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Abstract 42 

Medulloblastoma (MB), the most common malignant pediatric brain tumor and a leading cause 43 

of childhood mortality, is stratified into four primary subgroups, WNT (wingless), SHH (sonic 44 

hedgehog), group 3, and group 4. Patients with group 3 tumors have the poorest prognosis. Loss 45 

of 17p13.3, which houses the tumor suppressor gene miR-1253, is a frequent  high-risk feature of 46 

group 3 tumors.. In this study, we show that miR-1253 levels can disrupt iron homeostasis, 47 

induce oxidative stress and lipid peroxidation, triggering an iron-mediated form of cell death 48 

called ferroptosis. In silico and in vitro analyses of group 3 tumors revealed deregulation of 49 

ABCB7, a mitochondrial iron transporter and target of miR-1253, and GPX4, a critical regulator 50 

of ferroptosis. Restoration of miR-1253 levels in group 3 cell lines resulted in downregulation of 51 

ABCB7 and GPX4, consequently increasing cytosolic and mitochondrial labile iron pools, 52 

reducing glutathione levels, in turn, resulting in mitochondrial oxidative stress and lipid 53 

peroxidation. Together, these events accelerated cancer cell death. Treating miR-1253-54 

expressing cancer cells with cisplatin potentiated cell death by further elevating oxidative stress, 55 

depleting glutathione levels, and augmenting lipid peroxidation, with added inhibitory effects on 56 

cell viability and colony formation. Treatment with a ferroptosis inhibitor (ferrostatin-1) lead to 57 

recovery from the cytotoxic effects of this combination therapy. Together, these findings reveal a 58 

novel role for miR-1253 in enhancing ferroptosis to attenuate group 3 tumor cell growth. Our 59 

studies provide a proof-of-concept for using miR-based therapeutics to augment current 60 

chemotherapeutics in high-risk tumors. Leveraging the tumor-suppressive properties of miRNAs 61 

as adjuncts to chemotherapy may provide a promising alternative to current therapeutic 62 

strategies. 63 
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Introduction 66 

Of the primitive neuro-ectodermal tumors (PNET) afflicting the posterior fossa, 67 

medulloblastoma (MB) is the most common malignant tumor of childhood, accounting for 85% 68 

of PNETs and 20% of all posterior fossa tumors.[1-3] Based on high-throughput gene profiling 69 

studies, MBs are stratified into four major molecular subgroups: WNT, SHH, group 3 and group 70 

4.[4] Among these, patients with group 3 tumors suffer the worst prognosis (5-year overall 71 

survival <50%) due to a highly aggressive phenotype punctuated by c-Myc amplification, 72 

haploinsufficiency of chromosome 17p, presence of metastatic lesions at diagnosis, and high 73 

rates of recurrence.[4-10] Recurrence can further reduce 5-year overall survival to <10% and is 74 

partially fueled by the inability of young patients to tolerate effective chemo- and/or radiation 75 

therapy.[4, 11-13] For instance, systemic toxicity is an oft-cited justification for limitations in 76 

cisplatin dosing, especially for group 3 disease, leading to <20% of treated patients receiving an 77 

effective dose.[14-16] These facts underscore the urgent need to develop new strategies for high 78 

risk disease.  79 

Recently, combining microRNAs with chemotherapy has garnered support in enhancing 80 

therapeutic efficacy via targeting critical regulators of DNA damage repair (DDR), apoptosis, or 81 

cell cycle.[17] In breast cancer, for example, miR-9 and miR-218 improved cisplatin 82 

responsiveness by targeting BRCA1 and impeding DNA damage repair.[18, 19] The miR-15 83 

family sensitized cisplatin-resistant cancer cells to apoptosis by targeting the G2/M cell cycle 84 

checkpoint.[20] In gastric and lung cancer cell lines, the miRNA cluster miR-200bc/429 85 

sensitized resistant cell lines to both vincristine and cisplatin by targeting BCL2 and XIAP.[21] 86 

In a gemcitabine-resistant pancreatic xenograft model, miR-205 delivered with gemcitabine in 87 

conjugated micelles resulted in significant tumor growth inhibition.[22] Most notably, miR-34a 88 
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replacement therapy (MRX34) has reached a phase 1 clinical trial (NCT01829971) in patients 89 

with primary unresectable or metastatic liver cancer.[23]  90 

Group 3 tumors have amongst the highest frequency of cytogenetic aberrations targeting the 91 

short arm of chromosome 17 compared to the other subgroups, with punctuated incidence 92 

reported on locus 17p13.3.[24-27] We recently revealed strong tumor suppressive properties for 93 

miR-212 and miR-1253 which reside on locus 17p13.3.[27, 28] We showed that miR-1253 94 

directly targets the cell cycle checkpoint protein, CDK6, and CD276 (B7-H3), an immune 95 

checkpoint molecule implicated in tumor aggressiveness. [27, 29, 30] Aside from reducing tumor 96 

cell viability, migration/invasion, and colony formation, miR-1253 arrested cells at the G0/G1 97 

phase, activated apoptotic pathways, and triggered oxidative stress.[27] Numerous studies have 98 

recapitulated these strong tumor suppressive properties in various cancers, including non-small 99 

cell lung carcinoma[31], osteosarcoma[32], pancreatic cancer[33], male breast cancer[34], and 100 

colon cancer[35].  101 

Of interest, the ATP-binding cassette (ABC) family of transporters are known to confer 102 

multi-drug resistance to a number of tumor types.[36, 37] These ABC transporters are amongst 103 

the novel targets of miR-1253. In metastatic breast cancer, for example, miR-1253 was shown to 104 

inhibit the drug efflux pump, ABCB1, thereby potentiating the cytotoxicity of doxorubicin.[38] 105 

However, this particular ABC transporter is not amongst the deregulated ABC transporters 106 

reported in group 3 MB.[39] Another putative target of miR-1253 is ABCB7, an iron transporter 107 

residing on the inner mitochondrial membrane involved in iron homeostasis and Fe-S cluster 108 

biogenesis.[40] Deregulation of ABCB7 has been shown to help cancer cells withstand apoptosis 109 

and ferroptosis.[41] Ferroptosis is a form of cell death triggered by iron-mediated oxidative 110 

stress leading to lethal lipid peroxidation. This process is tightly controlled by glutathione 111 
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peroxidase 4 (GPX4), whose primary substrate is the anti-oxidant, glutathione (GSH).[42-44] 112 

Recent studies have identified ferroptosis mitigation in tumor progression and drug 113 

resistance.[45, 46]  114 

Of the standard chemotherapeutic agents used in the treatment of MB, cisplatin, a platinum-115 

based agent that induces DNA damage, has been shown to trigger cell death via oxidative stress 116 

and ferroptosis.[45, 47] Whether deregulation of ABCB7 leads to cisplatin resistance in group 3 117 

tumors or if miR-1253 can sensitize cisplatin response through inhibition of ABCB7 remains 118 

unstudied. Thus, we hypothesized that by targeting and inhibiting ABCB7, miR-1253 can induce 119 

iron imbalance, oxidative stress, and trigger ferroptosis also potentiating the cytotoxicity of 120 

cisplatin in group 3 MB. 121 
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Materials and Methods 123 

