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ABSTRACT 
 

In human, carcinoma of pancreas, a rare disease and mortality rate is quite high in Indian 
population. Epidemiological studies support the hypothesis that folate metabolism regulate DNA 
stability and prevent cancer. Because folate have been linked to dietary supplement  and defect in 
folate metabolism have been increase risk of developing cancer shows adverse effect on health 
conditions. In the present study we have assess methylene tetrahydrofolate reductase gene 
polymorphism (MTHFR) 677 C    T using ARMS PCR based SNP analysis using Syber green in 
the cases of pancreatic tumour to determine the “risk factor”. Interestingly, our findings reveals that 
33.0% frequency (one case) showing mutation of MTHFR 677 TT genotype (rare type) in 
homozygous condition with Tm value 82.50°C  for mutant 677T allele shifted to 67 7C allele 
(83.50°C). Two cases (66%) showing CC (wild type) all ele and Tm value 82.83°C for 677C allele. 
In MTHFR 677TT is a rare mutation and individuals show very low enzymatic activity due to the 
substitution of alanine to valine. The study further continue to confirm the mutation by   
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visualization on agarose gel electrophoresis of the same PCR product, again showing (Lane- 2) 
the band of 50 kb of mutant 677TT allele in the same case, suggesting an relevant role of folate 
metabolism and subsequent impairment of aberrant DNA methylation during carcinogenesis with 
increasing “high risk” for the development of carcinoma due to allele TT mutation of MTHFR. 
However, large samples size is required to further confirm the association. 
 

 
Keywords: Pancreatic tumour; ARMS PCR; MTHFR polymorphism. 
 
1. INTRODUCTION 
 
Pancreatic tumour, a most common form of 
cancer mortality and their incidence varies in 
different countries due to different life style 
including food habit and other environmental 
factors [1,2]. To reduce the global burden of 
pancreatic cancer in the coming decades it is 
become necessary to indentify the “risk factor” 
for the prevention of such disease in this region. 
Since methylenetetrahydrofolate reductase 
(MTHFR) play an important role to regulate folate 
metabolism by irreversible catalyzing the 
conversion of 5,10- methylenetetrahydrofolate to 
5- methylenetetrahydrofolate  and is also 
involved against oxidative stress to maintain 
pancreatic homeostasis during injury [3,4]. 
Recent studies of MTHFR 677 C   T gene 
polymorphism on cancer risk are highly 
controversial   and conflicting findings have been 
documented in the current literature [5-8]. 
However, earlier studies of same authors on 
MTHFR gene in other carcinoma of cervix and 
ovary rather than pancreas has been associated 
with risk factor [9,10]. Therefore, the interest has 
been generated to assess a short case study to 
find out the mutation of polymorphic genes 
variation in methylenetetrahydrofolate reductase 
(MTHFR) using sensitive allele refractory 
mutation system – polymerase chain reaction 
(ARMS PCR).  
 
2. MATERIALS AND METHODS 
 
2.1 Samples 
 
Blood samples were obtained in sterile EDTA 
vials from pancreatic cancer patients (n=3) and 
controls of the same age group after clinical 
diagnosis from the OPD of All India Institute of 
Medical Sciences who refers these cases to 
Genetic Laboratory of the Department of 
Pathology & Lab Medicine for the study of 
MTHFR C677T polymorphism by RT PCR (Bio 
Red Mini Opticcon,USA) Syber green method. 
Genomic DNA were isolated using  Bioneer kits 
(Korea) and quantified using Nanodrop 
spectrophotometer (Thermoscientific, USA) and  

samples were stored at -20°C till the SNP 
analysis was performed. 
 
2.2 Primer Design 
 
The primers for tetra plex real-time PCR assay 
were designed for genotyping of MTHFR 677C     
T 
(http://cedar.genetics.soton.ac.uk/public_html/pri
mer1.html) and further confirmed by BLAST 
program at http:// www.ncbi.nlm.nih.gov/blast to 
determine the specificity of the primers. To 
increase the specificity of the reaction a 
mismatch at the 2 position of the 3' end both the 
allele-specific primers were selected and further 
confirmed by software [11]. Earlier, the effect of 
the mismatch at the 2 position of the 3' end of the 
allele-specific primers on the specificity of the 
reaction already documented in the          
literature [12]. To obtain amplicons with      
distinct melting points, the hypothetical            
‘Tm’ values were calculated using known 
software or Web sites (for example, 
http://eu.idtdna.com/analyzer/Applications/OligoA
nalyzer/). The selection of the primers were 
based on the amplicons ‘Tm’ values and  
following primers  used in present study: 
MTHFR-T, 5' –
GCACTTGAAGGAGAAGGTGTCTGCGGGCGT-
3' ; MT  MTHFR-C-polyG, 5' –
GGCGGGCGGCCGGGAAAAGCTGCGTGATGA
TGAAATAGG-3' ; MTHFR-cf, 5' -
TGTCATCCCTATTGGCAGGTTACCCCAAA-3' ; 
MTHFR-cr, 5' -
CCATGTCGGTGCATGCCTTCACAAAG-3' [13] 
.These group of  tetra-primer ARMS PCR  using 
SYBR Green based on  melting-point (Tm)  
analysis was  part of strategy of our interest to 
detect  SNP of  mutant of MTHFR allele (wild-
type & mutant alleles and also the same PCR 
product  further confirmed by agarose gel 
electrophoresis. 
 
