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Abstract: In Breast cancer, Lung is the second most common site of metastasis after the bone. Vari-
ous factors are responsible for Lung metastasis occurring secondary to Breast cancer. Cancer cell-
derived secretory factors are commonly known as ‘Cancer Secretomes’. They exhibit a prompt role
in the mechanism of Breast cancer lung metastasis. They are also major constituents of host-
associated tumor microenvironment. Through cross-talk between cancer cells and the extracellular
matrix components, cancer cell-derived extracellular matrix components (CCECs) such as
hyaluronan, collagens, laminin and fibronectin cause ECM remodeling at the primary site (breast) of
cancer. However, at the secondary site (lung), tenascin C, periostin and lysyl oxidase, along with
pro-metastatic molecules Coco and GALNT14, contribute to the formation of pre-metastatic niche
(PMN) by promoting ECM remodeling and lung metastatic cells colonization. Cancer cell-derived
secretory factors by inducing cancer cell proliferation at the primary site, their invasion through the
tissues and vessels and early colonization of metastatic cells in the PMN, potentiate the mechanism
of Lung metastasis in Breast cancer.
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?(5)2’1 415680096 20666191220151856 On the basis of biochemical structure, these secretory factors are broadly classified into proteins and

non-proteins. This is the first review that has highlighted the role of cancer cell-derived secretory

@ CrossMark factors in Breast cancer Lung metastasis (BCLM). It also enumerates various researches that have

been conducted to date in breast cancer cell lines and animal models that depict the prompt role of

various types of cancer cell-derived secretory factors involved in the process of Breast cancer lung

metastasis. In the future, by therapeutically targeting these cancer driven molecules, this specific
type of organ-tropic metastasis in breast cancer can be successfully treated.
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1. INTRODUCTION to these specific sites differ are their evolution, treatment,
morbidity and mortality. The other major reason is the spe-
cial requirement of the specific organ for disseminated can-
cer cells for the development of metastasis [7]. Bones (51%)
followed by lungs (17%) are the two most common target
organs of breast cancer distant metastasis. In fact, nearly
60% of breast cancer patients during the metastasis stage

suffer from lung or bone metastasis in their life [8]. In rela-

Among females, the most commonly occurring cancers
are breast, lung and colorectal [1]. Breast cancer is one of the
most common malignant tumors in women. It is considered
the second leading cause of deaths worldwide, with an esti-
mated approximately 40,450 deaths in the year 2016 [2].
Cancer has the highest capability to metastasize to distant

body organs. The most common target organs for breast can-
cer metastasis are lung, liver, bone and brain [3, 4]. Recent
advances in breast cancer treatment have estimated that
among females with breast cancer, 20-30% have the ten-
dency to develop metastatic disease [5].

1.1. Bone versus Lung Metastasis

The most frequent sites of breast cancer metastasis are
the bones and lungs [6]. The reasons due to which metastases
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tion to the tendency of breast cancer subtypes for metastasis,
luminal subtype breast cancer develops bone metastasis at a
higher rate (80.5%) than basal-like (41.7%) and HER2-like
tumors (55.6%) [9]. On the contrary, basal-like, luminal B
subtype and triple-negative p53 negative subtype are most
frequently associated with lung metastasis in invasive ductal
breast carcinoma [10, 11].

The clinical presentations of breast cancer patients sec-
ondary to metastatic complications are extremely painful. In
bone metastasis, the most common complication encountered
is osteolytic type metastatic lesions secondary to osteoclast-
mediated hyperactive bone resorption. As a consequence,
certain growth factors are released from the bone matrix dur-
ing the resorption process that ultimately leads to initiate a
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"vicious cycle" of bone destruction culminating in many
skeletal-related events [12, 13]. However, in lung metastasis,
the clinical presentations and consequences are also ex-
tremely serious. The most frequent clinical signs and symp-
toms which significantly affect a patient’s quality of life and
survival are chest pain, cough, hemoptysis, pleural effusion,
and pulmonary dysfunction [14].

Minn et al. were the first who identified a set of genes
such as epidermal growth factor receptor ligand epiregulin,
COX2, MMP-1 and MMP-2 found to be associated with
lung metastases in breast cancer. Increased expression of
these genes promotes lung metastasis by facilitating tumor
angiogenesis, cancer progression, invasion through the tis-
sues and early colonization of DTCs in metastatic niches
(lungs) [15]. The said mechanism also involved CSCs (Can-
cer stem Cells) functions, metabolic alterations and immune
response [16, 17]. However, in bone metastasis, integrin
complexes play an important role. A study showed that in-
tegrin avfB3 overexpression in tumor cells promotes metasta-
sis to the bone by mediating tumor cell adhesion and signal
transmission required for tumor progression [18]. Cytokines,
chemokines and other growth factors also promote bone me-
tastasis formation [19]. A 15-gene expression signatures set
was analyzed by Van de Vijver group that was specifically
associated with the development of bone metastases in breast
cancer. The bone metastatic gene signatures (APOPEC3B,
ATL2, PH-4, PGDS5, SFT2D2 and STEAP3) mostly encode
for protein binding membrane-bound molecules [20, 21].

The overall median survival time for bone and lung me-
tastasis is 12 months. However, even after treatment, the
overall life expectancy still remains low, with a median sur-
vival of only 22 months for lung metastasis [22].

1.2. Rationale for Lung Metastasis

In this article, we have discussed in detail the intracellu-
lar and extracellular secretory factors from cancer cells re-
leased in the tumor microenvironment, which promotes lung
metastasis secondary to Breast cancer. Lungs are the second
common reported site of distant metastasis in breast cancer
after bone [7]. They are also twice as a commonly reported
secondary site of cancer in young females (< 50years) [23].
Once metastasized to the organ, a very short median survival
time of 12 months duration and 22 months after treatment
has been reported [22]. Also, poor survival rate and disease
prognosis have been reported by clinical data, referring to
the patients diagnosed with primary tumors with LMSs
(Lung Metastasis Signatures) expressing genes. In line with
these numerous genetic studies based on microarray data, in-
vivo experiments in xenograft models and in-vitro analysis in
breast cancer cell lines have also been conducted to check
the gene and protein expression of cancer cell-derived secre-
tory factors that are associated with Lung metastasis in breast
cancer [24, 25]. Till date, no blood biomarker has been re-
ported that could determine breast cancer progression in
terms of Lung metastasis. Only a few reports provided up-
dates on the outcome of isolated lung metastases secondary
to breast cancer [26]. This compelled us to write a detailed
review on this specific subject. Hopefully, the article will
help researchers in their related research work, as this review
provides an extensive literature on the subject in order to
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evaluate the secretory factors that are involved in the phe-
nomenon of metastatic organotropism specifically to the
lungs in breast cancer.

