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Targeting the oncogenic Met receptor by antibodies 
and gene therapy 
E Vigna and PM   Comoglio 

 

 

 
THE ONCOGENIC MET RECEPTOR 

In cancer cells, loss of growth control is the devastating 
phenotypic feature of genetic alterations. Even if a plethora of 
mutations almost invariably affects transformed cells, the vast 
majority of them are irrelevant or dispensable to the expression of 
the malignant phenotype (‘passenger’ mutations). On the 
contrary, specific lesions affecting genes directly involved in the 
control of cell growth, in few instances a single oncogene, have 
the role of ‘drivers’, sustaining the disease.1 In this scenario, it is 

on the basis of Met gene amplification, benefit from anti-Met 
therapy.11,12

 

As well as in normal cells, Met stimulates cell growth, 
‘scattering’, invasion, protection from apoptosis in transformed 
cells and angiogenesis in the tumor microenvironment, thereby 
acting as a powerful expedient for cancer survival and dissemina- 
tion (‘expedience’).13 Notably, Met behaves as a ‘stress-response 
gene’ and it is overexpressed as a transcriptional adaptation of 
cancer  cells  to  unfavorable  microenvironmental  conditions, 

conceivable that a drug aimed at the product of a driver gene will including hypoxia14
 and therapeutic ionizing radiations.15

 Both 

fulfill the properties for the long-sought ‘targeted’ anti-cancer 
therapy.2 

Receptors with tyrosine kinase activity are interesting candi- 
dates for targeted therapy, as they are often aberrantly activated 
in human cancers.3 Among different receptors with tyrosine 
kinase activity, the hepatocyte growth factor (HGF)    receptor, 

Met ‘addiction’ and ‘expedience’ are independent from the ligand 
HGF. However, superimposition of the ligand, released by 
paracrine or autocrine circuits, may exacerbate the phenotype. 
Within the hidden roots of the tumor, some cells get special 
benefit from Met expression. As an example, in a subset of 
glioblastomas, high Met expression sustains the stem-like and the 16 

encoded by the Met oncogene, is a ‘master gene’ controlling the invasive  phenotype  of  cancer  stem cells. Furthermore, in 

genetic program known as ‘invasive growth’.4 In some cancers, 
Met behaves as a driver, that is, it has been selected in the 
Darwinian tumor evolution for the long-term maintenance of the 
transformed phenotype: those cancers appear to be dependent 
on (or ‘addicted’ to) Met signaling for their growth and survival. 
Such constitutive signaling results from a transmissible genetic 
lesion, mutation or—more often—gene amplification. Described 
for the first time in hereditary and sporadic papillary renal 
tumors,5 Met point mutations have been later found in a vast 
variety of solid cancers (Table 1) and a number of them have been 
functionally validated for their ability to trigger constitutive Met 
activation (Figure 1). Interestingly, the frequency of  missense 
genetic alterations is enriched in metastatic lesions from head and 
neck squamous cell carcinomas6 and in cancer of unknown 
primary origin.7 Met gene amplification is spread among 2–4% 
percent of epithelial cancers (COSMIC database: www.sanger.ac. 
uk) and it is also one of the molecular mechanisms responsible for 
secondary resistance to anti-epithelial growth factor receptor 
(EGFR) therapy in non-small cell lung cancer (NSCLC) and 
colorectal cancers.8–10 According to the concept of Met addiction, 
metastatic gastric and esophagogastric cancer patients,  selected 

metastatic  colorectal  cancers,  the  subpopulation  of cancer- 
initiating cells takes advantage of Met signaling to blunt the 
therapeutic response to EGFR-targeting agents.17

 

Because of its dual role as a necessary oncogene for some 
tumor and as an adjuvant, prometastatic gene for others, Met is a 
validated target for therapeutic intervention. 

 
 
HOW  TO  INHIBIT  MET SIGNALING 

To quench Met signaling, a number of drugs have been 
developed, including chemical kinase inhibitors and monoclonal 
antibodies (mAb) targeting either the ligand (HGF) or the receptor 
(Met).18,19 Small molecule tyrosine kinase inhibitors translocate 
through the plasma membrane and interact with the receptor 
kinase domain, acting as ATP mimetics.20 Both selective and non- 
selective inhibitors are under development. On one hand, 
selective drugs would be preferable, as, in principle, a narrow 
specificity window reduces off-target side effects. On the other 
hand, simultaneous inhibition of several intracellular signaling 
pathways may contribute to therapeutic efficacy. TKI activity can 
be hindered by the presence of point mutations affecting the 
tridimensional  structure  of  the  receptor  kinase  domain, not 
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Table 2.     Antibodies against HGF (ligand) or Met     (receptor) 
 
 

