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This important study combines behavioral testing, fiber photometry recordings, and
optogenetic manipulations to understand the role of CRH+ neurons in the PVN of the
hypothalamus in social and non-social settings, while varying the degree of familiarity.
The approaches used and the finding that these neurons respond to various social (and
non-social) stimuli are strong; however, the conclusion that the activity of these neurons
is driven solely by unfamiliar situations and the lack of dynamic analysis of fiber
photometry data leaves the manuscript incomplete. This elegant study will likely be of
interest to the field of social neuroscience and, if outstanding issues are addressed, would
expand our understanding of the role of the PVN in behavior.

https://doi.org/10.7554/eLife.111961.1.sa2

Abstract

Successful navigation of the social environment depends on the ability to rapidly evaluate
conspecifics and adjust behaviour accordingly. Encounters with unfamiliar individuals are
particularly challenging because they introduce uncertainty about how the interactions may
unfold. Such social encounters can lead to beneficial or detrimental outcomes, making rapid
assessment critical for survival; yet the neural mechanisms underlying this process remain poorly
understood. Corticotropin-releasing hormone synthesizing neurons in the paraventricular nucleus
of the hypothalamus (CRH?VN), traditionally viewed as the canonical endocrine controllers of the
stress response, have been implicated in processing behaviourally relevant environmental and
social information, including the investigation of stressed conspecifics. However, their role in
rapidly evaluating conspecifics during social encounters remains unclear. Here, using fibre
photometry and optogenetics during ethologically relevant social encounters, we show that
CRHPVN neurons exhibit a rapid, transient increase in activity that precedes investigative
behaviour. This signal scales with social context, is elevated during exposure to unfamiliar relative
to familiar conspecifics, persists across novel environments, and generalizes across unfamiliar
strains. In contrast, interactions with juvenile conspecifics and inanimate objects do not elicit this
differential activity, indicating that CRHPVN recruitment is not driven solely by novelty. Critically,
temporally specific inhibition of CRHPYN neurons during this brief activity window produces
lasting changes in behaviour beyond the period of inhibition, including the reduction of
appropriate social investigation, indicating that this transient activity is necessary for gating
subsequent social behaviour. Together, these findings identify CRHPVN neurons as a rapid
integrative node linking hypothalamic function to social evaluation.
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Introduction

Animals continuously encounter diverse social and environmental cues and must rapidly evaluate
them to guide appropriate behaviour. In humans and other social species, encounters with
unfamiliar individuals require rapid appraisal to determine the likely outcome of the interaction,
a process that is critical for guiding behaviour and ensuring safety.>2. Social interactions can be
highly beneficial, supporting development, reproduction, and emotional resilience, yet they can
also introduce challenges during competition for limited resources, excessive aggression and the
establishment of dominance hierarchies> 2. Importantly, these social encounters are often
ambiguous, requiring rapid evaluation under conditions of uncertainty>.. Failure to
appropriately assess social cues can lead to maladaptive outcomes, either through delayed
responses to adverse situations or through unnecessary behavioural and physiological costs
associated with overestimation of risk....=. Despite the importance of these processes, the neural
mechanisms that support rapid social assessment remain poorly understood.

Emerging evidence implicates corticotropin-releasing hormone neurons in the paraventricular
nucleus of the hypothalamus (CRH?VN), classically known for orchestrating endocrine stress
responses, in processing behaviourally relevant information beyond canonical stress regulation’*"
18, Previous work has shown that CRH?VN neurons are required for social investigation of stressed
conspecifics, a behaviour that facilitates the transmission of affective state between individuals,
and that these neurons are engaged by social stimuli'?. However, whether CRH?YN neurons
contribute to the rapid evaluation of conspecifics to guide appropriate behavioral responses
during social encounters remains unclear.

Here, using fibre photometry and optogenetics in an ethologically relevant social interaction
paradigm, we demonstrate that CRH?VN neurons exhibit rapid, transient increases in activity that
are critical for subsequent investigative behaviours. This activity pattern suggests a role in gating
behavioural responses that enable the assessment of conspecifics. Together, our findings identify
CRHPYN neurons as a key component of the neural circuitry underlying rapid social appraisal,
linking endocrine regulation to real-time behavioural decision-making.

Results

Increased CRHPYN neuron activity during social appraisal of an
unfamiliar conspecific

Social interactions vary in predictability. Unfamiliar conspecifics introduce social uncertainty
demanding rapid evaluation to guide appropriate behavioral responses22%. To investigate how
CRHPVN neural activity contributes to this process, we used transgenic mice expressing GCaMP6f

selectively in CRH neurons!’. (Fig. 1A3). We implanted an optical fibre above the PVN to perform

fibre photometry recordings of calcium-dependent fluorescence as a proxy for neuronal
population activity. Using a classical resident-intruder test, the neural activity was specifically
recorded from the resident mouse during social interaction. Following baseline recording of the
resident mouse during a solitary period, a familiar same-sex cage mate or an unfamiliar same-sex,
same-strain intruder was introduced into the resident’s home cage (Fig. 1B (3). Approach toward a
familiar intruder elicited a transient increase in CRHPVN activity, which returned to baseline

within seconds and remained around baseline during the remainder of the 3-min interaction

dicating rapid engagement of CRH"VN neurons during the initial stages of social

evaluation (Fig. 1D-F(2). Fine-grained temporal analysis of each condition revealed that although
the introduction of both familiar and unfamiliar intruders produced rapid CRHVN activity, the
introduction of an unfamiliar intruder triggered a significantly greater and more sustained early
response (Fig. 1G(3). The peak amplitude, peak area under the curve (AUC) and time to baseline of

the averaged CRHPVN ca2* responses in the resident mouse were significantly larger when
exposed to unfamiliar intruders than to familiar intruders (Fig (). Likewise, this differential
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findings demonstrate that CRH?VN neurons are recruited during social appraisal in a manner that
scales with familiarity status, supporting a role for these neurons as rapid detectors of ambiguous
social information.

