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Abstract

Background. Medulloblastoma (MB) comprises four subtypes of which group 3 MB are the most aggressive.
Although overall survival for MB has improved, the outcome of group 3 MB remains dismal. C-MYC (MYC) am-
plification or MYC overexpression which characterizes group 3 MB is a strong negative prognostic factor and is
frequently associated with metastases and relapses. We previously reported that MYC expression alone promotes
highly aggressive MB phenotypes, in part via repression of thrombospondin-1 (TSP-1), a potent tumor suppressor.
Methods. In this study, we examined the potential role of TSP-1 and TSP-1 peptidomimetic ABT-898 in MYC-
amplified human MB cell lines and two distinct murine models of MYC-driven group 3 MBs.

Results. We found that TSP-1 reconstitution diminished metastases and prolonged survival in orthotopic xeno-
grafts and promoted chemo- and radio-sensitivity via AKT signaling. Furthermore, we demonstrate that ABT-898
can recapitulate the effects of TSP-1 expression in MB cells in vitro and specifically induced apoptosis in murine

group 3 MB tumor cells.

Conclusion. Our data underscore the importance of TSP-1 as a critical tumor suppressor in MB and highlight TSP-1
peptidomimetics as promising novel therapeutics for the most lethal subtype of MB.

Key Point

e Therapeutic role of TSP-1 in Medulloblastoma; TSP-1 mimetics targets MYC-PI3K/AKT

oncogenic axis.

Medulloblastoma (MB) is the most common pediatric malignant
brain tumor." Advance in therapy have improved overall sur-
vival to nearly 80% for patients with localized disease, however,
survivors often suffer from significant disease and treatment-
induced short and long-term toxicity.? Importantly, metastatic

and recurrent MBs are still highly fatal diseases, for which no
effective therapies are currently available.

Cumulative genomic studies have identified four molec-
ular subtypes of MB,2 of which the WNT subtype has the most
favorable prognosis while group 3/4 MB has the poorest
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Importance of the Study

Our study shows that silencing of TSP-1
contributes significantly to the metastatic,
chemo- and radiation-resistant phenotypes
seen in Myc driven MB. More importantly,
TSP-1 peptidomimetic ABT-898 suppresses

prognosis. Patients with group 3/4 MB often develop re-
sistance to standard therapy and have higher chances of
relapse.*5 MYC amplification or hyper-activation is a hall-
mark of group 3 MB and is a strong prognostic factor for
poor survival.* Recently, 2 murine models of MYC-driven
group 3 MB have been established using mouse neural
stem cells or neuronal precursor cells, and serve as ex-
cellent therapeutic models.%” Murine studies indicate
PI3K/AKT signaling is a critical driver in MYC-driven MB,”
and also contributes to metastasis in Sonic Hedgehog-
induced MB.8 However, mechanisms by which MYC and
Phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)
pathway promote metastatic phenotypes in MB remain in-
completely elucidated.

Thrombospondin (TSP)-1, which encodes a matrix-
cellular glycoprotein, is a powerful tumor suppressor that
is negatively regulated by several oncogenic pathways
including Ras® and MYC'", via PI3K signaling'? and is
frequently down-regulated in malignant and metastatic
tumors. Expression of TSP-1 protein has potent tumor-
suppressive activity and inhibits malignant growth and
metastasis in a variety of cancer models.®'3' |n addition to
its well-recognized anti-angiogenic function, TSP-1 affects
tumor suppression via various mechanisms including cell
adhesion, differentiation, migration, and apoptosis.'>"”
TSP-1 is a complex modulator with multiple functional
domains that interact with different receptor proteins, in-
cluding CD36 and p1-integrins to affect signaling. The TSR
epitope repeat 1, which is the best characterized of TSP-1
domains is linked to multiple cellular effects including cell
adhesion, apoptosis and angiogenesis, and has been inten-
sively investigated as a candidate pharmacologic mimetic.
Several generations of pharmacologically active TSP-1
peptidomimetics (ABT-510, ABT-526, and ABT-898) which
mimic the TSR repeat 1 have been developed and shown
to have promising anti-angiogenic, pro-apoptotic'®'* and
chemo-sensitizing effects'®'® in vivo and cell lines.

