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Abstract
SWAP-70 and DEF6, two proteins that feature similar domain and motif arrangements, are

mainly known for their functions in differentiated hematopoietic cells. Both proteins interact

with and regulate RhoGTPases and F-actin dynamics, yet their role in hematopoietic stem

and precursor cells (HSPCs) remained unexplored. Here, the role of the SWEF proteins

SWAP-70 and DEF6 in HSPCs was examined. Both SWEF proteins are expressed in

HSCs. HSCs and different precursor populations were analyzed in mice deficient for

SWAP-70, DEF6, SWAP-70 and DEF6 (double knockout, DKO), and wild-type controls.

HSPCs isolated from these strains were used for competitive adoptive transfer into irradi-

ated wild-type mice. Reconstitution of the myeloid and lymphoid lineages in the recipient

mice was determined. The numbers of HSPCs in the bone marrow of Swap-70-/- and
Swap-70-/-Def6-/- mice were >3-fold increased. When transplanted into lethally irradiated

wild-type recipients, the reconstitution potential of Swap-70-/- HSPCs was intrinsically
impaired in competing with wild-type HSPCs for contribution to hematopoiesis. Def6-/-

HSPCs show wild type-like reconstitution potential under the same transplantation condi-

tions. DKO HSPCs reconstituted to only 25% of wild-type levels, indicating a partial rescue

by DEF6 deficiency in the Swap-70-/- background. Our study reveals the two SWEF pro-

teins as important contributors to HSPC biology. Despite their similarity these two proteins

regulate HSC/progenitor homeostasis, self-renewal, lineage contributions and repopulation

in a distinct and mostly antagonistic manner.
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Introduction
SWAP-70 and DEF6 (also known as IBP or SLAT) are the only two members of the SWEF
family. They have been described as a unique type of Rho-family GTPase and F-actin regula-
tory proteins [1–12]. From N- to C-terminus, both proteins feature a putative EF-hand Ca2+-
binding domain, followed by a pleckstrin-homology (PH) domain, which is involved in mem-
brane targeting through binding of phosphatidylinositol-3,4,5-triphosphate (PIP3), and a
domain weakly homologous to Dbl homology (DH) domains. A hallmark of SWAP-70 and
DEF6 is the arrangement of the PH-DH domains, which is the reverse of that observed in typi-
cal GEFs for Rho GTPases, wherein a C-terminal PH domain flanks the DH domain. SWAP-
70 features an F-actin binding domain at its C-terminus, and both proteins carry several
nuclear localization and a nuclear exit signal sequences. SWAP-70 was found to contribute to
Rac activation in vitro and in hematopoietic cells and plays a role in specific processes during
remodeling of the actin cytoskeleton thus being involved in cell adhesion and migration in
vitro and in vivo. DEF6 has been characterized as a GEF for Cdc42 and Rac2 and is involved T
cell receptor (TCR)-mediated cytoskeletal dynamics. Both proteins are expressed in several
hematopoietic cell types, in many transformed cell lines and some tumor types. However,
expression and role(s) in many progenitor cell types including in hematopoietic stem and pre-
cursor cells (HSPCs) have not been described.

Hematopoietic stem cells (HSCs), first described by Till and McCulloch [13] and purified
and characterized by Weissman [14] serve to generate all lineages of the hematopoietic system.
HSCs and progenitor cells have been very extensively studied. Still, however, regulators that
determine the capacity of HSPCs to regenerate a deficient hematopoietic system are not com-
prehensively known and understood. Lethally irradiated mice can be rescued by adoptive
transfer of very small numbers of lineage-depleted (Lin-), Sca1-positive cells, which reconsti-
tute hematopoiesis. This competence of HSPCs to repopulate the hematopoietic system is
often used as a measure of the functionality of HSPCs and to evaluate the contribution of indi-
vidual proteins to this process.

In this concise report we demonstrate distinct and mostly antagonistic roles for the SWEF
proteins in HSPC homeostasis and in reconstitution of the hematopoietic system.

