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Abstract 

The relationship between nutrition and genes has long been hinted at and sometimes plainly associated with cer‑
tain diseases. Now, after many years of research and coincidental findings, it is believed that this relationship, termed 
“Nutrigenomics,” is certainly a factor of major importance in various conditions. In this review article, we discuss nutrig‑
enomics, starting with basics definitions and enzymatic functions and ending with its palpable association with can‑
cer. Now, diet is basically what we eat on a daily basis. Everything that enters through our alimentary tract ends 
up broken down to minute molecules and amino acids. These molecules interact with our microbiome and genome 
in discreet ways. For instance, we demonstrate how proper intake of probiotics enhances beneficial bacteria and may 
alleviate IBS and prevent colorectal cancer on the long term. We also show how a diet rich in folic acid is essential 
for methylenetetrahydrofolate reductase (MTHFR) function, which lowers risk of colorectal cancer. Also, we discuss 
how certain diets were associated with development of certain cancers. For example, red and processed meat are 
highly associated with colorectal and prostate cancer, salty diets with stomach cancer, and obesity with breast cancer. 
The modification of these diets significantly lowered the risk and improved prognosis of these cancers among many 
others. We also examined how micronutrients had a role in cancer prevention, as vitamin A and C exert anti‑carci‑
nogenic effects through their function as antioxidants. In addition, we show how folic acid prevent DNA mutations 
by enhancing protein methylation processes. Finally, after a systematic review of myriad articles on the etiology 
and prevention of cancer, we think that diet should be a crucial feature in cancer prevention and treatment programs. 
In the future, healthy diets and micronutrients may even be able to successively alter the liability to genetic mutations 
that result in cancer. It also will play a role in boosting treatment and improving prognosis of diagnosed cancers.
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“Let food be thy medicine and medicine be thy food.” 
~Hippocrates

Background
Nutrigenomics, a relatively new science, is basically the 
study of the relationship between nutrition and gene 
expression. Many recent studies showed the significance 
of nutrition and how it molecularly affects gene expres-
sion, postulating that you really are what you eat. Nutri-
tion has become a very popular and vital component in 
determining risk assessment for many diseases plaguing 
humanity in the current time frame. Plenty of the body’s 
physiologic or metabolic characteristics are defined by 
dietary patterns. A simple example is the wide-spread 
phenomenon of obesity [1]. Additionally, studies showed 
that the interaction between diet and diseases differs 
according to genetic and ethnic variations among indi-
viduals. For instance, individuals with a C → T substitu-
tion in the gene for methylene-tetrahydrofolate reductase 
(MTHFR) might require more folate than those with the 
wild-type allele [2]. Another intriguing example of the 
complex interactions between genetics, diet, and disease 
is from a study on the incidence of hepatocellular carci-
noma in Sudanese population. The study reported that a 
stronger relationship existed between the risk of devel-
oping the disease and the consumption of peanut butter 
contaminated with aflatoxins in Sudanese people with 
the glutathione  S-transferase M1 null genotype com-
pared to those lacking this genotype [3, 4]. In this review, 
we discuss the relationship between nutrigenomics and 
disease. We examine the effect of many food compounds, 
whether micro or macro, on the development, progno-
sis, and treatment of cancer and other diseases. We also 
discuss the association of various dietary factors with dif-
ferent types of cancer. Finally, how nutrition may be used 
in the prevention of cancer in the future. Slightly contro-
versial, nutrigenomics might seem to be another popular 
science topic, barely holding a stance as strong as chemo-
therapeutic or pharmaceutical research in the treatment 
of diseases. However, in this review, by exploring what 
studies have shown through the last decade, we are going 
to show why it should be a vital element in the wholistic 
approach toward diseases in the future.

Nutrigenomics
Nutrigenomics is a new, rising field of science that cre-
ates a spider web connecting both nutrition and genome 
activity. According to the field of nutrigenomics, a whole 
different system of signaling exists in the body predis-
posing to gene expression; nutrients ingested form the 
stimuli or the “dietary signals” that are captured by the 
sensory systems in the cells and directly impacting pat-
terns of gene, protein and metabolite expressions [5]. 

Nutrigenomics also makes a wide attempt at showcas-
ing the influence of nutrition on the body’s homeostasis; 
similarly, it aims at identifying certain cellular level inter-
actions that fuel the inflammatory stress pathways to bet-
ter the understanding of diet related diseases. The field of 
nutrigenomics clarifies the interaction between bioactive 
compounds from different food sources and genes. In 
addition, utilizing the usage of nutritional systems biol-
ogy to discover and detect biomarkers; the “stress signa-
tures” that predispose to diet related diseases [6].

Nutrigenetics
Nutrogenetics is the relationship between nutrition and 
the human genome. This relationship defines the gene 
expression and metabolic response of each individual, 
influencing health condition and susceptibility to disease 
(Fig.  1). A fundamental aspect of the genetic approach 
to disease is an appreciation of human variation. Some 
of the earliest studies of human biochemical genet-
ics showed considerable variability within and between 
populations, which is highly relevant for nutrition [7]. 
Variation in nutritional requirements and interaction of 
certain nutrients with genetically determined biochemi-
cal and metabolic factors suggest different requirements 
for individuals and call for personalized regimens. This 
variation, like sex differences, is inborn. Research is 
defining the mechanisms by which genes influence nutri-
ent absorption, metabolism, and excretion and the mech-
anisms by which nutrients influence gene expression [8].

Microbiome
Another important interaction is that between nutrig-
enomics and the microbiome. The microbiome by defini-
tion is the collective genetic material of all the microbes 
that live in and on the human body. As complicated as it 
is, the human alimentary tract offers multiple instances 
where gut microbiome was related to the general health. 
Moreover, there has been a surge in interest during the 
past decade in the contribution of the human micro-
biome to cancer pathogenesis and treatment. Humans 
carry about 2 kg of microbes, ranging between 500 to 
1000 species, and the average adult digests about 500 kg 
of food annually [9]. The human microbiome comprises 
the ecosystem of approximately 40 trillion microorgan-
isms, including bacteria, viruses, yeast, and fungi, that 
colonize our bodies and influence multiple processes, 
including metabolism, hematopoiesis, and immune func-
tion. Though relatively stable throughout adult life, the 
microbiome has been shown to be altered as a result of 
infection, antibiotic exposure, lifestyle (e.g., exercise), sur-
gical procedures, diet, and various disease states, includ-
ing cancer. Research shows that at certain levels, some 
microbiota may confer benefits to the host, while others 
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may be associated with clinical pathologies. We can take 
for example atherosclerotic metabolic syndrome. DNA of 
oral microbiota Veillonella and Streptococcus was found 
in atherosclerotic plaques of individuals who had these 
microbes with abundance in their digestive system [10]. 
On the other hand, microbiota can also protect from ath-
erosclerosis, as it was established in a recent study that 
showed that Akkermansia municiphila reversed Western 
diet-induced atherosclerosis in mice [11]. In addition, 
altered balance between the Bacteroidetes and the Firmi-
cutes, two enteric bacterial families, has been associated 
with obesity state in recent studies. On the other side, we 
have the well-known probiotics. Probiotics are the only 
live bioactive compounds recognized by Food and Drug 
Administration (FDA) as safe. They are combination of 
live beneficial bacteria and/or yeasts (most commonly 
Lactobacillus, Bifidobacterium, and  Saccharomyces) that 
naturally live in the body. Due to their inability to colo-
nize the host, they need to be taken regularly in diet as 
in yogurt or daily supplements. Probiotics confer benefits 
mostly for lactose intolerance, irritable bowel syndrome, 
reduction of colorectal cancer risk, and gastric ulcers 
among other illness. It is also claimed that they have a 
role in reducing the risks of osteoporosis, obesity, and 
possibly type 2 diabetes. Another popular example is the 
fecal replacement therapy, which depends on the replace-
ment of gastrointestinal microbiota in diseased indi-
viduals with the fecal material from healthy people. This 
fecal population can be attenuated to a small number of 
species creating a microbial product that can improve 
certain conditions, eventually creating a microbial 

therapeutic product [12]. This emerging field of gut 
microbiota and their connection to various diseases is 
promising as it may offer therapeutic possibilities in the 
future. Recent studies in this area also take into account 
nutritional epidemiology across different ethnic groups, 
differences in macro and micro nutrient intake during 
lifespan, and personalized tailor-made and/or algorithm-
based diets targeting individual nutritional requirements 
for disease prevention.

Diet‑gene interaction
Metabolizing enzymes are one of the most important 
factors in activation of carcinogens. Variable individual-
ized responses to toxins were clearly noted in different 
individuals. Other nutritional factors or lifestyle habits 
such as obesity, diabetes mellitus (DM), and fasting have 
been proved to greatly affect the baseline of activity of 
oxidative enzymes in living organisms. The metabolizing 
enzymes are fluidly pleomorphic bending to the potential 
influence of certain genetic alterations that result from 
our diet-gene interactions. This topic has become a great 
source for further extensive research expenditures, and 
here we will discuss few major examples.

• Cytochrome P450 enzymes and genes

Cytochrome P450 (CYP) enzymes are a group of 
enzymes encoded by P450 genes and expressed as mem-
brane bound proteins mostly found in the endoplas-
mic reticulum of the liver [13].  CYP enzymes function 

Fig. 1 Effect of some foods on the cardiovascular system (CVS) diseases [4]
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as monoxygenases and affect oxidation by transfer of one 
oxygen atom through a number of steps.

