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Abstract The liver is recognized as the target organ of me-
tastases of almost all prominent malignancies. Its unique biol-
ogy renders this organ particularly susceptible to circulating
disseminated tumour cells (DTCs), and it can be assumed that
very early metastasis occurs in the liver. The premetastatic
niche concept may explain very early metastasis, as it defines
priming of a future target organ of metastasis by factors that
may already be secreted from premalignant lesions. This re-
view shows that comprehensive knowledge on mechanisms of
premetastatic niche formation in the liver is based on pre-
clinical models only and still rather rare, mostly due to the
scarcity of mouse liver metastasis models displaying a tumour
cell-free period in the liver or lack of liver-tropic syngeneic
tumour cells to probe for the niche. Attentive re-assessment of
previous studies and reviews was undertaken revealing only
two clearly identified tumour-derived secreted factors
(TDSFs), both inducing infiltration of the liver by bone
marrow-derived cells and increased liver metastasis, namely
tissue inhibitor of metalloproteinases-1 (TIMP-1) and
macrophage-inducing factor (MIF). Future directions of this
research area will comprise elucidation of the impact of
TDSFs on regulation and activity of myeloid-derived suppres-
sor cells and/or the specific architecture and homeostasis of
the liver, as well as development of prognostic TDSF detec-
tion in patients at risk of liver metastasis.
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Introduction

Metastasis is still the major problem in the management of
malignant tumour diseases. The greatest challenge is that tu-
mours can disseminate cells already at a very early stage [1-3]
so that synchronous metastases or undetected micrometastases
are already present at the time of primary tumour diagnosis.
The mechanisms of very early metastasis are still unknown.
Creation of a ‘premetastatic niche’ is one currently proposed
concept helping to explain mechanisms of very early metas-
tasis formation [4]. The premetastatic niche is defined as a
tumour cell-free microenvironment in a target organ of metas-
tasis, which has been primed by factors secreted from the
primary tumour to the effect that it exhibits increased suscep-
tibility to disseminated tumour cells [4, 5]. It is hypothesized
that premetastatic niches allow even non-malignant cells (dis-
seminated tumour cells (DTCs)) to colonize to organs [2, 6],
i.e. before they have accumulated all mutations which are
generally considered to be necessary for the full-blown auton-
omous metastatic potential [7].

The focus of this review is on the current state of knowl-
edge on premetastatic niche formation in the liver. Identifica-
tion of tumour-derived secreted factors (called TDSFs [8])
exhibiting the ability to create a premetastatic niche in the liver
will be discussed as well as the cellular and molecular changes
that occur in the liver through their action. Cellular changes
comprise the TDSF-induced infiltration of the liver by bone
marrow-derived cells (BMDCs) including myeloid-derived
suppressor cells (MDSCs), macrophages and neutrophils,
which were all already described to be a component of the
premetastatic niche in the lung [4]. Molecular changes
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comprise alterations in hepatic gene expression, which may
induce the creation of an altered pattern of growth factors,
cytokines, and extracellular matrix molecules, which favour
BMDC and tumour cell colonization. It is quite striking that,
for the liver, this information is still relatively limited. In spite
of the fact that the liver is the most afflicted target organ of
metastases from all kinds of malignancies and despite the
wealth of knowledge on the liver’s intriguing biological com-
plexity in respect to tumour-host interactions during metasta-
sis [9], there are many loose ends of knowledge for this par-
ticular organ.

Intrinsic metastasis-supporting features of the liver

In the clinic, the liver is recognized as the target organ of
metastases of almost all prominent malignancies including
carcinomas of pancreas, colorectum, colon, oesophagus,
stomach, breast, and liver [10], as well as sarcomas [11, 12]
and melanomas [13]. In addition, the liver can be colonized by
haematogenous tumours such as myelomas and leukemias
[14]. The liver is often not the first site where overt large
metastases of the above-mentioned tumours are diagnosed,
but it is likely that it harbours micrometastases from early
on. These micrometastases become clinically apparent in late
stages of these tumours by inducing jaundice, abdominal pain,
or ascites and are also considered as direct cause of death by
destroying the vital function of this organ in colorectal carci-
noma [15] or breast carcinoma [16, 17].

