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Abstract

The S100 protein family is involved in epithelial cell maturation and inflammation. Some S100
members are dysregulated during carcinogenesis and have been established as tumour markers.
Psoriasin (S100A7) and koebnerisin (S100A15) form a highly homologous S100-subfamily that is
regulated throughout tumor progression in epithelial cancers. Despite their homology, both S100
proteins are functionally distinct but synergize as antimicrobial peptides (AMP), chemoattractants
for immune cells and proinflammatory ‘alarmins’. High cytoplasmic psoriasin expression prevents
further tumour progression but nuclear translocation or secretion of psoriasin is associated with
tumour growth and poor prognosis. The present review outlines the opposing effects of psoriasin
and koebnerisin in multifunctional pathways and in mechanisms that are known to affecttumour
cells (“seeds’), tumour environment (“soil”) and tumour cell migration (‘seeding’) thereby
influencing epithelial carcinogenesis.
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Introduction:

In Paget’s theory on breast cancer metastasis cancer cells are regarded as “seed” that grow at
distinct sites of the body, which he termed “soil” [1]. Tumour cells rarely invent new
pathways, they rather exploit existing signalling cascades to survive and even to progress.
Similar to immune cells that are attracted by chemokine gradients to the site of
inflammation, cancer cells can metastasize to their “soil”, sites where they are able to re-
attach and to grow.

Multiple pathways are involved in epithelial carcinogenesis depending on the type of tissue,
lesion and stage during tumour progression [2]. Genes of the S100 protein family are among
the pioneers that have been found to be dysregulated during carcinogenesis and today, some
of the S100 members are considered as markers for tumour progression [3-5].

The S100 protein family constitutes a multigenic family of small (9-13kDa) calcium-
binding EF-hand proteins with highly diverse but mostly elusive functions [6]. They are
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important regulators of a variety of intracellular functions, such as cell maturation and
survival. As part of the innate immune response, some S100 proteins are released into the
extracellular space in order to function as natural antimicrobials or as chemoattractants for
inflammatory cells [7-9]. Most S100 protein family members are encoded on chromosome 1
[8,9], which is frequently associated with epithelial cancers and has been regarded as tumour
susceptibility locus [10,11].

S100 gene duplications throughout vertebrate evolution led to an increase in number and
diversity within the S100 family. Two evolutionary new and highly homologous genes on
chromosome 1, psoriasin (S100A7) and koebnerisin (S100A15), were cloned because of
their high expression in hyperplastic inflammatory psoriatic skin. Despite their high
homology, psoriasin and koebnerisin are distinct in expression, function and mechanism of
action, and therefore exemplary for the diversity within the S100 family. The corresponding
single ortholog in mice, mS100a7al5, shares expressional and functional characteristics of
both of the human proteins [12,13].

Psoriasin has been intensively studied in various cancers tissues, such as of breast, skin, head
and neck, bladder and lung. [14-18]. In epithelial breast cancer, psoriasin is associated with
poor prognosis and considered a marker for tumour progression [16,18]. Because of the high
homology between psoriasin and koebnerisin, both S100 proteins are difficult to distinguish
when co-expressed. Recent work shows that psoriasin and koebnerisin are co-regulated
throughout different types of epithelial breast cancer [17]. Here, we review how these highly
homologous S100 proteins modulate tumour cells (‘seeds”), tumour environment (“soil”) and
tumour cell migration (‘seeding’) thereby influencing epithelial carcinogenesis.

Tumour ‘Seed’

Psoriasin (S100A7) and koebnerisin (S100A15) are co-expressed in mature epithelial cells
of breast lobules and ducts and differentiated epithelial skin layers [13,17]. Their expression
is induced in calcium-differentiated keratinocytes along with late differentiation markers
[19-21]. In terminally differentiated keratinocytes, psoriaisn and koebnerisin distribute to
the cell periphery, where they are secreted and act as innate antimicrobial peptides (AMP)
against pathogens [17,22,23]. Further, both S100 are potential substrates of the membrane
bound transglutaminase to participate in the cornified envelope [19,24,25]. The cornified
envelope forms a cellular barrier that is rich of lipids and transglutaminase-crosslinked high-
molecular weight proteins that protects the skin from water loss, mechanical and chemical
attacks [25].