For example, the CYP1A2 gene can be induced by 
indole-3-carbinol found in cruciferous vegetables, by het-
erocyclic amines in cooked meats, and by PAHs found in 
grilled meat. CYP1A2 is also inhibited by the compound 
naringenin, which is found in grapefruit [1]. There-
fore, metabolism of heterocyclic amines by the enzyme 
encoded by the CYP1A2 gene may depend not only on 
the genetic variant of CYP1A2 that is carried by an indi-
vidual, but also on the individual’s intake of these other 
food components that affect CYP1A2 expression [13]. 
Similarly, consumption of a diet that is low in fat and gly-
cemic load was shown to be associated with alterations in 
gene expression in the prostate epithelium in humans [6].

• Glutathione S-transferases (GSTs)

The GSTs are a major family of cytosolic enzymes 
that catalyze the conjugation of reduced glutathione to 
a large number of electrophilic compounds formed by 
cytochrome P450 enzymes. Because electrophiles can 
bind to DNA, forming adducts and potentially DNA 
mutations, GSTs play a critical role in protecting cells 
against the cytotoxic and mutagenic effects of these reac-
tive compounds. Thus, it has been hypothesized that GST 
induction results in an overall decreased cancer suscep-
tibility and that, conversely, impaired detoxification by 
GST will confer increased susceptibility to disease. The 
GSTs are divided into four major classes alpha (GSTA), 
pi (GSTP), mu (GSTM), and theta (GSTT), based on 
their physicochemical and immunologic properties, 
and, within each class, several isozymes exist. GSTs have 
been found in all human tissues studied, but with strik-
ing differences in isozyme distribution in different tissues 
androgens. For example, of the total hepatic GST protein, 
80% is GSTA, 10–20% is GSTM, and < 5% is GSTP. In 
the lung, GSTP is the predominant class (85%), whereas 
GSTM and GSTA isozymes constitute only 7–8% each.

• Methylenetetrahydrofolate reductase (MTHFR)

MTHFR is an example of a nutrient‐gene interaction 
that may affect the risk of development of cancer and 
common chronic diseases. MTHFR is an enzyme coded 
for by the MTHFR gene. It plays an important role in 
1‐carbon metabolism by producing 5‐methyltetrahy-
drofolate, a coenzyme that serves as the methyl donor 
needed for the conversion of homocysteine to methio-
nine. In an allelic variation that occurs in some people 
(an example of small single-nucleotide polymorphism; 
SNP), a base pair substitution occurs at 677 of the gene 
that encodes methylene-tetrahydrofolate reductase 

(MTHFR). This results in the variant allele in which 
cytosine is replaced with thymine. This polymorphism 
is denoted as MTHFR 677C → T. This allelic variation 
(i.e., MTHFR 677 TT) produces a change in the enzyme 
that reduces its function. A recent study supports  the 
hypothesis that individuals with the TT genotype may 
have higher folate requirements, and this genetic vari-
ation may modulate the risk for vascular and neoplas-
tic diseases and neural tube defects (NTD). The risk for 
developing a certain disease according to an individual’s 
genome is influenced by many factors such as the disease 
in question, the individual’s diet, ethnic and geographic 
elements, and many others. For instance, in a Physicians’ 
Health Study,  men with the MTHFR 677 TT genotype 
and adequate folate level had a 55% lower risk for colo-
rectal cancer compared with men with either of the other 
2 genotype combinations (i.e., CC or CT). This protective 
effect was lost when folate status was impaired. How-
ever, compared with the CC genotype, the TT genotype 
has been associated with a higher risk for NTDs, which 
may be exacerbated by low folate levels. Because SNPs 
are more common than single gene disorders, identifying 
those SNPs associated with diet‐related diseases could 
lead to targeted nutrition interventions according to gen-
otype [14].

Nutrigenomics relation to disease susceptibility

• Nutrigenomics and obesity

Genes affecting weight regulation are grouped in a 
number of ways. The first grouping depends on geneti-
cally regulated processes and mechanisms that contrib-
ute to body weight homeostasis. This includes physical 
activity, appetite, adipocyte differentiation, insulin signal-
ing, mitochondrial functions, lipid turnover, thermogen-
esis, and energy efficiency.

Then, genes are secondly grouped according to how 
they regulate metabolic functions (Fig. 2), in which there 
are polymorphisms that have been related to genetically 
mediated differences to dietary weight loss interventions, 
including the following:

➢ Regulating energy intake (e.g., MC3R, MC4R, 
POMC, LEP, LEPR, FTO)
➢ Lipid metabolism and adipogenesis (e.g., PLIN1, 
APOA5, LIPC, FABP2)
➢ Thermogenesis (e.g., ADBRs, UCPs)
➢ Adipocytokine synthesis (e.g., ADIPOQ, IL6)
➢ Transcription factors (e.g., PPARG, TCF7L2, 
CLOCK)
➢ Nutrigenomics and type II diabetes mellitus
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The hormone insulin, which is secreted from pancre-
atic β-cells, is an important controller of both glucose 
and fat metabolism. Impaired regulation of its secre-
tion is observed in both obesity and type II diabetes 
mellitus. Diets high in sugar and saturated fatty acids 
elicit a condition termed “glucolipotoxicity” [16] that 
negatively impacts the ability of the β-cell to adequately 
secrete insulin, resulting in hyperglycemia and hyperlipi-
demia. Many of the effects of sugars and fats are medi-
ated through transcriptional regulation of β-cell gene 
expression. Moreover, as the fat mass of obese individu-
als increases, the concentration of inflammatory media-
tors produced by adipocytes rises. These mediators, 
termed adipokines, may also influence insulin secretion 
directly and indirectly  via  genomic changes. Whether 
many of the adipokines are influenced by dietary factors 
is not well known. Improving our understanding of how 
nutrigenomics modifies both adipokine secretion and 
β-cell function may facilitate prevention or amelioration 
of diet-related chronic diseases, such as type II diabetes 
mellitus.

• Nutrigenomics and cardiovascular system (CVS) dis-
eases

Hypertension is associated with heart failure, renal dis-
ease, stroke, and cardiovascular death and is highly mod-
ified by lifestyle changes [17]. The angiotensin-converting 
enzyme (ACE) is the key enzyme in controlling blood 
pressure, and polymorphisms in ACE, the gene encoding 
this enzyme, have been implicated in the risk for hyper-
tension and CVS diseases. In the Nutrigenomic Analy-
sis in Twins (NUGAT) study, GG genotype of rs4343 

of  ACE  was associated with increased risk for hyper-
tension and CVS diseases in individuals on high satu-
rated fat diet [18]. The proposed mechanisms seem to 
involve high-fat in activating RAS in adipocytes through 
toll-like 4 receptors and nuclear factor kappa B (NFkB) 
signaling [19]. The association of salt with hypertension 
is well-known, and there have been some efforts to elu-
cidate the genetic contribution to salt-sensitive blood 
pressure (SSBP) changes. In a recent study, variants in 
estrogen receptor (ESR2) were implicated in SSBP. Estro-
gen-replete women with  ESR2  rs10144225 minor allele 
were more salt-sensitive than men or postmenopausal 
women [20]. The Genetic Epidemiology Network of Salt-
sensitivity (GenSalt) study was designed to understand 
the basis of salt-sensitivity in ~ 2000 individuals adminis-
tered a 7-day low-sodium diet followed by a 7-day high-
sodium diet. This study found SSBP to be associated with 
rare variants in three genes of a group of renal epithelial 
sodium channels (ENaC).

Relation between blood type and diet
There is a new hypothesis called “blood-type” diet. It says 
that if everyone eats according to their blood type, peo-
ple will be healthier and live longer. It postulates that type 
O needs high protein diet with lots of meat, vegetables 
and fish. Type A should choose fruits, vegetables, tofu, 
and avoid meat. Type B can take variety of diet includ-
ing meat, fruits, seafood and grains. Type AB should eat 
dairy, tofu, lamb, fish and grains. Studies made on this 
hypothesis were inconclusive, but one study on ABO 
genotype and cardio-metabolic risk factor revealed that 
adherence to blood type diet had favorable effects on 
some cardio-metabolic risk factors as lowering BMI, 

Fig. 2 Transcriptional triad of survival [15]
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waist circumference, blood pressure, serum cholesterol, 
triglycerides, and insulin with variations between blood 
types. However, it was also found that there is no signifi-
cant association between these changes and blood type 
and these results does not support the “blood-type” diet 
hypothesis [21].

Nutrigenomics and cancer

• Gastro-intestinal tract (GIT) cancers

Esophageal cancer
In study done in China on the etiology and prevention of 
ESCC, esophageal squamous-cell carcinoma which com-
prises 60–70% of all cases of esophageal cancer world-
wide, diet was one of the most important risk factors 
besides family history and infections [22]. Consuming 
hot beverages and pickled food, part of traditional Asian 
food, significantly increased the risk among the Asian 
population. Red and processed meat were also associated 
with a 57% and 55% increased esophageal squamous cell 
carcinoma (ESCC) risk, respectively, compared to those 
who consumed low amount of meat. Fruits and vegeta-
bles intake was associated with a 30% decreased risk. The 
study also noted that lack of some micronutrients may be 
associated with increased risk. For, intake of β-carotene, 
vitamin E, and selenium  showed a reduction in ESCC 
mortality by 17%. Additionally, moderate supplementa-
tion of riboflavin (a micronutrient found in eggs, green 
vegetables, and organ meat such as kidney and liver) will 
decrease risk, prevent recurrence of ESCC, and improve 
the prognosis of ESCC patient [23].

