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Cancer

Cancer is a major public health problem and the most commonly cause of 

death in many countries. Cancer is a group of disease that cells loss of growth 

control, differentiate to abnormal solid mass of cells or tumor and have abnormal 

homeostasis (27). Cancer is initially found in many organs, mostly in lung and other 

organs such as breast, prostate, and colon (28). The initial tumors are called primary 

tumors and often become life-threatening by obstructing vessels or organs (27, 29). 

The normal cells are induced to transform to be cancer cells via multiple steps. 

These steps result genetic alteration and lead to malignant transformation. There are 

six essential alterations of cancer cell physiology including: self-sufficiency in growth 

signals, resistance to antigrowth signals, overcoming programmed cell death 

(apoptosis), limitless replicative potential, sustained angiogenesis and tissue invasion, 

and metastasis which is the major cause of death in patients (30).

Lung cancer

Lung cancer was the most commonly diagnosed cancer in males and fourth 

most diagnosed cancer in females. But lung cancer was the first and second 

common cause of cancer death in males and females, respectively (31). เท 2013, lung 

cancer was the second cancer types for the estimated new cases and first cancer 

types for the estimated deaths of cancer both in women and men (28). The most 

common cause of lung cancer is smoking. However there are non-smokers has been 

diagnosed with lung cancer, 1 in 5 women and 1 in 12 men. other risk factors for
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lung cancer are the exposure to several occupational and environmental 

carcinogens. Most of patients with lung cancer are diagnosed in an advanced stage 

with metastatic disease resulting high mortality rate (32).

Lung cancer is divided into two main subtypes based on cell histopathology 

including non-small cell and small cell lung cancers (33, 34).

Non-small ce ll lung cancer (NSCLC) is found mainly about 85-90% of all 

cases of lung cancer and this group is subclassified to adenocarcinoma, squamous 

cell cancer, and large cell cancer. Patients with NSCLC are mostly diagnosed in an 

advanced stage with metastatic disease. They have extremely poor prognosis with a 

median survival of about 8 months.

1) Adenocarcinoma is found about 35-40% of cases. These cancer cells arise 

from mucus glands or epithelial cells within or distal to the terminal 

bronchioles. Adenocarcinomas are usually found as peripheral nodules or 

masses.

2) Squamous cell carcinoma is found about 20% of cases. These cancer cells 

arise centrally from the bronchial epithelium.

3) Large cell carcinoma is a heterogeneous group of relatively 

undifferentiated cancers found only 3-5% of cases. Large cell carcinomas 

typically have rapid doubling times and an aggressive clinical course. They 

are found as central or peripheral masses.

Small ce ll lung cancer (SCLC) is found about 10-15% of all cases of lung 

cancer. SCLC is more aggressive and more responsive to chemotherapy and radiation 

than NSCLC. These cancer cells have the central origin at bronchus and infiltrate
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submucosal lead to narrowing or obstruction of the bronchus without a discrete 

luminal mass.

Cancer metastasis

Cancer metastasis is the process that cancer cells spread to other sites in the 

body through systemic circulation and form secondary tumors. The main step of 

cancer metastasis is shown in Figure 1. Primary tumors are progressively grown. 

Tumor mass increases and consists of cancer cells that have genetic variation and 

different type of cells or tumor heterogeneity. If the tumor mass is to exceed 1-2 

mm in diameter, extensive angiogenesis occurs. Cancer cells possess invasive 

properties, begin to detach from their extracellular matrix (ECM) and then invade 

from the primary tumor by releasing protease. There are two major pathways of 

dissemination and cell motility have been proposed including collective migration 

and single cell migration that mostly via EMT or via amoeboid transformation. Then 

the cancer cells intravasate into pre-existing and newly formed blood and lymph 

vessels. After that the cancer cells go through systemic circulation both single cells 

and aggregates. Detached cells are normally destroyed by anoikis process. Detached 

cells may interact with blood components in circulation. Then survived detached 

cells are trapped in a capillary bed of distant organs. These cells adhere and 

extravasate to blood vessel wall. Metastatic cancer cells can stay there for long 

time. Finally, these cancer cells form secondary tumor at distal site requiring ongoing 

ECM remodeling and angiogenesis. Importantly, these cells can produce additional 

métastasés to other organs (35, 36).
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Figure 1 The main steps of metastatic cascade. Primary tumors that have genetic 

variation and different type of cells in tum or mass are proliferated and 

extensive angiogenesis occurs (a-b). Cancer cells begin to detach from their 

ECM and then invade from the primary tum or (c). After that the cancer cells 

that can survive in detached condition go through systemic circulation both 

single cells and aggregates. Cells are transported through systemic 

circulation and arrest in other organs (d). These cells adhere, extravasate to 

blood vessel wall and establish new microenvironment (e). Finally, these 

cells proliferate and new angiogenesis occurs. Importantly, these cells can 

produce additional métastasés (f) (35).
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Cell m igration and invasion

เท cancer metastasis, cancer cell migration and invasion are considered as 

critical steps. Cell migration is the movement o f cells and cell invasion is the 

penetration of cells through tissue barriers such as basement membrane and 

interstitial stroma. There are many modulators of cell migration such as blood vessel 

and lymphatic endothelial cells, cancer-associated fibroblasts as well as chemokine 

gradient between tum or environment and blood vessel. The different o f chemokine 

gradient between environments possess the effect to contribute secondary tumor at 

distal sites o f metastatic cancer cells (37, 38). There are two main types of cell 

migration classified based on the morphology of migration patterns including single

cell migration and collective cell migration (Figure 2). เท many tumors, both types of 

cell migration can be found with different degrees and combinations (39, 40).

Single cell migration is classified into three subtypes including mesenchymal, 

amoeboid and cell chains migration. This type of migration is an efficient mechanism 

for tumor-cell dissemination and metastasis because cells can migrate individually. For 

mesenchymal migration, their shapes are a fibroblast-like spindle morphology that is 

dependent on integrin mediated adhesion dynamics and the presence of high traction 

forces on both cell poles. For amoeboid migration, this movement uses less adhesion 

of cells that mostly found in stroma cells such as lymphocytes, neutrophils and some 

tumor cells. Movement is generated by cortical filamentous actin but lack of mature 

focal contacts, stress fibres and focalized proteolytic activity. Finally, chain migration 

occurs in non-neoplastic neural crest cells, myoblasts and melanomas. Cells form 

stream of cells after another in a strand-like fashion (37, 40, 41).
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Collective migration is the movement of cells in groups that normally found 

in distinct cancer types, including high and intermediate differentiated types of 

lobular breast cancer, epithelial prostate cancer, large cell lung cancer, melanoma, 

rhabdomyosarcoma, and especially squamous cell carcinoma. Epithelial tumors 

commonly use collective migration mechanisms. เท this type o f migration, cells 

maintain cell-cell adhesion via the homotypic ce ll-ce ll interactions of cadherins that 

express on their membrane. เท addition, these cells also communicate among cells. 

The movement uses pulling force of migratory leader cells on neighboring cells that 

adhere with cadherin interactions (37, 41, 42).

The step o f cell movement is a complex process (Figure 3). Moving cells 

exhibit increased polarity with a defined front and rear o f cells. At the front o f the 

cell, the leading edge demonstrates a formation o f a large, broad membrane 

protrusion, a flat ruffling o f the cell membrane (lamellipodium) or thin and fingerlike 

protrusions (filopodia). These protrusions are made from the polymerization of actin 

at the membrane. These structures then form firmly attachment with the substratum 

and prevent the membrane from retracting. Membrane protrusion in the leading 

edge becomes anchored to the attachment site, called focal adhesion. This 

attachment with the substratum allows the cell to push forward. Then the body 

translocation o f cell has been made, the bulk contents o f the cell body are 

translocated forward. Due to the contraction of actin-myosin in cell, the nucleus and 

other organelles which embedded in the cytoskeleton in cytoplasm move forward as 

well. Finally, cell breaks the focal adhesions at the rear o f the cell and the freed tail 

is brought forward (de-adhesion). The ability of a cell to move depends on a balance 

between the cytoskeleton-based mechanical forces and the resisting forces from cell
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adhesions. Cells cannot move in such conditions, too strong attachment and no 

attachment with surface (43, 44).

(a)

Direction of m ovem ent

Receptors sense chemokine gradient 
and trigger actin polymerisation

Actin polymerisation at leading 
edge of cell. Rac, Cdc42 and 
Arp2f3 involved

**- Cells move through matrix by 
using MMPs to degraoe ECM

Small integrin-rich focal 
contacts formed close to 

leading edge

Cells squeeze เท between 
gaps เก the ECM

Direction of m ovem ent
Uniform diffuse integrin 
distribution

ROCK-dependent 
contractile force เก cortical 
actin generates hydrostatic 
pressure and promotes *- 
remodelling of cell shape

Receptors sense chemokine gracient 
and trigger actin polymerisation. This 
may spread through the cell cortex in 
a wave

(C)
Receptors sense chemokine gracient 
and trigger actin polymerisation in 
cells at the front of the group

Cells move through matrix by 
using MMPs to degrade ECM

I-— v >
Direction of movem ent

Adherens junctions keep cells 
moving as group

Key: Integnns ฐ Adherens junction F-actin

Receptor MMP ECM fibre
Current Opinion III Genetics & Development

Figure 2 Mechanisms of cancer cell motility. For mesenchymal migration, the shapes of 

cells are fibroblast-like spindle morphology (a). For amoeboid migration, the 

shapes of cells are amorphous and cells rapidly changes in direction (b). For 

collective migration, cells form multicellular aggregates and move with

stabilized cell-cell interactions (c) (41).
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For cell invasion, cell recruit surface proteases to ECM contacts and focalize 

proteolysis before cell contraction. These enzymes cleave ECM components such as 

collagen, fibronectin and laminins. เท addition, they also cleave pro-matrix 

metalloproteinases (pro-MMPs) to generate active soluble matrix metalloproteinases 

(MMPs), an ECM-degrading enzyme, as well as other collagénases that cleave native 

collagens into smaller fragments. Finally, the results from these enzyme actions 

facilitate cell movement through ECM (37).
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Figure 3 Steps in cell movement (1) At the beginning of movement, cell forms one 

or more lamellipodia from the leading edge o f the cell. (2) Cell forms focal 

adhesions generated by the attachment of either lamellipodia or filopodia 

with the underlying surface. (3) Then cell body flows forward because of 

the contraction o f cytoskeleton in cell. (4) The focal adhesion at tail of cell 

is detached and retracted into the cell body (43).

