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Abstract

High grade gliomas (HGGs) are aggressive primaaynbiumours with local invasive
growth and poor clinical prognosis. Clinical outans compounded by resistance to
standard frontline anti-neoplastic agents and asert® of novel therapeutics. We have
evaluated reformulated aspirin (IP1867B) alone endombination with conventional and
novel anti-aHGG agents. We show that recent bigesived aHGG models were highly
resistant to conventional therapeutics althoughwssensitivity to IP1867B, a reformulated
“liquid” aspirin. IP1867B treatment mediated a patsuppression of the IL6/STAT3 and
NF-xB pathways and observed a significant reductioie@GFR transcription and protein
expression. We observed the loss of the insul@-jkowth factor 1 (IGF1) and insulin-like
growth factor 1 receptor (IGFR1) expression at b transcript and protein level post
IP1867B treatment. This increased sensitivity td&FRGnhibitors.In vivo, IP1867B was very
well tolerated, had little-to-no gastric lesionsrswes aspirin and, directed a significant
reduction of tumour burden with concomitant supgi@s of EGFR, IGF1 and IGFR1. In
combination with EGFR inhibitors, we noted a potsymergistic response in aHGG cells.
These data provide a clear rationale for furtheestigation of IP1867B in combination with
a number of anti-EGFR agents currently being evatuan the clinic.
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Abstract

High grade gliomas (HGGs) are aggressive primagynbtumours with local invasive growth and
poor clinical prognosis. Clinical outcome is compdad by resistance to standard and novel
therapeutics. We have evaluated reformulated asfiifil867B) alone and in combination with
conventional and novel anti-aHGG agents. We shawrétent biopsy-derived aHGG models were
highly resistant to conventional therapeutics alttoshow sensitivity to IP1867B, a reformulated
“liquid” aspirin. IP1867B treatment mediated a pdtesuppression of the IL6/STAT3 and NXB-
pathways and observed a significant reduction ilFEG@ranscription and protein expression. We
observed the loss of the insulin-like growth facforand insulin-like growth factor 1 receptor
expression at both the transcript and protein Ipest IP1867B treatment. This increased sensitivity
to EGFR inhibitors. In vivo, IP1867B was very wellerated, had little-to-no gastric lesions versus
aspirin and, directed a significant reduction ohtwr burden with suppression of EGFR, IGF1 and
IGFR1. With EGFR inhibitors, we noted a potent sgistic response in aHGG cells. These data
provide a rationale for further investigation of1867B with a number of anti-EGFR agents

currently being evaluated in the clinic.
Introduction

In 2017, 80,000 patients in the US and 11,400 énUK were diagnosed with a primary brain
tumour [1] [2]. Paediatric high grade glioma freqog in the US are 5.7 cases per 100,000. Adult
HGG treatment comprises surgical resection and cwedbradio- and chemo-therapy [3,4]. The
standard chemotherapeutic is temozolomide (Tem8J&TMZ), an oral DNA alkylating agent [5—
7]. TMZ and radiotherapy (the “Stupp protocol”) damstrated significant patient survival benefit
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versus radiotherapy alone, showing a median inergasurvival of 2.5 months [3,4,8]. Cohort
analysis revealed a discernible clinical respondg m adult high grade glioma (aHGG) patients
exhibiting promoter methylation oD6-methylguanine DNA methyltransferase (MGMT) [9].
Irrespective oMGMT promoter methylation, almost all aHGG patients bitbd eventual disease
progression. An area that has attracted attentonthe repurposing of Food and Drug
Administration (FDA) approved agents for difficiti-treat cancers, in particular high grade
gliomas [10-12].

Aspirin (acetylsalicylic acid, ASA) is a nonsteraldanti-inflammatory drug which inhibits
the cyclooxygenase (COX) enzymes COX-1 and COX3 Hnd has been implicated in anti-
cancer responses [14]. Aspirin use post-diagnagsadved patient outcome, suggesting a role with
conventional therapies [15]. The long-term use gfiin reduced the cancer risk in paediatric
patients with constitutional mismatch repair defigy who are predisposed to cancer development
[16]. There are over 20 registered clinical triadsaspirin for cancer therapy [17]. Aspirin solutyil
is low (1 g in: 300 mL water at 28) and there are serious concerns regarding gasstinal (Gl)
injury in patients prescribed aspirin long-termeBJow dose aspirin can induce duodenal mucosal

injury including ulcers or haemorrhages.