Differential CRHPYN neuron activity persists in novel contexts and

across conspecific strains

To determine whether the heightened CRHPVN responses to unfamiliar conspecifics reflect social

uncertainty rather than context-specific factors, we examined neuronal activity in a neutral non-
territorial environment. To this end, we placed mice in a novel cage with fresh bedding and
performed fibre photometry recording during exposure to both familiar and unfamiliar intruders

Consistent with observations made in the home cage, approach toward unfamiliar intruders in a
novel context elicited a significantly greater increase in CRH?VN activity compared to familiar
interactions (Fig. 2B, S2A,B(2). The peak amplitude and AUC of CRH?VN responses were
significantly higher during interactions with unfamiliar compared to familiar mice (Fig. 2C,D (%),
indicating that enhanced CRHPVN responses persist independently of environmental familiarity.
We next asked whether this differential activity generalizes across conspecific types. In the home
cage, interactions with either unfamiliar same-strain (C57) or non- same-strain (CD1) intruders
elicited significantly greater CRHPVN activity compared to familiar mice (Fig. 2E,F 3, S3A,B®).
Analysis of the first calcium transient revealed increased responses to both unfamiliar C57 and

CD1 intruders relative to familiar partners, but no difference between unfamiliar groups (Fig.

conspecific unfamiliarity across contexts and strain differences, supporting a role for these
neurons in detecting social uncertainty during the initial stages of social appraisal.

Differential CRHPYN neuron activity is absent during exposure to

unfamiliar juvenile intruders and object

To determine whether CRHPVN activity reflects unfamiliarity or is selectively engaged under social

conditions requiring evaluation, we compared responses across interactions with familiar adult,
unfamiliar adult, and unfamiliar juvenile conspecifics. While approach toward unfamiliar adult
intruders elicited an increase in CRHYVN calcium activity relative to familiar adult interactions,
responses to unfamiliar juvenile intruders were not elevated and were comparable to those
observed during familiar adult encounters (Fig. 3A-D (7, S4A-B(@). These findings indicate that
enhanced CRHPVN activity is not a general feature of novelty but is selectively recruited during
interactions with unfamiliar adult conspecifics.

We next assessed whether this activity pattern extends to non-social stimuli. Following a 3-day
pre-exposure to the familiar object, resident mice were exposed to either a familiar or a novel

Object.z.j.’g.?.,

During the approach to the familiar and unfamiliar objects, CRH?VN activity did not differ between
............................... HPVN neurons are

broadly responsive to novelty or unfamiliar stimuli, they are differentially selectively engaged in

social contexts that require evaluation of unfamiliar adult conspecifics, supporting a role in

context-dependent social appraisal.
Increased social investigation during exposure to unfamiliar
conspecifics

The selective increase in CRH"VN activity towards unfamiliar intruders raises the question of
whether this neural signal carries behavioral consequences. To address this, we first sought to
determine how conspecific familiarity shapes behavioural engagement during social encounters,
we systematically quantified distinct behavioural classes during interactions with familiar and
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Figure 1. Increase in CRHPVN activity during conspecific intruder appraisal.

A. Coronal hemi-section illustrating the paraventricular nucleus (PVN) of the hypothalamus (right) and corresponding
confocal image (left) demonstrating GCaMP6f expression in CRH-expressing PVN neurons (scale bar = 50 pm). B. Schematic
of single-fiber photometry recordings from CRHPYN neurons during social investigation. Confocal image (right) shows the
ferrule position above the PVN (scale bar = 100 pm), with the social interaction paradigm illustrated below. C. Mean Ca,,
activity traces from CRHPYN neurons during social assessment of a familiar conspecific (n = 10). D. Schematic depicting a
resident mouse in the home cage (HC) approaching familiar (green) and unfamiliar (brown) intruders, with approach
direction indicated by a dashed red arrow. E. Approach-aligned heatmaps of CRHPVN Ca,, responses, with each row
representing an individual animal and the corresponding mean z-scored activity trace shown below (F). G. Mean z-scored
CRHPYN Ca,, activity across 5-second time windows (-5 to 0, 0 to 5, 5 to 10 s), with time 0 indicating resident approach
towards intruder (n = 10). Left: familiar intruder (repeated-measures one-way ANOVA, F(1.653,14.87) = 11.55, p = 0.001;

Bonferroni’s multiple comparisons: -5 to 0 vs 0 to 5, p < 0.0001, t = 6.316; =5 to 0 vs 5 to 10, p=0.0626, t=2.795; 0 to 5 vs 5 to 10,

p = 0.4272, t = 1.606). Right: unfamiliar intruder (repeated-measures one-way ANOVA, F(1.445,13.00) = 58.81, p < 0.0001;
Bonferroni’s multiple comparisons: -5to 0 vs 0 to 5, p < 0.0001, t =8.511; -5to 0 vs 5to 10, p =0.008, t =4.116; 0 to 5vs 5 to
10, p < 0.0001, t = 9.405). H-J. Comparison of the first post-approach calcium transients between familiar and unfamiliar
intruder exposures (n = 10 mice per group). Peak amplitude: p = 0.0004, t = 4.393 (H); peak area under the curve (AUC): p =
0.0013, t = 3.803 (I); time to baseline: p = 0.04, t = 2.200 (J; unpaired t-tests).
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Figure 2. Differential CRHPYN neuron activity persists in novel context and across conspecific strains.

