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Abstract. Zebrafish are an increasingly valuable model for cancer research due 

to their rapid development, genetic similarities to humans, and optical 

transparency, which allows real-time tumor observation. These fish have been 

used to study various cancers through exposure to carcinogens. Additionally, 

zebrafish share key genetic traits with humans, making them ideal for studying 

tumor mechanisms and testing therapies. Their ability to model carcinogenesis, 

track tumor progression non-invasively, and evaluate environmental toxins 

highlights their potential in advancing cancer research and drug discovery. 
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1. Zebrafish – What Makes this Animal Model Reliable for Cancer 

Research? 

 

Fish have long been used as valuable models for studying cancer, offering 

several key advantages for biomedical research, which are often unavailable in 

other animal models [1]. One of the earliest cancer models in animals was 

developed using platyfish (Xiphophorus). Researchers discovered that genetic 

hybrids between pigmented platyfish (Xiphophorus maculatus) and non-

pigmented swordtails (Xiphophorus helleri) naturally develop melanoma. This 

model is one of the earliest and most important in cancer research. Additionally, 

medaka (Oryzias latipes), a small freshwater fish, has provided valuable insights 

into the study of cancer, especially in understanding melanoma pathogenesis [2]. 

Zebrafish (Danio rerio) are well-suited for tumor modeling through various 

methods, such as chemical treatments, genetic knockouts, gene overexpression, 

and xenotransplantation. They have been utilized to study a wide range of cancers, 

including skin, pancreatic, breast, and lung cancers, as well as leukemia and 

glioma [3]. 

A key feature of this model is the optical transparency of embryos and larvae, 

which facilitates real-time visualization of tissue morphogenesis, particularly 

when combined with transgenic reporter lines. This capability is critical for 

studying gene function and addressing behavioral research questions [4]. The 

popularity of zebrafish as a research model is also driven by their rapid ex utero 

development and reproductive efficiency, with females capable of producing 200–

300 eggs every 5–7 days. Organ systems such as the digestive, nervous, and 

cardiovascular systems develop within one week, enabling accelerated studies of 

physiological and pathological mechanisms through live-cell imaging [3]. 

Furthermore, zebrafish share significant genetic and physiological similarities 

with humans, approximately 70% gene similarity, including a comparable innate 

immune system, making them particularly relevant for cancer research. Additional 

advantages of zebrafish include cost-efficiency, small size, and ease of 

maintenance in minimal space. Their embryos are highly accessible for 

manipulation, and they can be studied at any developmental stage, from larvae (3–

29 days post-fertilization) to adults (90 days to 2 years). These attributes, along 

with their rapid development, optical transparency, and genetic tractability, 

position zebrafish as an indispensable model for biological research and drug 

discovery, particularly in oncology and nanomedicine [5]. 
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2. Zebrafish as a Model for Chemical Carcinogenesis and Tumor 

Development 

 

Zebrafish have been observed to develop various diseases, including cancer, 

under laboratory conditions. Research has demonstrated that zebrafish can 

spontaneously develop a wide range of tumors, with the most frequently affected 

tissues being the testis, gut, thyroid, liver, peripheral nerves, connective tissue, 

and ultimobranchial gland. Less commonly, tumors have been found in blood 

vessels, brain, gills, nasal epithelium, and the lymphomyeloid system [6]. This 

makes zebrafish a valuable model for studying carcinogenesis, a multi-step 

process characterized by molecular and cellular alterations that progress through 

initiation, promotion, and progression stages [7]. 

Carcinogenesis in zebrafish is induced by a combination of genetic mutations 

and environmental factors, which disrupt the balance between oncogenes and 

tumor suppressor genes. These genetic and epigenetic changes enable cancer cells 

to proliferate excessively, evade immune surveillance, and metastasize [8]. 

Zebrafish have proven particularly useful in chemical carcinogenesis studies, 

where small molecules are used to perturb biological pathways. This approach not 

only provides insights into developmental and disease mechanisms but also serves 

as a platform for discovering new cancer therapies [9]. 

Fish species have been extensively used to study the effects of various 

chemical carcinogens, helping to evaluate their effectiveness in fish, model human 

carcinogen exposure, and assess environmental toxins. The most common 

methods of exposing zebrafish to carcinogens are through water and diet. Other 

approaches used in fish models include embryo injection and topical application. 

