
HAL Id: hal-04102252
https://hal.science/hal-04102252

Submitted on 22 May 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - ShareAlike 4.0 International
License

CD150-dependent hematopoietic stem cell sensing of
Brucella instructs myeloid commitment

Lisiena Hysenaj, Bérengère de Laval, Vilma Arce-Gorvel, Mile Bosilkovski,
Gabriela González-Espinoza, Guilhaume Debroas, Michael H Sieweke,

Sandrine Sarrazin, Jean-Pierre Gorvel

To cite this version:
Lisiena Hysenaj, Bérengère de Laval, Vilma Arce-Gorvel, Mile Bosilkovski, Gabriela González-
Espinoza, et al.. CD150-dependent hematopoietic stem cell sensing of Brucella instructs myeloid com-
mitment. Journal of Experimental Medicine, 2023, 220 (7), �10.1084/jem.20210567�. �hal-04102252�

https://hal.science/hal-04102252
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://hal.archives-ouvertes.fr


BRIEF DEFINITIVE REPORT

CD150-dependent hematopoietic stem cell sensing
of Brucella instructs myeloid commitment
Lisiena Hysenaj1,2, Bérengère de Laval1, Vilma Arce-Gorvel1, Mile Bosilkovski3, Gabriela González-Espinoza1, Guilhaume Debroas1,
Michael H. Sieweke1,4, Sandrine Sarrazin1, and Jean-Pierre Gorvel1

So far, hematopoietic stem cells (HSC) are considered the source of mature immune cells, the latter being the only ones
capable of mounting an immune response. Recent evidence shows HSC can also directly sense cytokines released upon
infection/inflammation and pathogen-associated molecular pattern interaction while keeping a long-term memory of
previously encountered signals. Direct sensing of danger signals by HSC induces early myeloid commitment, increases myeloid
effector cell numbers, and contributes to an efficient immune response. Here, by using specific genetic tools on both the host
and pathogen sides, we show that HSC can directly sense B. abortus pathogenic bacteria within the bone marrow via the
interaction of the cell surface protein CD150 with the bacterial outer membrane protein Omp25, inducing efficient functional
commitment of HSC to the myeloid lineage. This is the first demonstration of direct recognition of a live pathogen by HSC via
CD150, which attests to a very early contribution of HSC to immune response.

Introduction
Few pathogens are capable of colonizing the bone marrow (BM;
Nebe et al., 2005; Eldin et al., 2016; Allen et al., 2014; Hardy et al.,
2009; Reece et al., 2018), the niche of hematopoietic stem cells
(HSC) responsible for initiating the production of myeloid pro-
genitors and mature blood-forming cells (Weissman, 2014).
Brucella abortus (a Gram-negative bacterium responsible for the
re-emerging brucellosis zoonosis) is able to persist for months in
the BM (Gutiérrez-Jiménez et al., 2018). Human brucellosis pa-
tients suffer from hematological abnormalities, suggesting that
B. abortus in the BM may affect hematopoietic development
(Franco et al., 2007). HSC can respond to infection through
pathogen-elicited cytokines or directly via pathogen recognition
receptors (Boettcher et al., 2014; Boettcher and Manz, 2017).
CD150 is a key marker of long-term HSC (LT-HSC; Kiel et al.,
2005). It was originally described on T and B cells as a measles
virus receptor (Tatsuo and Yanagi, 2002; Erlenhoefer et al.,
2001) and as a bacterial sensor in macrophages (Berger et al.,
2010) and dendritic cells (Degos et al., 2020). Here, we show that
HSC in the BM directly sense the outer membrane protein
Omp25 of B. abortus through the CD150 receptor. Our in vivo
and ex vivo data demonstrate that B. abortus modulates hema-
topoiesis by transiently increasing the production of myeloid

cells via CD150. This is the first demonstration of direct recog-
nition of a pathogen by HSC via CD150.

Results and discussion
B. abortus persists in the BM and is transferable to a second
host but does not infect HSC
We investigated the consequences of BM infection by a pathogen
such as B. abortus that we previously demonstrated to persist for
months in the hematopoietic niche (Gutiérrez-Jiménez et al.,
2018). We first evaluated if bacteria present in the BM 8 d after
infection during the acute phase of infection and 30 d after in-
fection during the chronic phase of infection are still virulent
and transferable to a secondary host. For this, we transplanted
BM cells of infected mice at these time points into recipient mice
(Fig. S1 a) and enumerated CFU in splenocytes and BM cells 8 wk
after transplantation (Fig. S1 b). An equivalent high number of
CFU counts in the spleen and the BM 8 wk after transplantation
showed that following BM transplantation, the host BM hema-
topoietic environment is permissive for stable infection and
replication of B. abortus as it is in the spleen, the natural reser-
voir for B. abortus in mice.
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Since in mature lymphoid and myeloid cells CD150 has been
shown to be a receptor for cellular entry of viruses and a sensor
of bacteria, including B. abortus (Tatsuo and Yanagi, 2002;
Erlenhoefer et al., 2001), and since CD150 is highly expressed
and a commonly used marker of HSC but has no assigned
function in these cells (Kiel et al., 2005), we speculated that B.
abortus might infect HSC via CD150. We therefore isolated HSC
and several downstream progenitor populations from the BM of
wtmice, incubated them for 2 h in the presence of live B. abortus,
washed off bacteria, and enumerated bacterial CFU counts of
lysed cells 24 h later. Surprisingly, only granulocyte–monocyte
progenitors (GMP), but not HSC or multipotent progenitors,
were able to support B. abortus replication (Fig. 1 a). Since GMP
do not express CD150 at their surface (Fig. 1 b), this suggested
that CD150 is not required for B. abortus entry into the cells. To
further confirm this, we incubated wt or CD150−/− progenitors
(lin− cells) or HSCwith dsRed-labeled B. abortus and investigated
infection efficiency by confocal microscopy (Fig. 1 c). Although
dsRed-B. abortuswas able to enter bothwt and CD150−/− lin− cells,
neither wt nor CD150−/− HSC were infected (Fig. 1 c). Taken
together, these results indicate that CD150 does not play the
role of an entry receptor for B. abortus in hematopoietic stem
or progenitor cells.

