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Recent medulloblastoma molecular profiling studies have discovered that recurrent 
somatic mutations affecting chromatin modifier genes frequently co-occur with known 
medulloblastoma subgroup specific-mutations. Somatic point mutations in Histone 
Lysine Methyltransferase 2D (KMT2D) were among the most commonly detected across 
medulloblastoma subgroups. 

 Here, we aimed to assess the contribution of KMT2D dysregulation to 
medulloblastoma genesis. First, we observed that KMT2D mRNA expression did not 
correlate with patient survival, in line with point mutations and not expression levels being 
the predominant KMT2D lesion. In addition, reducing Kmt2d expression using RNA 
interference in a murine model for the medulloblastoma cell-of-origin or in human RPE-1 
cells, did not result in any pronounced phenotypic alterations. However, combining KMT2D 
loss with loss of TP53 revealed a slight reduction in DNA damage response efficiency, 
suggesting that KMT2D mutations may require TP53 co-deletion to become effective. 

 However, as complete loss of KMT2D does not occur in medulloblastoma, we started 
designing a more accurate model by introducing heterozygous point mutations in the Kmt2d 
gene in primary mouse neural progenitor cells (NPCs) using CRISPR/Cas9 technology. We 
expect that this model will be useful in elucidating the role of mutant KMT2D. 

Abstract
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Medulloblastoma represents one of the leading causes of cancer-associated death in infants 
and children1–3. This malignant brain tumor develops in the cerebellum and consists of four 
consensus subgroups: Wingless (WNT), Sonic Hedgehog (SHH), Group 3, and Group 44. 
Each tumor originates from distinct cell types, including lower rhombic lip progenitors, 
cerebellar granule neuron progenitors (CGNPs), unipolar brush cells, and deep cerebellar 
nuclei5–8. Several next-generation sequencing studies have advanced our understanding of 
the medulloblastoma genomic landscape9–13. WNT and SHH tumors harbor mutations 
in Wingless or Sonic Hedgehog pathway components that lead to constitutive activation 
of these pathways14,15. In contrast, the genetic alterations driving Group 3 and Group 4 
medulloblastoma are less clear, but amplifications of MYC and CDK6 are recurrently found 
in these tumors13,16. 

 Besides these subgroup-specific genetic alterations, a recent pediatric cancer genome 
project reported additional recurrent somatic mutations of genes encoding chromatin 
modifiers, such as KMT2D, SMARC4, PRDM6, and KDM6A13. Among them, mutations 
in KMT2D (Lysine Methyltransferase 2D) were the most frequently found and predicted to 
be driver events in all medulloblastoma subgroups, with enrichment in SHH and Group 3 
tumors10,11,13,17,18. 

 KMT2D is a massive 600 kDa Histone Lysine Methyltransferase that facilitates 
transcription by mono- and dimethylation of histone H3 at Lysine-4 (H3K4) at enhancer 
regions19–21. It plays essential roles in the epigenetic regulation of various biological processes, 
including differentiation, development, metabolism, and genome integrity maintenance22–25. 
Several studies have reported that mutant KMT2D promotes tumorigenesis by collaborating 
with cancer signaling pathways such as P13K/Akt in various cancer types, including 
lymphoma, breast cancer, and prostate cancer26–28. Furthermore, the combination of KMT2D 
knockdown with p53 haploinsufficiency resulted in an aggressive tumor phenotype with 
a high level of DNA damage in epithelial cancer of the ureter29. A recent in vivo study 
highlighted a role for Kmt2d in brain cancer, as it was shown that brain-specific loss of Kmt2d 
resulted in the spontaneous development of medulloblastoma due to a reduction in broad 
H3K4 trimethylation and super-enhancers at tumor suppressor genes30. 

