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factors. Although a viral association within a subset of
OSCC has been shown, the molecular and histopathological characteristics of these tumors have yet to be
clearly defined.
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Oral cancer is one of the most common cancers and it
constitutes a major health problem particularly in developing countries. Oral squamous cell carcinoma (OSCC)
represents the most frequent of all oral neoplasms.
Several risk factors have been well characterized to
be associated with OSCC with substantial evidences.
While tobacco and alcohol are the primary risk factors
for OSCC development, many epidemiological studies
report a strong association with human papillomavirus
(HPV) in a subset of OSCC. This article presents our
current knowledge on the relationship between HPV
and development of OSCC. HPVs are DNA viruses that
specifically target the basal cells of the epithelial mucosa. Most experimental data are consistent with the
hypothesis that HPV plays a causal role in oral carcinogenesis. Genotypes, such as HPV1 infect epidermal
cells, whereas HPV6, 11, 16 and 18 infect epithelial
cells of the oral cavity and other mucosal surfaces. Several studies have shown that there is an increased risk
of head and neck cancer in the two major HPV 16 oncogenes E6 and E7 -positive patients. The presence of
antibodies to HPV E6 and E7 proteins was found to be
more associated with tumors of the oro-pharynx than
of the oral cavity. However, HPV alone appears to be
insufficient as the cause of OSCC but requires other co-
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INTRODUCTION
Worldwide, oral cancer accounts for 2%-4% of all cancer cases. In some regions, such as Pakistan, oral cancer
reaches the 10% of all cancers, and around 45% in India[1,2]. Within the EU the highest oral cancer incidence
rates for males are found in France and Hungary (6%)
and the lowest rates in Greece and Cyprus[3,4]. In 2009
over 300 000 new cases of oral and oropharyngeal cancer
were diagnosed worldwide. During the same time period,
over 7000 affected individuals died of these cancers[5].
Oral cancer includes a group of neoplasms affecting any
region of the oral cavity, pharyngeal regions and salivary
glands. However, this term is almost synonymous with
oral squamous cell carcinoma (OSCC), which represents
the most frequent of all oral neoplasms. It is estimated
that more of 90% of all oral neoplasms are OSCC[6]. It is
well established that a strong association exists between
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genetic factors, environment and oral cancer. Several factors are involved in the pathogenesis of oral cancer, such
as age, gender, ethnicity, lifestyle, genetic background,
status of health and exposure to one or more oncogenic
factors[7]. Tobacco use and alcohol consumption are wellknown risk factors. Micronutrient deficiencies and poor
oral hygiene[8-10] have also been associated with increased
risk. However, the observation that several patients with
oral cancer have not been exposed to these risk factors
suggests that additional causes may promote oral carcinogenesis. Thus, other agents, such as viruses, are being
investigated.

Furthermore, other studies have proved the existence
of a synergistic effect between HPV and alcohol. The
risk of head and neck cancer was statistically significantly
increased in heavy alcohol users detected with the virus, compared to that of HPV-negative cancer drinkers.
Therefore, it has been proposed that alcohol can biologically modify mucosal tissue, increasing its permeability to
viral infection, or by influencing the immune response to
HPV[30].
It is believed that one of the major events of HPVinduced carcinogenesis is the integration of the HPV
genome into a host chromosome. HPV genome integration often occurs near fragile sites of the human genome,
but there are no apparent sites for integration and no
evidence for insertional mutagenesis[31].
Slightly modifying Koch’s postulates, in order to
establish a relationship between a causative virus and a
disease, four criteria are needed: (1) viral genome to be
present in tumor lesions or in tumor cells; (2) virus must
be isolated from a pathologic lesion and grown in culture;
(3) cultured virus should cause disease when inoculated
into a healthy organism; and (4) virus must be reisolated
from the inoculated host and identified as being identical
to the original specific causative factor. However, the use
of Koch’s postulates to establish disease causation does
not fully apply to these phenomena, since the etiology of
cancer is multifactorial[32]. In the contrary, other authors
suggest that the incidence of HPV infection in the oral
cavities of healthy population is very low and therefore
other risk factors are most likely responsible to promote
oral carcinogenesis[33].

HUMAN PAPILLOMAVIRUS AND OSCC
The human papillomavirus (HPV) family consists of
more than 100 genotypes, classified in accordance with
the ability to infect and transform epithelial cells. HPVs
are DNA viruses that specifically target the basal cells of
the epithelial mucosa[11].
Genotypes, such as HPV1 infect epidermal cells,
whereas HPV6, 11, 16 and 18 infect epithelial cells of
the oral cavity and other mucosal surfaces. The ability of
HPV to transform epithelial cells is divided into highrisk and low-risk types. Low-risk types are associated
with development of benign lesions such as warts, while
infections with high-risk types may progress to malignant
lesions[12].
The HPV involvement in oral carcinogenesis was
supported on the basis of the following evidences: (1)
the strongly established etiological role of HPV in cervical SCC[13,14]; (2) the epithelial tropism of HPV; (3) the
similarity between oral and genital epithelia[15]; and (4) the
detection of HPV genotypes in samples of OSCC[16-20].
The HPV involvement in oral and oropharyngeal carcinogenesis was first proposed in 1983 by Syrjänen et al[16].
Her results showed that 40% of the laryngeal and oral
cancers contained histological and morphological similarities with HPV-infected lesions, and 50% of the samples
demonstrated HPV structural proteins by immunohistochemistry[21].
Since then, several studies have focused on HPV
detection in oral cancer but results have been conflicting[22-24]. It was found that the prevalence of HPV detection varies broadly, depending on the population, on the
location of the cancerous lesion, type of specimen, and
detection method. By contrast, HPV was more frequently
detected in OSCCs of the oropharynx and tonsil than
at other head and neck sites[25-27]. However, in a systematic review that was performed by Syrjänen et al[28] it was
suggested that a potentially important causal association
between HPV (specifically HPV16) and OSCC exists. In
a recent study the overall HPV prevalence was 10.5% in
oral cavity carcinomas and was higher in female than in
male cases. Ninety five percent of HPV-positive cases
were infected by a single HPV type. HPV 16 was the
most prevalent type and was found in 95.5% of HPVpositive oral cavity carcinoma cases[29].
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GENITAL HPV INFECTION AND RISK OF
OSCC
Several studies examined the incidence of second cancers after an initial diagnosis of ano-genital cancers[34,35]
and have showed that there is an increased risk of head
and neck cancer as well as other HPV-associated anogenital cancers in the two major HPV 16 oncogenes E6
and E7 -positive patients. This association between HPVassociated anogenital cancers and head and neck cancer
was further strengthened by two larger studies[36,37].
Additionally, the presence of antibodies to HPV E6
and E7 proteins was found to be more associated with
tumors of the oro-pharynx than of the oral cavity[12].
A recent study has shown that besides the classical
horizontal transmission during the sexual life, a vertical transmission occurs in approximately 20% of case
HPV positive people. In these individuals, HPV-DNA is
detected in amniotic fluid, foetal membranes, blood and
placental trophoblastic cells, all suggesting HPV infection
in utero, i.e. prenatal transmission[38].

HPV TESTING
HPV testing is critical for the estimation of HPV prevalence in various oral diseases. HPV testing is usually based
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on PCR method. General or consensus primers targeting
L1 gene are most frequently used for HPV detection because they are able to identify several HPV genotypes at
the same time. Sampling techniques together with widely
divergent PCR methods in different studies explain most
of the variability in HPV prevalence among OSCC and
control samples[29]. In situ hybridization and in situ oncogenic protein staining techniques have also increased
sensitivity and specificity and are used for HPV testing.
These techniques have allowed not only the detection of
HPV in cytological smears or histopathological immunesections but also the determination of the topographic
site of the infection[39]. According to recent studies, HPVpositive squamous cell carcinomas have intact p16 gene
and wild type p53 compared to HPV negative ones[40].
Other authors have noted that a distinctive mark of the
presence of HPV in oral cancer could be found in p16
nuclear or cytoplasmic overexpression[41,42]. However, one
goal of the scientific research is to find new biological
markers able to identify the set(s) of genes involved in
oral carcinogenesis.

arises through a different mechanism or exhibits less genetic instability i.e., shows a lower degree of aneuploidy
and a tendency to have fewer chromosomal aberrations,
when compared to HPV-negative cancer[53]. In contrast,
there appears to be a subgroup of HPV-positive patients
whose clinical prognosis is worse than the typical HPVpositive patient. This subgroup has higher smoking rates,
higher rates of p53 mutations and higher expression of
EGFR and Bcl-xL[27].