We previously reported MYC promotes highly aggres-
sive and metastatic MB phenotypes, in part via regula-
tion of cell differentiation and migratory transcriptional
programs.'® Our studies identified TSP-1 as a robust direct
transcriptional target of MYC and showed that reconstitu-
tion of TSP-1 attenuated MYC-induced cell migration and
transformation in vitro."® In this study, we sought to further
elucidate the tumor-suppressive role of TSP-1 in MB and
investigated the potential therapeutic role for TSP-1 using
in vivo orthotopic xenograft models, and engineered MYC-
driven MB. Significantly our study shows that TSP-1 is a
potent suppressor of metastases and prolongs survival in
orthotopic MYC-driven MB models. Using MYC-amplified
human tumor cell lines and two independent murine

pro-survival PI3BK/AKT signaling activities, and
promotes apoptosis in 2 Myc-driven murine
MB models suggesting it to be a promising
novel pharmacological treatment for these ag-
gressive MB tumors.

models of MYC-driven group 3 MB, we also show thatTSP-1
promotes chemo- and radio-sensitivity via AKT signaling
in MB cells. Significantly, these effects were re-capitulated
by TSP-1 peptidomimetic, ABT-898, which also induced ap-
optosis in the 2 distinct murine group 3 MB tumor cells.
Collectively, our data underscore the functional impor-
tance of TSP-1 in MB and highlight peptidomimetics of
TSP-1 as a promising novel therapeutics for high-risk MB.

Material and Methods
Cell Culture

Human group 3 medulloblastoma established cell lines
D283, D458, D458-TSP-1 (American Type Culture Collection)
were maintained in zinc option medium (Life Technologies);
and UW426-MYC were maintained in aMEM containing 10%
fetal bovine serum (FBS). MP mouse tumor cells (human
MYC-T58A & Trp53DN- infected neural stem cells; from
Dr. Wechsler-Reya, Sanford-Burnham Medical Research
Institute) were maintained in Neurocult complete me-
dium with FGF1, EGF and N2 supplements (Stem Cell
Technologies) as described previously.” G3 mouse MB cells
(human MYC-infected Trp53-/~; Cdkn2c¢-/- GNPs) and Sonic
Hedgehog (SHH) mouse MB (Ptch1+/- Trp53-/- GNPs) from
Dr. Roussel, St. Jude Children’s Research Hospital, TN, were
maintained as neurospheres in neurobasal medium with
FGF1, EGF, B27 and N2 supplements as previously reported.®

Cell Proliferation, Death and Migration Assays

Cell proliferation was assessed using MTS assays (Roche
Colorimetric Cell Proliferation) at regular intervals as de-
scribed previously,’® and results were verified by direct
Trypan blue cell count.

Cell death was assessed using MTS assays, Western
blot analyses for cleaved poly-(ADP-ribose) polymerase
(PARP), and in situ TdT-mediated dUTP-biotin nick end la-
beling (TUNEL) assays. In brief, cells were first seeded under
normal growth conditions (10% FBS), and then (i) starved
24 h later by replacing the medium with low serum (0.1%
FBS) medium, (ii) treated with different chemotherapeutic
reagents, (iii) or exposed to gamma-irradiation. Western-
blotting was performed to measure the level of cleaved PARP
as a biochemical indication of caspase-mediated apoptosis.

TUNEL assay was performed as described using in situ
cell death detection kit (Roche Applied Science) in ac-
cordance with the manufacturer’s protocol. In brief, cells
seeded on slides were stressed for 48 and 72 h and were



fixed with 4% paraformaldehyde in 0.1M phosphate buffer,
followed by incubation with TUNEL reaction mixture for
60 min at 37°C. Reactions were stopped, and biotin-dUTP
was incorporated for detection.