Materials and Methods

Mice
Wild-type, Swap-70-/- and Def6-/- mice on the C57BL/6 background were previously described
[7, 15]. Double knockout (DKO) Swap-70-/-Def6-/- mice were generated from breeding of single
Swap-70-/- and Def6-/-. Animals were bred and maintained under pathogen-free conditions in
the Animal Facility of the Medical Theoretical Center (MTZ) at the Medical Faculty of Tech-
nische Universität Dresden according to approved animal welfare guidelines and with approval
of the State of Saxony (Az 24-9168-11-1/2011-13). The Institutional Animal Care and Use
Committees (Tierschutzkommission der Technischen Universität Dresden und Tierschutz-
kommission des Landes Sachsen) specifically approved this study.

FACS analysis and sorting
Staining of surface markers was performed according to standard procedures. Briefly, freshly
isolated bone marrow (BM) cells were immunostained on ice in PBS, 2 mM EDTA in the
presence of either mouse immunoglobulin G (IgG) whole molecule (1μg/ml, Jackson Immu-
noResearch) or 2% v/v FCS to block non-specific binding through Fc receptors. Cells were incu-
bated with different combinations of fluorescently labeled, purified or biotin-conjugated
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antibodies (Abs) for 25 min, followed by 20 min incubation with second-step reagents (second-
ary fluorescently labeled Abs or conjugated to streptavidin) when necessary. Antibodies were
purchased from BD Bioscience (CD19 (clone 1D3) bio, CD11b (clone M1/70) bio, B220
(clone RA3-6B2) bio, c-kit (clone 2B8) PE-Cy7 and APC, Sca1 (clone D7) PE-Cy7 and FITC,
eBioscience (Ter119 (clone Ter-119) bio, CD3e (clone 145-2C11) bio, CD16/32 (clone 93)
PE-Cy7 and Pacific Blue, CD34 (clone RAM34) FITC, IL-7Rh (clone A7R34) bio, Gr-1 (clone
RB6-8C5) bio). Intracellular staining was carried out after staining of surface markers. Cells
were fixed and permeabilized using a Cytofix/Cytoperm buffer (BD Bioscience). Then samples
were incubated with primary and subsequently with secondary Abs at optimal concentrations
that were experimentally standardized. For enrichment of lineage-negative cells BM was labeled
with lineage Abs following labeling with magnetic beads (Miltenyi Biotec) and subjected to neg-
ative selection on MACS columns (Miltenyi Biotec). Flow cytometry analysis was carried out on
a BD LSRII flow cytometer with FACSDiva software (BD Biosciences). Cells were sorted on
FACSAria flow cytometer. Data were analyzed with FlowJo 6.1.1 software (Tristar).

For cell cycle analysis, cells were stained with the respective cell type-specific surface markers
followed by fixation and permeabilization using Cytofix/Cytoperm solution (BD Bioscience) and
incubation with Ki67 (clone SolA15) PE-Cy7 (eBioscience) and DAPI (Sigma Aldrich) for 30 min.

Analysis of apoptosis was performed using an Annexin V Apoptosis Detection Set
(eBioscience) and DAPI according to the manufacturer`s recommendations. In brief, following
cell surface staining, cells were washed with binding buffer and stained with Annexin V
PE-Cy7 and DAPI for 15 min at room temperature.

PCR
Total RNA was isolated from 2.5x104-5x105 sorted lineage-negative, kit-positive, Sca-positive
(LSK) cells using a RNeasy Micro kit (Qiagen). First-strand cDNA was synthesized from 70
ng of RNA using SuperScript II Reverse Transcriptase (Invitrogen). DEF6 PCR primers
were: 5´ CAACGTGAAACACTGGAATGTC; 5´ CTGAGAGGGTTCTGTTACCTTG;
product size– 176 bp. GAPDH primers were: 5´ GAGAAACCTGCCAAGTATGAC;
5’ GGAGTTGCTATGAAGTTGC.

Adoptive cell transfer
Wild-type recipient mice were lethally irradiated (9 Gy) and were given an intravenous injec-
tion of 1:1 mixture (5x103 in total) of FACS sorted LSK from 2 donors in different combina-
tions (wt and Swap-70-/-, wt and Def6-/-, wt and SWAP-70-/-Def6-/-). Together with LSK
mixture recipients received 2x105 of total wt BM cells. Donor and recipient mice differed in
congenic markers (CD45.1, CD45.2 and CD45.1.2) for further discrimination of progeny by
FACS analysis. Animals were kept in pathogen-free conditions during the period of recovery
and received neomycin water for 14 days. Blood was analyzed at desired time points.