Stomach cancer
It is heavily associated with Helicobacter pylori (H. pylori) 
infection and smoking that stomach cancer was also 
linked to certain nutrients in many studies. In a recent 
systemic review and meta-analysis published recently 
[24], stomach cancer was strongly attributed to high 
intake of salty and pickled foods. Alcohol drinking, espe-
cially for long periods, was distinctively connected even 
after the subjects quitted, showing an increased risk by 
19%. Something could be explained by the permanent 
damage caused by alcohol on the stomach lining and liver 
after long periods of heavy drinking. Coffee and green 
tea showed no significant association. Fruits and vegeta-
bles decreased risk of stomach cancer by 48% and 62% 
respectively.

Colorectal cancer
Colorectal cancer (CRC) is the third most common 
cause of cancer-related deaths which contributes to a 

significant public health problem worldwide with 1.8 mil-
lion new cases and almost 861,000 deaths in 2018 accord-
ing to the World Health Organization. It exhibits 7.4% 
of all diagnosed cancer cases in the region of the Middle 
East and North Africa [25]. Of all cancer-related deaths, 
25–30% can be attributed to tobacco, 30–35% are linked 
to diet, and 15–20% are due to infections [26]. Specifi-
cally for colon cancer, intestinal inflammatory diseases 
(such as Crohn’s disease and ulcerative colitis) and obe-
sity are additional risk factors. One of the most related 
dietary factors to colorectal cancer is the intake of red 
and processed meat. There are multiple proposed expla-
nations for this phenomenon. First, red meat contains 
high levels of heme, iron-porphyrin pigment. Heme is 
poorly absorbed by the small intestine which makes it 
accumulate in the colon. Chronic accumulation of heme 
induces colonic injury, resulting in hyper-proliferation 
and hyperplasia, which may lead to the development of 
colorectal cancer. Eventually, heme may lead to the devel-
opment of colorectal cancer by altering the microbial 
composition of the colonic epithelial cells and thus lead-
ing to their malignant transformation [27]. The second 
potentially harmful compound in red meat is heterocyclic 
amines, which are produced when red meat is cooked at 
high temperatures. When these heterocyclic compounds 
enter the cell, they get metabolized into toxic compounds 
that interact with DNA. This results in DNA mutations 
in some oncogenic genes such as adenomatous polyposis 
coli (Apc), β-catenin, and K-Ras [28]. The third class of 
compounds linked to colorectal cancer is N-nitroso com-
pounds (NOCs), which are also found in processed meat. 
Similar to heme and heterocyclic amines, these com-
pounds interact with the DNA to induce mutations in 
key genes. Recent epidemiological studies linked NOCs 
to increased risk of colorectal cancer [29, 30]. Also, diet 
and obesity are important risk factors for CRC; excessive 
body fat leads to increased insulin resistance hyperinsu-
linemia that leads to increased insulin growth factor 1 
(IGF-1) and causes low grade chronic inflammation. Also 
insulin increases ovarian androgen synthesis and growth 
hormone receptor expression and inhibits liver synthe-
sis of binding proteins leading to greater bioavailability 
of IGF-1 [31, 32]. IGF-1 activates phosphatidylinositol-
3-kinase (PI3K)/Akt signaling pathway that increases 
cell proliferation [33]. Also, excessive body fat increases 
levels of leptin, which regulate PI3K/Akt signaling and 
reduce adiponectin. Also, the low-grade chronic inflam-
mation makes a good environment for carcinogenesis. 
It is believed to be mediated by TNF-a, CRP, and IL-6. 
Adiponectin reduces TNF-a, while insulin increases IL-6 
secretion which leads to abnormal cell proliferation and 
carcinogenesis [33].
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• Breast cancer

Breast cancer (BC) is the 2nd most prevalent and lethal 
malignancy worldwide. For long, mainly alcohol and 
smoking have been recognized as major lifestyle risk fac-
tors in the development of breast cancer. However, recent 
studies showed that different dietary components may 
affect the development and prognosis of breast cancer 
[34]. For example, there is a positive correlation between 
meat intake (processed and red meat) and risk of devel-
oping breast cancer Similarly, women consuming diets 
high in saturated fats and cholesterol had an increased 
risk too. On the contrary, consumption of fish was associ-
ated with a significant reduction of breast cancer risk. A 
cohort study found that marine n-3 polyunsaturated fatty 
acids resulted in 14% reduction in breast cancer risk [35]. 
Also, omega-3/omega-6 lipids correlated to a decreased 
risk [36]. Concerning dairy intake, there is evidence that 
moderate and high intake are associated with a decreased 
risk. However, only yogurt and low-fat dairy had protec-
tive effects, unlike other dairy products [37]. Concerning 
fruits and vegetables, some studies showed no correla-
tion between consumption and risk, while others demon-
strated that apple and citrus fruits may exert a protective 
effect [38]. Regarding tea and coffee, there is no clear 
effect. However, alcohol is associated with higher risk and 
poor prognosis [39]. Mediterranean and vegetarian diets 
also showed no clear effects, having a protective value in 
some studies but not in others. However, a meta-analysis 
reported a protective role of consumption of cruciferous 
vegetables [40]. Additionally, intake of soy, an important 
source of phytoestrogens and isoflavones, was associated 
with decreased risk [41].

• Prostate cancer

Epidemiology studies of prostate cancer have strongly 
implicated the diet as a major modulator of prostate 
cancer risk [42]. The incidence of prostate cancer var-
ies across different geographic regions. For example, it 
is high in USA and Europe, but low in Asia. However, 
when Japanese immigrants in the USA were examined, 
they showed high-risk criteria for prostate cancer [43, 
44]. This could be explained by the fact that when those 
immigrants adopted certain dietary habits, they became 
at risk. The most consistent dietary factor associated with 
prostate cancer is the intake animal fats, red meat, and 
dairy products [45]. Also, in a meta-analysis study that 
was done recently, intake of calcium was also associated 
with increased risk [46]. On the other hand, like breast 
cancer, soy intake was correlated with decreased risk 
[47]. Some specific food components affecting develop-
ment of cancers are described in Table 1.

Cancer prevention
The use of nutrigenomics in cancer prevention is increas-
ing widely. Food and dietary components can change the 
track of cancer pathogenesis and prognosis. They exert 
their effect through different mechanisms in carcinogen 
metabolism, DNA repair, cell proliferation/apoptosis, 
inflammation, oxidant/antioxidant balance, and angio-
genesis [60]. Also, some key micronutrients as (vitamin 
A, vitamin C, vitamin D, and selenium) can have anti-car-
cinogenic properties and can be used in cancer therapy 
[61]. DNA repair is very important to keep the genome 
stable and prevent mutations that can lead to cancer. 
Dietary food components were found to play a role in 
maintaining DNA repair, and their deficiency leads to 
disruption in the repair leading to damage and mutations 
of DNA. For instance, flavonoids, vitamins E and C, and 
isothiocyanates stimulate repair of DNA damage from 

Table 1 Specific food components affecting development of cancers

Food factors increasing cancer risk Food factors decreasing cancer risk

Charcoal‑broiled meat: stomach, colon, and rectal cancers [48] Vitamin A and beta‑carotene: lung, stomach, colon, prostate, and cervix cancers 
[49]

Red meat: colorectal cancer [48] Vitamin C: esophagus, stomach, rectum, pancreas, breast, cervix, and lung 
cancers [49]

Nitrites: stomach cancer [50] Vitamin E: colon and prostate cancers [49]

Salt: stomach and throat cancer [48] Selenium: lung, prostate and colon cancers [49]

Saturated fat and trans‑fatty acids: lung, colon, rectum, breast, 
and endometrium cancers [51]

N‑acetyl‑cysteine (NAC): blocks the metastatic potential of several cancer cell 
lines through inhibition of enzymes that stimulate tumor vascularization [52]

Alcohol: liver, breast, colon, rectum, oral, and esophageal cancers [53] Cruciferous vegetables: colorectal cancer [49]

Sweeteners: saccharin, cyclamate
Aspartame: lymphoma, leukemia, and bladder tumors [54]

Resveratrol: breast, blood and lung cancers [55]

Food additives: potassium bromate, fluoride
Food dyes: osteosarcoma, bladder, kidney, and thyroid tumors [56]

Curcumin: leukemia, lymphoma, stomach, gastrointestinal, sarcoma, breast, 
and head and neck cancers [57]

Glyphosate: non‑Hodgkin lymphoma and pancreatic cancers [58] Lycopenes: prostate cancer [59]
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ROS (reactive oxygen species) [62]. Adding cooked car-
rots in food increases the repair of 8-oxodG (a marker 
of oxidative stress-derived DNA damage) in white blood 
cells [63]. Another mechanism of prevention is inducing 
an arrest of the cell cycle progression [64]. Some dietary 
compounds can attack the cell cycle at any stage resulting 
in its arrest. These compounds are phenolic compounds 
such as genistein, epigallocatechin-3-gallate and also iso-
thiocyanates [65, 66]. Dietary compounds also induce 
apoptosis in the cells through a mitochondrial pathway 
which leads to release of cytochrome C from mitochon-
dria and activation of caspase-3, caspase-6, and caspase-7 
finally ending in apoptosis [66]. In chronic inflamma-
tions, cell damage can lead to DNA mutations and cause 
malignancy [67]. The changes that lead to damage include 
DNA damage, disruption of DNA repair pathways, cellu-
lar proliferation, inhibition of apoptosis, and promotion 
of angiogenesis and invasion. Some dietary food com-
ponents are found to target these changes and prevent 
damage. Another mechanism where dietary components 
can inhibit carcinogenesis is by preventing of angiogen-
esis. Polyunsaturated fatty acids and polyphenols, such 
as epigallocatechin-3-gal-late, resveratrol, curcumin, and 
genistein, are compounds that have a role in angiogenesis 
prevention [68–70].

