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Irreversible tissue / cellular lesions: necrosis, apoptosis.
Adaptation and compensation. Regeneration.
I. Microspecimens:
Ne 6. Ischemic infarction of the spleen. (H-E stain).
Indications:
1. Necrosis area without nuclei (karyolysis).
2. Demarcation zone:
a. hyperemic vessels;
b. leukocyte infiltration.
3. Adjacent spleen tissue.

In the microspecimen a homogeneous, structureless area, with eosinophil stain - pink colour
(detritus), the cells are fragmented or disintegrated (cytorexis and cytolysis), the nuclei are absent
(caryolysis); at the periphery of this area fragments of disintegrated nuclei can be noted (cariorexis);
from the initial structures in the area of infarction only slightly colored connective tissue tracts are
preserved; at the periphery of the infarction there is an area of edema, hyperemia and infiltration with
neutrophil leukocytes - demarcation inflammation, which delimits the area of necrosis; the adjacent
spleen tissue is hyperemic.

Spleen infarction is a white infarct, ischemic infarction due to insufficient collateral circulation; the
main causes are thrombosis or embolism of a branch of the slepnic artery. It can happen in
atherosclerosis of the splenic artery complicated by thrombosis, in aortic atherosclerosis - embolism
with thrombi or atheromatous masses, in cases of thrombosis of the left ventricle, which can lead to
thromboembolism, for example in rheumatic or infectious endocarditis, cardiac infection,
cardiomyopathies. The most common consequence of a splenic infarction is organization (scarring),
the capsule in the infarcted region becomes thickened, sclerosed.






Ne 2. Acute tubular necrosis. (H-E stain).
Indications:
1. Necrosed tube :
a. epithelial cells without nuclei (karyolysis);
b. narrowed lumen.
2. Unchanged tube.
3. Unchanged glomerulus.

The epithelial cells of the proximal and distal convoluted tubules are swollen, lack nuclei
(caryolysis), the cytoplasm is homogenized, pink (eosinophilic); the lumen of the tubes is
narrowed, and in some cases are missing completely due to the blockage with masses of cellular
detritus (plasmorexis and plasmolysis); the blood vessels are dilated and hyperemic, the cellular
structure of the glomeruli, Henle loops and straight tubes and collectors is preserved.

Necrosis of the epithelium of the convoluted renal tubules (necrotic nephrosis) occurs as a
result of hemodynamic disorders (cortical ischemia of the kidneys) or direct toxic action on
nephrocytes of various chemicals (mercury dichloride, ethylene glycol, etc.). Clinically it is
manifested by acute renal failure (oliguria or anuria). It is found in states of shock (traumatic,
cardiogenic, toxic, bacterial, hemorrhagic, posttransfusional, etc.). Possible consequences of
necrotic nephrosis: healing (regeneration of the renal tubules) and restoration of diuresis or
lethal due to uremia.
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Ne 38. Simple hyperplasia of the endometrium. (H-E. stain).
Indications:

1. Elongated endometrial glands with meandering appearance.
2. Cystically dilated glands.

3. Endometrial stroma.

The endometrium is thickened, contains numerous glands which differ in size and have irregular
shape, some are small, others elongated, having a serpentine appearance or are cystically dilated,;
glandular epithelial cells are columnar, with elongated nuclei, hyperchromatic, the stroma is rich
in fibroblasts, the glandular component predominates over the stroma.

Glandular hyperplasia of the endometrium is a manifestation of hormonal disorders and occurs
in the case of hypersecretion of estrogen. There is an imbalance between estrogen and
progesterone, which stimulates proliferative processes in the endometrium. The severity of the
hyperplasia depends on the duration of the excess estrogen. It is found in some ovarian tumors, in
the long administration of estrogen, in obesity. Clinically it is manifested by irregular and
persistent uterine bleeding, posthemorrhagic anemia can develop. It is considered a precursor of
the uterine cancer.






Ne 35. Granulation tissue. (H-E. stain).