Approximately 50% of aHGG displagGFR amplification. Further, a number of aHGGs
express a truncated EGFR (EGFRUVIII) protein whilyenerated following the removal of exons
2-7 [18,19] that displays constitutive, ligand-ipdadent tyrosine kinase activity [20]. Insulin Like
Growth Factor 1 Receptor (IGF1R) is rarely mutate@mplified in aHGG [21], where, activation
of this network is considered ligand-dependantendocrine mechanisms. IGF1R targeting has a
significant impact on AKT signalling in aHGG [22]hais implicated in EGFR inhibitor resistance
[23].

We report that IP1867B (ASA/triacetin/saccharimedted a potent anti-aHGG respomnse
vitro and in vivo. This was via suppression of the IL6/STAT3, NB; IGF1/IGFR1 signalling
networks. IP1867B exposure induced the down regulaif EGFR, at both protein and transcript
level. IP1867B was well tolerated in non-neoplaastrocytes and showed no associatedvo Gl
toxicity. IP1867B synergised with EGFR inhibitonsdain combination with IGF1R inhibitors had

no additive effect.
Materials and Methods.

Tumour specimens and primary tumour cultures. Adult HGG biopsy samples were obtained
from patients undergoing biopsy surgery at King#leége Hospital NHS Foundation Trust (LREC
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review board (11/SC/0048) London, UK). Tumours waessified based on WHO criteria [1] after
examination by neuro-pathologists. Tumour mass weehanically dissociated into explant
clumps, incubated at 3Z to allow neoplastic cells to colonize the flagi/culture plates. Medium
was changed every 2 days. When neoplastic celtsheeaconfluence, cells were passaged and
expanded. Once passage 1 cells were obtained, Brmfem Repeat (STR) analysis was conducted

to enable subsequent cell line authentication @giBioscience).

Chemotherapeutics and Cell Culture. IP1867B (Innovate Pharmaceuticals), TMZ (T2577),
vincristine (V0400000) and aspirin (Sigma-Aldrickgemcitabine (S1714), Gefitinib or AZD3759
(SelleckChem). Adult glioma cell line U87MG was aibed from the ATCC and maintained in
DMEM supplemented with 10% heat inactivated FCr{&i-Aldrich). Novel aHGG biopsy-lines
UP-029, SEBTA-003, SEBTA-023 and SEBTA-025 weretwreld in DMEM medium. CC2565
non-neoplastic astrocytes (Lonza) were maintainesktrocyte growth medium supplemented with
SingleQuots™ (CC-3187 Lonza) including (CC-4128EGF, insulin, ascorbic acid, L-glutamine.
Cells were cultured under normoxic (21%) or hyp#i#o) G, conditions.

MTS cell viability assay. 5 x1G cells were seeded in triplicate in a 96 well pl@¢ hours post
seeding, cell lines were treated with each agealiTTer 96® AQueous One Solution MTS (3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphéng-(4-sulfophenyl)-2H-tetrazolium))
Reagent (G3580 Promega) was added and absorbaf@erah recorded.

Western blot analysis. Cells were harvested and lysed using RIPA by88©00, Thermo-Fisher)

and 1x protease inhibitor cocktail (78442 ThermshEr). 50ug total protein was loaded per
sample and separated by SDS-PAGE. Proteins wersféraed onto PDVF membrane (BioRad).
Membranes were blocked for 1 hour at room tempegaidT) in Odyssey blocking buffer (972-
46100 LICOR). Primary antibodies (Supplemental €ali) were added overnight at 4°C.
Secondary antibody were added (LICOR) at 1:1000@idn for 1 hour at RT and membranes
imaged on an Odyssey CLX (Licor). All uncropped iomoblots are shown in Supplemental

Figures 1-5.

