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Abstract. Patients with glioblastomas with a specific muta-
tion in the isocitrate dehydrogenase 1 (IDH1) gene have a 
better prognosis than those with gliomas with wild‑type 
IDH1. IDH1 analysis has become part of the standard diag-
nostic procedure and a promising tool used for stratification 
in clinical trials. The present study aimed to compare high 
resolution melting (HRM) analysis, immunohistochem-
istry (IHC) and direct DNA sequencing for the detection 
of IDH mutations in gliomas. Fifty‑one formalin‑fixed 
paraffin‑embedded tumor samples were selected. For the 
HRM analysis and direct DNA sequencing, DNA was 
extracted from the tissues. For IHC, sections were stained 
with an anti‑IDH1‑R132H specific antibody. The HRM 
analysis method identified 33 cases of IDH1 gene muta-
tions, and all mutations occurred at the R132H site. There 
were 33 cases of IDH1 gene mutations found by IHC, which 
was consistent with that identified using the HRM analysis 
method. However, only 30 IDH1 samples were confirmed 
by sequencing, in which mutations occurred at the IDH1 
exon 4 R132H site. No mutation was detected in the other 
three of these 33 cases (two grade II oligodendroglioma and 
one grade II diffuse astrocytoma) by sequencing, while IHC 
was positive for IDH1‑R132H. The results showed that the 
mutation detection rate was not identified to be significantly 
different (P=0.250) when determined by the HRM analysis 

method or by direct DNA sequencing, as the concordant rate 
between the two methods was high (κ=0.866). The HRM 
analysis method in glioma IDH1 gene mutation detection 
has advantages of high sensitivity, good repeatability, simple 
operation and accurate results. It provides a novel method for 
detecting mutations of the IDH1 gene in paraffin embedded 
tissue samples of clinical glioma. Related to a small amount 
of sample, there was no evidence showing that HRM analysis 
method is superior to IHC. Direct DNA sequencing, HRM 
analysis and IHC results were consistent; however, HRM 
and IHC are more sensitive than direct DNA sequencing in 
identifying the IDH1‑R132H mutation.

Introduction

Malignant glioma is the most common type of human primary 
brain tumor. Mutations in the citric acid cycle enzyme isoci-
trate dehydrogenase 1 (IDH1) have recently been implicated 
in gliomagenesis. The IDH1 gene is located on chromosome 
2q33.3, full‑length 18,841 bp, including 10 exons and 9 introns, 
encoding isocitrate dehydrogenase, which is involved in the 
TCA cycle and catalyzes the oxidative decarboxylation of 
isocitrate to α‑ketoglutarate. In glioma, >90% of IDH muta-
tions occur in IDH1, and the majority of the IDH1 mutations 
(~90%) are arginine replaced by histidine (R132H)  (1,2). 
There are a few other types of mutations, such as R132C 
(3.6‑4.6%), R132G (0.6‑3.8%), R132S (0.8‑2.5%) and R132P 
(0.4%)  (3). Generally, the IDH1 mutation occurs in the 
World Health Organization (WHO) grade II‑III gliomas and 
secondary glioblastomas (3). IDH1 mutations can change the 
structure of isocitrate dehydrogenase, resulting in a loss of its 
ability to convert isocitrate into ketoglutarate, and causing it 
to gain novel enzyme activity, converting α ketoglutaric acid 
into 2‑hydroxyglutarate. Subsequent studies have shown that 
IDH1 mutations are an early step in gliomagenesis, before 
TP53 mutations or loss of 1p/19q occurs (4). Recent studies 
show that the IDH1 (R132H) overexpression decreases 
the proliferation of glioma cell lines, alters morphology, 
increases contact‑dependent cell migration (5), and blocks 
the differentiation of non‑transformed cells (6).
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Studies show that the IDH1 mutation status is strongly 
predictive of a better prognosis in secondary glioblastomas (7) 
as well as in anaplastic astrocytomas and oligodendrogli-
omas (8). Conversely, it has been shown that patients diagnosed 
with anaplastic astrocytomas without an IDH1 mutation have a 
worse prognosis than glioblastomamultiforme (GBM) patients 
with an IDH1 mutation (9), suggesting that these patients could 
benefit from treatment stratification by IDH mutation analysis. 
Therefore, the determination of the mutational status of IDH1 
has become a part of the standard diagnostic procedure and a 
promising tool used for stratification in clinical trials as it is 
one of the major prognostic factors in glioma (10).