A. Schematic illustrating a resident mouse exposed to familiar (top) and unfamiliar intruders (bottom) in a novel context. B.
Group-averaged z-scored CRHPVN Ca,, responses aligned to approach, with shaded area representing s.e.m. C. Comparison
of individual peak z-scores for the first Ca,, transient following approach (p = 0.0274, t = 2.776; n = 8 mice per group; unpaired
t-test). D. Comparison of peak area under the curve (AUC) for the first Ca,, transient following approach (n = 8 mice per
group; p = 0.0118, t = 3.376; unpaired t-test). E. Schematic depicting resident interactions with familiar and unfamiliar same-
strain (C57) intruders and a non-same-strain (CD1) intruder in the home cage. F. Group-averaged z-scored CRHPWN Cay,
responses aligned to approach, with shaded area representing s.e.m. G. Individual peak z-scores of the first calcium transient
following approach (ordinary one-way ANOVA, F(2,33) = 2.154, p = 0.0056; Tukey's multiple comparisons: Fam vs Unfam-C57 p
=0.0271, g = 3.849; Fam vs Unfam-CD1 p = 0.0073, q = 4.597; Unfam-C57 vs Unfam-CD1 p = 0.8575, q = 0.7487; n = 12 mice per
group). H. Individual peak area under the curve (AUC) of the first calcium transient following approach (ordinary one-way
ANOVA, F(2,33) = 5.743, p = 0.0072; Tukey’s multiple comparisons: Fam vs Unfam-C57 p = 0.0289, q = 3.809; Fam vs Unfam-CD1
p =0.01, q = 4.424; Unfam-C57 vs Unfam-CD1 p = 0.9014, g = 0.6149; n = 12 mice per group).

Akinrinade, Pardasani et al., 2026 eLife 15:RP111961. https://doi.org/10.7554/eLife.111961.1 5 0of 20


https://doi.org/10.7554/eLife.111961.1
https://elifesciences.org/?utm_source=pdf&utm_medium=article-pdf&utm_campaign=PDF_tracking
https://elifesciences.org/subjects/neuroscience

:;‘/.:‘ eLife Neuroscience

A B c D s
S 109 — Fam Adult 407 x ¥ 1507 kk X
/Q'—“ m — Unfam Adult °
=¥ <] Unfam-Juvenile
= S 30 S
Familiar ™ [8)
& g ° 3100 ~
P\ z 5 g 2
= - z fnf o o
Unfamiliar ] : - &' ° <
oo : j 2 e o  Ewf 8
P s, 2% z ~r 10{ %90 %0 s ° 5
& oV , o oge
Juvenile A= ® )
{ 0 o
-5 0 5 10 15 20 Fam Unfam Juv Fam Unfam Juv
Time (s)
E F 104 G ns H
— Familiar object 251 ° 1004 ns
@ — Unfamiliar object °
5 20 ° _ 80
A b ® g °
s 2 15 < 60
Familiar object 27 ? s = o °
2 a8 ] (]
5 % 104 < 40 -I—
e T ° e®e & ®e
X 04 5 .. 204 °
Unfamiliar object © 8
T , r T J 0 r r 0 T T
-5 0 5 10 15 20 Fam  Unfam Fam  Unfam
Time (s)

Figure 3. CRHPVN activity is similar during exposure to unfamiliar juvenile intruders and objects

A. Schematic depicting exposure of resident to familiar, unfamiliar, and juvenile intruders in home cage. B. Group average z-
score of CRHPYN calcium responses aligned at approach, shade represents s.e.m. C. Individual peak z-scores of the first peak
after approach (Ordinary 1-way ANOVA, F (2,35) = 10.02, p = 0.0059, Tukey's multiple comparison test, Fam-Adult vs. Unfam-
Adult p = 0.0095, q=5.185, Unfam-Adult vs. Unfam-Juvenile p = 0.0378, g=4.051, and Fam-Adult vs. Unfam-Juvenile, p = 0.4343,
q=1.811, n = 12 mice per group). D. Individual peak area under the curve for the calcium activity for the first peak after
approach (Ordinary 1-way ANOVA, F (2,35) = 11.87, p = 0.0041, Tukey's multiple comparison test, Fam-Adult vs. Unfam-Adult p
=0.0083, g=5.298, Unfam-Adult vs. Unfam-Juvenile p = 0.0178, q=4.669, and Fam-Adult vs. Unfam-Juvenile, p = 0.9124,
g=0.5792, n = 12 mice per group). E. Schematic depicting resident interactions with familiar and unfamiliar objects in
homecage. F. Group average z-score of CRHPYN calcium responses aligned at approach, shade represents s.e.m. G. Individual
peak z-scores of the first peak after approach (p = 0.4284, t = 0.8404, n = 12 mice per group, unpaired, t-test). H. Individual
peak area under the curve for the calcium activity for the first peak after approach (p = 0.4256, t = 0.8458, n = 12 mice per
group, unpaired, t-test).
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unfamiliar conspecifics. Raster plots revealed the temporal structure of discrete behavioural
events, including sniffing, rearing, digging, and grooming, across the interaction period (Fig.

components of the interaction. Sniffing reflects direct social investigation and active information
sampling of conspecifics?>2>, whereas rearing, digging, and grooming provide measures of
general exploration, arousal, and self-directed behaviour2%-28, This distinction allowed us to
isolate behaviours specifically related to social assessment. Across conditions, sniffing behaviour
was initiated immediately upon exposure to the intruders and was predominantly directed from
the resident toward the intruder, reflecting active investigation of the social partner (Fig. 4Bi-ii ).
Likewise, the total duration of resident-to-intruder sniffing was increased during interactions with
unfamiliar conspecifics compared to familiar conspecifics (Fig. 4Biii %). This enhancement in
directed investigation indicates that exposure to unfamiliar conspecifics triggers increased
sampling of socially relevant cues, consistent with a greater need for social assessment. In
contrast, non-social behaviours, including digging, rearing, and grooming, were not significantly

altered between familiar and unfamlhar condltlons (F|g SSA C 7)), and the investigation of novel

differences are specific to social investigation.

