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Abstract

Lung cancer is the leading cause of cancer-related death in men and women with a 5-year survival rate of 18%. The PI3K/Akt pathway plays a
role in non-small cell lung cancer tumorigenesis and progression. FCH domain only 1(FCHO1) is overexpressed in lung cancer and promotes
entry into mitosis and G1/S phase transition, leading to cancer cell growth. Our group has investigated the relationship between FCHO1 and
the Akt signaling pathway, which plays an important role in lung cancer growth. Serine 570 of human FCHO1, a part of the Akt kinase motif,
was known to be phosphorylated by Akt. To inhibit FCHO1 phosphorylation, we developed the FCHO1 ¢! peptide. FCHO1 ¢! peptide
exhibits higher binding affinity to Akt and inhibits lung cancer cell proliferation. Moreover, the FCHO1 ***"" peptide significantly decreased
p-Akt, p-ERK and CDC2 levels. These results suggest that the FCHO1 *%37" peptide inhibits cancer progression through the Akt/ERK/CDC2
pathway.

There are few studies investigating the function of FCHO1 in cancer cell growth. In this mini review, we summarize recent articles on the role

of FCHO1 in lung cancer progression. The reviewed articles suggest that inhibition of FCHO1 activity through the regulation of Akt signaling
could be developed as a novel lung cancer treatment.
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Activation of Akt Promotes Lung Cancer Progression

Akt mediates growth factor-associated cell survival.
Constitutive activation of Akt (phosphorylated Akt, p-Akt)
occurs in several human cancers, including lung cancer, and
may be associated with poor prognosis and chemotherapy
and radiotherapy resistance [1-3].

Akt, or protein kinase B, a serine/threonine protein kinase [4],
is activated downstream from phosphatidylinositol 3-kinase
(PI3K), by various growth factors, including insulin, insulin-like
growth factor-l, and epidermal growth factor [5]. Activated
Akt (phospho-Akt, p-Akt) is a strong promoter of cell survival
because it antagonizes and inactivates various components of
the apoptotic cascade such as proapoptotic Bad, caspase-9,

and forkhead transcription factor family members [6,7]. The
PI3K/Akt signaling pathway regulates the G1/S cell cycle
transition by modulating the transcription of cell cycle proteins
and suppressing cell cycle inhibitors [8]. A dysregulated cell
cycle is often associated with increased tumorigenesis and
accelerated tumor growth [9].

FCH Domain Only 1 (FCHO1) Promotes Lung Cancer
Growth

Clathrin-mediated endocytosis is the major endocytic
pathway by which eukaryotic cells internalize cell-surface cargo
proteins and extracellular molecules, thereby enabling a broad
range of biological processes, including cell signaling, nutrient
and growth factor uptake, and cell fate and differentiation [10].
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FCH domain only 1 (FCHO1) is a member of the Fer/CIP4
homology-Bin/amphiphysin/Rvs (F-BAR) protein family, which
is a characterized by the presence of the F-BAR domain [11].
The F-BAR domain of FCHO1 is associated with membrane
tubulation during early endocytosis [12].

FCHO1 with truncations or mutations in the F-BAR domain
was isolated from patients with T cell lymphopenia. Because
these mutations severely perturb T cell receptor endocytosis,
FCHO1 affects T celland receptor-mediated immune responses
[13]. Silencing of FCHO1 causes severe developmental defects
in zebrafish [14]. These data suggest that FCHO1 is involved in
the regulation of cell growth and development.

Overexpression of FCHO1 affects mitosis in lung cancer
[15], and FCHO1 plays an important role in the G1/S phase
transition and may be related to cancer, immune responses,
and diseases related to growth disorders.

However, there are few studies focusing on the relationship
between FCHO1 and cancer [15-17]. Recently, we studied

the effect of FCHO1 on lung cancer and found that FCHO1
is overexpressed in many cancer cells [15]. We showed that
overexpression of FCHO1 promotes lung cancer cell growth
by activating cell division [16]. It was confirmed that the size
of lung tumors was decreased in response to direct delivery
of the shRNA FCHO1 in a lung cancer mouse model. In
addition, FCHO1 is overexpressed in lymph node metastases
from primary lung tumors [17]. These results suggest that
overexpression of FCHO1 plays a significant role in the growth
and metastasis of lung cancer [15,17] (Figure 1).

We investigated the relation between FCHO1 and the Akt
signaling pathway, which plays an important role in lung
cancer growth. Serine 570 of human FCHO1 is part of the
kinase motif (RXRXXS) that is phosphorylated by Akt. We
developed the FCHO1 %%7" peptide, which inhibits Akt
phosphorylation. The FCHO1 peptide containing the RXRXXS
motif shows higher binding affinity to Akt, which suppresses
lung cancer cell proliferation [16]. These results support that
upregulation of FCHO1 in the lung promotes the progression
of lung cancer by modulating cell-cycle progression.

