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Introduction

The hematopoietic system represents a unique opportunity to study the stepwise establishment of a variety of terminally differentiated cell types from a single multipotent hematopoietic stem cell (HSC). Since HSCs are largely quiescent, the immature pool of hematopoietic progenitors can be regarded as a compartment that allows a primary level of homeostatic control [START_REF] Passegué | Global analysis of proliferation and cell cycle gene expression in the regulation of hematopoietic stem and progenitor cell fates[END_REF] to cope with the need for constant replacement or challenges. Detailed analysis of this pool has revealed several progenitor subsets with distinct developmental potential. Whereas the initial transition of HSCs into multipotent progenitors is clearly indicated by several studies [START_REF] Adolfsson | Upregulation of Flt3 expression within the bone marrow Lin(-)Sca1(+)c-kit(+) stem cell compartment is accompanied by loss of self-renewal capacity[END_REF][START_REF] Kiel | SLAM family receptors distinguish hematopoietic stem and progenitor cells and reveal endothelial niches for stem cells[END_REF][START_REF] Osawa | Long-term lymphohematopoietic reconstitution by a single CD34-low/negative hematopoietic stem cell[END_REF] the exact developmental pathway generating myeloid and lymphoid precursors is not definitively established (reviewed in [START_REF] Luc | Delineating the cellular pathways of hematopoietic lineage commitment[END_REF] ).

In a commonly accepted model for adult hematopoiesis the first step in lineage restriction is a strict separation of myelopoiesis and lymphopoiesis. Both common lymphoid progenitors (CLPs), producing exclusively lymphoid progeny [START_REF] Kondo | Identification of clonogenic common lymphoid progenitors in mouse bone marrow[END_REF] , and common myeloid progenitors (CMPs) devoid of lymphoid potential [START_REF] Akashi | A clonogenic common myeloid progenitor that gives rise to all myeloid lineages[END_REF] have been identified.

CMPs give rise to all myeloerythroid cells via developmental intermediates such as the megakaryocyte-erythrocyte progenitor (MEP) and the granulocyte-monocyte progenitor (GMP) [START_REF] Akashi | A clonogenic common myeloid progenitor that gives rise to all myeloid lineages[END_REF] . Several studies, however, have provided evidence for an earlier divergence of myeloerythroid and myelolymphoid progenitor populations [START_REF] Adolfsson | Identification of Flt3+ lympho-myeloid stem cells lacking erythro-megakaryocytic potential a revised road map for adult blood lineage commitment[END_REF][START_REF] Arinobu | Reciprocal activation of GATA-1 and PU.1 marks initial specification of hematopoietic stem cells into myeloerythroid and myelolymphoid lineages[END_REF] . In particular a myelolymphoid progenitor has been isolated within the Lin -Sca-1 + c-kit + (LSK) fraction of bone marrow (BM) cells expressing abundant cytokine receptor tyrosine kinase Flk-2, which produced T cells, B cells and myeloid cells upon transplantation in vivo, but did not produce detectable megakaryocytic and erythroid progeny [START_REF] Adolfsson | Identification of Flt3+ lympho-myeloid stem cells lacking erythro-megakaryocytic potential a revised road map for adult blood lineage commitment[END_REF] . A small fraction of these lymphoid-primed multipotent progenitors (LMPP) expressed interleukin-7 receptor α chain (IL-7Rα) mRNA but were all negative for the IL-7Rα protein [http://www.signaling-gateway.org/molecule/query?afcsid=A001267].

In CLPs IL-7 [http://www.signaling-gateway.org/molecule/query?afcsid=A004205] signaling is a decisive element for promoting further lymphoid development in BM cells (reviewed in [START_REF] Milne | IL-7: a key regulator of B lymphopoiesis[END_REF] ). The instructive role for cytokine signaling in determining cell fate decisions has been also utilized to 're-program' CLPs into myeloid cells in genetically engineered systems [START_REF] Kondo | Cell-fate conversion of lymphoid-committed progenitors by instructive actions of cytokines[END_REF] . Our current understanding would suggest that varying degrees of lineage plasticity in a cohort of progenitors accompanies initial commitment allowing extrinsic factors to redirect them into other, developmentally related compartments. Such plasticity is an attractive option for regulating homeostasis, and could provide alternative pathways for hematopoietic differentiation.

At present the physiological relevance of this mechanism and its potential contribution towards the physiological resolution of infection have not been explored.

A paradigmatic model allowing the study of several aspects of hematopoiesis in the context of an acute infection is malaria. This infection is characterized by a strong perturbation of blood cell homeostasis caused by invasion of erythrocytes by parasites, systemic inflammation and immunosuppression [START_REF] Langhorne | Immunity to malaria: more questions than answers[END_REF][START_REF] Stevenson | Innate immunity to malaria[END_REF][START_REF] Villeval | Changes in hemopoietic and regulator levels in mice during fatal or nonfatal malarial infections. II. Nonerythroid populations[END_REF] . The transient modulation of hematopoiesis in combination with a high demand for myeloid cells necessary for efficient resolution of the infection provide a unique opportunity to investigate pathways of 'atypical' hematopoietic differentiation.

Here, we report that acute with malaria resulted in the transient depletion of functional myeloid-erythroid progenitors and loss of CLPs, followed by the emergence of a new population of infection-induced atypical progenitors expressing IL-7Rα and high expression of the receptor tyrosine kinase c-kit. These atypical progenitors harbored both lymphoid and myeloid potential with a strong bias towards the generation of myeloid cells in vivo. Upon transplantation into infected recipients, their progeny efficiently contributed towards clearance of the parasite thereby significantly accelerating recovery of the host. The generation of these infection-induced atypical progenitors was critically dependent on interferon-γ (IFN-γ) [http://www.signalinggateway.org/molecule/query?afcsid=A001238] but not on Toll-like receptor (TLR)signaling. The identification of this subset provides evidence for the emergence of alternative progenitor subsets under conditions associated with a deregulation of hematopoietic homeostasis.

Results

Malaria infection induces IL-7Rα + c-kit hi progenitors

Infection of C57BL/6 mice with Plasmodium chabaudi (P. chabaudi) results in an acute, systemic infection characterized by parasitemia with approximately 20 to 25% of erythrocytes infected by day 7 and subsequent anemia (Fig. 1a). During acute infection the number of circulating neutrophilic granulocytes peaked at day 9 coinciding with peak anemia followed by an increase in blood monocytes reaching maximum at day 11 and subsiding over the next 10 days to numbers slightly elevated compared with uninfected controls (Fig. 1a).