Antibody  Specifications  Target  Mechanism of action  Developmental 
stage 

Amix  Mixture of five murine mAb  HGF,  ɑ‐chain  Ligand  displacement  Preclinical 
AMG102/ Rilotumumab  Human mAb  HGF,  β‐chain Ligand  displacement  Clinical phase II
L2G7, TAK‐701  Murine, humanized mAb  HGF Ligand  displacement  Clinical phase I
SFN68  Rabbit/human chimeric  HGF in  complex with Ligand  displacement  Preclinical

 

1E2+6E10 
mAb 
Bispecific nanobodies 

Met
HGF and serum albumin

 

Ligand  displacement 
 

Preclinical 
AV299/ Ficlatuzumab  Humanized mAb  HGF Ligand  displacement  Clinical phase II
R13+R28  Human recombinant  Met Ligand competition+ADCC  Preclinical

mAbs 
LMH panel  Murine mAbs  Met  precursor and/or Interference with cell  Preclinical

mature form (Sema surface receptor  recycling 
domain)

SAIT301 
Anti c‐met  nanobody 

Humanized mAb 
Bispecific nanobody 

Met
Met and serum

Receptor downregulation 
Ligand  competition 

Preclinical
Preclinical

albumine
LY2875358  Humanized mAb  Met Ligand competition,  Clinical phase II

receptor internalization 
H224G11/ ABT 700  Humanized mAb  Met Ligand competition,  Clinical phase I/Ib

receptor downregulation, 
ADCC

OA‐5D5/ Onartuzumab  Monovalent humanized  Met Sema domain Ligandcompetition  Clinical phase II/III
Fab+Fc

MvDN30  Monovalent chimeric  Met IPT domain Receptor shedding  Preclinical

  Fab       
 
 

DN30 FAB GENE THERAPY: AN INNOVATIVE ROUTE FOR MET 
TARGETING 

Conventional immunotherapy requires complex procedures to 
produce and purify the antibody and the hassle of frequent 
repeated administrations. Gene therapy, that is, transfer of genes 
encoding the therapeutic antibody, may bypass such limitations, 
allowing direct, continuous and sustained production of the 
therapeutic molecule by the host. Far from being a standard 
option for cancer therapy, it is a promising alternative to more 
toxic—or still absent—conventional treatments.78 Gene therapy 
would be the preferred choice in the case of Fabs, such as DN30 
Fab, to bypass the intrinsic limitation due to their extremely short 
half-life. Among the spectrum of vectors offered by the state-of- 
the-art genetic engineering, lentiviral vectors (LV) have the unique 
property to integrate the gene cargo into non-proliferating cells,79 

such as cancer stem cells where the Met oncogene plays a crucial 
role.16,17 Concerns about LV biosafety have been overcome, as 
demonstrated by the Food and Drug Administration approval of 
clinical protocols employing LVs.80,81 LVs are suitable both for local 
and systemic delivery. Local administration, such as intratumor 
infusion, offers some advantages, as (i) toxicity due to ‘off-target’ 
effects is minimized by the limited spread of the vector and (ii) the 
response is amplified, thanks to the secretion of the transgenic 
Fab into the surrounding tumor tissue (‘bystander’ effect). On the 
other hand, intratumor administration has some drawbacks, as a 
‘suicide’ negative selection of vector-infected Fab synthesizing 
cancer cells takes place. This problem is circumvented by systemic 
administration of the vector, as the therapeutic protein is 
produced in a distant organ (notably liver and spleen), by cells 
shielded from suicide effects. To date, DN30 Fab gene therapy has 
been challenged in two preclinical models of Met-driven tumors, 
representative of unmet clinical needs: a glioblastoma multiforme, 
sustained by HGF-Met autocrine loop, and a Met-addicted NSCLC, 
presenting Met gene amplification. DN30 Fab gene therapy—both 
local and systemic—has given promising results, comparable or 
superior to those obtained by conventional administration of the 
purified antibody.69,82 This approach, far from being an ‘out 
of the box’ clinical protocol, gives a strong proof of concept, 

encouraging further studies to explore gene therapy alone and in 
combination with molecular targeted or standard drugs. 

 

CONCLUSION 

The results obtained from ongoing clinical trials of HGF or Met 
antibodies are encouraging, once again validating the notion of 
the crucial role played by this oncogenic receptor in driving/ 
supporting the transformed phenotype of selected cases. It would 
be therefore highly relevant to define the actionable anti-Met 
therapeutic opportunities by molecular diagnosis.83 In this respect, 
specific Met antibodies will be a valuable diagnostic tool for 
immunohistochemistry, as well as for use with innovative, non- 
invasive technologies such as imaging by quantitative PET and 
SPECT-Scan.84 Between the current strategies to inhibit the 
oncogenic Met pathway, namely to target the ligand or the 
receptor (see Table 2), the receptor options seem to be more 
rationale, as it will hit cancer cells driven by both ligand- 
dependent and ligand-independent mechanisms of activation. 
While antibodies targeting the receptor binding site work through 
a  mechanism  functionally  superimposable  to  that  of ligand 
antibodies, those physically removing Met from the cell surface 
will have ‘an extra oomph’. 
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