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Abstract

Ollier disease and Maffucci syndrome are non-hereditary skeletal disorders characterized by multiple
enchondromas (Ollier disease) combined with spindle cell hemangiomas (Maffucci syndrome). We report somatic
heterozygous mutations in /OHT (encoding R132C and R132H substitutions) or /0H2 (R1725) in 87% of
enchondromas (benign cartilage tumors) and in 70% of spindle cell hemangiomas (benign vascular lesions). In
total, 35 of 43 (81%) subjects with Dllier disease and 10 of 13 {77%) with Maffucci syndrome carried /D7 (98%) or
IDHZ (2%) mutations in their tumors. Fourteen of 16 subjects had identical mutations in separate lesions.
Immunchistochemistry to detect mutant IDH1 R132H protein suggested infraneoplastic and somalic mosaicism.
IDH1 mutations in cartilage tumaors were associaled with hypermethylation and downregulated expression of
several genes. Mutations were also found in 40% of solitary central cartilaginous fumors and in four
chondrosarcoma cell lines, which will enable functional studies to assess the role of 10HT and [DH2 mutations in
tumar formation.
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Enchondromas are benign, cartilage-forming tumors within the medullary cavity of the bone' . Individuals with
enchondromatosis syndrome, which encompasses seven major subtypes, develop multiple enchondromas. The
most comman subtypes are non-hereditary Ollier disease (subtype I} and Maffucci syndrome (sublype Il), the latter
distinguished by spindle cell hemangiomas that occur in addition to the multiple enchondromas™. Malignant
transformation of enchondromas to chondrosarcomas occurs in = 30% of these individuals™.

To date, genome-wide screens have not identified a causative gene for Ollier disease or Maffucci syndrome™”.
Individuals with these diseases have an increased incidence of gliomas™ " and juvenile granulosa cell tumors™™ ™
fDH1 and, more rarely, IDH2 mutations in gliomas' " and GMAS-activating mutations in juvenile granulosa cell
tumors” have been reported. Notably, IDHT and /DH2 mutations were recently reported in solitary central and
periosteal enchondromas and chondrosarcomas, including in a few tumors from individuals with
enchondromatosis”. The possibility that GMAS mutations are present in enchondromas and chondrosarcomas has

not previously been explored.

We therefore assessed whether mutations in JDHT, I0H2 or GNAS may cause enchondroma and spindle cell
hemangioma formation in Ollier disease and Maffucci syndrome. Sequence analysis of hotspot mutation sites was
performed using lesional tissue from 43 individuals with Ollier disease, and this analysis revealed in 33 subjects
(78%) the presence of helerozygous mutations in /DHT of ¢.394C=T (encoding an R132C substitution) or
c.395G=A (encoding R132H) (NM 005896.2 for both) or in /DH2 of c.516G=C (encoding R1725)
(NM 002168.2) (Supplementary Figure 1a-c). Amang the individuals with Matfucci syndrome, 7 of 13 subjects
(54%) carried [DHT mutations encoding the R132C substitution, Mutations were absent in DNA isolated from the
blood, muscle or saliva of the subjects (Supplementary Figure 1b). Mutations in GNAS were absent in the tissues
examined,

An additional eight tumars had sub-threshold peaks at the position in IDHT expecied to encode mutations resulting
in R132C or R132H substitutions. suggesting that the mulant allele might be present in a small subpopulation of the
tumor cells at the limit of or below the level of detection of Sanger sequencing. We therefore performed a hydrolysis
probe assay, which is capable of detecting mutan! allele frequencies as low as 1%, to look for [0HT mutations
encoding R132C or R132H™, Mutations were confirmed in seven of eight tumors (Supplementary Figure 1d-g),
and there was insullicient DNA from the eighth tumor for analysis. Thus, intotal, 35 of 43 (81%) and 100113 (77%)
subjects with Ollier disease and Mattucci syndrome, respectively, had [DHT or [DH2 mutations (Figure 1a, Table 1
and Supplementary Table 1). The frequency of mutations in tumors is shown in Figure 1h,

Other subtypes of enchondromatosis syndromes are known to be caused by mutations in PTPNTT
(metachondromatosis)™ ™ and ACPS (spondyloenchondrodysplasia)™ and by PTHLH duplication (symmetrical
enchondromatosis)”™. Mutations in PTHTA, which encodes a protein involved in enchondral bone formation, are
found in —8&% of individuals with Ollier disease but not in those with Maffucci syndrome” ', Previously, an absence
of PTPN11 mutations was shown in the current cohort of individuals™. In the current study, we did not detect PTH1R
mutations inascreen of 35 subjects with Ollier disease or Maffucci syndrome
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Analysis performed using a custom-made Agilent tiling array (Supplementary Table 2) did nol show evidence of
loss or gain of 10HT, IDH2, PTHLH, PTPNTT, PTHIR, EXTT, EXTZ or ACP5. Thus, even though individuals with
enchondromatosis syndromes have overlapping clinical features, they seem to be genetically discrele entities, with

the exception of Qllier disease and Mafiucci syndrome, which we have now shown to both contain /DT or IDHZ
mutations.

Figure 1 Frequency of IDH1 and /DH2 alterations

a Soltary CHlier Maffucci
n=3 L n=0 n=0
n=5§ 5 n=0 n=i
n=5§ G n=0 n=§
n=4 Hn=8 n=0{
n.=18 Cn=2"_ _n=10
IDH1(C =3 ) 4t4aa
{Ch 2g34)
Solilary Ofier Maftucci
= G A=l el
n=2 ¥ Mnrn=0 n=0
n=2 Sp=1_n=0
IDH2 {; RIT2 ) 452aa
[Ch 15281} gii
h bl

Froguency of mutations

-8 588 3
[
=
L

—— 2

5

—

|

1

z

8

8

g

2

R
%}" 4
%i %.
N
%:;2_

.
¥

f

Y
%_
ji

1;%

%,
o
g

2

o

“%
%, %
"o,

%
%
4,
<
%;%i&

(a) Distribution of the different Arg132 alterations in [DHT and Arg172 allerations in A0H2 amang the subjects with Ollier
disease, Maffucci syndrome and solitary fumars. (b) Frequency of somatic heterozygous (0K (I0HT and [0H2) mutations in
tumars of subjects with Ollier disease or Maffucci syndrome in comparison to different sublypes of solitary cartilaginous
fumors and angiosarcomas.
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As Ollier disease and Maffucci syndrome are not inherited and enchondromas are often unilateral, we hypothesized
that mutations may occur in a somatic mosaic fashion. Fourleen of 16 subjects (B8%) possessed identical
mutalions, including rare variants, in more than ane lumor (Supplementary Table 1), We additionally used
immunohistochemistry to determine the distribution of the IDH1 R1.32H mutant protein. 0f 68 tumors from subjects
with Ollier disease, 17 (25%) showed mutant protein expression, whereas 51 (75%) were negative (Figure 2 and
Table 2). Within tumars that were positive for IDH1 R132H staining, we observed a mixture of cells that did and did
not express the mutant protein (cells were of the same histolegic type and therefore did not include entrapped or
supporting elements), a pattern we refer {o as intraneoplastic mosaicism (Figure 2a,b). Within these tumaors, the
percentage of tumor cells staining positive for IDH1 R132H ranged from 50% to 95%. Intraneoplastic mosaicism
has also been described for other benign bone tumars. In fibrous dysplasia, experimental evidence showed that
both normal cells and those with mutations in GNAS were needed to develop fibrous dysplasia—like lesions™. Also,
in osteochondromas, which are benign cartilaginous tumors arising at the surface of the bone that are caused by
mutations in EXT1 or £XT2, a mixture of cells with wild-type £XT and cells with mutations in EXT was observed” ™.
The EXT protein is involved in heparan sulfate biosynthesis, and it is hypothesized that cells with mulations in EXT
that are therefore deficient in heparan sulfate need heparan sulfate from neighboring cells for cellular signaling and
survival” =,