Patient Samples 124 

Formalin fixed paraffin embedded tissue blocks and frozen tissues of normal cerebellum 125 

(pediatric=12, adult=5) and pediatric MB specimens (WNT=1, SHH=9, grp 3=11, grp 4=16, 126 

unknown=7) were obtained from the Children’s Hospital and Medical Center, Omaha and the 127 

University of Nebraska Medical Center after Institutional Review Board approval. Informed 128 

consent was not required since the status of the study was exempted.  For expression profiles of 129 

ABCB7 and GPX4, we cross-analyzed two primary MB datasets (Kanchan et al., GSE148390 130 

and Weishaupt et al., GSE124814).[48-50] For Spearman correlation, we used GSE148390. For 131 

Kaplan-Meier Survival Analysis, we used the R2 database (Cavalli et al., GSE85217).[9] 132 

Cell Lines and Cell Culture  133 

D283 and D341 were purchased from ATCC (Manassas, Virginia); D425 and D556 were kind 134 

gifts from Darell Binger (Duke University Medical Center, Durham, NC); HDMB03 cells were a 135 

kind gift from Till Milde (Hopp Children’s Tumor Center, Heidelberg, Germany). Cell line 136 

genotyping was verified using short tandem repeat (STR) DNA profiling (UNMC). D283, D341, 137 

D425 and D556 cell line were maintained in DMEM supplemented with 10%-20% FBS and 138 

100µg/ml penicillin/streptomycin. Normal human astrocytes (NHA) were purchased from Lonza 139 

Bioscience (Walkersville, MD) and grown in ABM basal medium supplemented with growth 140 

factors (Lonza Biosciences). All cell lines were maintained in 95% humidity, 37�C, 5% CO2. 141 

Transient Transfections 142 

Cells at a density of 0.5 x 106 were seeded in 6-well plates for 24 h and subsequently serum 143 

starved for 4 h prior to transfection. Cells were transfected with miR-1253 mimic (miRVanaTM 144 
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miRNA mimic, ThermoFisher, 100 nM) or scramble negative control (100 nM) with 145 

Lipofectamine 2000 (Invitrogen) for 24 h.   146 

CRISPR/Cas9 Knockouts  147 

Lentiviral particles were prepared by transfection of plasmid expressing Cas9 or sgRNA of  148 

ABCB7 (Addgene) co-transfected with pCMV-dR8.2 dvpr (Addgene) and pCMV-VSV-g 149 

(Addgene) lentiviral packaging plasmids into HEK293T cells using polyethyleneimine (PEI) 150 

transfection reagent. Virus-containing supernatant was collected and filtered 48 h after 151 

transfection. HDMB03 cells in 6-well  plates were infected with Cas9 viral supernatant 152 

containing 4 μg/mL polybrene. Following blasticidin selection (10 μg/ml), the expression of 153 

Cas9 was confirmed by Western blotting. Stable HDMB03 cells expressing Cas9 expression 154 

were infected with the ABCB7 sgRNA viral supernatant containing 4 μg/ml polybrene.  After 24 155 

h of infection, cells were selected with 0.5 μg/ml puromycin. Single cell clones with Cas9 156 

expression and ABCB7 knockout were amplified and used for subsequent experiments. 157 

Cell Viability  158 

After transfection, HDMB03 cells (5 x 103 cells/well) were re-seeded into 96-well plates and 159 

treated with defined concentrations of cisplatin (1-50 μM) for 24-72 h. Subsequently, MTT (5 160 

mg/mL) or XTT (0.3 mg/mL) was added to each well and incubated for 2 or 6 h, respectively, at 161 

37 °C. MTT absorbance was measured at 570 nm; XTT absorbance was measured at 440 nm. 162 

Data were analyzed using the SOFTMAX PRO software (Molecular Devices Corp., Sunnyvale, 163 

CA, USA). 164 

Colony Formation 165 

After transfection, HDMB03 cells (1 x 103 cells/well) were re-seeded in 6-well plates. Cells were 166 

treated with cisplatin (2 µM) and grown in complete medium for 9 days. Colonies were stained 167 
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with 0.25% crystal violet (dissolved in 50% methanol) for 30 min. Crystal violet was dissolved 168 

in 10% acetic acid and absorbance read at 590 nm.  169 

Luciferase Assay 170 

Luciferase assay was performed as previously described.[27] Primers ABCB7 Forward: 5’- 171 

TAAGCCTGACATAACGAGGA-3’; ABCB7 Reverse: 5’-GCATCTCAGTATTAACTCTAGC 172 

-3’) were purchased from Eurofins. 3’UTR Wild and 3’UTR-Mutant were incorporated into 173 

XbaI restriction site of PGL3-control vector (Promega) expressing firefly luciferase. Dual 174 

luciferase assay was done in HDMB03 cells (3 x 105cells/well) in 12-well plates. Luciferase 175 

activity was the measured using Dual-Luciferase Reporter Assay System (Promega) with a 176 

Luminometer (Biotek). 177 

Calcein AM Staining 178 

Calcein-acetoxymethyl ester (Calcein AM) is a membrane permeable, non-fluorescent dye which 179 

emits green fluorescence once internalized into the live cells and cleaved by cytoplasmic 180 

esterase. Although calcein fluorescence is stable, it can be quenched by divalent metal ions such 181 

as iron and cobalt. To estimate cytosolic labile iron pool (LIP), HDMB03 and D425 cells were 182 

either transfected with scramble or miR-1253 or had ABCB7 knocked down. Cells were reseeded 183 

on to glass coverslips treated with or without the iron chelator deferoxamine (DFO) for 6 h. Cells 184 

were washed twice with 0.5 ml of PBS and incubated with 0.05 μM Calcein AM for 15 min at 37 185 

°C. Cells were analyzed under confocal microscope. Ex/Em = 488 nm/525 nm. 186 

Detection of Cytosolic and Mitochondrial Fe2+ 187 

Scramble vs. miR-1253-transfected cells or wild-type vs. ABCB7KO cells were seeded onto glass 188 

coverslips and were treated with or without DFO (100 µM) for 6 h. For cytosolic LIP, 1 μmol/L 189 

FerroOrange (Dojindo, Japan)  and 100 nM MitoTrakerTM Deep Red FM were added to each 190 
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well; for mitochondrial LIP, 1 µM/L Mito-FerroGreen (Dojindo, Japan) and 100 nM MitoTraker 191 

Deep Red FM were added to each well. Cells were incubated in a 37o C incubator equilibrated 192 

with 95% air and 5% CO2 for 30 min. After incubation cells were washed and counter-stained 193 

with 4′,6-diamidino-2-phenylindole (DAPI). Cells were observed under a confocal fluorescence 194 

microscope, Ex/EmcytosolicLIP = 561 nm/570-620 nm, Ex/EmmitochondrialLIP = 488 nm/500-550 nm. 195 

Measurement of Intracellular Oxidative Stress 196 

Intracellular ROS (H2O2) was measured using oxidation-sensitive fluorescent probe 2′,7′-197 