To further resolve the structure of this investigation, we decomposed sniffing into anatomically
defined subtypes corresponding to anogenital, head, torso, and tail regions. This breakdown was
motivated by the functional relevance of these regions, as different targets provide distinct social
information, including identity, reproductive status, threat level, and recent social experiencej.?.’.z..?‘
32 . Temporal analysis revealed that sniffing behaviour is dynamically distributed over the
interaction period, with distinct patterns emerging across sniffing subtypes (Fi iv2).
Cumulative measures showed that increases in sniffing during exposure to unfamiliar intruders
were not uniform but selectively enriched for specific investigative behaviours (Fig. 4Di-iv(%).
Specifically, the investigation of unfamiliar intruders was characterized by increased anogenital
and head-directed sniffing. In contrast, torso and tail sniffing did not differ substantially between
conditions, indicating that unfamiliarity selectively enhanced behaviours most relevant to social
evaluation rather than broadly increasing all forms of contact (Fig. 4Ei-iv(3 ). Permutation-based
comparison of behavioural transition matrices revealed a significant difference in overall
transition architecture between familiar and unfamiliar conditions (Frobenius norm = 0.375, p =
0.0044). The observed statistic exceeded the 95th percentile of the null distribution, indicating that

the behavioural structure differed beyond chance levels.

Inspection of the difference matrix (unfamiliar - familiar) showed that this effect was driven by
structured changes in specific transitions rather than uniform shifts across the network. The most
prominent increase was observed in transitions from torso to anogenital sniffing (+0.25), with
additional increases in transitions from tail to anogenital sniffing (+0.11). In contrast, transitions
from torso to tail (-0.16) and torso self-transitions (-0.14) were reduced. Edgewise statistical
testing with false discovery rate correction identified a subset of significant transitions, all
originating from the torso state. These included an increased probability of transitioning from
torso to anogenital sniffing and decreased probabilities of transitions from torso to tail and torso
itself (Fig. 4Fi-ii2, S5E-G (@). Together, these results indicate that unfamiliar animals exhibit a
reorganization of behavioural transitions characterized by a preferential routing of behavioural
sequences toward anogenital sniffing, along with suppression of alternative transitions. Our
results therefore highlight anogenital sniffing as a key behavior for social assessment.

CRHPVN activity is necessary for targeted anogenital investigation
during social assessment

Our behavioral analysis revealed enhanced investigative sniffing directed towards unfamiliar
intruders. We next asked if the rapid, transient increase in the CRH?VN activity neurons during
social approach causally drives the behavioral response. To test this, we expressed
Archaerhodopsin 3.0 virus in CRH neurons to optogenetically inhibit CRHPYN neuron activity (Fig.

________ @). Targeted viral expression and fibre implantation enabled selective silencing of CRHPVN
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Figure 4. Increased social investigation during exposure to unfamiliar intruder.

A. Raster plots illustrating the temporal distribution of behavioural events following exposure to familiar (left) and unfamiliar
(right) intruders. Each row corresponds to an individual animal, with event markers denoting discrete behavioural events
over time. B. Vertical bars showing individual sniffing durations for resident-to-intruder (bottom) and intruder-to-resident
(top) interactions under familiar (Bi) and unfamiliar (Bii) conditions. Total sniffing duration during unfamiliar investigations is
higher compared to familiar investigations (Biii) (p = 0.0015, t = 3.550, n = 14 mice per group, unpaired, t-test). C. Temporal
dynamics of sniffing behavior during social investigation, quantified as sliding sums of anogenital (Ci), head (Cii), torso (Ciii),
and tail (Civ) sniffing time, averaged in 60-second bins with a 3-second sliding window. Cumulative sum of sniffing events
during social investigations, showing total time spent in anogenital (Di), head (Dii), torso (Diii), and tail (Div) sniffing.
Differential sniffing behavior during familiar and unfamiliar intruder investigation, quantified across anogenital (Ei), head
(Eii), torso (Eiii), and tail (Eiv) regions. (Anogenital: p = 0.0006, t = 3.896, n = 14 mice per group, unpaired t-test; Head: p =
0.0028, t = 3.299, n = 14 mice per group, unpaired t-test; Torso: p = 0.1459, t = 1.499, n = 14 mice per group, unpaired t-test;
Tail: p = 0.1604, t = 1.445, n = 14 mice per group, unpaired t-test). (F). Transition probability plots depicting the dynamics of
switching between investigative behaviours during interaction with familiar (i) and unfamiliar (ii) intruders during social
investigation. Nodes correspond to behavioural states, and directed edges are weighted by transition probabilities.
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neurons, which was validated by ex vivo slice recordings demonstrating reliable light-driven
inhibition of neuronal firing>% (Fig. 5B 2). During the experiment, optogenetic inhibition of the
resident mouse was done during the initial phase of interaction (20s), corresponding to the period
when CRHPVN activity rapidly increased upon intruder exposure. Behavioural quantification was
performed to capture the entire 3 min interaction period. We first quantified the overall social
investigation by measuring the total sniffing behaviour in Arch-inhibited and mCherry expressing
controls. Under control conditions, interactions with unfamiliar conspecifics elicited greater
overall sniffing than interactions with familiar conspecifics. However, optogenetic inhibition of

CRHPYN neurons selectively reduced total sniffing during exposure to unfamiliar intruders,

To further resolve how CR activity shapes social assessment, we decomposed total sniffing
into distinct investigative subtypes, including anogenital, head, torso, and tail-directed sniffing.
This breakdown is important because these behaviours reflect different components of social
investigation2221:223%, In control animals, unfamiliar interactions were characterized by a distinct
distribution of these behaviours, indicative of targeted investigation. In contrast, inhibition of
CRHPYN neurons disrupted this organization, leading to an altered distribution of sniffing
behaviours specifically during unfamiliar encounters, while leaving familiar interaction patterns
intact (Fig. 5Di-ii (3, S6A-F(2).