EXPERIMENTAL EVIDENCE
Experimental evidence regarding the role of HPV in oral
carcinogenesis is limited both in vitro and in animal experimentation. The lack of suitable experimental animal
models has hindered research into HPV cancers for many
years. In one of the most significant studies it has been
shown that oral keratinocytes could not be transformed
by HPV alone but required further mutations in other
oncogenes[54].

CONCLUSION

HPV SEROLOGY

The vast amounts of epidemiological, molecular pathological and in vitro experimental data are consistent with
the hypothesis that HPV does indeed have a causal role
in oral carcinogenesis. However, HPV alone appears to
be insufficient as the cause of OSCC but requires other
co-factors. Although a viral association within a subset of
OSCC has been shown, the molecular and histopathological characteristics of these tumors have yet to be clearly
defined. Since HPV16 is involved in the development of
some oral cancers, the implementation of a vaccine program for HPV 16 and 18 may prove to be beneficial in
preventing not only cervical cancer, but possibly HPV16positive oral cancers as well.

The immune response to HPV infection involves both
the cell-mediated and humoral responses. However, serological evidence is circumstantial since it provides only
data on prior exposure to HPV. Since not all patients
with HPV-associated cancers have detectable HPV antibodies, serum antibody determination may be a limited
biomarker for HPV infection and carcinogenesis. Serum
antibodies to HPV capsid proteins (virus-like particles)
are thought to be a marker of lifetime HPV infection[43,44].
Antibodies against HPV E6 and E7 proteins are associated with increased risk of HPV-associated cancer[45,46] but
are rather linked more with tumors from the oro-pharynx
than from the oral cavity[12].
The use of HPV viral load in oral biopsies in conjunction with serological markers may serve to identify a
subset of HPV-associated oral cancers in which HPV is
biologically active.
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Immunology of tuberculosis
Qing Zhang, Isamu Sugawara
few iNKT cells are CD8+, while an additional fraction of
iNKT cells are negative for both CD4 and CD8. γδ T cells
represent an early innate defense in antimycobacterial
immunity. Studies done in humans and animal models
have demonstrated complex patterns of γδ T cell immune responses during chronic TB. Human alveolar
macrophages and monocytes can serve as antigen presentation cells for γδ T cells. Furthermore, the predominance of Vγ9Vδ2 T cells in TB has been confirmed.
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Abstract
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Various T cells and macrophages as well as cytokines
are involved in the immunopathogenesis of tuberculosis
(TB). A better understanding of immunology of TB can
not only lead to the discovery of new immunodiagnostic tools, accelerate and facilitate the assessment of
new therapeutic methods, but also find new treatment
regimens. In this highlight topic we cover the latest developments in the role of T cells, macrophages, Natural
killer (NK) cells, invariant NK T (iNKT) cells and γδ T cells
with TB infection. Histologically, TB displays exudative
inflammation, proliferative inflammation and productive
inflammation depending on the time course. T cells first
recognize antigen within the mycobacterially-infected
lung, and then activate, differentiate, but the first T
cell activation occurs in the draining lymph nodes of
the lung. When protective T cells reach sufficient numbers, they can stop bacterial growth. Except for T cells,
neutrophils also participate actively in defense against
early-phase TB. NK cells are innate lymphocytes which
are a first line of defense against mycobacterial infection. Human NK cells use the NKp46, NCRs and NKG2D
receptors to lyse Mycobacterium TB -infected monocytes
and alveolar macrophages. NK cells produce not only
interferon-γ, but also interleukin (IL)-22, which is induced by IL-15 and DAP-10. iNKT cells show different
phenotypes and functions. Many iNKT cells are CD4+,
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INTRODUCTION
Tuberculosis (TB) is a great threat to developing countries as well as developed countries, fuelled by human
immunodeficiency virus infection, drug resistance and
migration of population. Various T cells are integrated in
the immunopathogenesis of TB. A better understanding
of this issue can not only drive the progress of new immunodiagnostic tools, accelerate and facilitate the evaluation of new therapeutic methods, but also improve new
treatment tools. Here, we will update the readers on the
latest developments in this field and, in particular, focus
on T lymphocytes, several T cell subsets, macrophages
and cytokines involved in TB immunology.
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and indispensable roles in the initiation and maintenance
of protective immune responses following mycobacterial
infection. The kind of immune responses initiated by DC
determines the character of immune responses mounted
by the host against the pathogen. The profile of cytokines
and chemokines secreted by the result of infection of DC
by mycobacteria further plays an important role in defining
the course of mycobacterial infection. Activation of the
phagocytic host cell is much required to limit growth of
M. tuberculosis; as in the absence of activation, disease outcome is extremely poor. Effective phagocyte activation requires a specific cellular response, as infected hosts lacking
specific components of the acquired response have a poor
outcome[4]. While acquired cellular protection is expressed
rapidly following systemic challenge with M. tuberculosis, it
is less rapid in the lung. Slow expression of protection in
the lung allows mycobacteria to grow and modulate the
infection site. Until recently it has not been clear whether
the slow response to aerosol delivery of bacteria resulted
from limited availability of antigen or inhibition of antigen-presentation by M. tuberculosis. Several studies show
that the first T cell activation occurs in the draining lymph
node (DLN) of the lung 8-10 d following initial challenge.
The activation of T cells correlated temporally with the
arrival of bacteria and availability of antigen in the DLN,
however conditions for T cell activation were unique to
the DLN as the presence of antigen-producing bacteria
in the lung and spleen did not result in initial activation of
T cells[5,6]. While delivery of lipopolysaccharide (LPS) to
the M. tuberculosis-infected lung failed to accelerate T cell
priming[5], increasing the bacterial dose did accelerate the
response modestly suggesting that both antigen burden
and refractory cells serve to slow the response. Thus, protective memory cells will not become activated until they
recognize antigen, i.e., more than 8 d post infection. Once
T cells become activated they differentiate into effector T
cells that migrate to the lung. By day 14 of infection, when
activated T cells first arrive in the lung, bacteria are within
alveolar macrophages, myeloid DC and neutrophils[4]. T
cells can recognize antigen within the mycobacteriallyinfected lung but the antigen presentation is not optimal.
It takes time for the protective T cells to reach sufficient
numbers to stop bacterial growth. T cells can be divided
into two subsets, Th1 and Th2, on the basis of the cytokines they produce. In tuberculosis, Th1 plays a major role
in defense against tuberculosis. Th1 cells suppress Th2
cells. CD4 + T cells have unambiguously been identified
as the most important lymphocyte subset for mediating
protection. CD4 T lymphocytes differentiate in the peripheral tissues to adopt a variety of fates such as the Th-1
cells, which produce interferon (IFN)-γ to down-regulate
Th2 responses and Th-2 cells, which produce interleukin
(IL)-4. CD8 T lymphocytes produce predominantly IFN-γ.
Though CD4 response is greater than the CD8 response,
the latter can provide protection in the absence of CD4
help[7]. During active TB there is a local pulmonary immune response characterized by α/β T cells and strongly
enhanced M. tuberculosis antigen-specific Th1 responses,
with large amounts of locally secreted IFN-γ[8].

INFLAMMATORY PROCESS OF
TUBERCULOSIS
Histopathologically, TB displays exudative inflammation,
proliferative inflammation and productive inflammation
depending on the time course. Using animal experiments
and an inhalation exposure system, the pathologic condition of the infected animals was followed up for 1 year[1].
Exudative inflammation was observed for the first ten
days. Thereafter, granulomas, which corresponded to foci
of proliferative inflammation, were formed. Cavity formation was not recognized in animal TB, except for rabbits.
Using rabbit models, Dr. Arthur Dannenberg described
the pathology of TB in more detail[1]. There are five
stages: onset, symbiosis, early stages of caseous necrosis,
interplay of cell-mediated immunity and tissue damaging
delayed-type hypersensitivity, and liquefaction and cavity
formation. In stage 1, tubercle bacilli are usually destroyed
or inhibited by the mature resident alveolar macrophages
that ingest them. If bacilli are not destroyed, they grow
and eventually destroy the alveolar macrophages. In stage
2, bacilli grow logarithmically within the immature nonactivated macrophages. These macrophages enter a tubercle
from the bloodstream. This stage is termed symbiosis
because bacilli multiply locally without apparent damage
to the host, and macrophages accumulate and divide. In
stage 3, the stage at which caseous necrosis first occurs,
the number of viable bacilli becomes stationary because
their growth is inhibited by the immune response to
tuberculin-like antigens released from bacilli. Stage 4 is
the stage that usually determines whether the disease becomes clinically apparent. Cell-mediated immunity plays
a major role in this situation. The cytotoxic delayed- type
hypersensitivity immune response kills these macrophages, causing enlargement of the caseous center and
progression of the disease. If good cell-mediated immunity develops, a mantle of highly activated macrophages
surrounds the caseous necrosis. In stage 5, bacilli evade
host defenses. When liquefaction of the caseous center
occurs, the bacilli multiply extracellularly, frequently attaining very large numbers. The high local concentration of
tuberculin-like products derived from these bacilli causes
a tissue-damaging delayed-type hypersensitivity response
that erodes the bronchial wall, forming a cavity.

