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Abstract
Extracellular vesicles (EVs) are released from many cell types, including platelets.
Both EVs and platelets play a role in cancer progression and metastasis. In
this project we attempted to study the interactions between platelets, EVs, and
glioblastoma (GBM).We created mT/mG reporter cell lines of both human GBM
and mouse GBM cells, in which expression of Cre-recombinase (Cre), effectively
switches red fluorescent cells to green. Co-culture and intracranial co-injection of
GBM-mT/mGcells andGBM-Cre cells orGBM-CreEVs switched a fractionof the
mT/mG reporter cells from red to green, albeit that the frequency of this process
was low. We then used the Pf4-Cre transgenic mouse model that expresses Cre in
megakaryocytes and platelets. Cre+ platelets were isolated from the blood of Pf4-
Cre mice, and injected intravenously (i.v.) via the tail vein into intracranial GBM-
mT/mG-bearing recipient mice. As a negative control, isolated platelets from wild
type mice were injected. Fluorescence imaging of brain sections of nude mice
bearing human GBM8-mT/mG tumors showed sparsely present tumor cells that
switched from tdTomato (red) to GFP (green) in the mice injected with Pf4-Cre
platelets, but not in control mice, suggesting transfer of Cre from platelets to the
human recipient GBM cells. A limited number of GFP-expressing GBM cells were
also observed inGFAP-Cremice thatwere employed to visualizeGFAP+ astrocyte-
to-GBM crosstalk. Unfortunately, no GFP-expressing cells were detected when
using Pf4-Cre mice bearing syngeneic intracranial mouse GBM-mT/mG tumors,
which we attribute to the relative inefficiency of the syngeneic reporter system,
since injection of isolated Cre+ platelets in the human xenograft model did result
in platelet-GBM crosstalk. Altogether, these syngeneic and human GBM reporter
models can be employed to study platelet-tumor interaction in vitro and/or in vivo
under physiologically relevant conditions, as shown here for GBM.
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Introduction
Extracellular vesicles (EVs) are released by both normal andmalignant cells, includ-
ing platelets. They differ in size, composition and protein markers, and are known
to carry RNAs and proteins from the host cell to a recipient cell [1]. EVs from
malignant tumors have been studied extensively. For example, GBM cells shed
EVs, and mRNAs and miRNAs abundant in these tumor cells can be detected in
their EVs [2, 3]. In recent years it has become increasingly clear that EVs play a role
in cancer progression, migration and invasion, particularly those originating from
tumor cells themselves [4–6].

Thrombocytes (blood platelets) are derived from their precursor, the mega-
karyocyte, and play a major role in hemostasis. More recently, they have also been
implicated in the promotion of tumor growth and metastasis [7, 8]. Platelets may
contribute to tumor growth either by interactions with cancer cells or with the
tumor microenvironment. Tumor cells have been shown to secrete cytokines that
are taken up by platelets and recruits them to tumor sites [9], creating a specialized
microenvironment. Subsequent tumor-platelet interactions could create niches for
metastatic progression through attracting granulocytes [10]. In addition, platelets
are known to release high numbers of EVs upon activation (platelet EVs are also
called platelet-derived microparticles or PMPs). Different types of EVs are known
to be released from platelets, involved in hemostasis, immune regulation and
development, which contain functional mRNAs and miRNAs [11–14]. Platelets
take up EVs from their environment and release them upon activation, thereby
transferring functional information from exogenous and endogenous EVs to reci-
pient cells, which may contribute to tumor growth [8, 15].

In this project we aimed to study the interactions that take place between
platelets, EVs, and GBM in cell culture and in mice. To this end we developed
mT/mGreporter cells of both human andmouseGBMcells to enable visualization
of crosstalk.

