excellent model for the type of work necessary
to advance our understanding of liver biology
for the development of regenerative medicine.
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Fibroblasts form a hospitable metastatic niche

In the liver

Neta Erez

The liver is the most common metastatic route of pancreatic cancer. Early recruitment of granulin-secreting inflammatory
monocytes to the liver is now shown to reprogram hepatic stellate cells into myofibroblasts that modulate the liver
microenvironment to support the growth of metastasizing tumour cells.

Pancreatic ductal adenocarcinoma (PDAC)
is one of the leading causes of cancer-related
mortality and is one of the most devastating
human malignancies. Despite improvements
in surgical and cytotoxic therapy approaches
during the past decades, pancreatic cancer con-
tinues to have a dismal prognosis, with an aver-
age overall five-year survival of <6%'. The main
reason for the low survival rate of pancreatic
cancer is its aggressiveness. In the majority of
cases, local invasion and metastatic spread of
pancreatic tumours are evident already at diag-
nosis. In other cases, metastatic relapse occurs
after tumour resection. The most common
metastatic destination of PDAC is the liver —
more than 60% of patients whose tumours were
resected relapse with hepatic metastasis within
two years after surgery’. Metastatic disease is
currently incurable and existing therapies can
only prolong life to a certain extent. Therefore,
a better understanding of the mechanisms that
facilitate PDAC metastasis is the key to devel-
oping therapeutic approaches that may prevent
metastatic relapse and improve survival.
Although multiple studies have charac-
terized the microenvironment of PDAC
tumours’, the mechanisms that govern PDAC
metastasis remain largely unexplored. In this
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issue, Nielsen et al.* elucidate the interactions
between macrophages and fibroblasts that
facilitate the formation of a hospitable meta-
static microenvironment in the liver.

The authors analysed human liver metas-
tases of PDAC, and observed that they are
surrounded by stromal deposition of connec-
tive tissue, activated fibroblasts and recruited
immune cells, most prominently macrophages.
To uncover the mechanisms underlying these
clinical features of liver metastasis, they per-
formed in vivo experiments using a model
of PDAC experimental metastasis. In this
model, pancreatic cancer cells isolated from a
genetically engineered mouse model of PDAC
(KrasS2P; Trp5387H;Pdx1-Cre  mice®) are
injected into the spleen of mice, and colonize
the liver via the portal circulation. Using adop-
tive bone marrow transplantations that allow
tracking of cell origin, the authors demon-
strated that metastasis-associated macrophages
(MAMs) are recruited to liver micrometastases
from the bone marrow. This recruitment pre-
cedes the accumulation of activated resident
fibroblasts (hepatic stellate cells), which were
only evident in established metastatic lesions.
Using a model of mice that are genetically defi-
cient in macrophage trafficking, the authors
found that inhibition of macrophage recruit-
ment from the bone marrow impairs pancreatic
cancer metastasis to the liver and inhibits fibro-
blast activation, reflected by their expression

of a-SMA and enhanced collagen deposition.
Moreover, when macrophages were chemically
depleted using clodronate liposomes, activation
of fibroblasts was inhibited and progression of
metastatic lesions was impaired, even after the
initial colonization of the metastatic site by can-
cer cells, thus providing temporal insight on the
cascade of events during liver metastasis.
Mechanistically, Nielsen ef al. showed that
MAM-derived granulin activated hepatic stel-
late cells into myofibroblasts, in agreement
with granulin’s previously shown pro-fibro-
genic activity®”. The central role of granulin in
mediating fibroblast activation was supported
by their finding that mice deficient in granu-
lin had a lower burden of liver metastasis and
attenuated fibroblast activation following injec-
tion of pancreatic cancer cells. To dissect the
molecular mechanism by which macrophages
activate pro-fibrogenic activity in fibroblasts,
the authors analysed the secretome of fibro-
blasts incubated with macrophage-conditioned
medium. Analysis revealed significant changes
in proteins associated with remodelling of the
extracellular matrix (ECM), in particular peri-
ostin, previously shown to be upregulated in
the metastatic stroma of multiple cancers®”.
Importantly, the authors also found that peri-
ostin was upregulated in human spontane-
ous hepatic metastases of PDAC, implying
that it has a role in human metastatic disease.
Functional experiments in vitro indicated that
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Figure 1 Metastasizing pancreatic cancer cells recruit monocytes from the bone marrow and colonize
the liver to form micrometastases. Macrophages secrete granulin, which activates resident hepatic
stellate cells to secrete periostin, thus promoting collagen deposition and facilitating metastatic growth.