Presence of B. abortus in BM affects hematopoietic stem and
progenitor cell (HSPC) homeostasis
Given the persistence of B. abortus in the hematopoietic niche
during the course of infection, we wondered whether the bac-
terium could affect hematopoietic stem and progenitor cells in
ways other than direct infection of HSC. We therefore analyzed
the composition of the HSPC compartment after infection by B.
abortus by flow cytometry. Absolute numbers of total BM cells or
lineage negative progenitors (lin−) were not affected by B.
abortus infection (Fig. S1, c and d). However, B. abortus infection
induced major phenotypic cell surface marker changes in the
HSPC compartment (Fig. 1, d and e; and Fig. S2 for gating
strategy), similar to those observed after challenges with
pathogen-associated molecular patterns or attenuated vac-
cines (Boettcher and Manz, 2017; Takizawa et al., 2017;
Mitroulis et al., 2018; Kobayashi et al., 2015). HSPC (LSK: lin−,
Sca+, cKit+) expansion was observed at the onset of infection
(day 2 after infection; Fig. 1, d and e) and was even more
pronounced during the acute phase of infection (day 8 after
infection; Fig. 1, d and e). LSK expansion was mainly due to the
significant increase of CD48+ multipotent progenitors (LSK
CD48+) and, to a lesser extent, the increase of short-term HSC
(LSK, CD34−, CD135− CD48−, CD150−; Fig. 1, d and e). In addi-
tion, the LT-HSC population (LSK, CD34−, CD135−, CD48−,
CD150+) slightly decreased (Fig. 1, d and e). Overall, these data
suggest that the presence of B. abortus in the BM perturbs
HSPC homeostasis and leads to an increased output of early
multipotent progenitors.

B. abortus induces PU.1 expression in HSC via a direct Omp25/
CD150 recognition
We next investigated the molecular mechanisms underlying the
early response of HSC during B. abortus infection. HSC can

directly sense microbial compounds (Kobayashi et al., 2015;
Takizawa et al., 2017; Burberry et al., 2014), and in dendritic cells
and macrophages, CD150 is also a sensor for bacteria (Berger
et al., 2010; Degos et al., 2020). We therefore speculated that
CD150-mediated pathogen sensing might be involved in the
observed activation and differentiation of HSC induced by B.
abortus infection.

To address this question, we used a system that can read out
early myeloid lineage engagement of HSC. Infection and in-
flammation have been shown to release signals such as cyto-
kines that are able to induce the differentiation of HSC toward
the myeloid lineage as evidenced by early upregulation of the
myeloid master regulator PU.1 (Takizawa et al., 2012; Pronk
et al., 2011; Pietras, 2017; Mossadegh-Keller et al., 2013;
Sarrazin et al., 2009). Consistent with this, we have previously
shown (Sarrazin et al., 2009; Mossadegh-Keller et al., 2013; de
Laval et al., 2020) that GFP expression in HSC of Pu.1+/GFP re-
porter mice harboring enhanced GFP knocked into the PU.1 locus
(Back et al., 2004; Bryder et al., 2006) is a reliable read-out of
early HSC activation and myeloid commitment. To investigate
whether B. abortus infection can induce an early cell fate change
toward the myeloid lineage in HSC, we infected Pu.1+/GFP re-
porter mice and then analyzed GFP expression in HSC (LSK,
CD34−, CD135−, CD48−) 2 d after infection (Fig. 2 a). GFP was
upregulated 30–40% in BM HSCs of wt mice infected with B.
abortus WT (Ba WT; Fig. 2 b), confirming induction of PU.1 ex-
pression and consequently a change in HSC fate after B. abortus
infection.

We next analyzed whether this involved a direct interaction
of B. abortus with CD150. We have recently demonstrated that
the outer membrane protein 25 (Omp25) of B. abortus is a direct
ligand of the extracellular domain of mouse CD150 in dendritic
cells (Degos et al., 2020). To analyze whether this direct Omp25/
CD150 recognition might be important in HSC, we first analyzed
PU.1 expression in HSC during infection with Ba WT and B.
abortus lacking Omp25 (Ba Δomp25) in Pu.1+/GFP reporter mice
(Fig. 2 a). 2 d after infection, although CFU counts in the spleen
and the BMwere similar for both bacterial strains (Fig. S1 e), the
upregulation of PU.1 observed in HSC in response to Ba WT
infection was abolished in response to Ba Δomp25 (Fig. 2 b). The
presence of Omp25 at the B. abortus membrane is thus required
to induce a myeloid HSC commitment.

To further examine whether the presence of CD150 at the
HSC surface was also necessary for the recognition of B. abortus,
we generated a new Pu.1+/GFP reporter mouse model lacking
CD150 (CD150−/−; Pu.1+/GFP). Infected CD150−/−; Pu.1+/GFP mice
showed an equivalent bacterial load in both spleen and BM
during the onset and acute phase of infection (Fig. S1, e and f).
Moreover, the absence of CD150 did not affect either the total
number of BM cells or the number of lin− cells in infected mice
(Fig. S1, c and d). 2 d after infection, BM HSC from CD150−/−;
Pu.1+/GFP mice did not show any increase of GFP expression, in
contrast to what we observed in Pu.1+/GFP mice (Fig. 2 b), indi-
cating that the induction of PU.1 by B. abortus in HSC requires
CD150. These data show that PU.1 upregulation in HSC
during the onset of infection is dependent on Omp25/CD150
interaction.
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Figure 1. HSCs are not infected by B. abortus, but HSPC homeostasis is affected by the persistence of B. abortus in the BM. (a) Bacterial CFU counts
from purified HSC, progenitors (MPP, GMP, MEP), and total BM 24 h after ex vivo infection with B. abortus. Data were obtained from distinct samples (n = 5;
cells from a pool of two mice in each sample) and from two independent experiments. (b) Expression level of CD150 protein on GMP and HSC by FACS.
Significant differences from HSC are shown (a and b). (c) Identification by confocal microscopy and quantification of wt and CD150−/− HSC and BM lin− cells
infected with ds-Red–expressing B. abortus 24 h after exposure. Scale bar = 10 μm. Each dot represents the percentage of positive cells in a picture (5–20 cells
per slide). Data were obtained from two independent experiments (each cell from a pool of two mice). **, P < 0.01; ****, P < 0.0001; absence of P value, non-
significant. P values were generated usingMann–Whitney test. (d and e) C57BL/6J wt mice were intraperitoneally inoculated with 1 × 106 CFU of BaWT. 2 (D2)
and 8 d (D8) later, FACS analyses were performed for BM cells. Representative FACS profiles (d) and frequency (e) of LSK (lin−, Sca+, cKit+; from left to right: n =
30, 15, 21), LSK CD48+ (lin−, Sca+, cKit+, CD48+; from left to right: n = 28, 14, 17), LSK CD48− (lin−, Sca+, cKit+, CD48−; from left to right: n = 30, 17, 20), and LSK
CD48− CD34+ (lin−, Sca+, cKit+, CD48−, CD34+, CD135−; from left to right: n = 24, 14, 19), HSCST (lin−, Sca+, cKit+, CD48−, CD135−, CD34−, CD150−; from left to
right: n = 25, 17, 16), HSCLT (lin−, Sca+, cKit+, CD48−, CD135−, CD34−, CD150+; from left to right: n = 22, 17, 22) in lineage-negative fraction of BM for PBS-treated
(Mock, unfilled circle) and infected mice (black square). Data obtained from distinct samples and from five independent experiments, each with at least n = 3
animals per condition, are shown, and mean ± SEM is represented by a horizontal bar. Significant differences frommock are shown. ***, P < 0.001; **, P < 0.01.
Absence of P value or ns, non-significant. Since data followed a normal distribution, P values were generated using Brown–Forsyth followed by ANOVA
Welch test.
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To further investigate whether the upregulation of PU.1 in
HSC upon B. abortus infection is due to direct recognition of B.
abortus Omp25 by CD150, we isolated HSC from the BM of
Pu.1+/GFP mice and treated them ex vivo with outer membrane
vesicles (OMV; Boigegrain et al., 2004) either from Ba WT or Ba
Δomp25 (Fig. 2 c). 16 h after ex vivo stimulation of sorted HSC by
Ba WT OMV, the number of GFP-expressing HSC increased
twofold (Fig. 2 d), similar to the observations with in vivo in-
fection of Pu.1+/GFP reporter mice (Fig. 2 b). Furthermore, upre-
gulation of GFP-expressing HSC was abolished by either
incubation of wt HSC with Ba Δomp25 OMV (Fig. 2 d) or of
CD150−/− HSC with Ba WT OMV (Fig. 2 d), or in the presence of
CD150-blocking peptide (Fig. 2 e).