Given the rapid and efficient increase of myeloid cells in peripheral blood during malaria infection we investigated the pool sizes of early hematopoietic progenitors in the BM. At peak parasitemia (day 7) the frequencies of colony-forming unit activity both for granulocyte-macrophage (CFU-GM) and for erythroid colonies (CFU-E) were significantly reduced compared to non-infected controls (Fig. 1b). Similarly, abundance of the more primitive burst-forming units-erythroid (BFU-E) was reduced.

The contraction of the myeloid progenitor population reduced both CFU-GM and CFU-granulocyte (CFU-G) frequency at day 7 after infection whereas the relative amount of CFU-macrophage (CFU-M) colonies increased between day 7 and day 11 (Fig. 1b). Since CFU activity resides in the Lin -compartment of the BM [START_REF] Akashi | A clonogenic common myeloid progenitor that gives rise to all myeloid lineages[END_REF] we decided to investigate the cell surface phenotype of Lin -BM cells after infection with P. chabaudi. Expansion of the LSK compartment was accompanied by a contraction in the number of Lin -Sca-1 -c-kit hi progenitors (Fig. 1c and Supplementary Fig. 1b). To evaluate if the increased numbers of LSK cells could indicate amplification of HSCs during acute infection we analyzed expression of CD150 and CD48 on infectioninduced LSK cells. The CD150 + CD48 -LSK compartment is highly enriched in longterm reconstituting HSCs 3 , thus any expansion of this subset during infection should also result their numerical increase, however numbers of CD150 + CD48 -LSK cells were unchanged during infection (Supplementary Fig. 1a,c). The complete disappearance of Sca-1 -c-kit hi cells in the Lin -pool between day 3 and 7 after infection did not permit enumeration of 'conventional' CMPs, GMPs and MEPs according to their steady-state phenotype. We therefore utilized the onset of FcRγII/III expression as an indicator for a putative granulocytic-monocytic progenitor and found a decreased number of Lin -c-kit hi CD34 + FcRγII/III hi cells at day 7 after infection (Fig. 1d). We next determined to which extent the functional properties of subsets isolated by their expression of CD34, Flk-2 and FcRγII/III were altered in infection-induced LSK cells.

We separated LSK cells at day 7 after infection into CD34 + FcRγII/III hi , and subdivided the FcRγII/III lo population into CD34 + Flk2 + and CD34 lo/-Flk2 -cells (Supplementary Fig. 2) and analyzed their respective myeloid and erythroid potential at the single cell level in vitro (Table 1). The CD34 + FcRγII/III hi fraction generated exclusively myeloid progeny lacking detectable erythroid competence. Within the FcRγII/III lo compartment the CD34 + Flk2 + subset exhibited a propensity to generate myeloid colonies comparable to uninfected LMPPs whereas the CD34 lo/-Flk2 -cells generated myeloid colonies only at a low frequency. Given the absence of lymphoid potential in the CD34 + FcRγII/III hi compartment (data not shown) we could identify this subset as functional GMP equivalent during acute malaria infection. Taken together, the functionally defined myeloid-erythroid progenitor compartment contracted during infection prior to the induction of anemia.

We next assessed the impact of acute malaria on lymphopoiesis. Similar to the loss of myeloid-erythroid potential both B and T cell potential were strongly suppressed at peak parasitemia (Fig. 2a). The block of BM lymphopoiesis was further corroborated by the disappearance of pro-and pre-B cells in the BM during malaria infection (data not shown) in accordance with previous reports [START_REF] Nagaoka | Immunization and infection change the number of recombination activating gene (RAG)-expressing B cells in the periphery by altering immature lymphocyte production[END_REF] . To quantify early lymphoid pools in BM we analyzed the Lin -IL-7Rα + compartment during infection with P. chabaudi and observed a transient reduction in CLPs (Fig. 2b). As early as day 3 the number of CLPs (defined as Lin -IL-7Rα + Sca-1 + c-kit lo ) was significantly reduced (Fig. 2c) and a new subset of Lin -c-kit hi cells emerged expressing IL-7Rα (Fig. 2b). This infectioninduced atypical progenitor was most abundant at day 11 after infection (Fig. 2c) and expressed Flk-2, CD24, CD27 and CD44 at similar levels to CLPs, whereas amount of surface expression of c-kit and CD34 was identical to that found on short-term reconstituting stem cells (Fig. 2d). The combined expression of IL-7Rα, IL-3Rα and abundant c-kit defined a subset of early hematopoietic progenitors phenotypically distinct from uninfected LMPPs, CLPs and CMPs.

Myelo-lymphoid potential of Lin -IL-7Rα + c-kit hi cells

We next evaluated the functional potential of these infection-induced atypical progenitors in vitro. Lin -IL-7Rα + c-kit hi cells, isolated at day 11 after infection, lacked erythroid potential as evident by absence of BFU-E activity but showed robust myeloid potential generating mostly CFU-M colonies (Fig. 3a). We further analyzed the developmental potential of infection-induced atypical progenitors by co-culture on OP9 stromal cells. This assay permits efficient B cell development of CLPs in the presence of IL-7, or myelopoiesis of CMPs in M-CSF-supplemented cultures (Fig. 3b). The majority of infection-induced atypical progenitors plated on OP9 in the presence of exogenous IL-7 developed efficiently into lymphoid-restricted CD19 + progeny. A minority of these cultures contained exclusively myeloid (CD11b + Gr-1 + CD19 -) cells and a small fraction of cultures contained both myeloid and lymphoid progeny (Fig. 3b). Adding M-CSF without exogenous IL-7 reduced the number of lymphoid-only cultures and increased the number of mixed lymphoidmyeloid cultures. The frequency of mixed progeny was further augmented when neutralizing anti-IL-7 was added.

To exclude crosstalk between progenitors at the onset of cultures we used a clonogenic single-cell co-culture system to assess lymphoid versus myeloid potential of infectioninduced atypical progenitors. M-CSF-deficient OP9, without or with delta-like ligand 1 (DLL1), and M-CSF-proficient S17 stromal cells were utilized to assess the potential of plated progenitors for lymphoid and myeloid lineages. In IL-7 cultures the majority of cells differentiated into either B cell progenitors (CD19 + ) on OP9 and S17 or T cell progenitors (Thy1 + CD25 + ) on OP9-DLL1 (Fig. 3c). Noticeably, S17 cells supported a higher number of mixed myelolymphoid colonies in the presence of IL-7, whereas Notch signaling on OP9-DLL1 generated more lymphoid, and conversely reduced the number of mixed colonies (Fig. 3c and Supplementary Fig. 3a,b). Altering the cytokine milieu by providing exogenous M-CSF instead of IL-7 increased the number of myelolymphoid colonies, demonstrating the presence of bipotent progenitors harboring B or T cell potential and myeloid potential. Blocking IL-7 signaling by inclusion of anti-IL-7 abolished the lymphoid potential of infection-induced Lin - IL-7Rα + c-kit hi progenitors.

