Radiation Induced Apoptosis

Introduction

Apoptosis is the self-destruction process undertaken by cells. Cell death can occur as a result of an injury such as mechanical damage or exposure to toxic chemicals. A cell can also be induced to commit suicide (apoptosis) and one common inducer is radiation [1].
Description of Apoptosis

Cells induced to apoptose follow a structured sequence of events and the process of apoptosis is also referred to as Programmed Cell Death (PCD)[1]. A cell undergoing apoptosis will:

-shrink

-have degradation of its DNA, proteins, & mitochondria

-break apart into small fragments, and lastly 

-be engulfed by phagocytes (cells capable of digesting cell debris)

Cell apoptosis is primarily required for the destruction of cells that pose a danger to the living organism. 

There are several mechanisms that trigger apoptosis.  For example, when a human body is fighting a virus, cytotoxic T lymphocytes (white blood cells) can kill virus cells by inducing apoptosis. A cell can also detect when its DNA has been damaged and increase the production of the p53 protein – an apoptosis inducer. Lastly, radiation has been shown to increase apoptosis levels [1].
Findings on Radiation Induced Apoptosis

Radiation such as UV rays or X-rays can induce apoptosis because of the damage inflicted to a cell’s DNA. There are three outcomes that can occur when DNA is damaged. First, the cell can successfully repair itself and return to normal. Second, a cell can incorrectly repair itself, which could result in a cancerous cell. Lastly, a cell whose DNA damage is severe may undergo apoptosis.

Research has found a relationship between levels of apoptotic cells and radiation dose. In experiments performed on human lymphocytes, it was found that if cells were irradiated with X-rays or with Carbon ions that there was an increase in apoptotic cells. For varying levels of radiation (1 to 4 Gy), researchers found a dose-dependent increase in the percentage of apoptotic cells [2].  Radiation induced apoptosis has also been analyzed on the Central Nervous System (CNS) of fetal mice. Experiments found more pronounced DNA deconstruction associated with higher doses and a resulting increase in apoptosis. It has also been observed that older mice embryos are less radiation sensitive and thus lower apoptosis levels were detected [3]. 
Apoptosis and Cancer

The two major effects of radiation therapy on cancerous growths are the concentration of large amounts of free radicals to damage cancer cells and the induction of apoptosis. The goal of radiation therapy is to maintain a relationship where cancer cell death exceeds cancer cell proliferation [4]. If this relationship can be sustained then the radiation therapy will be successful in eliminating the cancer.

However, some cancer cells have found ways to resist apoptosis thereby increasing the cancer cell proliferation. For example, some leukemia cells can express high levels of Bcl-2, a protein known to suppress the apoptosis process.

Apoptosis inhibition also occurs with melanoma cells (skin cancer) by inhibiting the expression of the gene encoding Apaf-1. Apaf-1 (Apoptotic Protease Activating Factor-1) is a protein that is released by Bcl-2 when internal damage to the cell has been detected [1].
Looking forward at Radiation Induced Apoptosis

The future of research in the field of radiation therapy will continue to examine cell apoptosis. One of the major benefits of research in this field will be for the treatment of cancer. Cancer treatment can be improved by determining the optimal dose sources, levels and rates of radiation. Improved pharmacological agents could also play a role in counteracting the apoptosis inhibitors released by some cancer cells. This may result in shorter treatment periods and lower doses to healthy tissues.
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