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ABSTRACT

In marine ecosystems, accumulating environmental pollutants, dietary exposure to mutagenic compounds, and bioaccumulation of toxicants throughout food
webs are leading to increasing carcinogenic exposures. These exposures impair not only the health of marine organisms but also create secondary threats to human
populations who rely on seafood products. To combat this issue, we submit the NutriCarcinogenNet Algorithm, which is a new computational tool for nutritional
engineering and cancer-risk estimation in marine species. The NutriCarcinogenNet Algorithm can synthesize multi-tiered datasets, for example, nutritional profile,
pollutant profile, metabolic biomarkers, and specific molecular interactions of carcinogens and their target pathways to quantify species-specific susceptibility
and develop targeted preventive dietary strategies. Its mechanistic framework maps the relevant nutrient-carcinogen interactions to critical tumorigenic pathways,
implementing predictive modelling techniques to develop interventions by weighted optimization of nutrient features. Preliminary, hypothetical analyses suggest
that the NutriCarcinogenNet could reasonably predict nutrient profiles that would significantly protect against oxidative stress and thus, potentially promote a
level of cancer-genicity through modulation of oncogenic signalling, sensu additional contaminant detoxification capacity in high cancer likelihood marine
species. The implications of NutriCarcinogenNet go beyond individual species health; the tool could be a scalable approach to sustainable aquaculture, targeted
marine conservation, and human-consumed seafood safety. In summary, the NutriCarcinogenNet Algorithm, by combining carcinogenesis biology and nutritional
bioinformatics, is recommended as an advancement for the serious consideration and possible mitigation of cancer risk in all marine ecosystems.
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INTRODUCTION

Cancer in marine species was once thought to be uncommon, and while it is still a relatively uncommon event, there are now reports of cancer in many marine
species due to chronic exposure to environmental carcinogens, including polycyclic aromatic hydrocarbons, heavy metals, and persistent organic pollutants [7].
These toxins are mainly introduced into the marine environment through industrial effluent, agricultural runoff, and microplastic exposure, which culminates in
a bioaccumulated carcinogen risk through levels of diet that provide mutagens within the food web. Most marine species tend to have a relatively low or limited
ability to detoxify these toxins, as well as being sensitive to oxidative stress, which makes them even more susceptible to the tumorigenic process.

Nutritional engineering can provide one potential prevention method based on changing the dietary intake to increase resilience from dietary carcinogenic insults
through the aforementioned nutrigenomic mechanisms [2]. However, research on marine carcinogenesis may be more limited due to the lack of integrated
databases that study the nutrient profile, remember all the natural variations in genetic susceptibility, and the environmental exposure profile. The absence of this
comprehensive resource limits any application of nutrigenomics to establish tangible interventions.

The NutriCarcinogenNet Algorithm seeks to remedy this challenge by bringing together nutritional profiling, existing pollutants mapped out, and mechanistic
modelling of carcinogen exposure prediction into a single predictive output [6] [15]. Overall, the algorithm aims to identify patterns of nutrients that reduce the
incidence of cancer, develop aquaculture feeding techniques, and inform marine policy. By connecting marine biology, cancer biology, and computational
nutrition, NutriCarcinogenNet provides a novel design to assess, predict, and prevent risk of carcinogenic exposure in aquatic organisms, ultimately supporting
the health value of ecosystems and supporting the availability of safe seafood for human populations [1] [10].

MECHANISTIC FRAMEWORK OF MARINE CARCINOGENESIS

Pathophysiological Pathways and Nutritional Modulators in Marine Cancer Etiology

Carcinogenesis in maritime species results from a combination of genetic mutations, metabolic disruptions, and immune dysfunction associated with
environmental and dietary factors. A primary biological mechanism involves the formation of DNA adducts, where carcinogenic compounds like polycyclic
aromatic hydrocarbons bond to nucleotides, subsequently causing mutagenesis and potentially oncogenic transformation of the marine organism [3]. Oxidative
stress is also a contributing factor because when reactive oxygen species (ROS) are produced by isolated metabolic reactions or exposure to pollutants, the marine
organism is subject to more genomic instability due to the actions of other agents, like lipid peroxidation and protein oxidation. In addition, chronic exposure to
toxicants may alter (impair) immune modulation, effectively reduce mechanisms of tumour surveillance, and permit cancer to thrive [8].