Its unique biology already renders the liver particularly
susceptible to circulating DTCs (Fig. 1). For one, the liver is
connected via the blood circulation to those sites where many
malignant tumours arise [18]. In addition, the healthy liver
actually displays intrinsic architectural and functional fea-
tures, whose balance can easily be tipped towards favouring
metastasis to this organ [9, 19, 20], even without priming by
factors secreted by the original tumour site, as it would be the
case in classic premetastatic niche formation. They comprise
the following: (1) the liver-specific microcirculation with its
unique sinusoidal cell population, (2) the perivascular mesen-
chymal cells including hepatic stellate cells (HSCs), (3) the
morphologically and metabolically heterogeneous parenchy-
mal cell compartment, and (4) the hepatic regional immunity
(Fig. 1). Each of these four features can, under certain condi-
tions, favour metastasis formation. The unique and complex
microcirculation in the hepatic sinusoids can positively impact
on trafficking and retention of DTCs in the liver [9, 21, 22].
The diverse cell types in the liver, namely the hepatic sinusoi-
dal endothelial cells (HSEC), Kupffer cells (KC), HSCs, pit
cells, and hepatocytes all contribute to the fine balance be-
tween failure or success of liver metastasis, as they closely
interact in that sequence with incoming DTCs and impact on
BMDCs, MDSCs and lymphocytes [9] (Fig. 1). HSECs, acti-
vated HSCs, and hepatocytes can provide the stromal support
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for metastatic growth and angiogenesis of metastatic colonies
[9]. In a complex concerted action together with KCs, neutro-
phils, MDSCs, and lymphocytes, HSECs, activated HSCs and
hepatocytes are able to provide prometastatic conditions by
expression of a specific set of autocrine growth factors and
cytokines, eventually allowing immune escape of tumour cells
in the liver-specific immune-suppressive environment [9, 23,
24] (Fig. 1). Whether this latter pattern of activity can be
triggered and/or promoted by TDSFs during premetastatic
niche formation is unknown and should be one goal of re-
search in this area.

Experimental considerations towards studying
the premetastatic niche in the liver

Limited information on molecular and cellular events of
premetastatic niche formation in the liver, not to speak of
mechanisms and their spatio-temporal context, is, at least in
part, a consequence of the shortage of suitable liver metastasis
models and their employment in current research activities in
the field, with one very recent exception [6]. A definite eluci-
dation of mechanisms of premetastatic niche formation, i.e.
modulation of the tumour cell-free future target organ by
TDSFs, requires a clear experimental setup, which complies
with this definition of a premetastatic niche. Most importantly,
premetastatic niche formation has to occur in absence of tu-
mour cells in the target organ. A niche in presence of tumour
cells would be called ‘prometastatic’ and would be aimed at
the clinical management or therapy of already existing metas-
tases. Prometastatic niches are generated, in part, through
crosstalk mechanisms already well established including tu-
mour cell-intrinsic and liver homeostasis-intrinsic mecha-
nisms favouring attachment, invasion, survival, and growth
of tumour cells in the liver [9, 25]. Very recently, a detailed
analysis of sequential steps involved in premetastatic niche
formation in the liver was presented [6]. From this conclusive
investigation in a defined tumour model, one can deduce five
essentials towards achieving a totally comprehensive picture
of premetastatic niche formation (Fig. 2), namely a defined
source of TDSFs, confirmed absence of tumour cells in the
premetastatic organ, immunocompetence, demonstration of
the niche with tagged tumour cells, and experimental manip-
ulation of TDSFs and niche-creating factors allowing conclu-
sions on definite mechanisms (Fig. 2).