We additionally studied the surrounding normal tissue of Ollier disease—derived and solitary tumors expressing
mutant IDH1 R132H protein and observed a very low frequency (on average < 1%) of mutant pratein in osteoblasts,
osteocytes, adipocytes and libroblasts (Figure 2d.e). We were able to perform the hydrolysis probe assay on DNA
isolated from one normal bone of a subject with Ollier disease, and we did nol detect any changes at the [0HT locus,
Mutant IDH1 R132H protein was absent in 12 bones resecled for reasons other than chondrosarcoma remaval as
well as in normal growth plates and articular cartilage (Table 2). Therefore, our current data support a model of
somalic mosaicism, similar to that deseribed for polyostotic fibrous dysplasia in which somatic mosaic mulations
in GNAS have a causative role™ . Unfortunately, the nature of the samples (decalcified, paraffin-embedded bang)
and the occurrence of mutations in single, scattered cells did not allow verification of this theary using other
techniques. However, the antibady recognizing IDH1 R132H was shown to be highly reliable for glioma diagnosis™
and correlated well with sequence analysis in our series.

Twelve tumors were negative for (DHT or IDHZ2 hotspot mutations. Far 5 of these, all exons were sequenced and no
mutations were identified. This finding was not surprising, as only /DHT mutations affecting Arg132 and IDHZ2
mutations affecting Arg140 or Arg172 have been identified in other /DH-associated tumors. It is possible that,
because of intralesional mosaicism, only a small fraction of tumor cells contains the IDHT or IDH2 hotspot
mutations, which may be below the detection level of the techniques used to identify them. Altemnatively, mutations
in other genes such as TETZ, in which mulations are mutually exclusive to those in A0HT or IDHZ in acute myeloid
|leukemia (AML)*, might be involved"™ "
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Figure 2 Immunostaining for mutant IDH1 R132H protein

i - e [T =
a & B L1 . W | - b +
= w o
atbe il . | . .
R T R -
" v W L] <P Lal
R ol L
. SR S I T L
i AN o A - - e
i, Ly - “. L1 . £ . _,J",
r " . o b -
W : » 5 - .‘. il
a d - : ¥ - " o ' 1!
—_ =W - Y W —_— = -
EORT NSO A I PSR
S R EEa LT fy.. I8
L i1y gt Vg5, I ; ol P A e
N 'l :: > e :" . .__.r1 i 3 _:; ,\I l'._r .
[ e I--': -' e o e Fed f.- g Sail d ‘. T \
S 5 gL 'i".«-I*’* jhﬂnn.‘l-ﬂ. x\‘»{‘i
Ay todhd T T Ty i . k1 b ¥
; .-'... -_-_ 1;; . «:.-‘_*: Loy 'I' / \?;L'I : : “v >
e i " 4 " Ly F \.\ _
Lu t_‘ ) .f ’ ’? i T “rﬂ:\. \3‘ L*
e"‘\; | T TN
] ,“:.‘ Vig e (a,b) Enchondroma (L1490) of subject with Ollier
» Ll ®,  disease showing strong cytoplasmic and nuclear
e \ iy o .'-" staining for IDH1 R132H. MNote the mixdure of
1 == cells expressing wild-type and mutant IDH1
. ! indicating intraneoplastic mosaicism. Owveall,
¥ bone ; the percentage of lumor cells positive for mutant
v . IDH1 ranged from 50-95%. Inset shows viability
Ty - Ty 1 of ihe negatively stained cells at higher
Ty -*} o magnification. {c} Grade |l chondrosarcoma is
e <% negative for IDH1 R132H expression. (d-g)

Enchondromas from subjects with Ollier disease

showing occasional cells positive for mutant IDH1 in the surmounding normal bone. Some positively
slained osteocytes (amows) and osleoblasis (arrowheads) are seen. T, lumor lissue (scale bars, 5 pm).




Chapter & | A0 mutations in Ollier disease and Malfuccl syndrame

Table 2 Inmunohistochemical detection of mutant IDH1 R132H protein

Ollier disease
Enchondroma
Chondrosarcama grade |
Chondrasarcoma grade Il
Matuce syndrome
Enchondroma
Spindle cell hemangioma
Soltary fumors

Enchondroma

Central chondresarcoma grade |

Cenlral chondvasarcoma grade 1

Central chondrosarcoma grade (il
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Periosieal chondrosarcoma
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Table 2 (Continue)

IDH1 A1 —posilive

iotal

Solitary osteachondroma
Multiple osteochandroma
Peripheral chondrosarcoma
Peripheral dedifferentialed chondrosarcoma
Comventional hemangioma
Hemangioendoihelioma
High grade angiosarcoma of bone
High grade angiosarcoma of soft fissue
Conlrols
Normal growth plate
Articular cartilage

Normal bong
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Recenlly, point mutations in IDHT or IDH2 were reported in 56% of solitary central and periosieal cartilaginous tumors”,
and the data within our control group are in concordance with these findings. In total, 40 of 101 {40%) solitary central
tumars, 7 of 13 (54%) dedifferentiated chondrosarcomas and 3 of 3 (100%) periosteal chondrosarcomas had [DHT or
f0H2 mutations (Figure 1b and Table 1). In six additional tumors, the mutant allele seemed fo be present below the
detection level of Sanger sequencing. /0HT or /02 mutafions were absent in other subtypes of carlilaginous tumors, in
angiosarcomas (Figure 10) and in DNA isolated from subjects’ blood. Immunostaining lor IDHT R132H protein on lissue
microarrays (TMAs) conlaining cartilaginous and vascular tumor samples confirmed that the expression of mutant IDH1
was restricted to central, dedilferentiated and periosteal cartilane lumors, whereas all other tumors lacked mutant
expression (Table 2). Ot nate, four of eight salitary chondrosarcoma cell lines carried different types of mutations in [DH1
or D2 (Table 3). To the best of our knowledge, na representative cell lines with /DHT or (DM mutations were previgusly
available, /OHT or IDH2 mulations were more frequently found in solitary ceniral tumars located in the hands and feef (11
of 14 lumars) compared to those located in long and flat bones (28 of 84 tumors) (P = 0.006, Pearson's %2 test), which
was also reported previously™. This correlation was absent in Ollier disease (20 of 22 tumors from the hands and feel
compared 1o 28 of 34 lumaors from long or flat bones, P = 0.5, Pearson's x2 test). Whereas in gliomas, mutalions in [DH7
or [DH2 predict a tavorable outcome™, we found no significant prognostic value of these mutations in solitary central
cartilaginous tumors using multivariate analysis (Cox regression, Pvalue = 0.3).

