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SUMMARY

Anoikis resistance (AR) is a favorable attribute exhibited by cancer cells for metastasis. Carcinoma 
associated Fibroblasts (CAFs) plays a crucial role in AR in various cancers. It was proved in array of studies 
in different cancers that there was defi nite interrelationship between CAFs and AR. But its role in OSCC is 
ambiguous. It is the need of the time to reveal the correlation of CAF and oral squamous cell carcinoma (OSCC) 
in relation with anoikis. Molecular pathways which affects the AR via CAFs in various cancers has been 
highlighted in this communication. Divulging the importance of CAF in cancer will aid in designing customized 
novel chemoprevention therapy and thus will help in enhancing the prognosis of patient in OSCC.
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INTRODUCTION

Anoikis is a protective mechanism against invasion and metastasis [1]. Anoikis 
resistance (AR) is a major beneϐicial quality governs by cancer cells as it bears intrinsic 
characteristics for metastasis.

Tumor microenvironment (TM) plays a crucial role in tumor progression, invasion 
and metastasis. Array of research found out that CAFs which showed myo-ϐibroblasts 
like features, are responsible for cancer invasion and metastasis [2,3]. CAFs helps the 
cancer cells to travel to distant site through metastasis by inhibiting anoikis of tumor 
cells [4].

 AR occurs in OSCC through array of madiators [5]. It was found that anoikis resistant 
OSCC cell lines displayed a unique karyotypic and genotypic ϐingerprint that differs 
from anoikis sensitive OSCC cells [5]. It has been proved that CAFs causes inhibition 
of anoikis in breast cancer cells [4]. CAFs help the cancer cells to evade anoikis. CAFs 
are important cell in tumor stroma responsible for invasion, metastasis and has an 
important effect on AR in tumor cells [4,6]. 

 Effect of CAF on AR in OSCC is a ϐield of research. So for the ϐirst time, we would 
like to focus the light on interrelationship of CAFs and molecular pathway in anoikis 
resistance phenomenon responsible for metastasis. Many a time CAFs showed 
chemoresistant property for cancer cells in OSCC patients. So revealing the role of CAFs 
in anoikis phenomenon will help in providing a new roadway for therapeutic purpose. 

Different Molecular Pathways for Anoikis Resistance via Cafs 

Epithelial-mesenchymal transition (EMT) is a key process for metastasis and 
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exhibits an essential characteristic for AR. It is associated with increase in expression 
of proteins like N cadherins, smooth muscle actin etc [7]. It was found that N cadherins 
were able to induced AR in tumor cells [8]. 

CAFs play the role in AR through various mechanisms for the cancer cells.

CAFs facilitate invasion via EMT. Expression of Transforming growth factor (TGF) 
β via CAFs induces EMT which results in downregulation of E cadherins and up 
regulation of N cadherins, which leads to AR [1,6,9]. Also, TGF β expressed via CAFs 
is responsible for loss of E cadherin which prevents anoikis as E-cadherin-interacting 
protein, ankyrin-G, arbitrates anoikis regulatory signals [10].

TGF-β and FGF-2 assist with each other and regulate EMT during cancer 
progression. During EMT, TGF-β induces isoform switching of ϐibroblast growth 
factor (FGF) receptors. It causes the cells to become sensitive to FGF-2 and formed 
“activated ϐibroblast” which encourages the formation of complexes between ZEB1 
(Zinc ϐinger E-box-binding homeobox 1) and CtBP1(C-terminal-binding protein 1). 
These complexes phosphorylated through the FGF-2- activated MEK-ERK pathway. 
Moreover, activated ERK pathway triggers factor ZEB1 via up regulation of FRA1 (Fos-
related antigen 1) which is responsible for EMT by inhibiting anoikis of malignant 
cells. Concurrently, cancer cells invade and metastasize at distant site in cooperation 
with activated ϐibroblasts [10].