The role o f m igratory-related proteins

Cell migration occurs with the coordination o f the dynamics of actin filaments 

and the formation and disassembly o f cell adhesion sites (45). เท addition, the speed 

of migration depend on the turnover rates of adhesion and de-adhesion events (37).
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There are several migratory-related proteins that regulate these factors including 

focal adhesion kinase (FAK), signaling proteins such as Akt and Rho-family GTPase.

Cell adheres to ECM with integrin by the formation o f focal contacts, a large 

integrin-based multiprotein complex, which connect together with cytoskeleton and 

regulate the action o f several signaling proteins during the processes of cell adhesion 

and motility. Focal contacts consist of integrins, integrin-associated adaptor and 

signaling proteins. An important migratory regulator that found in focal contacts is 

focal adhesion kinase (FAK) that provides signaling and scaffolding functions at ECM- 

integrin junctions. When FAK is activated by various stimuli such as growth factors 

and clustering o f integrins, FAK is phosphorylated. The phosphorylation of FAK is 

associated with the regulation of turnover of adhesion sites and also activates Rho- 

family GTPase such as Racl and RhoA via several intracellular signaling pathways. The 

activation o f Rho-family GTPase proteins enables the polymerization, stabilization 

and disassembly o f actin cytoskeletal structures in cell such as stress fibres, 

lamellipodia and filopodia. These processes result in membrane protrusion and cell 

polarization. Therefore the coordination of FAK phosphorylation and actin 

remodeling contribute to the migration of cell (Figure 4) (45, 46).
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Figure 4 Focal adhesion kinase and signaling pathway in cell migration. There are

several pathways to activate focal adhersion kinase (FAK) including growth

factors and integrins during migration. FAK acts as an adaptor protein to 

recruit several migratory-related proteins that regulate an assembly and a 

disassembly of focal contacts. The activation o f FAK by phosphorylation 

also mediate several downstream signaling that facilitate cell migration such 

as the Rho-family GTPases (RhoA, Rac and Cdc42) which are essential for 

the formation of stress fibres, lamellipodia and filopodia, respectively (45).

Focal adhes ion  kinase (FAK)

FAK is a 125-kDa nonreceptor protein tyrosine kinase enzyme localized on focal 

contact which is the area of cell attachment to ECM. It plays an important role in 

dynamic turnover of focal adhesion of cells and then modulates cell migration. FAK 

is activated by phosphorylation at least 6 tyrosine sites (Tyr-397, -407, -576, -577, -
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861 and -925). FAK is activated by many types of stimuli including integrin-, growth 

factor- and G-protein-linked stimuli. Once cell receives motility-promoting stimuli, 

FAK is primary recruited to  focal contacts resulting in autophosphorylation at Tyr397 

of FAK. This autophosphorylation turns to Src-family protein tyrosine kinase 

recruitment at focal contact results in the phosphorylation o f Tyr-576 and Tyr-577 in 

the FAK activation loop and then fu ll catalytic FAK activation occurs. The formation 

o f FAK-Src signaling complex enhances focal contact turnover and cell m otility (47, 

48). FAK plays as upstream of Rho-GTPase such as Racl and RhoA that control the 

formation and disassembly of actin cytoskeletal structures o f cells resulting in 

promote increased cell m otility (45, 48, 49). Moreover, it has been reported that FAK 

controls cell growth proliferation and survival signaling pathway as well as EMT 

process in cells (Figure 5) (46, 48).

SRC and other 
kinases

Figure 5 F o ca l a d h e s io n  k inase , p h o s p h o ry la tio n  s ite s  a n d  d o w n s tre a m  signaling

e v e n ts .  T h e re  a re  s e v e ra l p h o s p h o ry la tio n  s ite s  o n  FAK p ro te in  resu ltin g  in

d iffe re n t d o w n s tre a m  signaling p a th w a y s  (46).
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There are many studies found the overexpression o f FAK in cancer cells of 

various origins such as pancreatic, ovarian, cervical, osteosarcoma, kidney and lung. 

Increased FAK expression has been shown to be increased in invasive and metastatic 

tumors. เท addition, FAK has been found to regulate proliferation, angiogenesis and 

survival in anchorage-independent condition of cancer cells. Importantly, the 

overexpression o f FAK correlates with increased cancer aggressiveness resulting in 

increased cancer metastasis and reduced survival times o f cancer patients (46, 48).

ATP d e p e n d e n t ty ros ine  kinase (Akt)

ATP dependent tyrosine kinase (Akt) is the serine/threonine protein kinase 

that plays an important role in the phosphoinositide 3-kinase (PI3K) pathway in cells. 

Akt/PI3K exhibits as a key regulator of many vital processes o f cells including cell 

growth, proliferation, survival, metabolism as well as motility. An increased Akt 

expression was found in aggressive cancer cells. Akt consists o f three isoforms 

including A ktl, Akt2 and Akt3 which has specific functions in distinct cell type. 

Flowever, all three Akt isoforms are activated by similar mechanisms in PI3K signaling. 

Akt can play as an enhancer o f cell m otility in several cancer cells by regulation of 

actin organization, cell-to-cell adhesion and extracellular matrix degradation that 

facilitate cell invasion (50, 51).

PI3K is activated by growth factor receptor kinases (GFRKs), integrin, G-protein- 

coupled receptor (GPCR), and cytokine receptor (CR) signaling resulting in the 

phosphorylation o f PI3K. Then activated PI3K converts phosphatidylinositol (4,5)- 

bisphosphate (PIP2) to phosphatidylinositol (3,4,5)-trisphosphate (PIP3). Akt which 

contains pleckstrin homology domain is recruited and binds to newly generated and 

enriched PIP3 at membrane and consequently activated. Once Akt translocates to
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targeting site on membrane, it is rapidly phosphorylated on threonine 308 (T308) by 

phosphoinositide-dependent kinase-1 (PDK1) and on serine 473 (S473) by the 

mammalian target of rapamycin complex 2 (mTORC2) resulting in fu ll Akt activation 

and then mediates downstream signaling pathways which control several cellular 

functions such as motility, survival and proliferation of cell (Figure 6). However, there 

are other pathways to regulate cell m otility that are not depend on PI3K/Akt 

pathway (52).

I
MAPK

I 1
Motility Proliferation Motility
Growth survival
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Figure 6 Phosphoinositide 3 kinase (PI3K)/Akt signaling pathway. The activation of growth 

factor receptor kinases (GFRKs), integrin, G-protein-coupled receptor (GPCR), 

and cytokine receptor (CR) lead to the phosphorylation of PI3K resulting in PI3K 

activation. Phosphorylated PI3K convert phosphatidylinositol (4,5)-bisphosphate 

(PIP2) to  phosphatidylinositol (3,4,5)-trisphosphate (PIP3) and then promote the 

phosphorylation of Akt. Ras/MAPK signaling also activates PI3K activation. The 

activity of Akt requires ทาTOR complex action to  regulate several cellular 

behaviors such as cell survival, cell proliferation and cell motility (52).
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Akt has been reported as a downstream of FAK activation (49, 53). Activated 

AKt regulates reorganization of the cytoskeleton and mediates contraction of the 

cellular body that facilitates the migration o f cell. The increase of Akt activation has 

been correlated with migration and invasion o f cancer cells. Activated Akt promoted 

cell invasion and metastasis o f breast and ovarian cancer cells through the 

upregulation o f integrin signaling. เท addition, knocking in Akt has been found to 

inhibit cancer cell migration and invasion resulting in decreased cancer metastasis 

both in vitro and in vivo study (52).

Rho-family GTPases

Rho-family GTPases are the downstream effectors of FAK/Akt signaling pathway 

and play an essential role to control cell migration and invasion. FAK can regulate the 

activation of these proteins through a direct interaction with, or phosphorylation of 

protein activators or inhibitors of Rho GTPases. The Rho GTPase cycle is shown in 

Figure 7. These proteins are activated by GTP binding and inactivated by GDP-binding 

(45, 53). The activation of Rho GTPases are regulated by three groups of proteins 

including guanine nucleotide exchange factors (GEFs), GTPase-activating proteins (GAPs) 

and guanine nucleotide dissociation inhibitors (GDIs). GEFs stimulate the release of 

guanosine diphosphate (GDP) and then allow guanosine triphosphate (GTP) to bind to 

Rho GTPases resulting in the activation of the GTPase. GAPs are considered as negative 

regulators of Rho protein signaling pathways by enhancing intrinsic GTPase activity of 

Rho GTPases. Finally, GDIs are the proteins that bind to GDP-bound form of Rho 

GTPases and result in blocking of the GTPase cycle. Once Rho GTPases are activated, 

these proteins interact with cellular target proteins and initiate downstream signaling 

pathway that regulate actin reorganization (54).
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Figure 7 The Rho GTPase cycle. Rho GTPases are activated by GTP binding and 

inactivated by GDP binding. There are cycle regulators including guanine 

exchange factors (GEFs), GTPase activating proteins (GAPs) and guanine 

dissociation inhibitors (GDIs) (54).