Materials & methods
Cell culture and EV isolation
Primary human GBM8 cells [16] and mouse GBM696677 cells, derived from
Pten;Ink4a/Arf;K-Ras;LucR mice [17], were cultured as neurospheres in MHM
stem cell medium supplementedwith 10 ng/mLEGF and 10 ng/mLbFGF.MHM
stem cell medium (~500 mL final volume) was prepared by mixing 325 mL of
sterile tissue culture water, 100mLDMEM/F12, 50mLhormonemix, 10mL30%
glucose, 5 mL L-glutamine, 7.5 mL 7.5% NaHCO3, 2.5 mL 1MHEPES and 5 mL
penicillin/streptomycin. The mixture was sterile filtered using a SteriCup® filter
unit (EMD Millipore) and stored at 4 ◦C. All cells were cultured in an incubator
at 37 ◦C under 5% CO2 humidified atmosphere.
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Standard lentiviral transduction was used to generate Cre-recombinase+ cells
and mT/mG reporters were generated by transfection of a linear fragment from
the mT/mG plasmid used to generate mT/mG transgenic mice. This process was
used to in both primary human GBM8 cells and primary mouse GBM cells. These
reporter cells carry a floxed allele for membrane-localized tdTomato (mT) that can
be excised by expression of Cre-recombinase (Cre), as previously described [18].
Excision results in alternate expression of membrane-localized eGFP (mG), which
can be observed phenotypically as cells switch from red to green fluorescence. The
mT/mG construct and principle of switching is shown in Figure 6.1a.

EVs were isolated from exponentially growing cells cultured in EV-depleted
medium. Supernatant was collected and differential centrifugation was used to
pellet EVs as described previously [19]. Briefly, cells and cellular debris was
removed by centrifugation at 500×g for 10min, 2000×g for 15min and 10000×g
for 30 min. Finally, EVs were pelleted by centrifugation in a Beckman Coulter L-
90K ultracentrifuge at 70000×g for 1h, washed with 1x cold PBS and centrifuged
again at 70000×g for 1h. The resulting pellet was resuspended in PBS after which
the EV concentration was estimated by Bradford assay for total protein content.

HumanGBM cells expressingmT/mGwere co-cultured in 96-well plates with
parental GBM cells, GBM-Cre cells or EVs isolated from Cre-expressing GBM
cells. Images were taken at 5, 10 and 15 days after seeding on a Axio Observer.Z1
microscope (CarlZeissMicroscopyB.V., Sliedrecht, theNetherlands) and analyzed
with the Zen software package (v2 blue edition, Carl Zeiss).

Fluorescence-activated cell sorting
Three rounds of fluorescence-activated cell sorting (FACS) were used for the strict
selection of highly-positive tdTomato-expressing cells. FACSwas performed by an
operator at the Netherlands Cancer Institute FACS core facility. After each sort,
cells were cultured under standard condition. Before experimental use of GBM-
mT/mG cells, FACS analysis was used to confirm tdTomato expression.

Animal studies
All mice were housed and handled, and experiments were performed in concor-
dance with the VU University Medical Center and Netherlands Cancer Institute
animal ethics committees. For all orthotopic xenograftmodels, mice were anesthe-
tized with isoflurane, placed in a stereotaxic frame and injected intracranially with
2 μL of GBM cells using a pump controller attached to a Hamilton syringe with a
33-gauge needle (Hamilton, Reno,NV), at the following coordinates frombregma:
+1.0 antero-posterior, -2.0 medio-lateral, -3.0 dorso-ventral. Female FVB:Nu/Nu
mice were injected with 1×105 GBM8-mT/mG cells to establish human primary
GBMmodels. For syngeneic models, female FVB:129/Ola F1 mice were injected
with 1×104 GBM-mT/mG cells. Co-injections were done with a 1:1 mix totaling
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1×104 mouseGBM-mT/mG andGBM-Cre or parental GBM cells. Likewise, Pf4-
Cre;FVB:129/Ola F1 mice and GFAP-Cre;FVB:129/Ola F1 mice were intracra-
nially injected with 1×104 GBM-mT/mG cells. Bioluminescence imaging was
used to follow tumor growth over time, as previously described [17].

