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The use of high-throughput technologies becomes more
and more relevant every day. Indeed, whole-genome
and whole-exome sequencing represent methodologies
of particular interest in the discovery of new molecular
markers involved in cancer development. In this way, Song
and colleagues identified a series of genomic alterations
playing a potential relevant role in esophageal squamous
cell carcinoma (ESCC) (1). This type of cancer represents
the fourth leading cause of cancer-related death (in 2017,
the estimated new cases and deaths from ESCC in the USA
are 16.940 and 15.690, respectively) with a very poor 5-year
survival rate (only up to 25%) (2). Currently ESCC patients
can be managed with various techniques, such as endoscopy,
surgery, radiotherapy, and chemotherapy (2). However their
effect is limited even if different approaches are combined.

At molecular level, little is known about ESCC, with the
consequence that the application of therapies specifically
targeting molecular alterations is limited. Therefore, it
is of particular relevance to better characterize this type
of cancer at molecular level, thus opening the possibility
of new therapeutic treatments. One of the new markers
identified by Song and colleagues is the PCLO gene, which
encodes for a large multi-domain protein, named Piccolo.
In the last study of Song and colleagues’ group (“Piccolo
mediates EGFR signaling and acts as a prognostic biomarker in
esophageal squamous cell carcinoma” by Zhang W, Hong R,
Xue L, er al., recently published on Oncogene), this protein
was extensively characterized, also in terms of interactions
with other proteins (1,3).
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Piccolo is a presynaptic cytomatrix protein acting as a
scaffold in active zone assembly and may modulate synaptic
vesicles trafficking and monoamine neurotransmitter
release (4,5). Recently, it has been described its involvement
in the regulation of specific protein ubiquitination
and proteasome-mediated proteolysis (6). Piccolo is
characterized by a PDZ domain, Ca’*/phospholipid binding
domains (C2A and C2B) and Zn-finger domains. The PDZ
domain is involved in molecular anchoring and assembly
at the active zone through the interaction with other
presynaptic proteins (7). Furthermore, Piccolo is able to
interact with phosphatidylinositol 4,5-bisphosphate (PIP2).
All these features suggested that Piccolo may be important
in the modulation of membrane trafficking and endocytosis
of several membrane receptors, including the epidermal
growth factor (EGFR), a member of the ERBB tyrosine
kinase receptors family, and one of the most common
oncogenes in cancer that is also highly relevant in ESCC
cancerogenesis (8).

The PCLO gene is the fifth most frequently mutated
gene in ESCC: the Authors found 14 mutations in 13 out of
88 patients (14.7%), in addition to gene amplification in 16
out of 140 ESCC cases (11.4%) (3). Using quantitative real-
time PCR for the evaluation of PCLO mRNA expression
and immunohistochemistry (IHC) for protein expression,
Zhang and colleagues found that tumor tissues showed
significantly higher levels with respect to matched adjacent
normal tissues, thus clearly indicating the involvement
of this marker in ESCC development. Furthermore,
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the authors observed a significant association of Piccolo
overexpression (at protein level) with the risk of lymph
node metastasis, a higher clinical stage, poor overall
survival (OS) and poor disease free survival (DFS) (3,8).
In vivo experiments based on ESCC cell lines confirmed
the association of Piccolo with advanced cases of ESCC,
by demonstrating that Piccolo promotes cell proliferation,
mobility and enhances the development of ESCC (3).
Overall, Piccolo expression can be considered a new
prognostic maker for ESCC.

But, most importantly, Zhang and colleagues shed
light on the proteins which interact with Piccolo: indeed,
based on its features, they hypothesized, and then clearly
demonstrated, that Piccolo interacts with EGFR pathway by
impairing EGFR internalization: eliminating Piccolo results
in decreasing EGFR recycling and influencing the level of
EGFR protein. In particular, PCLO silencing increased
the ubiquitination level of EGFR. Overall, Piccolo acts via
the EGFR pathway to modulate malignancy, in terms of
cell growth, colony formation, migration and invasion (2).
Moreover they found that ESCC patients with high
expression of both Piccolo and EGFR levels had a worse
prognosis than patients with high expression of only one of
them (3).

Finally, since Piccolo is a membrane protein and may
therefore be considered as a potential therapeutic target,
Zhang and colleagues generated a murine monoclonal
antibody (moAb) against Piccolo and demonstrated that this
treatment inhibited cell proliferation in a dose-dependent
manner. Moreover, the administration of moAb specifically
targeting Piccolo may increase the sensitivity to gefitinib,
a tyrosine-kinase inhibitor (TKI) specifically addressed
against EGFR. This inhibition repressed in particular the
ERK/Akt pathway.

Every study demonstrating the discovery and the
involvement of new markers in cancer development
(especially ESCC, characterized by a severe course
disease) are highly welcome, in particular if it is reported
the interaction with known molecular markers for which
targeted therapies are available, or if new potentially active
targeted drugs can be designed and tested, at least in iz vivo
experiments. The study of Zhang and colleagues belongs to
this category. This study generates a lot of questions, not
only concerning Piccolo deregulation itself, but especially
about the possibility to explain, and possibly better predict,
the efficacy of EGFR targeted therapies in other neoplastic
diseases in which EGFR has an important role.