We next investigated to which extent the developmental potential of infection-induced progenitors was reflected in the expression of genes associated with lineage decisions in early hematopoietic compartments. Transcripts for myeloperoxidase (Mpo), a peroxidase expressed in promyelocytes, myelocytes and neutrophilic granulocytes [START_REF] Zhu | A myeloid-lineage-specific enhancer upstream of the mouse myeloperoxidase (MPO) gene[END_REF] , were abundant in infection-induced atypical progenitors (Fig. 3d). CCAAT enhancer binding protein alpha (Cebpa), a master regulatory factor for myelopoiesis that suppresses erythroid differentiation and activates a myeloid-associated program of gene expression [START_REF] Zhang | Enhancement of hematopoietic stem cell repopulating capacity and self-renewal in the absence of the transcription factor C/EBP alpha[END_REF] , was expressed similarly in CMPs and in infection-induced atypical progenitors. Both genes were upregulated in infection-induced atypical progenitors as compared with LMPPs, which expressed Mpo at negligible amounts. Gata1 and Gata2 were both highly expressed in infection-induced progenitors. Among genes affiliated with lymphoid development, we detected fewer transcripts for recombinase activating gene 1 (Rag1) in infection-induced progenitors as compared with Rag1 expression in CLPs, but was substantially upregulated when compared with LMPPs. Furthermore, infection-induced atypical progenitors expressed slightly more Tcfe2a (E2A) than CMPs or CLPs and further increased over LMPPs (Fig. 3d). Finally, transcripts encoding the basic helix-loop-helix protein Tal1 were more abundant in infectioninduced progenitors compared both to CMPs or HSCs. In summary, several key genes involved in the lineage specification of myeloid cells were found in infection-induced atypical progenitors, which exhibited a transcriptional signature remarkably different from LMPPs and CLPs.

Lin -IL-7Rα + c-kit hi cells generate myeloid cells in vivo

The myeloid potential of infection-induced Lin -IL-7Rα + c-kit hi progenitors in vitro and their transcriptional profile biased towards genes activated during myelopoiesis prompted us to investigate their potential upon transfer into uninfected hosts. Lin - IL-7Rα + c-kit hi cells were isolated from malaria-infected B6.Rosa26 eYFP mice expressing eYFP constitutively in all cells and injected into sublethally irradiated RAG-2-γ c -deficient hosts. Infection-induced progenitors adopted mainly a myeloid cell fate in vivo with a majority of donor-derived cells being CD11b hi Gr-1 + in BM and spleen two weeks post-transfer (Fig. 4a and Table 2). By contrast, lymphoid reconstitution was invariably low and ranged from 1.9 to 26.5% of all eYFP + cells at any time point. The number of donor-derived cells declined between 2 and 4 weeks post-transfer with a pronounced reduction in the myeloid compartment. No evidence for long-term reconstitution was observed.

We next assessed the functional competence of donor-derived myeloid (eYFP + CD11b hi ) cells in an in vitro phagocytosis assay. P. chabaudi-infected erythrocytes were labeled with PKH-26 and incubated with CD11b hi splenocytes isolated from RAG-2-γ c -deficient hosts transplanted with infection-induced atypical progenitors. We found specific phagocytosis of P. chabaudi infected erythrocytes (Fig. -4b) as demonstrated by the cytochalasin D-sensitive uptake of PKH-26 labeled cell membranes. These data indicate that infection-induced progenitors transferred into alymphoid recipients developed preferentially into myeloid cells generating functional macrophages.

Lin -IL-7Rα + c-kit hi cells reduce parasitemia in vivo

Since the progeny of infection-induced Lin -IL-7Rα + c-kit hi progenitors phagocytosed P. chabaudi-infected erythrocytes in vitro, we assessed their developmental and functional potential in infected recipients in vivo. Infection-induced atypical progenitors from B6.Rosa26 eYFP mice were transferred into non-irradiated C57BL/6 mice infected 2 days earlier with P. chabaudi. Mice inoculated with a physiological dose of atypical progenitors (1.5-2.0 x 10 3 cells) exhibited a significant decrease in parasitemia at days 7 and 9 after infection when compared to non-transplanted infected controls (Fig. 5a and Supplementary Table 1). In parallel to increased clearance of infected erythrocytes we observed a significant reduction in anemia and accelerated recovery in recipients transplanted with infection-induced atypical progenitors (Fig. 5a and Supplementary Table 2). Transfer of similar numbers of naïve CLPs or CMPs isolated from uninfected donors did not result in significant reduction of peak parasitemia (Fig. 5a and Supplementary Table 1). Upon transplanting LMPPs into malaria-infected recipients, we noted a decrease in parasitemia 7 days after infection similar to recipients receiving infection-induced atypical progenitors. At day 9, atypical progenitors were significantly more potent at lowering parasitemia in recipient mice compared to those receiving LMPPs (Fig. 5a and Supplementary Table 1).

Both populations mainly generated CD11b hi Ly6-C + inflammatory monocytes in the spleen of malaria-infected recipients (Fig. 5b) and failed to generate any lymphoid progeny (data not shown). In contrast, CMPs generated CD11b + Ly6-C + cells very inefficiently in infected hosts (Fig. 5a) with the vast majority of donor-derived cells being CD11b -, Ly6-C -, CD11c -, Gr-1 -and MHC class II -(Fig. 5b and data not shown). To assess the contribution of cells derived from infection-induced progenitors in clearance of parasites we next transferred eYFP + , infection-induced Lin - IL-7Rα + c-kit hi cells into non-irradiated B6.SJL (CD45.1 + ) mice infected 2 days earlier with GFP-transfected P. chabaudi. We observed a significant reduction in parasitemia at day 9 and day 11 after infection in mice receiving atypical progenitors compared to control mice (Fig. 5c). There was no evidence for the presence of donor-derived (eYFP + ) B (CD19 + ), T (CD3 + ) or NK (NK1.1 + ) cells 9 or 16 days after transfer. By contrast, the vast majority of donor-derived cells were positive for CD11b, Ly-6C, F4/80 and expressed intermediate amounts of MHC class II and CD11c (Fig. 5d, and data not shown). Within this population, the CD11b hi F4/80 + subset exhibited a significantly higher number of GFP + cells, indicating active phagocytosis of malariainfected erythrocytes by this subpopulation (Fig. 5d). This result directly demonstrates the contribution of myeloid cells derived from infection-induced atypical progenitors in clearance of infected erythrocytes around the peak of infection.

