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Abstract: With the advent of human genome sequencing project, came the wave of personalized genomics. Scientists 
have now gone beyond scanning of individual genes and epigenetic variations that might alter an individual’s 
predisposition to developing complex diseases. Nutritional genomics is a science which is fast catching up. Efforts to 
explain the diet-gene interactions often recapitulate the effects of genetic makeup in determining the exact fate of the 
meal we ate last. 

Diet-gene interactions play a major role in the metabolism and detoxification of food-derived mutagens and carcinogens. 
Heterocyclic amines (HCAs), polycyclic aromatic hydrocarbons (PAHs), and N-nitroso compounds (NOCs) are a class of 
mutagens or carcinogens found in red and processed meat that can lead to various types of cancers. Harboring 
unfavourable mutations or single nucleotide polymorphisms (SNPs) involved in metabolism of HCAs, PAHs, and NOCs 
can promote cancers. Increasing risks of several types of cancers, such as cancer of the colorectum, breast, prostate, 
esophagus, and lung, have been associated with high intake of red and processed meat. We attempt to compile some of 
the variants based on reports published during the past five years on variations involved in red meat metabolism which 
aims to provide useful insight in aiding us to regulate our red meat intake to avoid spurring of cancer. 

Keywords: Red meat, processed meat, heterocyclic amines (HCAs), polycyclic aromatic hydrocarbons (PAHs), N-

nitroso compounds (NOCs), cancers, xenobiotic metabolism. 

1. INTRODUCTION 

Impact of Non-Genetic Factor on Cancer 
Development 

Initiation of cancer inside our body could be due to a 

number of internal and external factors that play 

important roles in either aggravating or slowing the 

cancer growth. Internal factors such as age, gender 

and genetic factors are uncontrollable but external 

factors can be controlled. External factors could include 

any non-genetic factors such as diets, lifestyle, and 

exposure to harmful substances. We exist in a polluted 

and contaminant-rich environment, making our genetic 

makeup persistently interacting with harmful external 

factors. For example, inorganic arsenic in drinking 

water, tobacco smoke, water chlorination by-products 

like chlorine, hypochlorite, chloramine, and chlorine 

dioxine, and lastly organic compounds like nitrites, 

nitrates, radionuclides and asbestos [1]. This may 

destabilize normal balances and regulations for cellular 

growth and maturation. 

The National Cancer Institute (NCI) claimed that 

nearly two in three cancer cases (67 percent) are 

associated with some type of environmental factors [2]. 

Another experimental data by Parkin et al. [3] found  
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that exposure to 14 specific external factors (tobacco, 

alcohol, meat, fruit, vegetables, fibers, salts, 

overweight, sedentary lifestyle, occupational hazards, 

infections, radiations, exogenous hormones, and 

reproductive history) was responsible for 42.7% of 

cancers. 

How cancers are influenced by lifestyle and diet 

was made clear by a study on Japanese immigrants in 

the United States (US). Japanese men born in the US 

have twice the rate of colon cancer as their 

counterparts born in foreign countries. Similarly, the 

rate of colon cancer in Japanese women born in US is 

40 percent higher than in the native-born women [4]. 

Oncogenesis is often multi-factorial. This study 

demonstrates that besides genetic make-up, 

environment also plays an important role in colon 

cancer development.  

Nevertheless, major external factors associated with 

cancer development can be avoided by having good 

lifestyle choices. Indeed, almost one-third of cancers 

are preventable for example by eliminating the use of 

tobacco products, eradication or vaccination against 

cancer-related infectious agents [Human 

papillomavirus (HPV), Epstein Barr virus (EBV), and 

Helicobacter pylori], increasing fruits and vegetables 

consumptions to at least five servings per day, and 

avoiding hazardous environmental chemicals like air 

pollutants [5]. 
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Dietary Factors as Cancer Causes 

The pertinence of unhealthy diet in increasing 

cancer risks has been demonstrated in cancer of 

gastric, colon, rectum, lung, breast, and prostate [6]. 

Consumption of a lot of fibers, fish, fruits, vegetables 

and little of red meat, processed meat, alcohol, 

saturated fat, calcium from dairy products help reduce 

cancer risks [3, 6]. 

Interestingly, among all dietary factors, meat shows 

strong positive associations with cancer development. 

