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D
uring development, cells tune 

their gene expression and deter-

mine their position within a 

growing tissue by referencing the local 

concentration of certain secreted proteins 

called morphogens. Morphogens are often 

present in a concentration gradient across 

tissues, but, until fairly recently, it wasn’t 

clear how such gradients are established or 

how morphogens reach their target cells.

Suzanne Eaton has accumulated an 

important body of research exploring how 

morphogens direct global tissue patterning 

(1–3). Recently, she’s begun looking at how 

mechanical interactions with neighboring 

cells and tissues dictate tissue shape and cel-

lular orientation within tissues (4). And, 

just as morphogen and mechanical signals 

converge to drive tissue development, 

Eaton is also seeing her research fl ow in 

new directions (5), as we learned when we 

called her recently at her lab at the Max 

Planck Institute of Molecular Cell Biology 

and Genetics in Dresden, Germany.

IT IS LOGICAL

Did you have role models, growing up?

My father was always a real inspiration to 

me. He was an electrical engineer, and he 

taught for a little while at UC Berkeley 

after he got his PhD, before being re-

cruited to the research division at IBM. 

He was interested in everything, and he 

was a great scientist.

My other role model…

it’s embarrassing, but I 

would say that was Mr. 

Spock from Star Trek. I 

think my favorite thing 

that Spock ever said was 

in response to another of-

ficer, who said he “felt” 

something was wrong. The offi cer said, “It 

was just an emotional feeling, Mr. Spock. I 

don’t expect you to understand it.” And 

Spock said, “I note it, without understand-

ing it.” The lesson I drew from that is that 

one can take a rational approach to incom-

prehensible things. If you accept them, then 

you can think about what they might mean.

Besides Spock’s words, what have you 

carried with you into adulthood?

I started playing the piano when I was 

eight, and I had lessons all through uni-

versity. I thought of making a career of it, 

but of course that’s a really, really diffi cult 

life. But I love playing the piano. My hus-

band plays the fl ute, so we play together, 

and sometimes I play with other people, 

too. My sons also both love music—one 

plays piano, and the other plays guitar.

Did you take a logical approach to 

your career?

Actually, early on I was interested in 

many things and had a hard time deciding 

between them. In college I took a lot of 

math, music, literature, and biology. Then, 

after I graduated, I took a year off to fi gure 

out which of those things I was most inter-

ested in. I worked as a technician in a hos-

pital by day and as a cocktail waitress at 

night, and I gave it some thought.

I realized I didn’t want to be a cocktail 

waitress. I worked in a pretty rough bar. 

[Laughs] After that year, I decided I would 

apply to graduate school in biology.

METAMORPHOSIS

You joined Kathryn Calame’s lab 

at UCLA…

Yes. I worked on transcriptional control of 

the immunoglobulin heavy chain genes. 

By the end of my PhD, I 

became very interested 

in how transcriptional 

control was used to make 

cells different from each 

other and got very inter-

ested in development. 

So, for my postdoc, I just 

leapt to a different fi eld. I 

started working in Drosophila with Tom 

Kornberg at UCSF, trying to understand 

how cells separate into different lineage 

compartments and how organizer regions 

develop at the boundaries between the 

lineage compartments.

Then I moved to the EMBL in Heidel-

berg to do a second postdoc with Kai 

Simons. There, I was really focused on 

using Drosophila as a system to answer 

cell biological questions, such as how the 

actin cytoskeleton contributes to epithelial 

polarization. I was also interested in lipids 

and membrane biology. My time in Kai’s 

lab was a turning point for me, because 

I realized what a powerful thing it is to 

take two supposedly separate fi elds—cell 

biology and developmental biology—and 

wear both hats at the same time.

At that point, Kai was involved in orga-

nizing this new Max Planck Institute in 

Dresden, and I moved there. This has been 

fantastic because the institute is really de-

signed to exploit interfaces between groups 

positioned in development, cell biology, and 

biophysics. So, we’re now trying to think 

more about tissue mechanics and how they 

affect the key questions of developmental 

biology, such as how tissues develop with 

particular sizes, shapes, and patterns.

Part of that problem concerns how 

morphogens travel through tissues…

Wingless and Wnts are linked to palmitate, 

and Hedgehog is linked to both palmitate 

and cholesterol, which means these morpho-

gens need special mechanisms to be released 

from cell membranes. I thought this was an 

interesting cell biological problem: How 

do these lipidated proteins spread through 

tissues? Initially, we thought morphogens 
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Eaton studies tissue patterning in flies and mammals.

Suzanne Eaton: The beautiful logic of development

“One can take 
a rational 

approach to 
incomprehensible 

things.”