Statistic analysis
Data were analyzed using unpaired two-tailed t-test. �P<0.05, ��P<0.01, ���P<0.005.

Results and Discussion

SWAP-70 and DEF6 expression in hematopoietic stem and precursor
cells
To assess the putative role of SWAP-70 and DEF6 in mouse HSPC biology and hematopoiesis
we first determined the expression of the two SWEF proteins in HSPCs. Intracellular FACS
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staining of total bone marrow (BM) cells was performed using previously described, affinity-
purified rabbit polyclonal anti-SWAP-70 antibodies [12] and anti-DEF6 rabbit polyclonal anti-
bodies [15]. The presence of SWAP-70 protein in HSC as determined by intracellular FACS
staining was earlier shown by us [16]. Both proteins were detected in the LSK (Lineage-nega-
tive, Sca1-positive, c-Kit-positive) fraction of wild-type (wt) mice but not of mice deficient in
either of these proteins (Fig 1A).

We also detected DEF6 mRNA expression by RT-PCR in FACS-sorted LSK cells from
lineage-depleted (Lin-) BM from wt and Swap-70-/- mice but not from Def6-/-, and Swap-
70-/-Def6-/- (DKO) mice (Fig 1B). Similarly, Swap-70 mRNA was detected in LSK cells from wt
and Def6-/- mice. Thus, both SWEF proteins are expressed in HSPCs.

SWAP-70 and DEF6 deficiencies perturb HSPC numbers
To investigate the potential role of both proteins in HSPCs, the frequencies and numbers of
HSPCs, committed progenitors, and mature hematopoietic cell types were determined. We
analyzed BM from wt, Swap-70-/-, Def6-/-, and Swap-70-/-Def6-/- mice of different ages (4 to 12
weeks after birth) and observed an increase in the relative as well as absolute number of LSK
cells in the absence of SWAP-70 and of both proteins (Fig 2A and 2B). This increase was more
pronounced in 8-week-old (~2.5-fold) and in 12-week-old (~2.0-fold) mice than in 4-week-old
(~1.6-fold) mice, but was statistically significant at every time point. Thus, without SWAP-70
HSPCs accumulate in the BM suggesting a failure to further develop and/or to migrate between
the respective niches. DEF-6 deficiency caused an ~2-fold increase in LSK numbers at 4 weeks
of age, after which this increase was not observed anymore (8 weeks), but the LSK number
rather slightly decreased (12 weeks) (Fig 2A and 2B). Thus, while in absence of SWAP-70 the
LSK population accumulates at all time points, a similar increase upon DEF6 deficiency is not
maintained with increasing age. The DKO LSK numbers reveal a dominant SWAP-70-depen-
dent phenotype.

Next we sub-gated the LSK fraction into long-term (LT-HSC), short-term hematopoietic
stem cells (ST-HSC), and multiple progenitor cells (MPP) according to surface expression of
CD34 and flt3 (CD135) [17]. In 4-week old mice the number of LT-HSCs was not significantly
higher when SWAP-70 was absent (Fig 2A and 2C). A significant increase in LT-HSCs from
Swap-70-/- mice was observed at 8 weeks (~3-fold) and 12 weeks (~2.5-fold) of age. This pat-
tern was largely reproduced in DKO animals. Def6-/- mice showed wt-like LT-HSC numbers at
all age groups analyzed, and a slight decrease at 12 weeks of age. Similarly, the ST-HSC com-
partment of Swap-70-/- mice showed significantly higher cell numbers, up to 2-fold, in mice of
8 and 12 weeks compared to wt (Fig 2D). In contrast, the absence of DEF6 did only affect
ST-HSC numbers at the age of 4 weeks showing an increase, which was not maintained. This
may reflect the early increase of LSKs at 4 weeks in this mutant. However, the DKO showed
increased ST-HSC numbers in at all age groups analyzed. The effect of SWAP-70 or DEF6 defi-
ciency on the numbers of MPP was very similar to their effect on LSK cell numbers (Fig 2E).

