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1. Introduction 

Diabetes refers to a group of polygenic metabolic diseases which may be 

portrayed by hyperglycemia leading to the alterations in carbohydrate, protein as 

well as fat metabolism, which in turn leads to the defects in the action of insulin 

(ADA, 2012). Once the food is ingested, it gets digested in to smaller components 

like carbohydrates and starch which can be converted to maltose by the action of 

amylase enzyme, which may be further broken down in to monosaccharide such as 

glucose. Due to the metabolism of carbohydrate in our body, glucose molecules are 

formed and passed on to the blood stream (Galgani et al, 2015). 

Insulin is a hormone that helps the cells to take up and utilizethe available 

glucose molecule from the blood (Banting et al., 1991). Insulin is secreted by the 

Pancreas, which is a leaf like organ located between stomach and responsible for 

both endocrine and exocrine function. Islets of Langerhans comprises of a cluster of 

cells present in pancreas which secrete “insulin”. When the status of the blood sugar 

level increase after intake of food, the Insulin stored in the vacuoles are released in 

the blood by a process known as exocytose. Insulin takes part in the conversion of 

glycogen in the liver and promotes anabolism and storage of fats in the adipose tissue 

(Gillespie, 2006). The alteration in the production and mis-regulation of this insulin 

hormone and the response of the target cells may lead to excessive glucose in the 

blood stream which may finally lead to diabetes mellitus. 

 

The history of diabetes dates back around 1550 BC where it was mentioned in an 

Egyptian papyrus about a rare disease which results in weight loss and frequent 

urination. In 250 BC, Apollonius of Memphis is credited to coin the term „diabetes‟ 
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which refers to a disease where the amount of fluid discharge is more than which a 

patient may consume. Later on Matthew Dobson identifies that due to excess of 

sugar in the blood and urine, the people with diabetes have a sweet taste in the urine 

(Mac Cracken et al., 1997). In the early 1900s, the name “insulin”, was proposed 

independently by Sir Edward Albert Sharpey-Schafer and Jean de Meyer. Diabetes 

was differentiated by Sir Harold Percival in 1936 as type 1 and type 2 based on the 

degree of sensitivity of insulin. Insulin is a natural hormone and one of the most 

important antibiotic medications in glycemic control level. It contributes certain part 

in diagnosis as reverse insulin resistance, improves lipid profile, reduce the 

lipotoxicity, anti-inflammatory effects and anti- platelets effects apart from its role in 

glycemic control (Galloway et al., 1994). Apart from insulin, certain drugs have been 

discovered- carbutamide is the first oral drug discovered in 1955 for the treatment of 

diabetes. Metformin which have a herbal lineage of Galega officinalis has become 

the most preferred oral agent in the administration of type 2 diabetes (Clifford et al, 

2017). Certain research has been done on the drug through the ages, however the 

research was boosted when the use of the drug metformin was initiated in USA in 

1995. In 1998, UK Prospective Diabetes Study (UKPDS) gives metformin a positive 

direction as the most preferred primary agent in the management of hyperglycemia in 

type 2 diabetes (McCreight et al., 2016). 

 

The classification of diabetes mellitus consists of two broad groups, Type 1 and 

Type 2 diabetes mellitus. However, several other classifications have also been 

introduced based on their clinical and etiological characteristics (Kuzuya et al., 

1997). The classification of diabetes among individual often depends on the present 
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situation of the individual during the time of diagnosis. There are also several 

situations where many diabetic individuals fail to fit in a single classification. This 

may be due to the change in hormones, steroids and certain other drugs where 

diabetes may be induced (ADA, 2013). Adult onset diabetes or type 2 diabetes 

mellitus is more common among two types of diabetes mellitus. Although the 

symptoms developed by individual with diabetes are typical, individuals with type 2 

diabetes can go unnoticed. Early detection and treatment can prevent the risk of 

developing further complications. Some of the common symptoms listed by 

American Diabetes Association (ADA) in 2018 are: 

 Frequent urination 

 Increased thirst 

 Increased Hunger- even though food is consumed 

 Extreme tiredness 

 Blurred vision 

 Slow wound healing 

The diagnoses as stated by World Health Organization (WHO) on type 2 diabetes 

are: 

 120 mg/dL or more of Fasting glucose level 

 ≥200 mg/dL of Post prandial and random glucose level 

HbA1c also known as Glycated hemoglobin level of 6.5% or more as a part of 

diagnostic criteria is still up for debate (ADA, 2010). There are many type of 

complications that arises when an individual is investigated and known to have type 

2 diabetes. Though several complications in the skin due to bacteria, fungi, and 

itchiness can happen to anyone, an individual with diabetes is more prone to the 
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infection and is considered the first sign of the disease. Complications in the eye is 

common for people with the disease and may cause certain eye defects like 

glaucoma, retinopathy and cataracts which leads to a higher risk of blindness than 

individual without diabetes. Diabetic neuropathy occurs when the nerve is damaged 

due to long term duration of diabetes and can even lead to complications in the foot 

(Boulton et al. , 2005). Diabetic ketoacidosis (DKA) is a serious condition that 

occurs when ketone bodies accumulate in the body and eventually leads to diabetic 

coma or even death. When the sugar level is high in the blood, it wears out the 

kidney causing nephropathy and thus leading to excessive filtration of the blood. 

This wearing out of the kidney causes protein leakage through the urine called micro 

albuminuria (UAAS et al., 2017). The increase in blood pressure is also common 

among people with diabetes because when the blood pressure increases it puts the 

heart under pressure to pump more blood. This may cause a lot of stress to the heart 

leading to stroke, heart disease and other problems (Cho et al., 2015). HHNS also 

known as Hyperosmolar Hyperglycemic Non-ketotic Syndrome shows a serious 

medical condition most frequently seen in older individuals with uncontrolled 

diabetes. This syndrome arises when the sugar levels in the blood increases, stressing 

the body to eliminate the excess sugar in the form of urine (Pasquel et al., 2014). 

When the blood sugar level arises and uncontrolled, it effects and damage the work 

of the vagus nerve  in the digestive tract by delaying either stopping or slowing down 

the removal of  its contents leading to  disorder known as Gastroparesis (Camilleri et 

al., 2013). 
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In 2014 it has been estimated that 422 million adults were living with 

diabetes, in which about 1.5 million deaths were reported in 2012 (Joshi et al., 2007). 

In 2017, over 72 million cases of diabetes were reported in India. Diabetes maybe a 

potential epidemic disease as more than 62 million individuals have been diagnosed 

with the disease. In the year 2000, with more than 32 million cases of diabetes 

mellitus, India topped the world with the highest number of incidence followed by 

China (20 million) (Kumar et al., 2013). 

 

Type 2 diabetes develops due to the inability of the pancreas to produce 

adequate insulin or when resistivity towards insulin is attained by the body. Although 

different factors may take part in the development, the exact reason for the 

development is still unknown. For type 2 diabetes there is still no known cure 

(Abdulfatai et al., 2012). The risk of diabetes may likely developed due to obesity, 

family history of diabetes, lack of physical activity etc. The progression of the 

disease may be higher with individuals belonging to certain ethnicities; however the 

reasons are not fully understood. It may be associated with strong familial genetic 

predisposition (Zimmet et al.,1991; Harris et al., 1995; Valle et al., 1997). However, 

the genetics involved in this form of diabetes are not clearly defined and complex 

(Courten et al., 1997; Knowler et al., 1993). Although certain factors may help in 

contributing to the advancement of type 2 diabetes, Socio Economic Status (SES) 

may take part in the development of the disease as it involve better access to health 

services, occupational opportunities and individual life style and habits  (Brown et 

al., 2004). According to several studies, the socio-economic status in developed 

countries varies inversely with the risk, prevalence and complications of type 2 
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diabetes. The nutritional inadequacies, psychological stress and unhealthy lifestyle of 

the individuals belonging to low economic status may lead to a substantial rise in the 

pervasiveness of type 2 diabetes due to the increase rate in physical inactivity and 

obesity (Feinstein et al., 1993; Malmstromet al., 1999). Several pathogenic processes 

may add contribution to the development of diabetes which may include processes in 

which the beta cells present in pancreas is destroyed which may result in insulin 

resistivity and deficiency. The involvement of Staphylococcus aureus is found to be 

associated with a common complication of diabetes like Diabetic foot ulcers (Bader 

et al., 2008). In some studies, they suggest that poor glycemic control may lead to the 

increase in risk for Tuberculosis (Leung et al., 2008; Pablos-Mendez et al., 1997) 

while other studies obliged (Leegaard et al., 2011). 

 

In developing nations, the highest number of individuals diagnosed with 

diabetes falls in the age range between 45 to 65 years, while in developed nations the 

highest prevalence is found in those aged 65 years and above. When compared 

between men and women the rate of prevalence is similar, where the prevalence in 

men is slightly higher < 60 years of age as compared to women > age 65 years (Weill 

et al., 2004). The epidemiological studies published lack proper representation 

among different geographic and socioeconomic regions which leads to the over or 

under estimation of the common occurrence of the disease in India (Sadikot et al., 

2004). Among the different ethnic groups in the world, diabetes prevalence can be 

observed and studied from a broad spectrum where the differences and 

unpredictability of different ethnic groups may be ascribe to cultural and 

environmental factors apart from genetics. Even though the difference in the 
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predominance of the disease may vary considerably among different ethnic 

population which may share similar environment, this assists the idea of the 

involvement of genetic factors leading to the predisposition of the disease. Aside 

from genes, individuals within a family share environments, habits and culture, still 

aggregation of the disease within the family is another source of evidence for genetic 

contribution to the disease (Swapan et al., 2006). Proteins are biochemical molecules 

which perform certain type of functional activities like immune responses, cell cycle, 

cell signaling and cell adhesion. They have mechanical or structural functions in the 

body and proteins consist of an enzyme which acts as biochemical catalyst (Berg et 

al., 2002). Considerable amount of research has been done with the possible 

alterations in glucose and lipid metabolism in type 2 diabetes patients. However, the 

studies involving protein metabolism may be sometimes conflicting (Staten et al., 

1986; Luzi et al.,1993; Welle et al.,1990; Halvatsiotis et al.,2000). 

 

Mutations in the genomic either, pathogenic or non-pathogenic, may also 

contribute to the development of the disease. Non-pathogenic mutations may include 

several single nucleotide polymorphisms though they have been studied and reported 

to act in association with type 2 diabetes (Haghvirdizadeh et al., 2015). Genome –

wide association studies (GWAS), linkage studies, candidate gene approach etc. have 

identified several genes that have contribution to the susceptibility of Type 2 diabetes 

(Cornelis et al., 2009). The strategies for the treatment and prevention are needed 

urgently to put the disease at base (Lyssenko et al., 2008). Several linkage as well as 

candidate gene studies reported that many chromosomal regions are linked with type 

2 diabetes and they have identified possible causative genetic variants in the 
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chromosome for the disease (Horikawa et al., 2000; Love-Gregory et al., 2004; 

Meyre et al., 2005). However, several variants which have been reported in certain 

populations cannot be reproduced in other populations; this may be attributed to the 

complexity of type 2 diabetes. Over the last few decades genome-wide association 

studies have been used to identify the common variants that may increase the risk of 

the common disease like type 2 diabetes. Hundreds of reproducible associations have 

been reported between common single SNPs and particular traits. Some of these 

associations have yielded novel biological insights that will be useful for biomedical 

research (Altshuler et al., 2008). In the human cells, the mitochondrial genome is the 

only cell that contains extra-chromosomal DNA. Any type of alteration in the 

mitochondrial genome has been previously acknowledged to be one of the causes of 

type 2 diabetes. Mutations which may be either rearrangement or point mutation 

were observed in families having history of type 2 diabetes (Ballinger et al., 1992; 

van den Ouweland et al., 1992).  

Data on the prevalence of T2DM in Mizoram is limited and considering the 

great cultural, geographical and racial diversity of our country, there is a need for 

assessing the epidemiological and genetic factors that can potentially lead to diabetes 

in the state of Mizoram. To our knowledge, no studies have been reported focusing 

on the epidemiology, demography, and genetics from Mizo population. The present 

study on the Genetic variation studies in candidate genes related with Type 2 

Diabetes in Mizo population, Mizoram has been proposed and designed which aims 

to study the demographic factors and clinico-biochemical profiles and to study 

mutations in candidate genes and their association with type 2 diabetes in Mizo 

Population. The findings in this study may help us to understand the influence of 
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these factors with type 2 diabetes, which may further help to a better understanding 

of the disease prevalence and may contribute to a better prognosis of the disease in 

this population. 
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2. Review of Literature 

The etiology of type 2 diabetes creates numerous debates over the centuries 

for researchers due to the complexity and nature of the disease. New discoveries are 

made in the diagnosis as well as prognosis of the disease. However, this new 

discoveries cannot be applied to every individual as type 2 diabetes involves genetic 

as well as environmental effects and is a combination of certain known and unknown 

factors. Certain criteria and risk factors have been laid down which can lead to the 

progression of the disease, however, they may not be applicable to an individual 

belonging to a specific group of population. Numerous researches have been carried 

out in different parts of the world with different people belonging to a wide 

distribution of population, race and groups. Studies on the prevalence of the disease 

in a particular population or groups create greater challenges to researchers in this 

field due to the multifactorial nature of the disease. This chapter highlights on 

different research carried out in type 2 diabetes from different parts of the world 

which comprises on study groups belonging to different population, involving 

molecular approach, biochemical, demography and epidemiology. 

2.1. Research on the History of Type 2 diabetes and its development 

The mechanism of glycogen synthesis in the liver, reported by Claude 

Bernard- a French physiologist in the 19
th

 Century creates a pavement in diabetic 

research. The removal of pancreas from a dog to induce diabetes creates a milestone 

in the disease research and the experiment was performed by Oskar Minkowski and 

Joseph von Mering in 1889 (Karamanou et al., 2016). The duration and care taken 

for the disease is important in individuals having known type 2 diabetes as chronic 

complications are related to time period to which the patient is diagnosed. Regardless 
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of many debates by scientists and physicians, they come to terms where certain 

factors act independently and cause risk factors in the progression of the disease. The 

common risk of developing the disease may be modifiable and non-modifiable- 

modifiable risks are those where a certain change in the lifestyle habits of an 

individual can prevent the acquirement of the disease i.e., it can be prevented. 

However, non-modifiable risk factors are the factors that have already been acquired 

mostly genetically. The non-modifiable risk factors include having a familial history, 

pre-diabetes, gestational diabetes, ethnicity, old age and other metabolic symptoms. 

The modifiable risk factors include obesity, hypertension, physical inactivity etc. 

(Chen et al., 2011). 

 

 

 

 

 

 

 

 

Figure 2.1: Common risk factors for type 2 diabetes development 

         The development of the disease may arise due to certain diabetogenic lifestyle 

such as obesity and physical inactivity with susceptible genotype. Pancreatic 

damage, certain medicine, other diseases and genetic mutation can lead to the 

progression as well as development of the disease. Monogenic diabetes occurs when 

a single gene undergoes mutation or changes and a number of these single gene 
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mutation causes alteration in insulin production in the pancreas. Majority of these 

changes is passed through families along the generation and some individual may 

developed this type of mutation without inheritance (Shields et al., 2010). Other 

diseases like cystic fibrosis and hemochromatosis affects the pancreas in such a way 

that it leads to the progression of type 2 diabetes. An autosomal recessive disorder 

called Cystic fibrosis can disfigure the pancreas as it produced thick mucus and 

defection in the conductance regulator of cystic fibrosis trans-membrane causes β-

cell dysfunction (Kayani et al., 2018). Hemochromatosis is a condition where huge 

amount of iron is stored in the body and can eventually lead to pancreatic damage. 

This type of condition may also arise due to mutation in HFE genes and other 

associated genes (Capell et al., 2004) and activities like using oral contraceptives, 

excessive intake of vitamin C and iron, alcohol addiction and blood transfusions 

(Bovenschen et al.,2009). Certain hormonal diseases like Cushing’s Syndrome, 

Acromegaly and Hyperthyroidism can cause insulin resistivity which in turn leads to 

type to diabetes. When the pancreas is damaged or destroyed, it can lead to several 

diseases like pancreatitis, trauma and pancreatic cancer. The defect in the pancreas 

causes the disruption of the beta cells to produce enough insulin for the body. 
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Fig 2.2: Schematic representation of type 2 diabetes development 
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factors which can lead to the progression of the disease (Mariana et al., 2011; 

Meigs et al., 2000; Kaprio et al.,  1992). In conjugation with some susceptible 

genes, some individuals with earlier behavioral factors like inactive lifestyles and 

diets rich in high fat content are likely to develop type 2 diabetes in their lifetime 

(Tuomilehto et al.,2001; Knowler et al.,2002). There are studies that shows that 

long time exposure to environmental pollutants either pesticides or herbicides can 

disturb the mechanism of glucose which further causes resistance towards insulin 

(Lee et al.,2006; Lee et al., 2007). Obesity may serve as a reservoir for toxic 

particles as the organic pollutants are lipophilic in nature and may gradually create 

insulin resistivity (Porta et al., 2006; Lee et al., 2006). However, studies shows that 

one risk alone may not be a causative agent for the prevalence of type 2 diabetes, 

but when it acts in association with other covariates like consistency of a 

population, educational status, ethnicity and smoking habits, the prevalence may 

increase (Brook et al.,2008; Pearson et al.,2010; Kramer et al.,2010). The risk of 

type 2 diabetes may also be attributed to the nature and status of the food 

consumed; whether they are free of chemical contaminants like dioxins, benzene, 

nitroso compounds, and polycyclic hydrocarbons as these compounds are found to 

be linked with the risk of acquiring the disease (Sun et al.,2009; Longnecker et al., 

2001). In some studies, it has been hypothesized that antioxidants may be 

preventive against type 2 diabetes as oxidative stress plays a role in insulin 

resistivity (Ceriello et al., 2000). The biomarkers of dietary, fruits and vegetable 

consumption like carotenoids in the serum, vitamin C and tocopherol present in the 

plasma has opposite relationship with type 2 diabetes in relation to their 

concentration (Coyne et al., 2005, Salonen et al.,1995, Sargeant et al.,2000). 
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Among healthy individuals, it has been reported that there is a direct association 

between insulin sensitivity and the consumption of vitamin C and vitamin E 

(Facchini et al.,1996, Feskens et al.,1995). 

The drastic change in our lifestyle and habits due to modernization leads to a 

great change in the development of the disease. It has been reported that the 

prevalence of type 2 diabetes cannot be justified to a particular age range as the 

disease also occurs at a relatively young age as well as old depending on the type of 

population and factors involved (Abdulghani et al.,2016). It has been reported that 

aging has taken part in the mechanism involved in sensitivity and resistivity of 

insulin known that aging (Meneilly and Elliot, 1999). It has been known from 

previous studies that type 2 diabetes may effect women excessively as they are 

known to have much lower glycemic control than men (Misra et al.,2009; Shalev et 

al.,2005; Tang et al.,2008; Chiu et al.,2011). However, the reason for prevalence of 

the disease in relation to sex still becomes a huge debate for researchers (Legato et 

al.,2006). There has been numerous questions regarding whether the difference in the 

body composition and hormones have something to do with the prevalence of type 2 

diabetes between the male and female (Arnetz et al., 2014). One of the contributing 

risk factor from studies across the world reveals that the ethnicity in which an 

individual belongs can reveal the increase or decrease in the incidence of developing 

the disease. However, the contribution of ethnicity in the disease development may 

be attributed to the difference in environments as some ethnic groups or population 

has their own unique lifestyle and dietary practices (Abate et al., 2003). 

From different epidemiological analysis, the risk factors that were discussed 

in developing type 2 diabetes like the type of food and quantity, socioeconomic 
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status, ethnicity etc., may contribute independently or at least take a major or partial 

part in the  disease development (Kolb et al., 2017). Since type 2 diabetes develops 

due to the loss of insulin secretion, the environmental and different lifestyle factors 

may have a direct or indirect contribution to the destruction of β-cell (Butler et al., 

2016). 

 

2.3. Type 2 diabetes in relation to Protein, Amylase and Microalbumin 

Since many protein play a key role in the body, there is a possibility that 

certain defect in the synthesis of some proteins may lead to insulin resistivity (Moller 

et al., 2008). It has been reported that elevation in the protein level can predict the 

development of type 2 diabetes (Pradhan et al., 2001). The salivary glands produced 

Ptyalin and the pancreas produce the pancreatic amylase an alpha-amylase which is 

present in the digestive systems of human. Amylase plays a role in the breaking 

down of complex molecules into simpler molecules (Taniguchi et al.,2009). Several 

findings shows that increase in the blood glucose level, duration of hyperglycaemia 

and older individuals with type 2 diabetes tends to have lower levels of amylase 

(Ishii et al.,2018; Yadav et al.,2013). The elevation in blood glucose levels can cause 

the fluctuation of amylase levels in the body. Since type 2 diabetes can cause damage 

to several organs in the body and pancreas being one of them, the production of 

pancreatic amylase by the pancreas may be altered (Aughsteen et al., 2005). 

Microalbuminuria is the presence of protein albumin in the urine and is considered 

one of the foremost marker for diabetic nephropathy (Rose et al.,2004). This may be 

due to the damage in kidney function that leads to the leakage of large amount of 

protein in the urine (Yuyan et al.,2004).  Since the development of type 2 diabetes 
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alone is complex, the incidence of diabetic nephropathy becomes uncertain (Salah et 

al.,2002). 

2.4. Type 2 diabetes in relation to genetic factors 

 Although there are many possible factors which play a role in the progression 

and evolution of type 2 diabetes, many individuals have more susceptibility in 

developing the disease. This is due to the fact that they inherited the susceptible 

genes from one of their parents or may be both. Before the 1980’s, the genetic 

variants involved in the hereditary risk remains unclear but with the advancement in 

genetic research and technologies, several variants were discovered (Ali et al., 2013). 

From different studies among population, the chances of heritability of an individual 

to type 2 diabetes may range from 20 to 80 % ; 40% chance for a person with single 

parent diagnosed with the disease and 70% chance if both the parents are affected 

with the disease (Tillil et al.,1987; Meigs et al.,2000; Poulsen et al.,1999;). In 

comparison between positive and negative family history, individuals having positive 

family history especially with first degree relatives are three fold more likely to 

develop the disease (Florez et al.,2003). Studies where parents in the age range 35 to 

60 years are focused, it has been observed that the risk of hereditary is higher. This 

also explain the role of environmental factors like lifestyle and dietary habits in the 

development of the disease at a later stage in life (Almgren et al.,2011). The genetic 

risk of type 1 diabetes may be concentrated on the HLA region of Chromosome 6, 

however in type 2 diabetes; the genetic risk is not concentrated to a particular region 

but rather the cooperation of a number of genes from different parts of the genome 

(Gibson et al.,2011). There are many questions and debate regarding the genetic 

component of type 2 diabetes as a number of common genetic variants may effect in 
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small proportions or maybe that the affect may be due to rare variants in small or 

large proportions.Although multiple genes are involved in the development of type 2 

diabetes, there are those genes that have gained attention like potassium inwardly 

rectifying channel, subfamily J, member 11 (KCNJ11), and the peroxisome 

proliferator-activated receptor-gamma (PPARG) gene. The reason for the constant 

observation of these genes may be due to the fact that they are involved in the action 

and metabolism of insulin and glucose and other metabolic functions (Schwenk et 

al.,2013). Alteration in these genes such as mutation can lead to the disruption of 

KATP activity which can lead to a permanent diabetes mellitus from younger age 

(Abujbara et al.,2014). Adipogenesis and the development of insulin resistivity are 

found to be implicated with PPARG gene and deleterious and pathogenic mutations 

in this gene can cause the lack of response to insulin (Pattanayak et al.,2014). 

Maturity onset diabetes of the young (MODY) constitutes about less than 1% of all 

type 2 diabetes (Winckler et al.,2007). In the pancreas, HNF1A gene controls the 

transcription of HNF4A gene and mutation in HNF4A gene may lead to MODY1 

while mutation in HNF1A may lead to MODY 3.This two MODY subtypes have 

similar clinical characteristics which may sometimes be difficult to distinguish (Boj 

et al.,2001). Dysfunction in the pancreas can be observed in the individuals which 

have HNF1A mutations even before the onset of the disease and glycosuria can be 

observed in the patients as well as healthy individuals with HNF1A mutant carriers 

(Stride et al., 2005). The expression of HNF4A gene occurs in many tissues 

especially the liver and the pancreas. HNF4A gene plays a role in hepatic 

gluconeogenesis in the liver and for glucose metabolism, the expression and secretin 

of insulin in the pancreas (Bartoov-Shifman et al., 2002; Rhee et al., 2003). 
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Numerous studies have reported that there is a linkage between the region of HNF4A 

located at chromosome 20q and type 2 diabetes (Weedon et al., 2004; Ji et al.,1991; 

Zouali et al.,1997; Love-Gregory et al.,2004). 

 HLA belongs to class I major Histocompatibility Complex which is found to 

be associated with certain immune responses, such as modulating and induction of 

tolerance to immunity. It has been reported to be associated with Type 1 diabetes and 

high blood pressure however no association was observed so far with Type 2 

diabetes (Silva et al., 2016; Ilian et al., 2014). Further research has revealed that 

individuals having impaired glucose tolerance have higher levels of HLA-G (Solini 

et al., 2010). Some variants of Vascular endothelial growth factor –A (VEGF-A) may 

contribute to the alteration in VEGF secretion, which may result in genetic variation 

in VEGFA gene to the pathogenesis of type 2 diabetes (Nejla et al., 2018). It has 

been reported that the concentrations of VEGF-A are known to be higher in 

individuals with type 2 diabetes which have further impact on the plasma 

angiogenesis (Wieczór et al., 2015). CD2AP is found to be associated with IRS-1 

gene which may provide a potential therapeutic target to treat type 2 diabetes (Zhang 

et al.,2018). The risk of type 2 diabetes has also been found to be associated with 

certain gene variants of TERF1 and ELMO1 (Mehrabzadeh et al., 2016; Zee et al., 

2011). TCF7L2 is a susceptibility gene for type 2 diabetes as even common single 

nucleotide polymorphisms are known to be associated with the disease, variations in 

the gene can also cause reduction in insulin response in healthy individuals (Gloyn et 

al., 2009; Hattersley et al., 2007). Diet has been found to be modulated by FTO gene, 

lipid metabolism and hepatic glucose (Mizuno et al., 2018; Ortega-Azorín et al., 

2012). Apart from these genes, certain dysfunction in the mitochondria and 
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mitochondrial DNA mutation has been reported to cause the progression of type 2 

diabetes (Jiang et al., 2017; Julia et al., 2012). 

 A number of impairment in the genes of mitochondria can play a critical role 

in the development of age-dependent insulin resistance and leads to type 2 diabetes 

(Singh et al., 2011; Peterson et al., 2003). The risk of having the disease is higher 

with individuals having genetic alterations as compared to individuals having no 

alteration. At present, it has been reported that around 40 or more mutations in the 

mitochondria are known to be related with several mitochondrial disorders and type 

2 diabetes. It has been reported that even before the onset of type 2 diabetes, the copy 

number of mitochondrial DNA decreases in the individuals with the disease (Lee et 

al., 1998). The mechanism involved in Oxidative phosphorylation in the 

mitochondria has also been found to be decreasing in the offspring of individuals 

having insulin resistant diabetic patients (Petersen et al., 2004). Aside from the 

mitochondrial DNA variations, numerous studies have reported that in the nuclear 

genes polymorphisms especially single nucleotide polymorphisms (SNP) which are 

in relation to the function of mitochondria are known to be associated with type 2 

diabetes (Prokopenko et al., 2008). In a common disease like Type 2 diabetes which 

is not caused by single gene disorders, the expression of the mutant allele of the 

disease lies at one specific gene locus, but the disease expression depends on the 

contribution of various gene loci (Valsania et al., 1994). Apart from mitochondria, 

there are several approaches which have been laid down to study the genes involved 

in the development of the disease. Study of candidate genes is one approach to find 

and identifies the susceptibility genes of the disease (Barroso et al., 2003; Stumvoll 

et al., 2004). Presently, fifty or more candidate genes have been studied and reported 20 
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from across the worlds which are found to be related with type 2 diabetes. The 

selection and study of candidate genes are done in such a way as they are believed to 

be involved in certain mechanism and pathways related with glucose, insulin activity 

and function of the pancreatic β-cell (Bonnefond et al., 2010). 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.3: Schematic representation of genetic factors in relation with type 2 

diabetes 

In spite of all these studies, the results for candidate genes are sometimes 

contradicting. The contrasting results of different studies may be due to various 

reasons for like insignificant sample sizes, susceptibility in the distinction of diabetes 

across ethnic groups, environmental exposures, and interaction between the gene and 

environment (Kahn et al., 2012, Hughes et al., 2013). The development and 

progression of type 2 diabetes cannot be attributed to genetic factors alone and 

unveiling of the metabolic disorder can be understood with the help of other factors. 
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Mizoram belongs to one of the eight sister states of the North-eastern region 

of India, bordered by Bangladesh and Myanmar and is the second least populous 

state in the country (RGCCS, 2011). Mizoram has shown an increase in reports and 

cases of type 2 diabetes mellitus, however no in depth records have been found to 

fully understand the occurrence of the disease. Therefore, it becomes a huge 

challenge to find the factors which may contribute in the occurrence of type 2 

diabetes in a population where the prevalence of the disease is high. 
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Aims and Objectives 

The following aims are set forth to carry out the proposed work in this study: 

 Study of mutations related with candidate genes and their association with 

type 2 diabetes in Mizo Population. 

 To study the demographic factors and clinico-biochemical profiles of type 2 

diabetes patients. 
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4. Materials and Methods 

Participants 

Five hundred previously diagnosed T2DM patients receiving care from major 

diagnostic and health clinic ‘Genesis Laboratory’, Aizawl, Mizoram and five 

hundred controls volunteered to participate in this study. The age ranges for both the 

cases and controls were between 40 - 85 years were included in this study. Both the 

cases and controls included for this study belonged only to Mizo ethnic group. The 

work has been approved by ethical committees of Civil Hospital, Aizawl 

(B.12018/1/13-CH(A)IEC/39 dtd. 23/12/2015) and Human Ethical Committee, 

Mizoram University (MZU/IHEC/2015/006 dtd. 14/12/15). 

Inclusion criteria 

•  The selection of cases was done after the disease was confirmed by a    

            diabetologist. 

•    Fasting plasma glucose levels >120 milligram per deciliter (mg/dl). 

• Post prandial plasma glucose levels >200 milligram per deciliter (mg/dl). 

•  Control group comprised of non-diabetic subjects without the symptoms of 

diabetes mellitus, blood glucose levels within normal limits (below < 120 

mg/dl). 

Exclusion criteria 

• Gestational diabetes 

• Diabetes due to pancreatic disorder 

• Pregnancy and Other types of severe illness and metabolic diseases 
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4.1. Study on the demographic factors and clinico-biochemical profiles of type 2 

diabetes patients. 

4.1.1. Study Design and assessment 

The epidemiological information was collected with consent of the 

participants. Information on demographic factors, dietary habits, tobacco, alcohol use 

and family history were recorded. Dietary habits like meat, smoked meat, salt intake 

and sa-um were taken into account. Lifestyle habits such as cigarette, sahdah, tuibur, 

paan and alcohol consumption were recorded. Dietary habits were grouped into three 

categories viz., little (one to two days per week), moderate (two to three days per 

week), high (more than three days per week). Blood sugar and cholesterol levels 

were estimated by GOD – POD method using Sys 200 biochemistry analyzer 

(Shrestha et al.,2008; Trinder et al.,1969). Estimation of creatinine was done by the 

modified Jaffe’s method by using Sys 200 biochemistry analyzer (Shrestha et 

al.,2008; Bowers et al.,1980). The types of medication taken by the patients were 

recorded as oral or injection. History of hypertension was also taken into account. 

BMI was calculated as weight (kg)/height
2
 (m2) and used to categorize BMI-

measured weight status: underweight (BMI ≤ 18.5), normal (BMI 18.5–24.9), 

overweight (BMI 25.0–29.9) and obese (BMI ≥30)
 
(WHO, 1999; WHO, 2000). 

4.1.2. Statistical Analysis 

For the different factors from diabetic patients and healthy controls with age 

range 40-85 years (mean age range =65.5) were analyzed. All statistical analysis was 

performed using SPSS 20.0 version (IBM corp, Armonk, NY) software package. 

Chi-square tests were used to assess the association between demographic factors 

and type 2 diabetes. Factors that were deemed of potential importance to the 
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univariate analysis (P<0.05) were included in the multivariate analysis using Cox 

regression (Karen et al., 2003). Logistic regression analyses were carried out to 

calculate the influence of lifestyle and dietary factors for Type 2 Diabetes. The 

independent effect of risk factors was investigated in a multivariate model 

(introducing all variables and terms of interactions) retaining only statistically 

significant or factors showing a confounding effect only. Gender and various life 

style and food habits were all considered in the regression model as potential 

confounders to evaluate the association of risk factors and susceptibility to type 2 

diabetes. The variables were adjusted with Age. ROC curve was plotted for the 

factors which achieved high odd ratio to estimate the potential risk score. Unpaired t- 

test was performed for male and female diabetic patients to find the difference in the 

levels of biochemical tests. 

4.2. Evaluation of total protein, amylase and microalbumin 

This study included three (3) groups of diabetic patients, 50 cases newly 

diagnosed, 50 cases 1-2 years diagnosed and 50 cases more than 3 years type II 

diabetes mellitus (T2DM). These groups were matched with age matched healthy 

individuals of 50 controls. A total of 200 individuals with age between 30 to 70 

participated in the study. The participants were taken into account that they belong 

only to Mizo ethnic tribe. 

 

Inclusion criteria 

As described above 
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Exclusion criteria 

Patients with severe diabetic complications, other serious illness, habits of 

smoking and alcohol, complications of the head and neck region, and individuals 

with any oral lesions were excluded from the study. 

The study protocol was thoroughly explained and informed consent was obtained 

from the patients. Samples from the blood and saliva were collected from each 

participant. 

4.2.1. Samples: 

(a) Saliva and serum 

5.0 ml of fasting whole blood was collected from the patients and healthy 

individual, stored for about 1 hr. in a plain vacutainer at room temperature. The tube 

was centrifuged (3000×g) for 10 minutes, the clear serum was pipetted into clear dry 

tube and then stored at (-20) °C for subsequent analysis. Fasting whole saliva is 

collected using passive drool method in a polypropylene tube, after thoroughly 

rinsing the mouth with saline solution (Jacobs et al., 2005). It was centrifuged 

(3000×g) for 15 minutes and the supernatant was stored at (-20) °C for further 

analysis. 

(b) Urine 

Fasting urine samples was collected (~3 to 5 ml) in a clean and sterile urine 

collection container for further investigation. 
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4.2.2. Total protein determination: 

Total protein estimation was performed using Bradford method where Bovine 

serum albumin (BSA) was used as the standard protein (Fanglian et al., 2011). 

Various concentrations of standard protein (0.2, 0.4, 0.6, 0.8 and 1.0 ml) were taken 

and the volume was made up to 1 ml. Further, 0.2ml of sample (saliva/serum) was 

taken in a test tube and the volume was made up to 1 ml. To this, 5 ml of coomassie 

brilliant blue was added and the solution was mixed by vortexing. It was then 

incubated at room temperature for about 10 to 30 minutes. The absorbance was read 

at 595 nm using a spectrophotometer against a suitable blank. The Values obtained 

were expressed as mg/dl.  

4.2.3. Estimation of Amylase Activity: 

Amylase activity was performed using Amylase enzyme activity assay where 

starch was used as the substrate (Biochemden, 2018). 0.5 ml of substrate (starch) and 

0.2 ml of 1%Nacl were taken in a clean and dry test tube and pre-incubated at 37°C 

for 10 minutes. 0.3 ml (saliva/serum) was added and incubated at 37°C for 15 

minutes and 1 ml of DNS (Dinitro Salicylic acid) was added and kept in boiling 

water for about 10 minutes. It was then cooled and diluted with 10 ml of distilled 

water. The colour developed was read at 520 nm using spectrophotometer using a 

suitable blank. The Values obtained were expressed as mg/dl. 

The Mean absorbance change per minute for protein estimation and amylase 

activity was calculated and expressed as units per liter (López et al.,2003; Rantonen 

et al.,2000; Henskens et al.,1996) . 
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Urine Microalbumin: 

10-20 µl urine samples were taken and TruCal Albumin U/CSF (Diasys) kit 

was used and was run in Sys 200 chemistry Analyser for microalbumin estimation. 

 

4.2.4. Statistical Analysis 

All statistical analysis were performed using SPSS 20.0 version,( IBM corp, 

Armonk, NY) software package. Values were expressed as means ± standard 

deviation and a P ≤ 0.05 was considered significant. Intra group correlations of 

amylase, and total protein were done by using ANOVA. For Urine microalbumin, 

Paired t-Test was performed to find the intra group correlation. 

 

4.3. Study of mutations related with candidate genes and their association with 

type 2 diabetes in Mizo Population. 

Blood DNA isolation 

Lymphocytes from whole blood was separated by lysing the red blood cells 

[RBCs] using a hypotonic buffer with minimal lysing effect on lymphocytes. 

Lymphocytes was digested with 100 mg/mL proteinase K in cell lysis buffer for 2-3 

hours at 56°C and extracted twice with phenol : chloroform : Isoamyl alcohol 

[25:24:1]. The DNA was precipitated with two volumes of chilled isopropanol, and 

1/10 volume of 3 M sodium acetate. The precipitated DNA was washed by 70% 

ethanol and the DNA was eluted by nuclease free water or TE buffer (Ghatak et al., 

2013). 

The mutational studies were carried out using the following approaches: 
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4.3.1. Study of candidate genes using Sanger sequencing 

The candidate genes (PPARG, KCNJ11, HNF4A and HNF1A) were 

amplified using their specific primers (Table 4.1). Polymerase chain reaction [PCR] 

was carried out in 25 μL total reaction volumes, each containing 100 ng of template 

DNA, 0.2 pM of each primer, 2.5 μL of 10X PCR buffer, 1.5 mM MgCl2, 0.2 mM 

dNTPs, and 1 U of DNA polymerase. PCR was performed using the following 

conditions, initial denaturation at 95°C (5 mins), denaturation at 95°C for 40 secs, 

annealing for 40 secs at 62°C for KCNJ11 and  HNF1A gene, 55°C for PPARG gene 

and 60°C for HNF4A genes and extension at 72°C (40secs) with final extension at 

72°C (5 mins). The amplified PCR product was checked in 1.2% agarose gel and 

visualized using Bio-rad Gel documentation system. 

 

GENE EXON PRIMER (5’-3’) PRODUCT SIZE (bp) 

KCNJ11 2 GAGGAGTGCCCACTGGCC 

CACAGAGTAACGTCCGTCCTCC 

567 

PPARG 3 GACCATGGTTGACACAGAGA 

GTACTCTTGAAGTTTCAGGTC 

220 

HNF4A 2 GCCAAGGGGCTGAGCGAT 

CTCCCAGCAGCATCTCCTG 

235 

HNF1A 1 GCAGACGGAGCTCCTGGC 

CACGGCTTTCTGGTGGGC 

286 

Table 4.1: Candidate gene primers and their associated exons 

 

Sequencing and Sequence Analysis 

Based on the PCR results, the samples were sequenced from the opposite direction 

to ensure reading accuracy. Sequences and chromatograms obtained was examined by 

chromas software version 2.13, DNA baser and align by BLAST 
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[www.ncbi.nlm.nih.gov/blast]. The results of the DNA sequence analysis was 

compared with the published Cambridge Sequence using Mutation Surveyor Version 

1.4 DNA mutation analysis software [Softgenetics, State College, PA]. The exons of 

the candidate genes was checked from Ensembl, HGNC and Entrez data base and 

protein features and phenotypic effect was checked from Uniprot and OMIM data 

base respectively, as shown in table 4.2. 

GENE HGNC ENTREZ  ENSEMBL OMIM UNIPROT KB 

KCNJ11 6257 3767 ENSG00000187486 600937 Q14654 

PPARG 9236 5468  ENSG00000132170 601487 P37231 

HNF4A 5024 3172  ENSG00000101076 600281 P41235 

HNF1A 11621 6927  ENSG00000135100 142410 P20823 

Table 4.2: Ensembl, HGNC, Entrez Uniprot and OMIM ID’s of the candidate 

genes from public data base.  
 