Taken together, these data demonstrate that HSC can sense
bacteria via direct interaction of B. abortus outer membrane
protein Omp25 with CD150. This is the first demonstration of
direct recognition of a live pathogen by HSC via CD150.

Direct sensing of B. abortus by HSC induces its early
commitment toward the myeloid lineage
We and others have demonstrated earlier that PU.1 upregulation
in HSC is a first sign of commitment toward the myeloid lineage
(Pietras et al., 2016; Mossadegh-Keller et al., 2013). PU.1 upre-
gulation in LT-HSC is associated with a myeloid transcriptomic
signature in vitro and a myeloid functional fate change in vivo
(Mossadegh-Keller et al., 2013). We therefore asked if the direct
interaction between HSC and B. abortus could induce a func-
tional commitment of HSC toward the myeloid lineage. For this
purpose, we analyzed the composition of HSC-downstream
progenitors 8 d after infection in the BM. As expected, an in-
crease in myeloid-biased MPP2/3 (lin−, Sca+, cKit+, CD48+,
CD135−) progenitors was observed in the BM of wt mice infected
with Ba WT but not in the BM of wt mice infected with Ba
Δomp25 or infected mice lacking CD150 (Fig. 3 a and Fig. S2 for
gating strategy). By contrast, the number of lymphoid-biased

Figure 2. B. abortus induces PU.1 upregula-
tion in an Omp25/CD150-dependent manner.
(a) Experimental scheme: Pu.1+/GFP and CD150−/−

Pu.1+/GFP mice were intraperitoneally injected
with PBS (Mock, unfilled circle) or inoculated
with 1 × 106 CFU of Ba WT (black square), Ba
Δomp25 (gray square). 2 d later, the percentage
of GFP expression in HSC (lin−, Sca+, cKit+,
CD48−, CD135− CD34−) was assessed by flow
cytometry. (b) GFP expression in BM HSC (lin−,
Sca+, cKit+, CD48−, CD135−, CD34−) assessed by
flow cytometry at day 2 after infection. Data (b)
were obtained from distinct samples (from left to
right, n = 5, 10, 5, 5, 6) from three independent
experiments. Mean ± SD is represented by a
horizontal bar. Significant differences from mock
are shown. ***, P < 0.001; * P < 0.05. Absence of
P value or ns, non-significant. Since data did not
follow a normal distribution, P values were
generated using Kruskal–Wallis followed by
Dunn’s test. (c) Experimental scheme: HSC (lin−,
Sca+, cKit+, CD48−, CD135−, CD34−) from
Pu.1+/GFP or CD150−/− Pu.1+/GFP mice were sorted,
then stimulated ex vivo with PBS or B. abortus
WT OMVs, B. abortus Δomp25 OMVs. After 16 h,
the level of GFP in cells was assessed by flow
cytometry. (d) Percentage of GFP + HSC 16 h
after ex vivo stimulation with B. abortusWTOMV
(black square), B. abortus Δomp25 OMV (gray
square) compared to mock (Mock, unfilled circle)
assessed by flow cytometry (from left to right:
n = 6, 6, 6, 5, 5). (e) Percentage of GFP+ HSC
assessed by flow cytometry 0 h (Mock, unfilled
circle, n = 4) or 16 h after ex vivo stimulation with
B. abortusWT (black square, n = 4), B. abortusWT
OMV and the control peptide (100 µg/ml; black
square, n = 2), and blocking peptide of CD150
(100 µg/ml; gray square, n = 2). Data (d and e)
were obtained from HSC of a pool of three to
four mice, and the pool of cells has been divided
by the number of tested conditions. Each dot is a
replicative experiment. Mean ± SD is repre-
sented by a horizontal bar. Significant differ-
ences from mock are shown. **, P < 0.01; *,
P < 0.05. P values were generated using
Mann–Whitney test.
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MPP4 (lin−, Sca+, cKit+, CD48+, CD135+) was similar in infected
and non-infected mice (Fig. 3 b). Moreover, analysis of down-
stream committed progenitors revealed an increase of GMP and
blood myeloid cells (Fig. 3, c and d; and Fig. S2 for gating
strategy). In addition, infection of wt mice by the Ba Δomp25c
complemented strain (Ba Δomp25 strain complemented with an
Omp25-expressing plasmid) was able to rescue the increase of
myeloid MPP2-3 and GMP, demonstrating a direct role of
Omp25 in controlling the increase of myeloid commitment via
CD150 (Fig. 3, a–c). Altogether, these data provide evidence that
B. abortus induces an increase of myeloid cell production in an
Omp25/CD150-dependent manner, though not at the expense of
lymphoid cells.

