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ABSTRACT

Aims Wild-type gastrointestinal stromal tumours
(WtGIST) are frequently caused by inherited pathogenic
variants, or somatic alterations in the succinate
dehydrogenase subunit genes (SDHx). Succinate
dehydrogenase is a key enzyme in the citric acid cycle.
SDH deficiency caused by SDHx inactivation leads to

an accumulation of succinate, which inhibits DNA

and histone demethylase enzymes, resulting in global
hypermethylation. Epigenetic silencing of the DNA repair
gene MGMT has proven utility as a positive predictor

of the therapeutic efficacy of the alklyating drug
temozolomide (TMZ) in tumours such as glioblastoma
multiforme. The aim of this study was to examine MGMT
promoter methylation status in a large cohort of GIST.
Methods MGMT methylation analysis was performed
on 65 tumour samples including 47 wtGIST (33 SDH-
deficient wtGIST and 11 SDH preserved wtGIST) and 21
tyrosine kinase (TK) mutant GIST.

Results MGMT promoter methylation was detected

in 8 cases of SDH-deficient (dSDH) GIST but in none of
the 14 SDH preserved wild-type GIST or 21 TK mutant
GIST samples analysed. Mean MGMT methylation was
significantly higher (p 0.0449) and MGMT expression
significantly lower (p<0.0001) in dSDH wtGIST compared
with TK mutant or SDH preserved GIST. No correlation
was identified between SDHx subunit gene mutations or
SDHC epimutation status and mean MGMT methylation
levels.

Conclusion MGMT promoter hypermethylation occurs
exclusively in a subset of dSDH wtGIST. Data from

this study support testing of tumour MGMT promoter
methylation in patients with dSDH wtGIST to identify
those patients who may benefit from most from TMZ
therapy.

BACKGROUND

Gastrointestinal stromal tumours (GISTs) are
mesenchymal tumours of the gastrointestinal tract
with an incidence of 15-20 per million of the popu-
lation." * Most GISTs occurring in adults are driven
by activating somatic mutations in the receptor
tyrosine kinase genes KIT® or PDGFRA* and muta-
tions in these proto-oncogenes predict an excellent
response to tyrosine kinase inhibitors.” Wild-type
GIST (wtGIST) refers to those which are negative
for activating mutations in KIT and PDGFRA.
These account for 15% of adult and 85% of paedi-
atric GIST. The majority of wtGIST are caused by
a loss of function in the succinate dehydrogenase
(SDH) enzyme complex, most commonly caused
by an inherited mutation in one of the four SDHx

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Gastrointestinal stromal tumours (GIST) with
mutations in the succinate dehydrogenase
(SDH) protein complex are resistant to current
treatment regimes in other GIST. Alkylating
agents may be used for treatment of tumours
which show loss of MGMT function due to DNA
methylation of its promoter. The aim of this
study was to assess whether MGMT promoter
methylation was a common finding in SDH-
deficient GIST.

WHAT THIS STUDY ADDS

= Our data shows that MGMT promoter
methylation is frequent if not exclusive to SDH-
deficient GIST. The tumour MGMT methylation
status may also have a role as a prognostic
biomarker and could inform on potential
therapeutic options for SDH-deficient GIST.
HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Data from this study suggest that diagnostic
testing for MGMT promoter methylation should
be considered as part of diagnostic clinical

testing for SDH-deficient GIST.

genes (SDHA, SDHB, SDHC and SDHD)® or by
tumour-specific SDHC silencing by promoter meth-
ylation.® SDHx mutations impair SDH enzyme
complex assembly at the inner mitochondrial
membrane or cause a loss of the enzyme complex
function. These tumours are therefore referred to
as SDH deficient (ASDH). The association of SDHx
mutations with a hereditary tumour syndrome was
first described in familial phaeochromocytoma and
paraganglioma (PPGL).” Over the past two decades,
the spectrum of tumours associated with SDH defi-
ciency has been extended to include GIST, renal
cell carcinomas (RCC) and pituitary adenomas.®
The SDH enzyme couples the oxidation of succi-
nate to fumarate in the citric acid cycle and a loss
of function in tumour cells leads to accumulation
of succinate. Excess levels of succinate inhibit the
2-oxyglutarate dependent dioxygenase enzymes
including the Jumonji C (JmjC) histone demethy-
lase class of enzymes and the ten eleven translocase
DNA demethylase enzymes.” Genome-wide meth-
ylation profiling of SDHx mutated tumours has
demonstrated DNA hypermethylation in PPGL’
and wtGIST.? This has prompted interest in the
potential therapeutic utility of precision medicine
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approaches targeting hypermethylated tumour suppressor genes
in these tumours.

6-methylguanine-DNA methyltransferase (MGMT) encodes a
DNA repair protein that removes alkyl groups from the guanine
residue within DNA. DNA alkylation most commonly occurs at
guanine residues (O6-guanine, N7-guanine) and leads to single
and double-strand DNA breaks and therefore, if not repaired,
to subsequent apoptotic cell death. MGMT expression within
cancer cells allows the cell to recover from the DNA damaging
effects of alkylating agents enabling the tumour to become resis-
tant to therapeutic use of such agents. Epigenetic silencing of
MGMT by promoter hypermethylation has been described in
malignancies of the colon and rectum (39%), central nervous
system (34%), head and neck (32%), lung (21%), lymphoma
(25%), oesophagus (20%) and pancreas (11%)."" The status of
MGMT expression has been proven to be of significant clinical
benefit in the management of glioblastoma multiforme, where
epigenetic silencing of MGMT by promoter hypermethylation
informs therapeutic response to temozolomide.'* A correlation
between germline SDHB status and MGMT promoter methyla-
tion has been demonstrated in PPGL" and the authors of this
study postulated that the reduced MGMT expression due to
promoter hypermethylation was responsible for the favourable
response to temozolomide (TMZ) in the cohort of patients with
SDHB mutations. More recently, MGMT was found to be pref-
erentially methylated in a small subset of SDH-deficient (dSDH)
wild-type GIST compared with a larger subset of SDH preserved
(pSDH) wild type GIST (6/9 (67%) dSDH GIST, vs 6/39 (15%)
pSDH-preserved GISTs.'* Lou et al observed a significantly
higher percentage of MGMT promoter hypermethylation in
SDH deficient and epithelioid/mixed non-TK mutant GIST (4/7
and 8/44, respectively)."

At present, there are few effective oncological therapies to
treat patients with inoperable metastatic dSDH wtGIST. The
outcome of an open-label, phase 2 efficacy study of TMZ in
advanced SDH-mutant/deficient wtGIST (ClinicalTrials.gov
Identifier: NCT03556384) is awaited but earlier studies have
suggested that MGMT methylation status could be used as a
biomarker to identify individuals with metastatic wtGIST, who
might have a favourable response to TMZ therapy.

Study aims

The aims of this study were (1) to profile MGMT promoter meth-
ylation status and MGMT expression in a large UK cohort of
wtGIST and (2) to inform the utility of MGMT methylation anal-
ysis as a routine clinical diagnostic test for patients with meta-
static wtGIST for whom systemic therapy is being considered.