Indications:

1. Thin-walled vessels.

2. Granulation tissue cells (macrophages, leukocytes, lymphocytes, plasma cells, fibroblasts).

In microspecimen is a section of granular tissue, rich in small blood vessels, with thin walls,
including capillaries, among which are multiple cellular elements: macrophages, polymorphonuclear
leukocytes, lymphocytes, plasma cells, fibroblasts. Blood vessels are dilated, hyperemic.

Granulation tissue is the initial phase of connective tissue regeneration, being, in fact, a young
connective tissue, rich in blood cells and vessels and poor in collagen fibers. It is a typical example of
complete, cellular regeneration. The formation of granulation tissue begins with the proliferation
(division) of young mesenchymal cells and the neoformation of blood microvessels. Macroscopically it
Is a fine, juicy, reddish tissue, with a granular surface (hence the name), the granules being made up of
unformed vessels. It bleeds slightly due to the large number of capillaries. In dynamics, the number of
cells and blood vessels gradually decreases, mesenchymal cells turn into epithelioid cells, and the last -
into fibroblasts. Fibroblasts predominate in the maturing granulation tissue, and the number of vessels
Is progressively reduced. At the same time, there is an increase in the activity of fibroblasts and the
intense production of collagen fibers, the vessels turn into arteries and veins. The maturation process
of the granulation tissue ends with the formation of a fibrous (scar) connective tissue, in which an
insignificant number of fibrocytes and vessels are encountered. Neoformation of granulation tissue
occurs not only in the regeneration of connective tissue itself, but also in cases of incomplete
regeneration of other organs (when the defect is replaced with connective tissue), as well as in the
processes of organization, encapsulation, wound healing and in productive inflammation.
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Ne 36. Compensatory myocardial hypertrophy. (H-E. stain).
Indications:

1. Hypertrophied cardiomyocytes.

2. Increased in size and intense stained nuclei.

3. Unchanged cardiomyocytes.

4. Myocardial stroma.

Most cardiomyocytes are enlarged in volume, the nuclei are also enlarged, intensely basophilic
(hyperchromatosia), have an irregular shape, thin bundles of fibrillar connective tissue are seen
among the cardiomyocytes.

Myocardial hypertrophy occurs not by means of cellular hyperplasia, but by hyperplasia and
hypertrophy of intracellular organelles, which leads to an increase in the volume of pre-existing
cardiomyocytes. At the same time, proliferation of the fibrillar structures of the stroma, of the
intramiocardial branches of the coronary arteries and the elements of intramural nervous system
of the heart takes place.
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No 36 Compensatory myocardial hypertrophy. (H-E. stam)



I1. Macrospecimens:

Ne 141. Ischemic infarction of the spleen.

On the cut surface of the spleen areas of triangular (conical) necrosis, whitish-yellow in color
and dense in consistency, clearly delimited by the adjacent tissue, with the base oriented towards
the organ capsule and the tip towards the hilum due to the "fan" branching of the splenic artery.
the spinal artery); the capsule is covered with deposits of fibrin (fibrinous inflammation), which
clinically causes pain in the left hypochondrium [microscopic appearance - micropreparation Ne
6].

Ne 151. Low (upper) extremities gangrene.

The soft tissues of the foot (or hand) are dry, wrinkled, mummified, black, with dense
consistency; between the viable tissue and the gangrene area, the demarcation line (demarcation
inflammation) is highlighted.

Gangrene develops in the tissues (organs) that have contact with the external environment. The
black color is due to iron sulfite, which is formed by the contact of hemoglobinogenic pigments
with atmospheric air and hydrogen sulfide produced by bacteria in mortified tissues. During the
demarcation inflammation progressive erosion of the necrotic tissue with its complete detachment
- self-amputation can happen. The most common causes of limb gangrene, primarily of the lower
ones, are thrombosis or thromboembolism of the arteries in atherosclerosis, diabetes, endarteritis
obliterans, as well as trauma, burns, frostbite. When associated with a bacterial infection, dry
gangrene can turn into wet gangrene due to tissue liquefaction under the action of proteolytic
enzymes of bacteria and leukocytes.
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Ne 151. Low extremities gangrene.




