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Mutations of both the IDH1 and IDH2 (isocitratede-
hydrogenase enzyme 1 and 2) genes have recently
been described in cases of human glioma. Since IDH1
mutations have been associated with better clinical
outcome, they are suitable predictive markers for
adult glioma patients. We have developed a pyrose-
quencing assay that allows both the sensitive and
rapid detection of mutant IDH1 alleles in DNA ex-
tracted from formalin-fixed, paraffin-embedded tis-
sues. PCR products that span exon 4 of IDH1 were
used as a template for pyrosequencing. For valida-
tion, PCR products were additionally cloned and se-
quenced conventionally by Sanger sequencing. Sensi-
tivity was measured by titration of wild-type and
mutant sequences. PCR kinetic experiments were per-
formed to investigate the influences of PCR cycle
number on the accuracy of the assay. We found that a
minimum of 5% of mutant IDH1 alleles can easily be
detected with the pyrosequencing approach. So far,
there are few data regarding IDH1 mutation status in
high-grade gliomas of childhood. Therefore, we ap-
plied this assay to 47 pediatric high-grade glioma sam-
ples (age range 6 weeks to 23 years). Mutations were
found in 5/14 astrocytoma III and in 6/33 glioblas-
tomas. In conclusion, we have developed a pyrose-
quencing-based assay for the detection of mutations
at the hotspot regions of IDH1 and provide proof for
its applicability as a molecular diagnostic assay for
clinical samples. (J Mol Diagn 2010, 12:750–756; DOI:
10.2353/jmoldx.2010.090237)

Gliomas are the most common type of brain tumors and
range from benign low grade gliomas to aggressive gli-
oblastomas. Glioblastomas are the most common and
most malignant tumors of the brain. They may manifest at
any age, but preferentially affect adults, with a peak
incidence between 45 and 70 years.1,2 Glioblastomas
are highly invasive and aggressively growing tumors that

respond poorly to radiation therapy and most forms of
chemotherapy. The prognosis is correspondingly poor,
with most patients dying within one year after diagnosis.
Adults glioblastomas may develop from diffuse astrocy-
tomas World Health Organization grade II or anaplastic
astrocytomas,3 but more frequently, they manifest after a
short clinical history de novo without evidence of a less
malignant precursor lesion (primary glioblastoma). Glio-
blastomas carry complex genetic and epigenetic alter-
ations. Primary glioblastomas of adults frequently show
loss of heterozygosity on chromosome 10q (70% of
cases), EGFR amplification (36%), p16(INK4a) deletion
(31%), and PTEN mutations (25%).3 Secondary glioblas-
tomas as well as their lower grade precursor lesions
exhibit frequent mutations of the TP53 gene and epige-
netic inactivation of DUSP4.3,4 Pediatric diffuse high-
grade gliomas (HGG) differ from GBM of adults. While
they are believed to occur de novo, only very few pedi-
atric high grade gliomas display EGFR amplifications5–8

although the receptor protein is detectable in many
cases.8 Inactivation of the p53/MDM2/p14 pathway, in
contrast, is also frequently present in pediatric tumors,
similar to adult GBM.6 In particular, the TP53 mutational
rate is in a similar range.9 The RB pathway seems to be
affected less frequently in pediatric HGG.10 Recently so-
matic mutations at codon 132 of IDH1 gene have been
reported in a screening approach of 20,661 protein cod-
ing genes in glioblastomas.11,12 Interestingly, all muta-
tions were located at amino acid residue 132 (position
395) an evolutionarily conserved position located within
the isocitrate binding site13 with the substitution of Arg -�
His (G-�A).11 In rare cases mutations of IDH2 have also
been described in the homologous region in gliomas
lacking IDH1 mutations.1 Isoforms of the enzyme isocit-
rate dehydrogenase- IDH1 and IDH2 catalyze the oxida-
tive decarboxylation of isocitrate into �-ketoglutarate us-
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ing either NAD or NADP as cosubstrates.14,15 Isocitrate
dehydrogenase enzyme isoform 1 is located in peroxi-
somes, whereas IDH2 is present in mitochondria.16

IDH1 is mainly involved in metabolic processes and its
role in cancer biology is largely unknown. Enzymatic
studies with substitution of arginine at residue 132 of
IDH1 with a different amino acid (glutamate) have re-
ported that this mutation renders the enzyme catalytically
inactive, suggesting a critical role for this residue.17 More
recent data, however suggest that the mutant form of the
enzyme leads to the production of an alternative metab-
olite 2-hydroxyglutarate.

