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PCR-RFLP method enhance DNA sequencing of IDH1
somatic mutations detection in gliomas
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ABSTRACT

Aims:lsocitrate dehydrogenase 1 (IDH1) mutations are commonly found in lower grade gliomas
and secondary GBMs. Glioblastomas (GBMs) are the most common and most malignant
gliomas in adult with a median survival of 15 months only. Discovery of IDH1 mutations have
made a significant positive impact on glioma patient’s diagnosis, prognosis, and treatments.
Thus, IDHT mutation screening method in gliomas is necessary to improve survival rate. The
gold standard for somatic mutation screening, DNA sequencing was performed to detect IDH1
gene mutation status in glioma samples.

Methods:Forty-seven formalin fixed paraffin-embedded glioma samples were subjected for
DNA sequencing. The ambiguous glioma samples from DNA sequencing were subjected to
PCR-RFLP for IDH1 mutation confirmation.

Results:Three out of 47 glioma samples (6.4%) were found to harbor IDH1 mutations. Two
IDH1 R132H and one IDH1 R132L were found in the glioma samples. From the DNA sequencing
results, we found that the mutant nucleotide spectrum was lower than the wild-type nucleotide
results in failure of IDH1 mutations detection. PCR-RFLP method was implemented to confirm
the ambiguous IDH1 mutations. We found that the ambiguous IDHT mutations from DNA
sequencing were indeed IDH1 mutants using PCR-RFLP method.

Conclusions:In conclusion, DNA sequencing method has a considerable low sensitivity level
which leads to false negative results. Thus, combination of DNA sequencing and PCR-RFLP
method in heterogeneous glioma samples can be applied to avoid false negative result and
cost-effective.

Introduction

rare in primary GBMs (8). It is important to determine glioma
patients prognosis as IDH1 mutant gliomas showed favorable

Gliomas are the most frequent primary brain tumors in adults
and categorized into four grades, grade |, II, Il and IV (1). An-
nually, approximately 20,000 people in the United State suf-
fered from gliomas (2). Globocan 2012 predicted that the annu-
al incident of central nervous system (CNS) related tumors in
Malaysia to be 2.8 in every 100,000 population with a cumula-
tive rate of 0.3% (3).

Isocitrate Dehydrogenase 1 (IDH1) gene is located at the
chromosome 2q33.3 and present in cytoplasm and peroxisome
(4). IDH1 enzyme catalyzes oxidative decarboxylation of isoc-
itrate to a-ketoglutarate (a-KG) and carbon dioxide (CO2) in
Krebs cycle. IDH1 somatic mutations were discovered in 12%
of GBM patients at codon R132 during exome-wide sequencing
(5). IDH1 mutant enzyme interacts with IDH1 wild-type enzyme
to inhibit IDH1 wild-type activity (6). IDH1 mutant enzyme also
exhibits new enzymatic function that catalyzes conversion of
a-ketoglutarate to D-2-hydroxyglutarate (D-2HG) (7).

IDH1 mutations showed high diagnostic value in gliomas as it
was common in lower grade gliomas and secondary GBMs but
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prognosis compared to the IDH1 wild-type gliomas (9). IDH1
mutations have high therapeutic values for development of tar-
geted IDH1 mutants gliomas (10).

DNA sequencing is the gold standard for somatic mutation
detection in clinical settings (11). DNA sequencing has been
applied in various gliomas screening (12—14). So far, only one
study was performed in Malaysia specifically targeting IDH1
R132H mutation in brain tumors (15). The aim of our study was
to determine other possible IDH1 mutations present in the glio-
mas via DNA sequencing method.

Here, we have performed DNA sequencing and PCR-RFLP
methods for IDH1 mutation analysis in 47 glioma samples con-
sisting of different gliomas types and grades from Hospital Uni-
versiti Sains Malaysia, Malaysia.

Methods
Tumor samples

A total of 47 archived formalin-fixed paraffin embedded
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(FFPE) glioma specimens were obtained from Pathology De-
partment, Hospital Universiti Sains Malaysia. The FFPE col-
lection was performed with ethical approval (Ref. no. USM/
JEPeM/17050255) from Human Research Ethics Committee
of Universiti Sains Malaysia (JePem). A pathologist reviewed
the FFPE glioma blocks for gliomas confirmation according to
latest World Health Organization (WHO) criteria (16) and as-
sessment of neoplastic cellularity. Only FFPE glioma blocks
with 240% tumor cells were chosen for this study. This study
included 2 grade | pilocytic astrocytomas, 7 grade Il astrocyto-
mas, 9 grade Il anaplastic astrocytomas, 25 grade IV GBMs, 1
grade Il oligodendroglioma, 1 grade Ill anaplastic oligodendro-
glioma, 1 grade Ill anaplastic oligoastrocytoma and 1 grade llI
anaplastic ependymomas.