The phenomenon of Metastatic organotropism (MO) is
defined as a selective process of distant metastases to some
specific organs. It is regulated by certain factors, including
molecular subtypes of breast cancer, cancer cells derived
secretory factors (cancer secretomes), immune mechanism of
the host, cross-talk between the cells in the tumor microenvi-
ronment, genetic alterations and the role of cancer stem cells
(CSCs), which are considered as the most prominent ones
[24, 27]. The metastasis process is also influenced by tumor
size, nodal stage, receptor status and histologic grade. Based
on biological markers, breast cancer is classified into five
molecular subtypes: Luminal A, luminal B, luminal-HER2,
HER2-enriched, basal-like and triple-negative (TN) breast
cancer [28]. A research-based study has inferred that among
the molecular subtypes, triple-negative and basal-like sub-
types have the highest tendency to metastasize to the lungs,
brain and distal lymph nodes [29]. Also, basal-type breast
cancers more commonly tend to metastasize to lungs (52%),
as compared to the other visceras [30]. However, histologi-
cally, intra-ductal carcinoma (IDC) has three times more
potential to metastasize to lungs, CNS and distal lymph
nodes [31]. Various studies have been implicated to date, to
determine the role of causative factors that are associated
with the metastatic organotropism that occur in the lungs
[32].

2. MECHANISM OF BREAST CANCER LUNG ME-
TASTASIS

Lung metastasis, occurring secondary to breast cancer,
involves an intricate mechanism. It is mediated by the con-
tribution of various factors, such as increased expression of
specific genes, an active role of cancer stem cells (CSCs), a
major contribution of cancer cell-derived secretory factors,
enhancement of certain specific signaling pathways, as well
as the active implication of the host-derived immune mecha-
nism [14]. Two factors, including the function of cancer cells
derived extracellular matrix (ECM) components and the ac-
tive role of pro-metastatic molecules in the pre-metastatic
niche (lungs), provide the basis for the mechanism of Breast
cancer lung metastasis [24].

As shown in Fig. (1), at the primary site (breast), the can-
cer cell-derived ECM components such as hyaluronan, col-
lagens, laminin and fibronectin, by inducing the phenomenon
of ECM remodeling in the tumor microenvironment promote
cancer cells proliferation, their penetration across the tissues
and vessels, followed by their dissemination to the lungs. At
the secondary site (lungs), the cancer cell-derived secretory
factors such as tenascin C (TNC), periostin (POSTN) and
lysyl oxidase (LOX), by modulating the mechanism of ECM
remodeling and cancer cells seeding in the pre-metastatic
niche, promote efficient early colonization of the dissemi-
nated tumor cells (DTCs) in the lungs [33]. The secretory
factors which are released from the cancer cells in the TM
also recruit bone-marrow derived cells (BMDC) in the lungs.
This process in-turn further promotes the mechanism of
Breast cancer lung metastasis [34].
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Role of Cancer Cell Derived ECM Components and Pro-Metastatic Molecules
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Fig. (1). At the primary site (breast), the Cancer Cells Derived ECM Components (CCECs), hyaluronan, collagens, laminin and fibronectin
induces the phenomenon of ECM remodeling in the tumor microenvironment. This promotes cancer cell proliferation, their penetration across
the tissues, followed by their dissemination to the Lungs. At the secondary site (lungs), cancer cell-derived secretory factors such as tenascin
C (TNC), periostin (POSTN) and lysyl oxidase (LOX) promote ECM remodeling and efficient colonization of the breast cancer metastatic
cells. This contributes to pre-metastatic niche formation in the lungs. Also, at the pre-metastatic niche (PMN), the cancer cell-derived Coco,
reactivates the dormant cancer cells by inhibiting the anti-metastatic signals from the lung-derived bone morphogenetic proteins (BMPs).
GALNT 14 enhances the infiltration of metastasis-associated macrophages (MAMs) and also potentiates the self-activating property of cancer
stem cells (CSCs) in the lungs.
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New insights into the underlying molecular mechanisms
of breast cancer lung metastasis have also identified the sig-
nificant role of two pro-metastatic molecules, Coco and
GALNT14. The cancer cell-derived Coco (a secretory an-
tagonist of TGF-f ligand) has the characteristic to reactivate
the dormant cancer cells present in the lungs by inhibiting
anti-metastatic signals that are generated from the lung-
derived bone morphogenetic proteins (BMPs) [35]. The sec-
ond pro-metastatic molecule is N-acetyl-galactosaminyl-
transferase 14 (GALNT 14). This cancer cell-derived poly-
peptide enzyme serves to enhance the infiltration of metasta-
sis-associated macrophages (MAMs) in the lungs and also
potentiates the self-activating property of cancer stem cells
(CSCs) in the pre-metastatic niche (lungs). The above stated
three mechanisms induced by these two pro-metastatic mole-
cules thus provide the basis for the mechanism of Breast
cancer-derived lung metastasis [36].

3. RATIONALE FOR SECRETORY FACTORS

The macromolecules secreted by the cells are collectively
termed as secretomes. They are the major source of cell-cell
communication in eukaryotes [37]. Cancer cell-derived se-
cretomes exhibit altered composition as compared to the
normal tissue. These altered secretions thus provide the basis
for the characteristic hallmarks of cancer [38]. The reason
for focusing on secretory factors is that the cancer cell de-
rived-secretory factors are released in the tumor microenvi-
ronment, which ultimately ends up in one of the body fluids
in a measurable concentration. Hence, they have an edge
over the cellular proteome. In the current era, where cancer
research is on hype, the discovery of cancer biomarkers,
which will be utilized as blood-based diagnostics is currently
focused. In this regard, secretome analysis serves as a prom-
ising approach to be applied for prognostic and diagnostic
biomarkers as well as future therapeutic targets [39]. The
second advantage of secretome analysis is that it offers re-
duced sample complexity co-aided with a dynamic range of
detection. In addition, secretome-based researches also pro-
vide an in-depth understanding of the biology of tumor mi-
cro-environment, cancer cell progression, mechanisms of
invasion and the process of metastasis [40]. The current lit-
erature search also provides evidence that cancer cell-derived
secretory factors derived from cancer stem cells, non-stem
cells and the surrounding stroma play a deterministic role in
cancer progression, and in the future, they would be of great
help in the field of cancer biomarker discovery [41].

4. ROLE OF SECRETORY FACTORS IN BREAST
CANCER LUNG METASTASIS

Under normal circumstances, the secretory products that
are released by the cells of the extracellular matrix serve to
provide structural as well as the functional support to the
tissues. However, the same secretory factors when released
from the cancer cells have an ultimate aim to propagate these
cells to distant sites, a mechanism known as metastasis. In-
terestingly, most of these studies related to cancer secre-
tomes are conducted in breast cancer cell lines and animal
models [42]. The three main factors responsible for altering
these secretions in cancer are genetic mutations, the role of
microRNAs and the contributing factors from the host-
associated tumor microenvironment [43].
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As shown in Fig. (2), cancer cell-derived secretory fac-
tors (CCSFs) perform the function of cancer cell propagation
by mediating the crosstalk between the cancer cells and the
extracellular matrix (ECM) components in the tumor micro-
environment. This cross-talk by inducing angiogenesis, in-
flammatory cell recruitment and the phenomenon of ECM
remodeling, ultimately favors the oncogenic process [44,
45]. As these secretory factors lie in close vicinity to the
cancer cells, they may constitute some important proteins
that correlate with the disease state hence, they can also
serve as novel biomarkers [46, 47]. Currently, the secretory
factors are the active source of research in the field of bio-
marker discovery and are also considered as the prime tar-
gets for future therapeutic strategies against breast cancer
[48]. The methods, on the basis of which these secretory
factors have been studied, are largely categorized into two
groups; i) Genome-based computational prediction and ii)
Proteomic approaches [38, 49].

