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Main and Accessory Olfactory
Pathways Converge on Single
Amygdalar Neurons

Sepideh Keshavarzi, John M. Power, Eva H. H.
Albers, Robert K. S. Sullivan, and Pankaj Sah

(see pages 13020 –13028)

The amygdala is essential for generating
appropriate physiological and behavioral
responses to affective stimuli. It not only
responds to stimuli that have innate affec-
tive value (e.g., pheromones), but also
acquires responses to stimuli that are repeat-
edly associated with emotional events. For
many animals, odors are especially potent
affective stimuli. Both the main olfactory
system, which processes volatile odors, and
the accessory olfactory system, which pro-
cesses pheromones, send projections to the
amygdala. Information from each pathway
is conveyed to the medial amygdala (MeA),
where—as Keshavarzi et al. have discov-
ered—it converges on individual neurons.

Keshavarzi et al. recorded from neu-
rons in the posteroventral division of the
MeA (MePV) in brain slices while stimu-
lating extracellularly either in the molecu-
lar layer, which activated inputs from the
accessory olfactory bulb (AOB), or in the
cortical amygdala (CoA), which activated
inputs from the main olfactory system.
Every recorded neuron responded to
stimulation of either site with AMPA- and
NMDA-receptor-dependent EPSCs. Both
the rise time and decay time constant of
evoked EPSCs were longer for AOB inputs
than for CoA inputs, however. This differ-
ence was attributable at least partly to a
difference in the location of AOB and CoA
synapses on the dendritic arbor: AOB inputs
innervated the distal branches, whereas
CoA inputs innervated proximal dendrites.
Short-term plasticity also differed between
sites: whereas AOB synapses typically
showed paired-pulse facilitation, CoA in-
puts showed paired-pulse depression, sug-
gesting CoA synapses had a higher initial
release probability than AOB synapses. Fi-
nally, temporal summation of trains of EP-
SPs was greater for AOB inputs than for
CoA inputs, which often showed no tempo-
ral summation. As a result, AOB stimula-

tion induced spiking in MePV neurons
more often than CoA stimulation did.

These data suggest that single neu-
rons in the MePV—a region involved in
detecting predator odors (Gross and
Canteras, 2012, Nat Rev Neurosci 13:
651)—integrate information from the
main and accessory olfactory systems. De-
spite innervating more distal dendritic
branches than inputs from the main olfac-
tory system, inputs from the accessory
system were more likely to drive spiking in
MePV neurons. This may allow innate re-
sponses to predator pheromones to shape
responses to other predator-associated
odors, thus enhancing the animal’s ability
to detect predators.

Complement Protein C3 Promotes
Age-Dependent Synaptic Loss

Qiaoqiao Shi, Kenneth J. Colodner,
Sarah B. Matousek, Katherine Merry,
Soyon Hong, et al.

(see pages 13029 –13042)

The complement system, a component of
the innate immune system, helps macro-
phages find and clear pathogens and cellular
debris by increasing vascular permeability,
directing chemotaxis, and tagging targets to
promote phagocytosis. In the classical com-
plement cascade, binding of complement
protein C1q to a pathogen or antigen-
bound antibody triggers a series of protein
cleavages that activate several other comple-

ment proteins, including C3. The comple-
ment cascade can also be activated by
spontaneous cleavage of C3.

Besides its immunological role, the
complement system contributes to nor-
mal CNS development by promoting
synaptic pruning. Specifically, the C3
cleavage product C3b tags synapses to be
engulfed and eliminated by microglia.
Through similar mechanisms, the com-
plement system may contribute to synap-
tic loss and thus to cognitive decline
during aging. In support of this hypothe-
sis, brain levels of C1q and C3 increase
with age, and C1q knockout enhances
synaptic potentiation in mice. However,
C1q does not appear to trigger age-related
synaptic loss (Stephan et al., 2013, J Neu-
rosci 33:13460).

Now Shi et al. provide evidence that C3
promotes synaptic loss in aging mice.
Hippocampal levels of C3 increased only
modestly between 1 and 16 months, but
nonetheless, knocking out C3 attenuated
effects of aging on synaptic structure and
function. Although synaptic protein levels
and LTP induction were similar in young
C3-deficient and wild-type mice, both
were greater in C3-deficient mice than in
wild-type at 16 months. In addition, den-
dritic spine density was greater in hip-
pocampal CA3 of old C3-deficient mice
than in wild-type, and neuronal numbers
did not decline between 4 and 12 months
in mutant mice.

Knocking out C3 also enhanced some
forms of learning in old mice. Although ini-
tial learning in a water maze was compara-
ble between old wild-type and knockout
mice, C3-deficient mice were quicker to
learn the location of the escape platform
when it was moved. C3-deficient mice also
showed enhanced memory performance on
a contextual fear conditioning task.

These results add to a large body of evi-
dence implicating inappropriate activation of
the immune system in both age- and disease-
related cognitive decline. To make good use of
this information, researchers must identify
ways to suppress inappropriate immune acti-
vation without hindering essential functions
in pathogen removal and tissue repair.
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High-frequency stimulation (HFS) induces greater LTP in C3-
deficient 12-month-old mice (red) than in wild-type 12-
month-old mice (black). See Shi et al. for details.
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