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ABSTRACT
Past failures in clinical trials have dampened the enthusiasm for studying the HGF receptor MET and 
postponed the development of MET-targeted drugs for cancer therapy. However, new evidence suggests 
that, at least in liver cancer, MET is still a promising therapeutic target, and may also be a potential target 
for cancer vaccines. This paper briefly highlights novel research advances in this rapidly-evolving field in 
the perspective of autophagy, and discusses future directions for further investigation of MET-based 
cancer therapy and vaccination.
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Due to the high mortality rate, liver cancer poses a major threat 
to human health. However, the pathogenesis of liver cancer has 
not been fully identified; thus, there is no specific and effective 
treatment for this disease, resulting in a five-year survival rate 
of liver cancer patients of less than 5%. Therefore, how to 
efficiently prevent and control the occurrence and progression 
of liver cancer has become an important public issue.

As the tissue with the greatest regenerative potential, liver 
naturally has a few phenotypes very similar to those of tumors, 
including self-sufficiency in growth signals and limitless replica
tive potential. The hepatocyte growth factor (HGF) and its recep
tor MET were identified decades ago and initially found to be 
closely related to liver regeneration. Subsequent studies confirmed 
their abnormal expression and sustained activation in a variety of 
malignant tumors including liver cancer. As an important mem
ber of the receptor tyrosine kinase (RTK) family, MET dimerizes 
upon binding HGF, and then auto-phosphorylates to activate 
phosphoinositide-3-kinase (PI3K)–protein kinase B (AKT) and 
other downstream signaling pathways that promote cell prolifera
tion and epithelial-mesenchymal transformation. It has been 
reported that the HGF-MET signaling pathway regulates multiple 
aspects of cancer, including its occurrence and development, 
invasion and metastasis, and therapeutic resistance.1 As a result, 
there was early development of HGF/MET-targeted drug candi
dates, such as monoclonal antibodies against the extracellular 
binding sites of receptors as well as small molecular inhibitors 
that directly target the intracellular kinase activity center.2,3 

Unfortunately, previous attempts to put these drugs into clinical 
practice failed or were put on hold. Why was targeted therapy 
against such important targets ineffective? We surmise that the 
current understanding of the action mechanism of the HGF-MET 
signaling pathway in liver cancer, especially in mediating drug 
resistance, is not sufficiently comprehensive.

How should MET be targeted in it-based cancer 
therapy?

Since the liver is the largest metabolic organ in the body, the 
occurrence and development of liver cancer, as well as its 
antagonism to therapeutic stress, inevitably involve repro
gramming of energy usage. Energy metabolism in tumors is 
characterized by the Warburg Effect and glutaminolysis. 
However, tumor cells may also rely on autophagy, 
a protective “self-eating” process, to replenish energy and 
nutrient components. In the event of metabolic dysfunction 
due to drug attack or restricted nutrient supply, excess intra
cellular macromolecules or damaged organelles are digested 
and degraded in auto-lysosomes through the autophagic pro
cess and ultimately recycled to maintain the basic requirements 
for tumor cell survival.

