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Role of Recepteur D’origine Nantais on Gastric Cancer Development 
and Progression
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Recepteur d’origine nantais (RON) is a receptor tyrosine kinase belonging to the sub-
family of which c-MET is the prototype. Large epidemiologic studies have confirmed 
the strong association between RON and gastric cancer development. Constitutive acti-
vation of RON signaling directly correlates with tumorigenic phenotypes of gastric can-
cer and a poor survival rate in advanced gastric cancer patients. In this review, we focus 
on recent evidence of the aberrant expression and activation of RON in gastric cancer 
tumors and provide insights into the mechanism of RON signaling associated with gas-
tric cancer progression and metastasis. Current therapeutics against RON in gastric 
cancer are summarized.
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WHAT IS RON?

Recepteur D’origine Nantais (RON), a protein encoded 
by the MST1R gene in humans, is a receptor tyrosine kin-
ase (RTK) that belongs to the subfamily of which c-MET is 
the prototype. It was first discovered in humans as a novel 
protein sharing 34% and 63% amino acid sequence identity 
with c-MET in extracellular and cytoplasmic kinase do-
mains, respectively (Fig. 1).1 Human RON is a disul-
fide-linked heterodimer protein consisting of an approx-
imately 40-kDa completely extracellular -chain and an 
approximately 150-kDa single-pass transmembrane -ch-
ain.2 The extracellular domain is responsible for ligand 
binding, receptor dimerization, and phosphorylation. This 
domain is divided into semaphoring (Sema), plexin sem-
aphorin-integrin (PSI), and three immunoglobulin-plex-
in-transcription factor (IPT1-IPT3) subdomains.3 The in-
tracellular portion has TK catalytic sites (Tyr 1238 and Tyr 
1239) and carboxy-terminal tail (Tyr 1353 and Tyr 1360) 
act as docking sites for the recruitment of transducers and 
adaptors.4

RON is constitutively transcribed and expressed in dif-
ferent types of cells, mainly of epithelial origins, in the liver, 
lung, gut, kidney, brain, bone, adrenal gland, and skin.5 
Two RON transcripts encoding a full-length RON and a 

short-form RON (SF RON) are often observed in normal 
and cancerous tissues.1,2 The classical RON promoter up-
stream of the major initiation site is responsible for the ini-
tiation of the full-length RON transcript.6,7 The SF RON 
transcript encodes an amino terminus-truncated RON 
that lacks the majority of the extracellular amino acids.1,8 

This isoform is initiated at an alternative initiation site of 
Met913 from an intragenic promoter between RON introns 
8 and 10 (Fig. 2).1,7,9 SF RON is constitutively active and 
present in both normal epithelial and various cancerous 
and leukemic cells.1,8 In addition, post-transcriptional mo-
difications of RON, such as alternative splicing, and pro-
tein truncation, frequently occur to generate multiple RON 
isoforms beyond full-length and SF-RON (Fig. 2).10-17 At 
least nine types of RON isoforms have been identified: RON
∆170, RON∆165, RON∆165.e11p, RON∆160, 
RONE5/6in, RON∆155, RON∆p110, RON∆85 and RON∆
55.18,19

The ligand for the RON receptor is the macropha-
ge-stimulating protein (MSP), also termed the hepatocyte 
growth factor-like protein (HGFL) or the macropha-
ge-stimulating 1 (MST1).20,21 The mature and functional 
MSP encompasses two receptor binding sites that are nec-
essary for ligand-mediated receptor activation.22 MSP 
stimulation is the major cause of RON activation under 
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FIG. 2. Alternative splicing and various isoforms of RON. E: Exon.