Currently, mutational detection is mostly based on direct 
DNA sequencing of polymerase chain reaction (PCR) products 
or quantitative PCR using allele specific probes, which can detect 
a high proportion of mutations. However, they require trained 
professionals and sophisticated equipment that is not available 
in all laboratories, and they are labor intensive. Moreover, 
inadequate tumor DNA availability may lead to false‑negative 
results due to small tissue samples, extensive necrosis, contami-
nated tumor samples or admixture with normal tissue elements. 
Immunohistochemistry (IHC) is an easy and quick method 
for detecting IDH1‑R132H mutations with high sensitivity and 
specificity, but it is not suitable for other types of mutations, 
including R132C, R132S, R132G, R132L, R132V and R132P, as 
IMab‑1 and other DIA‑H09 antibodies are only able to detect the 
IDH1‑R132H mutation (11,12). Antibodies specific for mutations 
other than R132H have also been developed (13‑15); however, 
their efficiency requires further validation in the clinic. HRM 
analysis is a post‑PCR method that provides rapid identification 
of nucleotide variation, based on biophysical measurement of 
the amplified DNA. This technique can be performed in any 
laboratory with a suitable real‑time PCR thermocycler, which 
provides considerably decreased time and cost compared with 
other screening methods. This methodology is faster, simpler 
and has a superior sensitivity and specificity compared with 
other screening techniques, and has been implemented for 
mutation screening and clinical diagnosis in numerous different 
genetic diseases (16,17).

The present study aimed to compare HRM analysis, IHC 
and DNA sequencing for the detection of IDH mutations in 51 
formalin‑fixed paraffin‑embedded tissue specimens of gliomas 
obtained from Guangzhou General Hospital of Guangzhou 
Military Command (Guangzhou, China).

Materials and methods

Tumor specimens and DNA preparation. A total of 51 patients 
with glioma who were diagnosed and treated at the Guangzhou 
General Hospital of Guangzhou Military Command between 
August 2009 and August 2013, were selected for the present 
study. Formalin‑fixed and paraffin‑embedded tumor samples 
were obtained from the General Hospital of Guangzhou 
Military Command. All experiments using the human samples 
were approved by the ethical committee of Guangzhou General 
Hospital of Guangzhou Military Command. All tumors were 
classified according to the WHO classification of tumors of 
the central nervous system. There were 8 cases of diffuse 
astrocytoma (WHO grade II), 2 anaplastic astocytoma (WHO 
grade III), 20 GBMs (WHO grade IV), 9 oligodendroglioma 

(OG) (WHO grade II), 6 OG (WHO grade III) and 6 oligoas-
trocytoma (WHO grade  II). Sections were stained with 
hematoxylin and eosin (H&E) to confirm that diagnostic tissue 
morphology had been retained.

Paraffin embedded tissue specimens were cut into 5‑µm 
sections and used for DNA extraction, and then subsequent 
3‑µm sections were stained with H&E and IHC was conducted. 
DNA from the tumor tissue was extracted using the DNA 
QIAamp kit (cat. no. 56404, Qiagen GmbH, Hilden, Germany) 
according to the manufacturer's instructions. The quantity 
of isolated genomic DNA was evaluated using a NanoDrop 
2000 spectrophotometer (Thermo Scientific, Wilmington, DE, 
USA). The ratio of the absorbance at 260 and 280 nm was 
between 1.8 and 2.0. Sections were stained with H&E staining 
to confirm that diagnostic tissue has been retained.