In Pf4-Cre mice, Cre expression is under control of the platelet factor 4 (Pf4)
promoter in megakaryocytes [20], therefore, Cre will be present in progenitor
cells. For platelet transfusionmodels, donormouse bloodwas obtained via cardiac
puncture. On average, around 900 μL of whole blood was obtained from each
mouse and the blood of three mice was pooled in heparin-EDTA tubes. As an
anticoagulant, a mixture of 50 IU/mL heparin in saline was prepared. After the
addition of 1

3
th the volume of anticoagulant, the tubes were carefully mixed by

inversion and platelets were isolated via a standard centrifugation protocol. Briefly,
heparin-EDTA tubes containing whole blood were centrifuged for 30 minutes at
160×g, after which 9

10
th of platelet-rich plasma was transferred to a fresh tube and

1
10
th the volume of anticoagulant was added. The tubes were then centrifuged

again for 10 minutes at 300×g, plasma was carefully removed and platelets were
carefully resuspended in 120 μL anticoagulant. Platelet counts were measured
on a Coulter ACT analyzer (Beckman Coulter, Brea, CA). Before intravenous
injections, platelets were diluted in saline to 5×108 cells/mL. Each mouse was
placed in a restrainer and injected via the tail vein with 100 μL of platelet solution.

Digital pathology and fluorescence microscopy
Brains were sectioned, collected on slides and stained at the Netherlands Cancer
Institute by their specialized core facility. Immunohistological staining for GFP or
tdTomato was performed on formalin-fixed paraffin embedded slides, while nuclei
where counterstained using methylene blue. After placing a coverslip and allowing
the slides to dry, they were photographed on a Aperio AT2 Slide Scanner (Leica
Biosystems, Wetzlar, Germany). Images were analyzed using the ImageScope
software package (v12.2, Leica). For fluorescence microscopy, sections mounted
on slideswere viewedunder aAxioObserver.Z1microscope and imageswere taken
using the Zen software package (Carl Zeiss).

Results
EVs of Cre-expressing cells, expected to contain Cre mRNA or protein, may drive
Cre expression in target cells. Phenotypically, in ourmT/mG reporter cells, expres-
sion of Cre would lead to a switch from expression of tdTomato (mT, red) to eGFP
(mG, green) (Figure 6.1a). To this end, human GBM cells expressing mT/mG
were co-cultured with their respective parental cells, Cre-expressing cells or EVs
isolated from Cre-expressing cells. A switch from red-to-green fluorescence could
beobserved in someof themT/mGcells thatwere co-culturedwithCre-expressing
cells or those co-cultured with EVs from Cre-expressing cells. This effect did not
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occur in the GBM-mT/mG cells co-cultured with parental GBM cells, indicating
that Cre expression was responsible for the phenotypic switch (Figure 6.1b).

c

b

a

GBM-mT/mG cells
+ parental GBM cells

GBM-mT/mG cells
+ GBM-Cre cells

GBM-mT/mG cells
+ GBM-Cre EVs

Transfer of GBM-Cre EVs
pCA

mGFP

loxP loxP

mGFP

pCA

loxP

Cre

mTomato +
mGFP -

mTomato -
mGFP +

mTomato

3 mm

300 μm
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200 μm

Figure 6.1: Construct for mT/mG reporter and principle of Cre recombination, as used
in culture and intracranial GBM models. (a) Reporter cells were generated for both human
and mouse GBM cells. These cells carry a floxed allele for membrane-localized tdTomato (mT),
which can be excised by expression of Cre-recombinase (Cre), resulting in alternate expression of
membrane-localized eGFP (mG). (b) Human GBM cells expressing mT/mG were co-cultured
with parental cells (left) orCre-expressing cells (middle) or EVs fromCre-expressing cells (right).
A switch from red-to-green fluorescence was observed in mT/mG cells co-cultured with Cre-
expressing cells or their EVs, but this effect did not occur in co-culture with parental cells (no
Cre expression). (c) Syngeneic mouse GBM-mT/mG cells were co-injected with mouse GBM-
Cre cells into the right striatum of FVB:129/Ola F1 mice. Tumors were allowed to form and
three weeks later mice were sacrificed. Brain slices were immunohistochemically stained for GFP
expression, which showed that some recipient cells had indeed switched due to expression of Cre.
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Next, we determined whether co-injection of GBM-mT/mG cells and GBM-
Cre cells in mice has a similar effect as observed in vitro. Therefore, a 1:1 mix of
mouse GBM-mT/mG and GBM-Cre or parental cells were injected intracranially
into the right striatum of FVB:129/Ola F1 backgroundmice as a syngeneic model.
Immunohistological staining for GFP showed that some mT/mG-expressing cells
had been switched from red to green by expression of Cre (Figure 6.1c).