Table 3 IDH1 or IDH2 alterations in solitary central chondrosarcoma cell lines and

primary tissue culture
“ Tumar type ‘ L':::L' Passage ::.I:Ef;';:lm_l i _::_ Felerence
SW1353 Solitary central CSil 12 WT  RI72S ATCC
Jn2 Solitary central ;s 15 A1326 WT &1
CH2879 Solitary central Gsi 16 GI08G = WT 52
oumMs27 Solitary central C3l 18 W1 WT 53
L8345 Solitary central can aB R132C | WT Established by the authors
G342 Ollier disease csil 2 Wr Wt L
L2975 Dedilferentizted CS 3 wr  RiTaw Established by the authors
NDCS1 Dedifferentiated CS 12 WT WT a3

C5. chondrosarcoma; WT, wild type. ‘L2975 hiad 2 homozygous mustation in [DH2 encoding R172W
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fOH1 and IDH2 mutalions have also been reparted al lower frequencies in various other cancers, such as AML
(8%) ", prostate cancer (2.7%)™", paragangliomas (0.7%)™“ and thyraid carcinoma (16%) ", The high mutation
frequency in enchondramas and the fact that these mutations accur early suggest a causal rather than a bystander
role for IDHT and I0H2 mutations in tumarigenesis in Ollier disease and Matfucci syndrome. In gliomas, mutations
ini0H1 and IDH2 lead to a gain of function, causing the production of 2-hydroxyglutarate (2HG), a structural analog
of a-ketoglutarate (a-KG), which thereby reduces a-KG production™. In AML, it was demonstrated that mutant IDH
expression results in DNA hypermethylation and impairment of hematopoietic differentiation™, and in gliomas, the
presence of an (D47 mutation was strongly associated with hypermethylation™. Therefore, we used lllumina
HumanMethylation27 BeadChips to examine possible differences in methylation between enchondromas with (N
= B) and without (N = 4) IDHT mutations, as defermined by Sanger sequencing. Unsupervised clustering of the
2.000 most variable CpG methylation sites gave two subgroups (Figure 3)

Figure 3 CpG island methylator phenotype in enchondromas with IDH1 mutations
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Heatmap depicting unsupervised clustering analysis of the 2,000 most variable Cpd sites of enchondromas with (orange, N

= 8) and without (gray, N = 4) [DHT mulation. The level of DNA methylation (beta value) for each probe (columns) in each
sample (rows) is represented by color, ranging from 0 (0% methylation, blue) to 1 (100% methylation, yellow). The asterisk
indicates sample L2357 in which the mutzted allele of /I0H7 encoding R132G was delecled in a subpopulation of cells
However, the mutation escaped detection by Sanger sequencing, and therefore the sample is labeled wild type.
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One of these subgroups showed an overall higher methylation at the examined CpG sites., a phenotype that is similar
1o the CpG island methylator phenotype (CIMP) described in colon carcinoma and glioblastoma™™. All but one
enchondromas with an/DH 7 mutation were positive for this CIMP Supervised clustering analysis indicated that 797
CpG sites were differentially methylated by more than 20% (with P < 0.05) between enchondromas with and
without [DHT mutations. Of note, 710 of these differentially methylated CpG sites (89.1%) were methylated in the
enchondromas with [0H7 mutations (Supplementary Table 3). These resulls are in line with the hypothesis that
{041 mutations induce methylation and thus contribute to CIMP occurence™

To assess the effect of IDHT or IDH2 mutation on mANA expression levels in cartilaginous tumars, we performed
whale-genome gene expression analysis using |llumina Human-6 v3 arrays. High-quality mRNA was available for
only three tumars in which no mutation was found (M = 1) or in which mutations occurred at a frequency below the
threshold of detection with Sanger sequencing (thus possibly carrying a low percentage of cells with mutations) (N
= 2). Comparison of mRNA expression in these tumors with that from 18 tumors with clearly detectable IDHT or
fDH2 mutation using LIMMA analysis revealed 36 differentially expressed probes encoding 33 genes
(Supplementary Table 4). Of these 33 genes, 32 were downregulated in the tumar samples with an IDHT or IDHZ
mutation. There was no overlap between the alfected genes identified by methylation or expression analysis.

One of the most differentially methylated genes was DLXS, for which there was a trend of downregulation in the
expression data comparing enchendromas from subjects with Ollier disease and confrols. However, this difference
was not significant (adjusted P value = 0.3, Supplementary Figure 2). The controls consisted of two growth plates
and four articular or rib cartilage samples. DLX5 encodes a homeodomain {ranscription factor that is a cell-
autonomous positive regulator of chondrocyte maluration during endochondral ossification, promoting the
conversion of immature proliferating chondrocytes into hypertrophic chondrocytes™ The Dix5 protein also
induces expression of Runx2 and osterix, promoling osteogenic differentiation™”. Future studies should reveal
whether downregulation of DLX5 through methylation as a consequence of /0HT mulation delays hypertrophic
differentiation of chondrocyles and inhibils subsequent osteogenic differentiation, thereby leaving clusters of
proliferating chondrocytes behind,

In summary, we report a large multi-institutional series demonstrating somatic helerozygous point mutations in
fOHT or, rarely, in IDHZ in tumor lissues of 81% of subjects with Ollier disease and 77% of those with Maffucc
syndrome, and we provide evidence for intraneoplastic and somatic mosaicism. Fulure studies using deep-
sequencing approaches should reveal whether the percentage of individuals carrying somatic mosaic mutations in
fDHT or IDHE is even higher than that detected in our series or whether other genes are involved. We show the /DHT
mutation to be associated with hypermethylation and downregulation of several genes. Future studies will examine
whether there is a causal effect, and it will be of great interest to assess how this dysregulation leads to enchondroma
and spindle cell hemangioma formation. Finally, this is the first report of four chondrosarcoma cell lines carrying
fDH1T ar IDHZ mutations, thereby providing good in vitra models for functional studies to dissect the role of /DHT and
{042 in Ollier disease and Maffucci syndrome, as well as allowing studies of their function in tumorigenesis in
general.
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Methods

Subjects and clinical specimens

Fresh-frozen tumor tissues (N = 60) of 44 subjects with multiple cartilage tumors (36 individuals with Ollier
disease and & with Maffucci syndrome) (Table 1 and Supplementary Table 1) were collected from the EuroBoNeT
consortium” and the Laboratory of Human Molecular Genefics at the de Duve Insfitute, Université catholique de
Lovain. In addition, paraffin-embedded tumar tissues (N = 15) from 12 subjecis were oblained from the archives of
the Children's Hospital Boston. Samples were handled according to the ethical guidelines of the host institutions.
All samples were coded and the ethical guidelines described in the "Code for Proper Secondary Use of Human
Tissue in The Metherlands® (Dutch Federation of Medical Scientific Societies) were followed in all procedures.
Chondrosarcoma samples were graded as described™. DNA derived from normal saliva, blood or muscle was
available from 12 individuals with Ollier disease. The ages of the subjects were documented at the time of operation,
Demographic and survival data were obtained from patient records at the host institutions. Written inforrmed consent
was obtained for all study participants fram wham narmal DNA was included. For subjects Trom whom we only used
lumar lissue, the Code for Proper Secondary Use of Human Tissue in the Netherlands guidelines were followed.

