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PTPRO Promotes Synapse
Formation
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Presynaptic and postsynaptic membranes
are held in close apposition by transsynaptic
adhesion molecules. Axons and dendrites
express different sets of these proteins, and
each type of protein binds to specific part-
ners in the apposing membrane. When
expressed in nonneuronal cells, synaptic ad-
hesion molecules induce the formation
of synaptic specializations in contacting
neurites from co-cultured neurons. This
suggests that the molecules trigger synapto-
genesis. But synapses still form after these ad-
hesion proteins are knocked out, and in some
cases, knockout has minimal effects on the
number of synapses formed. Therefore, some
researchers have questioned the necessity of
these proteins in synapse formation.

Searching for synaptic adhesion mole-
cules with a clearer role in synaptogenesis,
Jiang et al. screened a library of large cDNAs
for transcripts that induced synaptic special-
izations in mouse hippocampal neurons
co-cultured with transfected nonneural
cells. Two isoforms of PTPRO, a type III
subtype of receptor-type protein tyrosine
phosphatases, induced neuronal clustering
of the presynaptic protein synapsin 1, as well
as proteins selectively expressed in glutama-
tergic and GABAergic presynaptic terminals
(vGLUT1 and GAD65, respectively). PTPRO
was expressed in all regions of mouse brain
during the first postnatal week, but levels de-
clined gradually thereafter. Furthermore,
PTPRO was expressed at higher levels in
postsynaptic compartments than in presyn-
aptic compartments, and it appeared to be
co-localized more frequently with excitatory
synaptic proteins than inhibitory synaptic
proteins. Notably, overexpressing PTPRO
in neuronal cultures increased the density
of both vGLUT1 and GAD65 puncta. It
also increased the frequency of miniature
EPSCs, a measure of presynaptic gluta-
mate release. More importantly, knock-
ing down PTPRO reduced the density of
vGLUT1- and GAD65-containing puncta

by nearly 50%. It also reduced the fre-
quency of miniature EPSCs and IPSCs.

These results suggest that PTPRO, ex-
pressed postsynaptically, promotes forma-
tion of both glutamatergic and GABAergic
presynaptic specializations. Interestingly,
previous work has shown that members of
another subtype of receptor protein tyrosine
phosphatases—subtype IIa—are expressed
presynaptically and induce synapse forma-
tion through interactions with various post-
synaptic proteins (Takahashi & Craig 2013
Trends Neurosci 36:522). Future work
should determine whether these or other
presynaptic proteins interact with PTPRO
and identify intracellular protein interac-
tions that allow PTPRO to promote synapse
development.
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Tissue injury prompts immune cells to release
various inflammatory molecules, which in-
crease nociceptor sensitivity and alter pain
circuits. Consequently, otherwise innocu-
ous stimuli evoke pain. Inflammation can
lead to long-term changes in synaptic con-
nectivity and gene expression in pain path-
ways, resulting in chronic pain. Male and
female mice exhibit similar increases in pain

sensitivity (allodynia) after injury, but sur-
prisingly, these increases are produced by
different physiological processes. For exam-
ple, microglial activation is required for the
development of allodynia in males, whereas
T cells normally play this role in females.
Such differences in pain mechanisms—
which stem from differences in sex-horm-
one expression—might contribute to the
higher incidence of chronic pain in women
than in men.

Women who suffer from chronic pain
often experience relief from symptoms dur-
ing pregnancy. The mechanisms responsi-
ble for this effect are unknown. Because sex
hormones shape how allodynia develops in
males and females, Rosen et al. hypothesized
that hormonal changes during pregnancy
also alter the roles of these cells, in this case
producing analgesia. To investigate this
possibility, they compared the effects of mi-
croglial inhibitors and T cell depletion on
allodynia produced by spared nerve injury
or an inflammatory mediator in males, nul-
liparous females, and females at various
stages of pregnancy.

Injury produced comparable levels of
mechanical allodynia in male, nulliparous,
and early pregnant mice. As pregnancy
progressed, however, allodynia decreased,
and by the last week of pregnancy, mice
showed no sign of injury-induced allo-
dynia. This pregnancy-associated analge-
sia was mimicked in ovariectomized mice by
administration of estradiol and progesterone.
Importantly, allodynia was not suppressed
in pregnant T-cell deficient mice (which like
males, exhibit microglia-dependent allo-
dynia), but it did occur if T cells from late-
pregnant wild-type mice were transferred
to T-cell-deficient mice. The effect of T cells
was likely mediated by upregulation of
�-opioid receptors, which occurred in late-
pregnant wild-type, but not T-cell-deficient
mice. Indeed, pregnancy-associated analge-
sia was absent in mice lacking this receptor.

These results suggest that pregnancy-
associated analgesia relies on estrogen and
progesterone effects mediated through T-cell-
induced upregulation of �-opioid receptors.
Further elucidation of this process might lead
to new treatments for chronic pain.
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vGlut1 (purple) and GAD65 (blue) puncta form around HEK
293T cells (green) expressing PTPRO (bottom), but not around
control HEK 293T cells (top). See Jiang et al. for details.
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