Dichlorofluorescin diacetate (DCFDA) (Sigma Aldrich, USA); mitochondrial O2
• − was measured 198 

using MitoSOX™ Red (Thermofisher, USA). Scramble vs. miR-1253-transfected cells or wild-199 

type vs. ABCB7KO cells were treated with cisplatin or cisplatin and Ferrostatin-1 (Apexbio, 200 

USA) for 24 h. Cells were incubated with 10 µM DCFDA or 5 µM MitoSOX™ Red for 30 min. 201 

Oxidized DCFDA and MitoSOX™ Red were measured using at Ex/Em ~485/528 nm and 202 

Ex/Em ~510/580, respectively.[51] Images were captured using EVOS FL Auto Imaging System 203 

(EVOS FL Auto, Life Technologies). Oxidized DCFDA and MitoSOXRed were measured using  204 

multimode plate reader at Ex/Em ~485/528 nm and Ex/Em ~510/580, respectively 205 

Measurement of Lipid Peroxidation  206 

The Image-iT® LPO kit was used to measure lipid ROS through oxidation of the C-11-207 

BODIPY® 581/591 sensor according to the manufacturer's instructions. Briefly, scramble vs. 208 

miR-1253-transfected cells or wild-type vs. ABCB7KO cells were treated with or without 209 

cisplatin or a combination of cisplatin and Ferrostatin-1 for 24 h. Cells were then stained with 210 

Image-iT® Lipid Peroxidation Sensor (10 μM) for 30 min and counter-stained with DAPI. 211 

Images were captured by confocal microscopy.  212 

Ferroptosis Assessment by Flow Cytometry 213 
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Scramble and miR-1253-transfected cells were treated with or without cisplatin or a combination 214 

of cisplatin and Ferrostatin-1 for 24 h. After completion of treatment, cells were incubated with 5 215 

µM of MitoSOX™ Red for 30 min. Cells were washed and stained with Annexin-V/Cy™5(BD 216 

Biosciences). Cell populations were sorted and measured by flow cytometry. 217 

Glutathione Estimation 218 

Glutathione estimation was performed according to the manufacturer’s instructions using GSH-219 

Glo™ Glutathione Assay kit (Promega, USA). Briefly, scramble vs. miR-1253-transfected cells 220 

or wild-type vs. ABCB7KO cells were seeded (5× 103 cells/well) in the 96-well plates. Cells were 221 

treated with or without cisplatin or in combination with cisplatin and Ferrostatin-1 for 24 h. 222 

Plates were incubated in the dark for 30 min on a plate shaker with 100 µl of prepared 1x GSH-223 

Glo™ Reagent. Then, 100 µl of reconstituted Luciferin Detection Reagent was added to each 224 

well and incubated in the dark for another 15 min. A standard curve was prepared using GSH 225 

standard solution to facilitate the conversion of luminescence to GSH concentration. 226 

Immunofluorescence Imaging 227 

In cultured cells: scramble vs. miR-1253-transfected cells or wild-type vs. ABCB7KO cells were 228 

seeded onto coverslips, rinsed, and fixed using 4% paraformaldehyde (PFA) in PBS for 10 min 229 

at room temperature. Cells were washed, incubated with 0.25% Triton X-100, and blocked with 230 

3% BSA at room temperature. Cells were then incubated with primary antibody ABCB7 or 231 

COXIV overnight. Following day, cells were incubated with Alexafluor 488 and Alexaflour 547 232 

conjugated antibodies for 1 h. Cells were washed and counter stained with DAPI. Images were 233 

captured at 63X using Carl Zeiss microscope (LSM 800 META).  234 

In tissue: immunofluorescence was performed on surgically-resected, formalin-fixed, paraffin-235 

embedded sections of group 3 medulloblastomas. Deparaffinized tissue sections were blocked 236 
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with 5% BSA after heat induced epitope retrieval with citrate buffer (pH 6.0) and then incubated 237 

with primary antibodies, ABCB7 rabbit monoclonal antibody (1:200), GPX4 rabbit monoclonal 238 

antibody, or COXIV mouse monoclonal antibody (1:200). Following overnight incubation with 239 

primary antibody, sections were incubated for 1 h with Alexa-488 or Alexa-547-conjugated, 240 

mouse and rabbit secondary antibodies (1:200). Sections were counter-stained with DAPI. 241 

Micrographs were captured at 20X using Carl Zeiss microscope (LSM 800 META). 242 

PCR Primers 243 

Total RNA extraction and quantitative PCR (qPCR) were performed according to manufacturer 244 

protocol. The forward (F) and reverse (R) primer sequences were as follows: ABCB7 (F): 5’-245 

AAGATGTGAGCCTGGAAAGC-3’ (R): 5’- AGAGGACAGCATCCTGAGGT-3’; GPx4 (F): 246 

5’-ACAAGAACGGCTGCGTGGTGAA-3’ (R): 5’-GCCACACACTTGTGGAGCTAGA-3’; β-247 

Actin (F): 5’-CACCATTGGCAATGAGCGGTTC-3’(R): 5’-248 

AGGTCTTTGCGGATGTCCACGT-3’. 249 

Statistical Analysis  250 

Data are presented as mean ± SD. All experiments were conducted at least in duplicates with 3-6 251 

replicates per experiment. Statistical analyses were performed using Prism 9.2 (GraphPad 252 

Software). Differences between groups were compared using Student’s t-test or one-way analysis 253 

of variance (ANOVA). Statistical significance was established at *p <0.05; **p <0.01; ***p 254 

<0.001; ****p <0.0001. Statistical analyses of high-throughput sequencing data were performed 255 

using R Statistical Software v4.1.1 (R Core Team), expression values were compared using a 256 

Mann-Whitney U test. 257 

  258 
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Results 259 

ABCB7, a novel target of miR-1253, is deregulated in group 3 medulloblastomas.  260 

In our previous study, we identified miR-1253 as a novel tumor suppressor gene in MB and 261 

its  multiple oncogenic targets.[27] Here, we sought to determine other targets of miR-1253, 262 

especially those that may regulate drug sensitivity in MB. Upon restoration of miR-1253, using 263 

transient overexpression in HDMB03 cells, we observed potent negative regulation of the ABC 264 

transporter superfamily by KEGG pathways and RNA Sequencing analyses (Supplementary 265 

Figures 1A and 1B). We wanted to then isolate specific targets of miR-1253 relevant to group 3 266 

MB pathophysiology and/or aggressiveness. We began by identifying ABC transporters 267 

deregulated in group 3 MB (Supplementary Figure 1C, column 1). From this list, we isolated 268 

transporters whose deregulated expression in group 3 MB conferred poor prognosis 269 

(Supplementary Figure 1C, column 2, red). Within this cohort, we examined transporters 270 

whose expression was negatively impacted by stable miR-1253 overexpression in HDMB03 271 

cells (Supplementary Figure 1C, column 3). This comparative analysis revealed ABCB7 as the 272 

best putative miR-1253 target for further study.  273 

We first learned that ABCB7 was in fact deregulated in multiple MB cohorts with high 274 

expression conferring a poor prognosis (Supplementary Figures 1D and 1E). By comparing 275 

subgroup-specific ABCB7 expression in 3 recent MB cohorts, we identified consistent 276 

deregulation of ABCB7 in group 3 tumors (Figure 1A and Supplementary Figure 1F and 1G). 277 

