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From a syncytium to mononucleate cells and back: Yki and JNK

in symphony
Dhananjay Chaturvedi® and K. VijayRaghavan@®

Alary muscle syncytia in Drosophila larvae undergo a remarkable process of dedifferentiation into single cells that then fuse to become
ventral longitudinal muscle in the adult. In this issue, Schaub et al. (2019. J. Cell Biol. https://doi.org/10.1083/jcb.201905048) identify the
Hippo and JNK signaling pathways as key regulators of this process of developmental remodeling of cell fate.

The Waddington landscape offers an elegant
simile for the progressive specification of
form and function among the lineages of a
zygote; i.e., how one cell with a fixed geno-
type can give rise to a multitude of cells with
remarkably different behavior and physiol-
ogy within the same organism (). Once an
organism attains a “stable” morphology,
maintenance and repair mechanisms are
activated. The Waddington landscape leaves
an impression that the metaphorical ball
cannot roll back up the hill and land in a
different spot; i.e., the cell fate of an adult
cell is fixed.

Decades of research in several species
has shown that under extraordinary cir-
cumstances like tumorigenesis and injury,
cells can “step back” transcriptionally in the
differentiation program to take up a differ-
ent cell fate. For instance, fragments of
planaria and hydra can regenerate entire
individuals complete with all tissue types.
Less dramatic, but no less extraordinary, is
the ability of starfish and salamanders to
regenerate limbs and for geckos to regen-
erate tails (2). In these cases, cells at the site
of injury dedifferentiate to form a blastema
that subsequently differentiates to regen-
erate a lost organ. In mice, repair of the
liver, bone, and neonatal heart and regen-
eration of digit tips in post-weaned animals
is the extent of regeneration that has been
documented, though injuries in skin and
muscles are repaired by local stem cells (3).

Skeletal muscles are considered the
epitome of differentiated cells. These are
syncytia formed by the fusion of numerous
mononucleate myoblasts. Most skeletal

muscle development in Drosophila mela-
nogaster takes the same route. Myoblasts
specified in embryonic development fuse to
give rise to syncytia that help with larval
locomotion, among other functions (4). Alary
muscles are a scaffolding muscle type that
hold the larval heart attached to the body
wall. In addition to the scaffolding function of
alary muscles in larvae, ventral longitudinal
muscles surround the heart in adult fruit flies
and assist in hemolymph movement.

Schaub et al. in 2015 uncovered a pecu-
liar step in the course of alary and ventral
longitudinal muscle development (5). They
showed that anterior alary muscle syncytia
disaggregate into single cells and fuse again
to form ventral longitudinal muscle. The
disaggregation step is dependent on the
transcription regulators Orgl, the single
Drosophila T box transcription factor, and
Tailup (Tup). This breakdown of a muscle
syncytium and the refusion of the resulting
mononucleate cells to form a new syncy-
tium as part of normal development was a
unique observation, at least in Drosophila, if
not other species. This step in development
is reminiscent of dedifferentiation and re-
differentiation, but in a fundamentally
unique homeostatic context.

In this issue, Schaub et al. now identify
new molecular players that are responsible
for this reprogramming (Fig. 1; 6). They
present data showing that the reprogram-
ming and disaggregation of larval anterior
alary muscle, which is the first step in
ventral longitudinal muscle formation, are
regulated in concert by Hippo and JNK sig-
naling pathways. Atypical PKC (aPKC) acts

upstream of Hippo to activate the tran-
scription factors Yorkie (Yki) and Scalloped,
and transcription of their target genes Myc
and Piwi (known from other contexts) in-
fluences anterior alary muscle reprogram-
ming. In parallel, active Drosophila JNK
(JJNK) signaling mediated by the proteins
Basket (Bsk) and AP-1 (Jra and Kay) exerts
similar control over this process. Bsk also
clearly influences the derepression of Yki.
Future investigations may explore which of
the target genes of these pathways (other
than Myc and Piwi) can influence the sub-
sequent stages of muscle reprogramming
that manifest in syncytial disaggregation
and subsequent fusion to form ventral lon-
gitudinal muscle.

