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Abstract

Based on compelling evidence from many biological disciplines, we put forth a hypothesis for cancer metastasis. In
the hypothesis, the metastatic cascade is depicted as human reproduction in miniature. lllustrated in a reproductive
light, the staggering resemblance of cancer metastasis to human reproduction becomes evident despite some osten-
sible dis-similarities. In parallel to the appearance of primordial germ cells during early embryogenesis, the cancer
reproductive saga starts with the separation of metastasis initiating cells (MICs) from cancer initiating cells when the
primary cancer is still in its infancy. Prime MICs embark on a journey to the host bone marrow where they undergo
further development and regulation. Migrating MICs are guided by the same CXCR4/CYCL12 axis as used in the
migration of primordial germ cells to the genital ridge. Like the ovary, the host bone marrow features immune privi-
leges, coolness, hypoxia and acidity which are essential for stemness maintenance and regulation. Opportune activa-
tion of the MICs via fusion with bone marrow stem cells triggers a frenzy of cellular proliferation and sets them on the
move again. This scenario is akin to oocyte fertilization in the Fallopian tube and its subsequent journey towards the
decidum. Just as the human reproductive process is plagued with undesirable outcomes so is the cancer metastasis
highly inefficient. The climax of the cancer metastatic drama (colonization) is reached when proliferating MIC clusters
attempt to settle down on decidum-like premetastatic sites. Successfully colonized clusters blossom into overt mac-
rometastases only after the execution of sophisticated immunomodulation, angiogenesis and vascular remodeling.
Similarly, the implanted blastomere needs to orchestrate these feats before flourishing into a new life. What is more,
the cancer reproductive drama seems to be directed by a primordial hypothalamus—pituitary—gonad axis. Pursuing

this reproductive trail could lead to new frontiers and breakthroughs in cancer research and therapeutics.

Background

Despite decades of global efforts, cancer still remains one
of the major human killers. It is estimated that more than
90% of cancer related deaths are due to metastases rather
primary cancers [1]. Whereas our trump cards in the cur-
rent anticancer arsenal indeed show impressive effects in
treating primary cancers, effective anti-metastasis thera-
peutics remain elusive. To make things worse, evidence
exists that most of the cancer treatment modalities might
promote metastasis, tumor resistance and relapse [2-5].
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The lack of effective anti-metastasis regimens largely
stems from our rudimentary understanding of cancer
metastasis. The linear and parallel hypotheses represent
the two prevailing metastasis theories [6]. They converge
on a multistep process and an evolutionary theme, but
differ on the timeframe when it occurs in reference to
the ontogeny of the primary tumor. The former stipulates
that metastasis occurs at a late stage when a fittest sub-
clone develops as a result of selection pressure. The latter
argues for an early metastatic event and parallel evolu-
tion of the primary and metastatic cancer.

Reproduction is fundamentally and biologically what
all the life on this planet is about regardless of its form
and complexity. Emerging lines of evidence suggest that
cancer metastasis represents the enactment of the pow-
erful human reproductive blueprint (script) which is
fashioned out by Mother Nature through four billion
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years of incessant biological warfare and two billion years
of sexual reproduction experience on this ever- evolving
planet. Despite some variations, cancer metastasis can be
depicted as human reproduction in miniature. In accord-
ance with the parallel theory, we put forth this hypoth-
esis of cancer metastasis in hopes of furthering cancer
research and expediting the development of efficacious
anti-metastasis therapeutics.

Metastatic drama portrayed in a reproductive light
Metastasis initiation entails relative cellular DNA integrity
The Darwinian linear model of cancer metastasis has long
been questioned by leading cancer researchers. As the
secrecy over the complexity and sophistication of cancer
metastasis starts to be unraveled, it becomes increas-
ingly difficult to contemplate that cells riddled with DNA
abnormalities would be able to pull it off. For instance,
epithelial-mesenchymal transition (EMT) and mesenchy-
mal-epithelial transition (MET) are two interchangeable
morphological processes essential for the completion of
the metastasis cascade. Morphologic somersaults of this
proportion demand genomic integrity [6, 7]. On the same
note, successful initiation of metastasis and metastatic
growth depend on exquisite and timely manipulation of
the host immune apparatus in a manner similar to that in
human pregnancy. Studies in the reproductive medicine
field reveal that most human pregnancies end up as unno-
ticed miscarriages as a result of defective DNA on the part
of the embryo [8]. In clinically overt early abortions, an
association with the embryonal and/or parental chromo-
somal abnormalities has been firmly established [9, 10].
Improper antigen expression on the part of an implanting
blastomere renders it easy prey for maternal NK cells [11].
Even minor mutations affecting fetal polymorphisms on
HLA G, HLA-C and Beta HCG predispose the conceptus
to rejection by the uterus [12, 13].

Metastasis initiating cell (MICs) represent prime stem
cells with much DNA integrity [14]. Large scale genome
sequencing studies of metastatic cancers unravel only
enrichment of classical initiator oncogenes rather than
metastasis driver genes. In several cancer types, the met-
astatic tumor could be traced back to a small fraction of
cells in the periphery of the primary cancer which contain
much less DNA abnormalities than do the bulk of primary
cancer cells [15, 16]. Along the same line, disseminated
cancer cells in the bone marrow display significantly less
genomic aberrations than do their counterparts in the pri-
mary cancer before overt metastasis manifests [17].

MICs are set aside by instinct during primary cancer
initiation

It has recently come to light that primary cancer and
metastasis initiation probably involve a similar process
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and further mutations are unnecessary for the latter [18,
19]. Ample evidence indicates that the dissemination of
cancer cells to the bone marrow starts very early in the
cancer ontogeny [20]. For most primary cancers, tumor
initiation requires only a few mutations to revive the
embryonic transcription network [21]. Most of the muta-
tions and other genetic abnormalities detected in cancer
are incurred from collateral damage during its ontog-
eny. This notion of setting aside prime MICs from can-
cer initiating cells (CICs), and then sending them off to
the bone marrow dovetails nicely with the phenomenon
of early selection of primordial germ cells from the toti-
potent embryonic cells and their subsequent migration
to the genital ridge. It is therefore postulated that MICs
are selected and dispatched to the bone marrow during
the initiation of primary cancer as an act of reproductive
instinct. They are unlikely the product of random muta-
tions acquired through a Darwinian selection as stipu-
lated in the linear hypothesis.

Epigenetic regulation underpins metastasis

Just as successful human reproduction hinges on well-
coordinated epigenetic regulation, so do metastasis and
primary cancer initiation invoke the epigenetic machin-
ery [22-24]. Many metastasis specific methylation and
microRNA signatures have been identified. For exam-
ple, epigenetic regulation of Kisspeptin-1 (KISS1) and
NM?23 (two important metastasis suppressor genes)
rather than their mutations are found to be instrumen-
tal in many steps of the metastatic cascade [25, 26]. Their
over-expression followed by down-regulation seems to be
essential for successful colonization of MICs and subse-
quent metastatic growth respectively just as is it for the
proper implantation of the blastocyst and the following
placentation [27, 28].