We further observed a strong association of ABCB7 deregulation with tumor aggressiveness, 278 

impacting overall survival of group 3 MB patients (Figure 1B). Next, we confirmed high 279 

expression of ABCB7 in our local cohort of group 3 tumors and its co-localization within the 280 

inner mitochondrial membrane as evidenced by COXIV staining by confocal microscopy 281 
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(Figure 1C). Additionally, we confirmed relatively high expression of ABCB7 in a panel of 282 

aggressive group 3 MB cell lines when compared to normal human astrocytes (Figure 1D).  283 

To demonstrate ABCB7 targeting by miR-1253, we first showed translational repression via 284 

Western blotting in 2 group 3 MB cell lines, D425 (Figure 1E) and HDMB03 (Figure 1F). In 285 

the same cell lines, confocal imaging showed both localization of ABCB7 to the inner 286 

mitochondrial membrane and visualized the effects of miR-1253 expression on ABCB7 287 

expression inhibition, as evidenced by a dramatically reduced green fluorescence (Figure 1G). 288 

Finally, we showed direct binding of miR-1253 to ABCB7 via a dual-luciferase reporter assay 289 

(Figures 1H). Taken together, these data confirmed ABCB7 as a direct target of miR-1253 and 290 

strongly implicated its deregulation as a poor prognostic marker specific to group 3 MB.  291 

MiR-1253 triggers iron imbalance and oxidative stress leading to cell death in group 3 MB 292 

cell lines. 293 

ABCB7 plays a critical role in maintaining intracellular iron stores.[52] Residing on the 294 

inner mitochondrial membrane, it homodimerizes to deliver Fe-S clusters synthesized within the 295 

mitochondria to the cytoplasm.[52-54] To determine the effect of ABCB7 inhibition via miR-296 

1253 on iron homeostasis, we studied accumulation of free ferrous iron (Fe2+) within the 297 

mitochondria and the cytosol in miR-1253-transfected cells. Calcein AM is a membrane 298 

permeable dye which produces green fluorescence when internalized and can be rapidly 299 

quenched by divalent metals (iron, cobalt, cadmium). MiR-1253 expression in D425 and 300 

HDMB03 cells led to quenching of Calcein AM dye when compared with untransfected cancer 301 

cells (Figure 2A and 2B).  302 

We further compared the fluorescence of FerroOrange (specific for cytosolic Fe2+)[55] and 303 

Mito-FerroGreen (specific for mitochondrial Fe2+)[56] in these systems and observed an increase 304 
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in fluorescence intensity for both in miR-1253-transfected HDMB03 cells as compared to 305 

untransfected control cells (Figure 2C). Treatment with an iron chelator, deferoxamine (DFO), 306 

reduced fluorescence to normal levels in these cells, substantiating the generation of a labile iron 307 

pool in both the mitochondria and cytoplasm with miR-1253 expression.  308 

Disrupting iron homeostasis can lead to excessive reactive oxygen species (ROS) generation 309 

by the Fenton reaction, targeting cellular lipids, proteins, and nucleic acids, eventuating in 310 

cellular damage and death.[57, 58] Superoxide (O2
•  −) and hydrogen peroxide (H2O2) are the 311 

major species generated by the mitochondria during oxidative phosphorylation.[59] To 312 

investigate the consequence of triggering free ferrous iron accumulation, we measured 313 

mitochondrial and cytosolic ROS (MitoSOXTM RED and DCFDA, respectively) and subsequent 314 

lipid peroxidation in miR-1253-transfected cells. Both mitochondrial O2
• − and cytosolic H2O2 315 

levels increased significantly in miR-1253-transfected D425 (Figure 3A) and HDMB03 (Figure 316 

3B) cells. This was concurrent with an increase in lipid peroxidation in miR-1253-transfected 317 

cell lines (Figures 3C and 3D).  318 

Ferroptosis is defined as an iron-dependent form of regulated cell death resulting from lipid 319 

peroxidation.[42] Given our observations with iron accumulation, ROS generation, and lipid 320 

peroxidation, we wanted to assess whether miR-1253 can, in fact, trigger ferroptosis. D425 and 321 

HDMB03 cells transfected with miR-1253 were stained with MitoSOX™ Red (for O2
• −) and 322 

Annexin-V/Cy™5 (marker of apoptotic cell death). Flow cytometry analysis revealed a 323 

significant (~3-fold) rise in dual-stained cells (Q2) indicating oxidative stress-mediated cell 324 

death (Figure 3E and 3F). Collectively, our findings revealed that miR-1253 can trigger iron 325 

accumulation within the mitochondria and cytosol, resulting in oxidative stress and lipid 326 

peroxidation, eventually leading to cell death by ferroptosis.  327 
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Knocking out ABCB7 can also trigger iron imbalance and oxidative stress in group 3 MB 328 

cell lines. 329 

Given the central role ABCB7 plays in iron homeostasis, we conducted similar studies in 330 

ABCB7KO HDMB03 cells. First, we generated the knockout (KO) cell line using CRISPR/Cas9 331 

technology (Figure 4A and 4B). As prior, we studied iron imbalance via Calcein AM dye 332 

quenching and FerroOrange and Mito-FerroGreen fluorescence via confocal microscopy. As 333 

expected, we recapitulated findings from miR-1253-transfected cancer cells in ABCB7KO cells 334 

(Figures 4C-F). Together, these studies confirmed that the miR-1253-mediated induction of 335 

ferroptosis was strongly contributed by ABCB7 targeting. 336 

MiR-1253 and ABCB7 influence GPX4 expression, a key regulator of ferroptosis.  337 

Glutathione (GSH) serves as a cell’s primary antioxidant, capable of binding to Fe2+ to 338 

prevent iron-mediated oxidative stress.[42, 60] It also serves as the main substrate for glutathione 339 

peroxidase 4 (GPX4), a critical player in the elimination of toxic lipid peroxides engendered 340 

from oxidative stress that can trigger ferroptosis (Figure 5A). In patients with cancer, GPX4 is 341 

often deregulated, purportedly by epigenetic mechanisms, and has been shown to correlate not 342 

only with poor prognosis but also increased drug resistance. Consequently, inhibition of GPX4 343 

by RAS-selective lethal 3 (RSL3) was noted to sensitize lung cancer cells to cisplatin.[47] 344 

Similarly, in neuroblastoma, withaferin A induced ferroptosis and tumor growth suppression by 345 

inhibiting GPX4.[61]   346 

In MB, we noted a significant deregulation of GPX4 in all tumor subtypes, with the highest 347 

expression noted in group 3 MB (Figure 5B and Supplementary Figure 2); prognosis in high-348 

expressing patients was poor (Figure 5C). Immunofluorescence studies revealed high expression 349 

of GPX4 in group 3 MB and co-localization of GPX4 to the mitochondria (Figure 5D). In 350 
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classic group 3 MB cell lines, GPX4 expression was significantly elevated compared to normal 351 

human astrocytes (Figure 5E).  352 

We then studied the influence of miR-1253 and ABCB7KO on GPX4 levels. As 353 

demonstrated, GPX4 levels were reduced in miR-1253-expressing D425 and HDMB03 cells 354 