Molecular Mechanisms and Dietary Influences in Aquatic Carcinogenesis

Dietary components can have empowering or contributing roles in this regard. For example, marine organisms benefit from omega-3 fatty acids and bioactive
peptides exhibiting anti-inflammatory and antioxidant properties and induce apoptosis, whereas contaminants from dietary items and predated prey items
containing carcinogenic agents can enhance carcinogenic potential. The combined influences exhibited by these factors generate unique species-hased
vulnerabilities. As described, the NutriCarcinogenNet Algorithm creates operational ground for the mechanistic descriptions above by pairing nutrient
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composition datasets with pollutant exposure datasets in a function related to the potential carcinogen-nutritional exposures [13].

Table 1: Dietary Components and Mechanistic Influence on Carcinogenesis in Marine Species

Dietary Component Source in Marine Diet Mechanistic Effect Role in
Carcinogenesis
Omega-3 Fatty Acids Fish oils, plankton Anti-inflammatory, antioxidant ~ Protective
Bioactive Peptides Shellfish, seaweed | Enhances immune surveillance Protective
proteins

Selenium Crustaceans, molluscs DNA repair cofactor, ROS = Protective
scavenger

Polycyclic Aromatic = Contaminated sediments, DNA  adduct  formation, = Promotive

Hydrocarbons (PAHs) prey mutagenesis

Heavy Metals (e.g., Cadmium, = Polluted waters,  Disrupts DNA repair, induces = Promotive

Mercury) bioaccumulation oxidative stress

Microplastic-Bound Toxins Filter feeders Endocrine disruption, chronic = Promotive
inflammation

Table 1 classifies important dietary nutrients in marine life concerning their antitumor value (cancer prevention) and carcinogenic value (promotion of
carcinogenesis). Each entry shown in the table also includes what mechanistic pathway is affected (e.g., modulation of oxidative stress, enhancement of DNA
repair, immune suppression) and indicates the biochemical significance for cancer risk. By incorporating this information into NutriCarcinogenNet, it will be
possible to produce an accurate mapping of nutrient-carcinogen interactions for preventive measures specific to the species used [12][14].

The NutriCarcinogenNet Algorithm introduces a method for understanding nutrient exposure values to make predictions about marine organisms' nutrient
exposures that are protective against oxidative stress, preserve DNA integrity, have immune-modulating response values, and represent an actionable method for
lifestyle changes with respect to curbing carcinogenic risks among marine organisms.

ARCHITECTURE AND WORKFLOW OF NUTRICARCINOGENNET ALGORITHM

Computational Framework for Carcinogen Nutrient Mapping in Marine Species

The NutriCarcinogenNet Algorithm integrates disparate datasets to create a comprehensive model for carcinogenesis risk for marine organisms. The initial data
types were extensive marine nutrient information databases that catalog the macro- and micronutrient profiles, associations with bioaccumulation studies of
pollutants that detail the relative levels of toxins that the species can tolerate in the environment, as well as gene expression data that show molecular expressions
about the carcinogenic stressor effects.

Algorithmic Design and Functional Layers of NutriCarcinogenNet

The algorithm is partitioned into multiple functional levels. The first level is the carcinogen mapping level, where the algorithm captures the level of toxin
exposure and maps it to known mutagenic pathways. The second level is the nutrient optimization level, which is used to source dietary sources that influence
levels of oxidative stress, DNA repair, and immune system functioning. The final level is the predictive analytics level, where the algorithm brings this information
together to evaluate probabilities for cancer risk in a nutritional context. A primary machine learning module is also included, relying on feature selection based
on statistical relevance for identifying the most important nutrients and toxins, followed by an initial training module with both historical datasets and experimental
outcomes for validation and training purposes to improve predictive quality.

