
4) Calcitriol may enhance macrophage phagocytosis through LRP1.

Figure 4. Flow cytometry of co-cultured U937 and U87 cells with & without calcitriol and
knockdown treatments for 3 days. Figure 4a. Calcitriol enhances U937 phagocytosis of
U87 dose dependently. Figure 4b. Dose In-vitro knockdown of LRP1 results in decreased
portion of GBM phagocytosed by U973, VD treatment was unable to fully rescue LRP1
knockdown, demonstrating LRP1 may have a role in calcitriol’s role in enhancing
phagocytosis of GBM.

3) Calcitriol increases macrophage phagocytosis of GBM. 

Figure 3. Flow cytometry of co-cultured macrophage and GBM with and without calcitriol treatment. Cells are co-cultured in pairs of U937 and U87 (Figure 3a); BMDM and
GL261 (Figure 3b). Results demonstrate significant differences between vehicle and treatment group in terms of proportion of GBM phagocytosed by macrophages (Figure 3a.
27.11% ± 0.6255, n=15 vs 25.16 ± 0.5759%, n=14. P=0.0308); (Figure 3b. 44.71 ± 0.9358, n=4 vs 52.62 ± 1.971, n=4. P= 0.0110).
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Abstract
Glioblastoma Multiforme (GBM) is the deadliest form of primary brain tumour. Macrophages is an
important part of the anti-tumoral response in GBM through its receptor LRP1. Calcitriol was
found to upregulate LRP1 and increase the phagocytosis of GBM by macrophages.

Objective
To investigate the mechanism of calcitriol in promoting macrophage phagocytosis of Glioblastoma
Multiforme.

Background
1. The removal of GBM through macrophage phagocytosis has been previously well studied [1].
2. Various research has pointed out the potential of the macrophage pathway as a form of

immunotherapy [2, 3].
3. Calcitriol has been explored by our lab in various contexts – its interaction with macrophages,

as well as its antitumoral effects [4, 5].
4. Preliminary screening demonstrates the upregulation of LRP1 via calcitriol treatment – which is

a macrophage receptor which binds to specific ligands present on GMB cell surface (Figure 1)
[6].

Figure A. Positive and negative immunomodulatory interactions between macrophage and GBM
through corresponding cell surface receptors and markers (Adapted from Feng et al., 2019) [7].

Figure B. Rationale of our study – Calcitriol may upregulate with LRP1 expression via vitamin D
receptor (VDR). If LRP1 is upregulated, hypothetically it would increase the phagocytosis of GBM
as there are more cell surface receptors present; thus, increasing clearance of GBM [8].

Figure C. First, Live cell imaging system was used to assess the phagocytosis of GBM by macrophage
post calcitriol treatment. Phagocytosis in macrophage and GBM co-culture was then quantified via
flow cytometry post treatment. Following RT-qPCR and western blot analysis to assess the
expression levels of LRP1 in macrophages, ChIP assay was then used to identify the promoter
responsible for LRP1 expression levels post treatment. Finally, intracranial xenograph of GBM was
performed to demonstrate the effects of calcitriol in-vivo [8].

Methods

Results
1) Calcitriol increases LRP1 expression in 

macrophages.

Figure 1a & b. Dose dependent response to calcitriol treatment in
LRP1 expression in human-derived macrophage U937. Cells were
treated for 3 days in increasing concentrations of calcitriol. Figure 1c.
Calcitriol upregulates LRP1 in bone marrow derived macrophage
(BMDM). Cells were treated for 3 days as well.

2) VDR transcriptionally regulate LRP1 gene 
expression. 

Figure 2. Vitamin D receptor (VDR) was found to transcriptionally
regulate LRP1 gene expression by chromatin immunoprecipitation
assay (ChIP).

Introduction

Rationale

b)a)

Through our preliminary data, calcitriol was demonstrated to
upregulate LRP1 expression through binding to VDR. In-vitro flow
cytometry demonstrates the increase in phagocytosis post-calcitriol
treatment.

Our experiments demonstrate promising results in terms of the
immunomodulation of macrophage through calcitriol, and hints at
the potential possibility of studying GBM treatment through the
immune pathway.

That said, further experiments must be conducted; particularly in-
vivo experiments, as well as links must be established to fully
demonstrate the validity of our hypothesis.
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Discussion and Conclusion References

5) Calcitriol reduces tumour size and symptoms in-vivo.

Figure 5. Intracranial GBM xenograph model. Mice were treated with corn oil
(vehicle) or calcitriol (2ug/kg) for 28 days. Figure 5a. Calcitriol treatment shows
reduction in symptoms of GBM and tumour size compared to vehicle. Figure 5b.
Extraction of brain tumour 28 days post treatment result in significantly reduced
tumour volume.
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