FIG. 1. Comparison of human RON and
c-MET. Sema: semaphoring, PSI: plexin 
semaphorin-integrin, IPT: immunoglo-
bulin-plexin-transcription factor, TM: 
transmembrane, TK: tyrosine kinase 
catalytic sites.

physiological conditions.9,21 However, SF RON is con-
stitutively active in normal cells.1,8,9 In tumors, the RON 
activation is most often due to RON over-expression, RON 
mutations, generation of splicing variants/truncated 
forms and, very rarely, increased gene copy numbers (Fig. 
3).19

Dimerization of RON in the cell surface is the first step 
required for RON activation. This activation results in au-
to-phosphorylation in the kinase domain, leading to fur-
ther phosphorylation in the C terminal docking site, which 
recruits cytoplasmic molecules Son of Sevenless (SOS) and 
the growth factor receptor-bound protein 2 (GRB2).23-26 

The negative modulator casitas B-lineage lymphoma 
(CBL), a ubiquitin ligase, also binds to the docking site, re-
sulting in poly-ubiquitylation of Ron molecules, which are 
subsequently sorted for endocytosis and degradation (Fig. 
3). The docking site interacts with downstream signaling 
proteins, triggering classical RAS-mitogen-activated pro-
tein kinase (MAPK), Janus kinase/signal transducer and 
activator of transcription 3 (JAK-STAT3), and phosphoino-
sitide 3-kinase-protein kinase B (PI3K-AKT) pathways. 
These pathways are responsible for increased prolifera-
tion, survival, epithelial to mesenchymal transition (EMT), 
migration, motile-invasive activity, angiogenesis, and che-
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FIG. 4. Downstream signaling of RON activation. GRB2: growth factor receptor-bound protein 2, MAPK: mitogen-activated protein
kinases, ERK1/2: extracellular signal-regulated kinase 1/2, IB: nuclear factor of kappa light polypeptide gene enhancer in B-cells
inhibitor, alpha, EMT: epithelial mesenchymal transition, TGF-: transforming growth factor beta, NF-B: nuclear factor kappa light
chain enhancer of activated B cells, JAK: janus kinase, STAT3: signal transducer and activator of transcription 3, mTOR: mamalian
target of rapamycin, HIF1: hypoxia inducible factor 1-alplha, P70S6K: ribosomal protein S6 kinase, GSK3: Glycogen synthase kinase
3 beta.

FIG. 3. Receptor activation of RON. SOS:
son of sevenless, GRB2: growth factor 
receptor-bound protein 2, CBL: casitas 
B-lineage lymphome.

moresistance (Fig. 4).27,28

ABERRANT EXPRESSION OF RON IN GASTRIC 
CANCER

RON is important in the progression, invasion, and 
metastasis of gastric carcinoma (Table 1).29 The aberrant 
expression and activation of RON in gastric tumors as well 
as gastric cancer cells have been conclusively documented. 

For examples, RON was expressed in 73% of gastric tu-
mors30 and 56.1% of gastric carcinoma tissues, signifi-
cantly higher than that in paraneoplastic tissues (25.6%) 
and completely absent in normal gastric mucosal tissue.31 
The latter study also reported that progressively deeper in-
filtration by gastric carcinoma cells was associated with 
progressively stronger expression of the RON protein. The 
protein expression was positively and statistically sig-
nificantly correlated with perigastric lymph node meta-
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TABLE 1. Summary of studies investigating the association of RON expression and activation in gastric cancer development

RON and Gastric cancer Ref

RON∆165 was detected in gastric cancer tissue, and enhanced the invasive properties in vitro 10
RON specific antibody, IMC-41A10, completely inhibited MSP-induced MAPK activation in gastric cancer cells 30
RON expression in gastric carcinoma tissues was significantly higher than that in paraneoplastic tissues 31
RON expression correlated with the invasive depth of the tumor, perigastric lymph nodes metastasis, 

and malignant tumor stages
31

MSP-RON signaling up-regulated urokinase receptor (UPAR), in turn enhanced gastric cancer cell invasion ability 38
RON targeted siRNA inhibited NF-B activation and caused a change in Bax/Bcl-2 ratio in a manner that 

favored apoptosis
39

In gastroesophageal cancer samples, 35.5% showed high RON gene copy number, 11% contained RON juxtamembrane
mutation R1018G

32

RON targeting siRNA suppressed migration, invasion, blocked the activation of MAPK, and Akt signaling, and induced
apoptosis in gastric cancer cells

33

Tumor promoter stimulates RON expression, and in turn enhanced invasiveness of gastric cancer cells, AGS 37
Synthetic HSP inhibitor, EC145, that was able to inhibit RON expression in gastric cancer, inhibited the gastric 

tumor growth
52

EGCG inhibited gastric tumor growth and substantially decreased in vivo RON expression levels 54
Chrysin inhibited gastric cancer cell invasion via RON inhibition 55
miR375 functions as a tumor-suppressor gene in gastric cancer by targeting RON 56