T CELL ACTIVATION AGAINST
MYCOBACTERIUM TUBERCULOSIS
In human, a TB index case may infect a contact person
through cough and expectoration, so the lung is the primary route of infection and often the main tissue exhibiting
TB. Infectious droplet nuclei are deposited in the alveolar
spaces of the contact person where Mycobacterium tuberculosis (M. tuberculosis) can be phagocytosed by alveolar macrophages, epithelial cells, dendritic cells (DC) and neutrophils[2,3]. Alveolar macrophages and DC are then believed
to transport M. tuberculosis to local lymph nodes where
T cell activation occurs and expand. DC play important
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ALVEOLAR MACROPHAGES IN
TUBERCULOSIS DEVELOPMENT

IFN-γ

When tubercle bacilli reach alveoli, they are phagocytosed
by resident alveolar macrophages. Though tubercle bacilli
are killed by alveolar macrophages, tubercle bacilli can
also kill macrophages through apoptosis. What is the fate
of tubercle bacilli once they enter the phagosomes of
macrophages? Alveolar macrophages of aerially infected
guinea pigs were collected by bronchoalveolar lavage. At
12 d after infection, one out of about 10 000 alveolar
macrophages of various sizes contained many tubercle
bacilli[9]. This indicates that certain alveolar macrophages
permit M. tuberculosis to replicate in the phagosomes,
although most of tubercle bacilli are killed by activated
alveolar macrophages. It will be of great interest to examine the survival mechanism of M. tuberculosis at the singlecell level, but we still do not know why macrophages
targeted by tubercle bacilli cannot kill the bacilli.
IFN-γ knockout mice were infected with avirulent
H37Ra or BCG Pasteur, multinucleated giant cells were
recognized in the granulomatous lesions. The lesions also
contained tubercle bacilli and consisted of multinucleated
cell clusters, being immunopositive with anti-Mac-3 antibody. The multinucleated giant cells were transformed
alveolar macrophages. We subsequently infected various
cytokine-knockout mice with M. TB, but no Langhans’
multinucleated giant cells were recognized the granulomas. Therefore, it seems that formation of multinucleated giant cells requires optimal combinations and concentrations of various cytokines, and the level of IFN-γ,
at least, has to be significantly low.

IL-12

IL-18

IL-1

IL-6

IL-4

IL-2

Figure 1 Cytokine hierarchy in immunology of tuberculosis. IFN: Interferon; IL: Interleukin; TNF: Tumor necrosis factor.

LPS-induced transient neutrophilia in the lungs[9]. LPS
(50 μg/mL) was administered intratracheally to male Fischer rats, which were then infected with M. tuberculosis via an
airborne route. Intratracheal injection of LPS significantly
blocked the development of pulmonary granulomas and
significantly reduced the number of pulmonary colonyforming units (CFU). Treatment with amphotericin B (an
LPS inhibitor) or neutralizing anti-rat neutrophil antibody
reversed the development of pulmonary lesions. LPSinduced transient neutrophilia prevented early mycobacterial infection. The timing of LPS administration was
important. When given intratracheally at least 10 d after
aerial infection, LPS did not prevent the development of
tuberculosis. Neutrophils obtained by bronchoalveolar
lavage killed M. tuberculosis bacilli. These results indicate
clearly that neutrophils participate actively in defense
against early-phase tuberculosis.

CYTOKINES IN PROTECTION AGAINST TB

ROLE OF Natural killer CELLS

IFN-γ and tumor necrosis factor (TNF) have long been
implicated as regulators of T cell responses in mycobacterial disease[10]. The technique of gene targeting (knockout)
has swept through biomedical research. IFN-γ, TNF-α,
interferon response factor (IRF)-1, nuclear factor (NF)IL6, NF-κB p50, signal transducer and activator of transcription (STAT)1 and STAT4 knockout mice succumbed
to M. tuberculosis infection over time. There appears to be a
cytokine and transcription factor hierarchy in experimental tuberculosis. The results indicate that these molecules
play major roles in defense against the disease, IFN-γ and
TNF-α being the leading players in this respect[11].
Figure 1 shows the cytokine hierarchy associated with
important molecules in experimental tuberculosis. The
transcription factors such as NF-κB, STAT1, STAT4,
IRF-1 and NF-IL6 are important molecules in defense
against tuberculosis. The molecules [toll-like receptor
(TLR)2, TLR6 and MyD-88] are less important in defense against tuberculosis in our hands[11].

Natural killer (NK) cells are innate lymphocytes which
are a first line of defense against infection. NK cells can
kill autologous infected cells without prior sensitization,
and are believed to play a pivotal role in innate immunity
to microbial pathogens. In mouse model, NK cells are
activated and produce IFN-γ during the early response to
pulmonary tuberculosis[9] and NK cell-produced IFN-γ
regulates the anti-mycobacterial resistance mediated by
neutrophils[12]. However animal models do not give a clear
answer to whether NK cells is important in M. tuberculosis
infection in vivo. Depletion of NK cells had no effect on
bacterial replication in the lung of immunocompetent
mice[13], suggesting that NK cells may be redundant in the
presence of intact adaptive immunity. Surprisingly, IFN-γ
knockout mice, which are impaired in their ability to clear
mycobacteria, cleared them as effectively as wild-type
mice when NK cells were depleted, suggesting that NK
cells can inhibit protective immunity[14].
Human NK cells use the NKp46, the natural cytotoxicity receptors (NCRs) and NKG2D receptors to lyse
M. tuberculosis-infected monocytes and alveolar macrophages[15], through damage of infected cells and secretion
of cytokines, such as IFN-γ[16]. Inhibitory receptors of NK

ROLE OF NEUTROPHILS
The role of neutrophils in the development of tuberculosis remained unknown for a long time. We utilized
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tect mice against aerosol M. tuberculosis infection[23]. Their
activation requires CD1d expression by infected macrophages as well as IL-12 and IL-18. In addition, pharmacological activation of iNKT cells with the synthetic ligand
aGalCer often enhances host resistance to infection.
iNKT cell use several mechanisms to modify host immunity. These include induction of DC maturation, secondary activation of effector cells (NK cells) or recruitment
of inflammatory cells to the site of infection[24,25]. Thus,
by being an early producer of IFN-γ and suppressing
intracellular bacterial growth, iNKT cells function as an
important part of the early immune response against
M. tuberculosis that affect both the innate and the adaptive
arms of the immune response.

cells include killer immunoglobulin-like receptors (KIRs)
and the NKG2A: CD94 dimer and NK cell activation can
also be triggered by loss of inhibitory ligands from the cell
surface. In addition, NK cells can also be activated by cytokines, including type Ⅰ interferons, IL-12 and IL-18. NK
cells are a potent and early source of cytokines, particularly
IFN-γ, but they can also produce Th2-associated cytokines, such as IL-5 and IL-13, and the regulatory cytokine
IL-10[17]. NK cell NKp46 expression and cytotoxicity are
reduced in freshly isolated peripheral blood mononuclear
cells (PBMCs) from tuberculosis patients, which may be attributable to suppression by monocytes and IL-10. Recent
studies have found that NK cells produce IL-22[18], which
was induced by IL-15 and DAP-10, an adaptor protein that
is known to be involved in NK cell activation, in response
to M. tuberculosis. Rohan Dhiman et al[19] also found that
IL-22 can restrict growth of M. tuberculosis in macrophages
by enhancing phagolysosomal fusion[19]. Nonetheless to
fully understand the importance of NK cells in M. TB infection it may be necessary to differentiate their contributions at different stages of disease.