Quantitative real time PCR. Total RNA was extracted (RNAeasy, 74104 Qiagem measured
using RNA6000 chip (Agilent Bioscience, UK). Quf total RNA was used per cDNA synthesis
reaction (iScript cDNA synthesis kit, 1708890 Bi@RaReal Time PCR was performed using a
LightCycler 96 (Roche) (iTaqg SYBR Green, 1725120Mad). Primer sequences shown in
supplemental Table 1. Data analysis was carriedising the 2““™ method [24].
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RT? pathway transcriptomics and analysis. Total RNA was extracted per condition (NT, 6hr
IP1867B) using the RNeasy Plus Mini Kit (Qiagenkluding genomic DNA removal. The
quantified by RNA 6000 Nano Kit (Agilent, UK). Oy of RNA was used for RTcDNA (Qiagen,
UK). cDNA was added on the cell death Pathway Ri@&AHS-2127), NRe<B signalling array
(Qiagen, PAHS-025Z) and IL6/STATS3 signalling patyw®AHS-160Z). Plates were run using a
Light Cycler 96 (Roche, UK). The CT values wereaitéd and fold changes determined BYZ
[24].

In vivo anti-tumour efficacy. 250,000 U87-luciferase cells were inoculated (hti@nially) into

NOD/SCID mice (aged 10-12 weeks). Animals were grouped dase luciferase imaging.
Treatment was initiated every three days via IRdtpn, PBS, TMZ 50 mg/Kg/day or IP1867B
30mg/Kg/day.In vivo bioluminescent imaging was performed once per varkall animals were
weighed with behaviouand neurological signs (including altered gaitrioes, seizures and/or
lethargy) monitored daily. This animal study wasidacted with Institutional and Home Office

ethical approval.

In vivo gastric studies. Female C57BL/6 mice (aged 10-12 weeks, n=2-3 mioafy) were fasted
for 16 hours and oral gavaged daily for 5 consgeutiays with 1% methylcellulose (10 mi/kg),
IP1867B (30 mg/kg) or aspirin (30 mg/kg). All aninsaudies were conducted with Home Office
ethical approval. Stomachs were extracted and abaloeg their greater curvature and pinned to a
bed of paraffin and formaldehyde fixed. Stomaelse cut into strips containing antrum and
corpus and processed for standard H&E staining.n-d&wial sectioned gastric mucosae were
assessed for lesion number (521 + 112 mm/stomaéil).animal studies were conducted with

Institutional and Home Office ethical approval.

Data analysis and statistics. Studies were analysed using GraphPad Prism ancepresented as
mean = St.Dev. Statistical significance calculatisthg Student’s t-test, P*< 0.05), two-tailed

ANOVA analysis, or the log-rank test for Kaplan Mesurvival analyses.
Results

|P1867B demonstrates a potent in vitro anti-aHGG effect under both normoxic and hypoxic

conditions.

We investigated how novel biopsy-derived aHGGoesled to each excipient, IP1867B and
temozolomide (TMZ) (Figure 1). 96 hours post drugatment MTS viability assays were

conducted and Efgvalues determined (Figure 1A-D). Saccharin didaftect cell viability at even
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the highest tested concentration of 36.5 mM. Ttiacggnificantly reduced cell viability although
this was only at dosages >290 mM. When treated asfiirin alone, aHGG cells show limited cell
death. The maximal solubility of aspirin (SIGMA Aich) was 3 mg/mL (16.65 mM). We were
unable to dissolve aspirin at this concentratiosigaificant particulate was observed. The highest
concentration used was 1 mg/mL (5.55 mM). Redwdd@G cell viability was only observed at
500 uM aspirin. We noted a significant reduction in aH@E€Il viability following IP1867B
treatment. Aspirin alone (SIGMA) and IP1867B nodicly changed the pH of the medium,
consistent with high concentration acetylsalicdmd. This alone did not account for the reduced
cell viability as IP1867B significantly reduced aB&ell viability at lower concentrations (Figure
1).

We determined the overall Bg&for each component and for TMZ (Figure 1E). Follogva
single treatment, IP1867B was significantly moréepd compared to each agent and single dose
TMZ exposure, a response conserved in a numberH&G cell lines. The aHGG lines
demonstrated high tolerance to single dose tredtmiéim TMZ, particularly SEBTA-023, SEBTA-
003 and UP-029 that display unmethylak@MT promoters. Representative microscopy images of
each aHGG cell line 24 hour post IP1867B exposevealed widespread cell death post-IP1867B
treatment that was not observed post-treatment aith of the excipient components with only
limited cell detachment/death post-TMZ treatmemng(Fe 1F).