The Rho-family GTPases consist of Racl, RhoA and Cdc42. These proteins have 

functions to  control the reorganization of actin cytoskeleton. RhoA primarily induces 

the formation o f stress fibres and promotes actin-myosin contraction in the cell body 

and the rear. Its activity is enhanced in the initial cell-cell contact formation but 

downregulated in mature cell adhesion. Racl stimulates the formation of membrane 

profusion, lamellipodia and focal-complex formation through stimulation of actin 

polymerization and integrin adhesion complexes. Cdc42 promotes filopodia 

formation, cell rounding and the loss of actin stress fibres as well as the direction of 

cell movement (Figure 8) (45, 53, 54).
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Figure 8 The functions of Rho GTPases in a migrating ce ll The Rho-family GTPases 

including Racl, RhoA and Cdc42 regulate several cytoskeletal modifications to 

facilitate cell migration. Cdc42 controls the direction of cell movement. Racl is 

essential to stimulate the formation of lamellipodia and focal-complex 

formation. RhoA induces the stability of cell-cell adhesion, stress fibres 

formation and promote actin-myosin contraction (54).

Anoikis

Normally, cell survival signaling including PI3K/Akt and Ras-MAPK pathways is 

activated through several factors such as growth factors, cell-cell interactions and 

cell-ECM interactions as shown in Figure 9. Growth factors activate cell survival via 

growth factor receptor (GFR) activation. Cell-cell interactions are mediated by 

cadherin interaction resulting in activation of PI3K/Akt pathway and inhibition of pro- 

apoptotic protein functions. For cell-ECM interactions, cells use their specific cell 

surface receptors known as integrins to interact with ECM counterparts and these
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interactions induce cell survival signaling as well as other cellular functions. The 

different integrin heterodimers (a  and (3-subunits) ligate to distinct ECM component 

specifically. Ligated integrins transduce survival signaling pathway whereas unligated 

integrins that found when cells are detached from ECM can transduce a pro- 

apoptotic cascade. This is the mechanism for preventing cells to survive in an 

inappropriate environment. (16, 20, 55).

Figure 9 Survival signaling pathways include growth factor receptor (GFR) activation, 

intergrin-ECM engagement and cadherin mediated cell-cell interaction. 

These signals activate several pro-survival pathways including ERK, JNK and 

Akt resulting in the activation o f fos, Jun and NF-kB transcription factors and 

the inhibition of pro-apoptotic proteins (20).

W h e n  c e lls  a re  d e t a c h e d  from  ECM, th e r e  is a p ro te c t iv e  m e c h a n is m  o f  th e

b o d y  to  p re v e n t  t h e s e  d e ta c h e d  c e lls  to  fo rm  u n d e s ira b le  co lo n iz in g  a n y w h e re  in

th e  b o d y . This m e c h a n is m  is c a lle d  “an o ik is” . Anoikis is a p ro g ra m m e d  c e ll  d e a th
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that occurs when cells are detached from appropriate ECM and then cells undergo 

apoptosis via caspase activation. Anoikis is found in tissue homeostasis, development 

and disease such as cancer, cardiovascular disease and diabetes (16, 19).

Anoikis is found in several types of cells. The mechanism o f anoikis can be 

classified as intrinsic and extrinsic pathways as shown in Figure 10. Intrinsic pathway is 

the main anoikis mechanism mediated by mitochondrial permeabilization which is 

the formation of oligomers in the outer mitochondrial membrane (OMM) creating 

channels within this membrane by the pro-apoptotic proteins of the Bcl-2 family 

including Bax and Bak. Intrinsic pathway is initiated by the pro-apoptotic BH3-only 

family of proteins. Especially, Bid and Bim play a major role as anoikis activators 

whereas other BH3-only family proteins are anoikis sensitizers. The sensitizer BH3- 

only proteins can bind to Bcl-2 which is an anti-apoptotic protein and then inactivate 

the anti-apoptotic functions of Bcl-2, thus there are free activator BH3- only proteins 

that able to  induce Bax-Bak oligomer formation (20). When cells are detached from 

ECM and then integrins loss of engagement, Bid and Bim are activated and then 

interact with Bcl-XL at mitochondria to neutralize its pro-survival function. Then 

activated Bid and Bim rapidly promote the assembly o f Bax-Bak oligomers within the 

OMM (19, 55). Then cytochrome c  is released and form apoptosome with caspase-9 

and apoptosis protease activating factor (APAF). Finally, this complex activates 

caspase-3 and cell undergoes apoptosis. เท addition, loss of ECM contact also inhibits 

signal transductions including ERK and PI3K/Akt pathways resulting in the inhibition of 

Bim proteasomal degradation (19, 20).

Extrinsic pathway of anoikis is mediated by death receptors including Fas 

receptor and tum or necrosis factor-a receptor. Loss o f contact with ECM induces the
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expression of Fas Ligand (FasL) and its receptor. The activation of death receptors 

results in the assembly o f a death-inducing signaling complex (DISC). Then DISC 

includes Fas-associated death domain protein (FADD) to form complex with several 

molecules o f caspase-8 and then caspase-8 is activated. Activated caspase-8 

proteolytically activates caspase-3 and -7 and cell then undergoes apoptosis. There 

are crosstalk between intrinsic pathway and extrinsic pathway of anoikis program 

because caspase-8 also promotes mitochondrial cytochrome c release and assembly 

of the apoptosome via Bid protein cleavage in its truncated form (t-Bid). เท addition, 

the detachment-induced activation of caspase-8 is inhibited by Bcl-2 overexpression 

(19, 20).

Figure 10 Anoikis signaling pathways. When cell are detached from ECM, cell survival 

signaling are inhibited. Detached cells undergo anoikis via intrinsic pathway 

and extrinsic pathway (20).
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Anoikis resistance

เท cancer metastasis, anoikis resistant cells survive after they are detached 

from primary site, go spread through circulation and then form secondary tumor at 

distal organ (Figure 11). So anoikis resistance is the critical mechanism of cancer 

metastasis (16). The mechanisms of anoikis resistance are not fu lly  understood but 

there are many studies proposed the possible mechanisms o f cells that promote 

survival pathways and inhibit apoptotic pathways when cells are detached. There are 

two main mechanism of cells to overcome anoikis after detachment including 

multicellular aggregation by E-cadherin and EMT (20).

ECM

Figure 11 Anoikis resistance and cancer metastasis. Normally, when cells are detached 

from ECM, detached cells are dead by anoikis process. But aggressive cancer 

cells can overcome anoikis, survive in detached condition and then go 

through circulation to form secondary tumor at distal site (19).
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The mechanism o f anoikis resistance 

M u lt ic e llu la r  aggregation b y  E-cadherin

There are several studies found that cancer cells can overcome anoikis by 

increasing cell aggregation. This mechanism has been suggested as physiological 

mechanism to protect cells from anoikis. เท this mechanism, cell-cell adhesion is 

mainly mediated by E-cadherin resulting in promote cell survival, cell proliferation as 

well as collective migration (20).

E-cadherin

E-cadherin is a member of type i classic cadherin and mainly found in 

epithelial cell membrane. Its domain structure is same as others (Figure 12). The 

function of E-cadherins is Ca2+ dependent and form homotypic homophilic binding 

between adjacent cells by using their extracellular domains. The intracellular domain 

of cadherins also interacts with the catenins family proteins including p-120, 01 and 

P-catenin which directly interact with actin filament by using their conserved 

cytoplasmic domains. E-cadherin regulates several epithelial cell phenotypes such as 

cell polarity, cell shape and cell motility. The expression o f E-cadherin is reversible. 

E-cadherin expression can be downregulated via several pathways such as mutation, 

DNA méthylation and transcription repressors such as snail, slug and twist. The 

increase o f E-cadherin degradation can be caused by the competitively bind of N- 

cadherin to  pl20-catenin which is the stabilizer of E-cadherin (8).
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Figure 12 Cadherin domain structure. The domain structure o f cadherin include 

extracellular domain which interacts with other cadherin of adjacent cells and 

intracellular domain which interacts with the catenins family proteins (8).

เท this mechanism, cells use E-cadherin to form homotypic homophilic 

interactions with neighboring cells and form multicellular aggregation (56). Metastatic 

cancer cells possess ability to form homotypic aggregates and has metastatic 

potential more than non-metastatic cells (57). E-cadherin that mediates cell-cell 

aggregation also facilitates collective invasion of tum or cells as well as collective cell 

migration. E-cadherin interactions promote cell survival, cell proliferation as well as 

cell migration via ERK/MAPK and PI3K/AKT pathway, associated with ligand- 

independent activation o f epidermal growth factor receptor (EGFR) as shown in 

Figure 13 (56).

Multicellular aggregation mediated by E-cadherin and anoikis resistance

There are many studies found that multicellular aggregation of cancer cells 

can resist to anoikis in both epithelial cells and nonepithelial cells. Lawlor et al. 