b

a

GBM-mT/mG cells
+ Control platelets

GBM-mT/mG cells
+ Pf4-Cre platelets

Pf4-Cre platelet donor

Recipient with i.c. 
GBM-mT/mG tumor

Pf4-Cre platelet-derived EVs

Figure 6.2: FVB:Pf4-Cre transgenicmice expressCre inmegakaryocytes andplatelets, and
can transfer Cre to recipient cells after intravenous injection. (a) Platelets were harvested
from the blood of Pf4-Cre mice or FVB control mice and intravenously injected via the tail
vein into intracranial human GBM-mT/mG tumor-bearing mice. A graphical representation of
possible crosstalk between platelet and tumor cell is shown. (b) Fluorescence microscopy was
used to view brain sections. All human GBM-mT/mG tumor cells in the brain of recipient nude
mice injected with control platelets showed red fluorescence (left). In contrast, in sections from
the recipient mice injected with platelets from Pf4-Cre mice, some green human GBM-mT/mG
cells couldbeobserved indicating thatCrewas transferred fromplatelets to tumor cells andcaused
a phenotypic switch to GFP expression.

Functional transfer of Cre between GBM cells happens both in vitro and in
vivo and causes phenotypical changes in target reporter cells (Berenguer et al.,
submitted). To establish whether exogenous platelets could transfer Cre to GBM-
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mT/mG cells in mice, platelets were harvested from the whole blood of FVB:Pf4-
Cre transgenic mice or FVB wild type mice. In Pf4-Cre mice, Cre expression is
under control of the Pf4 promoter in megakaryocytes [20], therefore, Cre will
be present in progenitor cells. To test this hypothesis, donor mouse blood was
obtained via heart puncture andplateletswere isolated via a standard centrifugation
protocol.

Pf4-Cre platelets and control platelets were i.v. injected in GBM-mT/mG
tumor bearing recipient mice. A graphical representation of possible cross-talk
from platelets to tumor cells is shown in Figure 6.2a, in which i.v. administered
Cre-containing platelets can switch recipientGBM-mT/mGcells from red to green
fluorescence. All the GBM-mT/mG tumor cells in the recipientmice injected with
FVB control platelets showed red fluorescence (Figure 6.2b, left). In contrast,
in sections from the recipient mice injected with Pf4-Cre platelets, some green
tumor cells were observed (Figure 6.2b, right). This indicates that the i.v. injected
exogenous platelets homed to the tumor site, became activated and released their
payload, which could enter themT/mG tumor cells and changed the phenotype in
recipient cells. Cre was transferred from the platelets and switched these cells from
red to green.

Due to the inefficient switching of cells in previous models, we evaluated
whether this process was more effective in different Cre-expressing mouse models
–Pf4-Cre;FVB:129/Ola F1 and GFAP-Cre;FVB:129/Ola F1 mice. As before,
syngeneic GBM-mT/mG cells were injected into the right striatum of these mice
to assess host–glioblastoma interactions. GFPor tdTomato stainingwasperformed
on formalin-fixed paraffin embedded slides, usingmethylene blue as a counterstain.
While tdTomato staining was strong in the tumor (Figure 6.3b,d), very few cells
showedGFP-positive staining. SporadicGFP-expressing cellswere observed in the
GFAP-Cremodel (Figure 6.3a), while we could not detect any GFP-positive cells
in thePf4-Cremodel (Figure6.3c). Thiswould suggest thatCrewas not efficiently
transferred to recipient cells.