In comparison, rodent models are typically exposed to carcinogens through feed 

or water, gastric lavage, inhalation, injection, or topical application. While the 

routes of exposure may differ between fish and mammals in carcinogenicity 

studies, the liver remains a primary target organ for many carcinogens in both 

species [10]. 

The first studies on chemical carcinogenesis in zebrafish began in the 1960s, 

when Stanton demonstrated that exposing zebrafish fry to diethylnitrosamine 

induced liver neoplasms similar to those seen in rodents [11]. Subsequent research 

expanded the repertoire of carcinogens used, including ethylnitrosourea (ENU), 

7,12-dimethylbenz[a]anthracene (DMBA), and N-methyl-nitrosoguanidine 

(MNNG), which induce various cancers, such as skin papillomas, hepatic 

adenomas, and rhabdomyosarcoma [12]. Spitsbergen and colleagues conducted 

comprehensive studies showing that while zebrafish rarely develop spontaneous 

tumors, exposure to carcinogens reliably induces neoplasms across many tissues, 

depending on the carcinogen, the fish's age, and genetic strain [13,14].   
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Zebrafish offer numerous advantages for cancer research, including the 

ability to create models using reverse and forward genetics, as well as chemical 

and genetic screening. The use of physiologically intact vertebrates for small-

molecule screening adds another dimension to studying cancer biology and 

identifying potential drug targets [15]. Moreover, their established role in 

chemical carcinogenesis and advancements in zebrafish genomics have 

significantly contributed to understanding liver carcinogenesis and other cancer 

types [16]. 

 

3. Chemical Agents with Carcinogenic Potential 

 

Zebrafish have become a valuable model in carcinogenesis research due to 

the ease with which they can be exposed to carcinogenic compounds. These 

chemicals can be effectively dissolved in water or added to their diet, allowing for 

prolonged exposure, which is essential for studying long-term tumor 

development. Early studies focused on liver and intestinal cancers in zebrafish and 

other species like guppies, following exposure to compounds such as DMBA, N-

nitrosodimethylamine (NDMA), and N-nitrosodiethylamine (NDEA). More recent 

research has expanded on these findings, confirming that NDEA predominantly 

induces liver and pancreatic carcinomas, while NDMA causes only liver tumors. 

DMBA, however, induces a wide variety of tumors across multiple organs, 

including the liver, intestines, pancreas, thyroid, testes, and even mesenchymal 

tissues like cartilage, blood vessels, and muscles [6]. 

Further studies have explored the diverse types of tumors induced by different 

carcinogenic compounds in zebrafish. For instance, MNNG, a potent carcinogen, 

leads to tumor formation in blood vessels and testes, such as hemangiomas and 

seminomas, when larvae are exposed for extended periods. Similarly, exposure to 

DMBA has been shown to result in liver neoplasms, along with other forms of 

cancer, including chordomas and chondrosarcomas. Additionally, ENU, 

commonly used for mutagenesis screens, also causes skin papillomas but does not 

lead to invasive skin cancers. Other carcinogens, such as NDMA, have been 

tested in zebrafish, where exposure typically results in liver and bile duct tumors, 

including hepatocellular carcinomas and cholangiocarcinomas [17]. 

Zebrafish have also been valuable in studying cancer susceptibility in 

genetically predisposed mutants. Studies have shown that mutant zebrafish, which 

have a lower spontaneous tumor incidence, exhibit increased sensitivity to 

carcinogens compared to wild-type zebrafish. This makes the zebrafish model 

particularly useful for evaluating how genetic factors influence cancer 

progression. For example, exposing vhl+/− zebrafish to DMBA led to an increase 

in liver, bile duct, and intestinal tumors, demonstrating how specific carcinogens 

can trigger organ-specific tumorigenesis [18]. 
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These studies highlight the versatility of zebrafish as a model for cancer 

research, showing their capacity to develop a wide range of tumors across 

multiple organs when exposed to various carcinogens. This makes zebrafish an 

invaluable tool for understanding cancer mechanisms and testing potential anti-

cancer therapies, as the tumor types induced often mirror those found in human 

cancers. 

Furthermore, several carcinogenic substances have been shown to induce 

human-like tumors in zebrafish, making them even more valuable in cancer 

research. Research into MNNG exposure at various developmental stages of 

zebrafish has revealed that embryos and fry developed hepatic and mesenchymal 

tumors, while fry also developed testicular and blood vessel tumors. Juvenile 

zebrafish, however, demonstrated resistance to neoplastic transformation, 

suggesting stage-dependent sensitivity to carcinogens. Studies with DMBA 

resulted in liver neoplasms in zebrafish, closely resembling human liver cancer, 

further emphasizing zebrafish's potential for modeling human cancers. 

