an increased risk of HCC andmortality from

hepatic or extrahepatic diseases. We also found that the

prevalence of anti-HCV in a community was associated with

HCV RNA seropositive rate among anti-HCV seropositives in

the community, suggesting that anti-HCV seropositives with

detectable serum HCV RNA levels played a major role in the

transmission of the virus in the community [12]. For the

control of hepatic or extraheptic diseases and virus infection,

anti-HCV seropositives should be tested for serum HCV RNA

levels by a sensitive assay. Those with active HCV infection

should be instructed to be aware of HCV-related health

outcomes and HCV transmission routes as well as the need to

take actions for HCV RNA seroclearance.

10. Future perspectives

Recently, human genetic variants predicting successful

treatments have been identified by genome-wide association

study (GWAS) from several independent study groups [29e31].

They studied different ethnic populations and found that

genetic variants near the IL28B gene were associated with

antiviral response in patients infected with HCV genotype 1.

Two single nucleotide polymorphisms (SNPs) near the inter-

leukin 28B gene (IL28B, also called IFNl3), rs12979860 and

rs8099917, were associated with antiviral treatment response

in chronic hepatitis C patients [29e31]. The C allele of the SNP

(rs12979860) was found to be associated with the spontaneous

clearance of HCV in a follow-up study [32]. A recent study

showed that Taiwanese patients with chronic hepatitis C

receiving antiviral therapy have a lower daily viral production

rate than western patients, and the rs8099917 TT genotype

may contribute to the increased viral clearance rate and better

virological responses [33]. These findings imply that host

genetic factors may be involved in the natural course of HCV

infection and the pathogenesis of liver diseases. IL28B poly-

morphism (T allele) seems to be involved in the development

of HCV-induced HCC and the course of HCV recurrence after

liver transplantation in a recent study [34]. In Taiwan, most

chronic hepatitis C patients carried the favorable genotype

associated with better treatment responses and the minor

allele frequency (T of rs12979860 andG of rs8099917) were very

rare [35e38]. To better understand the associations between

the SNPs near IL28B and the risk of liver cirrhosis or HCC,

a study with a large sample size is needed. In addition to the

IL28B gene, a recent GWAS conducted in Japan identified SNPs

associated with the occurrence of hepatocellular carcinoma

among chronic hepatitis C patients [39,40]. It will be

Fig. 3 e Hepatitis C virus infection and mortality from

extrahepatic diseases.
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interesting to discover these genetic variants to understand

the pathogenesis of liver disease progression further or to

apply them as diagnostic or risk predictive biomarkers [41].

Although high-throughput technologies to discover human

genetic variants have developed rapidly to accelerate the

genotyping, validation of genetic markers in other external

populations is still essential and functional studies are

needed. Moreover, to stratify high-risk patients who need

intensive care is essential. Recently, several study groups

focus on the development of prediction models for liver-

related outcomes among chronic hepatitis C patients

[41e47], which may aid physicians to communicate with

patients and enhance patients’ compliance to receive stan-

dard care. In Taiwan, pegylated-interferon plus ribavirin is the

standard care for chronic hepatitis C patients [48,49]. The

sustained virologic response rate for patients with genotype 1

was around 70% [25,49]. It will be important to follow the

subsequent risk for liver-related outcomes among patients

with sustained virologic response or with nonvirologic

response as well as to compare the disease burdens occurred

in patients with treatment experiences or not [50]. Collabo-

rative studies to understand the diseases associated with HCV

infection better and to promote appropriate clinical manage-

ments of chronic hepatitis C patients are in urgent need.

Appendix

Other Members of the REVEAL-HCV Study Group: National

TaiwanUniversity Hospital: C. Y. Hsieh, H.S. Lee, P. M. Yang, C.

H. Chen, J. D. Chen, S. P. Huang.

C. F. Jan. National Taiwan University: T. H. H. Chen.

National Defense Medical Center: C. A. Sun. Taipei City

Psychiatric Center: M. H. Wu. Tzu Chi University: S. Y. Chen.

Shin Kong Wu Ho-Su Memorial Hospital: K. E. Chu. Huhsi

Health Center.

Penghu County: S. C. Ho, T. G. Lu. Provincial Penghu Hos-

pital:W. P.Wu, T. Y. Ou. Sanchi Health Center, Taipei County:

C. G. Lin. Provincial Chutung Hospital: K. C. Shih. Provincial

Potzu Hospital: W. S. Chung, C. Li. Kaohsu Health Center,

Pingtung County: C. C. Chen. Paihsa Health Center, Penghu

County: W. C. How.
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a b s t r a c t

Traditional Chinese Medicine (TCM) is widely used in clinical research due to its low

toxicity, low number of side effects, and low cost. Many components of common fruits and

vegetables play well-documented roles as chemopreventive or chemotherapeutic agents

that suppress tumorigenesis. Anthraquinones are commonly extracted from the Polygo-

naceae family of plants, e.g., Rheum palmatum and Rheum officinale. Some of the major

chemical components of anthraquinone and its derivatives, such as aloe-emodin, dan-

thron, emodin, chrysophanol, physcion, and rhein, have demonstrated potential anti-

cancer properties. This review evaluates the pharmacological effects of emodin, a major

component of Aloe vera. In particular, emodin demonstrates anti-neoplastic, anti-inflam-

matory, anti-angiogenesis, and toxicological potential for use in pharmacology, both

in vitro and in vivo. Emodin demonstrates cytotoxic effects (e.g., cell death) through the

arrest of the cell cycle and the induction of apoptosis in cancer cells. The overall molecular

mechanisms of emodin include cell cycle arrest, apoptosis, and the promotion of the

expression of hypoxia-inducible factor 1a, glutathione S-transferase P, N-acetyltransferase,

and glutathione phase I and II detoxification enzymes while inhibiting angiogenesis,

invasion, migration, chemical-induced carcinogen-DNA adduct formation, HER2/neu, CKII

kinase, and p34cdc2 kinase in human cancer cells. Hopefully, this summary will provide

information regarding the actions of emodin in cancer cells and broaden the application

potential of chemotherapy to additional cancer patients in the future.

Copyright ª 2012, China Medical University. Published by Elsevier Taiwan LLC. All rights

reserved.

1. Introduction

Numerous researchers have reported the use of phytochem-

ical compounds such as anthraquinone emodin extracts from

traditional Chinese medicines (TCM), including Polygonum

multiflorum [1,2], P Cuspidatum [3,4], Rumex patientia [5], Rhamnus

catharticus, Rhamnus orbiculatus [6], Aloe vera [7], Acorus tatar-

inowii [8], Cassia obtusifolia [9], Cassia occidentalis [10], Rheum

palmatum [11], Rheum officinale [12], Eriocaulon buergerianum [13],

Dendrobium thyrsiflorum [14], Fibraurea tinctoria [15],Coptis chi-

nensis [16],Scutellaria baicalensis [16], Isatis indigotica [17], and

Rumex chalepensis [18]. Studies on the use of TCM have noted

lipid regulation activities and anti-inflammatory, antimicro-

bial, antiviral, antitumor, and antioxidant effects. To learn

more about the therapeutic functions of TCM, experiments are

needed to identify the functional ingredients and ascertain the
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molecular mechanisms of these compounds. Recent research

is paying more attention to TCM because it may have future

applications in clinicalmedicine. In particular, rhubarb (Rheum

palmatum) is one of the oldest andmost famous Chinese herbal

medicines and is still used in various herbal remedies and

therapeutic applications. Based on current reports and inves-

tigation, we believe rhubarb has clinical potential.

Rhubarb is a well-known treatment for many diseases in

TCM [19,20]. Anthraquinones extracted from the rhubarb

rhizome exhibit antidiabetic properties, suggesting a meta-

bolic role in the insulin-stimulated glucose transport pathway

[21]. Both in vitro and in vivo studies have reported the anti-

microbial activities of extracts from Sapindus mukorossi and

Rheum emodin against Helicobacter pylori [22]. Moreover, the

antioxidant and anticancer potential of Rheum emodin rhizome

extracts have demonstrated therapeutic value [23]. Extracts

from Rheum palmatum have a high level of inhibitory activity

against anti-Severe acute respiratory syndrome (SARS) coro-

navirus 3C-like protease effects [24]. A polysaccharide

extracted from Rheum tanguticum has been shown to affect

2,4,6-trinitrophene sulphonic acid (TNBS)-induced colitis and

CD4þ T cells in rats [25]. Rhubarb has also demonstrated

protective effects against experimental severe acute pancre-

atitis [26]. A study on anti-Oketsu activity indicates that

rhubarb II has inhibitory effects against allergies [27]. Hexane

extracts from Rheum undulatum not only decreases cell

viability, thereby triggering apoptotic cell death in oral cancer,

but also decreases the expression of specificity protein (Sp1)

and its downstream protein, survivin [28].

The effects of rhubarb extracts on experimental chronic

renal failure (CRF) indicate that it can reduce proteinuria and

the severity glomerulosclerosiswithin remnantkidneys in rats

[29]. Treatment of menopausal symptoms using an extract

from the roots of Rhapontic rhubarb (plus the results of in vitro

and in vivo experiments) indicate estrogenic actions, especially

estrogen receptor b (ERb)-mediated effects [30]. Oligostilbenes

from rhubarb also inhibit low-density lipoprotein and high-

density lipoprotein oxidation humans [31], suggesting

a pivotal role in the prevention of lipoprotein oxidation.

2. Active ingredients found in the
Polygonaceae family

Emodin (1,3,8-trihydroxy-6-methylanthraquinone) (Fig. 1) is

an active ingredient in the root and rhizome of Rheum palma-

tum (Polygonaceae) [11]. This herb has been used in TCM for

the treatment of gallstones, inflammation, hepatitis, and

osteomyelitis and is also a known vasorelaxant and diuretic

[32]. It reportedly has antibacterial, anti-inflammatory, anti-

viral, anti-ulcerogenic, anticancer, immunosuppressive

[33e36], and chemopreventive effects [37]. Emodin has also

been reported to exert inhibitory effects on cell death in the

human lung squamous carcinoma CH27 cell line [36], and-

human promyeloleukemic HL-60 cells induce apoptosis by

activating the caspase-3 cascade independently of reactive

oxygen species (ROS) production [38]. Emodin-induced

apoptosis in human cervical cancer Bu 25TK cells occurs

through poly (ADP-ribose) polymerase cleavage and the acti-

vation of caspase-9, but caspase-8 is not activated [39].

Moreover, emodin triggers apoptosis in human hepatoma

HepG2/C3A, PLC/PRF/5, and SK-HEP-1 cells through a p53-de-

pendent pathway [40]. In addition, emodin enhances arsenic

trioxide-induced apoptosis by generating ROS and inhibiting

survival signaling [41], and gene expression alteration occurs

in HeLa cells through the redox-dependent enhancement of

arsenic cytotoxicity [42]. Our laboratory has proven that Aloe-

emodin affects the expression of cytokines and the functions

of leukocytes in Sprague Dawley rats [134]. Emodin affects

murine myelomonocytic leukemia WEHI-3 cells in vitro and

enhances phagocytosis in leukemic mice in vivo [135].

Emodin downregulates androgen receptors and inhibits the

cellular growth of prostate cancer [43]. Emodin inhibits the

adhesion of human breast cancer (MDA-MB-231), human

cervix epithelioid carcinoma (HeLa), and human hep-

atocarcinoma (HepG2) tumor cells by suppressing lipid raft

coalescence and interfering with integrin clustering and focal

adhesion complex (FAC) formation [44]. Likewise, it has been

demonstrated that emodin could act as a Janus-activated

kinase 2 inhibitor and have cytotoxic activities against

multiple myeloma in humans [45]. Emodin selectively inhibits

the interleukine6-induced JAK2/STAT3 pathway and induces

apoptosis in myeloma cells via the downregulation of myeloid

cell leukemia 1 (Mcl-1) cells [45]. In local ischemicmyocardium,

emodin mediates protection from acute myocardial infarction

through the inhibition of inflammation and apoptosis [46].

3. Pharmacological mechanisms against
various types of cancer cells

Emodin has shown significant anticancer activities in several

tumor cells, both in vivo and in vitro, while its molecular

anticancer mechanisms have not been well explored. This

review discusses emodin’s pharmacological activities and the

mechanisms that induce cell death in many types of human

cancer cells, both in vitro and in vivo. Research findings on

emodin-induced cytotoxicity and its protective effects are

described below.

3.1. HER2/neu expression

Previously published reports in the literature confirm that

emodin and its derivatives inhibit p185neu tyrosine kinase via

Fig. 1 e Chemical structure of emodin.
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the suppression ofHER2/neu-transformedphenotypes (e.g., by

inducing cellular transformations and metastasis-associated

potential) [47]. In breast cancer, the emodin derivative, azide

methyl anthraquinone, induces mitochondrion-dependent

apoptosis in HER2/neu-overexpressing MDA-MB-453 cells

and lung adenocarcinoma Calu-3 cells and blocks HER2/neu

binding to Hsp90. Azide methyl anthraquinone also induces

the proteasomal degradation of HER2/neu inMDA-MB-453 and

Calu-3 cells in vitro [48].