 In medulloblastoma, most KMT2D mutations are heterozygous point mutations 
spread across the coding region, with mutation hotspots affecting the PHD or SET 
domains13,31,32. This suggests that the resulting product, which is often but not always 
predicted to be a truncated version of KMT2D, acts in a dominant manner, since one wild-

Introduction
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type copy is retained. However, how these mutant KMT2D proteins promote tumorigenesis 
is not fully understood. To address this, we first investigated if there is a relation between 
KMT2D expression and medulloblastoma (cell-of-origin) survival. But to shed light on altered 
molecular interactions between mutant Kmt2d and other (chromatin) proteins, our ultimate 
aim was to model heterozygous KMT2D point mutations into one of the endogenous Kmt2d 
alleles of mouse neural progenitor cells using CRISPR/Cas9 technology. Additionally, each 
Kmt2d allele would be labeled with a unique tag, allowing identification of altered interactions 
in mutant Kmt2d protein compared to wild-type. Below, we report on the progress of this 
ongoing research project.

KMT2D mRNA expression level in medulloblastoma
Primary medulloblastoma samples (n=50) were previously analyzed for gene expression using 
the Illumina Human HT-12 expression BeadChip system (Illumina, San Diego, USA)33. The 
expression level of KMT2D mRNA was extracted from this data set, divided into above or 
below average, and then their association with overall survival was analysed using the Kaplan-
Meier method.

Cell culture, irradiation, and lentiviral transductions
CGNPs were isolated from postnatal day 7 (P7) cerebella of wild-type C57/BL6 mice and 
dissociated using a Papain kit following the manufacturer’s instructions (Worthington). 
Single cells were resuspended in DMEM/F12 media supplemented with 1% N2, 1,5% glucose, 
5mM HEPES (Gibco), and 250 ng/ml recombinant mouse Shh (R&D systems), followed by 
filtration through a 40 μm cell strainer. 500.000 cells were seeded into poly-D-Lysine (100 μg/
ml, Sigma) pre-coated 12-well plates (Greiner). 

 Neural progenitor cells (NPCs) were isolated from dissected neonatal CreERT2 

p53f/f subventricular zone as described previously34. NPCs were cultured in DMEM/F12 
supplemented with 1% N2 (Life Technologies), human EGF and basic-FGF (20 ng/ml) 
(PeproTech). These cells were grown as monolayers by adding Laminin (1 μg/ml) (Sigma). 
NPCs were seeded at a density of 50.000 or 500.000 cells/well into 8-well slide chambers 
(Ibidi) or 12-well plates (Greiner), respectively. All animal experiments were approved by the 
Institutional Animal Care and Use Committee of the University Medical Center Groningen, 
the Netherlands.

 hTERT-immortalized retinal pigmented epithelium cells (RPE-1) were purchased 
from the ATCC. hTERT RPE-1 p53-/- were generated using CRISPR/Cas9 directed

Materials and methods
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mutagenesis of exon 4 of the TP53 gene, as described previously33. RPE-1 cells were cultured 
in DMEM (Life Technologies) supplemented with 10% fetal bovine serum (Gibco) and 100 U/
ml Penicillin-Streptomycin (Life Technologies). Cells were seeded 1.000/well into a 96-well 
plate in sixplo and treated with Etoposide (0-50 μM) or 1-2 Gy γ-irradiation, 24 hours later for 
viability or proliferation assays, respectively. 

 An shRNA oligonucleotide (Invitrogen) targeting human and mouse Kmt2d (target 
sequences in Supplementary Table S1) was cloned into a modified pRRL-SFFV-IRES-GFP 
vector (a kind gift from Dr. Hein Schepers, UMCG, Groningen). 293T producer cells were 
transfected with the plasmids using Fugene HD transfection reagent (Promega). Lentivirus-
containing supernatant was harvested 36 hours after transfection. RPE-1 cells and NPCs were 
transduced with lentiviruses for 24 hours, followed by cell sorting 48 hours post-transduction 
for downstream experiments. CGNPs were incubated with lentiviruses for 2 hours, followed 
by the gradual replacement of culture media to dilute the virus and prevent cell death. Cells 
were fixed between 48-72 hours after transduction. A vector containing a luciferase sequence 
(shLUC) was used as control.

