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WFIERLR OBE (330)
Pituitary adenylate cyclase activating polypeptide (PACAP) is a neuropeptide expressed widely

in nervous tissues. PACAP knockout (-/-) mice display a sudden infant death syndrome (SIDS)-like
phenotype, although the underlying physiological mechanism to explain this remains unclear. Here,
we report on the presence of abnormal respiratory activity in PACAP -/- mice under hypoxic
conditions, which provides a basis for the SIDS-like phenotype. PACAP -/- mice display a lowered
baseline respiratory activity compared with wild-type animals, and an abnormal response to
hypoxia. Histological and real time PCR analyses indicated that the catecholaminergic system in
the medulla was impaired in PACAP-/- mice, suggesting that endogenous PACAP affects
respiratory centers in the medulla via its action on the catecholaminergic system. We propose that
disruption of this system may be involved in the sudden infant death-like phenotype of PACAP -/-
mice. Thus, disorders of the catecholaminergic system involved with O, sensing could be

implicated in underlying neuronal mechanisms responsible for SIDS.
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Fig. 1. Respiratoryabnormalities in PACAP-deficient mice.
Respiration activities of unrestrained, unanaesthetized wild-type and
PACAP-/- mice were measured by plethysmography . (A) Recordings
correspond to spontaneous respiration in wild-type and PACAP-/-
littermates. (B) Ratio of rhythmic respirations that continued
rhythmic respiration for <5s was quantified as percentage (rhythmic
vs arrhythmic). (C) Frequency of apnea that continued without
respiration for >1s was quantified as percentage (apnea vs no apnea).
Respiratory frequency (D) and minute volume (E) were calculated for
each genotypic at described postnatal stage, respectively.
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Fig. 2. Abnormal ventilatory response to hypoxia in PACAP-
deficient mice. Respiration activities under either hypoxic (5% O,)
or hypercapnic (8% CO,) conditions were compared to that in air by
plethysmography. (A) Recordings corresponding to spontaneous
respirationin wild-type and PACAP-/- littermates at P2. (B)
Respiratory arrest under hypoxic conditions at P7 in PACAP-
deficient mice.
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Fig. 3. Responses to hypercapnea of in vitro medulla-spinal cord
preparations from PO wild-type, PACAP+/- and PACAP-/- mice. (A)
Raw traces of C4 inspiratory activity in response to 8% CO, solution
ingenotype: wild type and PACAP-/-. (B) Time course of change in
C4 burst rate during hypoxia for each genotype.
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Fig. 4. Responses to hypoxia of in vitro medulla-spinal cord
preparations from PO wild-type, PACAP+/- and PACAP-/- mice. (A)
Raw traces of C4 inspiratory activity in response to 5% O, solution
in genotype: wild type and PACAP-/-. (B) Time course of change in
C4 burst rate during hypoxia for each genotype.
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Fig. 5. PACAP/PAC1R and TH expression in brain stem at P0. (A)
mRNA levels of PACAP and VIP and their receptors in the brain
stem were quantified by real time PCR. (B) TH, DBH, PNMT
gene expression levels in PACAP+/+, +/-, and -/- mice were
determined by real-time PCR (C) Co-localizationof TH and
PAC1RinA1/C1 and A2/C2region was observed by double
immunostaining. PAC1R-immunopositivity (green) and TH-
immunopositivity (red) is shown merged with DAPI nuclear
staining (blue). (D) Typical images of TH and cFOS-
immunopositivityin A1/C1 and A2/C2 region of PACAP+/+ and -/-
mice. TH- immunopositivity (red) and cFOS-immunopositivity
(green) are merged with DAPI nuclear staining (blue). (E)
Number of TH-positive cells and TH- and ¢cFOS-double positive
cellsin A1/C1 and A2/C2 regions of PACAP+/+ and -/- mice.
Green bars indicate the number of TH- and ¢cFOS-double positive
cells, and red bars indicate the number of cells positive for TH
only. The number of double positive cells (green bars) and total
TH-positive cells (red + green bars) were compared between
PACAP+/+and -/- mice (n=8). Note significant decrease in A1/C1
regions of PACAP-/- mice (* P<0.05).
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