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Abstract 

     Colorectal cancer (CRC) is the leading cause of death from gastrointestinal cancer, the second 
largest cause of cancer-related death worldwide, and the third most common cancer in both men and 
women. Bad eating habits, smoking, intestinal inflammatory diseases, polyps, aging, and genetic 
factors all increase the risk of developing colorectal cancer. More interestingly, vitamin deficiency has 
been associated with an increased risk of colorectal cancer. We reviewed the published significance 
of vitamin supplementation on colorectal cancer proliferation, survival, apoptosis, angiogenesis and 
migration, focusing on the possible molecular mechanisms of water-soluble and fat-soluble vitamins 
to provide protective suggestions to minimize the occurrence and progression of colorectal cancer. 
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Graphical abstract of the possible molecular mechanisms of vitamins on colorectal cancer. 

Introduction 

One of the most prevalent cancers in the world is colorectal cancer. It ranks second in terms of cancer-
related deaths and third in terms of incidence [1]. In 2018, there were 1.8 million new cases of colorectal 
cancer worldwide, accounting for nearly 10% of all new cancer cases and deaths worldwide [2]. By 2040, 
it is predicted that there will be over 1.9 million new cases of colorectal cancer, making it the third most 
diagnosed cancer worldwide [3].  There could be nearly 2.5 million new cases in 2035. According to data 
from the USA, the death rate decreased by approximately 50% between 1970 and 2016, from 29.2 per 
10,000 patients to 13.7 per 10,000 patients, due to the rapid advancements in screening and treatment 
procedures. However, this tendency seems only observed in highly developed countries [4]. 

Meanwhile, the 5-year survival rate for colorectal cancer is roughly 64%, whereas the rate for 
metastatic colorectal cancer is 12%. Further research is still required to develop effective medical 
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intervention strategies [5]. The main topic of this review is the role of vitamins in preventing and 
protecting against colorectal cancer. Moreover, a comprehensive understanding of the underlying 
molecular mechanisms of vitamin-mediated epigenetic regulation of colorectal cancer genes is required 
to target therapeutic targets for colorectal cancer prevention and treatment effectively. 

Vitamin A 

Vitamin A is essential for many physiological functions, such as cellular differentiation regulation 
and epithelial tissue health maintenance. Numerous molecular mechanisms have been identified as 
potential means by which vitamin A and its derivatives, including Retinoids, may impact the 
development of colorectal cancer. Moreover, Wang and his colleagues had stated that vitamin E, C, and 
carotenoid intake did not correlate with the risk of colorectal cancer in either men or women [6].  

     Vitamin A is converted into its active form, retinoic acid, which binds to nuclear receptors, such as 
retinoid X receptors (RXRs) and retinoic acid receptors (RARs) [7]. These receptors control gene 
transcription, affecting how epithelial cells differentiate. Thus, proper cell differentiation is crucial for 
maintaining the typical architecture and function of the colorectal epithelium. Dysregulation of this 
process can contribute to carcinogenesis [8]. Moreover, it has been demonstrated that retinoid affects 
the expression of cell cycle regulators, which modulate the cell cycle. They can stop cell division and 
induce cell cycle arrest, which stops the unchecked growth linked to cancer [9]. Furthermore, it has been 
reported that colorectal cancer cells can undergo apoptosis when exposed to vitamin A and its 
derivatives [9,10]. This process of programmed cell death removes harmed or aberrant cells, serving as 
a defence against cancer growth. 

Retinoids play a role in modulating the immune system, potentially enhancing the body's ability to 
recognize and eliminate cancer cells. This includes effects on immune cell function and the production 
of cytokines [11], as it has been reported that the retinoic acid receptor in the nucleus of bone marrow 
cells is most likely bound by vitamin A, which controls the population of bone marrow cells. This, in 
turn, inhibits the expression levels of apoptosis genes, including B-cell lymphoma 2 (Bcl-2) and Fas, 
where Bcl-2 interfere with apoptosis processing by delaying Fas-induced apoptosis and caspase 
activation [12]. Furthermore, retinoids may inhibit angiogenesis, the process of creating new blood 
vessels, which is essential for the growth of tumours. By limiting the blood supply to tumours, Retinoids 
can suppress tumour progression [13]. 

The Wnt/Wingless signaling transduction pathway is involved in the development of embryos as 
well as tumorigenesis. The transcription of Wnt target genes is activated by β-Catenin, a crucial element 
of the Wnt signaling pathway, through its interaction with the TCF/LEF transcription factor family [14]. 
Bian and his colleagues, demonstrated that The Wnt/β-catenin signaling pathway is thought to be 
abnormally activated in colorectal cancer because almost all colorectal cancer patients have increased 
Wnt/β-catenin signaling, which emphasizes the significance of this pathway for therapeutic 
intervention [15]. Retinoids have been shown to interact with this pathway, influencing the expression 
of Wnt target genes and preventing aberrant cellular reactions linked to the emergence of cancer [9,16]. 

Moreover, vitamin A and its derivatives can influence epigenetic modifications, such as DNA 
methylation and histone acetylation [17]. These epigenetic changes can alter gene expression in 
colorectal cancer development. In addition to DNA methylation, miRNA expression, and genomic 
imprinting, histone modification is becoming more widely acknowledged as a crucial mechanism 
behind the onset and progression of colorectal cancer [18]. 

Vitamin B1 (Thiamine) 

The specific molecular mechanisms underlying the effects of vitamin B1 (thiamine) on colorectal 
cancer are not as extensively studied and understood as those for some other vitamins. Thiamine is an 
essential B vitamin critical in energy metabolism, particularly in converting glucose to energy [19]. 

     Thiamine is a cofactor for enzymes involved in the metabolism of carbohydrates, particularly in the 
tricarboxylic acid (TCA) cycle and the pentose phosphate pathway [19]. Alterations in energy 
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metabolism are a hallmark of cancer, and maintaining proper energy balance is crucial for normal cell 
function. Imbalances in energy metabolism could potentially affect the growth and survival of colorectal 
cancer cells [20]. 

     Thiamine participates in the regeneration of the antioxidant glutathione [21]. Antioxidants protect 
cells from oxidative stress, which is implicated in cancer development. By contributing to the cellular 
antioxidant defense system, thiamine may indirectly influence cells' susceptibility to oxidative damage. 

Thiamine is involved in nucleotide synthesis, essential for DNA stability and repair. Appropriate 
mechanisms for DNA repair are also essential for avoiding the build-up of mutations that may aid in 
the development of cancer [22]. B vitamins, including thiamine, play a role in supporting immune 
system function. A well-functioning immune system is critical for recognizing and eliminating cancer 
cells. Thiamine deficiency has been associated with immune system dysfunction, and restoring thiamine 
levels could potentially support immune responses against colorectal cancer [23]. 

