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An unexpected role for PI4,5P, in EGF receptor
endosomal trafficking
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Epidermal growth factor receptor (EGFR)
is highly expressed or overly active in many
types of cancer, including head and neck,
breast, ovarian, esophageal and non-small
cell lung cancers.! Increased expression of
EGEFR has been associated with resistance
to standard therapies and poor patient
prognosis. EGFR signaling promotes can-
cer progression by stimulating angiogen-
esis, cancer cell proliferation, migration,
invasion and metastasis. To design more
efficient anti-EGFR therapies for cancers,
the mechanisms by which EGFR expres-
sion and signaling are modulated must be
well defined.

Phosphoinositides control EGFR sig-
naling during the endocytosis, endosomal
sorting and lysosomal degradation of
EGFR.*? It is well established that PI4,5P,
is abundant at the plasma membrane and
is required for clathrin-dependent endocy-
tosis of membrane receptors,’ while PI3P
is abundant at endosomal membranes,
where it recruits PI3P binding proteins
that are essential in endosomal sorting
of receptors.” Though PI4,5P, is pres-
ent at endosomes, its role in endosomal
sorting is unexpected and was largely
ignored in previous work. Recently, we
have demonstrated that type Igamma
phosphatidylinositol ~ phosphate  kinase
i5 (PIPKIvyi5), an enzyme that generates
PI4,5P,, is targeted to endosomes and is
required for the endosomal sorting and
lysosomal degradation of EGFR. These
findings challenge the dogma that PI4,5P2
primarily functions in endocytosis, while
PI3P controls endosomal sorting.

PIPKIy is a major enzyme that syn-
thesizes P14,5P, in the cell.® Six PIPKIy
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variants, known as PIPKIyil-i6, have
been identified in humans.” They are
sequence identical in their N terminus
and kinase domain, but each isoform has
a unique extension at the C terminus,
which mediates their targeting and inter-
action with distinct effector proteins. For
example, talin and the exocyst complex
form a unique interaction with PIPKIyi2,
which modulates adhesion turnover and
cell polarization and is required for EGF-
induced directional migration of cancer
cells and could modulate cancer metas-
tasis.” Alternatively, PIPKIyi5 controls
EGFR endosomal sorting and degrada-
tion, as shown in Figure 1. PIPKIvyi5 spe-
cifically interacts with Sorting Nexin 5
(SNX5), an endosomal PI4,5P, effector.
At endosomes, production of PI4,5P,
by PIPKIyi5 is required for the interac-
tion of SNX5 with Hrs, a key subunit of
the endosomal sorting complex required
for transport-0 (ESCRT-0) that binds
and mediates the sorting of EGFR from
the limiting membrane to intraluminal
vesicles (ILVs) of the multivesicular body
(MVB). The SNX5-Hrs interaction pro-
tects Hrs from ubiquitination, a modifi-
cation that inhibits Hrs function. Thus,
PIPKIyi5 and SNX5 are required for a
strong interaction of Hrs with ubiquiti-
nated EGFR and facilitate Hrs-mediated
EGEFR intraluminal sorting. This process
is critical for the termination of EGFR
signaling and degradation of EGFR at
lysosome. Loss of either PIPKIyi5 or
SNXS5 leads to the accumulation of acti-
vated EGFR at the limiting membrane of
endosomes, where EGFR continues to sig-
nal and cannot be degraded. This results
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in highly enhanced and prolonged EGFR
signaling, including ERK and AKT acti-
vation, which also correlates with cancer
progression. The functions of PIPKIvyi2
and PIPKIyi5 in EGFR-mediated cell
migration and EGFR signaling suggest
potential roles of PIPKIy in cancer pro-
gression. Changes in alternative splicing
for PIPKIy in cancer may affect cancer
progression. For instance, an increase of
PIPKIyi2 expression, which enhances
migration, and decrease of PIPKIyi5
expression, which enhances EGFR sig-
naling, could correlate with
progression.

Therapeutic anti-EGFR  monoclonal
antibodies, such as cetuximab and pani-

cancer

tumumab, have been used as a therapy to
treat cancers. The interaction of the mono-
clonal antibodies with membrane EGFR
stimulates the endocytosis and lysosomal
degradation of EGFR.® But many cancers
are resistant to this therapy. Loss of the
PIPKIyi5 signaling nexus could block the
lysosomal trafficking and degradation of
EGEFR. It provides a possible mechanism
of resistance to anti-EGFR monoclonal
antibody therapy. The PIPKIvyi5 signaling
nexus could potentially be manipulated
to promote the degradation of EGFR and
terminate its signaling with significant
clinical implications.

The function of PIPKIyi5 signaling
nexus in endosomal trafficking is recep-
tor-selective. It suggests that there are
distinct pathways that control endosomal
trafficking and degradation for different
subsets of receptors. Further studies can
explain how the endosomal sorting of spe-
cific receptors is modulated dependently
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Figure 1. PIPKlyi5 controls EGFR signaling. To control EGFR signaling, the activated receptor is rapidly ubiquitinated and endocytosed to endosomes.
The receptor continues to signal at the limiting membrane of endosomes until it is sorted into ILVs of MVB. This process requires PIPKIyi5 and SNX5 to
coordinate with Hrs in the ESCRT complex to mediate intraluminal sorting of the receptor. Loss of PIPKIvyi5 or SNX5 results in enhanced and prolonged
EGFR signaling. This increased signaling of EGFR often occurs in cancers and leads to enhanced angiogenesis, cancer cell survival, proliferation, inva-
sion and metastasis.
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