DNA extraction

Genomic DNA was extracted from the FFPE glioma blocks
using Exgene Cell SV mini (GeneAll, Republic of Korea) ac-
cording to the manufacturer’s instructions. The concentration
and purity of the genomic DNA were determined using Nano-
Drop 2000 Spectrophotometer (Thermo Fisher Scientific, USA)
and stored at -20°C.

Polymerase Chain Reaction (PCR) and DNA sequencing

PCR primer sequences, 5-AATGAGCTCTATATGCCAT-
CACTG-3' (forward) and 5-TTCATACCTTGCTTAATGGGT-
GT-3’ (reverse) were used to amplify 500bp IDH1 PCR am-
plicon (4) using KOD Hot Start DNA Polymerase (Toyobo,
Japan). PCR amplification was performed in a total of 50pL re-
action containing 100ng genomic DNA, 5pL of 10X PCR buffer,
3uL of 25 mM MgS04, 5L of 2 MM dNTP each, 1uL of 10 uM
forward and reverse primers and 1uL of KOD Hot Start DNA
Polymerase enzyme. Thermocycling conditions were 95°C for
2 minutes, followed by 35 cycles of 95°C for 20 seconds, an-
nealing for 10s at 53°C and extension at 70°C for 10s, and
finally 70°C for 5min. PCR products were analyzed using 2%
agarose gel. After confirmation of expected 500bp PCR ampl-
icon size, the PCR products were sent for sequencing using
the same primer by First BASE Laboratory, Malaysia. The DNA
sequences were aligned with IDH1 wild-type sequences from
NCBI database (NM_005896.2) using NCBI BLAST software
and electropherogram analysis using the Sequence Scanner
software 2 version 2.0 (Applied Biosystem, USA).

Restriction Fragment Length Polymorphism, PCR-RFLP

A set of IDH1 mismatch primer, 5-TGGGTAAAACCTAT-
CATCATCGAT-3'(forward) and 5-TGTGTTGAGATGGACG-
CCTA-3'(reverse) was used to introduce Pvul restriction site
at the codon 132 (17). PCR amplification was performed in a
total of 50pL PCR mixture containing SuL of previously ampli-
fied 500bp PCR product, 5uL of 10X NH4 buffer, 3uL of 50 mM
MgCI2, 0.5uL of 100 mM dNTP mix, 1L of 10 uM forward and
reverse primers and 1uL of BioTaq DNA Polymerase enzyme
(Bioline, UK). Thermocycling conditions were 95°C for 5 min-
utes, followed by 35 cycles of 95°C for 30 seconds, annealing
at 56°C for 30 seconds, extension at 72°C for 15 seconds and
finally 72°C for 5 minutes. The PCR products were analyzed
using 2% agarose gel to confirm the expected PCR amplicon
(261bp). The digestion mixture was as set up as follow, 2L of
10X CutSmart buffer, 10uL PCR product, 1uL of Pvul-HF re-
striction enzyme (New England Biolab, USA) incubated at 37°C
for 1 hour. The digested PCR products were subjected to 4%
agarose gel electrophoresis at 80 Volts for 90 minutes.

Goh et al. / Gulhane Med J 2019;61: 167-171

Analysis

The association of IDH1 gene status with the clinicopatholog-
ical parameters (age, gender, and histological subtypes) of the
patients were analyzed via descriptive analysis.

Results

A total of 47 glioma samples were subjected to PCR ampli-
fication. Figure 1 showed the results of PCR amplification of
IDH1 gene consisting codon 132 from the glioma samples.
PCR products were sequenced and the electropherogram re-
sults were showed in Figure 2.