METHODS

Clinical sample collection

Cases were ascertained from the National Paediatric and Adult
wild type GIST (PAWS GIST UK) and GIST clinic at Cambridge
University Hospital NHS Foundation Trust. Details of clinical
phenotype, family history, histopathology and germline molec-
ular testing results were collated from patient records.

Study design

This was a retrospective study. wtGIST patients, for whom
formalin-fixed paraffin embedded (FFPE) tumour blocks or
fresh frozen (FF) tumour tissue were available, were eligible for
inclusion. The SDH status for all tumours had been assessed by
SDHB immunohistochemistry. A control set of KIT, PDGFRA,
NF1 and quadruple-wt GISTs (n=32) was included. The FFPE

tumour blocks from the primary tumour were available for all
cases and FF tissue from the primary tumour was available for
four cases. Analysis was also performed for a subset of patients
(n=2) for whom FFPE tumour blocks from the primary and
metastatic tumour were available.

Tissue dissection for DNA and RNA isolation

Preselected paraffin blocks containing tumour were used for
molecular analysis. Histologically confirmed tumour and
tumour-free tissue suitable for DNA isolation was identified by
an experienced molecular histopathologist (OG). The tumour
cell content in the selected areas ranged between 50% and 80%.
The 6-10 um thick FFPE sections were mounted on glass slides.
Tumour and normal tissue were scraped of the slides barring a
security margin between tumour and normal of 2 mm.

Clinical germline DNA sequencing

DNA was extracted from peripheral blood samples according to
standard protocols. Next-generation sequencing of a clinical gene
panel including; SDHA, SDHB, SDHC, SDHD, KIT, PDGFRA
and NF1 was performed by the laboratory staff at Cambridge
University Hospital NHS Foundation Trust or Birmingham
Women’s and Children’s Hospital NHS Trust using the Trusigh-
tOne or Trusight Cancer sequencing panels (Illumina, UK). An
average coverage depth of >20fold was achieved for 98% of
the regions sequenced. All detected variants were confirmed
by Sanger sequencing. Whole exon deletions and duplications
and large rearrangements are not detected using this method
and multiple ligation probe analysis was performed for SDHB,
SDHC and SDHD.

DNA extraction
DNA was extracted from FFPE tissue according to standard
protocols. For details, please see online supplemental data.

RNA extraction from FF tissue
RNA from FF and FFPE tissue was isolated according stardard
protocols. For details, please refer to online supplemental data.

Bisulfite conversion

Bisulfite conversion was performed using the Qiagen Epitect
Bisulfite kit (Cat 59104) or the Zymo Research EZ DNA Meth-
ylation kit (D5001) according to the manufacturers’ instruc-
tions. viii) Analysis of MGMT and SDHC promoter methylation.

1-25 ng bisulfite converted DNA was used for MGMT and
SDHC promoter methylation analysis.

For MGMT 375nM forward primer, with a 20-mer 5 M13
overhang (TGTAAAACGACG-GCCAGTTTATAGTTTYGGAT
ATGTTGGGATAG) and 187.5nM of biotinylated reverse
primer ((btn)-TCCCAAACACTCACCAAATC) were used. For
sequencing a nested sequencing primer (GTTTTTAGAACG
TTTTGYGTTT) was used.

For SDHC 375nM forward primer a 20-mer 5> M13 over-
hang, (TGTAAAACGACGGCCAGTTTATAGGAGAAGTT
TTAGAGTTTTTTAAAGAG) and 250nM of biotinylated
reverse primer ((btn)-AAAATAACRCCAAACRACCCC) were
used. For SDHC a nested sequencing primer (GTTATATGATAT
TTTTAATTT) was used. MGMT promoter hypermethylation
was defined as a mean MGMT methylation and SDHC across
CpG islands 1-8 of >10% for this study. For details,please refer
to online supplemental data.
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Figure 1 Assessment of MGMT promoter status in previously
published GIST data. (A) MGMT probe methylation status for GIST
patients dSDH (N=68) and pSDH (N=92) from Killian et al.'® P value
represents Student's t-test. (B) RNA normalised expression for MGMT
in GIST patients with different mutations in SDH genes from Killian et
al."® P value represents one-way analysis of variance (ANOVA). GIST,
gastrointestinal stromal tumour.

MGMT expression analysis with quantitative RT-PCR

RNA (125-250ng) was transcribed into ¢cDNA with random
hexamers. Relative MGMT expression was analysed according
t0'®"” with SYBR Green using the PowerUp SYBR Green Master
Mix (Applied Biosystems, ref 01061935), with MGMT oligo’s;
forward 5-GCTGAATGCCTATTTCCACCA-3'/reverse 35'-
CACAACCTTCAGCAGCTTCCA-3'; normalised to the average
Ct value of three internal reference genes: HPRT1, GUSB, TBP).
The delta Ct was calculated by subtracting the mean of triplicate
Ct values for MGMT with the mean of the triplicate Ct values of
all three reference genes.

Statistical analysis

Statistical analyses were performed using GraphPath Prism V.6.
Groups were compared by ANOVA (Kruskall-Wallis), assuming
non-Gaussian distribution. Comparisons between MGMT meth-
ylation and MGMT expression between groups was performed
using unpaired Mann-Whitney t-test assuming a non-Gaussian
distribution. Analysis of MGMT methylation in tumours vs
adjacent normal tissue was performed using a paired t-test and
correlations between mean MGMT methylation and clinical and
pathological features was performed using an unpaired t-test.

Analysis of public data

Methylation and affymetrix expression data for GISTs was down-
loaded from the repositories for Killian et a/'® and Killian et al'®
(GEO ids 34387 and 56670, respectively) (15)(10). PPGL data
were downloaded from online supplemental table S2 of Hadoux
et al.'® TCGA data were downloaded using Xenabrowse' the
‘Pan-cancer atlas’?® MGMT methylation for figure 1A was
calculated using the average (mean) of both available probes
(MGMT P272_R, MGMT P281 F). For PPGL data, MGMT
promoter methylation was calculated as the average (mean) of
probes found to be differently methylated and that correlate with
MGMT expression in Hadoux et al (cg25946389, cg12434587,
cg12981137, cg02941816).'° Analysis was performed using
Python. P values represent Student’s t-tests, one-way ANOVA
or Tukey post hoc tests performed using the SciPy*' (Student’s
t-tests, ANOVA) or statsmodels (Tukey) libraries.

Table 1  Clinicopathological features of study cohort

Clinicopathological features N=(%)

Age Mean age 46.7 years (range 13-79 years)

Gender 32 female (49.3%), 24 male (36.9%), 9 unknown
(13.8%)

Gastric 45 (69.2%), small bowel 12 (18.5%),
unknown 8 (12.3%)

Yes 19 (29.2%), no 38 (58.5%), unknown 8
(12.3%)

Yes 8 (12.3%) (6 PPGL, 2 pulmonary chondroma)
No 49 (75.4%), unknown 8 (12.3%)

Epithelioid 7 (10.8%), mixed 23 (35.4%), spindle
14 (21.5%) unknown 21 (32.3%)

Mean 5% range (1%—-80%)

Primary site of GIST
Metastatic

Synchronous tumour
Histological subtype of GIST

Proliferation index

GIST, gastrointestinal stromal tumour.