Matrigel invasion assay was performed as previously
described'® using a Transwell Boyden chamber assay ac-
cording to the manufacturer’s instructions (BD Sciences,
Franklin Lakes). In brief, 3.5 x 10* cells were seeded in
chambers and grown at 37°C for 18-40 h. To quantify mi-
grated cells, membranes were stained with 1% toluidine,
migrated cell counts were determined based on 10 random
microscopic fields.

Tumor Materials

Medulloblastoma tissue microarrays used in this study
were constructed at the Hospital for Sick Children, and
German Cancer Research Center. Immuno-reactivity for
TSP-1 (Antibody used: TSP-1 monoclonal antibody (1:1000;
Abcam)) was scored manually based on intensity (1 = low,
2 = mod, 3 = high) and distribution of stains (1 = <10%,
2 = 10-50%, 3 > 50%). Immunohistochemical (IHC) values
were determined based on the average staining score of
at least 2 tissue cores. All IHC stains were scored blindly by
T.C. and D.P, and reviewed by C.H.

Orthotopic Xenograft Assays

NOD-SCID mice were maintained in accordance with
the Hospital for Sick Children institutional animal care
committee approved protocols. Briefly, cerebella of
4-6-week-old anesthetized male mice (Charles River,
Quebec, Canada) were injected stereotactically with 1 x
10° stable TSP-1 expressing UW426-MYC/D458 cells. All
animals were euthanized as per standard tumor endpoint
monitoring guidelines. Histopathologic analyses of the
whole brain and spine from all mice were performed.

Histology and Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed
paraffin-embedded tissues using standard procedures.
Xenograft tissues were subjected to antigen retrieval by
pressure cooking (citrate buffer, pH 6, 20 min) and 0.3% H,0,
endogenous peroxidase blocking. For primary antibody:
TSP-1 monoclonal antibody (1:1000; Abcam), CD31 mono-
clonal antibody (1:500; Millipore), Ki-67 (1:150; Dako, Agilent
Technologies), were incubated overnight at 4°C, treated with
bio-tinylated secondary IgG antibodies for 30 min using
ABC reagent kit and DAB chromagen (Vector Laboratories).
A final counterstain was performed in hematoxylin followed
by serial dehydration in ethanol and xylene and mounted in
Permount (Thermo Fisher Scientific). Hematoxylin and eosin
(H&E) stains were performed using standard protocols.

Immunoblot Analyses

Cell proteins lysates were performed using standard
EBC whole cell lysis buffer as described previously,” and
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analyzed by Western blotting with TSP-1 (1:500, Abcam),
MYC (1:500, in-house 9E10 monoclonal), a-tubulin (1:5,000;
Sigma-Aldrich), a-PARP, a-p-AKT308, a-pan-AKT, a-pThr202/
Tyr204ERK1/2, a-ERK1/2 (1:1,000; Cell SignallingTechnology),
and antispecies horseradish peroxidase-conjugated anti-
bodies (Bio-Rad Laboratories). Detection was performed
using Chemiluminescence Reagent Plus (PerkinElmer).

Informatic and Statistical Analysis

The log-rank analysis was performed using the Kaplan—
Meier method to determine significance of survival dif-
ferences in the tumor xenograft studies. Significance for
in vitro cell growth/death/migration data was determined
using the Student’s two-tailed T-test (N.S. = not significant;
*P-value < .05; **P-value < .01).