Among these secretory factors, the known proteins which
were analyzed are the cell surface receptors, cytokines,
chemokines, cell motility factors, proteases and growth fac-
tors [25]. There are two modes of secretions that are em-
ployed by cancer cell-derived secretory factors. The first, is
the ER- Golgi pathway or ‘classical’ pathway. The second is
the Golgi-independent or ‘non-classical’ pathway [43].

The first method is traditionally considered as the one
which is mostly employed for the secretion of proteins. Ma-
jority of the cytokines, cell surface receptors and ECM de-
rived components opt for this method of secretion [50]. The
Golgi-independent pathway is characterized by secretion in
the form of micro-vesicles such as exosomes. This form of
secretion besides proteins (transmembrane receptors and
cytosolic proteins), also consists of lipids and nucleic acids
(such as micro-RNAs, messenger-RNAs and DNA) [51, 52].
Therefore, on the basis of the biochemical structure, the can-
cer cells derived secretory factors are broadly classified as
proteins and non-proteins. The following are the studies on
various types of cancer cell-derived secretory factors that
promote lung metastasis in breast cancer.

4.1. Proteins

Several different studies have been conducted on various
types of secretory proteins, which have an important role in
mediating Breast cancer lung metastasis. These proteins are
classified in terms of structural and functional aspects and
are also summarized in Table 1.

4.1.1. Glycoproteins

This refers to the fibrous proteins that along with proteo-
glycans and glycosaminoglycans (GAGs), form the most
essential, non-cellular component of the extracellular matrix.
These macromolecules do not only provide physical support
to the tissues, but also transduce various biochemical reac-
tions, which serve to mediate cellular functions at a molecu-
lar level [53].

Nidogen 1 (NID-1), a glycoprotein and a normal con-
stituent of the basement membrane, is also responsible for its
integrity. As a Lung metastatic secretome signature (LMSS),
NID1 promotes the mechanism of lung metastasis in Breast
cancer via its five pro-metastatic functions. /n vitro functional
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GM miRNAs

Cross-Talk Between
Cancer Cells and
ECM Components (TM)

Release of

Cancer Cells |RESULTS
Derived Secretory

Factors (CCSF)

m ECM Remodelling
m Inflammatory Cells Recuitment

m Tumor

RESULTS

CANCER CELLS

u Invasion

L] i ,/[
Release of Secretory Proteins
via Classical Pathway

Lymphhangi i
and Lymphatic Vessels

CAF

TM FACTORS

A HF LS CAF

Cancer Cells
Neutrophils
Macrophages

Tumor Angiogenesis
and Blood Vessels

Stromal Cells

Cancer Stem Cell

Secretory Proteins

ECM Remodelling

Exosome Containing RNA, DNA
Exosome Containing Lipids

Exosome Containing Proteins

Release of Secretory Factors
via Non-Clasical Pathway

1- CAUSATIVE FACTORS OF
ALTERED SECRETIONS IN CANCER

2- COMPONENT OF TUMOR 3- CANCER CELLS DERIVED
MICROENVIRONMENT

SECRETORY FACTORS (CCSF)

m GM (Genetic Mutations) ECM Remodelling &  Secretory Proteins

m MicroRNAs (miRNAs) Cancer Stream Cell =3 Exosome Containing RNA, DNA

m TM Associated Factors (Tumor Microenvironment) Cancer Cell > Exosome Containing Lipids

m HF (Hypoxic Factors) Stromal Cell = Exosome Containing Proteins

B CAF (Cancer Associated Fibroblast) Cancer Associated Fibroblast

m ECM (Extracellular Matrix) Macrophages

] .\% ® 0 W

Neutrophils
/,,_z., Tumor Angiogenesis and Blood Vessels
Lymphhangiogenesis and Lymphatic Vessels

Tissue Interstitial Space/Fluid

Fig. (2). Genetic mutations, microRNAs and tumor microenvironment associated factors (hypoxia, cancer-associated fibroblast), altered the
secretions in cancer. Secondary to the crosstalk between the cancer cells and extracellular matrix components in the TM, cancer cell-derived
secretory factors (CCSFs) are released, which cause angiogenesis, lymphangiogenesis, inflammatory cell recruitment and ECM remodeling.
This mechanism ultimately favors the oncogenic process. Cancer cell-derived secretory factors (CCSFs) are released via the classical pathway

(mostly secretory proteins) and non-classical pathway (via exosomes).

analysis has revealed that increased expression of this glyco-
protein (NID-1) is associated with poor clinical outcome in
Breast cancer. Therefore, the protein in the future may serve
as a new predictive biomarker, in-order to determine the risk
of lung metastasis in breast cancer [54].

Tenascin C (TNC), another extracellular matrix glyco-
protein, classified as an adhesion modulating protein, has a
prompt role in the mechanism of cellular signaling as well
[55]. Increased expression of this glycoprotein in the metas-
tatic niches has been found to be directly proportional to the
magnitude of lung metastasis. The glycoprotein, in the lung
microenvironment, by potentiating the NOTCH and WNT
signaling pathways, increases the colonization of Lung me-
tastatic cells that are derived from Breast cancer. Therefore,
by therapeutically targeting this glycoprotein and indirectly
by inhibiting the specific signaling pathways that are in-
volved in Breast cancer Lung metastasis, disease progression
can come to a halt [56].

4.1.2. Proteoglycans

They are specialized glycoproteins that are bound to gly-
cosaminoglycans. Besides performing the function of space-
filling and serving as lubricants within the extracellular ma-
trix, they also contribute to mediate the molecular move-
ments within the matrix [57, 58].