In epithelial cancers, psoriasin and likely koebnerisin are usually elevated within early
tumour stages, such as in pre-invasive carcinomas [15,26,27]. Within the tumour tissue, they
are expressed in well differentiated tumour cells and show an expression pattern similar to
that observed in normal mature epithelial cells [28].

For instance, psoriasin is expressed in the cytoplasm of differentiated epithelial cells, where
it interferes with cellular B-catenin levels [29]. As a component of the Wnt signalling
pathway, cytoplasmic p-catenin can translocate to the nucleus where it activates c-Myc, a
prominent tumour oncogene that is overexpressed in several epithelial cancers [30,31].
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When cytoplasmic, psoriasin degrades B-catenin via glycogen synthase kinase 3 (GSK3)-p
or e-cadherin dependent mechanisms, and thus prevents nuclear p-catenin tranlocation and
subsequent c-Myc activation [29,32]. Therefore, cytoplasmic psoriasin serves as a negative
regulator of B-catenin-mediated oncogenic c-Myc activity thereby inhibiting tumour growth.

Psoriasin is usually downregulated in adjacent invasive cancer tissue, but when the
expression persists, the nuclear translocation of psoriasin is associated with a poor clinical
prognosis [16,33]. In the nucleus, psoriasin is thought to bind and to activate c-jun activation
domain binding protein 1 (Jabl) [33]. Jabl is a transcription co-factor that stabilizes c-Jun
and drives activator protein (AP)-1 mediated gene transcription [34]. Jab-1 activated AP-1
transcription mediates cell survival through Akt by inhibition of pro-apoptotic Bad, a
member of the Bcl-2 family. Akt further activates NF-xB mediated transcription of
prosurvival genes, such as B-cell lymphomas 2 (Bcl-2) and survivin [35,36]. Jab1 further
stabilizes hypoxia-inducible factor-1 (HIF-1) that upregulates HIF-1 dependent gene
transcription, such as vascular endothelial growth factor (VEGF) and erythropoietin [37].

Jab1l is also a component of the enzymatic COP9 signalosome protein complex. In the
nucleus Jab1 as part of the COP9 signalosome downregulates the cell cycle inhibitor p27Kir
resulting in proliferation [38-40]. Thus, nuclear translocation of psoriasin and Jab1-
dependent effects results in enhanced cell survival and proliferation. [17]. In invasive breast
carcinomas, psoriasin and koebnerisin are co-regulated and associated with estrogen/
progesterone receptor negative and more aggressive tumours [17]. Koebnerisin nuclear
translocation has not been studied, however due to mutations in the Jabl binding site,
koebnerisin might not be able to bind to Jabl compared to psoriasin [17]. (IS THIS AN
APPROPRIATE REFERENCE FOR THIS STATEMENT?)

Besides nuclear translocation, oncogenic effects could be mediated by S100 protein release
into the extracellular space where it interacts with cell surface receptors such as RAGE, that
is known to sustain inflammation and to promote carcinogenesis (Ref. Gebhardt et al., 2008,
JEM). Elevated serum levels of psoriasin have been considered as a potential marker for
epithelial cancer progression [18]. Extracellular psoriasin can bind to RAGE and thereby
activates NF-xB that controls the transactivation of several genes involved in immune
responses (IL-8, TNF-a) as well as cell proliferation (cyclin D1) and apoptosis (clAP-1)
[41]. In inflammation-associated carcinogenesis, NF-xB is a key player that assists pre-
neoplastic and malignant cells to escape tumour-surveillance mechanisms by activating anti-
apoptotic genes such as survivin, BCL-2, and cellular inhibitor of apoptosis protein 1 and 2
(clAP-1, clAP-2) [42]. Koebnerisin is not able to induce RAGE signalling but interacts with
a yet unknown Gi-protein coupled receptor [17]. In tumour cells, psoriasin translocation to
the nucleus and the extracellular release mediates oncogenic effects, which are further
potentiated by subsequently low cytoplasmic levels that might unblock preventive anti-
oncogenic characteristics.