3.2. CKII and p34cdc2 kinase

Emodin inhibits the activity of casein kinase II (CKII) by acting

as a competitor at ATP-binding sites. [49]. CKII is involved in

the proliferation of human U87 astroglioma cells via stimula-

tion of basal phospholipase D (PLD) activity. [50]. Emodin

reportedly induces apoptosis in human tongue squamous

cancer SCC-4 cells through ROS and mitochondria-dependent

pathways in vitro [51]. Aloe-emodin, which is extracted from

the rhizome of Rheum palmatum, downregulates MMP-2

through a p38 Mitogen-activated protein kinase (MAPK)-

Nuclear factor-kB (NF-kB)edependent pathway, thereby

leading to the inhibition of invasion by nasopharyngeal carci-

noma cells (NPC-TW 039 and NPC-TW 076) [52].

3.3. Oncogenes

It is well documented that nuclear factor-kappaB (NF-kB) plays

an important role in the transcription of tumor cells [53,54]. It

has been reported that emodin inhibits the proliferation and

induction of apoptosis in pancreatic cancer cell lines (SW1990/

GZ and SW1990). Emodin not only downregulates NF-kB under

unstimulated conditions, but it also inhibits gemcitabine-

induced NF-kB protein expression [53]. Aloe-emodin also

purportedly induces antiproliferative activities through p53-

and p21-dependent apoptotic pathway in the human hepa-

toma HepG2 and Hep3B cell lines [55]. An attractive target of

oncogene-based anticancer drugs derived from natural herbal

plants (like emodin), Polygonum cuspidatum exhibits strongly

selective activities against src-HER2/neu and ras-oncogenes.

In other words, emodin might be a oncogenetic signal for

the inhibition of transduction [56].

3.4. Hypoxia-inducible factor 1a

Heterodimer hypoxia-inducible factor 1a (HIF-1) consists of

a b subunit that is constitutively expressed and an oxygen-

regulated a subunit. HIF-1 regulates genes that participate in

angiogenesis, iron metabolism, glucose metabolism, and cell

proliferation/survival [57]. The activity of HIF-1, especially its

a subunit, is controlled by theposttranslationalmodification of

the amino acid residues in its subunits [57]. HIF-1 plays a key

role in the cellular response to tumor hypoxia that poses

a major problem to successful radiotherapy and chemo-

therapy.The targetingofHIF-1 isnowconsidered tobeapivotal

and efficient strategy for treating neurodegenerative maladies

like Alzheimer’s (AD), Parkinson’s (PD), Huntington’s Disease

(HD), amyotrophic lateral sclerosis (ALS), etc. [58]. It has also

been reported that emodin diminishes hypoxia-induced

embryotoxicity by upregulating HIF-1 and intracellular

superoxide dismutases in whole culturedmouse embryos [59].

As a novel inhibitor of HIF-1, emodin is an adjunct that boosts

the efficacy of cytotoxic drugs used for the treatment of pros-

tate cancer DU-145 cells, demonstrating overactivated HIF-1

and potent multidrug resistance (MDR) [60].

3.5. N-acetyltransferase activity

Our previous studies have demonstrated how emodin and

aloe-emodin inhibit N-acetyltransferase (NAT) activity and

gene expression in mouse leukemia L1210 cells [61], human

melanoma cells (A375.S2) [62], and strains of H pylori in peptic

ulcer patients [63,64].

3.6. Cell cycle arrest

The cell cycle is classified into the G0/G1, S, and G2/M phases; if

anagent inducesapoptosis, thenthosewill be sug-G1phase [65].

In clinic settings, some anticancer agents can induce cell cycle

arrest (arrest during the G0/G1, S, and/or G2/M phase) [65,66]. It

hasbeenreported that emodinanddocosahexaenoicacid (DHA)

increase arsenic trioxide interferonea-induced cell death in

humanT-cell leukemia virus type 1 (HTLV-I)etransformed cells

via ROS generation and the inhibition of Akt and activator

protein 1 (AP-1) [67]. Emodin inhibits the growth of hepatocel-

lular carcinomas, such as Huh7, Hep3B, and HepG2, through

anticancer pathways (e.g., G2/M arrest and increased expres-

sion levels of the involved genes, both at themRNA and protein

levels) [68]. Emodin also reportedly inhibits vascular endothelial

growth factor-Aeinduced angiogenesis [69]. Other investigators

have demonstrated how emodin induces apoptosis through the

p53-dependent pathway in human hepatocellular carcinoma

cells [40], as well as growth arrest and death through ROS and

p53 in human vascular smooth muscle cells [70].

Aloe-emodin also induces G2/M arrest in human promye-

locytic leukemia HL-60 cells [71], cervical cancer HeLa cells

[72], and through activated alkaline phosphatase in human

oral cancer KB cells in vitro [73]. It has also been reported that

aloe-emodin induces apoptosis through protein 53 (p53)-

dependent apoptotic pathways in human bladder cancer T24

cells [74]. Aloe-emodin induces destabilization of caspase-8

and -10-associated RING protein (CARP)mRNA, indicating that

caspase-8emediated p53-independent apoptosis in human

carcinoma cells [75] and human nasopharyngeal carcinoma

cells induces caspase-3, -8, and -9emediated activation of the

mitochondrial death pathway [76]. Still, the antiproliferative

activity of aloe-emodin occurs via p53- and p21-dependent

apoptotic pathways in human hepatoma HepG2 cell lines

[55,77]. Other evidence indicates that aloe-emodin and

emodin inhibit schisandrin B in gastric cancer cells in vitro [78].

3.7. Apoptosis

It is well documented that the best strategy for killing cancer

cells is via the induction of apoptosis [79] and that the best way

for chemotherapeutic agents to kill cancer cells is to trigger

apoptosis in tumors [79,80]. In human hepatoma Huh-7 cells,

apoptosis is mediated by the downregulation of calpain-2 and

ubiquitin-protein ligase E3A [81]. Emodin has strong anti-

oxidative and anticancer actions and abrogates cisplatin-
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inducednephrotoxicity in rats [82]. Other reports have cited the

antitumor and apoptosis-promoting properties of emodin, an

anthraquinone derivative, against pancreatic cancer inmice by

inhibiting Akt activation [12]. Emodin enhances apoptosis in

cisplatin-induced gallbladder carcinomas in a ROS-dependent

manner and suppresses survivin expression [83]. Emodin

downregulates X-linked inhibitor of apoptosis protein (XIAP)

expression [84] and inhibits NF-kB against human pancreatic

cancer [53], thereby enhancing the antitumor efficacy. Emodin

induces apoptosis in the mouse microglial BV-2 cell line via

Tribbles homolog 3 (TRB3) and eliminates inflammatory

microglia, thereby exerting neuroprotective effects [85].

Emodin induces ROS generation and the activation of the

ATM-p53-Baxedependent signaling pathway in human lung

adenocarcinoma A549 cells [86]. It has been reported that

emodinexertspotential anticancereffects inpancreatic cancer

cells by downregulating the expression of survivin and b-cat-

enin [87]. Emodin also demonstrates potential as an anti-

atherosclerosis agent by inhibiting the proliferation of Tumor

necrosis factor (TNF)-alphaeinduced human aortic smooth

muscle cells (HASMC) through mitochondrial- and caspase-

dependent apoptotic pathways [88]. Emodin induces

apoptosis via the caspase-3edependent pathway in human

renal proximal tubule HK-2 cells [89] and inhibits human

prostate cancer LNCaP cell proliferation via androgen receptor

and p53-p21 pathways [90]; pyrazole emodin derivatives

inhibit the growth of and induce apoptosis in human hepato-

cellular carcinoma HepG2 cells [91]. Pyrazole emodin deriva-

tive also induce apoptosis in human cervical cancer cells via

the activation of caspase-3 and -9 and the cleavage of poly

(ADP-ribose) polymerase [39]. Aloe-emodin induces apoptosis

in human lung nonsmall carcinoma H460 cells through Cyclic

Adenosinemonophosphate (cAMP)-dependent protein kinase,

protein kinase C, Bcl-2, caspase-3, and the p38 signaling

pathway and induces human lung squamous cell carcinoma

CH27 cell death via the Bax and Fas death pathways [92,93].

Emodin not only successfully suppresses acute graft rejection

in vivo, thereby prolonging the survival of the recipient rats by

inhibiting hepatocellular apoptosis and modulating Th1/Th2

balance [94], but also mediates protection against acute

myocardial infarction [46] in local ischemic myocardium.

Emodin can reverse gemcitabine resistance in pancreatic

cancer cells viamitochondria-dependentpathways in vitro [95].

3.8. Glutathione S-transferase and glutathione
peroxidase

The function of glutathione S-transferase has implications in

cell growth and oxidative stress as well as disease progression

and prevention, which are present in subcellular compart-

ments (e.g., cytosol, mitochondria, endoplasmic reticulum,

nucleus, plasmamembrane) [96]. Glutathioneperoxidase (GPx),

a selenoenzyme, plays a key role in theprotection of organisms

from oxidative damage by catalyzing the reduction of harmful

hydroperoxidesusing thiol cofactors [97]. The functionofGPx is

to regulate hydroperoxide levels, but it might have dual roles

[98,99]. The role of glutathione and glutathione-dependent

enzymes in antioxidative processes is the maintenance and

regulation of cell status, glutathionylation, and deglutathio-

nylation, redox-dependent signaling, and apoptosis [100].

Emodin also demonstrates hepatoprotective effects

against CCl4-induced liver injury [101]. Emodin induces

apoptosis in Dalton’s lymphoma cells in association with the

modulation of hydrogen peroxide-metabolizing antioxidant

enzymes [102]. Emodin affects the mitochondrial capacity of

ATP generation and antioxidant components as well as

susceptibility against ischemia-reperfusion injury in rat

hearts, although there is a sex difference [103]. Emodin also

reportedly demonstrates antioxidant actions in vivo [104] and

myocardial protective effects [105].

3.9. Carcinogenesis

Novel functions of emodin have been reported, namely that

emodin enhances the repair of UV- and cisplatin-induced

DNA damage and might even promote nucleotide excision

repair (NER) capabilities in human fibroblast cells (WI38) [106]

and human tongue cancer SCC-4 cells following DNA damage

and the inhibition of DNA repair genes [107]. Emodin also

demonstrates a proven ability to inhibit mutagenicity and the

formation of 1-nitropyreneeinduced DNA adducts in Escher-

ichia coli PQ37 [108].

3.10. Gene expression

Several studies have reported that emodin affects the gene

expression of human breast carcinomaBCap-37 cells [109] and

downregulates the expression of transient receptor potential

vanilloid 1 (TRPV1) ion channel protein mRNA and its func-

tions in Dorsal root ganglion (DRG) neurons in vitro, thereby

inhibiting inflammatory stimuli-induced hyperalgesia [110].

Emodin-mediated cytotoxicity in human lung adenocarci-

noma H1650 (CRL-5883), human bronchioloalveolar carci-

noma A549, lung squamous cell carcinoma H520, and H1703

cells is suppressed by Excision repair cross-complementary 1

(ERCC1) and Rapid Application Development (Rad)51 expres-

sion via extracellular regulated protein kinase 1/2 (ERK1/2)

inactivation [111]. It has also been reported that emodin

induces DNA damage and inhibits the expression of DNA

repair genes in human tongue cancer SCC-4 cells [107]. Studies

also show that emodin induces toxicological effects to the

murine testicular gene expression profile [112] and inhibits

the cytotoxic actions of tumor necrosis factor [113]. On the

other hand, it has also been reported that emodin inhibits the

migration and invasion in human tongue cancer SCC-4 cells

due to the inhibition of the gene expression of matrix metal-

loproteinase (MMP)-9 [114].

3.11. Glutathione S-transferase P expression

Glutathione S-transferase P (GSTP) has been reported to

regulate the S-glutathionylation of specific clusters of main

proteins; it also plays a negative modulating role in some

kinase pathways through ligand or protein interactions. GSTP

is ubiquitously expressed in human tissue [115] and is linked

to two cell-signaling functions critical to survival. It can

sequester and negatively regulate c-jun N-terminal kinase

(JNK) [116]. Catalytic reversal of S-glutathionylation is well

characterized, but the role of GSTP in catalyzing the forward

reaction contributes to the glutathionylation cycle [116].
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Emodin reportedly induces neuroprotective effects in rat

cortical neurons against b-amyloideinduced neurotoxicity

[117]. Emodin induces apoptosis via an ROS-dependent

mitochondrial signaling pathway in human lung adenocar-

cinoma A549 cells [118]. Emodin inhibits invasiveness,

suppresses MMP-9 expression through the suppression of

AP-1 and NF-kB in human cancer HSC5 cells (skin squamous

cell carcinoma) and MDA-MB-231 cells (human breast cancer

cell line) [119]. Likewise, emodin effectively suppresses hya-

luronic acid (HA)-induced matrix metalloproteinase (MMP)

secretion and the invasion of glioma through the inhibition of

focal adhesion kinase (FAK), extracellular regulated protein

kinase (ERK)1/2, and Akt/protein kinase B (PKB) activation and

the partial inhibition of the transcriptional activities of

activator protein-1 (AP-1) and nuclear factor-kB (NF-kB) [33].

