Response to anesthesia and expression of PHOX2B in a zebrafish model of
CHARGE syndrome
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Larval HR data

o CHARGE syndrome is estimated to occur in 1/10 000 live births (1).
o CHARGE is an acronym for ocular Coloboma, Heart defects, choanal Atresia,
Retardation of growth and development, Genitourinary malformation and Ear
abnormalities, the common clinical features of CHARGE (2).

Figure 5. Changes in opercular beat frequency were assessed under anesthetic. Adult
zebrafish were placed in tricaine anesthetic and videos were taken in real time, allowing analysis to occur
later. Opercular beats were counted when fish lost response to touch, and lost fin-pinch response (considered
”surgical plane” anesthesia). Opercular beats were also counted when fish were moved to a recovery tank with
no tricaine, and for the ten second period prior to recovering response to touch. Opercular beats were counted
for a total of ten seconds and extrapolated to determine beats per minute.

o The paired-like homeobox 2B (PHOX2B) gene is involved in neural crest
development.
o Mutations in PHOX2B result in Central Congenital Hypoventilation Syndrome (CCHS).
o CCHS is characterized by dysregulation of the ANS, resulting in failure of the
respiratory system, usually during sleep (3).
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Figure 9. Loss of phox2Ba results in reduced
heart rates.
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Figure 2: Sequence alignment of
CHD7. Alignment of human, mouse and
zebrafish CHD7 orthologs, highlighting
the conservation of the CHD7 gene
sequence between different species.
Figure from Bosman et al., 2005.
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o Mutations in the chromodomain helicase DNA binding protein 7 (CHD7) gene result in
CHARGE syndrome.
o CHD7 is involved in the regulation of neural crest development.
o Neural crest cells give rise to tissues in the face and skull, and form components of
the autonomic nervous system (ANS).
o The ANS modulates the respiratory, cardiovascular and digestive systems (1, 3).

Fish into
tricaine

200

Zebrafish were injected with morpholino at the one cell stage to
knock down RNA expression and heart rates were counted
under anesthesia at 72 hpf. Three groups of morpholino were
examined, phox2Ba, phox2Bb, and phox2Ba and phox2Bb in
combination. Embryos injected with phox2Ba morpholino had
significantly lower heart rates compared with control. * = p<0.05,
as per one-way ANOVA with a Tukey post-test, error bars
represent SD, each point represents an individual larvae. All
groups n=10, 3 replicates.
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Figure 1: Clinical features of CHARGE syndrome. Individuals with CHARGE undergo ENT, cardiac and GI
surgeries under anesthesia to treat various malformations (A). A hallmark feature of CHARGE syndrome is ocular
coloboma (B). Abnormalities of the outer, middle and inner ear often lead to hearing loss in individuals with
CHARGE, with potential for cochlear implant (C).

Representative images of wild type (Tübingen, A, B) and chd7 (C, D) demonstrate the retardation of growth,
pericardial edema and abnormal hearts seen in the CHARGE model used for this project, which was
previously created in the Berman Lab through Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR) mediated knock down of the chd7 gene. The sequence introduced contained a deletion of 2
nucleotides in chd7 (Prykhozhij et al. 2017 & Prykhozhij et al. 2018).
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Figure 4. Loss of chd7 expression in the zebrafish results in a CHARGE syndrome
phenotype.

Heart rates were counted in zebrafish larvae under
anesthesia at 48 hpf. * = p<0.05, as per two-tailed
unpaired t-test, error bars represent SD, each point
represents an individual larvae. +/+ n=24, -/- n=18, 3
replicates.
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Figure 8. CHARGE fish have lower heart
rates than wild type zebrafish.
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Aim 1: chd7-/- fish demonstrated significantly increased respiratory rate and decreased
Figure 6. CHARGE fish have higher
respiratory rates during anesthesia and
recovery.
Fish were anesthetized with tricaine and respiratory
rates (opercular movements) were recorded at two time
points during anesthesia, and two points while
recovering from anesthesia.
Anesthesia was assessed by the time it took fish to
lose their response to touch (time point 1) and
response to fin-pinch (time point 2).
Recovery was measured as the time it took the fish to
regain movement, and respiratory rates were assessed
both upon entering the recovery tank (time point 3) and
just before fish recovered ability to swim (time point 4).
* = p<0.05, ** = p<0.01, as per one-way ANOVA, with a
Tukey post-test. Error bars represent SD. +/+ n=13, +/n=13, -/- n=7, 3 replicates.

Figure 3: Sequence alignment of PHOX2B.
Alignment of human and zebrafish PHOX2B
protein sequences, highlighting the conservation
of the PHOX2B sequence between different
species. As a result of whole genome
duplication that occurred in the zebrafish, there
are two copies of the PHOX2B gene, phox2Ba
and phox2Bb. Figure from Pei et al., 2013.

o Symptoms of CCHS and hypoventilation when recovering from anesthetic have been
observed in individuals with CHARGE syndrome (4).
o This project will examine a possible association between CHD7 and PHOX2B.

heart rate in response to anesthesia.
Aim 2: phox2Ba is the the main homolog involved in heart rate regulation. The
expression pattern of phox2Ba in chd7-/- embryos varies from that of chd7+/+. chd7 -/larvae have lower heart rates than chd7+/+, and knock down of phox2Ba RNA results in
lower heart rates during anesthesia.
Our zebrafish model has provided new insights into the symptoms experienced by CHARGE
patients during anesthesia. We have demonstrated that modulation of phox2Ba produces a
phenotype in larvae similar to what is seen in our CHARGE model with respect to its effect on
heart rate.

Future work will consist of quantitative PCR to examine mRNA expression levels in
CHARGE and wild type fish. phox2Ba and phox2Bb expression levels will be assessed.
CHARGE syndrome is currently treated with medical interventions based on the
symptoms of each individual patient. By investigating the roles of CHD7 and PHOX2B in
CHARGE, we hope to further our understanding of disease pathogenesis and potentially
identify new actionable molecular targets for therapeutic intervention.

We hypothesize that the zebrafish model of CHARGE syndrome will have
an adverse response to anesthesia, and that PHOX2B levels will be altered
in this disease model.
1) We aim to characterize anesthetic recovery behaviour in a zebrafish model of
CHARGE syndrome to further understand the causative factors of the adverse
events experienced by CHARGE patients undergoing anesthesia.
2) We aim to determine the role of PHOX2B in CHARGE syndrome. Specifically,
whether abnormalities in phox2B expression occur in this model, and the effect
of knock down of phox2B expression in zebrafish.

Figure 7. phox2Ba expression is reduced
in CHARGE embryos at 48 hpf.
Zebrafish have two homologs of phox2B: phox2Ba
and phox2Bb. chd7-/- embryos had lower levels of
phox2Ba expression than +/+ or +/- embryos by
whole mount in situ hybridization.
Staining patterns were quantified by scoring for
intensity, with a score of 1 corresponding to weak, 2
to intermediate, and 3 to strong staining. Note the
increased proportion of embryos with weak or
intermediate staining patterns in the chd7-/- group.
Control, +/+ , +/- n=3, -/- n=2, 3 replicates.
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