Many of the glioblastomas carrying IDH1 mutations
were secondary glioblastomas and contained TP53 mu-
tations.1,3,11 Moreover these mutations were associated
with increased overall survival. Therefore, IDH1 mutation
status might be a valuable prognostic marker for GBM
patients. The assays published so far comprise the use of
PCR and direct Sanger sequencing of PCR products. In
a clinical environment, it is mandatory to optimize the
approach for best sensitivity and accuracy, especially if a
clinical decision or prognostic evaluation is desired. Het-
erogeneity of tumor tissue is a critical aspect for molec-
ular diagnostic approaches, since mutations may only be
present in a subset of tumor cells, and the wild type allele
is still present in those tumor cells carrying IDH1 mutation.
In addition, gliomas often contain significant amounts of
other cells from different types. Therefore, a sensitive and
quantitative method for the detection of mutant IDH al-
leles in DNA extracted from fresh frozen as well as for-
malin-fixed, paraffin-embedded tumor tissues is needed.
So far there are few data regarding IDH1 mutation status
in high grade gliomas of childhood.1 Therefore, we ap-
plied this assay on 47 pediatric HGG samples to detect
mutations in IDH1.

Materials and Methods

Tumor Samples

We investigated 47 high-grade glioma tumor patients (22
female and 25 male; mean age at surgery: 10.35 years;
range: 4 weeks to 23 years). All tumors were classified
according to the World Health Organization (World Health
Organization) classification of tumors of the central nervous
system.18 The series included 14 pediatric anaplastic as-
trocytoma III (AAIII) and 33 glioblastomas (World Health
Organization grade IV; GBM). Histological assessment of
tissue fragments chosen for this study confirmed that all
specimens consisted of at least 80% tumor cells.

Collection of Samples and DNA Isolation

DNA was extracted from archival paraffin-embedded tissue
using a commercial kit (Qiagen, Hilden, Germany) accord-
ing to the protocol of the manufacturer. DNA was extracted
from a total of 47 paraffin-embedded tissues formerly fixed
in 4% formalin derived from the surgical specimens. Ten-
micron slices of paraffin-embedded tissues were collected
and the sections were dewaxed by xylene wash (3�, 10

minutes at 25°C each) followed by three 100% ethanol
washes (10 minutes at 25°C each). The pellets were dried
by applying vacuum. Samples were digested with protein-
ase K (20 mg/ml) at 56°C overnight. DNA was extracted
with the QIAmp DNA mini kit (Qiagen).

PCR Amplification

Exon 4 of IDH1 containing the R132 coding region was
amplified using three different set of primers, set 1: IDH1-
fwd-A-5�-CACCATACGAAATATTCTGG-3� and IDH1-rev-
A-5�-biotin-CAACATGACTTACTTGATCC-3�, set 2: IDH1-
fwd-B-5�-GGCTTGTGAGTGGATGGGTAAAA-3� and IDH1-
rev-B-5�-biotin-TTGCCAACATGACTTACTTGATCC-3�, set 3:
IDH1-fwd-C-5�-TGGATGGGTAAAACCTATCATCA-3� and
IDH1-rev-C-5�-biotin-TTGCCAACATGACTTACTTGATC-3�
which amplify 135 bp, 76 bp and 66 bp fragments respec-
tively. Amplification of the R132 coding region was carried
out using 50 ng genomic DNA as template. The PCR mix-
ture contained 50 mmol/L KCl, 20 mmol/L Tris/HCl (pH 8.4),
200 �mol/L of each deoxyribonucleotide triphosphate, 25
pmol of each primer, 2 mmol/L MgCl2 and 2.5 U of Platinum
TaqDNA polymerase (Invitrogen, Carlsbad, California, US
Karlsruhe, Germany) in a final volume of 50 �l. PCR was
performed using a DNA thermal cycler (Biometra, Göttin-
gen, Germany). The template was denatured initially for 10
minutes at 95°C followed by 40 amplification cycles con-
taining: initial denaturation at 95°C for 10 minutes, followed
by 95°C for 30 seconds, annealing for 30 seconds at 54°C
and extension at 72°C for 30 seconds. Final extension was
carried at 72°C for 10 minutes. PCR products were ana-
lyzed by electrophoresis on 2% agarose gels.

