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Our results highlight the risk of bone loss in malaria-infected patients. Bone loss is sustained
even after recovery from malaria.Therapies promoting bone health like Vitamin D treatment coupled
with anti-malarial treatment may help to improve bone health in malaria-infected individuals.

Malaria has deadly complications; however, the long term pathological
consequences of chronic malaria infection are poorly understood. We suspected that there is an
association between growth retardation and malaria infection. Therefore, we investigated possible
negative impact of malaria infection on bone remodeling and growth. Using mouse models mimicking
chronic and self-clearing Plasmodium infection we showed that infection causes significant and long
term bone loss in adult mice and growth retardation in young mice. Bone remodeling is completely
suppressed during the acute phase of infection, but is highly activated immediately after the
clearance of parasites, with increased osteoclastic activity skewing the balance toward bone
resorption. Osteoclasts are activated by the key osteclastogenic cytokine RANKL, which was
upregulated in osteoblasts through MyD88-dependent inflammation, triggered by the accumulation and
long term persistence of parasite products in the bone marrow.
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1. MERBUIDES

Malaria is a deadly disease affecting millions each year with its deadly as well as
chronic, unforeseen complications. People living in malaria-endemic regions are
repeatedly infected and acquire partial immunity over the years. Although this partial
immunity prevents them from developing severe complications, however, they remain
with a persistent, low parasite density in the blood. There is little known about the
long-time complications of this condition in the entire community of endemic areas.
We hypothesized that rather than the parasite burden itself, the complications induced
by the dysregulated immune responses and the tissue damage done by the parasites and
their products can cause chronic and irreversible sufferings.

2. WROBAW
Recent evidence suggests that there is physical growth retardation in young children in

Africa which might be associated with infectious diseases, particularly with high
incidence of malaria infection. Furthermore, an increased incidence of porous bone
lesions have also been reported in malaria endemic regions, suggesting infection may
compromise bone integrity. Despite the importance of bone tissue in health and
development, and the known interaction between Plasmodium parasites and bone
marrow cells whereby parasites circulate, reside and infect, the pathology of malaria in
bone is poorly understood. Therefore, we aimed to address the direct effect of malaria
infection on bone and bone environment..

3. WRDFE

We have designed this study to characterize the effects of malaria infection on bone by
using various Plasmodium spp. (PyNL, Pcc, PbA, and PbAApm4Abp2 parasites) in
mice. Age- and gender-matched littermates of the same strain were used in each
experiment. Mice were sacrificed on acute, convalescence and the chronic phases of
the infections and bone morphometric analysis were performed. The ethanol fixed
femurs were scanned by three-dimensional micro-computed tomography to detect bone
loss. For the treatment of bone loss, different doses of alfacalcidol (VitD3 analog) were
administered orally.

In vitro bone marrow osteoclasts and calvarial osteoblast cultures were generated and
used for various stimulations, and data were generated from RNAs extracted.

4. AR

Several researches have focused on the malaria’s deadly complications; however, the
long term pathological consequences of chronic malaria infection are poorly understood.
In our studies we suspected from public information that there is an association between
growth retardation and malaria infection in endemic areas. Therefore, we investigated
possible negative impact of malaria infection on bone remodeling and growth,
particularly in the young. Using mouse models mimicking chronic and self-clearing
Plasmodium infection, we showed in Lee et al. (Science Immunology, 2017) that
infection causes significant and long term bone loss in adult mice, and growth



retardation in young mice. Bone remodeling is completely suppressed during the acute
phase of infection, but is highly activated immediately after the clearance of parasites,
with increased osteoclastic activity skewing the balance toward bone resorption.
Furthermore, we found that osteoclasts are activated by the key osteclastogenic
cytokine, RANKL, which was up-regulated in osteoblasts through MyD88-dependent
inflammation, triggered by the accumulation and long term persistence of parasite
products in the bone marrow.

The main finding of our study is that, although Plasmodium infection is resolved
systemically, the bone marrow stays highly active after parasite clearance, evolving into
a state of chronic inflammation. This is due to the long term accumulation of
Plasmodium products in the bone marrow and attributes uniqueness to the
malaria-mediated bone loss. Moreover, MyD88, an adaptor molecule for most of the
TLRs and IL1-related signals, is involved in malaria-induced bone loss through
controlling inflammatory responses induced by Plasmodium products. However, TLR9,
NLRP3 or IL-1 signaling alone had a minimal role in malaria-induced bone loss,
suggesting that as yet unknown Plasmodium recognition machinery upstream of MyD88
may be involved. Our future efforts have focused on the delineation of these
mechanisms causing malaria-induced bone loss.

We crucially found in our studies a remedy for the bone loss caused by malaria. We
found that alfacalcidol, a VitD3 derivative, protects Plasmodium-infected mice from
bone loss possibly via suppression of Plasmodium product-induced inflammatory
cytokines. Our findings have been appreciated very well by scientific community as
well as public. Our study was chosen as a cover of Science Immunology journal (June
2017 cover, https://immunology.sciencemag.org/content/2/12). Also, Altmetric score
of manuscript has reached to 151, revealing the important social effect of this study.
The doctoral student Michelle Lee who is the first author of this study won prestigious
Ikushi Prize with these findings (The 8™ JSPS Ikushi Prize Awardee,
https://www.jsps.go.jp/english/e-ikushi-prize/awards_fy2017_01.html).
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