HSC are known to both self-renew and differentiate to re-
plenish the whole hematopoietic system, properties that can be
tested by transplantation in an irradiated host (Weissman, 2014;
Till and McCulloch, 1961). To functionally confirm that the in-
creased production of myeloid progenitors and mature cells was
initiated by direct stimulation of HSC by B. abortus, we co-
transplanted ex vivo stimulated and unstimulated HSC in the
same recipient mice. We sorted HSC (KSL, CD48−, CD34−,
CD135−) from CD45.1 CD150−/− or CD45.1 wt mice, stimulated
them ex vivo with B. abortus for 30 min, and treated them with
gentamicin to kill extracellular bacteria. We then transplanted
the stimulated CD150−/− or wt HSC in competition with non-
stimulated CD45.2 competitor HSC (ratio 2:1) into lethally irra-
diated CD45.2-recipient mice (Fig. 3 e). Blood analyses 4 wk after
transplantation show that HSC stimulated with Ba WT gener-
ated more myeloid than lymphoid cells in the peripheral blood
compared with non-stimulated HSC (Fig. 3 f, upper panel, and
Fig. S3 for gating strategy). Again, the myeloid commitment bias
of HSC was abolished when HSC were stimulated ex vivo before
transplantation with Ba Δomp25 (Fig. 3 f, upper panel) or when
CD150−/−HSCwere stimulated with BaWT (Fig. 3 f, lower panel).
Furthermore, the increased myeloid to lymphoid ratio in the
blood generated by Ba WT–stimulated HSC was transient and
was not observed 6 and 8 wk after transplantation (Fig. 3 f,
upper panel). This indicates that HSC re-equilibrate lineage
commitment without compromising long-term multilineage
contribution (Fig. S1 g), as is also observed for direct M-CSF
stimulation of HSC (Mossadegh-Keller et al., 2013). In summary,
our in vivo and ex vivo data demonstrate that HSC are able to
sense directly live bacteria such as B. abortus via CD150 and
transiently increase the production of myeloid cells in response
to infection.

Figure 3. B. abortus induces HSC differentiation towards myeloid line-
age. (a–d) C57BL/6J wt and CD150−/− mice were intraperitoneally inoculated
with 1 × 106 B. abortus CFU. 8 d later, FACS analyses were performed for BM
cells. Frequency of (a) MPP2-3 (lin−, Sca+, cKit+ CD48+, CD135−; from left to
right: n = 22, 19, 14, 6, 11, 9, 8); (b) MPP4 (lin−, Sca+, cKit+, CD48+, CD135+;
from left to right: n = 22, 21, 12, 4, 9, 9, 9); (c) GMP (lin−, Sca−, cKit+, CD34+,
CD16/32+; from left to right: n = 16, 18, 13, 4, 8, 9, 9) in lin− BM cells is shown
for mice injected with PBS (Mock, unfilled circle) or inoculated with 1 × 106

CFU of Ba WT (black square), B. abortus Δomp25 (Ba Δomp25; gray square), or
B. abortus Δomp25 complemented with p:Omp25 (Ba Δomp25c; unfilled
square) mutants (the latter only for wt mice). (d) 8 d after infection, myeloid
cells (CD45+, CD11b+) to lymphoid cells (CD45+, CD3e+; and CD45+, CD19+)
ratio in blood is shown for mice injected with PBS (Mock; unfilled circle; n =
11) or inoculated with 1 × 106 CFU of Ba WT (black square; n = 9). (e) Ex-
perimental scheme: HSC from wt CD45.1 and CD150−/− CD45.1 mice were
sorted and then incubated ex vivo with BaWT or Ba Δomp25 for 30 min. After
30 min, cells were washed and treated for 1 h with gentamycin to kill ex-
tracellular bacteria. HSC were then transplanted into lethally irradiated wt
CD45.2 recipients in competition with the CD45.2 competitor in a ratio of 2:1.
FACS analyses of blood samples were performed at 4, 6, and 8 wk after
transplantation. (f) Myeloid cells (CD45+, CD11b+) to lymphoid cells (CD45+,

CD3e+; and CD45+, CD19+) ratio in CD45.1+ blood cells is shown for hema-
topoietic cells provided by CD45.1+ wt mice (upper panel) or CD150−/− mice
(lower panel), non-infected (Mock, unfilled circle) or infectedwith 1 × 106 CFU
of Ba WT (black circle), Ba Δomp25 (gray circle) as described in panel e (from
left to right: for WT, n = 12, 13, 10, 10, 9, 9, 12, 8, 8; and for CD150−/−, n = 9, 4,
14, 8, 11, 7). Data were obtained from distinct samples from four independent
experiments (a–d) or from repetitive sampling from two independent experi-
ments (e and f). Mean ± SEM is represented by a horizontal bar. Significant
differences from mock are shown. ***, P < 0.001; **, P < 0.01. Absence of P
value or ns, non-significant. Since data did not follow a normal distribution, P
values were generated using Kruskal–Wallis followed by Dunn’s test.
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Inflammation induced by infection produces many signals,
including cytokines, that can represent a confounding factor
when establishing the effect of the direct interaction of B. abortus
with CD150 on HSC. To address the potential indirect and con-
founding effect of inflammation, we generated mixed hemato-
poietic chimera mice by transplanting a 1:1 mix of BM cells from
wt CD45.2 mice and CD150−/− CD45.1 mice into irradiated
CD45.2-recipient mice (Fig. 4 a). This allowed investigation of
both wt HSC and CD150−/− HSC in the same inflammatory en-
vironment. 12 wk after transplantation, we infected chimeric mice
with B. abortus. The overall chimerism was still 1:1 12 wk after
transplantation and 12 wk plus 1 wk after infection (Fig. 4 b). We
then assessed the HSC lineage output in CD45.2 (wt) and CD45.1
(CD150−/−) compartments by analyzing, from the same recipients,
the myeloid/lymphoid ratio in mature blood cells and BM progen-
itors (Fig. 4, c–f). 8 d after infection with BaWT, the bloodmyeloid/
lymphoid ratio was higher in the wt compartment compared with
the CD150−/− compartment from the same recipient mice (Fig. 4 c,
middle panel). Although both Ba WT and Ba Δomp25 have equal
virulence (Fig. S1 f), the increase of bloodmyeloid/lymphoid ratio in
the wt compartment was abolished upon Ba Δomp25 infection of
chimeric mice (Fig. 4 c, right panel). Furthermore, myeloid-biased
MPP2-3 cells (Fig. 4 e) as well as GMP (Fig. 4 d) were also increased
in an Omp25/CD150-dependent manner. By contrast, Omp25/
CD150 interaction did not perturb the number of lymphoid-biased
multipotent progenitors MPP4 (Fig. 4 f).

Together, these results confirm that myeloid commitment
induced by B. abortus was intrinsic to HSC and due to direct
Omp25/CD150 interaction and not to indirect effects of con-
founding additional inflammatory signals.