Evidence of a primordial hypothalamus-pituitary-

gonad (HPG) axis in cancer and its link to metastasis (or
prognosis)

Ever accumulating evidence suggests that there exists a
primordial HPG- like axis in cancer. Figure 1 is a simpli-
fied, yet more inclusive version of the HPG axis shared by
both human and cancer reproduction. Firstly, Kisspep-
tin-1 (KiSS1) and its G protein coupled receptor GPR54
are widely present in cancer and their involvement in
both carcinogenesis and metastasis has been intensively
documented [29, 30].

Gonadotropin-releasing hormone (GnRH) and its
receptor have been reported in many cancers from
non-reproductive organs [31, 32]. Similarly, the expres-
sion of glycoprotein hormones (LH/HCG, FSH) and/or
their receptors are widespread in human malignancies
[33-35].
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Fig. 1 A simplistic version of the expanded HPG axis in Human

and cancer reproduction. The axis is expanded to include prolactin,
oxytocin and the activing-inhibin axis as well as non-traditional
actions such as the extrapituitary actions for GnRH and extragonadal
actions for FSH and LH. Complex feedback and interactions among
the axis members are omitted for simplicity. HPG hypothalamus—
pituitary-gonad, GnRH gonadotropin releasing hormone, FSH follicle
stimulating hormone, LH luteinizing hormone, HCG human chorionic
glycoprotein

Not only have sex hormones been increasingly incrimi-
nated in the carcinogenesis of non-gynecological malig-
nancies such as lung, colon, bladder and thyroid cancer,
but their secretion and receptor expression are also
reported across the cancer spectrum [36-38]. What is
more, pregnancy is known to facilitate cancer progres-
sion and many pregnancy- related hormones have been
linked to metastasis [39-42]. For instance, serum levels
of pregnancy hormones such as beta human chorionic
gonadotropin (HCG), pregnancy associated protein A
(PAP-A), placenta growth factor (PGF), and estrogen
correlate well with cancer progression. Even progester-
one induced blocking factor (PIBF) has been reported in
a variety of malignancies. Unsurprisingly, sex hormone
receptor antagonists such as (Ru486) as well as receptor
inhibitors for other hormones in the axis have shown effi-
cacy in treating various non-gynecological cancers [43].

Substantial evidence also links oxytocin, prolactin and
their receptors to carcinogenesis and cancer progression
as well [44, 45]. As an activin/inhibin/follistatin system
plays an indispensable role in female reproduction so
does it seem to operate in cancer progression [46, 47].

Host bone marrow: surrogate gonad for cancer

The host bone marrow occupies a unique place in the
procreation efforts of cancer [48]. Not only does it offer
a safe haven (low temperature, acidity, hypoxia and
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immune privilege) for MICs, but it also possesses the
infrastructure for complex stem cell regulation and inte-
gration of information on host’s nutritional, immune
and neuroendocrine status. A close developmental link
has been recently established between the estrogen and
progesterone receptor (ER, PR) expressing hematopoi-
etic stem cells and germ line cells [49, 50]. The fact that
epithelial cancers are capable of producing erythroid
precursors and expressing erythropoietin receptors puta-
tively places the MICs (and CICs) at least on par with the
pluripotent embryonal stem cells (one rank above the
hematopoietic stem cells in the stem cell echelon) [51,
52]. As a matter of fact, an embryonic stem cell- like gene
signature has been identified in poorly differentiated can-
cers [53]. Thus, MICs probably express estrogen receptor
(ER), progesterone receptor (PR), placental alkaline phos-
phatase (PLAP), and erythropoietin receptor and employ
the same CXCR4/CYCL12 axis in guiding their migra-
tion from the primary cancer to the host bone marrow as
in the trafficking of the hematopoietic stems and primor-
dial germ cells [54].

Disseminated cancer cells in the bone marrow never-
theless represent a dynamic, heterogeneous group [17].
Before the manifestation of metastasis, the residing cells
display genetic immaturity with much genomic integrity
suggesting that most of them are likely MICs or their
direct descendants. With overt metastasis, the popula-
tion is replaced by less advantageous cells which have
apparently undergone proliferation, selection probably
in the metastatic site and/or primary site. At this time,
the majority of the population is probably composed of
non-stem cells. These cells might still retain the capabili-
ties to undergo proliferation, mobilize and even colonize
at distant organs. They, however, lack the potential to
bring forth overt metastases just as migrating and tissue
trophoblasts in microchimerism fail to blossom into an
embryo or placenta [55].

Activation of MICs in bone marrow

Whereas the parthenogenetic theory is currently favored
for both cancer and metastasis initiation, emerging evi-
dence points to the possibility of a quasi-sexual mode in
which the activation of MICs is triggered via cell fusion in
a manner akin to fertilization in the Fallopian tube. One
candidate activator is the ER+ , PR+ bone marrow mes-
enchymal stem cells [49]. Alternatively, the bone marrow
monoblasts might provide the impetus [6].

Upon activation, MICs start a frenzy of cell prolif-
eration and are set in motion again. This scenario bears
astonishing resemblance to the migration of a rapidly
proliferating blastomere from the Fallopian tube to the
de-cidualized uterine wall and illustrates an important
biological tenet: there is safety in numbers. This time the
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destination is the pre-determined distant tissues (pre-
metastatic sites). Abundant evidence indicate that cancer
cell clusters have much better chances of surviving the
grueling transit and colonization processes than do single
cancer cells [56, 57]. The mobilization and trafficking of
MICs in the bone marrow may involve the same omni-
present CXCR4/CXCL12 axis.

Colonization of MIC clusters at premetastatic sites

and flourishing into marcometastases

Colonization at premetastatic sites

The preparation of premetastatic sites is largely orches-
trated by the primary cancer via the secretion of can-
cer tumor—derived secreted factors and recruitment of
bone marrow derived cells [58, 59]. While no direct link
has yet been made to pregnancy related hormones, the
sites closely resemble the decidua in that both feature a
hypoxic, proinflammatory milieu rich in adhesion and
survival molecules. As such a milieu is essential for pre-
implantation incubation, adhesion and implantation of
an arriving blastomere, so would it be for the successful
colonization of proliferating MIC clusters as evidenced
in primary cancer initiation which requires a similar Th1
predominant inflammatory microenvironment featur-
ing over-expression of MHC molecules and presence of
CD56 bright NK cells [60].