ROLE OF γ∆ T CELLS
Antigen-specific γδ T cells represent an early innate defense
that may play a role in antimycobacterial immunity. Studies done in humans and animal models have demonstrated
complex patterns of γδ T cell immune responses during
early mycobacterial infections and chronic TB. Like αβ T
lymphocytes, γδ T cells carry antigen TCR that vary in the
physical properties of their ligand-binding sites. γδ T cells
are frequently activated by a variety of pathogens including M. tuberculosis[26]. Mice lacking γδ T cells succumb more
rapidly than control mice following intravenous challenge
with virulent M. tuberculosis; however, such a difference
has not been observed following infection by the aerosol
route. γδ T cells constitute a whole system of functionally
specialized subsets that have been implicated in the innate
responses against tumors and pathogens, the regulation of
immune responses, cell recruitment and activation, and tissue repair[27]. Human alveolar macrophages and monocytes
can serve as antigen presentation cells (APCs) for γδ T
cells. Furthermore, the predominance of Vγ9Vδ2 T cells
in TB disease has been confirmed[28]. When MTB-activated
CD4+ and γδ T cells from healthy tuberculin-positive donors were analyzed for cytokine production in response to
M. tuberculosis -infected monocytes, both groups secreted
large amounts of IFN-γ[29]. Previous studies have also demonstrated an increased proliferative activity of Vγ9Vδ2 T
cells from patients with TB[30], but reduced production of
IFN-γ, compared with that of healthy tuberculin-positive
donors[31]. Additionally, Dieli et al[32] reported that decrease
of Vγ9Vδ2 T cell effector functions involves not only
IFN-γ production but also expression of granulysin[32].

ROLE OF nKT CELLS
Certain T subsets, such as NKT cells and γδ T cells, have
features of innate immune cells including a partially activated phenotype, a rapid response following detection
of infected cells, and the modulation of other cell types.
Together with NK cells, these cell subsets are functionally
defined as innate lymphocytes. CD1d-restricted invariant NKT (iNKT) cells are a conserved subset of T cells
that express an invariant T cell receptor (TCR) α chain
(Vα24-Jα18 in humans, and Vα14-Jα18 in mice) paired
with TCR β chains encoded by one or a few Vβ gene segments (Vβ11 in humans, and predominantly Vβ2, 7 and
8 in mice). These cells show different phenotypes and
functions[20]. Many iNKT cells are CD4+, and they have
been mainly associated with the induction of Th2 cytokines such as IL-4, IL-5, IL-13. This subset is believed to
play a prominent role in suppression of autoimmune or
chronic inflammatory diseases, and in promoting allergic
conditions such as asthma. Few iNKT cells are CD8+,
and most of those express only the CD8α subunit, which
means that they likely express only CD8αα homodimers.
An additional fraction of iNKT cells are negative for both
CD4 and CD8 (DN T cells). They have been found to
produce predominantly IFN-γ and other Th1-associated
cytokines. Studies of human iNKT cells have shown that
they have the ability to kill M. tuberculosis organisms within
infected macrophages, possibly through their production
of the peptide granulysin[21]. Im et al[22] found that the percentages of iNKT cells among total circulating T cells in
TB patients were not significantly different compared to
those in healthy controls. However, TB patients showed
a selective reduction of the proinflammatory CD4-CD8(DN) iNKT cells with a proportionate increase in the
CD4+ iNKT cells. The mouse model of tuberculosis has
been used by Sada-Ovalle et al[23] to find that iNKT cells
have a direct bactericidal effect on M. tuberculosis, and pro-
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CONCLUSION
γδ T cells appear to combine properties of both adaptive and innate immunities. The identification of unusual
compounds that are recognized by human γδ T cells but
not by αβ T cells has recently stimulated great interest in
the development of γδ T cell-based therapies.
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Abstract
Despite the 2%-5% prevalence of abdominal migraine
(AM) during childhood, the precise mechanism remains
unknown. In this review, we present recent studies on
AM and speculate its mechanism from both peripheral
and central nervous system aspects. Although the main
symptoms of AM exist at the peripheral level, previous
studies have reported possible dysfunction of central
nervous system, including photophobia, phonophobia
and abnormal visual evoked responses. Recently, a
case has been reported with AM combined with “Alice
in Wonderland” syndrome with visual and/or bodily
distortions, which serves as another piece of evidence
of central dysfunction. Another case reported an AM
patient having peculiar stereotypical ecchymosis in the
legs and buttocks associated with pain attack, which
implied possible involvement of peripheral nervous
system. Although further investigations and accumulation of AM cases are still needed, we believe that the
schema hypothesized here is helpful to plan further
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INTRODUCTION
It was in 1921 when abdominal migraine (AM) was first
described[1]. Thanks to efforts by previous investigators[2],
AM is now regarded as the abdominal equivalent to
migraine and has been classified not only in the International Classification of Headache Disorders[3], but also
in the Rome III criteria for functional gastrointestinal
disorders[4]. To date, the mechanism of AM still remains
unknown. In this review, we will present recent studies on
AM and speculate its mechanism from both peripheral
and central nervous system aspects, to add new knowledge to our understanding of this disease.

CENTRAL SYMPTOMS ACCOMPANYING
ABDOMINAL PAIN IN AM
Although the main symptom of AM exists at the pe-
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ripheral level, as the word “abdominal” indicates in the
disease name, previous studies have reported possible
dysfunction of central nervous system, including photophobia, phonophobia and abnormal visual evoked
response[5,6]. The percentage of visual disturbance and
phonophobia in AM were reported to be about 20% and
10%, respectively[5,7]. As expected, these percentages were
markedly lower than that of migraine, for which 77%
were reported to have photophobia, and 69% had phonophobia[5]. Mortimer and Good showed similar response
pattern in visual evoked potential in cases with migraine
and AM, e.g., higher amplitude of fast wave activity than
healthy controls and the presence of paroxysmal sharp
wave activity[6]. The existence of central nervous system
symptoms in both AM and migraine indicates that AM is
not only a peripheral disorder, but may also carry certain
CNS process similar to migraine.
Patients with AM were reported to have central nervous system hypersensitivity. Recently, Hamed reported
a case with AM coexisting with Alice in Wonderland
syndrome (AWS)[8]. The symptoms are characterized
with perceptual abnormalities, distortion of body image, and alternation in subjective time sense, as Alice has
in the story written by Lewis Carroll[9]. AWS can also
be observed in patients with migraine[10]. The 20-yearold patient, as presented in the case from Hamed, had
abdominal colic pain, which fits to diagnostic criteria
of AM. This patient had a strong family history of migraine. Hamed stated that, despite normal brain magnetic
resonance imaging and electroencephalography, medical
examinations including transcranial magnetic stimulation
and evoked potentials revealed enhanced cortical excitability in multiple brain lesions[8].

Brain

(+)
(+)

Central
hypersensitivity

Spine

Input
Visceral organ

Neuronal
interaction
(+)

Skin
Ecchymosis (+)

Figure 1 The central and peripheral network for symptoms relating to
abdominal migraine is shown. CNS: Central nervous system; AWS: Alice
wonderland syndrome.

ing for the phenomenon may include dichotomizing
afferent fibers, afferent-afferent interactions via a spinal
cord pathway, or a sympathetic reflex[14]. When viewed
in terms of human anatomy, the ecchymosis of legs and
buttock can be accounted with neuronal input of visceral
pain to sacral segment of spinal cord[15]. Based on these
reports, we hypothesize the following mechanism to explain the peculiar skin phenomenon in our case[16]. First,
under predisposing visceral hypersensitivity associated
with AM, the visceral nerves responsible for abdominal
nociception, especially those innerved by the sacral levels
of spinal cord, are activated. This change then results in
the occurrence of ecchymosis in the legs and buttock.