Adult HGG therapeutics need to be effective undehmormoxic (21% ¢ and hypoxic
(1% O) conditions. Cells were incubated under hypoxinditbons and treated with IP1867B. At
96 hours MTS assays were conducted (under eithgoxiy or normoxic conditions) and L
concentrations determined for each (Figure 1G)esprective of the environment, there was a
significant reduction in cell viability post-IP18B7treatment. However, there was no significant
difference between the EB&values for each aHGG line cell under normoxic ypdxic conditions

post-IP1867B exposure.

| P1867B for mulation demonstrates synergy compared to each individual excipient component
and increased the effectivenessof TMZ.

We questioned if the IP1867B formulation had aesgistic effect on treated aHGG cells.
We determined the effective concentration for asgiEIGMA) (16 uM) and triacetin (0.6 mM)
alone, an effective concentration for aspirin (Si&triacetin and saccharin (the three excipients
individually combined at 1M, 0.5 mM and 500 mM respectively) and finally foMZ alone (9.1
uM). Single/dual agents were added simultaneousiiyveere compared to IP1867B (Figure 2A-D).
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Treatment with aspirin (SIGMA) and TMZ was additii@here the TMZ EG; fell between 6.1 -
27.2uM for each aHGG cell line). While there was a redurcin cell viability, this reduction was
not statistically significant. When aspirin (SIGMARd triacetin were used in combination to treat
aHGG cells no significant change was noted. A posgmergistic response was observed when
IP1867B was compared to each excipient componeniyhen the three individual components
were independently combined (Figure 2E). When asgi8IGMA) and TMZ were used in
combination, there was no significant differenceouerall aHGG cell viability indicating that the
combination of thesén vitro did not have an additive effect (TMZ E{remained at 12.1M)
(Figure 2F). IP1867B and TMZ when used togethesw&d an additive effect where the fg@ias
~0.5 uM (Figure 2G). We concluded that IP1867B was highiynergistic compared to each
excipient component alone and while aspirin (SIGM&)d TMZ in combination did not
significantly affect cell viability (either synewgic or additive), IP1867B and TMZ did have an
additive response. We questioned if non-neoplastis were sensitive to IP1867B. Non-neoplastic
CC2565 astrocytes were exposed to each individvalponent or to IP1867B (Figure 2H). At 96
hours post IP1867B, CC2565 cells did not displagignificant reduction in overall viability.
IP1867B showed cancer-selectivity (f&s€oncentration(s) for aHGG was between 0.39-0.6438
and the CC2565 Egwas 10.16:M) (P = 0.0038).

| P1867B treatment induces the potent suppression of NF-kB and |GF1R

We examined how IP1867B could mediate this respoiveetested if there was significant
caspase 3 cleavage following treatment with the8687B (Figure 3A). There was the significant
detection of cleaved caspase 3 at 96 hours padtriemt. We questioned if there was p53
accumulation and activation. We did not see disbegnp53 accumulation although noted p53
phosphorylation (Serl5 and Ser46) (Figure 3B). EBBA-023 aHGG cells we were unable to
detect any p53. To complement this study, each ald@idine was exposed to IP1867B or TMZ
(100 uM) and at 24 and 96 hours post treatment FACS aisalyas conducted (Figure 3C). We
detected significant accumulation of asup-Gll population consistent with cell death post
IP1867B treatment. At 96 hour post-treatment, TMgasure also increased the sub-€ll
population, however this was significantly lowengeared to IP1867B treated aHGG cells.