As we will see below, the studies on the premetastatic niche
in the liver were not always as clearly defined. In respect to
liver metastasis, two of the essentials seem to be particularly
difficult to fulfil. Firstly, to show conclusively a tumour cell-
free period in the liver and, secondly, to challenge the niche
with liver-tropic tumour cells. Both are the crucial proofs for
the existence of a premetastatic niche. Only a few syngeneic
tumour cell lines experimentally metastasize to the liver upon
straightforward intravenous injection into the tail vein of mice,
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Fig. 1 Intrinsic metastasis-supporting features of the sinusoidal
compartment of the liver (red arrows). The details of these features
have been reviewed extensively elsewhere [9, 19-24]. (¢) Connection
of liver sinusoids to many possible primary tumour sites via the blood
circulation and entrance of TCs via the portal triad. (b) Slow
microcirculation promoting attachment of DTCs to HSECs. Provision
of autocrine prometastatic factors by (c) perivascular portal tract
fibroblasts and (d) HSCs. (e) Metabolically heterogenous parenchymal

Fig. 2 Five essentials for
conclusive elucidation of
mechanisms creating a

e . 1. Defined source of TDSFs
premetastatic niche in the liver

2. Definite absence of tumor cells
in the target organ of metastasis

3. Presence of the complete hematopoietic

cell compartment

4. Probing of the liver niche with tagged

tumor cell lines

5. Experimental manipulation of TDSFs,
host cells, immune status, host factors

cells and oxygen gradient. (/') Hepatic regional immune suppression
evolving from interactions (black arrows) of MDSCs with other
immune cells and activated HSC. Dotted arrow: invasion of mature
neutrophils. Fibr portal tract fibroblasts, Hep hepatocyte, HSC hepatic
stellate cells, actHSC activated hepatic stellate cells, KC Kupffer cells,
MDSC myeloid-derived suppressor cells, NK natural killer cells, N®
neutrophil granulocytes, O,conc oxygen concentration, SoD space of
Disse, 7C tumour cell, 7 T lymphocyte
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including the chemically induced murine DBA/2 lymphoma
ESb [26] and its lacZ-tagged variant L-CIL.5s [27-29], the
recently selected murine colon carcinoma cell lines CT26-
F13 [30], and, to a much lesser extent and with higher vari-
ability, murine LLC Lewis lung carcinoma [5, 31] and B16
melanoma [5] cell lines. Experimental liver metastasis can be
achieved alternatively by the relatively complicated
intrasplenic/portal inoculation of tagged tumour cells [6, 32].
It is currently most accepted to employ transgenic mice that
spontaneously develop tumours, which spontaneously metas-
tasize to the liver. For example, different spontanecous pancre-
as carcinoma models were shown to generate liver metastasis
[6, 33, 34]. However, the kinetics of metastasis formation,
even in these defined genetically engineered mouse models,
is unknown or metastases arise so early that these models as
such are not suitable for the study of premetastatic niche for-
mation [2], unless further experiments according to the above-
mentioned five essentials are performed.

