
Mechanisms of Chemical Carcinogenesis: DNA Damage and Signaling Pathways 
in Preneoplastic Liver Lesions

Stepan Melnyk*

Division of Toxicology, Indiana University, Indiana, USA

DESCRIPTION
Preneoplastic lesions refer to the abnormal tissue changes that 
occur before the development of cancer. Chemical 
carcinogenesis is a process that induces preneoplastic lesions in 
rats' liver, which is extensively used to study liver cancer. In this 
article, they will discuss the chemical carcinogenesis-induced 
preneoplastic lesions in rat liver, including the mechanisms 
involved and their significance in liver cancer research.

Chemical carcinogenesis

Chemical carcinogenesis is the process by which chemicals cause 
genetic mutations in normal cells, leading to the development of 
cancer. This process can be initiated by exposure to carcinogens, 
which are agents that increase the likelihood of developing 
cancer. Carcinogens can be classified as genotoxic and non-
genotoxic based on their mechanism of action.

Genotoxic carcinogens directly damage DNA, leading to 
mutations that can result in cancer. Non-genotoxic carcinogens, 
on the other hand, do not directly damage DNA but instead act 
through other mechanisms, such as promoting cell proliferation 
or inhibiting apoptosis.

Rat liver preneoplastic lesions

Rats are widely used in liver cancer research because their liver 
has a similar structure and function to that of humans. In rats, 
chemical carcinogenesis induces preneoplastic lesions in the 
liver, which are histological changes that occur before the 
development of cancer.

The most commonly used chemical carcinogens in rat liver 
cancer research are Diethylnitrosamine (DEN) and N-
Nitrosomorpholine (NNM). These carcinogens are metabolized 
in the liver to form reactive intermediates that can cause DNA 
damage and induce mutations.

The preneoplastic lesions induced by chemical carcinogenesis in 

rat liver include Foci of Altered Hepatocytes (FAH), Nodules of 
Altered Hepatocytes (NAH), and Hepatocellular Adenomas 
(HCA). These lesions are characterized by abnormal hepatocyte 
proliferation, alterations in cellular morphology, and changes in 
gene expression.

Foci of altered hepatocytes

FAHs are the earliest preneoplastic lesions induced by chemical 
carcinogenesis in rat liver. They are clusters of hepatocytes that 
differ from surrounding normal hepatocytes in terms of size, 
shape, and cellular organization. FAHs are not visible to the 
naked eye and are detected using histological staining 
techniques.

FAHs are thought to arise from hepatocytes that have sustained 
genetic damage but have not yet undergone malignant 
transformation. They are considered to be a critical intermediate 
stage in the development of liver cancer and are used as a 
biomarker for liver cancer risk assessment.

Nodules of altered hepatocytes

NAHs are the next stage of preneoplastic lesions induced by 
chemical carcinogenesis in rat liver. They are clusters of 
hepatocytes that are visible to the naked eye and can be detected 
through macroscopic examination of liver tissue.

NAHs are characterized by increased hepatocyte proliferation 
and alterations in cellular morphology. They are thought to 
represent a more advanced stage of liver cancer development and 
are used as a biomarker for liver cancer progression.

Hepatocellular adenomas

HCAs are the final stage of preneoplastic lesions induced by 
chemical carcinogenesis in rat liver. They are benign tumors that 
arise from hepatocytes and can grow to several millimeters in 
size. HCAs are visible to the naked eye and can be detected 
through macroscopic examination of liver tissue.
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HCAs are characterized by alterations in gene expression and
cellular morphology. They are thought to represent a significant
step towards the development of liver cancer, although they are
benign and do not invade surrounding tissues.

Mechanisms of chemical carcinogenesis

Chemical carcinogenesis is a complex process that involves
multiple mechanisms. The primary mechanism of chemical
carcinogenesis is the induction of DNA damage, which can lead
to mutations that promote the development of cancer.

Chemicals that cause DNA damage can act by directly binding
to DNA, generating free radicals that damage DNA, or by
modifying the metabolism of the cell to generate reactive
intermediates that damage DNA.

Genotoxic carcinogens, such as DEN and NNM, are
metabolized by cytochrome P450 enzymes in the liver, which
generate reactive intermediates that bind to DNA and cause

damage. These DNA adducts can lead to mutations that alter
the expression of oncogenes or tumor suppressor genes, leading
to the development of preneoplastic lesions and eventually liver
cancer.

Non-genotoxic carcinogens can also induce preneoplastic lesions
by altering cellular signaling pathways that control cell
proliferation and apoptosis. For example, the Mitogen-Activated
Protein Kinase (MAPK) pathway is commonly activated in
preneoplastic liver lesions, leading to increased cell proliferation
and reduced apoptosis.

Other signaling pathways, such as the Wnt/β-catenin pathway,
are also frequently altered in preneoplastic liver lesions.
Aberrant activation of this pathway can lead to the
accumulation of β-catenin, a transcription factor that regulates
the expression of genes involved in cell proliferation and
survival.
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