The new molecular details of this dedif-
ferentiation process presented in this paper
are about as startling as the discovery of
anterior alary muscle reprogramming itself
(6). In Drosophila, Yki and Myc activity are
widely known to promote proliferation and
prevent apoptosis in the developing brain,
eye, and wing (7, 8). The observation that
Hippo-regulated Yki activity induces syn-
cytial breakdown into fusion-competent
myoblasts suggests that Hippo and JNK sig-
naling in concert may promote cytokinesis-
like processes in a syncytium without DNA
replication, but the nature of this remains to
be explored.

Changes in Yki function in muscles are
associated with catastrophic outcomes. In
the context of mouse skeletal muscles, na-
tive expression of the mammalian homo-
logue of Yki (Yes-associated protein; YAP)
in adult mice muscles is elevated upon
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Figure 1. AM disaggregation to VLM formation. At the P3 stage in Drosophila pupal development, anterior alary muscle syncytia undergo reprogramming (through
Hippo and NK signaling proteins) to disaggregate into mononucleate myoblasts, which, by the P7 stage, fuse among themselves to form the ventral longitudinal

muscle. Hpo, Hippo; Sd, Scalloped.

denervation, ostensibly to prevent atrophy
(9). However, constitutive expression of
activated YAP in mouse skeletal muscles
leads to muscle degradation, although
muscle stem cell-associated transcripts
are elevated (10). The concerted function
of Hippo and JNK signaling resulting in
syncytial reprogramming that is not asso-
ciated with cell proliferation makes this
report by Schaub et al. particularly new
and noteworthy.

Chaturvedi and VijayRaghavan
Alary muscle reprogramming through Yki and JNK

Acknowledgments

We would like to acknowledge intramural
funding from the National Centre for Bio-
logical Sciences, Tata Institute of Funda-
mental Research.

The authors declare no competing fi-
nancial interests.

1. Waddington, CH. 2014. The Strategy of the Genes.
Routledge, Abingdon, UK. 274 pp. https://doi.org/10
.4324/9781315765471

2. Brockes, J.P., and A. Kumar. 2008. Annu. Rev. Cell Dev. Biol.
https://doi.org/10.1146/annurev.cellbio.24.110707.175336

w

. Tanaka, E.M., and P.W. Reddien. 2011. Dev. Cell. https://
doi.org/10.1016/j.devcel.2011.06.016
. Dobi, K.C,, et al. 2015. Wiley Interdiscip. Rev. Dev. Biol.
https://doi.org/10.1002/wdev.182
Schaub, C., et al. 2015.Curr. Biol. https://doi.org/10.1016/j
.cub.2014.12.029
Schaub, C, et al. 2019. J. Cell Biol. https://doi.org/10.1083/
cb.201905048
. Snigdha, K., et al. 2019. Front. Cell Dev. Biol. https://doi
.0rg/10.3389/fcell.2019.00085
. Grifoni, D., and P. Bellosta. 2015. Biochim. Biophys. Acta.
https://doi.org/10.1016/j.bbagrm.2014.06.021
9. Watt, K., et al. 2015. Nat. Commun. https://doi.org/10
.1038/ncomms7048
10. Judson, R.N., et al. 2013. PLoS ONE. https://doi.org/10
.1371/journal.pone.0059622

~

v

o

~

o5}

Journal of Cell Biology
https://doi.org/10.1083/jcb.201910025

3532


https://doi.org/10.4324/9781315765471
https://doi.org/10.4324/9781315765471
https://doi.org/10.1146/annurev.cellbio.24.110707.175336
https://doi.org/10.1016/j.devcel.2011.06.016
https://doi.org/10.1016/j.devcel.2011.06.016
https://doi.org/10.1002/wdev.182
https://doi.org/10.1016/j.cub.2014.12.029
https://doi.org/10.1016/j.cub.2014.12.029
https://doi.org/10.1083/jcb.201905048
https://doi.org/10.1083/jcb.201905048
https://doi.org/10.3389/fcell.2019.00085
https://doi.org/10.3389/fcell.2019.00085
https://doi.org/10.1016/j.bbagrm.2014.06.021
https://doi.org/10.1038/ncomms7048
https://doi.org/10.1038/ncomms7048
https://doi.org/10.1371/journal.pone.0059622
https://doi.org/10.1371/journal.pone.0059622
https://doi.org/10.1083/jcb.201910025

	Outline placeholder
	Acknowledgments



<<
  /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
  /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

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