PERIPHERAL SYMPTOM ACCOMPANYING
TO ABDOMINAL PAIN IN AM
AM belongs to the category of functional gastrointestinal
disorders, which are thought to be related to background
visceral hypersensitivity[4]. Recently, we reported a peculiar phenomenon seen in a patient diagnosed with AM
who had ecchymosis in the legs and buttocks associated
with abdominal pain[11]. No currently known hypothesis
could clearly explain the peculiar phenomenon. It is
known that a subset of patients with migraine have similar ecchymosis in areas covered with trigeminal nerve,
where the main site for migraine headache would be[12,13].
Wesselmann and Lai showed that, in their rat model,
insult to a pelvic organ resulted in extravasation in the
skin region innerved by the affected nerves[14]. In the
process of investigating the mechanism of referred pain
from visceral organ, they developed a rat model for pain
caused by uterine inflammation. Experimental visceral
inflammation in their rats pretreated with evans blue dye
resulted in dye extravasation in the skin over the abdomen, groin, lower back, thighs, perineal area and proximal
tail. They speculated that the neuronal pathway account-
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POSSIBLE MECHANISM OF TRIPTAN TO
TREAT AM-RELATED PAIN
Triptan (serotonergic agonists) has been to treat acute
symptom of AM[7,11,16]. This agent has been generally
thought to act on several regions, e.g., 5-HT1B receptors
on the meningeal vasculature, and 5-HT1D receptors on
trigeminal nerve terminals projecting to the dural vasculature and to the brain stem trigeminal nuclei[17]. Jeong et al[18]
reported that, using their Sprague-Dawley rat model, sumatriptan brought pain relief by inhibiting GABAergic and
glutamatergic synaptic transmission within the midbrain
periaqueductal grey matter (PAG), a center of pain control,
via a 5-hydroxytryptamine (5-HT) 1B and 5-HT1D receptor mediated decrease in neurotransmitter release[18]. Their
result supported the central sensitization mechanism of
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AM pain relief. It is important to note that, central effect
of sumatriptan may not be the only way to pain relief from
a report of Vera-Portocarrero’s group[19]. They evaluated
in two models the effects of systemic/rostral ventromedial
medulla (RVM) sumatriptan administration on visceral
pain, and the role of RVM, a center of pain modulation, in
the process of pain relief by sumatriptan. They developed
a rat model for experimental pancreatitis by intravenous
injection of dibutyltin dichloride, and another rat model
for irritable bowel syndrome by intracolonic instillation
of sodium butyrate. They observed the effects of systemic/RVM administration of 5-HT1B/D antagonists on
systemic/RVM sumatriptan action. Systemic sumatriptan
elicited a dose- and time-related blockade to pain in both
models that was blocked by systemic administration of
either 5-HT1B or 5-HT1D antagonists, but not by RVM
administration of these agents. Sumatriptan administered
into the RVM similarly produced dose and time-related
blockade of referred hypersensitivity in both models. The
pain was blocked by RVM administration of the 5-HT1B
antagonists but not the 5-HT1D antagonists. Based on the
results, the authors speculated that sumatriptan suppresses
either inflammatory or noninflammatory visceral pain,
most likely through peripheral 5-HT1B/D receptors. They
also mentioned that actions at 5-HT1B receptors within
the RVM offer an additional potential site of action for the
modulation of visceral pain by triptans.

REFERENCES
1
2
3

4

5
6
7
8
9
10
11

12

CONCLUSION

13

We hypothesize a comprehensive central and peripheral
interaction schema to explain the symptoms of AM. As
shown in Figure 1, visceral organ produced pain and increased cortical excitability, which in turn induce central
symptoms such as photophobia, phonophobia, and AWS;
with intricate interactions from the central and peripheral
nervous system, effects such as ecchymosis are shown on
the peripheral level. Although further investigations and
accumulation of AM cases are still needed, we believe
that, the schema hypothesized here is helpful to plan further experimental approach to clarify the mechanism of
this peculiar disease.

14
15
16

17
18

ACKNOWLEDGMENTS
The corresponding author dedicates this paper to his
wife Haruka and his lovely kids Atsushi and Satomi, and
also to his family and colleagues who have always given
him intellectual and moral support.

19

Buchanan JA. The abdominal crisis of migraine. J Nerv Ment
Dis 1921; 54: 406-412
Cuvellier JC, Lépine A. Childhood periodic syndromes. Pediatr Neurol 2010; 42: 1-11
Headache Classification Subcommittee of the International
Headache Society. The International Classification of Headache Disorders: 2nd edition. Cephalalgia 2004; 24 Suppl 1:
9-160
Rasquin A, Di Lorenzo C, Forbes D, Guiraldes E, Hyams JS,
Staiano A, Walker LS. Childhood functional gastrointestinal disorders: child/adolescent. Gastroenterology 2006; 130:
1527-1537
Abu-Arafeh I, Russell G. Prevalence and clinical features of
abdominal migraine compared with those of migraine headache. Arch Dis Child 1995; 72: 413-417
Mortimer MJ, Good PA. The VER as a diagnostic marker for
childhood abdominal migraine. Headache 1990; 30: 642-645
Russell G, Abu-Arafeh I, Symon DN. Abdominal migraine:
evidence for existence and treatment options. Paediatr Drugs
2002; 4: 1-8
Hamed SA. A migraine variant with abdominal colic and
Alice in Wonderland syndrome: a case report and review.
BMC Neurol 2010; 10: 2
Lippman CW. Certain hallucinations peculiar to migraine. J
Nerv Ment Dis 1952; 116: 346-351
Golden GS. The Alice in Wonderland syndrome in juvenile
migraine. Pediatrics 1979; 63: 517-519
Kakisaka Y, Wakusawa K, Haginoya K, Uematsu M, Tsuchiya S. Abdominal migraine associated with ecchymosis of the
legs and buttocks: does the symptom imply an unknown
mechanism of migraine? Tohoku J Exp Med 2010; 221: 49-51
DeBroff BM, Spierings EL. Migraine associated with periorbital ecchymosis. Headache 1990; 30: 260-263
Nozzolillo D, Negro C, Nozzoli C, de Rini A, Marco V, Passarella B. Migraine associated with facial ecchymoses ipsilateral to the symptomatic side. J Headache pain 2004; 5: 256-259
Wesselmann U, Lai J. Mechanisms of referred visceral pain:
uterine inflammation in the adult virgin rat results in neurogenic plasma extravasation in the skin. Pain 1997; 73: 309-317
Crossman AR. Neuroanatomy. In: Standring S, editor.
Gray's anatomy: the anatomical basis of clinical practice.
40th ed. New York: Churchill Livingstone, 2008: 225-236
Kakisaka Y, Wakusawa K, Haginoya K, Saito A, Uematsu M,
Yokoyama H, Sato T, Tsuchiya S. Efficacy of sumatriptan in
two pediatric cases with abdominal pain-related functional
gastrointestinal disorders: does the mechanism overlap that
of migraine? J Child Neurol 2010; 25: 234-237
Bigal ME, Krymchantowski AV, Ho T. Migraine in the
triptan era: progresses achieved, lessons learned and future
developments. Arq Neuropsiquiatr 2009; 67: 559-569
Jeong HJ, Chenu D, Johnson EE, Connor M, Vaughan CW.
Sumatriptan inhibits synaptic transmission in the rat midbrain periaqueductal grey. Mol Pain 2008; 4: 54
Vera-Portocarrero LP, Ossipov MH, King T, Porreca F. Reversal of inflammatory and noninflammatory visceral pain
by central or peripheral actions of sumatriptan. Gastroenterology 2008; 135: 1369-1378
S- Editor Li JY L- Editor A E- Editor Zheng XM

WJEM|www.wjgnet.com

77

August 20, 2012|Volume 2|Issue 4|

WJ E M

World Journal of
Experimental Medicine
World J Exp Med 2012 August 20; 2(4): 78-85
ISSN 2220-315X (online)
© 2012 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjem@wjgnet.com
doi:10.5493/wjem.v2.i4.78

REVIEW

Potential roles of longan flower and seed extracts for anticancer
Chih-Cheng Lin, Yuan-Chiang Chung, Chih-Ping Hsu
cancer and the possible cellular and molecular mechanisms of both substances.

Chih-Cheng Lin, Department of Biotechnology, Yuanpei University, Hsinchu City 30015, Taiwan, China
Yuan-Chiang Chung, Department of Surgery, Cheng-Ching
General Hospital, Taichung City 40764, Taiwan, China
Chih-Ping Hsu, Department of Medical Laboratory Science and
Biotechnology, Yuanpei University, Hsinchu City 30015, Taiwan,
China
Author contributions: Lin CC and Chung YC contributed
equally to this article; Lin CC and Hsu CP substantially contributed to conception and design, acquisition of data, analysis and
interpretation of data; Lin CC and Chung YC drafted the article
and revised it critically for important intellectual content; Chung
YC and Hsu CP contributed to final approval of the version to be
published.
Supported by A research grand from Cheng-Ching General
Hospital, CH10000142
Correspondence to: Chih-Ping Hsu, PhD, Department of
Medical Laboratory Science and Biotechnology, Yuanpei University, No. 306 Yuanpei Street, Hsinchu City 30015, Taiwan,
China. hsucp@mail.ypu.edu.tw
Telephone: +886-3-6108166 Fax: +886-3-6102312
Received: February 21, 2012 Revised: July 21, 2012
Accepted: July 27, 2012
Published online: August 20, 2012

© 2012 Baishideng. All rights reserved.

