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Inhibiting D2HG production does not affect tumor cell population in primary glioma culture

Mutations in the isocitrate dehydrogenase 1 (IDH1) gene have been frequently identi-
fied in various cancers including gliomas, acute myeloid leukemia (AML) and chol-
angiocarcinoma [1, 3, 9, 16]. In gliomas, over 90% of IDH mutations result in the
R132H missense mutation within the catalytic domain of the enzyme. This mutation
changes the substrate of the protein from isocitrate to a-ketoglutarate (0KG), which
is then reduced to D2-hydroxygluratate (D2HG) [5]. Since mutations in IDH genes
are amongst the most common identified in low grade gliomas (LGGs), and because
of its clonality and mutation-specific enzymatic activity, it is considered a promising
target for therapy. Indeed, inhibitors targeting the mutant-specific activity have been
developed and these are currently being tested for clinical activity. Although some en-
couraging clinical responses have been reported in AML patients, preclinical evidence
in gliomas shows limited growth inhibition [4, 11, 12, 14]. Further research into the
oncogenic role of IDHI mutations in gliomas and efficacy of inhibitors is therefore
required. However, there are only few IDH-mutant model systems for glioma and the
cell cultures that have been established are predominantly derived from high-grade as-
trocytomas [2, 8, 10]. In this study, we report on a short-term in vitro assay of primary
IDH-mutated LGG, including those with 1p19¢ codeletion, and the effects of an IDH
inhibitor on these cultures.

Glioma tissue samples were collected from the operating theatre and dissociated through
mechanical and enzymatic digestion by incubating tumor fragments in DMEM-F12
medium (Gibco, Thermo Scientific, Rochester, USA) supplemented with DNAse (1%,
Roche, Woerden, the Netherlands) and collagenase A (5%, Roche) for 1,5 hours in
a 37°C shaking water-bath within 2 hours post resection. The dissociated cells were
then re-suspended and seeded at a density of 10E4 cells/well in a 24-well plate in
serum-free DMEM-F12 medium supplemented with 2% B27 (Invitrogen, Breda, the
Netherlands), bFGF (5pg/ml, Tebu-Bio, Heerhugowaard, the Netherlands), EGF (5pg/
ml, Tebu-Bio) and heparin (5 pg/mL, Sigma-Aldrich, Zwijndrecht, the Netherlands) in
the presence of antibiotics (1% penicillin/streptomycin, Gibco). For all cultured glioma
samples, written informed consent was obtained from each patient and approved by
the institutional review board of the Erasmus Medical Center, Rotterdam.

Seventeen Grade II-II1 IDH-mutated astrocytomas or oligodendrogliomas were included
in this study. A codeletion of 1p194 was present in 7 of these tumors (IDH mutations
and 1p19q status of these tumors were determined as part of routine diagnosis in our
institute using targeted next-generation sequencing (NGS) [6, 7] (Table 1).
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Table 1. Overview of cultured IDH-mutated gliomas. ctr: DMSO control; VAF: variant allele frequency; BAF:
B-allele frequency; F: faild analysis; nd: not done.