Generation of Lin -IL-7Rα + c-kit hi cells requires IFN-γ

Next we attempted to define potential mechanisms involved in the emergence of infection-induced Lin -IL-7Rα + c-kit hi atypical progenitors during malaria. Initially we focused on the role of TLRs -in particular TLR9 -and the downstream signaling adapters MyD88 and TRIF. Mice deficient for TLR9, MyD88 or TRIF were infected with P. chabaudi and changes in BM progenitor compartments during acute infection were characterized. No significant impairment in the induction of Lin -IL-7Rα + c-kit hi atypical progenitors during malaria infection was observed in these mutant mice. The kinetics of their emergence and the absolute numbers recovered in TLR9-, MyD88and TRIF-deficient mice were similar to infected wild-type control mice (Fig. 6a,b).

None of the mutations abolished the infection-associated upregulation of Sca-1 resulting in the presence of only 'LSK-like' cells in the Lin -compartment at day 7 after infection.

In the absence of evidence supporting direct involvement of TLR signaling in the genesis of infection-induced atypical progenitors we investigated early hematopoietic compartments of mice deficient for IFN-γ receptor 1 [http://www.signalinggateway.org/molecule/query?afcsid=A001239]. Infection of Ifngr1 -/-mice with P. chabaudi failed to promote any increase in the numbers of Lin -IL-7Rα + c-kit hi atypical progenitors (Fig. 6a,b). Notably, the CLP pool remained stable in Ifngr1 -/- mice, resulting in a pronounced difference compared to wild-type controls. Absence of IFN-γ receptor resulted also in a failure to up-regulate Sca-1 expression upon infection (Fig. 6c).

Since the IFN-γ receptor (IFN-γR) was expressed on all uninfected hematopoietic progenitor subsets investigated (Fig. 7a), we dissected its expression on early progenitor entities after infection with P. chabaudi. Both at day 7 and at day 9 after infection all Lin -subpopulations were positive for IFN-γR (Fig. 7a,b). To corroborate the functional role of IFN-γR for the expansion of Lin -IL-7Rα + c-kit hi atypical progenitors we generated mixed BM chimeras by transplanting lethally irradiated B6.SJL recipients with Ifngr1 -/-and eYFP + wild-type BM cells. Seven to eight weeks after transplantation, chimeras showing chimerism in the blood corresponding to the initial inoculum were infected with P. chabaudi. BM chimeras receiving only Ifngr1 -/- cells prior to infection did not induce Lin -IL-7Rα + c-kit hi atypical progenitors, a result comparable to infected Ifngr1 -/-mice or uninfected C57BL/6 mice (Fig. 7c,d, Fig. 6b). In chimeras reconstituted with mixtures of Ifngr1 -/-and wild-type BM cells, expansion of infection-induced atypical progenitors could be largely attributed to those derived from Ifngr1 +/+ wild-type-(eYFP + ) cells (Fig. 7c,d). This result eliminates the possibility that this process is a direct or indirect consequence of IFN-γ signaling in other hematopoietic or non-hematopoietic populations. Taken together, these findings identify IFN-γ signaling as an indispensable prerequisite for the induction of infection-induced atypical progenitors and the changes of the early hematopoietic compartments associated with acute malaria infection.

Discussion

We provide here compelling evidence that an acute malaria infection induces a novel myelolymphoid progenitor subset harboring a remarkable potential to contribute towards clearance of parasite-infected erythrocytes in vivo. The transient emergence of this progenitor, dependent on IFN-γ signaling, suggests that the pro-inflammatory cytokine IFN-γ is not only a key mediator for the induction of protective immunity in malaria but also a pivotal modulator for the dynamic response of adult hematopoiesis.

Acute malaria in human and the P. chabaudi mouse model exhibit many similarities [START_REF] Stevenson | Innate immunity to malaria[END_REF] and both are characterized by acute parasitemia and severe anemia. In mouse malaria there is a severe reduction in erythropoiesis [START_REF] Villeval | Changes in hemopoietic and regulator levels in mice during fatal or nonfatal malarial infections. I. Erythropoietic populations[END_REF][START_REF] Yap | Plasmodium chabaudi AS: erythropoietic responses during infection in resistant and susceptible mice[END_REF] and a partial repression of progenitor activity [START_REF] Asami | A comparative study of the kinetic changes of hemopoietic stem cells in mice infected with lethal and non-lethal malaria[END_REF][START_REF] Silverman | Murine malaria decreases hemopoietic stem cells[END_REF] . Similarly, we found that infection with P. chabaudi resulted in a virtual loss of functional erythroid progenitors in the BM and a significant contraction of myeloid progenitors. With these changes we observed a pronounced expansion of the LSK compartment and a reciprocal reduction of Lin -Sca-1 -c-kit hi cells. This increase in LSK numbers was not accompanied by an augmentation of LSK CD150 + CD48 - cells which, in uninfected BM, represent long-term reconstituting HSCs 3 . Therefore expansion of LSK compartment rather reflects amalgamation of Lin -c-kit hi Sca-1 + and Sca-1 -populations during infection. Indeed a noticeable number of LSK cells at day 7 after infection expressed FcRγII/III as a marker for putative myeloid commitment.

This "GMP" equivalent, characterized by a functional potential identical to uninfected GMPs, was significantly reduced at peak parasitemia when compared to GMP numbers in uninfected animals. The majority of infection-induced LSK cells expressed neither Flk-2 nor FcRγII/III and exhibited strongly reduced myeloid and erythroid potential. This demonstrates that overall reduction in progenitor frequency could be correlated with reduction in the pool sizes of prospective progenitor subsets in the infection-induced LSK pool. Despite these changes in progenitor compartments the overall process of myelopoiesis still provided for an increase in peripheral neutrophils and monocytes. One explanation could be the augmentation of proliferation in downstream pools of myeloid precursors. The recent demonstration of a reduction in numbers of myeloid progenitors accompanying increased proliferation of monocytic precursors during L. monocytogenes infection [START_REF] Serbina | Selective expansion of the monocytic lineage directed by bacterial infection[END_REF] would support this possibility.