Suzanne Eaton



People & Ideas • THE JOURNAL OF CELL BIOLOGY 185

Text and Interview by Caitlin Sedwick

csedwick@gmail.com

might be incorporated into some kind of ex-

tracellular vesicle, such as an exosome. But 

we showed that Hedgehog is, in fact, incor-

porated into lipoprotein particles rather than 

exosomes. We discovered that Hedgehog 

can associate with lipoproteins just as well 

as it can with cell membranes, so lipopro-

teins can help Hedgehog get off of mem-

branes and move over long distances.

But these lipoproteins aren’t just vehi-

cles; they actually contain signaling lipids 

that are important for suppressing signal-

ing by the Hedgehog receptor when Hedge-

hog isn’t there. We think the way that 

Hedgehog actually signals 

is by controlling what cells 

do with the signaling lipids 

that are in lipoproteins.

There are also other 

mechanisms that can release 

Hedgehog from cells. We 

recently showed, both in 

mammalian and Drosophila 
systems, that Hedgehog pro-

teins can be released without 

any lipids on them at all. We 

found that the two forms of Hedgehog actu-

ally synergize with each other in signaling.

How do morphogen gradients form?

We’ve investigated that question with regard 

to Wingless and how it spreads through the 

wing imaginal disc of fl ies. We found that, 

when you block endocytosis, Wingless ac-

cumulates outside the cells and spreads 

much, much further. In fact, there’s no gra-

dient left. What this tells us is that, to form a 

gradient, you have to have a source and you 

have to have a sink. The sink is provided by 

the tissues through which Wingless is mov-

ing, and it’s a consequence of cells endocy-

tosing Wingless protein.

Another thing we noticed was that, 

when we blocked endocytosis, Wingless 

accumulated on the apical and basal sides 

but not the lateral sides of the cell. So endo-

cytosis seemed to be restricted to the api-

cal or the basal surface. Interestingly, 

there’s a glypican called Dally-like that 

causes Wingless to spread further and to 

accumulate on the basolateral membrane. 

We hypothesized that Dally-like allows 

Wingless to travel along lateral surfaces, 

where it’s immune from internalization.

It’s interesting that these glypicans seem 

to have roles, at least in the imaginal disc, 

in the spread of Wingless, 

Hedgehog, and Decapenta-

plegic, the fl y homologue of 

BMP. In the case of Hedge-

hog, what we see is that the 

glypicans are important for 

the association of lipopro-

teins with cells.

THE FINAL FRONTIER

Where do the lipoproteins 

come from?

They come from the systemic circulation; 

Hedgehog-producing cells are not them-

selves making lipoproteins. In the fly, 

lipoproteins come from the fat body and 

travel through the hemolymph to reach 

the wing imaginal disc, where Hedgehog-

producing disc cells load Hedgehog onto 

those lipoproteins. We don’t know how 

this works, but it’s something we’re very 

interested in understanding.

The fact that disc cells don’t make the 

lipoproteins themselves means that the sig-

naling lipids on lipoproteins also come from 

the systemic circulation. This opens up the 

interesting possibility that this is a way in 

which global lipid metabolism and nutrition 

can affect local signaling in a developing 

tissue. We’ve gotten very interested in lipid 

metabolism in fl ies, in identifying these lip-

ids and fi nding out where they come from.

On the other hand, we also noted that 

there is a systemically circulating form of 

Hedgehog in Drosophila—and in human 

and mouse plasma—that is associated with 

lipoproteins. This could be important for 

signaling at extremely long distances, even 

between organs. So one of the areas we’re 

working really hard on in the lab now is 

understanding what that’s for, where it 

comes from, and where it goes.

You mentioned that you’re looking into 

tissue mechanics, as well…

We have a long-standing collaboration 

with the group of Frank Jülicher, who’s 

also here in Dresden, trying to develop 

models for the mechanical properties of 

cells and epithelia. We’d like to use these 

models to understand how tissue mechan-

ics control the directions that cells grow—

or whether they grow at all—and the di-

rection in which cells rearrange. We now 

have a really great system to study how 

stresses in epithelial tissue can orient cell 

divisions and cell rearrangements and can 

induce tissue fl ows that in turn can affect 

things such as planar cell polarity.

We want to understand the link between 

the morphogen gradients, the patterns of 

morphogen signaling, and the local cell me-

chanical properties that specify these fl ow 

and growth patterns. In the end, I’m hoping 

that all these areas of my lab—morphogen 

gradient formation, tissue mechanics, and 

epithelial remodeling—will come together.
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Eaton’s son snapped this image of Suzanne at 
her piano. 

“This could 
be impor tant 
for signaling 
at extremely 

long distances, 
even between 

organs.”
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The most elongated cells in a Drosophila wing 
imaginal disc are labeled red, whereas the 
most isotropic cells are colored blue. The 
pattern of cell elongation correlates with the 
major signaling centers at the compartment 
boundaries of the disc.



<<
  /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




