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Activation of CGRP neurons in the parabrachial nucleus
promotes defensive behavior appropriate to types of threat’
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Recent studies suggest that the neurons expressing calcitonin gene-related peptide (CGRP) in the parabrachial nucleus
represent aversive information from diverse sensory modalities and signal a general alarm to the forebrain. All of the
studies commonly found that CGRP stimulation increased freezing behavior among multiple defensive behaviors. However,
it is unclear whether CGRP neurons can induce adaptive defensive behaviors that are relevant to specific threat
circumstances. In this study, we optogenetically activated CGRP neurons when Calca—Cre mice received one of two
aversive stimuli during Pavlovian fear conditioning: 1) an electrical footshock, 2) a chasing robot which mimicked an
imminent predator—like threat. Our results showed that CGRP activation elevated freezing responses after the conventional
conditioning with the footshock. On the other hand, the same CGRP manipulation increased flight responses after the
conditioning with the chasing robot. Thus, these results clearly indicate that CGRP neurons can coordinate multiple

defensive behaviors, including both freezing and flight, in order to adaptively respond to different types of threats.
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Figure 1. Optogenetic manipulations of CGRP neurons in the PBN. (A) Schematic of bilateral injections of AAV- DIO-ChR2-eYFP
or AAV-DIO-eYFP followed by fiber implants in the PBN of Calca—Cre mice. (B) Expression of ChR2-eYFP (top; ChR2 group)
and eYFP (bottom; eYFP group) in the PBN. scp, superior cerebellar peduncle. (C-D) Locations of fiber tips in ChR2 group used

in the first (C) and second (D) experiments.
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Figure 2. Stimulation of CGRP neurons during conventional fear conditioning with a footshock as US. (A) Freezing responses to

optical stimulation of CGRP neurons in freely moving mice. Blue light was presented for 30 s at 40 Hz in the shaded areas. (B)

Experimental procedures. Fear conditioning was conducted on day 2 in which CGRP neurons were optically stimulated during the

presentation of US. Two retention tests (pre and post) were performed in a different context to examine animals’ fear memory in

response to CS before and after fear conditioning, (C-D) Freezing (C) and flight (D) responses during fear conditioning. (E-F)
Freezing (E) and flight (F) responses in two retention tests. **, p < 0.01;
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Figure 3. Stimulation of CGRP neurons during fear conditioning with a chasing robot as US. (A) Freezing behavior in response to

CGRP stimulation. (B) Conditioning procedures. CGRP neurons were activated during the running of the chasing robot. Fear

responses to CS were measured in retention tests before and after fear conditioning. (C-D) Changes in freezing (C) and flight (D)

responses across trials during fear conditioning. The inset in (C) showed the number of collisions between mice and the chasing

robot. (E-F) Freezing (E) and flight (F) responses to CS in retention tests. (G-H) Correlations between the magnitude of CGRP

stimulation and defensive behavior evoked by CS in the post—retention test. The behavioral consequences resulting from CGRP

stimulation (.e., freezing) in (A) were used as the indicators of CGRP activation during fear conditioning. The magnitude of CGRP

stimulation was significantly correlated with flight responses (H), but not freezing behavior (G).

* p <005 *** p 0001
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Activation of CGRP neurons in the parabrachial nucleus promotes defensive behavior appropriate to types of threat

APANSE TS of 7| 2H 0|1 QAT PR 5
2 BHdE omgith. A4 deA Sl CCGRPRHEe] &
2= tigt AT E Agols TS Stk 7€ A
orS aFeto](Palmiter, 2018), 2 Ad Ail= doea=9]
T3l et 54 72 volu 54 =Y HheE
g 4 9t ALH QPATEA CGRPHFAEC] 7153e
A Fot oA FE ZASKE AstEA FAd =i
e BEE T 5 Qe AREAE §& Al &8
Stobd (Fadok et al., 2017), CGRPRFHE] ZE P59 7]
ofgliz AT Hrp FAHOZ ofadt 4= 9l Zo= 7|y
sttt
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