For comparison with other cartilage tumors, we included DNA from solitary enchondromas (N = 9), solitary central
chondrosarcomas (N = 92), central dedifferentiated chondrosarcomas (N = 13), periosteal chondrosarcomas
(N = 3) and 37 peripheral cartilaginous lumars (solitary osteochondroma (N = 11), periphéeral chondrosarcomas
(N = 20) and multiple osteochondromas (N = 6)), as well as from chondromyxoid fibromas (N = 9),
chondroblastomas (N = 7) and osteochondroma-like lesions of metachondromatosis (N = 2). Matching blood-
derived DNA was also available from 24 subjects as controls, Additionally, we included DNA from angiosarcomas
(N = 14), because individuals with Matfucci syndrome have central cartilage tumors combined with vascular
tumars. The angiosarcomas, chondromyxoid fibromas and chondrablastomas were analyzed far /DHT mutations
only. Thus, intotal, we analyzed 261 tumors from 242 subjects.

DNA extraction and mutation analysis

Genomic DNA from frozen lumors containing at least 80% tumor cells, as estimated on haematoxylin and
eosin-siained frozen sections, and from blood and saliva was isolated as described previously”, DNA from paraffin-
embedded tissue was isolated after microdissection as described”. For cell lines and primary tissue culture, DNA
was isolated from cell pellets using the Wizard Genomic DMNA Purification kit (Promega), according to the
manufacturers instructions.

PCR amplification was performed on exon 4 of IDH1 for all the samples. Exon 4 of IDH2 was amplified in samples
without fOH1 mutation, and exon 8 of GMAS was studied in samples without ([DHT or IDH2 mutation. To correlate
with possible PTHTA mutations, we also amplified exon 4 of PTH1A for mutations encoding G121E and A122T
substitutions, exon 5 for mutations encading R150C and exon 9 for mutations encoding R255H using DNA from 35
subjects with Ollier disease or Maffucci syndrome.
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PCRwas carried out ina reaction volume of 25 pl, with 10 ng of DNA, 12.5 pl of il SYBR green Supermix (Bio-Rad)

and 10 pmol M13-1ailed primers (sequences provided in Supplementary Table 5). PCR was performed ina CFX 96
Real-Time PCR detection system (Bio-Rad), with an initial denaturation step of 5 min at 95 °C followed by 40 cycles
of 10sat95°C, 10sat60°Cand 10 5at 72 °C. After a final elongation step of 10 minat 72 °C, a melt curve was
obtained to evaluate the quality of the PCR products. PCR products were purified using the Qiagen MinElute 96 UF
PCR Purification system and eluted in 25 p of sterile water. PCR amplicons were sequenced by a commercial entity
using standard forward and reverse M13 primers (Macrogen). The sequence race files were analyzed with Mutation
Surveyor DNA Variant Analysis software (version 3.97, SoftGenetics).

Ta validate the mutations in /D47 encoding R132C and R132H, we designed hydrolysis probe assays (probe
sequences providad in Supplementary Table 6), using the Custom Tagman Assay Design Toal (Applied
Biosystems). Assays were performed on 144 samples, including tumors derived from subjects with Ollier disease
and Maffucci syndrome, as well as solitary cartilaginous tumors, chondrosarcoma cell lines and blood from
subjects with Ollier disease. Assays were also performed on negative controls (healthy donor DNA) and no template
controls. gPCR was carried out in a reaction volume of 10 pl as described previously” in a CFX38 Real-Time PCR
Detection System (Bio-Rad), with an initial denaturation step of 10 min at 95 °C followed by 40 cycles of 105at 92
“C and 30 s at 60 “C. The quantification cycle (Cq) was used for qualily assessment and samples with Cq =35 for
1he wild-type allele were considered as DNA negative. The threshaold for the mutant alleles of /0HT encoding R132C
(€.394C=T) or R132H (c.395G=A) was set after sublracling the highest background signal from the negative
contrals.

There was sufficient DNA left fram 5 of 12 tumors without mutation to perform sequence analysis far all exons of
1DH1 and IDH2. One tumor with an /DHT mulation was also sequenced. PCR was performed as described above for
exon 4, and primer sequences are listed in Supplementary Table 5.

Tiling resolution targeted oligonucleotide arrays

Custom-designed Agilent tiling oligonucleotide array-comparative genomic hybridization analysis consisting of
15,000 probes with a liling coverage of genes involved in the different types of enchondromatosis syndromes
(IDHT, IDHZ2, ACPS, PTHIR, PTPNT1, EXT1, EXT2 and PTHLH) (Supplementary Table 2) was performed to detect
possible small intragenic losses and gains in these genes. In total, 16 enchondromas and chondrosarcomas from
subjects with Ollier disease or Maffucci syndrome, with (N = 14) and withoul (N = 2) IDH1 ar [DH2 mutations were
selected. Labeling and hybridization of genomic DNA from freshly frozen tumors and dala processing were
perlormed as described™.

Immunohistochemistry

To examine the protein expression of the IDH1 R132H mutant, immunohistochemistry was performed as described”
using antibody recognizing IDH1 R132H from Dianova (1:200 dilution in 5% non-fat milk, citrate antigen retrieval
and blocking far 30 min with 5% non-fat milk). We used 403 tumaors (Table 2) on 19 TMAs, for which details were
previously published™* .




Chapter & | /0H mutations in Dllier disease and Mallucci syndrome

Additional samples from subjects with Ollier disease or Maffucci syndrome were collected through the European
Musculo-Skeletal Oncology Society (EMSOS), and clinical details for these individuals are described separalely”,
Glioma tissue with a known /DHT mutation was used as a positive control, and primary antibody was omitted as a
negative control. Only strong cytoplasmic staining combined with nuclear staining was considered a positive
result™. To study possible mosaicism in the tumors and in surrounding normal tissues, we selacted resection
specimens from tumors expressing the mutant IDH1 B132H protein (N = 7) and stained multiple tissue blocks from
different areas. All except nine tumars from subjects with Ollier disease that were used for mutation analysis were
alsa included in the TMAs, and resulis were confirmed.

Statistical analysis for clinical correlation

Follow-up data were available from B3 subjects with solitary tumors (range 2-335 months, mean 115.23). To
investigate the relation of /047 or IDH2 mulation with the clinical features of the subjecis, multivariale survival
analysis (Cox regression) and cross-fabulations (Pearson's k2 test) were performed using SPSS version 16.0,
Statistical analysis was not performed for subjects with Ollier disease, because nearly all subjects with available
follow-up data had /0H1 ar (042 mutations. All the P values reparted are two-sided, and P <0.05was considered to
indicate statistical significance,

DNA methylation profiling

A total of 12 samples, which included 8 enchondromas with /DT mutation (4 Ollier enchondromas, 2 Maffucci
enchondromas and 2 solitary enchondromas) and 4 enchondromas (1 Ollier enchondroma and 3 solitary
enchondromas) without /DHT or IDH2 mutations, were analyzed. 01 the 4 enchondromas without IDHT mutation,
one had cells with mutated /04T encoding the R132G alteration present in a subpopulation, which was below the
threshold of detectian by Sanger sequencing. Bisulfite treatment was performed using the EZ DNA Methylation kit
(Zymo Research). Bisulfite-converted DNA was then hybridized to lllumina HumanMethylation27 BeadChips by
following the manufacturer's instructions. Infinium unsupervised clustering analysis was performed using the
Ward's clustering algorithm based on Euclidian distance. The 2,000 most variable CpG sites (excluding those on
the Xand Y chromosomes) were used in the clustering analysis.

