
 

Study finds macrophages' pathway to
nurture PTEN-deficient glioblastoma
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Glioblastoma (histology slide). Credit: Wikipedia/CC BY-SA 3.0

A common genetic deficiency empowers glioblastoma to broadcast a
molecular message to the wrong type of immune cell, summoning
macrophages that protect and nurture the brain tumor instead of
attacking it, researchers at The University of Texas MD Anderson
Cancer Center report in Cancer Cell.

1/5



 

The team's work in mouse models of glioblastoma that lack functional
cancer-suppressor gene PTEN points to new potential targets for treating
the most common and lethal brain tumor, said senior author Ronald
DePinho, M.D., professor of Cancer Biology and past president of MD
Anderson.

About a third of all glioblastomas are PTEN-deficient. Median survival
for glioblastoma is about 12 to 15 months, and only 5 percent of patients
survive for five years.

"We've identified a symbiotic circuit that is activated in PTEN-deficient
glioblastoma which creates a mutually supportive relationship between
the cancer cell and macrophages that come into the tumor
microenvironment and provide growth factor support for the tumor,"
DePinho said.

Macrophages engulf and digest microbes, cellular debris and tumor cells
as part of an immune response, and they secrete cytokines that affect
other cells. They are bipolar. In their M1 form, they actively assist
immune response and inhibit tumor growth. In M2, they are in repair
mode, helping post-immune recovery, which can also promote cancer
growth and progression.

Up to half the live cells found in glioblastoma are macrophages. They
are major components forming the tumor microenvironment, the
researchers note.

First author Peiwen Chen, Ph.D., postdoctoral fellow in Cancer Biology,
DePinho and colleagues set out to find common mutations in
glioblastoma associated with immune changes in the tumor
microenvironment.

They not only defined the pathway that brings macrophages into
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glioblastoma, but also pinpointed a growth factor secreted by the
macrophages that in turn protects cancer cells from programmed cell
death and fuels the growth of new blood vessels.

"We first found that only PTEN-deficiency, but not other common
genetic alterations, is associated with macrophage infiltration in
glioblastoma," Chen said.

In a series of experiments, in PTEN knockout cell lines and later in
mouse models of glioblastoma, they showed:

With PTEN down, a gene called YAP1 is activated, a
transcription factor that increases expression of LOX, a novel
potent attractor of macrophages;
LOX connects to the β1 integrin-PYK2 pathway on
macrophages, spurring their migration into the tumor
microenvironment;
Macrophages directly aid glioma cells by secreting the growth
factor SPP1, which the team showed increases cancer cell
survival and blood vessel formation to protect the tumors.

Thwarting LOX shrinks tumors, blocks macrophage
infiltration

The team developed human xenograft mouse models of glioblastoma
that had high expression of LOX, YAP1, and macrophage markers.
Depleting LOX in these models using either shRNA, the small-molecule
LOX inhibitor BAPN or an anti-LOX antibody impaired tumor growth
and significantly reduced macrophage infiltration.

LOX inhibition in four PTEN-deficient glioblastoma mouse models
extended survival in all models.
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Blocking LOX had no impact on glioma cell proliferation but did
increase cancer cell programmed cell death and decrease the formation
of tumor-supporting blood vessels.

As a first check on the possible impact of their findings on humans, the
team performed unsupervised clustering of an established macrophage
signature in 489 human glioblastoma samples from The Cancer Genome
Atlas.

By clustering cases by macrophage-high (201), macrophage-medium
(153) and macrophage-low (135) groups, as well as analyzing tumor-
associated macrophages compared to blood-derived monocytes from
glioblastoma mouse models and patients, they identified eight genes
correlated with macrophage infiltration in patients. Among the eight,
SPP1 was the gene with the greatest increase in expression.

The macrophage-high group had more frequent PTEN mutations or
deletions, higher YAP1 and LOX expression and poorer survival than
patients in the macrophage-low cluster.

LOX, SPP1 are new targets for PTEN-deficient
glioblastoma

The most targetable components in the pathway are LOX and SPP1,
DePinho said, with drugs under development to hit both genes.

"The results in mice are compelling enough and the correlative studies in
human glioblastoma provide additional confidence to motivate the
testing of this approach in a clinical setting of recurrent glioblastoma
patients," DePinho said.

It would be important to enlist only those with PTEN-deficient tumors,
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he said, because their research shows LOX inhibition does not work in
tumors with wild-type PTEN.
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