IDH status Other genetic changes
n
z
=
2 5 2
< 8 8 2
o g ° =
s 3 ¢ oz F 2P
g = = ° g s B EE Ctr 10
= Ll - e} o < < < . .
= = &} < ] — > > > Atdiagnosis days
1 astrocytoma 3 p.R132H p.R132H p.R132H 41 nd nd nd nd
2 astrocytoma 3 p.R132H p.R132H WT 36 nd nd nd nd
3 astrocytoma 2 p.R132C p.R132C p.R132C 36 nd nd nd nd
4 astrocytoma 3 p.R132H p.R132H WT 50 nd nd nd nd
5 astrocytoma 2 p.R132H WT WT 42 nd nd nd nd
6 astrocytoma 3 p.R132H WT WT 40 nd nd nd nd
7 astrocytoma 2 p.R132H p.R132H p.R132H 42 21 nd TP53 TP53
p-R280G p-R280G
ATRX ATRX
p-K1583fs p.-K1583fs
8 astrocytoma 2 p.R132H p.R132H p.R132H 43 nd nd nd nd
9 astrocytoma 2 p.R132H p.R132H p.R132H 38 13 15 TP53 TP53
p.R248W p-R248W
ATRX ATRX
¢.663-1G>A c.663-
Imbalance 1G>A
Chr 7
10 astrocytoma 2/3 p.R132H p.R132H p.R132H 47 46 51 TP53 TP53
p-R273H p-R273H
ATRX ATRX
p.R1426*  p.R1426*
11 oligodendroglioma 2 p.R132H F p.R132H 35 9 nd none none
12 oligodendroglioma 2 p.R132H p.R132H p.R132H 40 12 17 Partial none
imbalance
Chr 7
13 oligodendroglioma 3 p.R132H WT p.R132H 45 F 3 CIC p.R215Q F
Imbalance
Chr 7
14 oligodendroglioma 3 p.R132H p.R132H p.R132H 39 10 9 none none
15 oligodendroglioma 2 p.R132H p.R132H p.R132H 43 27 13 none none
16 oligodendroglioma 2 p.R132H p.R132H p.R132H 28 nd nd CIC p.R215W nd
Imbalance
Chr 9
17 oligodendroglioma 2 p.R132H WwT wT 40 4 5 CIC p.R215Q none
CIC p.A253P

Erasmus University Rotterdam Za.{vu.g



Inhibiting D2HG production does not affect tumor cell population in primary glioma culture | 5

Other genetic changes 1p19q status
R
<
= = =
S 2 < < < Z
— > >
- _cg [=a) [=a) [=a) _cg
" 3 ] ] ]
= . =2 =1 o o ° 3
s i £ . T % 1%
g ] = w o 0 0 w 9
oo E] k- h=1 < ] ] B
=] o o 7] %) =1 ) =
=B - E r 2 P Pt 22
T % B3 5) < < T g &=
IDH ; ;: ; - K] S - g Eﬁ g S s o
inhibitor > © o g g £ T
< < < o) 8 o)

10 days > > > S < k3 9 2% 28 2 E
nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd
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nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd
nd 7773 4843 nd 19q LOH 19q LOH nd 80 50 nd

nd nd nd nd nd nd nd nd nd nd
TP53 7273 2721 2831 wt wt wt 0 0 0
p-R248W

ATRX

c.663-

1G>A

TP53 4559 4658 4967 wt wt wt 0 0 0
p.R273H

ATRX
p.R1426*

none none none none LOH LOH nd 80 20-30 nd
Partial none none none LOH LOH LOH 80-8 30-40 40
imbalance

Chr 7

CIC 88 F 3 LOH F wt 90 F 0
p-R215Q

none none none none LOH LOH LOH 75 20-30 10
none none none none LOH LOH LOH 85-90 50-60 30-40
nd 22 nd nd LOH nd nd 50 nd nd
none 1516 none none LOH wt wt 85 0 0
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In 12 out of the 17 cultures, we were able to detect the IDHI-mutation after 2 days
in our culture system using Sanger sequencing (Table 1 and Fig. 1a). We were un-
able to obtain Sanger sequencing data in one tumor at this time point. After 10 days
in culture, we were able to detect the IDHI mutation in 12 cultures. In most cases
(10/12) the mutant peak in the chromatogram was reduced indicating either loss of
the mutation in tumor cells or a relative loss of the population of mutated cells (Fig.
1a). To discriminate between these options, we performed targeted-NGS on a subset
of our cultures (n=9 at 10 days in culture, analysis and scoring performed blinded to
the original diagnosis data) using the identical panel as used for routine diagnostics.
Using this assay, we were able to detect the IDHI mutation in all 9 tumors. Since
IDH1 mutations in gliomas are clonal and almost always heterozygous [15], the tumor
cell percentage of each culture can be estimated based on the variant allele fraction
(VAF) of the IDH1 mutations (e.g. a VAF of 50% IDHI*"**¥ corresponds to 100 %
tumor cell percentage). Similarly, the B-allele frequency (BAF) of single-nucleotide
polymorphisms (SNP) located on 1p19q can also estimate the tumor cell percentage
in tumors with 1p19q codeletion [7]. Since multiple SNPs are evaluated, a range is
shown for the estimated tumor percentage based on BAF. We observed a lower VAF of
the IDH1 mutation in cultured gliomas compared to the original tumor at diagnosis in
all but one tumor (tumor 10) (median = 12.5, range 4 - 46, suggesting 8 - 92 % tumor
cells present in the culture). Lower VAF of other detectable mutations (TP53, CIC,
Table 1) and a lower tumor cell percentage estimated based on BAF (Table 1 and Fig.
S2-4) were also observed, which indicate that the fraction of tumor cells in our cultures
was reduced rather than that the IDH1-mutation was lost from tumor cells. In tumor
9 for example, we detected mutations in IDH1, TP53 and ATRX. For the homozygous
mutations in TP53 and ATRX, the VAF shows similar reduction as for IDH mutations.
In tumor 17, we were unable to confirm the presence of additional mutations in CIC,
but this was likely due to the very low tumor percentage in these cultures (VAF for
IDH1 was 4% ) combined with the fact that CIC mutations are subclonal. These data
demonstrate that short-term cultures of glioma samples are feasible, including tumors
with 1p19q codeletion, but the fraction of tumor cells in these cultures is generally low.