Vitamin B2 (Riboflavin) 

Riboflavin, a water-soluble vitamin B2, is a precursor to the cofactors flavin adenine dinucleotide 
(FAD) and flavin mononucleotide (FMN), which are necessary for many cellular functions, such as 
energy metabolism [24]. 

Riboflavin is a critical component of the electron transport chain, where it participates in oxidative 
phosphorylation within the mitochondria. Proper mitochondrial function is essential for cellular energy 
production [25]. Dysregulation of energy metabolism is a common feature of cancer cells, and 
riboflavin's role in this process could indirectly impact colorectal cancer cells [26]. 

Riboflavin synthesizes the antioxidant cofactors FMN and FAD, which are essential for the activity 
of antioxidant enzymes [24,25]. Antioxidants help protect cells from oxidative stress, and maintaining 
an adequate supply of riboflavin may contribute to cellular defence mechanisms against oxidative 
damage, which is associated with cancer development [27]. 

Riboflavin is involved in nucleotide metabolism, crucial for DNA synthesis and repair [28]. Proper 
DNA repair mechanisms are crucial to stopping the accumulation of mutations that might lead to the 
development of colorectal cancer [29]. 

Chronic inflammation is a known risk factor for cancer development, including colorectal cancer 
[30]. Some B vitamins, including riboflavin, may have anti-inflammatory effects, potentially 
contributing to a lower risk of cancer [31]. Riboflavin is essential for the normal functioning of the 
immune system [32]. A well-functioning immune system is crucial for recognizing and eliminating 
cancer cells. Adequate riboflavin levels may support immune responses against colorectal cancer [32]. 

Vitamin B3 (Niacin) 

Vitamin B3, also known as niacin, is a water-soluble vitamin that plays essential roles in cellular 
metabolism and DNA repair. The effects of vitamin B3 on colorectal cancer involve several molecular 
mechanisms [33]. Nicotinamide adenine dinucleotide (NAD+) is a coenzyme involved in energy 
metabolism, DNA repair, and cell signaling, as well as Niacin is a precursor for NAD+. For cellular 
health and function to be maintained, adequate levels of NAD+ are essential [34]. Moreover, NAD+ is a 
cofactor for several enzymes involved in energy metabolism, such as those in the glycolytic pathway 
and the tricarboxylic acid (TCA) cycle [35].  

Also, Poly (ADP-ribose) polymerase (PARP) enzymes, which utilize NAD+ as a substrate, play a role 
in DNA repair [36]. Niacin supplementation may impact DNA repair processes, contributing to 
genomic stability and reducing the risk of mutations leading to colorectal cancer. Moreover, NAD+-
dependent sirtuin enzymes have been implicated in regulating angiogenesis and blood vessel formation 
[37]. Tumor growth requires proper control of angiogenesis, and niacin's effect on sirtuin activity may 
impact this process [38]. Most interestingly, it has been proposed that niacin affects the function of 
cyclin-dependent kinases (CDKs), which control the cell cycle [39].  
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Vitamin B5 (Pantothenic acid) 

Vitamin B5 is an essential water-soluble vitamin that is a coenzyme A (CoA) component, which plays 
a critical role in various cellular processes, including energy metabolism and the synthesis of fatty acids 
and cholesterol. Pantothenic acid is a precursor to CoA, which is essential for acetyl-CoA synthesis. 
Acetyl-CoA is a critical intermediate in energy metabolism, linking the breakdown of carbohydrates, 
fats, and proteins to producing ATP, the cell's primary energy source. Dysregulation of energy 
metabolism is a hallmark of cancer, and alterations in these pathways could impact colorectal cancer 
cells [40].  

More interestingly, CoA is involved in various mitochondrial reactions, maintaining cellular redox 
balance [41]. Moreover, vitamin B5's role in supporting mitochondrial function may affect colorectal 
cancer. Furthermore, Acetyl-CoA, generated from vitamin B5-derived CoA, is involved in acetylation 
reactions that regulate gene expression and cellular signaling [42]. Aberrant acetylation patterns have 
been observed in cancer cells, and Vitamin B5 may indirectly influence these processes [41,42]. 

Vitamin B6 (Pyridoxine) 

Vitamin B6 is a water-soluble vitamin in several forms, including pyridoxine, pyridoxal, and 
pyridoxamine. The active coenzyme forms of vitamin B6, pyridoxal 5'-phosphate (PLP) and 
pyridoxamine 5'-phosphate (PMP) play crucial roles in various biological processes [43]. Vitamin B6 is 
involved in one-carbon metabolism, including converting homocysteine to cysteine [44]. The regulation 
of homocysteine levels is essential for DNA methylation and synthesis, and disturbances in this process 
have been associated with cancer, including colorectal cancer [45]. 

Moreover, PLP, the active form of vitamin B6, is a cofactor for various enzymes involved in amino 
acid metabolism [46]. These enzymes synthesize and break amino acids, which are essential for cell 
growth and proliferation. Furthermore, PLP is a cofactor for enzymes involved in heme synthesis. Heme 
is an essential component of haemoglobin and other hemoproteins [47]. Alterations in heme metabolism 
may influence oxygen transport and cellular respiration, potentially impacting cancer cells. 

More interestingly, PLP synthesizes neurotransmitters such as dopamine, serotonin, and gamma-
aminobutyric acid (GABA). Neurotransmitters can influence cellular signaling, and disturbances in 
neurotransmitter balance may impact cancer progression [48]. 

Vitamin B7 (Biotin) 

     Vitamin B7, known as biotin, is a water-soluble cofactor for several carboxylase enzymes involved in 
various metabolic pathways [49].  Carboxylase enzymes, such as pyruvate carboxylase, acetyl-CoA 
carboxylase, and propionyl-CoA carboxylase, require biotin as a cofactor [50]. These enzymes play 
crucial roles in fatty acid synthesis, gluconeogenesis, and amino acid metabolism. Dysregulation of 
these metabolic pathways has been linked to cancer, and biotin's role in supporting carboxylase function 
may indirectly impact these processes. Moreover, Biotin can modulate gene expression, and some 
studies suggest it may play a role in cell proliferation and growth [51]. Uncontrolled cell proliferation 
is a hallmark of cancer, and factors that regulate cell cycle progression are of interest in cancer research. 

    Biotin has been suggested to modulate immune responses, and a well-functioning immune system is 
critical for recognizing and eliminating cancer cells [52]. The influence of biotin on immune function 
may have implications for colorectal cancer. 

Vitamin B9 (Folic acid) 

Vitamin B9 also called folic acid, is the synthetic form of folate or folate, a water-soluble vitamin that 
plays a crucial role in various cellular processes, including DNA synthesis, repair, and methylation [53]. 
Folate is essential for normal cell function and development, and its status has been implicated in 
developing and preventing colorectal cancer [54]. Folate is involved in synthesising thymidylate, a DNA 
synthesis precursor. Thymidylate is necessary to produce thymine, one of the four nucleotide bases that 
make up DNA [55]. Adequate folate levels support normal DNA synthesis and repair, which is crucial 
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for preventing mutations that can lead to cancer [56]. Moreover, folate is a crucial donor of methyl 
groups essential for DNA methylation. DNA methylation is an epigenetic modification that regulates 
gene expression [57].      

