The Fate of the Cell: Injury, Adaptation, and Death 
[Exploring the Cellular and Molecular Pathology of Human Diseases: A Case-Based Approach]
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	In this module, we will discuss: ‘Cell Adaptation and Injury’, ‘Cell Adaptation Mechanisms’, ‘Reversible Cell Injury’, ‘Irreversible Cell Injury and Cell Death’, ‘Types of Necrosis’, and ‘Programmed Cell Death’. We will then apply these concepts to a case study.
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	Cell adaptation and injury.

The human body must maintain a narrow physiological range, known as homeostasis. Your cells are constantly adapting to extracellular stresses to maintain homeostasis. If environmental changes overwhelm the cell’s capacity to maintain homeostasis, cell injury will result. Disease, which is known as patterns of response to injury, will result when adaptive mechanisms fail or the adaptive mechanisms itself become detrimental.
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	Cells have various adaptation mechanisms. These include atrophy, hyperplasia, hypertrophy, autophagy, and metaplasia
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	Reversible cellular injury results from an acute or mild stressor. These injuries can be reversed if the stressor is eliminated. Some key features of reversible cellular injury are a decrease in oxidative phosphorylation, ATP depletion, and cellular swelling. Cells undergoing hydropic swelling have a larger, paler cytoplasm due to increased fluid intake, and experience blebbing of the plasma membrane due to an increase in fluid pressure.
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	Irreversible cell injury and cell death occur in response to acute severe stress or prolonged unrelieved stress. There are two main features of irreversible cell injury: an inability to reverse mitochondrial dysfunction, and severe disruption to membrane integrity or function. If an overwhelming injury occurs or happens at a rate at which itself cannot adapt, necrosis will result, and an inflammatory response will follow. Notice in the necrotic cell, the membrane integrity is lost, and the cell undergoes lysis. The cell begins to swell and disrupt its organelles. There's also intense eosinophilia of the cytoplasm, meaning it turns pink. The nucleus also undergoes three distinct changes. It undergoes pyknosis, which is shrinkage; karyorrhexis, which is fragmentation; and karyolysis, which is dissolution.


	Slide 7
	Coagulative necrosis is the most common type of necrosis and often results from ischemia, which is injury due to lack of blood flow. The tissue architecture is preserved, but there is a loss of nuclei and darker pink cytoplasm as seen in Figure 1. Coagulative necrosis is commonly seen in solid organs (for example the heart and kidney) because they are especially susceptible to ischemic injury.
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	In liquefactive necrosis, there is a rapid loss of tissue architecture. This is seen in the central nervous system, especially in the brain, or in the lungs. Liquefactive necrosis is typically observed in the presence of bacteria. As seen in Figure 2, necrotic areas are soft and mushy, hence, the name liquefactive.
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	Fat necrosis is specific to adipose tissue, where necrotic cells are releasing enzymes that digest fat. This digested fat combines with calcium to form chalky white deposits as seen in Figure 3. Fat necrosis is associated with acute pancreatitis and breast tissue damage.
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	Caseous necrosis has a cheese-like gross appearance. The tissue is soft and friable, which means it's easily crumbled. Caseous necrosis is most often seen in the lungs, and it is typically observed in patients with tuberculosis as seen in Figure 4.
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	Gangrenous necrosis is a coagulative necrosis caused by a loss of blood supply. This necrosis usually affects the limbs. If there is also a superimposed bacterial infection, necrotic tissue takes on a liquefactive appearance. If the necrotic tissue dries out, it turns black and mummified as seen in Figure 5. This is referred to as dry gangrene.
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	Apoptosis is a controlled, energy-dependent process designed to eliminate unneeded or damaged cells. It can occur under physiological or pathological conditions. But remember, necrosis is always pathological. In apoptosis, membrane integrity is preserved and there's no inflammatory response. During this process, the cell shrinks, the nucleus condenses, and there's blebbing of the membrane which eventually leads to the fragmentation of the cell to form apoptotic bodies.
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	Let's take a look at a case study. Maya Anderson is a 65-year-old female, who is currently retired. She has a medical history of hypertension and type 2 diabetes.
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	Mrs. Anderson visits her primary care physician with complaints of persistent chest pain and shortness of breath upon exertion. She reports a gradual decrease in her physical activity tolerance over the past year. Mrs. Anderson and her husband exercise together twice a week. This is when her symptoms tend to flare up.
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	During the examination, Mrs. Anderson appears fatigued, and her blood pressure is elevated. The physician notes a decreased intensity in heart sounds on auscultation. Auscultation is the process of listening to the heart using a stethoscope. The physician orders a series of diagnostic tests, including an electrocardiogram and an echocardiogram.
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	Mrs. Anderson's myocardium shows evidence of both hypertrophy and atrophy. Hypertrophy is evident in response to chronic hypertension. This is because chronic hypertension increases the workload on the heart. Adjacent areas in the myocardium affected by ischemia exhibit atrophy due to a decreased blood supply.
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