FIG. 5. Intracellular signals of RON activation for the growth and
invasion in gastric cancer cells. CDKI: Cycline-dependent kinase
inhibitor, CDK4: Cycline-dependent kinase 4, MAPK: Mitogen- 
activated protein kinases, Erk1/2: extracellular signal-regulated
kinase 1/2, JNK: c-Jun N-terminal kinases, AP-1: Activator pro-
tein-1, NF-kB: nuclear factor kappa-light-chain-enhancer of acti-
vated B cells, UPAR: Urokinase receptor.

stasis and the clinical pathology stage. Its expression was 
stronger in the Borrmann III/IV group (63.6%) than in the 
Borrmann I/II group (53.8%), stronger in the distant meta-
stasis group (68.2%) than in the non-distant metastasis 
group (52.6%), and stronger in the histologically lower dif-
ferentiated group (52.4%) than in the moderately and high-
ly differentiated histology group (39.1%).31

A study of gastric and gastroesophageal junction tissue 
samples found that RON was highly over-expressed in 74% 
of gastroesophageal samples, with over-expression prog-
nostic of poor survival. RON and c-MET co-expression oc-
curred in 43% of samples and were also prognostic of worse 
survival rates. High RON gene copy numbers were seen in 
35.5% of cases that correlated with poor survival. A novel 

somatic RON juxtamembrane mutation R1018G was also 
found in 11% of cancer samples.32

A recent study evaluated the expression of RON at RNA 
and protein levels by RT-PCR and immunohistochemistry 
in human gastric cancer tissues, paired normal gastric mu-
cosa, and metastatic or non-metastatic lymph node tissues 
from the same patients acquired by endoscopic biopsy and 
from surgical specimens.33 The authors confirmed the 
up-regulation of RON expression in cancer tissues com-
pared with paired normal mucosa at the RNA level. 
Immunostaining of the RON protein was predominant in 
the cytoplasm of cancer cells and metastatic lymph node 
tissues, but was undetectable in the tumor stroma. 
Patients with positive RON expression reportedly have an 
elevated risk of death after adjustment for age and tumor 
size.33

RON∆165 is a unique RON isoform whose expression 
has been assessed in gastric cancer tissue. It was first de-
tected as abnormally accumulating in KATO-III human 
gastric cancer cells. This isoform is constitutively activated 
by disulfide-linked intracellular oligomerization because 
it contains an uneven number of cysteine residues. The in-
tracellular activation of this isoform is followed by the ac-
quisition of invasive properties in vitro.10 A subsequent 
study involving human gastric cancer samples also docu-
mented that RON∆165 was strongly expressed in fresh 
gastric carcinoma tissue, corresponding paraneoplastic 
tissue, and perigastric lymph nodes with metastatic 
carcinoma. In contrast, expression of RON∆165 was not 
observed in normal gastric mucosa and normal lymph node 
tissue samples.31
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TABLE 2. Developed therapeutic agents against RON (Recepteur D’Origine Nantais) in Gastric cancer

Therapeutic Agents Type Other target Development Phase Ref

IMC-41A10 MAb None Preclinical 30
Foretinib TKI MET, VEGFR-2, AXL Phase II clinical 43,44
T-1840383 TKI MET, VEGFR1-3, RET, RSE, TIE2, TRKA Preclinical 45
SU11274 TKI MET Preclinical 32,46,47
EC145 HSP90 inhibitor HSP, MET Preclinical 51,52
EGCG Flavonoid Preclinical 54
Chrysin Flavonoid Preclinical 55
miR375 miR Preclinical 56

mAb: Monoclonal Antibody, TKI: Tyrosine kinase inhibitor, miR: Micro RNA, VEGFR: Vascular Endothelial Growth Factor Receptors,
TIE: Tunica internal endothelial cell kinase,  TRKA: Tropomyosin receptor kinase A, HSP: Heatshock protein.