Serglycin is a proteoglycan, which is constitutively se-
creted by the breast cancer cells. It stimulates the secretion of
a cytokine, tumor necrosis factor o (TNF a) from the metasta-
sis-associated macrophages (MAMSs). This cytokine (TNFa),
in-turn, by enhancing the Snail expression (an EMT program
modulator) in the cancer cells, potentiates their motility as
well as their invasive phenomenon. A proven animal study
has suggested that genetic deletion of serglycin, as a future
therapeutic strategy, will yield a fruitful outcome in the con-
text of breast cancer lung metastasis [59, 60].
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Table 1.  Secretory proteins associated with breast cancer lung metastasis.
Proteins Protein Classification Major Findings Study Type References
It promotes the mechanism of lung metastasis in breast
. . cancer via its five pro-metastatic functions. Increase Cell lines, breast cancer
Nidogen-1 (NID-1) Glycoprotein expression of NID-1 is associated with poor clinical animal model [33]
outcome in BC
The GP in the pre-metastatic niche (lung) by potentiat-
. . ing the NOTCH and WNT signaling pathways, in- Cell lines, breast cancer
Tenascin C (TNC) Glycoprotein (GP) creases the colonization of lung metastatic cells that are animal model [33]
derived from BC
The PG by stimulating the secretion of a cytokine Breast imal
Serglycin Proteoglycan (PG) (TNF-0) from the metastasis-associated macrophages reas Crzg(cjzli anma [38,39]
(MAMs), potentiates lung metastasis in BC
. . Increased expression of these enzymes (MMP2 and .
Matrix Metalloproteinases Proteolytic enzymes MMP9), by causing ECM remodeling at the pre- Cancer Cell, lines, breast [42,43]
(MMPs) 0 L cancer animal model
metastatic niche (lung) promotes lung metastasis in BC
By inducing the expression of another cytokine, angio-
Transforming growth factor- Cvtokine poietin-like 4 (ANGPTL4) in cancer cells through Smad | Cell lines, breast cancer [47]
Beta (TGF —f) ¥ signaling pathway, TGF —f also promotes the perme- animal model
ability of cancer cells through lungs in BC
By suppressing the tumor-suppressing microRNA and
Epidermal growth factor Cell surface recentor by activating an onco-protein, the receptor promotes the | Cell lines, breast cancer [52]
receptor (EGFR) P metastatic potential of the breast cancer cells to the animal model
lungs
This specific CAM, by mediating the cancer cells adhe-
L1 cell adhesion molecule | Cell adhesion molecules sion to the lung endothelial cells via the cell surface Cell lines, breast cancer 56, 57]
(L1-CAM1) (CAMs) receptor promotes metastasis. Integrin-avb3 also pro- animal models ’
motes BC cells extravasation into the lungs
Rho-associated kinase Cytoskeletal associated Increased ex;l)lress;ilon of RO.CI.(- lBIS a;zolc 1ate(_i th)th Cell lines, breast cancer 66
tein (ROCK-1) protein tumor growth and metastasts in C. Melatonin, by animal models [66]
pro inhibiting the ROCK-1 expression, prevents BCLM.
Increased expression of LOXL2 in the TM, by transduc-
Lysyl oxidase-like protein ECM crosslinking en- ing the EMT phenomenon and by contributing to the | Cell lines, breast cancer [60]
(LOXL2) zyme formation of PMN (lungs), promotes lung metastasis in animal models
BC
Transient overexpression of SNAIL1 that can be
s achieved by the stimulation of transforming growth Cell lines, breast cancer
SNAIL 1 Transcription factor factor-p (TGF-B), also increases the potential of lung animal models [70]
metastasis in BC.
The protein (HIF-1) stimulates the transcription of
HIF-1 Hypoxia-induced factor | PLOD gene that encodes for procollagen lysyl hydroxy- | Cell lines, breast cancer [74]
(HIF) lase (LOX). Increased LOX in the TM promotes the animal models
mechanism of lung metastasis in BC

4.1.3. Proteolytic Enzymes

Matrix Metalloproteinases (MMPs), also known as ma-
trixins, are a group of proteolytic enzymes that are associated
with the family of zinc-dependent endopeptidases. The en-
zymes on the basis of the targeted substrate, are categorized
into six major classes. Collagenases, gelatinases, stromelys-
ins, matrilysins, membrane-type MMPs, and other non-
classified MMPs: being widely expressed in the body tis-
sues, they are largely responsible for ECM protein remodel-
ing, a mechanism that is required during various physiologi-
cal processes such as organogenesis, morphogenesis and
tissue repair.

Increased expression of these enzymes is associated with
numerous pathological mechanisms such as maintenance of
the tumor microenvironment, formation of pre-metastatic
niche (PMN) at distant sites and cancer cell dissemination

[61, 62]. A study based on breast cancer cell lines and animal
models came up with the result that there is a significant
decrease in the Breast cancer volume as well as its associated
Lung metastasis, after treatment with the herbal medicine,
Plantamajoside (PMS). The herb (PMS) serves as an antitu-
mor agent by reducing the activity of two specific MMPs,
MMP2 & MMP9Y (gelatinases). The enzymes (MMP2 and
MMP9), by causing ECM remodeling at the site of pre-
metastatic niche (lung) in breast cancer, contribute to metas-
tatic cell colonization. The herb, by inhibiting the role of
these specific MMPs, indirectly reduces cancer cell growth
as well as their ability to invade and metastasize in the
Lungs. In the future, based on these results, the herb (PMS)
can therefore be used as a potent anticancer agent, along with
the other chemotherapeutic drugs, in-order to combat breast
cancer lung metastasis [63, 64].
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4.1.4. Cytokines

This refers to the biomolecules (peptides) that are se-
creted by the cells of the immune system. Their main func-
tion is to mediate intercellular communication at the molecu-
lar level. The proteins are required for the various body func-
tions such as growth, maturation and immune response.
Chemokines, interleukins, tumor necrosis factor o (TNF a)
and transforming growth factor § (TGF-B) are some of the
important protein families that lie under the umbrella of cy-
tokines [65, 66].

A study conducted in the Breast cancer animal model has
revealed the importance of transforming growth factor-Beta
(TGF-B), a chief cytokine that is predominantly found in the
tumor microenvironment (TM) of the breast cancer. This
multifunctional cytokine under normal circumstances medi-
ates a vast range of functions such as immune mechanism,
synthesis and degradation of ECM and tissue response to
injury [67]. The cytokine, by inducing the expression of an-
other cytokine, that is angiopoietin-like 4 (ANGPTL4) in the
cancer cells through the Smad signaling pathway, promotes
permeability through lung capillaries in breast cancer, thus
promoting lung metastasis [68]. This cell-signaling protein
(TGF-B) also induces the cancer cells to undergo epithelial-
to-mesenchymal transition (EMT), a phenomenon that pro-
motes the cancer cells to adapt the property of invasion fol-
lowed by extravasation. The study by highlighting the role of
TGF-B- ANGPTL4 cytokine relay system, provides another
opportunity to determine the therapeutic strategy, in order to
fight against breast cancer lung metastasis [69].

4.1.5. Cell Surface Receptors

They are specialized transmembrane proteins, which
serve to mediate cell signaling mechanism, necessary for
cell-ECM communication. Once activated by ligand binding,
signal transduction occurs through various mechanisms, de-
pending upon the type of receptor. An important example is
of epidermal growth factor receptor (EGFR), a transmem-
brane protein and a member of Erb B family of proteins.
After binding to its specific ligands (EGF and TGF o),
through tyrosine kinase activity, the receptor mediates vari-
ous intracellular functions. Altered or increase expression of
this receptor is associated with multiple cancers [70-72].

In vitro study has highlighted the role of epidermal
growth factor receptor (EGFR) in Breast cancer Lung metas-
tasis. Once dysregulated, the protein (EGFR), by suppressing
the tumor-suppressing microRNA (miRNA-338-3p) and by
activating an onco-protein (EYA2), promotes the metastatic
potential of Breast cancer cells to the Lungs. This finding,
therefore, suggests that by targeting EGFR/miR-338-3p/
EYA2 axis, a new horizon will be explored in treating Lung
metastatic Breast cancer [22].

4.1.6. Cell Adhesion Molecules (CAMs)

This refers to the glycoproteins that are located at the cell
surface and are enrolled for the formation of various types of
complexes and junctions that are meant to form different
types of connections (cell-cell, cell-ECM and cell cytoskele-
ton-ECM). At the molecular level, nearly all of the funda-
mental cellular processes (cell proliferation, cell migration
and signal transduction) across the cell are mediated through
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these cell-ECM interactions via cell adhesion molecules
[73]. If they get dysregulated, they ultimately result in the
initiation or progression of various diseases [74].