Cell culture assays   
NPC differentiation was induced using DMEM/F12 supplemented with 2% serum for 48 
hours, followed by quantitative RT-PCR and immunofluorescence for differentiation markers.
 
 The proliferation assay of RPE-1 cells post-irradiation was done using crystal violet 
staining for 7 days. In brief, cells were fixed using 8% formaldehyde on day 1, 3, 5, and 7, 
followed by staining using a 0.04% crystal violet solution. Optical density was measured at 595 
nm on a microplate reader (Thermo Scientific).  
 
 Cell viability assays were performed using WST-1 assays (Roche) in RPE-1 cells after 
Etoposide treatment for 48 hours and measured at optical density 450 nm on a microplate reader. 

Quantitative RT-PCR
mRNA was isolated from NPCs, CGNPs, and RPE-1 cells using the RNeasy Mini kit (Qiagen) 
according to the manufacturer’s protocol. cDNA synthesis was performed using RevertAid 
Reverse Transcriptase (200 U/μL) (Thermo Scientific). qPCR was performed in triplicates 
on a LightCycler 480 II Real-time system (Roche) using Universal SYBRGreen Supermix 
(BioRad). Relative gene expression was calculated using the 2-ΔΔCt method and normalized to 
housekeeping gene Gapdh for mouse genes and HPRT for human genes. Primer sequences can 
be found in Supplementary Table S2.
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Immunofluorescence staining
NPCs and RPE-1 cells were fixed with 4% formaldehyde (Sigma), permeabilized with 0.1% 
Triton X-PBS, and blocked with 5% normal goat serum. Primary antibodies were GFAP 
(1:400) (Dako) (BD Biosciences) and FLAG-tag (1:200) (Thermo Scientific) for NPCs, and 
phospho-histone H2AX (1:200) (Cell Signaling) for RPE-1 cells. Secondary antibodies were 
Alexa Fluor 488 or Alexa Fluor 568 (1:500) (Invitrogen). Cells were counterstained with DAPI 
and imaged on a Leica inverted fluorescence microscope. 

CRISPR/Cas9-mediated Kmt2d epitope tagging
The CRISPR experiments were done in collaboration with the iPSC/CRISPR facility 
(ERIBA, UMCG, Groningen). Briefly, a guide RNA targeting exon 54 of mouse Kmt2d was 
designed using the CRISPR Design Tool (http://crispr.mit.edu) to minimize potential off-
target effects. Single-stranded oligonucleotides (IDT) containing single-guide RNA (sgRNA) 
sequences were cloned into pSpCas9(BB)-2A-GFP (PX458)35. Donor repair template (HDR 
template) (IDT) containing Kmt2d homology arms and the FLAG sequence was introduced 
to achieve an endogenous Kmt2d-FLAG tag (sgRNA and FLAG-HDR sequences are in 
Supplementary Table S3).      

 Delivery of PX458 and HDR template into NPCs was done using the Amaxa 
4D-Nucleofector (Lonza). After 24 hours, the nucleofection reagent was washed away. Then, 
the cells were grown for another 3-4 days before cell sorting. Positive clones containing FLAG-
tagged cells were screened for by PCR-based genotyping. 100-200 ng DNA was amplified 
using Phusion Hot Start II DNA Polymerase (Thermo Scientific) and primer pairs specific for 
epitope tag integration (Primer sequences are in Supplementary Table S3). 

Statistical analysis 
The graphs and statistical analyses were generated on Prism 8 (GraphPad). Overall survival 
was analyzed by the Kaplan-Meier method, and p-values were calculated using the log-rank 
(Mantel-Cox) test. Data were analyzed by unpaired t-test or ordinary one-way ANOVA, as 
indicated in the figure legends. P-values < 0.05 were considered significant (*p<0.05, **p<0.01, 
***p<0.001, ****p<0.0001). 

