
Patient-derived 3D in vitro
meningioma model in 

xeno-free hydrogel

Mikkel Schou Andersen, MD, PhD
Mikkel.c.schou.andersen@rsyd.dk

Mikkel.schou@live.dk

+45 2561 8181

mailto:Mikkel.c.schou.andersen@rsyd.dk
mailto:Mikkel.schou@live.dk


Meningioma epidemiology
• The most frequent primary intracranial 

tumor (41% - not including brain metastases)

• The estimated prevalence is 50.4-
70.7/100.000

• Incidence is app 1.9 for male and 4.5 for 
female (≈1:3) per 100.000

• Predominately benign (86.8%), atypical 
11.6% and malignant 1.6%

12.11.2025 Mikkel Schou Andersen, MD, PhD 2

Distribution of Primary brain and other central nervous system tumors. Adapted (and
modified) from CBTRUS Statistical Report: US Cancer Statistics-NPCR and SEER,
(2016-2020) [25]



Treatment of Meningiomas – A problem

• Treated surgically with radiotherapy as an 
alternative

• Significant adverse event profiles

• Location, location, location determines grade
of removal

• 1/3 of skull base tumors – not eligible for 
complete removal

• Not complete removal → 20-44% risk of 
regrowth → new treatment

• The Problem – No alternatives to 
surgery and radiotherapy 
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“No systemic therapeutics, thus 
far, have shown efficacy in the 
treatment of meningioma in the 
recurrent setting”’

Time for individualized treatment based

on tumor traits and not treatment on 

meningiomas as a group

New studies underway exploring this

way of thinking



Meningiomas – a Heterogenous tumor group

• WHO Classification 2021 identifies 15 
histological subtypes of meningiomas 

• Various genomic markers: NF2, TRAF7, 
AKT1, KLF4, SMO, CDKN2A/B, TERT

• Different epigenomic profiles (i.e. DNA-
Methylation) 
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Heterogeneity under 
the microscope
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Figure 6. Meningiomas display a great morphological 

differences/heterogeneity in histopathological distribution H&E-sections 

are adapted from Bi et al. 2016



Meningiomas – a Heterogenous tumor group

• WHO Classification 2021 identifies 15 
histological subtypes of meningiomas 
[78, 79]

• Various genomic markers: NF2, TRAF7, 
AKT1, KLF4, SMO, CDKN2A/B, TERT

• Different epigenomic profiles (e.g. DNA-
Methylation)
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Illustrator: Mikkel Schou Andersen



Models should reflect heterogeneity

Specialized models reflecting the heterogeneity in meningiomas 
on even patient-specific level – various pathology, 
genomics/epigenomics
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Created with biorender



Overall aim

To establish a personalized model with a high degree
of likeness to primary tumor
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• Animal models - the gold standard in pharmaceutical testing

• We had aimed to establish a model

• Systematic review to review various models



Lack of succesful 
animal studies

Poor translation 
from small animals 

to human 
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Many studies have 
been performed on 

established/immortal
ized cell lines –

Relevance?

Lack of effective 

drugs

≠ Another problem
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The Animal Model
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The Animal Model
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High degree of histological, 
immunohistochemical 

and epigenetic congruency



Problems with the in vivo model in light 
of our aim

Expensive, laborious, and
sometimes inconsistent (size and 
tumor take rate with benign cells) 

Model not suitable to test various 
pharmaceuticals on an 
individual level on a large
scale

… then what?
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Common in vitro models
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2D cells 3D spheroids 3D organoids

Images owned by Mikkel Schou Andersen



Common in vitro models
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2D cells 3D spheroids 3D organoids

Images owned by Mikkel Schou Andersen



New emerging modelling in Meningiomas

“Organoids” as a new way to studying 
treatment and tumor traits in 
meningiomas
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Single cells growing in a 
gel-like medium → 
“develop” like the 
primary tumor



Danish 3R center contribution

Awarded in 2022

3R focus: Replacement

• Animal models → 3D in vitro models
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Aims 

To further explore possibilities in models with the ability to model individual tumors, we
aimed to establish a 3D model using benign meningiomas

1. Investigate the use of xeno-free functional hydrogel for 3D cell culture work

2. Examine the morphological and immunohistochemical characteristics comparing the original
tumors with their respective organoid counterpart, and

3. Evaluate the epigenetic landscapes by analyzing DNA methylation patterns.
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Establishment – A novel approach
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Presenter owned imagehttps://www.thewellbio.com/product/3d-organoid-culture-hydrogel/



Inclusion, collection and duration

Patient inclusion: ≧18 years with initially MRI indicating 
meningioma. Had to be confirmed histologically

Tissue collection: Whole tumor pieces collected during 
surgery. Processed in a usual fashion → dissociated into cells → 
incubation for 3 passages prior to incubation in the hydrogel
for 3 months
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Frozen samples failed

Fresh samples (and immortalized) succeeded



Better than 2D under the microscope - Not quite in 
vivo
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More heterogenous for the 
immunohistochemistry
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Focus on proliferative index