All the sequences containing the mutation was evaluated for their potential 

pathogenicity using the following softwares: DNA baser version 3.5.4.2, Codon 

Code aligner version V.4.2.2, Mutation taster [www.mutationtaster.org/], PolyPhen-2 

[http://genetics.bwh.harvard.edu/pph], SIFT [http://sift.jcvi.org], Mutation Assessor 

[http://mutationassessor.org/]. The result of PolyPhen-2 was retrieved from the 

original webpage [version 2.2.2] which were used for weighted average scores. 

 

4.3.2. Study of candidate genes- Case Control Association study using SNP 

genotyping 

The candidate genes were studied using SNP genotyping methods involving 

Tagman Allele discrimination Assay and Agena Mass Array. 

http://www.mutationtaster.org/
http://sift.jcvi.org/
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4.3.1. Tagman Allele discrimination Assay 

DNA isolated from 425 cases and 330 healthy controls were used for the 

study. Quantification of the DNA was performed using Bio-spectrophotometer 

(Eppendorf, Hamburg, Germany) and the working dilutions were made (5 ng/μl) for 

genotyping. 

Genotyping 

The genotyping of UCP3 variant rs1800849 and MACF1 rs2296172 were 

performed using allele discrimination assay on Real time PCR make (Mx3005P 

Agilent USA). UNG Master Mix (Applied Biosystem, USA) and Taqman assay 

(Predesigned Primer and Probe, labelled with Fam and VIC supplied by Applied 

Biosystem, USA) was used for genotyping. As recommended by the manufacturer, 

dilution of the assay mix was made from 40X concentration to 20X with TE (Tris-

EDTA) buffer. PCR reactions were carried out in 96-well plate format with three 

negative controls (NTC) to check for extraneous nucleic acid contamination. The 

volume of the total PCR reaction mix in each well was 10 μl, contributed by 2.5 μl of 

Taqman UNG master mix, 0.25μl of 20X assay, 3μl DNA (5 ng/μl) and 4.25 μl of 

water added to make up the final volume. The PCR conditions were: hold for 10 

minutes at 95°C, then 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. The 

post PCR detection system (Mx3005P Agilent USA) is used to measure allele 

specific fluorescence and alleles were called automatically. Ninety-three random 

diabetic samples were picked and re-genotyped for cross validation; genotyping calls 

were observed with 98 percent concordance. 
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Statistical analyses 

After genotyping, statistical analysis of the data was done using SPSS 

software (version 23; Chicago, IL). Chi square (χ2) analysis was performed and 

genotypic frequencies were tested for the Hardy- Weinberg equilibrium. The odds 

ratio (OR), confidence interval (CI) and level of significance (p-value) were also 

estimated by performing logistic regression analysis and corrected for potential 

confounding factors like age, gender and Body mass index (BMI). Population 

Attributed Risk (PAR) percentage was also calculated, with 95% CIs, by using 

adjusted OR. The power of the study was calculated by PS software version 3.1 (WD 

DWaP., 1997). 

4.3.2. Agena Mass Array 

Isolated DNA from 384 T2D cases and 384 healthy controls were used for the 

study. Quantification of the DNA was performed using Biospectrophotometer 

(Eppendorf, Hamburg, Germany) and the working dilutions were made (10 ng/μl) for 

genotyping. 

Variant selection and protocol 

SNPs selections in the present study (Table 4.3) were included from the genes which 

have been implicated with T2D or the traits associated with T2D. All of the variants 

which selected for the study have never been evaluated in Mizo population. 

Genotyping of samples was performed using Agena Mass array platform in Human 

Genetic Research Group at Shri Mata Vaishno Devi University, Katra, Jammu, India. 

Customized forward, reverse and single base extension primers were designed using 

online Agena cx platform V.2.0 (www.agenacx.com). To detect a variation initially 

targeted region was amplified by using multiplex PCR. One µl of genomic DNA 
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(concentration of 10 ng/ul) was loaded in 384 well PCR plates which were dried at 

85
o
c for 10 minutes. After drying, the reaction mixture was prepared containing 

dNTPs, primers pool (forward & reverse), reaction buffer and DNA polymerase. 

After completion of first PCR, the reaction was treated with shrimp alkaline 

phosphatase (SAP), the multiple PCR reaction then subjected to single base 

extension reaction using mass modified ddNTPs and primers (pooled single 

extension primers). PCR conditions were adopted from Gabriel et al. (2009). Further, 

the final PCR product was treated with cationic resin and then energy transferred to 

spectro-chip. The transferred product then fired to MT analyzer. The data was then 

processed and analyzed by preinstalled Typer Analyzer v.4.0. 

 

S.No. SNP 
Chromosome: 

position 

Location of 

the Variant 

w.r.t Gene 

Candidate Gene and its Functional role 

1.  rs16847897 3:169850328 

upstream to 

TERC;  intron 

variant of 

LRRC31 

TERC: Encodes for non-coding RNA that provides 

template for telomere replication 

2.  rs1063320 6: 29830972 
3 Prime UTR 

Variant 

HLA-G:Gene Ontology (GO) annotations related to 

this gene include protein homodimerization activity 

and peptide antigen binding. 

3.  rs2010963 6:43770613 
5 Prime UTR 

Variant 

VEGFA: It encodes a heparin-binding protein, which 

exists as a disulfide-linked homodimer. This growth 

factor induces proliferation and migration of vascular 

endothelial cells, and is essential for both 

physiological and pathological angiogenesis. 

3. rs3025020 6:43781373 Intron Variant 

VEGFA:It encodes a heparin-binding protein, which 

exists as a disulfide-linked homodimer. This growth 

factor induces proliferation and migration of vascular 

endothelial cells, and is essential for both 

physiological and pathological angiogenesis. 

4.  

rs9369717 6:47586732 Intron Variant CD2AP: encodes a scaffolding molecule that 

regulates the actin cytoskeleton. 
rs9349417 6:47612921 Intron Variant 

5.  rs741301 7:36878390 Intron Variant ELMO1: Encodes a member of the engulfment and 
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rs1882080 7:36916236 Intron Variant 

cell motility protein family. These proteins interact 

with dedicator of cytokinesis proteins to promote 

phagocytosis and cell migration. 

6.  rs6982126 8:73027388 Intron Variant 
TERF1: Encodes a telomere specific protein which is 

a component of the telomere nucleoprotein complex 

7.  rs290475 10:113114260 Intron Variant 

TCF7L2: Encodes a high mobility group (HMG) 

box-containing transcription factor that plays a key 

role in the Wnt signaling pathway. The protein has 

been implicated in blood glucose homeostasis. 

Genetic variants of this gene are associated with 

increased risk of type 2 diabetes. 

8.  rs9939609 16:53786615 Intron Variant 

FTO: This gene is a nuclear protein of the AlkB 

related non-heme iron and 2-oxoglutarate-dependent 

oxygenase superfamily but the exact physiological 

function of this gene is not known. 

9.  rs2853826 MT:10398 
Missense 

Variant 

ND3: Gene Ontology (GO) annotations related to 

this gene include NADH dehydrogenase (ubiquinone) 

activity. 

Table 4.3 : Candidate Genes selected for the study and their functional role. 

Statistical analysis 

The statistical analysis were mainly performed using Plink V.1.0962 with 

maximum 10,000 permutations. Each SNP was tested for Hardy Weinberg 

Equilibrium (H.W.E). A significant association of SNPs was evaluated by 3×2 chi 

square tests for genotypic frequencies between T2D cases and controls. Further 

logistic regression analysis was performed for dominant model using SPSS V.23 in 

order to obtain corrected odds ratio (OR), confidence interval (CI) and p-value as 

level of significance from confounding factors like age, gender and BMI. 

 

4.3.3. Study of candidate genes using whole exome sequencing 

Four (04) diabetic samples with strong familial history (02 Males and 02 

Females) and 6 controls were taken and analysed. 
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Sequencing 

The first step includes fragmentation of DNA where 100 ng of genomic DNA 

was fragmented to a 150 bp insert size with 3' or 5' overhangs using Covaris. The 

shearing buffer contains 5 ml of Resuspension buffer (RSB) and 10 ml of EDTA in a 

15ml conical flask. 50 µl of DNA was transferred to separate the covaris well plates. 

Sample purification beads (SPB) were vortexed thoroughly until it was well 

dispersed and washing was done using 80% ethanol. This process converts the 

overhangs resulting from fragmentation into blunt ends using ERP3 (End Repair 

Mix). The 3' to 5' exonuclease activity of this mix removes the 3' overhangs and the 

5' to 3' polymerase activity fills in the 5' overhangs. Following end repair, the library 

size is selected using SPB (Sample Purification Beads). A single 'A' nucleotide is 

added to the 3' ends of the blunt fragments to prevent them from ligating to each 

other during the adapter ligation reaction. A corresponding single 'T' nucleotide on 

the 3' end of the adapter provides a complementary overhang for ligating the adapter 

to the fragment. This strategy ensures a low rate of chimera (concatenated template) 

formation. The next process ligates multiple indexing adapters to the ends of the 

DNA fragments, which prepares them for hybridization onto a flow cell. PCR was 

used to selectively enrich those DNA fragments that have adapter molecules on both 

ends and to amplify the amount of DNA in the library. PCR is performed with PPC 

(PCR Primer Cocktail) that anneals to the ends of the adapters. Probes were 

hybridized which combines DNA libraries containing unique indexes into a single 

pool, and then binds targeted regions of the DNA with capture probes. The 

hybridized probes were then captured using SMB (Streptavidin Magnetic Beads) the 

targeted regions of interest. Two heated washes remove nonspecific binding from the 
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beads. The enriched library was eluted from the beads and prepared for a second 

round of hybridization. Second hybridization step was performed by binding the 

targeted regions of the enriched DNA with capture probes. This second hybridization 

ensures high specificity of the captured regions. Second capture was performed using 

SMB (Streptavidin Magnetic Beads). Cleaning up of the captured library was done 

using SPB (Sample Purification Beads) to purify the captured library before PCR 

amplification. 8-cycle PCR program was performed to amplify the enriched library. 

The enriched library was then validated by running 1 µl of post enriched library on 

an Agilent Technologies 2100 Bioanalyzer using a High Sensitivity DNA chip. The 

library preparation was done using the TruSeq Exome Library Prep Reference Guide 

(Illumina).  

 

Sequence Analysis 

2014). The filtered FastQ files were then mapped against the reference 

genome, in this case GRCh 37-hg19 genome assembly using Stampy/BWA Stampy 

hybrid (Lunter and Goodson, 2011; Li  and Durbin, 2009) which in turn gives the 

SAM files. The sorting out, marking of the duplicates and indexing of SAM files into 

BAM files was done using Samtools/Picard (Li, 2009; 

http://broadinstitute.github.io/). From the BAM files, variant calling which may 

consists of detection of SNP’s and INDELS was done using Platypus 

(https://www.well.ox.ac.uk/platypus)which gives rise to the Variant calling file 

http://broadinstitute.github.io/
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(VCF). From the variant calling file, the variants were annotated using ANNOVAR 

(Wang, 2010). The annotated variants were filtered using  only pathogenic/disease 

causing scores form the prediction software’s like SIFT (https://sift.bii.a-

star.edu.sg/), Polyphen2 (gene tics.bwh.harvard.edu/), LRT SCORE 

(http://www.genetics.wustl.edu/), LR (Alan et al., 2007), FATHMM 

(fathmm.biocompute.org.uk/), MUTATIONTASTER (www.mutationtaster.org/) and 

MUTATIONACCESSOR (mutationassessor.org/). The analysis from the annotated 

variants was also carried out using panel genes consisting of 582 diabetic genes from 

GWAS catalogue. The genes included other diabetic related diseases like diabetic 

neuropathy, nephropathy etc. The prediction of the effect of substitutions between 

amino acids based on chemical properties were done using Grantham matrix score 

(www.mutationtaster.org/) and the effect of certain mutation on the protein structure 

was predicted using HOPE (http://www.cmbi.ru.nl/hope/) and the possible pathways 

in which the unreported variants may belong was analyzed using  KEGG pathway. 

To further validate the prediction by other database, i mutant 2.0 have been used to 

predict the changes in protein stability upon mutation from the protein sequence 

(http://folding.biofold.org/i-mutant/i-mutant2.0.html). 

4.3.4. Study of Candidate genes using whole mitochondrial sequencing 

28 diabetic DNA samples with familial diabetic history and 12 controls were 

taken for the study. 

Sequencing of mtDNA 

 

Equimolar pools of gel purified amplicons were used for the preparation of 

sequencing libraries using Nextera XT DNA library kit (Illumina). Libraries were 

pooled and sequenced in Illumina HiSeq-2500 to generate 2 x 100 bp reads. 
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Fragmented products were purified with Ampure XP (Beckman Coulter). Library 

preparation was performed using Ion Plus Fragment Library kit (Thermo Fisher 

Scientific) following the manufacturer’s protocol. The quality and quantity of the 

libraries were assessed by High Sensitivity DNA chip (Agilent) in 2100 Bioanalyzer 

(Agilent) and Picogreen dye in Qubit Fluorometer (Invitrogen). All the  mtDNA 

sequencing libraries were pooled and sequenced in Ion PGM sequencer (Thermo 

Fisher Scientific) using Ion 318TM chips (Thermo Fisher Scientific). 

Sequence Analysis 

  FASTQ files from mitochondrial amplicon sequencing data generated in 

Illumina HiSeq-2500 were analyzed using FASTQC for preliminary quality 

checking. BWAMEM (Li et al., 2009) was used to align the sequence data to the 

mitochondrial reference sequence (rCRS- revised Cambridge Reference Sequence). 

The SAM file thus produced was converted to BAM files using SAM tools (García-

Alcalde et al., 2012) and reads below mapping quality of 40 were discarded. BAM 

files were quality checked using QualiMap (Koboldt et al., 2012) to ensure sufficient 

sequence coverage along the entire mtDNA reference sequence. VarScan2 (Homer) 

was used to detect germline variants in the mtDNA. Variants with a base quality 

score (q) less than 20 were removed. Variant calls that were not supported by at least 

3% of reads or exhibited less than 10% of total reads in either direction were 

removed. Briefly, sequence reads were aligned to rCRS by TMAP (R Core 

Team,2014). mtDNA mutations in blood samples were identified by the plug–in 

variant caller. Visualization and annotation of variants were done using Integrative 

Genome Viewer (Wang et al., 2010) and ANNOVAR (Kloss-Brandstätter et al., 

2011), respectively. From the annotated data, the specificity of the mutation was 
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analyzed using the mitochondrial genome databases like MITOMAP 

(http://www.mitomap.org), mtDB (http://www.genpat.uu.se/mtDB/), mtSNP 

(http://www.mtsnp.tmig.or.jp/ mtsnp/index_e.shtml).  MITOMASTER was used to 

identify nucleotide variants relative to the rCRS, and to view species conservation 

(https://www.mitomap.org/foswiki/bin/view/MITOMASTER/WebHome). CIRCOS 

(Krzywinski, M. et al.2009) and Heatmap (https://biit.cs.ut.ee/clustvis/) were plotted 

to represent the relationship between the variants for cases and controls. The 

hydrophobic / hydrophilic natures of mitochondrial proteins were predicted by the 

SOSUI system (http://sosui.proteome.bio.tuat.ac.jp) (Guo et al., 2005). Fisher exact 

test was used to calculate the frequency of the alleles between the cases and controls. 

Odds ratios (OR) with 95% of confidence intervals (CI) were calculated to estimate 

strength of association. p values less than 0.05 were considered statistically 

significant. All statistical analyses were performed using the SPSS 20.0 version, 

(IBM corp, Armonk, NY). Potential impacts of non-synonymous substitutions on 

proteins were predicted using Pmut  (http://www.ics.uci.edu/~baldig/mutation.html) 

(Cheng et al., 2006).  

http://www.mtsnp.tmig.or.jp/%20mtsnp/index_e.shtml
https://www.mitomap.org/foswiki/bin/view/MITOMASTER/WebHome
http://sosui.proteome.bio.tuat.ac.jp/
http://www.ics.uci.edu/~baldig/mutation.html
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5. Results 

5.1. Study on the demographic factors and clinico-biochemical profiles of type 2 

diabetes patients 

From the total of 1000 participants, 500 were diabetic [Males - 261 (52.3%) and 

Females - 239 (47.7%)] and 500 were healthy control [Males - 238 (47.7%) and 

Females - 262 (52.3%)]. The potential risk factors in univariate analysis using chi-

square test were alcohol, sahdah, paan, tuibur, meat, saum, smoked meat and salt 

(Table 5.1) and these were further analyzed using multivariate analysis. The risk of 

type 2 diabetes was observed to be higher in patients who consumed Saum which is 

the fermented pork fat (Odd ratio, OR: 18.98, 95% Confidence interval, 95% CI: 

9.8182 - 36.6918). This was observed with the adjusted age of 45 years or more for 

both males and females (OR: 0.0893, 95% CI: 0.0419 - 0.5300). Other life style risk 

factors that were further analyzed includes betel leaves with areca nut chewing (OR: 

0.1006, 95% CI: 0.0537 - 0.1885), tuibur (OR: 0.1243, 95% CI: 0.0530 - 0.2918) and 

dietary habits like smoked meat (OR: 0.0703, 95% CI: 0.0412 - 0.1200). 

Consumption of salt in excess may also be a risk for Type 2 diabetes (OR: 0.2134, 

95% CI: 0.1400 - 0.3251) as described in Table 5.2.  
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Factors Univariate Analysis 

 Odd 

Ratio 
95% CI P value 

Gender 1.024 0.799 - 1.313 0.8493 

Age in years (>45 Control 

vs >45 Diabetic) 
0.0893 0.0426 - 0.1871 <0.0001 

Cigarette Smoking 0.7465 0.5940 - 0.9382 0.0122 

Alcohol Consumption 0.0117 0.0016 - 0.0844 <0.0001 

Paan Consumption 0.0571 0.0348 - 0.0939 <0.0001 

Sahdah Consumption 1.8776 1.5139 - 2.3286 <0.0001 

Tuibur Consumption 2.0130 1.3908 - 2.9137 0.0002 

Saum Consumption 2.2667 1.7115 - 3.0019 <0.0001 

Meat Consumption 0.4115 0.3344 – 0.5064 <0.0001 

Smoked Meat 

Consumption 
0.0695 0.0499 - 0.0970 <0.0001 

Salt Consumption 0.2882 0.2309 - 0.3597 <0.0001 

 

Table 5.1: Univariate analysis of dietary and lifestyle factors 

 

 Multivariate Analysis 

Factors Odd Ratio 95% CI P value 

Age in years (>45 Control 

vs >45 Diabetic) 
0.1491 0.0419 - 0.5300 0.0033 

Cigarette Smoking 1.3529 0.8268 - 2.2137 0.2289 

Alcohol Consumption 0.0573 0.0068 - 0.4793 0.0083 

Paan Consumption 0.1006 0.0537 - 0.1885 <0.0001 

Sahdah Consumption 1.0003 0.6869 - 1.4566 0.9987 

Tuibur Consumption 0.1243 0.0530 - 0.2918 <0.0001 

Saum Consumption 18.9802 9.8182 - 36.6918 <0.0001 

Meat Consumption 0.9583 0.6481 - 1.4172 0.8312 

Smoked Meat 

Consumption 
0.0703 0.0412 - 0.1200 <0.0001 

Salt Consumption 0.2134 0.1400 - 0.3251 <0.0001 

 

Table 5.2.: Multivariate analysis of dietary and lifestyle factors 
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ROC curve was plotted to find the specificity (89.18) and Sensitivity (96.20) of 

the results from the multivariate analysis, where the area under the ROC curve was 

observed to be 0.947 (95% CI = 0.932 to 0.960) and P <0.0001 which has been 

predicted to be a potential hazard score for these factors (Figure 5.1). Saum 

consumption acts as a potential risk factor after performing the cox-PH model. 

Smoked meat, excess salt, tuibur and paan consumption acts as confounding factors 

for type 2 diabetes. No correlation was found between BMI and type 2 diabetes in 

Mizo population. 

Between the male and female diabetic patients, we observed no difference in 

biochemical parameters like fasting glucose level (p=0.9813), post prandial glucose 

level (p=0.9148), cholesterol (p=0.5673) and HbA1c (p=0.0839). However, 

creatinine level (p=0.0382) was observed to be differentially regulated between male 

and female diabetes patients in Mizo population (Figure 5.2). 
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Area Under the Curve 

Test Result Variable(s) Area 

SAUM 0.947 

SMOKED MEAT 0.166 

SALT 0.318 

SAHDAH 0.412 

TUIBUR 0.396 

PAAN CONSUMPTION 0.242 

Figure 5.1: Estimated ROC curve for the significant demographic factors in 

multivariate analysis. 
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Figure 5.2: Scatter Plot showing comparison of different clinical factors (after performing unpaired t-test) between male and female 

diabetic patients. A: Fasting blood sugar, B: Post Prandial blood sugar, C: HbA1c, D: Creatinine, E: Cholesterol, F: BMI index, G: Age. 
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55.2. Evaluation of total protein, amylase and microalbumin 

Evaluation of total protein, amylase and microalbumin were performed in 200 

patients [50 cases newly diagnosed (Group I), 50 cases 1-2 years diagnosed (Group 

II), 50 cases more than 3 years (Group III) type 2 diabetes mellitus (T2DM) and 50 

healthy controls (Group IV)]. The mean age of the study group was observed to be 50 

± 5 years and the salivary pH was between 6 to 7. The result obtained from the total 

protein concentration and amylase activity from both the serum and saliva were 

compared between the groups. All the analysis was done using ANOVA. 

We observed that the mean salivary protein level was found to be lower in 

Group I (0.043±0.038), slight increase in Group II (0.058±0.048), and the level of 

protein dropped in Group III (0.022±0.022), when compared to control group IV 

(0.058±0.016) which showed a statistical significance (P < 0.0001 and F-value 10.29) 

(Table 5.3; Figure 5.3). 

 

GROUPS N MEAN SD P 
F-

VALUE 

CONTROL 50 0.058 0.016  

10.290 
I.   NEWLY DIAGNOSED 50 0.043 0.038 0.01 

II.   1-2 YEARS DIAGNOSED 50 0.058 0.048 0.01 

III. MORE THAN 3 YEARS 50 0.022 0.022 0.01 

 

Table 5.3: Comparison of type 2 diabetes mellitus and control groups in relation to 

salivary protein (mg/dl ) by ANOVA 
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Figure 5.3: Graphical representation of Type 2 diabetes mellitus and control groups in 

relation to salivary protein levels (mean± standard error) 

 

The mean serum protein level was also found to be lower in the patient diabetic 

groups, newly diagnosed (0.089±0.016), the protein level slightly rise in 1-2 years 

diagnosed (0.106±0.010), and it dropped in more than 3 years diagnosed 

(0.076±0.016) when compared to control groups (0.117±0.023) which showed a 

statistical significance with F-value of 55.857 and P < 0.0001 (Table 5.4; Figure 5.4). 

GROUPS N MEAN SD P 
F-

VALUE 

CONTROL 50 0.117 0.023  

55.857 
I.NEWLY DIAGNOSED 50 0.089 0.016 0.00 

II.1-2 YEARS DIAGNOSED 50 0.106 0.010 0.006 

III.MORE THAN 3 YEARS 50 0.076 0.016 0.000 

 

Table 5.4: Comparison of type 2 diabetes mellitus and control groups in relation to 

serum protein (mg/dl ) by ANOVA 
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Figure 5.4: Graphical representation of Type 2 diabetes mellitus and control groups in 

relation to serum protein (mean± standard error) 

 

No relevant difference was observed between Group (0.042±0.037), Group II 

(0.063±0.091), Group III (0.036±0.033) in comparison to the Group IV (0.044±0.037) 

for amylase activity in saliva. For amylase activity in serum, Group I (0.606±0.250), 

Group II (0.592±0.177), Group III (0.608±0.341) and Group IV (0.519±0.519) has no 

significant relation. 

For Urine microalbumin, healthy controls were taken as the reference where 

the mean value was observed as Group I (47.50±20.20), Group II (102.2±23.77) and 

Group III (311.45±83.53) (Table 5.5)(Figure 5.5). 

GROUPS N MEAN SD P t-VALUE 

CONTROL -NEWLY DIAGNOSED 50 47.50 20.20 0.0 16.621 

CONTROL -1-2 YEARS 50 140.02 23.77 0.0 41.643 

CONTROL -MORE THAN 3 YEARS 50 311.45 83.53 0.0 26.365 

Table 5.5: Comparison of type 2 diabetes mellitus and control groups in relation to 

microalbumin (mg/dl ) by Paired T- test 
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Figure 5.5: Graphical representation of Type 2 diabetes mellitus and control groups in 

relation to microalbumin(mean± standard error) 

 

 

5.3. Study of mutations related with candidate genes and their association with 

type 2 diabetes in Mizo Population. 

From the isolated genomic DNA, the concentration of DNA ~ 50 to 100 ng was 

taken for further study. 

 

Figure 5.6: Representative Image of Genomic DNA Isolated from Blood samples = 

DM1 to DM10 
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5.3.1. Study of candidate genes using Sanger sequencing 

Polymerase chain reactions was performed for KCNJII, PPARG, HNF1A and HNF4A 

genes (Figure 5.7) 

 
Figure 5.7 A: Amplified products of KCNJ11 gene. Product size ~ 567 bp, sample 

no.’s - DM1 to DM8 

 
Figure 5.7 B: Amplified products of HNF1A gene. Product size ~ 286 bp, sample 

no.’s - DM1 to DM8 

 
Figure 4.7 C: Amplified products of PPARG gene. Product size ~ 220 bp, sample 

no.’s - DM1 to DM8 

 
Figure 5.7 D: Amplified products of HNF4A gene. Product size ~ 235 bp, sample 

no.’s - DM1 to DM8 
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From the PCR results, 25 diabetic and 25 healthy controls were selected for 

Sanger sequencing and no variation were observed for KCNJII, PPARG and HNF4A 

genes among them. However, we observed G>C polymorphism (Figure 5.8) at 

chromosome 12:121438908 for HNF1A gene and it was found to be synonymous and 

does not have an impact on splicing. 

 

Figure 5.8: G>C polymorphism on chromosome 12:121438908 of HNF1A gene 

5.3.2. Tagman Allele discrimination Assay 

UCP3 variant rs1800849 and MACF1 rs2296172 were genotyped by using 

allele discrimination assay in 450 Type 2 diabetes cases and 437 healthy controls 

belonging to Mizo population. 

The genotype frequencies of UCP3 variant rs1800849 was found to be in 

concomitant with HWE (p-value = 0.707). The allele frequency observed for allele G 

in cases and controls was 0.88 and 0.874, respectively whereas the observed 

frequency of allele A was 0.12 in cases and 0.126 in controls.  The frequency of both 

the alleles was almost same in cases and controls (Table 5.6). The allelic OR observed 

for the variant rs1800849 of UCP3 was 0.95[0.70-1.29 at 95% CI], p-value = 0.733. 

We found no variation in the results even after adjustment for age, gender and BMI. 
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The variant rs1800849 of UCP3 did not show any significant association with 

susceptibility to Type 2 diabetes in Mizo population. 

For MACF1, the distribution of allele frequency was observed to be following 

Hardy-Weinberg’s equilibrium (p=0.218). In the population group, the risk allele (G) 

frequency was found to be significantly higher in cases (0.13) as compared to that of 

controls (0.074). The variant was observed to be associated with T2D and dominant 

mode of inheritance (GG+AG v/s AA) with p =0.001 and OR=1.8 (1.3 - 2.8) at 95% 

CI, (Table 4.6) appeared most appropriate. The PAR percentage observed was 5.82% 

(2.22 -11.33 %) at 95% CI (Table 5.7).  
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Allelic Distribution Association 

Allele Cases Controls Models OR 

[95% CI] 

p 

value 

OR* 

[95% CI] 

p 

value* 

G 0.880 0.874 Allelic 0.95 [0.7-1.29] 0.733 - - 

A 0.120 0.126 Dominant 0.9 [0.64-1.27] 0.553 0.8 

[0.6-1.20] 

0.479 

*Corrected with age, gender and BMI  

Table 5.6 : Allelic frequency distribution and risk associated with the UCP3 variation in Mizo population. 

 

*Corrected with age, gender and BMI 

 

Table 5.7: Allelic frequency distribution and risk associated with the MACF1 variation in Mizoram population.

Gene/ 

SNP 

Cases 

(n= 450) 

Controls  

(n= 437) 
HWE  

Allelic 

OR 

 

p 

valu

e 

 

Dominant 

OR* 

 

p 

value

* 
A=0.87 A=0.926 Cases Controls 

Total 

population 

MACF1/ 

rs2296172 
G=0.13 G=0.074 0.272 0.98 0.218 

1.87 

[1.31- 2.66] 
0.002 1.8 [1.3 - 2.8] 0.001 
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5.3.3. Agena Mass Array 

A total of 768 participants, 384 with type 2 diabetes and 384 healthy controls 

were assessed in the study. The Mizo ethnic tribe was genotyped for 12 gene variants: 

LRRC31 (rs16847897), HLA-G (rs1063320), VEGFA (rs2010963, rs3025020), 

CD2AP (rs9369717, rs9349417), ELMO1 (rs741301, rs1882080), TERF1 

(rs6982126), TCF7L2 (rs290475), FTO (rs9939609) and ND3 (rs2853826). Quality 

control analysis was done for the 12 variants and out of which seven (07) variants was 

found to pass the QC analyses and in concordance with HWE and undergo further 

analysis for their association with type 2 diabetes. Among the 7 variants, 6 variants 

were found to be significantly associated with T2D. We also compared some clinical 

characteristics of genotypes for each variant and some variants shows effect on the 

clinical characteristics associated with T2D (Table 5.8). 

GENE  SNP ID  POSITION  OR  P  HWE  EA  OA  

LRRC31  rs16847897 169850328  1.286  0.051  0.051  C  G  

HLA-G  rs1063320 29830972  1.254  0.260  0.434  C  G  

VEGFA  rs2010963 43770613  2.673  0.00  0.298  C  G  

VEGFA  rs3025020 43781373  0.221  0.00  0.685  T  C  

CD2AP  rs9369717 47586732  0.808  0.303  0.050  G  T  

CD2AP  rs9349417 47612921  0.743  0.097  0.479  G  A  

ELMO1  rs741301 36878390  0.339  0.00  0.082  C  T 

ELMO1 rs1882080 36916236  0.605  0.00  0.122  A  G 

TERF1 rs6982126 73027388  1.701  0.113  0.26  T  C 

TCF7L2 rs290475 113114260  1.501  0.027  0.596  C  T 

FTO rs9939609 53786615  0.756  0.134  0.314  A  T 

EA: Effected Allele, OA: Other Allele  

Red denotes highly associated while yellow denotes less likely associated and black 

denotes not associated 

Table 5.8: Plink data showing associated genes  
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5.3.4. Whole Exome sequencing 

From the annotated variants of 4 diabetic and 6 controls, the variants were filtered and 

observed based on- 

a) Prediction software results 

Based on the prediction software’s, only disease causing/pathogenic variants were 

given the most priority where seven (07) similar variants were found in all the 

diabetic samples; however the variants were already reported in the database (Table 

5.9). The variants like 328G>C (KRT18), 997G>T (CYP4A11), 2368T>C (SLC4A3), 

508G>A (SLC26A5), 1659C>T (KCNS1) and 650C>A (ABCD1) variants were not 

reported in the database. From the prediction scores of Mutation Taster and Polyphen 

2, the unreported variants were found to be pathogenic with a score range ≥ 0.99. 

From the Grantham matrix score, two variants 328G>C (KRT18) and 2368T>C 

(SLC4A3) were found to have conservative replacement with a score range between 

0-50 while the variants like 508G>A (SLC26A5), 1659C>T (KCNS1) and 650C>A 

(ABCD1) were found to be moderately conservative with a score range between 51-

100. The variant 997G>T (CYP4A11) undergoes radical substitution with a score 

range >100. 

Chr 

no 

positio

n 

Ref 

allele 
Alt allele Gene Amino acid change 

7 G146T G T PRSS1 G49V 

7 T158A T A PRSS1 I53N 

15 G140A C T CHRFAM7A R47H 

9 T172C A G AQP7 Y58H 

9 C501G C G CACNA1B N167K 

17 G415A G A KCNJ12;KCNJ18 E139K 

7 G194A C T PSPH R65H 

 

Table 5.9: Non-synonymous variants observed in all the diabetic samples 
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16 missense variants were found out of which 10 variants were previously reported 

(Table 5.10) and 6 variants were not reported (Table 5.11) (Figure 5.9). From the 

prediction scores of Mutation Taster and Polyphen 2, the unreported variants were 

found to be pathogenic with a score range ≥ 0.99. From the Grantham matrix score, 

two variants 328G>C (KRT18) and 2368T>C (SLC4A3) were found to have 

conservative replacement with a score range between 0-50 while the variants like 

508G>A (SLC26A5), 1659C>T (KCNS1) and 650C>A (ABCD1) were found to be 

moderately conservative with a score range between 51-100. The variant 997G>T 

(CYP4A11) undergoes radical substitution with a score range >100. 

 

 

Chr 

no 
position 

Ref 

allele 

Alt 

allele 

DNA 

Change 
Gene 

Amino 

acid 

change 

Exonic 

Functon 

2 215845346 G A G2089A ABCA12 G697S 

Missense 

4 113462397 G C C5452G ZGRF1 Q1818E 
5 43659300 G A G2089A NNT G697S 

6 49425591 T C A566G MUT N189S 

7 56087374 C T G194A PSPH R65H 

7 142460339 G A G512A PRSS1 C171Y 
8 104412688 T C A899G SLC25A32 Y300C 
9 33796746 G T G125T PRSS3 G42V 
17 48755303 C T C3577T ABCC3 R1193W 
22 18609481 G A G538A TUBA8 G180R 
Table 5.10: Missense variants previously reported in the Databases 
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Table 5.11: Novel Variants not reported in the Databases 

                                  * Indicates homozygous mutation.       DDG= DDG: DG (NewProtein)-DG(WildType) in Kcal/mol  

Gene Mutation 

Amino 

Acid 

Change 

Mutation 

Taster/ 

Polyphen2 / 

Grantham 

Matrix score 

Effect of the Mutations by 

HOPE 

Reliability 

Index 

(RI) / 

DDG 

Stability of protein 

KRT18 328G>C A92P 

Disease 

causing/ 

0.992/27 

Amino acid with different 

property 7.0 /7.0 

Increase 

CYP4A11 997G>T G322V 

Disease 

causing/ 

0.999/109 

Mutant residue is bigger than 

the wild-type residue. 1/-1.34 

Decrease 

SLC4A3 2368T>C F726L 

Disease 

causing 

/1/22 

Mutant residue is smaller than 

the wild-type residue 3 /-1.00 

Decrease 

SLC26A5 508G>A G91E 

Disease 

causing/ 

0.999/98 

Residue charge changes from 

Neutral to negative. 6/0.70 

Increase 

KCNS1 1659C>T T421I 

Disease 

causing/ 

0.998/89 

Residue located on the surface 

of the protein disturbs the 

interactions with other 

molecules 

1/7.0 

Increase 

ABCD1 650C>A* P84H 

Disease 

causing/ 

1/77 

Hydrophobic interactions will 

be lost. 7 /7.0 

Decrease 
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Figure 5.9: 3-D structure of the mutation in samples. Both the wild-type and 

mutant side chain are shown in green and red, respectively. The rest of the protein are 

shown in grey. No 3-D structures were available for SLC26A5 and ABCD1 gene due 

to a lack of structural information 

A= mutation of a Alanine into Proline at position92 for KRT18 gene 

B= mutation of a Glycine into Valine at position322 for CYP4A11 gene 

C= mutation of a Phenylalanine into Leucine at position726 for SLC4A3 gene. 

D= mutation of a Threonine into Isoleucine at position421 for KCNS1 gene. 

 

Gene 
Pathway involved 

(KEGG pathway) 

Reported Phenotype of the genes by 

Genecards 

KRT18 Estrogen signaling cleft palate, cleft lip 

CYP4A11 Fatty acid degradation blood and serum metabolite measurement 

SLC4A3 - 
cardiovascular, respiratory, vision, aging 

metabolism, nervous  system, behavior,  

SLC26A5 - Deafness, Neurosensory, Autosomal recessive 

KCNS1 - 
Mean platelet volume, schizophrenia, 

well-being measurement, bipolar disorder 

ABCD1 Peroxisome 
rheumatoid arthritis,  celiac disease, mental or 

behavioral disorder 

Table 5.12: Pathways and phenotype of the genes having variants which were not 

reported for Diabetes 

 

B A 

C 

D 
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b) Analysis based on panel genes 

Based on the result of the analysis using 582 diabetic genes were taken from GWAS 

catalogue. We observed that- 

1. Four (4) variations were found to be pathogenic using the prediction scores  

Chrm 

no 
position 

Ref 

allele 

Alt 

allele 
gene AA change Exonic function 

4 42509101 G A ATP8A1 C2018T 
Non-synonymous  

 

9 94486693 C T ROR2 G695R 

19 33878977 C T PEPD G971A 

19 33878977 C T PEPD G1040A 

Table 5.13: Reported pathogenic variants based on GWAS panel 

 

According to mutation taster prediction, a total of 2937 variations were not reported 

and predicted to be polymorphisms.202 variations were found to be disease causing 

and among the disease causing variations [8 were found in the exonic region (Table 

5.14; Table 5.15, Figure 5.10) and 142 in the intronic region. 

From the Mutation taster and Polyphen2 score, the variants like 821A>T 

(YTHDC2), 931G>T (PINX1), 1579C>T (KCNQ1), 3280C>A (TNRC6A), 

48C>A(TACO1), 6035A>T(LAMA1), 805C>A(ACP7) and 806A>G(ACP7) were 

observed to have a damaging effect with scores ≥ 0.99. The Grantham matrix score 

shows that the variants 821A>T (YTHDC2), 1579C>T (KCNQ1), 3280C>A 

(TNRC6A), 48C>A (TACO1) and 806A>G (ACP7) have a score between 0-50 and 

the replacement has been found to be conservative. The replacement from the variant 

805C>A (ACP7) has been observed to be moderately conservative (score range 51-

100) while the variants like 931G>T (PINX1) and 6035A>T (LAMA1) have radical 

substitution or replacement with a score range 101-150 and ≥150. 
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Gene Mutation 

Amino 

Acid 

Change 

Mutation 

Taster/Polyphen2 

/Grantham Matrix 

score 

Effect of the Mutations by 

HOPE 

Reliability 

Index (RI)/ 

DDG 

Stability of 

protein 

YTHDC2 821A>T Y274F 
Disease causing/ 

0.999/ 22 

Mutation causes an empty space 

in the core of the protein. 
5/-0.35 Decrease 

PINX1 931G>T D311Y 
Disease causing/ 

0.999/ 160 

Residue charge changes from 

negative to Neutral 
3/-1.45 Decrease 

KCNQ1 1579C>T K527L 
Disease causing/ 1/ 

22 

Mutant residue is smaller and 

might lead to loss of 

interactions. 

7.0 /8 Increase 

TNRC6A 3280C>A P1094T 
Disease causing/ 1/ 

38 

Wild-type residue is more 

hydrophobic than the mutant 

residue. 

8/ -2.23 Decrease 

TACO1 48C>A C16Y 
Disease causing/ 1/ 

6 

Mutant residue is bigger, this 

might lead to bumps 
4 /-0.93 Decrease 

LAMA1 6035A>T K2012I 
Disease causing/ 

0.992/ 102 

Mutant residue is more 

hydrophobic than the wild-type 

residue 

1/0.30 Decrease 

ACP7 805C>A Q269K 
Disease causing/ 

0.999/ 53 

Mutation introduces a charge at 

this position, this can cause 

repulsion between the mutant 

residue and neighboring 

residues. 

4/-0.78 Decrease 

ACP7 806A>G Q269R 
Disease causing/ 

1/43 

Mutant residue is bigger than 

the wild-type residue. 
1/0.04 Increase 

Table 5.14: Unreported pathogenic variants based on GWAS panel with HOPE prediction DDG= DDG: DG (NewProtein)-

DG(WildType) in Kcal/mol  



                                                                                                                                                Results 

 

66 
 

 

 

Fig 5.10:3-D structure of the mutation in samples. Both the wild-type and 

mutant side chain are shown in green and red, respectively. The rest of the 

protein is shown in grey. No 3-D structures were available for 

PINX1,TRNC6A,TACO1 and LAMA1 gene due to a lack of structural 

information. 