HPVN

We next examined the temporal dynamics of investigation, focusing on anogenital sniffing as a
key index of sustained social evaluation!?>3 (Fig. S5F ). In control animals, unfamiliar
conspecifics elicited prolonged, temporally structured anogenital investigation. Inhibition of
CRHPVN neurons markedly reduced this sustained engagement, as reflected in both the temporal
behavioural transitions demonstrated that while CRH?VN inhibition reduced time spent on
anogenital sniffing, no corresponding changes in the sequence of social behaviours were
observed. Across both familiar and unfamiliar conditions, we found no differences between
mCherry and Arch animals in either global transition structure or individual behavioral
transitions. Observed variations were consistent with chance-level fluctuations as determined by
permutation testing (Fig. 51i-ii (). This suggests that inhibition of CRH?YN neurons alters the

overall duration of specific social behaviors without reorganizing the flow of behavioral
transitions.

Discussion

Social interactions require animals to rapidly evaluate conspecifics and adjust behaviour
accordingly. Here, we identify CRHPYN neurons as a rapid, transient signal engaged during this
process, with activity elevated during encounters with unfamiliar, relative to familiar conspecifics.
This response is consistent across environments and strains, but absent in juveniles or non-social
objects. Importantly, though transient, this signal is necessary for targeted social investigation.
Together, these findings position CRH?YN neurons as a fast, integrative node for assessing
conspecifics when interaction outcomes are uncertain.

Neuroimaging studies across humans and rodents have implicated the hypothalamic nuclei as
central mediators of socioemotional integrati0n§.7.. For example, reproductive and mating-related
behaviors engage the medial and ventral hypothalamic nuclei, while predation and defensive
evasion recruit the lateral hypothalamic to periaqueductal gray circuitry=S. These elaborate
behaviors, however, are downstream consequences of a more fundamental step: the rapid
appraisal of social encounters and the rapid selection of a behavioral response strategy. At this
initial decision point, the CRHPVN neurons are well-positioned to play a pivotal role in integrating
sensory inputs with internal states, projecting to specialized socially-related hypothalamic nuclei
and regulating the neuroendocrine axis, thereby coordinating adaptive responses to
environmental Challenges?’?.‘fl.?.. Our findings extend this framework by positioning CRHPVN
neurons not solely as stress effectors, but as early-stage evaluators of social information. This
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Figure 5. Increase in CRHPYN activity is essential for targeted anogenital investigation

A. Top: Viral construct for optogenetic inhibition experiment, bottom: Strategy of virus injection and ferrule implantation for
optogenetic inhibition of CRHPYN neurons, right: Confocal image depicting Cre-dependent localization of aav2/9-EF1a-DIO-
Arch3.0 mcherry virus in the CRHPYN neurons (Scale bar = 50 pm). B. Experimental timeline depicting photo-inhibition of
CRHPYN neurons in the resident mouse during the first 20s of the social investigation of an intruder; and representative
whole-cell recording from a CRHPYN neuron in a brain slice, demonstrating spike suppression in response to 561-nm light. C.
Percentage of total sniffing behavior during social investigation, comparing control (mCherry) and optogenetically inhibited
(Arch) residents during investigation of familiar and unfamiliar intruders (n=14-20 per group, 1-way ANOVA, F(4,68) = 11.18, p
<0.0001, Holm-Sidak’s multiple comparison test, Fam-mCherry vs Unfam-mCherry p= 0.0007, t=4.003; Fam-mCherry vs Fam-
Arch p = 0.1492, t=1.794, Unfam-mCherry vs. Unfam-Arch p = 0.0016, t=3.505; Fam-Arch vs Unfam-Arch p=0.1492, t= 1.634). D.
Pie charts showing the distribution of sniffing behavior in control (mCherry) and optogenetically inhibited (Arch) residents. (i)
Similar distribution during investigation of a familiar intruder. (ii) Altered distribution during unfamiliar intruder
investigation. E. Temporal profile of anogenital sniffing during social investigation, shown as mean sniffing time averaged in
60-second bins with a 3-second sliding window, comparing mCherry controls and Arch-inhibited groups during (i) familiar
and (ii) unfamiliar intruder investigation. F. Example raster plots of anogenital sniffing events for (i) familiar and (ii)
unfamiliar intruders (top: mCherry-control; bottom: Arch-inhibited). G. Cumulative anogenital sniffing dynamics during
investigation of (i) familiar and (ii) unfamiliar intruders, shown as group-averaged duration in mCherry controls and Arch-
inhibited animals. H. Comparison of anogenital sniffing time between mCherry controls and Arch-inhibited residents, shown
as mean + s.e.m., during investigation of (i) familiar intruders (p = 0.1353, t = 1.532) and (ii) unfamiliar intruders (p = 0.0023, t
=3.307; unpaired t-tests). I. Transition matrices illustrating the probability of switching between investigative behaviours
during interaction with familiar (i) and unfamiliar (ii) intruders, comparing mCherry controls (left) and Arch-inhibited
residents (right).
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mechanism may confer an adaptive advantage by enabling individuals the anticipation of
potential challenges and the selection of appropriate responses, thereby linking sensory
processing to neuroendocrine and behavioral outputsﬁ%?.

The behavioural significance of this rapid CRH’VN neural signal is evident in social investigation.

Investigative behaviours, particularly anogenital sniffing, are central to how rodents evaluate
conspecifics and extract socially relevant cues*> 2, Our optogenetic inhibition experiments reveal
that transient silencing of CRHVN activity during the early activity window produces lasting
changes in investigative behavior that extend beyond the period of inhibition, indicating that this
signal gates subsequent behavioural responses. Specifically, inhibition of CRH?VN neuron activity
reduced the time animals spent engaged in anogenital investigation, without altering the overall
structure of behavioural transitions. This dissociation highlights a primary role for CRHPVN
neurons in regulating the intensity and persistence of specific behaviours rather than their
sequential organization>’. Consistent with this interpretation, CRH?YN neurons exert rapid central
effects via their projections, in addition to their slower endocrine functions, thereby recruiting

downstream circuits that maintain behavioural responses across timescales®! 22, Given that these

neurons also govern the HPA axis>~2%, it will be important to determine whether their influence
on persistent social behaviour arises from synaptic signalling, neuroendocrine modulation, or the
coordinated interaction of both systems.5..5..