Physical contact between the cancer cells via vascular
cell adhesion molecule (VCAMI1) and the macrophages via
a4-integrin, also aid the lung metastatic cells from breast
cancer to colonize within the leukocytes enriched lung pa-
renchyma. This interaction triggers PI3K/Akt signaling
within the cancer cells, which in turn, promotes their survival
within the lung parenchyma [75]. Another cell adhesion
molecule (L1-CAM), which is expressed on breast cancer
cells, serves as a ligand for the cell surface receptor, integrin-
avb3. The cell adhesion molecule (L1-CAM), by mediating
the cancer cells adhesion to lung endothelial cells, also pro-
motes their extravasation into the lungs [76, 77]. The pro-
metastatic effects of vascular cell adhesion molecule-1
(VCAM-1) in breast cancer when therapeutically targeted by
succinobucol (SCB), a potent and a selective inhibitor of
VCAM-1 expression, showed a significant reduction in lung
colonization, occurring secondary to breast cancer. The re-
sults of all these recent researches have clearly pointed out
that the breast cancer lung metastasis can be treated, if in-
tegrin-VCAM-1 interaction that is held between the macro-
phages and the cancer cells can be targeted via effective
therapeutic means [32].

4.1.7. ECM Crosslinking Enzymes

The most abundant protein of the extracellular matrix is
collagen. It has approximately 28 types and it is expressed by
44 genes. In order to transform from premature to mature
state and for the purpose of crosslinking, the protein requires
various enzymes among which one of them is, Lysyl oxi-
dase-like protein (LOXL2). It is an enzyme that belongs to
the family of lysyl oxidase (LOX). By serving as a catalyst,
the enzymes serve to crosslink the fibrous components,
mainly collagens and elastin within the extracellular matrix
[78, 79]. A study conducted in the Breast cancer animal
model has revealed that increased expression of LOXL2 in
the tumor microenvironment, by transducing the epithelial to
mesenchymal transition phenomenon and by contributing to
the formation of pre-metastatic niche (lungs), promotes the
mechanism of Breast cancer Lung metastasis. Therefore, on
the basis of this informative pre-clinical model study, effec-
tive therapeutic strategies could therefore be designed that
should be aimed to target the intra-tumor LOXL2. This could
also turn a milestone in the treatment of breast cancer lung
metastasis in the near future [79, 80].

4.1.8. Cytoskeletal Associated Proteins

Cytoskeletal proteins represent the cellular scaffold or a
framework of protein fibers within the cell. They do not only
maintain the cellular shape but also anchor the intracyto-
plasmic organelles. The proteins also serve to provide the
key cellular functions such as cell division and growth, cell
motility and contraction. The three main components attrib-
uted to the cytoskeletal proteins are the microtubules, micro-
filaments and intermediate filaments [81, 82].

An important cytoskeletal associated protein, Rho-
associated kinase (ROCK) and its associated pathway (c-
Myc), by regulating the actin rearrangement (cytoskeleton)
within the cell and by mediating the intra-cellular signals,
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play a central role in cellular morphology, adhesion and its
motility. Increased expression of this protein is said to be
associated with tumor growth and metastasis in Breast can-
cer [83, 84]. This metastatic effect secondary to an increase
in ROCK expression can, therefore, be nullified by ROCK
inhibitors [85]. An animal-based research study has recently
explored the function of melatonin, serotonin derived secre-
tory biomolecule that by inhibiting the ROCK-1 expression
in the metastatic cancer cells, prevents lung metastasis, oc-
curring secondary to breast cancer. It is thus concluded that
inhibition of cytoskeletal associated proteins (ROCK-1) and
its associated pathway, through an effective therapeutic
strategy, could, therefore, set an advent in the field of breast
cancer lung metastasis [86].

4.1.9. Transcription Factors

It refers to the family of proteins that modulates the
mechanism of gene expression either by stimulating or sup-
pressing it. The protein after binding to the short DNA se-
quences, regulates the process of information transfer from
DNA to the messenger RNA [87]. The Snail family of pro-
teins, important transcription factors and transcriptomic rep-
ressors to be more specific, are said to be co-related with
epithelial to mesenchymal transition (EMT) in cancer cells.
The protein associated gene, when deleted in mouse models
of Breast cancer, reduces the lung metastatic foci in mice
substantially, thus exhibiting its profound role in breast can-
cer lung metastasis [88].

Cancer cells secreting SNAIL 1, by influencing the infil-
tration of tumor-associated immune cells, potentiates the for-
mation of tumor microenvironment [89]. An animal-based
study has revealed that transient overexpression of SNAILI
that can be achieved by the stimulation of transforming growth
factor B (TGF ), also increases the potential of lung metasta-
sis in breast cancer [90, 91]. The metastatic potential of triple-
negative breast cancer (TNBC) to lungs has been found to be
regulated by another transcription factor, forkhead box Cl1
(FOXC1). This protein, by increasing the expression of
chemokine receptor-4 (CXCR4), also promotes the Lung me-
tastatic capability of Breast cancer cells in vivo [92]. In con-
clusion, Snail 1 and forkhead box C1 that influence the im-
mune microenvironment in Breast cancer, if targeted therapeu-
tically, the desired results to overcome breast cancer lung me-
tastasis in the future, can, therefore, be accomplished.

4.1.10. Hypoxia-Inducible Factors (HIF)

This refers to the secretory factors that are released by the
breast cancer cells in response to hypoxia. Hypoxia-
inducible factor 1 (HIF-1) is a secretory protein that is se-
creted by breast cancer cells [93]. The protein stimulates the
transcription of PLOD gene, which encodes for an enzyme,
procollagen lysyl hydroxylase (LOX). The enzyme (LOX)
has a key function in the biosynthesis of collagen. High
PLOD expression secondary to HIF-1 leads to increased se-
cretion of LOX in the tumor micro-environment. LOX, in
turn, contributes to the formation of pre-metastatic niche
(lungs), thus promoting the mechanism of lung metastasis in
Breast cancer [94].

Another mouse-based study has concluded that when the
activity of hypoxia-inducible factor (HIF-1), along with the
expression of angiopoietin-like 4 (ANGPTL4) and L1-cell
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adhesion molecule (L1-CAM) is blocked, secondary to RNA
interference, vascular metastasis by the breast cancer cells to
the Iungs is compromised [77]. Emerging evidence also sug-
gests that increased expression of Lysyl oxidase (LOX)
along with fibronectin, crosslinks collagen IV and also re-
cruits the bone marrow-derived cells (BMDCs) in the lungs.
This mechanism also contributes to the formation of PMN
(pre-metastatic niche) in the lungs. Therefore, by therapeuti-
cally targeting these hypoxia-induced secretory factors that
are released from the Lung metastatic breast cancer cells,
two chief processes that are ECM remodeling and formation
of pre-metastatic niche, the ultimate requirements for the
process of Lung metastasis, are affected [95].

4.2. Non-Proteins

This refers to the non-protein secretory factors that are
also released from the cancer cells as the constituents of
exosomes, which is also shown in Table 2. The exosomes are
extremely small nano-sized vesicles (30nm-100 nm in di-
ameter) that are released from the cancer cells in the tumor
microenvironment and in addition to proteins, also consist of
lipids and nucleic acids such as RNA (microRNA, mRNA),
DNA and even sequences of mutated or amplified onco-
genes. The presence of nucleic acids within the exosomes
also represents the genetic status of the tumor. Currently,
they serve as the most potent cancer biomarkers. The ac-
quired genetic information from these micro-structures is
available for the horizontal gene transfer within the tumor
micro-environment [96, 97]. These also contribute greatly to
the mechanism of Breast cancer Lung metastasis, as proven
by various animal studies.

