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Four-Color Flow Cytometric Investigation of Terminal Deoxynucleotidyl
Transferase—Positive Lymphoid Precursors in Pediatric Bone Marrow: CD79a
Expression Precedes CD19 in Early B-Cell Ontogeny

By Michael N. Dworzak, Gerhard Fritsch, Gertraud Frdschl, Dieter Printz, and Helmut Gadner

Terminal deoxynucleotidyl transferase (TdT)-positive cells in
human bone marrow (BM) are a phenotypically inhomoge-
neous population of precursor cells. In their majority, these
TdT™ cells are unambiguously committed to the B lineage, as
evidenced by CD19 expression. However, TdT* precursors
that lack CD19 also exist and these may encompass a
differentiation potential for the B as well as for other
lineages. Because recent data suggested that CD19 expres-
sion is not the earliest differentiation event in B-cell ontog-
eny, we sought to reevaluate TdT* lymphoid precursors in
pediatric BM to define the phenotypic denominator of B-
lineage affiliation upstream of CD19. Using four-color flow
cytometry, we focused on the assessment of the CD79a
antigen, which is highly B-cell specific and which may also be
expressed very early in B-cell ontogeny. We found that a
majority of TdT* cells coexpressed CD19 and CD79a in
addition to CD10 and CD34, whereas, in all investigated

samples, some TdT* precursors lacked CD19 but expressed
CD79a, which suggestively indicates also their B-lineage
affiliation. In contrast to the CD19* precursors, which were
usually CD10M and CD79b*, these CD19-CD79a* putative
B-cell precursors preferentially expressed CD10 at low levels
and were CD79b* in only 41%. About 17% of these
TdT*+*CD19-CD79at* precursors also coexpressed CD33 and
CD7, but not myeloperoxidase, CD14, or cytoplasmic CD3,
which is discussed in the light of cellular activation rather
than lineage promiscuity. Our data confirm that the earliest
differentiation stages of B cells can be dissected upon
expression of the lineage antigens CD79a and CD19 and
imply that CD79a is earlier expressed than CD19. This raises
the chance to follow the sequential events heralding B-cell
commitment in the most immature precursors by correlat-
ing phenotypic and genetic differentiation markers.

© 1998 by The American Society of Hematology.

HE SEQUENCE OF antigen acquisition during early expression in these cells, because this marker has been claimed
B-cell development has been a recurrent issue of investito be of extraordinary B-lineage specificly:’ Our data
gation. From studies of neoplastic cells it was initially sug- document for the first time that many of those Tddrogenitors
gested that CD19 is the first B-cell antigen to appear on terminathat lack CD19 express CD79a in addition to CD10, which
deoxynucleotidyl transferase (TdT)-positive lymphoid progeni- corroborates the concept that these cells are committed to the B
tors, thus heralding lineage-commitmédtinvestigations of lineage and which implies that CD79a precedes CD19 in the
normal human bone marrow (BM) led to the conclusion that, onearliest differentiation events of B-cell ontogeny.
physiologic TdT/CD34" precursors, CD19 and CD10 appear
essentially at the same tind&.Bright CD10 expression was
recognized typical for these earliest B-cell precursors (BEPs).  Sample description. BM samples were obtained from 9 children:
More recent publications documented that the proportions oh = 5 were BM donors for transplantation (2 years and 7 months, 3
CD10* cells exceeded those of CD1@ells in CD34/TdT+ years and 7 months, 8 years and 11 months, 12 years and 4 months, and
precursor populatiorfs? CD19* B cells could be grown from 12 years and 11 months) - 1 was a boy (3 years and 10 months old)
such CD10CD19- progenitors derived from fetal liver as well after autologous p_enpheral ste_zm cell transplantat[on for neuroblastoma
. without current evidence of disease=n1 was a girl (1 year and 10

as from adult BM, which corroborates the current concept that

. . months old) regenerating after chemotherapy for Langerhans cell
CD10 is the upstream marker in early B-cell ontogéhy. histiocytosis (LCH) not involving BM and without signs of disease-