     Most interestingly, Folate, along with vitamins B6 and B12, is involved in converting homocysteine 
to methionine [58]. Elevated levels of homocysteine are associated with an increased risk of colorectal 
cancer, and folate supplementation has been shown to help lower homocysteine levels [59]. Folate plays 
a role in regulating cell proliferation and apoptosis (programmed cell death). Adequate folate levels are 
necessary for maintaining a balance between cell growth and cell death. Dysregulation of these 
processes can contribute to cancer development [60]. Folate deficiency has been linked to chromosomal 
instability, a hallmark of cancer. Adequate folate levels are essential for maintaining chromosomal 
integrity and preventing structural abnormalities that can contribute to cancer development [61]. 

     Moreover, folate status may influence the expression of microRNAs, small RNA molecules that play 
a role in post-transcriptional gene regulation. Changes in microRNA expression patterns have been 
observed in colorectal cancer [62]. Furthermore, folate supplementation has been associated with 
reducing DNA strand breaks, providing protection against DNA damage [63]. This is important for 
preventing the accumulation of genetic alterations that can contribute to colorectal cancer. 

Vitamin B12 (Cobalamin) 

Cobalamin, another name for vitamin B12, is a water-soluble vitamin essential for many cellular 
functions, such as DNA synthesis, red blood cell production, and neurological function [64]. Vitamin 
B12 is involved in the conversion of homocysteine to methionine, a process that also requires the 
participation of folate and vitamin B6. Methionine is crucial for synthesizing thymidylate, a nucleotide 
necessary for DNA replication and repair [65]. Most interestingly, vitamin B12 is involved in the 
methylation of DNA through its role in providing methyl groups for one-carbon metabolism [66]. 
Moreover, vitamin B12 is involved in the normal functioning of the immune system [67]. A well-
functioning immune system is critical for recognizing and eliminating cancer cells. Adequate vitamin 
B12 levels may support immune responses against colorectal cancer [68]. 

Vitamin C (Ascorbic acid) 

     Vitamin C, or ascorbic acid, is a water-soluble vitamin with antioxidant properties. While its role in 
preventing and treating colorectal cancer is a topic of ongoing research, several potential molecular 
mechanisms through which vitamin C may influence it exist. Vitamin C is a potent antioxidant that can 
neutralize reactive oxygen species (ROS) and free radicals [69]. Colorectal cancer development is 
associated with oxidative stress, and the antioxidant properties of vitamin C may help reduce DNA 
damage and genomic instability [70]. Also, vitamin C is essential for collagen synthesis, which is crucial 
for maintaining the integrity of the extracellular matrix. The extracellular matrix plays a role in cell 
adhesion, migration, and invasion, which are relevant to cancer progression [71,72]. Moreover, vitamin 
C is involved in the function of immune cells, including lymphocytes and phagocytes. Adequate 
vitamin C levels may enhance immune response against colorectal cancer cells [73]. Most interestingly, 
vitamin C is a cofactor for dioxygenase enzymes, such as the ten-eleven translocation (TET) enzyme 
involved in DNA demethylation. DNA methylation patterns are altered in cancer, and vitamin C's role 
in epigenetic regulation may impact gene expression and cellular behaviour [74,75]. 

     Vitamin C disrupts the mitogen-activated protein kinase (MAPK) signaling pathway, which is 
involved in cell division, survival, and apoptosis [76,77]. Modulation of these signaling pathways may 
impact the behaviour of colorectal cancer cells. Recent studies show that vitamin C has pro-oxidant 
effects in cancer cells, leading to selective cytotoxicity. This is thought to be due to the generation of 
hydrogen peroxide in the presence of transition metal ions [78]. Furthermore, vitamin C has been 
investigated for its potential to enhance the effectiveness of chemotherapy. Some studies suggest that 
vitamin C may sensitize colorectal cancer cells to the effects of specific chemotherapeutic agents [79,80]. 

Vitamin D (Cholecalciferol) 
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Vitamin D is a fat-soluble vitamin that plays a crucial role in calcium homeostasis, bone health, and 
immune function [81]. Emerging evidence suggests that vitamin D may also prevent colorectal cancer, 
as demonstrated in Figure 2 [82].  

 
Figure 2. Vitamin D sources, metabolism, mechanism of action and biological activities [101].  

Vitamin D can inhibit cell proliferation by inducing cell cycle arrest. It exerts its effects through 
interactions with the vitamin D receptor (VDR), leading to the regulation of genes involved in cell cycle 
control [83,84]. Dysregulation of cell cycle progression is a hallmark of cancer, and vitamin D's influence 
on this process may contribute to its anti-cancer effects [85,86]. Moreover, vitamin D's ability to promote 
apoptosis may help prevent cancer cell survival and proliferation [87]. It can also inhibit angiogenesis, 
forming new blood vessels. Inhibition of angiogenesis is considered a strategy to limit the blood supply 
to tumours, thereby restricting their growth and metastasis [88,89]. Also, vitamin D may enhance DNA 
repair mechanisms, contributing to the maintenance of genomic stability [90]. This is important for 
preventing the accumulation of mutations that can lead to the initiation and progression of colorectal 
cancer. Vitamin D can modulate immune responses by influencing the function of immune cells, 
including T cells and macrophages. A well-functioning immune system is critical for recognizing and 
eliminating cancer cells [91]. Furthermore, vitamin D exerts its biological effects by binding to the 
Vitamin D receptor (VDR). VDR activation leads to gene expression regulation, affecting various 
cellular processes. Alterations in VDR expression and function have been associated with colorectal 
cancer risk [92,93]. Vitamin D has been shown to downregulate the Wnt signaling pathway, which plays 
a crucial role in colorectal carcinogenesis. Dysregulation of Wnt signaling is common in colorectal 
cancer [94,95]. Also, several recent studies demonstrate that vitamin D has been shown to suppress the 
Wnt/β-catenin signaling pathway, a critical pathway involved in colorectal carcinogenesis. Vitamin D's 
inhibitory effects on this pathway may contribute to its anti-cancer properties [96-101]. 