A=mutation of a Tyrosine into a Phenylalanine at position 274 for YTHDC2 

gene. 

B=mutation of a Lysine into a Leucine at position 527 for KCNQ1 gene 

C=mutation of a Glutamine into a Lysine at position 269 for ACP7 gene. 

 D=mutation of a Glutamine into a Arginine at position 269 for ACP7 gene. 

 

 

 

B A 

C D 
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Gene Pathway involved 

(KEGG pathway) 

Reported Phenotype of the genes by Gene 

cards 

YTHDC2 - 
fetal hemoglobin measurement, sickle cell 

anemia 

PINX1 - 

systolic blood pressure, alcohol drinking, 

pulse pressure, smoking status 

measurement 

KCNQ1 Pancreatic secretion 
type 2 diabetes mellitus,A1C measurement, 

BMI, glucose measurement 

TNRC6A - 
intelligence, systolic bp, pulse pressure, 

alzheimers disease 

TACO1 - cardiovascular, vision, aging 

LAMA1 Pathways in cancer 
type 2diabetes, cardiac arrest, Alzheimer, 

smoking behavior, lung cancer 

ACP7 - type 2 diabetes, intelligence 

ACP7 - type 2 diabetes, intelligence 

 

Table 5.15: Pathways and phenotype of the genes having variants which 

were reported 

Among 202 intronic variations 9 InDel’s were found in in the exonic region (Table 

5.16) and 37 InDel’s in the intronic region (Table 5.17).
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Chr 

no 
position 

Ref 

allele 

Alt 

allele 
DNA Change 

Fuctional 

ref.gene 
gene Amino acid change Exonic function 

1 39907835 T - c.18902_18902delT 

exonic 

 

 

MACF1 Y6302Tfs*16 

frameshift deletion 

 

7 127236017 C - c.399_399delC FSCN3 L134Sfs*24 

8 96047753 - A c.369_370insA NDUFAF6 I124Nfs*4 

13 24804890 G - c.96_96delG FREM2 L33Cfs*9 

16 24804890 G - c.3272_3272delG TNRC6A E1093Nfs*22 

17 6945683 C - c.818_818delG SLC16A11 G273Afs*46 

17 1840111 G - c.1005_1005delC RTN4RL1 

original stopcodon lost, 

results in prolonged 

protein 

19 19613321 
C - c.1760_1760delC GATAD2A T587Sfs*35 

 

Table 5.16: InDel’s observed in the exonic region and not reported for any disease so far. 
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Chr 

no 
position Ref allele 

Alt 

allele 
DNA Change Fuctional ref.gene gene 

1 51412439 TA - g.13496_13497delTA 

intronic 

 

 

FAF1 

1 176877269 ACACACAC - g.256834_256841delGTGTGTGT ASTN1 

1 44723785 C - g.97148_97148delG ERI3 

1 241161830 AGC - g.358699_358701delGCT RGS7 

1 44803699 A - g.17234_17234delT ERI3 

2 236476608 T - g.73876_73876delT AGAP1 

2 43586926 T - g.236260_236260delA THADA 

3 71117276 AT - 
g.515864_515865delAT FOXP1 

3 71154567 A - g.478574_478574delT FOXP1 

3 65506999 A - g.517511_517511delT MAGI1 

3 173518044 TTT - g.403971_403973delTTT NLGN1 

4 164910439 GAGA - g.394761_394764delTCTC MARCH1 

5 101594456 ACAC - g.37795_37798delGTGT SLCO4C1 
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Cont. 

Chr 

no 
position Ref allele Alt allele DNA Change Fuctional ref.gene gene 

5 53297642 G - g.308771_308771delC 

intronic 

 

 

ARL15 

5 155871968 A - g.574615_574615delA SGCD 

7 77786455 T - g.1296436_1296436delA MAGI2 

7 151329234 GGA - g.244977_244979delTCC PRKAG2 

7 157636341 C - g.744140_744140delG PTPRN2 

7 103527039 TTT - g.403971_403973delTTT NLGN1 

7 173518044 GAGA - g.394761_394764delTCTC THADA 

7 103527039 A - g.102925_102925delT 
RELN 

7 18631101 TG - g.504530_504531delTG 
HDAC9 

7 103367644 T - g.262320_262320delA 
RELN 

7 43410270 A - g.258073_258073delA 
HECW1 

8 105601192 - CGCCGACGCCGC 
cDNA.60_61insGCGGCGTCGGCG 

g.225_226insGCGGCGTCGGCG 
LRP12 

8 103527039 A - g.102925_102925delT 
RELN 

Cont… 
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Chr 

no 
position Ref allele Alt allele DNA Change Fuctional ref.gene gene 

8 96047112 TT - g.139118_139119delTT 

intronic 

 

 

NDUFAF6 

8 10075237 TC - g.163460_163461delTC MSRA 

9 8674754 A - g.1937970_1937970delT PTPRD 

9 27997355 A - g.672930_672930delA LINGO2 

9 3977392 A - g.371001_371001delT GLIS3 

9 9005680 A - g.1607044_1607044delT PTPRD 

10 121044221 G - g.77121_77121delG GRK5 

10 101969849 TTT - g.19526_19528delAAA CHUK 

11 72424215 C - g.80430_80430delG ARAP1 

11 128649161 T - g.94116_94116delT FLI1 

16 69602278 TGTA - g.3282_3285delTGTA NFAT5 

16 24741079 G - 
cDNA.64_64delG 

g.64_64delG 
TNRC6A 

16 53778232 T - g.40358_40358delT FTO 

Table 5.17:InDels observed in intronic region and has not been reported in the database.  



                                                                                                                                                Results 

 

72 
 

From the results of unreported pathogenic variants from both the prediction 

software’s as well as the panel genes, HOPE prediction software reports that the 

mutations have an effect on the protein structures. On further prediction of the protein 

stability using i mutant 2.0, the result reports that the change in the amino acid of the 

genes like CYP4A11 (G322V), SLC4A3 (F726L), ABCD1(650C>A), YTHDC2 

(Y274F), PINX1 (D311Y), TNRC6A (P1094T), TACO1 (C16Y), LAMA1 (K2012I) 

and ACP7 (Q269K) decreases the stability of the protein with DDG value <0. The list 

of novel genes identified in our study and reported as possible prognostic or 

diagnostic markers for various diseases are given in Table 5.18. 

Gene Prognostic Marker Diagnostic marker 

KRT18 

Gastrointestinal carcinomas, 

Cancers of Breast, Prostrate, 

Cervical and Liver 

- 

CYP4A11 Hepatocellular carcinoma Coronary artery disease 

SLC4A3 Breast cancer - 

KCNS1 
Pain risk in human Multiple chronic pain 

states 

ABCD1 
X-linked 

adrenoleukodystrophy 

X-linked 

adrenoleukodystrophy 

YTHDC2 Colorectal cancer colorectal cancer 

PINX1 Breast cancer - 

KCNQ1 
Hepatocellular carcinoma, 

colon and ovarian 

Jervell and Lange-Nielsen 

syndrome 

TNRC6A 

Human clear cell renal cell 

carcinoma, gastric and 

colorectal cancers 

- 

TACO1 
Pancreatic cancer, leigh 

syndrome 
- 

LAMA1 - 
cerebellar malformations, 

Joubert syndrome 

Table 5.18: List of genes from our study previously reported as possible 

prognostic or diagnostic markers 
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5.3.5. Whole mitochondrial sequencing 

From the 28 diabetic DNA samples and 12 controls that were taken for 

sequencing and analysis. It has been observed that 

1. Ten (10) common variants were found both in cases and controls out of which 2 

variants were previously reported for diabetes (Table 5.19). 

cDNA 

change 

Ref 

allele 

Alt 

allele 
gene 

Aa 

change 

GB 

Freq 

(%) 

Conservation 

(%) 
Information 

A334G A G ATP6 T112A 98.64% 71.11% Reported 

A340G A G ND3 T114A 33.91% 42.22% 

Not reported 
C20T C T CYTB T7I 76.96 48.89 

A580G A G CYTB T194A 98.68 17.78 

A175G A G ATP6 T59A 33.99 42.12 

G1372A G A ND5 A458T 7.17 33.33 Reported 

G991A G A ND2 A331T 0.09 17.78 

Not reported 
T140C T C ND4L M47T 0.00 37.78 

G70A G A ND5 V24I 2.62 6.67 

G1592C G C ND5 S531T 4.84 11.11 

 

Table 5.19: Common variants of Cases and Control with MITOMASTER Scores 

GB frequency= Giordano Bruno frequency 

 

2. Eighteen (18) case specific variants were observed out of which 3 variants 

were previously reported for diabetes (Table 5.20). 
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cDNA 

change 

Ref 

allele 

Alt 

allele 
gene 

Aa 

change 

GB 

Freq 

(%) 

Conservation 

(%) 
Information 

A364G A G ND2 T122A 0.93 17.78 Reported 

T926C T C ND1 I309T 1.68 80 Not reported 

G22A G A ND2 V8I 1.82 4.44 Reported 

G271A G A COX3 V91I 0.00 91.11 Not reported 

C709A C A ND2 L237M 4.78 22.22        Reported 

C49T C T ATP8 L17F 3.98 31.11 

Not reported 

A817G A G ND5 I273V 0.04 51.11 
G1138A G A CYTB A380T 0.03 4.44 

G58A G A ATP6 A20T 5.21 17.70 
T1774C T C ND5 F592L 0.96 11.11 
A355G A G ND2 T119A 2.94 82.22 
A133G A G ATP6 T45A 0.22 17.78 
C268T C T ATP6 H90Y 2.83 73.33 
G184A G A ND4L A62T 0.00 2.22 
A769G A G ND5 I257V 7.60 44.44 
A787G A G ND1 T263A 0.31 71.11 
A717T A T ND2 W239C 0.08 17.78 
Table 5.20: Sample specific variants with MITOMASTER scores 

 

For the variations present commonly between the cases and controls, the 

replacement were mostly found in the hydrophobic regions of the mitochondrial 

proteins (90% of the variant) with hydrophobicity scale ranging from 0.37 to 1.26. For 

synonymous variants, the replacements were mostly found in the hydrophobic regions 

(60%) and hydrophilic regions (40%) of the mitochondrial proteins. 

The ratio of Non-synonymous to Synonymous mutations (NS/S) in common 

variants and case specific are 10:18 and 9:4. The variants observed in the diabetic 



                                                                                                                                                Results 

 

75 
 

cases only belonged to mitochondrial complex I, IV and V while the variants common 

in both the cases belonged to complex I, III, IV and V. In majority, the non-

synonymous substitutions in case specific as well as common groups decreased the 

stability of the protein function (Table 5.21). The dN/dS ratio of germ line mutations 

were found to be greater than 1 for complexes I and IV (15.87 and 3.76) which 

indicates a positive selection while that of complexes III and IV (0.264 and 0.686) 

were found to be stabilizing the selection for non-synonymous germline mutations in 

mtDNA in diabetic-healthy individuals. 

 

 

 

 

Figure 5.11: Circos plot and heatmap representing Common variants of Cases 

and Control 
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Diabetic specific variants 

Substitution Protein change Δ Δ G 
Effect on 

protein 

8584G>A ATP6:A20T -1.835  

Decrease 

stability 

8659A>G ATP6:T45A -0.846 

8794C>T  ATP6:H90Y -0.036 

8414C>T  ATP8:L17F -1.468 

4232T>C  ND1:I309T -1.998 

4093A>G NDI:T263A -0.527 

4833A>G ND2:T122A -0.545 

4491G>A ND2:V8I 0.209 
Increase 

stability 

5178C>A ND2:L237M -0.902 

Decrease 

stability 

4824A>G ND2:T119A -0.399 

5186A>T ND2:W239C -0.841 

10653G>A ND4L:A62T -1.187 

13153A>G ND5:I273V -0.948 

14110T>C ND5:F592L -1.304 

13105A>G ND5:I257V -0.660 

9477G>A COX3:V91I -0.680 

15884G>A CYTB:A380T -1.012 
Common variants 

A8860G ATP6:T112A -0.398 

Decrease 

stability 
 

A8701G ATP6:T59A -0.785 

G5460A ND2:A331T -1.247 

A10398G ND3:T114A -0.928 

T10609C ND4L:M47T -1.276 

G13708A ND5:A458T -0.948 

G12406A ND5:V25I -0.192 

G13928C ND5:S531T -0.693 

C14766T CYTB:T7I -0.146 

A15326G CYTB:T194A -0.427 

 

Table 5.21: Potential impact of non-synonymous case specific as well as common 

variants as predicted by Pmut. 
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Figure 5.12: Circos plot and heat map representing Case specific variants 

 

 

 

The mitochondrial D-Loop region was analyzed where ten (10) common 

variants for both cases and controls were found in upstream of HV-1 and HV-2         

(Table 4.20).  For both the groups (case specific and common), the variation has been 

mostly observed in tRNA-Phe region of mtDNA. The variation has also been 

observed in other regions like 12S rRNA, 16S rRNA, tRNA-Ala, tRNA-Asp and 

tRNA- Thr. 
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Gene position ref alt information 

RNR1 
73 A G 

reported, not for diabetes 152 T C 

247 G -A 

CYTB 
263 A G reported  for diabetes 

 

302 A AC reported,  not for diabetes 

16189 T C 
reported  for diabetes 

16223 C T 

16304 T C 

reported ,not for diabetes 16311 T C 

16362 T C 

Table 5.22: Common variants of Cases and Control in D-LOOP 

Eighteen (18) sample specific variants were found in upstream of HV-1 and HV-2  

Gene position ref alt information 

RNR1 

 

56 A AC 

reported, not for diabetes 

 

57 T C 

94 G -A 

143 G A 

146 T C 

151 C T 

173 T C 

183 A G 

195 T C 

200 A G 

204 T C reported  for diabetes 

207 G A 
reported, not for diabetes 

 
234 A G 

235 A G 

CYTB 

16093 T C reported  for diabetes 

16136 T C 
reported, not for diabetes 

 
16319 G A 

16381 T C 

Table 5.23:Sample specific variants in D-LOOP 
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6. Discussion 

The objective of this study focuses on the role of demographic factors, 

biochemical profiles as well as genetic factors which may contribute to the onset of 

diabetes in Mizo population. Although the prevalence of T2D relates with family 

history of diabetes, obesity as well as age dependent, there are also involvement of 

certain genetic factors contributing from different parts of the genome (Karen et al., 

2003). Firstly from the study, the unique lifestyle and dietary habits of Mizo 

population leads to the attribution towards the prevalence of type 2 diabetes in 

Mizoram. The risk of type 2 diabetes was observed to be higher in patients 

consuming an animal fat product prepared semi-dry in bottle gourd (Lagenaria 

siceraria) known as ‘Saum’ which is also a derivative of pork fat. Although it 

exhibits distinct astringency it has no significant organoleptic qualities. Saum is one 

of the traditional foods for the local people although it exemplifies adverse health 

characteristics due to the presence of high saturated fat/cholesterol content (Hooper 

et al., 2001; Surajit et al., 2018).  

Smoked meat and excess salt consumption may act as secondary risk factor 

for type 2 diabetes in Mizoram. The  people of Mizoram  still practice a variety of 

food processing habits that were passed on from their fore-fathers where only the 

smoke and the heat directly affects the meat (generally not barbecued) in the 

traditional smoking process. High-heat cooking many produce harmful chemicals 

such as polycyclic aromatic hydrocarbons, heterocyclic aromatic amines, and 

nitrosamines (from nitrates and nitrites added to meats as a preservative) which may 

lead to an inflammatory response, interfere with the normal production of insulin. 

High salt or excess salt intake may lead to insulin resistivity which in turn may lead 
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to hyperglycemia. Betel nut chewing and tuibur consumption also contribute to the 

risk of developing type 2 diabetes. Studies shows that betel nut chewers may develop 

type 2 diabetes at an early stage which may peaked later in life around the age of 60-

69 years (Chin et al., 2010).  

Tuibur is a tobacco infused water and since tobacco is known to be linked 

with many diseases and nicotine’s ability to affect certain antioxidant enzymes like 

lipid peroxidase, superoxide dismutase, etc., may in turn contribute to the 

development of type 2 diabetes (Cooper et al., 2006). In the present study, tuibur acts 

a confounding factor for type 2 diabetes development. Studies from different 

population reported that smoking has an impact in T2DM development (Cooper et 

al., 2006), as chronic smokers have a higher risk of insulin resistivity (Xie et 

al.,2009; Facchini et al., 1992; Carlsson et al.,2004; Eliasson et al.,2003). However in 

our study, we observed no significant relationship between smoking and T2DM in 

this population. The levels of Creatinine may also play a crucial role in depicting the 

risk for type 2 diabetes as the fluctuation in the level can arise due to cigarette 

smoking, individuals with larger body weight and height, male gender and 

individuals with older age, which in turn may have a regulatory effect with glucose 

uptake, thus leading to insulin resistance (Bamanika et al.,2016; Takeuchi et 

al.,2018). 

            Secondly, for the study involving saliva and serum, the diabetic participants 

were classified into three groups ie., newly diagnosed (diabetic drug naïve),1-2 years 

diagnosed and more than three years diagnosed. This classification is done with the 

assumption of whether the prescribed diabetic drug have any effect on the protein 

and amylase levels in the saliva as well as serum along with the duration of diabetes. 
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For both the saliva and serum, a fluctuation in the total protein concentration levels 

was observed in the present study. In general, it has been reported that the variation 

in protein concentration can occur due to any of following three changes:- in the rate 

of their anabolism, rate of their catabolism, and in the volume of distribution 

(Marshall et al.,2004). Each protein is known to have a distinctive half-life when it is 

circulated and in certain diseases, in this case like type 2 diabetes mellitus, the half-

life of the protein is known to be altered (Murry et al., 2012). This matter can be 

added to the observed fluctuation in protein concentration. The slight increase in 

protein concentration for patients with 1 to 2 years diagnosed can be explained that 

due to medications consumed by diabetes patients, pharmacokinetics of the 

metabolic pathways involved in protein metabolism might be controlled (Reinke et 

al.,1987; Watkins et al.,1988) . However, since type 2 diabetes mellitus can influence 

the plasma protein-binding of some drugs, which may be through glycosylation or 

displacement of proteins (Gwilt et al.,1991). This may explain the decrease in protein 

concentration when the patient is diagnosed for more than 3 years. It has also been 

observed that the levels of microalbumin increases with the increase in duration of 

diabetes. Several studies have reported that the prevalence of microalbuminuria can 

reflect the major chances of ethnic population groups and their susceptibility to 

diabetic nephropathy (Vijay et al.,1993; Parving et al., 2001). 

     Thirdly, the study involving candidate genes was done using Sanger sequencing 

of certain genes like KCNJ11, PPARG, HNF1A and HNF4A. No variations was 

observed in the KCNJ11, PPARG and HNF4A genes which may be due to the 

contribution of ethnicity in the disease development (Abate et al., 2003). 

Synonymous polymorphism has been observed on chromosome 12 of HNF1A gene 
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for all the 25 cases and healthy controls. This can be explained that before the onset 

of type 2 diabetes individuals with HNF1A mutations has dysfunction in the 

pancreas and patients as well as healthy individuals with HNF1A mutant carriers 

may have glycosuria (Stride et al., 2005). 

In the second approach, genotyping of UCP3 variant rs1800849 and MACF1 

gene variant rs2296172 was carried out for 450 type 2 diabetes cases and 437 healthy 

controls. The UCP3 gene has been reported to have protective role against insulin 

resistance (Krook et al., 1998). The variant was first reported to be associated with 

Type 2 diabetes in French population (Meirhaeghe et al., 2000). The variant has been 

reported to have strong association with type 2 diabetes (Xu et al., 2011; de Souza et 

al.,2013). This replication study has been performed in order to find out the 

association of UCP3 gene variant rs1800849 (G>A) and we found no significant 

association of the variant with T2D in the Mizo population in contrast to earlier study 

in another population group of India (Radha et al. 2011). However, these findings are 

in agreement with the genetic association studies in European and Danish population 

where no significant association of the variantrs1800849 of UCP3 with T2D was 

observed (de Souza et al., 2013; Dalgaard et al., 2001). In the same manner, MACF1 

gene variant rs2296172 has been replicated and has been observed that the variant 

may act as a risk variant in the development of type 2 diabetes. In European 

population (Albrechtsen et al., 2013), the G allele frequency in individuals with type 

2 diabetes was 0.23 whereas, in an earlier study from India in Bania population from 

Punjab (Sharma et al., 2017) it was 0. 17. Further, in the present population the G 

allele frequency was observed to be 0.13 in T2D cases. This could be attributed to 
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genetic heterogeneity and presence of variant and gradient of risk allele frequency in 

Indian populations (Sharma et al., 2017). 

In the third approach, Agena mass array was carried out for 384 type 2 

diabetes cases and 384 healthy controls and 12 gene variants were genotyped. QC 

analyses and HWE has been carried out for which 6 variants were found to be 

significantly associated with T2D (OR=0.221-2.673, p value ≤ 0.0). The associated 

variants are discussed as follows: 

 

rs2010963 and rs3025020 variants of VEGFA 

The variant rs2010963 is located at 5’ UTR and rs3025020 located at intronic 

position ofchromosome 6 of the vascular endothelial growth factor A (VEGFA) gene. 

The allele frequency distribution of the variants rs2010963 and rs3025020 in the 

population followed the HWE 0.298 and 0.685, respectively. It has been observed 

that the variant rs2010963 variant rs3025020 (T/C) were observed to be significantly 

associated with T2D. The observed OR for the variant rs2010963 and rs3025020 was 

2.3 and 0.147, respectively and p-value 0.0 after correction for age, gender and BMI  

rs741301 and rs1882080 variants of ELMO1 

The variant rs741301and rs1882080 are located at the intronic position of 

chromosome 7 of the Engulfment and Cell Motility 1 (ELMO1) gene. The allele 

frequency distribution of the variants rs741301 and rs1882080 of ELMO1 in the 

population followed the HWE 0.082 and 0.122, respectively. The variant 

rs741301(C/T) and the variant rs1882080 (A/G) were observed to be significantly 

associated with T2D. The observed OR for the variants rs741301 and rs1882080 of 
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ELMO1 in Mizo Population was 0.24 and 0.5, respectively with p-values 0.3 and 

0.01, respectively after correction for age, gender and BMI. 

rs9369717 variant of CD2AP 

The variant rs9369717 is located at the intronic position of chromosome 6 of CD2 

associated Protein (CD2AP) gene. The allele frequency distribution of the variant 

rs9369717 of CD2AP in the population followed the HWE 0.06. We observed that 

the variant rs9369717 (T/G) was observed to be significantly associated with T2D. 

The observed OR for the variants rs9369717 of CD2AP in Mizo Population was 0.56 

and p value 0.02 after correction for age, gender and BMI.  

 

rs9939609 variant of FTO 

The variant rs9939609 is located at the intronic position of chromosome 16 

ofFat mass and obesity-associated protein also known as alpha-ketoglutarate-

dependent dioxygenase (FTO)gene. The allele frequency distribution of the variant 

rs9939609 of FTO in the population followed the HWE 0.384. The variant 

rs9939609 of FTO was observed to be significantly associated with T2D. The 

observed OR for the variant rs9939609 of FTO in Mizo Population was 0.49 and p 

value 0.004 after correction for age, gender and BMI. 

From whole exome sequencing, it was observed that several variants have 

been found to be pathogenic like the gene variants from KRT18, CP4A11,  SLC4A3, 

SLC26A5, KCNS1 and ABCD1 and certain change in their protein structure has 

been predicted. Though these variations in these genes have not been reported for a 

particular disease, even type 2 diabetes, it has been predicted that due to the 

unwanted mutation in the amino acid sequence the proteins are not able to achieve 
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the native state and may in turn lead to a disease (Berke et al., 2003). From 582 

reported diabetic genes taken from the GWAS catalogue, 202 variations were found 

to be disease causing and among the disease causing variations, 142 were found in 

the intronic region and 8 in the exonic region. Several new gene variants have also 

been observed for the Mizo population like YTHDC2, PINX1, KCNQ1, TNRC6A, 

TACO1, LAMA1 and ACP7. These variants were observed in all the diabetic 

samples. 

In Mizo population, (A/T) change has been observed at position 274 which 

causes an amino acid change Tyrosine (Y) to Phenylalanine (F) for YTHDC2. The 

mutation is located within a domain of Helicase ATP-binding and introduces an 

amino acid with different properties, which can disturb this domain and abolish its 

function. The function of the genes includes nucleic acid binding and helicase 

activity. Variations in PINXI gene has been found to be associated with type 2 

diabetes in Swiss German Amish community (Wessel et al., 2018). Alteration in 

PINX gene can lead to differences in the lipid profile of an individual (Zhang et 

al.,2017) and abnormalities in the lipid levels can lead to insulin resistance (Krauss et 

al.,2004) which may further lead to type 2 diabetes. In this study, (G/T) change has 

been observed at position 311 and the amino acid changes from Aspartate (D) to 

Tyrosine (Y). The mutation is located within a stretch of residues on the Telomerase 

inhibitory domain and the wild-type residue charge was negative while the mutant 

residue charge is neutral. Potassium voltage-gated channel subfamily Q member 1 or 

KCNQ1 has been reported as a susceptibility gene for type 2 diabetes in Japan 

population (Kasuga et al., 2011) and the gene variants like rs2237892, rs2237895, 
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and rs231362 has been reported to cause the risk for type 2 diabetes and impaired 

renal function in the Spanish population (Riobello et al., 2016). For this study, we 

observed (C/T) change at position 527 which leads to the change in Lysine (K) to 

Leusine (L). The mutant residue is more hydrophobic than the wild-type residue and 

the mutant residue is smaller, this might lead to loss of interactions. TNRC6A gene 

encodes a member of the trinucleotide repeat containing 6 protein family and its 

functions include post-transcriptional gene silencing through the RNA interference 

(RNAi) and microRNA pathways. It has been reported that alteration in the gene can 

delay the epithelial wound healing in diabetic individuals (Bettahi et al., 2013). C>A 

change has been observed in this study, where Proline changes to Threonine at 

position 1094. The mutation is located within the region which is sufficient for 

interaction with AGO1 and AGO4 genes. The differences in amino acid properties 

can disturb this region and disturb its function and the wild-type residue is more 

hydrophobic than the mutant residue and due to the hydrophobic interactions. 

TACO1 or Translational Activator of Cytochrome C Oxidase I is a protein coding 

gene and it is one of the genes regulated by overexpression of fat mass and 

obesity-associated gene (FTO) whose overexpression may hamper insulin signaling 

(Bravard et al., 2011). The change of amino acid from Cysteine (C ) to alanine (A) 

has been observed at position 16. It has also been observed that the mutant residue is 

bigger which might lead to bumps and hydrophobic interactions. The variant 

rs8090011 of LAMA1 gene has been reported to be associated with body mass index 

(BMI) of type 2 diabetic individuals (Perry et al., 2012) and the gene has also been 

reported to have an interaction with the environment to cause the disease (Franks et 

al., 2013). A>T change has been observed in our study where Lysine (K) changes to 
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Isoleusine (I) at position 2012. The mutation is located within a domain of Laminin 

EGF-like 7 and the mutation introduces an amino acid with different properties, 

which can disturb this domain and abolish its function. It has also been observed in 

this study that, C>A and A>G change for ACP7 gene may lead to the change in 

amino acid Glutamine (Q) to Lysine (K) and Glutamine (Q) to Arginine (R) which 

may lead to disturb in the interactions with other molecules or other parts of the 

protein. The mutation introduces a charge at this position; this can cause repulsion 

between the mutant residue and neighboring residues. However, further functional 

validation is needed to prove the association of the variants with type 2 diabetes in 

this population. 

Mitochondrial DNA sequencing has been performed from blood DNA to find 

out the pattern of germline mutations. Deleterious gene variants have been identified 

using various prediction tools in diabetic individuals which may give an insight into 

its susceptibility towards type 2 diabetes. In the coding and non-coding regions of the 

mitochondrial genome, we observed variants which may take part in determining the 

risk of having the disease in healthy individuals. The true incidence of defects in 

mitochondrial DNA in diabetes is unknown and still the topic of debate and due to 

the complexity of mitochondrial genetics identification of patients becomes one of 

the major limiting factor ( Lynn et al.,1998). In our previous study, we observed a 

total of 6 ATPase sequence variations [ATP6 (8584 G>A, 8602 T>C, 8616 G>A, 

8701 A>G, 8790 G>A), ATP 8 (8414 C>T)] and 6 ND1 (3316 G>A, 3394 T>C, 

3552 T>A, 3970 C>T, 4065 A>G 4149 C>T) sequence variations at distinct 

nucleotide positions (Lalrohlui et al., 2016). In the present study, common mutations 
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which has not been reported for type 2 diabetes in cases and controls were observed, 

which is predicted to be disease causing by the prediction softwares for MT-ND2 

(A331T),MT-ND3(T114A), MT-ND4L(M47T), MT-ND5 (V24I, S531T), CYTB 

(T7I, T194A) and MT-ATP6(T59A). It may be hypothesized that since mitochondria 

is maternally inherited, the control samples that contain the variants are at risk of 

having the disease and may eventually lead to the development of the disease.  

There are several mtDNA mutations recognized to consistently express a 

phenotype which includes diabetes (Choo-Kang et al., 2002). Although mtDNA 

point mutations have been described it has been observed to appear much rarer to be 

associated with diabetes (Lynn et al., 1998). The most common mitochondrial 

mutation reported for type 2 diabetes is 3243A > G mutation (Suzuki et al., 2003; 

Murphy et al., 2008). However, this mutation has not been observed for Mizo 

population. Mitochondrial DNA deletions have been reported to cause diabetes in 

individuals with CPEO and Kearns Sayre Syndrome (KSS) (Whittaker et al., 2007). 

In our study, we observed several unreported variants which are observed in the 

diabetic individuals. The percentage of conservation in comparison species of these 

variants ranges from 11 to 80% % with respect to the reference allele; this may show 

strength of pathogenicity of the mutant or effected allele in causing type 2 diabetes. 

T16189C polymorphism in the mitochondrial DNA D-Loop region has been 

observed which has been reported to be associated with type 2 diabetes as it has been 

known to increase the risk as well as leads to insulin resistivity in Asians (Park et al., 

2008). Apart from this, we also observed unreported variants in this region which 

might not be directly associated with the disease but may account to the development 

and complexity of the disease. However, further structural and functional validation 
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is required to fully understand the pathogenicity of the variants in causing or 

contributing to type 2 diabetes in Mizo population. 

Nevertheless, this study can act as a baseline study for the population as a 

numerous reports of pathogenic mtDNA mutations associated with a diabetic 

phenotype highlight that the pancreas is particularly susceptible to mitochondrial 

dysfunction .In combination with other contributing factors this study can be used as 

a useful pointer towards mitochondrial disease as a diagnosis.  
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7. Summary and Conclusion 

Type 2 diabetes has become a common global disease where the prevalence of 

the disease has been found to be increasing over time. The complexity of the disease 

makes it harder for researchers to come to an end point about the development of the 

disease. Several factors have been known to play a role in the development of the 

disease like demography, environment, genetic etc. Ethnicities being one of the 

factors along with dietary and lifestyle factors and since several genes play an active 

role in contributing to the susceptibility as well as in the development of the disease. 

The present study on the Genetic variation studies in candidate genes related to Type 

2 Diabetes in Mizo population, Mizoram has been proposed and designed which 

aims to study the demographic factors and clinico-biochemical profiles and to study 

mutations in candidate genes and their association with type 2 diabetes in Mizo 

Population. The work done in this present study along with the findings is 

summarized as below:  

• The risk of type 2 diabetes was higher in patients who consumed Sa-um 

which is a fermented pork fat (Odd ratio, OR:18.98,95%) . 

• Smoked meat, excess salt, tuibur and paan consumption acts as potential 

confounding factors for type 2 diabetes in Mizo Population.  

• G>C polymorphism was observed on chromosome 12:121438908 for 

HNF1A gene, however the polymorphism was found to be synonymous. 

• No association has been observed for variant rs1800849 of UCP3 with Mizo 

population.  

• Variants of LRRC31, HLA-G, VEGFA, CD2AP, ELMO1, TERF1, TCF7L2, 

FTO, ND3 are found to be associated with Mizo population.  



                                                                                                                Summary and Conclusion 

 

93 
 

• From whole exome analysis, 202 variations were unreported and found to be 

disease causing and among the disease causing variations 142 were found in 

the intronic region and 10 in the exonic region. 

• The change in the amino acid of the genes like CYP4A11 (G322V), SLC4A3 

(F726L), ABCD1 (650C>A), YTHDC2 (Y274F), PINX1 (D311Y), TNRC6A 

(P1094T), TACO1 (C16Y), LAMA1 (K2012I) and ACP7 (Q269K) decreases 

the stability of the protein with DDG value <0.  

• Novel mutations from some of genes from this study like KRT18, CYP4AII, 

SLC4A3, KCNS1, ABCD1, YTHDC2, PINX1, KCNQ1, TNRC6A and 

TACO1 have been reported for prognostic markers while the genes like 

CYP4A11, KCNS1, ABCD1, YTHDC2, KCNQ1 and LAMA1 as diagnostic 

markers for various diseases including cancer. 

• From whole mitochondrial genome analysis, seventeen (17) case specific 

variants were observed in the genes like ATP6 (8584G>A, 8659A>G, 

8794C>T), ATP8 (8414C>T), ND1 (4232T>C, 4093A>G), ND2 (4833A>G, 

4491G>A, 5178C>A, 4824A>G, 5186A>T), ND4L (10653G>A), ND5 

(13153A>G, 14110T>C, 13105A>G), COX3 (9477G>A) and CYTB 

(15884G>A) out of which 3 variants were previously reported for diabetes. 

• The mtSNP 8584 G>A (ATP6: A20T) was detected in 14.28% of the diabetic 

patients and none in the control groups. A novel Frame-shift substitution 

ND5: 81_81ins A at position 12417 was observed in 53.57% of diabetic 

individuals. 
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• The variants observed only in the diabetic cases belongs to mitochondrial 

complex I, IV and V while the variants common in both the cases belongs to 

complex I, III, IV and V. 

• The dN/dS ratio of germ line mutations were found to be greater than 1 for 

complexes I and IV (15.87 and 3.76) a positive selection while that of 

complexes III and IV (0.264 and 0.686) were found to be stabilizing the 

selection for nonsynonymous germline mutations. 

• Ten (10) common variants for both cases and controls were found in 

upstream of the D-loop gene HV-1 and HV-2 regions. Eighteen (18) sample 

specific variants were found in upstream of HV-1 and HV-2. 

• Majority of the variants lie in tRNA-Phe in the non-protein coding region of 

mtDNA for both diabetic cases and common cases. 

• Significant difference in the proteins of saliva, Group I (0.043), Group II 

(0.058), Group III (0.022) and control group IV (0.058) and serum, Group I 

(0.089), Group II (0.106),Group III (0.076) and control group IV (0.117) 

were observed and Microalbumin levels tend to increase with the duration of 

diabetes. 

 

To the best of our knowledge the study involving type 2 diabetes in relation to 

demographic and genetic factors are reported for the first time in the present 

investigation which involves the Mizo ethnic tribe. Since so many modifiable as well 

as non-modifiable factors contribute for the development of the disease, this study 

can act as a baseline in providing an insight into the prevalence in the population. 

Thus, from this study we conclude that although unique lifestyle and dietary habits 
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may act as a major risk for the incidence of the disease. The role of genes in the 

disease development needs to be further validated to fully understand its contribution 

towards the incidence as well as disease development for this population. 
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Appendix II: List of presentation in conference/symposium/seminar/trainings 

• Participated as a Resource Person in the “A Primer in Bioinformatics and 

Biotechnology to School Students” from June 08, 2013 at DBT-State 

Biotech HUB, Department of Biotechnology, Mizoram University.  

• Poster presentation in the “ Advances in Cancer Genomics” from May 30 

– 31, 2014 Organized jointly by Mizoram State Cancer Institute and 

Department of Biotechnology, Mizoram University, Aizawl, Mizoram.  

• Participated as a Resource Person in the “Hands on training and DNA 

barcoding and phylogenetics” from March 20-25, 2017 at Advanced State 

Biotech HUB, Department of Biotechnology, Mizoram University. 

• Participated and presented a paper in the “National conference on Recent 

Advances in Biotechnology” from 9-10 November, 2017 at Mizoram 

University. 

• Participated as a Resource Person in the “Hands on training on Molecular 

Research Technique” from 31 May to 6 June, 2018 at Govt. Zirtiri 

Residential Science College, Aizawl. 

• Participated and presented a poster in the ”Annual IMA Pre-Conference 

Continuing Medical Education” on 13 December ,2018 organized by Indian 

Medical Association, Mizoram State Branch at Aijal Club, Aizawl. 

• Poster presentation at “INSPIRE Fellowship Review Meet” from May 30 

– 1 June, 2019 Organized by Department of Science and Technology, New 

Delhi, India at IASST Garchuk, Guwahati. 
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• Best Oral presenter in the “National conference on Recent Advances in 

Biotechnology” from 9-10 November, 2017 at Mizoram University. 
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Appendix III: List of seminar/symposium/conference/workshops attended 

• Training course of “Bioinformatics-Protein and their Structure 

Prediction” Sponsored by Department of Biotechnology, Ministry of Science 

and Technology, Government of India, Mizoram University, 23-24th 

November, 2011.   

• Participated as a participant in the “Structure Determination of 

Macromolecules” from March 26-28, 2013 at DBT-BIF Centre, Department 

of Biotechnology, Mizoram University.  

• Participated as a participant in the “Workshop on Capacity Building in 

Effective Management of Intellectual Property Right (IPRs)” from 

August 27 - 28, 2014 at Mizoram University, Aizawl, Mizoram 

• Participated as a participant in the “Cancer Mutations - Detection and 

Analysis” from April 17 – 18, 2015 at DBT-State Biotech HUB, Department 

of Biotechnology, Mizoram University.  

• Participated as a participant in the “Browsing genome with Ensemble and 

UCSC genome browser” from 30th May, 2015 at DBT-State Biotech HUB, 

Department of Biotechnology, Mizoram University. 

• Participated as a participant in the “Gene ontology and cytoscope” from July 

13-14 2015 at Department of Biotechnology, Mizoram University. 

• Participated as a participant in the “Sensitization Workshop on Research 

Methodology” from 15-16 February, 2016 organized by Indian Council of 

Medical Research at Civil Hospital, Aizawl, Mizoram. 



                                                                                                                                   Appendices 

 

114 
 

• Participated as a participant in the “Science Communication workshop” 

held on 6 June, 2017 at  Mizoram University, Aizawl. 

• Participated as a participant in the “Research Training Workshop for 

North East Region Scientists on Understanding Human Disease and 

Improving Human Health Using Genomics-Driven Approaches” 

organized by the National Institute of Biomedical Genomics (NIBMG), 

Kalyani from November 19-24, 2017 at Mizoram University, Aizawl 

• Participated as a participant in the “The Concept and Application of 

Genomics in Clinical Medicine” on 8 August, 2018 organized by Civil 

Hospital, Aizawl and Mizoram University at Civil Hospital, Aizawl, 

Mizoram. 

• Participated as a participant in the “12
th

 Annual Convention of Association 

of Biotechnology and Pharmacy (ABAP) & International Conference on 

Biodiversity, Environment and Human Health: Innovations and 

Emerging Trends (BEHIET)” from 12-14 November, 2018 organized by 

the School of Life Sciences, Mizoram University. 