RESULTS

MGMT methylation analysis was performed on 68 tumour
samples from 65 individual patients including 47 wtGIST
(67.7%) and 21 (32.3%) TK mutant (17 KIT and 4 PDGFRA)
GIST (30.9%). Complete clinical and pathological data was
available for 54 patients (79.4%). The mean age in the study
cohort was 46.7 years (range 13-79 years). The cohort
included 32 female (49.3%) and 24 male (36.9%) patients
(information on gender was not available for 9 patients
(13.89%)).

Nineteen (29.29%) patients had metastatic disease and eight
patients had synchronous tumours (six PPGL and two pulmo-
nary chondromas; see table 1); (see online supplemental table
S1). A germline SDHx mutation was identified in 17 cases of
dSDH wtGIST. Tumour SDHC promoter methylation was iden-
tified in 12 cases of dSDH wtGIST of which nine had no identi-
fiable germline SDHx mutation. The germline genetic test results
were unavailable for four cases.

MGMT methylation and correlation with molecular status
Mean MGMT promoter methylation level for the 65 GIST
studied varied by GIST subgroup: mean MGMT methylation was
2.905% (SEM=1.758) for TK mutant GIST (N=21), 3.143%
(SEM=0.4041) for NF1 (N=7) vs 2.25% (SEM=0.75SEM)
for quadruple negative GIST (N=4) and 8.091% (SEM=1.786)
for SDH-deficient GIST (N=33) (p=0.0449)(table 2). Overall
MGMT promoter methylation (defined as mean methylation
>10%) was identified in 8 of 65 cases (12.3%). All 8 cases
were dSDH wtGIST (8/33, 24.2%). MGMT promoter hyper-
methylation was not identified in any of the 11 SDH preserved
wtGIST or the 21 TK mutant GIST samples analysed. There was
no difference in mean methylation comparing SDH tumours
caused by SDHC epimutation (mean methylation 7.5566.583%
(SEM=2.897207) to those with germline mutations in SDHA
(mean methylation 4.556% (SEM=1.192) or other SDHx
subunit gene mutations (SDHB/C/D) (mean methylation 8.5%
(SEM 5.099), Kruskall-Wallis ANOVA p=0.9167.

MGMT expression

MGMT expression by qRT-PCR was performed on tumours
from 25 patients from whom FF tissue was available. Relative
mean MGMT expression expressed as -dCT was assessed by
RT-Q-PCR using FF tissue available for 25 samples. Relative
mean MGMT expression was significantly different for dSDH
wtGIST (N=16) vs TK mutant GIST (N=9) (-2.194; SD 1.353
vs 0.33; SD 0.495, Mann-Whitney t-test (p<0.0001)). The
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Table 2 Molecular features of the SDH-deficient GIST cohort

Tumour SDH Tumour SDHC Mean MGMT
ID KIT/PDGFRA mutation status status Germline gene mutation SDHC epimutation methylation methylation
G0001 WT dSDH No Y 76% 2%
G0002 WT dSDH SDHC ¢.380A>G (p. His127Arg) Y 46% 2%
G0003 WT dSDH No N 1% 23%
G0006 WT dSDH SDHA c.1765C>T (p. Arg589Tip) N 5% 5%
G0010 WT dSDH SDHD ¢.296delT (p. Leu99fs) N 2% 44%
G0011 WT dSDH SDHA c.91C>T (p. Arg31Ter) N 2% 3%
G0012 WT dSDH SDHD ¢.34G>A (p. Gly12Ser*) Y 46% 4%
G0013 Wt dSDH No germline pathogenic variant detected Y 54% 5%
G0017 W1 dSDH No germline pathogenic variant detected Y 79% 3%
G0018 WT dSDH SDHB c.137G>A (p. Arg46GIn) N 2% 2%
G0019 WT dSDH SDHC c.148C>T (p. Arg50Cys) Y 32% 5%
G0020 WT dSDH SDHC c.43C>T (p. Arg15X) N 2% 3%
G0021 WT dSDH SDHA c.91C>T (p.Arg31Ter) Y 5% 8%
G0024 W1 dSDH No germline pathogenic variant detected N 4% 7%
G0025 WT dSDH SDHA c1A>C, (p.MET1?) N 7% 3%
G0026 WT dSDH SDHB ¢.72+1G>T N 4% 6%
G0027 WT dSDH SDHA ¢.150+1G>A N 2% 5%
G0029 WT dSDH SDHA ¢.91C>T (p. Arg31Ter) N 6% 2%
G0030 WT dSDH SDHA c.91C>T (p. Arg31Ter) N 4% 3%
G0053 W1 dSDH No germline pathogenic variant detected Y 47% 4%
G0057 W1 dSDH No germline pathogenic variant detected N 4% 15%
G0081 WT dSDH SDHB ¢.72+1G>T N 1% 2%
G0082 W1 dSDH No germline pathogenic variant detected Y 80% 19%
G0085 W1 dSDH No germline pathogenic variant detected Y 31% 3%
G0086 WT dSDH No germline pathogenic variant detected N 3% 3%
G0140 WT dSDH NA N 2% 23%
G0141 WT dSDH NA N 2% 33%
G0142 WT dSDH NA Y 77% 3%
G0143 WT dSDH NA N 2% 2%
G0144 WT dSDH SDHA ¢.1909-2A>G N 2% 12%
G0150 WT dSDH No germline pathogenic variant detected Y 68% 3%
G0151 WT dSDH No germline pathogenic variant detected Y 69% 26%
G0177 WT dSDH SDHA ¢.91C>T (p. Arg31Ter) N 2% 0%

GIST, gastrointestinal stromal tumour; SDH, succinate dehydrogenase.

relative mean MGMT expression for dASDH wtGIST caused by an
SDHC epimutation (N=4) was —2.563; SD 2.063; vs —2.018;
SD 1.119 for dSDH wtGIST caused by germline SDHx muta-
tions (N=12) vs 0.330; SD 0.495 for TK mutant GIST (N=9).
Analysis of variance (ANOVA;Kruskal-Wallis) p=0.0004.
For samples where paired MGMT promoter methylation and
MGMT Q-RT-PCR was available, no significant correlation was
found on Pearson’s correlation.

Correlation between MGMT methylation and
clinicopathological parameters

Mean MGMT methylation levels were not significantly different
in patients with metastatic disease (p=0.19) vs those with single
vs multiple tumours (p=0.31), or those with a second synchro-
nous primary tumour (p=0.32). No correlation was identified
between mean methylation levels and the tumour proliferation
index (p=0.48, R-score —0.105) or the tumour morphology
(p=0.09).