• 2D cultures exhibited elevated proliferation likely due to the 
favorable in vitro environment

• Changes in pathophysiology (does not mimick primary tumors) → Changes 
in drug responses - anti-cancer drugs are generally more toxic to proliferative tumor 
cells than to non-dividing ones

• 2D models do not mimic natural conditions well

• 3D model and animal model = primary tumors
• Closer likeness to in vivo than 2D 

• Could function as a bridge between 2D and in vivo [154]
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Epigenetic likeness

Primary tumors share 
traits with corresponding 
3D models, when they are 
most different 

Top 1000 varying probes out of 935K
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Epigenetic likeness

Likeness emphasized by 
high R values >0.95
(Pearson’s correlation coifficient)

between primary tumors 
and 3D models 
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Similar copy number variation profiles
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Functional gene analysis(GSEA)

A total of 486 hypomethylated CpG sites (significant DMPs using raw p-values –

at cut off 0.4) were identified, of which 249 were associated with genes

Gene associated areas: (1) cytoskeletal dynamics and cell motility, (2) tissue 
repair and extracellular matrix remodeling, (3) cell-cell and cell-matrix 
interactions, (4) developmental processes and plasticity, (5) transcriptional and 
RNA regulation, and (6) Rho GTPase signaling and projections
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Epigenetics and functional gene 
analysis

• High epigenetic congruency of a low passage 3D model is in line with 
the literature – increases relevance for studying tumor biology

• Hypomethylated DMPs indicates possible loss of tumor-specific 
methylation patterns in a few genomic locations. 

• GSEA (on raw p-values) on the hypomethylated probes suggests gene 
activation as an adjustment in vitro environment

• Suggests the lack of complex tumor microenvironment [350]
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Epigenetics and functional gene 
analysis

• High epigenetic congruency of a low passage 3D model is in line with 
the literature – increases relevance for studying tumor biology

• Hypomethylated DMPs indicates possible loss of tumor-specific 
methylation patterns in genomic locations

• GSEA (on raw p-values) on the hypomethylated probes suggests gene 
activation as an adjustment in vitro environment

• Could suggest the lack of complex tumor microenvironment
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Perspectives and
the future?



Model optimization

Animal model

• Incomplete immunesystem 
contributing factor to reduced 
translatability [335, 336] 

• Humanized animals through 
CD34+ engraftment [367]
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3D cell model

• Lack of vascularization, immune 
system and tumor 
microenvironment –
simplification → Decreases 
predictability of drug responses

• Co-culturing with native tumor 
microenvironment 



The Age of Personalized Medicine

Heterogenous tumor group = 
need for targeted-individual 
therapy

Personalized 3D models 
could be used for

• … meningiomas undergoing 
subtotal resection in surgical 
inaccesible areas

• … tumors displaying atypical or 
malignant features
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Created with biorender

Patient-derived 3D models           



Concluding remarks

• There is no perfect model

• This project underscores the necessity of refining preclinical models 
to enhance translational succes 

• Mind the (translational) Gap

• 2D < 3D < in vivo

• Novel personalized models hold promise for individualized drug 
testing, potentially changing treatment paradigms for unresectable 
tumors
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Model issues in consistency
• Inter- and intra-tumoral heterogeneity in terms of growth 

and size
• Tumor take rate: Superficial implantation: median 79.5% (IQR 40.0-89.8%) and 

Deep implantation: 25.0% (IQR 14.4-45.0%)
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Size ranges from 0.015 
mm3 to 3.6 mm3 both 
intra- and inter-tumorally
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Overall retainment 
of histological 
subtypes
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MO-27: Fibrous tissue more difficult to retain, but was 
managed in 5/14 xenografts

100%

36%

60%

Microcystic

Transitional

Fibrous
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Presence of stem-like cells

• All primary tumors exhibit 
perivascular/endothelial Nestin
staining, which is also observed 
with a similar pattern in 
xenografts

• P3 cells exhibit Nestin hinting 
heterogeneity in implanted cells
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Compareble Copy 
number profiles

• Xenografts tend to 
be more noisy, 
despite good DNA 
quality

• Probably due to 
foreign DNA → 
unspecific 
binding/cross 
reactivity of probes

27.05.2025 Mikkel Schou Andersen, MD 56



• Majority of probes insignificant 
(866.074), 25 hypermethylated, 
382 hypomethylated

• No demethylated region (no 
DMR)

• High correlation PPDT vs 
Xenograft (based on 
BrainClassifier DMPs)

Overall close resemblance 
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Functional gene analysis - GSEA

Based on genes associated with the DMPs

Two significant overlaps 

• The reactome pathways: 
• Post-translational protein modification (18 overlapping genes)

• Structural changes to proteins → histone and non-histone level → T-cell regulation and interaction with 
microenvironment

• Cellular responses to stimuli (12 overlapping genes)
• Changes in microenvironment and immune system due to cell stress and response to stimuli

Associated with interaction with microenvironment and T-cell 
regulation 
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Perspectives
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