Metastatic dormancy: analogy to intrauterine growth
restriction or even diapause

Metastasis characteristically manifests long dormancy
which might be viewed as a protracted version of intrau-
terine growth restriction. Dormancy at the metastatic
sites is thought to arise as a result of either insuffi-
cient angiogenesis or immune inhibition following
colonization.

Nevertheless, it is intriguing to contemplate the pos-
sibility that metastatic dormancy might also happen
prior to colonization. Diapause is a common reproduc-
tive phenomenon which has been observed in many
vertebrates including mammals [61, 62]. In diapause, an
arriving embryo could hold off implantation for a con-
siderably long period of time until ambient nutrients
become abundant. More importantly, it can be induced
in species which don’t exhibit such phenomenon natu-
rally. Whereas the exact mechanisms underlying dia-
pause and metastatic dormancy are still unclear, both
appear to employ a same set of molecules in pulling off
this time-game [63—-66].

Adequate immunomodulation: prerequisite

to macrometastasis

Just as a transition to an anti-inflammatory environment
(Th2) is essential for subsequent embryonal development
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and growth, so would it be for the flourishing of colo-
nized MIC clusters. In keeping with it are studies show-
ing a similar transition in tumor progression from
carcinoma in situ to invasive cancer [67]. This immune
switch seems to be as sweeping as the one manifesting at
the embryo-maternal interface [68, 69].

Placentation: common theme in both primary
and metastatic cancer
Cancer-host interface: analogue of a primordial placenta
Accumulating evidence suggests that the interface
between primary cancer and the host tissue might be
viewed as an analogue of the primordial placenta. Firstly,
primary cancer expresses a slew of trophoblastic mark-
ers with many of them being restricted to this interface
[35, 70-74]. The expression of some of the markers has
been linked with cancer progression and prognosis. In
analogous to the positioning of NK cells at the embryo-
maternal interface, tumor infiltrative NK cells are also
restricted largely to this region. Similarly, this shell- like
region possesses a vasculature which expresses FSH
receptors, produces progesterone and features the coun-
tercurrent mechanism all of which are characteristics of a
placenta [34, 75]. More importantly, the feeder vessels of
the primary cancer and the uterine spiral arteries (vessels
feeding the placenta) are both remodeled into conduit-
like structures [76, 77].

Lastly, primary cancer and the placenta seem to employ
a similar invasion mechanism(s) to gain a foothold and
engage in territorial expansion [28]. Inevitably, a turf war
ensues when their cellular paths are crossed. Tissue and
circulating trophoblasts hinder cancer and metastasis
initiation. Conversely the presence of cancer decreases
fetal microchimerism in female patients.

A feminine hue offers reproductive advantages

It appears that the cancerous placenta (tumor-host inter-
face) and even the whole cancer assume a feminine hue.
Analogous to less stringent X inactivation in the female
placenta, cancer features expression of X-linked genes
[78]. The X chromosome has been implicated in cancer
progression, whereas the loss of the Y chromosome is
strongly associated with higher cancer risk and poorer
cancer prognosis in males [79]. Moreover, the paternal
X-chromosome seems to be more likely to undergo inac-
tivation than is the maternal counterpart.

This feminine proclivity in cancer might offer repro-
ductive advantages. Many trophoblast—associated
genes are located on the sex chromosomes [80, 81].
The Octamer-binding transcription factor gene (OCT,
located on the X chromosome) product is at the cross-
roads of nutrient regulation and chromatin modification.
A female preponderance of its activity might account
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for more efficient energy storage in the female placenta
as opposed to aggressive nutrient extraction from the
mother by the male placenta. Moreover, the gene product
interacts with core histone proteins and ten eleven trans-
location family (TET), therefore wielding its influence
over the expression of many somatic genes to facilitate
better placentation in the female placenta besides orches-
trating a stronger immune response to various stimuli.

The female placenta seems to have higher global DNA
methylation levels than does the male placenta. Similarly,
DNA hypermethylation is a consistent feature in cancer
and strongly associated with tumor progression [82].
Many of the affected genes actually involve the HLA sys-
tem, tumor-associated genes and accessory/co-stimula-
tory molecules.

Metastatic cancer: primordial placenta?

The whole metastatic cancer might function as a pri-
mordial placenta. Not only is the metastatic cancer
more homogeneous than the primary, it appears to
more diffusely express trophoblastic markers [83-85].
The metastatic cancer features a vasculature with a dif-
fuse expression of FSH receptors [86]. Furthermore,
metastatic cancer cells are more aggressive and possess
far superior seeding capability than cells from the pri-
mary [87]. As a trade-off, they seem to have lost some of
their proliferative prowess [88, 89]. Hypermethylation of
Kiss-1 and NM23 genes genes in metastatic cancer might
account for the unopposed trophoblastic differentiation
and concurrent shift of the cellular mechanisms from
cell division to invasion/migration (“go or grow” concept)
[90].

This skewed differentiation toward trophoblast linage
evident in metastatic cancer is in keeping with errant
expansion of trophoblasts at the expense of the develop-
ment of the inner cell mass in partial mole pregnancy.
Paralleling the over-expression of X-linked genes (XXX,
XXY genotypes) in partial mole pregnancy is the less
stringent X inactivation in advanced cancer and metas-
tasis [78]. As with cancer progression, neoplastic tropho-
blastic proliferation and metastasis are also linked to the
loss of the Y chromosome [91].

Common hallmarks and key parameter and molecules

As illustrated in Fig. 2, the manifestation of the shared
hallmarks of the two reproductive dramas results from
the interpretation and rendering of the script by the
HPG axis. The axis execute the renderings via a set of key
interacting biological parameters and molecules [92-97].
The biological parameters and molecules have coalesced
into the bedrock of cellular life through the co-evolution
between life and the biophysical elements on this ever
evolving planet.
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The axis commands much wider targets and performs
much more biological functions than previously thought
[32, 98, 99]. More importantly, sex steroid hormones
possess the capability of fine- tuning the expression of a
same target gene via multiple mechanisms such as direct
genomics signaling, indirect genomic signaling, non-
genomic signaling [100-102]. In addition to complex
interactions among the axis members, some axis hor-
mone receptors can even become activated via a ligand
independent mechanism.

Other parallels
Commensurate to the tripartite relationship in human
reproduction (mother—father-embryo), an expedient alli-
ance is forged among the three strange bedfellows (the
primary cancer, host and metastases) through coercion
and exploitation. In this procreation relationship, the
reproductive capacity of the metastatic cancer is sup-
pressed in a manner akin intrauterine suppression of the
fetal reproductive development and even to the inhibition
of the maternal HPG axis during pregnancy [103, 104].
Presumably due to rising hormone levels during metas-
tasis, metastatic cancer indeed expresses diminished lev-
els of ER, PR compared to the primary cancer [105, 106].
As indirect proof for a negative effect on cancerous ER,
PR expression by rising hormone levels during metasta-
sis, large scale epidemiological studies have shown a clear
female advantage in cancer survival rates [107, 108]. The
advantageous survival rates can be roughly translated
into lower metastasis rates or metastasis related deaths.
The advantage, however, correlates with the presence of
an active HPG axis in the patients and slowly disappears
with advancing age.