FIG. 6. Intracellular signals of RON activation for the cell apopto-
sis in gastric cancer cells. XIAP: X-linked inhibitor of apoptosis
protein, Bcl-2: B-cell lymphoma 2, Bax: Bcl-2-associated X pro-
tein, Bik: BCL2 Interacting Killer, Bad: Bcl-2-associated death 
promoter, Bid: BH3 interacting domain death agonist, BimSL: 
Bcl-2-like protein 11, PTEN: Phosphatase and tensin homolog.

RON SIGNALING IN GASTRIC CANCER 
PROGRESSION

Aberrant RON expression and activation increase the 
likelihood of activation of oncogenic signaling leading to 
the development of gastric cancer. RON small interfering 
RNA (siRNA) was used to investigate the involvement of 
RON expression in the development of gastric cancer. 
Knockdown of RON suppressed gastric tumor cell migra-
tion and invasion, and induced cell cycle arrest by decreas-
ing cyclin D1, cyclin D3, and CDK4, and by inducing p21 
and p27 expression.33 Phospho-STAT3 (p-STAT3), a poor 
prognostic indicator for gastric cancer,34-36 was determined 
to be associated with RON and MET expression and 

activation. p-STAT3 extensity and intensity progressively 
increased from preneoplastic to neoplastic tissues, and was 
not detected in adjacent normal tissues. STAT3 was highly 
expressed in 86% and p-STAT3 in 74% of the tissue sam-
ples, respectively, directly correlating with RON and 
p-RON expression. This data supports the hypothesis that 
STAT3 is an important downstream mediator of RON and 
c-MET in gastro-esophageal cancer (Fig. 5).32

It has been shown that signaling cascades, including Akt 
and MAPK, are significantly blocked by knockdown of 
RON.33 The authors described that RON expression was 
significantly associated with tumor size, depth of invasion, 
lymph node metastasis, tumor stage, and poor survival. 
These results associated RON expression with gastric tu-
mor progression mediated by the inhibition of cell cycle ar-
rest, enhanced migration, and enhanced cell invasion 
ability.33 We have demonstrated that RON expression is 
associated with gastric cancer development through en-
hanced cancer cell invasiveness. The tumor promoter phor-
bol 12-myristate 13-acetate (PMA) stimulates RON ex-
pression in AGS gastric cancer cells with the main involve-
ment of Egr-1 transcription factors. RON stimulation 
markedly enhances invasiveness of these cancer cells.37 In 
another study,38 we revealed that MSP-RON signaling 
up-regulates the urokinase receptor (UPAR), which in turn 
enhances cancer cell invasion ability. The UPAR simu-
lation involves the MAPK/extracellular signal-regulated 
kinase (Erk)-1/2, MAPK/JNK, activator protein-1 (AP-1) 
and nuclear factor-kappa B (NF-kB) transcription factors 
(Fig. 5).38

The role of RON expression in apoptotic process of gastric 
cancer cells has also been investigated. RON targeted 
siRNA effectively inhibits the constitutive NF-B activa-
tion and alters the ratio of Bax/Bcl-2 in a manner that fa-
vors apoptosis. siRNA silencing of RON induces cyto-
chrome c release and the activation of caspase-8 and -9.39 
Knockdown of RON leads to an increase in the pre-apop-
totic proteins Bid, Bik, BimSL, Bad, and phosphatase and 
tensin homologs (PTEN), and a decrease in the anti-apop-
totic X-linked inhibitor of the apoptosis protein (XIAP) in 
AGS and MNK28 gastric cancer cells, which ultimately in-
duces apoptosis (Fig. 6). These results indicate the close as-
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sociation of aberrant RON expression and activation with 
gastric tumor development due to the inhibition of apopto-
sis and induced growth and mobility of gastric tumor cells.

RON TYROSINE KINASE RECEPTOR AS TARGET 
FOR GASTRIC CANCER THERAPY

RON has been clearly implicated in the progression of 
various cancers, especially pancreatic, colon, breast, and 
lung cancer.18,40,41 Cancer therapeutic strategies targeting 
RON that have been developed include hybridoma-based 
and phage-based monoclonal antibodies, anti-RON anti-
body to allow drug delivery, small molecular inhibitors, 
and targeted small peptides.18 Many preclinical studies as 
well as a clinical trial have been performed to confirm the 
efficacy of these strategies in treating metastatic diseases, 
especially pancreatic, colon, and breast cancer.