Cloning of PCR Products and Cycle
Sequencing

PCR products of exon 4 of IDH1 containing R132 coding
region were cloned into the TOPO TA cloning/pCR2.1 vec-
tor (Invitrogen, Karlsruhe, Germany). Inserts of individual
bacterial clones were amplified using vector-specific prim-
ers. PCR products were treated with ExoSAP-IT (USB,
Staufen, Germany) following manufacturer’s instruction and
sequenced using the BigDye Prism DNA cycle sequencing
kit (Applied Biosystems, 3130 Genetic Analyzer). Ten indi-
vidual clones were selected for each sample. For the titra-
tion and cycle kinetic assays described below bacterial
clones carrying wild type and mutant IDH1 alleles were
expanded and plasmid DNA containing the respective se-
quence was isolated by midiprep.

Development of IDH1 (R132) Pyrosequencing
Assays

Assay Design

IDH1 PCR amplification primers flanking the R132 muta-
tion hotspot within exon 4 of IDH1 were amplified as
mentioned above. The reverse primer contained biotin at
the 5� position. For the product amplified using primer set
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1, pyrosequencing primer IDH1-Py1-5�-GTGAGTGGAT-
GGATGGGTAAAACC-3� was used with the nucleotide
dispensation order NGT-�-AGT/TGT/GGT (first base)
CNT-� CAT/CTT/CCT (second base) (Figure 1). IDH1-
Py2-5�-TGATCCCCATAAGCA-3� reads complementary
strand and was used for the products amplified from set
2 and 3, with the nucleotide dispensation order NCA-�
TCA/ACA/CCA (first base) GNA-� GTA/GAA/GGA (sec-
ond base) (see supplemental Figures S1 and S2 at http://
jmd.amjpathol.org). All three primer sets performed
equally well on DNA extracted from formalin-fixed, par-
affin-embedded tissues.

Pyrosequencing Reaction

Single-stranded DNA templates were immobilized on
streptavidin-coated Sepharose high-performance beads
(GE Health care, Uppsala, Sweden) using the PSQ Vac-
uum Prep Tool and Vacuum Prep Worktable (Biotage,
Uppsala, Sweden), according to the manufacturer’s in-
structions, then incubated at 80°C for 2 minutes and
allowed to anneal to 0.4 mmol/L sequencing primer at
room temperature. Pyrosequencing was performed using
PyroGold Reagents (Biotage) on the Pyromark Q24 in-
strument (Biotage), according to the manufacturer’s in-
structions. Controls in which the sequencing primer or
template were omitted were used to detect background
signal. Pyrogram outputs were analyzed by the PyroMark
Q24 software (Biotage) using the allele quantification
(AQ) software to determine the percentage of mutant
versus wild-type alleles according to percentage relative
peak height.

For the pyrosequencing primer-1, the assay was de-
signed to begin sequence analysis from 12 bp upstream
(381) of the hotspot containing R132 mutation (394 and
395) and for pyrosequencing primer 2, 2 bp downstream
(398) of the hotspot. A sequential nucleotide dispensa-
tion protocol was used that reflects the expected order of
nucleotide incorporation and the potential base change
within the first or second positions of codon 132 (IDH1).
Peak heights are proportional to the number of nucleo-
tides that are incorporated with each dispensation.

