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                                                           د.سرى سلمان عجام             CELLULAR ADAPTATION TO INJURY
     Even under normal conditions, cells must constantly adapt to changes in their environment. These physiologic adaptations usually represent responses of cells to normal stimulation by hormones or endogenous chemical mediators (e.g., the enlargement of the breast and induction of lactation by pregnancy). Pathologic adaptations often share the same underlying mechanisms, but they allow the cells to modulate their environment and ideally escape injury. Thus, cellular adaptation is a state that lies between the normal, unstressed cell and the injured, overstressed cell.

Atrophy

Shrinkage in the site of the cell by the loss of cell sub​stance is known as atrophy. When a sufficient number of cells is involved, the entire tissue or organ diminishes in size, be​coming atrophic. It should be emphasized that al​though atrophic cells may have diminished function, they are not dead.
Causes of atrophy include a decreased workload (for example, immobilization of a limb to permit healing of a fracture), a loss of innervations, a diminished blood supply, inadequate nutrition. a loss of endocrine stimulation, and aging.
Atrophy represents a reduction in the structural compo​nents of the cell: the biochemical mechanisms underlying_ this process are varied but ultimately affect the balance

between synthesis and degradation. Decreased synthesis. in​creased catabolism. or both may cause atrophy. In normal cells. the synthesis and degradation of cellular constituents are influenced by a number of hormones. including insulin. thyroid-stimulating hormone. and glucocorticoids.
The regulation of protein degradation seems to play a key role in atrophy. Mammalian cells contain two prote​olytic systems that serve distinct degradative functions:

· Lysosomes contain proteases and other enzymes that de​grade molecules endocytosed from the extracellular envi​ronment, as well as catabolize subcellular components such as senescent organelles.

· The ubiquitin-proteasome pathway is responsible for the degradation of many cytosolic and nuclear proteins. proteins to be degraded by this process are typically tar​geted by conjugation to ubiquitin, a 76-amino acid cy​tosolic peptide. The protein is then degraded within a large cytoplasmic proteolytic complex, the proteasome. This pathway is responsible for the accelerated proteolysis in hypercatabolic states (including cancer cachexia) .
Hypertrophy

     Hypertrophy is an increase in the size of cells and conse​quently an increase in the size of the organ. In pure hypertrophy there are no new cells, just bigger cell enlarged by an increased synthesis of structural proteins and organelles.
Hypertrophy can be physiologic or pathologic and is caused either by increased functional demand or by specific hormonal stimula​tion. Hypertrophy and hyperplasia can also occur together and obviously both result in an enlarged hypertrophic organ. Thus the massive physiologic hypertrophy of the uterus dur​ing pregnancy occurs as a consequence of estrogen stimula​tion of both smooth muscle hypertrophy and smooth muscle hyperplasia  In comparison, the avid weight lifter can develop his or her rippled physique only by hypertrophy of individual skeletal muscle cells induced by an increased workload. Examples of pathologic cellular hypertrophy in​clude the cardiac enlargement that occurs with hypertension or aortic valve disease and enlargement of residual viable cardiac myocytes after myocardial infarction. In the latter case, hypertrophy, compensates for the death of neighboring cells 
due to ischemia.                                                                                                                                                                                                                     
due to ischemia.The striated muscle cells in both the heart and skeletal muscle can undergo only hypertrophy in response to in​creased demand because in the adult they cannot divide to generate more cells to share the work. Consequently, the synthesis of more proteins and myofilaments per cell putatively achieves a balance between the demand and the cell's functional capacity; it permits an increased workload borne by the normal cell. However. these adaptive changes may not he com​pletely benign: they can also result in a dramatic change in the cellular phenotype. Thus, in chronic cardiac vol​ume overload, a variety of genes-normally expressed only in the neonatal life so contrac​tile proteins switch to fetal isoforms which contract more slowly. Also there is finite limit to of vasculature to provide blood supply to the hypertrophied fibers, of mitochondria to provide ATP & of biosynthetic machinery to synthesize contractile proteins so myocardial fibers will be degenerated and cardiac failure will be developed.  

Hyperplasia

Hyperplasia constitutes an increase in the number of cells in an organ or tissue. Hypertrophy and hyperplasia are closely related and often develop concurrently in tis​sues, so that both may contribute to an overall increase in organ size (e.g.. the gravid uterus). In certain instances. however, even potentially dividing cells. such as renal ep​ithelial cells, undergo hypertrophy but not hyperplasia.

Hyperplasia can be physiologic or pathologic. Physio​logic hyperplasia is divided into (1) hormonal hyperplasia. exemplified by the proliferation of the glandular epithelium of the female breast at puberty and during 

pregnancy and (2) compensatory hyperplasia, that is, hyperplasia tha occurs when a portion of the tissue is removed or diseased​ . For example, when a liver is partially resected. mitotic activity in the remaining cells begins as early as 12 hours later, eventually restoring the liver to 
its normal weight & wound healing.   

Most forms of pathologic hyperplasia are instances of excessive hormonal or growth factor stimulation. For ex​ample, after a normal menstrual period there is a burst of proliferative endometrial activity that is essentially physi​ologic hyperplasia. This proliferation is normally tightly regulated by stimulation through pituitary hormones and ovarian estrogen and by inhibition through progesterone. However, if the balance between estrogen and proges​terone is disturbed, endometrial hyperplasia ensues. a common cause of abnormal menstrual bleeding. Increased sensitivity to normal levels of growth factors may also underlie pathologic hyperplasia.Thus the common skin wart is caused by an increased expression of various tran​scription factors by an infecting papilloma virus; any minor trophic stimulation of the cell by growth factors results in an overexuberant mitotic activity. It is impor​tant to note that in both these situations, the hyperplastic process remains controlled; if hormonal or Growth factor stimulation abates. the Hyperplasia disappears. This dif​ferentiates these processes from cancer in which cells continue to grow despite the absence of hormonal stim​uli. Nevertheless. pathologic hyperplasia constitutes a fer​tile soil in which cancerous proliferation may eventually develop.
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