In gastric cancer, the aberrant expression of RON has 
been demonstrated, and RON has been implicated in the 
progression of gastric cancer progression. These findings 
have identified RON as a potential target for developing 
new gastric cancer therapies. However, compared to pan-
creatic, colon, or breast cancer, preclinical and clinical 
studies of RON targeted therapies for gastric cancer are 
still limited (Table 2).

IMC-41A10 is a unique RON-specific human antibody 
developed for gastric cancer therapy by Eli Lilly (ImClone 
Systems) based on phage-display technology. IMC-41A10 
avidly binds to RON and blocks the interaction between 
MSP and RON. There is no cross-reactivity with c-MET 
protein and no agonistic activity for RON. The ability of 
IMC-41A10 to inhibit RON phosphorylation was checked 
on NIH3T3 cells over-expressing the recombinant 
wild-type RON protein. When these cells were serum 
starved and stimulated with MSP, tyrosine phosphor-
ylation of RON was readily detected and could be sig-
nificantly inhibited (75%) by the addition of IMC-41A10. 
IMC-41A10 also completely inhibits MSP-induced phos-
phorylation of MAPK in AGS gastric cancer cells.30

Many of the current small molecular weight tyrosine 
kinase inhibitors (TKIs) targeting RON have been inves-
tigated for their potential in cancer treatment. However, 
owing to their structural similarities with c-MET and other 
RTKs, TKIs specific to RON have not been reported.18 
Moreover, a study reported the co-expression of c-MET is 
recognized in 43% of RON-expressing tumors; co-ex-
pression of these RTKs was predictive of worse overall sur-
vival than over-expression of RON alone.32 Short hairpin 
RNA (shRNA) knockdown of RON alone in cancer cell lines 
was found not to prevent tumor progression, while enhanc-
ing HGF/c-MET signaling.42 These data suggests that a 
co-targeted agent for these RTKs is necessary for the suc-
cessful treatment of cancers is necessary.42 

Foretinib (GSK1363089) is an oral multi-kinase in-
hibitor capable of inhibiting multiple targets, including 
c-MET, VEGFR-2, RON, and AXL. A preclinical study 
showed that foretinib effectively inhibits the growth of gas-

tric cancer cells by blocking the signal transduction path-
way of tyrosine kinase.43 However, a Phase II clinical study 
found that this inhibitor did not improve the survival of pa-
tients with advanced gastric cancer without previous 
chemotherapy.44 Therefore, the exact effect of foretinib re-
mains unclear.

T-1840383 is another potent tyrosine kinase inhibitor 
targeting c-MET, RON, and other TKs, such as VEGFR1-3, 
RET, RSE, TIE2, and TRKA. T-1840383 inhibited tumor 
growth in association with reduced p-MET, p-AKT, and 
p-ERK expression in a MKN45 xenograft model. In a peri-
toneal dissemination mouse model generated from gastric 
cancer cells, T-1840383 treatment significantly prolonged 
survival.45

SU11274 was recognized as a small molecule TKI of 
c-MET. In gastric cancer, SU11274 can block hepatocyte 
growth factor-induced EMT, down-regulation of Snail-2 
and vimentin, and up-regulation of E-cadherin in MKN45 
cells.46 SU11274 can also suppress the proliferation of tu-
mor cells and inhibit their migratory potential. In a mouse 
model of peritoneal dissemination established from 
MKN45 cells, SU11274 reduced the numbers and sizes of 
peritoneal tumors.47 However, a recent study reported that 
SU11274 inhibits both c-MET signaling and MSP-induced 
RON signaling.32 This study also confirmed that in AGS 
cells (Kras mutant, adherent) the inhibition of wound mi-
gration was not significant with RON or c-MET protein 
knockdown alone, but was optimal with the simultaneous 
knockdown of both proteins. Similarly, apoptosis was high-
est in the setting of dual c-MET and RON protein knock-
down in early and late apoptosis versus either alone. To 
evaluate the effect of RON and c-MET inhibition combined 
with chemotherapy, gastro-esophageal cells were treated 
with SU11274 and/or oxaliplatin chemotherapy, resulting 
in a synergistic decrease in viability. This suggests the effi-
cacy of SU11274 in gastric cancer treatment; its effect 
should be mediated by both RON and c-MET signaling 
impact. 

