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The brain microenvironment: friend or foe for metastatic tumor cells?

Frank Winkler

Neurology Clinic, University of Heidelberg, and German Cancer Research Center, Heidelberg, Germany

Corresponding Author: frank.winkler@med.uni-heidelberg.de

See the article by Kim et al, on pages 1585-1598.

Brain metastases continue to be challenging targets for therapy
and prevention. One reason is that many chemotherapeutics that
work well on systemic metastases have much less, if any, activity
in the brain, which makes it a “sanctuary site” for solid tumors.*
The reason for this phenomenon is much debated. Historically, it
was widely assumed that the blood-brain barrier (BBB) was the
most important factor in helping tumor cells escape systemic
therapies. Indeed, the specific anatomical and molecular con-
stitution of the BBB prevents sufficient access of many molecules
to the (healthy) brain. Specialized endothelial cells connected by
tight junctions, the vascular basement membrane, pericytes,
astrocytic foot processes, and specialized transporter systems
strictly requlate extravasation, while active exclusion mecha-
nisms (eg, glycoprotein P [P-gpl, breast cancer resistance protein
[BCRP], and the family of multidrug-resistance proteins) exclude
xenobiotics effectively.” However, it is also clear that the majority
of brain macrometastases experience breakdown of the BBB, al-
though to avarying extent.? As a result, highly variable tumor lev-
els have been reported for different chemotherapeutic agents in
clinical specimens.” Taken together with clinical reports of activity
of primary chemotherapy in non-small lung cancer brain metas-
tasis,” the picture becomes obscure, and it is increasingly doubt-
ful that only BBB issues are responsible for the reduced activity of
systemic therapies in brain metastases.

Another potential resistance mechanism for metastatic
tumor cells in the brain is the interaction with brain resident
cells. The brain metastatic process depends on perpetuation
of a perivascular niche, at least during the early stages,® and
this niche has been associated with promotion and/or mainte-
nance of a stem-like and resistant cellular phenotype per se in
brain tumors.” Again, the components of the BBB come into
play; endothelial cells, pericytes, astrocytic foot processes,
and/or the vascular basement membrane® are the most likely
candidates for providing this supportive niche for cancer cells.
On the other hand, the high inefficiency of the brain metastatic
process (with 95%-99% of brain-arrested cancer cells failing to
grow into a macrometastasis®) raises the question whether
some of these components are more foe than friend for extrav-
asating cancer cells in the brain. For example, a recent report
suggested that astrocyte-produced plasminogen activator forc-
es brain metastatic cancer cells into apoptosis and therefore
has to be inhibited by cancer cells to survive this brain-protective
mechanism.’

In this issue of Neuro-Oncology, Isaiah Fidler et al continue to
picture a different role for astrocytes, adding to their previous re-
ports on how astrocytes can help cancer cells withstand the del-
eterious effects of chemotherapy. First, assuming a connexin 43
gap junction-mediated, direct protective buffering of increased
calcium concentrations in melanoma cells,'® they found a gap
junction-dependent upregulation of survival genes (GSTA5,
BCL2L1, and TWIST1) that correlated with chemoresistance in
lung and breast cancer cell lines.!" In the current article, they pro-
vide further insights into the molecular mechanisms and how to
potentially target them, supporting previous reports of involve-
ment of the endothelin axis in chemoprotection.'? In cell culture
experiments, astrocyte-derived endothelin isoforms activate their
receptors on cancer cells and lead to increased survival gene ex-
pression via the AKT and MAPK pathways. In turn, cancer cells
secrete IL-6 and IL-8 after gap junction coupling with astrocytes
to increase endothelin expression in those astrocytes. These data
suggest a complex, reciprocal cross talk between the 2 cell types.
Both endothelin receptors (ETAR and ETBR) are required to fully
exert these interactions and mediate chemoprotection of cancer
cells by astrocytes. The Food and Drug Administration- and Euro-
pean Medicines Agency-approved drug macitentan, used for
treating pulmonary hypertension, inhibits both ETAR and ETBR
and consequently shows the best single-agent activity against
astrocyte-dependent protection from chemotherapy in their in
vitro system. Again, Fidler et al find a striking dependency on func-
tional gap junctions to mediate these effects. The molecular
mechanisms remain to be clarified; the known differences in
how (connexin 43-) gap junctions allow penetration of molecules
of different sizes and chemical compositions should be helpful in
future experiments addressing this question. Finally, Fidler et al
demonstrate that astrocytes and also brain endothelial cells
(clearly another crucial member of the vascular niche/the BBB),
but neither fibroblasts nor microglia cells, are capable of mediat-
ing protective effects to cancer cells, which enhances our ability
to estimate the best cellular targets for brain metastasis preven-
tion and therapy.