(Figure 5F). Notably, with ABCB7KO,  GPX4 expression was almost completely abrogated. 355 

Similarly, we noted a positive Pearson correlation (R=0.43, p =0.023) between GPX4 and 356 

ABCB7 (Figure 5G). GSH, a main substrate of GPX4, was concurrently reduced in miR-1253-357 

overexpressing D425 and HDMB03 cells (Figure 5H). Together, these findings revealed the 358 

effects of miR-1253 on GPX4 regulation and GSH levels in its contribution to ferroptosis.  359 

Restoration of miR-1253 potentiates cisplatin cytotoxicity in group 3 MB cell lines. 360 

Cisplatin, a platinum-containing chemotherapeutic agent, induces DNA damage via various 361 

mechanisms, including (i) crosslinking DNA purine bases, (ii) inducing oxidative stress, and (iii) 362 

interfering with DNA repair machinery, that can eventually lead to cancer cell death.[62] It is 363 

also the only agent used in group 3 MB that possesses ferroptotic potential.[45, 63] Given the 364 

induction of apoptotic and ferroptotic cell death by miR-1253, we next investigated if miR-1253 365 

can potentiate cisplatin response in group 3 MB. We first determined the IC50 of cisplatin in 366 

scramble vs. miR-1253-transfected D425 (Figure  6A) and HDMB03 (Figure 6B) cells. In both 367 

cell lines, miR-1253 restoration lowered the IC50 by ~2-fold (Figure 6C). We then performed 368 

colony formation assays with the IC25 of cisplatin in HDMB03 cells (24 h: 2 µM) and noted a 369 

complete abrogation of colonies in miR-1253-expressing cells (Figure 6D).   370 

Eliciting high levels of cellular superoxide is one of the mechanisms by which cisplatin can 371 

induce tumor cell death.[64] So, we next investigated whether cisplatin treatment enhances 372 

mitochondrial (mtROS) and cytosolic ROS in group 3 MB cells. Using prior fluorescent probes 373 
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for mtROS (MitoSOX™ Red) and cytosolic ROS (DCFDA), we studied miR-1253 transfected 374 

cells subjected to 10 µM cisplatin in D425 and 2 µM cisplatin in HDMB03 cells at 24 h; we 375 

concurrently examined cisplatin treatment (2 µM) of ABCB7KO HDMB03 cells. As prior, miR-376 

1253 expression or ABCB7KO induced significantly higher levels of mtROS and cytosolic ROS 377 

compared to control. Moreover, in all cases, miR-1253 potentiated cisplatin-mediated ROS 378 

(Figures 6E-G). Taken together, these findings not only highlighted the strong ability of miR-379 

1253 to elicit ROS, but also revealed the cisplatin-potentiating action of miR-1253. 380 

Inhibiting ferroptosis rescues cisplatin potentiation by miR-1253 in group 3 MB cells.  381 

We next wanted to confirm that ferroptosis was elicited by miR-1253 alone and potentiated 382 

by combination with cisplatin. We systematically looked at mtROS and cytosolic ROS, lipid 383 

peroxidation, GSH levels, and levels of apoptotic and ferroptotic cell death in miR-1253-384 

transfected or ABCB7KO cancer cells treated with 1) cisplatin and 2) in combination with 385 

ferrostatin-1 (a potent inhibitor of ferroptosis).  386 

First, cisplatin alone induced oxidative stress; addition of ferrostatin-1 to cisplatin treatment 387 

led to a dramatic reduction in H2O2 but not O2
•  −. Second, miR-1253 expression or ABCB7KO led 388 

to a significant rise in oxidative stress, which was potentiated by the addition of cisplatin; 389 

treatment with ferrostatin-1 substantially reduced the generation of both H2O2 and O2
•  − (Figures 390 

7A and 7B; Supplementary Figure 3A and 3B). Similarly, while cisplatin alone had modest 391 

effects on lipid peroxidation, combining it with miR-1253 expression or ABCB7 knockdown 392 

resulted in the highest levels of lipid peroxidation; in turn, ferrostatin-1 significantly reduced 393 

lipid peroxidation in miR-1253 transfected and ABCB7KO HDMB03 cells (Figure 7C and 394 

Supplementary Figure 3C). Given the central importance of glutathione as an antioxidant, we 395 

observed that cisplatin depleted GSH in miR-1253 transfected and ABCB7KO HDMB03 cells 396 
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with the addition of ferrostatin having some recovery effects. As prior, cisplatin added to cells 397 

with ABCB7 inhibition had the strongest effect in depleting GSH; ferrotstatin-1 catalyzed the 398 

recovery of reduced glutathione levels in these cells (Figure 7D and Supplementary Figure 399 

3D).  400 

Finally, examining O2-mediated cell death (as a proxy for ferroptosis) at 24 h, cisplatin 401 

showed a small rise in ROS-mediated cell death and apoptosis, while miR-1253 led to a larger 402 

rise in both. Treating miR-1253-transfected HDMB03 cells with cisplatin accomplished a 403 

dramatic increase in both ROS-mediated and apoptotic cell death; ferrostatin-1 treatment rescued 404 

the former, strongly implicating the important contribution of ferroptosis to the mechanism of 405 

miR-1253-induced cell death . (Figure 7E). Together these data substantiate the cardinal role of 406 

miR-1253 in inducing ferroptosis and its potentiating effects on cisplatin cytotoxicity.  407 

  408 
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Discussion 409 

Amongst the most devastating diagnoses in a pediatric patient is a tumor of the central 410 

nervous system, with medulloblastoma being the most common malignant tumor.[3, 4, 65, 66] 411 

Punctuated for group 3 MB, poor survival (5-year OS <50%) in these patients is attributable to a 412 

combination of young age at diagnosis (peak age 3-5), metastases at diagnosis (up to 50%), and 413 

c-Myc amplification.[9, 28, 67-70] Current treatment regimens have yet to impact the dismal 414 

prognosis with stagnant survival rates seen over the last decade.[71] An inability to tolerate 415 

mainstay of therapy especially for young patients fuels high relapse rates (~30%) which are 416 

universally fatal. For example, in children under the age of 4 years relapse was noted in ~60% of 417 

patients who did not receive upfront craniospinal irradiation. Moreover, relapse rates were 418 

highest in group 3 MB tumors and those with i17q and c-Myc amplification.[72] In those that do 419 

manage to survive, irreversible damage to the hypothalamic-pituitary axis is sustained from 420 

cytotoxic treatment regimens resulting in short stature, cognitive impairments, and emotional 421 

lability.[73, 74] Thus, the need for novel therapeutic strategies that mitigate drug-related 422 

cytotoxicity yet accomplish widespread tumor abstraction for this subgroup is dire.  423 

