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Introduction
Cancer remains as one of the major threats to human life in 
contrast to many discoveries revealing the detailed mechanisms 
about primary tumour formation. Researches on the cellular and 
molecular mechanisms of metastasis development is still lagging. 
Tumour associated mortalities are an overwhelming problem and 
reducing the associated deaths may depend on our competence in 
arresting or preventing metastasis [1].

Tumour metastasis is an intricate process controlled by various 
signalling pathways and the surrounding extracellular matrix 
(ECM) [1]. Tumour cell themselves along with other components 
in tumour microenvironment like immune cells, stromal cells 
(CAF), chemokines, and cytokines are involved in a complex 
crosstalk with tumour cells initiating metastasis. CAF are stromal 
component of cancer, epitomizing a dominant component of 
primary tumour which facilitates extra cellular matrix remodelling, 
thus tumour progression, metastasis, and therapeutic resistance [2].

Metastasis cascades are now believed to be necessitated by 
premetastatic niche followed by metastasis niche formation [3]. 
Pre-metastatic niches (PMN) are now generally presumed to be 
a true biological process and a key prerequisite in the formation 
of distant metastasis [4]. Recent researches have revealed critical 

cellular events on various tumour paradigms and interestingly 
fibroblasts at the metastatic site have shown its role in the 
metastatic milieu formation to be called as metastasis-associated 
fibroblasts (MAF) [5].

Discussion
Characteristic Features of Premetastatic Niche Associated 
Fibroblasts
Though CAF and MAF share many functional characteristics, their 
effects on tumour progression is found to be varying [5]. CAF in 
primary tumour have extensively explored but researches are less 
compared to MAF in metastatic tumours [6-7].

CAF is one of major constituent of the tumour microenvironment 
(primary tumour) whereas MAF are stromal fibroblasts that 
contributes to the establishment of metastatic lesions augmenting 
tumour proliferation, angiogenesis, immunosuppression, and 
migration thus therapeutic resistance [8-9]. Similarly, the activated 
stellate cells at metastatic site initiate the angiogenic switch 
resulting in invasion of endothelial cells which leads to tumour 
cells dissemination [8].

According to seed and soil hypothesis, a favourable fertile soil is 
essential for the growth of tumour cells in distant organ forming 
PMN [10]. MAFs are found to be associated with this organ 
remodelling process induced by tumour derived factors much 
before the arrival of tumour cells in remote organs.

ISSN: 2755-0176

ABSTRACT
Metastases of a tumour suggests poor prognosis and still treatment strategies against metastatic tumours are inadequate. Its resistance against existing 
therapeutic agents makes metastatic tumour treatment still challenging. Numerous research work has been done on cancer associated fibroblast (CAF), 
evidently suggesting of its contribution towards tumour metastasis. Recently a different stromal fibroblast seen in the metastatic sites, characteristically 
different from CAF known as metastatic associated fibroblast (MAF) has caught attention. Emergent preclinical studies propose that MAF targeting can 
ease therapeutic resistance and arrest progression of metastatic growth. This review discusses the current knowledge on this novel cell population that may 
bear on further understanding on the metastatic process.



Citation: Rajalakshmi G, Subramania Iyer, Mahija Janardhanan, Krishna Kumar Thankappan (2024) Metastatic Associated Fibroblast (MAF): is it a Key Driver of 
Tumour Metastasis in Oral Cancer. Journal of Cancer Research Reviews & Reports. SRC/JCRR-217. DOI: doi.org/10.47363/JCRR/2024(6)203

J Can Res Rev Rep, 2024             Volume 6(6): 2-3

Kaplan et al suggested MAFs upregulate fibronectin expression 
and platelet-derived growth factor receptor (PDGFR) expressing 
cells in future metastatic organ, facilitating PMN modulation 
within specific target organs, even before the arrival of cancer 
stem cells [11].

MAFs induce extra cellular matrix remodelling of target metastatic 
organs and upregulates the expression of fibronectin, lysyl oxidase 
(LOX) and MMP -9, thus augmenting PMN formation. MAFs 
also secrete proinflammatory cytokines and augment the stem 
ness aiding the tumour cell survival [12].

Matsusue R et al established smooth muscle actin (SMA)-
positive MAFs cells in hepatic stellate cells which maintain the 
characteristic feature of PMN that indorse liver metastasis of colon 
cancer cells [13]. Fibroblast around the premetastatic stroma in 
breast cancer can serve and support the metastatic colonization 
of disseminated carcinoma cells in distant organs.

Basis of MAFs
Activation of MAFs is yet to be well-defined but possibly originate 
from resident fibroblasts, hepatic stellate cells, mesenchymal 
stem cells, mesothelial cells or from stromal cells derived from 
primary tumours [14]. MAFs are heterogeneous which can 
differentiate into myofibroblasts, growth factor or inflammatory 
gene expressing MAF.

Functions of MAFs
CAF comprises of around 80% of fibroblast population in a 
tumour which phenotypically resemble myo fibroblasts [15]. 
This express fibroblast activation protein (FAP), integrate α 
smooth muscle actin(αSMA), and deposit profuse amounts of 
fibronectin [16]. MAF reported to be heterogeneous and can be 
divided into myofibroblastic MAF, growth factor and inflammatory 
gene expressing MAF and portal fibroblast/mesothelial MAF 
populations [17-18]. Precursor mesenchymal cells from metastatic 
niche differentiate is found to differentiate into MAF by releasing 
specific cytokines.