HRM analysis of IDH1 mutations. The DNA concentra-
tion was adjusted to 30  ng/µl and IDH1 mutations were 
detected by HRM analysis (Rotor‑Gene 6000 Analyzer, 
Qiagen GmbH). The primer sequences used were as follows: 
Forward: 5'‑CGGTCTTCAGAGAAGCCATT‑3' and reverse: 
5'‑GCAAAATCACATTATTGCCAAAC‑3'. HRM amplifi-
cation was performed in a 20 µl reaction mixture for IDH1 
containing 2.0 µl DNA, 0.6 µl of each forward (10 µmol/l) 
and reverse primer (10  µmol/l), 6.3  µl RNase‑free water, 
0.5 µl Mg2+ (25 mM) and 10 µl of 2X HRM PCR Master Mix 
buffer (cat. no. 206542, Qiagen GmbH). Predenaturation was 
performed at 94˚C for 10 min. This was followed by 50 cycles 
of amplification consisting of denaturation at 95˚C for 20 sec, 
annealing at 53˚C for 20 sec, and extension at 72˚C for 20 sec. 
HRM is based on computer analysis of DNA melting transi-
tions. Post‑amplification HRM was performed by gradual 
heating of the samples at a rate of 0.1˚C/sec from 65˚C to 95˚C, 
via monitoring the changes in fluorescence that result from 
gradual temperature‑dependent release of a saturating dsDNA 
binding dye.

Direct DNA sequencing of IDH1 mutations. Mutations in 
exon 4 of the IDH1 gene were also determined by direct DNA 
sequencing in all cases. The primer sequences used were as 
follows: Forward: 5'‑CGGTCTTCAGAGAAGCCATT‑3' and 
reverse: 5'‑GCAAAATCACATTATTGCCAAAC‑3'. For 
IDH1 mutation detection, PCR amplification was performed in 
a total 20 µl reaction mixture containing 1.5 µl DNA, 0.5 µl of 
each forward and reverse primers, 7.5 µl RNase‑free water and 
10 µl of 2X HRM PCR Master Mix buffer. Predenaturation 
was performed at 95˚C for 10 min. This was followed by 
50 cycles of amplification consisting of denaturation at 95˚C 
for 20 sec, annealing at 54˚C for 20 sec, and extension at 72˚C 
for 20 sec. When amplification was complete, PCR products 
were sent to Shenzhen BGI (Shenzhen, China) for direct DNA 
sequencing.

IHC analysis of IDH1 mutations. IHC staining for 
IDH1‑R132H was performed with mouse anti‑human 
IDH1‑R132H monoclonal antibody (MAB‑0662; Maixin Bio, 
Fuzhou, China), which reacts specifically with IDH1‑R132H 
mutant protein. ElivisionTM plus Polyer horseradish 
peroxidase (mouse/rabbit) (KIT‑9901; Maixin Bio) IHC kit, 
DAB Detection kit (Maixin Bio) were used as a detection 
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Table I. Details of the cases included in the study.

				    IHC for	 IDH1 mutation on	 IDH1 mutation
No.	 Gender	 Age (years)	 Diagnosis	 IDH1	 initial DNA sequencing	 with HRM

