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Autophagosome–lysosome fusion:
PIs to the rescue
Linsen Li1,2,3 & Qing Zhong1,2

Phosphoinositides (PIs), a small fraction of
the cellular lipids, function in almost all
cellular physiological processes and espe-
cially in intracellular membrane traf-
ficking events. PIs play a critical role in
autophagy, but only PI(3)P is well studied.
In this issue of The EMBO Journal,
Hasegawa et al (2016) identified INPP5E,
an inositol polyphosphate 5-phosphatase,
as a novel regulator of autophagy. INPP5E
controls the level of PI(3,5)P2 at the lyso-
some and thereby locally regulates the
actin cytoskeleton and autophagosome–
lysosome fusion.

See also: J Hasegawa et al (September 2016)

K inases and phosphatases alter the

phosphorylation status of phos-

phatidylinositol in the 3-, 4-, and 5-

positions of the inositol ring to generate

distinct phosphoinositides (PIs), widely

known as the second messengers in trans-

ducing signals from cell surface receptors,

like G protein-coupled receptors (GPCRs)

(Marinissen & Gutkind, 2001). PIs are also

important for endomembrane identity, for

shaping membranes, controlling vesicle traf-

ficking, and organelle physiology. PI(3)P, for

example, plays a significant role in endocytic

trafficking and is a well-known regulator

of autophagy (Petiot et al, 2000). PI(4)P,

PI(4,5)P2, and PI(3,4,5)P3 primarily localize

to the plasma membrane, and PI(4)P is not

only an intermediate of PI(4,5)P2 syn-

thesis, but also has important functions

in controlling plasma membrane ion channels

(Hammond et al, 2012). PI(4,5)P2, a substrate

of class I phosphoinositide-3-kinases and

the precursor of PI(3,4,5)P3, is thought to be

an important molecule for regulated exo-

and endocytosis, while PI(3,4,5)P3 itself is

critical for plasma membrane polarization

and membrane traffic (Balla, 2013). All

these signals suggest that PIs other than

PI(3)P may also play a critical role in

autophagy.

Polyphosphate-5-phosphatases, which can

remove the phosphate from the 5-position of

PI(3,5)P2, PI(4,5)P2, and PI(3,4,5)P3, are

divided into four types, and INPP5E is the

only type IV 5-phosphatase with a

high affinity toward dephosphorylating

PI(4,5)P2 and PI(3,4,5)P3 (Kisseleva et al,

2000; Kong et al, 2000). This protein

contains an N-terminal proline-rich segment

with 13 PxxP motifs, followed by a putative

immunoreceptor activation motif (ITAM)

domain, two critical central phosphatase

domains, and a C-terminal farnesylation

CAAX motif (Kisseleva et al, 2000). We used

to think that this enzyme only localizes at the

Golgi and partially at the plasma membrane,

but Hasegawa et al (2016) now found that

INPP5E also localizes to lysosomes in neuro-

blastoma cells.

Previous work has shown that INPP5E

coordinates the initiation of ciliogenesis. It

localizes to the ciliary axoneme and colocal-

izes with fluorescently tagged centrin-2,

which indicates the base of cilia. Defective

primary cilia cause a broad spectrum of

human genetic disorders, termed ciliopa-

thies, and Joubert syndrome is one of them.

Joubert syndrome is an autosomal recessive

disorder presenting with psychomotor delay,

hypotonia, ataxia, oculomotor apraxia, and

neonatal breathing abnormalities. Joubert

syndrome-associated mutation of INPP5E

causes an unstable cilium in response to

stimulation (Bielas et al, 2009).

It is widely believed that Joubert

syndrome is a cilia-associated disorder, but

in this issue of The EMBO Journal, Hasegawa

et al (2016) show that INPP5E also plays a

critical role in autophagy and that autophagy

is dysfunctional in the presence of disease-

associated mutant INPP5E. The authors

performed an siRNA screen for phosphatases

of PIs to reveal the potential functions of

PIs other than the well-studied PI(3)P in

autophagic flux regulation. The result

showed that the knockdown of INPP5E

significantly decreased autophagic flux.

Further analyses indicated that INPP5E func-

tions after the autophagosome is sealed and

that it is required for autophagosome–

lysosome fusion.