Correlation between MGMT methylation and SDOHx subunit
gene mutations in GIST and other SDHx-related tumours from
the literature
To validate our findings, we assessed MGMT methylation
status in previously published GIST datasets. Comparing dSDH
(N=68) to pSDH (N=92) GIST samples from Killian et al'’,
we identified a significantly (p=0.00057) higher mean MGMT
methylation in dSDH GIST (figure 1A) (mean methylation in
dSDH GIST 8.1%; STD 8.0% vs pSDH GIST 5.1%; STD 1.4%).
To assess whether a mutation in a specific SDHx gene is a posi-
tive predictor of MGMT methylation, we analysed the expres-
sion of MGMT in a separate cohort of GISTs for which SDHx
subunit mutational status is known (N=20)® (figure 1B). We
did not find significant differences in MGMT expression across
tumours with different SDHx subunit gene mutations including
cases with a confirmed SDHC epimutation (ANOVA p=0.43).
Finally, we assessed the impact of SDHx mutations on MGMT
methylation in a tumour dataset of PPGL (online supplemental
figure S2) (N=190).'® SDH-deficient PPGL demonstrated a signif-
icant (p<0.00001) increase in MGMT promoter methylation
compared with pSDH PPGL (mean methylation in dSDH PPGL
15.5%; STD 11.3% vs pSDH PPGL 6.6%; STD 4.9%). We observed
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the previously reported significant increase in MGMT methylation
for SDHB mutant PPGL compared with SDH preserved samples
(ANOVA p<0.001, Tukey post hoc SDHB mut vs SDH WT
q=0.001) (online supplemental figure S2).

DISCUSSION

The antitumour activity of TMZ has been demonstrated in
a variety of MGMT-deficient tumours; including glioblas-
tomas, gastroenteropancreatic neuroendocrine tumours and
phaeochromocytomas/paragangliomas.'* '® 2> The aim of the
current study was to determine if MGMT methylation status
could identify a subgroup of patients with GIST that may
benefit most from TMZ therapy and to analyse potential
correlations between molecular drivers of GIST, clinical and
pathological parameters and MGMT methylation status.

We identified MGMT promoter hypermethylation in 8 patients
and uniquely in SDH-deficient GIST (12.3% of study cohort and
22.4% of SDH-deficient GIST samples). dSDH wtGIST are a
heterogeneous tumour subtype, typically presenting at a younger
age and more frequently metastatic at presentation than TK-mu-
tant GIST or SDH preserved wild-type GIST'” In contrast to TK
mutant GIST, dSDH wtGIST can be indolent for long periods
and median overall survival is often measured in many years,’
highlighting the need for well-tolerated therapies that are most
likely to yield benefit for the individual patient. SDH deficiency
detected by SDHB IHC, was the only predictor of MGMT hyper-
methylation in this large series of wild-type and TK mutant GIST.

Specific genotype—phenotype correlations have emerged for
patients with germline SDHx mutations; SDHB variants are
most commonly associated with RCC SDHD with head and
neck paragangliomas and SDHA with GIST.® # ** The under-
lying shared mechanism of tumourigenesis for SDHx mutated
tumours includes a complex interplay between succinate metab-
olism, metabolic reprogramming, redox imbalance and epigen-
etic regulation. The emerging genotype—phenotype correlations
suggest that there may be tissue specific thresholds for altered
succinate metabolism. It is assumed that the latter is further influ-
enced by the specific SDHx subunit mutation and type of muta-
tion, for example, missense versus truncating mutations.” **2
Combining the results from our cohort with the data analysis
of published datasets, no significant difference in mean MGMT
methylation levels in SDH-deficient GIST with different under-
lying SDHx subunit gene mutations or SDHC epimutations, was
identified. This is relevant as it suggests that MGMT promoter
methylation analysis should be considered in all patients with
wild-type GIST and in particular those with evidence of SDH
deficiency on SDHB IHC, regardless of the underlying molec-
ular driver.

In this study, we employed a pyrosequencing-based analysis
of CpG’s 1-8 in the promoter region of the MGMT gene using
bisulfite converted DNA from FFPE tumour samples, adopting a
protocol commonly used in routine clinical practice for glioma
samples. MGMT promoter hypermethylation correlated with
reduced MGMT expression levels in dSSDH GIST compared with
pSDH wtGIST or TK mutant GIST (figure 2D). Pyrosequencing
was favoured over methylation arrays for this study because of
the wider availability of FFPE embedded tumour samples and for
cost effectiveness. In the UK, the national genomic test directory,
recommends methylation analysis using methylation arrays and
targeted testing for example, MGMT or MLH1 for a number of
cancers including CNS tumours and other solid organ tumours
(https://www.england.nhs.uk/publication/national-genomic-
test-directories). At present, MGMT methylation analysis is not
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Figure 2 (A) Comparison of MGMT promoter methylation

between dSDH and pSDH GIST; **p=0.0063 (Mann-Whittney t-test).

(B) Comparison of MGMT promoter methylation between dSDH, KIT/
PDGFRA mutated, NF1 associated and Q-WT GIST p=0.0449 one-way
ANOVA (Kruskal-Wallis); *p=0.0134 (Mann-Whitney-test). (C) MGMT
methylation in dSDH GIST groups. (D) MGMT-dCT values for expression
in SDHx, SDHCepi and KIT/PDGFRA mutated GIST p=0.0004. One-way
ANOVA (Kruskal-Wallis); **p=0.004, ***<0.0001 (Mann-Whitney-test).
GIST, gastrointestinal stromal tumour.

recommended for wtGIST as part of the national test directory
but data from this study and others suggests that MGMT meth-
ylation analysis should be considered for patients with wild-type
GIST and in particular those with evidence of SDH deficiency on
SDHB IHC in order to identify patients who may benefit from
TMZ therapy.

MGMT methylation status has been demonstrated to be
an independent predictor of overall survival for patients
with high-grade gliomas, irrespective of the treatment
assignment.'? Interestingly, Lou et al’s data suggest MGMT
promoter hypermethylation to be an independent favour-
able prognostic factor for overall and disease-free survival.'?
The upcoming data from the clinical trial (NCT03556384)
should inform the therapeutic benefit of TMZ for patients
with inoperable dSDH GIST. However, independent of
its predictive significance from a therapeutic standpoint,
assessing MGMT methylation status may also provide prog-
nostic information for patients with wtGIST, analogous to in
high-grade gliomas'?