3.12. Angiogenesis

Therapeutic antiangiogenesis is widely viewed as a useful

approach for the treatment of cancer, cardiovascular diseases,

bone fractures, rheumatoid arthrities, and other diseases [120].

In tumor formation, angiogenesis plays a vital role in devel-

opment, reproduction, and wound repair. Many studies

describenatural and synthetic compoundswith antiangiogenic

activities, attracting notice to their potential applications in

cancer prevention and treatment [121]. Emodin reportedly

inhibits tumor-associated angiogenesis through the inhibition

of ERK phosphorylation [122] and inhibits vascular endothelial

growth factor-Aeinduced angiogenesis by blocking receptor-2

(KDR/Flk-1) phosphorylation [69]. Vascular endothelial growth

factor (VEGF) has been studied for its role as a stimulant in

angiogenesis and vascular permeability. Several studies show

that emodin and its anthraquinone derivatives inhibit the

angiogenesis and proliferation [123] of primary cultured bovine

aortic endothelial cells in the absence or presence of basic

fibroblast growth factor (bFGF) or the presence of VEGF in

a dose-dependent manner [124,125]. Likewise, emodin inhibits

VEGF receptors in human colon cancer cells [126], upregulates

urokinase plasminogen activator (uPA) and plasminogen acti-

vator inhibitor-1, and promotes wound healing in human

fibroblasts [127]. Emodin has been used in cancer therapies for

the treatment of autoimmune diseases with anti-VEGF or anti-

VEGFR (receptor) effects [69,126]. It has also been reported that

emodin induces antiproliferative and antimetastatic effects in

human pancreatic cancer SW1990 cells [128]. In human

neuroblastoma SH-SY5Y cells, emodin inhibits the level of

MMP, thus inhibiting migration and invasion in vitro [129].

3.13. Drug resistance

The overexpression of multidrug resistance (MDR) in tumor

cells poses a serious obstacle to successful chemotherapy

[130]. Treating cancer with chemotherapeutic agents and

radiation leads to complications, such as the development of

tumor resistance to therapy (radio- or chemoresistance).

Emodin might sensitize tumor cells to radiation therapy and

chemotherapeutic agents by inhibiting the pathways that lead

to treatment resistance. Emodin has also been found to

protect against therapy-associated toxicities [131]. Emodin

induces the mechanisms that involve the ROS-mediated

suppression of MDR and HIF-11 [60]. Our studies demon-

strate emodin’s cytotoxic and protective effects in rat C6

glioma cells: the survival effects involve Mdr1a, MRP2, MRP3,

MRP6, and NF-kB [132]. Emodin may be involved in reducing

the glutathione level and downregulating MDR-related

protein 1 (MRP1) expression in gallbladder SGC996 cancer

cells. In tumor-bearing mice, it has also been indicated that

co-treatment with emodin/cisplatin suppresses tumor growth

in vivo by increasing cancer cell apoptosis and downregulating

MRP1 expression [61,133].

Fig. 2 e The pharmacology of emodin as a possible anti-cancer therapy.
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4. Conclusion

Despite the fact that TCM research has been greatly acceler-

ated with the advent of new technologies, we still need to

work hard to gain stronger evidence that confirms the clinical

applications of herbal medicines. Based on our observations

and the results of previously reported studies, emodin can act

as an anticancer agent against many human cancer cell lines

through its effects across multiple signaling pathways. Over

these past several years, our laboratory has evaluated agents

that affect cell cycle arrest, apoptosis, metastasis, and angio-

genesis in human cancer cell lines, both in vitro and in vivo, in

addition to tumor cell growth, invasion, migration, and

metastasis that are also involved in angiogenesis. Based on

these observations regarding the effects of emodin, these

findings may offer information that could be used in the

design of novel therapeutic agents that inhibit tumor cells.

Accordingly, we also summarize the pharmacology of emodin

as a possible anticancer agent (Fig. 2).

r e f e r e n c e s

[1] Wang M, Zhao R, Wang W, Mao X, Yu J. Lipid regulation
effects of Polygoni Multiflori Radix, its processed products
and its major substances on steatosis human liver cell line
L02. J Ethnopharmacol 2012;139:287e93.

[2] Rao GX, Xue YM, Hui TT, Wang WJ, Zhang QL. Studies on
the chemical constituents of the leaves of Polygonum
multiflorum. Zhong Yao Cai 2009;32:891e3.

[3] Shin JA, Shim JH, Jeon JG, Choi KH, Choi ES, Cho NP, et al.
Apoptotic effect of Polygonum Cuspidatum in oral cancer
cells through the regulation of specificity protein 1. Oral Dis
2011;17:162e70.

[4] Lee MH, Kao L, Lin CC. Comparison of the antioxidant and
transmembrane permeative activities of the different
Polygonum cuspidatum extracts in phospholipid-based
microemulsions. J Agric Food Chem 2011;59:9135e41.

[5] Liu J, Xia ZT, Zhou GR, Zhang LL, Kong LY. Study on the
chemical constituents of Rumex patientis. Zhong Yao Cai
2011;34:893e5.

[6] Locatelli M, Epifano F, Genovese S, Carlucci G, Koncic MZ,
Kosalec I, et al. Anthraquinone profile, antioxidant and
antimicrobial properties of bark extracts of Rhamnus
catharticus and R. orbiculatus. Nat Prod Commun 2011;6:
1275e80.

[7] Naqvi S, Ullah MF, Hadi SM. DNA degradation by aqueous
extract of Aloe vera in the presence of copper ions. Indian J
Biochem Biophys 2010;47:161e5.

[8] Zhu M, Tan N, Ji C, Xu J, He W, Zhang Y. Chemical
constituents from petroleum ether fraction of ethanol
extract of Acorus tatarinowii. Zhongguo Zhong Yao Za Zhi
2010;35:173e6.

[9] Yang YC, Lim MY, Lee HS. Emodin isolated from Cassia
obtusifolia (Leguminosae) seed shows larvicidal activity
against three mosquito species. J Agric Food Chem 2003;51:
7629e31.

[10] Arya V, Yadav S, Kumar S, Yadav JP. Antioxidant activity of
organic and aqueous leaf extracts of Cassia occidentalis L.
in relation to their phenolic content. Nat Prod Res 2011;25:
1473e9.

[11] Wang JB, Zhao HP, Zhao YL, Jin C, Liu DJ, Kong WJ, et al.
Hepatotoxicity or hepatoprotection? Pattern recognition for

the paradoxical effect of the Chinese herb Rheumpalmatum
L. in treating rat liver injury. PLoS One 2011;6:e24498.

[12] Wei WT, Chen H, Ni ZL, Liu HB, Tong HF, Fan L, et al.
Antitumor and apoptosis-promoting properties of emodin,
an anthraquinone derivative from Rheum officinale Baill,
against pancreatic cancer in mice via inhibition of Akt
activation. Int J Oncol 2011;39:1381e90.

[13] Fang JJ, Ye G, Chen WL, Zhao WM. Antibacterial phenolic
components from Eriocaulon buergerianum.
Phytochemistry 2008;69:1279e86.

[14] Xing YM, Chen J, Cui JL, Chen XM, Guo SX. Antimicrobial
activity and biodiversity of endophytic fungi in Dendrobium
devonianum and Dendrobium thyrsiflorum from Vietnam.
Curr Microbiol 2011;62:1218e24.

[15] Su CR, Chen YF, Liou MJ, Tsai HY, Chang WS, Wu TS. Anti-
inflammatory activities of furanoditerpenoids and other
constituents from Fibraurea tinctoria. Bioorg Med Chem
2008;16:9603e9.

[16] Tjong Y, Ip S, Lao L, Fong HH, Sung JJ, Berman B, et al.
Analgesic effect of Coptis chinensis rhizomes (Coptidis
Rhizoma) extract on rat model of irritable bowel syndrome.
J Ethnopharmacol 2011;135:754e61.

[17] Lin CW, Tsai FJ, Tsai CH, Lai CC, Wan L, Ho TY, et al. Anti-
SARS coronavirus 3C-like protease effects of Isatis
indigotica root and plant-derived phenolic compounds.
Antiviral Res 2005;68:36e42.

[18] Hasan A, Ahmed I, Jay M, Voirin B. Flavonoid glycosides and
an anthraquinone from Rumex chalepensis.
Phytochemistry 1995;39:1211e3.

[19] Lu CC, Yang JS, Huang AC, Hsia TC, Chou ST, Kuo CL, et al.
Chrysophanol induces necrosis through the production of
ROS and alteration of ATP levels in J5 human liver cancer
cells. Mol Nutr Food Res 2010;54:967e76.

[20] Chiang JH, Yang JS, Ma CY, Yang MD, Huang HY, Hsia TC,
et al. Danthron, an anthraquinone derivative, induces DNA
damage and caspase cascades-mediated apoptosis in SNU-1
human gastric cancer cells through mitochondrial
permeability transition pores and Bax-triggered pathways.
Chem Res Toxicol 2011;24:20e9.

[21] Lee MS, Sohn CB. Anti-diabetic properties of chrysophanol
and its glucoside from rhubarb rhizome. Biol Pharm Bull
2008;31:2154e7.

[22] Ibrahim M, Khan AA, Tiwari SK, Habeeb MA, Khaja MN,
Habibullah CM. Antimicrobial activity of Sapindus
mukorossi and Rheum emodi extracts against H pylori:
in vitro and in vivo studies. World J Gastroenterol 2006;12:
7136e42.

[23] Rajkumar V, Guha G, Ashok Kumar R. Antioxidant and anti-
cancer potentials of Rheum emodi rhizome extracts. Evid
Based Complement Alternat Med; 2011:697986.

[24] Luo W, Su X, Gong S, Qin Y, Liu W, Li J, et al. Anti-SARS
coronavirus 3C-like protease effects of Rheum palmatum L.
extracts. Biosci Trends 2009;3:124e6.

[25] Liu L, Wang ZP, Xu CT, Pan BR, Mei QB, Long Y, et al. Effects
of Rheum tanguticum polysaccharide on TNBS-induced
colitis and CD4þT cells in rats. World J Gastroenterol 2003;9:
2284e8.

[26] Zhao YQ, Liu XH, Ito T, Qian JM. Protective effects of
rhubarb on experimental severe acute pancreatitis. World J
Gastroenterol 2004;10:1005e9.

[27] Matsuda H, Tomohiro N, Hiraba K, Harima S, Ko S,
Matsuo K, et al. Study on anti-Oketsu activity of rhubarb II:
anti-allergic effects of stilbene components from Rhei
undulati Rhizoma (dried rhizome of Rheum undulatum
cultivated in Korea). Biol Pharm Bull 2001;24:264e7.

[28] Choi ES, Cho SD, Jeon JG, Cho NP. The apoptotic effect of the
hexane extract of Rheum undulatum L. in oral cancer cells
through the down-regulation of specificity protein 1 and
survivin. Lab Anim Res 2011;27:19e24.

B i oM e d i c i n e 2 ( 2 0 1 2 ) 1 0 8e1 1 6 113

http://dx.doi.org/10.1016/j.biomed.2012.03.003
http://dx.doi.org/10.1016/j.biomed.2012.03.003


[29] Zhang G, el Nahas AM. The effect of rhubarb extract on
experimental renal fibrosis. Nephrol Dial Transplant 1996;
11:186e90.

[30] Vollmer G, Papke A, Zierau O. Treatment of menopausal
symptoms by an extract from the roots of rhapontic
rhubarb: the role of estrogen receptors. Chin Med 2010;5:7.

[31] Ngoc TM, Hung TM, Thuong PT, Na M, Kim H, Ha do T, et al.
Inhibition of human low density lipoprotein and high
density lipoprotein oxidation by oligostilbenes from
rhubarb. Biol Pharm Bull 2008;31:1809e12.

[32] Teng ZH, Zhou SY, Ran YH, Liu XY, Yang RT, Yang X, et al.
Cellular absorption of anthraquinones emodin and
chrysophanol in human intestinal Caco-2 cells. Biosci
Biotechnol Biochem 2007;71:1636e43.

[33] Kim MS, Park MJ, Kim SJ, Lee CH, Yoo H, Shin SH, et al.
Emodin suppresses hyaluronic acid-induced MMP-9
secretion and invasion of glioma cells. Int J Oncol 2005;27:
839e46.

