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Not all mouse blood-brain barriers are created equal
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Medulloblastoma, the most common malignant brain tumor in
childhood, remains a significant contributor to morbidity and
mortality in the pediatric cancer population. Our current un-
derstanding of medulloblastoma is that there are four distinct
molecular subgroups: wingless (WNT), sonic hedgehog (SHH),
group 3, and group 4. Moreover, each subgroup can be further
stratified into more refined subgroups.'®

Despite an increased understanding of the molecular sub-
groups of medulloblastoma, the treatment has remained
mostly the same, radiation and chemotherapy. Novel targeted
therapies have yet to prolong survival or lessen the significant
morbidity from treatment.6 The reason for this failure is multi-
factorial, but a significant roadblock to developing novel thera-
peutics into clinically significant treatments has been the role
of the blood-brain barrier (BBB) in preventing drug penetration
to tumor. In fact, the differences of the BBB in the molecular
subgroups, including the decreased “tightness” of the BBB in
the WNT subgroup of medulloblastoma, is a proposed mech-
anism for the significantly improved survival of this subgroup.”

Even with the importance of the BBB in medulloblastoma,
there is a paucity of effective in vitro models recapitulating
the true three-dimensional in vivo environment of pediatric
brain tumors. A commonly used in vitro system involves using
a Transwell insert and co-culturing of astrocytes, endothe-
lial cells, and pericytes to recreate a BBB in the dish.8 While
informative, this method simplifies the BBB and while useful
in certain situations, likely is not robust enough or represen-
tative enough for pre-clinical drug testing. Advances in bio-
engineering and biopolymer technology has allowed for the
development of microfluidic devices which allow for more
dynamic fluid flow through a PDMS chip with small channels
lined with human endothelial cells.® These devices are im-
provements over static Transwell systems in evaluating “real-
life” blood flow conditions, but still lack the complexity of the
“true” microenvironment. These systems are useful in their
ability to be compartmentalized, which allows the chip to have

various cell types in different sections of the chip to allow for
interactions of these cell populations in a dynamic environ-
ment.'”® An emerging and promising model of in vitro mod-
eling are BBB organoids. BBB organoids utilize a combination
of cells which are involved in the in vivo BBB, including en-
dothelial cells, pericytes, and astrocytes, co-cultured together
in mass (as opposed to on separate surfaces in the Transwell
system) to create a more representative example of a BBB.
This system is useful for its ability to detect novel therapeutics
ability to penetrate the organoid system as a corollary to the
ability to penetrate the intact human BBB." What none of these
models accurately demonstrate, is the BBB in a tumor, which
likely is different than that of a non-tumor BBB.

To evaluate the tumor environment, pre-clinical testing
of novel therapeutics for medulloblastoma relies on geneti-
cally engineered mouse models (GEMM). These models have
proven powerful tools for understanding the development of
medulloblastoma, but unfortunately, not all molecular sub-
groups are represented by GEMM therefore limiting its ability
of pre-clinical testing for all types of human medulloblastoma.
Patient-derived orthotopic xenografts (PDOX), implanting
tumor from a human patient into an immune-compromised
mouse brain, has allowed for more heterogeneity in models
of medulloblastoma. This has permitted more molecular
subgroup-specific testing of novel therapeutics and has there-
fore been an important addition to pre-clinical testing.'? The
authors of “Patient-derived orthotopic xenograft models of
medulloblastoma lack a functional blood brain barrier” ef-
fectively show that GEMM and PDOX are not created equal
when evaluating the integrity of the BBB."® The authors dem-
onstrate by utilizing dynamic contrast enhancement magnetic
resonance imaging and microscopic immunofluorescence that
there are distinct differences in the BBB of GEMM and PDOX,
even within similar genetic subgroups. The authors are per-
suasive at making the status of the BBB an essential consid-
eration in review of effectiveness of new therapeutics which
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have utilized these murine models. It further illustrates the
importance of a diversity of experiments prior to trans-
lating a novel treatment to clinical trials.

While Genovesi et al. successfully demonstrate the dif-
ferences of the BBB in these models, we are still left with
the question, which model better demonstrates what
happens in human medulloblastoma? As previously de-
scribed, we know in the WNT subgroup, survival may be
tied directly to the lack of a tight BBB. Is it possible that util-
izing this knowledge, we can develop treatments that con-
vert the tight BBB into a leaky one, allowing treatments to
be more effective?Therefore, this paper illustrates the need
to further investigate the BBB in human medulloblastoma
in vivo. Two examples of how this may be accomplished is
through phase 0 study designs and/or through novel im-
aging techniques. It is by increasing knowledge of the com-
plex BBB of medulloblastoma that the odds of translating
breakthroughs for medulloblastoma increase.

Conflict of interest statement. This text is the sole product of the
authors and that no third party had input or gave support to its
writing.

References

1. Cho YJ, Tsherniak A, Tamayo P, et al. Integrative genomic analysis of
medulloblastoma identifies a molecular subgroup that drives poor clin-
ical outcome. J Clin Oncol. 2011;29(11):1424-1430.

13.

Kool M, Koster J, Bunt J, et al. Integrated genomics identifies
five medulloblastoma subtypes with distinct genetic profiles,
pathway signatures and clinicopathological features. PLoS One.
2008;3(8):3088.

Northcott PA, Korshunov A, Witt H, et al. Medulloblastoma comprises
four distinct molecular variants. J Clin Oncol. 2011;29(11):1408-1414.
Remke M, Hielscher T, Northcott PA, et al. Adult medulloblastoma com-
prises three major molecular variants. J Clin Oncol. 2011;29(19):2717-2723.
Thompson MC, Fuller C, Hogg TL, et al. Genomics identifies
medulloblastoma subgroups that are enriched for specific genetic alter-
ations. J Clin Oncol. 2006;24(12):1924-1931.

Salloum R, Chen Y, Yasui Y, et al. Late morbidity and mortality
among medulloblastoma survivors diagnosed across three dec-
ades: a report from the childhood cancer survivor study. J Clin Oncol.
2019;37(9):731-740.

Phoenix TN, Patmore DM, Boop S, et al. Medulloblastoma genotype dic-
tates blood brain barrier phenotype. Cancer Cell. 2016;29(4):508-522.
Hatherell K, Couraud PO, Romero IA, Weksler B, Pilkington GJ.
Development of a three-dimensional, all-human in vitro model of the
blood-brain barrier using mono-, co-, and tri-cultivation Transwell
models. J Neurosci Methods. 2011;199(2):223-229.

Griep LM, Wolbers F, de Wagenaar B, et al. BBB on chip: microfluidic
platform to mechanically and biochemically modulate blood-brain bar-
rier function. Biomed Microdevices. 2013;15(1):145—150.

Tan HY, Cho H, Lee LP. Human mini-brain models. Nat Biomed Eng.
2021;5(1):11-25.

. Bergmann S, Lawler SE, Qu Y, et al. Blood-brain-barrier organoids

for investigating the permeability of CNS therapeutics. Nat Protoc.
2018;13(12):2827-2843.

Roussel MF, Stripay JL. Modeling pediatric medulloblastoma. Brain
Pathol. 2020;30(3):703-712.

Genovesi LA, Puttick S, Millar A, et al. Patient-derived orthotapic xen-
ograft models of medulloblastoma lack a functional blood-brain barrier.
Neuro Oncol. 2021;23(5):732-742.



