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Abstract
In mice, zygotic or pro-B-cell-specific knock-out of the Pax5 gene allows differentiation of pro-B-
cells into all hematopoietic lineages. We previously generated and characterized a murine B-cell
lymphoma, dubbed Myc5, whose cells spontaneously lose Pax5 expression when cultured in vitro,
but regain it when re-injected into syngeneic mice. In cultured Myc5 cells, the loss of Pax5 correlates
with the acquisition of myeloid markers, such as CD11b and F4/80. Here, we sought to determine
whether these cells are truly B-macrophage-restricted or, like Pax5-null progenitors, can give rise to
additional hematopoietic lineages. In vitro differentiation assays with various cytokines showed that
Myc5 cells do not differentiate into NK cells, dendritic cells, neutrophils, or osteoclasts. At the same
time, in the presence of macrophage colony-stimulating factor (M-CSF), they readily phagocytose
latex beads and provide T-cell help. Both phenomena are indicative of the bona fide macrophage
phenotype. Conversely, enforced Pax5 re-expression in macrophage-like Myc5 cells led to down-
regulation of the M-CSF receptor and re-acquisition of some B-cell surface markers (e.g., CD79a)
and lineage-specific transcription factors (e.g., IRF4 and Blimp). Retrovirally encoded Pax5 also
restored expression of several master B-cell differentiation proteins, such as the IL7 receptor and
transcription factor E2A. In contrast, levels of EBF were unaffected by Pax5 suggesting that EBF
acts exclusively upstream of Pax5 and might contribute to Pax5 expression. Indeed, transduction
with an EBF-encoding retrovirus partly reactivated endogenous Pax5. Our data reveal the complex
relationship between B-cell specific transcription factors and suggest the existence of numerous
feedback mechanisms.

Introduction
Hematopoietic stem cells (HSC) can give rise to a multiplicity of lineages including B- and T-
lymphoid cells, macrophages, natural killer cells, erythroid cells, dendritic cells,
megakaryocytes, and osteoclasts. Development of these lineages requires the concerted
functions of numerous transcription factors that control the differentiation of specific cell fates
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[2–6]. Uncommitted HSC and multipotential progenitors (MPP) often express low levels of
mixed lineage patterns of gene expression [6,7]. Rare populations of cells are bipotential, able
to give rise to two different lineages, such as the bipotential B-cell/macrophage progenitor
observed in postnatal bone marrow [8]. Specific lineages may be dictated by induction of key
cell fate determinants and the subsequent repression of alternative lineage-determining factors
[6]. For instance, GATA-1 is crucial for erythroid development whereas PU.1 is needed for
multiple hematopoietic lineages [9–12]. These factors can functionally antagonize each other’s
activity [12,13]. Similarly, PU.1-to-C/EBPα ratios are crucial for regulating macrophage and
neutrophil cell fates [14], and C/EBPα expression can drive B-cells toward the macrophage
lineage [15].

In recent years, the relationship between the B- and macrophage lineages has become apparent.
Initial suggestions of the close relationship between these lineages derived from studies with
the 70Z/3 pre-B-cell line that can spontaneously differentiate into cells with a macrophage
phenotype [16]. Other bipotential cells were subsequently characterized [17–20]. Expression
level of transcription factor PU.1 was later found to be important for determining lineage
commitment. High PU.1 levels in hematopoietic progenitors leads to macrophage
differentiation, whereas low levels support B-cell development [21,22]. It has also been
proposed that expression of Pax5 can support B-cell development by inhibiting the myeloid-
specific functions of PU.1 [23,24], similar to the antagonistic relationship between PU.1 and
GATA-1 during erythroid development [9,12]. Pax5 activates a number of genes important for
the B-cell lineage while repressing alternative lineage genes, as well as those needed for plasma
cell differentiation [25–29]. Pax5 is also crucial for rearrangement of distal immunoglobulin
heavy chain variable genes, and knock-out of the Pax5 gene results in developmental arrest at
the pro-B-cell stage [30–34]. Pax5 is unusual in that pro-B-cells from Pax5-null mice are plastic
in their differentiated phenotype and can adopt numerous hematopoietic pathways [5,35].