[34] Kuo YC, Meng HC, Tsai WJ. Regulation of cell proliferation,
inflammatory cytokine production and calciummobilization
in primary human T lymphocytes by emodin from
Polygonum hypoleucum Ohwi. Inflamm Res 2001;50:73e82.

[35] National Toxicology Program. NTP toxicology and
carcinogenesis studies of EMODIN (CAS NO. 518-82-1): feed
studies in F344/N rats and B6C3F1 mice. Natl Toxicol
Program Tech Rep Ser 2001;493:1e278.

[36] Lee HZ. Effects and mechanisms of emodin on cell death in
human lung squamous cell carcinoma. Br J Pharmacol 2001;
134:11e20.

[37] Koyama J, Morita I, Tagahara K, Nobukuni Y, Mukainaka T,
Kuchide M, et al. Chemopreventive effects of emodin and
cassiamin B in mouse skin carcinogenesis. Cancer Lett 2002;
182:135e9.

[38] Chen YC, Shen SC, Lee WR, Hsu FL, Lin HY, Ko CH, et al.
Emodin induces apoptosis in human promyeloleukemic
HL-60 cells accompanied by activation of caspase 3 cascade
but independent of reactive oxygen species production.
Biochem Pharmacol 2002;64:1713e24.

[39] Srinivas G, Anto RJ, Srinivas P, Vidhyalakshmi S, Senan VP,
Karunagaran D. Emodin induces apoptosis of human
cervical cancer cells through poly(ADP-ribose) polymerase
cleavage and activation of caspase-9. Eur J Pharmacol 2003;
473:117e25.

[40] Shieh DE, Chen YY, Yen MH, Chiang LC, Lin CC. Emodin-
induced apoptosis through p53-dependent pathway in
human hepatoma cells. Life Sci 2004;74:2279e90.

[41] Yi J, Yang J, He R, Gao F, Sang H, Tang X, et al. Emodin
enhances arsenic trioxide-induced apoptosis via generation
of reactive oxygen species and inhibition of survival
signaling. Cancer Res 2004;64:108e16.

[42] Wang XJ, Yang J, Cang H, Zou YQ, Yi J. Gene expression
alteration during redox-dependent enhancement of arsenic
cytotoxicity by emodin inHeLa cells. Cell Res 2005;15:511e22.

[43] Cha TL, Qiu L, Chen CT, Wen Y, Hung MC. Emodin down-
regulates androgen receptor and inhibits prostate cancer
cell growth. Cancer Res 2005;65:2287e95.

[44] Huang Q, Shen HM, Shui G, Wenk MR, Ong CN. Emodin
inhibits tumor cell adhesion through disruption of the
membrane lipid raft-associated integrin signaling pathway.
Cancer Res 2006;66:5807e15.

[45] Muto A, Hori M, Sasaki Y, Saitoh A, Yasuda I, Maekawa T,
et al. Emodin has a cytotoxic activity against human
multiple myeloma as a Janus-activated kinase 2 inhibitor.
Mol Cancer Ther 2007;6:987e94.

[46] Wu Y, Tu X, Lin G, Xia H, Huang H, Wan J, et al. Emodin-
mediated protection from acute myocardial infarction via
inhibition of inflammation and apoptosis in local ischemic
myocardium. Life Sci 2007;81:1332e8.

[47] Zhang L, Lau YK, Xi L, Hong RL, Kim DS, Chen CF, et al.
Tyrosine kinase inhibitors, emodin and its derivative repress
HER-2/neu-induced cellular transformation and metastasis-
associated properties. Oncogene 1998;16:2855e63.

[48] Yan YY, Zheng LS, Zhang X, Chen LK, Singh S, Wang F, et al.
Blockade of Her2/neu binding to Hsp90 by emodin azide
methyl anthraquinone derivative induces proteasomal
degradation of Her2/neu. Mol Pharm 2011;8:1687e97.

[49] Yim H, Lee YH, Lee CH, Lee SK. Emodin, an anthraquinone
derivative isolated from the rhizomes of Rheum palmatum,
selectively inhibits the activity of casein kinase II as
a competitive inhibitor. Planta Med 1999;65:9e13.

[50] Ahn BH, Min G, Bae YS, Min DS. Phospholipase D is
activated and phosphorylated by casein kinase-II in human
U87 astroglioma cells. Exp Mol Med 2006;38:55e62.

[51] Lin SY, Lai WW, Ho CC, Yu FS, Chen GW, Yang JS, et al.
Emodin induces apoptosis of human tongue squamous
cancer SCC-4 cells through reactive oxygen species and
mitochondria-dependent pathways. Anticancer Res 2009;
29:327e35.

[52] Lin ML, Lu YC, Chung JG, Wang SG, Lin HT, Kang SE, et al.
Down-regulation of MMP-2 through the p38 MAPK-NF-
kappaB-dependent pathway by aloe-emodin leads to
inhibition of nasopharyngeal carcinoma cell invasion. Mol
Carcinog 2010;49:783e97.

[53] Liu A, Chen H, Tong H, Ye S, Qiu M, Wang Z, et al. Emodin
potentiates the antitumor effects of gemcitabine in
pancreatic cancer cells via inhibition of nuclear factor-kB.
Mol Med Report 2011;4:221e7.

[54] Meng G, Liu Y, Lou C, Yang H. Emodin suppresses
lipopolysaccharide-induced pro-inflammatory responses
and NF-kappaB activation by disrupting lipid rafts in CD14-
negative endothelial cells. Br J Pharmacol 2010;161:1628e44.

[55] Kuo PL, Lin TC, Lin CC. The antiproliferative activity of aloe-
emodin is through p53-dependent and p21-dependent
apoptotic pathway in human hepatoma cell lines. Life Sci
2002;71:1879e92.

[56] Chang CJ, Ashendel CL, Geahlen RL, McLaughlin JL,
Waters DJ. Oncogene signal transduction inhibitors from
medicinal plants. Vivo 1996;10:185e90.

[57] Zhang Z, Yan J, Chang Y, ShiDu Yan S, Shi H. Hypoxia
inducible factor-1 as a target for neurodegenerative
diseases. Curr Med Chem 2011;18:4335e43.

[58] Wang R, Zhou S, Li S. Cancer therapeutic agents targeting
hypoxia-inducible factor-1. Curr Med Chem 2011;18:
3168e89.

[59] Yon JM, Baek IJ, Lee BJ, Yun YW, Nam SY. Emodin and [6]-
gingerol lessen hypoxia-induced embryotoxicities in
cultured mouse whole embryos via upregulation of
hypoxia-inducible factor 1alpha and intracellular
superoxide dismutases. Reprod Toxicol 2011;31:513e8.

[60] Huang XZ, Wang J, Huang C, Chen YY, Shi GY, Hu QS, et al.
Emodin enhances cytotoxicity of chemotherapeutic drugs
in prostate cancer cells: the mechanisms involve ROS-
mediated suppression of multidrug resistance and hypoxia
inducible factor-1. Cancer Biol Ther 2008;7:468e75.

[61] Chung JG, Li YC, Lee YM, Lin JP, Cheng KC, Chang WC. Aloe-
emodin inhibited N-acetylation and DNA adduct of 2-
aminofluorene and arylamine N-acetyltransferase gene
expression in mouse leukemia L 1210 cells. Leuk Res 2003;
27:831e40.

[62] Lin SY, Yang JH, Hsia TC, Lee JH, Chiu TH, Wei YH, et al.
Effect of inhibition of aloe-emodin on N-acetyltransferase
activity and gene expression in human malignant
melanoma cells (A375.S2). Melanoma Res 2005;15:489e94.

[63] Wang HH, Chung JG, Ho CC, Wu LT, Chang SH. Aloe-emodin
effects on arylamine N-acetyltransferase activity in the
bacterium Helicobacter pylori. Planta Med 1998;64:176e8.

B i oM e d i c i n e 2 ( 2 0 1 2 ) 1 0 8e1 1 6114

http://dx.doi.org/10.1016/j.biomed.2012.03.003
http://dx.doi.org/10.1016/j.biomed.2012.03.003


[64] Chung JG,WangHH,Wu LT, Chang SS, ChangWC. Inhibitory
actions of emodin on arylamine N-acetyltransferase activity
in strains of Helicobacter pylori from peptic ulcer patients.
Food Chem Toxicol 1997;35:1001e7.

[65] Mason EF, Rathmell JC. Cell metabolism: an essential link
between cell growth and apoptosis. Biochim Biophys Acta
2011;1813:645e54.

[66] Medema RH, Macurek L. Checkpoint control and cancer.
Oncogene; 2011.

[67] Brown M, Bellon M, Nicot C. Emodin and DHA potently
increase arsenic trioxide interferon-alpha-induced cell
death of HTLV-I-transformed cells by generation of reactive
oxygen species and inhibition of Akt and AP-1. Blood 2007;
109:1653e9.

[68] Hsu CM, Hsu YA, Tsai Y, Shieh FK, Huang SH, Wan L, et al.
Emodin inhibits the growth of hepatoma cells: finding the
common anti-cancer pathway using Huh7, Hep3B, and
HepG2 cells. Biochem Biophys Res Commun 2010;392:473e8.

[69] Kwak HJ, Park MJ, Park CM, Moon SI, Yoo DH, Lee HC, et al.
Emodin inhibits vascular endothelial growth factor-A-
induced angiogenesis by blocking receptor-2 (KDR/Flk-1)
phosphorylation. Int J Cancer 2006;118:2711e20.

[70] Wang X, Zou Y, Sun A, Xu D, Niu Y, Wang S, et al. Emodin
induces growth arrest and death of human vascular smooth
muscle cells through reactive oxygen species and p53.
J Cardiovasc Pharmacol 2007;49:253e60.

[71] Chen HC, Hsieh WT, Chang WC, Chung JG. Aloe-emodin
induced in vitro G2/M arrest of cell cycle in human
promyelocytic leukemia HL-60 cells. Food Chem Toxicol
2004;42:1251e7.

[72] Guo JM, Xiao BX, Liu Q, Zhang S, Liu DH, Gong ZH.
Anticancer effect of aloe-emodin on cervical cancer cells
involves G2/M arrest and induction of differentiation. Acta
Pharmacol Sin 2007;28:1991e5.

[73] Xiao B, Guo J, Liu D, Zhang S. Aloe-emodin induces in vitro
G2/M arrest and alkaline phosphatase activation in human
oral cancer KB cells. Oral Oncol 2007;43:905e10.

[74] Lin JG, Chen GW, Li TM, Chouh ST, Tan TW, Chung JG. Aloe-
emodin induces apoptosis in T24 human bladder cancer
cells through the p53 dependent apoptotic pathway. J Urol
2006;175:343e7.

[75] Lin ML, Lu YC, Su HL, Lin HT, Lee CC, Kang SE, et al.
Destabilization of CARP mRNAs by aloe-emodin contributes
to caspase-8-mediated p53-independent apoptosis of
human carcinoma cells. J Cell Biochem 2011;112:1176e91.

[76] Lin ML, Lu YC, Chung JG, Li YC, Wang SG, N GS, et al. Aloe-
emodin induces apoptosis of human nasopharyngeal
carcinoma cells via caspase-8-mediated activation of the
mitochondrial death pathway. Cancer Lett 2010;291:46e58.

[77] Lu GD, Shen HM, Ong CN, Chung MC. Anticancer effects of
aloe-emodin on HepG2 cells: cellular and proteomic studies.
Proteomics Clin Appl 2007;1:410e9.

[78] Liu XN, Zhang CY, Jin XD, Li YZ, Zheng XZ, Li L. Inhibitory
effect of schisandrin B on gastric cancer cells in vitro. World
J Gastroenterol 2007;13:6506e11.

[79] Dive C, Evans CA, Whetton AD. Induction of
apoptosisdnew targets for cancer chemotherapy. Semin
Cancer Biol 1992;3:417e27.

[80] Sen S, D’Incalci M. Apoptosis. Biochemical events and
relevance to cancer chemotherapy. FEBS Lett 1992;307:122e7.

[81] Jeon W, Jeon YK, Nam MJ. Apoptosis by aloe-emodin is
mediated through down-regulation of calpain-2 and
ubiquitin-protein ligase E3A in human hepatoma Huh-7
cells. Cell Biol Int 2012;36:163e7.

[82] Ali BH, Al-Salam S, Al Husseini IS, Al-Lawati I, Waly M,
Yasin J, et al. Abrogation of cisplatin-induced
nephrotoxicity by emodin in rats. Fundam Clin Pharmacol
2011 [Epub ahead of print].

[83] Wang W, Sun Y, Li X, Li H, Chen Y, Tian Y, et al. Emodin
potentiates the anticancer effect of cisplatin on gallbladder
cancer cells through the generation of reactive oxygen
species and the inhibition of survivin expression. Oncol Rep
2011;26:1143e8.