However, CD10 is not B-cell specifi€, and it has been sgaciated hematological dysfunction=rl was a boy (2 months old)

documented that the CD1GD19™ progenitor pool harbors suffering from neuroblastoma without BM infiltration, and=nl was a

also cloning potential for T, natural killer (NK), and dendritic girl (4 years and 1 month old) with bcr/abl-positive common acute

cells! Quantitative relations of these different capacities havelymphoblastic leukemia (ALL) that was in remission at the time of

remained elusive, not at least due to the in vitro cultureimmunologic investigation (polymerase chain reaction-negative for

conditions. bcr/abl). Data concerning these patients were obtained from the
In an independent approach aimed at the assessment of CD@ngtrian study centers of. the intgrnational B_erlin-Frankfur‘triﬁmgr

expression in B-cell development, we have recently observe(ﬁBFM) study group, of the international LCH trials, and of the national

o . neuroblastoma study NB-94.

that early (CD34/TdT*) lymphoid precursors in the BM can

be dissected according to their levels of CD10 expression.

Aside from a major CD10CD19* population, a CD10 subset

was found that only partially coexpressed CD19. The From the Childrens Cancer Research Institute, St Anna Kinderspital,

CD10°CD19  cells were considered to correspond to the Vienna, Austria.
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committed to the B lineage, irrespective of CD19 expres$ion. tisement"in accordance with 18 U.S.C. section 1734 solely to indicate
To test this hypothesis, we reevaluated in the present study th@is fact.

marker coexpression patterns of TdTPprogenitors in BM. © 1998 by The American Society of Hematology.
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Antibodies. Fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-, a Shandon Cytospin Il (Southern Product Ltd, Astmoor, UK) af f80
allophycocyanin (APC)-labeled, or unconjugated pure monoclonall0 minutes. Slides were stained with Pappenheim stain.
antibodies (MoAbs) were used: CD3 (UCHT1-PE), CD10 (SS2/36-PE),
CD14 (TWK4-PE), CD19 (HD37-PE, pure), CD33 (WM54-PE), CD79a RESULTS
(HM57-PE, pure), and CD79b (SN8 pure) were all from Dako  Apalysis of TdT precursors in the BM. The TdT expres-
gSI(;strUp, gegmark); Cg3 (SK7;APC)’ €D19 (Si_ZSCl—AP(_:),Sand sion in the BM of 9 probands was evaluated after fixation/
D34 (HPCAZ-PE, -APC) were from Becton Dickinson (BD; Sun- oo eailization of MNCs using a triple-pool of FITC-labeled
nyvale, CA); CD7 (3A1-RD1-PE) was from Coulter Immunology . )
A MoAbs (IgG2a and 1gG1). Pooled irrelevant isotype-matched
(Krefeld, Germany); antihuman TdT (H Tdt-1,3,4-FITC) was from
FITC MoAbs were used to correct for background fluorescence

Immunotech (Marseille, France); and antihuman myeloperoxidas .
(H-43-5-PE) was from An der Grub (Kaumberg, Austria). Murine N the FITC channel. Amean of 3.6% of MNCs (on event basis

irrelevant isotype-matched fluorescent MoAbs were purchased fronin dot plots) were TdT (range, 0.6% to 13.6%). To assess the
Dako and BD. proportions of TdT precursors coexpressing CD10, CD19,

