
Barange, et al.: pTERT mutation in glioblastomas

Neurology India | Volume 69 | Issue 1 | January-February 2021 133

Details of methodology for sequencing (IDH1/2 
and TERT promoter mutations) and 
methylation‑specific (MS) Polymerase Chain 
Reaction (for MGMT promoter [pMGMT] 
methylation)

A. DNA Isolation:
Representative Formalin fixed paraffin embedded tissue (FFPE) 
block was selected after the slide review. 30-40 µm FFPE tissue 
of each sample was deparaffinised using limonene and absolute 
alcohol. Subsequently lysed and digested by proteinase K 
and digestion buffer. Genomic DNA was isolated using the 
QIAamp DNA FFPE Tissue kit (Qiagen, Germany), as per the 
manufacturer’s protocol. Quantification of extracted DNA was 
performed using the Nano Drop spectrophotometer (Thermo 
Scientific, USA). The extracted sample DNA was subsequently 
evaluated for sequencing and MGMT promoter methylation.

B. Sequencing for IDH1/2 mutations: 
All the negative cases on immunohistochemistry for 
IDH1R132H cases were subjected for sequencing of IDH1R132 
and IDH2R172 mutations.

i. Polymerase Chain Reaction (PCR) Amplification:

PCR amplification for exon 4 of IDH1R132 and IDH2R172 was 
performed in a 20 µl reaction mixture containing 100ng of DNA 
sample, 2X mastermix (Thermoscientific US) and 10pm/µl of 
appropriate primers:

IDH1R132:

forward sequence: CGGTCTTCAGAGAAGCCATT;

reverse sequence: GCAAAATCACATTATTGCCAAC

IDH2R172:

forward sequence: AGCCCATCATCTGCAAAAAC;

reverse sequence: CTAGGCGAGGAGCTCCAGT.

PCR was performed in a Veriti ThermoCycler with initial 
denaturation at 94°C for 3 minutes, amplification for 35 cycles of 
denaturation at 94°C for 30 seconds, annealing at 56°C (IDH1R132) 
and 58° C (IDH2R172) for 45 seconds, extension at 72°C for 
45 seconds, and final extension at 72°C for 10 minutes. 5µl of the 
PCR product was then run on 1.5% agarose gel at 120V to verify 
the PCR product quality before purification and subsequent 
sequencing. The PCR product was 129 bp for IDH1R132 and 
150 bp for IDH2R172 in length. An additional PCR for B-actin 
housekeeping gene (208 bp) was run for each sample before 
subjecting it to PCR amplification for IDH1R132 and IDH2R172 
to ensure integrity of the sample DNA.

ii. Purification and Sequencing of the PCR Product:

Unincorporated PCR primers and deoxy-nucleotide 
triphosphate (dNTPs) were removed from the PCR product 
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using ExoSAP‑IT (Affymetrix USB, USA). The purified products 
were then subjected to direct DNA sequencing by using 
forward and reverse primers for IDH1R132 and IDH2R172. 
Sanger sequencing was performed using a BigDye Terminator 
Cycle Sequencing Kit v3.1 (Applied Biosystems, USA). 25 cycles 
were performed employing 1.5pm of the respective primer, 
with denaturing at 96°C for 10 seconds, annealing at 55°C for 
5 seconds and extension at 60°C for 4 minutes. For selected 
cases, a second round of sequencing analysis was performed 
using the second primer for IDH1/IDH2 and the sequencing 
reaction conditions as described above. Sanger sequencing was 
performed on ABI3500 Genetic Analyzer (Applied Biosystems, 
USA) the electropherograms were analyzed by Sequence 
analysis software Chromas 4.3.4.

iii. Interpretation:

Cases that showed the sequence as CGT at codon 132 (represented 
by respective single peak) was interpreted as wild type for 
IDH1R132 position. While the cases with presence of significant 
secondary peak at the codon CGT (guanine and cytosine base; 
CGT) was interpreted as mutated for IDH1R132. Depending 
on the type and position of the second peak, type of mutation 
was determined - IDH1R132H: C[G/A] T , IDH1R132S:[C/A] 
GT, IDH1R132C: [C/T] GT, IDH1R132L: C[G/T] T and 
IDH1R132G:[C/G] GT.

Similarly, for IDHR172 mutations, on presence of any secondary 
peaks in the sequence of AGG at codon 172 (which is normally 
represented by respective single peak, i.e., wild type) was 
interpreted as IDH2R172 mutations. The position and type of 
the second peak determined the type of mutation (IDH2R172K: 
A[G/A] G, IDH2R172M: A[G/T] G, IDH2R172W: [A/T] GG 
and IDH2R172G: [A/G] GG).