It is likely that further studies, such as that by Fidler et al in this
issue, will significantly increase our knowledge base for improved
targeting of cancer cells in the brain, overcoming their treatment
resistance, and will clarify whether there are differences between
primary and metastatic brain tumors. The exploration of the com-
plex world of interactions within the foreign, but potentially still
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helpful, soil in brain metastasis will also add important informa-
tion to the increasing body of evidence that tumors are not just a
group of mutated, aberrantly dividing cells, but rather entities
that exploit many noncancer cells as “conspirators” to help the
tumor grow and survive adverse events.

There are some caveats. First, astrocytes might play different
roles under different conditions, as discussed above. Second, sim-
ilarly conflicting data have been reported for the anti- versus
pro-tumor effects of brain microglia, possibly depending on
their activation state. Third, gap junction-mediated intercellular
communication has been shown by some authors to confer che-
moresistance (as in this article by Fidler et al), but other groups
have found the opposite in different tumor models, including
CNS malignancies.'*** All of these issues underscore the absolute
necessity to further characterize the chemoprotective versus che-
mosensitizing effects of brain resident cells for cancer cells, be it
via the endothelin pathway, gap junction intercellular communi-
cation, or other pathways. This must include the use of good pre-
clinical animal models that—even if opposing effects from
different cell types and/or cellular activation states exist—will fi-
nally show us the net effects regarding modulation of chemore-
sistance in the live brain for different disease stages and tumor
types. Finally, another question is whether the potentially protec-
tive effects of brain resident cells are limited to chemotherapy.
Gap junction-mediated intercellular communication between as-
trocytes has been demonstrated to make them resistant to the
deleterious effects of reactive oxygen species,'® thus providing
a hint that astrocytes might also be capable of protecting cancer
cells from the adverse events of radiotherapy.

References

1. SteegPS, Camphausen KA, Smith QR. Brain metastases as preventive
and therapeutic targets. Nat Rev Cancer. 2011;11:352-363.

2. Daneman R. The blood-brain barrier in health and disease. Ann
Neurol. 2012;72:648-672.

3. Lockman PR, Mittapalli RK, Taskar KS, et al. Heterogeneous
blood-tumor barrier permeability determines drug efficacy in

10.

11.

12.

13.

14.

15.

experimental brain metastases of breast cancer. Clin Cancer Res.
2010;16:5664-5678.

Pitz MW, Desai A, Grossman SA, et al. Tissue concentration of
systemically administered antineoplastic agents in human brain
tumors. J Neurooncol. 2011;104:629-638.

Barlesi F, Gervais R, Lena H, et al. Pemetrexed and cisplatin as first-line
chemotherapy for advanced non-small-cell lung cancer (NSCLC) with
asymptomatic inoperable brain metastases: a multicenter phase 11
trial (GFPC 07-01). Ann Oncol. 2011;22:2466-2470.

Kienast Y, von Baumgarten L, Fuhrmann M, et al. Real-time imaging
reveals the single steps of brain metastasis formation. Nat Med.
2010;16:116-122.

Charles N, Holland EC. The perivascular niche microenvironment in
brain tumor progression. Cell Cycle. 2010;9:3012-3021.

Carbonell WS, Ansorge O, Sibson N, et al. The vascular basement
membrane as “soil” in brain metastasis. PLoS One. 2009;4:e5857.

Valiente M, Obenauf AC, Jin X, et al. Serpins promote cancer cell
survival and vascular co-option in brain metastasis. Cell. 2014;156:
1002-1016.

Lin Q, Balasubramanian K, Fan D, et al. Reactive astrocytes protect
melanoma cells from chemotherapy by sequestering intracellular
calcium through gap junction communication channels. Neoplasia.
2010;12:748-754.

Kim SJ, Kim JS, Park ES, et al. Astrocytes upregulate survival genes in
tumor cells and induce protection from chemotherapy. Neoplasia.
2011;13:286-298.

Del Bufalo D, Di Castro V, Biroccio A, et al. Endothelin-1 protects
ovarian carcinoma cells against paclitaxel-induced apoptosis:
requirement for Akt activation. Mol Pharmacol. 2002;61:524-532.

Gielen PR, Aftab Q, Ma N, et al. Connexin43 confers Temozolomide
resistance in human glioma cells by modulating the mitochondrial
apoptosis pathway. Neuropharmacology. 2013;75:539-548.

Hong X, Wang Q, Yang Y, et al. Gap junctions propagate opposite
effects in normal and tumor testicular cells in response to
cisplatin. Cancer Lett. 2012;317:165-171.

Le HT, Sin WC, Lozinsky S, et al. Gap junction intercellular
communication mediated by connexin43 in astrocytes is essential
for their resistance to oxidative stress. J Biol Chem. 2014;289:
1345-1354.

1566




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