In addition, similar to the developing placenta, meta-
static as well as advanced primary cancer appear to oper-
ate on an readjusted cellular clock [109].

Outlook and ramifications

Outlook

The metastatic drama bears staggering resemblance to
human reproduction. However, before transplanting
the pearls of reproductive medicine to cancer research
and therapeutics, several pressing issues need to be
addressed. The first issue concerns the proper identifi-
cation and characterization of this small and dynamic
population of MICs. It might entail timely combing the
primary tumor and bone marrow with a fine-toothed
comb. Success might rely on the development of sensi-
tive and specific antibodies and other appropriate detec-
tion methods since tumor cells might depend heavily
on paracrine signaling thus requiring only low levels of
reproductive hormones and receptors. What is more,
tumor cells might express receptor variants only and
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Fig. 2 Enactment of the reproductive dramas by the HPG axis via a set of key parameters and small molecules. As each parameter is controlled by
a labyrinth of sensing and effecting systems, so is every molecule intricately enmeshed in a network of pathways. These biophysical parameters
and biological molecules have coalesced into the bedrock of cellular life through billions years of evolution. DNMT/TET is used to represent the
epigenetic regulatory machinery and even microRNAs which are closely interconnected with the machinery. T temperature, p02 partial pressure of
oxygen, pH power of hydrogen or potential of hydrogen, N/E nutrient/energy, p53 phosphoprotein 53, HIF hypoxia inducible factor, MYC transcrip-
tion factor of myelocytomatosis viral oncogene homolog, HO-1 heme oxygenase-1, HLA-G human leucocyte antigen-G, DNMT/TET DNA methyl-
transferase/ten-eleven translocation methylcytosine dioxygenase, EMT/MET epithelial-mesenchymal transition/mesenchymal-epithelial transition

their expression might occur at non-classical subcellular
locations.

The second pressing issue is to elucidate the cancer
HPG axis and its interactions with the host counterpart.
Pioneer work along this line will lay down the framework
for efficacious studies targeting the axis for anticancer
treatment. In light of the pivotal role of placentation in
human reproduction, it is in order that systematic, in-
depth studies should be carried out on the tumor/host
interface as well as metastatic cancer as a developing pla-
centa. Ultrastructural and molecular studies would not
only bear out the placenta concept, but open up a new
frontier for cancer research and therapeutics.

Ramifications

Anticancer therapies aiming at the HPG axis and repro-
duction -related hormones have been widely reported
in cancer research and clinical trials with overall prom-
ising results. Inasmuch as there are multiple exquisite
and interacting pathways for each and every important
cellular function, the efficacy of these therapies could be

substantially improved if we target at the whole axis at
the same time. The efficacy could be further augmented
by the addition of agents and modalities interfering with
the downstream cellular parameters and molecules.
Many of them have shown anticancer effectiveness indi-
vidually or in combination. Similarly, as both platelet
and bone (marrow) play important roles in both human
and cancer reproduction, simple agents such as aspirin
and biphosphonates might add additional potency to
this anti-reproductive approach [110, 111]. It is thus that
we entertain a vision that a day in the near future can-
cer metastasis can be effectively managed with a regimen
formulated on this reproductive theme.

In this reproductive spirit, we are intrigued by the
potential of using oral contraceptive pills and even hor-
mone replacement regimens in the treatment and proph-
ylaxis of cancer metastasis [112]. In the same vein, low
doses of Metrotrexate might accentuate the effective-
ness by aiming at stopping newly colonized MIC clus-
ters in their tracks just as it disrupts ectopic pregnancies.
Equally intriguing is the idea of implanting a replaceable
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subcutaneous patch imbued with molecules rich in the
decidua. Such approach would not only thwart the criti-
cal step (climax) in metastasis by creating a decoy target
for the MICs, but also siphon off cellular and non-cellular
resources necessary for the colonization and subsequent
development into macrometastases.

Lastly, the proposition of the cancer-host interface as
a primitive placenta and the whole metastatic cancer as
a primordial placenta might lead to new venues of can-
cer research and management. It might be more effec-
tive, and yet much less detrimental to the patient if we
focus our limited resources at disrupting these putatively
placental functions such as angiogenesis, nutrient sens-
ing and transportation as well immunomodulation rather
than having our sight fixed on destroying the whole pri-
mary tumor. Furthermore, the feeder vessels for both
the primary and metastasis appear to undergo the same
vascular remodeling as do the spiral arteries. Accord-
ingly, tinkering with this important process might lead to
breakthroughs in cancer research and treatment.

Abbreviations

CD56: cluster of differentiation 56; CICs: cancer initiating cells; CXCR4/CYCL12:
C-X-C motif chemokine receptor 4/C-X-C Motif Chemokine Ligand 12;
DNMT/TET: DNA methyltransferase/ten-eleven translocation methylcytosine
dioxygenase; EMT/MET: epithelial-mesenchymal transition/mesenchymal-
epithelial transition; ER: estrogen receptor; E-selectin: endothelial selectin;
FSH: follicle stimulating hormone; GnRH: gonadotropin-releasing hormone;
GPR54: G protein-coupled receptor gene; KiSS1: Kisspeptin-1; HCG: human
chorionic gonadotropin; HIF: hypoxia inducible factor; HPG: hypothalamus—
pituitary—gonad; HO-1: heme oxygenase-1; HLA: human leukocyte antigen;
IGF: insulin-like growth factor; LH: luteinizing hormone; MET: mesenchymal-
epithelial transition; MICs: metastasis initiating cells,, MHC: major histocompat-
ibility complex; MAT1: metastasis associated protein 1; MiRNA: microRNA; MYC:
transcription factor of myelocytomatosis viral oncogene homolog; NK: natural
killer; N/E: nutrient/energy; OCT: organic cation transporter; p53: phosphopro-
tein 53; PARs: platelet associated regulatory system; PAP-A: pregnancy associ-
ated protein A; pH: power of hydrogen or potential of hydrogen; p02: partial
pressure of oxygen; PGF: placenta growth factor; PIBF: progesterone induced
blocking factor; PR: progesterone receptor; PLAP: placental-Like Alkaline
Phosphatase; Th1: T helper cell type 1; Th2: T helper cell type 2; T: temperature;
VCAM: vascular cell adhesion protein 1 also known as vascular cell adhesion
molecule 1.