 

 







PATIENT PERFORMA FOR STUDY  FOR  TYPE 2 DIABETES MELLITUS 

Department of biotechnology 
Mizoram University 

Tanhril,Mizoram 

Patient Data Sheet 

1. Serial No.:                           Date:  

 

2. Profile                                                                        

     Name of the Patient(HMING): 

               Caste/ Tribe -   

        Age(Kum):                                                                Sex:  Male / Female 

        Address:                                                                         Ph. No: 

        Background: 

        Job/profession:                                                         

3 Duration of Hyperglycemia and year in which diagnosed(Thisen thlum/Zun 
thlum hi kum engzat nge I vei tawh?Egtik kuma hmuh chhuah nge a nih?):  

_____________________________________________________  

 

4.Smoking/ Tobacco in any other form. (Meizial emaw vaihlo lampang telna chi hrim 
hrim I ti m?)(YES/NO)                                                 

           If Yes, which type of tobacco   product?(I tih chuan eng lampang vaihlo telna 
nge?) : -                    

5.   5Hypertensive(Thisen sang I nei em ?):- Yes / No 

6.   Food habits (Ei leh in chungchang):                               

Do you consume non-veg? (Sa I ei em?) YES (  )   No (  ) 
 



(a)Item consumed (Thil ei):  Meat/Sa (  )   Fish/sangha (  )   Egg /artui 
(boiled/fried/cooked) 

 
How frequent ?(Engtianga zing nge?) ___________________________________ 
 
(b)How  do  you normally consume (engtiangin nge I ei thin ?):  
(Chhum/boiled)/ (Kan/fried)/ cooked foods  
 
 (c)Which type of food do you prefer?(Heng zing atang hian eng hi nge  I ei duh ber?) 
 
 red meat(sa hring)      _______ 
smoked meat(sa rep)   _______ 
Processed food(sa/chaw sawngbawl sa) _______ 
 
 
 
        Salt intake(Chi eidan ) : Heavy ( )       average (  )     little (  ) 
 
Fat intake(Thau/mawm ei tam lam):    heavy (  ) average (  ) little ( )  
_________________________________________ 
 
Fruits consumption(thei ei tam dan) – Regular/ Not regular 
      (zing/zinglo) 
 
How often do you do any exercise?(exercise I la zing em?) 
 
(    )    rarely/never                     (   ) 2-3 times a week 
(    )     less than once a week    (    ) 4-6 times a week 
 (   )      once a week                  (   ) every day 
 
Is your job stressful or do you perform shift work (night duty)?  : YES (  )  NO (  ) 
(I hna a  hahthlak em?Zan lamah hna I thawk em?) 
 
      7.Do you undergo pancreatic surgery ?(YES/NO).If YES,When ?_____________ 

FAMILY HISTORY 

8.   Persons having Diabetes in the family (Chhungkhata zunthlum nei?) 

Father ( )   Mother ( )  sister ( )  brother ( ) 2° ( )  others__________________ 

Family persons having stroke or cardiovascular disease___________________ 
(Chhungkuaah lung lam natna emaw stroke emaw nei tawh?) 

 

TREATMENT HISTORY 

What type of Medication do you take ? ( Eng ang damdawi nge I lak?) 



(a)Oral_______( ei chi) 

(b)Injection ________ (inchiu chi) 

(c) Others _________(a dangte) 

          Duration of treatment______________________ ( treatment lak rei zawng) 

 Examination :- 

BMI (Weight/Height²):-                  Kg/Cm²                 BP: -                mm/Hg  

Ankle: Brachial pressure index:- 

WHR (Waist Hip Ratio):-                                            HbA1c:-  

Dysepidaemic: - Y / N                                                 ECG:- 

Evidence of Retinopathy: -                                          Evidence of Neuropathy:- 

Evidence of -IHD----/ peripheral arterial disease / cerebrovascular disease:- 

Fasting sugar: -                                                             PP sugar:- 

      Triglyceride: -                                                              LDL:- 

      HDL: -                                                                         VLDL:- 

     Cholesterol: -                                                                Creatinine:- 

 
 
 
 

 

 

 

 

 

 



Donor consent form (Sample lak phalna) 
 

I have gone through the information regarding the research study, I am willing to donate 
my blood sample to be utilized for medical research. I am aware that my acceptance or 
rejection to allow my sample being utilized for the above mentioned research study is not 
going to effect my treatment or prognosis. I also understand that I can withdraw my 
sample involvement in the research study at any point of time. The blood will be drawn 
by an experienced phlebotomist.This study will direct us to the indepth of the causes, 
prevalence and factors contributing to Type II Diabetes Mellitus. 
  
The samples will be made available for researchers at MZU (department of 
Biotechnology, Mizoram University), and other collaborating universities, institutes, 
hospitals/ clinics. The result will be maintained in confidentiality and will not be 
disclosed to any third party who are not involved in this scientific research. The 
information about the results/findings of the researcher may not be directly given to the 
patient. 

(He research tihna tur hi ka zircian tawh hnu ah ka thisen sample hi medical 
research atan lak ka phal ngei a ni.He research tihna tana ka sample hman ka phal hian 
ka in enkawlna zel leh ka that chhohna zelah nghawng a nei dawnlo tih ka hria e.Ka 
sample hi hman ka phallo anih chuan eng hunah pawh ka in hnuk dawk thei e.Thisen hi 
thisen lak lama thiamna neiin a la ang.He zir chianna hian  Type II Diabetes Mellitus 
chungchang thuk zawk te,ciang zawk te leh eng vanga hluar ta viau nge ani tih a hriat 
theih dawn ani. 

 Sample hi MZU a zirmi te  leh an thurualpui University,hospital,clinic ho hman theihin a 
awm anga.He thil zircianna atanga hmuh chhuah hi he thil a tel velo hnenah hmuh emaw 
hriattir a ni lo ang.Result hmuhchhuah hi damlo te hnenah direct in hrlh emw hriattir an 
ni lo ang) 

                                                                                        

Signature of donor         Date/Time 

 
 
 
Signature of Investigator                               Date/Time 
 
                                                        Researcher’s contact information 
                (heng a hnuaia number leh email ah hian kan biak pawh theih reng e ) 
 
Freda Lalrohlui:          08794022599                                email:fredaxsmart@gmail.com 
   
 
Prof N.Senthil Kumar:     09436352574                               email:nskmzu@gmail.com 
 
 
 
Dr John Zohmingthanga : 09436140552                             email:johnzo05t@yahoo.co.in 



Information obtained after research study 

 

Mutation detected:                                                         Gene / Exon:    

 

Type of Mutation:                              

       

Codon Position / Amino acid change:           

 
                                              
 
Familial history / Pedigree: 
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Mitochondrial complex I and V gene
polymorphisms in type II diabetes mellitus
among high risk Mizo-Mongoloid
population, Northeast India
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Abstract

Introduction: The study was carried out to identify the polymorphisms in mitochondrial genes (ATPase and ND1)
in type 2 Diabetes Mellitus (T2DM) from Mizo population and to correlate the involvement of demographic factors.

Findings: In the present study, 58 patients and 50 healthy volunteers were considered. The mutations observed
were mostly base substitutions and were similar as reported for other populations. Three mutations are unreported
and were found to be novel polymorphisms for diabetic disease. One heteroplasmic variation (MT3970 C > T) was
found in 36.36 % of samples. Subjects with excessive smoked meat consumption and customary habit of smoking
(ORs: 4.92; 95 % CI: 0.96–25.21) were found to be more prone to T2DM. Mitochondrial genes sequence analysis
revealed the genetic variability between the healthy and diabetic samples.

Conclusion: Mitochondrial ATPase and ND1 gene polymorphisms may be involved in triggering the risk for T2DM.

Keywords: Type 2 diabetes mellitus, Demography, Polymorphism, Mitochondrial genes, Genetic variability

Introduction
Mitochondrial dysfunctions are involved in ageing and
age-related diseases such as Diabetes [1]. Complex I and
V is one of several enzyme complexes necessary for
oxidative phosphorylation [2]. Patients with large
mtDNA mutations like deletion, deletion-duplication or
in association with mtDNA point mutations generally in
tRNA genes (tRNA (LEU(UUR)) has been reported with
Diabetes Mellitus [3]. Na+,K + −ATPase is an ubiquitous
membrane enzyme that allows the extrusion of three
sodium ions from the cell and two potassium ions from
the extracellular fluid. Abnormal accumulation of ROS
activates UCP2, which in turn results in proton leak
across the mitochondrial inner membrane leading to re-
duced b-cell ATP synthesis and content. This is a critical
parameter in regulating glucosestimulated insulin secre-
tion and release which ultimately increases circulating

blood glucose level [4]. ND1 gene provides directives for
making a protein called NADH dehydrogenase I. The
actions of mitochondrial content are often reduced in
patients with T2DM, or insulin resistance [5, 6]. Type II
diabetes (T2D) is considered as the heterogeneous
disease with altered insulin production by the pancreatic
beta cell. The study of the relationship of ATPase and
ND1 gene to type 2 diabetes has revealed the influence
of the mitochondria on nuclear-encoded glucose trans-
porters and the influence of nuclear encoded uncoupling
proteins on the mitochondria [7]. There is evidence of a
more global effect of mitochondrial dysfunction at the
glucose transporter level and it will be interesting to
study the variations in the genes involved among the
different populations.
Earlier studies showed that mtDNA ND1 gene mutations

at nt3310 (C > T), nt3667 (T >G) might contribute to the
pathogenesis of DM with other genetic factors and envir-
onment factors [8, 9]. Howarth and Worsley [9] studied
the dietary habits of elderly diabetics and have shown that* Correspondence: nskmzu@gmail.com
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faulty diet regimes can make the best of medicine
ineffective.
Mizoram is one of the northeastern states of India,

bordered by Bangladesh in the west and Myanmar on the
east and south. Mizo people belong to the Mongoloid race
and are ethnically and culturally most diverse tribe in the
world [10]. Mizoram lies between 21°58′ & 24°35′ N
latitude and 92°15′ & 93°29′E longitude and spread over
21,081 sq. kms area. Traditional Mizo food mostly com-
prises of boiled, stewed, smoked, steamed, or fermented
form. Mizo food also comprises of certain leafy vegetables,
fresh as well as preserved through smoking, such as mus-
tard leaves (antam), pumpkin leaves (maian), beans leaves
(behlawi), varieties of bamboo shoot (mautuai, rawtuai),
fermented soya beans (bekang), fermented lard (sa-um)
and dried fish chutney with green chilly. A peculiar habit
of consumption of “tuibur” (tobacco smoke–infused
aqueous solution) has been observed in Mizoram [11].
The present study was carried out to understand the influ-
ence of demographic factors on type 2 diabetics and associ-
ated mitochondrial polymorphisms in the Mizopopulation,
North-east India.

Materials and methods
Sample collection and DNA extraction
A total of 58 patients with or without a family history of
type 2 Diabetes Mellitus (median age 48 years, range
24–77) from Civil Hospital, Aizawl, Mizoram, India and
50 healthy volunteers (median age 48 years, range 35–63)
were randomly recruited for this study from Mizo popula-
tion. Senior diabetologist confirmed the diagnosis of Type
2 diabetes mellitus. The peripheral blood samples of these
affected patients were kept in EDTA rinsed microcentri-
fuge tubes and stored in −20 °C freezer. Detailed informa-
tion on demographic factors such as physical activity,
dietary habits, previous disease history, alcohol and
tobacco use and family history of diabetes were recorded
during an in-person interview using a structured ques-
tionnaire (Additional file 1: Table S1). The ethical commit-
tee of all institutes approved the study protocol involved
in the study. All volunteers were fully informed about the
study and participated with their full consent. DNA
extraction and quantification from the blood samples were
performed according to Ghatak et al. [12].

PCR amplification of ATPase and NDI gene
The mtDNA ATPase region (1046 kb) was amplified by
PCR using primers KatPase-F (5′-CTAGAGCCCACTG
TAAAGCTAAC-3′) and KatPase-R(5′-GAGCGTTATG
GAGTGGAA GT-3′). Polymerase chain reaction (PCR)
for ATPase region was carried out in 25 μl total reaction
volume, each containing 100 ng of template DNA, 0.25
pM of each primer, 2.5 μl of 10X PCR buffer, 1.5 mM
MgCl2, 200 mM dNTPs, and 1.5 U of Dream Taq green

DNA polymerase (Fermentas, Germany). Polymerase
chain reaction volume was heated initially to 95 °C for 5
mins. followed by 30 cycles each consisting of 1 min.
denaturation at 95 °C, 40 s annealing at 56 °C, 1 min.
extension at 72 °C. The reaction ended with a final
extension step by incubating at 72 °C for 5 min. The en-
tire mitochondrial ND1 gene spanning across nucleotide
positions 3306 to 4261 was amplified. PCR amplification
was performed using forward primer (5′-GAGCCCGG
TAATCGCATAA-3′) and reverse primer (5′-GATAGG
TGGCACGGAGAAT-3′). Polymerase chain reaction
(PCR) for ND1 gene region was carried out in 25 μl total
reaction volumes, each containing 100 ng of template
DNA, 0.2 pM of each primer, 2.5 μl of 10X PCR buffer,
2 mM MgCl2, 200 mM dNTPs and 1 U of Dream Taq
green DNA polymerase (Fermentas, Germany). The
mixture was subjected to initial denaturation at 95 °C
for 5 min., followed by 30 cycles of denaturation at 95 °C
for 60 s, annealing of primers at 58 °C for 40 s, extension
at 72 °C for 70 s. and a final extension cycle at 72 °C for
5 min. The PCR products were subjected to electrophor-
esis in a 1.2 % Agarose gel in 1X TBE buffer, stained with
Ethidium Bromide, and images were obtained in GBOX
gel documentation systems (UK) and sequenced.

RFLP of PCR amplified product
The PCR amplified products were subjected to digestion
using AciI (8–10 h at 37 °C), Hae III (3 h at 37 °C), TaqI
(10–12 h at 56 °C) and RsaI (6–10 h at 37 °C in a total
volume of 10 μl containing 3 μl of DNA, 0.4 μl of
enzyme, 1 μl of buffer and 5.6 μl of water. The digested
products were subjected to electrophoresis in 8 % PAGE
(Polyacrylamide gel electrophoresis) gel at 40 V for
30 min and changed to 60 V, post staining was done
using 1 μl of ethidium bromide and images were
obtained in GBOX gel documentation systems.

Sequence analysis
Based on the above digestion experiment, the poly-
morphic samples were selected and sequenced from both
directions to ensure reading accuracy. Sequences and
chromatograms obtained were examined using FINCH
TV 1.4 software version (Geospiza. Inc., USA) and DNA
Baser software version 4.16 and aligned by BLAST (http://
www.ncbi.nlm.nih.gov/blast). All sequences were compar-
edwith the latest version of Revised Cambridge Reference
Sequence (rCRS) and subsequently analyzed for the
variation in sequences using Mito Tool Programming.
The results of the DNA sequence analysis were compared
with the published Cambridge Sequence using Mutation
Surveyor version 1.4 DNA mutation analysis software
(Softgenetics, State College, PA). Sequence differences be-
tween diabetic and healthy blood samples were recorded
as mtDNA polymorphisms. Each polymorphism was

Lalrohlui et al. Genes and Environment  (2016) 38:5 Page 2 of 6

http://www.ncbi.nlm.nih.gov/blast
http://www.ncbi.nlm.nih.gov/blast


verified against the Mitomap database (http://www.mito-
map.org/) and further classified as novel or reported, de-
pending on whether or not it is recorded in the database.
The effect of amino acid substitutions based on the single
nucleotide positions were predicted using Polyphen 2
software.
The number of base substitutions per site between se-

quences and averaging over all sequence pairs within each
group were analyzed. Analysis was conducted using the
Tamura 3-parameter model. The rate variation among
sites were modeled with a gamma distribution (shape
parameter = 1). The analysis involved 15 nucleotide
sequences. Analyses were conducted in MEGA6. The
variable substitution site was calculated by DAMBE: Soft-
ware Package [13].

Statistical analysis
Hardy-Weinberg equilibrium by a chi-square (χ2) test
with one degree of freedom (df) was performed between
case and control subjects. Fisher’s exact test was also
used for comparing the demographic and habits between
patients and controls. The polymorphism and demo-
graphic factor in each group were estimated for their as-
sociation with diabetes using odds ratios (ORs) and 95 %
confidence intervals (CIs) in the Logistic Regression (LR)
Model adjusted with multivariable analysis. Each poly-
morphism was checked by the presence and absence of
the SNPs. Additionally, logistic regression analyses were
conducted to compute the influence of both genetic and
environmental factors. For all tests, a two-sided P-value
<0.05 was considered statistically significant. All statistical
analyses were performed using SPSS 20.0 program (SPSS
Ibérica, Madrid, Spain) and SYSTAT 13.0. (Systat Software
Inc., USA).

Results
In the present study, blood samples of 58 Diabetic
patients and 50 healthy individuals were analyzed. The
prevalence of Type 2 diabetes was higher in patients
who consumed smoked meat and excess fat (Odd Ratio,
OR: 4.76, 95 % Confidence Interval, 95 % CI: 1.03–13.73).
This was observed especially among men (OR: 1.14, 95 %
CI: 0.25–1.63). Smoking, consuming betel-nut with paan
and alcohol were major risk factors for type 2 diabetes. In
Mizo population, Type 2 diabetes is not significantly asso-
ciated with familial history. There are significant differ-
ences in the age of onset (p < 0.001) of diabetes and there
was no significant differences in gender or concentration
of plasma glucose level (Additional file 1: Table S1). As is
typical for Hardy-Weinberg equilibrium, the degree of sig-
nificance was quite coarse due to the less number of sam-
ple size using both chi-square (χ2) and fisher’s exact tests.
Total of 6 ATPase (ATP6 and ATP 8) and ND1

sequence variations at six distinct nucleotide positions

were found in 21.8 and 54.54 % samples, respectively.
One heteroplasmic variation (MT3970 C > T) was found
in 36.36 % of samples (EBI Accession No. LN558438 -
LN558467and NDI regions - LN558501 - LN558513). In
the ATPase and ND1 genes, 6 non-synonymous and 6
synonymous substitutions were found and out of these,
3 non-synonymous and 2 synonymous were not previ-
ously reported in the literature or the public mtDNA
mutation databases (mtDBase:http://www.genpat.uu.se/
mtDB/index.html; MITOMAP:http://mitomap.org/ MITO-
MAP) related with diabetes (Table 1).
Genetic divergence was estimated between the diabetic

and healthy samples by calculating the number of base
substitutions. Divergence distance between the diabetic
and healthy samples were found to be 0.002 for ATP6,
nil for ATP 8 and 0.002 for ND1 genes. The diabetic and
healthy samples clustered in two separate clades for
ATP6 and ND1 gene sequences (data not shown).
Majority of the nucleotide diversity were present in the
start region for ATP6 and both start and end regions for
NDI gene. The transition for all the three genes is higher
than transversion. The transition- transversion bias for the
ATP6 is high for diabetes and healthy control samples
(Table 2). The haplotype frequency P, Watterson’s Θ,
which compares two estimators of the population param-
eter is higher in ATP8 gene than NDI and ATP8. Based
on the Tajima test statistics, ATP6 gene is a good marker
for genetic variation analysis between the healthy and
diabetic samples (Table 2).

Discussion
The main objective of the study was to find out the role
of demographic factors in the onset of diabetes and to
detect their associated mutations in mitochondrial genes
in a lesser known Mizo population. The prevalence of
T2D rise with family history of diabetes and clinical
representation depends mostly on the severity of insuli-
nopenia, lack of physical activity, obesity, demographic
factor and involvement of genetic factors [14]. From this
study, the risk for T2DM was found to be higher in
patients with high smoked meat consumption followed
by excess smoking and alcoholism. Saum, which is
fermented pork fat, is one of the favorite foods of the
Mizo people and is rich in hydrogenated oils. We also
assessed the correlation between mtDNA gene muta-
tions withrecognized prognostic relevance. Mitochondria
play an imperative role in glucose metabolism, insulin
secretion and biogenesis, hence its dysfunction is report-
edly found to play a crucial role in diabetes development
[2, 15]. Earlier reports showed the association of mito-
chondrial DNA mutations like 1310C < T, 1382A < C,
1438G <A, 1201A <G, 3243A <G, 3252A <G, 3256A < T,
3264A < C, 3271A < C, 3290T < C, 3303C < T, 3316G < A,
3394T < C, 8296A <G, 8344A <G, 11778G <A, 12026A <

Lalrohlui et al. Genes and Environment  (2016) 38:5 Page 3 of 6

http://www.mitomap.org/
http://www.mitomap.org/
http://www.genpat.uu.se/mtDB/index.html
http://www.genpat.uu.se/mtDB/index.html
http://mitomap.org/


Table 1 Polymorphisms in ATPase and ND1 genes of diabetic samples in Mizo population

Gene name Frequency of
mutationa (%)

Reference
nucleotide

Nucleotide
change

Nomenclature
of mutation

Codon number Codon position Syn/Non syn Codon change Amino acid
substitution

Reported/Disease
caused

Polyphen2 score

ATP8 9.09 C C > T 8414 C > T 17 1 Non-Syn CTC > TTC L > F Reported for prostate
cancer. Not for diabetes

0.99 (probably
damaging)

ATP6 18.18 G G > A 8584 G > A 20 1 Non-Syn GCA > ACA A > T 0.073 (Benign)

9.09 T T > C 8602 T > C 26 1 Non-syn TTT > CTT F > L 0.015 (Benign)

9.09 G G > A 8616 G > A 30 3 Syn TTG > TTA L > L Reported for normal variation —

18.18 A A > G 8701 A > G 59 1 Non-syn ACC > GCC T > A Reported for diabetes 0.002 (Benign)

9.09 G G > A 8790 G > A 88 3 Syn CTG > CTA L > L Reported for breast cancer.
Not for Diabetes

—

ND1 9.09 G G > A 3316 G > A 4 1 Non-syn GCC > ACC A > T Reported for diabetes 0.00 (Benign)

9.09 T T > C 3394 T > C 30 1 Non-syn TAT > CAT Y > H 0.021 (Benign)

9.09 T T > A 3552 T > A 82 3 Syn GCT > GCA A > A —

36.36 C C/T > T/C 3970 C > T 222 1 Syn CTA > TTA L > L —

9.09 A A > G 4065 A > G 253 3 Syn GAA > GAG E > E —

27.27 C C/T > T/C 4149 C > T 281 3 Syn CGC > CGT R > R Reported for breast cancer —
aMutation frequency was calculated based on the total number of mutations obtained against the total number of cases
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G, 12258C <A, 14577T < C, 14709T < C and 16189T < C
[16–20] with T2D development. Particularly, mutation in
tRNA Leu gene at 3243 (A < G) position and in the
subunits of NADH dehydrogenase 1 and 4 have been
reported to have strong association with incidence of
diabetes in different populations [18, 19, 21, 22]. There
was a significant correlation between the number of
somatic mtDNA ATP6 mutations and the smoking and
consuming betel-nut with paan (OR: 3.52; 95 % CI: 0.96–
12.11) for the type 2 diabetes along with drinking alcohol
(OR: 4.62; 95 % CI: 1.82–14.53). Besides, there was no sig-
nificant difference in the concentration of plasma glucose
level and familial history among the diabetic patients.
Epidemic evidence have suggested that chronic smokers
or tobacco consumers have a higher risk to be insulin
resistant and exhibiting several aspects of the insulin
resistance syndrome leading to the development of T2DM
[23]. Earlier studies have identified a point mutation in the
mitochondrial gene in a family with slowly progressive
insulin-dependent diabetes mellitus (IDDM) or insulin-
deficient non-IDDM. They have identified A to G transi-
tion at 3243 occurring in a highly conserved region of the
tRNALeu (UUR) gene and this SNP and diabetes mellitus
are maternally inherited and co-segregated [24–26].
High risk diabetic factors were seen in people with old

age group belonging to low economic status with exces-
sive meat intake and mostly prevalent among men. Obes-
ity may also play an important role in triggering T2DM.
History of familial inheritance is rarely seen in the case of
Mizo Population. The Prevalence of Diabetes in India
Study (PODIS) was carried out in 108 centres (49 urban
and 59 rural) in different parts of India to look at the
urban–rural differences in type 2 diabetes and glucose
intolerance in the year 2004 [27, 28]. Our report is the first
mitochondrial genetic alterations in diabetes reported
from Mizo-Mongloid population.
Our results also revealed that non-synonymous variations

were more frequent in the ATPase than in ND1 region of
diabetic patients. ATP 6 belonging to ATP gene family is
more mutated in this case than ATP 8. This indicates that
simple sampling of blood would be advantageous for early
marker development. The studied genes undergoes transi-
tional substitution rather than transversion. Moreover,
Tajima’s D statistical testshows that ATP6mtDNA gene
evolves randomly and NDI gene is evolving under a non-

random process. This might depend on the directional
selection or balancing selection or demographic expansion
for Mizo population.
In our study, one major limitation is the small sample

size which resulted in unstable risk estimates with wide
95 % CIs. The rate and standard deviation of mutation
frequencies decreased with increasing sample size. There
is a point beyond which increased sampling will have lit-
tle impact on the accuracy and precision of estimates of
mutation frequency. The risk estimates for ORs of dia-
betes in relation to lifestyle factors might have been
biased, due to a small sample size and other factors such
as selection bias. Another limitation of our study is that
it does not explain the mitochondrial maternal inherit-
ance of the mutations, because this study does not con-
tain any familial sample.

Conclusion
To our knowledge, the present study is a novel finding in
terms of the possible role of mtDNA ATPase and ND1
mutations in T2DM. ATP6 can be a good marker for the
early detection of type 2 diabetes in Mizo-Mongoloid popu-
lation. The mitochondrial gene alterations may attribute for
diabetes risk along with the demographic habits and diet in
Mizoram, Northeast Indian population. Besides clinical
inconsistency, socio-economic status and environmental
information needs to be considered in the assessment of
risk profile of diabetic patients by health service.
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Table 2 Characteristic features of healthy and diabetic samples

Gene name Nucleotide frequency (GC) % Transition/Transversion bias (R) ∏ Θ S Ps D

H D H D H D H D H D H D H D

ATP6 44.3 44.4 132.25 151.55 0.0015 0.0021 0.0016 0.0025 11 2 0.0016 0.0073 −0.7099 −0.6484

ATP8 39.6 39.6 0.39 293.17 0.0000 0.0009 0.0000 0.0016 0 1 0.0000 0.0048 n/c 1.1285

ND1 47.7 47.7 0 2.23 0.0007 0.0017 0.0006 0.0015 1 4 0.0010 0.0042 1.6329 −0.3849

Abbreviations: S number of segregating sites, ps S/n, Θ ps/a1, π nucleotide diversity, D Tajima test statistic, H healthy, D diabetic
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Abstract
In the present study, we correlated the various lifestyle habits and their associated mutations in cell cycle (P21 andMDM2) and
DNA damage repair (MLH1) genes to investigate their role in gastric cancer (GC). Multifactor dimensionality reduction (MDR)
analysis revealed the two-factor model of oral snuff and smoked meat as the significant model for GC risk. The interaction
analysis between identified mutations and the significant demographic factors predicted that oral snuff is significantly associated
with P21 3′UTR mutations. A total of five mutations in P21 gene, including three novel mutations in intron 2 (36651738G >A,
36651804A > T, 36651825G > T), were identified. InMLH1 gene, two variants were identified viz. one in exon 8 (37053568A >
G; 219I > V) and a novel 37088831C >G in intron 16. Flow cytometric analysis predicted DNA aneuploidy in 07 (17.5%) and
diploidy in 33 (82.5%) tumor samples. The G2/M phase was significantly arrested in aneuploid gastric tumor samples whereas
high S-phase fraction was observed in all the gastric tumor samples. This study demonstrated that environmental chemical
carcinogens along with alteration in cell cycle regulatory (P21) and mismatch repair (MLH1) genes may be stimulating the
susceptibility of GC by altering the DNA content level abnormally in tumors in the Mizo ethic population.

Keywords Chemical carcinogens . Gastric cancer . Flow cytometer . Cell cycle . Mutation .Mizo population

Introduction

Cooking over an open flame is an ancient practice, starting
from the early days of evolution of Homo sapiens. The con-
sumption of grilled and smoked meat/vegetables seems to
have increased in the modern food habits and population-
wide changes in dietary style have dramatically increased
stomach cancer rates in different parts of the world. There
are so many delicacies prepared by smoking the food. The
N-nitroso polycyclic aromatic hydrocarbons (NPAHs) are
generated in the grilled and smoked meat/vegetables which
will be the most harmful carcinogen causing stomach cancer
(Correa et al. 1985; Ghatak et al. 2016). During the burning of
wood by smoking and direct heat drying process, many harm-
ful chemicals are formed, such as formaldehyde, polycyclic
aromatic hydrocarbons (PAH), nitrogen and sulfur oxides, di-
oxins, heavy metals, etc. The PAHs are well known to cause
several types of cancer in lab animals, such as liver, skin, and
stomach (Stepanov et al. 2005, 2010).

Gastric cancer (GC) is the fifth most common cancer and
is the third leading cause of cancer-related death worldwide
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(Ferlay et al. 2015). Globally, incidence of GC shows a
wide geographic and ethnic variation, being particularly
high in East Asian countries (Torre et al. 2015). In India,
there are high GC incidence regions like Mizoram with an
age-adjusted rate (AAR) of 50.6 and 23.3 per 105 popula-
tions in male and female, respectively (NCRP 2013). The
general population in Mizoram is socially and ethnically
unique from any other tribes and groups of India.
Mizoram comprises of a distinct ethnic population with
peculiar dietary habits such as consumption of smoked
meat/vegetables, sa-um (fermented pork fat), nitroso salts,
tobacco products; a tobacco smoke-saturated aqueous con-
centrate—tuibur, hand-rolled locally made cigarette—
meiziol, freshly cut areca nut, slaked lime with half-betel
leaf—kuhva, oral snuff and betel quid (Bfresh^ areca nut,
slaked lime, condiments and coarse tobacco/pan masala
wrapped in betel leaf for chewing), and alcohol (Phukan
et al. 2006). A unique addiction of use of Btuibur^ (tobacco
smoke-infused aqueous answer) has been noticed in
Mizoram (Madathil et al. 2018). Moist snuff is used by
placing it between the lower lip or cheek and gum, and
the nicotine in the snuff is absorbed through the tissues of
the mouth. Moist snuff also comes in small, teabag-like
pouches or sachets that can be placed between the cheek
and gum. These are designed to be both Bsmoke-free^ and
Bspit-free^ and are marketed as a discreet way to use tobac-
co (Madathil et al. 2018). In Mizoram, manufactured
smokeless tobacco products which are preferred as tobacco
product packed in tear packs (gutka, khaini) and handmade
cottage product packed in plastic packets (coarse tobacco
mixed with slaked lime enriched water and trace levels of
molasses known locally as Bsahdah^). Hospital-based data
from Mizoram have shown GC to be the most common
cancer accounting for 30% of all cancer cases (Phukan
et al. 2004). Hence, tobacco consumption may correlate
with the high incidence of GC in Mizoram.

Gastric tumorigenesis is a multistep and multifactorial
process associated with various genetic and epigenetic al-
terations including the activation of various oncogenes and
inactivation of tumor suppressor genes and mismatch re-
pair (MMR) genes (Igaki et al. 1994). According to multi-
step model of gastric carcinogenesis, the most common
and principle pathway affected is cell cycle by genetic ab-
errations. Cell cycle progression is a highly ordered bio-
logical process; hence, alterations in the cell cycle genes
has been suggested to contribute the underlying the tumor-
igenesis of GC (Decesse et al. 2001).

P21 has been reported to play multiple roles within the
cell including cell cycle regulation, senescence, apoptosis,
DNA repair, and differentiation (Parker et al. 1995;
Ciccarelli et al. 2005; Jung et al. 2010). Although muta-
tions in P21 are infrequent in human cancers (Shiohara
et al. 1994), previous studies have shown that P21 may

act to either promote or suppress in various cancers. P21
is a putative tumor suppressor gene and its mutations have
been studied as a risk factor in various cancers (Watanabe
et al. 1995), including GC (Mousses et al. 1995; Bahl et al.
2000). The murine double minute 2 (MDM2) is one of the
central nodes in the p53 pathway and can control p53 pro-
tein levels and activity. MDM2 gene encodes an important
negative regulating protein which promotes ubiquitin-
dependent proteosomal degradation of p53 by functioning
as an E3 ubiquitin ligase (Oren et al. 2002; Bouska et al.
2008). The mismatch repair (MMR) system plays an essen-
tial role in identifying and rectifying replication errors as
well as additional errors in DNA which may arise through
physical or chemical damage. The pathogenic alterations
are scattered in the carboxyterminus domain of MLH1 pro-
tein and the position annotated as pms2, mlh3, and pms1
interaction domain (Guerrette et al. 1999; Lipkin et al.
2000; Kondo et al. 2001).

In Mizo tribal population, there is limited evidence for the
genetic and environmental risk factors that may be associated
with stomach cancer (Ihsan et al. 2011; Malakar et al. 2012).
In the present study, a case–control study for the high preva-
lence of GC in Mizoram has been attempted in order to iden-
tify the mutations in cell cycle genes, P21 andMDM2, besides
DNA damage repair gene,MLH1. Further, the correlation be-
tween these mutations and the environmental as well as die-
tary factors that seem to play an important role in GC etiology
are also described.

Material and methods

Subjects

This study included a cohort of patients with pathologically
confirmed gastric tumor. A total of 40 gastric tumor tissues
(28 males and 12 females) and their matched adjacent normal
gastric mucosa were collected. Peripheral blood samples were
also collected from the patients and sex-age matched healthy
individuals. All the gastric tumor and adjacent normal samples
were collected from Civil Hospital and Genesis Laboratory
and Diagnostics, Aizawl, Mizoram. The demographic infor-
mation such as age, gender, dietary habits, familial incidence
of cancer, smoking habits, and alcohol consumption were ob-
tained after getting informed consent using a structured ques-
tionnaire. All the study participants received written informa-
tion and gave consent for the publication of the required re-
sults. Ethics approval for this study was obtained from the
Institutional Review Board (IRB) of the Civil Hospital,
Aizawl (B.12018/1/13-CH(A)/IEC). Hematoxylin and eosin-
stained slides were prepared from paraffin block of tumor
tissues after micro-dissection to determine the type gastric
adenocarcinoma and TNM staging.
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DNA extraction and PCR amplification

Genomic DNA was isolated from the blood following the
standard protocol (Ghatak et al. 2013). The genomic DNA
was extracted from the paraffin embedded tumor tissue and
adjacent normal by the modified protocol of Ghatak et al.
(2014). All exons and adjacent intronic regions of the P21,
MDM2, and MLH1 genes were screened. PCR (Eppendorf,
USA) was carried out in 25 μl total reaction volumes (con-
taining 100 ng template DNA, 0.2 pM of each primer, 1× PCR
buffer, 1.5 mM MgCl2, 200 mM dNTPs, 1 unit Taq DNA
polymerase (Fermentas Inc., Glen Burnie, MD). The reaction
mixture was heated to 94 °C for 7 min, followed by 40 cycles,
each consisting of 1 min denaturation at 94 °C, 1 min anneal-
ing at 63 °C, 1 min extension at 72 °C, and a final 7 min
extension at 72 °C (Supplementary Table 1). The PCR ampli-
fication products (3 μl) were subjected to electrophoresis on
1.2% agarose gel in 1× Tris-acetate-EDTA buffer at 80 V for
30 min and stained with ethidium bromide (Himedia, India)
and images were obtained in gel documentation (G-Box;
Syngene, UK) system (Fig. 1).

Sequencing and sequence analysis

Sequencing of the exons of these genes is most useful when
using primers that include a portion of the intron/exon bound-
ary. This allows the entire exon to be sequenced as well as the
splice sites where mutations are known to occur (Boland and

Goel 2010). The impact of amino acid allelic variants on pro-
tein structure/function can be predicted after performing mul-
tiple sequence alignments and protein 3D structures. The
Sorting Intolerant from Tolerant (SIFT) algorithm was ap-
plied. SIFT is a program that predicts the effect of amino acid
substitutions on protein function, on the basis of sequence
conservation during evolution and the nature of the amino
acids substituted in a gene of interest. SIFT scores were cal-
culated online (http://sift.jcvi.org/). If the value is less than 0.
05, the amino acid substitution was predicted as intolerant,
while those with a value greater than or equal to 0.05 were
classified as tolerated. Human Splicing Finder (http://www.
umd.be/HSF/) was used for finding the splice site region.

Splicing donor/acceptor sites and branch point
sequences

To predict potential 5′ss and 3′ss (splicing site), we used
matrices-derived splicing finder database. A potential splice
site is defined as an n-mer sequence. For each Bn^ position, a
weight is given to each nucleotide, based on its frequency and
the relative importance of its position in the sequence motif
(position weight matrices, PWM). Only n-mer sequences with
consensus values (CV) higher or equal to a given threshold are
considered as potential 5′ or 3′ss. The human branch point
(BP) consensus sequence is YNYCRAY, and the threshold
for BP sequences was fixed at 67. Since many intronic se-
quences match the BP consensus sequence, hence, we

Fig. 1 PCR products of mdm2
gene. a Exon 2, b Exon 8. Lanes
M: 100 bp DNA ladder
(Invitrogen, USA), D1, D2, D3,
D4, D5 and T1, T2, T3 = GC
samples, N1, N2 = controls. Gel
images of the PCR products of
p21gene. c Exon 2, d Exon 3.
Lanes M: 100 bp DNA ladder
(Invitrogen, USA), E1, E2, E3
and P1, P2, P3 = GC samples, N1,
N2, N3 = controls. Gel images of
the PCR products of mlh1 gene. e
Exon 8, f Exon 16. Lanes M:
100 bp DNA ladder (Invitrogen,
USA), L1, L2, L3, L4, L5 and B1,
B2, B3 =GC samples, N1, N2 =
controls
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included the AG-Exclusion Zone algorithm (Gooding et al.
2006) to predict BP candidates. Splicing donor/acceptor sites
and BP was splice site finding was estimated by Human
Splicing Finder (http://www.umd.be/HSF/). HSF searches all
AG dinucleotides that are included in a 3′ss candidate
sequence (threshold of 67) and therefore define the
exclusion zones for a given intronic sequence and its intron–
exon boundary. HSF annotates the functional BP as the
strongest candidate without a 3′-exclusion zone before the
natural 3′ss because it has been shown that the BP allows
the recognition of the first downstream 3′ss. Additionally, to
take into account the steric obstruction caused by the
spliceosome, we excluded BP sequences located at less than
12 nt from the exon. Finally, as most BP sequences are located
between − 21 and − 34 nt from the exon and only a window of
100 bp is processed.

DNA content analysis

Flow cytometry measures DNA contents (ploidy) of cancer
cells and rate of proliferation, indicating the proportion of cells
under DNA synthesis (S-phase fraction) and has been shown
to yield prognostic information in many of the human malig-
nancies (Merkel andMcguire 1990). S-phase fraction (SPF) is
also a well-known independent prognostic factor in some hu-
man malignancies, such as breast, prostate cancer, and gyne-
cological malignancies (David and Hedley 1994).

For the analysis of cell cycle distribution, paraffin-
embedded tumor tissue was used following modified method
described by David and Hedley (1994); 106 cells were har-
vested by centrifugation, washed in phosphate-buffered saline
(PBS) (Sigma P4170), fixed with ice cold 70% ethanol, and
treated with 1 mg/ml RNAse for 30 min. Intracellular DNA
was labeled with propidium iodide (50 mg/ml) and incubated
at 4 °C in the dark. Samples were then analyzed using flow
cytometer FACSCalibur (BD, Germany). The data obtained
was analyzed using the ModFit LT software (DNA Modeling
System) version 2.0 (Verity Software House, Inc.) and single
parameter histograms was obtained.

Multifactor dimensionality reduction analysis

The multifactor dimensionality reduction (MDR) is a nonpara-
metric, genetic model-free statistical approach to identify high-
order gene–gene and gene–environment interactions associated
with GC risk (Hahn et al. 2003; Cattaert et al. 2011). It is
applied for overcoming the sample size limitations. In the pres-
ent study, MDR software package (MDR 3.0.2) was used to
generate the best one-dimensional multifactor model to classify
and predict GC susceptibility. The best model was selected
based on maximum cross-validation consistency (CVC) and
testing balance accuracy (TBA). The MDR permutation results

were considered to be statistically significant at the 0.05 level
(Ritchie et al. 2003; Manuguerra et al. 2007).

Interaction entropy graph

Interaction graphs were built to visualize and interpret the
results obtained from MDR. Entropy estimates were used to
determine the information gain about a class variable (e.g.,
case–control status) from merging two variables together.
Entropy estimates are useful for building interaction graphs
facilitating the interpretation of relationships between vari-
ables (Choudhury et al. 2015).