We added an IDH1 inhibitor to 7 glioma cultures (continued presence from day 1 in
vitro) to determine effects of the IDH inhibitor on these cultures. We first quantified
the D2HG levels in culture medium using LC-MS/MS as previously described [13].
Indeed, in all 7 cultures tested, the D2HG levels were markedly elevated compared
to the L2ZHG levels (with, at least in one sample, levels accumulating up to day 21,
Fig. 1b and Fig. S1A,B). Addition of 10 pM AGI-5198 (Xcess Biosciences, Inc., San
Diego, USA), a specific inhibitor of mutant IDH1 activity, resulted in reduced levels
of D2HG in 6/7 cultures tested (Fig. 1c and Fig. S1C, D). Increasing levels of D2HG
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Figure 1. IDH mutation status is stable in our short-term primary glioma culture. a The IDH mutation is
retained in our short-term culture. The figure shows sequencing data from the culture of tumor 15 after 2
and 10 days in culture. Top panel is the reference sequence and lower panels are the sequence of the culture
in which a clear G>A mutation was observed (arrow head). Addition of AGI-5198, an IDH1 inhibitor did not
affect the mutant peak in the chromatogram. b Temporal accumulation of D2HG levels in the culture of tumor
9. D2HG levels continued to accumulate up to day 21 in culture. Addition of an IDH1 inhibitor prevented the
D2HG accumulation. ¢ IDH1 mutant cultures have elevated levels of D2HG. In 6/7 cultures, these levels are
reduced by the addition of an IDH1 inhibitor (inhibitor added at day 1 in culture). Morphology of tumor 10
culture after 7 days (d and e, scale bar 100pm) and 60 days(f. and g. scale bar 400um) in culture did not show
overt changes when treated with 10 uM AGI-5198.

in the absence of the inhibitor for 10 days indicate ongoing active metabolism of vi-
able IDH1-mutant glioma cells in cultures. Production of D2HG was not completely
inhibited in all cultured gliomas which could be due the fact that the inhibitor was
not added instantly but after one day of culture; furthermore cell death (apoptosis/
necrosis) could lead to release of cell content including D2HG into the medium where
D2HG remains stably detectible.
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Addition of the IDH1 inhibitor from day 1-10 in vitro did not lead to significant changes
in the VAF of the IDH1 mutation in any of the 6 cultures compared to control cultures
at day 10 (Table 1) nor the cellular morphology (Fig. S6). In one culture, we added the
inhibitor for up to day 60 and also did not identify significant changes in the cellular
morphology and VAF of mutant IDHI (Fig. 1d and Table S1). These data demonstrate
that inhibition of mutant IDH1 activity does not affect the relative number of tumor
cells in our culture system.

In summary, we have established an assay for testing drugs in patient-derived primary
IDH1-mutated LGG, including those with 1p19¢g codeletion. We show that inhibiting
mutant IDH activity in these cultures does not affect the tumor cell population, sug-
gesting no lethal effect of the inhibitor in the short term.
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Supplementary Table 1. Addition of AGI-5198 for up to day 60 did not affect the VAF of IDHI mutations.