  1	 M	 51	 OGⅡ	 +	 +	 +
  2	 M	 65	 OGⅡ	 +	 +	 +
  3	 F	 26	 OGⅡ	 ‑	 ‑	 ‑
  4	 F	 44	 OGⅡ	 ‑	 ‑	 ‑
  5	 M	 22	 OGⅡ	 +	 +	 +
  6	 F	 36	 OGⅡ	 +	 ‑	 +
  7	 F	 22	 OGⅡ	 +	 ‑	 +
  8	 F	 44	 OGⅡ	 ‑	 ‑	 ‑
  9	 F	 61	 OGⅡ	 +	 +	 +
10	 M	 46	 OGⅢ	 +	 ‑	 +
11	 M	 21	 OGⅢ	 +	 +	 +
12	 M	 15	 OGⅢ	 ‑	 ‑	 ‑
13	 M	 35	 OGⅢ	 +	 +	 +
14	 M	 51	 OGⅢ	 +	 +	 +
15	 M	 55	 OGⅢ	 +	 +	 +
16	 M	 34	 OAⅡ	 +	 +	 +
17	 M	 47	 OAⅡ	 ‑	 ‑	 ‑
18	 F	 10	 OAⅡ	 +	 +	 +
19	 M	 57	 OAⅡ	 +	 +	 +
20	 F	 41	 OAⅡ	 +	 +	 +
21	 M	 35	 OAⅡ	 +	 +	 +
22	 M	 57	 DAⅡ	 ‑	 ‑	 ‑
23	 M	 45	 DAⅡ	 +	 ‑	 +
24	 F	 35	 DAⅡ	 ‑	 ‑	 ‑
25	 F	 54	 DAⅡ	 +	 +	 +
26	 F	 29	 DAⅡ	 ‑	 ‑	 ‑
27	 M	 48	 DAⅡ	 +	 +	 +
28	 M	 36	 DAⅡ	 ‑	 ‑	 ‑
29	 M	 12	 DAⅡ	 +	 +	 +
30	 M	 12	 AAⅢ	 +	 +	 +
31	 M	 33	 AAⅢ	 +	 +	 +
32	 F	 22	 Pri GBM	 ‑	 ‑	 ‑
33	 F	 40	 Pri GBM	 ‑	 ‑	 ‑
34	 M	 42	 Pri GBM	 ‑	 ‑	 ‑
35	 F	 19	 Pri GBM	 ‑	 ‑	 ‑
36	 M	 16	 Pri GBM	 ‑	 ‑	 ‑
37	 F	 28	 Pri GBM	 ‑	 ‑	 ‑
38	 M	 42	 Pri GBM	 ‑	 ‑	 ‑
39	 M	 28	 Pri GBM	 ‑	 ‑	 ‑
40	 M	 18	 Pri GBM	 ‑	 ‑	 ‑
41	 M	 53	 Sec GBM	 +	 +	 +
42	 M	 65	 Sec GBM	 +	 +	 +
43	 M	 44	 Sec GBM	 +	 +	 +
44	 F	 35	 Sec GBM	 +	 +	 +
45	 F	 37	 Sec GBM	 +	 +	 +
46	 F	 36	 Sec GBM	 +	 +	 +
47	 M	 38	 Sec GBM	 +	 +	 +
48	 F	 51	 Sec GBM	 +	 +	 +
49	 F	 44	 Sec GBM	 +	 +	 +
50	 M	 47	 Sec GBM	 +	 +	 +
51	 M	 37	 Sec GBM	 +	 +	 +

IHC, immunohistochemistry; HRM, high resolution melting analysis; IDH1, isocitrate dehydrogenase 1; M, male; F, female; OG, oligodendroglioma; OA, 
oligoastrocytoma; DA, diffuse astrocytoma; AA, anaplastic astrocytoma; GBM, glioblastomamultiforme; Pri, primary; Sec, secondary; +, positive; ‑, negative.
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system. The IHC staining was performed according to the 
manufacturer's instructions. For glioma cells, staining in the 
cytoplasm of neoplastic cells was regarded as positive, while 
for normal brain, only staining in the cytoplasm of astrocytes 
and oligodendrocytes was regarded as positive. The result 
of IHC was determined by a semiquantitative method; the 
proportion of positively stained tumor cells was rated as 
follows: Cases with >10% stained cells were rated as positive, 
and cases with <10% stained cells were rated as negative.

Statistical analysis. Statistical analyses were performed using 
the Statistical Package for the Social Sciences version 13.0 
(SPSS Inc., Chicago, IL, USA). McNemar test was used 
to compare direct sequencing and HRM results, and the 

concordant rate between the two methods were assessed by 
Kappa test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

HRM analysis method. Out of the 51 cases, 33 IDH1 gene 
mutations were identified, as determined by HRM anal-
ysis (Tables I and II). All of the identified mutations were 
R132H, and the rest were wild type (Fig. 1).