(2002) reported that anchorage-independent multi-cellular spheroids of Ewing tumor, 

which is sarcoma cells, activate ERK1/2 and the PI3K/Akt survival pathways resulting



26

in anoikis resistance in the suspension culture. However, cell proliferation of 

spheroidal cells was significantly lower than monolayer cells and more sensitive in 

serum starvation (58). Kang et al. (2007) showed the role o f E-cadherin in anoikis 

resistance in Ewing tum or cells. E-cadherin cell-cell interaction leads to ErbB4 

tyrosine kinase activation and then activate PI3K pathway resulting in anoikis 

suppression. เท addition, E-cadherin interaction also increase chemotherapy 

resistance in tum or cells (59). For epithelial carcinoma cells, there was a study found 

that oral squamous epithelial cells form cell aggregation mediated by E-cadherin 

after detachment and this aggregates can survive and proliferate when compare with 

those o f single cell culture (60). เท addition, there was a study found that E-cadherin 

mediated cell-cell adhesion in oral squamous epithelial cells induce activation of 

EGFR and induced anoikis resistance through ERK/MAPK signaling pathway (61).

Figure 13 E-cadherin promotes anoikis resistance, cell proliferation and cell migration 

by mediate cell-cell aggregation o f tumor cells (56).

Thus, these studies suggest the possible role o f E-cadherin to protect cells 

from anoikis by maintenance o f ce ll-ce ll contacts. E-cadherin transduces survival
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signaling such as PI3K/Akt and ERK/MAPK signaling pathway. Several studies found 

that inhibition o f E-cadherin function leads cells to anoikis. เท addition, E-cadherin 

may associate with integrins and tyrosine kinase receptor activation and their 

signaling pathway for cell survival (20, 61, 62).

Epitheliai-to-mesenchymai transition (EMT)

Another way o f cancer cells to overcome anoikis is EMT (17). EMT is the 

reversible conversion of cell phenotypes from epithelial characteristics to 

mesenchymal characteristics. Epithelial cells have cell-cell junctions such as tight 

junctions, adheren junctions, desmosomes and gap junctions to  form layers of cells. 

There are apical and basal sites on cell membrane which possess different 

properties. Each site contains different adhesion molecules such as cadherins, 

catenin and integrins. These adhesion molecules also transduce signaling to control 

cancer progression. Epithelial cells can move while cell-ECM interactions still remain. 

The phenotypes of mesenchymal cells are different from epithelial cells. Their 

shapes are irregular such as spindle-shaped and fibroblast-like morphology. They do 

not form a layer o f cells and do not have the polarization on cell membrane. Cell

cell adhesions of mesenchymal cells are not as strong as those o f epithelial cells 

leading to an increase o f migration capability. The adhesion molecules and 

cytoskeleton o f mesenchymal cells such as N-cadherin and vimentin, respectively, 

are different from those of epithelial cells (12, 63). เท the beginning o f EMT process, 

there is “ cadherin switching” event, which consists of the downregulation o f E- 

cadherin functions and the increasing in the N-cadherin expression (8). เท EMT, cells 

switch the expression from E-cadherin to N-cadherin as well as from keratin-to 

vimentin-type intermediate filaments (14).
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EMT is the rapid processes which cells lose many o f their epithelial 

characteristics and acquire mesenchymal characteristics including cell-cell adhesion, 

cell polarity, cell architecture and behavior (14, 63). Cells that undergo EMT can be 

reversing by a mesenchymal-epithelial transition (MET), which is the conversion of 

mesenchymal characteristics to epithelial characteristics. MET is the process 

associated with kidney formation, somitogenesis, coelomic-cavity formation and also 

found before secondary tum or formation (63, 64).

EMT can be classified as 3 types based on the biological setting (64). Each 

type has distinct biological setting and refers to very different functional 

consequences. Type I o f EMT occur in the earliest stages of embryogenesis. Type II of 

EMT is associated with wound healing, tissue regeneration and organ fibrosis (65). 

Type III o f EMT is associated with cancer progression and metastasis (Figure 14). EMT 

in cancer cells results in the increased resistance o f anoikis and increased metastasis 

of cancer cells (12, 13). Primary epithelial cancer cells which have genetic and 

epigenetic changes undergo this type of EMT leading to lose of cell polarity and 

detach from basement membrane as well as neighboring cells. Then cells become 

isolated because their cell-cell adhesion molecules are downregulated such as E- 

cadherin and catenin. Their polarity and shape are also modified which enhance their 

migration capability and anoikis resistant (17). This type o f EMT facilitates cancer cells 

to move through blood vessels and spread in systemic circulation. When cancer cells 

reach secondary site, they undergo MET to revert their phonotypes to be epithelial 

characteristics. There are many studies proposed EMT as the critical mechanism of 

facilitating the malignant phase of epithelial cancer cells (64). There is a study 

demonstrated that the alteration o f EMT-related proteins can be used as a
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prognostic marker to  predict overall survival of patients with lung adenocarcinoma 

(10). Nowadays, there are several EMT markers that are used in clinic for prognostic 

of tum or progression and metastasis (13). เท this study, we focus on type III of EMT 

which is involved in lung cancer progression.

Basement Epithelial 
membrane cell

Normal epithelium

Primary epithelial 
cancer cells

Carcinoma in situ EMT Cancer cell
intravasation

Cancer cell MET 
extravasation

Invasive and 
metastatic cells

Secondary V— 
epithelial tumor

Figure 14 Type III o f EMT. Primary epithelial cancer cells undergo EMT resulting in 

loss o f cell polarity and detach from basement membrane as well as 

neighboring cells. EMT facilitates cancer cells to invade and then spread 

in systemic circulation. They undergo mesenchymal-epithelial transition 

(MET) at secondary site and then form secondary tum or (64).

EMT markers are the protein mainly found in mesenchymal cells such as N- 

cadherin and vimentin as well as transcription factors that repress the expression of 

E-cadherin such as snail and slug as shown in Figure 15.
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Figure 15 EMT process and EMT-related proteins. EMT is the reversible conversion of 

cell phenotypes from epithelial characteristics to mesenchymal characteristics
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inc lud ing  c e ll-c e ll adhesion, c e ll p o la rity , c e ll a rch ite c tu re  and  behavior as 

w e ll as th e ir  p ro te in  m akers expression (64).

N -cadherin

N -ca dh e rin  is a m e m b e r  o f  ty p e  I ca d h e rin  and  has th e  sam e d o m a in  

s tru c tu re  o f  E -cadherin  e x c e p t s e q u e n ce  o f  h o m o lo g o u s  re p e a ts  a t e x tra c e llu la r  

ca d h e rin  d o m a in  (EC). T he  a dhes ive  fu n c tio n  o f  N -ca dh e rin  is Ca2+ d e p e n d e n t 

m e ch a n ism  w h ic h  is s im ila r to  th e  fu n c t io n  o f  E -cadherin . C y to p la s m ic  d o m a in  o f  N- 

ca d h e rin  in te ra c ts  w ith  p l2 0 -c a te n in , O l-catenin  and  [3 -ca te n in , w h ic h  are p oss ib le  

re g u la to rs  o f  ca d h e rin  fu n c t io n  and  lin k  to  th e  c y to s k e le to n  and  se ve ra l signaling 

p a th w a ys . N -ca dh e rin  possesses th e  a b ility  to  re g u la te  th e  fo rm a tio n  and  re m o d e lin g  

o f  c e l l - c e l l  a dh es ion s  and  p ro m o tin g  c e ll su rv iva l and  m ig ra tio n . N -ca dh e rin  is fo u n d  

in e n d o th e lia l c e lls  and  m e s e n c h y m a l c e lls  such as n e u ra l c e lls  a n d  m u s c le  ce lls . A t 

firs tly , N -ca dh e rin  is d e te c ta b le  during  e m b ryo ge ne s is  in ty p e  I o f  EMT. N -cadherin  

p lays an im p o r ta n t ro le  in th e  d e v e lo p m e n t o f  se ve ra l organs o f  e m b ry o s . เท a d u lt  

tissue, N -ca dh e rin  p lays an im p o r ta n t ro le  to  m a in ta in  a d h e re n c e  ju n c t io n  b e tw e e n  

c e lls  and  re g u la te  severa l signaling pa thw ays. H o w e ve r th e  signa ling  fu n c t io n  o f  N- 

ca d h e rin  is c o m p lic a te d  d e p e n d in g  on  th e  c e ll c o n te x t (66, 67).

เท ty p e  III o f  EMT, N -ca dh e rin  is u p re g u la te d  in e p ith e lia l c e ll  unde rgo ing  EMT 

and  co n s id e re d  as th e  EMT m arker. N -ca dh e rin  has b e e n  fo u n d  to  re g u la te  severa l 

signaling p a th w a ys  p ro m o tin g  ca nce r c e ll aggressiveness. N -ca d h e rin  can in te ra c t w ith  

FGFR a nd  s ta b ilizes  th e  re c e p to r  on  th e  c e ll surface, a lso  e n h a n ce s  c e ll  invasion  and 

p ro te c ts  c e ll  fro m  a p o p to s is  b y  suppressing  a p o p to tic  signals. N -ca dh e rin  a lso  recru its  

PI3K and  a c tiva te s  A k t re su ltin g  in p ro m o tin g  su rv iva l p a th w a ys  and  anoikis resistance. 