In summary, our study of GIST found that MGMT
promoter methylation is a recurrent epimutation exclusive
to dSDH wtGIST (8 out of 33 dSDH GIST showed MGMT
promoter hypermethylation, 22.4%). We found that there
was no correlation between the underlying SDHx mutation
or SDHC epimutation and the level of MGMT methylation,
neither in our cohort of patients nor on secondary analysis
of publicised datasets of GIST and PPGL. We did not iden-
tify additional clinical or pathological predictors for MGMT
promoter methylation. MGMT promoter methylation anal-
ysis may be an important predictor of response to TMZ for
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Original research

patients with wtGIST and data from this study supports the
routine utility of MGMT methylation analysis for patients
with dSDH wtGIST in clinical practice.
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1 S - Material and Methods
2 v) DNA Extraction
3 DNA was extracted from either 2 mm punches taken from tissue in paraffin blocks with an Integra
4 miltex biopsy punch (Integra, 33-31-P/25), marked areas from unstained paraffin sections mounted on
5 glass slides (USS) or from fresh frozen tissue. Tissue from paraffin punches was deparaffinized by
6 immersion in 100% xylene twice for 30 minutes and in 100% ethanol twice for 30 min, and air dried.
7  The tissue punches were then incubated 1- 3 days at 56°C in 50-200 u1 (volume depending on tissue
8  block size) of proteinase K digestion buffer (PKDB) composed with 1x PCR buffer II (Applied
9  Biosystems 4486220), 0.05% NP-40 and 200ug/ml proteinase K (Qiagen 19133). After incubation the
10 proteinase was heat inactivated for 10 min at 96°C. The sample was let to cool to room temperature
11 and then centrifuged for 1 min at 13.000 rpm. Tissue sections on USS were deparaffinized on slides,
12 aligned to a corresponding slide stained with hematoxylin and eosin to demarcate tumour and normal
13 adjacent regions and then scraped off into 30-100 1 PKDB buffer and treated the same as above.
14 Fresh frozen tissue was added directly from frozen to PKDB buffer and processed similarly.
15
16  vi) RNA Extraction from Fresh Frozen Tissue
17 RNA from fresh frozen (FF) tissue was isolated with the Direct-zol RNA miniprep Kit (R2050, Zymo
18  Research). A 25-50 mg block of FF tissue was transferred to a 50 ml Corex centrifuge tube with
19 600 ul of Biorad PureZol RNA Isolation reagent (Cat#732-6890) and homogenised with a small
20 homogeniser tip for 3-4 x 20 sec burst with intermittent 30 sec cool down periods on ice. The tube
21 was centrifuged for 5 min at 4°C at 3000 rpm and the supernatant transferred to a tube containing
22 600 ul 100% ethanol and mixed by inversion. The mix was transferred to a Zymo-Spin IIC Column
23 and centrifuged for 1 min at 8000 rpm. After one wash with 400 1 RNA wash buffer a DNAsel
24 treatment was performed (5 ul of DNAsel +75 1 of DNase buffer/column) for 15 min at RT. One
25  wash with 400 #1 RNA pre-wash buffer, one wash with 700 1 RNA wash buffer with a 2 min
26  centrifugation was performed before elution with 1001 RNAse free water. Eluted RNA was
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27  quantified by Nanodrop ND-1000 Spectrophotometer and Quality assessed with RNA Tapescreen(™ )
28  on a TapeStation(™ ). For RNA extraction FFPE tissue scraped from slides (USS) or punched from
29  paraffin blocks (as described above) were processed with the RNAstorm kit from CellDataSci

30  (CD501) according to the manufacturer's protocol.

31

32 vii) Bislufite conversion

33 200 ng DNA was bisulfite modified with either the Qiagen Epitect Bisulfite kit (Cat 59104) or the
34  Zymo Research EZ DNA Methylation kit (D5001) according to the manufacturers’ instructions.
35  Complete bisulfite modification was monitored by an internal bisulfite control position in the

36  pyrosequencing assays for MGMT and SDHC.

37

38  viii) Analysis of MGMT and SDHC promoter methylation

39  MGMT: A 124 bp sized PCR amplicon located in the promoter region of the MGMT gene was

40 amplified from 1-25 ng bisulfite converted DNA with 375 nM forward primer, with a 20-mer 5’ M13
41  overhang to facilitate post PCR sequencing,

42 (TGTAAAACGACGGCCAGTTTATAGTTTYGGATATGTTGGGATAG) and 187.5nM of

43 biotinylated reverse primer ([btn]-TCCCAAACACTCACCAAATC) with the Qiagen PyroMark kit

44 (Qiagen 978703).

45  SDHC: For methylation analysis of the SDHC gene a 134 bp PCR amplicon located in the promoter
46  region of the SDHC gene was amplified from 2-25 ng of bisulfite converted DNA with 375 nM

47  forward primer, with a 20-mer 5° M 13 overhang to facilitate post PCR sequencing,

48 (TGTAAAACGACGGCCAGTTTATAGGAGAAGTTTTAGAGTTTTTTAAAGAG) and 250nM of
49 biotinylated reverse primer ([btn]-AAAATAACRCCAAACRACCCC). The PCR conditions were
50 7 min at 95°C, followed by 20 sec at 95°C, 30 sec at 53°C, and 20 sec at 72°C for 40 cycles, and an

51 end incubation at 72°C for 5 min. The resulting PCR amplicon was quality assessed for purity and
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52 yield on a 2% agarose gel. For MGMT, a nested sequencing primer

53  (GTTTTTAGAACGTTTTGYGTTT) was used to analyse 4 CpGs in 10 u1 of the PCR sample on the
54 Qiagen Q24 pyrosequencer (sequence to analyse: YGAYGTTYGTAGGTTTTYGT). For SDHC a
55  nested sequencing primer (GTTATATGATATTTTTAATTT) was used to analyse six CpGs

56  (sequence to analyse: YGATTTTTAGTYGGYGYGTTTTYGTTTTYGGGT). Fully methylated and
57  unmethylated human control DNA that had been treated with bisulfite were used as controls on each
58  pyrosequencing run. Pyrosequencing results were confirmed in a subset of cases by Sanger

59  sequencing with the M 13 forward primer recognising the M 13 extension of the forward oligos for

60  both the MGMT and the SDHC PCR amplicon.

61

62 ix) MGMT expression analysis with quantitative RT-PCR

63  RNA (125-250 ng) was transcribed into cDNA with random hexamers employing the High Capacity
64  cDNA Reverse Transcription Kit from Applied Biosystems (ref 4368814) according to manufacturer's
65  instructions. cDNA was diluted tenfold after synthesis and 1% was used in each RT-PCR well.

66  Relative MGMT expression was analyzed according to (Uno et al 2011) (16) with SYBR Green using
67  the PowerUp SYBR Green Master Mix (Applied Biosystems, ref 01061935), with MGMT oligo's;

68  forward 5'-GCTGAATGCCTATTTCCACCA-3'/reverse 5'-CACAACCTTCAGCAGCTTCCA-3"

69  normalised to the average Ct value of three internal reference genes; hypoxanthine guanine

70  phosphoribosyltransferase (HPRT1); forward 5'- GAAAAGGACCCCACGAAGTGT -3/ reverse 5'-
71 AGTCAAGGGCATATCCTACAACA -3', beta-glucuronidase (GUSB); forward 5'-

72 AAAATACGTGGTTGGAGAGCTCATT -3/ reverse 5'- CCGAGTGAAGATCCCCTTTTTA -3'and
73 TATA-box binding protein (TBP); forward 5'- AGGATAAGAGAGCCACGAACCA -3/ reverse 5'-
74  CTTGCTGCCAGTCTGGACTGT -3'. The delta Ct was calculated by subtracting the mean of

75  triplicate Ct values for MGMT with the mean of the triplicate Ct values of all 3 reference genes.

