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Acute inflammation is not sufficient to inhibit
Abstract
Microbial infection is a major complication in wound healing. Larval zebrafish are a useful
wound healing
model for studying wound healing because the immune system is highly conserved, the
tissue is optically transparent, and transgenic lines with cell-specific expression of
fluorescent proteins are available, allowing us to visualize immune cells responses to
bacterial infections and the damaged epithelial layers. When a zebrafish transected tail
wound is infected with Listeria monocytogenes (Lm), wound healing is inhibited, and
increased numbers of macrophages and neutrophils are recruited to the wound compared
to uninfected zebrafish tail wounds. Early eradication of infection with antibiotics (24 hourpost-wound (hpw)) results in resolution of inflammation and proper wound healing,
however delayed eradication 48 or 72 hpw, results in sustained neutrophils and
macrophages recruitment at the wound and defective wound healing despite bacterial
clearance, suggesting that prolonged inflammation inhibits subsequent wound healing. To
determine the impact of prolonged macrophage or neutrophil recruitment on wound
healing, we depleted macrophages or neutrophils from the wound site. Surprisingly, we
found no difference in wound healing in Lm infected wounds when neutrophils are
depleted and worse healing when macrophages are depleted, suggesting that
macrophages are essential for wound healing. To modulate the inflammatory response to
infection, we utilized Lm strains genetically engineered to activate either pro- or antiinflammatory forms of cell deaths. Lm strains that induced inflammatory cell death,
including pyroptosis and necrosis, further inhibited wound healing whereas Lm strains that
induced anti-inflammatory cell death, apoptosis, did not inhibit wound healing, further
supporting the hypothesis that extensive inflammation impairs wound healing. Finally, to
investigate the inflammatory mediators that inhibit wound healing we used a variety of
pharmacologic and genetic tools to specifically inactivate components of the inflammatory
response. Strikingly, we found that treatment of zebrafish infected tail wounds with
anakinra, an IL-1R antagonist, partially rescued wound healing, suggesting that IL-1
signaling driven by Lm infection leads to wound healing defects. Ongoing studies are
aimed at further investigating if IL-1 signaling can serve as a potential therapeutic target
for treating infected wounds.
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Figure 4- Tg(mpeg:GFP) larvae were
injected with PBS liposome or
chlodronate liposome at 2 dpf and
wounded and infected with Lm-mCherry
at 3 dpf. Infected larvae were treated
with ampicillin at 3 dpw to control Lm
infections. (A) Experimental timeline. (B)
Quantification of Lm fluorescence area at
the tail wounds. (C) Quantification of
macrophage area at the tail wounds. (D)
Quantification of tissue regrowth area.
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Figure 2- Tg(mpeg1:H2B
GFP/lyzc:H2B mCherry)
zebrafish tail wounds
were imaged in response
to uninfected or Lminfected transection
treated with 45 mg/mL
ampicillin every 24 hour
starting at 1 dpw, 2 dpw,
or 3 dpw. (A) CFU
quantification of
bacterial burden. (B)
Quantification of
neutrophils fluorescence
area at tail wounds. (C)
Quantification of
macrophages
fluorescence area at tail
wounds. (D)
Quantification of tissue
regrowth area.
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Figure 5- Zebrafish larvae were
wounded and infected with Lm strain
that stimulate pyroptosis (Lm-Pyro),
necrosis (Lm-Necro), or apoptosis (LmApop) at 72 hpf. (A) Bacterial burden is
quantified using fluorescent area over
time. (B) Quantification of TNF⍺
expressing macrophages at the tail
wounds over time. (C) Quantification of
regrowth area over time.
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Figure 1- WT AB zebrafish tail fins were
transected at 72 hour-post-fertilization (hpf) and
bathed in PBS or Lm. (A) Representative images of
caudal fin area of individual wild-type larvae over
time in response to uninfected transection or Lm
infected transection using mCherryexpressing Lm. (B) Quantification of tissue
regrowth area over time. (Miskolci et al. eLife 2019)
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Figure 6- Zebrafish larvae were treated with 10 μM anakinra every 24 hour
starting at 1 dpf. (A) Bacterial burden is quantified over time using
fluorescent area. (B) Regrowth area is quantified over time.

Summary

Figure 3- Tg(mpx:mCherry-2A-Rac2 D57N) or Tg(mpx:mCherry-2A-Rac2) 72 hpf
larvae were wounded and infected with Lm-GFP. Lm infected tail wounds are
treated with ampicillin starting at 3 dpw to control the infections. (A)
Quantification of Lm fluorescence area at the tail wounds. (B) Images were
collected over time and regrowth area is quantified.

Conclusions:
• Sustained inflammation is required for inhibition of wound healing.
• Macrophages are important in regulating wound healing.
• Lm inhibits wound healing partially through IL-1 signaling.
Future Directions:
• Investigate if blocking IL-1 signaling is able to recue wound healing in
other wound infection models.