Generally, the numbers of LSK, LT-HSC and ST-HSC decreased from 4 weeks to 8 weeks of
age in wt, Swap-70-/- and Def6-/- mice. The most prominent effect of the mutants was the accu-
mulation of LSK cells, LT-HSCs, ST-HSCs and MPPs in the Swap-70-/- mice at 12 weeks of age
compared to wt animals. This suggests that SWAP-70 and to a lesser extent DEF6 control
HSPC balance.

To address the effect of the SWEF proteins on stem cell proliferation, we used Ki67 and
DAPI labeling to determine the cell cycle status of LSK cells in 12-week-old wt, Swap-70-/-,
Def6-/-, and Swap-70-/-Def6-/- mice. These analyses revealed no major differences in the
cell cycle phase distribution between LSK cells of the four genotypes examined (Fig 3A).
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However, analysis of apoptosis revealed that a significantly lower number of SWAP-70-defi-
cient LSK cells were undergoing apoptosis. In contrast, the absence of DEF6 led to signifi-
cantly higher numbers of apoptotic cells (Fig 3B), suggesting that SWAP-70-deficiency
suppresses apoptosis in HSC, causing an accumulation of these cells in the bone marrow as
described above, while DEF6-deficiency promotes apoptosis in HSC, leading to the slight
decrease of HSC.

Development of committed progenitors is compromised in absence of
SWAP-70 and DEF6
Analyses of progenitor cells committed to the myeloid or lymphoid lineages (Fig 4A and 4E)
showed that the numbers of common myeloid progenitors (CMP) are differently affected by
the absence of SWAP-70 or DEF6 or both (Fig 4B). SWAP-70 deficiency caused a decrease of
CMPs at 4 weeks and 12 weeks of age. The difference at 8 weeks was not statistically significant.
Absence of DEF6 led to a decrease at 8 and 12 weeks of age. In the DKO, a decrease of about
2-fold (absolute numbers) was seen but not maintained at 8 and 12 weeks of age, where the
decrease was more moderate at about 30%.

The frequency and the number of granulocyte-monocyte precursors (GMPs) was strongly
affected by the lack of DEF6. Def6-/- mice had up to 3-fold more GMPs in all age groups. Swap-
70-/- mice showed twice as many GMPs as the wt only at 4 weeks of age. Wt and DKOmice did
not significantly differ in GMP numbers at all three time points, indicating a dominant effect
of the SWAP-70 deficiency (Fig 4C). Thus, in absence of DEF6, SWAP-70 de-regulates GMP
numbers, and this effect is alleviated by removal of SWAP-70.

Fig 1. SWAP-70 and DEF6 expression analysis in hematopoietic stem/progenitor cells. (A) Intracellular FACS staining for
DEF6 (upper dot plots) and SWAP-70 (lower dot plots) in BM cells. Left: lineage-negative cells, right: HSCs and early progenitors,
subgated Lin-c-kit+Sca-1+. Data shown are representative of two independent experiments. (B)mRNA expression analysis of Def6
(product: 176 bp) in sorted LSK cells from wild type (WT), SWAP-70-/-(S70 KO, Def6-/-(D6 KO) and SWAP-70-/-Def6-/- (DKO) mice.
Gapdh (product: 100 bp) and an unspecific PCR product (380 bp) served as controls.

doi:10.1371/journal.pone.0161060.g001
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Megakaryocyte-erythrocyte progenitors (MEPs) were only slightly reduced by the lack of
SWAP-70 or DEF6 in 4 weeks old mice. The simultaneous elimination of both proteins
resulted in more than 2-fold decrease in MEP numbers indicating synergistic activity of the
SWEF proteins at this time point. At the ages of 8 and 12 weeks relative as well as absolute
MEP numbers mainly depended on SWAP-70, whose absence either alone or together with
DEF6 caused reduced numbers. Def6-/- mice showed wt-like numbers at 8 and 12 weeks of age
(Fig 4D).

Similarly to MEPs, the numbers of common lymphoid progenitor (CLP) cells were reduced
by ~2-fold in 4 weeks-old DKO mice. SWAP-70 deficiency alone did not affect the CLP num-
bers in mice of the three age groups. In contrast, Def6-/- mice showed the lowest CLP numbers
of all genotypes at 4 and 8 weeks, a trend that was reversed at 12 weeks. Such reversals of initial
phenotypes in young mice may be the result of compensatory processes within the ageing
mutant animals (Fig 4F).

