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This study reveals that infection such as malaria can modulate host immune responses by affecting

bone marrow hematopoiesis_through the alteration of bone marrow niches. This study suggests that
malaria may have chronic impact on host immunity.

Hematopoiesis in the bone marrow is modulated by signals from mesenchymal
cells that form the hematopoietic stem cell (HSC) niches. In this study, we found that malaria
causes vasodilation, inhibits osteoblasts, and reduces a population of HSC niche supporting cells in

the bone marrow. Gene transcriptomic analysis revealed that cytokines from these HSC niche
supporting cells altered during malaria infection which led to impaired hematopoiesis and
lymphopoiesis. We found that chronic asymptomatic malaria infection had a profound damage on bone
marrow hematopoietic niches, raises the concern of asymptomatic cases that remain undiagnosed.
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Over 200 million cases of clinical malaria were reported annually (WHO, 2022).
Nearly half of the world s population is still at risk of malaria due to the rise of
antimalarial drug resistance, challenges in blocking mosquito transmission of
Plasmodium parasites, and the under reported cases of persistent asymptomatic malaria
serves as reservoir for sustained transmission (Topazian HM, 2020). It has been reported
that past record of malaria infection could leave some survivors to suffer from
neurological deficit and increased susceptibility to other diseases (Lee MSJ et al.,
2018). Reduction in malaria infection cases often results in total reduction in all-
cause morbidity, suggesting the negative impact of malaria on host immunity (Chen I et
al., 2016). Immune evasion by malaria renders great challenge in malaria vaccine
development, and this may not limit to the case of malaria alone, but also may contribute
to compromised immunity to other infection and vaccination.

We reported that the long-term accumulation of Plasmodium parasite products in
the bone marrow after recovery from malaria infection could eventually lead to bone
loss (Lee MSJ et al., 2017) (Figures 1 and 2). This suggests that malaria causes

dysregulation of crosstalk between immune and bone systems in the bone marrow.
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Bone marrow is the house of hematopoietic stem cells that give rise to most
immune cells. Development of hematopoietic stem cells is supported by
microenvironmental niches in the bone marrow created by various mesenchymal stromal
cells and vasculature (Sugiyama T et al., 2018). These niches provide signals such as
chemokine, cytokine and growth factors for immune cell regulation and memory cell
maintenance in the bone marrow (Nagasawa T, 2006). Bone marrow stromal cells are very
sensitive to stressors such as infections and can affect hematopoiesis and host immunity
(Nombela-Arrieta C et al., 2017).

Key scientific questions:

* Does malaria infection alter bone marrow niches and subsequently affect the cellular

distribution, differentiation, and function of immune cells?



This study aims to evaluate the acute and chronic effects of different malaria models
on bone marrow microenvironment, cell populations and spatial distribution of bone
marrow niches. This study further aims to examine the effects of malaria on

differentiation potential and cellular function of bone marrow cells.

To evaluate the acute and chronic effects of malaria on bone marrow cell population,
we infected the mice with three different Plasmodium parasites that cause different
malaria pathology. P. berghei ANKA infection model causes acute severe malaria that
resembles nonimmune individual who get malaria. P. yoelii Non-Lethal infection model
causes acute uncomplicated malaria that is self-resolving. P. chabaudii infection
model mimics chronic asymptomatic infection in malaria endemic region as a result of
partial immunity developed from an acute uncomplicated infection. To examine the
changes of bone marrow cell populations during malaria infection and recovery, bone
marrow cells were isolated from malaria infected mice, recovered mice, and control
naive mice for flow cytometry analysis. Subsets of hematopoietic stem and progenitor
cells, multipotent progenitors, immune cell subsets at different developmental stages
and activation states were examined. Subsets of mesenchymal stem cells that make up
the hematopoietic stem cell niches were also isolated and analyzed by flow cytometry.
Effect of malaria on gene expressions of cytokine, chemokines and growth factors that
modulate hematopoietic stem cell maintenance and differentiation were analyzed by
quantitative PCR. To examine the structural changes and spatial distribution of cells
within the bone marrow caused by malaria, immunohistochemical staining and 3D bone

staining were optimized for confocal microscopy analysis.

This study reveals that acute malaria caused by three different Plasmodium spp.
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marrow (Figure 3). This phenotype was also observed in low chronic asymptomatic malaria
caused by P. chabaudi infection when parasites were not detectable in the blood. This
observation was consistent in flow cytometry analysis and by microscopy analysis.
Further transcriptomic analysis showed that some chemokine and cytokines secreted by
this population of HSC niche supporting cell were altered by malaria infection. We
successfully optimize the method for high resolution 3D microscopy imaging of bone
marrow that retains the cellular integrity and distribution. We found that bone marrow
vessels surrounded by this population of HSC niche supporting cells were observed to
be dilated during acute infection by confocal 3D microscopy imaging. Further studies
are on-going to evaluate the impact of the alteration of bone marrow microenvironment

on the host immunity and the underlying mechanisms.
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