Physio-pathological consequences of chronic stimulation of
HSC by B. abortus
To address the long-term consequences of CD150-Omp25 me-
diated sensing of B. abortus by HSC, we first analyzed the
number of HSC in mice 30 d after infection with Ba WT or Ba
ΔOmp25, when the infection is chronically installed in the BM
(Fig. 4, g–i). In contrast to acute infection (at day 2 and 8; Fig. 1
e), chronic infection (at day 30 after infection) triggered HSC loss
in the BM (Fig. 4 i), the loss being slightly less pronounced in wt
mice infected with Ba ΔOmp25 or in CD150−/− mice. These results
attest that chronic stimulation of HSC by B. abortus does affect
HSC function. To further address the long-term repopulating
potential of HSC upon chronic infection, we performed competi-
tive transplantation experiments using HSC from chronically in-
fectedmice. For this, we transplanted irradiated CD45.2 hosts with
a 1:1 ratio of lin− BM cells from CD45.1 mice 30 d after infection
with BaWT or Ba ΔOmp25 and lin− BM competitor cells from non-
infected wt CD45.2 mice (Fig. 4 j). Peripheral blood analysis of
donor-derived hematopoietic cells, up to 8 wk after transplanta-
tion, revealed that HSC from mice chronically infected with Ba
WT have partially lost their reconstitution potential compared
with HSC from non-infected mice or mice infected with Ba
ΔOmp25 (Fig. 4 k). Together, these results indicate that chronic
infection with B. abortus affects the long-term functions of HSC.

In humans, infection with several pathogens is sometimes
associated with reduced red blood cell generation leading to the

acute arrest of hematopoiesis (Bi et al., 2016). Interestingly, in B.
abortus–infected wt mice the percentage of erythroid progeni-
tors (MEP) in the BM decreases in an Omp25/CD150-dependent
manner (Fig. 5 a). To investigate if the reduced level of MEP
results in anemia, wt and CD150−/− mice were infected with B.
abortus and 8 d after infection, the hematocrit was measured
(Fig. 5 b). Furthermore, the hematocrit of infected mice was
reduced compared with non-infected mice but was rescued in
mice infected with Ba ΔOmp25 and in CD150−/− mice (Fig. 5 b).

These results indicate that in addition to an increased mye-
loid commitment, reduced production of red cells at the level of
progenitors is a consequence of Omp25/CD150-dependent in-
teraction during the infection process. Consistent with these
observations, a significant proportion of human brucellosis pa-
tients also shows anemia (Fig. 5 c). It is therefore not surprising
that anemia can be observed in both infected mice and in human
brucellosis patients.

Is CD150-Omp25–mediated sensing of B. abortus by HSC
protective or detrimental to the organism?
This study raises the question of how the recognition of CD150
by pathogens that induce myelopoiesis may benefit or harm
either the host or the pathogen.

We have demonstrated earlier that short-term stimulation
with either LPS or M-CSF induces myeloid commitment of HSC
and transient myeloid cell production without affecting the
long-term repopulation function of HSC (Mossadegh-Keller
et al., 2013; de Laval et al., 2020). This transient boost of mye-
loid cell production from stimulated HSC could be exploited to
protect immune-compromised patients from infections with
opportunistic pathogens (Kandalla et al., 2016). Here, we have
demonstrated that direct sensing of B. abortus by HSC via the
CD150-Omp25 interaction also leads to increased myelopoiesis
in the acute phase of the disease (day 8) or after a short ex vivo
stimulation (30 min) without inducing any loss of HSC function.
It is thus possible that short-term sensing of bacteria by HSC via
CD150, even through other Omps than Omp25 of B. abortus, or of
viruses (since CD150 is a receptor for measles virus) could be
beneficial to the host, as LPS or M-CSF stimulation is. On the
other hand, for some pathogens, HSPC expansion is detrimental
to the host and beneficial to the pathogen (Abidin et al., 2017).
We have observed that during the chronic phase of the disease,
the persistence of B. abortus in vivo lasting over 30 d induces a
chronic stimulation of HSC by B. abortus that leads to a loss of
HSC function (Fig. 4 k), demonstrating that long-term B. abortus
infection is rather detrimental for the host. The consequences of
pathogen sensing via CD150 on HSC functions will therefore
likely depend on the nature of the pathogen and the duration of
the interaction to result in either protective or detrimental ef-
fects. Moreover, the molecular mechanisms downstream of
CD150 in HSC upon B. abortus sensing remain to be elucidated.