[84] Wang ZH, Chen H, Guo HC, Tong HF, Liu JX, Wei WT, et al.
Enhanced antitumor efficacy by the combination of emodin
and gemcitabine against human pancreatic cancer cells via
downregulation of the expression of XIAP in vitro and
in vivo. Int J Oncol 2011;39:1123e31.

[85] Zhou X, Wang L, Wang M, Xu L, Yu L, Fang T, et al. Emodin-
induced microglial apoptosis is associated with TRB3
induction. Immunopharmacol Immunotoxicol 2011;33:
594e602.

[86] Lai JM, Chang JT, Wen CL, Hsu SL. Emodin induces a reactive
oxygen species-dependent and ATM-p53-Bax mediated
cytotoxicity in lungcancer cells. Eur J Pharmacol 2009;623:1e9.

[87] Guo Q, Chen Y, Zhang B, Kang M, Xie Q, Wu Y. Potentiation
of the effect of gemcitabine by emodin in pancreatic cancer
is associated with survivin inhibition. Biochem Pharmacol
2009;77:1674e83.

[88] Heo SK, Yun HJ, Park WH, Park SD. Emodin inhibits
TNF-alpha-induced human aortic smooth-muscle cell
proliferation via caspase- and mitochondrial-dependent
apoptosis. J Cell Biochem 2008;105:70e80.

[89] Wang C, Wu X, Chen M, Duan W, Sun L, Yan M, et al.
Emodin induces apoptosis through caspase 3-dependent
pathway in HK-2 cells. Toxicology 2007;231:120e8.

[90] Yu CX, Zhang XQ, Kang LD, Zhang PJ, Chen WW, Liu WW,
et al. Emodin induces apoptosis in human prostate cancer
cell LNCaP. Asian J Androl 2008;10:625e34.

[91] Wang XD, Gu LQ, Wu JY. Apoptosis-inducing activity of
new pyrazole emodin derivatives in human
hepatocellular carcinoma HepG2 cells. Biol Pharm Bull
2007;30:1113e6.

[92] Yeh FT, Wu CH, Lee HZ. Signaling pathway for aloe-emodin-
induced apoptosis in human H460 lung nonsmall
carcinoma cell. Int J Cancer 2003;106:26e33.

[93] Lee HZ, Hsu SL, Liu MC, Wu CH. Effects and mechanisms of
aloe-emodin on cell death in human lung squamous cell
carcinoma. Eur J Pharmacol 2001;431:287e95.

[94] Lin SZ, Chen KJ, Tong HF, Jing H, Li H, Zheng SS. Emodin
attenuates acute rejection of liver allografts by inhibiting
hepatocellular apoptosis and modulating the Th1/Th2
balance in rats. Clin Exp Pharmacol Physiol 2010;37:790e4.

[95] Liu DL, Bu H, Li H, Chen H, Guo HC, Wang ZH, et al. Emodin
reverses gemcitabine resistance in pancreatic cancer cells
via. Int J Oncol 2012;40:1049e57.

[96] Raza H. Dual localization of glutathione S-transferase in the
cytosol and mitochondria: implications in oxidative stress,
toxicity and disease. FEBS J 2011;278:4243e51.

[97] Bhabak KP, Mugesh G. Functional mimics of glutathione
peroxidase: bioinspired synthetic antioxidants. Acc Chem
Res 2010;43:1408e19.

[98] Lubos E, Loscalzo J, Handy DE. Glutathione peroxidase-1 in
health and disease: from molecular mechanisms to
therapeutic opportunities. Antioxid Redox Signal 2011;15:
1957e97.

[99] Brigelius-Flohe R, Kipp A. Glutathione peroxidases in
different stages of carcinogenesis. Biochim Biophys Acta
2009;1790:1555e68.

[100] Kalinina EV, Chernov NN, Aleud R, Novichkova MD,
Saprin AN, Berezov TT. Current views on antioxidative
activity of glutathione and glutathione-depending
enzymes. Vestn Ross Akad Med Nauk; 2010:46e54.

[101] Lee BH, Huang YY, Duh PD, Wu SC. Hepatoprotection of
emodin and Polygonum multiflorum against CCl(4)-induced
liver injury. Pharm Biol 2012;50:351e9.

B i oM e d i c i n e 2 ( 2 0 1 2 ) 1 0 8e1 1 6 115

http://dx.doi.org/10.1016/j.biomed.2012.03.003
http://dx.doi.org/10.1016/j.biomed.2012.03.003


[102] Singh KB, Trigun SK. Apoptosis of Dalton’s lymphoma due
to in vivo treatment with emodin is associated with
modulations of hydrogen peroxide metabolizing
antioxidant enzymes. Cell Biochem Biophys 2011 [Epub
ahead of print].

[103] Du Y, Ko KM. Effects of emodin treatment on mitochondrial
ATP generation capacity and antioxidant components as
well as susceptibility to ischemia-reperfusion injury in rat
hearts: single versus multiple doses and gender difference.
Life Sci 2005;77:2770e82.

[104] Chiu PY, Mak DH, Poon MK, Ko KM. In vivo antioxidant
action of a lignan-enriched extract of Schisandra fruit and
an anthraquinone-containing extract of Polygonum root in
comparison with schisandrin B and emodin. Planta Med
2002;68:951e6.

[105] Yim TK, Wu WK, Mak DH, Ko KM. Myocardial protective
effect of an anthraquinone-containing extract of Polygonum
multiflorum ex vivo. Planta Med 1998;64:607e11.

[106] Chang LC, Sheu HM, Huang YS, Tsai TR, Kuo KW. A novel
function of emodin: enhancement of the nucleotide
excision repair of UV- and cisplatin-induced DNA damage
in human cells. Biochem Pharmacol 1999;58:49e57.

[107] Chen YY, Chiang SY, Lin JG, Yang JS, Ma YS, Liao CL, et al.
Emodin, aloe-emodin and rhein induced DNA damage and
inhibited DNA repair gene expression in SCC-4 human
tongue cancer cells. Anticancer Res 2010;30:945e51.

[108] Su HY, Cherng SH, Chen CC, Lee H. Emodin inhibits the
mutagenicity and DNA adducts induced by 1-nitropyrene.
Mutat Res 1995;329:205e12.

[109] Huang Z, Chen G, Shi P. Effects of emodin on the gene
expression profiling of human breast carcinoma cells.
Cancer Detect Prev 2009;32:286e91.

[110] Sui F, Huo HR, Zhang CB, Yang N, Guo JY, Du XL, et al.
Emodin down-regulates expression of TRPV1 mRNA and its
function in DRG neurons in vitro. Am J Chin Med 2010;38:
789e800.

[111] Ko JC, Su YJ, Lin ST, Jhan JY, Ciou SC, Cheng CM, et al.
Suppression of ERCC1 and Rad51 expression through ERK1/
2 inactivation is essential in emodin-mediated cytotoxicity
in human non-small cell lung cancer cells. Biochem
Pharmacol 2010;79:655e64.

[112] Oshida K, Hirakata M, Maeda A, Miyoshi T, Miyamoto Y.
Toxicological effect of emodin in mouse testicular gene
expression profile. J Appl Toxicol 2011;31:790e800.

[113] Harhaji L, Mijatovic S, Maksimovic-Ivanic D, Popadic D,
Isakovic A, Todorovic-Markovic B, et al. Aloe emodin
inhibits the cytotoxic action of tumor necrosis factor. Eur J
Pharmacol 2007;568:248e59.

[114] Chen YY, Chiang SY, Lin JG, Ma YS, Liao CL, Weng SW, et al.
Emodin, aloe-emodin and rhein inhibit migration and
invasion in human tongue cancer SCC-4 cells through the
inhibition of gene expression of matrix metalloproteinase-
9. Int J Oncol 2010;36:1113e20.

[115] Tew KD, Manevich Y, Grek C, Xiong Y, Uys J, Townsend DM.
The role of glutathione S-transferase P in signaling
pathways and S-glutathionylation in cancer. Free Radic Biol
Med 2011;51:299e313.

[116] Tew KD, Townsend DM. Regulatory functions of glutathione
S-transferase P1-1 unrelated to detoxification. Drug Metab
Rev 2011;43:179e93.

[117] Liu T, Jin H, Sun QR, Xu JH, Hu HT. Neuroprotective effects
of emodin in rat cortical neurons against beta-amyloid-
induced neurotoxicity. Brain Res 2010;1347:149e60.

[118] Su YT, Chang HL, Shyue SK, Hsu SL. Emodin induces
apoptosis in human lung adenocarcinoma cells through

a reactive oxygen species-dependent mitochondrial
signaling pathway. Biochem Pharmacol 2005;70:229e41.

[119] Huang Q, Shen HM, Ong CN. Inhibitory effect of emodin on
tumor invasion through suppression of activator protein-1
and nuclear factor-kappaB. Biochem Pharmacol 2004;68:
361e71.

[120] Folkman J. Angiogenesis in cancer, vascular, rheumatoid
and other disease. Nat Med 1995;1:27e31.

[121] Cao Y. Antiangiogenic cancer therapy. Semin Cancer Biol
2004;14:139e45.

[122] Kaneshiro T, Morioka T, Inamine M, Kinjo T, Arakaki J,
Chiba I, et al. Anthraquinone derivative emodin inhibits
tumor-associated angiogenesis through inhibition of
extracellular signal-regulated kinase 1/2 phosphorylation.
Eur J Pharmacol 2006;553:46e53.

[123] He ZH, He MF, Ma SC, But PP. Anti-angiogenic effects of
rhubarb and its anthraquinone derivatives.
J Ethnopharmacol 2009;121:313e7.

[124] Cardenas C, Quesada AR, Medina MA. Evaluation of the
anti-angiogenic effect of aloe-emodin. Cell Mol Life Sci 2006;
63:3083e9.

[125] Wang XH, Wu SY, Zhen YS. Inhibitory effects of emodin on
angiogenesis. Yao Xue Xue Bao 2004;39:254e8.

[126] Lu Y, Zhang J, Qian J. The effect of emodin on VEGF
receptors in human colon cancer cells. Cancer Biother
Radiopharm 2008;23:222e8.

[127] Radha KS, Madhyastha HK, Nakajima Y, Omura S,
Maruyama M. Emodin upregulates urokinase plasminogen
activator, plasminogen activator inhibitor-1 and promotes
wound healing in human fibroblasts. Vascul Pharmacol
2008;48:184e90.

[128] Liu A, Chen H, Wei W, Ye S, Liao W, Gong J, et al.
Antiproliferative and antimetastatic effects of emodin on
human pancreatic cancer. Oncol Rep 2011;26:81e9.

[129] Lu HF, Lai KC, Hsu SC, Lin HJ, Kuo CL, Liao CL, et al.
Involvement of matrix metalloproteinases on the inhibition
of cells invasion and migration by emodin in human
neuroblastoma SH-SY5Y cells. Neurochem Res 2009;34:
1575e83.

[130] Wesolowska O. Interaction of phenothiazines, stilbenes and
flavonoids with multidrug resistance-associated
transporters, P-glycoprotein and MRP1. Acta Biochim Pol
2011;58:433e48.

[131] Garg AK, Buchholz TA, Aggarwal BB. Chemosensitization
and radiosensitization of tumors by plant polyphenols.
Antioxid Redox Signal 2005;7:1630e47.

[132] Kuo TC, Yang JS, Lin MW, Hsu SC, Lin JJ, Lin HJ, et al. Emodin
has cytotoxic and protective effects in rat C6 glioma cells:
roles of Mdr1a and nuclear factor kappaB in cell survival.
J Pharmacol Exp Ther 2009;330:736e44.

[133] Wang W, Sun YP, Huang XZ, He M, Chen YY, Shi GY,
et al. Emodin enhances sensitivity of gallbladder cancer
cells to platinum drugs via glutathion depletion and
MRP1 downregulation. Biochem Pharmacol 2010;79:
1134e40.

[134] Yu CS, Yu FS, Chan JK, Li TM, Lin SS, Chen SC, et al. Aloe-
emodin affects the levels of cytokines and functions of
leukocytes from Sprague-Dawley rats. In Vivo 2006;20:
505e9.

[135] Chang YC, Lai TY, Yu CS, Chen HY, Yang JS, Chueh FS,
et al. Emodin induces apoptotic death in murine
myelomoocytic leukemia WEHI-3 cells in vitro and
enhances phagocytosis in leukemia mice in vivo. Evid
Based Complement Alternat Med 2011;2011:523596
[PubMed - in process].

