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between 4–8 h post cisplatin exposure (Figure 1F). These observations indicate that rela-
tively short exposures to cisplatin initiates progressive hair cell loss in zebrafish lateral 
line organs, but that hair cell death can require several hours to manifest. 

 

Figure 1. Dose- and time- response relationships of lateral line hair cell loss following 2 h exposure 
to cisplatin. (A) Diagram of standardized larval zebrafish cisplatin exposure protocol. Larvae (6 dpf) 
were placed into cell strainers and moved between cisplatin exposure and EM rinse steps, while 
being allowed to swim freely in EM during recovery. ( B,C) Maximum intensity projection images 
of neuromast hair cell nuclei labeled with DAPI in either control ( B) or cisplatin-treated (C–C” ) lar-
vae following 24 h recovery. (D,E) Cisplatin dose response relationship of hair cell loss per neuro-
mast following either 2 h ( D) or 24 h (E) recovery. Each dot represents the mean number of hair cells 
from 47–50 neuromasts/3 experimental trials. Note the delay in maximal hair cell loss at all doses 
examined. (F) Time response relationship following expo sure to 250 µM cisplatin. Each dot repre-
sents the mean number of hair cells from 16–20 neuromasts. Maximal hair cell loss appeared to occur 
between 4–8 h following cisplatin exposure. Bars = SD. 

Figure 1. Dose- and time- response relationships of lateral line hair cell loss following 2 h exposure to
cisplatin. (A) Diagram of standardized larval zebrafish cisplatin exposure protocol. Larvae (6 dpf)
were placed into cell strainers and moved between cisplatin exposure and EM rinse steps, while
being allowed to swim freely in EM during recovery. (B,C) Maximum intensity projection images of
neuromast hair cell nuclei labeled with DAPI in either control (B) or cisplatin-treated (C–C”) larvae
following 24 h recovery. (D,E) Cisplatin dose response relationship of hair cell loss per neuromast
following either 2 h (D) or 24 h (E) recovery. Each dot represents the mean number of hair cells
from 47–50 neuromasts/3 experimental trials. Note the delay in maximal hair cell loss at all doses
examined. (F) Time response relationship following exposure to 250 µM cisplatin. Each dot represents
the mean number of hair cells from 16–20 neuromasts. Maximal hair cell loss appeared to occur
between 4–8 h following cisplatin exposure. Bars = SD.
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2.2. Cisplatin Treatment Induces an Inflammatory Response That Corresponds with the Timing of
Neuromast Hair Cell Death

Injury to the cochlea by noise or ototoxic drugs induces an inflammatory response,
including the recruitment of macrophages to injured cochlear tissue [19]. In previous
studies, we have also observed rapid recruitment of macrophages to lateral line neuromasts
following injury caused by excess mechanical stimulation or neomycin exposure [20–22].
We therefore evaluated the time course of macrophage recruitment to neuromasts following
cisplatin injury. These experiments utilized transgenic larvae that stably express YFP in
their macrophages (w200Tg; Tg(mpeg1:YFP)). Six-day-old transgenic larvae were treated
with 250 µM cisplatin for 2 h, then allowed to recover for 2, 4, 8 or 24 h (Figure 2A–D). We
observed no increase in the number of macrophages within 25 µm of injured neuromasts
(Figure 2E), which is comparable to what we previously observed in in zebrafish exposed
to neomycin [21]. We also saw no significant increase in microphage contacts with injured
neuromasts at fixed time points following cisplatin exposure (Figure 2F), which contrasts
with the significant increase in macrophage contacts observed in injured neuromasts fol-
lowing neomycin exposure. Nevertheless, we observed activation and phagocytic activity
of macrophages in response to cisplatin-induced hair cell death. Phagocytosis of hair cell
debris increased and peaked 4 h following exposure (Figure 2G), which corresponds to
the time course of hair cell loss occurring 4–8 h following 250 µM cisplatin (Figure 1F). It
is worth noting that hair cell death following neomycin exposure is rapid, with hair cell
death and subsequent macrophage response occurring in <30 min [21]. These data may
reflect a limitation of capturing macrophage dynamics over the more delayed time course
of hair cell death following cisplatin.