Immunofluorescence staining procedurdlononuclear cells (MNCs)  CD34, and CD79a, gated TdTevents were acquired in all 9
were isolated from the BM specimens by density gradient centrifuga-experiments. The background positivity in the fluorescence
tion and washed twice in RPMI 1640 medium containing 2% fetal calf channels used for quantification of marker coexpression was
serum (FCS; both from GIBCO, Paisley, UK) before immunofluores- also evaluated with appropriately labeled, irrelevant, isotype-
cence labeling. Staining protocols used four-color investigations in allmatched control MoAbs. The proportions of cells positive for
experiments, except for the cell sorting (see below). All antibodies werecp34, CD10, and CD79a were in the same range, whereas
used at concentrations titrated for optimal staining. Cellular permeab"i'slightly less TdT cells were found to be CDT9 A mean of
zation (for the investigation of CD79a, CD79b, TdT, myeloperoxidase,se% (range, 75% to 93%) of TdTprecursors coexpressed the
and cytoplasmic CD3) was usually performed as the first step of as em cell a’ntigen CD34, 87% (range, 66% to 96%) were
five-step labeling cascade, because CD79a detection was performe ! ’

D10, and 84% (range, 65% to 93%) were CD79aut only

using preferentially the unconjugated HM-57 MoAb. In brief, 5 toX0 0 0 0 .
105 MNCs per analysis were permeabilized as recently described usin§8% Were CD19 (range, 48% to 92%). It is noteworthy that,

a commercially available formaldehyde-based erythrocyte lysing solu€ven in individual BM samples, the proportions of cells positive
tion (BD) supplemented with Triton-X100 (0.015%)The concentra- ~ With CD79a (or CD10) were always higher than those positive
tion of the latter had been titrated for optimal permeabilization togetherwith CD19, regardless of whether they were derived from
with a good preservation of light scattering and fluorescence propertiesnormal or postchemotherapy donors (Table 1). This implied that
Next, the cells were incubated with the unconjugated MoAbs and therCD19 was not expressed on all CD79a@T* precursors. To
with biotinylated rabbit F(af), antimouse Ig antibodies (from Dako). investigate this correlation with respect to the earliest pheno-
To exclude nonspecific staining via unsaturated binding sites of thf{ypic signs of B-lineage commitment, we studied, as a next step,
second step reagent, this was followed by incubation with unlabeled]-d-r+ cells that coexpressed CD79a or CD19 (data are pre-

:Lraeslf]\i’r?;tt:e“gE‘Z&ﬁﬁ;&%ﬂﬁigigﬁ;é ?r:el;]c’:('fde?g%ﬁg:gzhslysented in the following section). However, according to the aim
and together with streptavidin-Peridinin Chlorophyll Protein (PerCP; of our study, we did not investigate in detail the few Tddells

BD). Murine irrelevant isotype-matched fluorescent MoAbs (from that lacked signs of B-lineage commltment (CD?QDZLQ).

Dako as well as from BD) were included in the staining protocols asMOSt of th_e latter cells were TdT, C_I_334“ _and lacked

negative controls. Antibody incubations were performed at 4°C in theMyeloperoxidase (MPO), but were positive with CD33, thus

dark over 30 minutes and were followed by washing steps using'€S€mbling myeloid precursors. Some T@precursors (which

phosphate-buffered saline (0.13 mol/L NaCl, 7 mmol/LLNBO,, 3 lacked CD19 and CD79a) also coexpressed CD7. In another

mmol/L NaH:PQ,) with 2% FCS. Before flow cytometry, cell suspen- small proportion of cells, TdT expression was ambiguous by

sions were passed through a 30-um nylon mesh (Swiss Silk Boltingbeing marginal to the negative area. These cells stained strongly

Manufacturing Co, Zurich, Switzerland). with CD33 as well as MPO, but lacked CD34, and were
Flow cytometry. We used a FACSCalibur (BD) equipped with an considered to be myelomonocytic.

Argon laser tuned to 488 nm and a diode laser with 635nm emission.