KMT2D expression levels do not associate with phenotypes in medulloblastoma or 
cerebellar granule neuron progenitors
To assess the correlation between KMT2D expression and medulloblastoma outcome, we 
analyzed the KMT2D mRNA levels in relation to overall patient survival using our previously

Results and Discussion
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Figure 1. KMT2D expression does not correlate with medulloblastoma outcome or affect signaling in the medulloblastoma 
cell-of-origin.  (a) Quantile normalized mRNA expression levels of KMT2D across medulloblastoma subgroups (nSHH = 13, nGroup3 

= 16, nGroup4 = 20, Tukey post-hoc test of one-way ANOVA). (b) Kaplan-Meier overall survival curves of medulloblastoma patients 
grouped by below average (dashed blue line) and above average (solid red line) KMT2D mRNA expression level. P-values were 
determined using a log-rank (Mantel-Cox) test. (c) Normalized Kmt2d expression in developing CGNPs. RPM=reads per million; 
P=postnatal. (d) Representative microphotographs showing cell morphology (phase contrast) and transduction efficiency (GFP) of 
primary P7 CGNPs after transduction with a short hairpin RNA against Kmt2d or luciferase control (shLUC). Scale bars indicate 
200 μm. (e) Relative expression of Kmt2d after Kmt2d knockdown in primary P7 CGNPs as assessed by quantitative RT-PCR. (f) 
Relative expression of Sonic hedgehog target genes in P7 CGNPs after Kmt2d knockdown as assessed by quantitative RT-PCR. 
(g) Relative expression of stem cell and differentiation marker genes in differentiating NPCs as assessed by quantitative RT-PCR. 
(h) Relative expression of Kmt2d after knockdown in NPCs as assessed by quantitative RT-PCR. (i) Representative fluorescent 
microphotographs of differentiating NPCs after Kmt2d knockdown. Scale bars indicate 500 μm. All charts represent mean ± SD. 
*p < 0.05, **p < 0.01, ****p < 0.0001.     



96

Chapter 4

published medulloblastoma cohort33. We found that KMT2D mRNA expression level was 
similar between medulloblastoma subgroups, and no association was observed between 
expression level and survival (Fig. 1a-b). This suggests that KMT2D expression in 
medulloblastoma is not correlated with disease outcome. 

 We then investigated if reducing Kmt2d expression in a more appropriate cell type 
that is believed to be cell-of-origin for SHH medulloblastoma, i.e., cerebellar granule neuron 
progenitors (CGNPs), would cause phenotypic alterations. Taking advantage of our data set 
of developing CGNP transcriptomes (Chapter 2 of this thesis and Smit et al., 202136), we 
observed that the Kmt2d mRNA level increased during cerebellum development and reached 
a peak at seven days postnatal (P7) (Fig. 1c). This coincides with the time point when CGNPs 
undergo massive proliferation driven by the Sonic hedgehog mitogen and prepare to embark 
on their final differentiation process37–39. Therefore, we tested if altering Kmt2d levels would 
impact on the SHH pathway response in primary CGNPs derived from P7 cerebella. We found 
that knocking down Kmt2d in CGNPs did not affect cell viability (Fig. 1d-e). Furthermore, 
expression of SHH-target genes, such as Gli1, Ptch, Ccnd1, and Nmyc, was also not affected by 
Kmt2d knockdown (Fig. 1f). This indicates that loss of Kmt2d does not have a clear impact 
on CGNPs. 

 KMT2D was previously reported to play an essential role in differentiation22,23. We 
therefore next switched to neural progenitor cells (NPCs) as a model, since differentiation is 
more easily assessable in these cells than in CGNPs. Upon NPC differentiation, we observed 
a modest increase in Kmt2d expression in NPCs alongside differentiation marker Gfap (Fig. 
1g), suggesting that Kmt2d might play a role in neural differentiation. However, Kmt2d 
knockdown in NPCs did not result in a differentiation defect despite significantly reducing 
its expression level (Fig. 1h-i). Together, these data suggest that KMT2D expression does not 
strongly impact on survival or neural differentiation. 