Like the human psoriasin (S100A7) and koebnerisin (S100A15) orthologs, mS100a7al5 is
expressed in mature epithelial cells of breast lobules and ducts and differentiated epithelial
skin layers [12,43]. mS100a7al5 marks calcium and protein kinase C (PKC) dependent cell
differentiation, is a transglutaminase substrate in keratinocytes, and proposes a function as
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antimicrobial peptide (AMP) that is upregulated by £.coli dependent TLR4 activation
[12,22]. Well differentiated tumour cells may take advantage of the functions of
mS100a7al5 as AMP and component of the protective cornified envelope similar to
corresponding human psoriasin and koebnerisin.

Bi-transgenic mice with elevated mS100a7al5 expression in the mammary gland reveal
ductal hyperplasia. In the ductal tissue, mS100a7al5 enhances proliferation as indicated by
elevated CyclinD1 and Ki67 expression [44]. CyclinD1 is positive cell cycle regulator and
can be activated by NF-xB and c-Jun/AP-1 that are both downstream of psoriasin in human
[45]. Similar to psoriasin, mS100a7al5 reveals a putative Jabl- binding motif for nuclear
AP-1 activation. When secreted into the extracellular space, mS100a7al5 can activate
RAGE on epithelial cell like psoriasin, however other downstream signalling that could be
important for tumour cell survival remain to be investigated [43]. However, secreted proteins
of the SI00A7/S100A15 subfamily are not just autocrine factors for the tumour ‘seed’, they
may also influence the tumour environment, ‘soil’.

Tumour ‘Soil’

Multiple mechanisms steer the preparation of the microenvironment in order to allow tumor
cell seeding. The surrounding matrix needs to be prepared to provide space for tumour
growth and invasion. Moreover, a tumour supplying vasculature is needed for nutrition,
oxygen and for tumour spreading.

Matrix metalloproteinases (MMPs) are zinc-dependent endo-peptidases that are capable of
degrading extracellular matrix proteins [46]. Some MMPs are regulated by AP-1
transcription factors, which can be activated by psoriasin (S100A7) [47,48]. In prostate
cancer cells, psoriasin is able to induce matrix metalloproteinases MMP-1, -3, and -9,
which promote the degradation of the tumour surrounding tissue [49]. VEGF, a major
angiogenic factor for tumour vascularisation and progression is upregulated by hypoxia and
dependent on HIF-1, a Jab1 stabilized transcription factor that can be activated by psoriasin
[50,51]. Furthermore, extracellular psoriasin induces reactive oxygen species (ROS)
generation in epithelial cells that may also induce VEGF expression, probably mediated
through RAGE signalling as shown in endothelial cells [52]. In a breast cancer model, the
mouse S100a7al5 ortholog shows similar oncogenic effects by inducing matrix
metalloproteinases (MMP-2) and angiogenic factors, like VEGF to enhance tumour
malignancy [44].

Tumour-surveillance is thought to be dependent on certain leukocyte subtypes, e.g. CD8*
cytotoxic T lymphoytes (CTLs), CD4* Th1 cells and natural killer cells. Cancer cells can
evade immunologic surveillance by attenuating the immune defence, e.g. through TGF-.
They are thought to “re-program” certain leukocytes to become friendly and supportive, e.g.
tumour-associated macrophages (TAM-M2) produce growth factors, matrix metalloproteases
and angiogenic factors to support tumour growth and invasion [53]. In a breast cancer
model, mS100a7al5 recruits leukocytes and tumour-associated macrophages (TAM) via
RAGE/Stat3 signalling and thus promotes tumour progression and metastasis [44]. As
mentioned before, the human orthologs psoriasin and koebnerisin are chemoattractants and
able to recruit myeloid cells, like monocytes [41]. Wether they could assist in the evasion of

Curr Opin Pharmacol. Author manuscript; available in PMC 2018 December 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hattinger et al.

Page 5

tumour-surveillance by attracting tumour-associated macrophages (TAM) has not been
investigated yet. Compared to psoriasin, koebnerisin is produced additionally by tumour
surrounding non-epithelial cells such as dendritic cells, epithelial-derived myoepithelial cells
around acini, and by surrounding blood vessels [17,21].