CAFs exhibits two vital processes for EMT which helps in overcoming anoikis. 
Firstly, they secrete Matrix metalloproteinase (MMP) 2 and 9 which were found to 
cleave the E cadherins. Secondly, CAFs aid in release of reactive oxygen species (ROS) 
via Rac1b/cyclooxygenase-2 pathways which helps the cancer cells to overcome 
anoikis for EMT [11].

Researchers found out that CAFs had stabilizing effect on antiapoptotic proteins 
which were responsible for anoikis. Study done on breast cancer cells revealed the 
critical role of CAFs in blocking anoikis through Insulin like Growth factor receptor 
(IGFR). It was unrevealed that CAFs stabilizes antiapoptotic protein Mcl-1 via IGFR and 
inhibits anoikis of cancer cells through paracrine manner [4]. 

CAF enhances EMT in cancer cells and increase their metastatic potential via 
regulation of stem-cell traits. Subsequently, EMT causes activation of pathways by 
constitutively activating speciϐic pro-survival signals such as PI3K/AKT pathway 
signals which leads to AR [12]. Also, in prostate cancer, TGF β signaling in ϐibroblasts 
results in promotion of cancer cells. TGF-β ligand BMP2 induces invasion via STAT3, 
ERK1/2 and AKT activation by stimulating anoikis resistance [12,13]. TGF β expressing 
by CAFs has an effect on the MAPK/ERK and PI3K/AKT signaling pathways and these 
pathways are responsible for the increase in resistance to anoikis in cancer cells [14].

Research has proved that “anoikis resistant CAFs” inhibits anoikis of cancer cells by 
paracrine signaling and carry them to distant site for metastasis [15,16].

A study done by Horowitz et al. proved that TGF β prevents anoikis of 
myoϐibroblasts(MF).TGF β 1 induces rapid activation of P13/AKT pathway. Activation 
of P13/AKT pathway is mediated by p38 MAPK-dependent production of growth 
factors which acts in an autocrine/paracrine mechanism. Thus, initiation of P13/AKT 
pathway results in induction of “anoikis resistant phenotype” to MF at the time of EMT 
[15].

A detailed study on anoikis and MF proved that TGF β regulates SMAD-mediated 
N-cadherin expression for EMT. TGF β has a coordinated and independent role 
in activation of FAK (Focal adhesion kinase) and AKT kinase pathways through 
the stimulation of SMAD3 and p38 MAPK factors for endowing “anoikis resistant 
phenotype” to MF [16].
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Kim et al. revealed that invasive breast cancer cells granted an AR phenotype on 
MF by activating laminin-332 up regulation and neoexpressing integrin β 4. Two 
mechanisms were put forward; indirect interaction,direct interaction. In indirect 
interaction, factors released from cancer cells increases the expression of laminin-332 
by MF. Laminin-332 binds to integrin α3β1 present on MF and “switch on” the autocrine 
cell survival signal through AKT pathway. Direct interaction involved the direct contact 
between invasive breast cancer cells and MF results in induction of neoexpression 
of integrin β4. MF cell-survival signals were mediated by Rac1 activation and AKT 
phosphorylation [17].

INTERPRETATION

1. In epithelial cancer, AR is essential to set free from epithelium. 

2. In OSCC, lymph node metastasis is because of mobility of cancer cells by 
modulating actin cytoskeleton and forming invadopodia.

3. From various studies, it is evident that CAFs expressing TGF β controls the 
motility of cancer cells by regulating pathways like AKT, SMAD, MAPK involved in AR 
etc.

4. CAFs indirectly and directly control the expression of array of molecules for AR.

 Interrelationship between CAFs and AR has a deϐinitive role in metastasis. Till 
now CAFs has been explored in OSCC in array of roles, however its role for AR has 
still to be explored and conceptualize. AR has a major impact on prognosis of the 
patient as it is a prerequisite for metastasis. A direct role of CAFs on anoikis is yet to 
unreveal in OSCC which bears a distinct effect on cancer cell survival during invasion. 
A better understanding of molecular mechanism involved in AR via CAFs to overcome 
metastasis would help in the formation of novel anticancer approach to attained better 
prognosis.
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