Discussion
The tumor microenvironment is a dynamic milieu, engineered by tumor cells to
ensure survival. Both EVs and platelets play a role in communication between the
tumor and the host. Functional transfer of information can occur between tumor
cells, tumor-to-host cells or host-to-tumor cells. Here we show that transfer of
Cre between donor and recipient cells might occur via EVs, either by Cre mRNA
that is transported via EVs and translated and expressed in recipient cells or by
direct transfer of Cre protein. Both in vitro co-culture and in vivo co-injection of
GBM-mT/mG and GBM-Cre cells led to expression of Cre in recipient cells, as
manifested by the presence of some GFP-positive cells. Moreover, expression of
GFP occurred in GBM-mT/mG cells after co-culture with EVs isolated from Cre-
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Figure 6.3: GFP and tdTomato staining on brain sections of syngeneic mouse GBM-
mT/mG tumor-bearing GFAP-Cre and Pf4-Cre mice. GFAP-Cre and Pf4-Cre mice were
injected with 1×104 GBM-mT/mG cells. After four weeks, mice were sacrificed and brains were
harvested, formalin fixed and paraffin embedded. Staining was performed on slide against GFP
(a,c) or tdTomato (b,d) combined with a methylene blue counterstain. Sections were imaged
on a Leica Aperio slide scanner and analyzed using their ImageScope software. (a) Sporadic
GFP-positive GBM-mT/mG cells were found in brain sections of GFAP-Cremice, which did not
correspondwith (b) tdTomato-positive staining. (c)Therewere noGFP-positiveGBM-mT/mG
cells observed in brain sections of Pf4-Cre mice, while (d) tdTomato staining was positive and
specific for tumor cells.

expressing cells, indicating that transfer of Cre takes place at least partially via the
exchange of EVs.

Interestingly, in our syngeneic in vivomousemodels, the cells positive for GFP
expression were mostly observed around the border of the tumor (co-injection
model) or a blood vessel (GFAP-Cre model). On the one hand, the border of the
tumor couldbemoreeasily accessible toEVs fromneighboringCre-expressing cells,
hence the higher number of GFP-expressing cells. On the other hand, one might
speculate that recipientGBMcells that have taken upEVs fromotherGBMcells are
more prone to migrate and drive tumor growth, and that they are therefore found
near the tumor border. Tumor cell-derived EVs from either Cre-expressing or non-
Cre-expressing cells can possibly induce invasiveness. Others have shown that
metastatic behavior can be phenocopied between cells through exchange of EVs
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and that uptakeofmetastatic tumor cell-derivedEVsby lessmetastatic cells induces
a more aggressive phenotype [6]. Cre expressed in donor cells was transferred to
the recipient cells which enabled the switch from tdTomato to GFP expression
in some cells. However, only very few cells with GFP expression were detected
showing that this process in our current model was inefficient.

Platelets play an important role in host-to-tumor and tumor-to-host commu-
nication. Tumor-educated platelets can help shape the tumor milieu and shield
metastasizing tumor cells to aid in immune evasion [21]. We wanted to deter-
mine if Cre-containing platelets were able to affect intracranial GBM cells after i.v.
injection, as a model for host-to-tumor communication. Indeed, exogenous Pf4-
Cre platelets injected i.v. into GBM-mT/mG tumor bearing mice caused a switch
from tdTomato to GFP expression after Cre recombination in recipient GBM cells.
This red-to-green switch in recipient GBM reporter cells suggests that platelets can
home to the tumor site, where they are activated and release their EV payload.
However, similar to our other models, only few green cells were observed, which
shows that thismodel needsoptimizationbefore it canbeused to study the intricate
interactions that take place in the tumor microenvironment.

Platelet EVs could play an important role in the transfer of Cre mRNA to
recipient cells in this model, as well as a means of host-tumor communication and
vice versa. Although Cre is used as a model here, in order to visualize functional
transfer, platelets and EVs contain many RNAs or proteins. It has already been
shown that platelets and platelet EVs contain active mRNAs and miRNAs which
exert their function in recipient cells [12]. Furthermore, it is clear that platelets
take up EVs or mRNAs from their environment, including those shed from tumor
cells, which allows for tumor-educated platelet-based cancer diagnostics [22, 23].