Authors’ contributions

XS conceived the idea and drafted the manuscript. XL contributed to the
conception of the outlines and revised some of the drafts. Both authors read
and approved the final manuscript.

Author details

! Department of Pathology and Laboratory Medicine, McGuire Holmes Veteran
Affairs Medical Center, School of Medicine, Virginia Commonwealth University,
1201 Broad Rock Boulevard, Richmond, VA 23249, USA. 2 Department of Hepa-
tobiliary Surgery, People’s Hospital of Hunan Province, Hunan, China.

Acknowledgements

We acknowledge the generous clerical help provided by Daniel Sun. Thanks
also go to Drs. Robert Lippman and Davis Massey for their very constructive
feedback.

Competing interests
The authors declare that they have no competing interests.

Page 7 of 9

Availability of data and materials
NA. All data were from published articles. Data sharing is not applicable to this
manuscript as no datasets were generated or analyzed during the preparation.

Consent for publication
NA. No individual person’s data were used.

Ethics approval and consent to participate
NA. No use of human or animal material was involved.

Funding
Departmental Professional Fund was used in the preparation.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 8 November 2016 Accepted: 24 April 2017
Published online: 02 May 2017

References

1. Chaffer CL, Weinberg RA. A perspective on cancer cell metastasis. Sci-
ence. 2011;331(6024):1559-64.

2. Paez-Ribes M, Allen E, Hudock J, Takeda T, Okuyama H, Vinals F, Inoue
M, Bergers G, Hanahan D, Casanovas O. Antiangiogenic therapy elicits
malignant progression of tumors to increased local invasion and distant
metastasis. Cancer Cell. 2009;15(3):220-31.

3. Ruegg C, MonnierY, Kuonen F, Imaizumi N. Radiation-induced modi-
fications of the tumor microenvironment promote metastasis. Bull
Cancer. 2011,98(6):47-57.

4. Daenen LG, Roodhart JM, van Amersfoort M, Dehnad M, Roessingh W,
Ulfman LH, Derksen PW, Voest EE. Chemotherapy enhances metas-
tasis formation via VEGFR-1-expressing endothelial cells. Cancer Res.
2011;71(22):6976-85.

5. Neeman E, Ben-Eliyahu S. Surgery and stress promote cancer metas-
tasis: new outlooks on perioperative mediating mechanisms and
immune involvement. Brain Behav Immun. 2013;30:532-40.

6. Valastyan S, Weinberg RA. Tumor metastasis: molecular insights and
evolving paradigms. Cell. 2011;147(2):275-92.

7. Seyfried TN, Huysentruyt LC. On the origin of cancer metastasis. Crit Rev
Oncog. 2011;18(1-2):43-73.

8. Larsen EC, Christiansen OB, Kolte AM, Macklon N. New insights into
mechanisms behind miscarriage. BMC Med. 2013;11:154.

9. Suzumori N, Sugiura-Ogasawara M. Genetic factors as a cause of mis-
carriage. Curr Med Chem. 2010;17(29):3431-7.

10. van den Berg MM, van Maarle MC, van Wely M, Goddijn M. Genetics of
early miscarriage. Biochim Biophys Acta. 2012;1822(12):1951-9.

11. RullK, Nagirnaja L, Laan M. Genetics of recurrent miscarriage: chal-
lenges, current knowledge, future directions. Front Genet. 2012;3:34.

12. RullK, Nagirnaja L, Laan M. Genetics of recurrent miscarriage: chal-
lenges, current knowledge, future directions. Front Genet. 2011;3:34.

13. Anousha N, Hossein-Nezhad A, Biramijamal F, Rahmani A, Maghbooli
Z, Aghababaei E, Nemati S. Association study of estrogen receptor
alpha gene polymorphisms with spontaneous abortion: is this a pos-
sible reason for unexplained spontaneous abortion? Biomed Res Int.
2013;2013:256470.

14. Celia-Terrassa T, Kang Y. Distinctive properties of metastasis-initiating
cells. Genes Dev. 2016;30(8):892-908.

15. Hermann PC, Huber SL, Herrler T, Aicher A, Ellwart JW, Guba M, Bruns CJ,
Heeschen C. Distinct populations of cancer stem cells determine tumor
growth and metastatic activity in human pancreatic cancer. Cell Stem
Cell. 2007;1(3):313-23.

16. Haffner MC, Mosbruger T, Esopi DM, Fedor H, Heaphy CM, Walker DA,
Adejola N, Gurel M, Hicks J, Meeker AK, et al. Tracking the clonal origin
of lethal prostate cancer. J Clin Invest. 2013;123(11):4918-22.

17. Klein CA. Selection and adaptation during metastatic cancer progres-
sion. Nature. 2013;501(7467):365-72.



Sun and Liu Cancer Cell Int (2017) 17:51

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

Ross JB, Huh D, Noble LB, Tavazoie SF. Identification of molecular deter-

minants of primary and metastatic tumour re-initiation in breast cancer.

Nat Cell Biol. 2014;17(5):651-64.

Jacob LS, Vanharanta S, Obenauf AC, Pirun M, Viale A, Socci ND, Mas-
sague J. Metastatic competence can emerge with selection of preexist-
ing oncogenic alleles without a need of new mutations. Cancer Res.
2015;75(18):3713-9.

Friberg S, Nystrom A. Cancer metastases: early dissemination and late
recurrences. Cancer Growth Metastasis. 2015;8:43-9.

Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz LA Jr, Kinzler
KW. Cancer genome landscapes. Science. 2013;339(6127):1546-58.
Chow KH, Shin DM, Jenkins MH, Miller EE, Shih DJ, Choi S, Low BE,
Philip V, Rybinski B, Bronson RT, et al. Epigenetic states of cells of origin
and tumor evolution drive tumor-initiating cell phenotype and tumor
heterogeneity. Cancer Res. 2014;74(17):4864-74.

Cock-Rada A, Weitzman JB. The methylation landscape of tumour
metastasis. Biol Cell. 2013;105(2):73-90.

Mudduluru G, Abba M, Batliner J, Patil N, Scharp M, Lunavat TR, Leupold
JH, Oleksiuk O, Juraeva D, Thiele W, et al. A systematic approach

to defining the microRNA landscape in metastasis. Cancer Res.
2015;75(15):3010-9.

Liu' W, Vivian CJ, Brinker AE, Hampton KR, Lianidou E, Welch DR.
Microenvironmental influences on metastasis suppressor expression
and function during a metastatic cell’s journey. Cancer Microenviron.
2014;7(3):117-31.

Beck BH, Welch DR. The KISST metastasis suppressor: a good night kiss
for disseminated cancer cells. Eur J Cancer. 2010;46(7):1283-9.