Titration of Mutant and Wild-Type IDH1 R132
Alleles

Purified plasmid DNA cloned with R132H mutant coding
sequence (CAT), the most frequent mutation in gliomas
and wild type (CGT) were diluted to generate mixtures
containing 100%, 75%, 50%, 25%, 10%, 5%, and 0% of
either wild type or mutant DNA in the final concentration.

Fifty ng of each of the above mixtures was PCR amplified
using one biotinylated primer and analyzed on 2% aga-
rose gels. The resulting products were subjected to py-
rosequencing and actual percentage of ‘A/T’ (Pyro-
primer-1/Pyroprimer-2) at the second position of the hot

Figure 1. Schematic representation and primer localization. Map of the pyrosequencing assay for detection of codon transversion at positions 394 and 395 within
exon 4, leading to the IDH1 R132 mutation. Primer-binding sites are depicted in lower case and the sequence to be analyzed in upper case. The mutation site
assayed is highlighted by a box, below are the codons with the expected changes at the first and second positions, respectively. Arrows indicate the annealing
positions of primer sequences from 5� to 3�.

Figure 2. Pyrogram and conventional sequencing traces. Detection of IDH1
R132H mutations in DNA samples isolated from HGG specimens. (A, top)
Pyrogram of a sample that contained no mutation at the second position of the
hotspot codon 395 (CGT) and the chromatogram of the same fragment obtained
by cycle sequencing of single clone of a cloned PCR product (A, bottom),
confirming the result of the pyrosequencing assay. Of 10 clones sequenced, no
mutants were found. Below (B, top), pyrosequencing result of a DNA sample
that exhibits a mutation at position (395), resulting in the R132H mutation and a
chromatogram obtained by cycle sequencing of a single clone of a cloned PCR
product (B, bottom). Three clones out of 10 were found to be mutated.
Supplemental Figure S2 (available at http://jmd.amjpathol.org) shows pyrograms
of the same tumor samples generated using an alternative primer set, using a
reverse pyrosequencing primer and leading to virtually identical results. Codon
132 is highlighted as boxed text. Arrows indicate the wildtype (G) and the
mutant (A) base.
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spot was quantified by applying the allele quantification
method (AQ).

PCR Cycle Kinetics

PCR amplification of a DNA mixture comprising wild type
and mutant alleles in the ratio 1:1 (20 ng each) was
carried out in a 50 �l reaction volume with varying num-
ber of amplification cycles 20, 30, 40, 50, and 60 cycles.
The PCR product was analyzed on 2% agarose gels. The
pyrosequencing reaction was performed by using iden-
tical conditions for all of the products.

Results

Comparison of Conventional Sequencing and
Pyrosequencing Results

To detect R132 mutations we performed both pyrose-
quencing and conventional cycle sequencing of cloned
PCR products for IDH1 on 47 genomic DNA samples
extracted from paraffin-fixed tumor specimens of pediat-
ric high-grade gliomas.

Figure 2 shows representative pyrograms from direct
pyrosequencing reactions of PCR products and chro-
matograms from cloned PCR products analyzed by con-
ventional cycle sequencing. Out of the 47 DNA samples
analyzed, we identified 11 cases carrying the point mu-
tation (G –� A) at the hotspot (R132) at the second
position of the codon (CGT) thereby causing the amino
acid sequence alteration R132H. Mutations were found in
5/14 AAIII (age range 5 to 16 years) and in 6/33 GBM
(age range 6 weeks to 17 years). No correlation with a
particular age group could be detected.

Both technologies yielded identical results. The pyro-
sequencing assay reliably detects all other possible mu-
tations at position 132 (determined by investigation of
adult secondary GBM as positive controls, data not
shown), even though no other variation of position 132

have been found in HGG (See supplemental Figure S3 at
http://jmd.amjpathol.org).

Samples were analyzed by conventional sequencing
of cloned PCR products (Figure 2, A and B, bottom
chromatograms) and pyrosequencing (Figure 2, A and B,
top pyrograms) in triplicate independent experiments.
The relative abundance of adenine at the second position
was significantly increased (25 to 58%) in mutated sam-
ples (Figure 2B) when compared to the samples (2 to
20%) which did not have R132 mutation (Figure 2A). The
results are listed in Table 1 and in supplemental Table S1
at http://jmd.amjpathol.org. Statistical analysis showed
that the increased ratio of adenine in the mutated sam-
ples was statistically significant (P � 0.001).