Creators and elements of premetastatic niche formation
in the liver

From a previous review, one was led to erroneously assume
that quite a few mechanisms of premetastatic niche creation in
the liver are already known from the various employed mouse
models at the time [4]. For three studies mentioned there [5,
31, 35], the review lists TDSFs, BMDCs, and the mechanisms
of premetastatic niche formation suggesting that they create a
premetastatic niche not only in the lung but also in the liver
[4]. However, careful examination of the original literature
and its supplementary material revealed that the seemingly
conclusive scenarios for the lung do not hold true for
premetastatic niche-creation in the liver. In fact, this was ac-
tually not specifically claimed in the original papers either.
The study by Kaplan et al. presented clear evidence for the
mechanism of premetastatic niche formation in the lung [5]
identifying vascular endothelial growth factor (VEGF) and
placental growth factor (PIGF) as TDSFs. They mobilize
BMDCs (VEGFR1+ haematopoietic precursor cells) and up-
regulate fibronectin (FN) in the liver, to which the BMDCs
also home. BMDCs produce MMP-9 and SDF-1 attracting
CXCR4+ tumour cells to the lungs [5]. It was not shown that
the liver was premetastatic in the spontaneous metastasis as-
says. Injection of conditioned media from these tumour cell
lines had not been performed to examine premetastatic niche
formation in the liver [5]. Also, neither the identity of the
BMDC nor the expression of MMP-9 and SDF-1 were con-
firmed in the liver [5]. Furthermore, expression of FN in res-
ident fibroblasts in the niche, which is thought to attract
BMDCs, was shown for the lung, while neither an association
of the BMDC clusters with FN nor the source of FN was
demonstrated in the liver [5]. Last but not the least, the corre-
lation of the findings to human disease revealed no such
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clusters in the liver parenchyma but only in hepatic lymph
nodes [5]. Altogether, this study only demonstrates upregula-
tion of FN in yet unidentified liver cells as a possible factor for
premetastatic niche formation in the liver. VEGF and PIGF do
not seem to be crucial TDSFs for the premetastatic niche in the
liver, as inhibition of these factors in breast carcinoma cells
does not interfere with efficacy of liver metastasis [35]. Sim-
ilarly, the second study [31] listed in that review provided
conclusive data only for the premetastatic niche in the lungs.
In that study, it was shown that the TDSF Versican mobilized
BMDCs (characterized as CD11b+/Gr-1+ myeloid cells and
M2 macrophages) creating a prometastatic inflammatory mi-
croenvironment via TLR2-induced TNF o secretion by the
myeloid cells in the lungs [31]. Liver metastasis assays were
performed without demonstrating a clear tumour-free period
in this organ. While Versican clearly affects liver metastasis,
the authors themselves do not claim that they have found a
Versican-dependent mechanism for premetastatic niche for-
mation in the liver [31]. Finally, the third study listed in
Sceneay et al. in context with the liver is the first publication
revealing a mechanism of BMDC mobilization in the liver by
a defined TDSF [35]. The authors of that study ensured a clear
tumour-free premetastatic phase in the liver by administration
of recombinant granulocyte-colony stimulating factor (G-
CSF) to tumour-free mice [35]. G-CSF induces mobilization
of Bv8-expressing BMDCs (the Ly6G+/Ly6C+ granulocyte
subset of CD11b+/Gr-1+ myeloid cells) to the liver leading to
expression of MMP-9, S100A8, and S100A9 in this organ.
However, the established niche was not challenged with liver-
tropic tumour cell lines in order to check whether they more
efficiently colonized the liver [35]. Therefore, it is still unclear
whether the described niche in the liver is more susceptible to
metastasis or not. In summary, the three studies [5, 31, 35]
neither claimed nor could they hold up to the mechanisms
assigned to them in the review [4]. Although the studies
quoted in that review provided important first hints,
there are other publications adding to the information
on premetastatic niche formation in the liver in the past
few years.