KMT2D expression levels have no effect on medulloblastoma treatment efficiency
Besides KMT2D mutations, some medulloblastoma tumors also harbor mutations in TP53 
that encodes for the p53 protein, a key regulator of the DNA damage response and master 
protector of the genome13,40. Since others had shown a relationship between KMT2D, TP53, 
and the DNA damage response, we speculated that KMT2D collaborates with p53 to influence 
treatment outcome29. To test this, we employed retinal pigmented epithelial-1 (RPE-1) cells as a 
culture model. RPE-1 cells are normal, genetically stable human cells that do not have extensive 
biases due to additional mutations like most cancer cell lines, yet are easily modified by genetic 
engineering41. Since in the clinic, pediatric medulloblastoma is treated with radiotherapy, 
surgery, and chemotherapy, we knocked down KMT2D expression in p53 proficient 
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Figure 2. Loss of KMT2D has no clear effect on treatment sensitivity. (a) Relative expression of KMT2D mRNA after KMT2D 
knockdown in p53 proficient (p53WT) and deficient (p53-/-) RPE-1 cells as assessed by quantitative RT-PCR. (b) Representative 
fluorescent microphotographs showing GFP (green), H3K4me1 (red), and merge in p53 proficient and deficient RPE-1 cells after 
KMT2D knockdown. Scale bars indicate 500 μm. (c) Cell viability of p53 proficient and deficient RPE-1 cells after KMT2D 
knockdown compared to control (shLUC), upon treatment with Etoposide (concentration range, 0-50 μM). (d) Cell proliferation 
of p53 proficient and deficient RPE-1 cells after KMT2D knockdown compared to control (shLUC) upon irradiation treatment. 
Gy=Grey. (e) Representative fluorescent microphotographs showing γ-H2AX (red) foci-harbouring cells and DAPI (blue) in p53 
wild-type and knockout RPE-1 cells together with KMT2D knockdown cells. (f) DNA damage foci quantification expressed as 
the ratio of γ-H2AX foci over DAPI positive cells in p53 proficient and deficient RPE-1 cells together with KMT2D knockdown 
compared to control (shLUC), 30 minutes and 6 hours following irradiation treatment. 
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(p53WT) and deficient (p53-/-) RPE-1 cells, followed by  treatment with a chemotherapeutic 
agent (Etoposide) or γ-irradiation33,42.

 KMT2D knockdown in both p53 proficient and deficient RPE-1 cells resulted in 
a significant reduction in KMT2D expression (Fig. 2a). We therefore expected decreased 
expression of the Lysine 4 monomethylation mark of histone H3 (H3K4me1), the main product 
of KMT2D enzymatic activity19. However, we hardly saw a reduction in the H3K4me1 signal 
(Fig. 2b), suggesting that the H3K4me1 mark may not exclusively depend on KMT2D or, 
alternatively, that residual KMT2D could still monomethylate Lysine 4. In addition, when 
treated with Etoposide, we observed no significant difference in cell viability in KMT2D 
knockdown cells regardless of p53 status, indicating that these cells are not differentially 
sensitive to Etoposide (Fig. 2c). We then challenged these cells with low dose γ-irradiation 
and found that this treatment also did not change proliferation rates compared to controls 
(Fig. 2d). The fact that p53WT cells grow slower upon irradiation than their p53-/-counterparts, 
independently from KMT2D expression, can be explained by the p53 protective mechanism 
to induce cell cycle arrest43.