From our IDH1 analysis using DNA sequencing method, we
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Figure 1
IDH] wild-type (Normal)
IDHI1 R132H (c.355G=4)
& & T 3 G T [
e *
L]
IDHI1 R13IL (= 395G =T)
G G c G [
_ N
—_— - - <, 2
| |
Figure 2

-

300bp
250bp
200bp

261bp
237bp

U E

50bp

Figure 3




Goh et al. / Gulhane Med J 2019;61: 167-171

were unable to find IDH1 mutations. However, the presence of
smaller peak spectrum at the position 395th nucleotide from the
electropherogram results make the IDH1 gene status ambig-
uous (Figure 2). Therefore, three ambiguous glioma samples
were subjected to PCR-RFLP method to confirm the IDH1 gene
(Figure 3). The amplified PCR amplicon (261bp) was subjected
to Pvul digestion. After digestion, gliomas with IDH1 heterozy-
gous mutation showed 2 PCR fragments which were 261bp
(IDH1 mutant) and 237bp (IDH1 wild-type).

Due to the presence of two DNA fragments from PCR-RFLP
and DNA electropherograms, we confirmed that the three gli-
oma samples were indeed harboring IDH1 R132H and IDH1
R132L mutations. Among the 47 glioma samples, two IDH1
R132H and one IDH1 R132L were discovered. The association
of IDH1 gene status with clinical characteristic of patients (tu-
mor types and grades) and baseline characteristic of patients
(age, gender and race) were showed in Table 1 and Table 2
respectively.

Discussion

DNA analysis is more preferable compared to the immuno-
histochemistry as it gives more objective interpretation of the
genetic status. Since IDH1 mutations have high diagnostic val-
ue in gliomas, it can be used to reduce the subjective interpre-
tation by different neuropathologists (9).

Immunohistochemistry have few drawbacks in IDH1 muta-
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tions detection. Anti-IDH1 R132H antibody was used to detect
the most common IDH1 mutation, IDH1 R132H in the glioma
samples (18). However, other IDH1 mutations cannot be de-
tected by such method and have be confirmed via DNA anal-
ysis. Immunostaining often shows non-specific background
staining or regional heterogeneity of IDH1-R132H protein ex-
pression which undermine the tumor’s true malignancy. The
IDH1-R132H antibody was found to cross-react with IDH1 wild-
type and other IDH1 mutations, IDH1 R132L that leads to false
interpretations (4).

IDH1 hotspot mutations were widely known to occur at co-
don R132 involving 394th, 395th and 396th nucleotides (19).
From the DNA fasta sequencing results, we were unable to find
mutant nucleotides but we did discovered there was another
smaller peak spectrum at 395th nucleotide, Guanine (G) based
on the DNA electropherogram results. At this point, we cannot
confirm whether the presence of smaller nucleotide peak is due
to the sequencing background noise or actual IDH1 mutation.
Therefore, we opted PCR-RFLP method (17) to confirm the
ambiguous samples. This method converts the IDH1 wild-type
nucleotide sequences 5AGGTCG3’ to become 5’CGATCG3,
Pvul restriction site where CG at the 3’ end is part of IDH1
hotspot mutation site. After Pvul digestion, the presence of two
bands indicated two different IDH1 genes in the samples, IDH1
wild-type and IDH1 mutant (Figure 3). Therefore, the presence
of IDH1 mutation in the glioma samples were confirmed.

Table 1: Association between the IDH1 gene status with tumor types and grades among 47 glioma samples.

IDH1 status
Characteristic No-of samples i1 R132H IDH1 R132L IDH1
wild-type
No of samples 47 2(4.3%) 1(2.1%) 44(93.6%)
Tumor types (Grading)
Pilocytic astrocytoma (1) 2(4.3%) 0 0 2(100%)
Astrocytoma (Il) 7(14.9%) 1(14.3%) 0 6(85.7%)
Anaplastic astrocytoma (l1I) 9(19.1%) 1(11.1%) 0 8 (88.9%)
Primary GBM (1V) 24(51%) 0 1(4.2%) 23(95.8%)
Secondary GBM (1V) 1(2.1%) 0 0 1(100%)
Oligodendroglioma (Il) 1(2.1%) 0 0 1 (100%)
Anaplastic oligodendroglioma (l11) 1(2.1%) 0 0 1(100%)
Anaplastic oligoastrocytoma (l11) 1(2.1%) 0 0 1(100%)
Anaplastic ependymomas (l1I) 1(2.1%) 0 0 1(100%)
Percentage of IDH1 mutations in samples 3(6.4%)
Table 2: Association between the IDH1 gene status with age and gender among 47 glioma samples.
IDH1 status
Characteristic No. of samples IDH1 R132H IDH1 R132L IDH1
wild-type
No of samples 47 2(4.3%) 1(2.1%) 44(93.6%)
Median age 26.5 38 44
Gender
Male 31(66%) 2(6.5%) 29(93.5%)
Female 16 (34%) 0 1(6.3%) 15(93.7%)