Oncogene - FCHO1

overexpression

L Og

Lung Cancer Cells

= p-AKT |

/

ERK

e

Proliferation Growth

Figure 1: Effects of FCHO1 on lung cancer growth.
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FCHO1 Regulates Mitotic Proteins in Lung Cancer

Lung cancers develop the ability to bypass several cell-
cycle check points, and tumor cell proliferation is frequently
associated with genetic or epigenetic alterations in key
regulators of the cell cycle [18]. The PI3K/Akt/mTOR
(mammalian target of rapamycin) signaling pathway is well
characterized and plays essential roles in lung cancer cell
proliferation and survival [19,20]. The PI3K/Akt pathway
regulates the G1/S cell cycle transition by modulating the
transcription of cell cycle proteins and suppressing cell cycle
inhibitors [21].

Proteomics analysis after FCHO1 overexpression in lung
cancer cells show that, FCHO1 regulates the expression of
cell cycle-related proteins, particularly midbody proteins
expressed in the G1/S phase [15,16].

Suppression of SMAD Family Member 4 (SMAD4) promotes
metastasis of lung tumors by activating Akt [22]. A recent study
showed that upregulation of SMAD4 inhibits Akt, thereby
promoting lung cancer cell death induced by FCHO1 peptide.
The FCHO1 peptide also induces G2/M cell cycle arrest and
apoptosis by downregulating cell division control protein 2
(CDC2) and, Akt and inhibiting Extracellular signal-regulated
kinase (ERK) phosphorylation [16]. Knockout of FCHO1 also
affects mitochondrial electron-transport protein expression.
An increase in mitochondrial electron-transport proteins
occurs frequently during the G1/S phase transition [23].

FCHO1 was identified as a midbody protein by co-
immunostaining with a midbody marker protein, although
these results have not been published. Mitotic cell division is
crucial for the proliferation, differentiation, and development
of cells [24]. Failure to faithfully divide the genomic material,
as well as cytoplasmic organelles and signaling molecules,
leads to carcinogenesis and various developmental disorders
[25]. Cytokinesis is a terminal stage of cell division, that results
in the formation of two genetically identical daughter cells
connected by an intercellular bridge containing the midbody
[26]. Several major signaling pathways involved in cell
proliferation, migration and cell fate have been localized to
the midbody [27]. The midbody protein FCHO1 shRNA induces
cell death by inhibiting lung cancer mitosis [15], suggesting
that suppression of FCHO1 expression affects G1/S phase
transition and could be developed as a therapeutic strategy
for lung cancer [15].

Therapeutic Strategy Based on FCHO1 Function

Akt phosphorylation and cell-cycle progression are essential
for cell growth [28]; therefore, Akt phosphorylation and G1/S
phase regulators are targets for cancer treatment [29,30]. The
role of FCHO1 in cancer and related signaling pathways has

not been investigated to date, although data from our group
suggest that FCHO1 overexpressed in cancer cells.

Evidence indicates that FCHO1 overexpression plays a role in
lung cancer growth, which highlights the need to identify and
develop novel targets to inhibit FCHO1 expression [15,16]. In
addition, the involvement of FCHO1 in cell growth suggests
that developing therapeutic agents, targeting FCHO1 could
be an effective strategy for the treatment of various disease
including cancer [14].

siRNAs or peptides capable of inhibiting FCHO1 expression
could be used to regulate Akt downstream-signaling pathways
by directly inhibiting Akt activity [15,16]. These results may
lead to the development of lung cancer therapeutics targeting
FCHO1.

FCHO1 shRNA induces lung cancer cell death by inhibiting
Aurora kinase B (Aurora B) which plays an important role in
mitosis [15,31]. Although many drugs that inhibit the activity
of Aurora kinase B are being developed in clinical practice,
there are many limitations [32,33]. The development of a new
therapeutic agent capable of inhibiting the expression of
FCHO1 and simultaneously inhibiting Aurora kinase B activity
will be important for the treatment of lung cancer.

MicroRNAs (miRNAs) are another approach to regulate the
expression of FCHO1[34]. MiR-99a and miR-5481 directly
regulate the PI3K/Akt signaling pathway and inhibit cell
proliferation and invasion of lung cancer cells [35-37]. miR-99a
or miR-5481-mediated inhibition of FCHO1 may thus suppress
the proliferation of lung cancer cells. The inhibition of FCHO1
expression and the ability to modulate the associated Akt and
cell cycle signaling pathways could be important strategies
leading to novel lung cancer therapeutics (Figure 2).

We recently showed that FCHOT1 is a midbody protein that
regulate mitosis [15]. Studies on the mechanism of action of
FCHO1 asamid-body proteininvolvedin lung cancer cell death
and progression will also be important for the development of
new lung cancer therapeutics.

Conclusion

There are currently no studies investigating the role of FCHO1
in lung cancer progression. Work from our group showed that
inhibition of FCHO1 expression and activity is a potential
strategy for the treatment of lung cancer drugs capable of
inhibiting FCHO1 directly affect the activity of Akt [16]. Recent
work from our group showed that FCHO1 plays an oncogenic
role in lung cancer [15]. Given the elevated level of FCHO1
expression and its role in lung cancer, therapeutic agents that
modulate the Akt signaling pathway could be developed as
targeted therapeutics for requlating FCHOT1 in lung cancer.
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Figure 2: Schematic diagram of the development strategy of FCHO1 as a lung cancer treatment.
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