 To study the DNA damage response in these cells, the γ-H2AX/DAPI ratio was 
determined by counting all nuclei with clear γ-H2AX foci (Fig. 2e). As cells in S-phase show 
high γ-H2AX activity, these cells were not included as foci positive cells44. Quantification of 
the γ-H2AX/DAPI ratio demonstrated that irradiated cells show elevated γ-H2AX foci shortly 
upon treatment as expected, while this signal was lower across all p53 deficient cells. Though 
not significant, a trend appeared in which the ratio of γ-H2AX positive cells was higher in 
p53 proficient KMT2D knockdown cells (Fig. 2f). Thus, KMT2D deficiency might have a 
mild effect on the DNA damage response that is mitigated by loss of p53. These results could 
implicate that medulloblastoma patients with KMT2D mutations may respond differently to 
radiotherapy depending on TP53 status, however, this requires further investigation.   

Modeling KMT2D point mutations in neural progenitor cells to mimic KMT2D mutant 
medulloblastoma 
So far, our data argue that changes in KMT2D expression are not relevant for medulloblastoma. 
But as mentioned, recurrent KMT2D mutations in medulloblastoma were discovered as 
heterozygous point mutations spread across the coding region with some hotspots, and not 
as expression level changes13,18. We therefore next wanted to explore if single allele mutations 
in the KMT2D gene are sufficient to promote oncogenic transformation. However, KMT2D 
is a large protein of about 600 kDa, which mostly precludes using common overexpression 
strategies21. This prompted us to apply CRISPR/Cas9 mediated gene knock-in in p53 
conditional NPCs to target the endogenous KMT2D gene. This system uses homology-
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directed repair (HDR) after DNA double-strand breaks created by the Cas9 protein and 
enables introducing an HDR template into a specific genomic site with high efficiency45.

 Our ultimate goal was to create KMT2D point mutations in just one of two 
uniquely tagged endogenous KMT2D alleles, as this most closely resembles the situation 
in cancer and allows for identification of the wild-type and mutant allele products (Fig. 
3a). The known pathogenic heterozygous point mutations in medulloblastoma are listed 
in Table 1. For our CRISPR/Cas9 approach, we had selected the G5181E and D4758Y 
mutations (Fig. 3a). These are located in the frequently targeted hotspots within the PHD 
domain of the protein. While most KMT2D mutations lead to truncated protein products, 
we selected substitution mutations that would leave the remainder of the protein intact. 
We did this because we reasoned that substitution mutations more directly pinpoint the 
part of the protein involved in oncogenesis. In addition, we would also tag each allele 
with a unique tag (in this case, MYC and FLAG). This tagging would allow us to perform 
simultaneous pull-down experiments on both the wild-type and the mutant Kmt2d, within 
one cell. Subsequently, the pull¬-down products could, for example, be analyzed using 
mass spectrometry analysis to find (differential) protein interactors, or to assess genomic 
localization in chromatin immunoprecipitation-type of assays. This information would be 
valuable for shedding light on the oncogenic effects of mutant KMT2D.          