Results

Thrombospondin-1 Expression Correlates with
Favorable Medulloblastoma Biology

In order to investigate the clinical relevance of TSP-1in human
MB, we performed IHC analysis in 326 primary human MBs
and examined TSP-1 expression relative to patient age,
gender, metastatic, and recurrence status (Table 1). High
TSP-1 expression was observed in 21.2% (69/326) of primary
MBs. Notably, the extent of TSP-1 expression correlated with
MB molecular subgroups. A significantly greater proportion
of the favorable WNT MB exhibited highTSP-1 expression as
compared to other MB subtypes. HighTSP-1 expression was
observed in 50% (9/18) of WNT tumors as compared to 23.2%
(22/95) of SHH, 17.4% (12/69) of group 3 and 19.2% (20/104)
of group 4 tumors (P = .006). TSP-1 expression also correl-
ated significantly with metastatic status; 25.9% (54/208) of
nonmetastatic MBs exhibited TSP-1 immuno-positivity while
a majority of metastatic tumors (86.1%; 93/108) exhibited
minimal TSP-1 expression (P=.019).

Thrombospondin-1 Inhibits Medulloblastoma
Tumor Progression and Metastases In Vivo

Since re-expression of TSP-1 inhibited MB transformation
and cell migratory phenotypes in vitro,'® we postulated that
TSP-1 may attenuate metastatic MB phenotypes in vivo.
To investigate the TSP-1 tumor-suppressive role in vivo,
we characterized the effects of stable TSP-1 expression in
UW426-MYC and in D458, an MB cell line with MYC ampli-
fication using orthotopic xenograft assays. We observed
that mice harboring TSP-1 expressing xenografts had signif-
icantly longer survival than control animals. Mice bearing
UW426-MYC-TSP-1 and D458-TSP-1 xenografts survived
28.8 + 5.3 and 68 + 8.2 days respectively while survival
time of mice bearing UW426-MYC-vector and D458-vector
control xenografts was 21.9 + 2.5 and 38.5 + 10.3 days, re-
spectively (Figure 1A). Notably, D458-TSP-1 and UW426-
MYC-TSP-1 xenografts were significantly smaller than
control xenografts (P < .05, Figure 1B, C, Supplementary
Figure 1), and associated with the diminished incidence of
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Table 1.

TSP1 Negative

n=326 257 (78.8%)
Age (years old)

<3 53 (81.5%)
>3 203 (78.1%)
Sex

Female 158 (76.7%)
Male 98 (82.3%)
Metastasis

MO 154 (74.0%)
M+ 93 (86.1%)
Recurrence

No 176 (76.2%)
Yes 77 (94.6%)
Status

Alive 193 (77.2%)
Dead 64 (84.2%)
Molecular subgroup

WNT 9 (50.0%)
SHH 73 (76.8%)
3 57 (82.6%)
4 84 (80.8%)

metastases. Only 20-28.5% of TSP-1 expressing xenografts
exhibited spinal metastases as compared to 63-66.6% of
the control groups (P< .05, Figure 1B, D).

To further understand the mechanism underlying TSP-1
associated antitumor effects in MB xenografts, we per-
formed human-specific Ki-67 IHC analyses and interest-
ingly observed no significant difference in proliferative
indices between control and TSP-1-expressing tumors
(Figure 2A, B). Given the known role of TSP-1 in regulating
angiogenesis and the tight relationship between tumor
metastasis and angiogenesis,’® we assessed whether
the antimetastatic effect of TSP-1 correlated with neo-
vascularization as measured by microvessel density (MVD)
analysis in both MB xenografts and primary human MBs.
Using CD31 as a surrogate to evaluate neo-vascularization,
we observed that TSP-1 expression did not correlate with
MVD in MB xenografts (n =40, P= .68, Figure 2A, C). MVD
inTSP-1 positive and negative human MB tumors (n = 260)
were also not significantly different (Figure 2D, E). These
findings suggest that the antimetastatic properties of TSP-1
in MB are independent of its antiangiogenic properties.