76  MGMT promoter hypermethylation was defined as a mean MGMT methylation across CpG islands 1-

77 8 of > 10% for this study.
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79 Clinical germline DNA sequencing
80  DNA was extracted from peripheral blood samples according to standard protocols. Next generation
81 sequencing of a clinical gene panel including; SDHA, SDHB, SDHC, SDHD, KIT, PDGFRA and NF]
82  was performed by the laboratory staff at Cambridge University Hospital NHS Foundation Trust or
83  Birmingham Women’s and Children’s Hospital NHS Trust using the TrusightOne or Trusight Cancer
84  sequencing panels (Illumina Inc., UK). An average coverage depth of >20 fold was achieved for 98%
85  of the regions sequenced. All detected variants were confirmed by Sanger sequencing. Whole exon
86  deletions and duplications and large rearrangements are not detected using this method and multiple
87  ligation probe analysis (MLPA) was performed for SDHB, SDHC and SDHD.
88  xii) SDHB Immunohistochemistry
89  SDHB immunohistochemistry (IHC) was performed on 4 um sections of FFPE tissue using a
90  commercially available SDHB polyclonal rabbit antibody (Sigma-Aldrich HPA002868). Heat-
91 induced epitope retrieval was carried out using a Leica heat retrieval solution (HPA002867, Sigma
92 Aldrich, UK). SDHB deficiency was defined by a loss or abnormal IHC staining pattern for SDHB in
93  the tumour cells when compared to the staining pattern in tumour vasculature cells.
94
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1 Table S1: Mean methylation for TK mutant GIST and pSDH wtGIST

Tumour KITI/{IZ)GF SDH . . Mean M(.}MT

D mutation status Germline gene mutation methylation %
status CpG 1-8
G0054 KIT SDHp NA 3%
G0064 KIT SDHp KIT ¢.1924A>G (p.K642E) homozygous ;c.2466T>A, (p.N822K) 1%
G0072 KIT SDHp KIT ¢.1504_1509 dupGCCTAT p.(Ala502_Tyr503dup) 3%
G0074 KIT SDHp KIT c.1701_1728del p.(Asn567_Leu576delinsLysGlu) 4%
G0075 KIT SDHp KIT ¢.1509_1510insGCCTAT  p.(Ser501_Ala502insAlaTyr) 7%
GO0101 KIT SDHp KIT ¢.1669T>C p.(Trp557Arg) 1%
G0103 KIT SDHp KIT p.(Leu576Pro) 3%
G0104 KIT SDHp KIT c.1669_1674del p.(Trp557_Lys558del) 4%
G0105 KIT SDHp KIT p.(Trp557Arg) 6%
G0106 KIT SDHp KIT E11 mutation 3%
Gol12 KIT SDHp FAI;FPZ 21 062?11_)1724@1 p.(Trp557_Thr574del) ¢.2460T>G p. 1%

KIT
G0113 KIT SDHp ¢.1738_1739insSTAGACCCAACACAACTTCCTTATGATC p.(Ile5 1%
71_Asp572insAspProThrGInLeuProTyrAspLeu)

Go116 KIT SDHp KIT ¢.1679T>A p.(Val560Asp) 3%
G0145 KIT SDHp KIT E11 deletion 2%
G0264a2 KIT SDHp KIT p.(Trp557Gly) SDHA cl1A>C, (p.MET1?) (p.MET1?) 2%
G0264b1 KIT SDHp KIT p.(Val559Asp) 2%
G0032 NF1 SDHp NF1 ¢.7706dupA p.(His2569GInfsTer6) 3%
G0039 NF1 SDHp NA 3%
G0041 NF1 SDHp NA 2%
G0044 NF1 SDHp NA 3%
G0048b NF1 SDHp NA 2%
G0083 NF1 SDHp NA 5%
G0109 NF1 SDHp NA 4%
G0060 PDGFRA SDHp PDGFRA ¢.2525A>T p.(Asp842Val) 2%
G0061 | PDGFRA SDHp ::?/S’; gfzifﬁsséi—si ?)7 delCATCATGCATGA 6%
G0102 PDGFRA SDHp PDGFRA ¢.1977C>G  p.(Asn659Lys) 4%
G0149 PDGFRA SDHp PDGFRA p.(Val561Asp) 2%
G0046 Quad. SDHp NA 3%
G0048a Quad. SDHp NA 3%
G0052 Quad. SDHp NA 4%
G0056 Quad. SDHp NA 1%
GO0110 Quad. SDHp NA 1%
G0138 NA SDHp NA 4%
G0139 NA SDHp NA 4%
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3  Table S2: Mean methylation in tumour and adjacent tissue
Mean MGMT r:;l';i‘:tii“
Sample KIT/P.DGFRA SDH status | Germline gene mutation methylation % of adjacent
ID mutation status % of tumour
CpG 1-8 normal CpG
1-8

GO002N - SDHp Adjacent normal of SDHd 2% 4%
GO003N - SDHp Adjacent normal of SDHd 23% 4%
GO013N - SDHp Adjacent normal of SDHd 5% 2%
GO017N - SDHp Adjacent normal of SDHd 3% 5%
GO0018N - SDHp Adjacent normal of SDHd 2% 3%
GOO19N - SDHp Adjacent normal of SDHd 5% 4%
G0024N - SDHp Adjacent normal of SDHd 7% 8%
G0044N - SDHp Adjacent normal of NF1 3% 10%
GO053N - SDHp Adjacent normal of SDHd 4% 1%
G0054N - SDHp Adjacent normal of KIT 3% 1%
G0074N - SDHp Adjacent normal of KIT 4% 4%
GOO8IN - SDHp Adjacent normal of SDHd 2% 2%
GO082N - SDHp Adjacent normal of SDHd 19% 2%
GO0083N - SDHp Adjacent normal of NF1 5% 11%
GO085N - SDHp Adjacent normal of SDHd 3% 4%
GO086N - SDHp Adjacent normal of SDHd 3% 3%
GO101N - SDHp Adjacent normal of KIT 1% 4%
GO0138N - SDHp Adjacent normal 4% 6%
GO150N - SDHp Adjacent normal of SDHd 3% 2%
GO151IN - SDHp Adjacent normal of SDHd 26% 4%
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A) MGMT promoter methylation in GIST in comparison to adjacent normal tissue where elevated
9 methylation was observed in the tumour (N = 3; p=0.0056). B) Detailed listing of -dCT values in
10 GIST (q-RT-PCR). Kruskall-Wallis one way ANOV A for MGMT expression (SDHB excluded):

11 p=0.0046.
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12 Figure S2 (Related to Figure 2). MGMT promoter methylation for patients WT and mutant

13  for SDH.
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16

17  A) PPGL patients deficient for SDH show an increased MGMT promoter methylation; p represents
18  student's t-test. B) PPGL patients published by Hadoux et al show no differences between SDH

19  mutant patients. Patients mutant for SDHB show an increase in MGMT promoter methylation