Vitamin E (Tocopherol)  

Vitamin E is a group of fat-soluble antioxidants, including tocopherols and tocotrienols, each with 
distinct molecular structures and potential health effects.  Vitamin E, as an antioxidant, can neutralize 
ROS and free radicals [102]. ROS are implicated in DNA damage, inflammation, and cellular stress, all 
of which can contribute to cancer development. By scavenging ROS, vitamin E may help protect cells 
from oxidative damage. Most importantly, Vitamin E can influence various signalling pathways in cell 
growth, survival, and apoptosis. These pathways include those related to the epidermal growth factor 
receptor (EGFR) and protein kinase B (Akt), which play roles in colorectal cancer development [103- 
106]. Furthermore, vitamin E, especially alpha-tocopherol, is known for protecting cell membranes from 
lipid peroxidation. This preservation of cell membrane integrity may affect cellular function and 
survival [107]. 
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Vitamin K 

As a fat-soluble vitamin, vitamin K is essential for bone metabolism and blood clotting. Vitamin K 
comes in two primary forms: K1 (phylloquinone) and K2 (menaquinone) [108].  Vitamin K is essential 
for the gamma-carboxylation of specific proteins, including clotting factors involved in blood 
coagulation. Beyond coagulation, vitamin K-dependent proteins (VKDPs) play roles in processes such 
as bone metabolism and may have implications for cancer [109]. The Wnt signaling pathway is 
frequently dysregulated in colorectal cancer. Some studies suggest that vitamin K may modulate the 
Wnt signaling pathway, influencing cell differentiation, proliferation, and survival [110-112]. Moreover, 
vitamin K has demonstrated anti-angiogenic properties, which may inhibit the formation of new blood 
vessels that supply nutrients to tumours. Limiting angiogenesis can impede the growth and spread of 
colorectal cancer [113]. Moreover, Matrix Gla-protein (MGP) is a vitamin K-dependent protein 
inhibiting vascular calcification. The regulation of MGP may have implications for vascular health, 
which is relevant to colorectal cancer progression [114-118]. Moreover, vitamin K has been suggested to 
play a role in epigenetic regulation, potentially affecting gene expression patterns. Epigenetic changes 
are involved in cancer development, and vitamin K's impact on this process may contribute to its anti-
cancer effects [119]. 

Colorectal cancer risk factors related to vitamin deficiency 

     Numerous studies have investigated the relationship between vitamin deficiency and colorectal 
cancer occurrence and progression. Vitamin D deficiency has been extensively studied for colorectal 
cancer. Several epidemiological studies have shown an inverse association between vitamin D levels 
and colorectal cancer risk [120]. Lower circulating levels of vitamin D have been associated with an 
increased risk of colorectal cancer incidence and mortality. Additionally, vitamin D deficiency has been 
implicated in colorectal cancer progression, including tumour growth, invasion, and metastasis [121]. 
Moreover, vitamin A and its derivatives, including retinoids, have been implicated in colorectal cancer 
prevention and progression. Animal studies have shown that vitamin A deficiency increases 
susceptibility to colorectal cancer development, while dietary supplementation with vitamin A or 
retinoids can inhibit tumour growth and progression [122]. Furthermore, studies examining the 
association between vitamin E levels and colorectal cancer risk have yielded mixed results. Some studies 
have reported an association between vitamin E intake or serum levels and colorectal cancer risk [123]. 
More research is needed to clarify the role of vitamin E in colorectal cancer prevention and progression. 
Vitamin C is a potent antioxidant that may protect against colorectal cancer by scavenging free radicals 
and reducing oxidative stress. Some epidemiological studies have suggested an inverse association 
between vitamin C intake or serum levels and colorectal cancer risk, although results have been 
inconsistent [124]. 

Moreover, vitamin C deficiency has been associated with colorectal cancer progression, including 
tumour growth and metastasis, possibly due to impaired antioxidant defence mechanisms and 
increased oxidative stress. Finally, vitamin K, particularly vitamin K2 (menaquinone), has been studied 
for its potential role in colorectal cancer prevention and treatment. Vitamin K deficiency has been 
associated with an increased risk of colorectal cancer incidence and mortality in some observational 
studies [125]. Additionally, preclinical studies have shown that vitamin K2 supplementation inhibits 
colorectal cancer cell proliferation, invasion, and metastasis, possibly by regulating cell signaling 
pathways, including the MAPK pathway [126]. 

Summary and Conclusion 

The risk of colorectal cancer is increased by several environmental lifestyle factors that are primarily 
modifiable, including smoking, drinking too much alcohol, and gaining weight. More interestingly, 
there are some modifiable nutritional risk factors such as consuming red and processed meat, low fibre 
intake, low vitamin D level and consuming a high-fat diet; vitamin deficiency may increase the risk of 
colorectal cancer. In this review, we focus on the molecular mechanisms of vitamins on colorectal cancer 
tumorigenesis and progression and demonstrate, based on the previous studies, that all vitamin 
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supplementation may protect against colorectal cancer. However, some vitamins have precise 
molecular mechanisms on molecular pathways involved in cancer proliferation, survival, angiogenesis 
migration and metastasis, such as vitamins A, B3, B9, C, D, E and K.  

Future directions 

Examining the impact of nutritional factors, particularly vitamins, on colorectal cancer through 
molecular mechanisms presents a rich avenue for research. Thus, we suggest the following future 
directions:  

 Further elucidating the molecular mechanisms by which vitamins influence colorectal cancer 
development and progression involves investigating their effects on key signaling pathways, such 
as the MAPK pathway, Wnt/β-catenin pathway, PI3K/AKT pathway, and NF-κB pathway, which 
are dysregulated in colorectal cancer. 

 Identifying specific genes, proteins, and metabolites modulated by vitamins and their implications 
for colorectal cancer pathogenesis. 

 Investigating the potential interactions and synergies between different vitamins and other dietary 
factors in colorectal cancer prevention and treatment. This involves examining how combinations 
of vitamins or vitamins with other bioactive compounds (e.g., phytochemicals, minerals) may exert 
additive or synergistic effects on colorectal cancer-related molecular pathways. 

 Translating findings from preclinical studies into clinical settings by conducting well-designed 
clinical trials to evaluate the efficacy and safety of vitamin supplementation as adjuvant therapy or 
preventive intervention for colorectal cancer.  

 Investigating the potential of nutritional interventions, including vitamin supplementation, in 
high-risk populations for colorectal cancer, such as individuals with a family history of colorectal 
cancer, inflammatory bowel disease (IBD), or genetic predisposition to colorectal cancer (e.g., 
Lynch syndrome). This involves assessing such interventions' feasibility, acceptability, and efficacy 
in real-world settings. 

 Assessment of the long-term outcomes and survivorship benefits of vitamin supplementation in 
colorectal cancer patients, including recurrence rates, overall survival, and quality of life. This 
includes evaluating the impact of vitamin supplementation on colorectal cancer recurrence, 
treatment-related side effects, and comorbidities in long-term survivorship. 

 

Acknowledgements 

None 

Authors contribution 

The two authors are fully accountable for expertly executing and crafting every aspect and component 
of this work. 

Declaration of interest 

The authors declare no conflict of interest. 

Financial support 

This work has not received any funds from national and international agencies. 

References 

1. Tan L, Peng D, Cheng Y. Significant position of C-myc in colorectal cancer: A promising therapeutic target. Clin. 
Transl Oncol. 2022;24(12):2295-2304. 

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018; 
68(6):394-424. 