Calibration beads (Calibrite; BD) were routinely used for monitoring

and optimizing the instrument settings. Data were acquired with the Table 1. TdT* Precursors in BM and Their Marker
CELL Quest software (BD). Forward light scattering (FSC), trans- Coexpression Patterns
formed orthogonal light scattering (T-SSC), and fluorescence signals % of TdT+ Cells Positive With Marker

% TdT*

(FL-1-FITC, FL-2-PE, FL-3-PerCP, and FL-4-APC) were stored in

i ) A i Proband (age) (of MNC) CD34 CD10 CD19 CD79a
listmode data files. Samples were first analyzed conventionally (30,006
cells), and then gated acquisition was performed using the samel- 2mo 4.2 82 87 66 91
material for a better definition of the small TdEubset of MNCs. Live ~ 2- 1yrl0mo 2.7 90 79 49 65
gates were set in the appropriate fluorescence versus SSC correlations: 2 Y7 7 Mo 3.9 93 95 74 89
and gated events acquired to maximum yield (mean, 8,550; range, 1,750% 3Yr 7 mo 2.9 20 92 84 92
to 30,000; n= 9). All data were analyzed using PAINT-A-GATE 5 3yriomo 19 80 % 92 93
software (BD). 6. 4yrimo 13.6 90 91 75 93
Cell sorting was performed on a FACStar Plus (BD). Using a /- 8Yrilmo 07 ND 85 48 81
CD19/CD10/CD34 staining, CDITD34" cells were sorted into the & 12Yr4mo 0.6 ND 66 60 70
9. 12yr11mo 1.9 75 89 60 80

CD19" and CD19 fractions. Correspondence of these cell populations
to the CD794TdT*CD19" ° ~ cells was proven in parallel conven- Values were derived from gating experiments as described in
tional four-color analyses of the same material using various MoAbMaterials and Methods.

combinations. Cytospin preparations of the sorted subsets were made onAbbreviation: ND, not determined.
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Analysis of TdT precursors with respect to CD79a and surrogate markers substituting for CD79a and TdT to avoid the
CD19 expression. CD19 was expressed on only 78% of gated cellular fixation and permeabilization step that is obligatory for
CD79a TdT* precursors (range, 61% to 92%) from 9 BM CD79a and TdT detection. We proved the correspondance of
specimens. Reversely, de facto, all CDI8TY BCPs were these populations to CD79adT*CD19" o ~ cells by parallel
CD79a (mean, 97%; range, 91% to 100%). Next, we assessedbur-color analyses, finding that similar proportions (1) of
the antigen coexpression patterns of these two putativedT*CD19 cells were CD10 or CD79a (23% and 25% of
B-lineage—committed CD79ddT* precursor subsets as dis- TdT*) and (2) of CD794CD19 cells were CD34 or TdT*
sected by CD19 expression. These analyses were also pegf74% and 77%). With respect to morphology, the majority of the
formed on gated CD79adT* populations. Quantitative data CD19" precursors were of typical small lymphocyte size (also
on the marker correlations are given in Table 2, and adefined by their very low FSC and T-SSC properties), had very
comprehensive phenotypic analysis is shown in Fig 1. Withscant cytoplasm, had relatively dense chromatin, and had no or
respect to CD34 expression, there was no difference betweenconspicuous nucleoli. In contrast, the CDJ®ecursors were
the CD19 and CD19 subsets, because almost all CD78dT* a relatively homogeneous population of intermediately sized,
precursors were uniformly CD34 CD10 was also expressed blastoid cells with large nuclei (in part lobulated, possibly as a
on almost all of the cells, but not homogeneously, which is incytospin artifact), had evenly dispersed, relatively fine chroma-
accordance with recent observatié$* Most CD794TdT+ tin with prominent nucleoli, and displayed a comparatively
precursors were CD10 and fewer cells expressed the antigen wider, basophilic cytoplasm and focal juxtanuclear areas of
only at low levels (CD10). In coanalyzing the CD79adT+ clearing. In keeping with their morphology, these CD19
cells for CD19 and levels of CD10, we found that the CD19 precursors showed elevated FSC and T-SSC properties as
precursors preferentially resided in the CBHubset (Fig 1). In  compared with the majority of the CD1@D79a TdT* cells.
detail, 61% (range, 33% to 78%) of CDI0OD79a TdT™ cells,
but only 19% (range, 4% to 39%) of CD1@recursors, lacked DISCUSSION
CD19. Recent evidence suggests that expression of CD19 is not the