We recently characterized a number of B-cell lymphomas derived by transduction of p53 null
bone marrow cells with a c-Myc expressing retrovirus [36]. Injection of these transduced bone
marrow cells into animal hosts resulted in development of B-cell lymphomas. Interestingly,
some of these B-cell lymphomas had the ability to express macrophage markers when grown
in vitro [37]. These lymphomas are typified by a line named Myc5 which showed the surprising
ability to oscillate between the B-cell and macrophage lineages. When Myc5 cells are grown
as a subcutaneous tumor in vivo, the cells retain a B-cell lymphoma phenotype. If grown in
vitro on S17 stromal cells, Myc5 cells lose expression of surface markers characteristic of B-
cells (CD45R and CD19) but gain expression of markers characteristic of macrophages (F4/80
and CD11b). Strikingly, Myc5 clones can repeatedly oscillate between these two lineages, thus
exhibiting a surprising plasticity of differentiated stage [37]. This developmental plasticity is
reminiscent of the behavior of previously identified bipotential cells [8], and of pax5 knock-
out pro-B-cells which have the ability to adopt multiple hematopoietic lineages [5,35].

Since Pax5 expression is lost when Myc5 cells are grown in vitro [37], it was of interest to
determine whether Myc5 cells have the capacity to differentiate into multiple hematopoietic
lineages, or whether these cells are restricted to the bipotential B-cell-myeloid phenotype and
yield bona fide macrophages capable of phagocytosis and T-cell help. Furthermore, this model
afforded a unique opportunity to investigate the functional relationship between B-cell-specific
transcription factors.

Methods and materials
Differentiation Assays

S17 bone marrow stromal cells were grown in RPMI 1640 medium supplemented with 10%
fetal bovine serum. Feeder cells were irradiated with 1600 rad, and 2 hr later were plated with
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Myc5 cells harvested from tumors grown in C57BL6 mice. Media was supplemented with
either 1 ng/ml IL-7 (B-cell conditions), 2 ng/ml M-CSF (macrophage conditions), 1 ng/ml GM-
CSF (dendritic cell conditions), 5, 10, or 20 ng/ml TRANCE (osteoclast conditions), 1ng/ml
IL-2 (NK cell conditions), or 0.2ng/ml IL-3, 0.1 ng/ml IL-6, 50ng/ml SCF for 3 wks followed
by 6 days with 0.2 ng/ml G-CSF (neutrophil conditions) (all purchased from Peprotech). Cells
were passaged on fresh irradiated S17 cells and fresh media and cytokines every 5 to 6 days
for 26 days. Osteoclast differentiation was assessed by histochemical TRAP staining (Sigma)
for tartrate-resistant acid phosphatase. Neutrophil differentiation was assessed by Giemsa
staining followed by visual inspection. Alternatively, cells were cultured without a feeder layer,
in the medium lacking IL-7 but supplemented with lipopolysaccharide (LPS, 10 μg/ml, Sigma-
Aldrich, St. Louis, MO).

Fluorescent Activated Cell Sorting
Expression of cell surface markers was assessed at various time points by fluorescence
activated cell sorting (FACS). Cells were washed and resuspended in PBS containing 0.1%
BSA, then stained with various phycoerythrin-labeled antibodies (1 μg/ml per 106 cells) for
30 min on ice. Cells were washed and resuspended in FACS buffer and analyzed on a
FACSCalibur flow cytometer. Data analyses were performed with Cellquest software.
Antibodies used were: anti-mouse CD11b (Mac-1), anti-mouse NK1.1, anti-mouse CD45R
(B220), anti-mouse CD40, or anti-mouse CD11c (all from Pharmingen.)