N -cadherin  c o m p e tit iv e ly  b inds to  p -120  c a te n in  w h ic h  is E -cadherin  s ta b ilize r
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re su ltin g  in increasing  o f  E -cadherin  d e g ra d a tio n . T h e  in te ra c tio n  b e tw e e n  N -cadherin  

and  ca te n in s  m a y  d ire c t ly  a ffe c t c e ll a d h e s io n  and  e n h a n c e  c e ll  m ig ra tio n . N- 

ca d h e rin  p lays  an im p o r ta n t ro le  to  p ro m o te  c e ll m o t i l i ty  a nd  invas ion  b y  increasing 

s te a d y -s ta te  le v e ls  o f  a c tiv e  R h o -fa m ily  GTPases in c lu d in g  R ac l and  C dc42 as w e ll  as 

c ross ta lk in g  w ith  in teg rins  and  g ro w th  fa c to r  re ce p to rs . T h e  a c tiv a tio n  o f  th ese  

p ro te in s  in f lu e n c e s  c y to s k e le ta l d yna m ics , b o th  c e l l - c e l l  and  c e ll-E C M  adhesions. เท 

a d d it io n , N -ca dh e rin  fa c ilita te s  th e  in te ra c tio n s  w ith  th e  e n d o th e liu m  th a t a lso  

express N -ca dh e rin  a t e x tra ju n c tio n  o f  c e lls  as w e ll  as o th e r  m e s e n c h y m a l ce lls  

(Figure 16) (8, 67).

F igu re  16 T h e  ro le  o f  N -ca dh e rin  in EMT process. N -ca d h e rin  p ro m o te s  severa l

c e llu la r  a c tiv itie s  o f  ca nce r c e lls  in c lu d in g  c e ll  su rv iva l, in te ra c tio n s  w ith  

e n d o th e lia l and  m e s e n c h y m a l ce lls , c e ll  m o t i l i ty  as w e ll  as th e  

d e g ra d a tio n  o f  E -cadherin  (8).
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V im e n tin

V im e n tin  is a 57-kDa p ro te in , a m e m b e r o f  ty p e  III in te rm e d ia te  f ila m e n t 

p ro te in . It is c o n s titu t iv e ly  expressed  in m e s e n c h y m a l c e lls  in c lu d in g  e n d o th e lia l 

c e lls  lin ing  b lo o d  vessels, re n a l tu b u la r  ce lls , m acrophages, n e u tro p h ils , f ib ro b la s ts , 

and  le u k o c y te s . T h e  regu la r fu n c tio n  o f  v im e n tin  is m a in te n a n c e  o f  th e  

c y to a rc h ite c tu re  and  tissue  in teg rity . V im e n tin  a lso  m e d ia te s  severa l signaling 

p a th w a ys  a n d  c e llu la r  p rocesses th a t are im p o r ta n t in EMT a n d  tu m o r  progression. 

T h e  o ve re xp re ss io n  o f  v im e n tin  in ca nce r c e lls  c o rre la te s  w ith  increased  m ig ra to ry  

and  invas ive  a b ility  o f  th e  ce lls . V im e n tin  has b e e n  c o n s id e re d  to  be  a p o te n t ia l 

m a rke r o f  EMT and  an e sse n tia l signaling p ro te in  in v o lv e d  in key ca n ce r b io lo g ica l 

fu n c tio n s . เท c lin ic a l p ra c tice , v im e n tin  is co n s id e re d  as a c lin ic a l in d ic a to r  to  re fle x  

th e  p o o r  p rognos is  o f  ca n ce r p a tie n t (Figure 17) (68-70).

V im e n tin  p lays  a ro le  to  re g u la te  severa l in tra c e llu la r  signaling via th e  

p h o s p h o ry la tio n  and  p ro te in  in te ra c tio n . T he  p h o s p h o ry la tio n  o f  v im e n tin  by  p ro te in  

k inase A a t serines 38 and 72 resu ltin g  in a sse m b ly  d yn a m ics  o f  v im e n tin  p lays a 

c r it ic a l ro le  in c e ll  a tta c h m e n t, m o til ity ,  and  c e ll signaling. P h o s p h o ry la te d  v im e n tin  

in te ra c ts  w ith  14-3-3  p ro te in s , th e  p ro te in s  in v o lv e d  in c e ll  a d h e s io n , c e llu la r  

p ro life ra tio n , and  in h ib it io n  o f  tu m o rig e n e s is , resu ltin g  in an in a c tiv a tio n  o f  14-3-3 

p ro te in s . T h e  v im e n tin /1 4 -3 -3  c o m p le x  a lso  p re ve n ts  th e  fo rm a tio n  o f  o th e r  14-3-3 

c o m p le x e s  and  th e  d e p h o s p h o ry la t io n  o f  p ro te in s  in th e  c o m p le x  re su ltin g  in 

in h ib it io n  o f  a n ti- tu m o r  a c tiv ity  in ce lls . เท a d d it io n , v im e n tin  in te ra c ts  w ith  

p h o s p h o ry la te d  ERK a nd  MAPK and  th e n  p ro te c ts  it  fro m  d e p h o s p h o ry la t io n  resu lting  

in increased  d is ta n c e  tra n s p o r t o f  a c tiv a te d  ERK in ce lls . V im e n tin  w as a lso  re p o rte d  

as a d o w n s tre a m  ta rg e t o f  PI3K/AKT p a th w a y  re su ltin g  in increased  c e ll m o t i l i ty  and
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c e ll invas ion . T h e  u p re g u la tio n  o f  v im e n tin  a lso  s ta b iliz e d  Scrib, a p ro te in  in v o lv e d  in 

c e ll  m ig ra tio n , th e re b y  e n h an c in g  m ig ra to ry  a nd  invasive  a b ility  o f  ce lls . F u rth e rm o re  

th e  EMT in d u c in g  e ffe c t o f  slug a n d  Ras w as sh o w n  to  b e  d e p e n d e n t o n  th e  u p 

re g u la tio n  o f  v im e n tin . เท a d d it io n , v im e n tin  is e sse n tia l fo r  th e  fo rm a tio n  and 

fu n c t io n  o f  in v a d o p o d ia  and  la m e llip o d ia  d urin g  c e llu la r  invas ion  and  m ig ra tio n  as 

w e ll  as th e  m a in te n a n c e  o f  c e ll  p o la r ity  in m igrating  c e lls  (68, 70).

F igu re  17 V im e n tin ’ s ro le  in cancer. T he  express ion  o f  v im e n t in  c o rre la te s  w ith  

invas ive  p h e n o ty p e  o f  ca nce r ce lls . V im e n tin  is c o n s id e re d  as a m arke r o f  

EMT a n d  in d ica te s  p o o r p rognosis in ca n ce r p a tie n ts  (70).

Snail and  slug

Snail and  slug, th e  m e m b e rs  o f  Snail fa m ily  o f  z in c -fin g e r tra n s c r ip tio n  fac to rs , 

are E M T -activa ting  tra n s c r ip tio n  fa c to rs  th a t  m o d u la te  th e  p rocess o f  EMT. N o rm a lly , 

EMT p rocess is triggered  b y  th e  o rc h e s tra tio n  o f  va riou s  EMT a c tiva tin g  tra n s c r ip tio n  

fa c to rs  in c lu d in g  Snail p ro te in s  (sna il and  slug), ZEB p ro te in s  (ZEB1 a n d  ZEB2) and 

basic h e lix - lo o p -h e lix  (bEILH:E47 and  tw is t). E low ever, th e  u n d e rly in g  m ech an ism s o f
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d if fe re n t rep ressors to  repress E -cadherin  gene exp ress io n  are  s t i l l  n o t fu l ly  

u n d e rs to o d . Snail and  slug share th e  SNAG d o m a in  a t N te rm in a l reg ion  and  zing 

fin ge r c lu s te r  a t c te rm in a l reg ion. These  fa c to rs  use c te rm in a l reg ion  to  b in d  to  th e  

E 2-box DNA se q u e n c e  in th e  p ro m o te r  reg ion o f  E -cadherin  gene re su ltin g  in th e  

re c ru itm e n t o f  co -rep re sso rs  and  h is to n e  m o d if ic a tio n  (d e a c e ty la t io n , m é th y la tio n  

and  d é m é th y la t io n )  and  th e  repress ion  o f  E -cadherin  e xpress io n . Snail seem s to  

reco gn ize  E 2-box w ith  h igher a ff in ity  th a n  slug. T h e  d if fe re n t e ffe c ts  o f  sna il and  slug 

o n  b e h a v io r o f  c a n ce r c e ll  have  bee n  fo u n d  in va rious cancers such  as b re a s t cancer, 

c o lo re c ta l ca nce r, ovarian  ca nce r and  lung  cance r. เท a d d it io n , th e  p a rtic ip a tio n  o f  

repressors to  s ile n t E -cadherin  express ion  is sp ec ific  in d if fe re n t ty p e s  o f  tu m o r  and 

d e fin e d  stages o f  tu m o r  p rogression  (71-73).

T h e re  are o th e r  ta rg e t genes th a t b e y o n d  E -cadherin  gene and  in v o lv e d  in 

EMT process. Each repressors has th e  d if fe re n t su b se t o f  E M T -re la te d  ta rg e t genes. 