Genome-wide gene expression analysis

A total of 21 tumors, including & enchondromas and 10 chondrosarcomas (6 grade | and 4 grade 1) from subjects
with Ollier disease and Maffucci syndrome, as well as 1 solitary enchondroma, 4 solitary chondrosarcomas, grade
Il, and & conirols (2 growth plates and 4 normal cartilage), were used. We determined differential expression
between tumors with [0HT or IDHZ2 mutation (N = 18) compared to tumars without delectable I0H1 or IDH2
mutation (N = 3) using Sanger sequencing. Two of these samples showed sub-threshold peaks for mutations in
fDH1 encoding R132G and R132C, suggesting that the mutation was present in a minor subpopulation of tumor
cells. Expression analysis using llumina Human-6 v3.0 Expression BeadChips were performed as described previ-
ously’™ ™. LIMMA analysis™ was used to determine differential expression between the groups. Probes with
Benjamini and Hochberg false discovery rate—adjusted P values <0.05 and a log lold change =01 were
considered to be significantly differentially expressed.
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Accession numbers

MIAME-compliant data from the liling, expression and methylation arrays have been depasited inthe GEQ dalabase
(GSE30844). Sequence data for IDHI and IDHZ has been deposited in GenBank (NM 0058962 and
NM_002168.2).
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Figure S1 Output of sequencing and hydrolysis probes assay
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a, b) BExample of Sanger sequencing resulis showing that R132C I0HT mutation was present in enchondroma and absent in
corresponding blood DNA of a patient with Ollier disease. ¢) Example of Sanger sequencing results showing R1725 IDHZ2
mutation in a single patient with Ollier disease. d-g) Relative Fluorescent Units (RFU) are plotted against the guantification
cycle (Ca). The horizontal line at 950 RFU indicates the threshold level for allele calling. All samples show a positive signal
for bolh wild type (biue) and the IDHT ¢.395C =T, p.R132C mutant allele (orange). d) L1684 carrying the R132C DH1
mutation on Sanger sequencing (inset) confirmed with hydrolysis probes assay. e) L1980 and f) L204 have minar (51
positive cell populations. The R132C /0HT mutant allele is barely visible after Sanger sequencing (inset) but it clearly
presents as mutant using hydrolysis probes assay. g) L172 is negative for the mutation, in Sanger sequencing (inset) as well
a5 in hydrolysis probes assay.
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Figure 52 Normalized expression levels of DLX5
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Table S1 Clinical information of patients with Ollier disease and

Matfucei syndrome
‘ m‘:f:.::]" Tumar Tumor location
L1033 R132C male 48 Qilier CSl metacarpal
L2218 R132C male 49 (iligr csi digit v
o2 L1728 na midation ng mulalion  male | 40 Dilier Call scapula
03 Lan R132C lemale 26 Ollier cal distal femur
L286 T R132C lemale 23 Ollier Cal lemur
04’ L1459 73 R132C male 34 Ollier csl unknown
1204 I R132C male 26 Ollier cse {emur
L253 T3 R132C male 26 Olier Gl libia
05 L206 R132C lemale 25 Dilier EC hand
06 L&16-1 na mutation R1725 male 68 Dilies CSim humerns
L&13T na mutation R725 male &8 Ollier Can {emur
o7’ |.Bog" no mutation ng mutation  male 18 Ollier CSl lemmusr
og' L1251 R132H male = 15 Oilier EC hand
L2220 R132H male = 14 Qilier EC digit
09 L1874 R132C male 48 (iligr Csl scapula
010 L1975 R132C male 31 Ollies csh lemut
o L1976 R132C male 41 Ollier C5le fibia
012’ L1977 R132C male 41 Dilier Ccsl fibia
L1978 R132C male 38 Oilier EC {oat
L1873 R132C male 41 Oilier csi libia
L3363 R132C male 36 Diligs EC e
013 L19480° R132C female 63 Qiligr (]| knee

014 L1685 Ri32C female 23 Dilier CSi pubic bone
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Table S1 (Continug)

sample

Tumar Tumsv bopcation

D mutation

LiGaG R132C male 18 Oiligr EC phakarn

L1687 R132C male 18 Oiligr csi phalank
016 L2386 R1324 female 13 Oilier csi digit 1l
017’ L2463 R132C lemale 12 Ollier EC libia
A L1629 R132C male 36 Ollier EC unknawn

L1630 R132C male 36 Diligr cal liac bone
oy L2095 Ri32C lemale 23 Dilier EC distal fibia
020" L2590° R132H lemale 36 Ollier cst melatarsal |

L2761 fio mutation ng mulation  female 37 Dilier ;s libia
0 L2049 no mutation no mulation  female 15 Oilier csn humerus
022 L2099 R132C lemale 49 Cilier cal prox humerus
023 L2100 no mutation ngmutation  male 27 Dilier EC f2mur
024 L2103a R132C malg 39 Oligr EC phakany

L2103k R132C male = 39 Dilier csl distal phatany
025 L2104a R132C male 36 Ollier csh forc, Hiia
026’ L22 R1320 lemale 42 Ol Csl istal femur
o2r' L1513 R132C emale 23 Ollier cs distal femur
nzg’ L1490 R132H female 12 Oilier EC phiatan
028 L2640 R132C lemale 34 Oilier EC phatar

L2641 R132C lemale 34 Oilier EC thumb
030 L2205 Ri32C male & Ollier EC illum
031 L1683 R132C unknown 29 Oiligs csl metacargal
032 L2280 R132C femate 24 Ollier o5l ledt acromion

120
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M3
M4

MG
M7
Ma
M3

Table S1 (Continug)

Sample InH1 sl [
8] mutation m -"-!'.Il-1| Disease

L2513 na mutation no mutalion  male 33 Dilier
L2746 R132C lemale 58 Oilier
L33254 R132H male 6 Olilier
L3362A R132C lemale 6 Dllier
L3362C R132C lemale & Dllier
oLRag* R132C male 8 Dllier
§-03-3802" R132H emale 16 Ollier
5-05-4041" R1324 male 13 Ollier
$-05-6625' R132C lemale 11 DOllier
5-08-3234' R132 female 4 Ollier
5-08-7943" no mutation no mufation  male 12 Oilier
s-08-9181° no mtation ng mufation  femake 12 Oiligr
L1684 R132C lemale 37 Mattucci
L2097k R132C female 13 Matfuce
L0072 R132C lemale 19 Malluce
L2102 R132C male 29 Maffugci
MAF100° R132C male | birh = Maffucci
MAF200 R132C female 4 Matfucci
MAF210° no mutation ng mulation  lemale - Matfuce
MAF230 R132C lemale 2 Maflucci
MaFas0° no mutation no mutation  female 3 Matluce
S08-0010959 44" na mutation nomutation | male 15 Matheei

S08-0010959 54° na mutation nomutation | male 15 Maffucci

csl
csi
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
CSh
Csl
SCH
SCH
SCH
EC
SCH
SCH

Tumsv bpcation

pelvis
digit Il
fand

proximal tbia

fedt distal femur

right leg
hand
hand
hand
hand
hand
hand
phatang
loe
farcn: libia
distal fermur
hand

right hand

right food
right hand
digit

forearm
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M10 508-0007382™
M1 505-0006227"

M1Z  567-0002538 1A°

597-0002538 34"
M13 sp3-o001121°

597-0004447 48"