3. Xi Y, Xu P. Global colorectal cancer burden in 2020 and projections to 2040. Transl Oncol. 2021;14(10):101174. 
4. Dekker E, Tanis PJ, Vleugels JL, Kasi PM, Wallace MB. Colorectal cancer. Lancet. 2019;394:1467-80. 



 German Journal of Pharmaceuticals and Biomaterials           Vol 3, Issue 4, 2024 

 

31 
 

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;69(1):7-34. 
6. Wang Z, Joshi AM, Ohnaka K, Morita M, Toyomura K, Kono S, et al. Dietary intakes of retinol, carotenes, 

vitamin C, and vitamin E and colorectal cancer risk: the Fukuoka colorectal cancer study. Nutr Cancer. 2012; 
64(6):798-805. 

7. Brtko J, Dvorak Z. Natural and synthetic retinoid X receptor ligands and their role in selected nuclear receptor 
action. Biochimie. 2020;179:157-68. 

8. Zhang R, Wang Y, Li R, Chen G. Transcriptional factors mediating retinoic acid signals in the control of energy 
metabolism. Int J Mol Sci. 2015;16(6):14210-44. 

9. Applegate CC, Lane MA. Role of retinoids in the prevention and treatment of colorectal cancer. World J 
Gastrointest Oncol. 2015;7(10):184-203. 

10. Sylvester PW. Vitamin E and apoptosis. Vitamins & Hormones. 2007;76:329-56. 
11. Oliveira LD, Teixeira FM, Sato MN. Impact of retinoic acid on immune cells and inflammatory diseases. 

Mediators Inflamm. 2018;2018:3067126 
12. Huang Z, Liu Y, Qi G, Brand D, Zheng SG. Role of vitamin A in the immune system. J Clin Med. 2018;7(9):258. 
13. Alizadeh F, Bolhassani A, Khavari A, Bathaie SZ, Naji T, Bidgoli SA. Retinoids and their biological effects 

against cancer. Int Immunopharmacol. 2014;18(1):43-9. 
14. Akiyama T. Wnt/β-catenin signaling. Cytokine Growth Factor Rev. 2000;11(4):273-82. 
15. Bian J, Dannappel M, Wan C, Firestein R. Transcriptional regulation of Wnt/β-catenin pathway in colorectal 

cancer. Cells. 2020;9(9):2125. 
16. Froeling FE, Feig C, Chelala C, Dobson R, Mein CE, Tuveson DA, et al. Retinoic acid–induced pancreatic stellate 

cell quiescence reduces paracrine Wnt–β-catenin signaling to slow tumor progression. Gastroenterology. 2011; 
141(4):1486-97. 

17. Bar-El Dadon S, Reifen R. Vitamin A and the epigenome. Crit Rev Food Sci Nutr. 2017;57(11):2404-11. 
18. Qin J, Wen B, Liang Y, Yu W, Li H. Histone modifications and their role in colorectal cancer. Pathol Oncol Res. 

2020:2023-33. 
19. Mrowicka M, Mrowicki J, Dragan G, Majsterek I. The importance of thiamine (vitamin B1) in humans. Biosci 

Rep. 2023;43(10):BSR20230374. 
20. Ulrich CM, Himbert C, Holowatyj AN, Hursting SD. Energy balance and gastrointestinal cancer: risk, 

interventions, outcomes and mechanisms. Nat Rev Gastroenterol Hepatol. 2018;15(11):683-98. 
21. Chauhan A, Srivastva N, Bubber P. Thiamine deficiency induced dietary disparity promotes oxidative stress 

and neurodegeneration. Ind J Clin Biochem. 2018;33:422-8. 
22. Zhou J, Zhou XA, Zhang N, Wang J. Evolving insights: how DNA repair pathways impact cancer evolution. 

Cancer Biol Med. 2020;17(4):805-27. 
23. Quoc Luong KV, Hoang Nguyen LT. The role of thiamine in cancer: possible genetic and cellular signaling 

mechanisms. Cancer Genomics Proteomics. 2013;10(4):169-85. 
24. Mosegaard S, Dipace G, Bross P, Carlsen J, Gregersen N, Olsen RK. Riboflavin deficiency—implications for 

general human health and inborn errors of metabolism. Int J Mol Sci. 2020;21(11):3847. 
25. Balasubramaniam S, Yaplito-Lee J. Riboflavin metabolism: role in mitochondrial function. J Transl Genet 

Genom. 2020:285-306. 
26. Long L, He JZ, Chen Y, Xu XE, Liao LD, Xie YM, et al. Riboflavin Depletion Promotes Tumorigenesis in 

HEK293T and NIH3T3 Cells by Sustaining Cell Proliferation and Regulating Cell Cycle–Related Gene 
Transcription. J Nutr. 2018;148(6):834-43. 

27. Engwa GA, Nweke FN, Nkeh-Chungag BN. Free radicals, oxidative stress-related diseases and antioxidant 
supplementation. Altern Ther Health Med. 2022;28(1).114. 

28. Zhao G, Dong F, Lao X, Zheng H. Strategies to increase the production of biosynthetic riboflavin. Mol 
Biotechnol. 2021; 63(10):909-18. 

29. Tomasova K, Kroupa M, Forsti A, Vodicka P, Vodickova L. Telomere maintenance in interplay with DNA repair 
in pathogenesis and treatment of colorectal cancer. Mutagenesis. 2020;35(3):261-71. 

30. Long AG, Lundsmith ET, Hamilton KE. Inflammation and colorectal cancer. Curr Colorectal Cancer Rep. 2017; 
13:341-51. 

31. Peterson CT, Rodionov DA, Osterman AL, Peterson SN. B vitamins and their role in immune regulation and 
cancer. Nutrients. 2020;12(11):3380. 

32. Suwannasom N, Kao I, Pruß A, Georgieva R, Bäumler H. Riboflavin: the health benefits of a forgotten natural 
vitamin. Int J Mol Sci. 2020;21(3):950. 

33. Doroftei B, Ilie OD, Cojocariu RO, Ciobica A, Maftei R, Grab D, et al. Minireview exploring the biological cycle 
of vitamin b3 and its influence on oxidative stress: further molecular and clinical aspects. Molecules. 2020; 
25(15):3323. 



 Ismail and Shatat              

 

32 
 

34. Amjad S, Nisar S, Bhat AA, Frenneaux MP, Fakhro K, Haris M, et al. Role of NAD+ in regulating cellular and 
metabolic signaling pathways. Mol Metab. 2021;49:101195. 

35. Xie N, Zhang L, Gao W, Huang C, Huber PE, Zhou X, et al. NAD+ metabolism: pathophysiologic mechanisms 
and therapeutic potential. Sig Transduct Target Ther. 2020;5(1):227. 

36. Henning RJ, Bourgeois M, Harbison RD. Poly (ADP-ribose) polymerase (PARP) and PARP inhibitors: 
mechanisms of action and role in cardiovascular disorders. Cardiovasc Toxicol. 2018;18:493-506. 

