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The metastatic spread of primary lesions to 
distant organs is the main cause of death 
from cancer.1 Although the conversion of 
dormant micrometastatic cancer cells into 
overt metastases is a critical and therapeuti-
cally relevant point in disease progression, 
the molecular and cellular mechanisms that 
underpin this conversion remain unclear. 
Immunosurveillance appears to play a key 
role in this process.2 Thus, T lymphocytes 
appear to prevent the escape of micrometa-
static cancer cells from dormancy in many 
tumor models. However, how micrometa-
static cells suppress the immune system 
to enable metastatic outgrowth is largely 
unknown. Therefore, identifying and tar-
geting pathways that are employed by neo-
plastic cells to subvert antitumor immune 
responses during metastatic outgrowth is 
particularly important, as the prevention 
of early metastatic dissemination may not 
be clinically feasible.

Macrophage stimulating 1 (hepatocyte 
growth factor-like) (MS1), also known as 
macrophage-stimulating protein (MSP), is 
a glycoprotein released from the liver into 
the blood as an inactive precursor, and is 
activated locally on macrophages upon 
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The MSP/RON signaling pathway favors the conversion of micrometastatic lesions to overt metastases by suppressing 
antitumor immune responses. The loss of RON functions in the host potentiates tumor-specific CD8+ T-cell responses, 
hence inhibiting the outgrowth of metastatic cancer cells. Thus, RON inhibitors may potentially prevent the outgrowth 
of micrometastases in cancer patients.

cleavage by the macrophage protease sup-
pression of tumorigenicity 14 (colon carci-
noma) (ST14, best known as matriptase).3 
Upon cleavage, activated MSP can bind 
to its receptor, macrophage stimulating 
1 receptor (c-met-related tyrosine kinase) 
(MST1R, also known as RON), which is 
expressed by epithelial cells, osteoclasts, 
and macrophages. The MSP/RON signal-
ing axis generally promotes cell prolifera-
tion, survival, and chemotaxis. Although 
mice lacking Msp or Ron exhibit no obvi-
ous developmental defects, they are sus-
ceptible to toxic shock upon infection or 
injury due to the inability of their macro-
phages to downregulate pro-inflammatory 
cytokines while upregulating anti-inflam-
matory ones.4,5 Thus, the MSP/RON sig-
naling axis is critical for the regulation of 
immune responses to external insults.

RON has also been reported to play a 
role in a wide range of human cancers.3 
ST14 and RON are overexpressed in 
around 45% and 50% of human breast car-
cinomas, respectively.6 Moreover, the co-
overexpression of MSP, ST14, and RON 
constitutes an independent prognostic fac-
tor for metastasis and death among breast 

carcinoma patients. We have previously 
reported that the overexpression of MSP 
in MMTV-PyMT mice (which spontane-
ously develop breast carcinoma upon the 
mammary gland-specific expression of the 
polyomavirus middle T antigen, PyMT) 
promotes the metastatic spread of neo-
plastic lesions to a wide range of organs, 
including lungs, lymphatic vessels, bones, 
and the spleen.6 However, it was unclear 
whether the MSP/RON signaling axis 
would contribute to metastasis through 
cell-intrinsic mechanisms or by modulat-
ing inflammation.