The novel social appraisal functionality of CRH?YN neurons, in addition to their established role in

social transmission of stress, defensive flight-fight responses, and anxiety-related behaviors is
consistent with the broader mechanistic principles by which PVN operates’*!2:!%:12, Molecularly
defined PVN populations form combinatorial assemblies rather than discrete labeled-line
circuitséf’., which facilitates the generation of complex behaviors. Within this PVN framework, the
CRH neurons likely function not as a single-output relay but as a part of a distributed
combinatorial computation that simultaneously coordinates endocrine, behavioral, and
autonomic arms of survival responses. How this survival circuit machinery therefore integrates
information from the nodes of the social decision-making network remains an important open
question. Future work aimed at cell-level encoding, unravelling how distinct CRH?YN neuronal
populations govern different aspects of socio-survival processing, will be essential for deepening
our mechanistic understanding of social appraisal.

Finally, our study opens new avenues for exploring how CRHPYN neurons contribute to different

aspects of social behavior, such as approach, avoidance, and consummatory interactions. More
broadly, these neurons may extend the predictive, feed-forward logic seen in homeostatic
regulation.ﬁz_ﬁg into the social domain, linking the detection of social uncertainty to the
preparation of appropriate internal states. Because disrupted CRH signalling and altered salience
processing are key features of stress-related disorders, understanding this mechanism could help
guide strategies to restore balanced stress responses and flexible social behaviour, particularly

under conditions of social uncertainty.

Methods

Animals

All animal protocols were approved by the University of Calgary Animal Care and Use Committee
(AC21-0067). Mice that were the offspring of Crh-IRES-Cre (B6(Cg)-Crhl™1(cré)Zjh: stock no: 012704,
Jackson Laboratories) and Ai14 (B6.Cg-Gt(ROSA)26Sortm14(CAG-TdTomato)Hze/J; stock number
007914, Jackson Laboratories) mice crossed with Ai148 (Ai148(TIT2L-GC6f-ICL-tTA2)-D; stock
number 030328, Jackson Laboratories) were utilized for all fibre photometry and optogenetics
with behavioural tracking experiments. Mice were group-housed on a 12:12 h light/dark schedule
(lights on at 07:00 hours) with ad libitum access to food and water. CD-1 mice (Charles River
Laboratory) were used for behavioural alternative strain intruder experiments. Mice were 6-8
weeks old at the time of surgery and virus injection.
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Viruses

AAV carrying Arch3.0-mCherry (LotAAV1081, AAV2/9-EF1a-DIO-Arch3.0-mCherry; Canadian
Neurophotonics Platform Viral Vector Core Facility (RRID:SCR_016477 %) or mCherry
(LotAAV1088, AAV2/9-EF1a-DIO-mCherry; Canadian Neurophotonics Platform Viral Vector Core
Facility (RRID:SCR_016477 %)) was used for optogenetic manipulations.

Stereotaxic injection and optical fibre implantation

Mice were maintained under isoflurane anesthesia in the stereotaxic apparatus. Mono fibre optic
cannula with 400 ym diameter (Doric Lenses, MFC_400/430/0.48_5.5mm_MF2.5_FLT) was
implanted dorsal to the PVN for fibre photometry (AP, -0.7 mm; L, -0.2 mm from the dura; DV,
-4.85 mm from the dura) and for optogenetics (for Arch3.0: AP: -0.7 mm; L: 0.0 mm from the dura;
DV: -4.5 mm) following tracking with a custom-made needle (AP: -0.7 mm; L: -0.2 mm from the
dura; DV: -4.2 mm) and bilateral injections (AP: -0.7 mm; L: 0.2 mm from the dura; DV: -4.5 mm)
fixed to the skull with METABOND® and dental cement. Mice were given 2 weeks to recover prior
to the start of the experiment. Experiments started after an additional two weeks of recovery and
handling.

Histology

To verify GCaMP expression and ferrule location, following the experiments, mice were
euthanized using isoflurane overdose and a subset of mice were transcardially perfused with
phosphate-buffered saline (PBS), followed by 4% paraformaldehyde (PFA) in phosphate buffer (PB,
4 °C). Brains were placed in PFA 24 h followed by 20% sucrose PB. 50 uM coronal brain sections
were obtained via cryostat. The other subset of mice was cut into 250 um sections in ACSF, then
fixed in 4% PFA, 1 M PBS, and 30% sucrose for 10 minutes each. Slide-mounted and coverslipped
sections were imaged using a confocal microscope (Leica SP8). Images were prepared using
Image].

Slice preparation and electrophysiology

Four to eight weeks post AAV-injection, mice were anesthetized via isoflurane inhalation and
decapitated. Rapidly dissected brains were immersed in slicing solution (04 °C, 95% 02/5% CO2
saturated) containing (in mM): 87 NaCl, 2.5 KCl, 0.5 CaCl2, 7 MgCl2, 25 NaHCO3, 25 D-glucose, 1.25
NaH2PO04, 75 sucrose. A vibratome (Leica) was used to prepare coronal hypothalamic slices (250
um thickness), which were transferred for 1+ hours before recording in artificial cerebrospinal
fluid (32 °C, 95% 02/5% CO2 saturated) containing (in mM): 126 Nacl, 2.5 KCl, 26 NaHCO3, 2.5
CaCl2, 1.5 MgCl2, 1.25 NaH2PO4, 10 glucose. Recordings were performed in artificial cerebrospinal
fluid (1 ml min-1 perfusion) at 30-32 °C. PVN neurons were identified using differential
interference contrast and epifluorescence optics (UVICO, Rapp Optoelectronics) and a camera
(AxioCam MRm) on an upright microscope (Zeiss). Borosilicate electrodes (3-5 mQ tip) were
backfilled with recording solution composed of (in mM) 108 K-gluconate, 2 MgCI2, 8 Na-gluconate,
8 KCl, 1 K2-EGTA, 4 K2-ATP, 0.3 Na3-GTP, 10 mM HEPES, 10 mg ml-1 biocytin. Signals were
amplified (Multiclamp 700B, Molecular Devices), low-pass filtered (1 kHz), digitized (10 kHz,
Digidata 1322) and recorded (pClamp 9.2) for offline analysis.