Three categories of meat are red meat, processed 

meat, and white meat. Gastronomically, red meat is 

darker-colored meat from cows, sheep, horses, pigs, 

ducks and geese. Foods like steak, pork chops and 

roast lamb contain red meat. Processed meat refers to 

meat treated by smoking, curing, salting or by the 

addition of preservatives for longer-term preservation. 

Examples include ham, bacon, pastrami, salami, hot 

dogs and sausages. White meat is lighter-colored meat 

of poultry. Every so often young milk-fed calves, sheep 

and pigs are considered white. 

The processed meats have been linked to 

increasing risk of cancer, cardiovascular disease, and 

early deaths according to a study on half a million 

Europeans by Rohmann et al. [7]. Its harmful effects 

appear as the results of physical and chemical 

treatments it has undergone such as dry-curing, 

smoking, and brining. Some of the common additives in 

the dry-curing, smoking, and brining are shown in 

Table 1. Dry-curing process allows meat dehydration 

which creates a less favorable environment for 

microorganisms to grow. Another technique called 

brining involves the process of submerging or injecting 

red meat with salt water solution (Figure 1). It 

preserves and increases water content in red meat, 

resulting in juicy and flavorful meat once cooked. 

Smoking is one of a preservation methods where it 

exposes meat to fume from smoldering fire over a 

period of time. Air and smoke drawn in through an 

opening allow bactericidal and anti-oxidative properties 

to penetrate into the meat [8]. Different temperature is 

used in different smoking techniques such as hot 

smoking (50-85 C), warm smoking (25-50 C), and cold 

smoking (12-25 C) [9]. Green or wet alder, apple, 

cherry, maple, oak, or pecan woods cause fire to 

rekindle and add specific flavor to the meat. Following 

smoking treatment, the moisture in red meat drops 

about 10 to 40% [9]. 

 

Figure 1: In brining, meat is injected with salt water using 
specialized needles such as artery or spray needle to 
increase the meat’s juiciness (Source Marianski et al. [75]).  

Table 1: Common Additives Used in Processing Meat 

Ingredient Functionality  

Salt Taste and shelf life 

Nitrite/nitrate Curing color, flavor, and shelf life 

Ascorbic acid Accelerate curing 

Phosphates Water binding and protein hydration 

Erythorbate Accelerate curing 

Sweeteners (sucrose, dextrose, corn syrup, honey, sorbitol, lactose) Surface browning and sweetening agents  

Seasonings (spices, herbs, vegetables, essential oils) Flavor, color 

Acidifiers (lactic acid, citric acid) Tangy/tart flavor, shelf-life, tenderize meat 

(Source: Encyclopedia of Meat Sciences). 
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Mutagenic and Carcinogenic Aspects of Red and 
Processed Meat 

Meat is a good source of protein, iron, and minerals 

such as zinc, phosphorus, and B-vitamins. It is also the 

richest source of alpha lipoic acid, which is a powerful 

antioxidant. However, the processing and cooking of 

red meat may produce mutagenic compounds that may 

promote cancer development. Although red meat is rich 

in nutrients, people are advised to opt for leaner cuts 

and healthier meat products while cutting down on 

processed meat.  

Heterocyclic amines (HCAs) can be found in 

smoked, grilled, fried, and barbecued meat. HCAs form 

when amino acids react with creatine when meat is 

cooked at high temperature for extended time [10]. 

Three primary dietary HCAs are 2-amino-1-methyl-6-

phenylimidazo[4,5-b]pyridine (PhIP), 2-amino-3,8-

dimethylimidazo[4,5-f]quinoxaline (MeIQx), and 2-

amino-3,4,8-dimethylimidazo[4,5-f]quinoxaline 

(DiMeIQx). These mutagenic compounds when 

activated by cytochrome P450 1A2 (CYP1A2) and N-

acetyltransferase-2 (NAT2) may damage DNA and 

increase the risk of tumorigenesis [11]. Polymorphisms 

within CYP1A2 and NAT2 may interrupt the 

metabolism and detoxification of HCAs. However, the 

mutagenicity of the compounds can be reduced by high 

intakes of fruits, vegetables, or cereals at the same 

time [10]. 