Ne 43. Caseous necrosis in tuberculosis (caseous pneumonia).

In the lung there is an extensive, non-aerated, whitish-yellow area, with a friable, that can easily
be fragmented, similar to dry cheese, hence the name of caseous pneumonia (lat. Caseum -
cheese).

Caseous necrosis is characteristic of tuberculosis. Caseous pneumonia IS more common in
secondary tuberculosis, but can also be in primary tuberculosis. There are deposits of fibrin in
the pleura. The caseous masses can be subjected to purulent lysis and liguefaction with the
appearance of decomposition cavities - caverns (cavernous tuberculosis).

Ne 13. Macrofocal postinfarction cardiosclerosis.

On the cut section of the left ventricular wall there is an area of scar-fibrous connective tissue,
white-gray, with cartilaginous appearance, hard consistency, the ventricular wall is thickened,
hypertrophied.

Macrofocal cardiosclerosis is a consequence of myocardial infarction, occurs after the
organization of the infarct area, which occurs within 6-7 weeks from the onset of the disease.
Calcium salts can be stored in the area of the post-infarct scar, compensatory hypertrophy is
observed in the adjacent heart muscle. Possible complications: congestive heart failure, rhythm
and conduction disorders, chronic heart aneurysm.



Ne 43. Caseous necrosis in
tuberculosis (caseous pneumonia).




Ne 13. Macrofocal postinfarction cardiosclerosis.



Ne 4. Left ventricular hypertrophy.

The size and mass of the heart are increased, the wall of the left ventricle considerably thickened, the
thickness up to 2.0- 2.5 cm (normal thickness 1.0-1.2 cm); papillary and trabecular muscles are enlarged
(hypertrophied), the heart mass can reach 600-1000 g (normal mass 260-280 g).

Left ventricular hypertrophy is associated with high blood pressure, aortic stenosis and other heart
valvulopathies. Hypertrophy occurs due to functional overload of the left ventricular myocardium under
conditions of aortic stenosis or hypertension (due to resistance). During the compensation period, the
concentric hypertrophy of the heart is observed, when its cavities are narrowed and the tone of the heart
muscle is increased. Excentric hypertrophy occurs during the decompensation period, when the heart cavities
are dilated, the consistency of the myocardium is flaccid, on the cut section it is opaque due to dystrophic
lesions, myocardial steatosis (" tiger heart™) is observed. Hypertrophy can reach an extent until it can't
compensate the increased functional overload and heart failure develops. Dilation of the heart in the
compensating stage is called active or tonogenic, and in decompensation - passive or myogenic.
Decompensation of the left heart is manifested by pulmonary congestion.



Ne 4, Left ventricular hypertrophy.



Ne 90. Urinary bladder wall hypertrophy in benign prostatic hyperplasia.
The wall of the bladder is thickened, hypertrophied, the mucosa has a trabecular appearance; the

prostate is enlarged in size, has nodular surface, dense consistency, protrudes into the bladder
cavity.

Bladder wall hypertrophy is compensatory due to compression of the prostatic portion of the
urethra and urinary retention. It is observed in benign prostatic hyperplasia (dishormonal
process). Urinary tract infections may be associated with the development of cystitis, ureteritis
and ascending pyelonephritis, hydroureter. In cases of prolonged urinary stasis, stones may
appear in the bladder.

Ne 20. Brown atrophy of the heart.

The heart is reduced in size and mass, has a brown color, the epicardium does not contain
adipose tissue, the coronary arteries protrude under the epicardium, having a serpentine
appearance; there is a discrepancy between the small dimensions of the heart compared to the
main vessels (aorta and pulmonary artery).

Brown atrophy of the heart can be observed in some diseases that lead to cachexia / wasting
syndrome and in the aging process as an expression of general atrophy. The brown color is due to
the accumulation of the lipofuscin pigment, which is called "wear and tear pigment or senility
pigment" and accumulates predominantly in the heart, liver and brain.