Together, these data show that DEF6 and SWAP-70 play antagonistic roles in GMP devel-
opment and moderately agonistic roles in MEP differentiation. Only DEF6 deficiency caused a
decrease in CLP.

Fig 2. Hematopoietic stem cell and progenitor analysis in the bonemarrow of Swap-70-/-,Def6-/- and double knock-out mice. (A) Representative
FACS plots of freshly isolated BM from wt, Swap-70-/- (S70 KO), DEF6-/- (D6 KO) and Swap-70-/-DEF6-/- (DKO) 8-week old mice. Upper plots: subgated
DAPI-Lin- BM cells. Percentages shown are of parental gate. Lower plots: subgated DAPI-Lin-kit+Sca+ (LSK) to discriminate long-term HSC (LT-HSC,
CD34-CD135-), short-term HSC (ST-HSC, CD34+CD135-) and multiple progenitors (MPP, CD34+CD135+). Percentages shown are of parent LSK
populations. (B) Relative (on the left) and absolute (on the right) LSK cell numbers in the BM of wt (black bars), SWAP-70 (grey bars) and DEF6 (dotted
bars) single and DKO (white bars) of different ages (4, 8 and 12 weeks old) quantified by FACS. (C) Relative (on the left) and absolute (on the right)
LT-HSC cell numbers in the BM of wt, SWAP-70 and DEF6 single and DKO of different ages quantified by FACS. (D) Relative (on the left) and absolute
(on the right) ST-HSC cell numbers in the BM of wt (black bars), SWAP-70 (grey bars) and DEF6 (dotted bars) single and DKO (white bars) of different
ages (4, 8 and 12 weeks old) quantified by FACS. (E)Relative (on the left) and absolute (on the right) MPP cell numbers in the BM of wt (black bars),
SWAP-70 (grey bars) and DEF6 (dotted bars) single and DKO (white bars) of different ages (4, 8 and 12 weeks old) quantified by FACS. At least 5 mice of
each genotype per group were analyzed, >8 mice 12 weeks of age were analyzed. Mean ± SD. *P<0.05, **P<0.01, ***P<0.005.

doi:10.1371/journal.pone.0161060.g002
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Development of B lymphocytes and myeloid cells is not affected by
SWEF deficiency, but T lymphocytes are reduced
In the mature cell compartment of the bone marrow the numbers of cells positive for the B
lineage marker B220 were slightly decreased in Def6-/- and DKO mice of 4 weeks of age as
compared to wt and Swap-70-/- mice, but there were small increases or no differences at 8 and
12 weeks of age, respectively. Swap-70-/- and DKO mice showed no differences to wt (Fig 5A
and 5B). Thus, the aberrations in numbers of HSPCs and of more committed precursors
observed in bone marrow of the mutant mice did not cause significant shifts in numbers of B
lymphocytes, probably because the niches were filled over time. This is independent of the
deficiencies that individual peripheral B cell populations show in their further maturation
and/or in response to challenges as reported previously [7, 18, 19]. The absolute numbers of
CD11b+ myeloid cells were not significantly affected by either single or double deficiency (Fig
5A and 5C).

In contrast, the numbers of CD3e-positive T cells in the BM were strongly affected by either
single deficiency and in the DKO. The BM of Swap-70-/-, Def6-/- and DKOmice showed about
half of wt cell numbers in both, relative and absolute terms, and in mice of all ages analyzed.
The most drastic decrease was observed in Def6-/- and DKOmice at 4 weeks of age, where the
CD3e+ numbers were reduced 4-fold. While in wt the CD3e+ cell numbers increased with age,
there was almost no increase in the three mutant strains (Fig 5A and 5D).