Statistical analysis

The polymorphism and demographic factor in each group
were estimated for their association with GC using odds ratios
(ORs) and 95% confidence intervals (CIs) in the logistic re-
gression (LR) model adjusted with multivariable analysis.
Each polymorphismwas checked by the presence and absence
of the SNPs. Additionally, logistic regression analyses were
conducted to compute the influence of both genetic and envi-
ronmental factors for GC. For all tests, a two-sided p value <
0.05 was considered statistically significant. All statistical
analyses were performed using SPSS 20.0 program (SPSS
Ibérica, Madrid, Spain) and SYSTAT 13.0. (Systat Software
Inc., USA). Hardy–Weinberg equilibrium by a chi-square (χ2)
test with one degree of freedom (df) was performed between
case and control subjects. Fisher’s exact test also used for
comparing the demographic and habits between patients and
controls. Correlation between clinicopathological features and
DNA content was estimated by SPSS 20.0 program.

Results

Characteristics of study subjects

The frequency distributions and selected characteristics of the
patients and controls are presented in Table 1. The median age
was 58.7 years for the patients and 52.18 years for the con-
trols. The analysis indicates that smoked meat/vegetable (OR
16.214; 95% CI 2.746–95.749; p 0.002) and oral snuff (OR
10.496; 95% CI 2.410–45.710; p 0.002) are the major risk
factor for GC among our study population (Table 1).

MDR and interaction entropy analysis

MDR analysis was performed to explore the potential gene–
gene-environment interaction. In the present study for the entire
dataset, smoked meat is the best one-factor model found statisti-
cally significant (p < 0.0001) with a CVC of 8/10 and testing
accuracy of 0.6653. The combination of smoked meat and oral
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snuff was found to be the best two-factor model which was also
the best overall model with a CVC of 10/10 and TBA of 0.7389
(p < 0.0001). The combination of sa-um, smoked meat, and
tuibur was found to the best three-factor model with a CVC of
3/10 and TBA of 0.4042 (p < 0.0001) (Fig. 2a). The previous
statistical analysis results were reproduced inMDR analysis also.

Interaction entropy graphs were created using MDR re-
sults, for better verification and visualization of interactions
between gene–environment factors. In interaction entropy
graph, smoked meat showed the highest independent effect

(20.56%) and also had moderate synergistic interaction with
sa-um (0.43%). Oral snuff (8.19%) also explained consider-
able entropy independently (Fig. 2b).

The association between gene mutations and GC risk

A binary logistic regression model was applied to estimate the
association between gene mutations and risk of GC (Table 2).
The mutations in P21 gene at 3′ UTR were associated with
oral snuff consumption in GC patients (OR 9.256; 95% CI

Table 1 Demographic
characteristics of the cases and
control samples

Demographic factor HC (n = 40) GC (n = 40) ORs (95% CI) p value

Age years ± SD (range) 52.18 ± 12.35 58.7 ± 9.76 –

Male 12 (30%) 28 (70%) –
Female 28 (70%) 12 (30%)

Sa-um 29 (72.5%) 37 (92.5%) 0.979 (0.346–2.770) 0.968

High salt intake 30 (75%) 31 (77.5%) 0.507 (0.077–3.340) 0.480

Smoked meat/vegetable 25 (62.5%) 38 (95%) 16.214 (2.746–95.749) 0.002

Pickle 22 (55%) 23 (57.5%) 0.340 (0.108–1.072) 0.065

Tuibur consumption 14 (35%) 17 (42.5%) 0.755 (0.350–1.631) 0.475

Cigarette smoking 24 (60%) 29 (72.5%) 2.091 (0.810–5.400) 0.127

Oral snuff 6 (15%) 20 (50%) 10.496 (2.410–45.710) 0.002

Tiranga/Gutkha 8 (20%) 4 (10%) 8.954 (0.816–98.308) 0.073

Kuhva(betel nut, slaked lime
wrapped in betel leaf)

15 (37.5%) 17 (42.5%) 1.094 (0.394–3.036) 0.864

Family history of gastric cancer 5 (12.5%) 7 (17.5%) 2.148 (0.579–7.970) 0.253

Family history of other cancers 5 (12.5%) 3 (7.5%) 1.011 (0.369–2.769) 0.983

HC healthy control, GC gastric cancer, OR odd ratio, 95% CI 95% confidence interval

Fig. 2 Multifactor dimensionality reduction (MDR) analysis. a The
summary of the two-factor model (smoked meat and oral snuff) pre-
dicted by MDR is represented in the graph. The distribution of high-
risk (dark shading) and low-risk (light shading) combinations asso-
ciated with GC risk. For smoked meat and oral snuff, 0 represents
less consumption, 1 represents moderate consumption, and 2 repre-
sents high consumption. b Interaction entropy graph. The percent of

the entropy for independent factors as well as their interactions are
represented in the graph where positive percentage of entropy de-
notes synergistic interaction while negative percentage denotes re-
dundancy. The red color indicates a high degree of synergistic inter-
action and orange a lesser degree, whereas gold represents midpoint
and blue represents the highest level of redundancy followed by
green
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1.842–46.509; p < 0.007). Similarly, smoked meat/vegetable
and P21 intron 2 (OR 4.149; 95% CI 0.970–17.738;
p < 0.050) were also found to be significantly associated with
increased risk for GC (Table 3). However, the other genes did
not show any association with the demographic factors.

Sequence variations of P21, MDM2, and MLH1 genes
and their consequence

The molecular analysis revealed a total of five mutations in P21
gene (Table 2, Fig. 2). In intron 2, mutations 36651738G>A,

36651804A>T, and 36651825G>T were identified in 5% of
total GC samples and were found to be novel (not reported previ-
ously in the database). The mutations were of single base change
type. Splice site changes were identified as a result of
36651738G>Amutation, and itwas also predicted that thismight
affect the protein folding and/or functional features. Splice site
donor is marginally increased (wt 0.8042/mu 0.8719). No varia-
tion in potential splice site changes were identified due to
36651804A>T, whereas, 36651825G>Twas found to increase
marginally at the splice site donor (wt 0.8725/mu 0.9361). 3′UTR
region ofP21 showed two known (previously reported)mutations

Table 2 Interaction between
mutations and significant
demographic factors

Factor Gene name Position ORs (95% CI) p value

Oral snuff p21 Intron 2 1.025 (0.253–4.150) 0.972

3′ UTR 9.256 (1.842–46.509) 0.007

mlh1 Exon 8 0.956 (0.183–4.986) 0.958

Intron 16 1.732 (0.143–20.956) 0.666

Smoked meat/vegetable p21 Intron 2 4.149 (0.970–17.738) 0.050

3′ UTR 0.728 (0.182–2.909) 0.653

mlh1 Exon 8 1.510 (0.324–7.043) 0.600

Intron 16 1.386 (0.109–17.543) 0.801

OR odds ratio, 95% CI 95% confidence interval

Table 3 Polymorphism and mutations in cell regulatory genes of gastric cancer samples

Gene
name

Position Nomenclature
of mutation

Frequency of
mutation (%)

AA change PolyPhen-2/SIFT /
PROVEAN

Novel/
reported

Effect of mutation by mutation taster

p21 Intron 2 36651738G >A 5 – – Novel Polymorphism (single base change)

Protein features (might be) affected

Splice site changes (donor marginally
increased wt 0.8042/mu 0.8719)

36651804A > T 5 – – Novel Polymorphism (single base change)

No abrogation of potential splice site

36651825G > T 5 – – Novel Polymorphism (single base change)

Donor marginally increased (wt 0.8725/
mu 0.9361)

3′UTR 36653580C > T 10 – – Reported
in the
database

Polymorphism (single base change)

Splice site changes (splice site change
occurs after stop codon, acceptor
marginally increased, wt 0.53/
mu 0.64)

36653597C > T 5 – – Reported
in the
database

Polymorphism (single base change)

Splice site changes (splice site change
occurs after stop codon, acceptor
marginally increased, wt 0.5311/
mu 0.5459)

mlh1 Exon 8 37053568A >G 10 219I > V
(ATC>GTC)

(0.018) Benign/
neutral/tolerated

Reported
n the
database

In the protein structure helix (212–220)
might be lost

Splice site changes (wt 0.7064/mu 0.7505,
acceptor marginal increased)

Intron
16

37088831C >G 5 – – Novel Polymorphism (wt 0.5187/mu 0.5635,
acceptor marginal change)
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36653580C>T in 10% and 36653597C>T 5% of GC samples.
Thesemutations are affecting the splice site change by acting after
stop codon. Splice site acceptor is marginally increased in both the
cases. Annotated sequenceswere deposited in EBI repositorywith
accession number (LN997431-LN997630).

Whereas in MLH1 gene, two variants were identified one in
exon 8 (37053568A >G; 219I > V) and other in intron 16
(37088831C > G) of which intronic variant is novel
(37088831C >G) (Table 2, Fig. 3). The SIFT score for the
MLH1 exonic variant ((37053568A>G; 219I >V)) demonstrat-
ed that it is tolerated and may elicit only minor effect on the
protein structure. 37088831C>G variant in intron 16 of MLH1
genewas identified in 5% ofGC samples which is also novel (not
reported in database) and found to affect splice site by increasing
the acceptor marginally (wt 0.5187/mu 0.5635). In the present
study, we expected to find common pathogenic mutations, but
for this cohort, none were found in MDM2 gene. This result is
indicative of the fact that there may not be any common or foun-
der mutations forMDM2 gene in Mizo population. Prediction of
structural variation between wild- and mutant-type amino acids
forMLH1 exonic variant ((37053568A>G; 219I >V)) was car-
ried out byHOPE analysis which indicated that themutant type is
smaller in size than the wild type, affecting the intramolecular and
external interactions due to clashes (Fig. 4).

DNA content analysis

Flow cytometric analysis (FCM) analysis can provide not
only the kinetic estimates such as the fraction of cells in

S-phase (SPF) but also capable of subdividing neoplasms
into DNA diploid or DNA aneuploid tumors based on
the presence of different sub-populations in different
phases of cell cycle. FCM analysis predicted DNA aneu-
ploid in 07 (17.5%) and diploid in 33 (82.5%) diploid
tumor samples (Fig. 5). Significantly higher S-phase
fraction (SPF) was observed in all the GC samples
(51.24–72.09) compared to controls (32.45–44.12). The
G2/M phase was found arrested in gastric tumor samples.
The G2/M phase is found to be arrested in the gastric
tumor samples besides more DNA content in S-phase
(Table 4, Fig. 2).

Splicing abnormality due to mutations

The difference between wild-type (wt) active sites and
mutant-type inactive sites was predicted by the HSF algo-
rithm and was calculated by the consensus values (CV) of
50ss or 30ss. The CV higher than 80 represent as a stron-
ger relation with active sites and between 70 to 80 repre-
sent a weaker relation with active site. Mutations can cre-
ate a new cryptic splice site rather than disruption of a
50ss or a 30ss active sites which was correctly predicted
by HSF. 36653580C > T mutation in 3′UTR of P21 gene
showing 1.53% CV variation between wild type (86.39)
and mutant (84.86) type. Due to the potential CV change,
the branch point motifs also potentially changed for wild
type (CGCCCAC) and mutant type (TGCCCAC)
(Table 5).

Fig. 3 Electropherogram of the genes from GC samples (b, d, f) compared with healthy samples (a, c, e)
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Discussion

Our attempt was to accumulate evidence to identify the rela-
tionship between chemical carcinogens and GC risk in rela-
tion to gene mutations. GC has positive association with con-
sumption of smoked and salted meat/vegetables (Correa et al.
1985; Ghatak et al. 2016). N-nitroso compounds can be gen-
erated in meat during smoke drying and preservation which
are highly carcinogenic due to the reaction between nitrite
with amines and amides, which is found in meat and other
proteins (Correa et al. 1985; Ghatak et al. 2016). The nitrite
present in smoked meat play a secondary role in the progress
of chronic atrophic gastritis, which can develop as stomach
cancer in the later stages (Nomura et al. 1990). Previous stud-
ies have reported positive association of high intake of
smoked meat as potential confounder for GC (Kneller et al.
1992; Appelman et al. 1992; Ward and Lopez-Carrillo 1999).
In the present study, smoked meat and high salt intake was
positively associated with GC. Intra-gastric high salt accumu-
lation causes the expansion of surface mucous prompting for
aggravation and damage, for example, diffuse erosion,

atrophic gastritis, and diminished corrosiveness of the stom-
ach which creates a condition supporting H. pylori infection
(Tsugane et al. 2004; Tsugane and Sasazuki 2007). Gastric
mucus can also be damaged by smoked meat intake with extra
salt, leading to increased epithelial cell proliferation as part of
the repair process (Campos et al. 2006).

In Mizoram, mostly pork, beef, fresh water fish, birds, and/
or animal meat along with the seasonal vegetables are used for
heat drying (traditional wood-burning) for preservation. Higher
concentrations of polycyclic heterocyclic amines (PAHs)
formed during the preparation of food at higher temperature
conditions such as frying, roasting, and/or grilling (Phillips
1999). Interestingly, only modest levels of PAHs are formed,
while cooking the food by steaming/stewing/boiling. Along
with lean meat, heat drying of Bmeat with fat^ besides Bskin
and fat^ of pork meat is preferred in Mizoram for preservation.
Few of the PAHs and nitrosamines are carcinogenic, while
some of the PAHs, HAAs, and volatile nitrosamines are indeed
pro-carcinogens. These pro-carcinogenic species are metaboli-
cally activated, after being ingested and metabolized subse-
quently as carcinogens (Hecht 2003). In addition, soda (sodium

Fig. 5 DNA content analysis in gastric cancer samples measured by the
flow cytometric profile. Histogram of a diploid normal sample with G0/
G1 peak (red), S-phase (shaded peak) and G2/M peak (green). b Diploid

gastric cancer tumor sample. c Aneuploid gastric cancer tumor sample
with aneuploidy peak (yellow)

Fig. 4 3D structure of the
mutation (37053568A >G;
219I > V) in mlh1 gene. a
Complete chain of protein and the
pink spheres and rest of the
protein is shown in gray
representing the site of mutation
(219I > V). b Mutation of
isoleucine to valine at position
219 due to 37053568A >G.
Wild-type and mutant-type side
chains are shown in green and
red, respectively
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bicarbonate)—an alkaline preparation, frequently used as food
additives was significantly associated with increased risk of
stomach cancer in Mizoram (Phukan et al. 2006).

During consumption of oral snuff and chewing tobacco, the
harmful contaminant can mix with saliva and enter inside the
stomach, although the association between oral snuff and
stomach cancer incidence was negatively reported for some
study and one study clearly reported the positive associations
(Chao et al. 2002; Furberg et al. 2006). Oral snuff production
in other parts of the world involves heat processing rather than
curing and fermentation as is done in the Mizoram, northeast
India. Fermentation of tobacco can generate higher amounts
of tobacco-specific N-nitrosamines and volatile N-nitrosa-
mines due to the high N-nitrosation of nicotine.

It is important to note that higher concentration levels of
PAHs (Phillips 1999) and lower concentration levels of HAAs
in pork meat with higher fat content was observed (Chen et al.
1990). PAHs such as benzo(a) pyrene formed in smoked food
have been correlated in many areas of the world with high
stomach cancer rates (Yeh et al. 2009). Furthermore, oral snuff
and other tobacco products contain carcinogens like the nitro-
samines which acts as cofactor for pathogenesis of GC
(Curado et al. 2007). Gutkha, khaini, and sahdah demonstra-
bly contains relatively high concentration levels of tobacco-
specific nitrosamines (TSNAs) (some of which are proven
carcinogens to human, while some of which are pro-carcino-
gens), nitrate, and/or nitrite as well as PAHs (Stepanov et al.
2005, 2010). It may be possible that PAHs besides nitrite and
TSNAs may play an important role in the tumorigenesis of

GC patients in Mizoram, due to the higher level of PAHs,
nitrite, and TSNAs exposed in the lifestyle habits.

It is widely accepted that genetic and environmental factors
are major etiological factors for GC. In the present study, we
investigated the spectrum of mutations in genes P21, MDM2,
andMLH1 among GC patients. Among the genetic factors, cell
cycle regulatory genes besides DNA mismatch repair gene
were found to be associated with various cancers including
GC (Gartel and Tyner 1999). Cell cycle control is crucial for
the normal cell growth and differentiation. The present study
also attempted to establish a potential association of alteration
in these gene variations with demographic and dietary factors.
In this study, we have tried to establish a significant relation
between driver gene mutations and epidemiological factor for
diffuse type GC. To the best of our knowledge, the present
study results are the first report of the association of environ-
mental factors with mutations in cell cycle regulatory genes
suggesting the implication of genetic alterations and its corre-
lation with cell cycle in GC development.

The high prevalence of GC inMizoram has been attributed
to peculiar dietary habits (viz. high consumption of smoked
meat, salt-preserved foods, dietary nitrite, traditional
fermented food, and heavy addiction to various tobacco prod-
ucts and alcohol (Phukan et al. 2005, 2006). The demographic
factors play major role in pathogenesis of GC. A hospital-
based matched case–control study showed an elevated risk
of stomach cancer in case of frequent consumption of sa-um
(fermented pork fat) and smoked dried salted meat and fish
(Phukan et al. 2006). Smoking as a variable risk factor for

Table 4 Distribution of different phase fraction according to DNA content

Sample no. Ploidy status Ploidy (%) G0/G1 phase S-phase G2/M phase

Low (%) Moderate (%) High (%) Low (%) Moderate (%) High (%) Low (%) High (%)

Healthy (40) Diploid 40 (100) 1 (2.5) 13 (32.5) 26 (65) 38 (95) 2 (5) 0 3 (7.5) 37 (92.5)

Cancer (40) Diploid 33 (82.5) 18 (54.5) 15 (45.4) 0 0 3 (9.09) 30 (90.9) 28 (84.8) 5 (15.1)

Aneuploid 7 (17.5) 0 1 (14.3) 6 (85.7) 0 1 (14.3) 6 (85.7) 7 (100) 0

Table 5 Mutations leading to
splicing defects Gene Mutation Position WT branch

point motif
Mutant branch
point motif

WT
CV

Mutant
CV

CV
variation
(%)

p21 Intron 2 36651738G >A AAGCAGG AAGCAAG 9.95 39.57 29.62

36651804A > T AGCAAG AGCTAG 61.53 65.52 3.99

36651825G > T ATAGTGT ATATTGT 6.23 21.31 15.08

3′UTR 36653580C > T CGCCCAC TGCCCAC 86.39 84.86 − 1.53
36653597C > T CTGCAGT CTGTAGT 16.53 25.56 9.03

mlh1 Exon 8 37053568A >G CTCCATC CTCCGTC 46.15 53.04 6.89

Intron 16 37088831C >G TTGACAG TTGAGAG 47.68 42.74 − 4.94

A new site was created by the mutation; the motif was abolished by the mutation
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stomach cancer has also been reported from India (Dikshit
et al. 2012). In the present study, the results of demographic
study indicated that males are more susceptible to GC than
females. The putative association between the risk of GC and
unique dietary habits has been controversial for decades. In
this study, we found that high intake of smoked meat/
vegetable (16.214 (2.746–95.749); p = 0.002) and oral snuff
(10.496 (2.410–45.710); p = 0.002) are significant risk factors
for the high incidence of GC (Table 1). However, the reason
for disparities is still not yet known, although recent research
has suggested that genetic factors may be the reason for dif-
ferences in GC susceptibility of various populations (Yan et al.
2015). Also, family history of other cancers are found to be
associated with the increased risk of GC in this population
which may be because of their genetic make-up and inheri-
tance of faulty genes which renders them predisposed to can-
cer (Yaghoobi et al. 2010). The Mizo population is mongoloid
in origin and distinct from the rest of India in terms of their
diet, lifestyle, and geographical distribution (Ghatak et al.
2013). Also, in other mongoloids like Japanese, daily con-
sumption of meat among women was found to increase the
risk of GC by 6.5-fold (Santarelli et al. 2008). In another
study, the potential causal role of tobacco was observed in
high-risk area of China, where smoking was found to nearly
double the risk of transition to gastric dysplasia (Piazuelo and
Correa 2013). In the present study, the interaction between
identified mutations and the significant demographic factors,
smoked meat/vegetable and oral snuff were found to be asso-
ciated with risk of GC, with a significant association between
oral snuff and P21 3′UTR mutations similarly association be-
tween smoked meat/vegetable and P21 Intron 2 mutations.
Consumption of oral snuff (p = 0.002) was significantly asso-
ciated with GC followed by Tiranga/Gutkha consumptions
(p = 0.073) (Table 3).

Cell cycle deregulation is common pathway in pathogene-
sis of human cancer, and alteration of P21, the cell cycle
regulator, is involved in the development of many human
malignancies (Gartel 2005; Lin et al. 2011).The molecular
analysis revealed in total five mutations in P21 gene. In the
intron 2 of P21 gene, 36651738G >A, 36651804A > T, and
36651825G > T novel mutations were identified in 5% of total
GC samples. Splice site changes were identified as a result of
36651738G >A and 36651825G > T mutation, and it was al-
so predicted that this might affect the protein structural fea-
tures as the splice site donor is marginally increased. The P21
CDK inhibitor gene is located at 6q21.2, and its expression
has been shown to be regulated largely at the transcriptional
level by both p53-dependent and independent mechanisms by
a variety of transcription factors that are induced by a number
of different signaling pathways (An et al. 2014). Previous
studies demonstrated that FOXA2, transcription factor activa-
tion of P21 transcription via direct binding to the P21 promot-
er and affects the activity of P21 gene, which results in cell

cycle arrest at the G1 phase and inhibition of cell proliferation
in p53-deficient cell (Wang et al. 2012). 3′UTR region of P21
showed two known (previously reported) mutations
36653580C > T in 10% and 36653597C > T 5% GC samples.
36653580C > T polymorphism is thought to cause a function-
al change in P21 due to generation of a cryptic spice site by
acting after stop codon, and as this polymorphism lies in a
crucial region for cell differentiation, proliferation may in-
crease cancer risk by alteringmessenger RNA stability, which,
in turn, may affect protein expression and activity (Campbell
et al. 2009). Mutations or single nucleotide polymorphisms
(SNPs) in the P21 gene may result in alteration of P21 expres-
sion and/or activity, thereby modulating susceptibility to can-
cer (Keshava et al. 2002; Gravina et al. 2009; Ma et al. 2011).

In MLH1 gene, a known exonic variant 37053568A >G
(rs1799977) was observed in 10% of the study participants
with the replacement of isoleucine to valine in codon 219
(219I > V) in exon 8 (Mathonnet et al. 2003). The polymor-
phism, I219V (A655G), was reported to be associated with
childhood acute lymphoblastic leukemia (Listgarten et al.
2004). Studies also found a significant association between
breast cancer and homozygous GG variant (Raptis et al.
2007). The homozygous or heterozygous G allele at nucleo-
tide position 655 in MLH1 gene was commonly reported for
western populations (Christensen et al. 2008; Mann et al.
2008). However, in the current study, it was detected only in
10% of GC patients. In GC patients, the G allele frequency
was 10%, higher than in controls which demonstrated a fre-
quency of 0.5%, similar to data reported in Eastern Asians
where the G allele frequency is reported to be approximately
2% (Trojan et al. 2002). The nucleotide position 655 is in
conserved region thorough all mammals in exon 8. Earlier
report published from the result of functional analyses that
the homozygous or heterozygous G allele has efficient DNA
repair activity (Raevaara et al. 2005; Kondo et al. 2003) and
binding properties to PMS2 (Kim et al. 2004). It was well
documented that 655A > G is also associated with reduced
MLH1 protein expression in sporadic CRCs in Korean popu-
lation (Marchetti et al. 1995). The HOPE analysis (in silico
study) showed that the mutant type is smaller in size than the
wild type, which might affect the intramolecular and external
interactions due to clashes. 37088831C >G variant in intron
16 of MLH1 gene was identified in 5% of GC samples. It is
found to affect splice site by increasing the acceptor margin-
ally (wt 0.5187/mu 0.5635) which might affect the normal
splicing leading to abrupt transcription of this gene.

In the present study, MDM2 gene had no significant muta-
tions in GC samples. According to the previous studies, mu-
tations and polymorphisms were identified in various exons of
MDM2 gene in esophageal and GC (Sauli et al. 2015). The
known variant of MDM2, rs2279744 was found to influence
independently the susceptibility to GC in Chinese population
(Cho et al. 2008). According to Cho et al. (2008), SNPs of
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MDM2 gene were not associated with increased GC risk in
Korean population, and is consistent with our study. This can
be explained due to the difference in the genetic pool and other
demographic and dietary factors between the different
populations.

The effect of mutations in the splice site was identified by
Human Splicing Finder (HSF). We used all the intronic mu-
tations and polymorphism that disturb the active site of 5′ss
and 3′ss for validating the splicing effect and new cryptic
splice site. The sequence of branch point represents another
essential splicing signal. The analysis further revealed that
36653580C > T in 3′UTR of P21, branch point is changing
with a CV variation of − 1.53% due to which the motif might
get abolished leading to splicing defect (Table 5).
36653580C > T polymorphism is thought to cause a function-
al change in P21, and as this polymorphism lies in a crucial
region for cell differentiation, and its proliferation may in-
crease cancer risk by altering messenger RNA stability, which
in turn may affect subsequent protein activity. Similarly, for
MLH1 intron 16, 37088831C >G mutation, the CV variation
is − 4.94% conferring to splicing defect. Mutations located in
the introns of mismatch repair genes can interfere with splic-
ing and cause alternately spliced mRNA transcripts leading to
non-functional mismatch repair proteins (Petersen et al. 2013).

According to the MDR analyses, the best model for GC
risk in Mizo population is combination of smoked meat/
vegetable and oral snuff consumption after performing the
gene–environment interact ion (Table 1, Fig. 2) .
Consumption of smoked meat showed the highest indepen-
dent effect (20.56%) and also had modest synergistic interac-
tion with sa-um (0.43%). Oral snuff (8.19%) also explained
considerable entropy independently in GC risk and thus vali-
dated the results of gene-environment interaction. In India,
many epidemiological studies reported significant positive as-
sociation of tobacco and dietary habits containing harmful
carcinogen such as N-nitroso compounds with GC (Sumathi
et al. 2009). PAHs generated during preparation of heat-dried
smoked food have been significantly associated in different
geographical population in the world with high stomach can-
cer rates (Yeh et al. 2009). Soda-an alkaline preparation, fre-
quently used as food additives, was significantly associated
with increased risk of stomach cancer in Mizoram (Phukan
et al. 2006). Different tobacco products such as oral snuff and
smoking contains high amount of carcinogens like the nitro-
samines which acts as cofactor for development of GC (IARC
2007).

We hypothesized that the balance in cell cycle control is
disrupted by lifestyle habits (environmental risk factors) lead-
ing to the alteration (mutations) in the regulatory genes. These
mutations affect the normal cell cycle by inducing abnormal
distribution of DNA content that ultimately results in tumori-
genesis. The aberrant content of DNA, or aneuploidy, is a
hallmark of tumorigenesis (Giam and Rancati 2015). Thus,

the flow cytometric study was conducted to evaluate the
DNA content and S-phase fraction. Flow cytometric analysis
of tumor samples showed 17.5% of aneuploid and 82.5%
diploid for gastric tumor samples. A high S-phase fraction
(SPF) was observed in GC samples (51.24–72.09) compared
to controls (32.45–44.12) (Table 2, Fig. 4). The G2/M phase
was significantly arrested in most of the GC tumor samples. In
previous studies, DNA aneuploidy has been reported in 40–
50% of GC tumors (Brito et al. 1993; Malumbres and Carnero
2003). Flow cytometric analysis predicted DNA aneuploid in
07 (17.5%) and diploid in 33 (82.5%) tumor samples (Table 4)
followed by a high S-phase fraction (SPF). Deregulation of
cell cycle events leads to uncontrolled cell proliferation and a
high S-phase fraction which is a hallmark of GC (Baba et al.
2002). According to an earlier study, the P21 variant geno-
types have been demonstrated to play an important role in cell
cycle control. The disruption in cell cycle control due to DNA
damage is probably caused by carcinogens present in tobacco-
related product (Flejou et al. 1993). Arrest of G2/M phase was
observed in case of aneuploidy. DNA aneuploidy has been
reported in 40–50% of tumors (Nanus et al. 1989; Quirke
et al. 2005). Previous study reported aneuploidy in 76% (25
of 33) of adenocarcinomas arising in the gastric cardia, com-
pared with 30% (8 of 27) of adenocarcinomas arising in the
gastric antrum (Gleeson et al. 1998).

Conclusion

In conclusion, our findings indicate that mutations in cell cy-
cle regulatory (P21) and mismatch repair (MLH1) genes are
more predisposed to higher incidence of GC in Mizo popula-
tion and may play an important role in tumorigenesis by in-
ducing the aberrant distribution of DNA content during differ-
ent phases of cell cycle in tumor cells. Ethnicity and dietary
habits are acting as crucial covariates, suggesting that the mu-
tations have different penetrance according to ethnicity, die-
tary, and lifestyle habits. This study could afford early detec-
tion of patients who are at risk of developing micro- or mac-
roscopic, pathological lesions as well as the introduction of
appropriate preventive measures. Due to the complexity as
well as the correlations of multiple genetic and environmental
factors in the development of GC, large population studies are
required in order to overcome the limitation of sample size and
encompass virtually all variables including the exposure to
environmental factors, ethnic and demographic features be-
sides the association with mutations in genes for DNA repair
genes, cell cycle regulatory genes, and cell cycle study.
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Abstract

Background Mizoram has the highest incidence of cancer

in India. Among women, breast cancer is most prevalent

and the state occupies fifth position globally. The reason

for high rate of cancer in this region is still not known but it

may be related to ethnic/racial variations or lifestyle

factors.
Methods The present study aims to identify the candidate

mitochondrial DNA (mtDNA) biomarkers—ND1and

ATPase for early breast cancer diagnosis in Mizo popula-

tion. Genomic DNA was extracted from blood samples of

30 unrelated breast cancer and ten healthy women. The

mtNDI and mtATP coding regions were amplified by step-

down PCR and were subjected to restriction enzyme di-

gestion and direct sequencing by Sanger method. Subse-

quently, the results of the DNA sequence analysis were

compared with that of the revised Cambridge Reference

Sequence (rCRS) using Mutation Surveyor and

MITOMAP.

Results Most of the mutations were reported and new

mutations that are not reported in relationship with breast

cancer were also found. The mutations are mostly base

substitutions. The effect of non-synonymous substitutions

on the amino acid sequence was determined using the

PolyPhen-2 software. Statistical analysis was performed

for both cases and controls. Odds ratios (ORs) and 95 %

confidence intervals (CIs) were estimated from logistic

regression. High intake of animal fat and age at menarche

was found to be associated with a higher risk of breast

cancer in Mizo population.

Conclusion Our results also showed that ATPase6 as

compared to ATPase8 gene is far more predisposed to

variations in Mizo population with breast cancer and this

finding may play an important role in breast cancer

prognosis.

Keywords mtDNA � ATP6 � ND1 � ATP8 � OXPHOS �
Breast cancer

Introduction

Mizoram is the southernmost state in the northeast, sharing

its borders with Tripura, Assam, and Manipur along with

Myanmar and Bangladesh. The Mizo people are believed

to be a part of the Mongoloid race and Mizoram has the

highest number of tribal people among all states of India.

According to the National Cancer Registry Program 2010,

Mizoram has the highest incidence of cancer in India.

Among women, breast and cervix cancer are most preva-

lent and the state occupies fifth position globally [1].

Breast cancer is a type of cancer which originates from

breast tissues and is a heterogeneous disease with a variety

of subtypes, with distinct gene expression profiles, that

have substantial implications for prognosis and survival

rates [2]. Most of the breast cancers are like some solid

tumors, approximately 25–30 % are found in familial
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clustering and 5–10 % are found due to a significant her-

editary component [3]. Yeole et al. [4] described breast

cancer as an alarming health problem in India and ac-

cording to many reports breast cancer has been a major

concern for the women population in India. According to

National Cancer Registry Program (NCRP), a recent report

for 2008 found that in North Eastern states alone, the breast

cancer incidence was reported to be 23.6 % of the total

cancers [5]. Northeast India has always been one of the

hotspot regions for breast cancer because of certain factors

such as genotoxic stress from tobacco exposure [6]. Several

environmental or dietary risk factors that may contribute to

or hasten the development of breast cancer have been

identified, including mainly lifestyle and reproductive

factors. The strongest risk factor for breast cancer is a

family history of breast and/or ovarian cancer, the associ-

ated risk being even higher for family history of early-onset

disease (Bage 40) [7].

Mitochondrial genes are intensively studied nowadays

and it has been proven to be a powerful and efficient

molecular genetics tool for investigating the (maternal)

genetic history of human populations [8]. Mitochondria are

organelles of high importance for the generation of ATP

through the oxidative phosphorylation. As compared to

nDNA, human mtDNA is exclusively small (16569 bp)

which encodes 13 proteins that comprise four enzyme

complexes of the respiratory chain (Complex I, III, IV, and

ATP synthase i.e., Complex V), and genes specifying 22

transfer RNAs, and 2 ribosomal RNAs (12S and 16S) that

are components of mitochondrial protein synthesizing

system [9]. Several reports have found an association be-

tween somatic mtDNA mutations and the development,

progression, or metastasis of cancer and one of the con-

tributing factors that lead to the development of cancer was

found to be inherited mtDNA polymorphisms [10–12].

Many earlier reports had found mtDNA mutations in dif-

ferent types of cancer, such as colon, breast, pancreatic,

prostate, and other several cancers [13]. Studies on mito-

chondrial ATPase and ND genes in the field of oxidative

phosphorylation have converged in the last few years. The

mtND1 (NADH dehydrogenase subunit 1) gene which

encompasses 955 base pairs coding sequences encodes one

of the seven subunits of respiratory complex 1 and takes

part in the first initial step of the electron transport chain of

the mitochondrial energy-generating pathway, OXPHOS

whereas ATPase (Complex V) genes are essential for ATP

production and play a vital role in the apoptosis pathways

[14].

Therefore, this study was undertaken to evaluate mito-

chondrial ND1 and ATPase alterations and to study the

lifestyle factors that are associated with breast cancer pa-

tients in Mizo population.

Materials and methods

Sample collection

Blood samples were collected from breast cancer patients

(n = 30) randomly and healthy controls (n = 10; age and

sex-matched) from Mizoram State Cancer Institute, Aiza-

wl. All the patients involved in this study were medically

confirmed primary breast cancer patients who had given

written consent to participate in this study. All the samples

belong to invasive ductal carcinoma breast cancer subtype.

Peripheral blood samples (5 ml) were collected using

venipuncture procedure and stored in EDTA vacutainers

from all the subjects and stored at -80 �C for further use.

Also information on demographic factors, menstrual and

reproductive history, hormone use, dietary habits, previous

disease history, physical activity, tobacco and alcohol use,

weight, and family history of cancer was collected during

an in-person interview by trained study interviewers using

a structured questionnaire (Table 1). The protocol of our

study was approved by the Institutional Review Board of

all institutes involved in the study. All the volunteers were

informed about the study beforehand and their full consent

was taken before their participation.

DNA isolation form blood samples

Genomic DNA was extracted from peripheral blood sam-

ples of breast cancer patients by lysing the RBCs using a

Lysis buffer such as ammonium bicarbonate and ammo-

nium chloride, which is a hypotonic buffer, having an

eligible lysing effect on lymphocytes. Thrice the volume of

RBC lysis buffer was added to the blood samples, mixed

thoroughly by vortexing and inverting for 5 min and cen-

trifugation for 10 min at 5000 rpm. The supernatant was

discarded and to the pellet, again three volumes of RBC

lysis buffer was added and vortexed as above. The sample

was mixed thoroughly by inverting and centrifuged again

at 5000 rpm repeatedly at least for 2–3 times till the su-

pernatant and a white pellet were obtained. The supernatant

was decanted completely and the pellet was resuspended in

700 ll PBS, vortexed and centrifuged again for 10 min at

5000 rpm, followed by the addition of 500 ll amount of

cell lysis buffer (100 mM Tris–HCl, 50 mM EDTA,

50 mM Nacl 10 % SDS, pH 7.5) and 10 ll of Proteinase K
(10 mg/ml stock) (Hi-media). The samples were vortexed

to completely dissolve the pellet and the samples were

incubated for lysis in a water bath at 56 �C for 2 h. The

tubes were shaken and an equal volume of PCI was added

and mixed thoroughly for 1 min by inverting. Centrifuga-

tion at 10000 rpm for 10 min at 4 �C was done and to a

new tube the aqueous upper layer was transferred which
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contained equal volumes (1:1) of phenol and chloroform:

isoamyl alcohol in the ratio of 24:1. The contents were

mixed thoroughly by inverting for 1 min and centrifuged

again at 10000 rpm for 10 min at 4 �C.
The supernatant was transferred to a fresh microcen-

trifuge tube and two times the volume of isopropanol

(Merck) was added and inverted gently for 10 times.

Sodium acetate (50 ll) was added and incubated at -20 �C
for 1 h then centrifuged at 13000 rpm for 10 min at 4 �C.
After decanting the supernatant, 250 ll of 70 % ethanol

was added and the pellet was gently tapped, followed by

centrifugation at 13000 rpm for 10 min, and gently de-

canting the supernatant. The pellet was air dried in a

laminar air flow followed by re-suspension in 50 ll of

nuclease-free water or 1X TE (10 mM Tris–HCL, 1 mM

EDTA, pH 7.6) buffer and stored in -20 �C [15]. Ex-

tracted DNA was tested using 0.8 % agarose gel elec-

trophoresis. Yields and purity of DNA samples were

estimated using spectrophotometer.

PCR amplification of the mtDNA ND1 and ATPase

gene

The entire mitochondrial ND1 gene spanning across nu-

cleotide positions 3307–4263 was amplified. The following

primers were used for PCR amplifications, forward primer

50-GAGCCCGGTAATCGCATAA-30 and reverse primer

50-GATAGGTGGCACGGAGAAT-30. PCR reactions were

performed in a total reaction volume of 25 lL containing

9.5 lL distilled water, 12.5 lL (1X) GoTaq� Green Master

Mix (buffer pH 8.5), Taq polymerase, 200 mM each of

dATP, dCTP, dGTP, dTTP, and 1.5 mM of MgCl2 pro-

vided by (Promega, USA), 0.5 lL (10 pmol/lL) of each

primer (Forward and Reverse), and 2 lL of 50 ng template

DNA. The mixture was incubated in (Multigene-TM Gra-

dient Thermal Cycler, Labnet International, Korea) with

the following cycling conditions: an initial denaturation at

95 �C for 5 min, followed by 30 cycles of denaturation at

95 �C for 60 s, annealing of primers at 58 �C for 40 s,

extension at 72 �C for 70 s, and a final extension cycle

72 �C for 5 min. A negative control reaction was prepared

with all amplifications to ensure the reliability of results.

PCR products were electrophoresed in 2 % agarose along

with 100 bp DNA ladder.

The mtDNA ATPase region was amplified by PCR us-

ing primers KatPase-F (50-CTAGAGCCCACTGTAA
AGCTAAC-30) and KatPase-R (50GAGCGTTATGG
AGTGGAAGT-30). The ATPase polymerase chain reaction

(PCR) was carried out in 25 ll total reaction volumes, each

containing 100 ng of template DNA, 0.2 pmol of each

primer, 2.5 ll of PCR buffer with 10X concentration,

1.5 mM MgCl2, 200 mM dNTPs, and 1 unit of Taq DNA

polymerase (Fermentas, Germany). The reaction mixture

was heated to 95 �C for 5 min, which was followed by

other 30 cycles each consisting of 1 min denaturation at

95 �C, 40 s annealing at 56 �C, 1 min of extension at

72 �C, and a final 5 min extension at 72 �C. The PCR

amplification products (10 ll) were subjected to elec-

trophoresis in a 1 % agarose gel in 1X TAE buffer at 80 V

for 30 min, stained with (0.2 lg/ml) Ethidium Bromide

and images were obtained in gel documentation system.