ShiY, Parhar RS, Zou M, Al-Sedairy S, Farid NR. Differential nm23 gene
expression at the fetal-maternal interface. Br J Cancer. 1994;70(3):440-4.
Hiden U, Bilban M, Knofler M, Desoye G. Kisspeptins and the pla-

centa: regulation of trophoblast invasion. Rev Endocr Metab Disord.
2007;8(1):31-9.

Jabeen S, Qureshi MZ, Javed Z, Igbal MJ, Ismail M, Faroogi AA.
Kisspeptin mediated signaling in cancer. Curr Top Med Chem.
2016;16(22):2471-6.

Prabhu VV, Sakthivel KM, Guruvayoorappan C. Kisspeptins (KiSS-1):
essential players in suppressing tumor metastasis. Asian Pac J Cancer
Prev. 2013;14(11):6215-20.

Limonta P, Montagnani Marelli M, Mai S, Motta M, Martini L, Moretti

RM. GnRH receptors in cancer: from cell biology to novel targeted
therapeutic strategies. Endocr Rev. 2013;33(5):784-811.

Aguilar-Rojas A, Huerta-Reyes M. Human gonadotropin-releasing
hormone receptor-activated cellular functions and signaling path-
ways in extra-pituitary tissues and cancer cells (Review). Oncol Rep.
2009;22(5):981-90.

GovindarajV, Arya SV, Rao AJ. Differential action of glycoprotein
hormones: significance in cancer progression. Horm Cancer.
2014;5(1):1-10.

Radu A, Pichon C, Camparo P, Antoine M, Allory Y, Couvelard A, Fromont
G, Hai MT, Ghinea N. Expression of follicle-stimulating hormone recep-
tor in tumor blood vessels. N Engl J Med. 2010;363(17):1621-30.

Cole LA. HCG variants, the growth factors which drive human malig-
nancies. Am J Cancer Res. 2012,2(1):22-35.

Caiazza F, Ryan EJ, Doherty G, Winter DC, Sheahan K. Estrogen recep-
tors and their implications in colorectal carcinogenesis. Front Oncol.
2015;5:19.

Munoz J, Wheler J, Kurzrock R. Expression of estrogen and progesterone
receptors across human malignancies: new therapeutic opportunities.
Cancer Metastasis Rev. 2014;34(4):547-61.

Siegfried JM, Stabile LP. Estrongenic steroid hormones in lung cancer.
Semin Oncol. 2014;41(1):5-16.

Folkerd EJ, Dowsett M. Influence of sex hormones on cancer progres-
sion. J Clin Oncol. 2010;28(26):4038-44.

Prithviraj P, Anaka M, McKeown SJ, Permezel M, Walkiewicz M, Cebon J,
Behren A, Jayachandran A. Pregnancy associated plasma protein-A links
pregnancy and melanoma progression by promoting cellular migration
and invasion. Oncotarget. 2015;6(18):15953-65.

Dewerchin M, Carmeliet P. Placental growth factor in cancer. Expert
Opin Ther Targets. 2014;18(11):1339-54.

Szekeres-Bartho J, Polgar B. PIBF: the double edged sword. Pregnancy
and tumor. Am J Reprod Immunol. 2010;64(2):77-86.

43.

44,

45,

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

Page 8 of 9

Chen J,Wang J, Shao J, Gao Y, Xu J, Yu S, Liu Z, Jia L. The unique
pharmacological characteristics of mifepristone (RU486): from ter-
minating pregnancy to preventing cancer metastasis. Med Res Rev.
2014;34(5):979-1000.

Bernard V, Young J, Chanson P, Binart N. New insights in prolactin:
pathological implications. Nat Rev Endocrinol. 2015;11(5):265-75.
Strunecka A, Hynie S, Klenerova V. Role of oxytocin/oxytocin receptor
system in regulation of cell growth and neoplastic processes. Folia Biol
(Praha). 2009;55(5):159-65.

Grusch M, Drucker C, Peter-Vorosmarty B, Erlach N, Lackner A, Losert A,
Macheiner D, Schneider WJ, Hermann M, Groome NP, et al. Deregula-
tion of the activin/follistatin system in hepatocarcinogenesis. J Hepatol.
2006;45(5):673-80.

Le Bras GF, Loomans HA, Taylor CJ, Revetta FL, Andl CD. Activin A bal-
ance regulates epithelial invasiveness and tumorigenesis. Lab Invest.
2014;94(10):1134-46.

Shiozawa Y, Eber MR, Berry JE, Taichman RS. Bone marrow as a meta-
static niche for disseminated tumor cells from solid tumors. Bonekey
Rep. 2015;4:689.

Abdelbaset-Ismail A, Suszynska M, Borkowska S, Adamiak M, Ratajczak
J, Kucia M, Ratajczak MZ. Human haematopoietic stem/progenitor
cells express several functional sex hormone receptors. J Cell Mol Med.
2016;20(1):134-46.

Virant-Klun I. Very small embryonic-like stem cells: a potential develop-
mental link between germinal lineage and hematopoiesis in humans.
Stem Cells Dev. 2016;25(2):101-13.

Suszynska M, Poniewierska-Baran A, Gunjal P, Ratajczak J, Marycz K,
Kakar SS, Kucia M, Ratajczak MZ. Expression of the erythropoietin recep-
tor by germline-derived cells-further support for a potential develop-
mental link between the germline and hematopoiesis. J Ovarian Res.
2014;7:66.

Alameddine RS, Hamieh L, Shamseddine A. From sprouting angiogen-
esis to erythrocytes generation by cancer stem cells: evolving concepts
in tumor microcirculation. Biomed Res Int. 2014;2014:986768.
Ben-Porath I, Thomson MW, Carey VJ, Ge R, Bell GW, Regev A,
Weinberg RA. An embryonic stem cell-like gene expression signa-

ture in poorly differentiated aggressive human tumors. Nat Genet.
2008;40(5):499-507.

Cojoc M, Peitzsch C, Trautmann F, Polishchuk L, Telegeev GD, Dubrovska
A. Emerging targets in cancer management: role of the CXCL12/CXCR4
axis. Onco Targets Ther. 2013;6:1347-61.

Cirello V, Fugazzola L. Novel insights into the link between fetal cell
microchimerism and maternal cancers. J Cancer Res Clin Oncol.
2016;142(8):1697-704.

Al-Mehdi AB, Tozawa K, Fisher AB, Shientag L, Lee A, Muschel RJ.
Intravascular origin of metastasis from the proliferation of endothe-
lium-attached tumor cells: a new model for metastasis. Nat Med.
2000;6(1):100-2.

Cheung KJ, Ewald AJ. A collective route to metastasis: seeding by
tumor cell clusters. Science. 2016;352(6282):167-9.