B i oM e d i c i n e 2 ( 2 0 1 2 ) 1 0 8e1 1 6116

http://dx.doi.org/10.1016/j.biomed.2012.03.003
http://dx.doi.org/10.1016/j.biomed.2012.03.003


Review article

The silver bullet for cancer prevention: Chemopreventive
effects of carotenoids

Feng-Yao Tang*

Biomedical Science Laboratory, Department of Nutrition, China Medical University, Taichung 40402, Taiwan, ROC

a r t i c l e i n f o

Article history:

Received 18 June 2012

Received in revised form

22 June 2012

Accepted 22 June 2012

Available online 26 July 2012

Keywords:

cancer

carotenoids

invasion

metastasis

proliferation

a b s t r a c t

Cancer has been a leading cause of death in many countries. Chemoprevention of various

types of human cancer using dietary nutrients has received a lot of attention and interest

in the past decade. Recently, carotenoids have been shown to prevent tumor growth and

progression. Carotenoids demonstrated chemopreventive capability by interrupting

several stages of cancer including initiation, promotion, progression, and metastasis. The

molecular mechanisms of actions are through the modulation of cell-signaling pathways

and gene expression. The results of our study suggested that carotenoids could act as

chemopreventive agents against the growth and progression of human cancer cells.

Copyright ª 2012, China Medical University. Published by Elsevier Taiwan LLC. All rights

reserved.

1. Introduction

Carotenoids are organic compounds naturally occurring in

plants and photosynthetic organisms such as algae [1,2].

Present reports suggest that >600 carotenoids have been

identified. However, as a result of selective uptake in digestive

tract, only 14 carotenoids with their metabolites have been

identified in human plasma and peripheral tissues [3]. Carot-

enoids are commonly divided into two major classes, namely,

carotenes and xanthophylls [4]. The presence of these carot-

enoids has been reported in fruits and vegetables. Some of the

common carotenes are lycopene, carotene (a, b, g, d), and

phytoene. On the other hand, the most common xenophylls

are cryptoxanthin (a, b), zeaxanthin, lutein, violaxanthin, and

astaxanthin [4]. Because of their colorful nature, carotenoid-

rich foods such as fruits and vegetables always attract

people’s interest and induce their appetite. Results of many

studies indicated that diets rich in vegetables and fruits can

reduce the risk of several chronic diseases including cancer,

cardiovascular diseases, and diabetes [5,6]. Many phyto-

chemicals and nutrients present in these plant foods, such as

carotenoids, antioxidant vitamins, polyphenols, folate, plant

sterols, indoles, and fibers, contribute to the risk reduction

[5,6]. Among these phytochemicals, carotenoids have been

studied widely because of their beneficial effects on the

human tissues and the diverse options they provide in

improving human health. In humans, some carotenoids, such

as b-carotene and b-cryptoxanthin, are precursors of vitamin

A. Besides b-carotene, various carotenoids show more potent

activity to suppress the process of carcinogenesis. In this
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review, wewill mainly discuss the chemopreventive effects of

b-carotene, lycopene, and cryptoxanthin.

2. Carcinogenesis

Cancer is an important public health issue worldwide. It has

been a leading cause of death in many countries [7]. During

tumorigenesis, accumulation of multiple gene mutations

would lead to the neoplastic transformation of a single cell.

These aberrant mutations or overexpression of several

important genes contribute to the initiation of cancer and

progression of human malignancies. Neoplastic trans-

formation commonly affects three major classes of genes:

proto-oncogenes, tumor-suppressor genes, and DNA repair

genes. Several cellular proto-oncogenes have been activated

throughmutation. For example, the ras proto-oncogenes were

a typical subset of gene mutation. Because of neoplastic

transformation, ras (oncogene) genes were activated and

exhibited transforming properties. The mutations of ras

augment the activity of guanosine-50-triphosphatase and

transmission of signals to raf. Furthermore, mutations of the

raf genes could also drive the mitogen-activated protein

kinase (MAPK) signaling pathway and induce tumor growth

and progression [8]. Several oncoproteins such as RAS, RAF,

MAPK, and phosphatidylinositol-3 kinase (PI-3 K), Akt are

frequently mutated in cancer [9,10]. Meanwhile, PI-3 K muta-

tions could activate Akt and mTOR cascades to enhance cell

survivals and escape from cell apoptosis. Suppression of

apoptotic pathways involving the downstream caspase-3

molecule could avoid cell death [11]. RAS, RAF, and PI-3 K

mutations occur in many cancer patients. The incidence of

these cancer-specific point mutations is particularly high in

many types of cancer and has been linked to poor outcomes.

The aberrant activation of RAS/RAF/MEK/MAPK signaling

pathways stimulate key processes involved in tumor growth

and progression, including proliferation, angiogenesis, inva-

sion, and metastasis [8]. The activation of MAPK/extracellular

signaleregulated kinase (ERK) signaling pathway could induce

the expression of cyclooxygenase-2 (COX-2) protein, its prin-

cipal metabolite prostaglandin E2, and inflammatory response

[12,13]. More than 50% of colorectal carcinomas have elevated

levels of COX-2 protein. The aberrant activation of MAPK/ERK

signaling pathway also plays an important role in the disas-

sembly of E-cadherin adherens complex and augments

nuclear accumulation of b-catenin transcription factors in

several types of cancer. Abnormal accumulation of b-catenin

is correlated with tumor growth and progression [14e16].

A recent study indicated that b-catenin could be an important

biomarker of human cancer. During the activation of these

signaling pathways, upregulation of cell cycleerelated

protein, such as cyclin D1, is strongly correlated with tumor

growth.

During the progression of tumor, overexpression of matrix

metalloproteinases (MMPs) is highly correlated with inflam-

matory response, tumor growth, angiogenesis, andmetastasis

[17]. MMPs could degrade extracellular matrix and create

a microenvironment that could support tumor development

[18]. Invasion of cancer cells into the surrounding stroma

occurs through the augmented expression of MMPs [19].

Previous studies suggested that elevated expression of MMP-9

was strongly correlated with poor prognosis and low survival

rate in cancer patients [20,21]. However, suppression of MMPs

could prevent the development of tumor [22].

3. Chemopreventive effects of carotenoids

3.1. b-Carotene

b-Carotene has been shown to inhibit the proliferation of

cancer cells by their antioxidant activity or by their conversion

into vitamin A. Surprisingly, previous human studies

demonstrated that high doses of b-carotene (20 mg/day)

supplementation enhanced the prevalence of lung cancer,

especially in current smokers or people exposed to asbestos

[23]. In order to clarify these controversial findings, scientists

conducted several in vitro and in vivo studies. Many conclusive

results showed that high levels of b-carotene in the smoke-

exposed animals were prone to have plenty of oxidative

metabolites of b-carotene, which enhance the metabolism of

retinoic acid followed by diminished retinoid signaling, and

induced cell proliferation. These findings suggest that dietary

intake of b-carotene is still beneficial to induce chemo-

preventive effects. However, overdose of b-carotene in

smokers would induce the formation and growth of lung

cancer. Furthermore, these findings attracted more attention

to the study of carotenoids. In this review,more evidences will

be provided to demonstrate whether the remaining caroten-

oids are capable of preventing tumor growth.

3.2. Lycopene

Results of various epidemiological studies indicated that die-

tary intake of lycopene-rich tomatoes and tomato products is

correlated with lower risk of cancer [24,25]. Serum and tissue

levels of lycopene are also inversely correlated with the risk of

several types of cancer. To further understand the chemo-

preventive effects, several studies have been conducted to

investigate the molecular actions of lycopene. Most notice-

ably, one of the studies indicated that lycopene supplemen-

tation (at doses of 1.1 and 4.3 mg/kg body weight/day) could

inhibit the proliferation of lung squamous cancer cells by the

induction of apoptosis and upregulation of insulin-like growth

factorebinding protein-3 in cigarette smokeeexposed ferrets

[26]. Moreover, recent studies suggested that lycopene effec-

tively inhibited the proliferation of several types of cancer by

different mechanisms. Lycopene (at doses of 2, 5, and 10 mM)

significantly inhibited the proliferation of colon cancer cells

in vitro [27]. The molecular mechanisms of action were

through the suppression of proliferative PI-3 K/Akt signaling

cascades and augmented apoptotic pathways. Moreover,

intake of lycopene (at doses of 3 and 6mg/kg bodyweight/day)

inhibited tumor growth in a mouse xenograft model of colo-

rectal cancer [28]. Lycopene could also stabilize the expression

of adherent E-cadherin molecules in colon cancer cells.

Moreover, concomitant consumption of lycopene and eico-

sapentaenoic acid could synergistically inhibit the prolifera-

tion of colon cancer cells [29]. Huang et al. showed that

lycopene significantly inhibited the proliferation and
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metastasis of hepatoma cancer cells by the reduction of MMP-

9 and vascular endothelial growth factor (VEGF) molecules

[30]. The molecular mechanisms of action were achieved by

the suppression of nuclear factor-kappa B (NF-kB p65) and

stimulating protein-1 [31]. These findings made people feel

confident in taking carotenoids as chemopreventive agents.

Furthermore, recent studies demonstrated that lycopene can

be converted into apo-100-lycopenals by carotene-90, 100-oxy-
genase in both in vitro and in vivo conditions. The cleaved

apo-100-lycopenals can be further converted into apo-100-
lycopenoic acid and apo-100-lycopenol in liver and lung

tissues. The major metabolite of lycopene, apo-100-lycopenoic
acid, effectively inhibited the proliferation of lung cancer cells

in vitro and in vivo conditions [32].

3.3. Fucoxanthin

Fucoxanthin is an orange-pigmented carotenoid found in

seaweed.Becauseof its distinct structure, fucoxanthinbelongs

to the group of non-provitamin A carotenoids. However,

fucoxanthin is an excellent free radical quencher under anoxic

conditions. As free radicals andoxidative stress are involved in

the initiation stage of cancer development, nutritional studies

have focused on the antioxidant activity of fucoxanthin in the

prevention of cancer development in the past few years. Many

studies suggested that fucoxanthin can effectively inhibit or

prevent the proliferation of several types of cancer cell lines

such as prostate cancer, leukemia, and colorectal cancer cells

[33,34]. The molecular mechanisms of fucoxanthin were

probably through the induction of cell cycle arrest, apoptosis,

and even by the expression of gap junctionmolecules in these

cell lines. Moreover, fucoxanthin can inhibit the expression of

antiapoptotic molecules such as Bcl-2 and Bcl-xl proteins. Yu

et al. showed that fucoxanthin (50 and 75 mM) inhibited the

proliferation of human gastric adenocarcinomaMGC 803 cells.

The results demonstrated that fucoxanthin induced cell cycle

arrest at G2/M phase by the suppression of cyclin B1 protein. In

addition, fucoxanthin also induced cell apoptosis by the

suppression of JAK/STAT signaling pathway [35].

3.4. b-Cryptoxanthin

Thestructureofb-cryptoxanthin is similar to thatofb-carotene.

Under the action of carotene monooxygenase, cleavage of b-

cryptoxanthin can lead to the formation of retinol and retinoic

acid. Therefore, b-carotene and b-cryptoxanthin are pro-

vitamin A carotenoids. Epidemiological studies indicated that

highintakeofb-cryptoxanthin isassociatedwithreducedriskof

lung cancer, especially for current smokers. In the in vitro study,

b-cryptoxanthin significantly inhibited the proliferation of lung

cancer cells.b-Cryptoxanthinexhibited its anticancer effects by

the upregulation of retinoic acid receptor-b and by the trans-

activation of retinoic acid response elementedriven promoter

activity. Supplementing dose-dependent b-cryptoxanthin with

lycopene prevents lung inflammation by suppressing the levels

of tumor necrosis factor-a and squamous metaplasia in lung

tissues in cigarette smokeeexposed animals [36]. Moreover, b-

cryptoxanthin suppressed the levels of oxidative damage to

DNA, 8-OHdG, the activation of NF-kB, and expression of acti-

vator protein 1 (AP-1) [36]. These results suggest that b-

cryptoxanthin might play an important role in protecting the

lung tissue from smoke-induced inflammation, DNA damage,

and squamousmetaplasia in experimental animals.

3.5. Astaxanthin

Astaxanthin is amarine carotenoidwithout vitaminAactivity.

Results from an earlier study of xenograft tumormousemodel

demonstrated that pretreatment of astaxanthin (0.005%

astaxanthin for 8 weeks) suppressed the growth of mammary

tumor in BALB/c mice [37]. Mice fed with astaxanthin before

tumor initiation had increased blood levels of natural killer

cells and plasma levels of g-interferon compared with those

fed with control diet (i.e., without astaxanthin). Such an effect

was not observed inmice fedwith astaxanthin after the tumor

initiation.Thisstudysuggests thatadequatebloodastaxanthin

is essential toprotect against tumor initiation.Other evidences

showed that astaxanthin could play important roles in the

suppression of tumor invasion and progression. An earlier

study showed that astaxanthin acted as a chemopreventive

agent against 1,2-dimethyl hydrazine (DMH)einduced rat

coloncarcinogenesis.WhenadministeredwithDMH(40mg/kg

body weight, subcutaneously), control group of experimental

animals had high expression of NF-kB p65, COX-2, MMP-2,

MMP-9, proliferating cell nuclear antigen, protein kinase B

(Akt), and ERK-2. However, the treatment group that received

astaxanthin (15 mg/kg of body weight/day, orally) had lower

tumor size and reduced levels of these tumor biomarkers.