We evaluated the aHGG transcription response gREBA7B exposure and examined a
diverse range of cell death networks, the ®-pathway, and the inflammation response (Figure
3D, E and F). Three housekeeping genBsta-2-microglobulin (B2M), hypoxanthine
phosphoribosyltransferase 1 (HRPT1) and Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

were used for data normalization, and the fold gkdor each gene of interest was calculated. 12
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hours post IP1867B treatment, we noted a signifidawn regulation of various pro-inflammatory
genes includingnterlukin (IL)12A, IL18, IL4, IL5, IL6, IL6-receptor, tumour necrosis factor (TNF),
TNF-receptor 1A and TNF-receptor 11B (Figure 3G). When treated with IP1867B, aHGG cells
directed a significant transcription increaseliil. IL6 drives many of cancer hallmarks via the
downstream activation of STAT3. IL11 has been shtovdirect a more prominent role compared
to IL6 in inflammation associated cancers, sugggsti potential compensatory mechanism directed
by aHGG following IP1867B exposure [25]. These datige the hypothesis that IP1867B could
significantly complement a number of IL11 inhibdofsuch as Bazedoxifene and mlL-11 Mutein)

currently being tested in various gastrointestaral breast cancers [25-27].

The related genemsulin-like growth factor 1 (IGF1) and Insulin-like growth factor 1
receptor (IGF1R) were identified by our analysis post-IP1867B tmeent (Figure 3G)IGF1 and
IGF1R both showed a highly significant expression de@ed9.42 and 7.39 fold versus untreated
aHGG cells respectively. IGF1 and IGF1R can conf@mo-resistance and have been considered
important for EGFR inhibitor resistance [28]. Thesata suggested that IP1867B could
significantly inhibit IGF1 and IGF1R by potentlydecing their expression and may, sensitise
aHGGs to these therapeutics. Following IP1867Bttnent, we noted subtle, although statistically
significant, increases icaspase 3, caspase 6 andcaspase 9 expression supporting the induction of
apoptosis (Figure 3G). We observed the direct sgiwa of EGFR (2.73 fold reduction) post-
IP1867B treatmentf UP-029 aHGG cells. These aHGG lines showed fsogint EGFR over
expression and suggested a second mechanism wWhEB67B could significantly enhance the
effectiveness of aHGG therapeutics, in particul@FR inhibitors supported bilL4 and IL6

repression.

We broadened our findings and included additioreadent biopsy-derived aHGG cell lines
(Figure 4A, B and C). IP1867B directed an antianfilmatory transcription response, characterized
by the repression dL.6, IL6-receptor, TNF, TNF-receptor 1A and the significant induction ¢E11.
There was a significant reduction BGFR, IGF1 andIGF1R transcription. We questioned if these
transcriptional data were conserved at the prawmel and noted that there was a considerable
reduction of IGF1RIL6R and EGFR protein expression post-IP1867B tneat in our aHGG cells
(Figure 4D). These data raised the interesting thgsis that IP1867B treatment could complement
EGFR inhibitors. We treated our aHGG cell lineshwGefitinib (EGo SuM/L), AZD3759 (EGo
50 nM) alone or in combination with IP1867B (Figde and 4F). Adult HGG cells showed limited
sensitivity to Gefitinib and AZD3759 however, whaesed in combination with IP1867B, there was

a significant increase in sensitivity to each agé&ich inhibitor was effective as a significantslos
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of detectable pY1068-EGFR was noted following expeswith Gefitnib and AZD3759 (Figure
4G). EGFRUVIII has been shown to be a direct requlat STAT3. It was compelling that IP1867B
treatment supressed this response [29]. IP186@ment in UP-029 and SEBTA-023 aHGG cells
triggered a reduction in this network although wik detected, albeit reduced, EGFR and pY1068-
EGFR. In untreated, Gefitinib, or AZD3759, treat@dGG cells, there was robust detection of
IGF1R. Post-IP1867B treatment there was a sigmfioaduction of IGF1R protein expression. The
IGF1R pathway is an important receptor tyrosineag&en (RTK) in aHGG tumours [23]. In aHGG
cells with high IGF1R expression, we detected Heglels of pSerd73 AKT (Figure 4G). Neither
Gefitinib nor AZD3759 had a significant impact orfsg473 AKT level, although 1P1867B
treatment noticeably reduced the level of pSerd#3T AConcomitantly, we noted elevated
FOXO3a-dependent gene expression post-IP1867Brtesat(Figure 4H). These data indicated that
there was significant suppression of the inflamoratesponse and the IGF1R network, including

AKT, which together increased the effectivenesE@FR inhibitors.
| P1867B effectively repressed aHGG growth in intracranial implanted tumours.