RFLP Screening

PCR amplification products were subjected to digestion

reaction with HaeIII, AciI, TaqI, and RsaI enzymes. Ten ll
of digestion reaction consists of: {5.6 ll of sterile distilled

water, 1 ll of restriction buffer (10X), 0.4 ll of restriction
enzyme} and 3 ll of amplified DNA. Then the digestion

reaction was incubated at 37 �C for HaeIII, AciI, and RsaI

and 56 �C for 3 h, 8–10 h, 6–10 h, and 10–12 h, respec-

tively. Digestion products were subjected to electrophore-

sis in 8 % polyacrylamide gel in a 10X TBE buffer at a

voltage of 40 V for 30 min later changed to 60 V and

stained with 1 ll of ethidium bromide. The resulting

fragments were visualized under the UV fluorescence. Gel

images were captured using a gel documentation system.

PCR products were purified and stored at -20 �C until

sequencing at SciGenom Lab, Cochin, India.

Sequencing and Sequence analysis

All PCR products were sequenced from the opposite di-

rection to ensure reading accuracy. Analysis of the se-

quence was performed using FinchTV 1.4 software

(Geospiza, Inc., USA) and DNA Baser Sequence Assem-

bler v 3.2 (2012) software. The sequences were compared

with the latest version of Revised Cambridge Reference

Sequence (rCRS) of the human mitochondrial DNA using

the sequence analysis tool BLAST (http://www.ncbi.nlm.

nih.gov/blast) (NCBI, Bethesda, USA). Mitochondrial

genome sequence variations were identified using the

Mitomap database. The results of the DNA sequence ana-

lysis were compared with the published Cambridge Se-

quence using Mutation Surveyor version 1.4 DNA

mutation analysis software (Softgenetics, State College,

PA). Sequence differences between cancer and healthy

blood samples were recorded as mtDNA polymorphisms.

Each polymorphism was then verified against the Mitomap

database (http://www.mitomap.org/). Sequence variants

that were not found in that database were classified as new

polymorphism/mutation, whereas others already reported

were classified as reported polymorphism/mutation. Se-

quences obtained from the present study were submitted to

the EMBL-EBI database and the accession numbers are

shown in Table 2.
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Pathogenicity prediction by protein amino acid

change

Non-synonymous (coding) substitutions and its impact in

the resulting protein was measured using PolyPhen-2 (v.

2.2.2) software, which predicts the probable impact of an

amino acid substitution variation on the structure and

function of the corresponding protein, which is inferred as

benign and damaging effects.

Statistical Analysis

Case–control study was done for Hardy–Weinberg equi-

librium by a Chi-square (v2) test with one degree of

freedom (df). The demographic factors and habits between

cases and controls were compared using the v2 test with

Yates’ correction or Fisher’s exact test. Odds ratios with 95

percent confidence intervals were calculated for both cases

and controls using logistic regression models that exam-

ined the association between breast cancer status and risk

factors such as age of menarche and menopause, breast

feeding, fat intake, smoking, alcohol consumption, familial

cases of breast cancer, and other cancers. An RR was

considered statistically significant if the 95 % CI did not

contain 1.00. For all tests, a two-sided P value\ 0.05 was

considered statistically significant. All statistical analyses

were performed using SPSS 20.0 for Windows (SPSS

Ibérica, Madrid and Spain) and SigmaPlot 12.00, SYSTAT

13.0. (Systat Software Inc., USA).

Genetic analysis

The breast cancer and normal sequences were carefully

checked and aligned using the Clustal W algorithm. The

number of polymorphic sites, parsimony informative sites,

the rate of transitions/transversions, and the nucleotide

frequency were calculated using MEGA 6. The genetic

distance between healthy and breast cancer was measured

with MEGA 6 using the Kimura 2-parameter model. For

the HKY model, we first created maximum estimates of

parameter k (transition/transversion rate ratio) and a

(gamma-shaped parameter) and likelihood value using the

SA algorithm with the Jukes and Cantor’s (JC) model and

obtained ML nucleotide frequencies. Codon positions in-

cluded were 1st ? 2nd ? 3rd ? Noncoding. All positions

containing gaps and missing data were eliminated. The

variable substitution site was calculated by the formula:

Hi ¼
X4

i¼1

Pj log2 Pj

 !
:

The variability at site ‘i’ is measured by the entropy (or

information), where ‘j’ = 1, 2, 3, 4 corresponding to nu-

cleotide A, C, G, and T, and ‘pj’ is the proportion of nu-

cleotide ‘j’ at site ‘i’. If all nucleotides at site ‘i’ are

identical, then ‘Hi’ = 0. Substitutions will lead to poly-

morphic sites at which the ‘H’ value will be larger than 0. It

is ‘Hi’ that is plotted over sites.

Results

Demographic characteristics and some reproductive factors

of breast cancer patients are shown in Table 1. From the

demographic results, the cancer patients under study were

of different age groups (ranging from 24 to 78 years), were

mostly married and had children. Most of them breast-fed

Table 2 EBI Accession numbers of samples sequenced for mutation

analysis

Gene name EBI accession number Sample type

ATP 8 LN558468

LN558469

LN558470

LN558471

LN558472

LN558473

LN558474

Breast cancer

LN558448

LN558449

LN558450

LN558451

LN558452

Healthy

ATP6 LN558479

LN558480

LN558481

LN558482

LN558483

LN558484

LN558485

Breast cancer

LN558464

LN558465

LN558466

LN558467

Healthy

NDI LN558490

LN558491

LN558492

LN558493

LN558494

LN558495

LN558496

Breast cancer

LN558510

LN558511

LN558512

Healthy
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up to more than 6 months and they had varying age of

menarche and menopause. However, they mostly had early

menarche, below 16 years. From our study, it was found

that the habitual diet is high in animal fats in the form of

saum (fermented pork fat), red and smoked meats whereas

low intake of fruits among this group (data not shown).

And high intake of animal fat is found to be one of the most

major risk factor for breast cancer in our study (Relative

Risk, RR: 2.08; Odd Ratio, OR: 1.32, 95 % CI 0267–4.02).

The increased risk was correlated with high intake of ani-

mal fats, in the form of pork meat and saum (fermented

pork fat). Age at menopause is also found as one of the

significant risk factors in this population (RR = 1.56; Odd

Ratio, OR: 1.06, 95 % CI 4.067–11.73). A slight increased

risk of breast cancer was also observed in women with

other types of cancers in their family (RR = 0.93; OD:

1.07; 95 % CI = 0.61–3.42). Local tobacco-related habits

are not significant in this study. Alcohol consumption is

also found to be a potential risk factor, but further study

with larger population size is required to confirm it as

statistically significant. Also some studies found that the

risk of breast cancer was lower in women whose menarche

occurred at age 15 or over, but there was no evidence for

the risk to increase with decreasing age at menarche below

age 15 years.

Sequence variation in ATPase and ND1 regions

Gene-specific PCR was performed in the 40 DNA (30

breast cancer and 10 healthy) samples isolated and specific

products were observed. RFLP analysis was performed in

all the samples and the digested products were document-

ed. Thirteen (8 breast cancer and 5 healthy) samples were

selected for sequencing based on the polymorphism ob-

served in the gel picture. Sequence variations were found at

9 mtDNA ATPase (ATP6 and ATP8) at 9 different nu-

cleotide positions in 5 samples (62.5 %) and a sequence

variation of 2 mtDNA ND1 at two discrete nucleotide

positions were found in 2 breast cancer samples (25 %).

All the 11 variations from both ATPase and NDI were

found to be base substitutions. Two novel tRNA-Leu mu-

tation (8360A[T, 8362T[A) were observed for breast

cancer in Mizo population. Most of the mutations were

previously reported in open mutation mtDNA databases or

in the literature (mtDBase:http://www.genpat.uu.se/mtDB/

index.html; MITOMAP: http://mitomap.org/MITOMAP)

and new mutations that are not reported in relationship with

breast cancer were also found (Table 3). Sequence varia-

tions that are not recorded in the database were categorized

as novel mutations, and those that appeared in the database

were reported as polymorphisms. Among the 11 ATPase

and ND1 mutations, 5 non-synonymous and 6 synonymous

substitutions were found. Nine of these mutations were

previously reported for other diseases and normal varia-

tions, but not for breast cancer in the literature or the un-

restricted mtDNA mutation databases (mtDBase: http://

www.genpat.uu.se/mtDB/index; MITOMAP:http://mito

map.org/ MITOMAP). In the ATPase 6 gene, 5 synony-

mous, and 3 non-synonymous mutations were observed and

only 1 non-synonymous deleterious mutation was observed

in the case of ATPase 8 gene. Furthermore, non-synony-

mous amino acid variants were more recurrent in the

ATPase genes compared to the ND1 gene.

Evolutionary divergence of the cancer and healthy

sequences

Genetic analyses were conducted on the three genes ATP6,

ATP8, and ND1, separately. The relative values of nu-

cleotide composition showed a moderate predominance of

A and T over C and G in both cancer and healthy samples

(Supplementary Fig. 1). Transition events were more fre-

quent than transversions in all the three genes. The tran-

sitional status for all the three genes is higher than

transversion status (Supplementary Fig. 2). The distance of

divergence was found to be 0.003 for ATP6, 0.001 for

ATP8, and 0.002 for ND1. Nucleotide substitutions per site

are higher in ATP6 and ATP8 as compared to ND1. The

log likelihood value for ATP6, ATP8, and ND1 genes were

-962.808, -262.726, and -1284.541, respectively. The

values of Tajima’s D statistical test for ATP6, ATP8, and

ND1 are -1.0433, -1.0062, and -1.2372, respectively.

The distinctive features between the healthy and breast

cancer samples in relationship with mitochondrial genes

are shown in Table 4. The transition–transversion bias for

the ATP6 is highest for cancer and healthy control sample.

Also results from Tajima’s Neutrality Test shows that the

nucleotide diversity p, the haplotype frequency P, Wat-

terson’s H (Population mutation rate), which compares two

estimators of the population parameter is higher in ATP6

compared to ATP8 and ND1. Thus, ATP6 may be a good

marker for evolutionary variation based on the Tajima test

statistic value (Table 4).

Discussion

Demographic studies earlier found that there are potential

risk factors for breast cancer which includes older age, lack

of breastfeeding, certain dietary patterns, obesity, and other

reproductive factors such as age at menarche and meno-

pause. The association between the risk of breast cancer

and dietary fat intake has been controversial for decades.

However, according to the findings of this study we found

that high intake of animal fats, mainly from red meat

during the premenopausal years are correlated with an

Breast Cancer

123

http://www.genpat.uu.se/
http://www.genpat.uu.se/
http://mitomap.org/MITOMAP
http://www.genpat.uu.se/mtDB/index
http://www.genpat.uu.se/mtDB/index
http://mitomap.org/
http://mitomap.org/


T
a
b
le

3
P
o
ly
m
o
rp
h
is
m

an
d
m
u
ta
ti
o
n
s
in

A
T
P
as
e
an
d
N
D
1
re
g
io
n
o
f
b
re
as
t
ca
n
ce
r
sa
m
p
le
s

G
en
e
n
am

e
F
re
q
u
en
cy

o
f
m
u
ta
ti
o
n

(%
)

N
o
m
en
cl
at
u
re

o
f
m
u
ta
ti
o
n

C
o
d
o
n

n
u
m
b
er

C
o
d
o
n

p
o
si
ti
o
n

S
y
n
/

n
o
n
sy
n

C
o
d
o
n

ch
an
g
e

A
m
in
o

ac
id

ch
an
g
e

R
ep
o
rt
ed
/

d
is
ea
se

ca
u
se
d

P
o
ly
p
h
en
2
sc
o
re

A
T
P
6

1
2
.5

8
5
8
0
C
[

T
1
8

3
S
Y
N

C
C
C
[

C
C
T

P
[

P
R
ep
o
rt
ed

b
u
t
n
o
t
fo
r
b
re
as
t
ca
n
ce
r

–

1
2
.5

8
5
8
4
G
[

A
2
0

1
N
o
n
S
Y
N

G
C
A
[

A
C
A

A
[

T
0
.0
1
1

(B
en
ig
n
)

1
2
.5

8
5
9
8
T
[

C
2
4

3
S
Y
N

A
T
T
[

A
T
C

I
[

I
R
ep
o
rt
ed

fo
r
n
o
rm

al
v
ar
ia
ti
o
n

–

1
2
.5

8
6
0
2
T
[

C
2
6

1
N
o
n
S
Y
N

T
T
T
[

C
T
T

F
[

L
R
ep
o
rt
ed

b
u
t
n
o
t
fo
r
b
re
as
t
ca
n
ce
r.

0
.0
0
1

(B
en
ig
n
)

1
2
.5

8
7
0
1
G
[

A
5
9

1
N
o
n
S
Y
N

T
T
G
[

T
T
A

T
[

A
R
ep
o
rt
ed

fo
r
th
y
ro
id

tu
m
o
r.
N
o
t
fo
r

b
re
as
t
ca
n
ce
r

2
5

8
7
9
0
G
[

A
8
8

3
S
Y
N

C
T
G
[

C
T
A

L
[

L
R
ep
o
rt
ed

b
u
t
n
o
t
fo
r
b
re
as
t
ca
n
ce
r

–

1
2
.5

8
9
7
0
C
[

T
1
4
8

3
S
Y
N

A
G
C
[

A
G
T

S
[

S
R
ep
o
rt
ed

fo
r
n
o
rm

al
v
ar
ia
ti
o
n

1
2
.5

9
0
9
0
T
[

C
1
8
8

3
S
Y
N

T
C
T
[

T
C
C

S
[

S

A
T
P
8

1
2
.5

8
4
1
4
C
[

T
1
7

1
N
o
n
S
Y
N

C
T
C
[

T
T
C

L
[

F
R
ep
o
rt
ed

fo
r
A
lz
h
ei
m
er
’s

d
is
ea
se

an
d

P
ar
k
in
so
n
’s

d
is
ea
se

b
u
t
n
o
t
fo
r
b
re
as
t

ca
n
ce
r

0
.9
9
4

P
ro
b
ab
ly

d
am

ag
in
g

(N
o
v
el

re
p
o
rt
)

tR
N
A
-L
eu

8
3
6
0
A
[

T
–

–
–

–
–

N
o
v
el

(N
o
t
re
p
o
rt
ed

in
th
e
d
at
ab
as
e)

–

8
3
6
2
T
[

A
–

–
–

–
–

N
o
v
el

fo
r
b
re
as
t
ca
n
ce
r

N
D
I

1
2
.5

3
5
0
5
A
[

G
6
7

1
N
o
n
S
Y
N

A
C
C
[

G
C
C

T
[

A
R
ep
o
rt
ed

fo
r
p
an
cr
ea
ti
c
an
d
p
ro
st
at
e

ca
n
ce
r
b
u
t
n
o
t
fo
r
b
re
as
t
ca
n
ce
r

0
.0
0
2

(B
en
ig
n
)

1
2
.5

4
0
6
5
A
[

G
2
5
3

3
S
Y
N

C
A
A
[

C
A
G

G
[

G
R
ep
o
rt
ed

b
u
t
n
o
t
fo
r
b
re
as
t
ca
n
ce
r

–

Breast Cancer

123



increased risk of breast cancer in Mizoram population.

Most of the Mizo populations are non-vegetarians, and

intake of animal fat is high in the form of pork meat and

addition of fermented pork fat (saum) while preparing bai

(vegetable stew) which is a prevalent dietary habit in this

population. The mizo population is of mongoloid origin

and are different from the rest of India in terms of their

diet, lifestyle, and geographical distribution. Some studies

have also established that countries with higher intake of

animal fat such as dairy products and meat, are found to

have higher breast cancer incidence [16–18]. Also in other

mongoloids like Japanese, consumption of meat daily

among women was found to increase the risk of breast

cancer by 8.5 fold than women who never eat meat or

seldom consume meat [19]. A collective investigation from

several case–control studies concerning the correlations

between total fat intake and the risk of breast cancer has

suggested a positive association [20–22]. By contrast,

prospective studies have not supported an association with

total fat intake [23]. Population-based studies have estab-

lished a fivefold difference in breast cancer occurrence

between European countries and Asian countries, which

suggests a role of diet and lifestyle in cancer prevalence.

Variations are also found in their incidence, mortality,

and survival rates between different countries or population

groups. Even various ethnic and racial groups are affected

differently by overall cancer incidence. However, the rea-

son for disparities is still not yet known, although recent

research has suggested that genetic factors may be the

reason for differences in breast cancer prognosis. Age at

menopause is found to be a significant risk factor for this

population, which may be correlated with longer exposure

to female hormone estrogen. Also family history of other

cancers are found to be associated with the increased risk

of breast cancer in this population which may be because of

their genetic make-up and inheritance of faulty genes,

which makes them predispose to cancer. However, in the

mizo population no significant association between breast

feeding and risk of breast cancer was found, unlike other

studies where positive correlations were found between

breast feeding and risk for breast cancer. The epi-

demiological study contributes to the identification of

several risk factors in relation with mitochondrial DNA for

breast cancer given in the published international literature,

with special reference to Mizo population [24, 25].

Also, results from our study revealed that ATP6 gene is

more mutated as compared to ATP8 gene in breast cancer

patients from Mizoram population as in other populations

[26]. The number of occurrence of non-synonymous amino

acid variants were also more often in the ATPase6 gene

compared to the ATPase8 gene (Table 3). The G8584A,

T8602C, and G8701A in ATPase6 gene lead to A20T,

F26L, and T59A amino acid substitutions, respectively.T
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And the A3505G in ND1 gene leads to T67A amino acid

substitution. Our results also indicate that the variants in

ATPase6 gene are mostly benign which has no impact on

protein structure as they were positioned in a poorly con-

served region of protein based on polyphen-2 software.

However, from polyphen-2 analysis, we found one novel

mutation predicted as ‘probably damaging variants’ that

leads to amino acid substitution of L (leucin)[F (pheny-

lalanine) and the codon change from CTC[TTC at the

17th codon which may have an impact on the structure and

function of ATPase8 gene which is located in highly

conserved domains of the proteins. From the above result,

we found 5 non-synonymous mutations which may have

the potential to cause defects in the oxidative phosphory-

lation system by making the resulting protein to be non-

functional or truncated. Also, out of the 8 breast cancer

samples, two were most frequently found to be mutated in

the ATP6 gene, which may be correlated with their epi-

demiological study as one of the patients was having a

medical history of diabetes, hypertension and sciatica while

the other had a nerve problem. In our study, we also found

that the variations were more frequent in the ATPase re-

gion than in ND1 region of breast cancer patients, which is

in contrast to previous studies which have suggested

mtDNA ND1 as novel biomarker for the early detection of

breast cancer. Also several authors have reported that

variants of ATPase6 gene may increase the progression of

cancer by inhibiting apoptosis pathways [27, 28]. Though

the functional role of ATPase6 or ATPase8 variants in

tumorigenesis is controversial; however, alteration in

ATPase6 has been reported as a polymorphism in different

studies. The rate of recurrence of polymorphism has been

reported to be from 79 to 91.66 % in breast cancer patients

[29, 30], and 75–100 % in other types of cancers [31–33].

The log likelihood is proportional to the probability of

observing the data given the parameter estimates and our

model. If the models are nested, then a larger likelihood

vale means a larger probability of observing the data,

which is goodness of fit. In our results, the log likelihood

value for ATP6, ATP8, and ND1 are -962.808, -262.726,

and -1284.541, respectively where ATP6 and ND1 are in

Deviance and ATP8 is in goodness of fit. According to the

Tajima statistics, D\ 0 indicates that rare alleles are pre-

sent at low frequencies; there was a recent selective sweep

and an expansion of the genes after a recent bottleneck

[34]. In our study, we found a strong selective sweep for

ATP6 (D = -1.0433) and ND1 (D = -1.2372) genes for

breast cancer samples based on the Tajima’s D statistical

test (Table 4). Hence, the high level of nucleotide diversity

and Watterson’s H (mutation rate) in ATPase genes be-

longing to breast cancer samples are essentially the large

rate of total genetic variation in the mitochondrial genome.

Our study showed that ATPase genes are more predis-

posed to variation in breast cancer and may play an im-

portant role in tumorigenesis by changing the energy

metabolism level in cancer cells. Also the diagnostic role

of mtDNA for early detection of breast cancer may require

further studies as to validate it as a potential biomarker.

The present study is a novel finding in terms of the possible

role of mtDNA ATPase and ND1 mutations in breast

cancer in Mizoram population.
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Aim: The aim of this study is to identify the AKT1 gene mutation driven pathogenicity in gastric cancer
for Mizo population. Methods: 50 diffuse-type gastric tumors were analyzed for AKT1 exon 2 and 14 mu-
tations. Cell-cycle aberration was analyzed in the AKT1-mutated samples and the stability of the protein
as well as exonic splicing enhancer motifs were examined. Results: The novel mutations, 15553T >A and
25376C >G might affect the exonic splicing enhancers and silencers. Significant decline was observed in
the S-phase population in the tumor cells with 15553T >A and 15579G >C mutations suggesting the arrest
of G1 phase. Conclusion: The present study is a novel finding of the possible role of AKT1 mutations which
might help to identify gastric cancer patients.

First draft submitted: 9 July 2017; Accepted for publication: 22 November 2017; Published online:
30 January 2018

Keywords: AKT1 • cell cycle • exonic splicing enhancers • gastric cancer • pleckstrin homology domain

Several epidemiological risk factors that may be associated with gastric cancer have been identified [1]. AKT1 (also
known as protein kinase B) plays a role in the regulation of cell survival, cell cycle, invasion and metabolism [2]. The
homologous isoforms – AKT1, AKT2 and AKT3 consist of three functional domains: an amino terminal pleckstrin
homology (PH) domain, a central catalytic domain and carboxyl terminal regulatory domain with the hydrophobic
motif. Numerous studies have shown aberrant activation of AKT through genetic events and its hyperactivation in
human malignancies [3,4].

AKT is involved in important signaling pathways that comprises of PI3K, PTEN (phosphatase and tensin
homolog) and mTOR maintaining a balance between cell survival and apoptosis [5]. The mTOR pathway frequently
gets dysregulated in a variety of human cancers, including gastric cancer. Overexpression of the mTOR downstream
effectors eIF4E and 4E-BP1 was found in gastric cancer cells [6]. The dysregulation of PI3K/PTEN/AKT/mTOR
signaling pathway is a common event in several human cancers, including gastric cancer (GC) which could be
triggered by loss of PTEN function, over expression or activating mutations of AKT, and over expression of upstream
receptors such as IGFR, EGFR and HER-2 [7].

So far, AKT1 mutations have been reported in exons 2 and 14 of breast, colon, ovarian and lung cancers, and
less information is available for gastric cancer [8]. Exon 2 codes for the PH domain and exon 14 for the regulatory
hydrophobic motif. The PH domain recruits AKT to the plasma membrane by phosphoinositide binding and
activates the AKT protein. The carboxyl-terminal hydrophobic regulatory domain contains several proline-rich
regions that serves as protein–protein interaction sites and has significant role in regulation of AKT1 activity. The
carboxyl-terminal hydrophobic regulatory domain contains F-X-X-F/Y-S/T-Y/F hydrophobic motif, where X can
be any amino acid belonging to AGC kinase family. In mammals, this motif is identical (FPQFSY) in all the AKT
isoforms and is very vital for the enzymatic activity [9]. Mutation in exon 2 alters the electrostatic interactions of
the AKT protein pocket and forms new hydrogen bonds with a phosphoinositide ligand in PH domain and the
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exon 14 is the mutational hot spot for the AKT gene and can alter the regulatory feature of AKT protein [8]. This
study aims to assess the mutations in AKT1 gene and cell-cycle alterations in gastric cancer patients.

Materials & methods
The mutations in exons 2 and 14 of the AKT1 gene were analyzed from the formalin-fixed paraffin-embedded
(FFPE) tumor and matched normal tissue of 50 diffuse-type gastric adenocarcinoma and compared with 50 healthy
blood samples from Mizo, northeast Indian population. The samples consisted of 22 early and 38 advanced gastric
carcinoma. Hematoxylin and eosin-stained slides were prepared after microdissection from tumor and matched
normal tissue paraffin block, whereas the blood samples were directly used. Approval for this study was obtained
from the Institutional Review Board of the Civil hospital, Mizoram as well as the Human Ethical Committee,
Mizoram University, India.

Isolated genomic DNA from tumor tissue [10,11], matched normal tissue and blood were amplified with primer
pairs covering the AKT1 exon 2 (5′-CGCTGGCCCTAAGAAACA-3′ and 5′-CTCAGCTTTGGGACTCAGC-
3′) and exon 14 (5′-TTAAGAGGTTGGCTTCCTACTG-3′ and 5′-CAGCGTGGCTTCTCTCAAAT-3′). 25 μl
PCR was carried out, each containing 100 ng of template DNA, 0.2 pM of each primer, 2.5 μl of 10× PCR buffer,
1.5 mM MgCl2, 200 mM dNTPs and 1 unit of Taq DNA polymerase (Fermentas, Sankt Leon-Rot, Germany).
The reaction mixture was heated to 94◦C for 5 min, followed by 30 cycles each consisting of 1-min denaturation at
94◦C, 1-min annealing at 60◦C (for both the exons) and 1 min of extension at 72◦C and a final 5-min extension at
72◦C. Single-strand confirmation polymorphism was performed for detection of mutation and the PCR products
showing mobility shifts were sequenced.

14 PCR products were sequenced from the opposite direction to ensure reading accuracy. The chromatograms
were examined using chromas software version 2.13 and aligned by Basic Local Alignment Search Tool (BLAST) [12].
To identify the exonic splicing enhancer motifs that were recognized by individual SR proteins, sequences were
submitted to human splicing finder. Mutational identification and its effects on protein were found by Mutation
Taster, PolyPhen2, Sorting Intolerant From Tolerant (SIFT) and Proven online server [13]. All annotated sequences
were submitted to the European Bioinformatics Institute (EBI) repository server (accession numbers LN845722 –
LN845747).

0.1 g of grossly gastric tumor and adjacent normal gastric mucosa tissues were used for cell-cycle analysis. Cells
were harvested by mechanical dis-aggregation and fine-needle aspiration. Two separate aliquots of 6 × 106 tumor
cells were prepared for each sample. Pellets were incubated with 250 ml of 0.1% RNAse (Sigma-Aldrich, MO,
USA) and 50 mg/ml propidium iodide (presence of sodium citrate and TritonX-100) for 30 min at 37◦C and flow
cytometric analysis was performed. The proliferating cell population has four distinct phases: the G1-, S- (DNA
synthesis phase), G2- and M-phase (mitosis). The G2- and M-phases will have identical DNA content and hence
will not be discriminated [14].

To find the protein stability and the scores for free energy alterations for single-site mutation, the sequences
were submitted to I-Mutant (version 2.0) [15] and FOLD-X energy-based web server. The FOLD-X tool gives the
contrast between the wild- and mutant-type models in the form of van der Waals clashes, which deeply affect the
energy breakdown [16,17]. NetSurfP server [18] was used to predict the surface accessibility and secondary structure of
amino acids, based on Z-score [19]. Sequences were submitted to project Have yOur Protein Explained (HOPE [20])
for prediction of structural variation between wild- and mutant-type amino acids, which provides the 3D structural
visualization of desire proteins and the results by using UniProt servers [19].

Results
We found mutations in four tumor samples and all were invasive diffuse-type carcinoma. Three sequence variations
in exon 2 (in 8% samples) and two variations in exon 14 (in 12% samples) were observed (Figure 1). A 25376C >G
homozygous mutation was very common in gastric cancer patients in exon 14 of the AKT1 gene (Table 1). Due
to this mutation, the splicing donor increased (wild-type: 0.39/mutant-type: 0.97) affecting the potential exonic
splicing regulator and thereby leading to the loss of function of domain AGC-kinase C-terminal. In exon 2,
splicing abnormalities were observed due to the mutation of 15553T >A. The PolyPhen2 and SIFT scores were
pathological for these mutations. A 15553T >A mutation occurred in the late exonic position of the spliceosome
recognition site (±40 nucleotide of splicing site). The splicing acceptor was increased (mutant-type: 80.58), hence
cryptic splice site will get activated leading to new site generation at +56.07 site and decreasing the length of
exon by 108 base pairs. Mutations of the 15553T >A and 25376C >G in two different exons are most likely to
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Figure 1. Chromatograms of the wild-type and mutant-type nucleotide sequences. The mutations are 15553T >A, 15579G >C,
25340A >T, 25376C >G.
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Figure 2. Cell-cycle histogram for (A) matched normal and (B) gastric cancer tumor cell.

Figure 3. 3D structure of the mutation in gastric cancer
samples. Both the wild-type and mutant side chain are
shown in green and red, respectively. The rest of the
protein is shown in grey. (A) Mutation of tryptophan to
arginine at position 22 due to 15553T >A; (B) mutation
of lysine to asparagine at position 30 due to 15579G >C;
(C) mutation of methionine to leucine at position 458
due to 25340A >T; (D) mutation of proline to alanine at
position 470 due to 25376C >G.

affect exon splicing, due to alteration of exonic splicing enhancers and silencers and denoted as exonic splicing
regulator-relevant mutations (Table 1).

Significant elevation in DNA quantity in G1 phase and decrease in the S-phase population in tumor cells were
observed (Figure 2A & B). Remarkably, the results were found in two samples with 15553T >A and 15579G >C
mutations suggesting the arrest of G1 phase and entering into S phase due to the alteration of PH domain. Hence,
loss of the protein PH domain can also alter the cell cycle and increase the tumor growth due to the mutations.

In this study, P470A mutation occurred frequently (in 12% samples) than any other mutation which was giving
a probable damage score in SIFT and polyphen2. This mutation also might increase Akt phosphorylation and the
AKT active conformation might also change. The imino acid proline is converted to nonpolar alanine resulting in
loss of domain AGC-kinase C-terminal function and increase in splicing donor region (wild-type: 0.39/mutant:
0.97; Figure 3D).

There is a significant alteration in charge of amino acid (22W >R) between the mutant and wild-type due
to 15553T >A substitution (Table 1). The mutation brings in positive charge at this position; causing repulsion
between the mutants and neighboring residues. The mutant has a smaller residue than the wild-type (Figure 3A),
which will cause a failure of external interactions. Arg22 mutation induces changes in the conformation and protein
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stability which may be due to clashes with electronic density of vicinity residues. The mutation might cause loss of
hydrophobic interactions with other molecules on the surface of the protein. The mutation 458M >L might cause
an empty space in the core of the protein due to the mutant residue being smaller than the wild-type (Figure 3C).
Most of the mutant residues showed low relative surface accessibility and absolute surface accessibility (Table 1), but
the mutation of tryptophan to arginine showed increase in relative surface accessibility. The exposed tryptophan
large residue is converted into arginine in the buried small moiety form (Figure 3A).

Discussion
In the present study, novel mutations in gastric cancer have been identified in the AKT1 gene. In Mizo population,
most of the reported gastric cancers are diffuse-type and the tumors are present in the upper third of the stomach.
Regarding diffuse-type gastric cancer, patients with mutations in the PI3K/AKT pathway are more likely to have
tumors in the upper third of the stomach [21]. In exon 2, splicing abnormalities were observed due to the mutation
(15553T >A). The PH domain function might be lost which holds AKT in a closed arrangement under basal
conformation [22], due to the 15553T >A and 15579G >C mutations. Further, due to this mutation, exonic cryptic
acceptor site in the presence of one or more cryptic branch points may be activated, hence potential alteration of
splicing can occur [23]. PH domain contains leucine-rich repeat protein phosphatase which can induce apoptosis
and inhibit tumor growth by dephosphorylation of S473 on AKT [24].

It is also possible that as in prostrate and colorectal cancers, mutated AKT may deregulate cell-cycle control and
enhance survival after cytotoxic exposure [25,26]. AKT is involved in the control of G2/M cell-cycle progression and
activation of AKT can overcome both the p53-independent G2/M cell-cycle checkpoint and apoptosis induced
by DNA damage [26]. In addition, activation of AKT also has the ability to alleviate the p53-mediated cell-cycle
checkpoints through phosphorylation and better degradation of p53 [27]. In our study, the samples with 15553T >A
and 15579G >C mutations suggest the arrest of G1 phase entering into S phase due to the alteration of PH domain
and degradation of p53. Aromatic tryptophan to polar arginine substitution at 22 amino acid position might affect
the function of intracellular signaling due to PH domain alteration and resulting in frequent change in protein
active or binding site alteration.

In this study, P470A mutation caused AKT1 amino acid tail deletion leading to higher AKT phosphorylation
signifying that either phosphorylation or deletion of the tail region could lock AKT in its active conformation [28].
Phosphorylation of the AKT1 tail activated AKT1 leads to elevated Skp2 or FOXO phosphorylation in turn leading
to elevated cell-cycle progression [27].

By studying the positional changes and interactions of amino acid residues within AKT1 protein, a significant
number of structural changes have been identified that can explain the activity deviations caused by several mutations
which were described previously by Almhanna et al. [4]. The PI3K/AKT pathway is a prototypic survival signal
that is constitutively activated due to AKT gene amplification or mutations in AKT gene signaling components [29].
Once activated, AKT signals are propagated to diverse pathways which are attractive drug targets in cancer and
have also been reported to confer resistance to cancer therapies leading to poor prognosis for several tumors [29].
In exon 2, the PH domain function might be lost due to splicing abnormalities. PH domain holds AKT in a
closed arrangement under basal conformation, which recruits AKT to the plasma membrane by phosphoinositides
binding and this binding is required for activation of the AKT protein for normal regulation of P13/AKT pathway.

In this study, the limitations concerning sample size may be overlooked because of the fact that the Mizo ethnic
group has a very small population size of about 1.1 million people [30]. The fact that our study is one of the first
performed in the unique and high gastric cancer risk Mizo-Mongoloid population from northeast India will provide
insights for early diagnosis of this critical disease.

Conclusion
In conclusion, we have identified four nonsynonymous and one synonymous mutations in exons 2 and 14 of the
AKT1 gene in gastric cancer samples. The mutations were somatic as the AKT1 exon variations were derived from
tumor samples and no variation was observed in matched normal tissues. The present study is a novel finding in
terms of AKT1 mutations which might help to identify patients who are at high risk for gastric cancer.
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Executive summary

� This study has identified four nonsynonymous and one synonymous mutations in AKT1 exons 2 and 14 in gastric
cancer Mizo population.

� The mutations are somatic as the AKT1 exon variations were derived from tumor samples and no variation was
observed in matched normal tissues.

� Significant decline was observed in the S-phase population in the tumor cells with 15553T >A and 15579G >C
mutations suggesting the arrest of G1 phase.

� The pleckstrin homology domain function might be lost which holds AKT in a closed arrangement under basal
conformation, due to the 15553T >A and 15579G >C mutations.

� In exon 2, the pleckstrin homology domain function might be lost due to splicing abnormalities.
� P470A mutation caused AKT1 amino acid tail deletion leading to higher AKT phosphorylation signifying that

either phosphorylation or deletion of the tail region could lock AKT in its active conformation.
� The present study is a novel finding in terms of the possible role of AKT1 mutations which might help to identify

patients from other populations as well who are at high risk for gastric cancer.
� The mentioned AKT1 mutation and cell-cycle abnormality can be used for early diagnosis marker for high risk of

gastric cancer.
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Abstract

Background: The aim of this study was to evaluate the risk of gastric cancer

associated with individual or combined glutathione S-transferases (GSTs)

polymorphism and their interaction with environmental factors.

Materials and Methods: Genotyping by PCR was carried out for 80 cases

and controls each for GSTM1, GSTT1, and GSTP1 polymorphism and mapped

for gene—environment association studies. The samples were subjected to

pathogen detection and GSTP1 expression for analyzing their association

with different genotypes. Logistic regression analyses were conducted to

compute the influence of both genetic and environmental factors for gastric

cancer. MDR analysis was performed to assess the risk of gastric cancer by

studying the gene–gene and gene–environment effect on the basis of GST

genotyping and GSTP1 gene expression.

Results: Infection with Helicobacter pylori and CagA+ strains was more fre-

quent in patients with GSTM1/T1 null genotype. Intake of high fermented

fat and smoked meat was found to be significantly associated with gastric

cancer. The G/G, A/G (rs1695), and T/T (rs1138272) were found to be signif-

icantly associated with low expression of GSTP1 gene in cancer tissue.

Conclusion: Presence of H. pylori with CagA genotype showed significant

individual effect with GSTT1 polymorphism as well as strong synergistic

effect in gastric cancer risk. Majority of the gastric cancer samples showed

significant negative expression in G/G, A/G (rs1695), and T/T (rs1138272)

genotypes. This study shows that GST gene polymorphism was significantly

relevant for determining the individual susceptibility to gastric cancer.

Stomach cancer is the second leading cause of death

and the fourth most common malignancy in the mod-

ern world and highly associated with dietary and life-

style habits [1,2]. Considerable differences in the

incidence of stomach cancer were found worldwide,

and the highest incidence among men has been

reported from China (AAR = 145.0) and among women

from Japan (AAR = 38.9) per 105 population [2]. It is

generally accepted that cancer risk is influenced by the

interaction between genetic components and environ-

mental factors, such as diet and lifestyle. Previous stud-

ies on risk factors for stomach cancer have shown a

positive correlation between GST polymorphism and

consumption of alcohol, tobacco smoking, unique food

habits, and pathogen infection [3,4]. Thus, the studies

of genes involved in the detoxification of environmen-

tal carcinogens are important for the determination of

interindividual susceptibility to cancer [5].

Stomach cancer is a multifactorial disease and arises

from the interactive combinations of allelic variants (in

low-penetrance genes) and relevant environmental risk

factors. Genetic polymorphism in xenobiotic metaboliz-

ing genes may act as susceptibility factors for stomach

cancer risk. Glutathione S-transferases (GSTs) constitute

a superfamily of phase-II metabolizing enzymes that play

a key function in detoxification of a wide variety of

potentially cytotoxic/genotoxic compounds [6]. The GST

isoenzymes (GSTM-1, GSTT-1, and GSTP-1) are normally

expressed along the human gastrointestinal tract [7]. The

phenotypic absence of GSTM1 and GSTT1 activity is due

© 2016 John Wiley & Sons Ltd, Helicobacter 1
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to homozygosity for an inherited deletion of these genes,

termed as null genotype [8]. Individuals with the

homozygous GSTM1 null genotype show no protein

expression and are expected to have reduced detoxifica-

tion ability for hazardous compounds [9]. Furthermore,

single-nucleotide polymorphisms (SNPs) in the GSTP1

gene at codons 105 (Ile?Val) and 114 (Val?Ala) were

found to be associated with reduced GST enzyme activity

for several classes of substrates [10–13].
However, the expression of GSTP1 influenced by

polymorphism and gene–gene and gene–environment

interactions among tobacco-associated patients with

gastric cancer is not well understood. An individual’s

difference in susceptibility to chemically induced carci-

nomas may possibly be attributed to the variations in

the detoxification pathways due to polymorphic vari-

ants of GST genes [13]. In European population, the

GSTM1 deletion frequency was found to be higher than

GSTT1 [13], and a significant association was found

between the GSTT1 null genotype and GC risk with all

other GST isoenzymes polymorphism [14]. According to

previous studies, when stratified by ethnicity, a signifi-

cant association between GSTT1 null genotype and GC

risk was also found in Chinese and other Asian popula-

tions, but not in Caucasians [14].

Mizoram, northeast India, records the highest inci-

dence of gastric cancer in India [15]. Consumption of

tobacco in various traditional forms such as “tuibur”

(tobacco smoke–infused aqueous solution) and Chaini

(traditional name “Sada”) is common habit that is

important risk factor for stomach cancer [15,16].

Therefore, correlation of consumption of tobacco with

the incidence of stomach cancer in Mizoram cannot be

ruled out. We performed a case–control study to evalu-

ate the relevance of GSTM1, GSTT1, and GSTP1 gene

polymorphisms to gastric cancer (GC) susceptibility and

to assess their interaction with other environmental

and lifestyle factors, namely H. pylori, EBV infection,

and smoking habits for this high-GC risk state of Mizo-

ram, northeast India.

Materials and Methods

Subjects

High incidence of stomach cancer is found in the Mizo-

Mongoloid population, northeast India, with age-

adjusted rates (AAR) of 42.9 and 20.5 per 105 population

in male and female, respectively [17]. This study con-

sisted of 80 random patients with gastric cancer (aged

from 37 to 79 years) with or without a family history of

any cancer and 80 unrelated healthy controls (aged from

31 to 73 years) belonging to the same ethnic group. The

samples were collected from patients who received treat-

ment from Mizoram State Cancer Institute, Zemabawk,

Mizoram, India, between September 2013 and February

2015. The study design and data collection methods have

been described previously. Patients with gastric neo-

plasms including adenocarcinoma (MALT lymphoma,

stromal, or carcinoid tumors) were included. Patients

with secondary or recurrent GC, previous history of

other malignancies, or refusal to participate were

excluded from the study [18]. Medical charts were

reviewed using a standard protocol to obtain information

on cancer treatment, clinical stage, dietary habits, previ-

ous disease history, physical activity, tobacco, and alco-

hol use by an in-person interview using a structured

questionnaire [18]. The study protocol was approved by

the Institutional Review Board of all institutes involved

in the study.