HSP90 was recently implicated as an attractive target 
for the treatment of cancer because of its central role in on-
cogenic signaling.48-50 Interestingly, evidence exists that 
RON could be a novel HSP90 client, since mutated RON is 
susceptible to HSP90 inhibitor-mediated degradation.51 A 
novel synthetic HSP inhibitor designated EC145 can in-
hibit RON expression in gastric cancer in physiologically 
relevant conditions as well as using PMA, which strongly 
induces RON via protein kinase C signaling.52 Treatment 
with EC154 reportedly substantially disrupts MSP-RON 
signaling, as evidenced by diminished downstream phos-
phorylation and total protein levels of the substrates 
Erk1/2, Akt, and STAT3 in cancer cells. EC154 leads to an 
effective dose-dependent inhibition of growth of AGS gas-
tric cancer cells and the growth of gastric tumors in sub-
cutaneous xenograft models of gastric (TMK-I) cancer. 

The effectiveness of natural flavonoids against a variety 
of cancers has been reported.53 We have reported that epi-
gallocatechin gallate (EGCG), the most abundant poly-
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phenol in green tea, can inhibit PMA induced RON ex-
pression and reduce RON transcriptional activity in 
TMK-1, MKN28 and AGS gastric cancer cells.54 Egr-1 tran-
scription factors are down-regulated by EGCG; these fac-
tors are important in the EGCG-mediated inhibition of 
RON expression. EGCG treatment is reported to reduce 
RON-mediated AGS cell invasion and, in a subcutaneous 
gastric cancer xenograft model, treatment with EGCG in-
hibited growth of TMK-1 gastric tumors and substantially 
decreased in vivo RON expression levels compared to the 
control group. 

Chrysin is another naturally occurring flavonoid with 
demonstrated anti-cancer effects that are evident as the 
suppression of RON expression through blockage of Egr-1 
and NF-B in AGS gastric cancer cells, which inhibits gas-
tric cell invasion.55

Recently, we revealed that miR-375 functions as a tu-
mor-suppressor gene in gastric cancer by targeting RON.56 
This was the first report of RON regulation mediated by 
miRNA, which heralds a new strategy for gastric cancer 
based on RON targeting. The observation that expression 
of miR-375 reduced transcription activity of 3’-untranslat-
ed region (UTR) fragments of RON-encoding mRNA con-
firmed that miR-375 directly targets the 3’-UTR of RON 
mRNA. Moreover, we found that over-expression of miR-375 
inhibits mRNA and protein expression of RON, accom-
panied by the suppression of cell proliferation, migration, 
and invasion in AGS and MKN-28 gastric cancer cells.56 In 
the same study, ectopic miR-375 expression or knockdown 
of RON by siRNA induced G1 cell cycle arrest and sup-
pressed tumorigenic properties of cancer cells. This data 
provides evidence that miR-375 acts as a suppressor of 
metastasis in gastric cancer by targeting RON, and might 
represent a new potential therapeutic strategy for gastric 
cancer treatment. 

CONCLUSION

There is a close association between RON and gastric 
cancer progression. RON expression is elevated in gastric 
carcinoma tissue and this expression is correlated with the 
invasive depth of the tumor and perigastric lymph node 
metastasis. High RON expression is prognostic of poor sur-
vival in advanced gastric cancer patients. The data sug-
gests that controlling RON expression could improve the 
low efficacy of radiotherapy and chemotherapy that are 
currently experienced in gastric cancer treatment. The ex-
pression and activation of RON may act as a key regulator 
of gastric cell growth as well as gastric tumor progression. 
Although current preclinical and clinical studies of an-
ti-gastric cancer therapeutic agents against RON are lim-
ited and have mostly involved c-MET targeting agents, a 
large body of scientific evidence supports the view that 
blocking RON signaling could offer an advantage toward 
improving of therapeutic potential in gastric tumors. The 
collective data indicate that RON expression and activa-
tion are important in driving the progression of gastric 

cancer. Targeting RON is a promising strategy for the 
treatment of gastric cancer.
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