Another feature of infection-related changes of hematopoiesis was the abrogation of B-cell development. This effect has been noted previously in malaria [START_REF] Nagaoka | Immunization and infection change the number of recombination activating gene (RAG)-expressing B cells in the periphery by altering immature lymphocyte production[END_REF] and supports the general idea of an inflammation-controlled reduction of lymphocyte production [START_REF] Nagaoka | Immunization and infection change the number of recombination activating gene (RAG)-expressing B cells in the periphery by altering immature lymphocyte production[END_REF][START_REF] Ueda | Inflammation controls B lymphopoiesis by regulating chemokine CXCL12 expression[END_REF] and induction of granulopoiesis [START_REF] Ueda | Inflammation controls B lymphopoiesis by regulating chemokine CXCL12 expression[END_REF][START_REF] Ueda | IL-1R type Idependent hemopoietic stem cell proliferation is necessary for inflammatory granulopoiesis and reactive neutrophilia[END_REF] which are mediated by pro-inflammatory cytokines. In malaria their increased secretion might also contribute to the disappearance of CLPs and the emergence of a population of Lin -IL-7Rα + c-kit hi cells.

In vitro this infection-induced atypical progenitor harbored lymphoid potential in response to IL-7 and myeloid potential when IL-7 was replaced by M-CSF. At the single cell level the balance of myelo-versus lymphopoiesis was dictated by the availability of instructive cytokines, thus defining infection-induced atypical progenitors as a novel bipotent subset.

Given their developmental potential in vitro one might speculate that atypical progenitors represent an "infection-induced" LMPP. However, unlike LMPPs, the infection-induced atypical progenitors express IL-7Rα protein on all cells whereas only a small fraction of LMPPs express Il7r message and are negative for the protein [START_REF] Adolfsson | Identification of Flt3+ lympho-myeloid stem cells lacking erythro-megakaryocytic potential a revised road map for adult blood lineage commitment[END_REF] . Moreover, unlike LMPPs, the infection-induced progenitors expressed Mpo and Cebpa at equal levels with CMPs. The upregulation of Mpo could be a direct consequence of Cebpa function [START_REF] Iida | Essential role of C/EBPalpha in G-CSF-induced transcriptional activation and chromatin modification of myeloid-specific genes[END_REF] which has also been shown to repress pax5 [START_REF] Hsu | Antagonistic effect of CCAAT enhancer-binding protein-alpha and Pax5 in myeloid or lymphoid lineage choice in common lymphoid progenitors[END_REF] The remarkable myeloid potential of infection-induced atypical progenitors both in irradiated alymphoid recipients and in malaria-infected hosts might be the consequence of preferred recruitment into the pleiomorphic pool of circulating monocytes. The mobilization of monocytes from the BM, mediated via CCR2 chemokine receptor interactions with its ligand CCL2 [START_REF] Serbina | Monocyte emigration from bone marrow during bacterial infection requires signals mediated by chemokine receptor CCR2[END_REF][START_REF] Tsou | Critical roles for CCR2 and MCP-3 in monocyte mobilization from bone marrow and recruitment to inflammatory sites[END_REF] is reportedly essential for the control of pathogens in several models including infections with L. monocytogenes [START_REF] Serbina | Monocyte emigration from bone marrow during bacterial infection requires signals mediated by chemokine receptor CCR2[END_REF] and T. gondii [START_REF] Robben | Recruitment of Gr-1+ monocytes is essential for control of acute toxoplasmosis[END_REF] . We recently demonstrated that inflammatory monocytes contribute significantly to the removal of P. chabaudi-infected erythrocytes [START_REF] Sponaas | Migrating monocytes recruited to the spleen play an important role in control of blood stage malaria[END_REF] . Transfer of both infection-induced atypical progenitors and "naïve" LMPPs into malaria-infected hosts resulted in graft-derived inflammatory monocytes and a reduced parasitemia, illustrating their contribution to "inflammatory" myelopoiesis during infection. This is not unexpected given the robust myeloid potential of LMPPs [START_REF] Adolfsson | Identification of Flt3+ lympho-myeloid stem cells lacking erythro-megakaryocytic potential a revised road map for adult blood lineage commitment[END_REF] and their flexibility in contributing to a variety of myeloid lineages. By contrast, the impaired generation of inflammatory monocytes by "naïve" CMPs in malaria-infected hosts might indicate a failure of these more advanced myeloid progenitors to generate specialized monocytes in an inflammatory microenvironment.

It seems plausible that the emergence of the infection-induced atypical progenitor evolved in order to cope with the challenges of hematopoiesis during acute infection. This plasticity of the BM progenitor pool could be a direct result of the parasite-host interaction, or indirectly induced via pro-inflammatory cytokines. Recent studies link the secretion of pro-inflammatory cytokines during malaria to a stimulation of TLR9 by a complex of hemozoin and parasite DNA [START_REF] Coban | Toll-like receptor 9 mediates innate immune activation by the malaria pigment hemozoin[END_REF][START_REF] Parroche | Malaria hemozoin is immunologically inert but radically enhances innate responses by presenting malaria DNA to Toll-like receptor 9[END_REF] . Similar to TLR9 [START_REF] Welner | Lymphoid precursors are directed to produce dendritic cells as a result of TLR9 ligation during herpes infection[END_REF] , both TLR2 and TLR4 [START_REF] Nagai | Toll-like receptors on hematopoietic progenitor cells stimulate innate immune system replenishment[END_REF] are expressed on hematopoietic progenitors including LMPPs, CMPs and CLPs and are capable of direct stimulation of myelopoiesis in vitro [START_REF] Nagai | Toll-like receptors on hematopoietic progenitor cells stimulate innate immune system replenishment[END_REF] . However, genetic ablation of Tlr9, Myd88 and Trif did not affect induction of atypical progenitors during acute malaria infection. By contrast, genetic absence of Ifngr1 blocked both the induction of atypical progenitors and the infection-induced expansion of the LSK compartment. This finding defines Sca-1 as IFN-γ target gene and provides a mechanistic explanation for the amalgamation of Lin -c-kit hi Sca-1 + and Sca-1 - populations. In addition to the well-documented role of Sca-1 in stem cells [START_REF] Holmes | Concise review: stem cell antigen-1: expression, function, and enigma[END_REF] , Sca-1 overexpression can also block myeloid differentiation [START_REF] Bradfute | Roles of Sca-1 in hematopoietic stem/progenitor cell function[END_REF] which might account for the reduced myeloid competence of the LSK compartment during malaria. IFN-γ itself is a potent inhibitor of lympho-, myelo-and erythropoiesis acting directly on its target cell or by inhibiting the secretion of key cytokines for hematopoietic differentiation by BM stromal cells (reviewed in [START_REF] Young | Role of interferon-gamma in immune cell regulation[END_REF] ). Our observations in mixed BM chimeras exclude the latter possibility and define IFN-γ signaling as a critical element in the infectioninduced reorganization of BM hematopoiesis. deficient for Ifng [START_REF] Su | Central role of endogenous gamma interferon in protective immunity against blood-stage Plasmodium chabaudi AS infection[END_REF] or its receptor (Ifngr1 [START_REF] Favre | The course of Plasmodium chabaudi chabaudi infections in interferon-gamma receptor deficient mice[END_REF][START_REF] Li | A defect in interleukin-10 leads to enhanced malarial disease in Plasmodium chabaudi chabaudi infection in mice[END_REF] ) exhibited a moderate increase in peak parasitemia but a significant reduction in the levels of pro-inflammatory cytokines like IL-12p70 and TNFα [START_REF] Su | Central role of endogenous gamma interferon in protective immunity against blood-stage Plasmodium chabaudi AS infection[END_REF] . The relatively efficient initial control of parasitemia in these mutants masks temporarily the severe deficit in mobilization and recruitment of phagocytic cells to the spleen and the impairment of parasite-specific antibodies [START_REF] Langhorne | Immunity to malaria: more questions than answers[END_REF][START_REF] Su | Central role of endogenous gamma interferon in protective immunity against blood-stage Plasmodium chabaudi AS infection[END_REF] .