Ri132C
R132C
R132C
R132C
R132C
R132C

Table S1 (Continug)

male

male
female
lemale
{emale

female

9
10
a0
an
23
17

Matfucci
Maffucci
Matfucei
Maflucei
Maffucc

Maffucei

SCH
SCH
SCH
SCH
EC

SCH

hand
digit
lnat

first web space
digit

lower back

Al patients were diagnosed as having Ollies disease o Maflucc syndrome based on the fadiographical beatunes and/or presence ol mom ihan wo cartilagingus
fumnees (Ollker disease) In combenalion with hemangicma (Mathes syndiome), " indicates DNA from normal tissue was also tested, * Indicales cases negalive
in Sanger sequencing but pasitive in hydralysis probes assay, ' indicates cases used for sequencing of all exons ol IDH1 and IDH2, * indicates DA was isofted
Irom paraftin embedded tssu, indicates patiant with multiphe tumors in which one umar showed clearty mutation in the sequencing 2nd anather lumar was
negaiive for the mutation. DNA was unavaitzhle la perlorm hydeolysis probe assay. "Two chandsosarcomas of palienls wish Olier disease were negative at ihe
mtation analysis, whiks other tumors of (he same palients demansirated pasilive czlls 3l R132H IDHT immunohisiechaemisiry, suggesting thal the percentige
of patients camying metalions in IDHT or IDH2 is even higher than we fepor In this sludy, EC: enchandroma, C5: chondeosarcoma, SCH: spindle cell

hemangioma.
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Table S2 Tiling Array design

H:.II-.I.IhEIr I;.:1 I.;III:: =

IDH1 2
iDHZ 208
PTHLH 338
FTPNTT 413
PTHIA 104
ExT? 833
EXTZ 334

ACFS
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22413 | cgE2A42000 2070024

B399 | coOBA50982 | 2800139

G684 | coOBGO0S4E | 4480167

7R84 | coOTO22606  Ti20719

G407 1 6006G

iz

HHI R ERE ]

coOTa234%2 | 1430132

2663 | ©g21663431 | 830441

R

g1 32456

1336

1240243
Co2145330
cg04126335
cg1TA2667

1050300
4120110
T200400
Co2B60BGET 3390538
cp1 2069042 | 2030600
ogDB5TABA1
Cp225E0512

0616135

6250376
THE00T
2040546
cg2 1416237 | 2230022
cg0oT3606  TRE0440
cddd33189 | 4BEDAGA
col3A37648 | TRO4TA
cold46TE40  F500H
colBBBAE58 | 10364
cg2t 120063 | 4860500
cgiT233506 | 4070075

co0409943] | 4810170

Table S3(L) Different methylated sites

2070008

2350523
3360008
Fa20398
4670435
1430491
5910075
1780161
4500377
2350431
2000390
GEED161
2430600
S570446
1450017
2040437
5360022
1450438
6270520
5340474
Gre0aro
2680280
6270315
6900433

aranard

0.4848371 | 02185057

01100114 | 02611653
DAT0406 | OB484078
02261141 | 0.319271
01261764 | 0.3005146
02043384 0366
0155234 | 04232625
01456848 | 0.256
0.08465447 | 2001105
0.07277453 0.08045325
0.09147287 | D 2878043
02009503 | 02532403
01586473 | (4663596
0.08503632  0.2448716
0.07238%49 0.1943258
00608931 | 02369763
02673218 | 043475
01443289 | DITR7T4D
D.0BO97E29 | 01744723
03633727

(0. 2800697

0.7rara
05274104
0.00B7E1978 0.1063014
Qatrorar | 02642019
0.06662252 01921083

0.06028369 01963658

05814463
0.0a17TEa2 0 01041835
02249152 | 0.027H8536) 02761623

07360397  0.07273802 02583545

01435832 001117799 02008659
02075359 | 0.0BT71437 0.2065043
0. 201686 0 01709022
09069736 | D.07170542 01258803
0 0TE35243 0006024096 0.07591522
002733485 0 0
04851064 0004569639 01399118
01254081 | 0164076 | 02259414
0190639  0.1105858 | 02567744
01318403 0.01808682 00778626
09190033 | 0.01297%68 007011404
009176768 0 0.07741385
0263085 004835473 0.2963827
01125917 0.125 M114158
D.OT0E%ET 0002761954 0.08934221
03566206

0319605 05624712

02131003 003192365 03517469

0 0009250399 0.05360305
04594053 | 00177548 01404155
0.04269211 0.03136435 0.06766749

D.OF692308: 01207865 001805416

0,03501094
01058524
0166755
00361 5856
01085657
004581752
007535322
0.04675159
003635243
0.05752961
02004545
0.1410658
004308759
05756963
01147471
02016464
01400481
0015631
0.354085
01923245
1]
009257835
D45054448

]

03329042

01062532
0.318043
01644748
01537608
01974618
01790756
0.0931624
007536232
0.0203745
01170739
01914157
02619452
0.0B563194
006508074
006820489
0.2502088
0.130849
0.05668151
04788733
03182451
(.02420001
01353896
0.0eAT1622

01229642
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Table S3(R) Different methylated sites

02210636 07407407 06489918 04687225 05575524 GIMAPS 0.004 412 0.028 0.150

009696960 | 08642069 07077352 005550368 0.2513404  NLMEL 0.020 -0.369 -0.033 0112

04333574  0B141414 | Q778991 | 04648357 OGOTA438  SLC7ArT | 0027 -0.366 0033 0053 380
02048392  0.7048602 0.8060082 02226377 04000440 HISTIHIE | 0006 0,363 #NA #HA dtia
0E7B2178 | DB04347H 07143432 Q1621918 03712207 HAPLNT 0.009 .362 (.78 0.576

0.36 08855434 0820531 | 01263489 03874001 HOXET 0.028 [.338 0.035 0z
00839364 0.7047057 Q7532467 | 01120000 | 03646728  SiC4442 | 0030 0.325 1,404 0
008252427 | 0.7004992 06179664 01820028 02545721 SCRGT 0.006 0319 1,764 0.361
Da2rsan2 0260189 0.6386753 0.05085223; 09736866 FAMIOTA | 0023 0.315 0.079 0106
005769231 | O.7064502 0.5004252 0002212052 007015858  TGATD 0.025 0.315 1916 0420
04122292 07545383 06392597 0OTI36745 02M7073  Sec4dA2 | 0022 0310 1,404 o
05584695 07240678 07241541 01805579 | 05725678 MGCT1257 | 0.7 0310 0.458 0.257
04331599 D.7592163 OD75B442 02721696 0475041 PLNBT | 0014 0.310 0.568 0.3
01280915 | D.7596288 O0B12ZH6T 007479157 02008523  ONAI 0.023 -0.309 0.030 (.064

007233369 | 0.7394772 06367751 005336951 01303279 NCOR2 0.029 0.307 .282 0.036

01190332 | 0714386 | 06241342 009505542 01650683 LACTE iirdd -0.304 -0.706 0.034
02993279 | 08038702  0.7BIS | 02004191 D3IBEI6ET  FXKBPIO 0033 -0.302 0.247 VEL T
D795 | 08153057 06043462 01469976 DATHAT41 COLRAT D.p2t 0302 -0.679 1.504
DO619Z122 | OL7O151071 | DU5T4E3 04181180 01450520 S5TRS 0.023 -0.298 0.056 -0.024
07733009 | 0.9437935 09032156 | 0.6508114 | D.6BAIB03  PLNET 002t -0.298 0.568 -0.30
0549842 | Q.BOTH926 0771875 | 0232037 06083576 S10047 0033 -0.298 1.1 0133
09129032 05730900 05045181 0 02651962 KLHLEY 0.008 -0.296 -0.009 -0.342 10
01823814 D.6B4ZIE3  Q.5B0N7TS5 | 001337752 | 0L4DG341  INDE30 0.0 0291 2,865 0.308
007642701 | 0630561 06038228 | 00558343 01407421 HOXET 00 0,384 -0.035 nmz

