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Although there has been much 
progress in recent years in elucidating 
the pathway of T-cell development 
in the thymus, little is known about 
the link between extrathymic T-cell 
precursors and intrathymic T-cell 
progenitors. In this study, Harald 
von Boehmer and colleagues sug-
gest a role for common lymphoid 
progenitors (CLPs) as the precursor 
cells that initially ‘seed’ the thymus 
from the blood after bone-marrow 
transplantation.

The most primitive early T-cell-
lineage progenitors (ETPs) in the 
thymus are found in the double 
negative 1 (DN1) subset, specifically 
in the DN1a and DN1b fractions. 
These ETPs are lineage (Lin)–, stem-
cell antigen 1 (SCA1)+ and KIThi (a 
phenotype known as LSK) and are 
therefore similar to bone-marrow 
LSK cells in terms of their surface 
markers. Bone-marrow-derived LSK 
cells with both myeloid and T-cell 
potential have been identified in the 
bloodstream, and this finding has led 
to the hypothesis that bone-marrow 
LSK cells contain a population of 
thymus-seeding T-cell precursors. 
However, migration of these cells 
into the thymus has not been shown, 
and whereas ETPs depend on Notch 
signalling in the thymus for develop-
ment, bone-marrow LSK cells are not 
affected by a lack of such signalling. 
This has called into question the role 
of bone-marrow LSK cells in thymic 

immigration and has led to the inves-
tigation of alternative possibilities.

Von Boehmer and colleagues used 
transgenic mice with a human CD25 
reporter gene (denoted hCD25) under 
the control of regulatory elements 
of the gene encoding the pre-T-cell-
receptor α-chain (pTα) to identify 
T-cell precursors inside and outside 
the thymus. They showed that DN1a 
and DN1b fractions in the thymus, 
which are known to contain ETPs, 
were both enriched for hCD25+ cells 
and that the reporter-expressing cells 
therefore enter the canonical pathway 
of T-cell development. The authors 
had previously shown that a CLP 
subset from the bone marrow that 
is known as CLP2 cells (Lin–KIT–/

lowB220+) expresses hCD25 and can 
efficiently seed the thymus after 
intravenous transfer. They therefore 
set out to analyse the relationship 
between hCD25+ CLP2 cells and 
ETPs.

In co-culture with OP9–DL1 cells, 
which mimic Notch signals found 
in the thymus, hCD25+ CLP2 cells 
progressed beyond the DN1 stage 
of T-cell development (as indicated 
by expression of CD25) at a similar 
rate to ETPs, whereas bone-marrow 
LSK cells had a delay of 2–4 days. 
This shows that CLP2 cells are more 
responsive to Notch signals, and 
therefore to the thymic environment, 
than are bone-marrow LSK cells. To 
explain the finding that ETPs are not 

phenotypically similar to CLP2 cells 
in terms of the amount of expression 
of KIT and B220, the authors showed 
that short-term differentiation of 
these cells in OP9–DL1 co-cultures 
led to rapid changes in the expres-
sion of these markers. For example, 
after 6 days of culture, CLP2 cells 
had increased the expression of KIT 
to the same level as ETPs and had 
completely lost expression of B220 
(similar to B220– ETPs). CLP2 cells 
were also found to reduce their 
expression of FLT3 (fms-related 
tyrosine kinase 3) to a level similar to 
that of ETPs faster than did LSK cells. 
The rapid expression of CD25 then 
progresses the CLP2 cells to a DN2 
phenotype.

These results show that KIT and 
B220 are not stable markers for the 
differentiation of haematopoietic and 
lymphoid cells and that the pheno-
typic difference between CLP2 cells 
and ETPs does not exclude a role for 
CLP2 cells in thymic immigration. 
Furthermore, the rapid acquisition 
of a DN2 phenotype by CLP2 cells 
in the thymic environment could 
explain why it has so far been diffi-
cult to detect CLP cells as early immi-
grants in the steady-state thymus.

Kirsty Minton

ORIGINAL RESEARCH PAPER Krueger, A., 
Garbe, A. I. & von Boehmer, H. Phenotypic 
plasticity of T cell progenitors upon exposure to 
Notch ligands. J. Exp. Med. 17 July 2006 
(doi:10.1084/jem.20060731)

 T- C E L L  D E V E LO P M E N T

The missing link for T cells?

R E S E A R C H  H I G H L I G H T S

NATURE REVIEWS | IMMUNOLOGY  VOLUME 6 | SEPTEMBER 2006

Nature Reviews Immunology | AOP, published online 18 August 2006; doi:10.1038/nri1921

© 2006 Nature Publishing Group 


	The missing link for T cells?
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /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 /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