Exosomes are released by various types of cells such as
immune, mesenchymal and cancer. They are a major source
of cell-cell communication via cargo that has been trans-
ferred through them from the donor to recipient cells in the
tumor micro-environment. However, recent researches in
cancer biology have introduced their major role in the
mechanism of organ- tropic metastasis by their evident con-
tribution in the formation of pre-metastatic niche [98-100].
Recent research studies came up with the conclusion that
cancer cell-derived exosomes, by mediating the crosstalk
between the cells of the tumor microenvironment, by trans-
ducing the mechanism of extracellular matrix remodeling
and by inducing the invasive potential within the recipient
cells of the host, significantly contribute to cancer cell
propagation as well as in the mechanism of distant dissemi-
nation [101, 102].

A study conducted in a murine based breast cancer model
showed that exosome secretion from the breast cancer cell is
Rab27a (GTPase enzyme) dependent. When exosome secre-
tion is blocked by inhibiting Rab27a, neutrophilic infiltration
in the pre-metastatic niche (PMN) is also compromised. This
ultimately decreases the primary tumor growth, along with
the capability of the breast cancer cells to metastasize to
Lungs [103, 104]. In another animal-based study, it has been
revealed that exosomes derived from fibroblasts, by inducing
Wnt-PCP signaling within the breast cancer cells, stimulate
their invading potential as well as their capability to metasta-
size to the lungs [105]. The following constituents present
within the exosomes also contribute significantly to breast
cancer lung metastasis.
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Table 2. Secretory factors (non-proteins) associated with breast cancer lung metastasis.
Non Proteins Classification Major Findings Study Type References
By blocking Rab27a (GTPase enzyme) dependent Cell li breast
Exosomes Extracellular vesicles (EVs) | exosome secretion, the neutrophilic infiltration in the ©11lnes, breas [83, 84]
. - cancer animal models
PMN is compromised
Exosomes derived from fibroblasts, by inducing Cell 1i breast
- - Wnt-PCP signaling within the breast cancer cells, ©11lnes, breas [85]
. . o . cancer animal models
potentiate their capability to metastasize to lungs
Long non-coding RNA LacRNA The molecple serves to inhibit lung metastatic cas- Breast cancer animal [101]
cade that is occurring secondary to breast cancer models
miR-200s microRNAs Over‘exp.resswn of mlRTZOOs is associated with lung Breast cancer animal [94]
colonization by the murine type of breast cancer cells models
The nucleic acid by providing the energy reserves Breast imal
mRNA-122 microRNAs (glucose) to the niche cells, promotes the mechanism reas cangelr anuma [95]
of lung metastasis modets
miRNA-203 microRNAs Expr65519n o.f m1RNA-203., 1nl.11b1ts breast cancer Breast cancer animal [97]
cells invasion in lungs both in vitro as well as in vivo models
miR-9 microRNAs By ‘blockmg the effects of Ian‘-9‘ in breast cancer Breast cancer animal [97,99, 100]
animal models, lung metastasis is compromised models
Circulating or cell-free DNA (cfDNA) concentration
Circulating or cell-free DNA and cell-free DNA integrity (cfDI), can also serve as Human blood [106]
DNA (cfDNA) important diagnostic as well as prognostic biomark- samples
ers in primary and metastatic BC.
. . Horizontal transfer of mitochondrial DNA (mtDNA)
Mitochondrial DNA DNA via exosomes in the TM, is required for the meta- Xenograft models [103]
(mtDNA) . .
bolic revival of the breast cancer cells
A delayed tumor growth is observed in the cell lines
that are grown from primary tumor cells of breast Breast I
- - cancer that lacks mtDNA. Lung metastatic cells from reas lfg;lscer ce [107]
BC, do not show any change in their growth and
proliferation in the absence of mtDNA.
4.2.1. RNAs by providing the energy reserves in the form of glucose to

Exosomes constitute all types of RNAs however, mi-
croRNAs (miRNA) and non-coding RNAs are considered as
the predominant ones [106]. The microRNAs are 21 nucleo-
tides, endogenous, non-coding RNA molecules that serve to
regulate the gene expression at a post-transcriptional level.
MicroRNA-messenger RNA pairing, resulting in either
mRNA translational repression or cleavage. The outcome is
reduced levels of the target protein [107, 108]. Lu ef al. in
2005, for the first time discovered the altered expression of
miRNA in cancer along with its co-relation with the tumor
origin as well as with its differentiation stage [109]. Abnor-
mal expression of this type of nucleic acid is reciprocal to an
altered gene expression, leading to the phenomenon of tu-
morigenesis [110]. Emerging as cancer biomarkers, these
cancer driven molecules are specialized in mediating ECM
remodeling at the distant sites, resulting in the process of
cancer progression as well as metastasis [111, 112].

Various studies have proven results that show the asso-
ciation of miRNAs with Breast cancer Lung metastasis. A
short, metastasis-free survival time is associated with high
levels of specific miRNAs, miR-200s. However, overexpres-
sion of the same type of microRNAs potentiates the mecha-
nism of Lung colonization by the murine type of breast can-
cer cells [113, 114]. High miR-122 levels, secreted by the
breast cancer cells, are also said to be associated with Lung
and Brain metastasis. This specific miRNA (miRNA-122),

the niche cells, promotes the mechanism of metastasis [115].
The expression of miRNA-203 inhibits Breast cancer cells
invasion in the lungs both in vitro as well as in vivo [116-
118]. On the contrary, by blocking the effects of miR-9 in
breast cancer animal models, metastasis formation in the
lungs has also been found to be compromised [117, 119,
120]. Another in vitro animal study has also revealed the role
of long non-coding RNA (LacRNA) in breast cancer lung
metastasis. The study showed that increased expression of
LacRNA is associated with better clinical results. The mole-
cule serves to inhibit lung metastatic cascade that occurs
secondary to Breast cancer [121]. Recent advances in the
field of cancer has therefore, embarked on a new metastatic
regulatory role of miRNAs. Hence, in the future, this new
emerging role of miRNAs will hopefully set up a new exam-
ple in the field of cancer biology.

4.2.2. DNAs

The discovery of single-stranded DNA, followed by the
double-stranded DNA took place as constituents of
exosomes [96, 122]. Emerging as the representatives of the
whole genome, the exosomal DNA (exoDNA) originates
from both the cell nucleus (nDNA) as well as from the mito-
chondria (mtDNA) [122, 123]. They are present in signifi-
cantly high concentrations in cancer cells derived exosomes
as compared to the ones that are released from the non-
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cancerous cells. Increased concentration of exoDNA actually
represents genomic instability and is secondary to the in-
creased concentration of cytosolic DNA (cytDNA) within
the cancer cells. They are ultimately liberated as constituents
of exosomes in the tumor microenvironment [124]. Increased
mutational allelic frequency in the exoDNA pool is corre-
lated with poor cancer prognosis and survival [125].

A study conducted on human blood samples of Breast
cancer has revealed that circulating or cell-free DNA
(cfDNA) concentration and cell-free DNA integrity (cfDI)
can also serve as important diagnostic as well as prognostic
blood biomarkers in primary breast cancer (PBC) as well as
in metastatic breast cancer (MBC) [126]. Another study
based on xenograft models and patients has concluded that
horizontal transfer of mitochondrial DNA (mtDNA) via
exosomes in the tumor microenvironment is required for the
metabolic revival of the breast cancer cells. This also poten-
tiates their oncogenic potential as well as their capability to
metastasize to distant sites [123]. A study conducted on
breast cancer cell lines came up with this view that mito-
chondrial DNA is an essential requirement for cancer cell
growth as well as for metastasis. Delayed tumor growth is
observed in the cell lines that are grown from the primary
tumor cells of breast cancer that lacks mtDNA. On the con-
trary, the lung metastatic cells from breast cancer do not
show any halt in their growth and proliferation in the ab-
sence of mtDNA [127]. By causing EMT (epithelial to mes-
enchymal transition) phenomenon, the cancer cells with de-
ficient mtDNA copy number are also said to promote the
mechanism of metastasis [128].

