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HEMATOPOIESIS

New ways to make a blood
cell
In a niche under the skin in Drosophila larvae, blood cells called

plasmatocytes can transform into other classes of blood cell.
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Image A hemocyte cluster provides an

environment that allows certain blood cells

to change into other types

A
bewildering variety of different kinds of

blood cell are engaged in the immune

defense of humans, and they must all be

present in the right numbers in the blood.

Understanding how blood cells develop in

humans and other vertebrates has therefore

been a focus of intense research. A picture has

emerged in which a small number of self-

renewing stem cells give rise to multipotent

progenitor cells, from which successive gener-

ations of progenitor cells can develop, each

progressively more restricted in the types of cell

they can develop into. Eventually the progenitor

cells give rise to the different classes of mature

blood cells (Doulatov et al., 2012; Riether et al.,

2015). This one-way hierarchical mode of blood

cell formation (or hematopoiesis) takes place in

bone marrow and other tissues that provide an

environment called a hematopoietic niche. De-

velopmental decisions are controlled by complex

interactions between the cells that make up the

niche and the developing blood cells.

Similar principles have been shown to operate

for hematopoiesis in the model organism

Drosophila melanogaster. A hematopoietic niche

has been identified in the so-called ‘lymph

glands’ of Drosophila larvae, which are found in

an area called the posterior signaling centre. This

niche controls the proliferation and specializa-

tion—or ‘differentiation’—of adjacent stem cells

and/or progenitor cells (Krzemień et al., 2007;

Mandal et al., 2007). Now, in eLife, Alexandre

Leitão and Élio Sucena of the Instituto Gulben-

kian de Ciência in Portugal challenge the notion

that hematopoiesis occurs through a neat transi-

tion from stem cells via progenitor cells to

differentiated blood cells. Instead, they show

that some differentiated blood cells can trans-

form into blood cells of another class (Leitão and

Sucena, 2015).

Three major classes of blood cells, or hemo-

cytes, can be distinguished in Drosophila:

plasmatocytes, crystal cells and lamellocytes

(Figure 1). Most abundant are the plasmato-

cytes. These are professional phagocytes—cells

that engulf and destroy bacteria and cells that

are programmed to die. Crystal cells are involved

in wound healing and control the production of

the black pigment melanin. Finally, lamellocytes

are specialized to respond to parasite infection,

which they do by forming a capsule around the

parasite.

Drosophila hemocytes are generated in two

distinct waves during development (Holz et al.,

2003). The first generation of hemocytes forms in

tissue in the head of the embryo and persists in

the fly until adulthood. Embryonic plasmatocytes

from this first generation colonize the surfaces of

larval tissues, forming sessile clusters of hemo-

cytes that constantly exchange cells with their

circulating counterparts. Conveniently, many of
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these clusters are located in patches under the

skin, so researchers can observe them directly

(Figure 1A). The plasmatocytes divide and the

total number of hemocytes increases gradually

during larval development. As shown by Katja

Brückner and co-workers in 2011, plasmatocytes

proliferate most actively in the sessile subepithe-

lial patches, where cell division appears to be

controlled by the peripheral nervous system

(Makhijani et al., 2011).

A second generation of hemocytes forms in

the lymph glands. Under normal conditions,

the lymph glands do not release hemocytes

until metamorphosis, at the end of the larval

stage. Up to that point all circulating larval

hemocytes belong to the first generation of

blood cells.

In 1957, Tahir Rizki proposed a model in which

parasite infection causes plasmatocytes to trans-

form into lamellocytes; the model also assumes

that plasmatocytes and crystal cells independently

originate from progenitor cells dubbed prohemo-

cytes (Rizki, 1957). However, work on hemato-

poiesis in the lymph glands suggested a different

model, where all three hemocyte classes originate

directly from undifferentiated precursor cells

(Evans et al., 2003). Furthermore, the lymph

glands respond vigorously to parasite infection,

producing lamellocytes and other hemocytes

that are prematurely released into circulation

(Figure 1B). It was therefore generally assumed

that the lymph glands are the major source of

cells for the immune defense. However, trans-

plantation and lineage tracing studies have recently

shown that most lamellocytes stem directly from

first generation larval plasmatocytes (Márkus et al.,

2009;Honti et al., 2010; Stofanko et al., 2010), in

line with Rizki’s original proposal.

