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Fyn regeneration

A Src family kinase and several other signaling pathways help repair zebrafish fins after wounding.

hough all animals do their best to
I repair injured tissues—closing
wounds and mounting an inflam-
matory response—some species’ repair
programs are better than others. Certain
amphibians can regrow lost limbs, for ex-
ample, and zebrafish can completely regen-
erate injured fins. How these animals sense
the initial wound and induce tissue regener-
ation is unclear, however. Yoo et al. identify
several zebrafish signaling pathways that
are only transiently activated immediately
after wounding but are essential for the sub-
sequent regeneration of damaged fins (1).
Anna Huttenlocher and colleagues at the
University of Wisconsin-Madison previ-
ously found that wounding zebrafish larvae
induced the generation of reactive oxygen
species (ROS), especially hydrogen perox-
ide, which activated the Src family kinase
(SFK) Lyn in neutrophils (2). “Lyn func-
tions as a redox sensor to detect hydrogen
peroxide and direct neutrophils to the wound
site,” explains Huttenlocher. “But when we
were doing these studies, we noticed that
Src family kinases were also activated in the
fin epithelium. So we were interested to see
what the signaling [in this tissue] did.”
Huttenlocher and colleagues, led by Sa
Kan Yoo and Christina Freisinger, found that
the activation of epithelial SFKs immediate-
ly after wounding was also
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(Top row, left to right) Sa Kan Yoo, Christina Freisinger, Danny LeBert, and Anna Huttenlocher
describe several signaling events that occur immediately after wounding and are critical to
the subsequent regeneration of damaged zebradfish tail fins. In particular, reactive oxygen
species activate the Src family kinase Fyn in the fin epithelium 30 minutes after wounding
(bottom row, left). Three days later, a control fish (second from left) has regrown its fin from the
initial wound site (dotted line), whereas regeneration is impaired in fish briefly treated with
inhibitors of reactive oxygen species (second from right) or Src family kinases (right).

growth of injured tail fins (4), “we wanted to
address whether these early signaling events
impacted fin regeneration several days later.”

Yoo et al. found that blocking ROS pro-
duction or SFK activity for one hour before
and after wounding impaired the regenera-
tion of zebrafish fins three days later. Inhib-
iting calcium release or ERK signaling had a
similar effect. But regeneration was normal if
the signaling pathways weren’t inhibited un-
til 3-5 hours after wounding,

dependent on ROS (1). In-
hibiting the ROS-producing
enzyme NADPH oxidase, or
depleting the hydrogen per-

“These early
signaling events
impacted fin

revealing a brief time window

in which early wound signals

set up later repair events.
Although inhibiting ROS

oxide—generating enzyme regeneraiion and SFK signaling caused an
dual oxidase, inhibited SFK several dO s abnormal inflammatory re-
activation in the epithelia of 4 sponse, this wasn’t the cause
wounded fins. The research- |ater. o of the fin regeneration de-

ers also identified several
other early wound signaling events that
occurred independently of ROS and SFKs.
Wounding zebrafish fins stimulated the acti-
vation of the kinase ERK in epithelia and,
just like in C. elegans (3), induced a burst
of calcium release from intracellular stores.

“So wounding induces all of these early
signals that are very transient,” Huttenlocher
says, adding that, because dual oxidase has
previously been shown to promote the re-

fects because fish lacking
neutrophils and macrophages still showed
impaired fin regrowth after treatment with
ROS and SFK inhibitors. Yoo et al. therefore
examined whether epithelial SFKs were im-
portant for regeneration.

“We found that Yes and Fyn are the
two SFKs in the epithelium, and when we
depleted Fyn we saw a regeneration de-
fect,” Huttenlocher recalls. “So that sup-
ported the idea that signaling within the

epithelium by the SFK Fyn is critical for
the regenerative phenotype.”

It remains to be seen how Fyn—or any of
the other early signaling pathways induced
by wounding—promotes subsequent tissue
regeneration. Blocking ROS production or
depleting Fyn reduced the proliferation of pre-
cursor blastolemal cells in regenerating fins,
and, at least in mice, Fyn has also been shown
to control differentiation (5). “There are prob-
ably changes in gene expression involved in
the long-term ability of fins to regenerate,”
says Huttenlocher. “But we don’t yet know
the exact targets that mediate this effect.”

In the longer term, Huttenlocher is in-
trigued by the possibility that tweaking these
early wound signaling pathways might boost
the regenerative capacity of mammalian
tissues. “There’s evidence that redox signal-
ing is involved in wound healing in mice,”
Huttenlocher says. “So if you stimulate these
pathways, can you improve the healing and
regenerative response in mammals?”’

1. Yoo, S.K., et al. 2012. J. Cell Biol. http://dx.doi

.org/10.1083/jcb.201203154.
2.Yoo, S.K., et al. 2011. Nature. 480:109-112.

3. Xu, S., and A.D. Chisholm. 2011. Curr. Biol.

21:1960-1967.

4. Rieger, S., and A. Sagasti. 2011. PLoS Biol.

9:¢1000621.
5. Cabodi, S., et al. 2000. Mol. Cell. 6:1121-1129.

In Focus « THE JOURNAL OF CELL BIOLOGY

PHOTOS COURTESY OF THE AUTHORS

920z Arenigad g0 uo 3senb Aq 4pd )1z66 L 90/6865251/681/2/66 L /4Ppd-8loe/qol/Bi0"sseidnu//:dny woy papeojumoq

189




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