Nucleic Acid Extraction

Blood samples (50 lL) were processed freshly and

served as subjects for DNA isolation [19]. Hematoxylin

and eosin-stained slides were prepared after microdissec-

tion from paraffin-embedded tumor tissue for conform-

ing the adenocarcinoma, whereas the blood samples

were used directly. Coextraction of RNA and DNA was

performed for the paraffin-embedded tumor tissue [20].

Genotyping of GST M1/T1/P1 Gene Polymorphisms

GSTM1 and GSTT1 null polymorphisms were detected

by multiplex polymerase chain reaction (PCR) (Table 1)

[21]. The reaction mixture (25 lL) contained

50–100 ng of genomic DNA in 1X Taq buffer,

200 lmol/L of each dNTP, 0.15 lmol/L of each primer,

and 1 U of Taq DNA polymerase. Amplified products

were analyzed by electrophoresis on 8% polyacry-

lamide gels resulting in a 219-bp fragment for GSTM1,

459-bp fragment for GSTT1, and a 349-bp fragment of

the albumin gene (as an internal control). The absence

of the specific GSTM1 and/or GSTT1 fragments indicated

the corresponding null genotype, whereas the presence

of the 349 bp albumin band ensured that the null

genotype was not documented due to failure of PCR. In

addition, two SNPs in the GSTP1 gene for amino acid

substitution at codons 105 (Ile?Val) and 114 (Val?
Ala) were genotyped by PCR-RFLP method (Table 1)

[11,22,23]. The fragment containing the GSTP1 Ile105-

Val (rs1695) polymorphic site was amplified according

to the following parameters: 94 °C for 5 minutes, fol-

lowed by 35 cycles at 94 °C for 30 seconds, 58 °C for

30 seconds, 72 °C for 1 minutes, and a final elongation

at 72 °C for 7 minutes. Ten lL of PCR product was

© 2016 John Wiley & Sons Ltd, Helicobacter2
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digested with 1 unit of BsmAI (New England Biolabs,

Barcelona, Spain) for 6 hour at 55 °C. Digests were

electrophoresed on 8% polyacrylamide gels resulting in

three fragments of 305, 135, and 128 bp (allele A) or in

four fragments of 222, 135, 128, and 83 bp (allele G).

PCR cycling conditions were 5 minutes at 94 °C fol-

lowed by 35 cycles at 94 °C for 30 seconds, 52 °C for

30 seconds, and 72 °C for 30 seconds with a final elon-

gation step at 72 °C for 7 minutes for GSTP1 Val114Ala

(rs1138272) polymorphism. Ten lL of PCR products

was digested with 1 unit of AciI (New England Biolabs,

Barcelona, Spain) for 6 hour at 37 °C and elec-

trophoresed on 8% polyacrylamide gel. The T allele

was defined by the presence of an intact fragment of

170 bp and the C allele by the presence of two frag-

ments of 143 and 27 bp.

PCR-Based Pathogen Detection

The presence of H. pylori infection was determined in

patients with GC by multiplex PCR amplification of

16S rRNA and CagA genes using Hp1-Hp2 and CagAF-

CagAR primers, respectively (Table 1) [20,24]. The

PCR products were electrophoresed with 1.5% agar-

ose gel. H. pylori infection was defined by the pres-

ence of an intact band of 109 bp (16S rRNA) and

400 bp (CagA gene). The presence of EBV type1/type

2 infections was carried out by a standard PCR assay

crossways type-specific regions of EBNA3C gene using

previously described primer sets (Table 1) [25]. The

PCR amplification was carried out for 35 cycles at

95 °C for 45 seconds, 56 °C for 45 seconds, 72 °C for

1 minutes followed by a final extension at 72 °C for

10 minutes. The PCR products were analyzed by 12%

polyacrylamide gel, and the presence of 153 and

246 bp was considered as type 1 and type 2 EBV,

respectively.

Reverse Transcriptase PCR (RT-PCR) for GSTP1

Expression

First-strand synthesis of cDNA was performed using

Superscript II reverse-transcriptase (Life Technologies

Inc., USA) (Table 1). Five lg aliquot of total cellular

RNA was used for each reverse transcription reaction,

and one-tenth of this reaction was used for PCR. Primers

targeting exons 6 and 7 of GSTP1 and exons 1 and 3 of

b-actin were used [13]. The PCR for GSTP1 was run for

38 cycles consisting of 94 °C for 30 seconds, 1 minutes

at gradually decreasing temperatures using a touchdown

protocol (4 cycles each at 62 °C and 60 °C; and 30 cycles

at 58 °C), and 74 °C for 5 minutes. RT-PCR products

Table 1 Primers tested for polymorphism pattern in the present study

Gene Primer (50 to 30)
Annealing

temperature

Type of

polymorphism Amplified products/Alleles

GSTM1 F: GAACTCCCTGAAAAGCTAAAGC

R: GTTGGGCTCAAATATACGGTGG

60 °C–1 minutes Gene deletion � Null genotype+ 219 bp

GSTT1 F: TTCCTTACTGGTCCTCACATCTC

R: TCACCGGATCATGGCCAGCA

Gene deletion � Null genotype+ 459 bp

Albumin F: GCCCTCTGCTAACAAGTCCTAC

R: CCCTAAAAAGAAAATCGCCAATC

– Internal control 349 bp

GSTP1 I105V (rs1695) F: AATACCATCCTGCGTCACCT

R: TGAGGGCACAAGAAGCCCCTT

59 °C–40 seconds BsmAI RFLP A - Digested fragment (308, 258 bp)

G - Digested fragment (258, 219

and 89 bp)

GSTP1V114A (rs1138272) F: ACAGGATTTGGTACTAGCCT

R: AGTGCCTTCACATAGTCATCCTTG

50 °C–40 seconds AciI RFLP C - Digested fragment (143, 27 bp)

T - Intact fragment (170 bp)

H. pylori (16srRNA) F: CTGGAGAGACTAAGCCCTCC

R: ATTACTGACGCTGATTGTGC

60 °C–45 seconds Multiplex PCR 109 bp

H. pylori (CagA) F: AATACACCAACGCCTCCAAG

R: TTGTTGCCGCTTTTGCTCTC

400 bp

EBNA3C F: AGAAGGGGAGCGTGTGTTGT

R: GGCTCGTTTTTGACGTCGGC

56 °C–45 seconds 153 bp for type 1 EBV 246 bp for

type 2 EBV

GSTP1 For expression F: ATGACTATGTGAAGGCACTG

R: AGGTTCACGTACTCAGGGGA

55 °C–45 seconds Multiplex PCR 433 bp band (Intensity less—less

expiration; Intensity more—optimum

expiration)

b-Actin Control F: ACCATGGATGATGATATCGC

R: ACATGGCTGGGGTGTTGAAG

392 bp band Band Intensity should

be equal
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were electrophoresed in 10% polyacrylamide gel and

visualized by ethidium bromide staining.

Densitometric Analysis

Semiquantitative RT-PCR gels were analyzed to com-

pare the banding pattern and their molecular mass

using gel image analysis software Syngen G-Box

(Sacramento, CA, USA) and ImageJ. The GSTP1 expres-

sion was compared with GSTP1 genotyping by HEMI

1.0.1-Heatmap Illustrator software.

Statistical Analysis

GST gene polymorphism among case–control subjects

was tested for Hardy–Weinberg equilibrium by a chi-

square (v2) test with one degree of freedom (df). The

polymorphisms in each group were estimated using

odds ratios (ORs), and 95% confidence intervals (CIs)

for each genotyping. GSTT1 and GSTM1 null genotyp-

ing were checked by the presence and absence of the

bands (GSTT1-null and GSTM1-null genotype, respec-

tively), whereas GSTP1 rs1695 and rs1138272 poly-

morphisms were assessed using codominant model.

Additionally, logistic regression analyses were con-

ducted to compute the potential confounder’s influ-

ence of both genetic and environmental factors for

gastric cancer. Then, the independent effect of risk fac-

tors was investigated in a multivariate model (intro-

ducing all variables and terms of interactions) keeping

only those statistically significant or showing a con-

founding effect on the studied factors. The likelihood

ratio test was used to decide whether to retain each

covariate in the model. Sex, gender, cigarette smoking,

family history of gastric cancer, tuibur consumption,

alcohol intake, smoked meat/vegetable intake, high

consumption of salt and pickle, high consumption of

fermented fat, H. pylori status and genotyping, EBV sta-

tus, and genotyping were all considered in the regres-

sion model as potential confounders to evaluate the

association of risk factors and susceptibility to gastric

cancer. For all tests, a two-sided p-value <.05 was con-

sidered statistically significant. All statistical analyses

were performed using SPSS 20.0 program (SPSS

Ib�erica, Madrid, Spain) and SYSTAT 13.0. (Systat Soft-

ware Inc., USA). Heat map analysis was performed by

Hemi IBP software.

Multifactor Dimensionality Reduction (MDR)

Analysis

MDR analysis (MDR 3.0.2) was performed to assess the

risk of gastric cancer by studying the gene–gene and

gene–environment effect on the basis of GST genotyp-

ing and GSTP1 gene expression. It is a nonparametric,

model-free statistical approach which is used to gener-

ate one-dimensional model to predict gastric cancer

susceptibility. The test is used to overcome the limita-

tions encountered by parametric methods like logistic

regression (LR) due to small sample size. Data were

generated using 10-fold cross-validation procedure and

10 times random seed number to reduce the chance of

false positives. The best model was selected on the basis

of maximum cross-validation consistency (CVC) and

testing balance accuracy (TBA). All MDR results with

p ≤ .05 were considered to be significant [26].

Interaction Entropy Graph

Interaction entropy graph was constructed using MDR

software package (MDR 3.0.2). The graphs comprised of

a node for each variable with pairwise linkage between

them. The percentage of entropy removed by each vari-

able is visualized for each node. The entropy estimates

calculated were used to interpret the independent effect

of each variable in comparison with the interaction

effect of the variables and to determine if the interac-

tions were synergistic [27]. The potential confounding

factors, used in the multivariate model, were consid-

ered for interaction entropy estimation.

Homology Modeling of GSTP1 Ile105Val (rs1695)

and GSTP1 Val114Ala (rs1138272)

Healthy control and mutant GSTP1 protein sequences

were submitted to the SWISS MODEL (http://swiss

model. expasy.org/) and Phyre2 server for the predic-

tion of three-dimensional structure [28–30]. Phyre2

uses the hidden Markov method to generate alignments

of a submitted protein sequence against proteins with

published structures. The resulting alignments were

used to predict homology-based three-dimensional

structure. The model was judged to be accurate when

over 90% of the submitted residues were modeled at

greater than 90% confidence.

Results

Clinical and Demographic Characteristics

Gastric cancer was more prevalent in males (70%)

among the Mizo-Mongloid population (Table 2).

Infection with H. pylori and CagA+ strains was

more frequent in patients with GC than in controls

(OR: 1.168; 95% CI: 0.365–3.733; p = .094 and OR:

8.298; 95% CI: 10.365–6.578; p < .005, respectively).
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However, no differences in the prevalence of Epstein–
Barr virus (EBV) strains were observed between

patients and controls (22.5 vs 7.5%, respectively).

Among the various demographic factors in the bivari-

ate analysis, extra intake of fermented fat (OR: 3.387;

95% CI: 1.902–6.031; p < .0003) and smoked meat

consumption (OR: 6.181; 95% CI: 2.528–12.346;
p < .001) was also found to be risk factors for GC

(Table 2). No significance was found with consump-

tion of alcohol and familial history with gastric cancer

risk.

Genotyping

Significant differences in genotype distribution were

observed between patients and control samples

(Table 3). The frequencies of GSTM1 (67.5 vs 35%) and

GSTT1 (47.5 vs 12.5%) null genotypes in patients with

GC were significantly high from those observed in con-

trols (Fig. 1A). Moreover, the simultaneous presence of

both the GSTM1 and GSTT1 null genotypes was signifi-

cantly different between patients and control samples

(30% in GC vs 7.5% in HC; OR: 2.29, 95% CI: 1.36 –
9.53). Significant differences in genotype or allele fre-

quencies of the GSTP1 IIe105Val and GSTP1 Ala114Val

polymorphisms were also observed. Presence of

heterozygous allele A/G in rs1695 was 32.5% in GC

and 20% in HC (OR: 1.93; 95% CI: 0.70–5.33) and

homozygous allele G/G in rs1995 was 27.5% in GC and

5% in HC (OR: 7.21; 95% CI: 1.48–13.07). In case of

rs1138272, C/T heterozygous was 25% in GC and 15%

in HC (OR: 1.88; 95% CI: 0.62–5.81) and T/T homozy-

gous allele was 5% in GC and absent in HC (Table 3).

We also examined whether plausible contribution of

GST polymorphisms to GC risk could be modified by

interaction with other risk factors (smoking habit, H.

Pylori and EBV infection, and family history of GC)

identified in our study population (Tables 3 and 4). The

exposure variables were as follows: smoking habit (cur-

rent smokers vs nonsmokers), H. pylori infection (posi-

tive vs negative), CagA amplification status (positive vs

negative), and family history of GC (positive vs nega-

tive; positive history was defined as any reported GC in

first-degree relatives or two or more GC cases in sec-

ond-degree relatives). Smoking status or family history

of GC did not modify the association between GST gene

polymorphisms and GC risk (Table 2). H. pylori and

CagA positive status was significantly associated with

the GST polymorphism. Moreover, tests for interaction

under a multiplicative model showed strong statistically

significant interaction between GST genotypes and the

risk factors.

In summary, logistic regression analysis identified

H. pylori infection (OR: 1.168; 95% CI: 0.365–3.733;
p = .094) with CagA+ strains (OR: 8.298; 95% CI: 0.365

–36.578; p < .005), smoking habit (OR: 0.595; 95% CI:

0.373–1.947; p = .029) as independent risk factors for

the development of GC (Fig. 1B, Table 2). Concerning

the genetic factors, GSTT1 and GSTM1/T1 null genotype

is strongly related with the GC phenotype with OR:

Table 2 Demographic and clinical characteristics of the samples

Demographic factor aHC (n = 80) bGC (n = 80) cORs (95% CI)d p value

Age years � SD (range) 52.18 � 12.35 58.7 � 9.76 –

Sex

Male 40 (50%) 56 (70%) –

Female 40 (50%) 24 (30%)

Cigarette smoking 52 (65%) 56 (70%) 0.595 (0.373–1.947) 0.029

H. pylori positive 32 (40%) 56 (70%) 1.168 (0.365–3.733) 0.094

CagA positive 8 (10%) 36 (45%) 8.298 (0.365–6.578) 0.005

EBV positive 6 (7.5%) 18 (22.5%) 1.332 (0.255–6.957) 0.084

Family history of gastric cancer 10 (12.5%) 12 (15%) 0.708 (0.674–2.030) 0.477

High salt and pickle intake 56 (70%) 62 (77.5%) 0.687 (0.244–1.936) 0.178

Tuibur consumption 28 (35%) 34 (42.5%) 0.828 (0.459–1.492) 0.049

Smoked meat/vegetable Intake 50 (62.5%) 72 (90%) 6.181 (2.528–12.346) 0.001

High fermented fat intake 28 (35%) 72 (90%) 3.387 (1.902–6.031) 0.0003

Alcohol intake 34 (42.5) 40 (50%) 0.543 (0.312–1.944) 0.031

aHC – Healthy Control.
bGC – Gastric Cancer.
cOR – Odds ratio.
d95% CI – 95% Confidence Interval.
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0.389; 95% CI: 0.052–2.924, and OR: 2.29; 95% CI:

1.36–9.53, respectively. GSTP1105 (rs1695) was also

significantly related to GC phenotype (Table 3).

Significant association of GST polymorphisms and

H. pylori infection with CagA was observed. Presence of

GSTT1 null alleles in patients with GC was significantly

associated with the presence of H. pylori and CagA (OR:

3.00; 95% CI: 0.85–10.54 and OR: 6.65; 99% CI: 1.98–
2.27). Presence of GSTM1 null alleles in patients with

GC was also significantly associated with presence of

CagA genotype (OR: 5.93 95% CI: 1.53–2.90). GSTM1/

T1 null genotyping was significantly associated with the

presence of H. pylori (OR: 4.67 95% CI: 1.19–8.33) and

CagA (OR: 3.08 95% CI: 0.75–2.61) (Fig. 1B, Table 4).

Multiplex PCR analysis of GSTM1/T1 and GSTP1 poly-

morphisms gave 0.767 area under the curve value

(AUC) with a sensitivity of 59% and specificity of 76%,

respectively (Fig. 2A). In addition, validation of GST

polymorphisms associated with food habits (AUC =

0.721, sensitivity- 85%, specificity - 60%) and H. pylori

(AUC = 0.867, sensitivity - 90%, specificity - 65%) was

found to be significant (Fig. 2B, 2C).

MDR Analysis

MDR analysis was used to further validate our logistic

regression based study on gene–gene and gene–envi-
ronment interaction using a model-free approach. A

four-order interaction model was chosen along with

their cross-validation consistency (CVC) and testing bal-

ance accuracy (TBA). The best model was selected

based on the highest CVC and TBA value among all the

models. Among the entire dataset, the presence of

H. pylori with smoked meat consumption is the best

one-factor model that was found to be statistically sig-

nificant (p < .001) with a CVC of 10/10 and testing

accuracy of 0.54. The combination of GSTT1 null geno-

type and H. pylori presence was found to be the best

two-factor model with CVC of 5/10 and TBA of 0.33

(p < .001). The combination of GSTT1 null genotype,

H. pylori with CagA genotype, and smoked meat con-

sumption and smoking was found to the best three-fac-

tor model, which was also the best overall model with

a CVC of 10/10 and TBA of 0.54 (p < .001). Presence of

G/G genotype (�0.141) of GSTP1 rs1695 and presence

of T/T genotype (�0.183) of GSTP1 rs1138272 were sig-

nificantly associated with less expression of GSTP1 gene

(Fig. 3B).

Interaction Entropy Graph

The interaction entropy graph shows the presence of

CagA genotyping of H. pylori (14.2%) with smoked

meat or vegetable and oral snuff as the large indepen-

dent effectors in gastric cancer among the various envi-

ronmental factors (Fig. 3A). The GSTT1 null genotype

(7.7%) was found to contribute the highest indepen-

dent effect among all the genetic factors, while a syner-

gistic effect was found in the case of GSTT1 gene with

H. pylori and CagA genotyping by removing 0.15 and

2.06% of entropy. Consumption of smoked meat was

also found to contribute small independent entropy of

1.66%. G/G and A/G genotype of GSTP1 rs1695 showed

high degree of synergistic interaction with the GSTP1

gene expression (Fig. 3B).

Comparative Modeling of GSTP1 Polymorphisms

The natural variants were substituted into the wild-type

sequence for comparative modeling. The variance of

GSTP1 Ile105Val (rs1695) and Val114Ala (rs1138272)

indicates interruption of H-site substrate binding pocket

Table 3 Genotype pattern for GST gene polymorphism in the samples

Genotype

Total HCa

(n = 80)

Total GCb

patients

(n = 80) cOR d95% CI

GSTM1

(+) 52 (65%) 26 (32.5%)

(�) 28 (35%) 54 (67.5%) 0.208 1.53–9.75

p value = .973

GSTT1

(+) 70 (87.5%) 42 (52.5%)

(�) 10 (12.5%) 38 (47.5%) 0.389 0.052– 2.924

p value = 1.05

GSTM1/T1

(+/+) 44 (55%) 12 (15%) 0.043 0.008– 0.249

(�/+) 6 (7.5%) 14 (17.5%) 0.389 0.052– 2.924

(+/�) 24 (30%) 30 (37.5%) 0.208 0.039– 1.116

(�/�) 6 (7.5%) 24 (30%) 2.29 1.36–9.53

p value = .049

GSTP1 105 (rs1695)

A/A 60 (75%) 28 (35%) 0.22 0.09–0.58

A/G 16 (20%) 32 (32.5%) 1.93 0.70–5.33

G/G 4 (5%) 20 (25%) 7.21 1.48–13.07

p value = .057

GSTP1 114 (rs1138272)

C/C 68 (85%) 44 (55%) 0.22 0.74–0.63

C/T 12 (15%) 20 (25%) 1.88 0.62–5.81

T/T 0 (0%) 16 (5%) NA NA

p value = .261

aHC – Healthy Control.
bGC – Gastric Cancer.
cOR – Odds ratio.
d95% CI – 95% Confidence Interval.

p value (<.05) indicates significant association of the genotype with

gastric cancer.
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for chemical binding and was found to affect the

metabolizing activity of the protein. Estimated protein

folding by Phyre2 and Swiss model servers also differed

from normal and mutated GSTP1 (Fig. S1).

Densitometric Analysis

Densitometric analysis of GSTP1 expression in relation

to GSTP1 genotyping for healthy control and gastric

cancer individuals was performed by ImageJ and repre-

sented in Heat map by HEMI 1.0.1 software. Majority

of the gastric cancer sample showed less GSTP1 expres-

sion than healthy controls (Fig. 1C, 4A, B). Samples

(25%) exhibiting low expression of GSTP1 showed

homozygous mutant type G/G and T/T for rs1695 and

rs1138272, respectively. Heterozygous A/G and C/T for

GSTP1 rs1695 and rs1138272, respectively, had moder-

ate expression. The A/A for GSTP1 105 (rs1695) and

C/C for GSTP1 114 (rs1138272) wild-type genotyping

showed approximately similar expression like healthy

controls (Fig. 4A, B).

Discussion

In our study, GSTM1/T1 gene deletions were found to

be associated with a higher risk of GC. Moreover, the

simultaneous presence of both the GSTM1 and GSTT1

null genotypes was not identical in GC and control

groups (30% in GC vs 7.5% in HC; OR: 2.29, 95% CI:

1.36–9.53). A significant increase in risk of GC for indi-

viduals with deletions in both GSTM1 and GSTT1 genes

was observed by collecting data from seven different

planned studies (319 cases and 656 controls) that were

GSTT1 and GSTM1 genotype combinations [31–33].
However, simultaneous absence of GSTM1 and GSTT1

genes was not significantly associated to GC risk in

some other studies carried out in different geographic

populations [34].

In the GSTP1-1 gene, GSTP1 105 (rs1695) polymor-

phism evaluated was related to GC susceptibility or

phenotype. The homozygous status of GSTP1 105

(rs1695) (A>105G) was most susceptible to GC risk in

the Mizo population (OR: 7.21; 95% CI: 1.48–35.07).
The allele frequencies of the GSTP1 Ile105Val

(rs1695) and Val114Ala (rs1138272) polymorphisms

were not similar to European or Western populations

[35], but similar in other Asian population [36]. The

variant GSTP1 Val105 allele was found to be linked

to the risk of esophageal squamous cell carcinoma

with a predisposition associated with tobacco smoking

in Swedish patients [37]. A probabilistic description

for this inconsistency is the important ethnic and

geographic variation observed in the GST profile.

Such variation is of particular interest in the case of

GSTM1 and GSTT1 null frequencies, which differ con-

siderably between Asians and Caucasians. These geo-

graphic variations in allele frequencies of GST gene

along with reasonable connections with other gene

polymorphisms could be the probable explanation for

these observations.

A large number of epidemiological studies have

reported the association between food habit, tobacco

Figure 1 (A) Multiplex PCR amplified products of GSTT1 (459 bp), GSTM1 (219 bp), and internal control gene albumin (349 bp); (B) 16S rRNA

(109 bp) and CagA (400 bp) region of H. pylori amplified by multiplex PCR; (C) GSTP1 (433 bp) expression in 10% polyacrylamide gel, b-Actin

(392 bp) as control. M – Low range ruler plus (100–3000 bp); (A) 1–9 Gastric cancer Sample; 10–18 Healthy control Samples; (C - Digested

fragment); S4 – AciI RFLP (T-Intact fragment); (B) S2 to S4 – H. pylori positive samples, S1 and S5 – positive and negative control, respectively;

S3 – H. pylori positive but CagA negative.; (C) MC1 to MC20 – gastric cancer sample.
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smoking, and GC risk [38–42]. However, very few

studies have published the potential interaction

between tobacco smoking and GST gene polymor-

phisms with respect to GC risk [43,44]. In the present

study, we aimed to investigate whether the reasonable

GST gene variants associated with GC risk could be trig-

gered by other environmental risk factors like H. pylori

infection, consumption of smoked food, and tobacco

related products. In our study, smoking habit was not

significantly associated between GST variants and GC

risk when compared with other factors. This finding is

in concurrence to a recent meta-analysis where no

association between the GSTT1 and GSTM1 null

genotype with increased risk of GC in either smokers or

nonsmokers was observed [45,46].

In accordance to previous reports, H. pylori infection

was identified as a potential risk factor associated with

GST polymorphisms and GC risk [47–49]. A significant

effect of H. pylori status was observed in modifying the

contribution of GST polymorphisms to GC risk. Palli

et al. reported a significant increase of GC among H. py-

lori-infected individuals with deletions in both the

GSTM1 and the GSTT1 genes in a high-GC risk Italian

population [50]. In the present study, CagA+ strain was

highly associated with GSTM1/T1 null allele and GSTP1

105 (rs1695) with OR: 3.08; 95% CI 0.75–2.61 and OR:

Figure 2 Receiver operating characteristic curve based on (A) multiplex analyses of GSTM1, GSTT1, and GSTP1 polymorphisms; (B) GST polymor-

phism associated with food habits; (C) GST polymorphism associated with H. pylori The predicted probability from the final logistic regression

model is calculated to differentiate between healthy control and Mizoram gastric cancer. AUC – area under the curve; Sens – Sensitivity; Spec –

Specificity.

Figure 3 (A) Interaction entropy graph to find the gene–environment interaction with gastric cancer risk. The percentage of the entropy for inde-

pendent factors as well as their interactions is represented in the graph. (B) Summary of the two SNPs GSTP1 rs1695: A>G (A/G and G/G) and

GSTP1 rs1138272: C>T (C/T and T/T) relation with GSTP1 gene expression in MDR analysis. Black bar height shows GSTP1 expression. Bar wide

shows frequencies of sample. Positive percentage of entropy denotes synergistic interaction, while negative percentage denotes redundancy.

Here, the red color denotes the high degree of synergistic interaction, golden color denotes the moderate degree of synergistic interaction, green

color represents moderate redundancy, while blue color denotes the highest. GC – gastric cancer.
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6.64 95% CI: 1.73–5.46, respectively (Table 4). In addi-

tion, studies on GSTP1 allelotypes found that the isoen-

zymes with valine in position 105 (GSTP1) were able to

metabolize the diol epoxides of polycyclic aromatic

hydrocarbons more efficiently and those with a A114V

transition in the presence of V105 are able to more

effectively metabolize benzo(a)pyrene (Fig. S1) [51,52].

The MDR analyses also explained the gene–environ-
ment interaction (Fig. 3A) and identified the combina-

tion of presence of H. pylori with CagA genotype and

smoked meat consumption as the best model for gastric

cancer risk associated with GSTT1 null genotype in

Mizo population (Fig. 3A, Table 2). Interaction entropy

graph was drawn for visualization and interpretation of

MDR interactions. Presence of H. pylori with CagA

genotype showed significant individual effect with

GSTT1 gene polymorphisms as well as strong synergistic

effect among each other in gastric cancer risk and vali-

dated the results of gene–environment interaction. The

relatively small sample size in our study might be a

shortcoming for predicting high-order interactions and

multiple comparison analysis; however, MDR approach

improves statistical power to overcome small sample

size limitation using cross-validation and permutation

testing strategy. GSTP1, on the other hand, is expressed

at high levels in extra hepatic tissues, including the kid-

ney, liver, and the gastrointestinal tract suggesting an

important role in the protection against carcinogens

and other xenobiotics in these tissues [13]. Abnormal

or low expression might not protect the cells from car-

cinogens or other xenobiotics [13]. In this study, major-

ity of the samples showed significant negative GSTP1

expression for gastric cancer samples in the presence of

G/G, A/G (rs1695), and T/T (rs1138272) genotypes. The

mutant homozygous condition for these two rs-IDs

might be potential risk factor of low GSTP1 expression

followed by gastric cancer development in Mizo popula-

tion. Low level GSTP1 expression had significant

Figure 4 Heat map and graphical representation of GSTP1 gene expression relation with two different SNPs and their genotyping. HC – healthy

control, GC – gastric cancer.
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relation with homozygous mutant type G/G for GSTP1

105 (rs1695) and T/T for GSTP1 114 (rs1138272)

(Fig. 4A, B). These results indicate that an individual’s

detoxification capacity and exonic mutation in the

xenobiotic gene also play a crucial role in the initiation

of gastric cancer [53]. However, no differences in the

occurrence of Epstein–Barr virus (EBV) strains were

observed between patients and controls associated with

the GSTP1 gene polymorphisms. After adjustment for

potential confounding factors, a statistically significant

difference was observed in the frequency of GSTM1/T1

null genotyping with the presence of H. pylori and

CagA like other study [54]. Extra intake of fermented

fat (p < .0003) and smoked meat consumption

(p < .001) was also found to be potential confounders

for gastric cancer risk in relation to GSTM1/T1 null

genotyping and GSTT1 null genotyping. GSTP1105

(rs1695) for homozygous G/G was also significantly

related to GC phenotype as a potential confounder like

other population [55]. Further adjustment for other

potential confounders did not substantially change the

estimated ORs; therefore, we present only the estimates

adjusted for significant matching variables.

In this study, the limitations concerning sample size

can be ignored because of the fact that the Mizo ethnic

group has a very small population size of about 10,

91,014 with 5,52,339 males and 5,38,675 females [56].

The fact that our study is one of the first performed in

the unique and high gastric cancer risk Mizo-Mongo-

loid population from northeast India will provide

insights for early diagnosis of this critical disease as well

help to evaluate the genetic epidemiology of the disease

for other populations as well.

In conclusion, our data showed that GSTM1, GSTT1,

and GSTP1 polymorphisms analyzed in this study were

found to be significantly associated with the demo-

graphic factors and GC risk in Mizo population. Similar

to several other complex diseases, it is very devious to

consider the weight of each demographic factor con-

cerned in its pathogenesis separately, particularly the

contribution of genetic factors. Presence of H. pylori

with CagA genotype showed significant individual effect

with GSTT1 polymorphisms as well as strong synergistic

effect among each other in gastric cancer risk and vali-

dated the results of gene–environment interaction. Sig-

nificant negative expression of GSTP1 for gastric cancer

samples with presence of G/G, A/G (rs1695), and T/T

genotype (rs1138272) might not protect the cell from

carcinogens or other xenobiotics. Further, prospective

studies with larger sample size analyzing gene–environ-
ment relations in different geographic areas, and ethnic

groups are needed to assess the significance of each fac-

tor for gastric cancer.
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ABSTRACT 
Cancer has become leading cause of death in Northeast Indian population. The main reason being 

poor knowledge of prevention and diagnosis combined with modern lifestyle of the Mizo population. 

All cancers have been reported in Mizo population including the cancers of stomach, cervix, lungs, 

breast, oesophagus, rectum, prostate, liver, bladder, oral etc. The cause of such high incidence rates of 

these cancers may be inherited or genetic and environmental factors such as life style and food habits, 

especially high consumption of tobacco and alcohol. A peculiar habit of tobacco smoke-infused water 

(Tuibur) is also in practice in this population. In view of these facts, the present article describes the 

status of various types of cancers in Mizo population. Besides, attempts have been made to describe 

the main causes of cancer in this population with their frequency and grading. In this study, increasing 

number of cancer patients in different age group was observed from 2011 – 2015. The highest incidence 

of cancer was observed in the patients with age group 50 - 60, followed by age groups above 60 years. 

In age group 20-30 years, the breast and cervix cancers were more prevalent from 2011 – 2015. In 

middle age group (30-40 and 40-50 years), the cervix, stomach and oesophagus cancers were more 

prevalent. The common type of cancer in female includes cervical cancer, followed by breast cancer 

which is shown to be increasing with age of the patients and also increasing each year within this 5 year 

period from 2011 – 2015. In 2014 and 2015, adenocarcinoma (AC) and squamous cell carcinoma (SCC) 

are both commonly seen. This study will help in understanding the etiology of cancer and also in 

developing preventive measures in future. 

KEYWORDS: Cancer Prevalence, life style habits, Adenocarcinoma, Squamous cell carcinoma, Mizo 

Population, Northeast India 
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INTRODUCTION 
Cancer is a major public health problem in India. 

Cancer is the second and third most common 

cause of death in the developed and developing 

countries, respectively [Bener et al.,2008]. A large 

network of population based cancer registries in 

India, provides valuable data for cancer. 

Population-based survival comparisons for cancer 

between nine Asian countries showed that India 

has the lowest 5-year survival for most cancer 

sites; 5-year survival for breast cancer was 52% 

and for colorectal cancer was 28%, compared with 

82% and 44% in China. Breast cancer (145000 

cases per year), tobacco-related head and neck 

cancers (141000), cervical cancer (123000), lung 

cancer (70000), large bowel cancer (64000), and 

stomach cancer (63000) account for more than 

half of the burden, implying that prevention, along 

with early detection and treatment, are important 

interventions for cancer control [Bener et al.,2008]. 

About 70% cancer cases have been diagnosed, 

with little survival of the patients, over the last 

decades. The poor prospects of cancer survival 

indicates inadequate health care financing, and 

also because cancer diagnosis and treatment are 

becoming increasingly unaffordable for health-

care systems in India as well as in many low-

income and middle-income countries since it has 

centred on expensive diagnostic and staging 

investigations such as imaging, and on specialised 

treatments and costly drugs. Most frequently 

observed cancers in Indian population are lungs, 

breast, colon, rectum, stomach and liver [NCRP, 

2010; Rao, 1998; Murthy et al., 2004]. It is 

important to study the status of cancers in India so 

that advance measures may be taken to control 

this havoc in near future. In view of these facts, 

attempts have been made to study the status of 

cancers in India including its causes, preventive 

measures, effect on Indian economy and 

comparison with global scenario. 

DATA SOURCES AND METHODS 

Study area 

The study area Mizoram is flanked by Bangladesh 

on the west and Myanmar on the east and south. 

The total area is 21,081 sq. km. It mainly consists of 

8 districts, namely Aizawl, Lunglei, Champhai, 

Lawngtlai, Mamit, Kolasib, Serchhip and Saiha. The 

total population of the State is 10,97,206 with 

about 5,55,339 males and 5,41,867 females as per 

the 2011 census. Patients from other districts also 

visit the capital city, Aizawl for diagnosis and 

treatment. 

Data collection 

Genesis Laboratory, Aizawl acts as the major 

diagnostic facility of cancer. Ethical approval was 

obtained from the Institutional Ethics Committee. 

The study subjects included 1,477 cancer patients 

diagnosed/registered in Genesis Laboratory, 

Aizawl between 2011 – 2015. This data included 

different types of cancer and the type of cells 

being affected both in males and females, within 

different age groups and its staging on the basis 

of clinical symptoms and histopathology at the 

Genesis Laboratory, Aizawl, Mizoram. The patients 

coming from all the different districts of Mizoram 

were included in this analysis. 

Statistical analysis 

The frequencies of the collected data were 

represented according to their age group, type of 

cancer, staging and sex ratio. The association in 

each group was estimated using odds ratios (ORs) 

and 95% confidence intervals (CIs). The association 

of various cancers and stages of the patients was 

tested for Hardy–Weinberg equilibrium by a chi-

square test with one degree of freedom (df). 
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Table 1. List of various cancers year wise, stratified by age group. 