Polycylic aromatic hydrocarbons (PAHs) are organic 

compounds that are able to bind covalently to 

macromolecules including DNA. The binding of these 

compounds to DNA has been proven carcinogenic in 

animal studies since it results in erroneous DNA 

replication and mutation [12]. PAHs form in pyrolytic 

process, especially during incomplete combustion of 

organic matter in the cooking and smoking or red meat. 

Benzo[a]pyrene and benz[a]anthracene, the most 

commonly known PAHs, are possibly carcinogenic and 

mutagenic to human [13]. 

N-nitrosation is a process that converts peptide-

derived amines or amides into N-nitroso compounds 

(NOC) [14]. NOC are cytotoxic and mutagenic. During 

metabolism, NOC can yield alkylating adducts like alkyl 

carbon groups that can bind to biological molecules 

and alter their functions and structures [15]. Red and 

processed meat has abundant presence of heme-iron 

that has catalytic effect on the formation of NOC and 

aldehydes that are toxic to cells [14]. Ingestion of 

heme-iron from red meat has been shown to increase 

the formation of carcinogenic NOC in human [16]. 

 

Figure 2: Major enzymes in xenobiotic metabolism pathway.The major xenobiotic metabolism enzymes (XMEs) in Phase I 
such as CYP and EPHX1 are involved in functionalization or activation. XMEs in Phase II like UGTs and NATs have important 
roles in the conjugation to polar molecule for elimination.  
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Exposure to endogenous NOC and aldehydes may 

lead to DNA damages. The accumulation of defective 

genetic materials may consequently contribute to 

cancer etiology.  

2. GENETIC VARIATIONS ASSOCIATED WITH RED 
MEAT 

Role of Xenobiotic Metabolism Pathway 

Xenobiotic metabolism is postulated to be the major 

pathway for detoxification of chemicals not normally 

present in an organism. However, in certain events, the 

metabolism of xenobiotic compounds may produce 

reactive or carcinogenic intermediates that are harmful 

to the cells. HCAs, PAHs and NOCs are meat-derived 

procarcinogenic agents that require metabolic 

activation and conjugation by wide range of xenobiotic 

metabolism enzymes (XMEs) of Phase I and II to turn 

into genotoxic-carcinogens [17, 18]. Genotoxic 

carcinogens are agents capable of inducing DNA 

lesions. 

Figure 2 illustrates some of the major enzymes 

involved in Phase I and II of xenobiotic metabolism 

pathway. Cytochrome P450 (CYP) isoforms are the 

main activating enzymes comprising of 70-80% of 

phase I XMEs [19]. Most phase I XMEs are capable of 

both detoxification and metabolic activation. The 

metabolic activation of procarcinogens often leads to 

formation of electrophilic intermediates. Conjugation 

enzymes like uridine diphosphate glucuronosyl-

transferase (UGTs), glutathione S-transferases (GSTs), 

sulfotransferases (SULTs) as well as N-acetyltrans-

ferases (NATs) are among the phase II XMEs.  

The chemical structure and the functional groups of 

various XMEs substrates are relatively important. For 

example, PAHs are very hydrophobic and these 

procarcinogens are substrates for the CYP1 enzymes 

(CYP1A1, CYP1A2 and CYP1B1) [20]. The activation 

and detoxification of a carcinogen will depend on the 

amount, activity, and presence of XMEs in the tissue 

[21]. Thus, XME genes show a high level of time-

specific, organ specific, tissue specific and cell-type-

specific expression. 

The CYP enzymes especially CYP1, CYP2, CYP3 

and CYP4 gene families show some redundancy and 

overlapping substrate specificity. Depending on the 

predominance of one or another enzyme, the metabolic 

spectrum changes depending on the environment to 

the development of cancer. Other enzymes in CYP 

gene families control the levels of sex steroids, 

corticosteroids, cholesterol, bile acids and morphogens 

such as retinoic acid; because these endogenous 

substrates are sometimes associated with tumour 

promotion, it might be concluded that these CYP 

enzymes participate indirectly in tumorigenesis [22]. 

Genetic Polymorphisms of Xenobiotic Metabolizing 
Genes 

Variation in genes that encode XMEs are 

hypothesized to alter enzyme expression and function, 

resulting in differential metabolism of xenobiotics 

among individuals [23]. Such variants which include 

changes in nucleotide bases known as single 

nucleotide polymorphisms (SNPs) within genome are 

responsible for many of the phenotypic characteristics. 