20  compared to SDH WT. ANOVA p <0.001; p represents multiple

21  test corrected Tukey post-hoc.
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1 S - Material and Methods
2 v) DNA Extraction
3 DNA was extracted from either 2 mm punches taken from tissue in paraffin blocks with an Integra
4 miltex biopsy punch (Integra, 33-31-P/25), marked areas from unstained paraffin sections mounted on
5 glass slides (USS) or from fresh frozen tissue. Tissue from paraffin punches was deparaffinized by
6 immersion in 100% xylene twice for 30 minutes and in 100% ethanol twice for 30 min, and air dried.
7  The tissue punches were then incubated 1- 3 days at 56°C in 50-200 u1 (volume depending on tissue
8  block size) of proteinase K digestion buffer (PKDB) composed with 1x PCR buffer II (Applied
9  Biosystems 4486220), 0.05% NP-40 and 200ug/ml proteinase K (Qiagen 19133). After incubation the
10 proteinase was heat inactivated for 10 min at 96°C. The sample was let to cool to room temperature
11 and then centrifuged for 1 min at 13.000 rpm. Tissue sections on USS were deparaffinized on slides,
12 aligned to a corresponding slide stained with hematoxylin and eosin to demarcate tumour and normal
13 adjacent regions and then scraped off into 30-100 1 PKDB buffer and treated the same as above.
14 Fresh frozen tissue was added directly from frozen to PKDB buffer and processed similarly.
15
16  vi) RNA Extraction from Fresh Frozen Tissue
17 RNA from fresh frozen (FF) tissue was isolated with the Direct-zol RNA miniprep Kit (R2050, Zymo
18  Research). A 25-50 mg block of FF tissue was transferred to a 50 ml Corex centrifuge tube with
19 600 ul of Biorad PureZol RNA Isolation reagent (Cat#732-6890) and homogenised with a small
20 homogeniser tip for 3-4 x 20 sec burst with intermittent 30 sec cool down periods on ice. The tube
21 was centrifuged for 5 min at 4°C at 3000 rpm and the supernatant transferred to a tube containing
22 600 ul 100% ethanol and mixed by inversion. The mix was transferred to a Zymo-Spin IIC Column
23 and centrifuged for 1 min at 8000 rpm. After one wash with 400 1 RNA wash buffer a DNAsel
24 treatment was performed (5 ul of DNAsel +75 1 of DNase buffer/column) for 15 min at RT. One
25  wash with 400 #1 RNA pre-wash buffer, one wash with 700 1 RNA wash buffer with a 2 min
26  centrifugation was performed before elution with 1001 RNAse free water. Eluted RNA was
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27  quantified by Nanodrop ND-1000 Spectrophotometer and Quality assessed with RNA Tapescreen(™ )
28  on a TapeStation(™ ). For RNA extraction FFPE tissue scraped from slides (USS) or punched from
29  paraffin blocks (as described above) were processed with the RNAstorm kit from CellDataSci

30  (CD501) according to the manufacturer's protocol.

31

32 vii) Bislufite conversion

33 200 ng DNA was bisulfite modified with either the Qiagen Epitect Bisulfite kit (Cat 59104) or the
34  Zymo Research EZ DNA Methylation kit (D5001) according to the manufacturers’ instructions.
35  Complete bisulfite modification was monitored by an internal bisulfite control position in the

36  pyrosequencing assays for MGMT and SDHC.

37

38  viii) Analysis of MGMT and SDHC promoter methylation

39  MGMT: A 124 bp sized PCR amplicon located in the promoter region of the MGMT gene was

40 amplified from 1-25 ng bisulfite converted DNA with 375 nM forward primer, with a 20-mer 5’ M13
41  overhang to facilitate post PCR sequencing,

42 (TGTAAAACGACGGCCAGTTTATAGTTTYGGATATGTTGGGATAG) and 187.5nM of

43 biotinylated reverse primer ([btn]-TCCCAAACACTCACCAAATC) with the Qiagen PyroMark kit

44 (Qiagen 978703).

45  SDHC: For methylation analysis of the SDHC gene a 134 bp PCR amplicon located in the promoter
46  region of the SDHC gene was amplified from 2-25 ng of bisulfite converted DNA with 375 nM

47  forward primer, with a 20-mer 5° M 13 overhang to facilitate post PCR sequencing,

48 (TGTAAAACGACGGCCAGTTTATAGGAGAAGTTTTAGAGTTTTTTAAAGAG) and 250nM of
49 biotinylated reverse primer ([btn]-AAAATAACRCCAAACRACCCC). The PCR conditions were
50 7 min at 95°C, followed by 20 sec at 95°C, 30 sec at 53°C, and 20 sec at 72°C for 40 cycles, and an

51 end incubation at 72°C for 5 min. The resulting PCR amplicon was quality assessed for purity and
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52 yield on a 2% agarose gel. For MGMT, a nested sequencing primer

53  (GTTTTTAGAACGTTTTGYGTTT) was used to analyse 4 CpGs in 10 u1 of the PCR sample on the
54 Qiagen Q24 pyrosequencer (sequence to analyse: YGAYGTTYGTAGGTTTTYGT). For SDHC a
55  nested sequencing primer (GTTATATGATATTTTTAATTT) was used to analyse six CpGs

56  (sequence to analyse: YGATTTTTAGTYGGYGYGTTTTYGTTTTYGGGT). Fully methylated and
57  unmethylated human control DNA that had been treated with bisulfite were used as controls on each
58  pyrosequencing run. Pyrosequencing results were confirmed in a subset of cases by Sanger

59  sequencing with the M 13 forward primer recognising the M 13 extension of the forward oligos for

60  both the MGMT and the SDHC PCR amplicon.

61

62 ix) MGMT expression analysis with quantitative RT-PCR

63  RNA (125-250 ng) was transcribed into cDNA with random hexamers employing the High Capacity
64  cDNA Reverse Transcription Kit from Applied Biosystems (ref 4368814) according to manufacturer's
65  instructions. cDNA was diluted tenfold after synthesis and 1% was used in each RT-PCR well.

66  Relative MGMT expression was analyzed according to (Uno et al 2011) (16) with SYBR Green using
67  the PowerUp SYBR Green Master Mix (Applied Biosystems, ref 01061935), with MGMT oligo's;

68  forward 5'-GCTGAATGCCTATTTCCACCA-3'/reverse 5'-CACAACCTTCAGCAGCTTCCA-3"

69  normalised to the average Ct value of three internal reference genes; hypoxanthine guanine

70  phosphoribosyltransferase (HPRT1); forward 5'- GAAAAGGACCCCACGAAGTGT -3/ reverse 5'-
71 AGTCAAGGGCATATCCTACAACA -3', beta-glucuronidase (GUSB); forward 5'-

72 AAAATACGTGGTTGGAGAGCTCATT -3/ reverse 5'- CCGAGTGAAGATCCCCTTTTTA -3'and
73 TATA-box binding protein (TBP); forward 5'- AGGATAAGAGAGCCACGAACCA -3/ reverse 5'-
74  CTTGCTGCCAGTCTGGACTGT -3'. The delta Ct was calculated by subtracting the mean of

75  triplicate Ct values for MGMT with the mean of the triplicate Ct values of all 3 reference genes.