T cell Help assays
OVA specific CD4+ T cells were isolated from DO11.10 mice containing an MHC class II
restricted TCR transgene specific for ovalbumen. Spleens were removed and were disrupted
with sterile 25 gauge hypodermic needles in complete RPMI. Large debris was removed by
filtration through sterile nylon mesh (70 μM pore diameter). The filtered cell suspension was
first incubated with monoclonal antibodies (Pharmingen) against B220 (RA3-6B2),
granulocytes (RB6-8C5), Class I MHC (M5/114), and CD8 (Ly-2, 53-6.7). Antibody-stained
(non-CD4+) cells were removed by immunomagnetic depletion (Stem Cell Technologies,
Vancouver, BC Canada). In order to determine the proliferative history of T cells in vivo,
purified CD4+ lymphocytes were labeled with the fluorescent dye 5- 6-carboxyfluorescein
diacetate succinimidyl ester (CFSE, Molecular Probes, Eugene, OR), which labels live cells
and segregates equally between daughter cells during mitosis, as previously described [38].
CFSE labeled CD4+ lymphocytes were cultured with ovalbumen (1 μg/ml) and Myc5 cells
differentiated under various conditions (5 T-cells: 1 Myc5 cell). CFSE fluorescence was
analyzed by flow cytometry on day 4 of culture.

Phagocytosis assays
Phagocytosis assays were carried out as previously described [39] in 96-well plates in a total
volume of 120 μl/well. Briefly, lymphoma cells (3.0 x 105 cells/well) were incubated with
fluorescent beads (1.0-μm diameter YG, Polysciences) for 6 h in 5% CO2 at 37°C, at a cell/
bead ratio of 1:10. After incubation and prior to collection, the cells were treated with trypsin-
EDTA (0.05% Trypsin, Gibco) for 5 min at 37°C, then resuspended in PBS, pH 7.4. To remove
adherent beads, cell suspensions were centrifuged (100 g, 10 min at 4°C) over a cushion of 3%
BSA in PBS supplemented with 4.5% glucose. Cell pellets were resuspended in PBS (pH 7.4),
and flow cytometric analyses were carried out using a fluorescence-activated cell analyzer
(FACScan, Becton Dickinson). For each sample, 20,000 individual cells were analyzed and
data were analyzed with Cell Quest™ software. Prior to flow cytometric analysis, a sample of
the cell suspension was spun onto slides and stained with the Hema® 3 stain set according to
the manufacture’s instructions (Fisher PROTOCOL).
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Retroviral transduction
EBF and IL7R full-length cDNAs were expressed by the MigR1 retroviral vector. All
retroviruses were generated using transfection with Lipofectamine 2000 (Invitrogen) into the
GP293 packaging cells. Infections were carried out over the course of 36h in the presence of
polybrene (4 μg/ml). Transduction efficiency was assessed using GFP fluorescence.

Quantitative RT-PCR
Total RNA was isolated from either 10 x 106 fresh Myc5 tumor cells, Myc5 cells differentiated
into macrophages by culture on S17 feeder cells in media supplemented with M-CSF for 4–6
weeks, or Myc5 macrophage-like cells transduced with a Pax5-expressing retrovirus. Oligo
(dT)-primed cDNA was made from 5 μg RNA using the Superscript cDNA synthesis kit
(Strategene). Real-time PCR was performed in triplicate samples using primers specific for
desired transcripts in the presence of SYBR Green. For each sample, cT’s corresponding to the
gene of interest and actin were determined and adjusted by the same number of cycles, to make
actin’s average cT equal 18. Assuming amplification efficiency of 100%, relative expression
levels were expressed as 2[30-CT]. The nucleotide sequences of PCR primers were (5’-to-3’):
CGGAAGCAGATGCGGGGAGAC (Pax5 sense), CTGTGACAATAGGGTAGGACTG
(Pax5 antisense), CGGAAGCAGATGCGGGGAGAC (MCSFR sense),
CTGTGACAATAGGGTAGGACTG (MCSFR anti-sense),
CACGGTGAACTTGGGCGAGGAG (CD79a sense),
GCTGTGATGATGCGGTTCTTGGTA (CD79a antisense),
CGAGAAGCCGCAGACCAAACT (E2A sense), TCCCCGACCACGCCAGAC (E2A
antisense), TGTCGGGACTTTGCGGAGAGG (Blimp1 sense),
GGGTGAAATGTTGGAACGGTAGAT (Blimp1 antisense),
GACTGCCGGCTGCATATCTGC (IRF4 sense), GCCGATCGCTGCACAGTGCCAG
(IRF4 antisense), GCCAACAGCGAAAAGACC (EBF sense),
GCTTGGAGTTATTGTGGAC (EBF anti-sense), AGCTGTTTCTGGAGAAAGTGG (IL7R
sense), AACGACTTTCAGGTCAGAGGG (IL7R anti-sense),
CACGGCATTGTCACTAACT (gamma-actin sense), CAGCCAGGTCCAGACGCAAGAT
(gamma-actin antisense).