Additionally, treatment with Diethylnitrosamine (DEN) caused liver tumors and 

led to the translocation of the Maid protein, suggesting its role as a tumor 

suppressor. The role of polyploidy in cancer was explored using NDMA. 

Polyploid zebrafish showed delayed development of cholangiolar tumors, 

indicating that polyploidy might help prevent tumor suppressor gene inactivation, 

thus offering protection against certain cancers. Furthermore, the mutagen ENU 

has been used to generate mutant zebrafish lines with a predisposition to 

spontaneous neoplasms or heightened sensitivity to carcinogens. For instance, 

zebrafish with mutations in the Leucine Rich Repeat Containing 2 gene (lrrc50) 

developed seminomas, suggesting lrrc50 as a tumor suppressor gene. Similarly, 

mutant zebrafish lines developed testicular germ cell tumors, with carcinogen 

exposure exacerbating tumor development [19]. 

These findings further emphasize the zebrafish model’s potential in cancer 

research, particularly in understanding the genetic basis of tumor formation and 

identifying new therapeutic targets. Their ability to mimic human-like tumors 

across multiple organs makes zebrafish an ideal candidate for cancer modeling, 

drug testing, and personalized medicine approaches. 

Arsenic-induced oxidative stress has been extensively studied as a key factor 

in arsenic-related carcinogenesis. The genotoxicity of reactive oxygen species 

(ROS) and reactive nitrogen species (RNS) plays a significant role in this process. 

Increasing evidence suggests that inorganic arsenic (iAs) and its methylated 

metabolites contribute to DNA damage, primarily through the generation of free 

radicals that indirectly harm DNA structures [20]. 

Arsenic's harmful effects extend across multiple organs, not only due to its 

direct toxicity but also because it is classified as a Group 1 carcinogen by the 

International Agency for Research on Cancer (IARC). The carcinogenicity of 
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arsenic involves several mechanisms, including disruptions in DNA repair, 

chromosomal abnormalities, uncontrolled cell growth, and immune system 

dysregulation. While the exact pathophysiological processes by which arsenic 

induces cancer are still not fully understood, oxidative stress, chromosomal 

aberrations, and immune dysfunction are considered major contributors to arsenic-

induced carcinogenesis. One of the key impacts of arsenic exposure is on DNA 

repair mechanisms, leading to oxidative DNA damage and mutations. This 

damage occurs due to the impairment of nucleotide excision repair, DNA ligase 

activity, base excision repair, and DNA strand break rejoining. In addition to 

direct DNA damage, arsenic exposure also affects epigenetic regulation. Research 

by Chanda et al. demonstrated that arsenic exposure leads to DNA 

hypermethylation in the promoter regions of critical tumor suppressor genes, such 

as p53 and p16. This epigenetic alteration can contribute to arsenic's carcinogenic 

effects by silencing genes crucial for controlling cell growth and apoptosis [21]. 

In conclusion, the carcinogenic effects of various substances, including 

arsenic, demonstrate the complexity of cancer development and the importance of 

model systems like zebrafish in studying these processes. 

 

4. Conclusions and Future Directions 

 

Zebrafish are becoming an increasingly important tool in cancer research 

because they offer several key benefits. They grow quickly, have clear bodies, 

share a lot of genetic similarities with humans, and can be easily altered 

genetically. These features make it easier to create cancer models and track tumor 

growth in real time, which speeds up research and helps scientists better 

understand cancer and explore possible treatments. 

In conclusion, exposure to certain carcinogenic substances in zebrafish can 

significantly contribute to our understanding of tumor initiation and progression. 

The transparency of zebrafish larvae during early development provides a unique 

advantage, as it allows for real-time, non-invasive observation of tumor formation 

and growth. This characteristic enables researchers to monitor the effects of 

carcinogenic exposure directly, observing cellular and tissue-level changes as 

tumors develop. The zebrafish model, with its ability to visually track neoplastic 

transformation, offers a powerful tool in cancer research, facilitating the 

identification of key mechanisms involved in tumorigenesis and aiding in the 

evaluation of potential therapeutic interventions. 
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