It is believed that there are up to 53 million SNPs in the 

human genome, as they occur once in every 300 

nucleotides on average [24]. Past and current 

examples of a few extensively studied SNPs include 

those in the genes encoding for GSTs, NATs, and the 

CYP isoenzymes. Many genetic variants in the CYP 

families have been widely identified and studied due to 

the role of CYP isoenzymes in metabolizing a large 

number of structurally diverse drugs and chemicals. 

Many allelic variants of human CYP1, CYP2, CYP3 

and CYP4 genes exist, resulting in possible alterations 

in metabolism of xenobiotic compounds. The Human 

Cytochrome P450 (CYP) Allele Nomenclature 

Database (http://www.cypalleles.ki.se/) depicts various 

identified genetic variants of CYP1A1, of which 

CYP1A1*2B, *2C, *4, *5, *6, *7, *8, *9, *11 show amino 

acid changes. In addition, Saito et al. [25] has identified 

four nonsynonymous variants of CYP1A1*7, 

CYP1A1*8, CYP1A1*9 and CYP1A1*10 that are 

closely linked in the heme-binding region in the 

Japanese population. These four genetic variants are 

presumed to have roles in generating premature stop 

codon and altering CYP1A1 catalytic activity in 

metabolizing HCAs, PAHs and other xenobiotic 

compounds.  

Studies by Inoue et al. [26] suggest that ethnic-

related differences exist in the genetic variance of 

CYP1A1 and CYP1B1 genes. The study that was done 

on Japanese and Caucasian population provides 

possible explanation for the differences in cancer 

occurrence rate among ethnicities [26]. Interestingly, a 

study by Zhu et al. [27] on African American population 

revealed that dietary factors including low intakes of 

folate, methionine, vitamin C, and vitamin E may 

contribute to increased risk of breast cancer in 
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individuals inheriting African-American-specific 

polymorphism within the CYP1A1 gene.  

Most investigations on cancer risk arising from 

CYP1A1 polymorphism have studied the effects of 

modified CYP1A1 in association with deficient phase II 

XMEs (predominantly GST) and other genetic variants 

that affect activation and detoxification of CYP1A1 

substrates [28]. A cross-sectional study by Moreti et al. 

[29] published results of genetic polymorphisms for 

CYP1A1, EPHX (epoxide hydrolase), and GSTM1 

genes that revealed the influence of primary DNA 

damage in PAH-exposed workers. 

Supplementary Table 1 summarizes some of the 

polymorphic variations in the xenobiotic metabolizing 

genes that may play role in cancers susceptibility. In 

general, there is little consensus in the literature for 

XME gene-meat interactions in relation to cancer 

susceptibility for CYP1A1, CYP1A2, CYP1B1 [18, 30-

32], CYP2E1 [18, 30, 31], EPHX1 [18, 30, 32-34], 

NAT1 and NAT2 [18, 30, 32, 35, 36] or SULT1A1 [30, 

35] phenotypes. In addition, there are limited data on 

AMACR [37], SULT2A1 [33] and RAPTOR [38].  

3. RED MEAT AND CANCER RISKS 

Colorectal Cancer 

The World Cancer Research Fund (WCRF) 

declared that high red meat intake could significantly 

increase the risk of colorectal cancer [39]. The 

association between red meat consumption and 

colorectal cancer has been studied extensively over a 

wide range of populations. Findings from a large 

prospective cohort study on US population, support the 

positive association between consumption of red or 

processed meat and colorectal cancer [40]. In the 

Uruguay populations, significant supportive evidences 

have also linked red and processed meat with 

colorectal cancer [41, 42]. 

Albeit, the limited studies on Eastern populations 

have shown inconsistence results. For instance, in 

Japanese populations, only red meat intake has been 

modestly associated with colon cancer; no association 

with processed meat was found [43]. Significant 

association between red meat and colorectal cancer 

risk was also found in Shanghai Chinese men; 

however, the processed meat was not assessed 

quantitatively due to the very low intake in their culture 

[44].  

These inconsistencies may be explained by the fact 

that the molecular makeup of colorectal cancers of the 

Eastern populations tend to differ from the West [45, 

46]. Colorectal cancers can be classified into four 

molecular subtypes, each with uniquely global genomic 

and epigenomic aberrations influenced by 

microsatellite instability (MSI) and CpG island 

methylator (CIMP) [46]. Previous studies demonstrate 

that the prevalence of CIMP+/MSI+ subtype versus 

CIMP-/MSI+ subtype is distinctly different between the 

Eastern and the Western populations [45, 46].  