The importance of MDSCs in premetastatic niche forma-
tion in the liver was shown conclusively in a study on the
regulation of the permissiveness of organs for tumour metas-
tasis during mouse gestation [8]. The advantage of this study
was that niche-creation in the liver definitely occurred in ab-
sence of tumour cells in that organ. The experimental abstrac-
tion in this study was that the niche-creating factors were
pregnancy-associated [8]. However, these factors can be char-
acterized in the future and may turn out to be growth factors or
cytokines that also act as TDSFs. It was shown previously that
primary tumours [36, 37] cause infiltration of the liver by
MDSCs in the premetastatic phase leading to immunosup-
pression by upregulation of the negative T cell costimulatory
molecule PD-L1 in KCs [36] or suppression of T cell
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proliferation [38]. MDSCs can also induce a mild liver dam-
age, which may lead to the release of factors [39] or induce
apoptosis of hepatocytes [40], both able to promote liver me-
tastasis. Mauti et al. showed that MDSCs can also repress
antitumour immunity by inhibiting perforin-dependent NK
cell cytotoxicity [8] leading to the re-direction of intravenous-
ly inoculated genetically tagged tumour cells from the lungs
(which the employed B16F10 murine melanoma cells would
normally metastasize to) to the liver [8]. The potency of the
NK cell-dependent premetastatic niche in the liver was more
recently confirmed, when it was shown that more mature NK
cells protect against lung metastasis, while the CD27+CD11b
— subset protects against liver metastasis [41]. In addition,
NK-depleted SCID mouse models are known as multiple-
organ metastasis models [42]. Absence of NK cells promoted
liver metastasis, when tumour cells secrete macrophage-
stimulating protein (MSP) [42]. It is important to note that
the interrelationship between MDSCs and NK cells is still
not completely understood and likely not uni-directional in
the context of tumours [43, 44]. This circumstance has to be
explored further in the context of premetastatic niche forma-
tion. Nevertheless, local hepatic immunosuppression is an im-
portant parameter of the premetastatic liver [8], which could
be targeted therapeutically. Towards this end, it was shown
that liver metastasis was inhibited by preventing the infiltra-
tion of CD11b+ cells, which include MDSCs and many other
cells of the myeloid lineage, with the CXCR4 antagonist
AMD3465 [45] or preventing neutrophil infiltration by the
CXCR4 antagonist AMD3100 [46]. Also, inhibition of immu-
nosuppressive CCR2+ macrophages appearing in livers of
pancreas carcinoma-bearing mice led to suppression of liver
metastasis [47]. These studies reveal potential strategies for
the prevention of premetastatic niche formation. In two of
the studies, the treatments in the mouse models were initiated
without excluding that tumour cells were already present in
the niche [45, 47].

The first study making an effort to ensure a clearly defined
premetastatic phase in livers of a mouse model with growing
primary tumours employed genetically tagged tumour cells
(CT26-FL3, a RFP-tagged CT26 colon carcinoma cell variant
of Balb/c origin selected for efficient metastasis to the liver)
and genetically tagged BMDCs (from eGFP-transgenic C57/
BI16 mice backcrossed for five generations into Balb/c) [30].
These cell lines were investigated in syngeneic recipient mice
(Balb/ccBylJ) [30]. eGFP-tagged bone marrow was
transplanted prior to orthotopic (cecum) implantation of
liver-metastasizing RFP-tagged CT26 cells (CT26-FL3)
[30]. In contrast to the parental control cell line (CT26), which
metastasized to the liver only at low efficiency, CT26-FL3
cells express several candidate TDSFs, namely mRNAs of
Hgf, 116, Tnf, Ifn, Csf2, Csf3, Cxcll, Cxcl4 and Cxclli. The
primary tumours systemically induced serum levels of OPN,
MMP-9, S100A8, S100A9, SAA3 and VEGFA and

infiltration of BMDCs within 2 to 3 weeks after tumour cell
inoculation [30]. RFP-tagged metastases could not be detected
in the liver within this time frame [30]. The BMDCs expressed
VEGFRI1, S100A8, and S100A9, while hepatocytes were
found to express high levels of LOX [30]. The comparison
with the control cell line revealed these factors as components
of the premetastatic niche in the liver [30]. Which of the
suggested TDSFs are mainly responsible for this niche
in the liver and which of the factors in the niche are
crucial for increased liver metastasis in this experimental
model was not shown [30].