Enhanced myeloid production has been shown to promote
pathogen clearance of Escherichia coli and Salmonella Typhimu-
rium (Takizawa et al., 2012). Moreover, CD150−/− mice are pro-
tected from Trypanosoma cruzi lethal challenge but are sensitive
to Leishmania major and attenuated Salmonella Typhimurium
(Silverberg et al., 2001), suggesting a beneficial role for CD150 in
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Figure 4. HSCmyeloid bias induced by B. abortusOmp25/CD150 interaction is hematopoietic cell autonomous. (a) Experimental scheme: BM cells from
CD150−/− CD45.1 mice and wt CD45.2 mice were isolated from mouse tibiae and femurs and transplanted in a 1:1 ratio into lethally irradiated recipient CD45.2
mice. 12 wk after transplantation, wt CD45.2:CD150−/− CD45.1 chimeric mice were intraperitoneally injected with PBS (Mock, unfilled circle) or inoculated with
1 × 106 CFU of Ba WT, B. abortus Δomp25 (Ba Δomp25). Blood and BM were analyzed 8 d later. (b) Overall blood chimerism was obtained 8 and 12 wk after
reconstitution and 1 wk after infection with Ba WT (black square) and Ba Δomp25 (gray square). (c–f) Myeloid (CD45+, CD11b+ cells) to lymphoid (CD45+,
CD3e+; and CD45+, CD19+) ratio in the blood (from left to right: n = 8, 8, 8, 8, 7, 7); frequency of (d) GMP (from left to right: n = 6, 6, 7, 7, 9, 9), (e) MPP2-3 (from
left to right: n = 6, 6, 6, 6, 9, 9), and (f) MPP4 (from left to right: n = 6, 6, 8, 8, 9, 9) in BM lin− cells of wt CD45.2 (circle) and CD150−/− CD45.1 (square)
compartment is shown for chimeric mice intraperitoneal injected with PBS (Mock, unfilled symbols) or inoculated with 1 × 106 CFU of Ba WT (symbol filled in
black) or Ba Δomp25 (symbol filled in gray). (g and h) CFU count per gram of organ at day 30 after infection of wt CD45.1 and CD150−/− CD45.1 mice for (g) BM
(from left to right: n = 18, 9, 8, 12, 6, 6) and (h) spleen (from left to right: n = 14, 18, 7, 7, 8, 6) infected with Ba WT (black square), Ba Δomp25 (gray square), or B.
abortus Δomp25 complemented with p:Omp25 (Ba Δomp25c; unfilled square). (i) Fold change of HSC absolute number in mice at day 30 after infection (D30 p.i.)
with indicated bacteria (from left to right: n = 9, 14, 11, 8, 11, 11). Data were obtained from distinct samples from three independent experiments. (j) Ex-
perimental scheme: wt CD45.1 mice were intraperitoneally inoculated with 1 × 106 CFU of BaWT. BM cells were isolated from femurs and tibiae of the infected
mice at day 30 after infection, and lin− cells were sorted and analyzed by FACS and transplanted in a 1:1 ratio with lin− cells from wt CD45.2 non-infected mice
into previously lethally irradiated wt CD45.2-recipient mice. FACS analyses on blood were performed at 4, 6, and 8 wk after transplantation. (k) Contribution of
CD45.1 cells from infected mice to blood chimerism in CD45.2 recipients at 4, 6, and 8 wk after transplantation (mock, n = 5; Ba WT, n = 7; Ba Δomp25, n = 7).
Data were obtained from two independent experiments. Mean ± SEM is represented by a horizontal bar. Significant differences from mock are shown. ***, P <
0.001; **, P < 0.01; *, P < 0.05. Absence of P value or ns, non-significant. Since data did not follow a normal distribution, P values were generated using
Kruskal–Wallis followed by Dunn’s test.
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response to some infections. However, in this study, we have
shown that during the chronic phase of the disease (day 30) in
the spleen, the natural reservoir in mice for B. abortus, the
bacterial load was decreased in CD150−/− mice and in wt mice
infected with Ba ΔOmp25 (Fig. 4 h). This suggests that the en-
hanced transient myeloid commitment induced by Omp25/
CD150 at day 8 is more likely to be beneficial to the bacterium.
Indeed, since B. abortus infects and replicates in myeloid cells
(Salcedo et al., 2013, Gutiérrez-Jiménez et al., 2018), B.
abortus–induced myelopoiesis in HSC increases the number of
potential target cells and constitutes a bacterial advantage for
dissemination and chronic infection. The Omp25/CD150 axis can
thus be considered a new evasion strategy exploited by B. abortus
to mediate its dissemination.

In conclusion, we present a novel finding demonstrating that
CD150 is a bacterial sensor for HSC. How chronic activation of
HSC by B. abortus could affect the long-term function of HSC and
the role of CD150 in HSC of patients experiencing a microbial
challenge would be worth investigating in the future.

Materials and methods
Ethics
Animal experimentation was conducted in strict compliance
with good animal practice as defined by the French Animal
Welfare Bodies (Law 87–848 dated October 19, 1987, modified by

Decree 2001-464 and Decree 2001-131 relative to European
Convention, EEC Directive 86/609). Institut National de la Santé
et de la Recherche Médicale guidelines have been followed re-
garding animal experimentation (authorization no. 02875 for
mouse experimentation). All animal work was approved by the
Direction Départementale des Services Vétérinaires des Bouches
du Rhône and the Regional Ethic Committee (authorization
number 13.118). Authorization of B. abortus experimentation
in the Biosafety Level 3 (BSL3) facility was given under the
numbers AMO-076712016-5, AMO-076712016-6, and AMO-
076712016-7. All efforts were made to minimize suffering during
animal handling and experimentation.

The human study was approved by the Ethics Committee of
the Medical Faculty in Skopje, Republic of North Macedonia (no.
03-7670/2). The laboratory data presented were obtained as part
of a routine diagnostic protocol, and written informed consent
was obtained from all patients. The values of red blood cells,
hematocrit, and hemoglobin were retrospectively analyzed in
302 patients with human brucellosis before therapy was initi-
ated. The patients were managed at the University Clinic of
Infectious Diseases and Febrile Conditions in Skopje from 2007
to 2018. 217 men and 85 women with a median age of 39 (range
3–79) years were studied. The diagnosis of brucellosis was based
on the clinical signs and symptoms compatible with brucellosis
(arthralgia, fever, sweating, malaise, hepatomegaly, spleno-
megaly, and signs of focal disease) confirmed by a qualitative

Figure 5. B. abortus infection induces anemia in both human and mice. (a and b) wt CD45.1 and CD150−/− CD45.1 mice were intraperitoneally inoculated
with 1 × 106 CFU of B. abortus. (a) Frequency of MEP (lin−, Sca−, cKit+, CD34−, CD16/32−), in lin− BM cells 8 d after infection is shown for mice injected with PBS
(Mock, unfilled circle) or inoculated with 1 × 106 CFU of BaWT (black square), B. abortus Δomp25 (Ba Δomp25; gray square), or B. abortus Δomp25 complemented
with p:Omp25 (Ba Δomp25c; unfilled square) mutants (the latter only for wt mice; from left to right: n = 16, 16, 8, 8, 8, 7, 9). (b) 8 d after infection, the
percentage of hematocrit measured in blood is shown for mice injected with PBS (Mock, unfilled circle) or inoculated with 1 × 106 CFU of BaWT (black square),
Ba Δomp25 (gray square; from left to right:, n = 7, 7, 6, 5, 8, 8). Data were obtained from distinct samples from three independent experiments (a and b), each
with at least n = 4 animals per condition, are shown and mean ± SEM is represented by a horizontal bar. Significant differences from mock are shown. **, P <
0.01; *, P < 0.05. Absence of P value or ns, non-significant. Since data did not follow a normal distribution, P values were generated using Kruskal–Wallis
followed by Dunn’s test. (c) Percentage of brucellosis patients (men and women) that present anemia before antibiotic treatment. Anemia was characterized
by a decrease of hematocrit, hemoglobin, and erythrocytes (hematocrit <40% for men and <35% for women; hemoglobin <14 g/dl for men and <12 g/dl for
women; erythrocyte count <4 million for men and <3.8 million/mm3 for women).
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positive Rose Bengal test and a Brucellacapt assay of >1/320.
Hemoglobin thresholds used to define anemia were according to
the World Health Organization (World Health Organization,
2008).

Mice
6–10 wk-old C57BL/6J females (Charles River), CD150−/− mice
(kindly provided by Yusuke Yanagi, Department of Virology,
Faculty of Medicine, Kyushu University, Fukuoka, Japan;
Davidson et al., 2004) or Pu.1+/GFP mice (Back et al., 2004; Bryder
et al., 2006), both on a C57BL/6J background, were used. Animals
were housed in cages with water and food ad libitum in the
Centre d’Immunophénomique (CIPHE) animal house facility,
Marseille. 2 wk before the start of experiments, mice were
transferred to the BSL3, CIPHE, Marseille, and kept under strict
biosafety containment conditions all along with infection with
live bacteria.