We analyzed the CD79adT* precursor subsets, dissected first differentiation event in human B-cell ontogeny. B cells
by CD19 expression, for coexpression of myeloid and T-cellhave been grown from progenitors expressing CD10 but lacking
markers (CD33, MPO, CD14, CD7, and cytoplasmic CD3). AsCD191%11 and activation of the IgH locus, a prerequisite for
shown in detail in Table 2, we could hardly recognize expres-rearrangement, has been shown to precede CD19 expré$sion.
sion of these markers on CD19populations. However, However, CD10 is not restricted to B celsand T, NK, and
CD19 CD79a TdT* precursors showed significant coexpres- dendritic cells have also been cloned from CDCD19-
sion of CD7 and, in particular, of CD33 (see Fig 1), but not of progenitorsi! Hence, the human precursor population in which
MPO, CD14, and CD3. The expression levels of the former twoB-lineage commitment first occurs is still phenotypically ill
antigens were usually low. defined. Therefore, we sought to subcharacterize"Tatdgeni-

In three experiments, we also included an MoAb to CD79b.tors using CD79a, which seemed a good candidate antigen to
We found that this antigen was also expressed in the cytoplasrepecifically delineate early B-lineage affiliation. The CD79
of a proportion of TdT cells (mean, 57%; range, 51% to 65%). antigen is a heterodimer containing one subunit each of the
Whereas de facto all CD79BdT+ cells were CD79 (mean, MB-1 (CD79a) and B29 (CD79b) molecules that are noncova-
95%,; range, 94% to 96%) and most were CD1fhean, 88%; lently associated with Igs on the surface membrane of mature B
range, 78% to 98%), only a proportion of CD79aT" pre-  cells1920By linking the antigen-recognition structure to intracel-
cursors were CD79b(mean, 69%; range, 62% to 82%). In detail, lular protein tyrosin kinases, CD79 exerts a key role in signal
the CD19CD79a TdT* BCPs were mostly CD79b (mean, transduction and cellular activation of B cellsUnique in
85%; range, 78% to 92%), whereas the CDCD79a TdT™* function, the antigen has been claimed to be completely B-cell
precursors were CD79kn only 41% (range, 35% to 47%). specificl®17.22.23 Specificity was related particularly to the

We found also that the CD19and CD19 subsets of the protein level, because a few myeloid and T-cell lines were found
CD79a TdT* precursors differed in their light scattering prop- to contain CD79a/CD79b RNA transcripts, but no antigefo
erties as well as in their morphology (Fig 2). To prepare date, the only observation challenging the B-cell specificity of
cytospin preparations for microscopic analysis, MNCs of oneCD79 was a report on positivity in paraffin sections of cases of
BM sample were stained with CD10, CD19, and CD34, and theacute promyelocytic leukemidéHowever, these data were not
CD10"CD34" cells were sorted by flow cytometry into a corroborated by investigations of the Ig rearrangement status of
CD19" and a CD19 fraction. CD10 and CD34 were used as these leukemias. In another study dealing with acute myeloid

Table 2. Coexpression Patterns of CD79a*TdT+ Precursors

Mean % (range; n = 9) of CD79a*TdT* Cells Positive With Marker

CD19 CD34* CcD10 CD10% CD10M CD33 CcDb7 MPO* cytoCD3* CD14* Control

Total ~ 78(61-92) 93(88-97) 96 (93-99) 26 (17-33) 73 (67-83) 5 (1-8) 6(2-10) 3(2-6) 3(1-6) 3(1-8)  2(1-4)
CD19* ND ND 14 (7-17)  87(83-93) 3 (1-4) 4(26) 3(25) 3(14) 2(16) 2(13)
CD19- ND ND 61(30-79) 39 (21-70) 18 (2-29) 17 (5-37) 6(3-12) 5(2-14) 5(2-13) 4(1-8)