The in vivo effectiveness of IP1867B was addressed using allwgférase model. U87-
MG-luciferase aHGG cells were intracranially impkohintoNOD/SCID mice (six mice per group)
and 7 days post-inoculation, luciferase activityswaeasured. Tumour-bearing mice were treated
on day 1, 3, 5, 8, 10 and 12 by intraperitonea) {fection of vehicle, IP1867B (30 mg/kg) or
TMZ (50 mg/kg) (Figure 5A). There was a significamduction in luciferase expression in
IP1867B treated mice and a significant increassumvival (Figure 5B). We collected the brain and
liver of each animal. We noted significant intraged tumour in vehicle treated mice, in particular,
gross disruption of brain architecture and disuptof the midline. TMZ and IP1867B treated
brains showed “normal” brain structure (Figure 5@)e carefully monitored animal weight and
behaviour and noted there was no significant weliggd in IP1867B treatment group (Figure 5D).
A concern regarding high dose aspirin treatment p@gntial damage and lesion development
within the gastrointestinal tract. In an indeperid@on-tumour bearing mouse study) we examined
if IP1867B oral administration induced any gastmwcosal lesions (Figure 5E). There were
significantly less total mucosal membrane lesionsaddition to significantly reduced lesion

frequency (per mm) in IP1867B treated mice versysria treated mice (Figure 5F).

IP1867B treatment of tumour bearing mice signifttaneducedlGF1 and IGF1R in vivo
expression and, in agreement with oarvitro data, there was a significant down regulation of
multiple inflammatory genes in the treated tumqeiigure 5G and 5H). There was an upregulation

of caspase 3 andcaspase 9 transcription in the IP1867B treated mice brairisalgh this induction
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was not seen in the matched livers (data not shownhumber of apoptotic markers were
upregulated in the brains and livers of TMZ treateite. This was both tumour specific (as
measured using human-specific primers) and systéeiermined using mouse specific primers).
Following IP1867B exposure, there was a significdownregulation of EGFR protein expression
in the tumours of treated mice (Figure 5I). Thisvdeegulation was not observed following mock

or TMZ treatment regimens.
Discussion

The gold standard treatment for aHGG patientsas‘8tupp protocol” with temozolomide.
Despite this aggressive multi-modal regimen, pagagnosis remains poor with median survival

of approximately 15 months.

The nonsteroidal anti-inflammatory agent aspirinvidely used for preventing and treating
cardiovascular and cerebrovascular diseases wdtgknt cohort analysis has suggested that aspirin
may prevent a range of cancers (including colosfrgaand pancreatic cancer) [30-33]. There is
accumulating evidence that aspirin may act in diffé cell types, including epithelial cells, tumour
cells, endothelial cells, platelet, and immune sce€Consequently, aspirin could act on multiple
cancer hallmarks including cell growth, metastaangiogenesis and inflammation. There are noted
side effects during long-term low dose aspirin tireant regimens that include nausea, vomiting,
and abdominal pain. An important clinical complioatfollowing long-term aspirin administration
is gastrointestinal injury, in particular gastrodeaal destruction, ulceration, and haemorrhage(s)
[34]. The risk of major bleeding following aspirireatment is higher in patients aged 75 years or
older [34]. The median age at diagnosis of aHG64i$35,36] where the incidence increases with
age peaking between 75-84 years and this coulceqres major clinical obstacle for standard

aspirin to be considered as a preventative or coatioinal therapy for aHGG patients.