Snail p ro te in s  a lso  su pp re ssed  th e  express ion  o f  o th e r  e p ith e lia l m o le c u le s  in c lu d in g  

cy to k e ra tin s , p la k o p h ilin , c la u d in s , o c c lu d in s , m u c in l a n d  zo p ro te in s  (71, 74). Snail 

d ire c t ly  b in ds  c y to k e ra tin  and  o c c lu d in  gene as w e ll  as its o w n  p ro m o te r  w h ile  slug 

d ire c t ly  b inds o c c lu d in  p ro m o te r  (71). M o re o ve r, sna il in d u c e d  th e  express ion  o f 

p ro te in s  in v o lv e d  in th e  m e s e n c h y m a l and  invasive  p h e n o ty p e  o f  c e ll  such as 

v im e n tin  (74) and  M MP (71). Snail and  slug have  bee n  fo u n d  to  b in d  p ro m o te rs  o f 

gene assoc ia ted  w ith  c e ll  su rv iva l and a p o p to s is  such as p53, Bid, DFF40, PUM A and 

BRCA2. F u rth e rm o re  sna il and  slug have  b e e n  fo u n d  to  a lte r  c e ll  p ro life ra tio n  and 

c e ll  su rv iva l. C e lls  u nd e rgo ing  EMT w ith  u p -re g u la tio n  o f  sna il possessed lo w  c e ll 

p ro life ra tiv e  a b ility  b y  in d u c in g  c e ll cy c le  arrest. Snail and  slug w e re  re p o rte d  to  

s h o w  th e  p ro -s u rv iv a l a c tio n  in h u m a n  ca rc in o m a  c e lls  u n d e r g e n o to x ic  stress (71).
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T h e  in d u c in g  signals o f  EMT

T he  signals th a t regu la te  EMT in ce lls  in c lu d e  e x tra c e llu la r and  in tra c e llu la r 

s tim u li. E x tra ce llu la r signals can a c tiva te  in tra c e llu la r e ffe c to r  m o le c u le s , such as 

m e m b e rs  o f  th e  s m a ll GTPase fa m ily  and m e m b e rs  o f  th e  Src ty ros in e-k ina se  fa m ily , 

and  th e n  trigger EMT in ce lls . The  typ es  o f  e x tra c e llu la r s tim u li are c lassified as 

b io m o le c u le  and  x e n o b io t ic  c o m p o u n d s . The  tu m o r  m ic ro e n v iro n m e n t inc lu d ing  th e  

c o m p o n e n ts  o f  ECM and  s o lu b le  g row th  facto rs, such as m e m b e rs  o f  th e  TGF-(3 and 

FGF fa m ilies , e p id e rm a l g row th  fa c to r (EGF) and SF/HGF, trigger c e lls  via re ce p to r 

b ind ing  and  a c tiva te  tra n sc rip tio n  fac to rs  in v o lv e d  in EMT such as sna il an slug w h ich  

regu la te  th e  change  o f  gene expression th a t lead  to  EMT (12, 63, 64). T he re  are studies 

fo u n d  th a t x e n o b io t ic  c o m p o u n d s  can ind uce  EMT in ca nce r c e lls  such as ce le co x ib  

(75), in d o m e th a c in  (76), ge fitin ib  (77, 78), e n d o su lfa n  (79) and  h e xa va le n t c h ro m iu m  

(80) w h ich  in d u ce  EMT in h u m a n  lung  cance r c e lls  A549. Fleavy ions w ere  a lso 

re p o rte d  th a t th e y  m a y  trigger T G F 'P l- in d u c e d  EMT even  a t a lo w  dose  (81). In trinsic 

s tim u li o f  EMT are th e  m u ta tio n  in signal tra n s d u c tio n  m o le c u le s . A lth o u g h  som e 

fa c to rs  like  T G F 'P  can p oss ib ly  in d u ce  EMT in ce lls , ce lls  nee d  to  a c c u m u la te  th e  

p a rticu la r gene m u ta tio n s  fo r  u n lo c k  o r m a in ta in  EMT (12, 13).

EMT and  ano ik is  res is tance

This m e c h a n is m  has b e e n  suggested as p a th o p h y s io lo g ic a l m e ch a n ism  to  

p ro te c t c a n ce r c e lls  fro m  ano ik is  (20). T he re  are se ve ra l s tu d ie s  fo u n d  th a t  EMT 

p ro m o te s  ano ik is  res is tance  in ca nce r ce lls . เท 2002, T ran  e t a l. s tu d ie d  th e  fu n c tio n  

o f  N -ca dh e rin  to  ano ik is  res istance. T h e y  fo u n d  th a t  N -ca d h e rin  in d u c e d  anoikis 

res is tance  via P I3K /Akt p a th w a y  and  increased th e  exp ress io n  o f  B cl-2  w h ic h  is th e  

a n ti-a p o p to tic  p ro te in  (82). D erksen e t al. in 2006 in ve s tig a te d  th e  ro le  o f  E -cadherin
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in b re a s t o n co ge ne s is  b y  using m o u se  m a m m a ry  m o d e l w ith  E -cadherin  m u ta tio n . 

T h e y  fo u n d  th a t  c e lls  w ith o u t  E -cadherin  can su rv ive  and  p ro life ra te  in an anchorage- 

in d e p e n d e n t c o n d it io n  (83). เท 2008, O n d e r e t a l. in ve s tig a te d  th e  e ffe c t o f  E- 

ca d h e rin  loss in ra s -tra n s fo rm e d  im m o rta liz e d  h u m a n  m a m m a ry  e p ith e lia l ce lls . 

C o m p le te  loss o f  E -cadherin  in d u c e d  c e ll to  u n d e rg o  EMT process. T he ir 

m o rp h o lo g ie s  w e re  ch anged  to  be  fib ro b la s t- lik e  and  th e  exp ress io n  o f  EMT m arkers 

in c lu d in g  N -ca dh e rin , v im e n tin  and  tw is t w e re  increased. T he se  c e lls  a lso  res is ted  to  

ano ik is  in a nch o rag e  in d e p e n d e n t c o n d it io n  (9). M e la n o m a  c e ll  u n d e rw e n t EMT 

during  c e ll d e v e lo p m e n t. N -ca dh e rin  express ion  in d u c e d  ano ik is  res is tance  th ro u g h  

Akt/PKB p a th w a y  a c tiv a tio n  and  th e se  c e lls  u n d e rw e n t a p o p to s is  w h e n  N -cadherin  

fu n c tio n s  w e re  b lo c k e d  (84).

EMT and  tu m o r ig e n ic ity  o f  c e lls

C ells  w ith  EMT p h e n o ty p e  are a b le  to  g row  as sphe ro ids  in suspension  cu ltu re , 

c a lle d  as tu m o rig e n ic ity  w h ich  is a h a llm a rk  o f  s te m -lik e  c e lls  (85). EMT has been 

re p o rte d  as a s u ffic ie n t m echan ism  to  generate  a ca nce r c e ll p o p u la t io n  w ith  s te m  c e ll 

characte ris tics  w h ich  are th e  a b ility  to  se lf-ren ew , fo rm  tu m o r  spheres, d iffe re n tia te  

in to  h e te ro g e n e o u s  p o p u la tio n s  o f  cance r ce lls , and  seed n e w  tu m o rs  in a 

x e n o tra n s p la n t system  (15, 85, 86). M ani e t a l in 2008 fo u n d  th a t  th e  in d u c tio n  o f  EMT 

in n o n tu m o rig e n ic , im m o rta liz e d  m a m m a ry  e p ith e lia l c e lls  p ro m o te s  increased 

p o p u la t io n  o f  s te m -lik e  ce lls . เท a d d itio n , th e  leve ls  o f  ทาRNAs e n co d in g  EMT m arkers 

such as N -cadherin  and  snail w e re  increased in s te m -lik e  ce lls . This s tu d y  p ro v id e d  

e v id e n ce  o f  a p o te n t ia l association b e tw e e n  EMT and  a ca nce r s te m -like  c e ll 

p h e n o ty p e  (15). T he  severa l EM T-inducing tra n sc rip tio n  fa c to rs  a lso  p la y  a ro le  to  

regu la te  s te m -like  p ro p e rtie s  such as snail and  slug. Snail and  slug w ere  re p o rte d  as
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critica l fa c to rs  fo r  ovarian  cance r ce lls  to  acqu ire  s te m  c e ll p ro p e rtie s  (87). เท a dd itio n , 

M ani e t a l in 2008 fo u n d  th a t snail was a b le  to  genera te  ce lls  undergo ing  EMT w ith  

p ro pe rtie s  o f  s te m  ce lls  (15).