Values were derived from gating experiments as described in Materials and Methods.
Abbreviations: n, number of investigated normal samples; ND, not determined.
*n = 5 investigated samples.
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leukemias, 5 of 77 cases were found to be CQ#I of which immature B-cell stages, as phenotypically dissected on the basis
showed Ig rearrangements and were therefore considereof CD79a and CD19 expression, it should now be possible to
biphenotypict® CD79 showed the highest correlation with order the sequence of molecular differentiation events of early
molecular data and, in this regard, was found to be superior t® cells upstream to what has recently been publisé¥This
other B-cell antigens such as CD19 or CD22. Along with the may also formally prove that CD79a precedes CD19 in B-cell
latter finding, the CD79 heterodimer chains seem therefore thentogeny.
most specific markers of B-lineage commitment currently It is noteworthy that we document also that CD10 is not
known. Expression of both the CD79a and CD79b genes startsomogeneously expressed on TdPprecursors. Given the
early in B-cell development, suggestively even before Ig geneproposed new concept of phenotypic maturation steps in early
rearrangement, as indicated by studies in the mouse and bBCPs, our data may indicate that CD10 is expressed first at low
experiments with three human cell lines with germline Iglevels in the suggestively most immature BCPs
genes’:2325|n the mouse, both the CD79a and CD79b genes(TdT*CD79a CD19°), followed by gradual upregulation to
have been shown to be expressed on the RNA level befor@igh levels in more differentiated TdTD19" BCPs. In the
upregulation of CD19 in the earliest BM B-lineage céfls. classical studies on early B-cell differentiation, CD10 was
However, such data on human BCPs are lacking. Only ondound to be expressed first at high levels, followed by downregu-
recent study dealt with the CD79 expression in normal humarlation along with loss of expression of TdT and CD34.
BM.15 It showed that the antigen is expressed, before cytoplasHowever, these studies only considered the numerically more
mic p-chains, already on TdTBCPs, but concluded that CD79 prominent (and suggestively more mature) CBCD19TdT*
may not be expressed as early as CD19, although evidence f@CPs, whereas the CD®UdT* putative BCPs, which are
the latter issue was weak. characterized by CD79a expression rather than by CD19-
In the present study, we focused on the analysis of CD79apositivity, have elapsed description not at least due to their
which has been considered to be expressed earlier in humapaucity. Hence, our data do not principally reverse the estab-
BCPs than CD798 We found that many TdT precursors in  lished patterns of CD10 expression in early B-cell development,
the BM that lack CD19 express CD79a, which strongly but rather add a detail upfront. With respect to this proposed
indicates B-lineage commitment independently of CD19. Con-sequence of phenotypic maturation steps, we found also that
spicuously, it may also indicate that CD79a precedes CD19 iimmost CD19CD79a TdT* cells expressed CD79b, whereas the
human B-cell ontogeny. Alternatively, the existence of latter antigen was positive in only a proportion of the
TdTTCD79a CD10" progenitors that are CDI9or CD19” CD79aTdT* BCPs that lacked CD19. Essentially all
might reflect parallel pathways of differentiation, as postulatedCD79b"TdT* cells were CD79&a Preliminarily (because de-
for B lymphopoiesi€® However, due to (1) phenotypic patterns rived from only 3 experiments), these data indicate that, in
indicative of a phenotypic drift (CD19CD10°CD34" > human B-cell ontogeny, CD79b is expressed later than CD79a,
CD19°CD10°CD34" > CD19*CD10"CD34") in early  but before CD19. This finding contrasts suggestively with the
BCPs!314 (2) characteristic patterns of CD99 expression in situation in the mouse, where CD79b expression, at least on the
these populations (3) a sequential evolution of CDI®B cells RNA level, seems to precede that of CD79a and CE§19.
from CD19 CD10" progenitorsi®and (4) other (molecular) Surprisingly, we found also that the myeloid and T-cell
signs heralding definitive B-lineage commitment before CD19markers CD33 and CD7 were expressed at low intensity on a
expressiort® we find the first interpretation more likely. By proportion of the CD19CD79a TdT" putative BCPs, which
examining the molecular status of the Ig genes in thesecould be regarded as a challenge for the unambiguous lineage-

