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INTRODUCTION

Cancer initiation and progression is a challenging sce-
nario through developmental processes, which may
be more complicated by occurrence of metastasis.
Basically, diverse genetic alterations, including mu-
tations, formation of truncated proteins and related
pathways play key roles either in diagnosis or the most
influential therapeutic purposes. These may lead to
an applicable preventive package against metastatic
events [1]. By considering the biological and clinical
characteristics, it has been stated that “Adolescent
and Young Adult (AYA)” cancer patients are diverse-
ly defined compared to patients of older age groups.
In this regard, it was aimed to investigate exceptional
metastatic AYA cancer patients at genomic level and
by considering the capability of molecular alterations
in drug innovation [2]. Interestingly, by considering
type of malignancy, genetic diversity has been found
amongst AYA group and other age groups. “Driving
genetic alterations and their druggability” has been
recognized in specific metastatic AYA cancer patients.
It was emphasized that drivers and mediators of Ep-
ithelial-Mesenchymal Transition (EMT) are capable
of maintaining epithelial properties, as observed for
the surrounding normal epithelium. The accidental
overexpression of Twist, Snail, and SIP1, as the reg-
ulators of EMT, in cancer cells lead to alterations in
gene expression and cellular behavior. These regula-
tors repress the expression of E-cadherin and trigger

expression of the EMT transcriptional program [3].
In addition, distant metastasis is a threatening event
of malignant tumors with diverse processing manner
in a variety of cancers. Genetic elements, evolution-
ary mechanisms, and metastatic cell targeting are
challenging paradigms. Tumor progression through
metastatic mode is believed to be a multistep process
and is reflective of cancer cells’ migration from the
initial tumor to the distant tissues [4-6]. Interesting-
ly, recurrence in breast cancer may be traced within
years or even decades and the circulated tumor cells
harbor less alteration than the original tumors, which
is reflective of an early event through tumor progres-
sion [7, 8]. However, the capability of cancer cells to
invade far organs, does not necessarily lead to coloni-
zation of the target tissue(s). Therefore, programmed
sequential events are responsible for metastasis and
include local invasion, intravasation, survival in the
circulation, extravasation, and colonization. The met-
astatic scenario is managed through biological, ge-
netic and epigenetic events, occurrence of mutations,
and required functional alterations [9]. However, the
metastatic process requires more complicated events,
even in mouse cancer models [10]. Besides, the pro-
gression of metastasis depends on the following steps,
which are the key aspects for innovation of appropri-
ate therapeutic programming:

1- Formation of an antagonistic tumor

2- The circulation of cancer cells in the blood stream
3-Departure of these cells to the target/distant or-
gan(s)

4- Facilitation by metastasis genes

5- Further evolution in a specific malignancy

6- Probable occurrence of relapse due to the dorman-
cy of specific type of malignancy in certain target or-
gans

7- Distinctive colonization and infiltration in target
organs

8- The restriction item as “natural barrier” in metastat-
ic process is required to be overcome by cancer cells
Although much progress has been achieved by clini-
cians and scientists in the field of cancer, yet, metasta-
sis is the most challenging event with many unmasked
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facts. Therefore, the medical world faces the com-
plex machinery of cancer initiation, progression, and
therapy. By considering rapid progression in modern
technologies, although the molecular- and cell biol-
ogy-based research would lead to more appropriate
diagnoses and target-based therapies, yet the divers
personalized patterns, even in the same pedigree, isan
alarm in cancer management.

THE GENES INVOLVED IN METASTATIC PRO-
CESSES

There are genes, which facilitate transformation from
carcinoma in situ to invasive carcinoma at primary
tumor, and initiate a successful circulation from the
primary tumor to blood stream and then to the tar-
get organ. Furthermore, the highlighted scenario for
distant metastasis includes infiltration, dormancy, and
colonization. The tumor initiators include 1) onco-
genes, which are responsible for growth, survival, pro-
genitor-like-state and genomic instability, including
ERBB2, CTNNBI (p-catenin), KRAS, PI3K, EGFR,
and MYC; 2) tumor suppressor genes (APC, TPS3,
PTEN, BRCA1, and BRCA2); 3) metastatic progres-
sion factors to extravase and mange survival, such as
PTGS2, EREG, MMP1,LOX, ANGPTL4, and CCLS;
and 4) the genes responsible for colonization at specif-
ic organs (PTHRP ILL11 CSF2RB (GM-CSF), IL6,
and TNFa) [11].

METASTATIC EVENTS

The programming of metastases relies on the sequenc-
es of genes’ activation and inactivation, which may lead
to invasion of tissues within the cancer cells’ territory,
followed by metastatic event in target organ(s). The
key required events for metastases include EMT, ex-
tracellular matrix degradation, bone marrow progeni-
tor enrolment, and angiogenesis. Developmental pro-
gramming is essential for EMT and is under control of
key transcription factors, including TWiST1, SNAil,
and SNAi2 [12]. The metastatic cascade events are
followed by the circulation of cancer cells, capable of
passing through the capillary, reaching the distant or-
gan and promoting infiltration of distant tissues. Be-
sides, the expression of involved genes in metastases,
and the characteristics of target organs play crucial
roles in prediction of prognosis in different cancers.
It is worth noting that by entry of circulated cells and
infiltration process, the aggressive malignant cells are
also capable of invading the neighboring tumor tissues
as well. Invasion is a challenging event and different
mechanisms are involved in the circulation process,
including cellular motility and basement membrane
degradation [13, 15]. Furthermore, RHOC, as a cy-
toskeletal modifier, plays a role in propagation of me-
tastasis [15].