Unfortunately, the in vivomodels used in this study appeared to be very ineffi-
cient and only few tumor cells were found that expressed GFP after recombination
due to expression of Cre. Others have used a similar reporter system to show
exchange of EVs between tumor cells and between the tumor and the tumor
microenvironment [6, 24]. Upon examination of the Cre-expressing tumor cells,
we found that only a small percentage of these cells actually expressed Cre. It is
therefore likely that non-Cre-expressing GBM cells outgrew the population of Cre-
expressing GBM cells, which are not able to induce a switch from red-to-green
fluorescence. Single cell sorting and selection of Cre-expressing cells needs to be
performed in order to obtain a more homogeneous population. Furthermore, it
is possible that multiple copies of Cre recombinase ended up in a transduced cell,
and Cre can be toxic to cells causing a reduction in proliferation [25]. Similarly,
multiple copies of mT/mG could have ended up in reporter cells and those were
selected for high expression of tdTomato. Arguably, low expression of Cremay not
be able to recombine all the loxP sites in high expressing reporter cells, possibly
causing these cells to express a mix of tdTomato and GFP, rather than fully switch-
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ing fromone phenotype to the other. In contrast, mT/mGexpression in transgenic
mice is bi-allelic and confined to the ROSA26 locus, where low expression of
Cre could cause a phenotype switch [18]. Finally, because the absence of GFP-
positive cells is most apparent in our syngeneic mouse models, it is possible that
a single cell expressing GFP would induce a cell-mediated immune response and
is subsequently eliminated, while this does not occur with the large amount of
tdTomato-expressing cells.

The models used in this study are limited to tumor–tumor or platelet–tumor
interactions. Other studies suggest that platelets are involved in shaping the mi-
croenvironment, which relies on tumor–platelet communication. It is not unlikely
that EVs also play a role here and analysis of platelet EVs and their payload delivery
to GBM tumor cells in culture and in mice could shed a light on the information
contained. Furthermore, GBM–host interactions can be studied using GBM-Cre
cells in an mT/mG mouse model and the involvement of EVs. These mT/mG
reporter models will allow for more functional studies to determine the effect of
platelets and EVs on GBM in physiologically relevant in vivo tumor models and
potential pathways to tumor inhibition by interfering with their interactions.

Acknowledgments
This study was supported by grants from European Research Council (ERC),
VUUniversity medical center–Cancer Center Amsterdam (VUmc-CCA), and the
Netherlands Organization for Scientific Research (NWO) (T.W.). We would like
to thank Levi Buil for technical assistance when performing the experiments.

References
[1] Théry C, Ostrowski M, and Segura E

(2009). Membrane vesicles as conveyors
of immune responses. Nat Rev Immunol
9(8):581–93. [10.1038/nri2567]

[2] Skog J, Würdinger T, van Rijn S,
Meijer DH, Gainche L, et al. (2008).
Glioblastoma microvesicles transport
RNA and proteins that promote
tumour growth and provide diagnostic
biomarkers. Nat Cell Biol 10(12):1470–
6. [10.1038/ncb1800]

[3] van der Vos KE, Abels ER, Zhang
X, Lai C, Carrizosa E, et al. (2016).
Directly visualized glioblastoma-derived
extracellular vesicles transfer RNA
to microglia/macrophages in the

brain. Neuro Oncol 18(1):58–69.
[10.1093/neuonc/nov244]

[4] Boelens MC, Wu TJ, Nabet BY, Xu
B, Qiu Y, et al. (2014). Exosome
transfer from stromal to breast cancer
cells regulates therapy resistance
pathways. Cell 159(3):499–513.
[10.1016/j.cell.2014.09.051]

[5] Bouvy C, Gheldof D, Chatelain C, Mulli-
er F, and Dogné JM (2014). Contribut-
ing role of extracellular vesicles on vas-
cular endothelium haemostatic balance
in cancer. J Extracell Vesicles 3:24400.
[10.3402/jev.v3.24400]