2.3. Inflammation Does Not Enhance Cisplatin Ototoxicity

In addition to clearing cellular debris from damaged tissues, macrophages may in-
fluence the pathogenesis of sensory cells by secreting proinflammatory cytokines that
lead to the production to reactive oxygen species and apoptosis of damaged cells [23]. To
evaluate the role of macrophages in cisplatin-induced hair cell death, we quantified neuro-
mast hair cell loss in fish where macrophages were selectively ablated. Experiments used
double transgenic fish (gl25Tg, Tg(mpeg1.1:GAL4FF); c264Tg, Tg(UAS-E1B:NTR-mCherry)
that have macrophage-specific expression of the bacterial enzyme nitroreductase (NTR).
When exposed to the nontoxic prodrug metronidazole (MTZ), NTR-expressing cells convert
MTZ to a toxic form that induces rapid destruction of NTR-expressing cells [24]. To verify
macrophage ablation following MTZ treatment, we quantified the number of macrophages
in the posterior-most 500 µm of the tail and observed significant depletion of macrophages
in MTZ-treated larvae, relative to siblings treated with drug-carrier alone (Figure 3A–C). We
then exposed both untreated and MTZ-treated larvae to 250 µM cisplatin for 2 h followed by
24 h recovery (Figure 3D,E). We observed similar hair cell loss in both macrophage-depleted
and control larvae (Figure 3F), suggesting that macrophages do not contribute to cisplatin
ototoxicity in zebrafish lateral line organs.
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Figure 2. Macrophages respond to cisplatin-induced injury and phagocytose dying hair cells. (A–
D) Single z-section images taken from 15 µm-depth confocal stacks of neuromasts in fish following 
treatment with 250 µM cisplatin. Macrophages are labeled with YFP (cyan), hair cells with an anti-
body to Otoferlin (HCS-1; yellow) and all cell nuclei are labeled with DAPI (blue). Arrows indicate 
macrophage phagocytosis of dying hair cells. Note that the macrophages at 2- and 4-h recovery 
(A,B) have internalized otoferlin-labeled hair cell debris (yellow) as well as pyknotic nuclei (blue). 
At later time points (C,D) macrophages are in proximity of neuromasts but no longer phagocytosing 
hair cell debris (E,F). Quantification of macrophages in proximity to neuromasts (E) and contacting 
neuromasts (F) following cisplatin. There was no observed difference between cisplatin treated and 
control. (G) Quantification of phagocytotic events in cisplatin treated neuromasts, which peaked 4 
h post cisplatin treatment (Dunn’s multiple comparisons test, ** adjusted p = 0.0636). Bars = SD. Data 
obtained from 10–14 fish/treatment group. 

Figure 2. Macrophages respond to cisplatin-induced injury and phagocytose dying hair cells. (A–D)
Single z-section images taken from 15 µm-depth confocal stacks of neuromasts in fish following
treatment with 250 µM cisplatin. Macrophages are labeled with YFP (cyan), hair cells with an
antibody to Otoferlin (HCS-1; yellow) and all cell nuclei are labeled with DAPI (blue). Arrows indicate
macrophage phagocytosis of dying hair cells. Note that the macrophages at 2- and 4-h recovery (A,B)
have internalized otoferlin-labeled hair cell debris (yellow) as well as pyknotic nuclei (blue). At
later time points (C,D) macrophages are in proximity of neuromasts but no longer phagocytosing
hair cell debris (E,F). Quantification of macrophages in proximity to neuromasts (E) and contacting
neuromasts (F) following cisplatin. There was no observed difference between cisplatin treated and
control. (G) Quantification of phagocytotic events in cisplatin treated neuromasts, which peaked 4 h
post cisplatin treatment (Dunn’s multiple comparisons test, ** adjusted p = 0.0636). Bars = SD. Data
obtained from 10–14 fish/treatment group.