Fibre photometry recording

Fibre photometry was used to record calcium transients from CRH neurons in the PVN of freely
moving mice. After the recovery period, animals were handled for 5 min a day for 3 days and then
habituated to the optic fibre in their home cage (5 min a day) for 3 days. We recorded 20 min of
CRHPYN neuron activity in the homecage immediately before and for 5 min after each test to
improve bleaching correction. Doric fibre photometry system consisting of two excitation LEDs
(465 nm and 405 nm from Doric) controlled by an LED driver and console, running Doric Studio
software (Doric Lenses). The LEDs were modulated at 208.616 Hz (465 nm) and 572.205 Hz (405
nm), and the resulting signal was demodulated using lock-in amplification. Both LEDs were

Akinrinade, Pardasani et al., 2026 eLife 15:RP111961. https://doi.org/10.7554/eLife.111961.1 12 of 20


https://doi.org/10.7554/eLife.111961.1
https://elifesciences.org/?utm_source=pdf&utm_medium=article-pdf&utm_campaign=PDF_tracking
https://identifiers.org/RRID:SCR_016477
https://identifiers.org/RRID:SCR_016477
https://elifesciences.org/subjects/neuroscience

::"0.:‘ eLife Neuroscience

connected to a Doric Mini Cube filter set (FMC6_IE(400-410)_E1(460-490)_F1(500-540)_S) E2(555-
570)_F2(580-680)_S and the excitation light was directed to the animal via a mono fibre optic patch
cord (DORIC MFP_400/430/1100-0.48_2m_FC/MF2.5). The LED power was adjusted to 30 uW at the
end of the patch cord. The resulting signal was detected with a photoreceiver (Newport model
2151).

Fibre photometry data analysis

Fluorescent signal data were acquired at a sampling rate of about 100Hz (Doric system). The data
were then exported to MATLAB (MathWorks) for offline analysis using custom-written scripts
(https://github.com/leomol/stimbox (). Briefly, raw fluorescence traces were resampled to 20 Hz to
reduce data size while retaining calcium signal dynamics. A 0.5 Hz low-pass filter was then applied
to suppress high-frequency noise. The 465 nm and 405 nm data were first fit individually with a
second-order polynomial, and the resulting fits were subtracted to remove bleaching artifacts.
Next, a least-squares linear fit was applied to the 405 nm to align it with the 465 nm channel, and
then the change in fluorescence (AF) was calculated by subtracting the 405 nm Ca?* independent
baseline signal from the 465 nm Ca®* dependent signal at each time point. The output of these
transformations yielded a motion-corrected dataset of changes in GCaMP6f fluorescence. For
analysis, z-score calculation was performed using the following equation: AF/F = (F-F()/ oF, where
F is the test signal, Fj is the median signal of the baseline, and cF is the median absolute deviation
of the signal.

Optogenetics

Following the recovery period, mice were handled for 5 min on 3 consecutive days. Then, they
were habituated to the fibre-optic cable attached to the cannula (without light) for 3 additional
days (15-30 min per mouse).

For in vitro recordings, a micromanipulator-attached fibre optic cable (105 ym core diameter)
delivered light from a laser (Arch3.0: 593 nm, IKE-593-100-OP, IkeCool Corporation) was placed 1-2
mm away from the target area. Light intensity was calibrated by a Photodiode Power Sensor
(Thorlabs). Maximally, 15 mW light was delivered to the tissue.

For in-vivo experiments, the light source (for Arch3.0: 561 nm, LRS-0561-GF0-00100-5, Laserglow
Technologies) was connected to the Doric filter cube (FMC6_IE(400-410)_E1(460-490)_F1(500-
540)_S)_E2(555-570)_F2(580-680)_S and the laser was directed to the animal via a mono fibre optic
patch cord (DORIC MFP_400/430/1100-0.48_2m_FC/MF2.5). For Arch3.0, a yellow light (15 mW laser
intensity) was used continuously for 20 seconds as the intruder was introduced to the resident’s
home cage.

Behavioural recordings and analysis

Adult male and female mice were used as residents. Resident mice encountered either a familiar
or an unfamiliar intruder at each session. A familiar intruder is a conspecific from the same cage,
whereas an unfamiliar intruder is from a different cage or a different strain (e.g., CD1 intruder).
The test was conducted in the resident’s home cage. For video acquisition, a top-down camera (20
fps, Doric Studio) recorded all sessions under ~30-50 lux of ambient light and was synchronized to
the fibre photometry recording. These videos were later analyzed using the Behavioural
Observation Research Interactive Software (BORIS, version 9), and the following behaviours were
scored: anogenital sniffing (directing the snout toward the anogenital area of conspecific); head
sniffing (directing the snout toward the head of conspecific); torso sniffing (directing the snout
toward the torso of conspecific); tail sniffing (directing the snout toward the tail of conspecific),
digging (use of forepaws and sometimes hind limbs and snout to displace bedding), rearing
(standing upright on hind legs with forepaws off the ground.) and grooming (repetitive licking of
the body and wiping the face and head with the forepaws). Behaviour during 3 min after the
introduction of the intruder was quantified and plotted. Quantification and analysis of
behavioural ethograms, sliding time windows, cumulative sums of behavioural events, and
transition probabilities were carried out using custom-written Python scripts. Behavioural
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sequences were converted into transition probability matrices by counting state-to-state
transitions between consecutive behavioural events and row-normalizing counts to obtain
conditional probabilities. Individual matrices were averaged across animals to generate group-
level transition structures for each condition.