IHC analysis. IHC results were determined by a semiquantita-
tive method, and there were 33 cases of IDH1 gene mutations 
identified, which was consistent with those identified by 

Figure 1. HRM analysis of the IDH1 gene in gliomas. Fluorescence melting peaks were built by plotting the negative derivative of fluorescent signal  
corresponding to the temperature, mutations cause different melting properties; thus, homozygous mutants can be distinguished from wt amplicons according 
to subtle Tm shift. HRM, high resolution melting; IDH1, isocitrate dehydrogenase 1; wt, wild‑type.

Figure 2. Immunohistochemistry analysis of isocitrate dehydrogenase 1. (A) Negative; (B) oligodendroglioma grade II; (C) oligodendroglioma grade II; and 
(D) diffuse astrocytoma grade II. 

  A   B

  C   D
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HRM. Immunolocalization of IDH1‑R132H detected by 
anti‑IDH1‑R132H antibodies in human gliomas is shown in 
Fig. 2.

Direct DNA Sequencing. There were 30 IDH1 gene muta-
tion samples confirmed by direct DNA sequencing, which all 
exhibited mutations in the IDH1 exon 4 R132H site (Fig. 3). 
However, in three cases (two grade II oligodendroglioma and 
one grade II diffuse astrocytoma), direct DNA sequencing 
failed to reveal any mutation, whereas IHC was positive for 
the IDH1‑R132H mutation. These results indicate that there 
is no significant difference in the identification of muta-
tions (P>0.05) between HRM and direct DNA sequencing, 
and the concordant rate between the two methods was high 
(κ=0.866).

Discussion

Mutations in the IDH1 genes have been identified in a 
large proportion of diffuse gliomas (18). IDH1 mutations 
are regarded as one of the most significant genetic altera-
tions in gliomagenesis, based on the mutation profiles of 
various subtypes of gliomas as well as primary and recurrent 
tumors (3,19).

A high percentage of grade II and III gliomas have muta-
tions in the gene encoding IDH1. This mutation is always 
a heterozygous point mutation that affects the amino acid 
arginine at position 132 and results in loss of its native enzy-
matic activity and increase of alternative enzymatic activity 
(producing D‑2‑hydroxyglutarate). Rational IDH1 mutation 
analysis is beneficial for differential diagnosis as well as 
providing prognostic information. Patients with known IDH1 
mutations may also benefit from targeted chemotherapy regi-
mens utilizing novel inhibitors of mutated IDH1, which are 
currently in development. Mutations of the IDH1 gene have 
been proposed to exhibit a significant role in the tumorigen-
esis, progression and prognosis of gliomas.

In a comparative study between IHC and genetic testing, 
Capper et al  (20) found that IHC was 100% sensitive and 
specific in detecting IDH1‑R132H mutations, suggesting 
that anti‑IDH1‑R132H immunostaining is a reliable method 
for the evaluation of IDH1 gene mutation status. In a study 
by Agarwal et al (21), 50 diffuse gliomas with frozen tissue 
samples for DNA sequencing and adequate tissue in paraffin 
blocks for IHC using IDH1‑R132H specific antibodies were 
analyzed for IDH1 mutations. Concordance between IHC 
and DNA sequencing was noted in 88% (44/50) of cases (22). 
Through comparing antibody and sequencing methods for the 
detection of IDH mutations, Kurian et al (23) suggested that 
the detection of IDH1 mutations using antibodies is cheaper 
than sequencing; however, sequencing demonstrates rare IDH1 
mutations that cannot been detected by IHC. Takano et al (24) 
used IMab‑1 detected the mutation in 12 out of 49 cases of 
human glioma samples; however, only nine cases were iden-
tified as IDH1‑R132H by direct DNA sequencing due to the 
small population of IDH1‑R132H mutation‑possessing tumor 
cells, indicating that IHC is useful for detecting IDH1‑R132H 
mutations (24).