Fig 3. Effects of SWAP-70- and DEF-6-deletion on cycling and apoptosis of LSK cells. (A) Representative flow cytometric analysis of DNA content
(DAPI) and intracellular Ki-67 expression on gated Lin-kit+Sca+ LSK cells derived from 12-week-old wt, Swap-70-/- (S70 KO), Def6-/- (D6 KO) and Swap-
70-/-Def6-/- (DKO) mice. The percentage of cells in the respective cell cycle stage is indicated next to the corresponding gate. Graph depicts mean
percentage of LSK cells that are in G0, G1 or S/G2/M phase of the cell cycle. (B) Representative flow cytometric analysis of apoptosis in LSK cells
detected with Annexin V and DAPI. Graph displays mean percentage of Annexin V+ DAPI- early apoptotic and Annexin V+ DAPI+ late apoptotic LSK
cells (n = 4–6 mice per genotype).

doi:10.1371/journal.pone.0161060.g003
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Bone marrow can function as a major reservoir for memory T cells. After their generation
in secondary lymphoid organs, memory CD3+ T cells preferentially locate to the bone mar-
row for homeostatic maintenance, where they reside in specified niches for long periods of
time [20, 21]. The prominent reduction of the CD3+ T cell population within the bone mar-
row of the mutant mice could be a result of intrinsic T cell defects. It is less likely to be an
effect of the altered bone marrow environment, which is osteopetrotic only in Swap-70-/-

mice [22]. In contrast to SWAP-70, DEF6 is expressed in thymocytes and peripheral T cells
and has been shown to be an important regulator of T cell development and homeostasis [4,
5, 23]. Furthermore, a role of DEF6 in memory T cell expansion has been proposed [24], but
an impact of DEF6 on memory T cell maintenance in the bone marrow has not yet been
described. It needs to be determined in more detailed studies, which factors contribute to
the observed decrease of CD3+ T cells in the bone marrow of Swap-70-/-, Def6-/- and DKO
mice and whether this is caused by defective recruitment or maintenance of these putative
memory T cells.

Fig 4. Lymphoid andmyeloid progenitor analysis in the bonemarrow of Swap-70-/-,DEF6-/- and double knock-out mice. (A) and (E)
Representative FACS plots of freshly isolated BM from wt, Swap-70-/- (S70 KO), Def6-/- (D6 KO) and Swap-70-/-Def6-/- (DKO) 8-week old mice. Upper
plots (A) subgated DAPI-Lin-kit+Sca- BM cells to discriminate commonmyeloid progenitors (CMP, CD34+CD16/32-), granulocyte-monocyte progenitors
(GMP, CD34+CD16/32+) and megakaryocyte-erythroid progenitors (MEP, CD34-CD16/32-). Lower plots (E): subgated DAPI-Lin-kit+Scalow to discriminate
common lymphoid progenitors (CLP, CD135+CD135+?). Percentages shown are of parental gate. (B) Relative (on the left) and absolute (on the right)
CMP cell numbers in the BM of wt (black bars), SWAP-70 (grey bars) and DEF6 (dotted bars) single and DKO (white bars) of different ages (4, 8 and 12
weeks old) quantified by FACS. (C) Relative (on the left) and absolute (on the right) GMP cell numbers in the BM of wt, SWAP-70 and DEF6 single and
DKO of different ages quantified by FACS. (D) Relative (on the left) and absolute (on the right) MEP cell numbers in the BM of wt (black bars), SWAP-70
(grey bars) and DEF6 (dotted bars) single and DKO (white bars) of different ages (4, 8 and 12 weeks old) quantified by FACS. (E)Relative (on the left)
and absolute (on the right) CLP cell numbers in the BM of wt (black bars), SWAP-70 (grey bars) and DEF6 (dotted bars) single and DKO (white bars) of
different ages (4, 8 and 12 weeks old) quantified by FACS. At least 4 mice of each genotype per group were analyzed, in many instances >10 mice were
analyzed. Mean ± SD. *P<0.05, **P<0.01, ***P<0.005.

doi:10.1371/journal.pone.0161060.g004
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The function of SWAP-70 and DEF6 is intrinsic to HSC/HSPCs
Since both proteins are expressed in a variety of hematopoietic cell types, and since Swap-70-/-

but not Def6-/- mice develop mild osteopetrosis [22], some of the variations and age-dependent
compensatory mechanisms described above may have been generated through interactions of
the HSPCs with the mutant bone and marrow environment. Therefore we asked whether the
role of SWAP-70 and DEF6 in HSC maintenance and differentiation is intrinsic to these cells.
We transplanted sorted HSC/HSP cells from Swap-70-/-, Def6-/- or DKO into lethally irradiated
wt recipients. The sorted LSK cells were competitively transferred in a ratio of wt: mutant of
1:1. The use of the congenic markers CD45.1 and CD45.2 allowed distinguishing, wt and
mutant donor and recipient cell populations (Fig 6A and 6B).