[6] Zomer A, Maynard C, Verweij FJ,
Kamermans A, Schäfer R, et al. (2015).
In Vivo imaging reveals extracellular

147

http://dx.doi.org/10.1038/nri2567
http://dx.doi.org/10.1038/ncb1800
http://dx.doi.org/10.1093/neuonc/nov244
http://dx.doi.org/10.1016/j.cell.2014.09.051
http://dx.doi.org/10.3402/jev.v3.24400


666666

Chapter 6

vesicle-mediated phenocopying of
metastatic behavior. Cell 161(5):1046–
57. [10.1016/j.cell.2015.04.042]

[7] Lin RJ, Vahid A, and Schafer AI (2014).
Paraneoplastic thrombocytosis: the se-
crets of tumor self-promotion. Blood
124(2):184–7. [10.1182/blood-2014-03-
562538]

[8] Mezouar S, Mege D, Darbousset R,
Farge D, Debourdeau P, Dignat-George
F, Panicot-Dubois L, and Dubois C
(2014). Involvement of platelet-derived
microparticles in tumor progression and
thrombosis. Semin Oncol 41(3):346358.
[10.1053/j.seminoncol.2014.04.010]

[9] Kuznetsov HS, Marsh T, Markens
BA, Castaño Z, Greene-Colozzi A,
et al. (2012). Identification of luminal
breast cancers that establish a tumor-
supportive macroenvironment defined
by proangiogenic platelets and bone
marrow-derived cells. Cancer Discov
2(12):1150–65. [10.1158/2159-8290.cd-12-
0216]

[10] Labelle M, Begum S, and Hynes RO
(2014). Platelets guide the forma-
tion of early metastatic niches. Proc
Nat Acad Sci USA 111(30):201411082.
[10.1073/pnas.1411082111]

[11] Aatonen MT, Öhman T, Nyman TA,
Laitinen S, Grönholm M, and Siljan-
der P (2014). Isolation and charac-
terization of platelet-derived extracellu-
lar vesicles. J Extracell Vesicles 3:24692.
[10.3402/jev.v3.24692]

[12] Laffont B, Corduan A, Plé H, Duchez
ACC, Cloutier N, Boilard E, and Provost
P (2013). Activated platelets can deliv-
er mRNA regulatory Ago2•microRNA
complexes to endothelial cells via mi-
croparticles. Blood 122(2):253–61.
[10.1182/blood-2013-03-492801]

[13] Schubert S, Weyrich AS, and Rowley
JW (2014). A tour through the tran-
scriptional landscape of platelets. Blood
124(4):493–502. [10.1182/blood-2014-04-
512756]

[14] Rossaint J, Kühne K, Skupski J, Ak-
en H, Looney MR, Hidalgo A, and
Zarbock A (2016). Directed transport
of neutrophil-derived extracellular vesi-
cles enables platelet-mediated innate im-
mune response. Nat Commun 7:13464.
[10.1038/ncomms13464]

[15] Janowska-Wieczorek A, Wysoczynski M,
Kijowski J, Marquez-Curtis L, Machalin-
ski B, Ratajczak J, and Ratajczak MZ
(2005). Microvesicles derived from acti-
vated platelets induce metastasis and an-
giogenesis in lung cancer. Int J Cancer
113(5):752–60. [10.1002/ijc.20657]

[16] Wakimoto H, Kesari S, Farrell CJ, Cur-
ry WT, Zaupa C, et al. (2009). Hu-
man glioblastoma-derived cancer stem
cells: establishment of invasive glioma
models and treatment with oncolytic
herpes simplex virus vectors. Cancer
Res 69(8):3472–3481. [10.1158/0008-
5472.can-08-3886]

[17] de Vries NA, Bruggeman SW, Hulsman
D, de Vries HI, Zevenhoven J, et al.
(2010). Rapid and robust transgenic
high-grade glioma mouse models for
therapy intervention studies. Clin Cancer
Res 16(13):3431–41. [10.1158/1078-
0432.ccr-09-3414]