Statistics

Where quantification was made, data are represented as mean + standard error of the mean
(s.e.m.). Statistical analysis was performed using GraphPad Prism 10.0. For comparisons, either
two-tailed t-tests, ordinary or repeated-measures one-way ANOVA were applied as appropriate.
When comparisons involved more than two groups and/or repeated factors, a two-way ANOVA
was conducted, followed by Tukey’s, Sidak’s, or Holm-Sidak’s post hoc multiple-comparisons and
planned comparisons test. Differences between conditions were assessed using a nonparametric
permutation framework. A global test was performed using the Frobenius norm of the difference
between condition-averaged matrices. Statistical significance was determined via Monte Carlo
permutation (10,000 iterations), in which animal labels were randomly reassigned while
preserving group sizes. P-values were computed as the proportion of permuted statistics
exceeding the observed value. To identify specific transitions contributing to global differences,
edge-wise comparisons were conducted using two-sided Mann-Whitney U tests on per-animal
transition probabilities, with p-values corrected for multiple comparisons using the Benjamini-
Hochberg false discovery rate procedure (a = 0.05). A significance threshold of p < 0.05 was applied
for all analyses.

Data availability

The raw data that support the findings of this study are available from the corresponding author
upon request.
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Reviewer #1 (Public review):

Summary:

Here, the authors examine how CRH neurons in the PVN track social behaviours. They use
fiber photometry to record the bulk activity of PVN CRH neurons during the resident-intruder
test. They find that PVN CRH activity increases when the intruder enters, and also when mice
make movements to approach the intruder. They further show that the magnitude of this
response differs depending on the familiarity of the mouse. Specifically, if the intruding
mouse is unfamiliar, there is a greater PVN CRH response relative to a familiar mouse. The
authors argue that this is specific to social familiarity, as they do not see the same
differentiation in the PVN CRH response when mice approach a familiar or unfamiliar object.
Finally, the authors conduct optogenetic experiments and show that inhibition of PVN CRH
neurons reduces social investigative behaviour. The authors then conclude that PVN CRH
neurons are a part of a decision-making circuit to influence behaviour in ambiguous settings,
specifically that they are a "key component of the neural circuitry underlying rapid social
appraisal, linking endocrine regulation to real-time behavioural decision making".

The data are interesting and novel. They help us understand the dynamics and range of
situations in which PVN CRH neurons are activated. There is some overinterpretation of the
data and restriction of what this signal means (i.e., specifically driven by unfamiliar social
situations), which doesn't seem to be supported by the data. Indeed, PVN CRH neurons are
robustly activated by scenarios outside unfamiliar social ones.

Strengths:

The experiments are run and presented very beautifully in a sophisticated way. The data are
novel and interesting. They help us understand the time course of PVN CRH responding in
social and object settings, and how this differs with the familiarity of a social stimulus.
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The optogenetic manipulation is also very nice. The authors optically inhibit during just the
first 20 seconds of the resident-intruder test. They find that this inhibition results in a long-
term reduction in social behaviours. To me, this supports an idea that the PVN CRH signal
triggers a cascade of behaviours, but is not necessarily driving these behaviours per se.

Weaknesses:

It would be great to see more sophisticated analysis of the fiber photometry data, which may
reveal interesting effects that are currently being occluded by static AUC analysis. One
pipeline that is freely available that could be used is found in Jean-Richard-dit-Bressel,
Clifford, and McNally (2020) Frontiers in Molecular Neuroscience. Referred to as waveform
analysis, this would allow the authors to examine the significance of their data across time.
There are multiple points at which this would be interesting. For example, in Figure 3F, it is
possible that differences between the familiar and unfamiliar objects emerge. Also, there
seems to be one outlier in this figure in the familiar object group. What happens if it is
removed (Figure 3H)?

Similarly, what do these signals look like when aligned with making contact with the social or
object stimuli? It is possible that the objects do not elicit a difference depending on familiarity
when approaching because: (1) they are not moving, and (2) it is unclear whether they are
familiar or not until contact is made, consistent with the object recognition literature. What
would inhibition of the PVN CRH signal do to investigative behaviours directed towards
objects?

Finally, given the robust nature of the response to the approach to the objects and familiar
mouse, why is this signal being argued to predominantly act in unfamiliar social settings?
The lack of difference between the familiar and unfamiliar objects doesn't negate the
importance of this signal. To me, this is the most interesting finding: PVN CRH neurons that
are usually activated in stressful situations can also be robustly activated by familiar objects.
Relatedly, while the authors argue that inhibition of PVN CRH neurons only reduces social
behaviours in the unfamiliar case, there is likely a floor effect in the behaviours that they are
looking at, which occludes observation of a reduction via optical inhibition.

https://doi.org/10.7554/eLife.111961.1.sa1

Reviewer #2 (Public review):

Summary:

The authors investigated the role of hypothalamic CRH neurons in social behavior. They
performed fiber photometry recordings in mice from CRH neurons and showed that novel
conspecifics trigger stronger and more prolonged responses compared to familiar
conspecifics and objects. The activity of CRH neurons appears to be related to risk
assessment, as interactions with juvenile unfamiliar mice (lower-risk conspecifics) trigger
responses similar to those of familiar adult mice. Behaviorally, CRH neurons were linked to
increased anogenital investigation of unfamiliar compared to familiar mice. Optogenetic
suppression of CRH neurons decreased anogenital sniffing of unfamiliar conspecifics.

Strengths:

The manuscript is elegant, and the results are compelling. The approaches are well justified,
and the methods are validated (eg: Arch inhibition).

The findings substantiate the role of CRH neurons in responses to stress and uncover the
involvement of these neurons in the assessment of social risk.

Weaknesses:
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These are not weaknesses, just some observations: It is somewhat surprising that CRH
neurons respond similarly to familiar and unfamiliar objects; it would be good to have more
insights into that aspect.

Similarly, the novel context by itself is expected to lead to increased activity of CRH neurons
(based on data from the last author's lab as well as other labs in the field). It is somewhat
surprising (and interesting) that the novel environment did not affect the magnitude of CRH
responses to unfamiliar conspecifics.

https://doi.org/10.7554/eLife.111961.1.sa0
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