2.3 Real-time PCR Method 
 
A total volume of 20 µl containing 10 µl of SYBR 
Green PCR Master Mix (Bio red USA), 1 µl of 
each primer per reaction, 40 ng of genomic DNA, 



and distilled water was taken to performed
time PCR. The PCR protocol on the Light 
(BioRed USA) was as an initial denaturation step 
(95 "C for 7 min) was followed by amplification 
and quantification steps repeated for 30
cycles (95"C for 10 s, 60"C for 10 s, 72
s, with a single fluorescence measurement at the 
end of the elongation step at 72°
curve analyzed the data and reaction was 
terminated by cooling to 40°C. Melting curves 
were constructed by lowering the temperature to 
65°C and later increasing the temperature by 
0.2"C/s to 98°C to measuring the change
fluorescence consistently. Tm values were 
assigned to develop plot generated by the 
RTPCR of the negative derivation of 
fluorescence versus temperature (!dF/dT) of the 
melting curve for amplification products 
measured at 530 nm. 
 

3. RESULTS 
 
In the present study of MTHFR gene 
polymorphism carry out in few
carcinoma of pancreas using highly sensitive and 
reliable method using tetra-primer PCR which 
amplifies both wild-type and mutant alleles 
677C>T of MTHFR gene with a controls of the 
same group in a single PCR tube. The method 
employs four set of primers to amplify a larger 
non-allele- specific fragment containing the 
mutation site and allele-specific amplicons 
representing each of the two allelic forms. The 
study reveals that of Tetra-primer
generated amplicons with Tm value 82.83
the 677C allele (controls) and Tm value
 

                                 a                                                          
 
Fig. 1a & b. ARMS T-Plex real - time PCR assay for MTHFR C677T genotyping using wild
(CC) and mutant (TT) allele (1a). The effect of addition of a short GC tail on the 
677C allele with melting-curve analysis for the allele specific and non allele specific amp

between cases and controls samples (Fig.
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and distilled water was taken to performed Real-
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(BioRed USA) was as an initial denaturation step 
(95 "C for 7 min) was followed by amplification 
and quantification steps repeated for 30–40 
cycles (95"C for 10 s, 60"C for 10 s, 72°C for 20 
s, with a single fluorescence measurement at the 

°C, a melting-
curve analyzed the data and reaction was 

C. Melting curves 
were constructed by lowering the temperature to 

C and later increasing the temperature by 
C to measuring the change in 

fluorescence consistently. Tm values were 
assigned to develop plot generated by the 
RTPCR of the negative derivation of 
fluorescence versus temperature (!dF/dT) of the 
melting curve for amplification products 

present study of MTHFR gene 
polymorphism carry out in few cases of 
carcinoma of pancreas using highly sensitive and 

primer PCR which 
type and mutant alleles 

677C>T of MTHFR gene with a controls of the 
oup in a single PCR tube. The method 

employs four set of primers to amplify a larger 
specific fragment containing the 

specific amplicons 
representing each of the two allelic forms. The 

primers PCR 
value 82.83°C for 

value 82.50°C 

for the 677T allele, and 83.50°C for677C allele in 
cases of carcinoma of pancreas. Because 
values are close to one another, a short GC tail 
is added to the inner 677C allele-
and genotype support on the 
amplicons with unique shape of the melting 
peaks   as documented in Figs. 1a & b.
 
The above findings based on ARMS PCR further 
confirmed by agarose gel electrophoresis in the 
same PCR product (both cases & controls). In 
one case (33%) showing rare 677TT mutant 
allele  as shown in Lane-2 and   having   and  of  
50bp band , while in  two  cases  (wild type) 
677CC (66%) allele were observed  in 
homozygous condition (Lane-1 & 
controls samples only 677CC (wild type) bands 
are visualized in lane 4, 5 & 6 (Fig. 2).
 
