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Trafficking of Trk receptors is essential for
neurotrophin-mediated signaling. Bind-
ing of brain-derived neurotrophic factor
(BDNF) to TrkB, for example, leads to en-
docytosis of the ligand-receptor complex
and formation of a signaling endosome.
This endosome can either act locally to
reshape the cytoskeleton or be trans-
ported to the cell body, where it triggers
changes in gene transcription. Ultimately,
TrkB is either recycled to the cell mem-
brane, where it continues to mediate
BDNF-dependent signaling, or it is de-
graded in a lysosome. Thus, BDNF effects
can vary depending on where and when
TrkB is trafficked (Barford et al. 2017
Develop Neurobiol 77: 405).

Guo et al. now demonstrate that TrkB
trafficking is regulated by ubiquitination.
While investigating the role of ubiquitin
C-terminal hydrolase L1 (UCH-L1), a deu-
biquitinating enzyme that is expressed pre-
dominantly in neurons and is important for
hippocampal synaptic plasticity, they found
that UCH-L1 interacted specifically with
the intracellular juxtamembrane domain of
TrkB. Notably, contextual fear conditioning
increased TrkB ubiquitination and UCH-
L1–TrkB binding in mouse dentate gyrus.
In addition, overexpressing UCH-L1 re-
duced BDNF-induced ubiquitination of
TrkB in cultured hippocampal neurons.
Conversely knocking down UCH-L1 or in-
hibiting the UCH-L1–TrkB interaction with
a blocking peptide increased TrkB ubiquiti-
nation. The blocking peptide also increased
BDNF-dependent loss of surface TrkB, both
by increasing TrkB internalization and by
reducing TrkB recycling to the plasma
membrane.

Likely as a result of increased TrkB in-
ternalization, the blocking peptide ini-
tially increased phosphorylation of Akt, a
downstream effector of BDNF–TrkB signal-
ing. But TrkB was also inactivated more
quickly in the presence of the blocking pep-
tide, leading to a more rapid decay in Akt

phosphorylation. In contrast, mutation of
the TrkB ubiquitination site prolonged Akt
phosphorylation, suggesting that the ubiq-
uitination state determined the duration of
TrkB-mediated signaling. Finally, the block-
ing peptide increased ubiquitination and re-
duced TrkB levels in the dentate gyrus after
contextual fear conditioning, and it reduced
freezing when fear memory was tested.

These results indicate that regulation
of TrkB ubiquitination influences its
abilitytomediateBDNF-dependentsignaling.
Whereas BDNF-dependent ubiquitination of
TrkB appears necessary for its internalization,
deubiquitination by UCH-L1 appears neces-
sary to prevent premature termination of
TrkB signaling. Thus, UCH-L1 might con-
tribute to hippocampus-dependent learn-
ing partly by regulating BDNF signaling.
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Microglia continually scan the brain for signs
of pathogens or injury. When these are de-
tected, microglia proliferate and undergo
morphological and functional transforma-
tion. Activated microglia limit damage and
promote recovery by phagocytosing poten-
tially harmful cellular debris, attracting astro-
cytes to form a glial scar, secreting cytokines
that attract peripheral immune cells, and se-

creting growth factors that promote healing.
But activated microglia can also be harmful,
particularly if theycauseprolongedinflamma-
tion. Whether microglia are on balance help-
ful or harmful remains unclear. It may be that
distinct subclasses of microglia are beneficial
or detrimental and/or that their net effect
changes from positive to negative over time.

Defining the role of microglia has been
challenging partly because it has been diffi-
cult to distinguish their effects from those of
other immune cells. A recently developed
technique overcomes this obstacle by allow-
ing selective depletion of CNS microglia.
Hilla et al. used this technique—oral ad-
ministration of PLX5622, an inhibitor of
colony stimulating factor 1 receptor—to
eliminate microglia in mouse retina and op-
tic nerve. They then investigated the effects
of microglial depletion on degeneration
and regeneration of retinal ganglion cells
(RGCs) after nerve crush injury.

In control mice, microglia proliferated
after nerve crush, and while microglia
phagocytosed cellular debris, reactive astro-
cytes quickly repopulated the site of injury.
In contrast, debris was not cleared in
PLX5622-treated mice, and astrocyte re-
cruitment was delayed. Surprisingly, how-
ever, eliminating microglia had no apparent
effect on RGC survival or axon regeneration
after nerve crush, either with or without lens
injury (which increases RGC survival and
stimulates axon regeneration). Some pe-
ripheral macrophages invaded the retina af-
ter lens injury, but depleting those also had
no effect on RGC survival or axon regener-
ation. Depleting both microglia and periph-
eral macrophages, however, slightly reduced
the number of regenerating axons com-
pared to control conditions.

These results suggest activated micro-
glia in the injured optic nerve function
primarily to clear debris and attract reac-
tive astrocytes. Although microglia influ-
ence axon regeneration, this effect is small
and nonessential. Nevertheless, future work
should use PLX5622-mediated depletion to
investigate the role of microglia in condi-
tions such as multiple sclerosis, stroke, and
Alzheimer’s disease, in which chronic in-
flammation is thought to be a major con-
tributor to neurodegeneration.

This Week in The Journal was written by X Teresa Esch, Ph.D.

Ten days after optic nerve crush, the area lacking astrocytes
(green) around the lesion site (dashed line) was larger in
PLX5622-treated optic nerve (bottom) than in control (top).
See Hilla et al. for details.
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