Titration of Mutant IDH1 DNA Against the
Wild-Type Sequence

To determine the analytic sensitivity of the assay, mixing
studies of wild-type and mutant IDH1 alleles were per-
formed. PCR products were generated using set-3 primers
from mixtures of plasmid DNA containing IDH1 mutant allele
and wild type in different ratios (100:0, 75:25, 50:50, 25:75,
10:90, 5:95, 0:100) and used as templates for sequencing.
Pyrosequencing was performed using pyroprimer-2.

We observed that the pyrosequencing detection
method was sensitive to the decreasing concentrations of
the mutated allele in the mixture (Figure 3, A–G). The
presence of mutant alleles was represented by an ade-
nine peak at the second nucleotide position of the pyro-
gram. The abundance of mutant alleles (T) relative to wild
type alleles (C) was given as a relative peak height. A
strong linearity of AQ values with the expected values
according to the dilution series ranging from 99% “T-
signal” in a dilution that contained 100% mutant allele to
96% “C- signal” in a dilution having 100% wild type
alleles. The titration results from the triplicate experiments
clearly proved the sensitivity of the pyrosequencing as-
say to identify R132 mutations in the IDH1 gene even if

Figure 3. Titration of mutant and wild type IDH1 alleles. Results of the titration assay
investigating the sensitivity of pyrosequencing analysis to detect IDH1 R132H mutations.
Plasmids containing mutant and wild-type alleles were mixed to generate templates of 100%,
75%, 50%, 25%, and 0% mutant alleles and 0%, 25%, 50%, 75%, and 100% wild-type alleles.
A–G: Pyrograms showing the percentage of adenine and guanine at the second position of
codon 132 at different concentrations of mutant and wild-type alleles. H: Graphical represen-
tation of the AQ values of triplicate titration experiments. Ratio of the mutant allele to wild type
is indicated on the x axis, and the percentage of adenine values is given on the y axis. Arrows
indicate the wildtype (C) and the mutant (T) base.
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only 5% of the mutant alleles are present in the DNA
sample (Figure 3H).

PCR Cycle Kinetics

To monitor the influence of number of amplification cycles
on the identification of mutant or wild type alleles, which
might give rise to artifacts due to nonlinear amplification,
a mixture of 1:1, plasmids containing mutant and wild
type allele was used as template for PCR amplification
with primer set 1. Products were amplified with different
numbers of cycles (20, 30, 40, 50, and 60) from the above
template as well as from wild type template. The products
were subjected to pyrosequencing analysis using pyro-

sequencing primer-1 and AQ percentages were deter-
mined. The AQ values for mutant alleles of three sets of
experiments showed no significant change during differ-
ent cycle numbers (20 cycles, 43.66 � 1.15; 30 cycles,
43.66 � 0.57; 40 cycles, 45.50 � 7.81; 50 cycles,
48.30 � 4.9; 60 cycles, 44.66 � 2.08). The results de-
picted in Figure 4, A–E clearly indicate that the number of
amplification cycles did not alter the quantitative evalua-
tion of mutated and wild type IDH1 alleles.

Discussion

IDH mutations represent a frequent event in diffuse glio-
mas World Health Organization grade II and World Health

Table 1. Allele Quantification Values at the 132 Position of IDH1

Mutant IDH1 R132H Wild-type IDH1 R132
(CGT � CAT) (CGT)

Sample ID Diagnosis Sex Age (years) % A Sample ID Diagnosis Sex Age (years) % A

550 GBM M 9 23.33 � 6.69 (n � 3) 546 GBM F 10 7.66 � 1.02 (n � 3)
608 AA III F 16 47.00 � 4.00 (n � 2) 548 GBM F 14 12.33 � 3.84 (n � 3)
640 AA III M 5 55.00 � 2.57 (n � 3) 549 GBM F 7 8.33 � 0.66 (n � 3)
730 AA III M 13 50.0 � 34.39 (n � 3) 564 GBM F 17 11.33 � 1.33 (n � 3)
677 GBM M 17 34.00 � 10.40 (n � 3) 596 AA III M 13 9.66 � 3.48 (n � 3)
726 AA III M 7 29.33 � 1.20 (n � 3) 646 GBM F 14 10.00 � 3.60 (n � 3)