With the increasing identification of recurrent mutations 
in cancer, the development of fast and efficient approaches for 
mutational screening is required. An alternative technique for 
mutation detection is HRM analysis (25). HRM analysis is a 
fast single‑well‑technique combining PCR using saturating 
fluorescent dsDNA binding dye and melt curve analysis. 
Fluorescence melting peaks are built by plotting the nega-
tive derivative of fluorescent signals corresponding to the 
temperature. As mutations cause different melting properties, 
homozygous mutants can be distinguished from wild‑type 
amplicons according to subtle Tm shifts. Lin et al (26) evalu-
ated the sensitivity of HRM in the detection of the IDH1 R132 
mutation and screened IDH1 mutations in 110 patients with 
acute myeloid leukemia using HRM analysis, and observed 
that the reproducible sensitivity of HRM was 5% for the detec-
tion of IDH1 R132 mutation, which is higher than that of direct 
DNA sequencing (10%) (26).

In the present study, real‑time PCR, combined with satu-
rated fluorescent dyes and HRM analysis software, was used 
to detect IDH1 gene mutations in gliomas. The HRM analysis 
method identified 33 cases of IDH1 gene mutations, and all 
mutations occurred at the R132H site. There were 33 cases of 
IDH1 gene mutations found by the IHC method, which was 
consistent with the HRM analysis method. Only 30 IDH1 
samples were confirmed by direct DNA sequencing, in which 
mutations occurred at the IDH1 exon 4 R132H site (Fig. 3). In 

Figure 3. Sequencing results of IDH1 mutations and wild‑type samples. 
(A) wild‑type; (B) IDH1 R132H mutation as CGT is changed to CAT. IDH1, 
isocitrate dehydrogenase.

Table II. Results of IDH1 mutation by IHC analysis, direct DNA 
sequencing and HRM analysis method (total number=51).

		  HRM analysis	 Direct DNA 
IDH1	 IHC	 method	 sequencing

Mutation	 33	 33	 30
Wild	 18	 18	 21

IHC result was consistent with HRM. Comparison of IDH1 between DNA 
sequencing and HRM analysis method, McNemar; P=0.250 (P>0.05); 
κ=0.874 (κ>0.7). IDH1, isocitrate dehydrogenase 1; ICH, immunohisto-
chemistry; HRM, high resolution melting.

  B

  A
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the other 3 of these 33 cases, two grade II oligodendroglioma 
and one grade II diffuse astrocytoma, direct DNA sequencing 
failed to reveal any mutations while IHC was positive for the 
IDH1‑R132H mutation using the anti‑IDH1‑R132H antibody. 
The reason leading to this discrepancy may be the small 
number of tumor cells in these 3 samples, or that tumor samples 
were contaminated. This indicates that the anti‑IDH1‑R132H 
antibody is more sensitive than direct DNA sequencing; a 
result that was concurrent with those of, and the result was 
similar with Takano et al (27). Results showed that the rate of 
IDH1 gene mutation detection in gliomas was not significantly 
different (P=0.250) between HRM analysis and direct DNA 
sequencing, as the concordance rate between the two methods 
was high (κ=0.866). The results of direct DNA sequencing, 
HRM analysis and IHC in detecting IDH1 gene mutations in 
gliomas are consistent, however HRM analysis and IHC are 
more sensitive than direct DNA sequencing in identifying the 
IDH1‑R132H mutation.

In conclusion, HRM analysis in glioma IDH1 gene muta-
tion detection exhibits advantages of high sensitivity, good 
repeatability, simple operation and accurate results. It provides 
a novel method for clinical glioma in paraffin embedded tissue 
samples to detect the mutations in the IDH1 gene. Related to 
a small amount of sample, there was no evidence showing that 
HRM analysis is better than IHC. However, HRM analysis 
may be superior to IHC in the detection of unknown muta-
tions, and this need a large number of clinical specimens to 
concern.
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