37. Edatt L, Poyyakkara A, Raji GR, Ramachandran V, Shankar SS, Kumar VS. Role of sirtuins in tumor 
angiogenesis. Front Oncol. 2020;9:1516. 

38. Saghiri MA, Asatourian A, Ershadifar S, Moghadam MM, Sheibani N. Vitamins and regulation of 
angiogenesis:[A, B1, B2, b3, B6, B9, B12, C, D, E, k]. J Funct Foods. 2017;38:180-196. 

39. Cao Y, Zhang Y, Ma L, Wang J, Guo W, Cheng J, et al. Niacin stimulates EPH4EV mammary epithelial cell 
proliferation and mammary gland development in pubertal mice through activation of AKT/mTOR and ERK1/2 
signaling pathways. Cell Tissue Res. 2021;384:313-24. 

40. Yassine HN, Self W, Kerman BE, Santoni G, Navalpur Shanmugam N, Abdullah L, et al. Nutritional metabolism 
and cerebral bioenergetics in Alzheimer's disease and related dementias. Alzheimers Dement. 2023; 19(3):1041-
66. 

41. Lennicke C, Cochemé HM. Redox metabolism: ROS as specific molecular regulators of cell signaling and 
function. Mol Cell. 2021;81(18):3691-707. 

42. Timblin GA, Tharp KM, Hoeve JT, Baydemir I, Khantwal C, Farahzad JN, et al. Coenzyme A governs 
proinflammatory macrophage metabolism. bioRxiv. 2022:2022-08. 

43. Hellmann H, Mooney S. Vitamin B6: a molecule for human health? Molecules. 2010;15(1):442-59. 
44. Dalto DB, Matte JJ. Pyridoxine (vitamin B6) and the glutathione peroxidase system; a link between one-carbon 

metabolism and antioxidation. Nutrients. 2017;9(3):189. 
45. Hasan T, Arora R, Bansal AK, Bhattacharya R, Sharma GS, Singh LR. Disturbed homocysteine metabolism is 

associated with cancer. Exp Mol Med. 2019;51(2):1-3. 
46. Wilson MP, Plecko B, Mills PB, Clayton PT. Disorders affecting vitamin B6 metabolism. J Inherit Metab Dis. 

2019;42(4):629-46. 
47. Dailey HA, Medlock AE. A primer on heme biosynthesis. Biol Chem. 2022;403(11-12):985-1003. 
48. Rudzki L, Stone TW, Maes M, Misiak B, Samochowiec J, Szulc A. Gut microbiota-derived vitamins–underrated 

powers of a multipotent ally in psychiatric health and disease. Prog Neuropsychopharmacol Biol Psychiatry. 
2021;107:110240. 

49. Nemati R, McEntyre C, Yeo J, Phillips I, Li B, Leaver C, Sies C. Water soluble vitamins: mechanism and 
metabolism. A narrative review. New Zealand Journal of Medical Laboratory Science. 2023;77(1):11-8. 

50. Tong L. Structure and function of biotin-dependent carboxylases. Cell Mol Life Sci. 2013;70:863-91. 
51. Wal A, Sasmal A, Singh R, Yadav P, Singh Y, Garg V, et al. Regulatory Role, Mechanism, and Metabolic Profile 

of BIOTIN in Gene Expression. Current Pharmacogenomics and Personalized Medicine (Formerly Current 
Pharmacogenomics). 2023;20(2):73-86. 

52. Chaari A, Bendriss G, Zakaria D, McVeigh C. Importance of dietary changes during the coronavirus pandemic: 
how to upgrade your immune response. Front Public Health. 2020;8:476. 

53. Mironenko A, Eliseeva T. Vitamin B9–description, benefits, effects on the body and best sources. J Healthy Nutr 
Dietetics. 2019;4(10):88-100. 

54. Porcelli L, G Assaraf Y, Azzariti A, Paradiso A, Jansen G, J Peters G. The impact of folate status on the efficacy 
of colorectal cancer treatment. Curr drug Metab. 2011;12(10):975-84. 

55. Chon J, Stover PJ, Field MS. Targeting nuclear thymidylate biosynthesis. Mol Aspects Med. 2017;53:48-56. 
56. Duthie SJ. Folate and cancer: how DNA damage, repair and methylation impact on colon carcinogenesis. J  

Inherit Metab Dis. 2011;34:101-9. 
57. Zhang N. Role of methionine on epigenetic modification of DNA methylation and gene expression in animals. 

Animal Nutr. 2018;4(1):11-6. 
58. Coşar A, İpçioğlu OM, Özcan Ö, Gültepe M. Folate and homocysteine metabolisms and their roles in the 

biochemical basis of neuropsychiatry. Turk J Medi Sci. 2014;44(1):1-9. 
59. Shiao SP, Lie A, Yu CH. Meta-analysis of homocysteine-related factors on the risk of colorectal cancer. 

Oncotarget. 2018;9(39):25681. 
60. Schiliro C, Firestein BL. Mechanisms of metabolic reprogramming in cancer cells supporting enhanced growth 

and proliferation. Cells. 2021;10(5):1056. 
61. Cantarella CD, Ragusa D, Giammanco M, Tosi S. Folate deficiency as predisposing factor for childhood 

leukaemia: a review of the literature. Genes Nutr. 2017;12(1):1-5. 



 German Journal of Pharmaceuticals and Biomaterials           Vol 3, Issue 4, 2024 

 

33 
 

62. Fadaka AO, Ojo BA, Adewale OB, Esho T, Pretorius A. Effect of dietary components on miRNA and colorectal 
carcinogenesis. Cancer Cell Int. 2018;18:1-4. 

63. Duthie SJ, Narayanan S, Brand GM, Pirie L, Grant G. Impact of folate deficiency on DNA stability. J Nutr. 
2002;132(8):2444S-9S. 

64. Hüpsch-Marzec H, Pawlak R, Skaba D. Understanding vitamin B12. J  Stoma. 2019;72(4):184-9. 
65. Fenech M. Folate (vitamin B9) and vitamin B12 and their function in the maintenance of nuclear and 

mitochondrial genome integrity. Mutat Res Fundam Mol Mech Mutagen. 2012;733(1-2):21-33. 
66. Anderson OS, Sant KE, Dolinoy DC. Nutrition and epigenetics: an interplay of dietary methyl donors, one-

carbon metabolism and DNA methylation. J Nutr Biochem. 2012;23(8):853-9. 
67. Mikkelsen K, Apostolopoulos V. Vitamin B12, folic acid, and the immune system. Nutr  Immun. 2019;103-114. 
68. Munteanu C, Schwartz B. The relationship between nutrition and the immune system. Front Nutr. 2022; 

9:1082500. 
69. Pehlivan FE. Vitamin C: An antioxidant agent. Vitamin C. 2017;2:23-35. 
70. Carini F, Mazzola M, Rappa F, Jurjus A, Geagea AG, Al Kattar S, et al. Colorectal carcinogenesis: Role of 

oxidative stress and antioxidants. Anticancer Res. 2017;37(9):4759-66. 
71. Fu J, Wu Z, Liu J, Wu T. Vitamin C: A stem cell promoter in cancer metastasis and immunotherapy. Biomed 

Pharmacother. 2020;131:110588. 
72. Afshar K, Sanaei MJ, Ravari MS, Pourbagheri-Sigaroodi A, Bashash D. An overview of extracellular matrix and 

its remodeling in the development of cancer and metastasis with a glance at therapeutic approaches. Cell 
Biochem Funct. 2023;41(8):930-52. 