Our recent findings suggest that autophagy plays a critical 
role in the resistance of liver cancer to HGF/MET-targeted 
drugs.4 We found that the HGF-MET signaling pathway is 
crucial for energy metabolism and biosynthesis of liver cancer 
cells; however, when attacked by conventional HGF/MET- 
targeted drugs, they can induce autophagy to rebuild a novel 
biosynthetic pathway that is not dependent on typical metabo
lism, resulting in drug resistance. Autophagy inhibition can 
completely block biosynthesis in such treatments, thereby sig
nificantly improving the efficacy of HGF/MET-targeted drugs 
to treat liver cancer. Mechanistically, we found that Y1234/ 
Y1235 of MET, the central sites of its kinase activity, are also 
involved in the reconstitution of a conserved LC3-binding 
motif. Although MET enzyme activity can be completely sup
pressed when attacked by conventional drugs, the concomitant 
generation of Y1234/Y1235-dephosphorylated MET can 
induce autophagy by recruiting LC3. In the follow-up study, 
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we confirmed that Y1234/Y1235-nonphosphorylated MET is 
closely linked to autophagy in clinical tissue samples, and that 
inhibition of autophagy can significantly enhance the anti- 
tumor effect of conventional HGF/MET-targeted drugs by 
blocking biosynthesis. This is potentially a simple, convenient, 
and practical strategy for improving the effectiveness of cancer 
therapy while avoiding drug resistance. Furthermore, we suc
cessfully prepared high-purity, high-specificity, and high- 
affinity camelid variable heavy homodimers (VHHs) that target 
MET, and proposed the novel idea of the VHH pool as one 
drug candidate.5 We confirmed that, compared to traditional 
small molecule inhibitors or monoclonal antibody drugs, the 
anti-MET VHH pool completely blocks the activation and 
activity of MET kinase and further mediates MET degradation 
via an endocytic-lysosomal pathway to dramatically decrease 
its protein level. These effects of anti-MET VHH pool signifi
cantly inhibit the formation and growth of various tumors 
including liver cancer. Moreover, the anti-MET VHH pool 
avoids antagonism due to MET kinase inhibition-induced 
MET dephosphorylation-activated autophagy. Hence, in addi
tion to proposing a mechanistic explanation for the failure of 
HGF/MET-targeted therapies in past clinical trials, we devel
oped the VHH pool as a new approach for treating cancer. 
These improvements have laid a theoretical and technical 
foundation for further improving the efficacy of HGF/MET- 
targeted liver cancer therapies.

Can MET be targeted for cancer prevention?

Although we preliminarily discussed drug resistance in tar
geted therapy for liver cancer from the perspective of pathway 
interconversion between tumor metabolism and autophagy, 
the body’s optimal defense against cancer ought to be sponta
neous, persistent, and watchful: This inevitably involves the 
immune system. In recent years, there has been growing evi
dence indicating that autophagy is just a biological process to 
recycle nutritive materials, but that it is closely related to the 
immune regulation of tumors.6 For instance, autophagy of 
antigen-presenting cells (APCs) can affect the activation of 
Toll-like receptors, the presentation of antigens by MHC-II 
molecules, and immunological synapse formation. Moreover, 
autophagy in T and B lymphocytes is vital to their differentia
tion and survival under antigen stimulation. As for tumor cells, 
autophagy enhances their ability to release immunostimulatory 
molecules, including but not limited to “find me” signal mole
cules, like ATP and lysophosphatidylcholine, as well as “eat 
me” signal molecules, like calreticulin and phosphatidylserine, 
so that APC progenitor cells are recruited and induced to 
mature and accelerate antigen uptake. In addition, in ATP, 
heat shock proteins, and HMGB1-mediated stimulation- 
dependent manners, autophagy can stimulate APC differentia
tion in parts of tumors and activate inflammasomes, enhance 
tumor antigen processing and cross-presentation, as well as 
increase secretion of interleukin 1beta, thereby regulating the 
functions of γδ T cells and cytotoxic T cells in the tumor 
microenvironment (TME). Together, these findings suggest 
that autophagy can regulate tumor immunogenicity from at 
least three aspects: the immune system, tumor autoantigens, 
and tumor-immune interactions in the TME.