Here we evaluated, IP1867B, a “true liquid” aspformulation. IP1867B allowed a higher
concentration of ASA to be deliveréd vitro, directed a potent anti-aHGG response and was well
tolerated by non-neoplastic astrocytes. Compare@ach excipient component, IP1867B was
synergistic and directed a potent anti-aHGG respamdependent diGMT promoter methylation.
There was induction of apoptosis following IP18&r&tment, consistent with caspase 3 cleavage.
One of our biopsy-derived aHGG cells had no delbdet@53 protein although was sensitive to
IP1867B, suggesting that the mechanism of actiors Vieely p53-independent. There was
significant suppression of the N@B and IL6/STAT3 pathways and in particular suppasof
EGFR transcription post-IP1867B exposure. We validatesl uppression dGFR transcription
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and noted the concomitant reduction of EGFR progejoression. A number of anti-EGFR clinical
trials have been instigated and for aHGG [37,38lr @ata suggested that 1P1867B could
complement EGFR inhibitors. We evaluated Getfimd AZD3759 alone and in combination with
IP1867B. Dual treatment with IP1867B significantigreased the potency of two EGFR inhibitors
and significantly reduced ser473-AKT phosphorylatio twoin vitro aHGG models. We examined
the transcription of GF1 andIGF1R as these have been implicated in EGFR signallmyaould
inhibit AKT activation. IP1867B treatment signifitly reducedlGF1 and IGF1R transcription.
These data were highly unexpected and compellintp agate there are no blood-brain barrier
permissive anti-IGF1 and IGF1R treatments. Metabotiomplications such as obesity,
hyperglycemia, and type 2 diabetes are associatbdpaor outcomes in aHGG patients. To control
peritumoral edema, high-dose steroids usage is @ymwhich can result irde novo diabetic
symptoms. These could activate IGF1 and IGF1R i@@Hells. The administration of IP1867B

could significantly attenuate these treatment cacapbns noted in aHGG patients.

IP1867B showed discernibly less propensity in pomay gastric injury and induced
significantly less gastric mucosal lesions compatedconventional aspirin. There was no
significant difference between vehicle and IP18&&ated mice. The IP administration of IP1867B
caused a significant reduction in overall intracbtumour mass and was well tolerated. Tumour-
bearing mice showed no significant weight loss ehdvioural changes indicative of tumour
burden. Bothn vitro andin vivo IP1867B treatment revealed a reduction of EGFRduiteon to

reduced GF1 andIGF1R expression.

These data warrant follow-up in combination with B inhibitors and validation of
1P1867B as a putative IGF1 and IGF1R inhibitor.eCar required as IGF1 and IGF1R have
important functions in metabolism thus the prolah@dockade of this pathway may be associated
with adverse effects. Agents that can penetrate llmod-brain barrier and complement

conventional and novel therapeutics are of sigafianterest and warrant follow-up investigation.
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IP1867B suppresses the Insulin-like Growth FactBeteptor (IGF1R) ablating Epidermal Growth

Factor Receptor inhibitor resistance in adult lggide gliomas.
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Figure Legends

Figure 1 1P1867B treatment of biopsy-derived aHGG cells significantly reduces cell viability.
a-d). Indicated aHGG cells (10,000 per well) weesated with varying dosages of each indicated
compound and 96 hours post treatment, MTS (Promagsgys were conductea:3, error bars
indicate £StDev. e). Average Lo&Cso concentration for each excipient shown. 2-taileddOVA
analysis indicated by each bracket wkhvalue and significance showm=3 +StDev. f).
Representative microscopy images for each biopsyattaHGG cell line 24 hours post IP1867B
treatment (40 x magnification). g). Average Ldg§GCsp concentration 96 hours post IP1867B
treatment under normoxic or hypoxic conditions.aei ANOVA analysis indicated by each

bracket withP value and significance showm=3 +StDev.

Figure 2. IP1867B demonstrates synergy compared to each excipient component when
patient-derived aHGG cells are treated. a-d). Representative isobolograms from combinabion
single treatment of aspirin (SIGMA), triacetin, B&IB or temozolomide in aHGG cell lines. a).
UP-029, b). SEBTA-025, c). SEBTA-003, d). SEBTA-0&8Is were treated with each effective
50% concentration. IP1867B (or temozolomide) wadeddto each cell line. &g values were
determined from dose-response curves. The stréighttonnects the Eg values for each agent
alone and illustrates the theoretical values regpin additive effects. Data points below the line
represent synergistic (€0.8) and above the line antagonistic XCP) interactionsn=3. e-f).
Representative isobolograms from combination gglsitreatment of aHGG cells with IP167B and
TMZ or aspirin and TMZn=3 g). Representative isbologram dose curves feORPaHGG cells
treated with each indicated ageh). CC2565 cells (10,000 per well) were treatechwiarying



dosages of each indicated compound and 96 houtstigasment, MTS (Promega) assays were

conductedn=3, error bars indicate +StDev.