Sceneay J, Smyth MJ, Moller A. The pre-metastatic niche: finding com-
mon ground. Cancer Metastasis Rev. 2013;32(3-4):449-64.

Zoccoli A, luliani M, Pantano F, Imperatori M, Intagliata S, Vincenzi B,
Marchetti P, Papapietro N, Denaro V, Tonini G, et al. Premetastatic niche:
ready for new therapeutic interventions? Expert Opin Ther Targets.
2012;16(Suppl 2):5119-29.

Fridman WH, Remark R, Goc J, Giraldo NA, Becht E, Hammond SA,
Damotte D, Dieu-Nosjean MC, Sautes-Fridman C. The immune microen-
vironment: a major player in human cancers. Int Arch Allergy Immunol.
2014;164(1):13-26.

Fenelon JC, Banerjee A, Murphy BD. Embryonic diapause: development
on hold. Int J Dev Biol. 2014;58(2-4):163-74.

Renfree MB, Shaw G. Embryo-endometrial interactions during early
development after embryonic diapause in the marsupial tammar wal-
laby. Int J Dev Biol. 2014;58(2-4):175-81.

Nowotarski SL, Woster PM, Casero RA Jr. Polyamines and cancer: impli-
cations for chemotherapy and chemoprevention. Expert Rev Mol Med.
2013;15:e3.

Horak CE, Lee JH, Marshall JC, Shreeve SM, Steeg PS. The role of
metastasis suppressor genes in metastatic dormancy. Apmis.
2008;116(7-8):586-601.



Sun and Liu Cancer Cell Int (2017) 17:51

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Fenelon JC, Shaw G, O'Neill C, Frankenberg S, Renfree MB. Paf receptor
expression in the marsupial embryo and endometrium during embry-
onic diapause. Reproduction. 2014;147(1):21-31.

Amelio I, Melino G. The p53 family and the hypoxia-inducible factors
(HIFs): determinants of cancer progression. Trends Biochem Sci.
2015;40(8):425-34.

Fridman WH, Pages F, Sautes-Fridman C, Galon J. The immune contex-
ture in human tumours: impact on clinical outcome. Nat Rev Cancer.
2012;12(4):298-306.

Holtan SG, Creedon DJ, Haluska P, Markovic SN. Cancer and pregnancy:
parallels in growth, invasion, and immune modulation and implications
for cancer therapeutic agents. Mayo Clin Proc. 2009;84(11):985-1000.
Beaman KD, Jaiswal MK, Katara GK, Kulshreshta A, Pamarthy S, Ibrahim
S, Kwak-Kim J, Gilman-Sachs A. Pregnancy is a model for tumors, not
transplantation. Am J Reprod Immunol. 2016;76(1):3-7.

Carosella ED, Rouas-Freiss N, Roux DT, Moreau P, LeMaoult J. HLA-G: an
immune checkpoint molecule. Adv Immunol. 2015;127:33-144.
Chiang WF, Liu SY, Fang LY, Lin CN, Wu MH, Chen YC, Chen YL, Jin YT.
Overexpression of galectin-1 at the tumor invasion front is associated
with poor prognosis in early-stage oral squamous cell carcinoma. Oral
Oncol. 2008;44(4):325-34.

Boucher LD, Yoneda K. The expression of trophoblastic cell markers by
lung carcinomas. Hum Pathol. 1995;26(11):1201-6.

Li D, Wen X, Ghali L, Al-Shalabi FM, Docherty SM, Purkis P, lles RK. hCG
beta expression by cervical squamous carcinoma-in vivo histologi-

cal association with tumour invasion and apoptosis. Histopathology.
2008;53(2):147-55.

Thijssen VL, Heusschen R, Caers J, Griffioen AW. Galectin expression in
cancer diagnosis and prognosis: a systematic review. Biochim Biophys
Acta. 2015;1855(2):235-47.

Guo P, Fu BM. Effect of wall compliance and permeability on blood-flow
rate in counter-current microvessels formed from anastomosis during
tumor-induced angiogenesis. J Biomech Eng. 2012;134(4):041003.
Meehan B, Dombrovsky A, Magnus N, Rak J. Arteriogenic expansion

of extratumoral macrovessels-impact of vascular ageing. Neoplasma.
2014,62(3):372-83.

Nagy JA, Chang SH, Shih SC, Dvorak AM, Dvorak HF. Heterogeneity of
the tumor vasculature. Semin Thromb Hemost. 2010;36(3):321-31.
Chaligne R, Heard E. X-chromosome inactivation in development and
cancer. FEBS Lett. 2014;588(15):2514-22.

Kido T, Lau YF. Roles of the Y chromosome genes in human cancers.
Asian J Androl. 2015;17(3):373-80.

Nugent BM, Bale TL. The omniscient placenta: metabolic and epi-
genetic regulation of fetal programming. Front Neuroendocrinol.
2015;39:28-37.

Clifton VL. Review: sex and the human placenta: mediating
differential strategies of fetal growth and survival. Placenta.
2010:31(Suppl):533-9.

Serrano A, Castro-Vega |, Redondo M. Role of gene methylation in anti-
tumor immune response: implication for tumor progression. Cancers
(Basel). 2011;3(2):1672-90.

Naxerova K, Jain RK. Using tumour phylogenetics to identify the roots
of metastasis in humans. Nat Rev Clin Oncol. 2015;12(5):258-72.

Wu GJ, Dickerson EB. Frequent and increased expression of human
METCAM/MUC18 in cancer tissues and metastatic lesions is associated
with the clinical progression of human ovarian carcinoma. Taiwan J
Obstet Gynecol. 2014;53(4):509-17.

Lin JC, Chiang CF, Wang SW, Wang WY, Kwan PC, Wu GJ. Significance of
expression of human METCAM/MUC18 in nasopharyngeal carcinomas
and metastatic lesions. Asian Pac J Cancer Prev. 2014;15(1):245-52.
Siraj A, Desestret V, Antoine M, Fromont G, Huerre M, Sanson M, Camp-
aro P, Pichon C, Planeix F, Gonin J, et al. Expression of follicle-stimulating
hormone receptor by the vascular endothelium in tumor metastases.
BMC Cancer. 2013;13:246.

Kim MY, Oskarsson T, Acharyya S, Nguyen DX, Zhang XH, Norton

L, Massague J. Tumor self-seeding by circulating cancer cells. Cell.
2009;139(7):1315-26.

Yamauchi H, Suto T, Kigure W, Morita H, Kato T, Yajima R, Fujii T, Yamagu-
chi S, Tsutsumi S, Asao T, et al. The progression potential of perito-

neal dissemination nodules from gastrointestinal tumors. Int Surg.
2011;96(4):352-7.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

102.