C. Sequencing for TERT promoter (pTERT) mutation
All cases were evaluated for pTERT mutation.

i. Polymerase Chain Reaction (PCR) Amplification:

PCR amplification for pTERT was performed in a 20 µl reaction 
mixture containing 100ng of DNA sample, 4µl of 5X PCR buffer, 
1.6µl of deoxynucleoside triphosphates (2.5mM), 0.4µl of GXL 
Taq polymerase (1.25U/µl), 0.2 µl of Glycerol and 1.0 µl each of 
10pm/µl sense and antisense primers (sense, binding to the coding 
strand- GGATTCGCGGGCACAGAC and antisense, binding 
to the complementary strand- CCACTACCGCGAGGTGCT).

PCR was performed in a Veriti ThermoCycler with initial 
denaturation at 95°C for 15 minutes, amplification for 40 cycles 
of denaturation at 95°C for 30 seconds, annealing at 60°C for 
45 seconds, extension at 72°C for 45 seconds, and final extension 
at 72°C for 5 minutes. 5µl of the PCR product was then run on 
10% polyacrylamide gel at 160V to verify the PCR product 
quality before purification and subsequent sequencing. The 
PCR product was 343bp in length. An additional multiplex 
PCR for B-actin housekeeping gene (323bp & 432bp) was run 
for each sample before subjecting it to PCR amplification for 
pTERT region to check integrity of the sample DNA.
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ii. Purification and Sequencing of the PCR Product:

Unincorporated PCR primers and dNTPs were removed 
from the PCR product using ExoSAP-IT (Affymetrix 
USB, USA). The purified products of pTERT PCR were 
then subjected to bidirectional DNA sequencing. Sanger 
sequencing was performed using a BigDye Terminator 
Cycle Sequencing Kit v3.1 (Applied Biosystems, USA) as 
described above. Capillary electrophoresis was carried out on 
ABI 3500 Genetic Analyzer (Applied Biosystems, USA) and 
the electropherograms were analysed by sequence analysis 
software Chromas 4.3.4.

iii. Interpretation:

The mutational hotspot in the TERT promoter are C228T and 
C250T located at –124 and –146 pb upstream from the ATG start 
site. Cases that showed the sequence as CCT at codon -124bp 
and TCC at -146bp (represented by respective single peak) 
were interpreted as wild type for TERT promoter. While the 
cases with presence of significant secondary peak at the ‑124 bp 
and -146bp were interpretated as heterozygous point mutation. 
While mutant codon at respective bp with single peak was 
labelled as homozygous mutation.

The genetic alteration/mutation at -245 position (T > C) were 
interpreted as genetic polymorphism (rs2853669), either 
homzyogous or heterozygous.

D. MS‑PCR (MSP) for pMGMT methylation:
500ng of extracted sample genomic DNA was modified by 
sodium bisulfite treatment using MethylEasy Xceed Rapid 

DNA modification kit (Human Genetics signature, Australia). 
Briefly, the 20µl DNA sample was mixed with 2.2µl of 3M 
NaOH and incubated at 37°C for 15 minutes followed by 
incubation (in dark) with bisulfite conversion reagent at 
80°C for 45 minutes. After bisulftite conversion, the entire 
sample content was subjected to column purification as 
per manufacturer’s protocol and then eluted using elution 
buffer. The concentration of bisulphite modified DNA was 
determined by measuring its absorbance in Nanodrop ND-2000 
at 260 nm. The modified DNA was subjected to MSP with 
HOTSTAR TAQ Mastermix (QIAGEN India Pvt. Ltd) and 
10pm/µl of specific primers for Methylated MGMT (Forward 
5’-TTTGTGTTTTGATGTTTGTAGGTTTTTGT; Reverse 
5 ’ A A C T C C A C A C T C T T C C A A A A A C A A A A C A ) 
a n d  U n m e t h y l a t e d  M G M T  ( F o r w a r d 
5 ’ - T T T C G A C G T T C G T A G G T T T T C G C ;  R e v e r s e 
5’-GCACTCTTCCGAAAACGAAACG). PCR program 
used was 95°C for 15 minutes, amplification for 40 cycles 
of denaturation at 95°C for 50 seconds, annealing at 59°C 
for 50 seconds, extension at 72°C for 50 seconds, and final 
extension at 72°C for 10 minutes. PCR product was then run 
on 10% polyacrylamide gel and analyzed for presence of 
methylated (81bp) and unmethylated (93bp) MGMT bands.

MGMT methylation pattern was interpreted as:
• Methylated: Presence of unequivocal band on methylated 

reaction along with a definite band on unmethylated 
reaction.

• Unmethylated: No band on methylated reaction with 
presence of band in the unmethylated PCR.

• Uninterpretable: When no band was detected on either 
methylated or unmethylated reaction.