Formulation of Risk Prediction:
It can define a risk score R as a function of pollutant load P, nutrient protection index N, and species susceptibility coefficient S, e.g.,
R=aP - BN +yS

Where:

o q,f,and y are weighting factors learned from model training.

o P=normalized pollutant exposure score.

o N =protective nutrient index.

o S=species-specific susceptibility factor.
Visualizations, through two modules, are provided to convey the complexities of the output data by producing visual output in the form of risk maps of a specified
digital environment and demonstration options for nutritional interventions, which can be explored interactively by researchers and decision makers in fisheries
and marine resource management of any species [9]. The NutriCarcinogenNet Algorithm is designed to be modular and scalable so that it will have a flexible
approach to be applicable to multiple marine species and situations, promoting more sustainability and ultimately data-driven, aquatic ecosystem cancer prevention

[5].
APPLICATION CASE STUDIES AND PREDICTIVE INSIGHTS

Pilot Simulations and Predictive Modelling for Nutritional Cancer Prevention

The NutriCarcinogenNet Algorithm was used in pilot simulations to examine preventive nutritional engineering options for marine species vulnerable to
carcinogenesis (for example, oysters and salmon), which are especially exposed to bioaccumulated pollutants via the sediment and diet, since exposure may lead
to cancer.

Simulations using species-based definitions incorporating specific nutritional profiles and bioaccumulated pollutants are used to predict carcinogen risk across
multiple dietary scenarios. Using oysters as an example, simulations revealed that alterations in omega-3 long-chain polyunsaturated fatty acid (LCPUFA) and
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antioxidants content in the diet were the most impactful modifiers reducing oxidative DNA damage. In a similar way, in farmed salmon, nutrient alterations that
focused on increasing selenium and bioactive peptides showed promising opportunities to modulate fish immune response to carcinogenic toxins.

Case-Based Evaluation of Nutritional Engineering Interventions in Marine Organisms

Simulations of nutritional intervention showed that predicted probabilities for carcinogenesis resulted in significantly lower probabilities when diet decisions
were made according to the optimization of the algorithm. These findings provide justification for probiotics and dietary alterations to minimize cancer rates in
fish produced in aquaculture.
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Figure 1: Predicted Cancer Risk Reduction in Marine Species Following Nutritional Intervention

Figure 1 compares predicted cancer risk scores for selected marine species pretreatment and post-NutriCarcinogenNet-optimized nutritional interventions. The
risk reductions across oysters, salmon, mussels, and shrimp ranged from 15-17% due to improvements in antioxidant capacity, oxidative DNA damage, and
immune modulation. Overall, these findings show the model's ability to make informed decisions about targeted dietary approaches to prevent carcinogenesis for
aquaculture.

In addition to the application to specific marine species, the NutriCarcinogenNet algorithm provides information that can potentially inform sustainable
aquaculture and marine conservation policy. Incorporating carcinogenesis risk management into diet management can improve ecosystem resilience, minimize
the accumulation of toxins, and produce seafood of greater quality, thereby generating benefits to ecology and public health [4] [11].

CONCLUSION

The NutriCarcinogenNet Algorithm represents a breakthrough at the intersection of marine nutrition science and carcinogenic risk reduction. The rich
multidisciplinary datasets available, combined with an innovative algorithm, create a unique predictive framework to inform possible dietary modifications in
marine organisms to reduce cancer risk. The work carried out in developing the algorithm will contribute to a better understanding of marine species-specific
vulnerabilities regarding oncogenesis and open the door for nutritional engineering interventions to mitigate intrinsic oncogenic pathways. Long-term implications
for this work stretch beyond benefiting marine organism health to impacting seafood safety outcomes concerning public health, and ultimately lessening the risk
of carcinogen bioaccumulation in the marine food chain. Secondarily, NutriCarcinogenNet can inform sustainable aquaculture and conservation efforts through
a potential optimal dietary formulation for risk reduction from carcinogens. While this work had many successes, increasing dataset diversity is crucial, as there
are still many species and environmental conditions not utilized, along with improving the interpretability of the algorithm to further highlight key aspects to
support mechanistic approaches. Also, researchers may consider investigating the innovative methodologies of molecular docking studies in future developments
in calculating which bioactive compounds interact with carcinogens in a predictive manner to further refine dietary modifications against carcinogen risk. The
potential applications of NutriCarcinogenNet as a tool with future researchers to assist in advancing marine cancer prevention plans will require interdisciplinary
collaboration to optimize the tool and fully realize its potential.
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