Immunoblotting
Pax5 levels were assessed in Myc5 cell lysates. Membranes were probed with a polyclonal
anti-Pax5 antibody. The secondary antibody was used in a horseradish peroxidase-conjugated
form (Amersham Biosciences, Piscataway, NJ). Antibody binding was detected using the
enhanced chemiluminescence system (Amersham). A monoclonal antibody reactive with
murine actin (Sigma-Aldrich) was used to confirm equal loading.

Results
Differentiation markers of Myc5 cells under various culture conditions

We had previously described the disappearance of B-cell markers from the surface of cultured
Myc5 cells [37]. We now asked whether polyclonal B-cell activation might rescue the
expression of these markers. To this end, cells were cultured either on the monolayer of S17
stromal cells or without the feeder layer but in the presence of lipopolysaccharide (LPS), a
well-known polyclonal mitogen for both B- and T-cells [40]. As evidenced by data in Figure
1, the B-cell markers CD19 and B220 were concertedly lost regardless of the presence or the
absence of LPS. At the same time, expression of the Mac1 antigen was maintained under both
conditions.
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To further test the differentiation capacity of Myc5 cells, Myc5 B-lymphoma cells were placed
into various culture conditions known to enable pax5-null cells to remain B-cells or cross-
differentiate into macrophages, dendritic cells, NK cells, neutrophils, or osteoclasts [5] (Figure
2). Culture aliquots were evaluated at several time points for cell lineage characteristics.
Differentiation into various cell types was assessed by staining for cell surface markers,
histochemical detection of lineage-specific proteins, or the analysis of cell morphology.

First, Myc5 cells were cultured in the presence of IL-7, M-CSF, GM-CSF, or IL-2. These
culture conditions had been reported to foster, respectively, the retention of B-cell phenotype
and differentiation into macrophages, dendritic, or NK cells [5,35]. In all four conditions, Myc5
cells rapidly lost expression of the B-cell-specific surface marker B220 (Fig. 3A-D) and CD19
(not shown). It was particularly striking that Myc5 cells could not maintain B220 expression
even in the presence of the B-cell mitogen IL-7. Instead, we observed Mac-1 expression
characteristic of myeloid cells. While only 50% of cells were Mac-1-positive on day 16,
essentially all cells were Mac-1 positive by day 26 (Figure 3A). When cultured in the presence
of M-CSF, which promotes macrophage differentiation, most of cells were already Mac-1-
positive on Day 16 (Figure 3B).

We then assayed cells grown in GM-CSF and IL-2 for expression of CD40 and NK1.1 markers,
respectively. While very little CD40 expression was observed in IL-7 treated cells (data not
shown), GM-CSF treatment resulted in most cells being positive although the levels of CD40
were relatively low, especially on day 16 (Figure 3C). When cultured in IL-2, NK1.1 expression
was not induced even after 26 days, indicating the absence of NK cell phenotype (Figure 3D).
Thus, it appears that Myc5 cells have an inherent propensity to adopt a macrophage-like
phenotype, with some expression of the dendritic marker CD40, but only when grown in the
presence of GM-CSF.

Additionally, Myc5 cells were cultured in the presence of either TRANCE or the cytokine
cocktail consisting of IL-3, IL-6, SCF, and G-CSF. These conditions are known to promote
osteoclast and neutrophil differentiation in Pax5-null cells. However, TRANCE-treated Myc5
cells failed to express tartate-resistant phosphatase characteristic of osteoclasts (data not
shown). Similarly, IL-3/IL-6/SCF/G-CSF treatment did not result in the emergence of cells
with multi-lobated nuclei characteristic of neutrophils (data not shown). Thus, Myc5 cells
appear restricted to the B-macrophage phenotype. To corroborate this conclusion, we tested
their ability to provide T-cell help and phagocytose latex beads.