Mainly the reduction of IL-12 responses demonstrates the functional consequences of IFNγ absence for myeloid cells, resembling mycobacterial infection [START_REF] Flesch | Early interleukin 12 production by macrophages in response to mycobacterial infection depends on interferon gamma and tumor necrosis factor alpha[END_REF] and defines IFNγ as a key mediator for the activation of the innate immune system.

In conclusion, we have identified IFN-γ signaling as an indispensable element for the induction of a novel population of hematopoietic progenitors in a severe, acute infection. Understanding how the hematopoietic stem cell/progenitor compartments respond towards infection will define key mechanisms for the selective regulation of differentiation and proliferation under pathophysiological conditions. Single cells of each subset were isolated by FACS and subsequently cultured under conditions favorable for myelopoiesis or erythropoiesis.

Results are given as percentage of wells positive for myeloid markers (CD11b + , Gr-1 + ; myeloid conditions, day 6 of culture) or Ter-119 (erythroid conditions, day 10 of culture). Data are combined from 5 experiments (uninfected control subsets) and 3 experiments (LSK subsets 7 day after P. chabaudi infection) with no less than 120 wells analyzed for each subset and experiment respectively.

Uninfected control populations were defined as follows: Short term-reconstituting (ST-) HSC = Lin -c-kit hi Sca-1 + CD34 + Flk2 -; LMPP = Lin - c-kit hi Sca-1 + CD34 + Flk2 + ; CMP = Lin -c-kit high Sca-1 -CD34 + FcRγII/III lo ; GMP = Lin -c-kit hi Sca-1 -CD34 + FcRγII/III high . Hemavet 750 (Drew Scientific) or a VetScan HMII (Abaxis) analyzer. All blood counts were routinely controlled by enumeration of subsets according to standard morphological criteria from Giemsa-stained blood smears. Parasitemias were determined from Giemsa-stained thin blood films with at least 1 x 10 3 RBCs counted per slide. The generation of GFP-transfected P. chabaudi has been described in detail elsewhere [START_REF] Sponaas | Migrating monocytes recruited to the spleen play an important role in control of blood stage malaria[END_REF] .

Flow cytometry and cell sorting

For phenotypic analysis, single cell suspensions were stained with mAbs as indicated.

Negative controls were performed using irrelevant isotype-matched control mAbs.

Dead cells were excluded from analysis by 7-amino-actinomycin D (7-AAD, Sigma) counterstaining. Antibody clones and suppliers are listed in Supplementary Table 1.

Analytical flow cytometry was performed on FACSCantoII (Becton Dickinson) or

Cyan (Dako-Beckman) and analysed using FlowJo software (Tree Star). For cell sorting, an enrichment of lineage negative cells was performed using biotinylated mAbs against lineage antigens (Ter119, Gr1, CD11b, CD11c, NK1.1, CD3, CD8α, CD19, CD45R), followed by streptavidin conjugated microbeads (Miltenyi) and a cell separation column (Miltenyi), according to the manufacturer's instructions. Lineage marker positive cells were detected by biotinylated mAbs followed by streptavidin-PE/Alexa610 (Molecular Probes) and together with dead cells (detected by 7-AAD staining; Sigma) and doublets electronically excluded prior to separation on a MoFlo (Dako-Beckman) or a FACSAriaII (Becton Dickinson). HSCs and LMPPs were obtained by sorting for Lin -Sca-1 + c-kit hi Flk-2 -(HSCs) or Flk-2 + (LMPPs) cells. CLPs were sorted for Lin -IL-7Rα + Flk-2 + and were all c-kit lo Sca-1 lo . CMPs were defined as Lin -IL-7Rα -Sca-1 -c-kit + CD34 + FcRγII/III lo ; GMPs as Lin -IL-7Rα -Sca-1 -c-kit + CD34 + FcRγII/III + respectively. Post-sort purity was always ≥98%.

In vitro myeloid and erythroid cell differentiation assays

Cultures of freshly isolated, unfractionated BM cells and sorted progenitor populations from uninfected or P. chabaudi-infected mice were prepared using Methocult M3234 (Stem Cell Technologies) supplemented with SCF (50 ng/ml), Flt3L (50 ng/ml), GM-CSF (10 ng/ml), M-CSF (100 ng/ml), TPO (10 ng/ml) (all Peprotech) for myeloid differentiation or Methocult M3334 containing rhEpo (Stem Cell Technologies) supplemented with SCF (50 ng/ml) for erythroid differentiation.

Colonies were assessed and counted under an inverted microscope from day 3 to day 12. For confirmation of colony types, colonies were picked with Pasteur pipettes, spun down on slides, and after staining with Giemsa evaluated by light microscopy.

For the evaluation of myeloid and erythroid potential, pre-sorted progenitor populations were sorted for the second time using a single-cell depositor coupled to a FACSAriaII (Becton Dickinson). Single cells were seeded in independent wells of a 96-well V-bottom plate (Costar) containing 50 µl X-vivo 15 (BioWhittaker) supplemented with 10% fetal calf serum (Sigma-Aldrich) and cytokines (all PeproTech). The cytokine cocktail consisted of SCF (50 ng/ml), Flt3L (50 ng/ml), TPO (50 ng/ml), IL-3 (10 ng/ml) and GM-CSF (20 ng/ml). After 6 days in culture, individual clones were stained with antibodies as indicated and analyzed by flow cytometry. Clones were required to have more than 25 gated events with appropriate scatter profile and surface phenotype to be scored positive.