5. MECHANISMS OF FEW SECRETORY FACTORS
INVOLVED IN BREAST CANCER LUNG METASTA-
SIS

5.1. Tenascin C

Being a widely expressed extracellular matrix glycopro-
tein, Tenascin C (TNC) is found at two important sites in
adults, a region of stem cell niches and at sites of epithelial —
mesenchymal transition [129]. Expression levels of TNC are
found to be elevated secondary to mechanical stress and in-
flammation in conditions such as wound healing and in con-
nective tissue associated with tumors [130]. The glycopro-
tein (TNC) was introduced as one of the members of lung
metastasis gene by Minn ef al. Its mRNA expression levels
in breast cancer are directly proportional to lung relapse as
well as predictable of overall poor prognosis of the disease
[15,131].

Cancer cells expressing TNC have an edge in the lung
micro-environment. When its underlying mechanism was
explored, integral links were evolved between TNC and
NOTCH and WNT, the known stem and progenitor cell
pathways, which are associated with pro-metastatic role in
stem cell niches [56]. The hexabrachion complex molecular
structure of TNC normally interacts with various ECM pro-
teins such as fibronectin, periostin, integrins, EGF receptors,
syndecan-4 and other membrane-associated proteins [55].
Most of these proteins are also found to be expressed in the
CN34 and MDAZ231 breast cancer cells, known for their high
metastatic potential [132, 133]. This extensive molecular
interactions of extracellular proteins also lead to affect the
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growth and survival pathways within the cell. Tenascin C, by
directly enhancing the expression of some of the key compo-
nents of these pathways such as LGRS, and MSI|1, indirectly
potentiates the pro-metastatic functions of these pathways in
the metastatic niches (Lungs). One of the key target genes of
WNT pathway in adult stem cells is LGRS, leucine-rich re-
peat-containing G protein-coupled receptor 5 [134]. By po-
tentiating the effect of this G protein-coupled receptor gene,
TNC promotes the supportive function of WNT pathway for
early colonization of DTCs in the pre-metastatic niche. In
parallel to WNT, NOTCH pathway also contributes signifi-
cantly in supporting the fitness and metastasis initiating ca-
pacity of disseminated tumor cells (DTCs) in the lungs.
MSI1 (musashi homolog 1) is a positive regulator of
NOTCH signaling [135, 136]. By enhancing the expression
of MSIlin stem cell niches, TNC also promotes the pro-
metastatic role of this pathway in Breast cancer lung metas-
tasis. Knockdown studies of TNC in animal models, which
decrease the signaling functions of WNT and NOTCH, fur-
ther validate its pro-metastatic role associated with these
pathways [137]. It also emphasizes Tenascin C supporting
role as an ECM protein in the Lung metastatic niche [33].

5.2. MicroRNAs

MicroRNAs (miRNAs) are known for their specific role
in gene expression [43]. In cancer, genomic instability leads
to altered miRNAs expression with resultant biochemical
changes [109]. On the contrary, recent studies have em-
barked a new role of miRNAs in cancer. By altering the se-
cretome in cancer, these small, non-coding RNA molecules
drive cancer cell progression. On the basis of biological
functions, microRNAs are classified broadly into two
groups. Tumor suppressor and oncogenic miRNAs [138].

The tumor suppressor miRNAs are themselves down-
regulated in cancers. They target cellular oncogenes. The
classical example is of Lung cancer, targeting KRAS (onco-
gene) gene, whereas let-7 family is the tumor suppressor
miRNAs [139]. Oncogenic miRNAs such as miR-17/92 clus-
ter, also known as oncomir-1, control tumor suppressor
genes and are found to be overexpressed in cancer [140].
MicroRNAs, by significantly contributing to mediating the
crosstalk between cancer and stromal cells in the host associ-
ated-tumor micro-environment, also played a vital role in
cancer cell progression and metastasis [141]. In cancer, dys-
regulated miRNAs execute various mechanisms that facili-
tate the adaptation and modulation of the primary tumor mi-
croenvironment. The following mechanisms are proposed
and validated by cancer researches that have labelled the
prompt role of miRNAs in the mechanism of metastasis.

i. MicroRNAs regulate the phenomenon of epithelial-
mesenchymal transition, a phenomenon not only consid-
ered as a migratory strategy adopted by the cancer cells
but also crucial for the maintenance of cancer cell
stemness [142].

ii. They significantly contribute to ECM remodeling, a key
mechanism that facilitates the process of cancer cell pro-
gression and metastasis [33].

iii. MiRNAs, as constituents of exosomes, have also ac-
quired the capability to change the gene expression of the
recipient cells in the host associated-microenvironment
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Table 3. List of factors which serves as a biomarker or therapeutic targets.
Secretory Factors Role as Biomarker or Therapeutic Targets Uses of Biomarker References
Nidogen-1 (NID-1) Biomarker and therapeutic target to prevent For breast cancer prognosis [54]
breast cancer lung metastasis
Patient selection for adjuvant therapy,
Tenascin C (TNC) Biomarker for cancer-associated fibroblast (CAF) [164-166]
and for breast cancer stroma
Serglycin Therapeutic target to prever}t breast cancer _ [59]
lung metastasis
Matrix Metalloproteinases (MMPs) Biomarker and therapeutic target For breast cancer prognosis [167,168]
Transforming growth factor-Beta (TGF-f3) Biomarker For breast cancer prognosis [169, 170]
. . for selection of targeted therapy in
Epidermal growth factor receptor (EGFR) Biomarker TNB (triple negative-breast cancer) [171]
L1 cell adhesion molecule (L1-CAMI) Therapeutic target to prever}t breast cancer _ [76,77]
lung metastasis
Rho-associated kinase protein (ROCK-1) Biomarker For breast cancer prognosis [172]
Lysyl oxidase-like protein (LOXL2) Biomarker For breast cancer prognosis [173,174]
SNAIL 1 Therapeutic target to prevent metastatic _ [175]
breast cancer
HIF-1 Therapeutic target for the prevention an(.i R [95, 94]
treatment of breast cancer lung metastasis
Exosomes Biomarker and therapeutic target For breast cancer prognosis [176,177]
Long non-coding RNA (LacRNA) Biomarker and therapeutic target For breast cancer prognosis [178,179]
miR-200s (microRNA) Biomarker and therapeutic target For breast cancer prognosis [180, 181]
mRNA-122 Biomarker and therapeutic target Potential and predictive biomarker for [115]
breast cancer
miRNA-203 Biomarker and therapeutic target Potential and predictive biomarker for [117]
breast cancer
miR-9 Biomarker and therapeutic target Potential and predictive biomarker for [119, 120]
breast cancer
Circulating or cell-free DNA (cfDNA) Biomarker For breast cancer prognosis [182, 183]
Mitochondrial DNA (mtDNA) Biomarker Potential and predictive biomarker for [184]
breast cancer

hence directly influencing the process of metastasis by
inducing tumor-stromal interactions [112].

iv. By changing the expression levels of specific chemoki-
nes, miRNAs regulate the recruitment of several stromal
cell types such as inflammatory, mesenchymal, endothe-
lial and immune into the primary tumor microenviron-
ment [143, 144].

v. Recent studies have also highlighted the role of microR-
NAs, in controlling the hypoxia- inducible transcription
factors to regulate oxygen homeostasis within the hy-
poxic tumor microenvironment in cancer [145, 146].

vi. In cancer, dysregulated miRNAs also facilitate immune
surveillance mechanism, greatly required by the cancer
cells for their propagation as well as for the mechanism
of metastasis [147, 148].

vii. They greatly influence the preparatory mechanism in the
distant organs by the name of pre-metastatic niche which
is required for the early colonization of the DTCs (Dis-
seminated Tumor Cells) in cancer [149, 150].