4. DISCUSSION 
 
Etiopathology of tumour biology is highly 
complex and pancreatic carcinoma is one of the 
important for surgical point of view neoplasia 
associated high risk of mortality rate. 
Epidemiological studies shows that an 
association between low folate intake and an 
increased risk for the development of cancer. In 
this manuscript, we have undertaken a case
control study to investigate the role of MTHFR 
677C   T gene polymorphisms and their 
susceptibility in pancreatic tumour. MTHFR, 
thermolabile enzyme that play a crucial role 
the folate metabolic pathway involving DNA 
synthesis and methylation. 

a                                                              b 
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Fig. 2. RT PCR products of MTHFR gene polymorphism are separated on Agarose (3%) gel 
electrophoresis stained by ethedium bromide and allele specific amplicons are visualized & 
characterized on Gel Doc system (Bio Red USA).T- Plex analysis showing 677CC genotype 

(wild type) in lane -1&3 (171bp, 150bp) and lane -2 carrying homozygous mutant 677TT allele 
(rare type) of 50bp in cases of carcinoma of pancreas while lane- 4, 5 & 6 carrying 

homozygous 677CC allele  (wild type) in controls 
   
Interestingly, in the recent year we have 
observed the genetic susceptibility in various 
types of tumor lead to a growing attention to the 
MTHFR C677T gene polymorphisms associated 
risk in tumour biology. Interestingly, 
polymorphisms in MTHFR may interact with 
folate status to influence genomic methylation. A 
recent study by Frisco et al reports that subjects 
with low folate status and carrying the TT variant 
of the MTHFR 677 C    T  (ala     val) 
polymorphism had relative hypomethylaton of 
DNA extracted from whole blood compared  with 
homozygous wild types, an effect that was 
mitigated by high folate status [14]. 
Methylenetetrahydrofolate reductase (MTHFR) 
mutation are commonly associated with folate 
metabolism to increase “risk factor” for the 
development of neural tube defects, recurrent 
pregnancy loss and development of pancreatic 
carcinoma  with genetic interaction between 
MTHFR alleles has been poorly defined in 
Eastern region of India. 
 
Folic acid metabolism plays an important role in 
the maintenance of genomic stability. Dietary 
factors including folate play an important 
protective role and there are also plausible 
explanatory mechanisms. Factor influencing 
development of such cancer risk is still not 
known but certainly associated with genetic and 

epigenetic variation regulating folate metabolism 
[15]. The MTHFR 677 TT genotype led to 
elevated homocysteine levels and DNA 
hypomethylation in folate-depleted subjects lead 
to provide the genomic instability, leading to 
carcinogenesis. Because one case showing 
677TT mutation (33%) of MTHFR polymorphisms 
determining variant “ T” genotype as a risk factor 
for carcinoma of pancreas and changes in the 
mutation frequency  may be either due racial 
differences  or environmental factor including  
dietary supplement between  population. Meta-
anlysis study revealed that there is a 
controversial finding between different groups of 
the authors regarding involvement of MTHFR 
677C     T gene polymorphism in development of 
adenocarcinoma of pancreas [16]. 
 
ARMS PCR is one of the most sensitive and 
reliable techniques being used to determine SNP 
analysis using Syber green in the present study. 
Two allele-specific (inner) primers are designed 
in opposite orientations and in combination with 
the outer primers, simultaneously amplify both 
the wild-type & mutant amplicons in single 
reaction to determine genotypes (homozygote/ 
heterozygote) in disease condition such as 
carcinoma of pancreas. Using the intercalating 
fluorescence dye SYBR Green I and the Light 
Cycler system, the accumulation of amplicons in 
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the reaction can be monitored over time. After 
real-time PCR amplification, the Light Cycler 
continuously monitors the decrease in 
fluorescence resulting from the release of SYBR 
Green during DNA melting point analysis by 
slowly increasing the temperature. Because the 
allele-specific (inner) primers are designed in 
opposite orientations, they generate amplicons 
targeting opposite sides of the mutation point and 
the amplicons generally have different Tm 
(melting temperatures) depending on their GC 
content, length, and sequence. To verify our 
results we also run the PCR product on 3% 
agarose gel. 
 
5. CONCLUSION 
 
Multiple proceedings cause critical loss of gene 
activity and thereby predispose to cancer.   How 
the normal cells become progressively 
transformed to malignant cell as a magnitude of 
damage to the genome in term of a gain, loss, or 
mutation of the genetic information? The finding 
of such small study is quite interesting because 
of using ARMS PCR to detect rare mutation of 
MTHFR 677TT allele and has important 
implications to asses “risk factor” for the 
development of carcinoma of pancreas in Indian 
population. However, further study is continued 
and required to collect more sample size to make 
the study significant. 
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