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Social need

“Sociality”

Maslow's
hierarchy
of needs

A classic psychological
framework from Abraham
Maslow.
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These
dispositions,
in turn, activate
neurobiological

activation and
diminish sleep
quality

(Cacioppo and Hawkley, 2009)

Lacking social connection

could be as dangerous as

Smoking Up to ']5 Cigarettes (Holt-Lunstad et al., 2010)
a day ‘
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A hypothalamic circuit underlying the
dynamic control of social homeostasis
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Which brain regions and neural circuits encode “Understanding the world is to interpret
social need? reconstruct and substitute the world of
experience according to one’s inner drive.
] ] It is like escaping the chaos of the city to
How do animals sense social presence or view freely from a distant mountain. This
isolation? is what travelers, artists, poets, and
scientists pursue in their own fashion.”
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Social rebound
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Social rebound spectrum across mouse strains

» Different strains showed highly diverse ranges of social rebound,
from weak (BALB/c and DBA) to moderate (C57BL/6J, C3H/Hel, SWR/J) and strong (FVB/NJ).
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Social rebound reflects social homeostasis

Social interaction (s)

More intense social rebound

with increased isolation time.

Emergence of social rebound
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Isolated mice preferred to interact with a group over a single mouse.
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* Social rebound behaviour declined
over time during reunion.

Satiation of social rebound
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Candidate neurons underlying social homeostasis

* The hypothalamic preoptic region is important for sleep, thermoregulation, Medial Preoptic Nucleus (MPN)
thirst, and social behavior. —a hypothalamic nucleus involved in the control of
social behaviours
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Candidate neurons underlying social homeostasis

isolation :reunion ‘re-isolation
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Candidate neurons underlying social homeostasis

* MPNIsolation kept active non-stop during isolation.

Isolation p (

MPN/'S°aton - ourons
Activity (1-AUC)
0.7 mm 1 =m NS

Top 117
neurons |

100

Neurons

200

123456
Time from isolation (h)

15 min imaging ON
45 min imaging OFF

Neuron number (%)

Neural activity (1 - AUC)

) x 6 h p» Reunion

*

25} | iy ®
208, .0{_ TI_’
¢ .o
15—:@[: * .
.
10 * : ‘

10 -
A 3 o=
I -~
09 x & &
0.8 :;5?5- .3:;3.. —’g}t
|t S0 ARAR
o7 LeXd 7L R
o6l NS NS
NS
0-5 | 1 L
1-2h 3-4h 56h

Time from isolation

The PCA trajectory showed distinct neural representations for isolation and
reunion states and a rapid state transition upon reunion.
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Short-time reunion can also satisfy the social need after isolation.

MPNsolation and MPNReunion neurons are uniquely tuned to social isolation.
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Molecular identity of activated neuronal populations
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Functional characterization of MPN!solation neurons
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Neural circuits of MPN/solation neurons

* Chemogenetic activation

Isolation-TRAP/Vglut2-Flp i p
5’\‘-6
S0 o &
o i
v 15h v 9h ¥

Oxt-Cre; DIO-hM3D

MPN i Py *k -
AAV-Con/Fon-EYFP E .
S 2001 .
Enhanced Yellow Fluorescent Protein (EYFP) 8 2
O 2 400 ** "
Koy & o o = ®
P?\i \‘:‘:p\:b b{'o & A§ ? ;.. !
3 z__x v i Saline CNO

10 days 3 days 7 days

&

£ b,aﬂ

,Qp
\6?;\*0

s°

1

¥ ¥y ¥ v v

3 days !

Oxt-Cre; DIO-hM4D

Scocial interaction (s)

* Optogenetic activation

Isolation-TRAP/Vglut2-Flp

Projection map of MPN"=#°" neyrons

Relative density
(total projections (%6))

=20

AAV-Con/Fon-ChR2

5 Isolation-TRAP/Vglut2-Flp

PVN-TEKZE=#%
Arc-SIK#%
VMH-EERM T EfX
SUM-ZL3k F#%
PMV-BE M FREL L4

e
s

Q
o

Food intake (g)

e
=

Food intake (g)

3

200

100

_-_*—|

Saline CNO

™

F oo e

o] LA

2
M
T

Off On

— %
o

=]

o0 ]

Off

LED-on chamber (s)

LED-on chamber (s)

Intraperitoneal injection

v

o~

15h v 9h v

: ﬁ‘?{?‘ & fe-@"'{.\xoo

200
% W negative feeling
LK
100 | * . %
u ]
Saline OTR-A
400 -
T
300 + o%@ °
i real-time
200 - . avoidance
100
Off On
400 r NS—“I
2 .‘.
300 - .
%ﬁ == reduced eating
@
200 - © -
100 12



MPNReunion neurons modulate social satiety
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Sensory basis of social homeostasis
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Sensory basis of social homeostasis
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Conclusion

“Social rebound”occurs after social deprivation, suggesting a
homeostatic regulation of social need.

There are two interconnected hypothalamic neuron types that
are activated during either social isolation or social reunion,
together orchestrating dynamic switches between “social
seeking” and “social satiety”.

Social touch is a key sensory modality for mice to perceive
social environment, with lack of touch sensation leading to the
emergence of social need, and its presence providing social
satiety.

This project will shed new light into the regulation of social
motivation both at the cell-type and circuit-levels.
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Future Directions

Direction #1 (social touch)

Context-dependent modulation
Stranger, social crowding

Direction #2 (social need computation)

Natural environment
Need interactions

Direction #3 (evolution)

Parental influence (sugar glider)
Solitary species(hamster)

Direction #4 (sex)

Sex preference
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