0.00920% 06032516 05830303 0.0B0TI654 00232877 RiFKT 0.0 -0.282 0181 0052
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Table S3(L) (Continug)

1430
15705
3408
19932
16256
9574
#5148
a76
10849
060
#5348
23528
ag2z
B0an
297
3562

el

126

co20847TA5
ogO35ATaRe
co0GA48073
co D052840
cgl0045a81
col1 3785840
o 3047506
co15475323
coli1420388
cg1 679005
cgl3IB6869
cipl SH4A353
cg16191009
cgl632136
5152942
00850538
o1 0942056
©005955301
cp2h3r0d4n
cg235T0062
col2893305
cg08124030
colFaE9257
£g03544320

co267B2833

BE50356
3180041
7150059
TOS0681
1010270
G38012%
150082
2100747
1150561
4760008
1170044
1740091
25707
3420343
3400520
B5a0022
TOAED5S3
5560358
a7l
4BED0AT
WA
30a0ETH
250240
110487

3360343

2750356
3190037
f380ma
030435
G2A0041
4280187
G450301
2540692
1710524
1300192
6250615
4760091
5550731
3130220
1340242
GZ20451
6130553
4520010
550301
6270056
540706
i
6230430
6100066

5220431

01929651 | 0.3885039
0.0P6R4124  0.1690452
0124525 | 0231997

01203767 | 0.3130285
01484812 | 03503103
01100332 02652093
05380208 | 0.7248635
01287273 |0.081659014
02410425 | 03628534
01536865 | 0295082

01460108 ' 03103026
02464419 04473115
DA770948 02913216
002857416 01118048
0.07560489 0.1571852
0.2188414 | 02772098
01651434 D2T45672
01525364 0296394

007834350 01119485
0.2410155 | 0.3861335
01382676 | 01964353
0.2457971 | 02063718
0.2070794 | 0.3285059

0 0

01487889 | 01715006

0231499 007259647 02080692

i

0

]

(OTBAG9Z2E O.0ZBIG0AT 0142126

01038591

01614029

02367575

045745342 0002035351 0 1B98605

0.06920471
0.4878155
il
02367991
0159322
0372287
04261934
04751006
D023z4dar
0.050%253
[RIALCIE
0, 1806854

01417554

0.1745945
01450187
0

DL167054
0671567
0

0.06038638 0 2407344

0130039
0.3778547
01096902
(0.2666419
0
0

0.1450151
0197478
(16353386
0.2000456
007220497
0.0d4748204

001903367 01445154

0.1387476

01513778

D.09851447 | 01450467

0.04B0G346 01100413 | DUI05084T

[0.3878559

0.08

0.03389142 | 02333427

0.05917553 01060864

(L0SB37563) 0.0362117 |0.05240807

0.2397534
0.O767EGT

]

0.02359166 023222495

0

1]

]
0. 1606495

01544544

]
006252853
01123471
01281764
01975574
(3976912
0
01060032
0.903276
2128764
b12z57a
01570743
[ 0457097
D.00BAET18
01327635
01097837
1120538
DOBATIANT
01234737
004451583
00771042
01088371
]

008852802

0.1B47096
0
01258131
0.1593129
0168134
03542843
(1 5635454
0.04441454
02303674
(L1687 284
01907164
(1.4469705
0.2180338
0.02737651
0.05239521
01514066
01929419
01575179
012055716
01953359
006615315
(.05663356
0.2612613
002673267

01208027
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0,35050235
0.00157 0681
01485913
0.3349209
0327633
0.1755696
[1.62430346
(04527448
0. 2465656
0.2614504
0170475
02643503
0.2450185
00221843
0 OGES36ED
0.1840491
D232aran
01770082
0 OG45E333
02228435
01334746
0
0.337653
0001634558

01074561

06944162
05249376
0655163
0.7983117
05857205
07014493
0.8550463
05131128
0rrax24
07508929
07734748
06773344
06727454
0050724
0.60GTTAT
06743674
07065409
0.6899129
06740658
07401806
06442155
0.4266530
0.722585
04430544

D317 2a

06570533
06315151
015872655
015258636
0540077
(6546378
0.9281293
0.5662505
0.5771658
06610615
07174081
0.5769199
[.593568
0.4538116
04844106
0.6218376
06260623
06175333
05190737
06223531
04569626
0638139
0.6732684
03302785

(0. 5608496

02225519
0
0.0E163643
0L327A615
borge23n2
007059923
(5156818
0
[ 1644304
01117647
01164253
07040835
04537455
0.05945256
0.018E8411
01169231
01986153
01202699
0.04010184
DATHFEIT
0.09595714
0.0B256681
0.1561091
02155054

01124418

Fior miane defail please e Mar Gene. 2011, doiz10.1038/7g.1004

Table S3(R) (Continug)

04454353

(. 0EB4595E
02781244
0.2133758
05483741
04035294
0.755245%
0.139446
04100960
012444969
03232704
[.44B7841
D.34E7 101
0.05256327
01466346
0,2503329
02034768
02225815
02495024
03574482
0.1984501
0.1989589
03038578
003828045

015304986

Sio0al
GOFS
FEng44
SEMAGE
CHIzL2
180124
LiNDE30
FLAFEO70
FEKD?
Kirafza0
mGEaLT
ANKRD 23
CPNED
MNMT
A
CRIMI
DuSPY
FRELP
FLI20184
oA
HAPLNY
TMdSF1
COLTEA?
CRMPI

MGC4268

0029
0.023
0.030
0.040
0.040
0018
0.026
0.047
0.002

0.023

0.242

1.119
0.037

0.086

0023
0794
0.072
0.309
0039
0.267
0.034
014
1,080
0.070
0,602
L]
0.199

0204

-0 987

D

0084

0576
D468
1727
0025

0166

7B

194
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128

6200168

4220431

4210750

2690541

5050608

7320366

Tano1

7380709

7040600

2060112

4480341

6270148

1410398

6380193

70270

4200070

6100390

6480333

Table S4 Differentially expressed genes between tumors with and
without IDH1 or IDH2 mutations at Sanger sequencing

SERPINAZ

EXTT

STARDT?