Bacterial strains
B. abortus 2308 (BaWT), B. abortus Δomp25 (kanR; BaΔomp25), or
B. abortus Δomp25c:pOmp25 (kanR, AmpR; Ba Δomp25c) were
used for infection. Ba Δomp25 was a gift from Pr. Ignacio Mor-
iyón, University of Navarra, Pamplona, Spain.

B. abortus infection
Mice were inoculated intraperitoneally with 1 × 106 CFU in
100 µl of PBS for each B. abortus strain. Strains were grown in
tryptic soy agar (Sigma-Aldrich) for 5 d, then overnight at 37°C
for 16 h under shaking in tryptic soy broth (Sigma-Aldrich) with
25 µg/ml kanamycin for Ba Δomp25 until the OD (OD at 600 nm)
reached 1.8 or kanamycin and ampicillin at 50 µg/ml for the Ba
Δomp25pBBR4omp25 strain. All B. abortus were kept, grown, and
used under strict biosafety containment conditions all along
experiments in the BSL3 facility, CIPHE, Marseille. For CFU,
enumeration at different time points after infection, spleen and
BM were collected (Gutiérrez-Jiménez et al., 2018). Femurs and
tibiae were flushed with 500 µl of ice-cold PBS to isolate BM
cells. BM cell suspension was then plated in tryptic soy agar
plates. Spleens were collected and splenocytes were isolated by
mechanical disruption.

Organs were harvested at 2, 8, or 30 d after infection,
weighted, and then dissociated into sterile endotoxin-free PBS.
Serial dilutions in sterile PBS were used to count CFU. Serial
dilutions were plated in triplicates onto tryptic soy broth agar to
enumerate CFU after 3 d at 37°C.

Transplantation assays
All donor cells were from CD150+/+ and CD150−/− CD45.1 mice and
transplanted into lethally irradiated (5.9 Gy) CD45.2-recipient
mice. For competitive assays, mice were transplanted with equal
numbers of 1 × 106 total BM cells or 1 × 106 lineage negative cells.
For infected HSC transplantation, 1,000 sorted HSC (KSL,
CD48−, CD135−, CD34−) were infected with Ba WT or Ba Δomp25
at a multiplicity of infection of 30:1. Bacteria were centrifuged
onto cells at 400 g for 10 min at 15°C and then incubated for
30 min at 37°C under 5% CO2. Cells were washed twice with
medium and then incubated for 1 h in medium containing

100 µg/ml gentamicin (Sigma-Aldrich) to kill extracellular
bacteria (absence of persistent live bacteria was assessed by CFU
assays). Cells were then washed three times with PBS. Infected
cells were mixed in a 1:1 ratio with non-infected HSC before
transplantation. Hematopoietic reconstitution and lineage de-
termination were monitored at 4, 6, and 8 wk after transplan-
tation in the peripheral blood. 8 wk after transplantation, mice
were sacrificed, and tibiae and femurs were harvested. BM cells
were flushed from the femur and tibiae and resuspended in
FACS media (PBS, 2% FCS, 5 mM EDTA) for flow cytometry
analyses.

Flow cytometry
For FACS sorting and analysis, we used a FACSAriaIII or a LSR-
X20 (BD) and the FlowJo software v10 (Treestar). For HSC and
progenitor analysis, total BM cells were depleted of mature cells
using a direct lineage depletion kit (Miltenyi Biotec) and stained
with antibodies anti-CD34-APC or anti-BV421 (cloneRAM34; BD
Bioscience), anti-CD135-PE-CF594 or anti-PE (clone A2F10.1; BD
Bioscience), anti-CD150-PE-Cy7 or anti-BV711 (clone TC15-
12F12.2; BioLegend), anti-CD117-BV605 (clone 2B8; BioLegend),
anti-Sca-1-PrcpCy5.5 or anti-PE (clone D7; Thermo Fisher Sci-
entific), anti-CD48-BV510 or anti-PE-Cy7 (clone HM48-1; BD
Bioscience), and anti-CD16/32-PE or anti-APC-Cy7 (clone 2.4G2;
BD Bioscience). To improve the analysis and enumeration of
HSC/MPP populations by FACS in infected mice, we used CD48
as an extra marker to eliminate LSK,c-Kit+ progenitors that
could pollute HSC/MPP gates because of some re-expressing
Sca-1 upon stimulation by infection. When needed, anti-
CD45.1-APC or anti-BV421 (clone A20; BD Bioscience) and anti-
CD45.2-FITC or anti-PrcpCy5.5 (clone 104; BD Bioscience) were
added. LIVE/DEAD (UV Fixable Blue Dead Cell Stain, Thermo
Fisher Scientific) was used as a viability marker. For biosafety
reasons, stained infected cells were finally fixed for 20 min with
Antigen Fix at room temperature prior to acquisition.

Blood cells were stained with anti-CD11b FITC (clone M1/70;
eBioscience), anti-CD19-PE-Cy7 (clone 6D5; BioLegend), anti-
CD45.2-PrcpCy5.5 (clone 104; BD Bioscience), anti-CD45.1-
BV421 (clone A20; BD Bioscience), anti-CD3e-APC (clone 145-2C11;
BD Bioscience), and anti-Ly6G-PE (clone 1A8; BD Bioscience). Red
blood cells were lysed using BD FACS lysing solution (BD) for
20 min then fixed for 10 min with Antigen Fix at room temper-
ature prior to acquisition.

HSC ex vivo challenge with B. abortus outer
membrane extracts
All cultures were performed at 37°C under 5% CO2. Sorted HSC
from wt or CD150−/− mice were cultured in StemSpan SFEMII
(Stem Cells) complemented with 50 ng/μl TPO (Peprotech) and
20 ng/μl SCF (Peprotech). Cells were stimulated with B. abortus
outer membrane extracts from BaWT or with Ba Δomp25 (10 µg/
ml). B. abortus outer membrane extracts were a gift from Pr.
Ignacio Moriyón, University of Navarra, Pamplona, Spain.