Role of some key micronutrients in cancer prevention
Vitamin C
Vitamin C or ascorbic acid  is a vitamin found in vari-
ous foods and sold as a dietary supplement. Vitamin C 
has dose-dependent anticarcinogenic properties [71]. 
In specific cancers, such as melanoma, if it is admin-
istered in high doses, it induces apoptosis, but in low 
doses, it promotes cell proliferation [72, 73]. However, 
high doses can have side effects due to the pro-oxidant 
action when accumulated in cells. Also, it increases the 
sensitivity to chemotherapy, thus lowering the doses of 
chemotherapeutic drugs needed to obtain certain results 
[74]. Another anti-carcinogenic mechanism is by acting 
as antioxidant. High doses of vitamin C produce high 
amounts of hydrogen peroxide that accumulate in cells 
and can lead to death of cancer cells through induction 
of apoptosis [75]. Besides its role in cancer prevention, 
studies have shown that it also has an impact on cancer-
related mortality rates in breast cancer [76].

Vitamin A
Vitamin A is a group of unsaturated nutritional organic 
compounds that include retinol, retinal, and several pro-
vitamin A carotenoids. It works as an antioxidant that 
protect against oxidative stress preventing DNA dam-
age. It also regulates methylation resulting in controlling 
cell growth. It was found that it decreases some of the 

side effects of chemotherapy as mucositis [77]. It is also 
able to reduce head, neck, and lung carcinogenesis [78] 
and inhibit premalignant lesions by regulation of genes 
involved in cell growth and differentiation. Retinoids and 
lycopene play an important role in oral cancer prevention 
and treating oral leukoplakia [79]. Plus, when retinoids 
are combined with bexarotene, they reduce chemical 
induction of oral carcinogenesis by ROS prevention [80]. 
It is also proved to have preventive roles in lung and pan-
creatic cancers.

Vitamin D
Vitamin D was found to have protective properties in 
oral, head and neck, breast, ovarian, prostate, and colon 
cancers [81, 82].

It works on both the genomic level, via the vitamin D 
receptor (VDR), and on the cellular level. Vitamin D has 
a role in cellular immunity protecting against pathogens. 
It protects against pancreatic cancer by inhibiting pro-
liferation and angiogenesis [83]. It increases radio sensi-
tization in breast cancer and promote apoptosis in oral 
cancer [84].

Folic acid
It is controversial if folic acid is pro or anticarcinogenic. 
Folic acid has a role in DNA, RNA, and protein methyl-
ation as well as keeping DNA integrity [85]. MTHFR is 
implicated in the metabolism of folic acid catalyzing the 
synthesis of 5-methyl tetrahydrofolate, and any change 
in this methylation process can lead to cell aging and 
carcinogenesis [86]. Folic acid also was found to have 
preventing effects in colorectal cancer and to improve 
results of chemotherapy in lung cancer [87, 88].

Vitamins and viral infections
Vitamins are have shown a great effect in improving 
the immunity and enhancing the defense mechanism of 
the body against viral infections, and this role sparkled 
in the time of COVID-19 when supplementation with 
vitamins was essential in every prescription to a corona 
virus patient. The most prominent one was vitamin D. 
Vitamins D decreases the risk of viral infection and mor-
tality through three pathways: physical barrier, cellular 
immunity, and humoral immunity. It reduces the release 
of the cytokines, thus improving the cellular immunity, 
and regulates the humoral immunity through inhibiting 
the release of T helper cells and stimulating the regula-
tor T cells induction [89]. Another one is vitamin A “the 
anti-infection vitamin” which has a role in phagocytic 
and oxidative mechanisms and regulating natural killer 
(NK) cells, IL-2, and the pro-inflammatory TNF-α [90]. 
Vitamin E, vitamin C, vitamin B1, and vitamin B6 also 
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proved to have beneficial effects in treatment of corona 
virus [91].

New directions in the application of micronutrients 
against cancer: synergy approach
Recently, there is a new direction to use combined micro-
nutrients to get synergistic action with better results in 
defending against cancer, through activating different 
mechanisms simultaneously [92]. These combinations 
were used in studies of colon, breast, skin, kidney, and 
liver cancers and showed inhibition of cell proliferation, 
suppression of tumor growth and invasion, inhibition of 
angiogenesis and metastasis [93, 94], and inducing apop-
tosis in other types of cancers [95, 96]. It was proven that 
their synergistic action was superior to the individual 
action of these components [97].

Conclusions
The association between food constituents and cancer 
is getting clearer. The strong relation between diet and 
cancer should direct us to ask important questions when 
examining people at risk of different diseases. We should 
think about the following: What do these people eat? Is 
their diet correlated to the risk and development of can-
cer? And if yes, can this correlation be generalized or 
does it differ according to certain genotypic, ethnic, and/
or geographical variabilities? And, finally, can a certain 
diet enhancement affect their prognosis and treatment? 
These and so many other question should be noted in 
cancer research in the future.

This will also help optimize diet for each individual, 
taking into account the disparity in metabolic require-
ments and gene expression each person holds. Eventually, 
it will become more about personalized nutrition and 
less about one-size-fits-all “good” diets, improving diet 
qualitatively and quantitatively.

Food components affect carcinogenesis almost in all its 
stages from initiation of the disease by gene mutation to 
controlling the progress and even prevention of cancer, 
playing an important role in cancer therapy. Some food 
constituents are carcinogenic, while others are protective 
through different mechanisms which need to be thor-
oughly investigated with new technologies in oncology to 
be applied in cancer therapy. Also, we discussed how the 
protective potential depends on doses (as some nutrients 
are preventive in high doses and may be harmful in low 
doses as mentioned above), time of administration, and 
combination with other compounds (synergistic action). 
All these factors, if properly studied and applied, may 
take cancer therapy another level.

Abbreviations
ACE  Angiotensin‑converting enzyme

ADBRs  Adrenergic receptors
ADIPOQ  Adiponectin, C1Q and collagen domain containing
Apc  Adenomatous polyposis coli
APOA5  Apolipoprotein A5
BC  Breast cancer
BMI  Body mass index
CLOCK  Clock circadian regulator
CRC   Colorectal cancer
CVS  Cardiovascular system
CYP  Cytochromes P450
D.M  Diabetes mellitus
DNA  Deoxyribonucleic acid
ENaC  Epithelial sodium channels
ESCC  Esophageal squamous cell carcinoma
ESR2  Estrogen receptor
FABP2  Fatty acid binding protein 2
FDA  Food and Drug Administration
FTO  Fat mass and obesity‑associated gene
GenSalt  Genetic Epidemiology Network of Salt‑sensitivity
GIT  Gastro‑intestinal tract
GIT  Gastro‑intestinal tract
GSTs  Glutathione S‑transferases
H. pylori  Helicobacter Pylori
IGF‑1  Insulin growth factor 1
IL6  Interleukin‑6
LEP  Leptin
LEPR  Leptin receptor
LIPC  Lipase C, hepatic type
MC3R  Melanocortin 3 receptor
MC4R  Melanocortin 4 receptor
MTHFR  Methylenetetrahydrofolate reductase
NAC  N‑acetyl‑cysteine
NFkB  Nuclear factor kappa B
NK  Natural killer
NOCs  N‑nitroso compounds
NTD  Neural tube defects
NUGAT   Nutrigenomic analysis in twins
PI3K  Phosphatidylinositol‑3‑kinase
PLIN1  Perilipin 1
POMC  Proopiomelanocortin
PPARG   Peroxisome proliferator activated receptor gamma
ROS  Reactive oxygen species
SNP  Single nucleotide polymorphism
SSBP  Salt‑sensitive blood pressure
TCF7L2  Transcription factor 7 like 2
TNF‑a  Tumor necrosis factor alpha
UCPs  Uncoupling proteins
VDR  Vitamin D receptor

Acknowledgements
We deeply acknowledge our mentor prof. Dr. Neemat M. Kassem as without 
her scientific guidance, this work would not have come to light.

Authors’ contributions
NK had designed, analyzed, and revised the collected data. MS, RS, YA, and MA 
were the major contributor in writing the manuscript. HK & LS had revised and 
submit the manuscript.

Funding
No funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed in the study involving human participants were in 
accordance with the ethical standards of the institutional research committee 



Page 10 of 12Kassem et al. Journal of Genetic Engineering and Biotechnology          (2023) 21:134 

and with the 1964 Helsinki declaration and its later amendments (GCP guide‑
lines) or comparable ethical standards.

Consent for publication
Not applicable.

Competing interests
The authors declared no conflicts of interest.