CI80RFTD

TIAM23

M

0PN

YWHAR

ARSE

ConmL

OHCR24

AKS

CONYLY

X3

MGC39900

MGC39900

G276

TCIRGT

logFC

3124

0.73

0.73

057

-0.49

-0.42

037

029

-0.29

-0.29

-0.29

027

0.7

0.27

-0.24

0.23

adj Fval

(0.04267

0.03714

0.04397

0.04310

0.03737

004267

0.04293

0.02844

0.04267

0.02035

0.03737

0.0 1

0.04152

0.02844

0.03099

003313

0.04267

0.04%01
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2810022

2290358

3640750

4570242

1050278

6E40753

1570064

6200309

3440451

2430202

4020382

360463

4180376

1450431

1560397

2000020

nrmn2

10440

Table S4 (Continue)

CIORFI63
CPTTA
15E7.2
LARGE

SADSAT
PTG

Kiaarszz
ARSE

ADAMTST
KiFag
VAC T4

SRR
PdKN
DOPEY2
isca2
CAMKKZ
C120RF49

MARSZ

0.2

-0.21

-0.20

019

019

018

D18

018

AT

07

D16

0.16

-0.14

-0

-0m

-0n

-in

0.10

0.03174

0.04293

0.04267

0.03455

0.04293

0.03737

0.03737

0.04%01

0.04293

0.00149

0.03737

0.03737

(0.04267

0.04293

0.02644

0.03737

0.02844

0.03778
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Table S5 Primers used for Sanger sequencing

Direction g Primer sequance (5" 1o 3)

10HT Farward 4 Frozen TGTAAAACGACGECCAGTCCATCACTGCAGTTGTAGRTT
1DHT Reverse ) Frozen CAGGAAACAGCTATGACCCACATACAAGTTGRAMATTTCTGE
IDHT Farward 4 Paraffin TGTAAAACGACGGCCAGTCGETCTTCAGAGAAGCCATT
10HT Reverse 4 Paraffin CAGGAMACAGCTATGACCGCCAACATGACTTACTTGATCE
IDHT Farward 2 Frozen TGTAAAACGACGGCCAGTGGGCTGTCTGECAGGTACTA
DHT Reverse 2 Frozen CAGGAAACAGCTATGACCTGTTGGAATTCGTTGTTGGA
I0HT Farward 3 Frozen TGETAAAACGACGGOCAGTACCGLGTRTGAAACATAACA
10HT Reverse 3 Frozen CAGGAAACAGLTATGACCGTTTGCTACACGGAGGGRTA
{DHT Farward 5 Frozen TGTAAAACGACGGCCAGTTICCTTACAATTCCTGCTAGGG
IDHT Reverse 5 Frozen CAGGAAACAGCTATGACCTIGTGCCTTTATICATGLCA
1DHT Forward L] Frozen TGTAAAACGACGGLCAGTIGETRRGTGATTTTAGLCTT
iDHT Reverse (i Frozen CAGGAAACAGCTATGACCTGETTTTGITTCACTCCTGET
10T Farward 7 Frozen TGTAARACGACGRCCAGTTGTTTEEGACAAGCAGATGA
1OH1 Reverse 7 Frozen CAGGAMMCAGCTATGACCCAMACTCCCCTTCCCANAT
iDH1 Farward L] Frozen TGTAAAACGACGGCCAGTTGCTCTTCATGCAGTTGEAC
i0H1 Reverse f Frozen CAGGAAACAGCTATGACCTGCACACAARACACTGAGCA
{OHT Farward 9 Frozen TETAAMACGACGGCCAGTCCATGCCATGAARATGTGTT
IDHT Reverse 9 Frozen CAGGAMCAGCTATGACCGATGCTCTGAGCCCAGTGAG
0H1 Farward 10 Frozen TETARMCGACGGCCAGTGRACTITACCACTACCTGCTACD
DA 1 Reverse 10 Frozen CAGGAAACAGCTATGACCTGRCCTGAGCTAGTTTGATCT
02 Farward 4 Frozen TGTAAMACGACGGCCAGTTTGTTGCTTGRGEGETTCAAAT
042 Reverse 4 Frozen CAGGAMACAGCTATGACCCTGCAGAGACAAGAGGATGG
o4z Farward 4 Paraffin TGTAAAACGACGGCCAGTAACATCCACGCCTAGTCE
oH2 Reverse ] Faraffin CAGGAMCAGCTATGACCCAGTGGATCCCCTCTCCAG
o4 Farward 1 Frozen TETAAARCGACGGCCAGTCTCGTTCGCTCTCCAGCTT

130
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Table S5 (Continug)

Direction

042
0t
it
i+
DKz
D42
iDH2
o+
DK
inH2
nH2
012
10HZ
012
012
012
10H2
PTHIR
FTHIR
PTHIR
PTHIR
PTHIR
PTHIR
GVAS
GMNAS

Reverse | Frozen CAGGAAACAGCTATGACCGCCACCGTCCCTCAAGTC
Farward 2 Frozen TGTAAAACGACGGCCAGTATGATGCGCTGTRTGTCD
Reverse 2 Frozen CAGGAAACAGCTATGACCGGGACAGAACAATCCCTGE
Farward 3 Frozen TETAAAACGACGGCCAGTGTCCCTRAGTCACTGGGET
Reverse 3 Frozen CAGGAAACAGCTATGACCCCTGTGACCCTCCCTRE
Forward 5 Frozen TGRTAAMACGACGGCCAGTAGCTCCTOGCCTAGCCAT
Reverse 5] Frozen CAGGAAACAGCTATGACCTGAAGAGACAAGCTGGGAGA
Forward 6 Frozen TGTAAAACGACGRCCAGTCCAGGCTAGGRCACCAL
Reverse L] Frozen CAGGARACAGCTATGACCGGGAAGAAAGGLCACAGAGT
Farward T Frozen TETAAMACGACGGCCAGTCCTCTCCCCATAACAGACETT
Reverse T Frozen CAGGAAACAGCTATGACCAGAAGACCAACAGTCCACCE
Farward B Frozen TETAAAACGACGGLCAGTAGGCOCTRAGAGAAAGGCT
Reverse ] Frozen CAGGAMACAGCTATGACCGGTAGAGGGLCATTGTGAGE
Farward 9 Frozen TGTAAMACGACGGCCAGTGCTCTTGATCTCCCTGLAND
Reverse 9 Frozen CAGGAAACAGCTATGACCGGACCCAGAGCCTGTCLT
Farward 10 Frozen TGTAAMACGACGGCCAGTGEACAGATGGEGETCTCATIC
Reverse 10 Frozen CAGGAAACAGCTATGACCAGGGTCTGCCTACCACCT
Farward 4 Frozen CCTGTCTGCCGGAATGE

Reverse 4 Frozen TGATIGAAGTCATAAATGTAGTCCG

Farward 5 Frozen TTGGAGCTAGGGGTTCAGTG

Reverse ] Frozen GTAGTTGRCCCACGTCCTGT

Farward 9 Frozen ATCCACATGCACCTGTTCCT

Reverse 9 Frozen GGCAGAGGGGTACTCACGTA

Farward ] Frozen TGTAAAACGACGGCCAGTTCGGTTGGCTTTGGTGAGATCCAT
Reverse ] Frozen CAGGAAACAGCTATGACCTGACTTTGTCCACCTGGAACTTGET
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Table S6 Probes used in hydrolysis probe assays for IDH1

Direction SEQUENCE m

R132C iDHT Farward CTTGTGAGTGGATGGETANAACCTA

R132H 10HT Farward CTTGTGAGTRGATRRGTAAAACCTA

R132C 1OHT Fevarse CACATTATTGCCAACATGACTTACTTGAT

R132H (DT Reverse CCAACATGACTTACTTGATCCCCATA
R132C10H1 M : AAGCATGACGACCTATEG VIC Reporter 1
R132H IDHT W r CATCATAGGTCGTCATGE VIC Reportes 1
R132C IDHT M = AAGCATGACAACCTATG FAM Reportes 2

R132H IDHT M - ATCATAGGTCATCATGE FAM Reparter 2