Sorted HSC were also cultured with blocking CD150 peptide
(FCKQLKLYEQVSPPE, 100 μg/ml; Auspep) or control peptide
(DLSKGSYPDHLEDGY, Auspep, 100 μg/ml; Thermo Fisher
Scientific).
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HSC and progenitor cells ex vivo infection with B. abortus
HSC (lin−, Sca+, cKit+, CD48−, CD135−, CD34−), MPP (lin−, Sca+,
cKit+, CD48+), GMP (lin−, Sca+, cKit+, C16/32+, CD34−), and MEP
(lin−, Sca+, cKit+, C16/32−, CD34+) were sorted using FACS Aria.
Cells were resuspended in StemSpan SFEMII (Stem Cells)
complemented with 50 ng/μl TPO (Peprotech) and 20 ng/μl SCF
(Peprotech) and transferred into the BSL3 to be infected with Ba
WT or Ba Δomp25 at a multiplicity of infection of 30:1. Bacteria
were centrifuged onto cells at 400 g for 10 min at 15°C and then
incubated for 120 min at 37°C under 5% CO2, washed twice with
medium, and then incubated for 1 h in medium containing
100 µg/ml gentamicin (Sigma-Aldrich) to kill extracellular bac-
teria. Cells were thenwashed three times with PBS. Infected cells
were cultured in StemSpan SFEMII (Stem Cells) complemented
with 50 µg/ml gentamicin (Sigma-Aldrich), 50 ng/μl TPO (Pe-
protech), and 20 ng/μl SCF (Peprotech). 24 h after infection, cells
were washed three times with PBS and processed for bacterial
CFU or confocal imaging. Cells were plated in tryptic soy agar
plates for CFU enumeration at different time points after infec-
tion. For confocal microscopy, cells were fixed with AntigenFix
for 30min at room temperature, washed with PBS-Triton 0.01%,
and mounted on coverslips using ProlongGold AntiFade
Mountant with DAPI (P36931; Thermo Fisher Scientific).

Statistics
Results were evaluated by GraphPad Prism 8 software (Graph-
Pad Software). Statistical tests used are indicated in the figure
legends. A value of *, P < 0.05 was determined as significant.

Software
GraphPad Prism 9 was used for data visualization. Fiji/ImageJ
(V) software 2.1.0/1.53c was used for confocal microscopy
analysis. FlowJo software 10.7.1 was used for flow cytometry
analysis.

Online supplemental material
Fig. S1 shows the number of CFU in the BM and spleen of mice
infected with B. abortus or transplanted with BM from infected
mice and the number of BM and lin− cells in wt and CD150−/−

animals after infection with Mock, Ba WT, Ba Δomp25, and Ba
Δomp25c. Fig. S2 shows the FACS gating strategy used to analyze
HSC and progenitor cells in BM. Fig. S3 shows the FACS
gating strategy used to analyze mature cells in the blood of
transplanted mice.

Data availability
No datasets were generated during the current study.
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Figure S1. B. abortus infection can be transferred by BM transplantation, and all B. abortus strains are equally virulent. (a) Experimental scheme: Mice
were intraperitoneally inoculated with 1 × 106 CFU of wild-type B. abortus. BM cells were transplanted into previously lethally irradiated mice. 8 wk after
transplantation, CFU per gram of organ was enumerated from spleens and BM. (b) Enumeration of CFU per gram of spleen and BM 8 wk after transplantation
(n = 7). (c and d)wt and CD150−/− mice were intraperitoneally injected with PBS or inoculated with 1 × 106 CFU of B. abortus. 8 d later, BM cells were isolated,
cells were counted (c), and then depleted for mature hematopoietic cells as shown in the Materials and methods. Lin− cells (d) were also counted for mice
injected with PBS (Mock, unfilled circle) or infected B. abortus (Ba WT; black square), B. abortus Δomp25 (Ba Δomp25; gray square) or B. abortus Δomp25
complemented with p:Omp25 (Ba Δomp25c; unfilled square) mutants (the latter only for wt mice). From left to right: for BM, n = 11, 14, 8, 5, 9, 11, 9; and for lin−

BM, n = 18, 16, 8, 6, 6, 7, 9. Data were obtained from distinct samples from five independent experiments. (e and f) CFU counts per gram of organ at day 2 (e)
and day 8 (f) after infection for spleen and BM of mice infected with Ba WT (black square), Ba Δomp25 (gray square) or Ba Δomp25c (unfilled square). For day
2 (D2) spleen, n = 9, 6, 8, 8; for day 2 (D2) BM, n = 6, 6, 7, 7; for day 8 (D8) spleen, n = 19, 15, 9, 15, 23, 6; for day 8 (D8) BM, n = 5, 11, 4. Data were obtained from
distinct samples from four independent experiments (a–d), each with at least three animals. Mean ± SEM is represented by a horizontal bar. Significant
differences from mock are shown. Absence of P value or ns, non-significant. Since data did not follow normal distribution, P values were generated using
Kruskal–Wallis followed by Dunn’s test. (g) Contribution of HSC from wt CD45.1 (left panel) and CD150−/− CD45.1 (right panel) mice incubated for 30 min
ex vivo with Ba WT (black square) or Ba Δomp25 (gray square) or non-infected (Mock, unfilled circle) as described in Fig. 3 e, to blood chimerism in CD45.2
recipients, at 4, 6, and 8 wk after transplantation (from left to right: for WT, n = 12, 13, 10, 10, 9, 9, 12, 8, 8; and for CD150−/−, n = 9, 4, 14, 8, 11, 7). Data were
obtained from repetitive sampling from two independent experiments. Mean ± SEM is represented by horizontal bar. Absence of P value, non-significant. Since
data did not follow normal distribution, P values were generated using Kruskal–Wallis followed by Dunn’s test.
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Figure S2. FACS gating for analysis of HSC and progenitors from lineage negative fraction of BM. First, cells were gated based on SSC/FSC, and then
single cells were selected. Viable cells were gated using UV Fixable Blue Dead stain. Described population are: LSK (lin−, Sca+, cKit+), LT-HSC (lin−, Sca+, cKit+,
CD48−, CD135−, CD34−, CD150+), MPP2-3 (lin−, Sca+, cKit+, CD48+, CD135−), MPP4 (lin−, Sca+, cKit+, CD48+, CD135+), GMP (lin−, Sca−, cKit+, CD34+, CD16/32+),
and MEP (lin−, Sca−, cKit+, CD34−, CD16/32−).
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Figure S3. FACS gating for blood analysis from chimeric mice. Complete FACS gating for blood lineage output from chimeric mice. First, cells were gated
based on SSC/FSC, and then single cells were selected. CD150−/− and wt cells were separated by gating on, respectively, CD45.1- and CD45.2-positive cells. In
each, lymphoid cells were isolated by gating on CD11b-negative cells; then, B cells were CD19-positive cells, and T cells were CD3ε-positive cells. In Cd11b-
positive cells, granulocytes and monocytes are distinguished by gating onto, respectively, Ly6G-positive and -negative cells.
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