Donor contributions to the generation of peripheral blood cells were monitored for 24
weeks. We observed a very strong requirement for SWAP-70 in reconstitution of the hemato-
poietic system. The Swap-70-/- LSK cells were not able to compete with wt LSK cells. Swap-70-/-

progeny was hardly detectable in the recipient blood at any time point after 12 weeks up to 24
weeks after transfer (and in an extended experiment up to 39 weeks post transfer; data not
shown). The Swap-70-/- cells that were initially detectable although only at 10% of wt levels, dis-
appeared at 12 weeks after transfer.

In contrast, transferred Def6-/- LSK cells efficiently contributed to the de novo blood cell gen-
eration and after 20 weeks the recipient mice showed an even slightly higher proportion of cells
generated from DEF6-deficient HSCs. Four weeks post transplantation the recipients trans-
planted with wt and DKOHSC/HPCs showed an equal contribution of the donors to the periph-
eral blood cells. However throughout the following weeks the capacity of DKOHSC/HPCs to
compete against wt HSC/HPCs decreased, and about 75% of blood cells were generated by wt

Fig 5. B-lymphocyte (B220+), T-lymphocyte (CD3e+) andmyeloid (CD11b+) cell analysis in the bonemarrow of Swap-70-/-,DEF6-/- and DKO
mice. (A) Representative FACS plots of freshly isolated BM from wt, Swap-70-/- (S70 KO), DEF6-/- (D6 KO) and Swap-70-/-DEF6-/- (DKO) 8-week old
mice. Total BM was subgated to discriminate B-lymphocytes (B220+), T-lymphocytes (CD3e+) and myeloid (CD11b+) cells. (B) Relative (on the left) and
absolute (on the right) B220+ cell numbers in the BM of wt (black bars), SWAP-70 (grey bars) and DEF6 (dotted bars) single and DKOmice (white bars) of
different ages (4, 8 and 12 weeks old) quantified by FACS. (C) Relative (on the left) and absolute (on the right) CD11b+ cell numbers in the BM of wt,
SWAP-70 and DEF6 single and double knock-out mice of different ages quantified by FACS. (D) Relative (on the left) and absolute (on the right) CD3e+

cell numbers in the BM of wt (black bars), SWAP-70 (grey bars) and DEF6 (dotted bars) single and DKO (white bars) of different ages (4, 8 and 12 weeks
old) quantified by FACS. At least 4 mice of each genotype per group were analyzed, in many instances >10 mice were analyzed. Mean ± SD. *P<0.05,
**P<0.01, ***P<0.005.

doi:10.1371/journal.pone.0161060.g005
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donor cells. Despite this low reconstitution efficiency, the DKOHSC/HPCs generated substan-
tially more peripheral blood cells than the Swap-70-/- donor cells.

Together, we revealed distinct and largely antagonistic roles of the two SWEF proteins in
HSPC biology. In one instance only we observed synergistic effect of the two deficiencies, i.e. in
the decreases in MEPs in young mice. DEF6 deficiency alone had a prominent effect in only
one case, the numbers of CLPs at 4 and 8 weeks of age. Otherwise, the phenotypes observed
upon SWAP-70 deficiency are in most of the cases dominant: HSPCs accumulate in Swap-70-/-

and DKOmice, but not in Def6-/- animals; the increase in GMPs upon DEF deficiency was
abolished by additional SWAP-70 deficiency; the failure to rescue hematopoiesis upon HSPC
transfer was seen in Swap-70-/- and DKOmice, but not in Def6-/- animals. Here, the antagonism
of the two proteins became apparent, since DEF6 deficiency rescued some of the reconstitution
competence of SWAP-70 deficient HSPCs. Thus, in absence of SWAP-70, DEF6 contributes to
the complete failure of HSPCs to reconstitute the hematopoietic system. This also suggests that
SWAP-70’s activity itself is required only for about 75% of HSPC competence. It will be impor-
tant in the future to determine the opposing pathways, with which the two SWEF proteins con-
trol and balance HSPC biology.
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