Author details
1 Clinical and Chemical Pathology Department, Kasr Al Ainy Centre of Clinical 
Oncology & Nuclear Medicine, School of Medicine, Cairo University, Cairo, 
Egypt. 2 OBG Department, Kasr Al‑Ainy School of Medicine, Cairo University, 
Cairo, Egypt. 3 Faculty of Medicine, Kasr Al‑Ainy School of Medicine, Cairo 
University, Cairo, Egypt. 

Received: 17 March 2023   Accepted: 9 November 2023

References
 1. Malcomson FC, Mathers JC. Translation of nutrigenomic research for 

personalised and precision nutrition for cancer prevention and for cancer 
survivors. Redox Biol. 2023;62:102710. https:// doi. org/ 10. 1016/j. redox. 
2023. 102710. Epub 2023 Apr 22.

 2. Zhao L, Li T, Dang M, Li Y, Fan H, Hao Q, Song D, Lu J, Lu Z, Jian Y, Wang 
H, Wang X, Wu Y, Zhang G (2023) Association of methylenetetrahydro‑
folate reductase (MTHFR) rs1801133 (677C>T) gene polymorphism with 
ischemic stroke risk in different populations: an updated meta‑analysis. 
Front Genet 4(13):1021423. https:// doi. org/ 10. 3389/ fgene. 2022. 10214 23. 
PMID: 36685 916; PMCID: PMC98 45415

 3. Araujo OC, de Paula VS, do Ó KM, Villela‑Nogueira CA, Araujo NM (2021) 
Association of polymorphisms in the glutathione S‑transferase theta‑1 
gene with cirrhosis and hepatocellular carcinoma in Brazilian patients 
with chronic hepatitis C. Vaccines (Basel) 9(8):831. https:// doi. org/ 10. 
3390/ vacci nes90 80831. PMID: 34451956; PMCID: PMC8402309

 4. Ferguson JF, Allayee H, Gerszten RE, Ideraabdullah F, Kris‑Etherton PM, 
Ordovás JM, EB Rimm, Wang TJ and Bennett BJ: Nutrigenomics, the 
microbiome, and gene‑environment interactions: new directions in 
cardiovascular disease research, prevention, and treatment. Cardiovascu‑
lar Genetics. 2016;9:291–313. https:// doi. org/ 10. 1161/ HCG. 00000 00000 
000030

 5. Ardekani AM, Jabbari S. Nutrigenomics and cancer. Avicenna J Med 
Biotechnol. 2009;1(1):9‑17.

 6. Freudenheim JL, Gower E: Interaction of genetic factors with nutrition 
in cancer. In book: Nutrition in the Prevention and Treatment of Disease, 
2017 Jan 1 (pp. 733–747). Academic Press

 7. Aikaterini N, Valentini K, Androniki N: Variants shaping inter‑individual dif‑
ferences in response to dietary intakes—a narrative review of the case of 
vitamins. Frontiers in Nutrition,7, 2020, ISSN=2296–861X, https:// doi. org/ 
10. 3389/ fnut. 2020. 558598

 8. Ordovas JM (2009) Genetic influences on blood lipids and cardio‑
vascular disease risk: tools for primary prevention. Am. J. Clin. Nutr. 
89((Suppl.)):S1509–17

 9. Dimitrov D (2010) The human gutome: nutrigenomics of the host‑micro‑
biome interactions. OMICS 15:419–430. https:// doi. org/ 10. 1089/ omi. 
2010. 0109

 10. Koren O, Spor A, Felin J, Fåk F, Stombaugh J, Tremaroli V, Behre CJ, Knight 
R, Fagerberg B, Ley RE, Bäckhed F (2011) Human oral, gut, and plaque 
microbiota in patients with atherosclerosis. Proc Natl Acad Sci 108(Sup‑
plement 1):4592–4598

 11. Li J, Lin S, Vanhoutte PM, Woo CW, Xu A (2016) Akkermansiamuciniphila 
protects against atherosclerosis by preventing metabolic endotoxemia‑
induced inflammation in Apoe−/− mice. Circulation 133(24):2434–2446

 12. de Groot, P F et al. “Fecal microbiota transplantation in metabolic syn‑
drome: history, present and future.” Gut microbes vol. 8,3 (2017): 253–267. 
https:// doi. org/ 10. 1080/ 19490 976. 2017. 12932 24

 13. Elsamanoudy A, Mohamed Neamat‑Allah M, Hisham Mohammad F, 
Hassanien M, Nada H (2016) The role of nutrition related genes and 

nutrigenetics in understanding the pathogenesis of cancer. J Microsc 
Ultrastruct 4(3):115. https:// doi. org/ 10. 1016/j. jmau. 2016. 02. 002

 14. Mishra UN, Jena D, Sahu C, Devi R, Kumar R, Jena R, Irondi EA, Rout S, 
Tiwari RK, Lal MK, Baig MJ, Kumar A: Nutrigenomics: an inimitable interac‑
tion amid genomics, nutrition and health. Innovative Food Science & 
Emerging Technologies,82, 2022, 103196. ISSN 1466–8564. https:// doi. 
org/ 10. 1016/j. ifset. 2022. 103196.

 15. Joffe YT, Houghton CA (2016) A novel approach to the nutrigenetics 
and nutrigenomics of obesity and weight management. Curr Oncol Rep 
18:43. https:// doi. org/ 10. 1007/ s11912‑ 016‑ 0529‑6

 16. Weir GC (2020) Glucolipotoxicity, β‑cells, and diabetes: the emperor has 
no clothes. Diabetes. 69(3):273–278. https:// doi. org/ 10. 2337/ db19‑ 0138. 
(Epub 2019 Sep 13. PMID: 31519699; PMCID: PMC7034184.)

 17. Waken RJ, de Las Fuentes L, Rao DC (2017) A review of the genetics 
of hypertension with a focus on gene‑environment interactions. Curr 
Hypertens Rep 19(3):23

 18. Schüler R, Osterhoff MA, Frahnow T, Seltmann AC, Busjahn A, Kabisch S, 
Xu L, Mosig AS, Spranger J, Möhlig M, Hornemann S (2017) High satu‑
rated fat diet increases circulating angiotensin converting enzyme, which 
is enhanced by the rs4343 polymorphism defining persons at risk of 
nutrient dependent increases of blood pressure. Journal of the American 
Heart Association. 6(1):e004465

 19. Kawarazaki W, Fujita T (2016) The role of aldosterone in obesity‑related 
hypertension. Am J Hypertens 29(4):415–423

 20. Manosroi W, Tan JW, Rariy CM, Sun B, Goodarzi MO, Saxena AR, Williams 
JS, Pojoga LH, Lasky‑Su J, Cui J, Guo X (2017) he association of estrogen 
receptor‑β gene variation with salt‑sensitive blood pressure. J Clin Endo‑
crinol Metab 102(11):4124–35

 21. Wang J, García‑Bailo B, Nielsen DE, El‑Sohemy A (2014) ABO genotype, 
‘blood‑type’diet and cardiometabolic risk factors. PLoS ONE 9(1):e84749

 22. Liang H, Fan JH, Qiao YL (2017) Epidemiology, etiology, and preven‑
tion of esophageal squamous cell carcinoma in China. Cancer Biol Med 
14(1):33–41. https:// doi. org/ 10. 20892/j. issn. 2095‑ 3941. 2016. 0093

 23. Li SS, Xu YW, Wu JY, Tan HZ, Wu ZY, Xue YJ, Zhang JJ, Li EM, Xu LY (2017) 
Plasma riboflavin level is associated with risk, relapse, and survival of 
esophageal squamous cell carcinoma. Nutr Cancer 69(1):21–28

 24. Poorolajal, Jalal et al. “Risk factors for stomach cancer: a systematic review 
and meta‑analysis.” Epidemiology and health vol. 42 (2020): e2020004. 
https:// doi. org/ 10. 4178/ epih. e2020 004

 25. Kassem NM, Emera G, Kassem HA, Medhat N, Nagdy B, Tareq M, Moneim 
RA, Abdulla M, El Metenawy WH (2019) Clinicopathological features of 
Egyptian colorectal cancer patients regarding somatic genetic mutations 
especially in KRAS gene and microsatellite instability status: a pilot study. 
Egypt J Med Hum Genet 20(1):1–9

 26. Abd El Kader Y, Emera G, Safwat E, Kassem HA, Kassem NM (2013) The 
KRAS StripAssay for detection of KRAS mutation in Egyptian patients with 
colorectal cancer (CRC): a pilot study. J Egypt Natl Canc Inst 25(1):37–41. 
https:// doi. org/ 10. 1016/j. jnci. 2012. 12. 003. (Epub 2013 Feb 21. PMID: 
23499205)

 27. Hou TY, Davidson LA, Kim E, Fan YY, Fuentes NR, Triff K, Chapkin RS (2016) 
Nutrient‑gene interaction in colon cancer, from the membrane to cellular 
physiology. Annu Rev Nutr 36:543–70

 28. Kang HJ, Lee SY, Lee DY, Kang JH, Kim JH, Kim HW, Oh DH, Jeong JW, Hur 
SJ: Main mechanisms for carcinogenic heterocyclic amine reduction in 
cooked meat by natural materials. Meat Science,183, 2022, 108663. ISSN 
0309–1740. https:// doi. org/ 10. 1016/j. meats ci. 2021. 108663.