Thrombospondin-1 Peptidomimetic ABT-
898 Targets PISK/AKT Signaling to Inhibit
Medulloblastoma Cell Migration and Invasion

To define the mechanism of TSP-1 antimetastatic effect in MB,
we investigated the effect of TSP-1 expression on 2 major onco-
genic signaling pathways (PI3K and MAPK) implicated in MYC-
dependent MB metastases”? as well as the Rac/Rho GTPase
pathways which regulates cell migration.?’ Immunoblotting

Correlation of TSP-1 Expression With Clinicopathological Features in MB

TSP1 Positive P-value
69 (21.2%)

12 (18.5%) .614
57 (21.9%)

48 (23.3%) .196
21 (17.6%)

54 (25.9%) .019
15 (13.9%)

55 (23.8%) 131
14 (15.4%)

57 (22.8%) .204
12 (15.8%)

9 (50.0%) .006
22 (23.2%) (WNT vs non-WNT)
12 (17.4%)

20 (19.2%)

analyses showed phospho-AKT-T308 expression was signif-
icantly diminished with TSP-1 overexpression without any
changes in total or phosphorylated ERK1/2, Rac1,2,3, or CDC42
expression, thus indicating TSP-1 specifically altered PISK/AKT
signaling in group 3 MB cell lines (Figure 3A).

To investigate the potential therapeutic effects of TSP-
1, we next examined whether ABT-898, a pharmacologic
peptidomimetic of the TSR domain could recapitulate the
biological effects of TSP-1 protein expression on MB cell
phenotypes and PI3K/AKT signaling. We observed that ABT-
898 did not alter the viability of UW426-MYC, D458, or D341
cells (Figure 3B; Supplementary Figure 2), but specifically
diminished migration/invasion activity in UW426-MYC,
D458, and D341 cells by up to 80% in a dose-dependent
manner as compared to controls (Figure 3C). Importantly,
ABT-898 treatment also diminished phospho-AKT expres-
sion in UW426-MYC and D458 cells in a dose-dependent
manner (Figure 3D) without affecting phosphor- or total
ERK1/2 expression, once again indicating the specific inhib-
itory effects of ABT-898 on PI3K/AKT signaling and on MB
cell migration. Of note, although TSP-1 has been reported
to modulate MYC expression via CD47 signaling,’®?? in our
study MYC expression remained unchanged uponTSP-1 re-
constitution or ABT-898 treatment (Figure 3A, D) and indi-
cate MYC maps upstream of TSP-1 in MB.

ABT898 Enhances Chemo-and Radio-Sensitivity
in Medulloblastoma Cells

As TSP-1 is known to activate apoptotic and down-
regulate survival pathways in a number of cancers,® we
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Figure 1. TSP-1 inhibits MB tumor growth and metastases in vivo 1 x 10° log-phase UW426-MYC and D458 cells with stable expression of empty
vector or TSP-1 were orthotopically injected into cerebella of 5-6 weeks old Nod/Scid mice (n = 10/group) and brain and spine were removed
after death for histopathological studies. (A) Kaplan—Meier survival analyses of mice injected with UW426-MYC-TSP-1 and D458-TSP-1 and corre-
sponding control lines. (B) H&E stains of whole brain and spine from mice with UW426-MYC-TSP-1, D458-TSP-1 and corresponding control lines.
Insert shows higher magnification images, arrows indicate spinal metastases. (C) Tumor volume of UW426-MYC-TSP-1 and D458-TSP-1 and control
xenografts. (D) Frequency of spinal metastases in mice injected with control or TSP-1-expressing UW426-MYC and D458 cell lines. Frequency of
tumor metastases were determined by histological examination of the entire spinal cord. Number of mice with nonmetastatic (M0) and metastatic
(M+) tumors are indicated.