Age group Cancer type No (%) Male Female ORs (95% CI) P value 

2011 

20-30 Breast
a 

Liver
b
 

Colon
b 

3 (60) 

1 (20) 

1 (20) 

0 

0 

0 

3 

1 

1 

2.00 (0.42 - 9.33) 

0.20 (0.03 – 1.29) 

0.20 (0.03 – 1.29) 

 0.0497 

 

 

31-40 Breast
ab 

Uterus
b 

Cervix
a 

Endometrium
b 

Colon
b 

Stomach
b 

 6(24) 

 1(4) 

 10(40) 

 2(8) 

 1(4) 

 1(4)  

0 

0 

0 

0 

0 

1 

6 

1 

10 

2 

1 

1 

0.31 (0.12 – 0.76) 

0.92 (0.42 – 1.98) 

0.13 (0.04 – 0.42) 

0.08 (0.02 – 0.33) 

0.04 (0.007 - 0.24) 

0.04 (0.007– 0.24) 

0.0159 

41-50 Cervix
a 

Tongue
c 

Stomach
a 

Oesophagus
ab 

Pyriform fossa
bc 

Breast
abc 

Nasopharynx
bc 

Liver
abc 

Lung
abc 

13(22.4) 

1(1.72) 

13(22.4) 

11(18.96) 

3(5.17) 

4(6.89) 

3(5.17) 

4(6.89) 

5(8.62) 

0 

1 

6 

10 

3 

0 

1 

3 

3 

13 

0 

7 

1 

0 

4 

2 

1 

2 

0.08 (0.03 – 0.18) 

0.26 (0.15 – 0.45) 

0.12 (0.06 – 0.25) 

0.01 (0.002– 0.06) 

0.17 (0.09 – 0.32) 

0.03 (0.01 – 0.11) 

0.03 (0.01 – 0.11) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.0001 

51-60 Oesophagus
c 

Pharynx
ab 

Breast
abc 

Uterus
a 

Cervix
c 

Lung
c 

Stomach
c 

Nasopharynx
c 

Tonsil
c 

Endometrium
c 

Liver
c 

Pyriform fossa
c 

1(2.56) 

13(33.33) 

7(17.94) 

14(35.89) 

1(2.56) 

3(7.69) 

3(7.69) 

1(2.56) 

1(2.56) 

1(2.56) 

1(2.56) 

1(2.56) 

0 

2 

7 

13 

1 

2 

2 

1 

1 

1 

0 

0 

1 

11 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0.04 (0.01 – 0.12) 

0.20 (0.11 – 0.37) 

0.10 (0.04 – 0.21) 

0.22 (0.12 – 0.40) 

0.01 (0.002– 0.07) 

0.04 (0.01 – 0.12) 

0.04 (0.01 – 0.12) 

0.01 (0.002– 0.07) 

0.01 (0.01 – 0.07) 

0.01 (0.01 – 0.07) 

0.01 (0.01 – 0.07) 

0.01 (0.01 – 0.07) 

0.0016 

> 60 Stomach
a 

Oesophagus
ab 

Nasopharynx
ab 

Tonsil
b 

Breast
ab 

Cervix
ab 

Pyriform fossa
b
 

Tongue
b 

Urinary Bladder
b 

Epiglottis
b 

Lung
b 

Liver
a 

26(29.88) 

3(3.44) 

3(3.44) 

1(1.14) 

3(3.44) 

3(3.44) 

1(1.14) 

1(1.14) 

1(1.14) 

1(1.14) 

26(29.88) 

18(20.68) 

14 

3 

3 

1 

0 

0 

1 

1 

1 

1 

14 

11 

12 

0 

0 

0 

3 

3 

0 

0 

0 

0 

12 

7 

0.10 (0.03 – 0.30) 

0.03 (0.005– 0.18) 

0.73 (0.37 – 1.45) 

0.10 (0.03 – 0.30) 

0.06 (0.01 – 0.24) 

0.03 (0.005– 0.18) 

0.10 (0.03 – 0.30) 

0.03 (0.005– 0.18) 

0.03 (0.005– 0.18) 

0.03 (0.005– 0.18) 

0.03 (0.005– 0.18) 

0.03 (0.005– 0.18) 

0.0715 

2012 

20-30 Breast
a 

Stomach
a 

Colon
a 

Cervix
a 

Nasopharynx
a
 
 

1(12.5) 

2(25) 

1(12.5) 

 3(37.5) 

1(12.5) 

 0 

0 

0 

0 

0 

1 

2 

1 

3 

1 

0.05 (0.01 – 0.34) 

0.12 (0.03 – 0.48) 

0.05 (0.01 – 0.34) 

0.05 (0.01 – 0.34) 

1.25 (0.50 – 3.07) 

0.0119 

31-40 Liver
ab 

6(19.35) 2 4 0.09 (0.03 – 0.29)  0.0012 
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Cervix
a 

Breast
abc 

Tongue
c 

Stomach
bc 

Oesophagus
a 

Uterus
c 

Tonsil
c 

Thyroid
c 

Pyriform fossa
c 

Pharynx
c 

7(22.58) 

3(9.6) 

1(3.22) 

2(6.45) 

7(22.58) 

1(3.22) 

1(3.22) 

1(3.22) 

  1(3.22) 

1(3.22) 

0 

0 

1 

1 

6 

0 

1 

0 

1 

1 

7 

3 

0 

1 

1 

1 

0 

1 

0 

0  

0.13 (0.04 – 0.36) 

0.25 (0.11 – 0.58) 

0.03 (0.005– 0.17) 

0.03 (0.005– 0.17) 

0.06 (0.01 – 0.23) 

0.03 (0.005– 0.17) 

0.06 (0.01 – 0.23) 

0.03 (0.005– 0.17) 

0.41 (0.20 – 0.85) 

0.03 (0.005– 0.17) 

41-50 Liver
a 

Lung
abcd 

Oesophagus
ab 

Stomach
abc 

Nasopharynx
bcd 

Cervix
abcd 

Vocal Cord
d 

Tonsil
d 

Larynx
d 

Uterus
d 

Pyriform fossa
d 

Breast
d 

Mouth
d 

Colon
cd 

10(17.24) 

5(8.62) 

9(15.51) 

8(13.79) 

3(5.17) 

7(12.06) 

1(1.72) 

1(1.72) 

1(1.72) 

1(1.72) 

1(1.72) 

7(12.06) 

1(1.72) 

2(3.44) 

5 

5 

8 

8 

2 

0 

1 

1 

1 

0 

1 

0 

1 

2 

5 

0 

1 

0 

1 

7 

0 

0 

0 

1 

0 

7 

0 

0 

0.18 (0.09 – 0.36) 

0.18 (0.09 – 0.36) 

0.20 (0.10 – 0.40) 

0.01 (0.003– 0.10) 

0.03 (0.009– 0.13) 

0.05 (0.01 – 0.16) 

0.03 (0.009– 0.13) 

0.01 (0.003– 0.10) 

0.01 (0.003– 0.10) 

0.01 (0.003– 0.10) 

0.09 (0.03 – 0.22) 

0.11 (0.05 – 0.26) 

0.03 (0.009– 0.13) 

0.03 (0.009– 0.13) 

0.0001 

51-60 Lung
bc 

Liver
c 

Stomach
a 

Tongue
c 

Pyriform fossa
c 

Caecum
c 

Oesophagus
ab 

Nasopharynx
c 

Thyroid
c 

Pharynx
c 

Tonsil
c 

Cervix
c 

Uterus
c 

Colon
c 

Breast
bc 

Epiglottis
c 

9(9.57) 

4(4.25) 

29(30.85) 

2(2.12) 

4(4.25) 

2(2.12) 

20(21.27) 

1(1.06) 

1(1.06) 

2(2.12) 

3(3.19) 

3(3.19) 

1(1.06) 

1(1.06) 

7(7.44) 

3(3.19) 

5 

2 

17 

2 

4 

2 

18 

0 

0 

2 

2 

0 

1 

0 

1 

3 

4 

2 

12 

0 

0 

0 

2 

1 

1 

0 

1 

3 

0 

1 

6 

0 

0.10 (0.05 – 0.21) 

0.47 (0.30 – 0.74) 

0.35 (0.21 – 0.57) 

0.05 (0.01 – 0.13) 

0.02 (0.006– 0.09) 

0.02 (0.006– 0.09) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.02 (0.006– 0.09) 

0.07 (0.03 – 0.17) 

0.03 (0.01 – 0.11) 

0.01 (0.002– 0.06) 

0.02 (0.006– 0.09) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.0001 

>60 Lung
a 

Liver
b 

Nasopharynx
b 

Stomach
b 

Cervix
b 

Epiglottis
b 

Oesophagus
b 

Breast
b 

Pyriform fossa
b 

37(33.33) 

10(9.00) 

4(3.60) 

36(32.43) 

5(4.50) 

2(1.80) 

10(9.00) 

3(2.70) 

2(1.80) 

15 

5 

3 

23 

0 

1 

10 

0 

2 

22 

5 

1 

13 

5 

1 

0 

3 

0 

0.04 (0.01 – 0.15) 

1.08 (0.62 – 1.87) 

0.25 (0.12 – 0.49) 

0.06 (0.02 – 0.19) 

0.04 (0.01 – 0.15) 

0.02 (0.003– 0.11) 

0.08 (0.03 – 0.23) 

0.02 (0.003– 0.11) 

0.02 (0.003– 0.11) 

0.0779 

2013 

20-30 Stomach
a 

Breast
a 

Tongue
a 

3(50) 

1(16.67) 

2(33.33) 

0 

0 

2 

3 

1 

0 

0.20 (0.03 – 1.29) 

1.00 (0.23 – 4.33) 

0.50 (0.10 – 2.33) 

0.1889 



 
 
 
 
 

 

www.companyofscientists.com/index.php/chd                   e5                                              Cancer Health Disparities 

RESEARCH 

31-40 Cervix
ab 

Nasopharynx
c 

Oesophagus
abc 

Tongue
bc 

Stomach
bc 

Breast
a 

Larynx
c 

Tonsil
c 

Uterus
bc 

12(21.42) 

1(1.78) 

8(14.28) 

4(7.14) 

5(8.92) 

14(25.00) 

1(1.78) 

1(1.78) 

4(7.14) 

0 

0 

7 

3 

3 

0 

1 

0 

0 

12 

1 

1 

1 

2 

14 

0 

1 

4 

0.38 (0.21 – 0.71) 

0.85 (0.49 – 1.47) 

0.11 (0.45 – 0.27) 

0.02 (0.003– 0.11) 

0.02 (0.003– 0.11) 

0.02 (0.003_ 0.11) 

0.04 (0.01 – 0.15) 

0.04 (0.01 – 0.15) 

0.02 (0.003– 0.11) 

0.0002 

41-50 Lung
b 

Liver
b 

Cervix
ab 

Stomach
ab 

Caecum
b 

Uterus
b 

Breast
ab 

Oesophagus
a 

Pharynx
b 

Bladder
b 

4(4.30) 

5(5.37) 

17(18.27) 

14(15.05) 

1(1.07) 

2(2.15) 

12(12.90) 

27(29.03 

1(1.07) 

1(1.07) 

0 

2 

0 

10 

0 

0 

0 

23 

1 

0 

4 

3 

17 

4 

1 

2 

12 

4 

0 

1 

0.31 (0.17 – 0.57) 

0.61 (0.36 – 1.03) 

0.20 (0.10 – 0.40) 

0.01 (0.003– 0.10) 

0.01 (0.003– 0.10) 

0.05 (0.01 – 0.16) 

0.01 (0.003– 0.10) 

0.01 (0.003– 0.10) 

0.07 (0.02 – 0.19) 

0.01 (0.003– 0.10) 

0.0001 

51-60 Lung
b 

Liver
b 

Stomach
a 

Epiglottis
b 

Oesophagus
a 

Tongue
b 

Cervix
b 

Skin
b 

Gall Bladder
b 

Tonsil
b 

Pharynx
b 

Breast
b 

Pyriform fossa
b 

Tongue
b 

Colon
b 

Nasopharynx
b 

Bladder
b 

13(9.55) 

10(7.35) 

37(27.20) 

2(1.47) 

35(25.73) 

1(0.73) 

14(10.29) 

1(0.73) 

1(0.73) 

1(0.73) 

2(1.47) 

6(4.41) 

6(4.41) 

1(0.73) 

4(2.94) 

2(1.47) 

1(0.73) 

7 

5 

17 

2 

30 

1 

0 

1 

0 

1 

2 

0 

6 

1 

2 

2 

1 

6 

5 

20 

0 

5 

0 

14 

0 

1 

0 

0 

6 

0 

0 

2 

0 

0 

0.06 (0.02 – 0.14) 

0.25 (0.15 – 0.42) 

0.54 (0.35 – 0.83) 

0.06 (0.02 – 0.14) 

0.04 (0.01 – 0.12) 

0.02 (0.006– 0.08) 

0.02 (0.006– 0.08) 

0.02 (0.006– 0.08) 

0.02 (0.006– 0.08) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.07 (0.03 – 0.16) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.02 (0.006– 0.08) 

0.0033 

>60 Lung
ab 

Liver
b 

Stomach
a 

Pyriform fossa
b 

Nasopharynx
b 

Tongue
b 

Colon
b 

Bladder
b 

Cervix
b 

Breast
b 

Oesophagus
b 

40(25.64) 

8(5.12) 

64(41.02) 

1(0.64) 

2(1.28) 

3(1.92) 

5(3.20) 

7(4.48) 

1(0.64) 

4(2.56) 

19(12.17) 

23 

5 

49 

1 

1 

1 

3 

2 

0 

1 

9 

17 

3 

15 

0 

1 

2 

2 

5 

1 

3 

10 

0.08 (0.01 – 0.49) 

0.18 (0.04 – 0.73) 

0.18 (0.04 – 0.73) 

0.08 (0.01 – 0.49) 

0.08 (0.01 – 0.49) 

0.08 (0.01 – 0.49) 

0.08 (0.01 – 0.49) 

0.08 (0.01 – 0.49) 

0.08 (0.01 – 0.49) 

0.08 (0.01 – 0.49) 

0.08 (0.01 – 0.49) 

0.2237 

2014 

20-30 

 

Oesophagus
ab 

Cervix
a 

Breast
ab 

Colon
b 

2(22.22) 

4(44.44) 

2(22.22) 

1(11.11) 

2 

0 

0 

0 

0 

4 

2 

1 

0.22 (0.05 – 0.91) 

1.20 (0.38 – 3.70) 

0.10 (0.01 – 0.60) 

0.10 (0.01 – 0.60) 

0.0265 

31-40 Liver
b 

1(2.85) 1 0 0.20 (0.08 – 0.48) 0.0037 
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Breast
ab 

Colon
ab 

Oesophagus
b 

Cervix
a 

Stomach
ab 

Pyriform fossa
ab 

Nasopharynx
b 

7(20.00) 

3(8.57) 

1(2.85) 

12(34.28) 

9(25.71) 

2(5.71) 

1(2.85) 

1 

2 

1 

0 

3 

1 

1 

6 

1 

0 

12 

6 

1 

0 

0.75 (0.38 – 1.44) 

0.25 (0.11 – 0.55) 

0.06 (0.01 – 0.22) 

0.02 (0.005– 0.17) 

0.02 (0.005– 0.17) 

0.06 (0.01 – 0.22) 

0.02 (0.005– 0.17) 

41-50  Liver
bc 

 Cervix
a 

Oesophagus
ab 

Mouth
c 

Epiglottis
c
 

Breast
abc 

Stomach
ab 

Colon
bc 

Larynx
c 

Pyriform fossa
bc 

Uterus
bc 

Penis
c 

7(8.33) 

22(26.19) 

16(19.04) 

1(1.19) 

1(1.19) 

10(11.90) 

16(19.04) 

3(3.57) 

1(1.19) 

3(3.57) 

2(2.38) 

1(1.19) 

6 

0 

15 

0 

0 

0 

13 

2 

1 

3 

0 

1 

1 

22 

1 

1 

1 

10 

3 

1 

0 

0 

2 

0 

0.13 (0.06 – 0.25) 

0.48 (0.30 – 0.75) 

0.16 (0.08 – 0.29) 

0.07 (0.03 – 0.16) 

0.22 (0.13 – 0.39) 

0.03 (0.01 – 0.10) 

0.03 (0.01 – 0.10) 

0.04 (0.01 – 0.12) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

<0.0001 

51-60 Lung
c 

Liver
c 

Ovary
c 

Cervix
bc 

Oesophagus
ab 

Stomach
a 

Epiglottis
c 

Nasopharynx
c 

Pyriform fossa
c 

Uterus
c 

Gall bladder
c 

Breast
c 

3(2.80) 

8(7.47) 

4(3.73) 

10(9.34) 

30(28.03) 

31(28.97) 

1(0.93) 

1(0.93) 

5(4.67) 

2(1.86) 

2(1.86) 

5(4.67) 

2 

5 

1 

0 

26 

24 

1 

0 

5 

0 

2 

0 

1 

3 

3 

10 

4 

7 

0 

1 

0 

2 

0 

5 

0.06 (0.02 – 0.14) 

0.16 (0.08 – 0.29) 

0.36 (0.22 – 0.58) 

0.62 (0.40 – 0.95) 

0.03 (0.01 – 0.10) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.02 (0.006– 0.08) 

0.03 (0.01 – 0.10) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

0.01 (0.002– 0.06) 

 <0.0001 

>60 Lung
ab 

Liver
bc 

Stomach
a 

Vocal Cord
c 

Nasopharynx
c 

Pyriform fossa
c 

Colon
c 

Oesophagus
bc 

Cervix
c 

Breast
c 

Epiglottis
c 

Anus
c 

Vaginal Wall
c 

33(25.00) 

10(7.57) 

45(34.09) 

1(0.75) 

2(1.51) 

1(0.75) 

6(4.54) 

13(9.84) 

8(6.06) 

4(3.03) 

2(1.51) 

2(1.51) 

2(1.51) 

12 

7 

29 

1 

2 

1 

6 

12 

0 

0 

2 

0 

1 

21 

3 

16 

0 

0 

0 

0 

1 

8 

4 

0 

2 

1 

0.03 (0.01 – 0.10) 

0.10 (0.05 – 0.19) 

0.85 (0.58 – 1.25) 

0.01 (0.005– 0.07) 

0.15 (0.08 – 0.26) 

0.10 (0.05 – 0.19) 

0.07 (0.03 – 0.14) 

0.03 (0.01 – 0.10) 

0.009(0.001-0.05) 

0.009(0.001-0.05) 

0.01 (0.005– 0.07) 

0.009(0.001-0.05) 

0.009(0.001-0.05) 

0.0008 

2015 

20-30 Cervix
a 

Thyroid
b 

Stomach
b 

Breast
b 

Ovary
b 

5(45.45) 

2(18.18) 

1(9.09) 

2(18.18) 

1(9.09) 

0 

0 

1 

0 

0 

5 

2 

0 

2 

1 

0.14 (0.03 – 0.56) 

1.00(0.38 – 2.57) 

0.14 (0.03 – 0.56) 

0.14 (0.03 – 0.56) 

0.14 (0.03 – 0.56) 

0.1132 

31-40 Liver
ab 

Breast
ab 

Thyroid
b 

4(16.00) 

4(16.00) 

2(8.00) 

4 

0 

1 

0 

4 

1 

0.34 (0.17 – 0.67) 

1.15 (0.63 – 2.07) 

0.07 (0.02 – 0.22) 

<0.0001 



 
 
 
 
 

 

www.companyofscientists.com/index.php/chd                   e7                                              Cancer Health Disparities 

RESEARCH 

Pyriform fossa
b 

Bladder
b 

Uterus
b 

Cervix
a 

Stomach
b 

Caecum
b 

1(4.00) 

1(4.00) 

1(4.00) 

9(36.00) 

2(8.00) 

1(4.00) 

1 

1 

0 

0 

1 

1 

0 

0 

1 

9 

1 

1 

0.13 (0.05 – 0.32) 

0.04 (0.01 – 0.18) 

0.02 (0.004– 0.13) 

0.02 (0.004– 0.13) 

0.02 (0.004– 0.13) 

0.04 (0.01 – 0.18) 

41-50 Liver
ab 

Lung
b 

Oesophagus
a 

Stomach
ab 

Breast
ab 

Cervix
b 

Endometrium
b 

Urinary Bladder
b 

Mouth
b 

Epiglottis
b 

Uterus
b 

7(12.28) 

3(5.26) 

14(24.56) 

8(14.03) 

14(24.56) 

4(7.01) 

3(5.26) 

1(1.75) 

1(1.75) 

1(1.75) 

1(1.75) 

4 

2 

14 

5 

0 

0 

0 

1 

1 

1 

0 

3 

1 

0 

3 

14 

4 

3 

0 

0 

0 

1 

0.21 (0.13 – 0.34) 

0.38 (0.25 – 0.57) 

0.33 (0.22 – 0.50) 

0.12 (0.06 – 0.21) 

0.02 (0.008– 0.07) 

0.008 (0.001-0.04) 

0.04 (0.01 – 0.10) 

0.008 (0.001-0.04) 

0.04 (0.01 – 0.10) 

0.008 (0.001-0.04) 

0.01 (0.004 – 0.06 

<0.0001 

51-60 Liver
ab 

Lung
abc 

Stomach
a 

Breast
bc 

Thyroid
bc 

Oesophagus
a 

Pyriform fossa
bc 

Gall Bladder
c 

Endometrium
bc 

Bladder
bc 

Tongue
c 

Cervix
bc 

Pharynx
c 

Epiglottis
c 

11(13.92) 

9(11.39) 

15(18.98) 

5(6.32) 

2(2.53) 

16(20.25) 

4(5.06) 

1(1.26) 

3(3.79) 

2(2.53) 

1(1.26) 

4(5.06) 

1(1.26) 

1(1.26) 

4 

4 

8 

0 

1 

16 

4 

0 

0 

2 

1 

0 

1 

0 

7 

5 

7 

5 

1 

0 

0 

1 

3 

0 

0 

4 

0 

1 

0.06 (0.03 – 0.14) 

0.18 (0.10 – 0.30) 

0.30 (0.20 – 0.47) 

0.11 (0.06 – 0.20) 

0.009(0.001-0.05) 

0.02 (0.009– 0.08) 

0.22 (0.13 – 0.35) 

0.05 (0.02 – 0.12) 

0.07 (0.03 – 0.15) 

0.01 (0.005– 0.06) 

0.05 (0.02 – 0.12) 

0.009(0.001-0.05) 

0.009(0.001-0.05) 

0.009(0.001-0.05) 

<0.0001 

>60 Liver
bc 

Lung
a 

Epiglottis
c 

Stomach
ab 

Oesophagus
bc 

Caecum
c 

Breast
c 

Larynx
c 

Pharynx
c 

Bladder
c 

Colon
c 

Pyriform fossa
c 

Cervix
c 

Ureter
c 

Gall Bladder
c 

11(11.70) 

28(29.78) 

1(1.06) 

25(26.59) 

11(11.70) 

1(1.06) 

2(2.12) 

1(1.06) 

1(1.06) 

1(1.06) 

4(4.25) 

2(2.12) 

3(3.19) 

1(1.06) 

2(2.12) 

8 

15 

1 

15 

8 

0 

0 

1 

1 

1 

3 

2 

0 

1 

1 

3 

13 

0 

10 

3 

1 

2 

0 

0 

0 

1 

0 

3 

0 

1 

0.03 (0.01 – 0.10) 

0.64 (0.43 – 0.95) 

0.10 (0.05 – 0.19) 

0.17 (0.10 – 0.29) 

0.15 (0.08 – 0.26) 

0.01 (0.005– 0.07) 

0.02 (0.009– 0.08) 

0.01 (0.005– 0.07) 

0.009(0.001–0.05) 

0.01 (0.005– 0.07) 

0.009(0.001-0.05) 

0.009(0.001-0.05) 

0.009(0.001-0.05) 

0.01 (0.005– 0.07) 

0.03 (0.01 – 0.10) 

0.2267 

OR – Odds Ratio CI – Confidence Interval 

a, b, c, ab, bc – level of significance using Duncan’s ANOVA Test 

RESULTS 

A total of 1,477 patients with malignancy reported 

to Genesis Laboratory (Aizawl) from 2011 – 2015. 

The highest incidence of cancer was observed in 

the patients with age group 50 - 60 (423), followed 

by age groups above 60 (399). This shows an 

increase in the disease with increase in age. There 

was a statistical significance observed between the 
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age group and different types of cancers. In 2011, 

2012 and 2014, the age group 20-30, 30-40, 40 – 

50 and 50 to 60 are shown to be significant, 

whereas in 2013 and 2014 the age group 30-40, 

40-50 and 50-60 shows significance (Table 1). 

Remarkably, only in 2014 the age group more than 

60 years of age was significant with different 

cancer types. In age group 20-30, breast and 

cervix cancer were more prevalent, throughout all 

the years. In middle age group (30-40 and 40-50) 

cervix, stomach and oesophagus cancer were 

more prevalent, throughout all the years. In older 

age group (41 to 60 and >60), stomach cancer was 

the leading cancer followed by oesophagus cancer 

in throughout all the years. Cancer is dominant in 

Females (778) than in males (710). The common 

type of cancer in female includes cervical cancer, 

followed by breast cancer which is shown to be 

increasing with age of the patients and also 

increasing each year within this 5 year period from 

2011 – 2015 (Figure 1). In males, stomach cancer is 

the most prevalent type of cancer followed by 

oesophagus cancer. Both the type of cancers are 

found commonly in the patients with age 40 yrs 

and above. 

 

Figure 1. Various Cancer Frequency based on Age group for the years 2011 (A), 2012 (B), 2013 (C), 2014 (D), 

2015 (E). 
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Different types of cells were involved with the different types of cancers. In 2011, Squamous cell carcinoma 

(SCC) was the most common pathological variety of cancer in males, followed by Adenocarcinoma (AC). In 

2013, Moderately Differentiated Squamous Cell Carcinoma (MDSCC) had the highest percentage of 

occurrence. In 2014 and 2015 AC and SCC are both commonly seen. In the year 2011 the adenocarcinoma 

stomach and squamous cell carcinoma oesophagus showed prevalence in older age group, but in middle 

age group the squamous cell carcinoma cervix was the leading cancer group (Figure 2). Adenocarcinoma 

stomach and squamous cell carcinoma oesophagus were the ladder of all the cancer types for the year of 

2012. In 2013 the older age group had significant growth than other age group, because the 

adenocarcinoma stomach and moderately differentiated squamous cell carcinoma in oesophagus were 

the leading cancer. The same prevalence was also observed for the year of 2014 and 2015. But for 2015 

other types of cancers prevalence was also observed. 
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Figure 2. Frequency of cancer prevalence and status in Mizo population for the years 2011 (A), 2012 (B), 

2013 (C), 2014 (D), 2015 (E). 
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AC – Adenocarcinoma; IDC – Invasive Duct Carcinoma; SCC – Squamous Cell Carcinoma; MDAC – 

Moderately Differentiated Adenocarcinoma; MDSCC – Moderately Differentiated Squamous Cell 

Carcinoma; PDAC – Poorly Differentiated Adenocarcinoma; WDSCC – Well Differentiated Squamous Cell 

Carcinoma; NKSCC – Non – Keratinising Squamous cell carcinoma. 

DISCUSSION 

Our studies reveal that Cancer is diagnosed more 

in women than in men. It also shows an increase in 

occurrence of cancer with increase in age. Women 

are showing high rate of cancer because of the 

alarming increase in cervical and breast cancer for 

the last five years. Cervical cancer is caused by 

human papillomavirus infection. Human 

papillomavirus promotes uncontrolled cell division 

and accumulation of genetic damage. Other 

cancers attributed to human papillomavirus 

infection include those of vagina (70%), penis 

(50%), vulva (43%), and oropharynx (26%) (Table 

1)[Hariri et al.,2011]. Breast cancer occurrence is 

highest after 35 years of age. The possible risk 

factor for occurrence of breast cancer was 

contributed by stress in the form of higher 

education and occupation, late menopause, 

history of induced abortion, first-degree family 

history of the disease and body mass index [Thapa 

et al.,2016]. The most common type in males is 

stomach cancer, followed by oesophageal. 

Tobacco smoking and use of smokeless tobacco, 

chewing tobacco and tuibur coupled with 

unhealthy food items such as smoked meat and 

vegetables and fermented soyabean and pork etc. 

may attribute to the high incidence of cancer in 

Mizoram [Ghatak et al.,2016]. 

The food habits of Mizoram are known to 

contribute to various different types of cancers. 

Smoke-drying and preservation leads to formation 

of N-nitroso compounds. Nitrite reacts with 

amines and amides found in meats and other 

proteins to form N-nitroso compounds, which are 

animal carcinogens and possible human 

carcinogens. Furthermore, although salt is not a 

carcinogen, it is thought to increase the risk of 

gastric cancer through direct damage to the 

gastric mucosa, which results in gastritis, increased 

DNA synthesis, and cell proliferation. This indirectly 

contributes to the development of chronic 

atrophic gastritis, leading to the development of 

stomach cancer. Because of the presence of both 

salt and nitrite in processed fish and meats, its role 

in the development of stomach cancer cannot be 

ignored, as was found by Phukan et al. [Phukan et 

al.,2006]. Frequent consumption of sa-um was 

found to be associated with the risk of developing 

stomach cancer. This is a food material uniquely 

consumed in Mizoram. Dietary intakes of total or 

saturated fat have been shown to be associated 

with stomach cancer. Boiled pork fat, in addition to 

being a rich source of saturated fat, may form 

carcinogenic compounds during long storage, as 

in other stored meats. Use of soda was shown to 

be a risk factor. Indigenous people of the 

northeastern region of India use soda (alkali) or 

other alkaline preparations frequently as food 

additives. 

The consumption of tobacco is the leading cause 

of cancers in India. The regular use of tobacco via 

smoking, chewing, snuffing etc. in Mizoram, which 

is responsible for 65 to 85% cancer incidences in 

men and women, respectively. The various cancers 

produced by the use of tobacco are of oral cavity, 

pharynx, esophagus, larynx, lungs and urinary 

bladder. Smoking is the most notorious factor for 

the causation of lung cancer [Hammond et 

al.,1966]. Approximately, 87 and 85% males and 

females have been found to have lung cancer due 

to tobacco smoking in the form of local Zozial (a 

thin South Asian cigarette type structure filled with 

tobacco flake and wrapped in a white paper, tied 

with a string at one end) [Behera et al.,2004] and 

cigarette in India [Jayant et al.,1991]. The severe 

carcinogenic nature of Asian local made cigarette 

has been proved by the studies of Jussawalla and 

Jain [Jussawalla et al.,1979] and [Pakhale et 

al.,1990]They observed that the unrefined form of 

tobacco used in bidis (WHO, 1999) and the 
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frequency with which a bidi needs to be puffed 

per minute may be responsible for its relatively 

higher carcinogenic effects as compared to 

cigarettes [Bano et al.,2009]. Bidi smoking at two 

puffs per minute produces about equal amounts 

of carcinogens (steam volatile phenols, hydrogen 

cyanide and benzopyrene) as produced by one 

puff per minute of unfiltered cigarette [Pakhale et 

al.,1990 ] Hookah (a special cigar used in Mizoram 

using raw tobacco) smoking causes lung cancer; as 

reported by Nafae et al. [Nafae et al.,1973] In 

Mizoram, North-eastern India high incidences of 

stomach cancer are attributed to the consumption 

of smoked meat and chewing of tobacco. High 

incidences of stomach cancer in Mizoram are the 

result of the excessive use of tuibur (water filterate 

of tobacco). 

Similarly, the consumption of Areca nut, Pan 

Masala, Opium and Bhang (leaves and flower 

powder of female cannabis plant) has been 

recognized as the major cause of mouth cancer in 

Mizoram. The daily consumption of the number 

betel leaves by an individual is about 15-25 in 

various districts of Mizoram, which continuously 

acts as an irritant to the buccal mucosa [Mehrotra 

et al.,2003]. One of the most important factors 

responsible for the oropharyngeal malignancy in 

Mizoram is the chewing of raw betel nut [Wahi et 

al.,1965]. Among various risk factors for the 

occurrence of oesophageal cancer in Mizoram, 

betel quid chewing carries a relative risk of 1.5 to 

3.5%. The salted cooked vegetables made by 

adding sodium bicarbonate has shown to possess 

a high methylation activity and may lead to the 

endogenous formation of nitrosamine [Malkan et 

al.,1997] and that can lead to stomach cancer. 

Alcohol consumption has been considered as one 

of the major causes of colorectal cancer as per a 

recent monograph of WHO [Baan et al.,2007]. 

Annually, about 9.4% new colorectal cancer cases 

are attributed to the consumption of alcohol, 

globally [Parkin et al.,2006]. An increased risk of 

10% was observed with consumption of more than 

two drinks per day, which suggests a causative role 

of alcohol consumption in colorectal cancer 

[Toriola et al.,2008]. Recently, a study revealed that 

an increased risk of colorectal cancer was limited 

to consumption of more than 30.0 g of alcohol per 

day [Longnecker et al.,1990]. Relationship between 

alcohol consumption and high risk of oesophageal 

cancer was first known in 1910 [Tuyns et al.,1979]. 

However, chronic alcohol consumption has been 

found to be a risk factor for the cancers of the 

upper respiratory and digestive tracts, including 

oral cavity, hypopharynx, larynx and oesophagus 

as well as liver, pancreas, mouth and breast 

cancers [Tuyns,1979;Maier,1994;Seitz et al.,2004]. A 

10.0 g/day intake of alcohol by a woman increases 

its relative risk of breast cancer by 7.1% [Doll et 

al.,1981]. The mechanism of carcinogenesis due to 

alcohol consumption is not exactly known, 

however, it is thought that ethanol being a co-

carcinogen might play a crucial role in the 

carcinogenesis [Poschl et al.,2004]. The metabolic 

products of ethanol are acetaldehyde and free 

radicals. The free radicals are responsible for 

alcohol assisted carcinogenesis through their 

binding to DNA and proteins, which destroy foliate 

leading to secondary hyper proliferation [Anand et 

al.,2008]. 

Non–tobacco risk factor includes infections, dietary 

factors, alcohol use, physical activities and body 

composition. Other risk factors include exposure to 

asbestos, air pollution (indoor and outdoor), 

occupational exposures and exposure to radiation. 

Consumption of alcohol is shown to be associated 

with cancers of the mouth, pharynx, larynx, 

oesophagus, colo-rectum (men) and breast (pre- 

and post- menopausal). Aflatoxins causes liver 

cancer. Arsenic in drinking water and beta-

carotene supplements are known to contribute to 

lung cancer. Colo-rectum is known to be caused 

by excess consumption of red and processed meat 

in our diet. Associations between infections and 

cancer: HPV(Human Papilloma Virus) infection and 

cervical cancer, Epstein Barr Virus(EBV) and Burkitt 

Lymphoma as well as Non-Hodgkin and Hodgkin 

Lymphoma, Hepatitis-C virus and hepatocellular 
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carcinoma, Kaposi Sarcoma Herpes Virus (KSHV) 

and Kaposi Sarcoma [Harford et al.,2012]. 

Acknowledgements 

The authors thank Bioinformatics Infrastructure 

(BT/BI/12/060/2012 (NERBIF-MUA), and DBT- 

DeLCON Facility at Mizoram University sponsored 

by the Department of Biotechnology (DBT), New 

Delhi, Govt. of India. The authors thank Mary K 

Zothanpari for her help during data collection. 

Conflict of interest 
The authors declare that no competing or conflict of 

interests exists. The funders had no role in study 

design, writing of the manuscript, or decision to 

publish. 

Authors’ contributions 
JZ and NSK conceptualized the study; MVT and FL 

collected the primary data; MVT, SG and FL did the 

analysis and interpretation of the data; MVT, SG, NSK 

and JZ wrote the manuscript.  

REFERENCES 
Anand, P., Ajaikumar, B.K., Sundaram, C., Kuzhuvelil ,B.H., 

Sheeja ,T.T., Oiki, S.L., Sung ,B., and Bharat ,B.A.(2008). 

Cancer is a Preventable Disease that Requires Major 

Lifestyle Changes. Pharm Res ; 25: 2097-2116. 

Baan ,R., Straif, K .,and Grosse, Y.(2007). Carcinogenicity of 

alcoholic beverages. Lancet Oncol ; 8: 292-3. 

Bano, R., Mahagaonkar ,A.M., Kulkarni ,N.B., Ahmad, N., 

Nighute ,S.(2009). A study of pulmonary function tests 

among smokers and non-smokers in a rural area. Pravara 

Med Rev ; 4: 11-16. 

Behera, D., Balamugesh, T .(2004). Lung Cancer in India. 

Indian J Chest Dis Allied Sci 6, 269-281. 

Bener, A., Ayub, H., Kaki,R., Wanis.(2008). Ibrahim Patterns of 

Cancer Incidence Among the Population of Qatar: A 

Worldwide Comparative Study. Asian Pacific J Cancer 

Prev ; 9:19-24. 

Doll ,R., Peto ,R. (1981). The causes of cancer: quantitative 

estimates of avoidable risks of Cancer in the United 

States today. J Natl Cancer Inst 66, 1191-308. 

Ghatak, S., Yadav, R.P., Lalrohlui, F.(2016). Xenobiotic Pathway 

Gene Polymorphisms Associated with Gastric Cancer in 

High Risk Mizo-Mongoloid Population, Northeast India. 

Helicobacter; 21: 523–535. 

Hammond ,E.C.(1966). Smoking in relation to the death rates 

of one million men and women. In: Haenszel W, editor. 

Epidemiological Approaches to the Study of Cancer and 

Other Chronic Diseases. National Cancer Institute 

Monograph No 19. Bethesda (MD): U.S. Department of 

Health, Education, and Welfare, Public Health Service, 

National Cancer Institute; pp: 127–204. 

Harford ,J.B.(2012). Viral infections and human cancers: the 

legacy of Denis Burkitt. British Journal of Haematology ; 

156: 709–718. 

Hariri, S., Dunne, E., Saraiya, M., Unger, E., and Markowitz, L.( 

2011). Chapter 5: Human Papillomavirus. VPD 

Surveillance Manual ; 5: 1-5. 

Jayant, K., Notani, P.N., Gulati ,S.S., Gadre ,V.V.(1991). Tobacco 

use in school children in Bombay, India. A study of 

knowledge, attitude and practice. Indian Journal of 

Cancer ; 28:139–147. 

Jussawalla, DJ., Jain, DK.(1979). Lung cancer in greater Bombay 

correlation with religion and smoking habits. Br J Cancer ; 

40: 437-48. 

Longnecker, M.P., Orza, M.J., Adams, M.E., Vioque, J and 

Chalmers, T.C.(1990). A meta-analysis of alcoholic 

beverage consumption in relation to risk of colorectal 

cancer. Cancer Cause Control; 1: 59-68. 

Maier ,H., Sennewald ,E., Heller, G.F., and Weidauer, H.(1994). 

Chronic alcohol consumption The key risk factor for 

pharyngeal cancer. Otolaryngol Head Neck Surg ;110: 

168-73 

Malkan G and Mohandas KM.(1997). Epidemiology of 

digestive cancers in India. I. General principles and 

oesophageal cancer. Indian J Gasteroenterol ; 16:98-102. 

Mehrotra ,R., Singh ,M., Kumar, D., Anpandey, Gupta ,R.K and 

Sinha, U.S.(2003). Age specific Incidence rate and 

pathological spectrum of Oral cancer in Allahabad. Ind J 

Med Sci; 57, 400-404. 

Murthy ,V.H., Krumholz, H.M., and Gross, C.P.(2004). 

Participation in Cancer Clinical Trials Race-, Sex-, and 

Age-Based Disparities. JAMA ; 291: 2720-2726. 

Nafae, A., Misra ,S.P., Dhar, S.N., Shah S.N.(1973).A 

Bronchogenic carcinoma in Kashmir valley. Indian J Chest 

Dis 1973; 15: 285 - 95. 

National Cancer Registry Programme (NCRP).(2010). Three 

year report of the population based cancer registries 

2006-2008. (First report of 20 PBCRs in India), Bangalore, 

Indian Council Med Res ; 11:71–8. 

Pakhale ,S.S., Jayant ,K., Bhide ,S.V.(1990) Chemical analysis of 

smoke of Indian cigarettes, bidis and other indigenous 

forms of smoking, levels of phenol, hydrogen cyanide 

and benzopyrene. Indian J Chest Dis Allied Sci ; 32: 75-

81. 

Parkin, D., Bray ,F., Ferlay, J.(2006). Global cancer statistics, 

2002. CA Cancer J Clin; 55:74–108. 

Phukan ,R.K ., Narain ,K., Zomawia, E., Hazarika N.C., and 

Mahanta ,J.(2006). Dietary habits and stomach cancer in 

Mizoram. India. J Gastroenterol ; 41: 418–424. 



 
 
 
 
 

 

www.companyofscientists.com/index.php/chd                   e14                                              Cancer Health Disparities 

RESEARCH 

Poschl ,G., Seitz ,H.K.(2004). Alcohol and cancer. Alcohol ; 39: 

155-65. 

 Rao, C.V., Newmark ,H.L .,and Reddy ,B.S.(1998). 

Chemopreventive effect of squalene on colon cancer. 

Carcinogenesis 1998; 19: 287–290. 

Seitz ,H.K., Stickel, F., and Homann ,N.(2004). Pathogenetic 

mechanisms of upper aerodigestive tract cancer in 

alcoholics. Int. J Cancer ; 108, 483-7. 

Toriola ,A.T., Kurl, S., Laukanen, J.A., Mazengo, C., Kauhanen 

J.(2008). Alcohol consumption and risk of colorectal 

cancer: The Findrink study. Eur J Epidemiol ; 23: 395-401. 

Thapa, S., Lalrohlui, F., Ghatak, S., Zohmingthanga, J., 

Lallawmzuali, D., Pautu, J.L .,and Kumar ,N.S.(2016). 

Mitochondrial complex I and V gene polymorphisms 

associated with breast cancer in mizo-mongloid 

population. Breast Cancer; 38: 1-5. 

Tuyns ,A.J.(1979). Epidemiology of alcohol and cancer. Cancer 

Res ; 39: 2840–3. 

Wahi ,P.N., Kehar, U., and Lahiri, B.(1965). Factors influencing 

oral and oropharyngeal cancers in India. Brit J Cancer ; 

19: 642-60. 

 

 

 

 

 

 

 

 

 

 

 

 

 



PARTICULARS OF CANDIDATE 

 

 

NAME OF CANDIDATE  : Freda Lalrohlui 

DEGREE    : Ph.D 

DEPARTMENT   :Biotechnology 

TITLE OF THESIS : Genetic variation studies in candidate genes 

related to Type 2 Diabetes in Mizo population, 

Mizoram 

 

DATE OF ADMISSION  : 11.08.2015   

 

APPROVAL OF RESEARCH PROPOSAL: 

1.BOARD OF STUDIES : 7.04.2016 

2.SCHOOL BOARD  : 22.04.2016 

 

REGISTRATION NO &DATE : MZU/Ph.D/ 841 of 22.04.2016 

 

 

EXTENSION(IF ANY)  : NA 

 



BIO-DATA 

 

 

 

Name     : FREDA LALROHLUI 

Father’s Name   : JOHN LALREMRUATA 

Gender    : FEMALE 

Address   : C-21/1, RAMTHAR VENG, AIZAWL, 

                       Pin-796001 

Subject of Specialization  :EPIDEMIOLOGY AND MOLECULAR GENETICS 

IN DIABETES 

Education Qualification : M.SC(BIOTECHNOLOGY)GOLD MEDALIST 

Marital Status  : SINGLE 

Number of publications : 9 publications in peer reviewed journals 

 


	title new
	certificate
	Declaration
	acknowledgement
	Abbreviations and Symbols
	TABLE OF CONTENTS
	List of Figures
	List of Tables
	Chapter I
	Chapter II
	Chapter III
	Chapter IV
	Chapter V
	Chapter VI
	Chapter VII
	Bibliography
	Appendices
	ethical-freda.jpg
	ethical-freda
	Microsoft Word - FREDAT2DM data sheet
	Mitochondrial complex I and V gene polymorphisms in type II diabetes mellitus among high risk Mizo-Mongoloid population, Northeast India
	Lifestyle chemical carcinogens associated with mutations in cell cycle regulatory genes increases the susceptibility to gastric cancer risk
	Mitochondrial complex I and V gene polymorphisms associated with breast cancer in mizo-mongloid population
	4
	Xenobiotic Pathway Gene Polymorphisms Associated with Gastric Cancer in High Risk Mizo&#x2010;Mongoloid Population, Northeast India
	6
	PARTICULARS OF CANDIDATE
	BIO data


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