Fig 1. Four-color flow cytometric analysis of TdT+ precursors with respect to expression of CD79a and CD19. BM MNCs of a healthy girl (2
years and 7 months old) were prepared from a specimen collected at BM donation for her diseased sister. Cells were stained with CD19, CD79a,
and TdT, together with either CD10, CD34, CD33, or CD7. Isotype controls were also included in the experiment. First, 30,000 total events of each
individual sample were acquired. Next, live gates were set in parameter correlations engaging T-SSC, TdT, and CD79a, and approximately 10,000
TdT+CD79a* events were acquired from the same material. Dot plots of relevant parameter correlations (logarithmic scale, except for T-SSC:
linear scale) show aspects of total MNCs in row A (large plots). The small inserted plots in A visualize the respective isotype controls for each
antigen. The large dot plots of rows B and C show gated events, whereas the small inserted plots display the same marker correlations in
ungated mode. Only TdT+ precursors are shown in colors: the subset characterized by coexpression of CD79a and CD19 is depicted in green,
whereas CD79a* precursors lacking CD19 are painted red. The few TdT+ cells that lack both CD79a and CD19 are painted black (see A). All other
TdT- cells appear grey. Note that CD19-CD79a*TdT+ cells (red) are CD34+, display slightly elevated TdT expression as well as T-SSC properties,
and express CD10 at a lower level compared with CD19+ precursors (green). Weak CD33 positivity can also be seen on some cells of the former
subset, whereas CD7 expression is very rare in either subset of this sample.

Fig 2. Light scattering properties and morphologic appearence of CD79+TdT+ precursors that express or lack CD19. A correlation of the FSC
and T-SSC properties of a BM sample stained with CD19, CD79a, and TdT is shown in dot plot A. TdT+ precursor cells that express CD79a are
depicted in colors: the CD19+ subpopulation of these cells is painted green, whereas CD19-CD79a+TdT+ cells appear red. Histograms of the same
material, correlating the FSC (B) or the T-SSC (C) in the x-axis with a relative measure of the cell number (y-axis) show only gated TdT+CD79a*
cells. Note that CD19-CD79a+TdT+* cells (red) exhibit comparatively higher FSC and SSC properties than the majority of CD19+ precursors
(green). To study the morphology of these subsets, the same sample was stained with CD10, CD19, and CD34, and the CD10+CD34+ cells were
sorted into a CD19+ and a CD19- fraction. CD10 and CD34 were used as surrogate antigens substituting for CD79a and TdT to avoid cellular
alterations by the fixation/permeabilization reagents (the correspondance of these markers was proven in parallel experiments). Pappenheim-
stained cytospin preparations of sorted cells are shown in (D; CD19+ subset) and (E; CD19- subset). Note that the majority of CD19+ precursors
are small lymphoid cells, whereas CD19- precursors are intermediately sized blasts with large nuclei and prominent nucleoli and display a wider
and basophilic cytoplasm with focal juxtanuclear areas of clearing.
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assignment of this subset. However, cross-lineage expression,5. Schmitt C, Eaves CJ, Lansdorp PM: Expression of CD34 on
especially of myeloid markers, is a well-recognized phenom-human B cell precursors. Clin Exp Immunol 85:168, 1991
enon in malignant and normal B lymphopoiesis. CD13 and 6 Saeland S, Duvert V, Pandrau D, Caux C, Durand I, Wrighton N,
CD33 are frequently expressed on BCP-AL®&! Normal Wideman J, Lee F, Banchereau J: Interleukin-7 induces the proliferation
immature CD19 BCPs as well as CD34TdT* lymphoid of normal human B-cell precursors. Blood 78:2229, 1991
progenitors in the BM have also been reported to express thes§7‘ Saeland S, Duvert V, Caux C, Pandrau D, Favre C, Valle A,