The first individual TDSF, which was characterized as cre-
ator of a premetastatic niche in the liver, is the tissue inhibitor
of metalloproteinases (TIMP)-1 [46]. TIMP-1 is of special
interest, not only because elevated levels correlate with poor
prognosis of many tumour diseases including breast [48], co-
lorectal [49], lung [50] carcinomas, and haematopoietic tu-
mours [51], but also because plasma levels are a prognostic
factors of patients with liver metastases [52]. TIMP-1 is a
pluripotent molecule with anti-proteolytic as well as
cytokine-like functions [53]. Due to these functions, TIMP-1
impacts on a wide range of effects on tissue homeostasis by
inhibiting metalloproteinases, as well as on cell behaviour
including inhibition of apoptosis [54], promotion of cell pro-
liferation [55—57], and the metastatic potential of tumour cells
[58]. In addition, elevation of systemic TIMP-1 levels in mice
by adenoviral gene transfer promoted liver metastasis mediat-
ed by HGF signaling [59] and uPA activity [60] in the host
tissue. Recently, TIMP-1 was identified to create a
premetastatic niche in the liver [46]. The part of this study
which led to this conclusion allowed for a clearly defined
premetastatic period in which recombinant TIMP-1 or
TIMP-1 expressed by a non-metastatic primary tumour could
prime the metastatic site without interference by tumour cells
in the liver [46]. The characteristics of the TIMP-1-induced
premetastatic niche comprised a liver-specific upregulation of
SDF-1 and S100A8, and an SDF-1/CXCR4-dependent accu-
mulation of Ly6G+ neutrophils in the liver tissue [46] (Fig. 3).
The mechanism of SDF-1-mediated recruitment of neutro-
phils to the liver still has to be elucidated further. So far, it is
known that elevated systemic TIMP-1 levels induce
neutrophilia in mice not by prolonging survival or direct mo-
bilization of neutrophils but by inducing granulopoiesis in the
bone marrow in a TIMP-1/CD63 signaling-dependent manner
[61]. Challenge of the TIMP-1-induced premetastatic niche in
the liver by intravenous inoculation of lacZ-tagged tumour
cells revealed its functionality as permissive target site for
metastasis for murine T lymphoma cells and breast carcinoma
cells [46]. Altogether, these findings are one explanation for
the correlation between elevated systemic levels of TIMP-1
and poor prognosis of many tumour diseases.

A whole sequence of events of premetastatic niche forma-
tion in the liver including the characterization of the relevant

@ Springer



1198

J Mol Med (2015) 93:1193-1201

Fig. 3 Candidate creators and
elements of the premetastatic
niche in the liver. Confirmed
creators and effects on important
cellular and molecular factors in
the premetastatic liver are shown.
Effects of Tissue inhibitor of
metalloproteinases-1 (TIMP-1)
(red arrows, factors in red) and
exosomes containing migration
inhibitory factor (MIF) (orange

TDSFs

TIMP-1(47]
MIF [6]

arrows, factors in orange). —
.. . . portal triad

Promising but yet inconclusive

candidate creators and factors are

depicted in grey. References o

rendering cells and factors likely Fibr

to play a role in the premetastatic
liver are associated with the
respective entity (numbers in
brackets)