also investigated whether TSP-1 had effects on MB cell etoposide/VP16 (a topoisomerase inhibitor), cisplatin
survival. Specifically, we examined the effects of TSP-1 (an alkylating agent), and docetaxel (a mitotic inhibitor).
on MB cells exposed to serum starvation, radiation, and  WhileTSP-1 expression did not alter MB cell viability under
chemotherapeutic agents with different modes of actions:  conditions of serum starvation and after treatment with
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Figure 2. Immunohistochemical analyses of TSP-1, Ki-67 expression and microvessel density in MB. (A) Tumor xenografts of mice injected with
UW426-MYC-vector and UW426-MYC-TSP-1 cells were stained with anti-TSP-1. Ki-67 or CD-31 antibodies. (B) Relative proliferative index (% Ki-67-
positive counts) was determined by histological examination of Ki-67 stained slides while (C) MVD was determined based on number of CD31-
positive vessel in 10 tumor sections/xenograft from mice injected with control and TSP-1-expressing UW426-MYC/D458 cells. (D) Representative
IHC of primary human MB samples stained with anti-TSP-1 or CD31 antibodies. (E) MVD/mm? was determined based on counts of CD31-positive
vessel in 3 random sections/primary sample (n = 225).
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Figure 3. Down-regulation of PI3K/AKT signaling of ABT-898 inhibits

MB migration. (A) Immunoblotting analyses for TSP-1, phospho- and total

AKT, ERK1/2, C-MYC, Rac1/2/3, and CDC42 expression in UW426-MYC-TSP-1, D458-TSP-1 and control cell lines; tubulin was used as loading control.
(B) MTS assays of D341 cells after 0, 0.05, 0.5, and 1.0 M ABT-898 treatment. (C) 3.5 x 10* MB cells were pretreated with ABT-898 (0, 0.01, 0.5, and
1.0 uM) for 3 h and seeded in Boyden chambers; migrated cells were determined by direct cell count after 22-48 h. Percent cell migration was deter-
mined relative to controls; n =3 experiments with 2 replicas/data point are summarized; error bars = SEM. (D) Inmunoblotting analyses of phospho-
and total AKT and ERK1/2, and C-MYC expression in UW426-MYC and D458 treated with ABT-898; tubulin served as loading control.

cisplatin and docetaxel (Supplementary Figure 3), TSP-1 ex-
pressing cells exhibited significantly reduced viability with
concomitant increased PARP cleavage upon treatment
with etoposide (Figure 4A). To investigate whether ABT-
898 could also recapitulate the chemo-sensitizing effects

of TSP-1 expression, we established the IC25 values for
etoposide in a panel of MB cell lines with high endogenous
and exogenous MYC expression (Supplementary Figure
4A) and tested the cellular effects of increasing amounts
of ABT-898 combined with IC25 doses of etoposide on MB.
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Strikingly, the ABT-898 treatment enhanced sensitivity
to etoposide in a dose-dependent manner, by up to 40%
(Figure 4B, Supplementary Figure 4B). Interestingly, we
also observed that TSP-1 expression, as well as ABT-898,
conferred increased sensitivity to radiation in UW426-MYC
and D458 cells (Figure 4C, D, Supplementary Figure 4C, D).

ABT-898 Induces Cell Death Via Inhibition of
AKT Signaling in Murine Models of Group 3
Medulloblastoma