In vitro stromal cell co-culture 

Mixed bone marrow chimera and in vivo adoptive transfer

Mixed BM chimeras were generated by transplanting lethally-irradiated (2 x 5 Gy) B6.SJL mice with at total of 2 x 10 6 nucleated BM cells of Ifngr1 -/-and/or B6.Rosa26 eYFP mice in various ratios. Extent of peripheral reconstitution was controlled by flow cytometry 6 weeks post transfer. Stable chimeras were infected seven to eight week after transplantation. For adoptive transfer experiments all cell populations were FACS-purified and suspended in endotoxin-free phosphatebuffered-saline (Invitrogen). Alymphoid recipient mice (Rag2 -/-γ c -deficient) were sublethally irradiated (4.5 Gy) 4 h prior to transfer. Both alymphoid recipients and malaria infected (P. chabaudi or P. chabaudi-GFP, day 2 of infection) mice were injected with 1.5-2 x 10 3 cells into the tail vein. Mice were killed at indicated time points after transplantation.

In vitro phagocytosis of parasitized red blood cells

Whole blood from C57BL/6 P. chabaudi day 7 infected mice was separated on a 74% isotonic Percoll (GE Healthcare Life Sciences) gradient at 950 g for 20 min.

Parasitized RBCs (pRBC) were removed from the interface and washed using serumfree IMDM. pRBCs were suspended in PKH-26 diluent (Sigma) at 2 x 10 7 cells/ml, PKH-26 dye (Sigma) added at a final concentration of 2 µM and incubated at 20º for 1 min. 1 x 10 4 FACS-purified CD11b + eYFP + spleen cells were incubated with PKH-26 labeled pRBCs at a ratio of 30:1 or 100:1 (pRBC : eYFP + ) in the presence or absence of 40 µg/ml cytochalasin D (Sigma) at 37ºC for 2 h. pRBCs were lysed in sterile H 2 O for 10 s. and cells analysed immediately by flow cytometry.

Statistical analysis

P values were calculated using two-tailed Student's t-test or Mann-Whitney U test for data obtained from malaria-infected animals. 

  . Although these genes usually indicate myeloid development, infection-induced progenitors also expressed transcripts for stem cell-and lymphoid-associated genes. This unique genetic signature could relate to an ongoing initiation of a myeloid-specific genetic program. Further evidence for this developmental restriction of the infection-induced progenitor is provided by their developmental capacity in vivo. Upon transfer into alymphoid RAG-2-γ c deficient hosts, infection-induced atypical progenitors developed mainly into monocytic-macrophage populations. The preponderance of donor-derived myeloid cells in a transplantation model, which strongly favors lymphoid development of transferred cells, argues that infection-induced atypical progenitors are functionally myeloid-biased progenitors.

Figure 1 .

 1 Figure 1. Changes in bone marrow hematopoiesis during acute infection with P. chabaudi. (a) Course of malaria infection in C57BL/6 mice inoculated with blood stages of the malaria parasite P. chabaudi. One representative course of infection of 12 independent experiments is shown with 12 animals per time point as mean ± SEM. (b) Frequency of clonogenic myeloerythroid BM progenitors during acute malaria infection. Data are shown from 7 experiments (CFU-GEMM) or 5 experiments (CFU-E and BFU-E) with 4 -5 samples per experiment and time point as mean ± SEM and as percentage (mean). (c) Analytical flow cytometry of BM cells of infected and control mice costained with antibodies against lineage markers and dead cells (Lin/7AAD), Sca-1, c-kit, FcRγII/III and CD34 and gated as indicated. One representative dot plot of 8 independent experiments with 5 animals per each time point is depicted. (d) Absolute numbers of Lin -c-kit hi CD34 + FcRγII/III + cells per femur during malaria infection. Results were obtained from 12 independent experiments with at least 3 animals per time point each and shown as mean ± SEM (** P ≤ 0.01).

Figure 2 .

 2 Figure 2. Transient emergence of Lin -IL-7Rα + c-kit hi progenitors during acute infection with P. chabaudi. (a) Lymphoid potential of uninfected and malariainfected BM on OP9 and OP9-DLL1 stromal cells under limiting dilution conditions. Data are representative of 2 independent experiments (n = 9 mice). (b) Flow cytometry analysis of Lin -IL-7Rα + cells after infection with P. chabaudi. Histograms are representative of individual stained samples obtained from 21 independent experiments (n = 98 mice). (c) Absolute numbers of CLPs (Lin -IL-7Rα + c-kit lo Sca-1 lo ) and infection-induced Lin -IL-7Rα + c-kit hi progenitors per femur during malaria infection. Results were obtained from 5 independent experiments with at least 3 animals per time point each (mean ± SEM; **: P ≤0 .01). (d) Expression of surface antigens on Lin -IL-7Rα + c-kit hi infection-induced BM progenitors at day 11 after infection. Histograms represent staining for the respective antigen on infection-induced progenitors (black), uninfected CLP (red) and appropriate isotypematched control (grey, tinted). Histograms are representative of individual stained samples obtained from 3 independent experiments (n = 16 mice).

Figure 3 .

 3 Figure 3. Infection-induced Lin -IL-7Rα + c-kit hi cells are bipotent myelolymphoid progenitors. (a) In vitro clonogenic culture of sorted uninfected hematopoietic progenitors and malaria-infected Lin -IL-7Rα + c-kit hi cells. Results are shown as mean ± SEM of 3 independent experiments. (b) Co-culture of sorted uninfected hematopoietic progenitors and malaria-infected Lin -IL-7Rα + c-kit hi cells on OP9 stromal cells. Data is given as percentage of colonies classified as lymphoid (CD19 + ), myelolymphoid (CD19 + , CD11b + , Gr-1 + ) and myeloid (CD11b + , Gr-1 + ), mean of 3 independent experiments (n ≥ 144 colonies per subset; *: P ≤ 0.05; **: P ≤ 0.01). (c) Single cell culture of infection-induced Lin -IL-7Rα + c-kit high cells. Cultures were analyzed for the presence of B, T or myeloid cell growth by flow cytometry after 14 days of culture (Supplementary Fig. 3a,b). Results from 5 experiments are shown as mean ± SD with at least 48 individual cultures per experiment and cytokine analyzed. Plating efficiency was ≥75%. (d) Expression of selected mRNA transcripts in sorted hematopoietic progenitors presented relative to Rplb0 expression from at least 2 independent experiments.