As secreted factors, psoriasin and koebnerisin can further mediate immune responses via
extracellular receptors, like RAGE to enhance TNF-a, IL-1, IL-6, and IL-8 production as
‘alarmins’[54]. In immune cells, these proinflammatory cytokines lead to NF-xB dependent
secretion of growth factors that enhance proliferation and survival of malignant cells [55].
Furthermore, also attracted macrophages, mast cells and neutrophils can also upregulate
non-specific immune responses that may lead to enhanced tumour development [42]. Similar
to psoriasin and koebnerisin, mS100a7al5 induces NF-xB dependent pro- inflammatory
molecules like CXCL1, CXCLS, IL-1a, IL-11 and CSF2, which might exaggerate immune
responses and promotes tumour development, including tumour spread ‘seeding’ [2,44,56].

Tumour ‘Seeding’

Metastasis requires tumour cells to detach from the primary tumour to traffic and to re-
attach, to “seed”, in the suitable ‘soil’. Tumour cells utilize mechanisms similar to
leukocytes to migrate through solid tissues and vessels, and to extravasate into tissues [57].
Like leukocytes, tumour cells seem to “sense” their “soil” by chemokine gradients, e.g.
through the leukokine CXCL12 that is expressed in organs that are frequently affected by
breast cancer metastases [58,59]. CXCL12 recruits lymphocytes and monocytes that express
the CXCL12 receptor CXCR4 [60]. Breast cancer cells express functionally active CXCR4
and are therefore recruited to CXCL12 expressing tissues, like lung, lymph nodes, bone
marrow and liver. Secreted epithelial-derived psoriasin (S100A7) and koebnerisin
(S100A15) are able to attract leukocytes into the skin through different extracellular
receptors, such as RAGE. Furthermore, psoriasin is overexpressed in brain metastases
derived from the lung squamous cell carcinoma [28]. Recent work shows that psoriasin
promotes migration of epithelial tumour cell that is dependent on RAGE [61,62] and NF-xB
signalling [63-65].

The next step of successful migration and invasion of new tissues includes the three major
steps of extravasation: rolling, adhesion and diapedesis. The first two steps are dependent on
various integrins, cadherins and selectins. In this context, psoriasin is able to bind to the
integrin B6 subunit. This interaction between psoriasin and 6 is required for avp6-
dependent invasion of carcinoma cells [66].

Conclusion:

In concordance to Paget’s ‘seed’ and ‘soil’ theory, psoriasin (S100A7) and koebnerisin
(S100A15) are two proteins that are exploited by the tumour i) to adapt cellular signalling
pathways that regulate the survival of the tumour ‘seeds’ ii) to modify the surrounding
microenvironment (‘soil’) to escape tumour-surveillance, iii) and to promote the migration
of the cancer cells (‘seeding’). However, little is known about the recently discovered
koebnerisin and furthermore, several functions that are referred to psoriasin might actually
be due to koebnerisin signalling. Their different properties are compelling reasons to

Curr Opin Pharmacol. Author manuscript; available in PMC 2018 December 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hattinger et al.

Page 6

discriminate psoriasin (S100A7) and koebnerisin (SL00A15) in epithelial homeostasis,
inflammation and epithelial carcinogenesis.
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Figure 1. Multifunctional psoriasin (S100A7) and koebnerisin (S100A15) control the tumour
‘seed” and “soil’

Cellular distribution and release of psoriasin (S100A7) and koebnerisin (S100A15) into the
extracellular space effect tumour survival and progression A) Cytoplasmic psoriasin and
koebenrisin may protect the tumour cell (*seed’) from physical (cornified envelope) and
biological (AMP) damage, and psoriasin prevents p-catenin translocation to the nucleus and
its downstream oncogenic activity. B) In invasive carcinomas, a psoriasin - Jabl is thought to
translocate into the nucleus, to activate AP-1 target genes as well as COP9 signalosome
signalling. Psoriasin and likely koebnerisin are secreted into the extracellular space (‘soil’)
and act as chemoattractants for tumour-associated inflammatory cells, such as macrophages
(TAMs). Their secreted function as ‘alarmins’ by binding to extracellular receptors, such as
RAGE, thereby mediating tumor-promoting inflammation. Furthermore, extracellular
psoriasin is able to induce tumour cell migration via RAGE. Additionally, extracellular and
nuclear distribution of psoriasin leads to a lack of cytoplasmic peptide levels and unlocks the
[B-catenin-mediated oncogenic signalling.
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