73. Jafari D, Esmaeilzadeh A, Mohammadi-Kordkhayli M, Rezaei N. Vitamin C and the immune system. Nutr 
Immun. 2019;81-102. 

74. Liu X, Khan A, Li H, Wang S, Chen X, Huang H. Ascorbic acid in epigenetic reprogramming. Curr Stem Cell 
Res Ther. 2022;17(1):13-25. 

75. Coker SJ, Smith-Díaz CC, Dyson RM, Vissers MC, Berry MJ. The epigenetic role of vitamin C in 
neurodevelopment. Int J Mol Sci. 2022;23(3):1208. 

76. Su X, Li P, Han B, Jia H, Liang Q, Wang H, et al. Vitamin C sensitizes BRAFV600E thyroid cancer to PLX4032 
via inhibiting the feedback activation of MAPK/ERK signal by PLX4032. J Exp Clin Cancer Res. 2021;40(1):1-2. 

77. Ludke A, Akolkar G, Ayyappan P, Sharma AK, Singal PK. Time course of changes in oxidative stress and stress-
induced proteins in cardiomyocytes exposed to doxorubicin and prevention by vitamin C. PLoS One. 2017; 
12(7):e0179452. 

78. Kaźmierczak-Barańska J, Boguszewska K, Adamus-Grabicka A, Karwowski BT. Two faces of vitamin C—
antioxidative and pro-oxidative agent. Nutrients. 2020;12(5):1501. 

79. Zasowska-Nowak A, Nowak PJ, Ciałkowska-Rysz A. High-dose vitamin C in advanced-stage cancer patients. 
Nutrients. 2021;13(3):735. 

80. Böttger F, Vallés-Martí A, Cahn L, Jimenez CR. High-dose intravenous vitamin C, a promising multi-targeting 
agent in the treatment of cancer. J Exp Clin Cancer Res. 2021;40(1):1-44. 

81. Meza-Meza MR, Ruiz-Ballesteros AI, de la Cruz-Mosso U. Functional effects of vitamin D: From nutrient to 
immunomodulator. Crit Rev Food Sci Nutr. 2022;62(11):3042-62. 

82. Boughanem H, Canudas S, Hernandez-Alonso P, Becerra-Tomás N, Babio N, Salas-Salvadó J, et al. Vitamin D 
intake and the risk of colorectal cancer: an updated meta-analysis and systematic review of case-control and 
prospective cohort studies. Cancers. 2021;13(11):2814. 

83. Artaza JN, Sirad F, Ferrini MG, Norris KC. 1, 25 (OH) 2vitamin D3 inhibits cell proliferation by promoting cell 
cycle arrest without inducing apoptosis and modifies cell morphology of mesenchymal multipotent cells. J 
Steroid Biochem Mol Biol. 2010;119(1-2):73-83. 

84. Ricca C, Aillon A, Bergandi L, Alotto D, Castagnoli C, Silvagno F. Vitamin D receptor is necessary for 
mitochondrial function and cell health. Int J Mol Sci. 2018;19(6):1672. 

85. Bhoora S, Punchoo R. Policing cancer: vitamin D arrests the cell cycle. Int J  Mol Sci. 2020;21(23):9296. 
86. Vanhevel J, Verlinden L, Doms S, Wildiers H, Verstuyf A. The role of vitamin D in breast cancer risk and 

progression. Endocr Relat Cancer. 2022 29(2):R33-55. 
87. Muñoz A, Grant WB. Vitamin D and cancer: an historical overview of the epidemiology and mechanisms. 

Nutrients. 2022;14(7):1448. 
88. El-Sharkawy A, Malki A. Vitamin D signaling in inflammation and cancer: Molecular mechanisms and 

therapeutic implications. Molecules. 2020;25(14):3219. 
89. Maj E, Filip-Psurska B, Milczarek M, Psurski M, Kutner A, Wietrzyk J. Vitamin D derivatives potentiate the 

anticancer and anti-angiogenic activity of tyrosine kinase inhibitors in combination with cytostatic drugs in an 
A549 non-small cell lung cancer model. Int J Oncol. 2018;52(2):337-66. 



 Ismail and Shatat              

 

34 
 

90. Wimalawansa SJ. Vitamin D deficiency: effects on oxidative stress, epigenetics, gene regulation, and aging. 
Biology. 2019;8(2):30. 

91. Crescioli C. Vitamin d merging into immune system-skeletal muscle network: effects on human health. Appl 
Sci. 2020;10(16):5592. 

92. Ferrer-Mayorga G, Larriba MJ, Crespo P, Muñoz A. Mechanisms of action of vitamin D in colon cancer. J Steroid 
Biochem Mol Biol. 2019;185:1-6. 

93. Zhu C, Wang Z, Cai J, Pan C, Lin S, Zhang Y, et al. VDR signaling via the enzyme NAT2 inhibits colorectal 
cancer progression. Fron Pharmacol. 2021;12:727704. 

94. Razak S, Afsar T, Almajwal A, Alam I, Jahan S. Growth inhibition and apoptosis in colorectal cancer cells 
induced by Vitamin D-Nanoemulsion (NVD): involvement of Wnt/β-catenin and other signal transduction 
pathways. Cell Biosci. 2019;9:1-23. 

95. Cheng X, Xu X, Chen D, Zhao F, Wang W. Therapeutic potential of targeting the Wnt/β-catenin signaling 
pathway in colorectal cancer. Biomed Pharmacother. 2019;110:473-81. 

96. González-Sancho JM, Larriba MJ, Muñoz A. Wnt and vitamin D at the crossroads in solid cancer. Cancers. 2020; 
12(11):3434. 

97. Yu J, Sun Q, Hui Y, Xu J, Shi P, Chen Y, et al. Vitamin D receptor prevents tumour development by regulating 
the Wnt/β-catenin signalling pathway in human colorectal cancer. BMC cancer. 2023;23(1):336. 

98. Gómez-Oliva R, Geribaldi-Doldán N, Domínguez-García S, Carrascal L, Verástegui C, Nunez-Abades P, et al. 
Vitamin D deficiency as a potential risk factor for accelerated aging, impaired hippocampal neurogenesis and 
cognitive decline: a role for Wnt/β-catenin signaling. Aging (Albany NY). 2020;12(13):13824. 