Figure 4 .

 4 Figure 4. Infection-induced Lin -IL-7Rα + c-kit hi differentiate in vivo into functional myeloid cells. (a) Flow cytometry analysis of BM and spleen of Rag-2-γ c -/-hosts transplanted with infection-induced Lin -IL-7Rα + c-kit hi cells 14 days after transfer. Numbers in plot indicate relative frequency in corresponding regions. Data are representative for 3 independent experiments (n = 11 mice). (b) Specific phagocytosis of P. chabaudi-infected erythrocytes by splenic CD11b + myeloid cells purified by FACS from Rag-2-γ c -/-hosts transplanted with infection-induced Lin -IL-7Rα + c-kit hi cells. Histograms are representative of 2 independent experiments with indicated ratio of infected erythrocytes to CD11b + cells.

Figure 5 .

 5 Figure 5. Contribution of Lin -IL-7Rα + c-kit hi cells to clearance of malaria-infected erythrocytes in vivo. (a) Parasitemia and anemia in malaria-infected mice transplanted with indicated hematopoietic subset 2 days after infection. Results are from 3 independent experiments for each subset transferred with 4 to 7 animals per group (mean ± SEM; *: P ≤ 0.05; **: P ≤ 0.01). (b) Analysis of splenocytes of mice transplanted with CMP, LMPP or infection-induced Lin -IL-7Rα + c-kit hi progenitors at day 2 of infection. Representative plots are from 2 independent experiments with 6 to

Figure 6 .

 6 Figure 6. Generation of infection-induced Lin -IL-7Rα + c-kit hi cells in Myd88, Trif, Tlr9 and Ifngr1-null mutants. (a) Flow cytometry analysis of infection-induced Lin - IL-7Rα + c-kit hi cells (c-kit hi ) or CLPs (c-kit lo Sca-1 lo ) in Lin -IL-7Rα + BM. Representative dot plots of 3 independent experiments with 5 mice per mutant strain are shown. (b) Absolute numbers of infection-induced Lin -IL-7Rα + c-kit hi progenitors per femur in infected and control mice. Results were obtained from 2 to 4 independent experiments per mouse strain with at least 5 animals per time point each (mean ± SEM; **: P ≤ 0.01; ns: not significant). (c) Flow cytometry analysis of Lin - BM cells in uninfected and infected Ifngr1 -/-mice. Numbers in plot indicate relative frequency in corresponding regions. Data are representative for 2 independent experiments (n = 10 mice).

Figure 7 .

 7 Figure 7. Critical dependence of infection-induced Lin -IL-7Rα + c-kit hi cells on IFN-γ signaling. (a) Expression of IFN-γR on CMP, GMP, MEP and infectioninduced LSK subsets at day 7 after infection with P. chabaudi. (b) Expression of IFN-γR on LMPP (LSK Flk-2 + ), CLP (Lin -IL-7Rα + Flk-2 + ) and infection-induced LSK Flk-2 + or Lin -IL-7Rα + c-kit hi cells at day 11 after infection with P. chabaudi. Histograms for control staining of Ifngr1 -/-populations (grey, tinted) are depicted for comparison. Data are representative of individual stained samples obtained from 2 independent experiments (n = 6 mice). (c) Bone marrow chimeras reconstituted with Ifngr1 -/-and B6.Rosa26 eYFP cells at indicated ratios were infected with P. chabaudi. (d) Relative frequency and absolute numbers of infection-induced Lin -IL-7Rα + c-kit hi progenitors per femur in radiation chimeras analyzed at day 11 after infection with P. chabaudi. Results were obtained from 2 independent experiments with at least 5 animals per group and shown as mean ± SEM.

8

  Linc-kit hi CD34 + FcRII/III +

Table 1 Clonogenic Potential of Infection-Induced Hematopoietic Progenitor Subsets In Vitro

 1 

			Uninfected		P. chabaudi day 7 after infection
		ST-HSC LMPP	CMP	GMP		Lin -c-kit hi Sca-1 +	
						CD34 +	CD34 +	CD34 lo/-
						FcRγII/III hi	Flk2 +	Flk2 -
	Positive wells (%)							
	Myeloid conditions:	78.4	51.3	54.9	48.5	55.8	44.2	6.6
	Erythroid conditions:	32.5	0.6	21.8	0	0	0	2

Table 2 Hematopoietic Potential of Infection-Induced Atypical Progenitors In Vivo

 2 Sublethally irradiated RAG-2/γ c -deficient recipients were transplanted with 2 x 10 3 eYFP + infection-induced Lin -IL-7Rα + c-kit hi BM progenitors (day 11 of infection). At 14 and 28 days after transfer BM and spleen were analyzed for the frequency of donor-derived lymphoid and myeloid cells. Results were obtained from three independent experiments with a least two recipients per time point each and show mean ± SD.Rosa26 locus were generated by breeding Rosa26 eYFP reporter mice[START_REF] Srinivas | Cre reporter strains produced by targeted insertion of EYFP and ECFP into the ROSA26 locus[END_REF] with PC3::Cre mice expressing Cre recombinase in the male germline. After deletion of the loxPflanked translational stop signal offspring were backcrossed for 12 generations against C57BL/6 wild-type mice. For infection with Plasmodium chabaudi chabaudi (AS), 6-12 week old mice were infected i.p. with 1 x 10 5 parasitized RBCs. For erythrocyte, neutrophil and monocyte counts 5 µl of peripheral blood was analysed using a

			Percentage of Donor-Derived Cells	
	Time (d)	14		28	
	Lineage	Bone Marrow	Spleen	Bone Marrow	Spleen
	B (CD19 + )	8.9 ± 6.4	9.2 ± 8.1	11.2 ± 5.8	18.9 ± 10.4
	T (CD3 + )	0.2 ± 2.3	0.4 ± 1.8	0.0	1.5 ± 1.1
	NK (NK1.1 + )*	0.9 ± 1.2	0.8 ± 0.7	1.5 ± 2.0	2.1 ± 1.8
	Myeloid (CD11b hi Gr-1 + )	35.1 ± 12.4	42.4 ± 10.5	8.1 ± 10.2	23.5 ± 11.2
	DC (CD11c hi Ly6C + )	3.8 ± 5.2	15.8 ± 8.9	3.2 ± 2.5	12.1 ± 5.2

* Data from one experiment.
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