106.

107.

108.

109.

110.

M2

Page 9 of 9

Falato C, Lorent J, Tani E, Karlsson E, Wright PK, Bergh J, Foukakis T. Ki67
measured in metastatic tissue and prognosis in patients with advanced
breast cancer. Breast Cancer Res Treat. 2014;147(2):407-14.

Gallaher J, Babu A, Plevritis S, Anderson AR. Bridging population

and tissue scale tumor dynamics: a new paradigm for understand-

ing differences in tumor growth and metastatic disease. Cancer Res.
2014;74(2):426-35.

Yap KL, Hafez MJ, Mao TL, Kurman RJ, Murphy KM, Shih le M. Lack of a
y-chromosomal complement in the majority of gestational trophoblas-
tic neoplasms. J Oncol. 2010;2010:364508.

Nakamura TJ, Sellix MT, Kudo T, Nakao N, Yoshimura T, Ebihara S, Colwell
CS, Block GD. Influence of the estrous cycle on clock gene expression
in reproductive tissues: effects of fluctuating ovarian steroid hormone
levels. Steroids. 2010;75(3):203-12.

Munro SK, Farquhar CM, Mitchell MD, Ponnampalam AP. Epigenetic
regulation of endometrium during the menstrual cycle. Mol Hum
Reprod. 2010;16(5):297-310.

Sutherland RL, Prall OW, Watts CK, Musgrove EA. Estrogen and
progestin regulation of cell cycle progression. J Mammary Gland Biol
Neoplasia. 1998;3(1):63-72.

Berger C, Qian Y, Chen X. The p53-estrogen receptor loop in cancer.
Curr Mol Med. 2013;13(8):1229-40.

Comitato R, Saba A, Turrini A, Arganini C, Virgili F. Sex hormones and
macronutrient metabolism. Crit Rev Food Sci Nutr. 2015;55(2):227-41.
Arck P, Hansen PJ, Mulac Jericevic B, Piccinni MP, Szekeres-Bartho J. Proges-
terone during pregnancy: endocrine-immune cross talk in mammalian
species and the role of stress. Am J Reprod Immunol. 2007;58(3):268-79.
Park MK, Kanaho Y, Enomoto M. Regulation of the cell proliferation and
migration as extra-pituitary functions of GnRH. Gen Comp Endocrinol.
2013;181:259-64.

Banerjee P, Fazleabas AT. Extragonadal actions of chorionic gonadotro-
pin. Rev Endocr Metab Disord. 2011;12(4):323-32.

Vrtacnik P, Ostanek B, Mencej-Bedrac S, Marc J. The many faces of estro-
gen signaling. Biochem Med (Zagreb). 2014,24(3):329-42.

Wetendorf M, DeMayo FJ. Progesterone receptor signaling in the initia-
tion of pregnancy and preservation of a healthy uterus. Int J Dev Biol.
2014,58(2-4):95-106.

Wetendorf M, DeMayo FJ. The progesterone receptor regulates implan-
tation, decidualization, and glandular development via a complex par-
acrine signaling network. Mol Cell Endocrinol. 2012;357(1-2):108-18.
Holzel D, Eckel R, Emeny RT, Engel J. Distant metastases do not metasta-
size. Cancer Metastasis Rev. 2010;29(4):737-50.

Engel J, Emeny RT, Holzel D. Positive lymph nodes do not metastasize.
Cancer Metastasis Rev. 2012:31(1-2):235-46.

Bartosch C, Monteiro-Reis S, Vieira R, Pereira A, Rodrigues M, Jeronimo
C, Lopes JM. Endometrial endometrioid carcinoma metastases show
decreased er-alpha and pr-a expression compared to matched primary
tumors. PLoS ONE. 2015;10(8):e0134969.

Curtit E, Nerich V, Mansi L, Chaigneau L, Cals L, Villanueva C, Bazan F,
Montcuquet P, Meneveau N, Perrin S, et al. Discordances in estrogen
receptor status, progesterone receptor status, and HER2 status between
primary breast cancer and metastasis. Oncologist. 2013;18(6):667-74.
Micheli A, Ciampichini R, Oberaigner W, Ciccolallo L, de Vries E, Izarzugaza
|, Zambon P, Gatta G, De Angelis R. The advantage of women in cancer
survival: an analysis of EUROCARE-4 data. Eur J Cancer. 2009;45(6):1017-27.
Joosse A, Collette S, Suciu S, Nijsten T, Lejeune F, Kleeberg UR, Coebergh
JW, Eggermont AM, de Vries E. Superior outcome of women with stage
I/1l cutaneous melanoma: pooled analysis of four European Organisa-
tion for Research and Treatment of Cancer phase il trials. J Clin Oncol.
2012,30(18):2240-7.

Jensen LD. The circadian clock and hypoxia in tumor cell de-differentia-
tion and metastasis. Biochim Biophys Acta. 2014;1850(8):1633-41.
Patrignani P, Patrono C. Aspirin and Cancer. J Am Coll Cardiol.
2016,68(9):967-76.

Van Acker HH, Anguille S, Willemen Y, Smits EL, Van Tendeloo VF. Bis-
phosphonates for cancer treatment: mechanisms of action and lessons
from clinical trials. Pharmacol Ther. 2016;158:24-40.

Iversen L, Sivasubramaniam S, Lee AJ, Fielding S, Hannaford PC. Lifetime
cancer risk and combined oral contraceptives: the Royal College of
General Practitioners' Oral Contraception Study. Am J Obstet Gynecol.
2017.doi:10.1016/.ajog.2017.02.002.


http://dx.doi.org/10.1016/j.ajog.2017.02.002

	Cancer metastasis: enactment of the script for human reproductive drama
	Abstract 
	Background
	Metastatic drama portrayed in a reproductive light
	Metastasis initiation entails relative cellular DNA integrity
	MICs are set aside by instinct during primary cancer initiation
	Epigenetic regulation underpins metastasis
	Evidence of a primordial hypothalamus–pituitary–gonad (HPG) axis in cancer and its link to metastasis (or prognosis)
	Host bone marrow: surrogate gonad for cancer
	Activation of MICs in bone marrow

	Colonization of MIC clusters at premetastatic sites and flourishing into marcometastases
	Colonization at premetastatic sites
	Metastatic dormancy: analogy to intrauterine growth restriction or even diapause
	Adequate immunomodulation: prerequisite to macrometastasis

	Placentation: common theme in both primary and metastatic cancer
	Cancer-host interface: analogue of a primordial placenta
	A feminine hue offers reproductive advantages
	Metastatic cancer: primordial placenta?

	Common hallmarks and key parameter and molecules
	Other parallels

	Outlook and ramifications
	Outlook
	Ramifications

	Authors’ contributions
	References