Elevated recurrence rates have often been conjectured to be linked to mechanisms for drug 424 

resistance in group 3 MB, which may include high expression of multi-drug resistance (MDR) 425 

genes belonging to the ABC transporter family.[36, 37, 39, 75, 76] Cytotoxic drugs, in 426 

combination with tumor suppressive miRNAs, have the potential for a more complex and 427 

profound effect on tumorigenesis and may possess the ability to address drug resistance patterns, 428 

especially if they can target MDR genes.[77] Here, we demonstrated a strong negative 429 

enrichment of the ABC transporter family with miR-1253 expression restoration in group 3 MB 430 

cells. Of the multiple transporters identified via our bioinformatics approach, we isolated 431 
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ABCB7, whose deregulated expression profile in group 3 tumors was strongly associated with 432 

poor prognosis, as a target of miR-1253. 433 

ABCB7 is an iron transporter residing on the inner mitochondrial membrane and involved in 434 

Fe-S cluster biogenesis.[53, 78] ABCB7 deficiency can lead to decreased expression of electron 435 

transport chain (ETC) complex proteins I, II, IV and V, which can trigger impaired oxidative 436 

phosphorylation and mitochondrial membrane integrity resulting in oxidative stress.[40, 79-81] 437 

In glioma cells, inhibition of ABCB7 resulted in disruption of iron transport and ROS generation 438 

triggering apoptotic and non-apoptotic cell death.[41] Iron accumulation can trigger oxidative 439 

stress and vice versa[82, 83], resulting in lethal lipid peroxidation activating ferroptosis, which is 440 

distinct from apoptosis, necrosis, autophagy, and pyroptosis.[84]  441 

With a strong premise for exploring iron imbalance through miR-1253, our subsequent 442 

results substantiated a ferroptotic role for miR-1253 in MB. First, miR-1253 induced intracellular 443 

iron accumulation in D425 and HDMB03 cells, effectively abrogated by pre-treatment with an 444 

iron chelator, DFO. ABCB7KO resulted in a similar phenotype. This resulted in elevated 445 

mitochondrial ROS (O2
• −) and cytosolic ROS (H2O2). We also recorded a high lipid oxidation 446 

profile in these cell lines concurrent with miR-1253 expression. Finally, using AnnexinV and 447 

MitoSOX™ Red staining, we revealed a significantly elevated dual staining population of cells 448 

in miR-1253-expressing cells. Taken together, these results are highly indictive of ferroptosis 449 

induction by miR-1253 in group 3 MB cells.  450 

Ferroptosis can also be induced by disruption of glutathione synthesis or inhibition of 451 

glutathione peroxidase 4.[85] Cancer cells have the capacity to activate redox buffering systems 452 

to survive in a highly oxidative environment resulting from deregulated cellular functions.[86]  453 

Glutathione is a key player in this response and a critical cofactor for glutathione peroxidase 4 454 
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(GPX4). GPX4, a central regulator of ferroptosis upregulated in various cancers, uses glutathione 455 

to reduce ROS and lipid hydroperoxide levels thus facilitating tumor cell survival in an 456 

environment with high oxidative stress.[87] Additionally, GSH binds Fe2+ to prevent iron 457 

oxidation and is thus a critical component controlling the labile iron pool.[60] Of note, ABCB7 458 

harbors a GSH binding pocket, and GSH is a required substrate for cytosolic and nuclear Fe-S 459 

protein biogenesis and iron homeostasis.[52, 88] In group 3 tumors, we not only showed 460 

deregulated GPX4 expression but also a strong positive correlation with ABCB7. Resultantly, 461 

miR-1253 expression or ABCB7KO strongly inhibited GPX4 expression and reduced glutathione 462 

levels. These data demonstrate the contribution of disrupting GPX4 and glutathione metabolism 463 

in miR-1253-mediated oxidative stress mechanisms resulting in ferroptosis. 464 

MiRNA mimics have been shown to possess the capability of restoring the sensitivity of 465 

cancer cells for chemotherapeutic agents and to thus subsequently enhance their effectiveness. 466 

For example, miR-429, miR-383, miR-101-3p, miR-195, miR-634, and miR-1294 elicited a 2-5 467 

fold reduction in the EC50 and IC50 values in combination with gemcitabine, temozolomide, and 468 

paclitaxel.[77, 89-94] Of the standard chemotherapies for medulloblastoma tumors, only 469 

cisplatin has been shown to trigger both apoptosis and ferroptosis, via oxidative stress, GSH 470 

depletion, and GPX4 inactivation.[45, 47, 63, 64] Moreover, a microarray-based study of the 471 

IC50 of cisplatin in 60 NCI cell lines identified multiple ABC transporters, including 3 iron 472 

transporters, i.e. ABCB6, ABCB7 and ABCB10, in conferring cisplatin drug resistance.[95]  473 

Given the ferroptotic mechanism we elucidated for miR-1253, we studied whether miR-1253 474 

expression can potentiate cisplatin cytotoxicity in group 3 MB cells. We report a 2-fold reduction 475 

in the IC50 value of cisplatin with miR-1253 induction in D425 and HDMB03 cells. Combination 476 

treatment had dramatic effects on the clonal potential of HDMB03 cells. We then demonstrated 477 
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the highest induction of mitochondrial and cytosolic ROS, lipid peroxidation, and GSH depletion 478 

in miR-1253-expressing HDMB03 and ABCB7KO HDMB03 cells treated with cisplatin. 479 

Consequently, combination therapy resulted in the highest degree of ferroptosis in these cell 480 

lines. These effects were reversed by ferrostatin-1, a potent inhibitor of ferroptosis, lending 481 

further validity to the central role of ferroptosis in the mechanism of miR-1253-mediated effects 482 

and cisplatin potentiation.  483 

Overall, our study has identified novel tumor suppressive properties for miR-1253. First, 484 

miR-1253 directly inhibits ABCB7 expression, thus inducing labile iron pool within MB cancer 485 

cells and stimulating ROS production. MiR-1253 can concurrently downregulate the expression 486 

of GPX4 and deplete GSH, further exacerbating ROS. Together, the generation of lipid 487 

hyperoxides progresses unabated, leading to cancer cell death via ferroptosis. We also leveraged 488 

these properties by showing potentiation of cisplatin cytotoxicity and thus enhanced therapeutic 489 

efficacy in group 3 MB cells. Together, our findings provide proof-of-concept for further 490 

exploration of tumor suppressive microRNAs as therapeutic adjuncts to standard chemotherapy. 491 

Such a strategy may mitigate the current limitations to treatment regimens in our youngest high 492 

risk patients.  493 

  494 
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Figure Legends 822 

Figure 1. ABCB7, a target of miR-1253, is deregulated in group 3 MB. (A) Subgroup-823 

specific ABCB7 expression assessment by RNA sequencing (log2 transcripts per million) of a 824 

local medulloblastoma patient cohort (Kanchan et al., GSE) showing specific deregulation in 825 

group 3 tumors. CB, pediatric cerebellum (n=10); SHH, sonic hedgehog (n=6); G3, group 3 826 

(n=7); G4, group 4 (n=12). (B) Poor prognostic profile demonstrable in high-expressing group 3 827 