719 GBM M 4 8.66 � 0.88 (n � 3)
738 AA III M 23 9.66 � 0.88 (n � 3)
751 AA III M 7 9.66 � 2.18 (n � 3)
698 GBM F 10 15.33 � 0.66 (n � 3)

IDH1 gene analysis of six pediatric high-grade glioma samples at position 395, resulting in the R132H mutation, along with 10 tumor samples
exclusively carrying wild-type alleles. The numerical values represent the percentage of the mutated nucleotide determined by the allele quantification
method. Values between the groups were statistically significant at p � 0.001 when compared by one-way ANOVA. M, male; F, female. The wild type
and the mutant codon 132 of IDH1 appears in parentheses with the respective wild type and mutant base in bold (left). On the right, the wild type
codon 132 is in bold.

Figure 4. PCR cycle kinetics of the IDH1 pyrosequencing assay. Plasmids containing mutant
(CAT) and wild-type (CGT) IDH1 alleles were used in a 1:1 ratio. The R132 hotspot region was
amplified by PCR with different cycle numbers (20, 30, 40, 50, and 60). Pyrosequencing of the
PCR products and subsequent allele quantification showed that the relative abundance of
mutant allele (A, C) and wild type (B, D) were unaffected by increasing PCR cycle numbers.
E: Graphical representation of the AQ values for IDH1mutant and wild-type alleles at different
cycle numbers. Arrows indicate the wildtype (G) and the mutant (A) base.
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Organization grade III in adults and can serve as a diag-
nostic tool.12 A fraction of adult GBM (World Health Or-
ganization grade IV) also shows this alteration and these
patients seem to show a better clinical course. All of the
mutations of IDH1 and IDH2 occur at the same hotspot
site so that a robust and reproducible assay to monitor
the mutational status of this residue would represent a
valuable tool. Here we have established a pyrosequenc-
ing assay and applied it on a panel of pediatric high
grade gliomas since only few data exist on this entity.

Pediatric high-grade gliomas represent approximately
10% of all pediatric brain tumors. Similar to adult high-
grade gliomas, they behave very aggressively. However,
the overall prognosis seems slightly better than in adults
with a higher percentage of long-term survivors, but nev-
ertheless, survival remains poor in general despite of a
variety of therapies that include chemotherapy and radio-
therapy. Pediatric gliomas do not fit in the genetic models
of adult high-grade gliomas. While alterations of the p53/
MDM2/p14 pathway were detectable in a similar fre-
quency compared to adults, EGFR amplifications are
uncommon in contrast to adult primary GBM although it is
believed that pediatric HGG also arise de novo.19

In studies on high-grade gliomas of adults IDH1 has
gained major attention as a novel marker for diffuse gli-
omas World Health Organization grade II and III as well
as secondary GBM (sGBM) World Health Organization
grade IV. Here IDH1 mutations have been associated
with a better clinical outcome.1,20,21

To date, six types of the IDH1 codon 132 mutations
(R132H, R132C, R132S, R132G, R132L, and R132V)
have been detected in human cancers.11,22 In glial tu-
mors, R132H is the most common IDH1 mutation followed
by R132C.14,15 In pilocytic astrocytomas (World Health
Organization grade I) no genetic alterations were identi-
fied in IDH1 and it has been suggested that IDH1 together
with structural alterations of the BRAF gene may be used
to discriminate pilocytic astrocytomas and glioblastomas
of adults.11,23

To date the classical way to detect mutations of the hot
spot region is the direct sequencing of a PCR product of
the respective sequence.24 Due to heterogeneity of gli-
oma samples, as well as wild-type alleles present in the
tumor cells, however this procedure bears the risk to
overlook mutated alleles in the presence of wild-type
sequences and, therefore, might be less suitable as a
molecular diagnostic tool.25,26,27,28 Therefore we opti-
mized a pyrosequencing based detection system29,30 for
the R132 hotspot mutation of IDH1 and applied this ap-
proach to DNA extracted from archival tumor specimens
of pediatric patients with high grade gliomas. Pyrose-
quencing has the advantage to accurately measure the
amount of wild-type and mutant bases on a given position
in a rapid and sensitive reaction without the need for
cloning and sequencing of individual clones.

