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Brain tumors on slice: A novel platform
for personalized therapeutic screening
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Mann and Zhang et al. developed a robust ex vivo slice culture platform consisting of resected patient high-
and low-grade glioma tissue engrafted onto rat organotypic brain slices, and interrogated tumor responses
to clinically relevant therapeutics with a novel treatment-response algorithm.
Primary brain tumors remain some of the

most difficult-to-treat cancers with little

improvement in patient outcomes over

the last few decades, despite preclinical

development of numerous targeted small-

molecules, biologic agents, and immuno-

therapies.1 This limited success may be

partially attributed to patient heterogeneity

in treatment responses. A precision medi-

cine approach is needed to determine the

ideal course of treatment given properties

of the patient’s own tumor.

Tomodel treatment responses in amore

personalized manner, systems that more

faithfully recapitulate patient intra-tumoral

heterogeneity have been developed,

including patient-derived organoids2 or

explants,3 as opposed to tumor cell lines

with in vitro clonal selection and genetic

drift over long-term culture. These patient

tissue-derived models can retain genetic,

transcriptomic, and histopathological fea-

tures of their parent tumors.2,3 However,

these platforms tend to gradually lose ele-

ments of the tumormicroenvironment over

time. One simple option is to incorporate a

traditional neural substrate, such as orga-

notypic brain slice culture (OBSC), which

allows for the engraftment of cancer cells

onto murine brain sections ex vivo.4–6 Pre-

vious studies with OBSC have largely em-

ployed cell line or glioblastoma stem cell

culture, but not primary tumor cells.

Mann and Zhang et al.4 seeded primary

patient glioma tissue from a spectrum of

patient ages and tumor types onto an

OBSC platform of coronal brain slices

generated from 8-day-old rats. The

method was first validated with a panel

of tumor cell lines, including glioblastoma
This is an open access ar
(GBM) and diffuse intrinsic pontine gli-

oma, and invasion patterns on OBSCs

correlated well with the patterns observed

for these lines in orthotopic xenografts.

Interestingly, low-passage cell lines that

did not grow well in xenografts could

engraft on OBSC. In all, 11 tumors ranging

from adult, pediatric, and primary to met-

astatic were cultured in this manner, and,

notably, low-grade tumors displayed

consistent survival on OBSC, but not

with standard in vitro culture methods.

Surgical tissue could also be cryopre-

served and thawed before engrafting

onto OBSC without compromising tumor

survival or response to therapeutics, add-

ing an additional layer of flexibility to the

system.

The authors measured treatment re-

sponses of either cell lines or patient

tissue on OBSCs to a set of drug thera-

peutics, radiation therapy, and standard-

of-care treatment (Figure 1). Prior to seed-

ing, the authors employed a dissociation

protocol to generate a near single-cell

suspension and infected themwith a lenti-

virus carrying a fluorescent marker. By

bioluminescent imaging of fluorescently

labeled tumor cells, dose-response

curves were generated for each cell line

and patient tissue. The effect of the treat-

ment on normal rat brain tissue was also

determined via a propidium iodide-based

assay. The authors developed a novel

algorithm that includes 11 distinct

weighted parameters, such as area under

the dose-response curve, EC50 slope, and

concentrations at various points along

the dose-response curve, to provide a

normalized drug-sensitivity score (DSS)
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for each combination of tumor and treat-

ment. This approach allows for compari-

son of the relative efficacy of different

treatments side-by-side for each patient

sample. Although preliminary, the authors

provided an example that the DSS

confirmed a lack of response to standard

of care treatment (temozolomide and ra-

diation) observed in a GBM patient

despite MGMT methylation, suggesting

the possibility of prediction of clinical

responses.

Overall, this study provides an important

advancement in the development of a

patient-specific hybrid tumor-brain slice

platform to enhance survival and integra-

tion of otherwise difficult-to-grow primary

tissues. Lower-grade glioma can be

more difficult to maintain in organoids

compared to the more aggressive high-

grade glioma,2 and this study adds to

other protocols that support lower-grade

glioma ex vivo establishment, such as

reduced oxygen tension.7 Given the ability

to engraft multiple types of brain tumors

and the presence of neurons and diverse

glia, this model opens the door for future

studies of tumor biology, such as bidirec-

tional signaling between central nervous

system (CNS) tumors of various grades

and neurons.8 An additional strength of

this platform is the ability to model how

microenvironmental context modifies tu-

mor response to treatment. For example,

the authors found that caseinolytic prote-

ase inhibitors induced more complete tu-

mor killing on OBSCs compared to stan-

dard culture. The DDS approach is also

novel, going beyond the traditional EC50

on the dose-response curve.
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Figure 1. Tumor modeling on organotypic rat brain slice culture (OBSC) allows for the exploration of individualized treatment sensitivities
Responses of primary tumor tissue growth to several treatments (1, 2, .., n) at various doses are integrated with each treatment’s impact on OBSC alone to
generate the drug-sensitivity score (DSS). DSS across various treatments may predict relative patient clinical response, with the eventual goal of personalized
therapeutic regimens.
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One limitation of the current OBSC plat-

form for tumor modeling is its non-human

substrate that utilizes rat brain slices.

Recently developed human stem cell-

derived sliced neocortical organoids9

could be harnessed to study tumor re-

sponses to treatments in an all-human

system. The platform also does not yet

model several known modulators of pa-

tient response to targeted therapeutics,

including blood-brain barrier penetration

or functional vasculature. Finally, more
2 Cell Reports Medicine 4, 101059, June 20,
experimentation will be required to vali-

date the DSS in predicting patient re-

sponses. Future studies could focus on

evaluating DSS with a larger cohort of

brain tumor patients across a diverse

array of treatments, particularly since the

predictive ability of CNS patient-derived

organoids still lags behind that of other

cancers, such as colorectal cancer.10

All in all, the development of this gli-

oma-on-slice platform not only retains

intra-tumor heterogeneity but also pre-
2023
sents opportunities to translate CNS

therapeutics to the clinic in a more

personalized and representative manner.
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