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INTRODUCTIONINTRODUCTION

CONTRIBUTION OF BONE MARROW-DERIVED CELLS IN THE TUMOR ANGIOGENESIS 
AND STROMA FORMATION IN A GFP CHIMERIC BONE MARROW MURINE MODEL

Although early genetic changes occur in normal cells leading to cancer cells, the

perception of cancer as a tumor microenvironment has proved much more satisfactory in

understanding of cancer development. In the last three decades, efforts have focused on

the elucidation of the complexity of interactions and molecular mechanisms between

tumor cells and tumor stroma, which leads to tumor progression. Among the cells recruited

by the tumor microenvironment, bone marrow-derived cells have a great relevance in

development and tumor progression.

OBJECTIVEOBJECTIVE

The objective of this study was to quantify myeloid cells, T lymphocytes and

endothelial cells in the tumor microenvironment of melanoma, as well as to assess the

presence of bone marrow-derived endothelial cells in the tumor blood vessel wall in a GFP

bone marrow chimeric mouse model.

EXPERIMENTALEXPERIMENTAL DESIGNDESIGN
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The bone marrow from mice with 30 days of bone marrow transplantation were
subjected to culture in a specific medium for isolation of endothelial cells. Adherent

cells were analyzed by light and fluorescent microscopy and by flow cytometry for
CD31 antibody. Endothelial cells were identified by their polygonal morphology and

by fluorescent microscopy analysis the most of these cells were GFP+ (figure 4 A and

B). Supporting this results, the cell culture presented 39,58 ± 10,66% of GFP+/CD31+

cells and 2,75 ± 0,9% of GFP-/CD31+ by flow cytometry (figure 4C ).

In tumor nodules, there were 3.5 ±1.7% GFP+ cells and within this total the
positive cells for CD11b, CD3/CD4, CD3/CD8 e CD31 were quantified (Figure 5). It

was observed 11.5±6.85% CD31+ cells, identified as endothelial cells, and by
confocal microscopy was observed the presence of these cells (CD31/GFP) in the

wall of some blood vessels (Figure 6A and B). CD11b+ cells showed a percentage of

80±21%, suggesting an abundant infiltration of myeloid lineage cells, and CD3+ cells,
designated as lymphocytes, showed a rate of 21.72±3.3%. Within the lymphocytes,

the CD3/CD8 cells presented a higher proportion (13.31 ±0.2%) compared to

Figure 4. Endothelial cells analyzed during cultivation were most GFP+, thereby originated from donor mice. A) Light microscopy B)

fluorescence microscopy C) Flow Cytometry. The cell culture presented 39,58 ± 10,66% of GFP+/CD31+ cells and 2,75 ± 0,9% of GFP-

/CD31+.
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After 30 days of BMT, the BM of transplanted mice showed a similar percentage of

GFP cells (90.9 ± 0.87%) compared to GFP transgenic animal (90.66 ± 2.1%, p=0.83),

demonstrating the efficacy in bone marrow chimerism (figure 2). The analysis by

fluorescence imaging (figure 3) showed that the tibias and femurs of transplanted mice had

a fluorescence efficiency 14x lower (3.96x10-5 ± 5.77x10-6) than GFP mice (5.63x10-4 ±
3.0x10-5, p<0.0001). This can be explained by emission of fluorescence from GFP bone

structure of mice, thereby increasing the signal.

Figure 2. Similar percentage of GFP+ cells into bone marrow
between transplanted mice and GFP transgenic mice (POS CTRL).
The bone marrow from negative control mice (NEG CTRL), transplanted

mice (BMT) and GFP transgenic mice (POS CTRL) were compared

about percentage of GFP+ cells by flow cytometry.

RESULTSRESULTS

the CD3/CD8 cells presented a higher proportion (13.31 ±0.2%) compared to
CD3/CD4 cells (2.1 ±1.2%). These cell types were detected also by confocal

microscopy (Figure 6C and D).

Figure 3. Fluorescence imaging using the IVIS Lumina. (A) tibias

and femurs from transplanted mice; (B) tibias and femurs from

negative control mouse; (C) tibias and femurs from GFP transgenic

mouse (positive control); (D) graph of the signal efficiency. The tibias

and femurs from transplanted mice had a fluorescence efficiency

14x lower (3.96x10-5 ± 5.77x10-6) when compared to the GFP

transgenic mice (5.63x10-4 ± 3.0x10-5, p<0.0001).
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Taken together, this study demonstrates that bone marrow-derived cells, as
myeloid lineage cells, T lymphocytes, both CD4 and CD8 cells, and endothelial cells

are recruited by the tumor, contributing to angiogenesis and tumor stroma formation.
These cells can serve as potential delivery vehicles for anticancer therapy due to

their tropism for the tumor microenvironment.

CONCLUSIONCONCLUSION

Figure 1. Experimental design. C57BL6 and C57BL6/GFP (bone marrow donors) mice were used. Mice pre-irradiated with a dose of 10 Gy

were underwent infusion of 4x106 GFP bone marrow-derived cells. After 30 days, one group of mice was assessed for bone marrow chimerism by

fluorescence imaging using IVIS Lumina (Xenogen) and flow cytometry to quantify the GFP+ bone marrow cells. Another group was used to

isolate the bone marrow-endothelial cells in vitro. Next, a group of chimeric mice received 1x106 B16-F10/Luc cells (Melanoma) subcutaneously.

After 20 days, these mice were underwent bioluminescence imaging using the IVIS Lumina for detection of infused tumor cells and subsequently

the tumor nodules were isolated. The presence of bone marrow-derived cells into tumor nodules were analyzed by flow cytometry and confocal

microscopy.

Figure 5. Quantification, detection and characterization of GFP+ cells (bone marrow-derived cells) in the tumor
stroma. (A) Quantification of GFP+ cells by flow cytometry; (B) Detection of GFP+ cells by confocal microscopy; C)

Characterization and quantification of some GFP+ bone marrow-derived cells types by flow cytometry.

Figure 6. Confocal microscopy analysis of
recruitment of bone marrow-derived cells by
tumor stroma by. A and B) Staining with CD31

antibody; C) Staining with CD8 antibody; D)

Staining with CD4 antibody. In A and B is shown the

presence of bone marrow-derived endothelial cells

(yellow arrows) in tumor blood vessels wall

(evidenced by staining of CD31). These cells were

identified as endothelial cells by elongated

morphology and because they constitute the blood

vessel wall. In C and D is shown the presence of

CD8 and CD4 lymphocytes in the tumor stroma.
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3.53 ± 1.74