76  MGMT promoter hypermethylation was defined as a mean MGMT methylation across CpG islands 1-

77 8 of > 10% for this study.
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78
79 Clinical germline DNA sequencing
80  DNA was extracted from peripheral blood samples according to standard protocols. Next generation
81 sequencing of a clinical gene panel including; SDHA, SDHB, SDHC, SDHD, KIT, PDGFRA and NF]
82  was performed by the laboratory staff at Cambridge University Hospital NHS Foundation Trust or
83  Birmingham Women’s and Children’s Hospital NHS Trust using the TrusightOne or Trusight Cancer
84  sequencing panels (Illumina Inc., UK). An average coverage depth of >20 fold was achieved for 98%
85  of the regions sequenced. All detected variants were confirmed by Sanger sequencing. Whole exon
86  deletions and duplications and large rearrangements are not detected using this method and multiple
87  ligation probe analysis (MLPA) was performed for SDHB, SDHC and SDHD.
88  xii) SDHB Immunohistochemistry
89  SDHB immunohistochemistry (IHC) was performed on 4 um sections of FFPE tissue using a
90  commercially available SDHB polyclonal rabbit antibody (Sigma-Aldrich HPA002868). Heat-
91 induced epitope retrieval was carried out using a Leica heat retrieval solution (HPA002867, Sigma
92 Aldrich, UK). SDHB deficiency was defined by a loss or abnormal IHC staining pattern for SDHB in
93  the tumour cells when compared to the staining pattern in tumour vasculature cells.
94
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1 Table S1: Mean methylation for TK mutant GIST and pSDH wtGIST

Tumour KITI/{IZ)GF SDH . . Mean M(.}MT

D mutation status Germline gene mutation methylation %
status CpG 1-8
G0054 KIT SDHp NA 3%
G0064 KIT SDHp KIT ¢.1924A>G (p.K642E) homozygous ;c.2466T>A, (p.N822K) 1%
G0072 KIT SDHp KIT ¢.1504_1509 dupGCCTAT p.(Ala502_Tyr503dup) 3%
G0074 KIT SDHp KIT c.1701_1728del p.(Asn567_Leu576delinsLysGlu) 4%
G0075 KIT SDHp KIT ¢.1509_1510insGCCTAT  p.(Ser501_Ala502insAlaTyr) 7%
GO0101 KIT SDHp KIT ¢.1669T>C p.(Trp557Arg) 1%
G0103 KIT SDHp KIT p.(Leu576Pro) 3%
G0104 KIT SDHp KIT c.1669_1674del p.(Trp557_Lys558del) 4%
G0105 KIT SDHp KIT p.(Trp557Arg) 6%
G0106 KIT SDHp KIT E11 mutation 3%
Gol12 KIT SDHp FAI;FPZ 21 062?11_)1724@1 p.(Trp557_Thr574del) ¢.2460T>G p. 1%

KIT
G0113 KIT SDHp ¢.1738_1739insSTAGACCCAACACAACTTCCTTATGATC p.(Ile5 1%
71_Asp572insAspProThrGInLeuProTyrAspLeu)

Go116 KIT SDHp KIT ¢.1679T>A p.(Val560Asp) 3%
G0145 KIT SDHp KIT E11 deletion 2%
G0264a2 KIT SDHp KIT p.(Trp557Gly) SDHA cl1A>C, (p.MET1?) (p.MET1?) 2%
G0264b1 KIT SDHp KIT p.(Val559Asp) 2%
G0032 NF1 SDHp NF1 ¢.7706dupA p.(His2569GInfsTer6) 3%
G0039 NF1 SDHp NA 3%
G0041 NF1 SDHp NA 2%
G0044 NF1 SDHp NA 3%
G0048b NF1 SDHp NA 2%
G0083 NF1 SDHp NA 5%
G0109 NF1 SDHp NA 4%
G0060 PDGFRA SDHp PDGFRA ¢.2525A>T p.(Asp842Val) 2%
G0061 | PDGFRA SDHp ::?/S’; gfzifﬁsséi—si ?)7 delCATCATGCATGA 6%
G0102 PDGFRA SDHp PDGFRA ¢.1977C>G  p.(Asn659Lys) 4%
G0149 PDGFRA SDHp PDGFRA p.(Val561Asp) 2%
G0046 Quad. SDHp NA 3%
G0048a Quad. SDHp NA 3%
G0052 Quad. SDHp NA 4%
G0056 Quad. SDHp NA 1%
GO0110 Quad. SDHp NA 1%
G0138 NA SDHp NA 4%
G0139 NA SDHp NA 4%
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3  Table S2: Mean methylation in tumour and adjacent tissue
Mean MGMT r:;l';i‘:tii“
Sample KIT/P.DGFRA SDH status | Germline gene mutation methylation % of adjacent
ID mutation status % of tumour
CpG 1-8 normal CpG
1-8

GO002N - SDHp Adjacent normal of SDHd 2% 4%
GO003N - SDHp Adjacent normal of SDHd 23% 4%
GO013N - SDHp Adjacent normal of SDHd 5% 2%
GO017N - SDHp Adjacent normal of SDHd 3% 5%
GO0018N - SDHp Adjacent normal of SDHd 2% 3%
GOO19N - SDHp Adjacent normal of SDHd 5% 4%
G0024N - SDHp Adjacent normal of SDHd 7% 8%
G0044N - SDHp Adjacent normal of NF1 3% 10%
GO053N - SDHp Adjacent normal of SDHd 4% 1%
G0054N - SDHp Adjacent normal of KIT 3% 1%
G0074N - SDHp Adjacent normal of KIT 4% 4%
GOO8IN - SDHp Adjacent normal of SDHd 2% 2%
GO082N - SDHp Adjacent normal of SDHd 19% 2%
GO0083N - SDHp Adjacent normal of NF1 5% 11%
GO085N - SDHp Adjacent normal of SDHd 3% 4%
GO086N - SDHp Adjacent normal of SDHd 3% 3%
GO101N - SDHp Adjacent normal of KIT 1% 4%
GO0138N - SDHp Adjacent normal 4% 6%
GO150N - SDHp Adjacent normal of SDHd 3% 2%
GO151IN - SDHp Adjacent normal of SDHd 26% 4%

4

5
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A) MGMT promoter methylation in GIST in comparison to adjacent normal tissue where elevated
9 methylation was observed in the tumour (N = 3; p=0.0056). B) Detailed listing of -dCT values in
10 GIST (q-RT-PCR). Kruskall-Wallis one way ANOV A for MGMT expression (SDHB excluded):

11 p=0.0046.
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12 Figure S2 (Related to Figure 2). MGMT promoter methylation for patients WT and mutant

13  for SDH.
14
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16

17  A) PPGL patients deficient for SDH show an increased MGMT promoter methylation; p represents
18  student's t-test. B) PPGL patients published by Hadoux et al show no differences between SDH

19  mutant patients. Patients mutant for SDHB show an increase in MGMT promoter methylation

20  compared to SDH WT. ANOVA p <0.001; p represents multiple

21  test corrected Tukey post-hoc.
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