Figure 3. 1P1867B directs significant cell death and suppression of key inflammatory
networksin aHGGs. a). Representative immunoblots for caspase 3 dagaflowing IP1867B or
TMZ exposure. b). Total p53 accumulation and atitivain aHGG cells post-IP1867B treatment.
c). FACS analysis 96 hours post-drug treatment). d/blcano plots for cell death pathway,
IL6/STAT3 and NF«B signalling networks following IP1867B treatmeritldP-029 aHGG cells.
0). Key up and down-regulated gene expression @samgntified in d-f 24 hours post-IP1867B
treatment of UP-029 aHGG cells=3, error bars indicate +StDev wikhvalues shown.

Figure 4. 1P1867B treatment significantly suppresses EGFR, IGF1 and | GF 1R expression and
enhances anti-EGFR therapeutics. a-c) Gene expression analysis in each indicated@lidell
line 24 hours post IP1867B treatment3, error bars indicate £StDev. d). Representative
immunoblots for each indicated protein 24 hourd p®$867B treatment. e-f). UP-029 aHGG cells
(10,000 per well) were treated with varying dosagésach indicated compound and EGFR-
inhibitor and 96 hours post treatment, MTS (Promemssays were conducteek3, error bars
indicate +StDev. g). Representative immunoblotg8er473-AKT following treatment with each
single or combination therapeutic. h). Expressibhay FOXO3a-dependent genes 24 hours post-
treatment with each indicated therapeutie3, error bars indicate +StDev. Two-tailed ANOVA

analysis conducted for each bracket. * indiciteslue<0.05.

Figure 5. 1P1867B IP treatment induces significant reduction of intracranial tumours. a)
Overall luciferase signal at day 19 following IRedtment of U87-MG tumour bearing mice.
Brackets indicate two-tailed ANOVA witR values shown for each. Significant reduction of U87
luciferase tumours 19 days post IP1867B treatm&@presentative tumour bearing mouse
bioilluminescence images post treatment with vehmhly (NT), TMZ or IP1867B. b). Overall
survival for each group following mock, TMZ or IFABB IP administration. c). Representative
whole brain images following PBS, IP1867B or TMZedtment. White arrows highlight
tumour/distortion following tumour growth d). Aveya mice weight following vehicle only, TMZ
or IP1867B treatment on day 7 or day 19 post tunestaiblishment. Brackets indicate two-tailed
ANOVA analysis withP values shown for each comparison. e). Represeatatieroscopic images
of the gastric mucosa tract following control, aspior IP1867B oral delivery. f). (left)
Quantitative analysis of gastrointestinal mucossidn formation following control, aspirin or
IP1867B oral delivery. (right) lesion number/mmléeling the same treatment regimen shown in



e-f. g-h). Gene expression analysis in U87-MG turadreated with either IP1867B or TMZ at day
19 n=3, error bars indicate £StDev. i). Representatmenunoblot for EGFR followingn vivo

treatment with each therapeutic at day 19.

Supplemental Figure 1. Full uncropped immunblots for the data shown iruFég3a.
Supplemental Figure 2. Full uncropped immunblots for the data shown iruFeg3b.
Supplemental Figure 3. Full uncropped immunblots for the data shown iguiré 3d.
Supplemental Figure 4. Full uncropped immunblots for the SEBTA-003 ddtaven in Figure 3g.
Supplemental Figure 5. Full uncropped immunblots for the UP-029 data shawfigure 3g.
Supplemental Figure 6. Full uncropped immunblots for the data shown iguiré 5i.

Supplemental Table 1. A table showing all primer sequences, antibodied eonditions used

throughout our studies.
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Highlights

IP1867B (liquid aspirin) significantly reduced adult and paediatric high grade glioma
cell viability.

IP1867B potently supressed IL6/STAT3 and NF-kB networks.

IP1867B significantly reduced IGFR1 and EGFR expression and conferred sensitivity
to EGFR inhibitors.

IP1867B in vivo administration induced significantly less gastrointestinal lesions
compared to conventional aspirin.

IP1867B intraperitoneal administration induced a significant anti-aHGG response in
established intracranial tumours.
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