Furthermore, astaxanthin induced apoptosis in colorectal

carcinoma tissues of DMH-induced rats. The effects were

associated with increased expression of caspase-3 protein in

those astaxanthin-fed mice [38]. These results suggest that

astaxanthin acts as a chemopreventive agent against tumor

growth, invasion, inflammation, and progression.

3.6. Lutein and zeaxanthin

Lutein and zeaxanthin have been demonstrated as strong

antioxidants and are widely distributed in vegetables and

fruits. Epidemiological studies indicated that high intake of

lutein/zeaxanthin could reduce the risk of variety of cancers

including lung and colon cancer [39,40]. Although the clear

molecular mechanism of lutein and zeaxanthin has not been

studied well yet, several studies already revealed their che-

mopreventive effects in animals. Dietary supplementation of

lutein also reduces colon carcinogenesis in carcinogen (DMH)-

treated animals [41]. The chemopreventive effects of lutein

against colon cancer were by the suppression of k-Ras and

b-catenin expression and by the activation of protein kinase B.

4. Conclusions

This review demonstrated the chemopreventive effects of

carotenoids in different aspects (Fig. 1). Many evidences

suggest that carotenoids play important roles in the preven-

tion of tumor growth, invasion, metastasis, and progression.

Carotenoids are widely distributed in fruits and vegetables.

Daily consumption of fruits and vegetables can provide an

excellent way to prevent tumorigenesis.
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Background/Introduction: Hepatocellular carcinoma (HCC) is the major cause of cancer-

related death in Taiwan and is strongly associated hepatitis B virus (HBV) infections.

Previous studies observed an imbalanced T-helper (Th)1/Th2 cytokine profile in HCC

patients, however, less attention has been paid to the variation of Th2 cytokines, anti-

inflammatory cytokines such as IL-4 and IL-10, in HCC patients. Increased expression of

Fibronectin, VEGF and TGF-b1 in HCC patients has been observed, the relationship between

these factors and other biomarkers remains unknown.

Purpose: This study examined the clinical significance of circulating interleukin-10 and fibro-

nectin levels in HBV-infected hepatocellular carcinoma (HCC) patients.

Methods: HCC patients were classified according to international tumor-node-metastasis

staging system as I (n ¼ 8), II (n ¼ 24), III (n ¼ 20) and IV (n ¼ 10). Thirty healthy subjects were

included as control group.

Results: Compared with the control group, 7 test cytokines [interleukin (IL)-1, IL-2, IL-4, IL-6,

IL-10, interferon-g and tumor necrosis factor (TNF)-a) were significantly higher in HCC

patients (p < 0.05). Plasma TNF-a concentration in HCC patients increased from stage to

stage (p < 0.05), while concentrations of both IL-4 and IL-10 decreased from Stage II to Stage

IV (p < 0.05). HCC patients also had significantly higher plasma levels of VEGF, TGF-b1 and

fibronectin than the control group (p < 0.05). Within HCC groups, both vascular endothelial

growth factor (VEGF) and fibronectin levels decreased in Stage IV. VEGF, transforming

growth factor-b1 (TGF-b1) or fibronectin were negatively correlated with IL-10, and the

correlation coefficients were lower than e0.7. Both VEGF and TGF-b1 were positively

correlated with fibronectin, and the correlation coefficients were higher than 0.7.

Conclusion: The circulating levels of IL-10 and fibronectin may reflect progression of HCC.

Thus, monitoring these biomarkers may benefit HCC progression evaluation.

Copyright ª 2012, China Medical University. Published by Elsevier Taiwan LLC. All rights

reserved.

1. Introduction

Liver cancer, also called hepatocellular carcinoma (HCC), is the

most common malignancy in the world [1]. In Taiwan, HCC is

the major cause of cancer-related death [2], and is strongly

associated hepatitis B virus (HBV) and/or hepatitis C virus

(HCV) infections [3,4]. Thus, virus infection is an important

variable in clinical pathological investigation of HCC.
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An imbalance between T-helper (Th)1 and Th2 cytokines

has been observed in HCC patients [5,6]. The increased

expression of several proinflammatory cytokines such as

interleukin (IL)-6 and Th1 cytokines such as IL-1 in HCC

patients has been reported [6,7]. The elevation of these cyto-

kines means HCC deterioration including tumor growth and

metastasis [7,8]. So far, less attention has been paid to the

variation of Th2 cytokines, anti-inflammatory cytokines such

as IL-4 and IL-10, in HCC patients. Since Th2 cytokines possess

anti-inflammatory activity, the alteration of these cytokines

may also affect HCC progression. Fibronectin is an extra

cellular matrix glycoprotein, the expression of which is

increased in liver tumor growth [9]; and increased fibronectin

has been linked to resistance to therapy [10]. Apparently,

fibronectin plays an important role in cancer progression, and

is thus hypothesized to be highly associated with HCC

progression. It is noted that most information regarding

inflammatory stress of HCC is obtained from malignant

tumors via surgical process. It may be more practical and

feasible if the clinical information associated with inflam-

mation and anti-inflammation, or the so-called Th1/Th2

cytokine profile, of HCC patients could be obtained from

circulation via blood sampling.

Vascular endothelial growth factor (VEGF) is an angiogenic

factors responsible for tumor angiogenesis: VEGF expression

in tumor tissue is correlated with early metastasis spread

and poor prognosis [11,12]. Transforming growth factor-b1

(TGF-b1) is highly expressed in many malignant tumors

including HCC [13]. Although increased expression of VEGF

and TGF-b1 in HCC patients has been observed, the rela-

tionship between these two factors and other biomarkers

remains unknown.

Clinically, HCC patients could be classified according to the

international tumor-node-metastasis (TNM) staging system

[2]. The major purpose of this study was to examine the

variation of IL-4, IL-10, fibronectin, VEGF, and TGF-b1 in HBV

infected HCC patients classified by TNM staging. These results

will enhance the understanding about inflammation variation

presented in HCC patients.

2. Materials and methods

2.1. Patients and healthy individuals

This study protocol was approved by Ethical Committee of the

Medicine Faculty at Chung ShanMedical University. Sixty-two

patients with HBV infection and cytologically or histologically

confirmed liver cancer at Chung Shan Medical University

Hospital betweenMay 2005 and October 2006were included in

Table 1 e Mean ± SD baseline characteristics in HCC patients and healthy control group.

Parameters

Control

HCC

I II III IV

n¼ 30 n¼ 8 n¼ 24 n¼ 20 n¼ 10

Body mass index (kg/m2) 25.1� 2.6 24.5� 2.2 23.8� 1.7 21.2� 2.5 20.3� 1.6

Albumin (g/dL) 4.41� 0.43 4.17� 0.37 3.69� 0.51x 3.19� 0.67x 3.04� 0.73x

Creatinine (mg/dL) 0.74� 0.18 1.10� 0.29 1.08� 0.25 1.23� 0.19 1.34� 0.26

Uric acid (mmol/L) 210.3� 19.4 276.5� 22.5x 358.4� 40.7x 369.3� 52.4x 377.5� 34.0x

Bilirubin (mg/dL) 0.49� 0.13 0.92� 0.21 1.26� 0.31 2.29� 0.27x 3.31� 0.43x

a fetoprotein (ng/L) 25.1� 4.2 690.4� 170.2x 4872.5� 434.7x 7421.0� 653.8x 7038.2� 559.2x

Associated diseases

Diabetes 2 1 2 1 0

Renal insufficient 0 0 2 1 1

Hypertension 3 1 0 0 1

xMeans significantly different from control group, p< 0.05.

Table 2 e Mean± SD plasma concentrations of two proinflammatory cytokines (IL-6, TNF-a), three Th1 cytokine (IL-1, IL-2,
IFN-g), and two Th2 cytokines (IL-4, IL-10) in healthy control group and HCC patients at different TNM stage.1

Control HCC

I II III IV

IL-6, pg/mL 19.2� 3.6a 135.3� 10.1b 240.8� 21.5c 332.7� 29.2d 316.4� 32.5d

TNF-a, pg/mL 23.8� 4.5a 165.7� 16.3b 257.6� 25.4c 370.5� 34.8d 454.7� 37.6e

IL-1, pg/mL 19.4� 6.2a 89.6� 10.5b 180.5� 23.4c 223.7� 28.6c 245.7� 23.4c

IL-2, pg/mL 21.3� 6.7a 76.8� 13.2b 151.7� 20.6c 198.6� 23.8c 160.5� 15.7c

IFN-g, pg/mL 18.0� 4.8a 84.0� 9.3b 177.4� 14.9c 238.0� 22.5d 263.2� 27.8d

IL-4, pg/mL 18.7� 5.4a 134.9� 18.3c 156.3� 21.7c 97.1� 9.2b 80.6� 9.4b

IL-10, pg/mL 20.5� 8.5a 140.5� 15.7c 245.2� 17.4d 166.8� 11.6c 71.3� 8.5b

aeeMeans in a row without a common letter differ, p< 0.05.
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this study. Chronic HBV infection was confirmed by the

presence of serum hepatitis B virus surface antigen (HBsAg),

hepatitis B virus extracellular antigen (HBeAg) and HBV DNA.

HBsAg and HBeAg were measured by radioimmunoassay

(Abbott Laboratories, Chicago, IL, USA) and electro-

chemiluminescence immunoassay (Roche Diagnostics, Indi-

anapolis, IN, USA), respectively. Patients infected with HCV,

and those with habitual alcohol intake, any other liver

diseases (alcohol-, drug-, or obesity-induced liver disease,

autoimmune hepatitis, hemochromatosis, a-1 anti-trypsin

deficiency, Wilson disease or cirrhosis) were excluded.

Patients with serum creatinine >15 mg/L, absolute neutrophil

count <1 x 109/L, platelet count <50 x 109/L or hemoglobin

<100 g/L were also excluded. These patients were aged 37 to

80 years (mean 64.1 years), were taking no therapy, and were

newly diagnosed. HCC patients were classified according to

the TNM staging system. The clinicopathological character-

istics of these 62 HCC patients are shown in Table 1. Thirty

healthy control participants (17 male, age 47e82 years, mean

61.3 years) were also included for comparison.

2.2. Blood sampling and biochemical measurements

Informed consent for study participationwas obtained from 62

HCC patients and 30 healthy control subjects. A 15 mL periph-

eral blood sample was drawn from each participant after an

overnight fasting. Plasma was separated from erythrocyte

immediately after blood collection. Plasma levels of IL-1, IL-2,

IL-4, IL-6, IL-10, interferon (IFN)-g and tumor necrosis factor

(TNF)-a were measured by ELISA using cytoscreen immuno-

assay kits (BioSource International, Camarillo, CA, USA).

Samples were run in duplicate, and according to the manu-

facturer’s instructions. The sensitivity of assay with the lower

limit was 5 nmol/L for IL-1, IL-2, IL-4, IL-6, IL-10 and 10 nmol/L

for IFN-g and TNF-a. Plasma TGF-b1 and VEGF levels were

measured by commercial ELISA kit (Quantikine Human VEGF,

R&D System, Minneapolis, MN, USA). The sensitivity of assay

with the lower limitwas5.0 ng/L, the intra-assayand interassay

variabilities were 6.7% to 5.1% and 8.8% to 6.2%, respectively.

2.3. Statistical analysis

Each measurement was analyzed from 62 liver cancer

patients and 30 healthy controls. All data presented in this

study are mean� SD. Data were subjected to analysis of

variance (ANOVA) and differences with p< 0.05 were consid-

ered to be significant. Correlations between two variables

VEGF

a

b

c

c

b

0

20

40

60

80

100

120

140

control I II III IV

ng
/L

TGF-beta1

b

a

c

d
d

0

200

400

600

800

1000

1200

control I II III IV

pg
/m

L

fibronectin

a

b

d

c

c

0

500

1000

1500

2000

2500

3000

3500

control I II III IV

pg
/m

L

Fig. 1 e Mean± SD plasma level of vascular endothelial

growth factor (VEGF), transforming growth factor-b1 (TGF-

b1) and fibronectin in healthy control group and HCC

patients at different TNM stage. a-dMeans among bars

without a common letter differ, p < 0.05.

Table 3 e Correlation coefficients among IL-1, IL-2, IL-4, IL-10, VEGF, fibronectin, and TGF-b1 in 62 HCC patients.

IL-1 IL-2 IL-4 IL-10 VEGF fibronectin TGF-b1

IL-1 1.000 0.483 �0.464 �0.545 0.570 0.528 0.493

IL-2 1.000 �0.425 �0.624 0.584 0.605 0.414

IL-4 1.000 0.672 �0.636 �0.715* �0.702*

IL-10 1.000 �0.749* �0.827* �0.811*

VEGF 1.000 0.784 0.773*

Fibronectin 1.000 0.841*

TGF-b1 1.000

*Means p < �0.05.
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were calculated by simple regression analysis (Minitab Inc.,

State College, Philadelphia, USA).