99. Huang GR, Wei SJ, Huang YQ, Xing W, Wang LY, Liang LL. Mechanism of combined use of vitamin D and 
puerarin in anti-hepatic fibrosis by regulating the Wnt/β-catenin signalling pathway. World J Gastroenterol. 
2018;24(36):4178. 

100. Larriba MJ, González-Sancho JM, Barbáchano A, Niell N, Ferrer-Mayorga G, Muñoz A. Vitamin D is a 
multilevel repressor of Wnt/β-catenin signaling in cancer cells. Cancers. 2013;5(4):1242-60. 

101. Chiang KC, Yeh CN, Chen TC. Vitamin D and pancreatic cancer—an update. Cancers. 2011;3(1):213-26. 
102. Sisein EA. Biochemistry of free radicals and antioxidants. Sch Acad J Biosci. 2014;2(2):110-8. 
103. Yu ZQ, Wang LM, Yang WX. How vitamin E and its derivatives regulate tumour cells via the MAPK signalling 

pathway?'. Gene. 2022;808:145998. 
104. Zingg JM. Vitamin E: regulatory role on signal transduction. IUBMB life. 2019;71(4):456-78. 
105. Stefani C, Miricescu D, Stanescu-Spinu II, Nica RI, Greabu M, Totan AR, et al.. Growth factors, PI3K/AKT/mTOR 

and MAPK signaling pathways in colorectal cancer pathogenesis: where are we now?. Int J Mol Sci. 2021; 
22(19):10260. 

106. Jiang Q. Natural forms of vitamin E and metabolites—regulation of cancer cell death and underlying 
mechanisms. IUBMB life. 2019;71(4):495-506. 

107. Azura S, Ratnani H, Soepranianondo K, Susilowati S, Hariadi M, Samik A. Effect of α-tocopherol 
supplementation in diluents on the motility, viability and plasma membrane integrity of Simmental bull 
spermatozoa after cooling. OVOZOA: Journal of Animal Reproduction. 2020;9(1):1-6. 

108. Halder M, Petsophonsakul P, Akbulut AC, Pavlic A, Bohan F, Anderson E, et al. Vitamin K: double bonds 
beyond coagulation insights into differences between vitamin K1 and K2 in health and disease. Int J Mol Sci. 
2019;20(4):896. 

109. Lai Y, Masatoshi H, Ma Y, Guo Y, Zhang B. Role of vitamin K in intestinal health. Front Immunol. 2022; 
12:791565. 

110. Kishore C, Sundaram S, Karunagaran D. Vitamin K3 (menadione) suppresses epithelial-mesenchymal-
transition and Wnt signaling pathway in human colorectal cancer cells. Chem Biol Interact. 2019;309:108725. 

111. Gul S, Maqbool MF, Maryam A, Khan M, Shakir HA, Irfan M, et al. Vitamin K: A novel cancer chemosensitizer. 
Biotechnol. Appl. Biochem. 2022;69(6):2641-57. 

112. Zhou Y, Xu J, Luo H, Meng X, Chen M, Zhu D. Wnt signaling pathway in cancer immunotherapy. Cancer lett. 
2022;525:84-96. 

113. Khalid EB, Ayman EM, Rahman H, Abdelkarim G, Najda A. Natural products against cancer angiogenesis. 
Tumor Biol. 2016;37:14513-36. 

114. Bjørklund G, Svanberg E, Dadar M, Card DJ, Chirumbolo S, Harrington DJ, et al. The role of matrix Gla protein 
(MGP) in vascular calcification. Curr Med Chem. 2020;27(10):1647-60. 

115. Kumric M, Borovac JA, Ticinovic Kurir T, Martinovic D, Frka Separovic I, Baric L, et al. Role of Matrix Gla 
Protein in the complex network of coronary artery disease: a comprehensive review. Life. 2021;11(8):737. 

116. Zhang M, Zhang Q, Du P, Chen X, Zhang Y. Roles of vitamin K dependent protein in biomineralization. Int J 
Mol Med. 2024;53(1):1-2. 



 German Journal of Pharmaceuticals and Biomaterials           Vol 3, Issue 4, 2024 

 

35 
 

117. Shiraki M, Tsugawa N, Okano T. Recent advances in vitamin K-dependent Gla-containing proteins and vitamin 
K nutrition. Osteoporosis Sarcopenia. 2015;1(1):22-38. 

118. Lees JS, Mark PB, Witham MD. Vitamin K and vascular calcification. Curr Opin Nephrol Hypertens. 2021; 
30(4):430-6. 

119. Kazmierczak-Baranska J, Karwowski BT. Vitamin K contribution to DNA damage-advantage or disadvantage? 
a human health response. Nutrients. 2022;14(20):4219. 

120. Yin L, Grandi N, Raum EA, Haug U, Arndt V, Brenner H. Meta-analysis: longitudinal studies of serum vitamin 
D and colorectal cancer risk. Aliment Pharmacol Ther. 2009;30(2):113-25. 

121. Haidari F, Abiri B, Iravani M, Razavi SM, Vafa M. The effects of uvb and vitamin D on decreasing risk of 
colorectal cancer incidence and mortality: A review of the epidemiology, clinical trials, and mechanisms. Nutr 
cancer. 2019;71(5):709-17. 

122. Dou R, Ng K, Giovannucci EL, Manson JE, Qian ZR, Ogino S. Vitamin D and colorectal cancer: molecular, 
epidemiological and clinical evidence. Br J Nutr. 2016;115(9):1643-60. 

123. Dong Y, Liu Y, Shu Y, Chen X, Hu J, Zheng R, et al. Link between risk of colorectal cancer and serum vitamin E 
levels: A meta-analysis of case–control studies. Medicine. 2017;96(27):e7470. 

124. Bai XY, Qu X, Jiang X, Xu Z, Yang Y, Su Q, et al. Association between dietary vitamin C intake and risk of 
prostate cancer: a meta-analysis involving 103,658 subjects. J Cancer. 2015;6(9):913. 

125. Nimptsch K, Rohrmann S, Kaaks R, Linseisen J. Dietary vitamin K intake in relation to cancer incidence and 
mortality: results from the Heidelberg cohort of the European Prospective Investigation into Cancer and 
Nutrition (EPIC-Heidelberg). Am J Clin Nutr. 2010;91(5):1348-58. 

126. Davis-Yadley AH, Malafa MP. Vitamins in pancreatic cancer: a review of underlying mechanisms and future 
applications. Adv Nutr. 2015;6(6):774-802. 
 

 

 

 

 

 

 

How to cite this article:  

M Ismail H, S Shatat AA. Impact of nutritional factors on colorectal cancer: implication The molecular mechanisms of vitamins 
supplementation. German J Pharm Biomaterials. 2024;3(4):23-35.  