Key words: Longan flower; Longan seed; Cancer; Oncoprotein; Tumor suppressor; Traditional Chinese Medicine
Peer reviewer: Ramireddy Bommireddy, PhD, Assistant Professor, Bio5 Institute, MRB Rm 323, 1656 E Mabel St, Tucson, AZ
85724-5217, United States

Lin CC, Chung YC, Hsu CP. Potential roles of longan flower and
seed extracts for anti-cancer. World J Exp Med 2012; 2(4): 78-85
Available from: URL: http://www.wjgnet.com/2220-315X/full/v2/
i4/78.htm DOI: http://dx.doi.org/10.5493/wjem.v2.i4.78

INTRODUCTION
Cancer has become the most common disease threatening public health, which has led to interventions for the
prevention and treatment of this disease. Based on the
fact that cancer exhibits a slow, stepwise development,
and requires several years to become a life-threatening
disease, it is regarded largely as a preventable disease[1-3].
Although improvements in medical techniques have been
made in recent years, some types of cancer are still difficult to cure, even following advanced treatment. The
challenge mainly arises owing to the recurrence, chemoresistance and distal metastasis of progressing cancer,
which have become the important focuses of novel
detection methods and treatment strategies[4]. Epidemiological studies show a correlation between increasing
consumption of phenolic compounds and a reduced risk
of cancer[5-8]. Plants are the primary source of polyphenols, and some have been regarded as forming part of a
healthy diet for many years, such as tea, soybean, pome-

Abstract
Polyphenol-rich plants are known to possess benefits to
human health. Recent studies have revealed that many
Traditional Chinese Medicines (TCMs) are rich sources
of polyphenols and exhibit antioxidant and anti-inflammatory activities, and these TCMs have been shown
experimentally to overcome some chronic diseases,
including cancer. Longan flowers and seeds, two TCMs
traditionally used for relieving pain and urinary diseases, have been revealed in our recent reports and other
studies to possess rich amounts of polyphenolic species
and exhibit strong anti-oxidant activity, and these could
be applied for the treatment of diabetes and cancer.
Herein, we review the recent findings regarding the
benefits of these two TCMs in the treatment of human
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granate, and pine nuts[9]. Traditional Chinese Medicine
(TCM) has been developed in China for more than two
thousand years. TCMs comprise various forms of herbal
medicine and complemental therapy such as acupuncture,
massage (Tui na), exercise (qigong), and dietary therapy.
The pharmacopoeia of TCM, named the Compendium
of Materia Medica, records hundreds of medicinal substances such as plants, minerals and animal products, and
their health beneficial action in the body. Different parts
of plants, such as the leaves, roots, stems, flowers, and
seeds, are used. Several clinically-used chemotherapeutic
drugs are derived from TCMs, such as camptothecin,
isolated from the “happy tree” (Camptotheca accuminata);
etoposide, semi-synthesized from a compound of Podophyllum emodi var. chinense; vincristin and vinblastin, isolated
from the Madagascar periwinkle (Catharanthus roseus);
and paclitaxel, purified from Taxus chinensis[10,11]. Recent
studies have further revealed that some TCMs or their
components exhibit anti-tumor activities towards several
types of cancer, such as liver[12], lung[13], gastric[14], nasopharyngeal[15] and colorectal cancer[16]. Non-steroidal antiinflammatory drugs have been documented in animal
and human studies to reduce the risk of colorectal cancer
and adenomatous polyps and have been implicated as a
cancer prevention and treatment strategy[1,17-19]. Longan
flowers and seeds have been analyzed and were found
to possess rich amounts of polyphenols, including proanthocyanidin A2, (-)-epicatechin, gallic acid and ellagic
acid, and exhibit strong antioxidant and inflammatory
activities[20-24]. Recently, several studies by our research
group have further revealed that longan flower and seed
extracts exhibit an anti-cancer activity towards colorectal,
liver, lung, cervical and breast cancer. Herein, we review
the recent findings regarding the benefits of these two
TCMs in the treatment of human cancer and the possible
cellular and molecular mechanisms of both substances.

odour, scabies and eczema, as described in another TCM
pharmacopoeia named Chinese Herbal Medicine. The
National Herbal Compendium of China also records
that longan seed powder is generally applied for stomach
pain and as a styptic. The multiple medical functions of
longan flowers and seeds, and especially the reduction of
swelling as recorded in the TCM pharmacopoeia, imply
that these two TCMs can be applied in cases of microbial
infection, inflammation, and metabolic diseases. Evidence
to this end has been revealed by current scientific methods during the past decade.
Anti-oxidant activity and effect on inflammation and
metabolic disorders of longan flower extracts
Although multiple medicinal applications of longan flowers are recorded in TCM pharmacopoeia, the scientific
evidence related to their effect on human health has been
accumulating over recent years. We have demonstrated
that the hot water reflux or ethanol extract of the longan flower, contained abundant proantocyanidins and
rarely anthocyanins, suppresses nitric oxide and prostaglandin E2 production in lipopolysaccharide -stimulated
macrophage cell line RAW264.7 and may be the potential source of natural dietary anti-oxidants and antiinflammatory agent[20]. The longan flower extract (LFE),
analyzed by Professor Hwang and colleagues, exhibits a
strong anti-oxidant activity, which is mainly due to (-)epicatechin and proanthocyanidin A2[26]. Proanthocyanidinrich substances such as grape seed extracts have been
implicated as preventive agents against cardiovascular
disease and cancer, which are strongly associated with
chronic inflammation diseases[9,27,28]. In another study
by Professor Hwang, consumption of LFE reduced the
blood pressure and oxidative markers such as plasma
thiobarbituric acid and liver antioxidant enzyme activity in fructose-fed rats. Insulin action signaling, such as
insulin receptor substrate-1 and glucose transporter 4, is
enhanced in these rats, indicating the effect of LFE on
overcoming insulin resistance[29]. Recent study has also revealed that feeding LFE to high-caloric-diet rats results in
reduction of body weight, size of epididymal fat, serum
triglycerides and atherogenic index. The main mechanism
is downregulation of pancreas lipase, sterol regulatory
element binding protein-1c and fatty acid synthase, and
upregulation of low-density lipoprotein receptor and peroxisome proliferator-activated-receptor α expression, as
well as promotion of fecal triglyceride excretion[30]. These
studies indicate that LFE can not only be applied for the
treatment of urinary disorders, but also has the potential
for use as a preventive or treatment agent for metabolic
diseases.