 We initiated this project by generating NPCs with one Kmt2d allele tagged with 
the FLAG epitope using CRISPR/Cas9 (Fig. 3b). Hereto, we isolated NPCs from CreERT2 
p53f/f newborn mice, to which we delivered the pSpCas9(BB)-2A-GFP (PX458) vector 
containing an sgRNA with HDR template containing the FLAG-tag sequence using 
nucleofection. Transient Cas9 expression and the nucleofection protocol did not influence 
NPCs viability after 48 hours and resulted in efficient plasmid delivery of about 35% (Fig. 
3c). After recovery, cells were sorted based on GFP expression. The sgRNA was constructed 
to target a sequence located immediately upstream of the stop codon (Fig. 3d). Positive 
clones with one allele of Kmt2d-FLAG were screened using two-step PCR-based genotyping 
(Fig. 3e). We found that heterozygous Kmt2d-FLAG cells produced two PCR products 
of 167 and 92 base pairs, representing tagged and wild-type alleles. Immunofluorescence 
staining confirmed the correct localization of Kmt2d-FLAG protein in the nucleus of NPCs 
(Fig. 3f).
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 ◄ Figure 3. Tagging and mutation of endogenous Kmt2d in neural progenitor cells (NPCs). (a) Schematic overview 
of the overall approach for tagging and mutating endogenous Kmt2d and subsequent functional experiments, with the aim 
of discovering normal and oncogenic functions of (mutant) Kmt2d. Top: map of KMT2D missense point mutations found 
in pediatric medulloblastoma. The two point mutations selected for modeling are highlighted in orange. Lower left: using 
CRISPR/Cas9, each Kmt2d allele will be uniquely C-terminally tagged (with either a MYC or FLAG tag) in NPCs. One of 
the Kmt2d alleles will be subsequently targeted to introduce the point mutation. Lower right: both the wild-type and mutant 
Kmt2d proteins can now be subjected to pull-down experiments within one cell using antibody-coanjugated beads (antibody, 
red and blue; beads, yellow). Downstream analyses of the precipitated chromatin complexes, such as by mass spectrometry 
and chromatin immunoprecipitation, will be useful for exploring (differential) interactors and genomic localization of wild-
type versus mutant Kmt2d. (b) Schematic overview of the experimental setup designed to generate FLAG-tagged Kmt2d in 
CreERT2 p53f/f NPCs using the CRISPR/Cas9 technique. The PX458/Cas9 (purple) plasmid containing the sgRNA (orange) 
and GFP (green), together with the HDR template (FLAG sequence-red; Kmt2d homology arms-blue), are delivered into NPCs 
by nucleofection. The GFP positive NPCs were sorted for selection of clones containing Kmt2d-FLAG. (c) Representative phase 
contrast and fluorescence microscopy (green) images of NPCs 24 hours post-nucleofection and FACS sorting of the targeted 
cells based on GFP expression. Scale bar indicates 500 μm. (d) Schematic representation of the targeting strategy of the FLAG-
tag to the last exon (exon 55) of Kmt2d. CRISPR sgRNA target sites are indicated with yellow red triangles. Horizontal arrows 
show PCR primers used to confirm on-target integration of the FLAG-tag. (e) PCR-based genotyping showing positive clones 
with correct integration of the FLAG-tag. (f) Representative fluorescence microphotograph showing nuclear localization of the 
FLAG-tag using FLAG immunostaining. Scale bar indicates 500 μm. 