periostin activity was required to promote
pancreatic cancer cell survival and growth:
secreted factors from hepatic stellate cells
enhanced tumour cell growth, and inhibi-
tion of periostin by a neutralizing antibody
attenuated these growth-promoting effects.
Moreover, induction of periostin in fibroblasts
was shown to depend on granulin: secreted

factors from granulin™" macrophages were
unable to induce the expression of periostin
in hepatic stellate cells. Finally, the authors
performed a series of in vivo experiments that
confirmed that fibroblast activation, enhanced
collagen deposition and liver metastasis indeed
depend on secretion of granulin from recruited
MAMs. Interestingly, in PDAC patients as
well as in mice with liver metastasis, granulin
was upregulated in circulating inflammatory
monocytes, suggesting that monocyte-derived
granulin may have a role in the formation of a
pre-metastatic niche.

The study by Nielsen et al. provides insights
into the complex interactions between mac-
rophages and resident fibroblasts in the liver.
They dissect temporally and molecularly the
sequence of events leading to fibroblast activa-
tion and ECM remodelling, which results in a
permissive microenvironment and metastatic
growth (Fig. 1).

The bidirectional interactions of cancer-
associated fibroblasts with macrophages and
other immune cells in the tumour microenvi-
ronment have been studied mostly in primary
tumors'’. This study offers a new and impor-
tant dimension to the emerging landscape of
the metastatic microenvironment.

Granulin secreted by bone-marrow-derived
cells was previously shown to induce pro-fibro-
genic activation of fibroblasts that instigated the
growth of indolent tumours, suggesting that in
the context of metastasis, activated fibroblasts
may be operative in overcoming metastatic
dormancy?®. The current study expands these
observations, identifies bone-marrow-derived
macrophages as the major source of granulin,
and suggests that fibroblast activation supports
the metastatic growth of disseminated cancer
cells. In light of these findings, it would be
interesting to investigate whether signalling
from the primary tumour or from circulating
monocytes affects stromal cells in the liver. The
study by Nielsen et al. is limited by the use of a
model of experimental metastasis, which does
not allow investigation of the pre-metastatic
niche in the liver. Therefore, it remains to be
investigated whether fibroblast activation and
enhanced collagen deposition precedes the for-
mation of liver metastases. Future experiments
using models of spontaneous metastasis will
better uncover the dynamic molecular inter-
actions and the timing of macrophage arrival at
the metastatic site during the earliest stages of
liver colonization. Are macrophages recruited
systemically by signalling from the primary
tumour, as previously demonstrated®, or by
early-disseminated cells in the liver, or both?

Another question that remains open is the
mechanism by which fibroblast-derived peri-
ostin supports metastatic growth. The in vitro
data indicated that periostin facilitates tumour
cell survival and growth, whereas in vivo instiga-
tion of periostin was associated with enhanced

fibrosis. Future studies could further elucidate
the mechanism and link these observations.

Enhanced collagen deposition and crosslink-
ing were previously shown to support the
formation of lung metastasis in breast cancer''.
The current study expands these findings to
other metastatic niches (in this case, the liver),
and suggests that enhanced fibrosis may be a
more general pro-metastatic mechanism.

Cancer-associated fibroblasts are well estab-
lished as central players in all stages of tumo-
rigenesis and tumour progression'?, but their
role in facilitating metastasis is only beginning
to be revealed. Resident fibroblasts operate as
sentinels of tissue homeostasis and integrity. A
major physiological role of fibroblasts is their
ability to sense tissue damage and activate
a wound-healing program, which includes
enhanced collagen deposition'®. The study by
Nielsen et al. suggests that this physiological
function is hijacked during the formation of
liver metastasis to drive a fibrotic microenvi-
ronment that facilitates organ colonization.
These findings implicate fibroblasts as an
attractive therapeutic target: preventing acti-
vation of resident liver fibroblasts may result
in inhibition of hepatic metastatic relapse.
However, recent studies suggest that the out-
comes of targeting cancer-associated fibroblasts
may be pro- or anti-tumorigenic, depending on
the targeted molecule in fibroblasts and the tis-
sue context, and therefore should be performed
with extreme caution'*'*. Therefore, deepening
our insight on the early molecular interactions
during organ-specific metastatic growth will
form the basis for better design of targeted
therapeutic approaches that may inhibit early
metastatic spread, or even prevent metastasis
altogether.
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