MB patients (Cavali et al. GSE85217). (C) Confocal microscopic images confirming high 828 

ABCB7 expression in group 3 MB tumors (n=6) compared to pediatric cerebellum (n=6) and 829 

colocalization to the mitochondria based on COXIV fluorescence. Images captured at 10X 830 

magnification. (D) Western blotting analysis showing high ABCB7 expression in classic MB cell 831 

lines (group 3: D341, D425, HDMB03, D556; group 3/4: D283) compared to normal human 832 

astrocytes (NHA). Western blotting analysis showing downregulation of ABCB7 with miR-1253 833 

overexpression in (E) D425 and (F) HDMB03 cells. (G) Confocal microscopic images in D425 834 

and HDMB03 cells showing co-localization of ABCB7 to the mitochondria and downregulation 835 

with miR-1253 overexpression. Images captured at 63X magnification. (H) Dual-luciferase assay 836 

confirming direct binding of miR-1253 to ABCB7 in HDMB03 cells. Data presented as mean ± 837 

SD from experiments done in triplicates and analyzed using Mann-Whitney U test (A) or 838 

Student’s t-test (H) (*p <0.05, **p <0.01, ***p <0.001, ****p <0.0001).  839 

Figure 2. MiR-1253 triggers iron imbalance in group 3 MB cells. Confocal images showing 840 

Calcein AM dye quenching in miR-1253-transfected (A) D425 and (B) HDMB03 cells 841 

indicating high cytosolic labile iron compared to scramble (NC) transfected cells. Fe2+ stained 842 

with Calcein AM (green), and nuclei stained with DAPI (blue). Similarly, escalation in both (C) 843 

cytosolic and (D) mitochondrial free Fe2+ demonstrable with miR-1253 expression, abrogated by 844 
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iron chelation with DFO. Mitochondria stained with MitoTracker™ Deep Red FM (red); 845 

cytosolic Fe2+ stained with FerroOrange (orange); mitochondrial Fe2+ stained with Mito-846 

FerroGreen (green). Images captured at 63X.  847 

Figure 3. MiR-1253 triggers oxidative stress and lipid peroxidation leading to cell death in 848 

group 3 MB cells. Confocal images showing elevated mitochondrial O2
• − (MitoSOX™ Red, 849 

red) and cytosolic H2O2 (DCFDA, green) following miR-1253 expression in (A) D425 and (B) 850 

HDMB03 cells. Higher lipid peroxidation (measured by Image-iT® Lipid Peroxidation Kit) also 851 

noted in miR-1253 transfected (C) D425 and (D) HDMB03 cells. Flow cytometry analysis 852 

showing significantly higher O2
• − mediated cell death (representing ferroptosis) in miR-1253-853 

expressing (E) D425 and (F) HDMB03 cells demonstrable by quantifying cells staining for both 854 

Annexin V-Cy5 (apoptosis) and for O2
• − (Mitosox) (Q2). Data presented as mean ± SD from 855 

experiments done in triplicates and analyzed using Student’s t-test (*p <0.05, **p <0.01, ***p 856 

<0.001, ****p <0.0001). Images captured either at 20X (A and B) or 63X (C and D) 857 

magnification. Scale bar 200 µm.  858 

Figure 4. ABCB7KO can trigger iron imbalance and oxidative stress in group 3 MB cells. 859 

CRISPR/Cas9-mediated ABCB7 gene knockout in HDMB03 cells confirmed by (A) RT-PCR 860 

and (B) Western blotting. (C) Confocal images showing Calcein AM dye quenching in 861 

ABCB7KO HDMB03 cells suggestive of high cytosolic labile iron compared to wild-type (WT) 862 

cells. Fe2+ stained with Calcein AM (green) and nuclei stained with DAPI (blue). Confocal 863 

images demonstrating escalation in both (D) cytosolic and (E) mitochondrial free Fe2+ with 864 

ABCB7 knockout, abrogated by iron chelation with DFO. Mitochondria stained with 865 

MitoTracker™ Deep Red FM (red); cytosolic Fe2+ stained with FerroOrange (orange); 866 

mitochondrial Fe2+ stained with Mito-FerroGreen (green). (F) Elevated oxidative stress 867 
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demonstrable in ABCB7KO HDMB03 cells as evidenced by higher mitochondrial O2
• −  868 

(MitoSOX™ Red, red) and cytosolic H2O2
 (DCFDA, green) compared to wild-type. Images 869 

captured at 63X (C-E) or 20X (F) magnification. Scale bar 400 µm. Data presented as mean ± 870 

SD from experiments done in triplicates and analyzed using Student’s t-test (*p <0.05, **p 871 

<0.01, ***p <0.001, ****p <0.0001).  872 

Figure 5. MiR-1253 and ABCB7 regulate GPX4 expression, a key regulator of ferroptosis. 873 

(A) Schematic showing the important role of GPX4 in mitigating ferroptosis. Image created with 874 

Biorender.com. (B) Subgroup-specific GPX4 expression assessment by RNA sequencing (log2 875 

transcripts per million) of a local medulloblastoma patient cohort (Kanchan et al., GSE148390) 876 

showing deregulation in MB tumors, highest in group 3 MB. CB, pediatric cerebellum (n=10); 877 

SHH, sonic hedgehog (n=6); G3, group 3 (n=7); G4, group 4 (n=12). (C) Poor prognostic profile 878 

demonstrable in high-expressing MB patients (Cavali et al. GSE85217). (D) Confocal 879 

microscopic images confirming high GPX4 expression in group 3 MB tumors (n=6) compared to 880 

pediatric cerebellum (n=6) and colocalization to the mitochondria based on COXIV 881 

fluorescence. Images captured at 10X magnification. (E) Western blotting analysis showing high 882 

in vitro GPX4 expression in classic MB cell lines (group 3: D341, D425, HDMB03; group 3/4: 883 

D283) compared to normal human astrocytes (NHA). (F) Western blotting analysis showing a 884 

strong inhibitory effect of miR-1253 on GPX4 expression in D425 and HDMB03 cells. (G) 885 

Near-abrogation of GPX4 expression with ABCB7 knockout in HDMB03 cells. Spearman 886 

correlation showing positive correlation between ABCB7 and GPX4 expression. (Kanchan et al., 887 

GSE148390). (H) Similar inhibitory effect noted on total glutathione (GSH) levels in miR-1253-888 

transfected D425 and HDMB03 cells. Data presented as mean ± SD from experiments done in 889 

triplicates and analyzed using Student’s t-test (*p <0.05, **p <0.01, ***p <0.001).  890 
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Figure 6. MiR-1253 potentiates cisplatin toxicity in group 3 MB cells. IC50 of cisplatin in (A) 891 

D425 and (B) HDMB03 cells transfected with scramble vs. miR-1253 for 24-72 h. (C) Tabulated 892 

results presented as fold-change in cisplatin IC50 between scramble and miR-1253 in D425 and 893 

HDMB03 cells at different time points. (D) Colonogenic assay demonstrating inhibitory effect of 894 

cisplatin vs. miR-1253 vs. combination on colony formation in HDMB03 cells. MiR-1253-895 

transfected (E) D425 and (F) HDMB03, and (G) ABCB7KO HDMB03 cells treated with cisplatin 896 