No. Location Subtitution References

1. c.11902C>T p.R3968C Parsons et al., 2011

2. c.14732G>A p.G4911E Parsons et al., 2011

3. c.15485G>A p.R5162Q Parsons et al., 2011

4. c.14272G>T p.D4758Y Pugh et al., 2012

5. c.3749G>T p.C1250F Jones et al., 2012

6. c.14333G>A p.R4778H Jones et al., 2012

7. c.14375G>A p.C4792Y Jones et al., 2012

8. c.15185G>A p.C5062Y Jones et al., 2012

9. c.11902C>T p.R3968C Robinson et al., 2012

10. c.15143G>A p.R5048H Dubuc et al., 2013

11. c.15082G>T p.D5028Y Dubuc et al., 2013

12. c.15542G>A p.G5181E Dubuc et al., 2013

13. c.15641G>A p.R5214H Dubuc et al., 2013

14. p.T4938I Dubuc et al., 2013

15. p.N5223H Dubuc et al., 2013

Table 1. Summary of pathogenic KMT2D point mutations in pediatric medulloblastoma with their location and protein 
products. 
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While this research is ongoing, at present our data demonstrate that CRISPR/Cas9 mediated 
targeting of NPCs is a highly feasible approach and can therefore be used to address our 
research questions. Given the fact that KMT2D expression levels have no obvious effect on 
patient survival or cell proliferation, we believe that modeling KMT2D point mutations 
is the way forward. The possibility to conditionally delete p53 in the final product will 
be highly valuable in establishing if there is a genetic interaction between Kmt2d and p53 
(and if so, decipher the mechanism). In addition, we could further engineer these cells to 
co-express medulloblastoma specific driver lesions, such as overexpression of c-Myc, which 
in a p53 deficient background would mimic transformation. By doing this, we could study 
Kmt2d wild-type and mutant biology in both physiologic and transformed conditions. 
Finally, it is relatively easy to transplant NPCs into mouse brain, allowing future in vivo 
tumor formation studies. Ultimately, an improved understanding of Kmt2d function would 
be helpful for the clinic, especially since Kmt2d is an enzyme and therefore targetable by 
drugs.
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Supplementary Table S1: Short hairpin RNA sequences

Supplementary Table S2: Quantitative RT-PCR primer sequences

Supplementary files

shKmt2d 5’-GACTGGTCTAGCCGATGTAAA-3’

shKMT2D 5’-CCTGAATTGAACAACAGTCTT-3’

mKmt2d-F 5’-TTCCCAGACACAGACCTAGAC-3’

mKmt2d-R 5’-TGCCCTGAGCCATCACTTTC-3’

mGli1-F 5’-CCGTGAACGTGTGGAGGAA-3’

mGli1-R 5’-CTGCTCTACCACTCTTTCTATC-3’

mPtch-F 5’-GGGTACATCTTTGCCACCAC-3’

mPtch-R 5’-CATCTCACCGTCACCAACAAAC-3’

mCcnd1-F 5’-GCCATGAACGAGACTGACCC-3’

mCcnd1-R 5’-GCTTCCTGGTCCGTGTCATC-3’

mNmyc-F 5’-TGCGGTCACTAGTGTGTCTG-3’

mNmyc-R 5’-TCATCATCTGAGTCGCTCAAGG-3’

mNestin-F 5’-AGGCCACTGAAAAGTTCCAG-3’

mNestin-R 5’-TAAGGGACATCTTGAGGTGTGC-3’

mSox2-F 5’-TTTGTCCGAGACCGAGAAGC-3’

mSox2-R 5’-CTCCGGGAAGCGTGTACTTA-3’

mGfap-F 5’-AACGTTAAGCTAGCCCTGGAC-3’

mGfap-R 5’- TGGTGATGCGGTTTTCTTCG -3’

mGapdh-F 5’-AGGGCTCATGACCACAGTC-3’

mGapdh-R 5’-GATGCAGGGATGATGTTCTG-3’

hKMT2D-F 5’-TGCCCATGAAGGTGAAAGAG-3’

hKMT2D-R 5’-TGGTGACATGGTCAGGTTAC-3’

hHPRT-F 5’-CGGCTCCGTTATGGCG-3’

hHPRT-R 5’-GGTCATAACCTGGTTCATCATCAC-3’
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Supplementary Table S3: CRISPR component sequences

sgKmt2d 5’-CTAAGAAGCTTTGAGGCTACC-3’

HDR FLAG 5’-TGA GGA CGA TCA GCA CAA GAT CCC CTG TCA CTG TGG 
AGC CTG GAA CTG TAG GAA ATG GAT GAA CGA CTA CAA 
GGA TGA CGA TGA CAA GGA CTA CAA GGA TGA CGA TGA 
CAA GGA CTA CAA GGA TGA CGA TGA CAA GTA AGA AGC 
TCT TAG ACT ACC AGG CAG GGG AAT TCC CCC CAT TCC 
CGC CTC CTC CCT GAA AGG GA-3’

PCR1-F 5’ TGA GGA CGA TCA GCA CAA GA 3’

PCR1-R 5’ TTC CCC TGC CTG GTA GTC TA 3’

PCR2-F 5’ATG GAT GAA CGA CTA CAA GGA 3’

PCR2-R 5’ GAG CTT CTT ACT TGT CAT CGT C 3’
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