This leads to an important question: since MET is so impor
tant in regulating autophagy in liver cancer, does MET affect 
the immunogenicity of liver cancer? After a substantial amount 
of trial and error, our latest research results show that the 
interaction between MET and the mechanistic target of rapa
mycin (MTOR) is the key for suppression of liver cancer 
immunogenicity. MTOR is a well-known central regulator of 
autophagy. When environmental nutrients are sufficient, 
MTOR promotes metabolism and the synthesis of biomacro
molecules and inhibits autophagy; in contrast, MTOR activity 
is inhibited when available nutrients cannot meet the needs of 
the body, resulting in increased autophagy to keep the body 
alive.7 More importantly, MTOR not only modulates autop
hagy by sensing changes in nutrient metabolism, it also parti
cipates in the body’s immune response – especially immune 
regulation in TME.8,9 MTOR regulates the life cycle of den
dritic cells, the function of effector T cells, the generation of 
memory T cells, the differentiation of helper T cells, as well as 
the activation of natural killer cells, so as to promote the body’s 
anti-tumor immune response. Inhibition of MTOR can inter
fere with the aggregation of myeloid-derived suppressor cells, 
promote the transition from anti-inflammatory tumor- 
associated macrophages to pro-inflammatory ones, induce 
the differentiation of regulatory T cells, and make cancer- 
associated fibroblasts reduce the secretion of cytokines that 
promote tumor growth and resistance to therapy, thus inhibit
ing the formation of immunosuppressive TME. Additionally, 
MTOR inhibition can suppress the expression of programmed 
cell death 1 ligand 1 (PD-L1), which is up-regulated by activa
tion of the MTOR–AKT signaling pathway in most cancer 
cells. So far, we have confirmed that MET is a core component 
of the MTOR complex under physiological conditions. It has 
been found that in addition to the classical RTK–PI3K–AKT 
signaling pathway, MET can enter cells via endocytosis and 
directly binds to the vacuolar ATP synthase (V-ATPase) com
plex to regulate the activity and function of MTOR. We further 
revealed that the newly discovered MET–V-ATPase–MTOR 
signaling pathway, rather than the traditional MET–AKT– 
MTOR pathway, strongly suppresses the protective efficacy of 
liver cancer vaccination. Therefore, we identified a PI3K–AKT 
axis-independent MET–MTOR signaling pathway that deter
mines liver cancer immunogenicity.10

Figure 1. Timeline: Milestone discoveries relating to MET in cancer research from 
2015 to 2020. Ras, rat sarcoma viral proto-oncogene; PARP1, poly(ADP-ribose) 
polymerase 1; CD8, cluster of differentiation 8; CAR T-cell, chimeric antigen 
receptor T-cell; PD-1, programmed cell death 1; GSK3B, glycogen synthase kinase 
3 beta; IFNG, interferon gamma.
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Future perspectives

In past studies, due to limited knowledge, the role of MET was 
largely attributed to its activity as a receptor kinase. Thus, the 
widely adopted MET-targeted therapeutic strategy was based 
solely on inhibition of the activity or activation of MET kinase. 
It was never considered that, when kinase activity is inhibited or 
kinase activation is blocked, MET can induce autophagy in a way 
in which kinase activity is not used, thereby potentially influen
cing the immune system. Our findings indicate that the role and 
mechanism of the autophagy-mediated immune response in liver 
cancer can be systematically analyzed from the perspective of the 
MET–MTOR signaling pathway. Meanwhile, increased clarity of 
the relationship between MET-mediated immune escape and the 
occurrence and development of liver cancer will result in better 
understanding of the rationale behind tumor immunity. In other 
words, identification of the precise interplay between the repre
sentative features of tumors, like deregulating cellular energetics 
and avoiding immune destruction, as well as understanding their 
role in co-promoting tumor growth and survival, from the per
spective of MET, can provide an advanced theoretical basis and 
technical solution for the treatment of tumors.

Milestone discoveries related to MET have been made in 
the last five years (2015–2020) (Figure 1).1–3 However, con
sidering that both the pathophysiological functions and 
relevant mechanisms of MET in cancer are not completely 
clear, further studies including but not limited to the fol
lowings are urgently needed: (1) Given that MET plays 
a compensatory role in acquired resistance of epidermal 
growth factor receptor (EGFR)-targeted therapy, is EGFR 
also involved in MET-targeted therapeutic resistance? (2) 
Are the effects of MET on cancer immunogenicity or other 
immunity-associated functions autophagy-dependent, even 
if MET can regulate autophagy? (3) Since a close connection 
has been found between MET and PD-L1, what is the 
relationship between MET and other immune checkpoints? 
(4) What is the translational potential of MET-targeted 
vaccines in cancer prevention and therapy? (5) What are 
the clinical prospects of MET-based combination treatment, 
and how do we maximize the combined benefits to patients?
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