. . . . urand |, Charbord P, de Vries J, Banchereau J: Distribution of
,28,32-35 - ) , ,
myeloid antlgené‘. Likewise, CD7 and other early T-cell surface-membrane molecules on bone marrow and cord blood CTD34

antigens lack Iineage fidelity, becausg they may also behematopoietic cells. Exp Hematol 20:24, 1992
expressed on my?'o'd as well as on B-lineage precurSéfs, 8. Gore SD, Kastan MB, Civin Cl: Normal human bone marrow
although expression of CD7 on CDIGD34°/TdT* BM precursors that express terminal deoxynucleotidyl transferase include
progenitors has primarily been interpreted as evidence fomcell precursors and possible lymphoid stem cells. Blood 77:1681,
T-lineage affiliation®37-3% Interestingly, cloning experiments 1991
proved a T-cell differentiation capacity in the CD3g@rogenitor 9. Farahat N, Lens D, Zomas A, Morilla R, Matutes E, Catovsky D:
compartment of adult BK#4! and targeted this potential to Quantitative flow cytometry can distinguish between normal and
progenitors that expressed as well as that lacked T-cell markleukaemic B-cell precursors. Br J Haematol 91:640, 1995
ers042and to CD10Lin~ progenitors::43 However, there are 10. Uckun FM, Ledbetter JA: Immunobiologic differences between
no absolute numbers in the literature that relate this T-celnormal and leukemic human B-cells precursors. Proc Natl Acad Sci
differentiation capacity to the pool of CD3ATdT* progenitors USA85:8603, 1988_ ) .
devoid of CD19 expression, and CD7 was recently discouraged 11. Galy A, Travis M, Cen D, Chen B: Human T, B, natural .k'"er’
. o . h . and dendritic cells arise from a common bone marrow progenitor cell
as a reliable criterion for an unambiguous delineation of a .
. . 30 A subset. Immunity 3:459, 1995
genuine T-precursor subset in B . Hence,'pOSItIVIty of 12. LeBien TW, McCormack RT: The common acute lymphoblastic
CD33 and CD7 on some of the putative very immature BCPS,e kemia antigen (CD10)—Emancipation from a functional enigma.
which are characterized by lack of CD19 and by expression 0gjood 73:625, 1989
the highly lineage-specific antigen CD79a, may not per se 13. Dworzak MN, Fritsch G, Buchinger P, Fleischer C, Printz D,
preclude B-lineage affiliation. Alternatively, it may just indicate Zelliner A, Sctithammer A, Steiner G, Ambros PF, Gadner H: Flow
cellular activation, as has recently been considered for botlrytometric assessment of human MIC2 expression in bone marrow
antigens, CD33 and CD?P44 Lack of expression of the more thymus, and periperal blood. Blood 83:415, 1994
specific lineage markers of myeloid and T cells, MPO, CD14, 14. Dworzak MN, Fritsch G, Fleischer C, Printz D, Botl G,
and cytoplasmic CD3, in the CD1ED79a TdT+ putative Buchinger P, Mann G, Gadner H: Multiparametgr ph(_enotyp_e mapping
BCPs corroborates this interpretation. of normal and pgst-chemotherapy B lymphopoiesis in pediatric bone
In summary, we believe that a subcharacterization of TdT MaTow: Leukemia 11:1266, 1997

progenitors with the CD79a marker should allow to order the 15. Mason DY, Cordell JL, Tse AGD, van Dongen JJM, van Noesel

: . " . .. CIM, Micklem K, Pulford KAF, Valensi F, Comans-Bitter WM, Borst J,
earliest differentiation events that herald B-lineage commit-

. . . ; Gatter KC: The IgM-associated protein mb-1 as a marker of normal and
ment. It may also permit a more specific dissection of B- neoplastic B cells. J Immunol 147:2474, 1991
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