players was published only very recently [6]. Exosomes con-
taining migration inhibitory factor (MIF) were identified as
TDSFs in pancreatic ductal adenocarcinomas (PDACs) mouse
models. Uptake of these exosomes by KCs induces TGF[f3
secretion, which triggers FN production by HSCs. FN de-
posits are one component of the KC-induced pro-inflammato-
ry milieu, which attracts bone marrow-derived CD11b+/
F480+ macrophages and CD11b+ Gr-1+ myeloid cells
(Fig. 3). The challenge was performed by intrasplenic injec-
tion of mCherry-tagged syngeneic pancreas carcinoma cell
lines demonstrating the existence of the premetastatic niche
in the liver. Finally, knockdown of MIF, depletion of macro-
phages, depletion of FN or inhibition of TGF[3 signalling,
respectively, abolished the described mechanisms of
premetastatic niche formation in the liver [6]. This study cor-
roborates in one and the same model the previously described
impact of myeloid [30, 35, 45, 46, 62] and macrophage-like
[31, 42, 47] BMDCs, FN [5], TGFf [63], as components of
the premetastatic niche in the liver and brings them into a
sequential context (Fig. 3). Even this study was confronted
with the problem of investigating a clearly defined tumour
cell-free premetastatic liver since the employed PDAC mouse
models metastasize extremely early [2]. Actually, co-authors
of Costa-Silva et al. have shown previously in the very same
PKCY mouse model that cells (circulating pancreatic cells,
CPCs) disseminate from the pancreas already before ‘malig-
nant’ tumours develop, namely during pancreatitis and early
pancreatic intraepithelial neoplasias (PaIN) [2]. Indirect evi-
dence revealed that these CPCs are capable of giving rise to
metastases [2]. Consequently, Costa-Silva et al. took the effort
to show that the premetastatic niche in the liver could be
induced by pre-education with exosomes derived from PDAC
cell lines and a subsequent challenge with intrasplenically
inoculated mCherry-tagged PANO2 pancreas carcinoma cells
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[6]. The other data were then interpreted on the basis of this
observation [6], although many of them were obtained from
mice with spontaneous pancreatic tumour progression [6], i.e.
including the possibly early dissemination events even during
premalignant stages.

Conclusion and future perspectives

Our knowledge on premetastatic niche formation in the liver is
still rather limited. So far, only TIMP-1 and exosomes con-
taining MIF have emerged as single identified TDSFs induc-
ing both infiltration of the liver by CD11b+ BMDCs and link
this infiltration to increased permissiveness for circulating
DTCs to the liver [6, 46] (Fig. 3). Suppression of the immune
response in the liver by MDSCs turned out to be especially
crucial for the creation of the premetastatic niche in the liver
[8]. Identification of individual responsible TDSFs for MDSC
regulation and activity [23, 24] and elucidation of the exact
mechanisms leading to increased susceptibility of the liver to
metastasis is one important future direction in this research
area. Exploration of the impact of individual TDSFs on the
architectural and functional aspects of the intrinsic suscepti-
bility of the liver to metastases [9, 19, 21, 22, 25], including
the impact on the different liver-specific cell types in the he-
patic sinusoids and their adjacent compartments, is only at the
beginning. Identification of TDSFs or factors from inflamma-
tory premalignant sites [2] and pathways in the liver will im-
prove diagnosis and possibly pave new ways of therapeutic
interference with the infestation of the organ that is most
afflicted with metastases of all kinds of tumour diseases. It
will be important to establish a link between these mecha-
nisms and clinical situations in which patients are at risk of
liver metastasis. Specifically, mouse models suggest that
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inflammatory and premalignant lesions in the pancreas can
establish a premetastatic niche in the liver [2, 6]. This notion
should be corroborated by clinical studies correlating mea-
surements of TDSFs in patients with pancreatitis with a pro-
spective follow-up documenting occurrence of liver metasta-
sis. In fact, a correlation between TIMP-1 plasma levels and
chronic pancreatitis or tumourigenesis has already been found
[64, 65], while there is so far no such correlation for MIF. A
clinical perspective to premetastatic niche research would be
the early detection of clearly defined TDSFs, i.e. the creators
of the premetastatic niche in the liver. As TDSFs are diagnos-
tically more important than the elements within the liver
niche, it would not be necessary to access liver tissue in
premetastatic phases. In fact, it was recently demonstrated
for pancreatic cancer [66] that it should be feasible to detect
TDSFs in body fluids during niche-creating inflammation or
premalignant phases in a proteomic approach. Regarding the
premetastatic niche in the liver, it will be important also to
demonstrate the metastasis-promoting activation of specific
liver cells by TDSFs in patients. Currently, studies by our
group are on the way investigating the correlation of plasma
levels of TIMP-1 on HSC activation in patients and the impact
of these cells on creation of a premetastatic niche in the liver.
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