 29. Loh YH, Jakszyn P, Luben RN, Mulligan AA, Mitrou PN, Khaw KT (2011) 
N‑nitroso compounds and cancer incidence: the European Prospective 
Investigation into Cancer and Nutrition (EPIC)‑Norfolk Study. Am J Clin 
Nutr 93:1053–1061

 30. Zhu Y, Wang PP, Zhao J, Green R, Sun Z et al (2014) Dietary N‑nitroso com‑
pounds and risk of colorectal cancer: a case‑control study in Newfound‑
land and Labrador and Ontario. Canada Br J Nutr 111:1109–1117

 31. Slattery ML, Fitzpatrick FA (2009) Convergence of hormones, inflamma‑
tion, and energy‑related factors: a novel pathway of cancer etiology. 
Cancer Prev Res 2(11):922–930

 32. Coffer PJ (2009) When less is more: the PI3K pathway as a determinant of 
tumor response to dietary restriction. Cell Res 19(7):797–799

 33. Huang X‑F, Chen J‑Z (2009) Obesity, the PI3K/Akt signal pathway and 
colon cancer. Obesity Rev 10:610–616

https://doi.org/10.1016/j.redox.2023.102710
https://doi.org/10.1016/j.redox.2023.102710
https://doi.org/10.3389/fgene.2022.1021423.PMID:36685916;PMCID:PMC9845415
https://doi.org/10.3389/fgene.2022.1021423.PMID:36685916;PMCID:PMC9845415
https://doi.org/10.3390/vaccines9080831
https://doi.org/10.3390/vaccines9080831
https://doi.org/10.1161/HCG.0000000000000030
https://doi.org/10.1161/HCG.0000000000000030
https://doi.org/10.3389/fnut.2020.558598
https://doi.org/10.3389/fnut.2020.558598
https://doi.org/10.1089/omi.2010.0109
https://doi.org/10.1089/omi.2010.0109
https://doi.org/10.1080/19490976.2017.1293224
https://doi.org/10.1016/j.jmau.2016.02.002
https://doi.org/10.1016/j.ifset.2022.103196
https://doi.org/10.1016/j.ifset.2022.103196
https://doi.org/10.1007/s11912-016-0529-6
https://doi.org/10.2337/db19-0138
https://doi.org/10.20892/j.issn.2095-3941.2016.0093
https://doi.org/10.4178/epih.e2020004
https://doi.org/10.1016/j.jnci.2012.12.003
https://doi.org/10.1016/j.meatsci.2021.108663


Page 11 of 12Kassem et al. Journal of Genetic Engineering and Biotechnology          (2023) 21:134  

 34. Kassem N, Kassem H, Kassem L, Hassan M (2021) Detection of activating 
mutations in liquid biopsy of Egyptian breast cancer patients using tar‑
geted next‑generation sequencing: a pilot study. J Egypt Natl Canc Inst 
33(1):10. https:// doi. org/ 10. 1186/ s43046‑ 021‑ 00067‑3. (PMID: 33864517)

 35. Li C, Yang L, Zhang D, Jiang W (2016) Systematic review and meta‑analy‑
sis suggest that dietary cholesterol intake increases risk of breast cancer. 
Nutr Res 36(7):627–635

 36. Zheng JS, Hu XJ, Zhao YM, Yang J, Li D (2013) Intake of fish and marine 
n‑3 polyunsaturated fatty acids and risk of breast cancer: meta‑analysis of 
data from 21 independent prospective cohort studies. BMJ 27(346):f3706

 37. de Lorgeril M, Salen P (2014) Helping women to good health: breast can‑
cer, omega‑3/omega‑6 lipids, and related lifestyle factors. BMC medicine. 
12(1):1–5

 38. Zang J, Shen M, Du S, Chen T, Zou S (2015) The association between dairy 
intake and breast cancer in western and Asian populations: a systematic 
review and meta‑analysis. J Breast Cancer 18(4):313

 39. Song JK, Bae JM (2013) Citrus fruit intake and breast cancer risk: a quanti‑
tative systematic review. J Breast Cancer 16(1):72

 40. Bagnardi V, Rota M, Botteri E, Tramacere I, Islami F, Fedirko V, Scotti L, 
Jenab M, Turati F, Pasquali E, Pelucchi C (2015) Alcohol consumption and 
site‑specific cancer risk: a comprehensive dose–response meta‑analysis. 
Br J Cancer 112(3):580–593

 41. Yahui F, Mingxu W, Zhaofang L, Hong J,Jia S, Xin S, Sijiao L, Jinping Z, 
Liyun K, Wei Z, Le M: Intake of soy, soy isoflavones and soy protein and 
risk of cancer incidence and mortality. Frontiers in Nutrition, 9, 2022. 
ISSN=2296–861X. https:// doi. org/ 10. 3389/ fnut. 2022. 847421

 42. Nelson WG, Demarzo AM, Yegnasubramanian S (2014) The diet as a cause 
of human prostate cancer. Cancer Treat Res 159:51–68. https:// doi. org/ 10. 
1007/ 978‑3‑ 642‑ 38007‑5_4

 43. Global Burden of Disease 2019 Cancer Collaboration (2022) Cancer 
incidence, mortality, years of life lost, years lived with disability, and 
disability‑adjusted life years for 29 cancer groups from 2010 to 2019: a 
systematic analysis for the global burden of disease study 2019. JAMA 
Oncol 8(3):420–444. https:// doi. org/ 10. 1001/ jamao ncol. 2021. 6987

 44. Keely T, Matthew NJ: The influence of modifiable factors on breast and 
prostate cancer risk and disease progression. Frontiers in Physiology,13, 
2022, ISSN=1664–042X https:// doi. org/ 10. 3389/ fphys. 2022. 840826

 45. Liss MA, Al‑Bayati O, Gelfond J, Goros M, Ullevig S, DiGiovanni J, Hamilton‑
Reeves J, O’Keefe D, Bacich D, Weaver B, Leach R, Thompson IM (2019) 
Higher baseline dietary fat and fatty acid intake is associated with 
increased risk of incident prostate cancer in the SABOR study. Prostate 
Cancer Prostatic Dis. 22(2):244–251. https:// doi. org/ 10. 1038/ s41391‑ 018‑ 
0105‑2. (Epub 2018 Nov 1. PMID: 30385837; PMCID: PMC6685438)

 46. Rahmati S, Azami M, Delpisheh A, Ahmadi MR, Sayehmiri K (2018) Total 
calcium (dietary and supplementary) intake and prostate cancer: a 
systematic review and meta‑analysis. Asian Pac J Cancer Prev 19(6):1449

 47. Applegate CC, Rowles JL, Ranard KM, Jeon S, Erdman JW (2018) Soy con‑
sumption and the risk of prostate cancer: an updated systematic review 
and meta‑analysis. Nutrients 10(1):40

 48. Aykan NF (2015) Red meat and colorectal cancer. Oncol Rev 9(1):288. 
https:// doi. org/ 10. 4081/ oncol. 2015. 288. PMID: 26779 313; PMCID: PMC46 
98595

 49. Baena RR, Salinas HP (2014) Diet and cancer: Risk factors and epidemio‑
logical evidence. Maturitas 77:202–208

 50. Zhang FX, Miao Y, Ruan JG, Meng SP, Dong JD, Yin H, Huang Y, Chen FR, 
Wang ZC, Lai YF (2019) Association between nitrite and nitrate intake 
and risk of gastric cancer: a systematic review and meta‑analysis. Med 
Sci Monit 9(25):1788–1799. https:// doi. org/ 10. 12659/ MSM. 914621. PMID: 
30850 575; PMCID: PMC64 20797

 51. Bojková B, Winklewski PJ, Wszedybyl‑Winklewska M (2020) Dietary fat and 
cancer‑which is good, which is bad, and the body of evidence. Int J Mol 
Sci 21(11):4114. https:// doi. org/ 10. 3390/ ijms2 11141 14. PMID: 32526 973; 
PMCID: PMC73 12362

 52. Agarwal A, Muñoz‑Nájar U, Klueh U, Shih SC, Claffey KP (2004) N‑acetyl‑
cysteine promotes angiostatin production and vascular collapse in an 
orthotopic model of breast cancer. Am J Pathol. 164(5):1683–96. https:// 
doi. org/ 10. 1016/ S0002‑ 9440(10) 63727‑3. (PMID: 15111315; PMCID: 
PMC1615662)

 53. Bagnardi V., Rota M., Botteri E., Tramacere I., Islami F., Fedirko V., Scotti L., 
Jenab M., Turati F., Pasquali E., Pelucchi C., Bellocco R., Negri E., Corrao G., 
Rehm J., Boffetta P., La Vecchia C. Light alcohol drinking and cancer: a 

meta‑analysis, Annals of Oncology,24,(2), 2013, 301–308. ISSN 0923–7534, 
https:// doi. org/ 10. 1093/ annonc/ mds337.