T-cell help by Myc5 cells
To determine whether Myc5 cells can provide T-cell help, they were pre-treated with various
growth factors, pulsed with the ovalbumin peptide (OVA), and incubated with OVA-specific
CD4+ T cells isolated from spleens of D011.10 OVA-transgenic mice. T-cell proliferation was
monitored using as a tracer intracellular dye CFSE as described in Materials and Methods. We
found that under no conditions was proliferation observed in the absence of the cognate antigen
(Figure 4, “w/o OVA” column). In the absence of any phenotypic changes (IL2- and IL-3/6,
G-/CSF-pretreated cells from Figure 3), Myc5 cells provided weak but detectable T-cell help:
most T-cells were proliferating but the most populous fraction was still M1 (undivided cells)
(Figure 4A and C).

M-CSF and GM-CSF pretreatments, which boost macrophage and macrophage +dendritic
phenotype respectively, significantly increased T cell help: the most populous fraction was
now M3 (twice divided cells) (Figure 4B and C). Interestingly, although dendritic cells are
better antigen-presenting cells than macrophages, GM-CSF-pretreated Myc5 cells provided
the same degree of help as M-CSF-pretreated. This finding suggests that Myc5 cells can be
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forced to differentiate primarily into macrophages (either by M-SCF or GM-CSF) but not into
dendritic cells.

Phagocytic ability
Another key functional property of macrophages is their ability to phagocytose foreign
particles, such as latex beads. Therefore, we compared phagocytosis ability of Myc5 cells to
that of similarly derived Myc3 lymphoblasts which maintain their B-cell identity in vitro
[36,37]. Specifically, we incubated M-CSF-differentiated Myc5 and Myc3 cells with
fluorescent latex beads. After an hour, cells were subjected to FACS analysis to detect cell-
associated fluorescence due to ingested beads. As expected, M-CSF differentiated Myc5 cells
were labeled much more frequently (54% vs. 0.8%) and with greater intensity than Myc3 cells
(Figure 5, top panels). Furthermore, phase-contrast microscopy of the same samples indicated
that the beads were truly internalized in Myc5 macrophages, but merely sticking to the cell
surface in occasional fluorescently labeled Myc3 cells (Figure 5, bottom panels). Thus, M-
CSF-stimulated Myc5 cells can function as bona fide phagocytic cells.

Reversion of lineage-specific gene transcription upon restoration of Pax5 expression
To determine whether the absence of Pax5 is required for the macrophage phenotype, we
transduced cultured Myc5 cells with a Pax5-encoding MIGR1 retrovirus [37]. In these cells,
levels of Pax5 mRNA were several-fold higher than in Myc5 tumors, but no gross
overexpression was attained (Figure 6, “Pax5” panel). Vector-transduced cells expressed no
detectable Pax5. Consistent with this expression pattern, control Myc5+GFP cells maintained
M-CSFR expression, but this macrophage-specific gene was down-regulated in Myc5+Pax5/
GFP cells (“M-CSFR” panel). Conversely, B-cell specific CD79a gene was down-regulated
in Myc5+GFP cells but its expression was fully restored by retrovirally encoded Pax5
(“CD79a” panel). Similar expression patterns were observed for genes encoding B-cell
transcription factors IRF4 and Blimp, although Blimp mRNA levels were not fully restored
by retrovirally encoded Pax5 (compare “IRF4” and “Blimp” panels). Interestingly, Blimp and
Pax5 are known to cross-repress each other in plasma cells ([29,41] and Figure 6B).