Leitão and Sucena have now carefully studied

crystal cell development in the subepithelial

patches. An obstacle to similar studies in the

past has been that larvae are very motile, and

Figure 1. Fluorescent marker genes reveal the different blood cell types in healthy and infected Drosophila larvae.

(A) Blood cells in a healthy larva: plasmatocytes are in green and crystal cells are in magenta; white indicates the

presence of both types of cell. Sessile blood cells of the first generation form a pattern of patches under the skin.

Second generation blood cells accumulate in the ‘lymph glands’ (which are not related to vertebrate lymph glands in

structure or function). Circulating blood cells do not give sharp images. (B) Large numbers of lamellocytes (red)

accumulate in larvae infected by parasitoid wasp eggs, attaching to the eggs and other parts of the larva. The sessile

blood cells become dispersed, the primary lobes of the lymph glands release their contents, and the secondary

lobes enlarge.
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their busy peristaltic movements make it difficult

to trace the fate of individual cells. Leitão and

Sucena solved this problem by using double-

sided tape to hold the larvae still. By inserting

fluorescent genes into the larvae that produce

different colors in different cell types, the de-

velopmental fate of individual hemocytes could

then be followed for up to three hours using

time-lapse imaging. Unexpectedly, Leitão and

Sucena discovered that plasmatocytes occasion-

ally transform into crystal cells, at a rate consis-

tent with the increase in the overall number of

crystal cells in the larva. Thus, strikingly, hemato-

poiesis occurs in the subepithelial patches of

Drosophila larvae without the involvement of

stem cells.

A hematopoietic niche is nevertheless re-

quired, even in this novel mode of hematopoie-

sis. Leitão and Sucena show that the decision to

begin developing a plasmatocyte into a crystal

cell is triggered by signals from neighboring

plasmatocytes in the subepithelial patches via the

Notch signalling pathway. In a pleasing agree-

ment with this model, the probability that a cell

becomes a crystal cell is proportional to the

number of plasmatocytes it is in contact with.

Furthermore, crystal cell formation is inhibited

when hemocytes are physically prevented from

settling.

Hence, two distinct types of hematopoiesis

coexist in Drosophila larvae; one in the lymph

glands, where a niche controls the differentiation

of stem cells, and another under the skin, where

a niche controls how already differentiated

plasmatocytes transform into crystal cells and,

when needed, lamellocytes.
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2009. Sessile hemocytes as a hematopoietic
compartment in Drosophila melanogaster. Proceedings
of the National Academy of Sciences of USA 106:
4805–4809. doi: 10.1073/pnas.0801766106.
Riether C, Schürch CM, Ochsenbein AF. 2015.
Regulation of hematopoietic and leukemic stem cells by
the immune system. Cell Death and Differentiation 22:
187–198. doi: 10.1038/cdd.2014.89.
Rizki MTM. 1957. Alterations in the haemocyte population
of Drosophila melanogaster. Journal of Morphology 100:
437–458. doi: 10.1002/jmor.1051000303.
Stofanko M, Kwon SY, Badenhorst P. 2010. Lineage
tracing of lamellocytes demonstrates Drosophila
macrophage plasticity. PLOS ONE 5:e14051. doi: 10.
1371/journal.pone.0014051.

Anderl and Hultmark. eLife 2015;4:e06877. DOI: 10.7554/eLife.06877 3 of 3

Insight Hematopoiesis | New ways to make a blood cell

mailto:dan.hultmark@ucmp.umu.se
http://dx.doi.org/10.1016/j.stem.2012.01.006
http://dx.doi.org/10.1016/S1534-5807(03)00335-6
http://dx.doi.org/10.1242/dev.00702
http://dx.doi.org/10.1016/j.molimm.2010.04.017
http://dx.doi.org/10.1016/j.molimm.2010.04.017
http://dx.doi.org/10.1038/nature05650
http://dx.doi.org/10.7554/eLife.06166
http://dx.doi.org/10.1242/dev.067322
http://dx.doi.org/10.1038/nature05585
http://dx.doi.org/10.1038/nature05585
http://dx.doi.org/10.1073/pnas.0801766106
http://dx.doi.org/10.1038/cdd.2014.89
http://dx.doi.org/10.1002/jmor.1051000303
http://dx.doi.org/10.1371/journal.pone.0014051
http://dx.doi.org/10.1371/journal.pone.0014051
http://dx.doi.org/10.7554/eLife.06877


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'eLife'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