Ne 90. Urinary bladder wall
hypertrophy in benign prostatic
hyperplasia.




Ne 20. Brown atrophy of the heart.



Ne 88. Hydronephrosis.
The renal pelvis and calyxes are dilated, the mucosa thickened, sclerosed, the renal parenchyma
tapered, atrophied.

Hydronephrosis (uronephrosis) - excessive accumulation of urine in the renal pelvis, which leads to
compression atrophy of the renal tissue. If the process is unilateral, the atrophy can advance to the total
disappearance of the renal parenchyma, the kidney turning into a bag with thin walls, only on
microscopic examination in the walls can be found some remnants of atrophied and slerosed kidney
tissue. The main cause of hydronephrosis are kidney stones (urolithiasis / nephrolithiasis), which cause
obstruction of the ureter, retention of urine and dilation of the pelvis and calyces. It can be observed in
the case of compression of the ureter by tumors, adhesions.



Ne 88. Hydronephrosis.
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Karyopyknosis and karyorrhexis of lymphoid tissue.
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Coagulative necrosis of the myocardium.




Cerebral ischemic softening.
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Sequelae of cerebral infarction.



| e Caseous necrosis of the
Sk lymph node in tuberculosis.
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Caseous necrosis of the lymph
node in tuberculosis.
(H-E stain).

LYMPH NODE




Wet gangrene of the foot.



Decubitus ulcers.




Gangrene of the small intestine.






Atrophied

Normal

Bilateral ischemic atrophy of the brain.
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Physiological hypertrophy of the uterus.
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Endometrial hyperplasia
(H-E stain).



Benign Prostatic Hyperplasia
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Encapsulation of the focus of caseous
necrosis in tuberculosis.
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Organization of exudate in lungs
alveoli.



Basement Normal  Reserve Squamous
membrane columnar  cells metaplasia
epithelium




Dysplasia of the

ectocervical

epithelium.
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Keloid scars.
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Left ventricular
hypertrophy
of the heart.
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IRREVERSIBLE CELL INJURY




IRREVERSIBLE CELL INJURY

Definition:

is local death of cells while the individual is a life followed by
morphological changes in the surrounding living tissue, (cell placed immediately in
fixative are dead but not necrotic).

Causes of cell necrosis: See before, but the most common causes of cell death are
viruses, ischemia, bacterial toxins, hypersensitivity, and ionizing radiation.

Morphologic change in necrosis:

The changes don’t appear in the affected cells by light microscopy before 2-6 hours
according to the type of the affected tissue.



AUTOLYSIS

cEnzymatic digestion by
lysosomal enzymes of the dead
cells themselves.

HETEROLYSIS

¢ Digestion by lysosomal enzymes
of immigrant leukocytes.



DEAD CELL MORPHOLOGY:

 cytoplasm- increased eosinophilia-attributable in part to the loss of
normal cytoplasmic basophilia caused by the RNA and in part by
increased binding of eosin to denatured intracytoplasmic proteins

* more glassy appearance of the cell cytoplasm-due mainly to the loss of
glycogen particles

* nucleus- nuclear changes can be reversible -clumping of the
chromatin with large aggregates attached to the nuclear membrane or
irreversible-

1.- pyknosis = nucleus progressively shrinks and becomes dense

mass of tightly packed chromatin

2.- karyorrhexis = nucleus may break up to many clump

3.- karyolysis = progressive dissolution of nuclear chromatin due
to action of DNAases of lysosomal origin



Basic Pathologic Change of Necrosis

1) Nucleus changes:

0

Normal cell

Chromatin
margination

Pyknoss

karyorrhexis

\ St

karyolysis
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Necrosis morphological
classification

* Coagulation Necrosis
* Liquefactive Necrosis
» Caseous Necrosis

* Fibrinoid necrosis

* Fat Necrosis

* Gangrenous Necrosis



Types of necrosis

The variable types of necrosis differ as regards causes, gross
and microscopic pictures.