In fact, the circulating configurations play an import-
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ant role in infiltration in the distant organ. Infiltration
of the distant organ also requires an interaction be-
tween tumor cells and the basement membrane [16,
17]. Regarding the blood-brain barrier and astrocyte,
a complicated process is involved in infiltration of
circulating tumor cells into the parenchyma of brain,
which requires to be unmasked [18, 19]. The blood—
brain barrier, with its close-fitting layer of endothelial
cells, is rather complicated. Consequently, the infiltra-
tion of circulating cancer cells in the brain parenchy-
ma could require highly specialized functions, many
of which require basic, complementary, and tradition-
al insights. Furthermore, cancer therapy has an unex-
pected impact on the metastatic pattern via dormancy
of Her2-neu positive breast cancer patients, who have
been treated with Herceptin, and may lead to recur-
rence of a definite organ. In this regard, it has been
shown that the occurrence of brain metastasis has also
increased [19].

VIEWPOINTS

A successful metastasis relies on; 1) Barriers to meta-
static infiltration that are found to be organ- specific; 2)
The nature of capillary walls in target tissues; 3) Wheth-
er the cancer cells in primary tumor harbor the essential
functional characteristics for a successful extravasation.
These conditions are required for breast cancer cells,
yet in the brain, the penetration of capillaries leads
to a problematic infiltration, which is reflective of the
brain barrier. However, the cancer cells by having the
required functions, such as vascular factor and micro-
environment signals of tumors, are allowed for extrava-
sation [ 11]. The metastatic intermediaries may support
either malignant progression at primary tumor level or
facilitate infiltration ability in the target organ. In this
regards, the expression of genes, including epiregulin
(EREG) and prostaglandin G/H synthase 2 (PTGS2),
are required to endorse capillary association in specif-
ic tumors, such as breast. Therefore, the breast cancer
cells will be authorized to pass the endothelial barriers
[11]. “Bridging the gap in metastatic breast cancer” has
been reported by Professor Marc Beishon presented at
Advanced Breast Cancer (ABC) conference. The high-
light points included the programs in survival of breast
cancer patients and the examples of successful thera-
pies. He has also focused on the requirements for the
“ABC consensus guidelines” within healthcare systems.
The selected topics and primary version of “consensus
statements” are listed below [20]:

1- Performance of genetic counseling for “BRCA-asso-
ciated disease in patients with triple negative or luminal
metastatic breast cancer.”

2- In patients with HER2+ and brain metastasis, as a
sole target, and “stable extra-cranial disease”, “systemic
therapy” should not be altered.

3- The performance of next-generation sequencing is
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not an evidence-based test, without any benefit for the
cancer patients with metastatic tumors.

A review article on pathogenesis of Breast Cancer Me-
tastasis to Brain (BCBM) was recently published [21].
As a beneficial outcome for cancer patients, tracing of
predisposition to the occurrence of BCBM would lead
to an early and appropriate diagnosis and management
through the progression of cancer and occurrence of
metastasis. These factors are demonstrated in Figure 1
[21]. Furthermore, numerous genes and signaling path-
ways have influential impact on BCBM. In this review,
different pathways were explored and the early signaling
pathway has been especially highlighted, as it governs
the progression of metastasis. Therefore, the inhibition
of these pathways may lead to remarkable therapeutic
discovery. Therefore, the key elements of BCBM relies
on the following facts, as have been addressed in the au-
thor’s review in details [21]:

1- Involvement of different genes and signaling path-
ways.

2- Importance of Chemokine signaling as “a worthy bi-
ological support for the seed and soil theory”.

3- Cell migration as an essential machinery in metas-
tasis through chemokines by promoting a sequence of
events including angiogenesis, extravasation, prolifera-
tion, survival, and colonization.

4- Interaction between ErbB2 overexpression and
VEGF expression in order to stimulate the proliferation
and migration of primary tumor cells.

S- Successful target-based therapy considered as a great
dream in BCBM and angiogenic-based therapy by an-
ti-VEGF may initiate some hope in the cancer world

[22].

6- Other target-based factors include Poly-Adenosine
Diphosphate Ribose Polymerase (PARP), HER2 ty-
rosine kinase, Insulin-like Growth Factor (IGF) or its
binding protein (IGFBP) [23].

By considering other metastatic destination, the pro-
cesses from breast to brain are also complicated, which
has been broadly explored in a review by the authors
[24]. It was proposed that the cascade manner in gene
expression might play a role in transforming a benign
breast neoplasm to an aggressive tumor, which may
pave the way toward the metastasis to bone. However,
the most important paradigm in BCBM management
includes the following items:

1- Performing a reliable follow-up study of the patients
effected by breast cancer.

2- An early detection of metastatic brain neoplasia.
3-Characterizing the molecular and cellular profiles in
metastatic brain neoplasia.

4- Bridging genetics and cell biology to the metastatic
tumor-initiation and progression.

5- Providing an influential therapy in cancer patients
affected by BCBM.

As a brief direction, by considering the personal-
ized cancer management and translational research, a
multi-disciplinary approach is required for unmasking
the most influential-, molecular- and cellular- alter-
ations though the developmental processes in BCBM.
Finally, the questions in cancer management for BCBM
are 1) what was the global strategy in the past? 2) What
is the current statue? And 3) Is there any harmonic re-
search movements in the cancer world?
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Figure 1: Predisposing Factors in the Occurrence of Breast Cancer Metastasis to Brain.
Identification of risk factors would provide accurate diagnosis and better management of patients.

[KPS: patient’s ability to perform everyday tasks on a scale of 0 (dead) to 100, no symptom disease] [21].
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