 54. Debras C, Chazelas E, Srour B, Druesne‑Pecollo N, Esseddik Y, Szabo de 
Edelenyi F, Agaësse C, De Sa A, Lutchia R, Gigandet S, Huybrechts I, Julia 
C, Kesse‑Guyot E, Allès B, Andreeva VA, Galan P, Hercberg S, Deschasaux‑
Tanguy M, Touvier M (2022) Artificial sweeteners and cancer risk: Results 
from the NutriNet‑Santé population‑based cohort study. PLoS Med 
19(3):1003950. https:// doi. org/ 10. 1371/ journ al. pmed. 10039 50. (PMID: 
35324894; PMCID: PMC8946744)

 55. Ko JH, Sethi G, Um JY, Shanmugam MK, Arfuso F, Kumar AP, Bishayee 
A, Ahn KS (2017) The role of resveratrol in cancer therapy. Int J Mol Sci. 
18(12):2589. https:// doi. org/ 10. 3390/ ijms1 81225 89. (PMID: 29194365; 
PMCID: PMC5751192)

 56. Kurokawa Y, Maekawa A, Takahashi M, Hayashi Y (1990) Toxicity and 
carcinogenicity of potassium bromate–a new renal carcinogen. Environ 
Health Perspect 87:309–335. https:// doi. org/ 10. 1289/ ehp. 90873 09. PMID: 
22692 36; PMCID: PMC15 67851

 57. Davoodvandi A, Farshadi M, Zare N, Akhlagh SA, Alipour Nosrani E, 
Mahjoubin‑Tehran M, Kangari P, Sharafi SM, Khan H, Aschner M, Baniebra‑
himi G, Mirzaei H (2021) Antimetastatic effects of curcumin in oral and 
gastrointestinal cancers. Front Pharmacol. 12:668567 (PMID: 34456716; 
PMCID: PMC8386020)

 58. Weisenburger D,A Review and update with perspective of evidence 
that the herbicide glyphosate (roundup) is a cause of non‑hodgkin 
lymphoma, clinical lymphoma myeloma and leukemia,21, (9), 2021, 
621–630,ISSN 2152–2650, https:// doi. org/ 10. 1016/j. clml. 2021. 04. 009.

 59. Mirahmadi M., Azimi‑Hashemi S.,Saburi E., Kamali H., Pishbin M., Hadiza‑
deh F. Potential inhibitory effect of lycopene on prostate cancer. Biomedi‑
cine & Pharmacotherapy, 129, 2020,110459. ISSN 0753–3322, https:// doi. 
org/ 10. 1016/j. biopha. 2020. 110459.

 60. Leonie S, Rachelle O: A nutrition strategy to reduce the burden of diet 
related disease: access to dietician services must complement popula‑
tion health approaches. Frontiers in Pharmacology, 6, 2015. ISSN=1663–
9812. https:// doi. org/ 10. 3389/ fphar. 2015. 00160

 61. Irimie AI, Braicu C, Pasca S, Magdo L, Gulei D, Cojocneanu R, Ciocan C, 
Olariu A, Coza O, Berindan‑Neagoe I (2019) Role of key micronutrients 
from nutrigenetic and nutrigenomic perspectives in cancer prevention. 
Medicina 55(6):283

 62. Sekar, P.; Ventura, E.F.; Dhanapal, A.C.T.A.; Cheah, E.S.G.; Loganathan, A.; 
Quen, P.L.; Appukutty, M.; Taslim, N.A.; Hardinsyah, H.; Md Noh, M.F.; et al. 
Gene–diet interactions on metabolic disease‑related outcomes in South‑
east Asian populations: a systematic review. Nutrients 2023, 15, 2948. 
https:// doi. org/ 10. 3390/ nu151 32948

 63. Kaźmierczak‑Barańska J, Boguszewska K, Karwowski BT (2020) Nutrition 
can help DNA repair in the case of aging. Nutrients. 12(11):3364. https:// 
doi. org/ 10. 3390/ nu121 13364. (PMID: 33139613; PMCID: PMC7692274)

 64. Shankar GM, Mundanattu S, Keerthana C K, Tennyson RP, John AR: Cancer 
chemoprevention: a strategic approach using phytochemicals. Frontiers 
in Pharmacology, 12, 2022. ISSN=1663–9812. https:// doi. org/ 10. 3389/ 
fphar. 2021. 809308

 65. Bingke B, Qianbo C, Rui J, Xuhui H, Hongrui W, Yanfei B, Qi Y, Weiheng X, 
Chengjian Z: Molecular basis of prostate cancer and natural products as 
potential chemotherapeutic and chemopreventive agents. J Frontiers in 
Pharmacology, 12, 2021. ISSN=1663–9812. https:// doi. org/ 10. 3389/ fphar. 
2021. 738235

 66. Yingying L, Yu S, Ruiqin H, Chaoge L, Xiaogang Q, Pengfei L, Renjun G: 
Signaling pathways of oxidative stress response: the potential therapeu‑
tic targets in gastric cancer. Frontiers in Immunology,14, 2023. ISSN=1664–
3224. https:// doi. org/ 10. 3389/ fimmu. 2023. 11395 89

 67. Westaby D, Jimenez‑Vacas JM, Padilha A, Varkaris A, Balk SP, de Bono JS, 
Sharp A (2021) Targeting the intrinsic apoptosis pathway: a window of 
opportunity for prostate cancer. Cancers (Basel) 14(1):51. https:// doi. org/ 
10. 3390/ cance rs140 10051. (PMID: 35008216; PMCID: PMC8750516)

 68. Arfin S, Jha NK, Jha SK, Kesari KK, Ruokolainen J, Roychoudhury S, Rathi B, 
Kumar D (2021) Oxidative stress in cancer cell metabolism. Antioxidants 
10:642. https:// doi. org/ 10. 3390/ antio x1005 0642

 69. Yang H, Rothenberger E, Zhao T, Fan W, Kelly A, Attaya A, Fan D, Panigrahy 
D, Deng J: Regulation of inflammation in cancer by dietary eicosanoids. 
Pharmacology & Therapeutics,248, 2023, 108455. ISSN 0163–7258. 
https:// doi. org/ 10. 1016/j. pharm thera. 2023. 108455.

https://doi.org/10.1186/s43046-021-00067-3
https://doi.org/10.3389/fnut.2022.847421
https://doi.org/10.1007/978-3-642-38007-5_4
https://doi.org/10.1007/978-3-642-38007-5_4
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.3389/fphys.2022.840826
https://doi.org/10.1038/s41391-018-0105-2
https://doi.org/10.1038/s41391-018-0105-2
https://doi.org/10.4081/oncol.2015.288.PMID:26779313;PMCID:PMC4698595
https://doi.org/10.4081/oncol.2015.288.PMID:26779313;PMCID:PMC4698595
https://doi.org/10.12659/MSM.914621.PMID:30850575;PMCID:PMC6420797
https://doi.org/10.12659/MSM.914621.PMID:30850575;PMCID:PMC6420797
https://doi.org/10.3390/ijms21114114.PMID:32526973;PMCID:PMC7312362
https://doi.org/10.3390/ijms21114114.PMID:32526973;PMCID:PMC7312362
https://doi.org/10.1016/S0002-9440(10)63727-3
https://doi.org/10.1016/S0002-9440(10)63727-3
https://doi.org/10.1093/annonc/mds337
https://doi.org/10.1371/journal.pmed.1003950
https://doi.org/10.3390/ijms18122589
https://doi.org/10.1289/ehp.9087309.PMID:2269236;PMCID:PMC1567851
https://doi.org/10.1289/ehp.9087309.PMID:2269236;PMCID:PMC1567851
https://doi.org/10.1016/j.clml.2021.04.009
https://doi.org/10.1016/j.biopha.2020.110459
https://doi.org/10.1016/j.biopha.2020.110459
https://doi.org/10.3389/fphar.2015.00160
https://doi.org/10.3390/nu15132948
https://doi.org/10.3390/nu12113364
https://doi.org/10.3390/nu12113364
https://doi.org/10.3389/fphar.2021.809308
https://doi.org/10.3389/fphar.2021.809308
https://doi.org/10.3389/fphar.2021.738235
https://doi.org/10.3389/fphar.2021.738235
https://doi.org/10.3389/fimmu.2023.1139589
https://doi.org/10.3390/cancers14010051
https://doi.org/10.3390/cancers14010051
https://doi.org/10.3390/antiox10050642
https://doi.org/10.1016/j.pharmthera.2023.108455


Page 12 of 12Kassem et al. Journal of Genetic Engineering and Biotechnology          (2023) 21:134 

 70. Subbaraj GK, Kumar YS, Kulanthaivel L (2021) Antiangiogenic role of natu‑
ral flavonoids and their molecular mechanism: an update. Egypt J Intern 
Med 33:29. https:// doi. org/ 10. 1186/ s43162‑ 021‑ 00056‑x

 71. Marrero AD, Quesada AR, Martínez‑Poveda B, Medina MÁ (2022) Antian‑
giogenic phytochemicals constituent of diet as promising candidates 
for chemoprevention of cancer. Antioxidants 11:302. https:// doi. org/ 10. 
3390/ antio x1102 0302

 72. Verrax J, Calderon PB (2008) The controversial place of vitamin C in cancer 
treatment. Biochem Pharmacol 76:1644–1652. https:// doi. org/ 10. 1016/j. 
bcp. 2008. 09. 024

 73. Mustafi S, Camarena V, Volmar CH, Huff TC, Sant DW, Brothers SP, Liu ZJ, 
Wahlestedt C, Wang G (2018) Vitamin C sensitizes melanoma to BET 
inhibitors. Cancer Res 78:572–583. https:// doi. org/ 10. 1158/ 0008‑ 5472. 
CAN‑ 17‑ 2040

 74. Kang J.X. Nutrigenomics and cancer therapy. J. Nutr. Nutr. 2013;6:I–II. 
https:// doi. org/ 10. 1159/ 00035 5340.

 75. Guerriero E, Sorice A, Capone F, Napolitano V, Colonna G, Storti G, Castello 
G, Costantini S (2014) Vitamin C effect on mitoxantrone‑induced cytotox‑
icity in human breast cancer cell lines. PLoS ONE 9:e115287. https:// doi. 
org/ 10. 1371/ journ al. pone. 01152 87

 76. Chen Q, Polireddy K, Chen P, Dong R (2015) The unpaved journey of 
vitamin C in cancer treatment. Can J Physiol Pharmacol 93:1055–1063. 
https:// doi. org/ 10. 1139/ cjpp‑ 2014‑ 0509

 77. Harris HR, Orsini N, Wolk A (2014) Vitamin C and survival among women 
with breast cancer: a meta‑analysis. Eur J Cancer 50:1223–1231. https:// 
doi. org/ 10. 1016/j. ejca. 2014. 02. 013

 78. Chaitanya NC, Muthukrishnan A, Babu DB, Kumari CS, Lakshmi MA, 
Palat G, Alam KS (2017) Role of vitamin E and vitamin a in oral mucositis 
induced by cancer chemo/radiotherapy‑a meta‑analysis. Journal of clini‑
cal and diagnostic research: JCDR. 11(5):ZE06

 79. Pandey R, Mehrotra D: Retinoic acids in oral precancer: utility and chal‑
lenges. Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology, 
32, 6, 2020, 549–555. ISSN 2212–5558, https:// doi. org/ 10. 1016/j. ajoms. 
2020. 04. 001.