The authors also revealed that this

feature is dependent on both phosphatase

activity and its lysosome localization.

However, by using LysoSensor, they found

that INPP5E is not essential to maintain

the luminal acidity of the lysosome, and its

degradation activity is also not affected by

INPP5E knockdown. Furthermore, after

knocking down INPP5E, the lysosomes can

still degrade DQ-BSA and EGF normally,

showing that the lysosome–endosome

fusion and degradation pathways are not

affected in INPP5E-depleted cells. This indi-

cates that the effect of INPP5E on fusion

is specific to autophagosomal–lysosomal

fusion. To understand how INPP5E affects

this fusion process, it was essential to deci-

pher the 5-PI substrate of INPP5E in this

context. Using phosphonate-specific protein
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probes, surprisingly PI(3,5)P2 (but not

PI(4,5)P2) was shown to be the specific

substrate of INPP5E on the lysosome.

To uncover the functional mechanism of

INPP5E in autophagy, Hasegawa et al

(2016) tested the effect of INPP5E on actin

polymerization at the lysosome. They found

that INPP5E can enhance actin polymeriza-

tion at the lysosome, a process necessary

for autophagosome–lysosome fusion. They

also provided a plausible mechanism. It

was previously reported that cortactin binds

to actin via its actin filament-binding

region, and PI(3,5)P2 competes with actin

filaments for cortactin binding (Hong et al,

2015). Hasegawa et al (2016) found that

INPP5E decreases the PI(3,5)P2 levels on

the lysosome and therefore releases

cortactin from PI(3,5)P2 trapping. Cortactin

is then further activated by phosphoryla-

tion, and the activated cortactin binds to

actin, which improves and stabilizes actin

polymerization on the lysosome, an event

that is essential for autophagosomal fusion

with lysosomes.

As mentioned above, INPP5E is well

known for its role in ciliogenesis and is

mutated in the ciliopathy Joubert syndrome.

In this study, Hasegawa et al (2016) use the

Joubert syndrome-related INPP5E mutation

to attempt rescue of the autophagy defect in

INPP5E-knockdown cells. None of the

disease-associated mutations can rescue the

autophagy defect caused by the depletion of

INPP5E. Thus, the results indicate that

Joubert syndrome may not only be a ciliopa-

thy, but also a disease linked to autophagy

deficiency, raising the possibility to treat

Joubert syndrome by targeting autophagy.

The study cannot exclude the possibility that

INPP5E regulates autophagy through its

effects on primary cilia in ciliated cells and

likely centrosomes in non-ciliated cells. It will

be helpful in the future to decipher whether

autophagy is directly affected or whether

INPP5E-regulated cilia modulate autophagy.

Taken together, the study reveals that the

phosphatase INPP5E, and the turnover of

PI(3,5)P2 mediated by it, are necessary for

actin polymerization to allow autophago-

some–lysosome fusion. However, it remains

unclear how INPP5E activates cortactin. Is

there a direct interaction or an indirect inter-

action via PI(3,5)P2? INPP5E is well known

for its effect on primary cilia (Bielas et al,

2009; Jacoby et al, 2009), and ciliogenesis is

highly related to autophagy (Pampliega

et al, 2013; Tang et al, 2013). Future investi-

gations will reveal whether and how

INPP5E-dependent PI(3,5)P2 conversion into

PI(3)P, autophagy, and ciliogenesis are

potentially all interconnected.
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Figure 1. INPP5E is essential in neurons for autophagosome–lysosome fusion.
INPP5E partially localizes on lysosomes where it converts PI(3,5)P2 to PI(3)P. Cortactin can directly bind PI(3,5)P2, and INPP5E decreases PI(3,5)P2 levels to potentially
release cortactin. Released cortactin then can be phosphorylated by kinases to become activated. Activated cortactin functions to promote actin polymerization and to
maintain the stability of actin filaments on lysosomes. Hasegawa et al (2016) suggest that decreased actin filament abundance due to PI(3,5)P2-bound cortactin is
responsible for the compromised autophagosome–lysosome fusion observed in INPP5E-deficient and disease-associated mutant-expressing neuronal cells.
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