EMT and  c e ll m ig ra tio n

EMT is th e  tra n s itio n  process fro m  a c o lle c t iv e  to  a s in g le -c e ll m ig ra tion  

th e re fo re  it  is c o n s id e re d  as an im p o r ta n t s te p  in th e  invas ive  cascade  o f  tu m o r  ce lls  

(37). เท EMT, N -ca dh e rin  p lays an im p o r ta n t ro le  ins tea d  o f  E -cadherin  and  enhances 

th e  m o t i l i ty  o f  c e lls  b eca use  th e  in te ra c tio n  o f  N -ca dh e rin  is n o t  as s trong  as E- 

ca d h e rin  in te ra c tio n . N -ca dh e rin  a lso  links Na+/H + e xcha ng er re g u la to ry  fa c to r  w ith  

p la te le t  d e r iv e d  g ro w th  fa c to r  re c e p to r  via in te ra c tio n s  w ith  (3 -ca ten in  in la m e llip o d ia  

th a t  e n h a n c e  c e ll m ig ra tio n . N -cadherin  a lso  increases s te a d y -s ta te  le ve ls  o f  

a c tiv a te d  R ac l and  C dc42 w h ic h  are th e  GTPases th a t  re g u la te  c e ll  m ig ra tion  

resu ltin g  in p ro m o te d  c e ll m ig ra tio n  (8). เท a d d it io n , N -ca dh e rin  a lso  p ro m o te s  c e ll 

m ig ra tio n  and  invas ion  b y  m o d u la tin g  g ro w th  fa c to r  signaling  a nd  re m o d e lin g  th e  

a c tin  c y to s k e le to n . N -ca dh e rin  fo rm s  th e  in te ra c tio n  w ith  FGFR to  s ta b ilize  FGFR a t 

m e m b ra n e . This e v e n t increases c e ll m o t i l i ty  and  M MP se c re tio n  (88, 89). เท a d d it io n , 

sna il and  slug, tra n s c r ip tio n  repressors o f  E -cadherin  gene, a lso  in d u c e  th e  expression  

MMP, a p ro te o ly t ic  e n z y m e  to  d e s tru c t th e  m e s h w o rk  o f  b a s e m e n t m e m b ra n e  and  is 

e sse n tia l fo r  c a n ce r c e ll  invasion . Loss o f  E -cadherin  a lso  leads to  th e  a c c u m u la tio n  

o f  (3 -ca ten in  in th e  c y to p la s m . T he n  th is  p ro te in  e n te rs  in to  n u c le u s  a nd  in te ra c ts  

w ith  tra n s c r ip tio n  fa c to rs  to  s tim u la te  th e  express ion  o f  a large n u m b e r  o f  genes 

in v o lv e d  in c e ll  m ig ra tio n  and  invasion . เท a d d it io n , |3 -ca te n in  a lso  reg u la tes  th e  

signaling w h ic h  is e s se n tia l fo r  f i lo p o d ia  fo rm a tio n  and  c a n ce r c e ll  invas ion  (39).
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C irc u la t in g  tu m o r  c e lls  (CTCs)

เท c a n ce r m etastas is , ca nce r c e lls  have  to  su rv ive  a fte r  d e ta c h m e n t fro m  

p rim a ry  tu m o r  a n d  sp read  th ro u g h  sys te m ic  c irc u la tio n  to  fo rm  s e c o n d a ry  tu m o r  at 

d is ta l sites. O n ce  th e s e  c e lls  are d e ta c h e d  fro m  p rim a ry  s ite  and  c irc u la te  th ro u g h  

b lo o d s tre a m , th e s e  c e lls  are c a lle d  CTCs (Figure 18) (21, 26, 90). เท c lin ic a l p ractice , 

CTCs have  b e e n  co n s id e re d  to  be  a p o te n t ia l b io m a rk e r th a t  re fle c ts  cance r 

aggressiveness o f  m a n y  ty p e s  o f  cancers such as b reast, p ro s ta te , c o lo re c ta l,  b la d d e r, 

gastric, liv e r and  lung  cancers (22-26). T h e  p re sen ce  and  q u a n tity  o f  CTCs in 

p e r ip h e ra l b lo o d  c o rre la te  w ith  p o o r p rognosis  in ca nce r p a tie n ts . CTCs are  fo u n d  in 

c ircu la tio n  as b o th  single ce lls  and m u lt ic e llu la r  aggregation (o r c ircu la ting  tu m o r  

m ic ro e m b o li) . CTCs m ay in vo lve  co ag u la tio n  in b lo o d  vessel via th e  expression  and 

re lease o f  tissue  facto rs. T he  characteristics o f  CTCs th a t fo u n d  in ca nce r pa tie n ts  are 

h ig h ly  h e te ro g e n e o u s  resu lting  in a lim it o f  d e te c tio n  (21, 22). T h e  p o p u la t io n  o f  CTCs 

e xh ib it h e te ro g e n e o u s  c e ll p h e n o ty p e s  inc lu d ing  e p ith e lia l and  m e se n ch ym a l 

p h e n o ty p e s  as w e ll as a tra n s itio n a l s ta te  fro m  e p ith e lia l to  m e s e n c h y m a l ce lls  (22, 

26, 91-93). F low ever, o n ce  CTCs u ndergo  EMT, th e ir  m ig ra tion  and  invasion, 

angiogenesis and  surv iva l are p o te n tia te d  resu lting  in m o re  m e ta s ta tic  cancer ce lls. 

M oreo ve r, EMT has been  re p o rte d  to  ind uce  cance r c e lls  to  e x h ib it s te m -like  

p ro p e rtie s  (22, 25, 93). เท a d d itio n , EMT increases a b ility  o f  ce lls  to  re lease tissue 

fa c to rs  resu lting  in p ro m o te d  co ag u la tio n  in b lo o d  vesse l (21). CTCs w h ich  are h igh ly  

aggressive a d d it io n a lly  e x h ib it th e  a b ility  to  se lf-seed ing  to  th e ir  o rig ina l organs (94). 

T he re fo re , EMT is co ns ide red  as c ritica l m echan ism  to  p ro m o te  m e ta s ta tic  p o te n tia l, 

anoikis res istance and  invasive a b ility  o f  CTCs (16, 22).
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F igu re  18 T h e  ro le  o f  CTCs in m e ta s ta tic  cascade. A noik is  re s is ta n t ca n ce r ce lls  

c irc u la tin g  th ro u g h  th e  sys te m ic  c irc u la tio n  are c e lle d  CTCs. A t th e  d is ta n t 

site , CTCs e x tra vasa te  and  inva de  in to  th e  m ic ro e n v iro n m e n t o f  th e  

fo re ig n  tissue. T he n  ca nce r c e lls  m u s t be  a b le  to  o v e rc o m e  th e  inn a te  

im m u n e  resp on se  a nd  a lso  su rv ive  as a s ing le  c e ll  (o r as a s m a ll c lu s te r  o f  

ce lls ). F ina lly , th e  ca nce r c e ll m u s t be  a b le  to  a d a p t a n d  p ro life ra te  in th e  

n e w  m ic ro e n v iro n m e n t and  fo rm  m étas tasés  (90).

T r ic lo s a n  (TCS)

TCS is a s y n th e tic  b o a rd  s p e c tru m  a n tib a c te r ia l in g re d ie n t and  lip id  s o lu b le  

c o m p o u n d . Its c h e m ic a l n a m e  is 2 ,4 ,4 ’ - t r ic h lo ro -2 ’ -h y d ro x y d ip h e n y l e th e r  (Figure 19) 

and  its m o le c u la r  w e ig h t is 289.54. Its a n tim ic ro b ia l m e c h a n is m  is b a c te ria l c e ll 

m e m b ra n e s  in te rc a la tin g  w ith o u t  causing leakage o f  in t ra c e llu la r  c o m p o n e n ts  

re su ltin g  in c e ll  d e a th . TCS a lso  in h ib its  e n o y l re d u c ta se  a c tiv ity  le a d  to  in h ib itio n  o f  

fa t ty  acid  syn thes is . TCS has b e e n  w id e ly  used in p e rs o n a l ca re  p ro d u c ts  s ince 1968 

such as to o th p a s te s , m o u th w a s h e s , a n tib a c te r ia l soaps (bars a n d  liqu ids),
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d e o d o ra n ts , d e o d o ra n t soaps (bars and  liqu ids), c o s m e tic  and  a n tis e p tic  p ro d u c ts , 

and  e ven  in th e  te x tile s . TCS a lso  has bee n  used in m e d ic a l d ev ices  and  h o s p ita l to  

c o n tro l th e  sp re ad  o f  ทาe th ic illin -re s is ta n t Staphylococcus aureus. TCS is re g u la te d  

b y  b o th  th e  US F oo d  and  Drug A d m in is tra tio n  (FDA) and  US E n v iro n m e n ta l P ro te c tio n  

A gency  (EPA). It was a p p ro v e d  b y  E uropean C o m m u n ity  C o s m e tic  D ire c tive  in 1980 

and  th e  US FDA in 1990 to  be  used in h e a lth  care  p ro d u c ts  a t le v e l u p  to  0.3%  (2, 3).

OH Cl

F ig u re  19 T h e  c h e m ic a l s tru c tu re  o f  tr ic lo s a n  (TCS) (3)

TCS is re a d ily  and  c o m p le te ly  a b so rb e d  fo llo w in g  o ra l a d m in is tra tio n  and  less 

th a n  10%  fo llo w in g  d e rm a l a p p lic a tio n . M a x im u m  p la sm a  c o n c e n tra tio n  is rea che d  a t 

4-6 h a fte r  o ra l a d m in is tra tio n . F rom  th e  s tud ies  in ro d e n t, d is tr ib u tio n  o f  TCS was a 

tw o -c o m p a r tm e n t o p e n -s y s te m  m o d e l. It ra p id ly  d is tr ib u te d  fro m  b lo o d  to  tissues 

a fte r  o ra l a d m in is tra tio n . P lasm a p ro te in  b in d in g  o f  TCS is g re a te r th a n  95%  in 

h u m a n  and  m ice  w ith  n o n c o v a le n t b ind ing. เท h u m a n , m o s t o f  TCS is m e ta b o liz e d  by 

g lu c u ro n id e  c o n ju g a tio n  and  m in o r p a th w a ys  o f  TCS m e ta b o lis m  are s u lfa te  

co n ju g a tio n  and  CYP450S (Figure 20) (3).
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T riclosan

Cl OH

2,4-Dichlorophenol 4-Chlorocatechol

F ig u re  20  T h e  m e ta b o lic  p a th w a ys  o f  tr ic lo s a n  (TCS) in h u m a n  (3)