In addition, Eastern populations in general consume 

less meat compared to the west [43, 44]. According to 

WCRF, avoiding processed meat and limiting 

consumption of red meat to less than 500g per week 

may attribute to decreased risk for colorectal cancer 

[39]. However, more studies on Asian populations are 

needed to confirm these associations. 

Processed meat show stronger association with 

colorectal cancer compared to unprocessed meat [47]. 

Although the biological mechanism is still uncertain, 

harmful compounds such as heme-iron, N-nitroso 

compounds, HCAs, MelQx, and DiMelQx, added or 

produced during the processing steps have been 

significantly associated with increased risk of colorectal 

cancer [40]. Vitamin C and E, which are replenished in 

fruits and vegetables, inhibit the formation of NOC, 

thus, reducing the risk of developing colorectal cancer 

(Figure 3). 

Certain genetic polymorphisms may significantly 

alter the risk of colorectal cancer with relation to red 

meat consumption. For instance, -154A>C (CYP1A2) 

has been found to modify colorectal cancer risks 

associated with high consumption of well-done red 

meat cooked at high temperature [32]. Furthermore, 

along with red meat intake of more than three servings 

per week, individual with Val762Ala (PARP) has shown 

to have significant increase in colorectal cancer risk 

[48]. Daily increase of 100g red meat may lead to 12-

17% higher risk of developing colorectal cancer and a 

daily increase of 25g processed meat increases the 

risk to 49% [49]. Boosting intakes of protective diets 

like vegetables, fruits, and supplements and limiting red 

meat intake may keep the risks at low even for 

individuals with genetic risks.  

Other Cancers 

Evidences show that high intake of red or 

processed meat may also modify the risks of breast, 

prostate, esophageal, and lung cancer [41, 50-63].  
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Studies on breast cancer focus mainly on the 

premenopausal and postmenopausal status. For 

instance, premenopausal breast cancer was positively 

associated with high red meat consumption (OR=2.20, 

95% CI 1.35-3.60) [53]. In another study involving 

approximately 4000 women from US, stronger 

associations between red meat and breast cancer were 

also found in postmenopausal women compared to 

premenopausal women [51]. Dietary iron derived from 

meat and meat mutagens like HCAs, MelQx, and 

DiMelQx produced during high-temperature cooking 

have been significantly associated with 

postmenopausal breast cancer [50, 51]. In addition, 

consumption of red meat from cattle administered with 

exogenous hormones to increase muscle mass or milk 

production may be one of the reasons that trigger the 

development of hormone-sensitive breast cancers [64]. 

Aggressive prostate cancer has been positively 

associated with high consumption of ground beef, 

processed meat, and well-done grilled or barbecued 

red meat [54]. Supportive evidences by John et al. [55] 

also show that high intake of processed meat or red 

meat cooked at high temperature may also increase 

the risk of advanced prostate cancer. Prostate cancer 

is an extremely heterogeneous disease. It may be 

indolent in some but more aggressive in others. In 

metastatic and hormone-refractory prostate cancers, -

methylacyl-CoA racemase (AMACR) was found to be 

strongly upregulated [65]. Interestingly, the AMACR 

enzyme also plays important role in the regulation of 

peroxisomal beta-oxidation of phytol-derived, 

branched-chain fatty acids from red meat and dairy 

products [66]. 

The risk of esophageal squamous cell carcinoma, a 

subtype of esophageal cancer, increases with high 

intake of red and processed meat [58, 59]. In addition, 

an increased risk of esophageal adenocarcinoma, 

which is a cancer that originates from glandular tissue, 

has been linked to high consumptions of processed 

meat [60]. Heme-iron and MelQx or PhIP (HCAs) have 

been significantly associated with increased risk of 

esophageal carcinoma [59]. These mutagens derived 

from meat may contribute to the increased formation of 

free radicals and oxidative stress in the esophageal 

tissues, eventually causing chronic inflammation and 

cancer development in the esophagus. 