To calibrate the pyrosequencing assays for IDH1 mu-
tation, we serially diluted a plasmid carrying a mutant
IDH1 (R132H) and a plasmid containing the wild type
IDH1 exon 4. Mutation analysis by pyrosequencing to
detect ‘A/G’ or ‘T/C’ signals revealed a consistent figure
with respect to dilutions. This titration assay indicated that

a minimum of 5% of mutated DNA in a background of
normal DNA could be easily detected and therefore al-
lows confident screening for mutations. The reproducibil-
ity was analyzed in three different sets of experiments
with identical experimental settings and confirmed the
accuracy of the method with the reading of 99.86 �
0.38% ‘A’ in a mixture containing 100% mutant alleles
and 7.00 � 1.82% ‘A’ in the mixture containing 5% of the
mutant allele. Results of the PCR cycle kinetics experi-
ment carried out to check the effect of increasing number
of amplification cycles (20 to 60 cycles with the regular
amplification being carried out with 40 cycles) clearly
rules out the chance of artifacts due to preferential am-
plification of mutant or wild-type alleles.

In this study 47 pediatric high-grade glioma samples
comprising of 14 anaplastic astrocytoma grade III (AA III)
and 33 glioblastoma (GBM) samples were analyzed to
detect the mutations in hot spot codons of IDH1. In con-
trast to a previous study on 15 pediatric GBM samples,1

we observed mutations in IDH1 in 6 out of 33 (18%)
pediatric GBM. In addition our collection of pediatric high
grade gliomas also contained 14 anaplastic astrocyto-
mas of which 5 were found to be mutant (35%). The
correlation with clinical data, available for 8 samples with
mutation of IDH1 and 27 cases with wt IDH1, however,
did not show a significant correlation of IDH1 mutation
with better clinical outcome. Interestingly all mutations
detected in our study were of the CGT-CAT type causing
R132H, which was reported to be the most frequent
variant in adult gliomas as well.1,12,21,22,23,31,32 Techni-
cally, our approach would also pick up any other se-
quence variation at position one and two of IDH1 codon
132 as described in the supplemental Figures S1, S2,
and S3 (http://jmd.amjpathol.org). The age of the patients
carrying mutations in their tumors ranged from 6 weeks to
17 years so there is no obvious association to specific
age groups.

To prove the principal applicability of the pyrose-
quencing assay to detect all possible mutation variation
at R132, we have also applied the assay to reference
adult glioma samples with confirmed IDH1 mutational
status. We have established the pyrosequencing assay
to target the particular site of mutation with different sets of
primers for amplification and pyrosequencing (see Fig-
ure 2 and supplemental Figures S1 and S2 at http://
jmd.amjpathol.org) yielding identical results. Our assay
can be used for the sensitive and quantitative detection
of all mutant and wild type IDH1 R132 alleles. This ap-
proach has several advantages over conventional se-
quencing, especially if DNA is derived from archival
material and significantly degraded because small frag-
ments can be analyzed in short span of time, whereas
conventional sequencing does not allow analysis of the
first few bases of the amplified fragment due to noise and
therefore relies on larger PCR products. In addition sen-
sitive and quantitative data can be obtained without clon-
ing and sequencing of individual clones.

In conclusion, we have designed a novel sensitive
pyrosequencing assay for the rapid and accurate identi-
fication of R132 mutations of the IDH1 genes in clinical
samples. This approach was applied to a cohort of 47
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pediatric high grade gliomas and uncovered IDH1 R132H
mutations in 11/47 cases.
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