TCS is m a in ly  e x c re te d  in u rine  and  its h a lf- life  is a b o u t 10-20 h. TCS has been  

id e n tif ie d  in u rine , p la sm a , and  b reas t m ilk  o f  h um an s. T h e  le v e l o f  TCS in th e  b o d y  

is ve ry  w id e  range because  th e  le ve ls  o f  TCS d e p e n d  on  th e  in d iv id u a l d a ily  in take  o f  

TCS, th e  c o n c e n tra tio n  o f  TCS in p ro d u c ts  and  th e  ro u te  a nd  fre q u e n c y  o f  

a d m in is tra tio n  (T a b le  1) (2-4). เท 2006, S a n d b orgh -E ng lun d  e t a l. s tu d ie d  th e  

p h a rm a c o k in e tic  o f  TCS a fte r  o ra l a d m in is tra tio n  in h um an s. T h e y  fo u n d  th a t th e re  

w e re  th re e  fo rm s  o f  TCS fo u n d  in h u m a n  p la sm a  in c lu d in g  u n c o n ju g a te d  fo rm , 

g lu c u ro n id e  c o n ju g a te d  fo rm  and  s u lfa te  c o n ju g a te d  fo rm . T h e  le v e l o f  u n co n ju g a te d  

TCS in h u m a n  p la sm a  increased  p a ra lle l to  to ta l  c o n c e n tra tio n  o f  TCS and 

c o n s titu te d  a b o u t 30-35%  o f  to ta l  le v e l during  th e  firs t 6 h a fte r  o ra l a d m in is tra tio n . 

A fte r 6 h, th e  le v e l o f  u n c o n ju g a te d  TCS was b e lo w  th e  lim it  o f  d e te c t io n  (5).
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T a b le  1 T h e  re p o r te d  c o n c e n tra tio n s  o f  TCS th a t re le v a n t to  c o n c e n tra tio n s  fo u n d  in

aninnals, h u m a n  and  e n v iro n m e n t (4)

T he  c o n c e n tra tio n s  

o f  to ta l  TCS

R e p orte d  c o n c e n tra tio n s

0.002 p g /m l High range o f TCS co nce n tra tion s  observed  in th e  p lasm a o f 

b o ttle n o s e  do lph ins

0.02 p g /m l Low  co nce n tra tion  o f  TCS observed  in h um an  p lasm a

2 p g /m l Low  concen tra tion  d e te c te d  in C harleston Harbor w a te r samples

20 p g /m l High co nce n tra tion  d e te c te d  in C harleston  H arbor w a te r 

sam ples, lo w  co nce n tra tion  obse rved  in h um an  breast m ilk  and 

high co nce n tra tion  in h um an  p lasm a o f exposed  ind iv iduals

200 p g /m l C oncen tra tion  in C harleston, sc area w a s te w a te r tre a tm e n t 

p la n t e fflu e n t

2000 p g /m l C oncen tra tion  in C harleston, sc area w a s te w a te r tre a tm e n t 

p la n t in flu e n t

T o x ic  e ffe c ts  o f  TCS have  b e e n  s tu d ie d  in c lu d in g  s u b a c u te , su b ch ro n ic , and 

c h ro n ic  a d m in is tra tio n  via o ra l, d e rm a l and  in h a la tio n  ro u te  in severa l a n im a l 

m o d e ls . A d ve rse  e ffe c ts  w e re  seen in th e  liv e r o f  so m e  spec ies  such  as changes in 

liv e r w e ig h t o r liv e r e n zym e s, increases in h y p e rtro p h y  w ith o u t  a lte ra tio n s  in 

h is to p a th o lo g y  th a t m a y  be  th e  resu lts  fro m  a d a p tiv e  responses. TCS was a lso  fo u n d  

to  decrea se  c irc u la tin g  th y ro x in e  (T4) and  tr i io d o th y ro n in e  (T3) le v e ls  w ith  d ose - 

d e p e n d e n t m a n n e r in ro d e n ts  a fte r  4 days o f  t re a tm e n t in fe m a le  rats and  a fte r 31 

days o f  t re a tm e n t in m a le  rats. H o w e ve r th e s e  e ffe c ts  are n o t fo u n d  in o th e r  a n im a l 

m o d e ls  b o th  in s u b c h ro n ic  and  ch ro n ic  s tud ies. TCS w as a lso  c o n d u c te d  in
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ca rc in o g e n ic ity  s tu d ie s  in se ve ra l a n im a l m o d e ls . It possessed liv e r to x ic ity  and 

p ro d u c e d  liv e r tu m o rs  o n ly  in m ice  m o d e ls  o f  b o th  m a te  and  fe m a le  a fte r 18 

m o n th s  o f  t re a tm e n t.  T h e  m e ch a n ism  o f  tu m o r  in d u c tio n  e ffe c ts  w as PPARŒ agonist 

e ffe c ts  o f  TCS. TCS in d u c e d  th e  express ion  o f  PPAR(X -sp e c ific  ta rg e t genes resu lting  

in live r h y p e rtro p h y  a n d  th e  increase o f  p ro life ra tio n  ra te  o f  h e p a tic  c e lls  lead ing  to  

increases in h e p a tic  tu m o rs  in m ice . H o w e ve r PPAROl - in d u c e d  e ffe c ts  o f  TCS w ere  

n o t re le v a n t in h u m a n . T h e re  are severa l s tu d ie s  a b o u t th e  s a fe ty  o f  TCS in h um an  

and  th e  re su lts  s h o w e d  th a t  TCS can be  used sa fe ly  in h u m a n  a nd  n o  c h ro n ic  e ffe c ts  

w e re  sh o w n  in w o rke rs  in TCS p ro d u c tio n  and  c o n s u m e r p ro d u c ts  c o n ta in in g  TCS 

m a n u fa c tu re  (2).

A lth o u g h  TCS d oe s  n o t possess serious to x ic  e ffe c ts  in se ve ra l s tu d ie s  b o th  in 

a n im a l a nd  h u m a n  e x p e rim e n ts , th e re  are re c e n t s tud ies  fo u n d  th e  b io lo g ic a l e ffe c ts  

o f  TCS th a t  d o  n o t re la te  to  its a n tib a c te r ia l p ro p e rtie s . TCS w as a s lo w  b ind ing  

in h ib ito r  o f  h u m a n  ty p e  I fa t ty  acid  syn thase  and  p a rtia l in h ib ito r  o f  e n o y l- re d u c ta s e  

a c tiv ity  ty p e  I fa t ty  acid  syn thase  th a t p ro m o te  c y to to x ic  e ffe c t on  M CF-7 c e lls  and 

SK-BR-3 h u m a n  b re a s t c a n ce r c e lls  (95). TCS e x h ib ite d  e n d o c r in e  d is ru p tio n  e ffe c ts , 

in trin s ic  e s tro g e n ic  and  a n d ro g e n ic  a c tiv ity  in M CF-7 ce lls . It d is p la c e d  [ 3H ]o e s tra d io l 

fro m  e s tro ge n  re c e p to rs  (ER) and  [ 3H ]te s to s te ro n e  fro m  b in d in g  to  th e  ligand 

b in d in g  d o m a in  o f  th e  ra t a nd ro ge n  re c e p to r  (AR). เท a d d it io n , TCS a lso  increased  

MCF-7 c e ll g ro w th  o v e r 21 days fo r  e xp o su re  (96). T hese  s tu d ie s  raise th e  q u e s tio n  

a b o u t th e  sa fe ty  o f  TCS and  th e  ช ร  FDA re c e n tly  in itia te d  a re v ie w  o f  TCS in 

c o n s u m e r p ro d u c ts  (97). Ma e t al. (2013) in ve s tig a te d  th e  e ffe c t o f  TCS on  g lo b a l DNA 

m é th y la t io n  (GDM) w h ic h  is th e  to ta l le v e l o f  5 -m e th y l c y to s in e  in th e  g e n o m e  in 

HepG 2 ce lls . T h e  re su lts  s h o w e d  th a t  t re a tm e n t o f  TCS fo r  24 h re d u ce  th e  le ve ls  o f
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GDM and  d o w n -re g u la te d  th e  m e th y la te d  D N A -b ind ing  d o m a in  2 (MED2), MBD3, and 

MeCP2 gene exp ress io n  b y  increasing 8 -h y d ro x y -2 -d e o x y g u a n o s in e  (8-O HdG ) leve ls  

and  in h ib itin g  th e  m a m m a lia n  DNA m e th y ltra n s fe ra s e s  1 (DNM T1) a c tiv ity  w h ic h  is th e  

e n z y m e  th a t  is d ire c t ly  re sp o n s ib le  fo r  m e th y l g ro up  tra n s fe rrin g  to  cy to s in e s  in th e  

g e n o m e  (98). DNA h y p o m e th y la t io n  is c o n s id e re d  as g lo b a l h a llm a rk  o f  ca nce r and 

m ig h t le a d  to  a c tiv a tio n  o f  p ro m e ta s ta t ic  genes in c a n ce r (99, 100). DNA 

h y p o m e th y la t io n  o f  sp ec ify ing  tra n s c r ip tio n  fa c to rs  in c a n ce r c e lls  p o ss ib ly  lead  to  

EMT and  increase  th e  risk o f  d is ta n t m e tastas is  (101). T hus, TCS in d u c e d  DNA 

h y p o m e th y la t io n  raise a q u e s tio n  w h e th e r  TCS can p ro m o te  c a n ce r m eta s ta s is  in th e  

ca rc inogenesis  s a fe ty  a sp e c t o f  th is  c o m p o u n d .
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