The first case in which the characterization of Piccolo
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may play a potential role in the identification of patients to
be treated with EGFR targeted therapies is head and neck
cancer (HNSCC). These tumours involve different area of
the head or neck and they usually begin in the squamous
cells that line the moist, mucosal surfaces inside the head
and neck. In the USA, HNSCC account for approximately
4% of all cancers and are diagnosed more often among
people over 50 years than among younger people (9).
Researchers estimated that more than 65,000 people would
be diagnosed with HNSCC in 2017 (10). The treatment
for HNSCC depends on the location of the tumour and
can include surgery, radiation therapy, chemotherapy and
targeted therapies. Concerning targeted therapies, at the
moment, there are two drugs against EGFR (both moAb)
which have received approval from international agencies
for the treatment of advanced HNSCC cases: cetuximab
and panitumumab. However, there are no markers able to
predict the efficacy of these therapies in HNSCC: indeed,
neither mutational status nor IHC expression nor gene
copy number variations are predictive for EGFR targeted
therapies response (11). As a consequence, moAb against
EGFR are administered to all metastatic HNSCC patients,
although only a minor fraction (about 10%) may actually
benefit from these therapies. The characterization of
Piccolo expression (or one of the mechanisms underlining
its deregulation, i.e., gene mutations or copy number
variations) may identify patients who can really benefit from
EGFR targeted therapies and studies investigating this issue
are warmly required.

The second example in which Piccolo expression could
influence the treatment of patients is colorectal cancer
(CRC). CRC is the 3rd most diagnosed cancer in both men
and women in Western countries and it is one of the leading
causes of cancer related mortality, accounting, worldwide,
for more than 600,000 deaths annually (12). Standard of care
for patients with CRC is represented by surgery combined
with adjuvant chemotherapy or radiotherapy. However,
more recently, targeted therapies have been included in
the treatment of selected patients with metastatic CRC
(mCRC). In particular, several studies have clearly and
extensively demonstrated that moAbs targeting EGFR may
be effective in the treatment of mCRC patients (13). As
for HNSCC, and although some promising preliminary
data, it has become clear soon that any method for EGFR
evaluation (by assessing protein expression by IHC, gene
copy number variations by fluorescent iz situ hybridization
(FISH) or point mutations by Sanger sequencing) cannot
discriminate between patients who are primary resistant
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from those who benefit from EGFR targeted therapies.
In particular, it has been shown that there is a discrepancy
between EGFR gene status as evaluated by FISH and
protein expression assessed by IHC. In this context,
by altering the stabilization of EGFR protein, Piccolo
may explain these differences and may play a role in the
clinical context. On the contrary, a vast consensus has been
reached with the identification of some markers that are
able to predict the primary resistance to these therapies.
For example the occurrence of point mutations in Kirsten
rat sarcoma viral oncogene homolog gene (KRAS) and
neuroblastoma RAS viral oncogene homolog (NRAS)
are molecular alterations constitutively activating the
main EGFR downstream pathway (14). However, only a
fraction (about 30%) of KRAS/NRAS wild-type mCRC
patients may really benefit from these therapies (15)
and the understanding of the reason why some patients do
not respond remains poor. May Piccolo overexpression be
a new marker for a better refining of KRAS/NRAS wild-
type mCRC patients? Extensive analysis of Piccolo (at
protein, mRNA and gene level) in preclinical models and in
retrospective and prospective trials is hoped.

On the other hand, the evaluation of Piccolo and the
possibility to have moAb against such a molecule may have
important influence on the management of mCRC. Since
a weak positive correlation between Piccolo and EGFR
was observed by Zhang and colleagues, it is conceivable
that Piccolo targeted therapies may synergize with and
strengthen the efficacy of EGFR-targeted therapies.

Finally, the work of Zhang and colleagues reinforces
a new concept in cancer: it seems that it is not only
important the deregulation of the marker itself, but also
the deregulation of proteins which can interact with the
targeted marker. For EGFR, for example, it has been
demonstrated the role of NEU3, a plasma membrane-
associated sialidase. NEU3 removes sialic acid residues
from a variety of glycoconjugates, leading to defects
in glycosylation level, a feature known to play a role
in cancer malignancy and associated with invasiveness
and metastatic potential in cancer cells. Indeed, several
studies have shown that NEU3 is up regulated in most
cancers and, in particular, in a consistent number of CRC,
where it has been demonstrated that NEU3 and EGFR
co-immunoprecipitate, thus indicating a clear direct
interaction between the two proteins (16). Furthermore,
a recent contribution has shown that NEU3 deregulation
may enhance EGFR activation without affecting EGFR
expression (17). In the paper of Zhang and colleagues,
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the authors found that Piccolo, by virtue of its ability to
influence the ubiquitination level of EGFR, regulates
EGEFR stability, thus adding a new member to the group of
proteins able to interact with EGFR, possibly modulating
its activity. New studies evaluating, in the same cohort and
in cellular models, the mutual interaction of EGFR, NEU3
and Piccolo are therefore recommended.

In conclusion, as described in the paper by Zhang W,
Hong R, Xue L ez al., Piccolo protein plays a relevant role
in ESCC because it is frequently altered, it is involved in
EGFR regulation and it seems to be a prognostic marker
for this cancer type (1,8). Researchers are now faced on
the need to investigate also the deregulation of protein
potentially interacting with the marker under investigation.
Data coming from these analyses may lead to a substantial
revolution in the evaluation of predictive biomarkers, in
particular, new studies investigating in more details the
interaction between EGFR and Piccolo, and the clinical
consequences of this interplay, must be performed in the
near future.

Furthermore, the possibility to produce moAb against
Piccolo may open the way to new treatments for patients
affected by Piccolo and by EGFR deregulation.
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