To further assess whetherTSP-1 peptidomimetics would be
effective therapeutics for aggressive MB, we investigated
therapeutic effects of ABT-898 in two independent murine
models of MYC-driven group 3 MB, named as MP and G3.67
We used IHC and immunoblotting analyses to confirm that
both MP and G3 cells expressed low levels of TSP-1 and
high phospho-AKT levels (Figure 5A, B), similar to human
MB cell lines with MYC amplification.’® Both MP and G3
cells expressed high phospho-AKT levels comparable to
that in D458, an MYC amplified MB cell line. In contrast,
only low levels of phospho-AKT were observed in SHH MB
cells (from Ptch1+/-, Cdkn2c¢c-/- mice ?*) and in UW228 MB
line, which has no MYC amplification. Treatment with ABT-
898 (0.1-10 uM) for 72 h dramatically reduced the viability
of both MP and G3 cells by up to 45% (Figure 5C). In con-
trast, ABT-898 treatment had no effects on viability of Shh
mouse MB cells which have low MYC and phospho-AKT
expression. To investigate the potential synergistic effects
of ABT-898 with etoposide, we first determined the dose-
response curve of etoposide in MP and G3 tumor cells
(Supplementary Figure 4) and then tested the cellular ef-
fects of increasing amounts of ABT-898 with IC25 doses of
etoposide on MP and G3 cells. Interestingly, we observed
that ABT-898 enhanced cytotoxic effects of etoposide in
MP and G3 cells (Figure 5D), with concomitant increased
cleaved PARP and decreased phospho-AKT expression
(Figure 5E). Taken together with the known role of MYC and
AKT signaling in MB, these aggregate data which indicate
ABT-898 mediates apoptosis in group 3 MB cells via AKT
signaling further suggest MYC-driven MB may be particu-
larly therapeutically responsive to TSP-1 peptidomimetics.

Discussion

Patients with MYC-associated group 3 MB represent a
very high-risk group with frequent metastases, treat-
ment failure, and death due to disease.>??6 Thus, there
has been substantial interest in developing models and
therapies for this most lethal subgroup of MB. In the
past decade, multiple studies have attempted to ther-
apeutically target MYC activity,?’%° as well as PI3K
signaling”®'-36 which has a central role in MYC-associated
MB pathogenesis. TSP-1 is a potent tumor suppressor
and downstream target of MYC that has been impli-
cated in many human cancers but has not been studied
in the context of MB. We previously reported that MYC-
mediated silencing of TSP-1 was an important step in the
pathogenesis of MYC-driven metastatic MB."® Here, we
demonstrate that TSP-1 expression correlates with less

aggressive MB biology, and that reconstitution of TSP-1
has potent antimetastatic effects on MB progression/
proliferation in vivo. Furthermore, we show pharmaco-
logically active TSP-1 peptidomimetics can recapitulate
the potent antimetastatic/cell migratory effects of TSP-1
and enhance therapeutic effects of radiation and chemo-
therapy in group 3 MB models. These data underscore
the functional importance of TSP-1 in control of MB pro-
gression and metastases and indicate pharmacologic
mimetics of TSP-1 may represent novel adjuvant thera-
peutics for metastatic, high-risk MB.

TSP-1 is a tumor suppressor with pleiotropic functions.
Due to its potent tumor-suppressive effect, mimetics of
TSP-1 have long been investigated for cancer therapies.
Although TSP-1 tumor-suppressive role has been fre-
quently associated with its anti-angiogenic properties, our
data suggest that TSP-1 expression in MB does not corre-
late with MVD, a surrogate of angiogenesis. Our obser-
vations are consistent with reports that angiogenesis and
micro-vascular density are not correlated with aggressive
MB phenotypes.?” Interestingly, TSP-1 has been suggested
in advanced ovarian cancer to mediate therapeutic effects
indirectly by improving drug delivery via normalization of
tumor vasculature.3®

Various pharmacologic peptidomimetics of TSP-1 in-
cluding ABT-510, 526, and 898 (from Abbott Laboratories)
were designed based on the sequence GVITRIR in the
second type 1 TSR repeat of TSP1 which is known to bind
and activate receptors such as CD36, CD47, and integrin.
Studies to date reveal various cellular effects of TSP-1 and
its peptidomimetics resulting in the promotion or inhibition
of tumor growth. Reported antitumor effects of TSP-1 in-
clude inhibition of tumor proliferation in vivo, induction of
apoptosis, chemo-sensitization, and inhibition of angiogen-
esis.3*“8 While we observed that TSP-1 and ABT-898 inhibit
cell migration and invasion in MB, recent reports have impli-
cated TSP-1: CD47 interaction to promote glioma invasion.?
Although direct binding of ABT-898 to CD36 has been dem-
onstrated,?® whether the disparate effects of TSP-1 in glioma
and MB reflects different TSP1: receptor and different tumor
microenvironment interactions between gliomas and em-
bryonal tumors are not known. It is also interesting to note
that while TSP-1 expression was lowest in the group 3 MB
tumors, our IHC analyses also revealed relatively low TSP-1
expression in the SHH MB subgroup in which MYCN is
often overexpressed. Although MYCN has been implicated
in the down-regulation of TSP-1,"%'6 our studies indicate ex-
pression of TSP-1 expression has limited effects on growth
phenotypes of Daoy, a SHH MB cell line.