MAFs create a tumour-friendly microenvironment augmenting 
the malignant characteristics of metastatic tumour cells. These 
are capable of mediating therapeutic resistance to antiangiogenic, 
immunotherapy by ECM remodelling, modulation of immune 
cells in TME, persuading angiogenesis etc [19]. 

MAFs are present even before the metastatic tumour cell arrives 
and gets activated either by adjacent tumour cells or from cells in 
the metastatic TME. Extra cellular vesicles of tumour cells and 
stromal cells also activates MAF.MAFs tends to diminish CD4+ 
T cell proliferation which play a key role in PMN formation and 
creates a fertile environment for metastatic tumour seeding. CAF 
originating from primary tumour exhibit a clear T cell activation 
where in MAF dampen T cell response. MAF is associated with 
to contribute unidentified immunosuppression in metastatic 
colorectal cancer.

MAF & PMNs
MAFs are one of key drivers in PMN formation, which are 
microenvironment established in distant remote organ induced 
by primary tumour before the arrival of tumour cells, there by 
favouring metastasis [20]. MAFs upregulates fibronectin in distant 
organ thus facilitating vascular endothelial growth factor receptor 
adhesion which is strongly associated with PMN formation [20-
21].

MAF induce ECM remodelling of metastatic organ by up regulating 
lysyl oxidase (LOX), MMP 9 thus promoting PMN formation12. 
These secrete proinflammatory cytokines after activation such as 
IL 6/8, thus increasing their stemness [22-23].

MAF: Potential Targeting Strategies
Underlying molecular and cellular mechanisms of metastasis 
may establish new paradigms that may likely to guide future in 
the development of novel diagnostic and therapeutic strategies.
Presently targeting strategies on MAF progresses, either on directly 
targeting MAFs or on targeting its mediators which can upstream 
and downstream signals of MAFs [24]. Current strategies targeting 
MAFs are mostly limited to pre-clinical models. MAF exhibit 
both inhibiting as well as promoting properties in metastatic 
growth [25]. 

A very few clinical trials are targeting FAP (Fibroblast Activation 
Protein) but these are expressed by both MAFs and CAFs. 
Simlukafusp Alfa (FAP-IL2v) targeting is also ongoing in 
oesophageal, breast, advanced/metastatic head and neck, and 
cervical cancers.

IL-6/Stat3 signalling along with the IL-6 receptor inhibitor 
tocilizumab can reduce the expression of MAFs in prostrate tumour 
and restore the sensitivity to hormonal therapy. IL-6 targeting is 
being tried on metastatic breast and pancreatic cancers [26- 27]. 
LOX inhibitor, β-aminoproprionitrile (BAPN) markedly reverse 
LOX-mediated metastasis in liver [28]. Preclinical studies on 
metastatic breast cancer suggests that the inhibition of IL-33 is 
a promising approach [29]. IL-33 inhibition also significantly 
reduces the number and size of metastatic lesion in lung.

MAF: Current Understanding in Oral Cancers
Even though studies addressing role of MAF in oral cancer 
metastasis is not available indirect evidence of its involvement 
in the downstream pathways is emerging. Marilena Vered et al 
evaluated the expression of LOX, fibronectin, vascular-endothelial 
growth factor receptor (VEGFR)-1, matrix metalloproteinase 
(MMP)-9 in cervical LN0/N0 from patients with oral cancer, 
suggesting the increased lenient pathway remotely paved by the 
primary oral tumour for the incoming metastatic cells [20].

Wakisaka et al. in OSCC showed that premetastatic lymphovascular 
niche (sinusoidal hyperplasia) appeared before formation of actual 
metastasis in the lymph nodes [4].

Various tumour models showed that tumour-derived factors 
stimulate the bone marrow-derived cells to interact with the 
premetastatic niche stroma in distant organ/lymph nodes to form 
lymph vascular niche. This lymph vascular niche facilitates 
tumour cell transport to the lymph nodes and contributes to the 
migration, residence, and survival of metastatic cancer cells. It 
will be valuable to unravel the importance of premetastatic niche 
and its relationship with the fibroblasts of metastatic site. PMN 
has a crucial effect and budding evidences support its formation 
is obligatory even in oral cancers. It is important to distinguish 
the presence of MAFs from another cellular component in tumour 
microenvironment in OSCC [21] More experimental evidences 
are required to signify the role of MAFs in the formation of 
premetastatic niche in OSCC.

Conclusion
Prevailing evidence suggests that MAFs facilitate metastatic 
tumour growth and mediate therapeutic resistance. Array of 
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studies in different cancers showed that MAFs are accountable for 
metastasis and may secrete crucial molecular proteins associated 
with the formation and maintenance of metastasis.

Considerate knowledge on MAFs, as a component of metastatic 
tumour is of greater significance in increasing the therapeutic 
targeting of metastatic tumours.

Even though MAFs suggestive of a promising target in pre-
clinical studies, there may be discrepancies in actual human trials. 
Compared to CAF, only few studies have been reported on MAF, 
hence more research may be needed for a better understanding of 
MAFs, to improve therapeutic efficacy along with identification 
of the type of tumour that is suitable for anti-MAF therapy. Its 
role in different cancers including oral cancers need to be given 
thrust in future studies.
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