(D425 24-h IC25 ~10 µM; HDMB03 24-h IC25 ~2 µM) and stained with MitoSOX™ Red (red) 897 

for mitochondrial superoxide anions (O2
• −) and DCFDA (green) for cytosolic ROS (H2O2). 898 

Representative images and graphs showing the potentiating effect of combining miR-1253 with 899 

cisplatin. Images captured at 20X magnification. Scale bar 400 µm. Data presented as mean ± 900 

SD from experiments done in triplicates and analyzed using one-way analysis of variance (*p 901 

<0.05, **p <0.01, ***p <0.001, ****p <0.0001).  902 

Figure 7. MiR-1253 potentiates cisplatin cytotoxicity in group 3 MB cells by ferroptosis. 903 

Oxidative stress measured by quantifying (A) mitochondrial O2
• − (MitoSOX™ Red, red) and 904 

(B) cytosolic H2O2 (DCFDA, green) in miR-1253-transfected HDMB03 cells showing 905 

potentiating effect of miR-1253 on cisplatin, and inhibited by a ferroptosis inhibitor, ferrostatin-1 906 

(FER). Images captured at 20X magnification. Scale bar 200 µm. (C) As measured by Image-907 

iT® Lipid Peroxidation Kit, confocal images showing the highest lipid peroxidation in 908 

combination treatment groups (miR + Cis), again rescued by ferrostatin-1, in miR-1253-909 

transfected HDMB03 cells. Images captured at 63X magnification. (D) Evaluation of oxidized 910 

glutathione (GSH) showing punctuated effects in combination treatment groups (miR + Cis) with 911 

rescue in the presence of ferrostatin in miR-1253-transfected HDMB03 cells. (E) Analysis of cell 912 

death by flow cytometry showing significantly higher O2
• − mediated cell death (representing 913 
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ferroptosis) in miR-1253-expressing HDMB03 cells demonstrable by quantifying cells staining 914 

for both Annexin V-Cy5 (apoptosis) and for O2
• − (Mitosox) (Q2). Data presented as mean ± SD 915 

from experiments done in triplicates and analyzed using one-way analysis of variance (*p <0.05, 916 

**p <0.01, ***p <0.001, ****p <0.0001).  917 

Supplementary Figure 1. Deregulated expression of ABCB7 in MB is associated with poor 918 

survival and is negatively regulated by miR-1253. (A) Enrichment plot by KEGG pathways 919 

analysis demonstrating a strong negative enrichment score for the ABC transporter family with 920 

miR-1253 expression restoration in HDMB03 cells. (B) ABC transporter expression heatmap 921 

illustrating effect of miR-1253 overexpression in HDMB03 cells (by transient transfection). (C) 922 

Deregulated ABC transporters in group 3 MB (column 1), effect of deregulated expression on 923 

survival (column 2), and transporters significantly downregulated by miR-1253 expression 924 

(column 3). This analysis revealed ABCB7 as the best putative target for miR-1253. (D) 925 

Expression profile for ABCB7 in multiple MB cohorts. CB, normal cerebellum, Roth et al. 2008 926 

(n=9, GSE3526); MB 1, Gilbertson et al. 2012 (n=76, GSE37418); MB 2, Pfister et al. 2017 927 

(n=223); MB 3, Delattre et al. 2012 (n=57); MB 4, Kool et al. 2009 (n=62, GSE10327). (E) Poor 928 

prognostic profile demonstrable in high ABCB7-expressing medulloblastoma patients (Cavali et 929 

al. GSE85217). Subgroup-specific ABCB7 expression in two separate medulloblastoma patient 930 

cohorts, i.e. (F) Weishaupt et al., GSE124814; CB, normal cerebellum (n=291); WNT, wingless 931 

(n=118); SHH, sonic hedgehog (n=405); G3, group 3 (n=233); G4, group 4 (n=530); and (G) 932 

Luo et al., GSE164677;  CB, normal cerebellum (n=4); WNT, wingless (n=6); SHH, sonic 933 

hedgehog (n=20); G3, group 3 (n=14); G4, group 4 (n=19); Data normalized via RUV method 934 

(F) or DeSeq2 median of ratios (MoR) method (G) and both analyzed using Mann-Whitney U 935 

(*p <0.05, **p <0.01, ***p <0.001, ****p <0.0001). 936 
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Supplementary Figure 2. GPX4 expression is elevated in medulloblastoma. Subgroup-937 

specific GPX4 expression data from Weishaupt et al., GSE124814; CB, normal cerebellum 938 

(n=291); WNT, wingless (n=118); SHH, sonic hedgehog (n=405); G3, group 3 (n=233); G4, 939 

group 4 (n=530); Data normalized via RUV method and analyzed using Mann-Whitney U (*p 940 

<0.05, **p <0.01, ***p <0.001, ****p <0.0001). 941 

Supplementary Figure 3. ABCB7 knockout potentiates cisplatin cytotoxicity in group 3 MB 942 

cells by ferroptosis. Oxidative stress measured by quantifying (A) mitochondrial O2
• − 943 

(MitoSOX™ Red, red) and (B) cytosolic H2O2 (DCFDA, green) in miR-1253-transfected 944 

HDMB03 cells showing potentiating effect of miR-1253 on cisplatin, and inhibited by a 945 

ferroptosis inhibitor, ferrostatin-1 (FER). Images captured at 20X magnification. Scale bar 200 946 

µm. (C) As measured by Image-iT® Lipid Peroxidation Kit, confocal images showing the 947 

highest lipid peroxidation in combination treatment groups (ABCB7KO + Cis), again rescued by 948 

ferrostatin-1, in ABCB7KO HDMB03 cells. Images captured at 63X magnification. (D) 949 

Evaluation of oxidized glutathione (GSH) showing punctuated effects in combination treatment 950 

groups (ABCB7KO + Cis) with rescue in the presence of ferrostatin in ABCB7KO HDMB03 cells. 951 

Data presented as mean ± SD from experiments done in triplicates and analyzed using one-way 952 

analysis of variance (*p <0.05, **p <0.01, ***p <0.001, ****p <0.0001).  953 
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Schematic representation of miR-1253-induced ferroptosis. Under normal conditions, Fe2+ is
imported into the mitochondria via the mitoferrin (MFRN) transporters for 3 primary purposes: i) Fe-
S cluster (ISC) synthesis, ii) heme synthesis, or iii) storage as ferritin (FTMT). Fe-S clusters and
heme are exported back to the cytoplasm via ABCB7 to fuel various cellular processes. In cancer,
these transporters are deregulated resulting in abnormal iron transport facilitating tumor growth.
Targeted inhibition of ABCB7 by miR-1253 results in generation of a labile free iron pools (LIP)
resulting in elevated ROS; miR-1253 can also deplete glutathione (GSH) stores and inhibit
glutathione peroxidase 4 (GPX4), a primary mitigator of ferroptosis. Cisplatin can work
synergistically with miR-1253 by depleting GSH levels and inducing ROS to augment ferroptosis.
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