Human trials with ABT-510 have reported promising re-
sults in head and neck and nonsmall-cell lung cancers,
lymphoma, and renal cell carcinoma.*546:49-52 Notably, ex-
perimental studies indicate ABT510 may have therapeutic
effects glioma models® while phase 1 studies of glioblas-
toma indicate TSP-1 peptidomimetics may cross the blood-
brain barrier.4”52\We observed that ABT898 enhanced VP16
and radiation mediated cell death in human MB cells with
MYC overexpression, and in cells from 2 distinct mouse
models of MYC-associated group 3 MB. Notably, both
ABT-898 treatment and TSP-1 expression also had dis-
tinct antimigratory/metastatic effects in vitro and in vivo.
Although in vivo efficacy remains to be undertaken, these
observations suggest ABT-898 and related TSP-1 mimetics
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may represent promising adjuvant antimetastatic agents
when combined with chemo-radiation regimens for treat-
ment of high risk, metastatic MB.

Multiple studies have implicated PI3K/AKT activation
in MB and in other MYC and MYCN associated tumors.”>?
Our data suggest that therapeutic effects of TSP-1 may be
primarily mediated via PI3K signaling. ABT-898 is known
to bind R1-integrin and CD36,%* which have both been re-
ported to mediate their apoptotic effect by modulating
AKT and FasL signaling.5®% Of note, although PI3K/AKT

signaling is implicated in SHH-MB, our data showed no
effect of ABT-898 on SHH mouse tumor cells. These ob-
servations suggest ABT-898 or related peptidomimetics
may have greater specificity for the MYC-PI3K axis in MYC
driven MB than other PI3K signaling inhibitors, which fre-
quently have off-target effects.

We observed that TSP-1 reconstitution alone did not in-
duce cell death but augmented sensitivity specifically to
chemotherapeutic agents (VP16) or radiation in MB cell
lines, which suggests that TSP-1-associated cell death



may be mediated via DNA-damage response repair and/
or survival pathways. As both the MP and G3 mouse MB
models were derived in cell with a functionally deficient
Trp53 protein, p53-independent cell death mechanisms
are also likely to play a role in TSP-1 induced cell death.
Despite the different AKT signaling activity levels ob-
served in MP and G3 cells, ABT-898 triggered apoptotic
cell death in vitro to a similar degree in MP and G3 cells,
suggesting mechanism underlying ABT-898 pro-apoptotic
effect may not be solely due to PI3K/AKT signaling. Recent
studies showed that TSP-1 is associated with FasL, the li-
gand for the CD95 death receptor.’” Whether or not TSP-1
exerts its apoptotic activity through the FasL apoptotic
pathway in MB remains to be elucidated. It is very likely
that besides inducing apoptotic cell death, ABT-898 may
also have antiproliferative effects, as we observed a dra-
matic reduction in cell viability post-ABT898 treatment.
In summary, our collective data suggest silencing of TSP-1
contributes significantly to the metastatic, chemo- and
radiation-resistant phenotypes seen in MYC-driven MB. Our
observation that ABT-898 suppresses pro-survival PI3K/AKT
signaling activities in two MYC-driven murine MB models
suggests TSP-1 peptidomimetics as promising novel phar-
macological treatment for these highly fatal tumors.
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