5.3. CfDNA/ctDNA (Cell-Free/Circulating DNA)

Mandel and Metais in 1948 were the first ones to report
the presence of circulating cell-free DNA (¢cfDNA) in human
blood [151]. Till date, various researches have been estab-
lished that have focused on molecular profiling and kinetic
analysis of cfDNA in cancers and various other diseases
[152]. However, the origin of cfDNA is still not clear and
declared as controversial. The proposed two main origins of
cfDNA are:

i. Secondary to the cellular breakdown process.
ii. Release/secretion of active DNA into the circulation.

However, this mechanism also includes the transport of
cfDNA via a vesicular mechanism such as via exosomes.
When the cause of secretion was analyzed, it was found that
the release was as a result of various biological and patho-
logical mechanisms such as phagocytosis mediated release
from dead cells, autophagy, aging, exercise, inflammation,
immune reaction, sepsis, oxidative stress and cancer [153].
In addition, another hypothesis has also explained that
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c¢fDNA in cancer are derived from both necrotic and apop-
totic cells whereas in healthy controls, it originates predomi-
nantly from apoptotic cells [154]. Generally, circulating
DNA is described as cell-free DNA (cfDNA) or circulating
tumor DNA (ctDNA) that is released in serum or plasma of
cancer patients [155]. Its levels in the blood directly correlate
with tumor genetics, tumor burden, mechanism of cancer
progression and drug resistance. The analysis of cfDNA in
the body fluids of cancer patients will, therefore, serve as a
novel, noninvasive method, which is not only an inexpensive
approach but also provides an easy screening and monitoring
modality in order to determine tumor progression [156].

5.4. MtDNA (Mitochondrial DNA)

Altered energy metabolism is one of the characteristic
hallmarks of cancer [157]. Genetic mutations secondary to
alteration of nDNA (nuclear DNA) are not the only causative
factor but mutations related to mtDNA (mitochondrial DNA)
along with the changes in its copy number are equally in-
volved [158, 159]. One of the typical features that lead to
cancer towards metastatic progression is the shift to aerobic
glycolysis, which occurred secondary to mtDNA mutation
[157, 160]. In various human pathological conditions such as
diabetes, obesity, neurodegenerative disorders, aging and
cancer, mtDNA mutations along with the reduction in
mtDNA copy number have also been reported. In breast can-
cer, mtDNA mutations and low mtDNA copy number are
associated with poor prognosis and increased incidence of
metastasis [161]. Also evident from studies conducted in
cancer cell lines and animal models that cancer cells are de-
void of mtDNA, are initially dependent on mtDNA of host
origin, followed by a gradual recovery of respiration as they
are gradually promoted from primary to metastatic cancer
cells [162]. Also postulated from other mouse exogenous
tumor model study was that when mtDNA depleted cancer
cells were injected in mice, a higher tumor burden (related to
incidence and size) was evident as compared to the control
group, which was injected with parental cells [163].

CONCLUSION AND FUTURE PROSPECTS

In this review, we have discussed in detail the role of
various cancer cell-derived secretory factors that are in-
volved in lung metastasis occurring secondary to Breast can-
cer. Till date, numerous genomic, proteomic and computa-
tional based studies have been conducted to get insight re-
lated to the intricate mechanism acquired by cancer cell-
derived secretory factors, which are involved in the mecha-
nism of breast cancer lung metastasis. Nearly all these stud-
ies have implicated the complex interlinked molecular
mechanisms that were altered in this process. This altered
mechanism involves specific genes, stromal cells, cancer
cells-derived secretory factors and signaling pathways,
which provide the basis for the underlying mechanism in-
volved in the process of breast cancer lung metastasis.

An expert collaboration of all these molecular events,
along with the clinical correlation, is the dire need to under-
stand the underlying complex mechanism of lung metastasis.
An implication of all these studies conducted in cell lines
and animal models should also be validated in humans. Use
of secretory factors as predictive, diagnostic and prognostic
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biomarkers as well as future therapeutic targets in the future,
will hopefully prevent this type of metastatic organotropism
occurring secondary to Breast cancer. Table 3 shows a few
of the secretory factors that are recently identified and may
be used as biomarkers or therapeutic targets. It has, there-
fore, become evident through all these secretome-based re-
searches that the cancer secretomes played a crucial role in
Breast cancer Lung metastasis. Effective therapeutic strate-
gies and core understanding of the chemistry of these cancer-
associated biomolecules that are involved in this mechanism
will greatly help the oncologists in the future to halt the dev-
astating cascade of lung metastasis occurring secondary to
Breast cancer progression.

LIST OF ABBREVIATIONS

ANGPTL4 = Angiopoietin-Like 4

BCLM = Breast Cancer Lung Metastasis

BMDC = Bone-Marrow Derived Cells

BMPs = Bone Morphogenetic Proteins

CCECs = Cancer Cell-derived Extracellular Matrix
Components

CCSFs = Cancer Cell-derived Secretory Factors

cfDI = Cell-free DNA Integrity

cfDNA = Circulating or Cell-free DNA

CSCs = Cancer Stem Cells

CXCR4 = Chemokine Receptor-4

cytDNA = Cytosolic DNA

ECM = Extracellular Matrix

EGFR = Epidermal Growth Factor Receptor

EMT = Epithelial-to-Mesenchymal Transition

exoDNA = Exosomal DNA

FOXC1 = Forkhead box C1

GAGs = Glycosaminoglycans

GALNT 14 = N-Acetyl-galactosaminyltransferase 14

HIF-1 = Hypoxia-inducible Factor 1

IDC = Intra-ductal Carcinoma

LacRNA = Long Non-coding RNA

LOX = Lysyl Oxidase

LOXL2 = Lysyl Oxidase-like Protein

MAMs = Metastasis Associated Macrophages

MBC = Metastatic Breast Cancer

miRNA = microRNA

MMPs = Matrix Metalloproteinases

MO = Metastatic Organotropism

mtDNA = Mitochondrial DNA

NID-1 = Nidogen-1

PBC = Primary Breast Cancer
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PMN = Pre-Metastatic Niche

PMS = Plantamajoside

POSTN = Periostin

ROCK = Rho-associated kinase

SCB = Succinobucol

TGF-B = Transforming Growth Factor-p
™ = Tumor Microenvironment
TNBC = Triple Negative Breast Cancer
TNC = Tenascin C

TNF-a = Tumor Necrosis Factor-a
VCAMI = Vascular Cell Adhesion Molecule
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