Percentage of IDH1 mutations in samples 3(6.4%)
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PCR-RFLP method was only able to detect IDH1 R132H,
R132C, R132L, R132G, and R132S but not novel mutations.
However, it was sufficient to confirm the presence of IDH1
R132H and IDH1 R132L mutations in our samples. The pres-
ence of two peaks at the same position was expected as IDH1
mutations are somatic heterozygous mutations (20). Approx-
imately 6.4% IDH1 mutations consisting of two IDH1 R132H
and one IDH1 R132L were found in 47 glioma samples.

In line with previous IDH1 studies in gliomas, IDH1 R132H
was the most common mutation, 4.3% in our glioma samples.
It was found in grade Il astrocytoma and grade lll anaplastic
astrocytoma. Although it was the most common mutation in our
sample, it was relatively low compared to other IDH1 R132H
studies in gliomas, 15% (21), 23.4% (22), 30.7% (23), 31.6%
(24), 43.6% (25), 48% (4), 54.7% (18), 82% (26) and 85.4%
(27).

IDH1 R132L mutation was found in 2.1% of our sample. The
mutation was found in primary GBM, therefore the glioma was
suspected to be secondary GBM but had escaped early low
grade glioma diagnosis. Various studies agreed that this muta-
tion existed in very a low percentages, 0.6% (24), 0.8% (25),
0.9% (21), 2% (26) and 8% (4).

There were various factors contributed to the low percent-
ages of IDH1 mutation in our samples. One of the factors was
small sample size compared to other glioma studies ranging
from 50 to 1010 gliomas (4, 12, 18). Another factor was the sen-
sitivity of DNA sequencing method. DNA sequencing requires
a minimum of 20-25% mutant allele load in the background of
normal genomic DNA to be detected (28).

Gliomas are invasive tumors which have no distinct border
between tumor cells and normal brain cells (29). Therefore,
glioma biopsy samples are commonly contaminated with the
normal brain cells which dilute the true tumor genomic DNA
that leads to false negative results. This can be seen from the
DNA electropherogram results where the spectrum of Guanine
nucleotide (IDH1 wild-type) was higher than the mutant nucle-
otide, Adenine (R132H) and Thymine (R132L) at 395th posi-
tion. This leads to the failure of detecting IDH1 mutations in
the samples. Laser microdissection or cell sorting can be used
to harvest tumor cells from the heterogenous glioma samples.
However, these equipment are not available in common labo-
ratory setting and not suitable for routine clinical testing due to
high cost and time-consuming.

Selection bias may also attributed to the low percentages of
IDH1 mutations as well. This was because only available FFPE
glioma blocks were included in the study. More than 50% of
our samples were consists of pilocytic astrocytomas, primary
GBMs, and ependymoma which were reported rarely to har-
bor IDH1 mutations (30). Our GBMs samples were comparable
with Ohgaki et al., 2004 (31) as we also found secondary GBM
was rare, 1/25 (4%) compared to primary GBMs, 24/25 (96%).
Our glioma samples were from Malay ethnic only which may be
one of the factors as no similar study had been done on other
ethnics in Malaysia.

We did observed that the IDH1 mutant glioma patients were
generally younger compared to the IDH1 wild-type glioma pa-
tients but the association remain inconclusive as the percent-
age of IDH1 mutations in our sample was too small for valida-
tion. However, IDH1 mutation were widely agreed to be found
in younger glioma patients compared to IDH1 wild-type which
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often found in older patients (32).
Conclusions

We discovered common IDH1 R132H and rare IDH1 R132L
mutations in our glioma samples. Our study showed that DNA
sequencing method for IDH1 mutation detection in glioma is
insufficient due to the heterogeneous nature of the glioma sam-
ples and low sensitivity level. PCR-RFLP method was capable
to screen IDH1 mutations but cannot identify the actual IDH1
mutations. Hence, combination of DNA sequencing and PCR-
RFLP method in heterogeneous glioma samples can be ap-
plied to avoid false negative result.
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