Tumor Days in culture Condition IDH status VAF TP53 status VAF ATRX status VAF
10 60 DMSO control IDH1 p.R132H 46 TP53 p.R273H 36 ATRX p.R1426X 52
10 60 10uM AGI-5198 IDH1 p.R132H 46 TP53p.R273H 33 ATRX p.R1426X 42
A 35, Tumor9 | B 357 go.1%Dp™mso Tumor 9

O 0.1% DMSO i
30{ m 10 uM AGI-5198 3.0 { M10uM AGI-5198
S 25 525
o 201 > 2.0 1
SRER LS
= 1.0 1 =10
0.5 0.5 1
0.0 4 0.0 HF—mim e ——wmim WA
3 7 10 21 3 7 10 21
Days in culture Days in culture
C 357 goawpmso D 035919 DMsO
3.0 { W10 M AGLs198 030 1 w10 um AGI-5198
S 25 1 $0.25 -
220 A 2020 A
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o V] » e o O\ NN X & o .\
& Pl QD&\ PR & &O\ &ox &0\ @o‘\ P
N &o@ &o& & &o& &&Q &o& S P F P S

Supplementary Figure 1 Addition of AGI-5198 decreases D2HG levels in the IDH-mutated cultures. A.
Accumulated D2HG was detected in the culture medium of tumor 9 for up to 21 days, which was inhibited by
the addition of an IDH1 inhibitor AGI-5198. B. No elevated L2HG was detected in the culture medium and
addition of AGI-5198 did not affect the level of L2HG. C. Elevated levels of D2HG was detected in the medium
of 7 IDH-mutated glioma cultures. Addition of AGI-5198 affected absolute concentration of D2HG in some cul-
tures. D. Varied levels of L2HG were detected in the medium of the 7 glioma cultures, suggesting the absolute
concentrations of D2HG should be corrected to the levels of L2HG in each culture.
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Supplementary Figure 2. SNP-based loss of heterozygosity (LOH) analysis for chromosomes 1 and 19 of
tumor 12. Blue data points represent the BAF of individual SNP (a BAF of 0 equals absent of B-allele; 1 equals
present of both B-alleles). A BAF of 15 and 85 corresponds to 80-85% tumor cells present at diagnosis. Only
30-40% tumor cells were present after 10 days in culture and the percentage of these cells was not affected
by the addition of AGI-5198.
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Supplementary Figure 3. SNP array data for chromosomes 1 and 19 of tumor 14 at diagnosis and 10 days in
culture. Blue data points represent the BAF of individual SNP (a BAF of 0 equals absent of B-allele; 1 equals
present a homozygous B-allele). A BAF of 25 and 75 corresponds to 75% tumor cells present at diagnosis. Only
20-30% tumor cells were present after 10 days in culture and the percentage of these cells was reduced to less
than 10% by the addition of AGI-5198.
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Supplementary Figure 4. SNP array data for chromosomes 1 and 19 of tumor 15 at diagnosis and 10 days in
culture. Blue data points represent the BAF of individual SNP (a BAF of 0 equals absent of B-allele; 1 equals
present a homozygous B-allele). A BAF of 10 and 85 corresponds to 85-90% tumor cells present at diagnosis.
About 60% tumor cells were present after 10 days in culture and the percentage of these cells was slightly
reduced to about 40% by the addition of AGI-5198.
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Supplementary Figure 5. SNP array data for chromosomes 1 and 19 of tumor 17 at diagnosis and 10 days in
culture. Blue data points represent the BAF of individual SNP (a BAF of 0 equals absent of B-allele; 1 equals
present a homozygous B-allele). A BAF of 15 and 85 corresponds to ~85% tumor cells present at diagnosis.
No tumor cells were present in culture after 10 days and the percentage of these cells remained when treated
with AGI-5198.
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Supplementary Figure 6. Addition of AGI-5198 did not affect cellular morphology of cultured gliomas.
Tumor 13 scale bar 50pm, tumor 12 scale bar 400 pm.
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