Lung cancer has also been associated with high 

intake of fried meat, barbecued meat, and salted meat 

[61]. By far, smoking is the major risk factor for lung 

cancer. Approximately 80% of lung cancers are caused 

by cigarette smoking worldwide [39]. Interestingly, 

several evidences have linked red and processed meat 

 

Figure 3: Catalytic effects of nitrosation from red and cured meat on the development of colorectal cancer. Heme iron 
catalyzes N-nitroso compounds (NOCs) formation and lipid peroxidation which are mutagenic and may have role in the 
development of colorectal cancer. 

Adapted from Bastide et al. 2011. 
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with increased risk of lung cancer among never-

smokers [62, 63]. 

Positive associations with red meat intake have also 

been found in cancer of the bladder, pancreas, 

endometrium, head and neck, upper aerodigestive 

tract, larynx, oral and pharynx [36, 67-72]. However the 

studies are still very limited and require further 

investigation. The associations between meat-based 

dietary factors and cancers are shown in 

Supplementary Table 2.  

4. PREVENTIVE MEASURES 

Healthier meat products with reduced contents of 

fat, calories, cholesterol, and salt can be taken as an 

alternative. As much as 35% of fat content in beef 

frankfurters is reduced by replacing 60% of the beef fat 

with vegetable oil [73]. Nitrosation depends on the 

residual nitrite level. Thus far, no alternative has been 

found for nitrite. However, by reducing salt content, we 

may also reduce the carcinogenic N-nitrosamine 

formation.  

Fibers are found abundantly in protective diets like 

fruits and vegetables. Intakes of food loaded with fibers 

increase stool bulk and speeds the food movement 

through the colon. This helps reduce the absorption 

and contact time with the potential carcinogens. 

Supplementary calcium may have preventive action 

against cancer progression. Calcium phosphate has 

the ability to precipitate heme, thus inhibiting heme-

induced cytotoxicity [14]. In an animal model, dietary 

calcium has shown to inhibit chemically-induced 

carcinogenesis, diet-induced epithelial hyperprolife-

ration and recurrence of colorectal adenoma [74].  

5. CONCLUSION 

Cancer development is the result of complex 

interplay between genetic and environmental factors. It 

is essential that ones`s personal environment is well 

controlled and managed by the individual. Limiting red 

and processed meat helps reduce the risks of 

developing various types of cancers. As recommended 

by the WCRF, avoiding processed meat and limiting 

red meat intake to less than 500g per week can reduce 

the risk of developing cancers.  

HCAs, PAHs and NOCs are considered 

procarcinogenic agents found in red meat. They are 

metabolized by the Phase I and II of the XMEs. 

However, the XMEs may also induce HCAs, PAHs, and 

certain NOCs to fully attain their carcinogenic 

potentials. SNPs in the genes that encode XMEs play a 

critical role in influencing the risk susceptibility of 

individuals to different cancers. 

This review shows that a large number of variants 

have been discovered in the xenobiotic enzymes 

leading to differences in metabolism of these 

carcinogens. The genetic make-up cannot be altered 

but the hope resides in the fact that one can take 

preventive measures like reducing red and processed 

meat intake and taking a good amount of protective 

diets like fruits and vegetables. 

ABBREVIATIONS AND ACRONYMS 

AMACR = -methylacyl-CoA racemase 

CIMP = CpG island methylator 

CIN = Chromosomal instability 

CYP = Cytochrome P450 

DiMelQx = 2-amino-3,4,8-trimethylimidazo[4,5-

f]quinoxaline 

EPHX = Epoxide hydrolase 

GSTM1 = Glutathione S-transferase Mu 1 

GSTs = Glutathione S-transferases 

HCAs = Heterocyclic amines 

MDR1 = Multidrug Resistance 1  

MelQx = 2-amino-3,8-dimethylimidazo[4,5-

f]quinoxaline 

MSI = Microsatellite instability 

NATs = N-acetyltransferases 

PAHs = Polycyclic aromatic hydrocarbons 

PARP = Poly (ADP-ribose) polymerase 

PhIP = 2-amino-1-methyl-6-pheylimidazo(4,5-

b)pyridine 

RAPTOR = Regulatory associated protein of MTOR, 

complex 1 

SNPs = Single nucleotide polymorphisms 

SULTS = Sulfotransferases 
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UGTs = Uridine diphosphate 

glucuronosyltransferase 

WCRF = World Cancer Research Fund 

XMEs = Xenobiotic metabolism enzymes 
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