(1) Coagulative necrosis:

It is mainly caused by sudden ischemia e.g. infarction of heart, kidney
and spleen. The protein of the affected tissue becomes denaturated.

Grossly, it appears dry pale opaque. It is triangular ? subcapsular with the
base towards the capsule of the affected organ. This is due to the fan like
distribution of the supplying blood vessels. The infarct area is surrounded
by narrow zone of inflammation and congestion.

Microscopically, the structural outline of the affected tissue is preserved
but the cellular details are lost.



Large pale area of coagulation necrosis in the
interventricular septum

ACUTE INFARCT




Acute coagulation necrosis of myocardium. Cell outlines are mostly
visible but there is loss of most striations. Fading or absent
cardiomyocyte nuclei. A few infiltrating neutrophils (arrow).




The features of coagulative necrosis

becomes complete

Loss of nucleic acids:

(at least for a

few days)
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When there is marked cellular injury, there is cell death. This microscopic appearance
of myocardium is a mess because so many cells have died that the tissue is not
recognizable. Many nuclei have become pyknotic (shrunken and dark) and have then

undergone karorrhexis (fragmentation) and karyolysis (dissolution). The cytoplasm
and cell borders are not recognizable.
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Coagulation Necrosis
Gross Appearance

earchitecture resembles normal
tissue, but colorant texture are
different.

elighter in color (pale) -due to
coagulation of cytoplasmic
proteins and decreased blood
flow (eg infarcts).

eusually firm.

etissue may be swollen or
shrunken.

emay see a local vascular /
inflammatory reaction to
necrotic tissue.




Coagulation Necrosis
Microscopic Appearance

eoriginal cell shape &
tissue architecture is
preserve die. Dead cells
resemble an eosinophilic
"shadow" of the original
cells.

ecytoplasm: increased
eosinophilia (H&E
stain)usually hyalinized
(homogeneous glassy
appearance) may be
mineralized.




Of the rectus abdominus muscle and
diaphragm as a complication of :

“*bacterial infection particularly
fever. The striated muscles lose its
striation, swell and fuse together in
homogeneous structureless mass.




(2) Liquifactive necrosis

The necrosed tissue undergoes rapid softening e.g. infarction

tissue which has abundant lysosomal enzymes.
Also, this type of necrosis occurs in case of

(Abscess) where liquefaction occurs under the
effect of proteolytic enzymes of PNLs liquefaction of the
amoebic abscess occurs due to the effect of strong proteolytic
enzymes and hyaluronidase secreted by E. Histolytica.

Grossly: the affected tissue appears as homogenous
amorphous substance. it appears as
homogenous eosinophilic structure.



Liguefactive Necrosis

FIGURE 1-12 Liquefactive necrosis. An infarct in the brain,
showing dissolution of the tissue.

Copyright © 2010 by Saunders, an imprint of Elsevier Inc.

Digestion of the dead
Transformation of the tissue into a
liquid viscous mass.

The necrotic material is frequently
creamy yellow because of the
presence of dead leukocytes and is
called pus.
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Localized collection of pus;
no fibroblastic rim
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The two lung abscesses seen here
are examples of liquefactive
necrosis in which there is a liquid
center in an area of tissue injury.




(3) Caseous necrosis:

* It is characteristic of tuberculosis. The necrotic tissue undergoes slow
partial liquefaction forming yellow cheesy material.

* Microscopically, it shows amorphous granular eosinophilic material
lacking the cell outlines.

* Unlike coagulative necrosis, the necrotic cells do not retain their

cellular outlines, and do not disappear by lysis, as in liquifactive
necrosis

* Grossly, the caseous material resembles clumpy cheese, hence the
name caseous necrosis.

* The cause of necrosis in TB is hypersensitivity reaction caused by the
tuberculoprotein content of the cell wall of Mycobacterium..