LONGAN FLOWERS AND SEEDS IN TCM
Longan (Dimocarpus Longan Lour.) is a subtropical fruit
grown throughout Asia, with southern China including
Taiwan being the main center of commercial production.
The longan fruit is a famous summer fruit and is used
as a TCM as a stomachic, febrifuge, and vermifuge, and
also as an antidote to poison[24]. In agriculture, off-season
induction of flowering in longan trees is a desirable economic goal and is accomplished through the application
of gibberellin biosynthesis inhibitors[25]. To increase the
size and quality of the fruit, an important operation is
to prune or remove flower spikes in the cluster. Longan
flowers are sold in herb markets and due to their fresh
and fruity aroma are mainly used to prepare an infusion
that is drunk for pleasure in Taiwan. As described in a
TCM pharmacopoeia named Herbal Quanzhou, drinking
the water extract of longan flowers could overcome micturition, urgency and voiding dysfunction. The powder
of dried longan seeds can be used for treating bleeding,
dampness, hernia, lymphomegaly of the neck and armpit,
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Anti-colorectal cancer effects of LFE
Polyphenol-rich extracts have been demonstrated to
exert anti-cancer effects[31-33]. Owing to the rich amount
of phenolics in LFE, our research team explored its
possible role in human malignancy diseases. We selected
colorectal cancer as the first subject, because it has been
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the most common cancer type in Taiwan since 2007,
when the dietary behavior of Taiwanese became more
westernized[34]. Recent studies have revealed that the water reflux extract of longan flowers is enriched with two
major compounds, (-)-epicatechin and proanthocyanidin
A2[26], which are also found in grape seed extract as active anti-colorectal cancer agents[35,36]. Based on these
reports, we proposed that LFE could play a possible role
in colorectal cancer (CRC) prevention and treatment. In
our recent study[37], we treated two CRC cell lines, SW480
and Colo 320DM, which are derived from Duke’s B and
Duke’s C patients respectively, with LFE, and found an
inhibitory effect on the proliferation of these two cell
lines in a dose- and time-dependent manner. LFE treatment also affected the anchorage-independent growth of
these two cell lines in soft agar, an in vitro assay to test the
cancer cells clonogenic growth, and anoikis resistance,
and was closely correlated with in vivo tumorigenesis[38,39].
The uncontrolled cell division, clonogenic growth and
anoikis resistance are the main malignant properties
leading cancer cells to unlimited growth and tumorigenesis in vivo[38-40]. The results strongly indicate that LFE is
capable of influencing the malignant potential of CRC
cells, which implies a role of LFE in the prevention
and treatment of colorectal cancer. The mechanisms
of LFE in anti-CRC growth are mainly due to cell-cycle
arrest in the S phase and induction of mitochondriamediated apoptosis. Previously, Kaur et al[36] reported that
proanthocyanidin-rich grape seed extracts inhibited the
proliferation of colorectal cancer cells due to their ability to cease G1-phase arrest of the cell cycle. However,
LFE elevated cyclin E levels and downregulated cyclin A
levels and arrested CRC cells in the DNA synthesis phase
of the cell cycle. The elevation of cyclin E levels in both
LFE-treated CRC cells was correlated with S-phase cell
accumulation. Cyclin A is synthesized during the S phase
and its functional disruption can inhibit chromosomal
DNA replication[41-43]. Together with the accumulation of
cyclin E, we conclude that the effect of LFE on the cell
division cycle is mainly due to hampered DNA synthesis.
LFE also exhibits selected apoptosis induction in Colo
320DM rather than SW480. Induction of apoptosis is another possible mechanism by which the anti-proliferative
effect of LFE on colorectal cancer cells may be exerted.
In the present study, we show that LFE treatment could
induce apoptosis in one of the tested CRC cells (Colo
320DM). The apoptotic cells represented DNA fragmentation, mitochondrial membrane potential loss and the
activation of caspase 3. The Bcl-2 family has been demonstrated as the main mechanism of naturally-occurring
phytochemicals-induced apoptosis in cancer cells[44-47].
Bcl-2 inhibits Bax action and protects cytochrome C
preservation in mitochondria, which leads to the maintenance of mitochondria membrane potential and keeping
cell survive. The decrease in Bcl-2 level in LFE-treated
Colo 320DM cells was correlated with apoptosis, indicating that the mechanism of apoptosis induction by LFE
in this cell line is mainly due to suppression of the anti-
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Figure 1 The inhibitory effect of longan seed extract on the growth of cancer cells. The longan seed extract (LSE)-inhibited growth assessed herein consists of cancer cell proliferation by (A) trypan blue assay and (B) colony forming
activity. For the cell proliferation assay, 100 000 cancer cells as indicated were
seeded in 60-mm sterile plastic dishes and treated with different concentrations
of LSE. After incubation at 37 ℃ for 48 h, cells were detached by treatment with
trypsin, and the suspended cells were stained with trypan blue. The viable cells
were then counted under a phase contrast microscope. Colony formation activity was assessed by seeding 200 cells into 60-mm dishes then treating these
cells with different concentrations of LSE. After incubation for 14 d, the formed
colonies that contained more than 50 cells were regarded as one colony, and
the numbers of colonies in the dishes were counted. The data represent the average of three independent experiments and are expressed as the mean ± SD.

apoptotic protein Bcl-2. LFE failed to induce apoptosis
in SW480 cells, which may be associated with some DNA
damage repair mechanisms and tumor suppressor gene
mutations such as p53 in SW480. This is an intriguing issue worthy of further investigation.

DISCUSSION AND RESULTS
Potential role of longan seed extract in anti-CRC and
other types of carcinomas
Longan seed extract (LSE) has been shown to consist
of gallic acid, corilagin and ellagic acid as the main active components, resulting in anti-oxidant and tyrosinase
activities[21]. As gallic acid, ellagic acid and corilagin have
been investigated in terms of their effects against different types of human cancer, we proposed that LSE,
rich in these three components, could exhibit anti-cancer
activity. Our recent study showed that LSE is capable
of inhibiting cell proliferation and clonogenic growth in
SW480, HT-29 and Colo 320DM, indicating a similar role
of LSE to that of LFE in anti-CRC cells[48]. Recently, we
further tested LSE with regards to the growth inhibition

80

August 20, 2012|Volume 2|Issue 4|

Lin CC et al . Anticancer effects of LFE and LSP
90

Percentage of total cells

80

0 μg/mL
25 μg/mL
50 μg/mL
100 μg/mL
200 μg/mL

a

70
60

a

50
40
30
20

B

90
70
60
50
40
30
20

10

C

10
G0/G1

S

90

Percentage of total cells

80

0 μg/mL
25 μg/mL
50 μg/mL
100 μg/mL
200 μg/mL

a

70

a

60

0

G2/M

50
40
30
20

D

S

G2/M

a

0 μg/mL
25 μg/mL
50 μg/mL
100 μg/mL
200 μg/mL

80
70
a

60
50
40
30
20

10
0

G0/G1

90

Percentage of total cells

0

0 μg/mL
25 μg/mL
50 μg/mL
100 μg/mL
200 μg/mL

80
Percentage of total cells

A

10
G0/G1

S

0

G2/M

G0/G1

S

G2/M

Figure 2 Cell cycle analysis of longan seed extract -treated cancer cells. About 1 × 106 cells in 10 mL medium in 100 mm plate were treated with increasing
concentrations of longan seed extract as indicated, then incubated at 37 ℃ for 48 h. The (A) A-549, (B) Hep G2, (C) C-33A and (D) MDA-MB-231 cells harvested by
trypsinization were fixed in 70% alcohol at -20 ℃ for 2 h and then reconstituted in phosphate-buffered saline. The cells were stained with propidium iodide solution in
the dark at room temperature for 30 min. The stained cells were then analyzed using the FL-2A parameter of a flow cytometer to obtain the DNA content of the cells,
and the distribution in each cell-cycle phase was determined using Modfit software. Data are expressed as a percentage of the total cells. Data represent the average
of three independent experiments, and are expressed as the mean ± SD. aP < 0.05.
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Figure 3 Immunoblots of cell cycle-controlling proteins in longan seed extract-treated cancer cells. About 50 and 200 μg/mL longan seed extract (LSE)-treated
(A) A-549, (B) Hep G2, (C) C-33A and (D) MDA-MB-231 cells were incubated at 37 ℃ for 48 h. The harvested cells were lysed in Triton X 100-containing hypotonic
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proteins including cyclin D1, cyclin E, cyclin A, CIP/p21
and KIP/p27 in LSE-treated cells, and found that LSE
systemically suppressed cyclin D1 and cyclin A expression and concomitantly enhanced CIP/p21 and KIP/p27
(Figure 3). The growth inhibition effect of naturallyoccurring products on human cancer cells may arise from
downregulation of oncoproteins or enhancement of
tumor suppressor proteins[49-51]. Overexpression of cyclin
D1 has been shown to play a pivotal role in promoting
cancer cell proliferation, focus formation, tumorigenesis,
drug resistance and metastasis, and has long been regarded as one of the important oncoproteins[52-56]. Loss of
expression or function of CIP1/p21 and KIP1/p27 has
been implicated in the genesis or progression of many
human malignancies[57,58]. The suppression of cyclin D1
and enhancement of CIP1/p21 and KIP1/p27 expression by LSE treatment imply that the inhibitory effects
of LSE on cancer cell growth may arise from the regulation of these proteins. The related cellular events are cellcycle arrest in LSE-treated cancer cells, as these proteins
are cell cycle-controlling proteins. Cyclin D1 and cyclin
E are generated after mitogen stimulation in quiescent
cells. These two proteins associate with CDK4/CDK6
and CDK2 and then enter the nucleus to phosphorylate/
inactivate retinoblastoma protein, which leads cells to
enter into the S phase[59]. Cyclin/CDKs activity is negatively regulated by inhibitors of cyclin-dependent kinases
(INKs). CIP1/p21 and KIP1/p27 belong to the Kip/Cip
family of INKs, which associate with CDK4,6/cyclin
D1 and CDK2/cyclin E, A complex and inactivate their
kinase activity by interfering with ATP binding and the
cyclin/CDK structure[60]. Fifty μg/mL LSE-treated A549
cells exhibit decreased cyclin D1 and E and elevated
CIP1/p21 and KIP1/p27, indicating the molecular mechanism of the LSE-induced G1-phase arrest. However,
other cancer cells treated with the same concentration of
LSE show no change or increased cyclin E and exhibit
S-phase arrest (MDA-MB-231) or little change in the cell
cycle (C33A, HepG2). S-phase arrest of LSE-treated cells
occurs in MDA-MB-231 cells treated with more than
25 μg/mL LSE and C33A and A549 cells treated with
more than 200 μg/mL LSE. Cyclin A, which is synthesized in the G1/S transition and associates with CDK2 to
promote the S/G2 phase, is remarkably decreased in all
LSE-treated MDA-MB-231 cells and in A549 and C33A
cells treated with 200 μg/mL LSE. Our previous study
indicated that elevated cyclin E and decreased cyclin A
may be the key mechanism leading cancer cells to arrest
in the S phase[37]. The results further confirm the distribution of cyclin E and A in S-phase arrest of cancer cells.
The results taken together indicate that LSE interferes
with tumor-promoting activities and cell-cycle progression by suppression of oncoproteins such as cyclin D1
and A and enhancement of suppressors such as CIP1/
p21 and KIP1/p27.