[18] Muzumdar M, Tasic B, Miyamichi K, Li
L, and Luo L (2007). A global dou-
ble‐fluorescent cre reporter mouse. Gen-
esis 45(9):593–605. [10.1002/dvg.20335]

[19] Théry C, Amigorena S, Raposo G, and
Clayton A (2006). Isolation and
characterization of exosomes from cell
culture supernatants and biological flu-
ids. Curr Protoc Cell Biol 3(22):1–29.
[10.1002/0471143030.cb0322s30]

[20] Tiedt R, Schomber T, Hao-Shen H, and
Skoda R (2007). Pf4-Cre transgenic
mice allow the generation of lineage-
restricted gene knockouts for studying
megakaryocyte and platelet function
in vivo. Blood 109(4):1503–1506.
[10.1182/blood-2006-04-020362]

148

http://dx.doi.org/10.1016/j.cell.2015.04.042
http://dx.doi.org/10.1182/blood-2014-03-562538
http://dx.doi.org/10.1182/blood-2014-03-562538
http://dx.doi.org/10.1053/j.seminoncol.2014.04.010
http://dx.doi.org/10.1158/2159-8290.cd-12-0216
http://dx.doi.org/10.1158/2159-8290.cd-12-0216
http://dx.doi.org/10.1073/pnas.1411082111
http://dx.doi.org/10.3402/jev.v3.24692
http://dx.doi.org/10.1182/blood-2013-03-492801
http://dx.doi.org/10.1182/blood-2014-04-512756
http://dx.doi.org/10.1182/blood-2014-04-512756
http://dx.doi.org/10.1038/ncomms13464
http://dx.doi.org/10.1002/ijc.20657
http://dx.doi.org/10.1158/0008-5472.can-08-3886
http://dx.doi.org/10.1158/0008-5472.can-08-3886
http://dx.doi.org/10.1158/1078-0432.ccr-09-3414
http://dx.doi.org/10.1158/1078-0432.ccr-09-3414
http://dx.doi.org/10.1002/dvg.20335
http://dx.doi.org/10.1002/0471143030.cb0322s30
http://dx.doi.org/10.1182/blood-2006-04-020362


666666

Host-tumor interactions in GBM

[21] McAllister SS and Weinberg RA (2014).
The tumour-induced systemic environ-
ment as a critical regulator of cancer pro-
gression and metastasis. Nat Cell Biol
16(8):717–727. [10.1038/ncb3015]

[22] Best MG, Sol N, Kooi I, Tannous J,
Westerman BA, et al. (2015). RNA-Seq
of tumor-educated platelets enables
blood-based pan-cancer, multiclass,
and molecular pathway cancer
diagnostics. Cancer Cell 28(5):666–676.
[10.1016/j.ccell.2015.09.018]

[23] Nilsson RJ, Balaj L, Hulleman E, van Ri-
jn S, Pegtel DM, et al. (2011). Blood
platelets contain tumor-derived RNA

biomarkers. Blood 118(13):3680–3.
[10.1182/blood-2011-03-344408]

[24] Ridder K, Sevko A, Heide J, Dams M,
Rupp AK, et al. (2015). Extracel-
lular vesicle-mediated transfer of func-
tional RNA in the tumor microenviron-
ment. Oncoimmunology 4(6):e1008371.
[10.1080/2162402x.2015.1008371]

[25] Loonstra A, Vooijs M, Beverloo BH, Al-
lak B, van Drunen E, Kanaar R, Berns
A, and Jonkers J (2001). Growth inhi-
bition and DNA damage induced by cre
recombinase in mammalian cells. Proc
Natl Acad Sci USA 98(16):9209–9214.
[10.1073/pnas.161269798]

149

http://dx.doi.org/10.1038/ncb3015
http://dx.doi.org/10.1016/j.ccell.2015.09.018
http://dx.doi.org/10.1182/blood-2011-03-344408
http://dx.doi.org/10.1080/2162402x.2015.1008371
http://dx.doi.org/10.1073/pnas.161269798