We also asked whether Pax5 affects expression of several master B-cell differentiation
proteins, such as the interleukin-7 receptor (IL7R) and transcription factors E2A and EBF. All
three are presumed to act upstream of Pax5 during differentiation of common lymphoid
progenitor towards pro-B-cell ([1,42] and Figure 6B). Nevertheless, levels of both E2A and
IL7R transcripts were significantly elevated following Pax5 transduction, although levels of
IL7R mRNA have not recovered completely (compare “E2A” and “IL7R” panels). In contrast,
levels of EBF were unaffected by Pax5 and remained as low in Pax5-transduced as in parental
Myc5 cells (“EBF” panel). This suggested that only EBF is a bona fide upstream regulator of
Pax5 and that its loss might contribute to Pax5 silencing.

To address this possibility, we transduced cultured Myc5 cells with retroviruses encoding
murine EBF and IL7R. Acutely infected cultures were tested for Pax5 re-expression using
immunoblotting. As anticipated, Pax5 protein expression was detectable, albeit weakly, in
EBF-, but not IL7R-transduced cells (Figure 6C). Our data are in agreement with those obtained
with EBF-transduced 70Z/3 pre-B lymphocytes [43].

Discussion
Myc5 cells contain rearranged Ig genes and in vivo express genes characteristic of the B-cell
lineage (B220, Igκ, Pax5, IRF4, CD79a). On the other hand, when grown in vitro, expression
of these genes is drastically decreased and myeloid-specific genes are reactivated [34,44].
Myc5 cells grown in vitro also develop the ability to provide T cell help. Identical T-cell help
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capacity was observed by Myc5 cells grown in either GM-CSF or M-CSF supporting the
conclusion that in vitro grown Myc5 cells are primarily macrophages rather than dendritic
cells. In addition, Myc5 cells grown in M-CSF developed the ability to efficiently phagocytose
latex beads. Thus, their cell surface markers, RNA transcripts, T-cell help and phagocytosis
abilities all indicate that in vitro Myc5 cells readily adopt the macrophage phenotype.
Interestingly, PU.1 expression levels are quite similar in B- and macrophage-like Myc5 cells
(data not shown), at variance with previous reports indicating that macrophages generally
express elevated PU.1 levels compared to B-cells [21,22]. Also unchanged are C/EBPα levels
(data not shown), despite its prominent role in determining B-lymphoid vs. myeloid cell fate
[15]

The acquisition of the macrophage phenotype is preceded by the loss of Pax5 expression
[37]. However, several features make Myc5 cells rather unique among other Pax5 non-
expressors of B-cell origin. Most notably, our data reveal their relatively limited differentiation
capacity. Unlike Pax5-null cells [5], Myc5 cells in culture were unable to adopt numerous
hematopoietic lineages and become NK cells, osteoclasts, or neutrophils under the conditions
tested. Nor did loss of Pax5 result in an increase in plasma cell-specific transcripts such as
Blimp-1 (unpublished observations), as was recently observed in Pax5-deficient DT40 cells
[29]. Thus, although Myc5 cells lose Pax5 expression when adopting the macrophage lineage,
these cells are not as multipotent as Pax5-null cells. Rather, they remain committed to the B-
macrophage bifurcation. In addition, unlike Pax5-null pro-B-cells, reintroduction of retroviral
expressed Pax5 does not completely rescue the B-cell phenotype, as evidenced by the lack of
CD19 expression [37]. This is despite the fact that at least two linage-specific transcription
factors, IRF4 and E2A, were fully reactivated, and the levels of IL7R were significantly
elevated (Figure 6). The differentiation status of these cells warrants further investigation.