To dissect the cell-intrinsic vs. cell-
extrinsic role of MSP/RON in metastasis, 
we performed tissue complementation 
experiments in the MMTV-PyMT mouse 
model.7 In particular, we overexpressed 
MSP in RON-expressing MMTV-PyMT 
cancer cells, and transplanted them ortho-
topically into wild-type (WT) or Ron−/− 
hosts. Although tumor growth was similar 
in WT and Ron−/− animals, the loss of host 
RON abrogated pulmonary metastasis. 
We determined that the absence of metas-
tasis was actually due to the inability of 
micrometastatic cancer cells to generate 
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macrometastases. In turn, such a defect in 
metastatic outgrowth exhibited by Ron−/− 
mice was due to enhanced antitumor 
CD8+ T-cell responses. CD8+ T cells from 
Ron−/− hosts secreted higher levels of tumor 
necrosis factor α (TNFα) and exerted more 
robust cytolytic activity in vitro than their 
WT counterparts. Importantly, adop-
tively transferred Ron−/− CD8+ T cells effi-
ciently blocked the metastatic outgrowth 
of micrometastatic cancer cells, while 
WT CD8+ T  cells did not. Conversely, 
both the genetic and the pharmacological 
ablation of CD8+ T cells was sufficient to 
restore the capacity of breast carcinoma 
cells to form macrometastases in Ron−/− 
mice. The inhibition of RON with BMS-
777607 (also known as ASLAN002), a 
selective inhibitor of its tyrosine kinase 
activity, reduced metastatic outgrowth, 

both in prophylactic and adjuvant set-
tings. Significantly, the antimetastatic 
activity of BMS-777607 relied on CD8+ 
T  cells, as this molecule completely lost 
its efficacy in the context of CD8+ T-cell 
depletion. Altogether, our findings reveal 
a novel pathway that malignant cells har-
ness to suppress immune responses during 
metastatic outgrowth7 (Fig. 1).

Immunosubversion is a critical step in 
tumor progression.8 The microenviron-
ment of primary neoplastic lesions is par-
ticularly immunosuppressive, featuring 
increased levels of cytokines and media-
tors that inhibit CD8+ T-cell responses, 
such as arginase and interleukin (IL)-10.8 
However, tumor cells that have invaded a 
new microenvironment may be more vul-
nerable to immunosurveillance. Based on 
our recent findings, we propose that some 

cancer cells may upregulate MSP as an 
additional mechanism to evade antitumor 
immune responses. Moreover, our data 
demonstrate that RON is important for 
immunosuppression even when tumors 
do not overexpress MSP, perhaps reflect-
ing the activation of circulating MSP by 
macrophage- and/or tumor-derived serine 
proteases.

The detailed molecular mechanisms 
whereby the MSP/RON signaling axis 
suppresses antitumor immunity are still 
unknown. Based on previously findings9 
and our recent results, RON appears to 
favor the polarization of macrophages 
toward the immunosuppressive M2 phe-
notype. Alternatively, the pharmacologi-
cal or genetic inhibition of RON may 
result in the widespread establishment of 
a pro-inflammatory cytokine milieu that 

Figure 1. RON signaling suppresses antitumor CD8+ T-cell responses. (A) The binding of cancer cell-derived macrophage-stimulating protein (MSP) 
to RON stimulated myeloid cells to produce decreased levels of interleukin (IL)-12, interferon γ (IFNγ) and tumor necrosis factor α (TNFα) as well as 
increased amounts of IL-10. This cytokine profile suppresses antitumor CD8+ T cell responses and enables micrometastatic cancer cells to generate 
macrometastases. (B) The loss of RON signaling in the host, be it caused by genetic or pharmacological interventions, switches cytokine secretion by 
myeloid cells to a profile characterized by high levels of IL-12, IFNγ, and TNFα as well as by reduced amount of IL-10. This relieves immunosuppression, 
potentiating an antitumor CD8+ T-cell response that kills micrometastatic tumor cells.
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contains high levels of IL-12 and TNFα 
and hence boosts CD8+ T-cell responses. 
Additional genetic models of impaired 
RON signaling are required to dissect the 
precise molecular mechanisms that under-
lie our observations.

Although RON inhibitors are currently 
explored as targeted cytotoxic agents,10 our 

findings suggest that these chemicals may 
also exert therapeutically relevant immu-
nostimulatory effects. Thus, the clinical 
success of RON inhibitors may require a 
careful design of clinical trials, the selec-
tion of specific patient cohort and the 
development/exploitation of immunologi-
cal biomarkers. In conclusion, we propose 

that the inhibition of the MSP/RON sig-
naling axis may be an exciting addition 
to the growing armamentarium of cancer 
immunotherapies.
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