0 μg/mL
50 μg/mL
200 μg/mL

a

40
35

a

30
25
20
15

a

a

a

a

10
5
0

A-549

Hep G2

C-33A

MDA-MB-231

Figure 4 Detection of longan seed extract-induced apoptotic cells. Phosphatidylserine is usually distributed in the inner fleet of the plasma membrane.
When cells are undergoing apoptosis, this phospholipid translocates to the
outer fleet, and can be recognized by a bacteria glycoprotein named annexin
V. We used annexin V conjugated with fluorescein isothiocyanate (FITC) as an
apoptosis indicator and analyzed the apoptotic cells by flow cytometry. Briefly,
50 and 200 μg/mL longan seed extract-treated cells were incubated at 37 ℃ for
48 h. The treated cells were then suspended and stained with annexin V conjugated with FITC. Ten thousand cells were analyzed by flow cytometry using
FL-1 as the parameter. Data are taken from the averages of three independent
experiments and expressed as the mean ± SD. aP < 0.05.

of lung adenocarcinoma cell line A549, hepatocellular
carcinoma cell line Hep-G2, cervix carcinoma cell line
C33A, and breast carcinoma cell line MDA-MB-231. The
proliferation and colony-forming activity of these cancer
cell lines were suppressed gradually by increasing LSE
concentrations, and MDA-MB-231 was more sensitive
to LSE than the other types of cancer cells (Figure 1).
As shown in Figure 1A, the viability of MDA-MB-231
cells decreased to lower than 60% of the untreated
cells following 25 μg/mL LSE treatment. A similar effect occurred in 50 μg/mL LSE-treated A549 cells and
100 μg/mL LSE-treated C33A and HepG2 cells. The
colony-forming activity of these cancer cells was also suppressed. As shown in Figure 1B, the colonies of MDAMB-231 cells were lower than 40% of the control colonies at 1 μg/mL LSE and 0% at more than 10 μg/mL
LSE. Similar effects were seen in HepG2 cells at 10 and
50 μg/mL LSE, respectively. The colonies of C33A and
A549 cells were lower than 40% compared to control
cells at 25 μg/mL LSE, and 10%-20% compared to control cells appeared at 50 μg/mL LSE. Together, these
results indicate that LSE is capable of influencing the
proliferation and clonogenesis of colorectal, lung, liver,
cervix and breast cancer cells.
LSE influences the expression of cell cycle-associated
oncoproteins and suppressors
Our previous study demonstrated that LSE induced the
cell cycle arrest of CRC cells in the DNA synthesis phase
and suppressed cyclin D1 and cyclin A expression. Recently, we examined the effect of LSE on the cell-cycle
progression of lung (A549), liver (HepG2), cervix (C33A)
and breast cancer cells (MDA-MB-231). The S phase
obviously increased in LSE-treated C33A and MDAMB-231 cells, while the G1 phase increased in A549 cells
(Figure 2). We further analyzed cell cycle-modulating
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LSE induced mitochondria-mediated apoptosis
Apoptosis is the essential mechanism by which unwanted
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Figure 5 Immunoblots of apoptosis-associated proteins in longan seed extract-treated cancer cells. The same cell lysates from longan seed extract (LSE)treated (A) A-549, (B) Hep G2, (C) C-33A and (D) MDA-MB-231 cells as described in Figure 3 were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis, transferred to polyvinylidene difluoride membranes and immunoblotted to show the levels of Bax, Bcl-2, pro-Caspase 3, cleaved-caspase 3, poly (ADP-ribose)
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or damaged cells are eliminated during development or
maintenance of tissue homeostasis in multiple cellular
organisms[61,62]. Defective regulation of apoptosis has
been closely associated with many human chronic diseases such as neural degeneration, autoimmune disease,
AIDS and cancer[63]. Inducing cancer cells into apoptosis
is the main mechanism by which anti-neoplasm drugs
or natural products suppress cancer cell growth[62]. In
our previous study, induction of apoptosis was found to
be another possible mechanism of the antiproliferative
activity of LSE on CRC cells[48]. However, one CRC cell
line appeared to be resistant to LSE-induced apoptosis.
Result of present study further showed that LSE selectively induced significant apoptosis in HepG2 and C33A
cells but only a slight elevation of apoptosis in A549 and
MDA-MB-231 cells (Figure 4). Caspase 3 was activated
by the proteolytic cleavage of upstream apoptosome and
the consequent cleavage of substrates such as PARP.
Many reports suggest that the activation of caspase 3 is
a common event during polyphenolics-induced apoptosis of cancer cells[35-37,64]. Our previous study showed
that LSE enhances caspase 3 activity in CRC cells and
induces apoptosis. Our recent results further showed
that LSE induced pro-caspase 3 expression and cleavage
(Figure 5). LSE-induced caspase 3 activation and apoptosis may operate through the Bcl-2 family of proteins.
The Bcl-2 family members are important mediators of
mitochondria-induced apoptosis in cancer cells[61,65,66].
These proteins form multimers, which act as pores in cell
membranes, controlling the flow of molecules[67]. Bcl-2
has been associated with apoptosis inhibition, whereas
expression of Bax has been associated with apoptosis
induction[68,69]. Bcl-2 inhibits apoptosis by inhibiting the
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release of cytochrome c (Apaf 2) and apoptosis inducing
factor (AIF) from the mitochondria to the cytoplasm, and
by limiting the activation of caspase 3 by inhibiting its activator protein, Apaf 1[70]. Recent studies indicate that the
ratio of Bax:Bcl-2 proteins is the determining factor in
transmitting the apoptosis signal[46,67,71,72]. In our study, the
Bcl-2 levels were decreased in LSE-treated cancer cells,
especially in sensitive cells[48]; however, the change in Bax
levels in these cells are not affected, indicating that LSEinduced apoptosis is mainly due to the regulation of the
level of Bcl-2.

CONCLUSION
The longan is one of the most important fruits in China,
economically speaking. The flowers and seeds of the longan were regarded as waste for a long time, and failed to
be utilized. However, according to TCM pharmacopoeia,
longan flowers and seeds possess multiple pharmaceutical
applications. Recent advanced biotechnology and pharmacology techniques allow us to gain a deeper insight
into the functions of these two TCMs using scientific
methods. LFE could suppress oxidation and inflammation, decrease blood pressure, triglycerides and body
weight, and overcome metabolic diseases such as diabetes
mellitus. We provide data to demonstrate that LFE is also
capable of inducing cell-cycle arrest and apoptosis, at
least in colorectal cancer cells, implying that LFE could
also be applied as an anti-neoplasm agent. LSE systemically inhibits colorectal, lung, liver, cervix and breast cancer cells, indicating the utilization of LSE in cancer prevention and treatment. LSE could suppress oncoproteins
such as cyclin D1, A and Bcl-2 and elevate suppressors
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such as caspase 3, Bax, CIP1/p21 and KIP1/p27. This
may provide a possible role of LSE as a multiple-target
therapeutic agent to control abnormal growth and malignancy in cancer. The in vivo efficacy of both LFE and
LSE in mice tumorigenesis is the next important issue for
further investigation, and indeed this research is ongoing in our research team. In conclusion, recent advanced
studies have validated the novel pharmaceutical functions
of LFE and LSE, especially their anti-cancer functions,
and have provided scientific evidence to further the application of these two TCMs in the pharmaceutical industry.
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