3. Results

As shown in Table 1, HCC patients had lower albumin, higher

uric acid, and higher a fetoprotein concentrations in plasma

thanthecontrolgroup ( p< 0.05).Bilirubin level inHCCpatients

at Stages III and IV was significantly increased ( p< 0.05).

Plasma levels of cytokines in HCC patients are shown in

Table 2. Compared with the control group, the concentrations

of 7 test cytokines were significantly higher in HCC patients

( p< 0.05). Plasma TNF-a concentration in HCC patients

increased from stage to stage ( p< 0.05). Both IL-4 and IL-10

levels were decreased from Stage II to Stage IV ( p< 0.05).

Plasma levels of VEGF, TGF-b1 and fibronectin from healthy

control group and HCC patients at different TNM stage are

presented in Fig. 1. HCC patients had significantly higher

plasma concentrations of VEGF, TGF-b1 and fibronectin than

thecontrol group ( p< 0.05).WithinHCCgroups, bothVEGFand

fibronectin concentrations decreased in Stage IV. The rela-

tionships among test factors in HCC patients is shown in

Table 3. VEGF, TGF-b1, and fibronectin were negatively corre-

latedwith IL-10, with a correlation coefficient lower thane0.7.

Both VEGF and TGF-b1 were positively correlated with fibro-

nectin, and the correlation coefficient was higher than 0.7.

4. Discussion

The increased expression of several inflammatory cytokines

such as IL-6 and TNF-a in HBV related liver cancer develop-

ment has been reported previously [14]. Our present study

further found that the release of Th1 and Th2 cytokines

including IL-1, IL-2, IL-4, and IL-10 in circulationwasmarkedly

increased in HCC patients, which supported that inflamma-

tion and imbalance between Th1 and Th2 cytokines were

involved in HBV-associated HCC deterioration.

It is known that IL-4 and IL-10 are anti-inflammatory

immunomodulatory cytokines because they can induce

expression of the IL-1R antagonist, and down-regulate the

production of proinflammatory cytokines from human

monocytes [15]. Moreover, IL-4 has a direct inhibitory effect on

the development of human Th1 cells, and IL-10 is able to

prevent Th1 effector function by reducing long-lasting T cell

responsiveness [16,17]. Thus, the observed IL-4 and IL-10

increase in HCC patients at early stages (IþII) in our present

study implied that the host self-defense system tended to

suppress the inflammation reaction or to maintain cytokine

balance. However, the overwhelming inflammation occurring

in the late stages of liver cancer lowered IL-4 and IL-10

production, which suggested that the host’s self-protection

capability was diminished. Furthermore, the reduced IL-4

and IL-10 expression might indirectly favor expression of

Th1 cytokines, which in turn exacerbated imbalance between

Th1 and Th2 cytokines. It has been indicated that IL-4 is

a potent inhibitor of hepatocyte growth factor, andmay retard

invasion and metastasis of carcinoma cells [18]. Thus, the

variation of circulating IL-4 and IL-10 levels could be

considered as predicators for evaluating host self-defense

capability, liver immune function, and/or cancer progression.

Tumor angiogenesis is essential for solid tumorigenesis,

growth, invasion and metastasis [19]. The elevation of circu-

lating VEGF level indicated a promotion of tumor angiogenesis

because VEGF benefited cancer cells spreading into normal

liver parenchyma [19,20]. TGF-b1 could stimulate the meta-

static capacity of tumor cells, and thus has been considered as

a predictor for poor survival in HCC patients [21,22]. In the

present study, TGF-b1 and VEGF levels in HCC patients were

elevated, which supported that both were indicators to reflect

HCC progression. Fibronectin could activate focal adhesion

kinase, increase matrix metalloproteinase expression and

promote cancer cell invasion and/or migration [23,24]. We

found that circulating VEGF and fibronectin levels were

dramatically reduced in patients at Stage IV. Although the

mechanism remains unknown, it is possible that patients at

the final cancer stage lost their capability to synthesize these

molecules because of liver malfunctions. Further large scale

clinical study is necessary to confirm the role of VEGF and

fibronectin in HCC deterioration. In addition, we noted that

VEGF, TGF-b1 and fibronectin levels in circulation were

negatively correlated with IL-10 and IL-4. These relationships

imply that the increased production of VEGF, TGF-b1, and

fibronectin impaired the host’s anti-inflammatory protection,

and enhance inflammatory reactions. These findings indicate

the clinical significance of these biomarkers in HCC progres-

sion. Plasma concentrations of IL-4, IL-10, VEGF, TGF-b1, and

fibronectin are not routinely measured for HCC patients, at

least in Taiwan. Clinical physicians and researchers should

consider measuring these factors to assist clinical evaluation

for HCC patients.

In conclusion, this clinical study provided several novel

findings regarding the variation in the circulating levels of IL-

4, IL-10, VEGF, TGF-b1 and fibronectin in HBV-infected HCC

patients at different stages. The reduction of circulating IL-4

and IL-10 levels implies that patients loose their self-defense

capability. Fibronectin profile might reflect HCC deteriora-

tion. Thus, monitoring thesemolecules in HCC patients might

benefit diagnosis and/or prediction.
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A 56-year-old man with right lower lung adenocarcinoma

(pT1aN0M0, stage Ia) had undergone right lower lung lobec-

tomy in June 2007; no recurrence or metastasis was found

during the follow-up period. As of June 2011, computed

tomography (CT) of the chest (Fig. 1) revealed nodular opacity

(2.6 cm� 2.3 cm) in parabronchial region of the right lung. The

patient had no associated symptoms such as fever, productive

cough, or chest pain. Level of carcinoembryonic antigen,

a tumor marker, was within normal limits. In our early-stage

lung cancer patient with pulmonary nodules who had

received lobectomy, possibility of lung cancer recurrence was

considered. He subsequently underwent radial endobronchial

ultrasound (EBUS)-guided transbronchial needle aspiration

(TBNA) of the parabronchial nodule (Fig. 2). Cytology of TBNA

specimen (Fig. 3) revealed many yeast-form fungi encapsu-

lated within epithelioid cells. Later serology test for Crypto-

coccus antigen was found to be positive, with a titer of 1:8; no

HIV antibodies were detected. We did not examine

cerebrospinal fluid due to low titer of the Cryptococcus antigen

and absence of symptoms in the central nervous system

infection. The patient received antifungal therapy with flu-

conazole (daily 400 mg) for 3 months, after which serum

Cryptococcus antigen titer decreased to zero. In September

2010, a follow-up chest CT revealed shrinkage of the pulmo-

nary nodule to a fibrotic band (Fig. 4).

Differentiating between benign lesion and primary tumor

or metastasis in patients with pulmonary nodules is crucial

for clinicians and difficult in some cases, such as in cancer

patients. Surgical resection is the only recommended treat-

ment for early-stage non-small-cell lung cancer. In early-stage

lung cancer, after surgical resection, patients with pulmonary

nodules may be regarded as having cancer relapse and given

immediate chemotherapy. Cryptococcus is an opportunistic

infection that predominantly affects immunocompromised

patients. Approximately one-third of immunocompetent

patients with Cryptococcus infection are asymptomatic; most
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common symptoms include cough, dyspnea, and fever. In

asymptomatic patients, the pulmonary infection is usually

discovered incidentally following chest radiography. We

present the case of a lung cancer patient with single pulmo-

nary nodulewho underwentmini-invasive diagnosticmethod

of EBUS TBNA to confirm the diagnosis of Cryptococcus infec-

tion. Differentiating between pulmonary Cryptococcus infec-

tion and tumor relapse in early-stage lung cancer is important

for the correct management of the cancer. Biopsy must be

performed for definite diagnosis and correct management of

lung cancer patients with pulmonary nodules.

Fig. 1 e Computed tomography of the chest showing an ill-

defined, soft-tissue nodule (white arrow) in the

parabronchial region of the right lung.

Fig. 2 e EBUS image of parabronchial pulmonary nodule.

EBUS [ endobronchial ultrasound.

Fig. 3 e Cytology of EBUS TBNA specimen shows

encapsulated forms of Cryptococcus (arrow), as

demonstrated by Liu stain (4003). EBUS [ endobronchial

ultrasound; TBNA [ transbronchial needle aspiration.

Fig. 4 e Computed tomography of the chest after 3 months

of fluconazole treatment revealed shrinkage of the lung

nodule to a fibrotic band (arrow).
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the specific trade name of a drug is directly relevant 
to the discussion. For devices and other products, 
the generic term should be used, unless the specific 
trade name is directly relevant to the discussion. If 
the trade name is given, then the manufacturer 
name and the city, state and country location of 
the manufacturer must be provided the first time it 
is mentioned in the text, for example, “…SPSS 
version 11 was used (SPSS Inc., Chicago, IL, USA).”

9.3.4. Statistical requirements
Statistical analysis is essential for all research 
papers except case reports. Use correct 
nomenclature of statistical methods (e.g., two 
sample t test, not unpaired t test). Descriptive sta-
tistics should follow the scales used in data 
description. Inferential statistics are important for 
interpreting results and should be described in 
detail.

All p values should be expressed to 2 digits to 
the right of the decimal point, unless p < 0.01, in 
which case the p value should be expressed to 3 
digits to the right of the decimal point. The 
smallest p value that should be expressed is p < 
0.001, since additional zeros do not convey 
useful information; the largest p value that 
should be expressed is p > 0.99.

9.3.5. Personal communications and unpublished 
data
These sources cannot be included in the references 
list but may be described in the text. The author(s) 
must give the full name and highest academic 
degree of the person, the date of the communication, 
and indicate whether it was in oral or written (letter, 
fax, e-mail) form. A signed statement of permission 
should be included from each person identified as a 
source of information in a personal communication 
or as a source for unpublished data.
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at the end of the text, including the names of the 
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their names are listed in this section. All financial 
and material support for the research and work 
from internal or external agencies, including 
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9.5. Abbreviation list
A term that appears more than three times in a 
paper should be abbreviated. Spell out the term on 
first mention, followed by the abbreviated form in 
parentheses. Thereafter, please use the 
abbreviated form. Supply a list of nonstandard 
abbreviations used in the paper at the end of the 
main text, in alphabetical order, giving each 
abbreviation followed by its spelled-out version.
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9.6.1. In the main text, tables, figure legends
•  References should be indicated by numbers in 

square brackets in line with the text, and 
numbered consecutively in order of appearance 
in the text.

•  References cited in tables or figure legends 
should be included in sequence at the point 
where the table or figure is first mentioned in 
the main text.

•  Do not cite uncompleted work or work that has 
not yet been accepted for publication (i.e., 
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you accessed the information.
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9.7. Tables
Tables should supplement, not duplicate, the text. 
They should have a concise table heading, be self-
explanatory, and numbered consecutively in the 
order of their citation in the text. Information 
requiring explanatory footnotes should be denoted 
using superscripted lowercase letters in 
alphabetical order (a, b, c, etc.). Asterisks (*, **) are 



used only to indicate the probability level of tests 
of significance. Abbreviations used in the table 
must be defined and placed after the footnotes. If 
you include a block of data or table from another 
source, whether published or unpublished, you 
must acknowledge the original source.

9.8. Figures
9.8.1. General guidelines
The number of figures should be restricted to the 
minimum necessary to support the textual 
material. They should have an informative figure 
legend and be numbered in the order of their 
citation in the text. All symbols and abbreviations 
should be defined in the legend. Patient 
identification should be obscured. All lettering 
should be done professionally and should be in 
proportion to the drawing, graph or photograph. 
Photomicrographs must include an internal scale 
marker, and the legend should state the type of 
specimen, original magnification and stain.

Figures must be submitted as separate picture files 
at the correct resolution (see Section 9.7.2. below). The 
files should be named according to the figure number, 
e.g., “Article1_Fig1”, “Article1_Fig2”.

9.8.2. Formats
Regardless of the application used, when your 
electronic artwork is finalized, please “save as” or 
convert the images to one of the following formats 
(note the resolution requirements for line drawings, 
halftones, and line/halftone combinations given 
below):

•  EPS: Vector drawings. Embed the font or save the 
text as “graphics”.

•  TIFF: Color or grayscale photographs (halftones): 
always use a minimum of 300 dpi.

•  TIFF: Bitmapped line drawings: use a minimum of 
1000 dpi.

•  TIFF: Combination of bitmapped line/half-tone 
(color or grayscale): a minimum of 600 dpi is 
required.

•  DOC, XLS or PPT: If your electronic artwork is 
created in any of these Microsoft Office 
applications, please supply “as is”.

Please do not:
•  Supply files that are optimized for screen use (like 

GIF, BMP, PICT, WPG); the resolution is too low;
• Supply files that are too low in resolution;
•  Submit graphics that are disproportionately large 

for the content.

A detailed guide on electronic artwork is available at 
http://www.elsevier.com/artworkinstructions.
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