A number of cell lines or bone marrow cells have shown the ability to give rise to B-cells and
macrophages [16–20]. A splenic B-cell population grown on fibroblasts simultaneously
expresses B-cell and macrophage characteristics, and a rare human bone marrow population
is bipotential, capable of generating both B-cells and macrophages [8,45]. The later population
is similar to Myc5 cells in that they cannot generate NK or dendritic cells. However, these
cells, unlike Myc5 lymphoblasts, lack VDJH rearrangements [8]. Thus, Myc5 may represent
a more mature cell derived from this bipotential lineage, which still retains trans-differentiation
capacity, even after immunoglobulin gene rearrangement. Alternatively, Myc5 cells may
represent a distinct lineage of hematopoietic cells that retains both B-cell and macrophage
properties even after terminal differentiation. In any event, repeated isolation of hematopoietic
tumors with lineage infidelity following Myc-induced transformation of bone marrow cells
([37] and data not shown) argues that this is a significant mammalian hematopoietic lineage
with potential to oscillate between two developmental fates depending upon environmental
cues. Notably, a human B-cell lymphoma has been described that responded to therapy, only
to relapse as a histiocytic sarcoma with rearranged immunoglobulin genes [46]. Thus, studies
on Pax5-controlled cell differentiation can offer important insights into mechanisms of
tumorigenesis as well.
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Figure 1. Expression of lineage-specific cell surface markers on Myc5 cells following polyclonal
stimulation
The top and bottom rows represent cells cultured without and with LPS, respectively.
Individual panels represent stainings for Mac1, CD19, and B220 antigens, followed by flow
cytometry. Filled and open plots represent unstained and antibody-stained cells, respectively.
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Figure 2. Schema for testing differentiation plasticity of Myc5 cells
Shown are growth factors used, expected differentiation patterns, and lineage-specific markers.
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Figure 3. Expression of lineage-specific cell surface markers on Myc5 cells under different culture
conditions
Panels A-D represent growth media supplemented with cytokines favoring particular lineages:
B-cell (interleukin-7, or IL-7), macrophage (macrophage colony-stimulating factor, or M-
CSF), dendritic (granulocyte-macrophage colony-stimulating factor, or GM-CSF), and natural
killer (NK) cell (interleukin-7, or IL-2). B220, Mac-1, CD40, and NK1.1 are the corresponding
surface markers. All cultures were assayed on days 5, 16, and 26 following cytokine stimulation
using flow cytometry. Filled and open plots represent unstained and antibody-stained cells,
respectively. For more details, see Methods and Materials.
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Figure 4. T cell help provided by Myc5 cells under different culture conditions
Myc5 cells were grown under conditions favoring NK- (IL-2) or neutrophil (IL-3/6, G-/CSF)
(A) and macrophage (M-CSF) or dendritic (GM-CSF) (B) differentiation. Cells were assayed
for their ability to provide T cell help by measuring proliferation of OVA-specific T cells in
the absence (left panels) or presence (right panels) of OVA-primed cells. Profiles show
proliferation of T-cells, as evidenced by dilution of the intracellular dye CFSE (from M1 to
M6). The C panel shows composite traces of T-cell proliferation under all 4 conditions. Arrows
point at fractions with the most cells.

Hodawadekar et al. Page 14

Exp Cell Res. Author manuscript; available in PMC 2008 January 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Phagocytosis by Myc5 cells
Myc5 and control Myc3 cells were grown in media supplemented with M-CSF. Cells pre-
incubated with fluorescent latex beads were subjected to flow cytometry (top panels) and
phase-contrast microscopy (bottom panels). In the top panels, filled and open plots refer to
cells without and with beads, respectively. In the bottom panels, arrows point at cells with
ingested or attached beads. For more details, see Materials and Methods.
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Figure 6. Lymphoid- and macrophage- specific gene expression is affected by Pax5
A Real-time RT-PCR analysis of Pax5, M-CSFR, CD79a, IRF4, Blimp, IL7R, E2A, and EBF
transcript levels in the Myc5 tumor, cultured Myc5 cells, and cultured Myc5 cells transduced
with the empty MIGR1 vector (“GFP”) or the Pax5/MIGR1 virus (“Pax5/GFP”). Gamma-actin
was used as an internal control. Relative expression levels were calculated as described in
Methods and Materials. B. Interactions between IL7R and B-lymphoid transcription factors
during differentiation of common lymphoid progenitor (CLP) towards the pro-B-cell. Grey
arrows indicate known interactions (modified from [1]). Black arrows refer to data in A. Dotted
arrows indicate partial restoration of mRNA levels by retrovirally encoded Pax5. C.
Immunoblotting with anti-Pax5 and anti-actin antibodies. Cells used were parental Myc5 cells
and their EBF-, IL7R-, and Pax5-transduced derivatives.
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