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Investigation: Correlations between RNA-Seq Markers

Investigation: Mathematical Modeling

Although CD68 is a general marker of glioma-associated microglia/macrophages (GAMMs),
CD163 is a marker more readily associated with tumor-permissive GAMMs [4]. Additionally, singlecell sequencing demonstrated that SOX2 is widely-expressed in glioma cells [5].

To further capture the underlying dynamics of GBM-GAMM interactions, we
extended the well-studied Proliferation-Invasion model of glioma growth [6] to
include both suppressive and permissive GAMM populations.

Background

Due to its infiltrative nature,
only a portion of the tumor
population is detectable on
MR imaging.
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We also found that CD163 is significantly positively correlated with CSF-1. Of therapeutic interest,
CSF-1 may be a marker for the conversion from suppressive to permissive GAMMs.

•

Many novel treatments, including immunotherapies,
have had limited success in improving survival [2].

•

Innate immune response includes recruitment of
resident microglia and peripheral macrophages.

•

However, both types of immune cells have been
shown to exhibit a phenotype that promotes a
microenvironment permissive of tumor growth [3].
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Where C represents tumor cells, Ms represents suppressive GAMMs, and Mp
represents permissive GAMMs. Each population diffuses/invades at respective rates
D{C,Ms,Mp}. Additionally, tumor cells proliferate at the rate ρC. As GAMMs and tumor
cells compete for space, the tumor proliferation rate is limited in the presence of
GAMMs. Suppressive GAMMs aid in tumor death at the rate 𝛿C, but may also
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We use the model to explore the implications of varying the transition rate between
tumor suppressive and permissive GAMMs (𝛿s2p). We see that a faster transition
rate results in quicker tumor growth when compared to a slower transition rate.
This finding suggests that targeting the transition between suppressive and
permissive GAMMs might have therapeutic efficacy in slowing tumor growth.
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Biopsies were collected from contrast-enhancing
(n=39) and non-enhancing (n=36) regions from 27
patients at Columbia University.
Findings were validated using available RNA-Seq
data from TCGA, although information regarding
sample location was not available in 166 patients,
yielding 172 biopsies.
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RNA sequencing was performed on tissue to gain a
better understanding of the interacting populations
within the tumor, focusing on genetic markers
representative of tumor and microglia/macrophage
dynamics.
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Validation: TCGA
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transition to permissive GAMMs at the rate 𝛿s2p.

Methodology
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Upon comparing various tumoral and microglial markers, both aforementioned GAMM markers
(CD68, CD163) are significantly negatively correlated with the tumor marker SOX2. Conventionally,
permissive GAMMs are thought to promote tumor growth, but these findings suggest that the tumor
may not benefit from the presence of GAMMs.

Threshold
of Detection

Dc (mm2/yr)

•

Nodular
(Low Dc /ρc)

Glioblastoma (GBM) is a
heterogeneous, diffuselyinfiltrating brain tumor, with
a poor overall survival of
only 14.6 months [1].
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•

Identify candidate markers of the transition between
suppressive and permissive GAMMs
Simulate interventions that best target GAMMs to identify
novel vulnerabilities to hamper tumor progression
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