 80. Lodi G, Franchini R, Warnakulasuriya S, Varoni EM, Sardella A, Kerr AR, 
Carrassi A, MacDonald LC, Worthington HV (2016) Interventions for 
treating oral leukoplakia to prevent oral cancer. Cochrane Database Syst 
Rev. 7(7):CD001829. https:// doi. org/ 10. 1002/ 14651 858. CD001 829. pub4. 
(PMID: 27471845; PMCID: PMC6457856)

 81. Tang XH, Osei‑Sarfo K, Urvalek AM, Zhang T, Scognamiglio T, Gudas LJ 
(2014) Combination of bexarotene and the retinoid CD1530 reduces 
murine oral‑cavity carcinogenesis induced by the carcinogen 4‑nitroqui‑
noline 1‑oxide. Proc Natl Acad Sci USA 111:8907–8912. https:// doi. org/ 10. 
1073/ pnas. 14048 28111

 82. Vanhevel, J., Verlinden, L., Doms, S., Wildiers, H., & Verstuyf, A. (2022). The 
role of vitamin D in breast cancer risk and progression. Endocrine-Related 
Cancer, 29(2), R33‑R55. Retrieved, 2023, from https:// doi. org/ 10. 1530/ 
ERC‑ 21‑ 0182

 83. Talima S, Kassem H, Kassem N (2019) Chemotherapy and targeted 
therapy for breast cancer patients with hepatitis C virus infection. Breast 
Cancer. 26(2):154–163. https:// doi. org/ 10. 1007/ s12282‑ 018‑ 0904‑2. (Epub 
2018 Sep 6. Erratum in: Breast Cancer. 2018 Sep 21;: PMID: 30191397)

 84. Zhang R, Zhang Y, Liu Z, Pei Y, Xu P, Chong W, Hai Y, He L, He Y, Yu J, Wang 
J, Fang F, Peng X (2022) Association between vitamin D supplementation 
and cancer mortality: a systematic review and meta‑analysis. Cancers 
(Basel). 14(15):3717. https:// doi. org/ 10. 3390/ cance rs141 53717. (PMID: 
35954381; PMCID: PMC9367315)

 85. Cruz‑Pierard SM, Nestares T, Amaro‑Gahete FJ (2022) Vitamin D and 
calcium as key potential factors related to colorectal cancer prevention 
and treatment: a systematic review. Nutrients 14:4934. https:// doi. org/ 10. 
3390/ nu142 24934

 86. Crider KS, Yang TP, Berry RJ, Bailey LB (2012) Folate and DNA methylation: 
a review of molecular mechanisms and the evidence for folate’s role. Adv 
Nutr 3:21–38. https:// doi. org/ 10. 3945/ an. 111. 000992

 87. Irimie, A. I., Braicu, C., Pasca, S., Magdo, L., Gulei, D., Cojocneanu, R., ...&Ber‑
indan‑Neagoe, I. (2019). Role of key micronutrients from nutrigenetic and 
nutrigenomic perspectives in cancer prevention. Medicina, 55(6), 283

 88. Dulai PS, Singh S, Marquez E, Khera R, Prokop LJ, Limburg PJ, Gupta S, 
Murad MH (2016) Chemoprevention of colorectal cancer in individuals 
with previous colorectal neoplasia: Systematic review and network meta‑
analysis. BMJ 355:i6188. https:// doi. org/ 10. 1136/ bmj. i6188

 89. Takagi Y, Hosomi Y, Nagamata M, Watanabe K, Takahashi S, Nakahara Y, 
Yomota M, Sunami K, Okuma Y, Shimokawa T et al (2016) Phase II study 
of oral vitamin B12 supplementation as an alternative to intramuscular 
injection for patients with non‑small cell lung cancer undergoing pem‑
etrexed therapy. Cancer Chemother Pharmacol 77:559–564. https:// doi. 
org/ 10. 1007/ s00280‑ 015‑ 2954‑x

 90. Ali N. Role of vitamin D in preventing of COVID‑19 infection, progression 
and severity. J Infect Public Health. 2020.

 91. BourBour F, MirzaeiDahka S, Gholamalizadeh M, Akbari ME, Shadnoush M, 
Haghighi M, Taghvaye‑Masoumi H, Ashoori N, Doaei S (2020) Nutrients in 
prevention, treatment, and management of viral infections; special focus 
on Coronavirus. Arch Physiol Biochem 7:1

 92. Roomi M, Niedzwiecki A, Rath M (2018) Scientific evaluation of dietary 
factors in cancer. J Nutri Med Diet Care 4:029

 93. Niedzwiecki A, Roomi MW, Kalinovsky T, Rath M (2010) Micronutrient 
synergy—a new tool in effective control of metastasis and other key 
mechanisms of cancer. Cancer Metastasis Rev 29(3):529–542

 94. Roomi MW, Bhanap B, Niedzwiecki A, Rath M (2016) Apoptosis of 
human fibrosarcoma cells HT‑1080 triggered by a novel nutrient mixture 
via induction of caspases. Sarcoma Res Int 3(3):1036. Sarcoma Res 
Int.;3(3–2016)

 95. Roomi MW, Bhanap B, Niedzwiecki A, Rath M (2019) A novel nutrient 
mixture induces apoptosis in human mesothelioma cells (MSTO‑211H) 
via activation of caspases. Glob J Cancer Ther 5(1):007–011

 96. Niedzwiecki A, Roomi MW, Kalinovsky T, Rath M (2016) Anticancer effi‑
cacy of polyphenols and their combinations. Nutrients 8(9):552

 97. Roomi WM, Kalinovsky T, Rath M, Niedzwiecki A (2016) Nutraceuticals in 
cancer prevention. Gupta RC, Nutraceuticals ‑ Efficacy, Safety and Toxic‑
ity. Academic. Press, 525 BStreet, Ste.1800, San Diego, CA 92102, USA, 
135–144.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s43162-021-00056-x
https://doi.org/10.3390/antiox11020302
https://doi.org/10.3390/antiox11020302
https://doi.org/10.1016/j.bcp.2008.09.024
https://doi.org/10.1016/j.bcp.2008.09.024
https://doi.org/10.1158/0008-5472.CAN-17-2040
https://doi.org/10.1158/0008-5472.CAN-17-2040
https://doi.org/10.1159/000355340
https://doi.org/10.1371/journal.pone.0115287
https://doi.org/10.1371/journal.pone.0115287
https://doi.org/10.1139/cjpp-2014-0509
https://doi.org/10.1016/j.ejca.2014.02.013
https://doi.org/10.1016/j.ejca.2014.02.013
https://doi.org/10.1016/j.ajoms.2020.04.001
https://doi.org/10.1016/j.ajoms.2020.04.001
https://doi.org/10.1002/14651858.CD001829.pub4
https://doi.org/10.1073/pnas.1404828111
https://doi.org/10.1073/pnas.1404828111
https://doi.org/10.1530/ERC-21-0182
https://doi.org/10.1530/ERC-21-0182
https://doi.org/10.1007/s12282-018-0904-2
https://doi.org/10.3390/cancers14153717
https://doi.org/10.3390/nu14224934
https://doi.org/10.3390/nu14224934
https://doi.org/10.3945/an.111.000992
https://doi.org/10.1136/bmj.i6188
https://doi.org/10.1007/s00280-015-2954-x
https://doi.org/10.1007/s00280-015-2954-x

	Nutrigenomics and microbiome shaping the future of personalized medicine: a review article
	Abstract 
	Background
	Nutrigenomics
	Nutrigenetics
	Microbiome
	Diet-gene interaction
	Nutrigenomics relation to disease susceptibility
	Relation between blood type and diet
	Nutrigenomics and cancer
	Esophageal cancer
	Stomach cancer
	Colorectal cancer
	Cancer prevention
	Role of some key micronutrients in cancer prevention
	Vitamin C
	Vitamin A
	Vitamin D
	Folic acid
	Vitamins and viral infections

	New directions in the application of micronutrients against cancer: synergy approach

	Conclusions
	Acknowledgements
	References