The features ofcaseous necrosis

Cell outlines: lost

Liqguefaction: does not occur (caseous necrosis — solid)

Used clinically when describing granulomas

- caseating versus noncaseating granulomas
- granuloma: a type of chronic inflammatory reaction
- spherical: +/- central necrosis
macrophage layer (epithelioid cells)
lymphocyte, plasma cell layer
Example:
Caseous necrosis occurs in tuberculous granulomas
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Caseous Necrosis

“Cascous” (cheeselike) is derived from the friable white
appearance of the area of necrosis. Necrotic area appears
as a collection of fragmented or lysed cells and amorphous
granular debris enclosed within a distinctive inflammatory
border; this appearance is characteristic of a focus of
inflammation known as a granuloma.




Caseous necrosis in lymph node

Amorphous ,granular
,eosinophilic ,necrotic center
IS surrounded by
granulomatous
inflammation.

ooo’..

LYMPH NODE




Living cells

Caseous
necrosis (solid)
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Left: coagulation necrosis of renal cortex. Right:
liquifactive necrosis in renal cortex.

Coagulation necrosis Liquifactive necrosis
(abcess) 56



(4) Fat necrosis

it is necrosis of adipose tissue including two types:

a) Traumatic: caused by trauma to adipose
tissue e.g. breast and subcutaneous
tissue.

b) Enzymatic: which occurs in case of acute
haemorrhagic pancreatitis.

@® Obstruction of the pancreatic duct
leads to release of lipase which splits
the fat cells of the omentum into fatty
acid (combine with Ca giving chalky
white calcification) and to glycerol
which is absorbed in the circulation.
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Enzymatic fatnecrosis

This is fat necrosis of t eaga(r:]grugs.

Cellular injury to the pancreatic acini
leads to release of powerful enzymes
which damage fat by the production
of soaps, and these appear grossly as
the soft, chalky white areas (Arrow)
seen here on the cut surfaces.

Microscopically, fat necrosis adjacent to
pancreas is seen here. There are some
remaining steatocytes at the left (S) which
are not necrotic. The necrotic fat cells at the
right (Arrow) have vague cellular outlines,
have lost their peripheral nuclei, and their
cytoplasm has become a pink amorphous

mass of necrotic material.
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(5) Fibrinoid necrosis

This is characterized by swelling, fragmentation,
increased eosinophilia of collagen fibers and
accumulation of mucopolysaccharides and fibrin due

to vascular exudation of fibrinogen at the site of
lesion, e.g.:

a)Collagen diseases (Rheumatic fever, Rheumatoid,

Sclerodermia, Lupus erythematosus and Polyarteritis
nodosa).

b)In the wall of blood vessels in malignant
hypertension



Fibrinoid Necrosis

* Glassy, eosinophilic
. . . . . ' . '.", w’,- 4 -)‘!:’ " ,f " 4 .m;',"'
fibrin-like material is p Ll WA e WSy

o

\".{f,
o |

deposited within the
vascular walls

FIGURE 1-21

Fibrinoid necrosis in a medi
media contain sharply dema
eosinophilic areas of necrosis

um-sized artery. The muscular
rcated, homogeneous, deeply

. N ST 5 o ){ 4
Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.




(6) Gangrenous necrosis:

The tissue in this case have undergone ischemic cell death and coagulative
necrosis followed by liquifactive action of putrefactive organisms.

When coagulative pattern is dominant the process is termed dry gangrene.

When the liquifactive action of the bacteria is more pronounced it is called wet
gangrene.
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Gangrenous Necrosis

* edefinition= necrosis (usually
ischemic) of extremities, eg
digits, ear tips.

* Not a specific pattern.

e Term is commonly used in clinical
practice. U

* Upper extremitiy, that has lost its
blood supply

* and has undergone, typically,

e coagulative necrosis

edry gangrene= coagulation
necrosis of an extremity.

ewet gangrene= when the
coagulative necrosis of dry
gangrene is modified by
liquefactive action of
saprophytic/putrefactive bacteria.




Fateand local effects of
NECROSIS :

A)The products of the necrotic cells irritate the
surrounding tissue forming a zone of inflammation.

B)The accumulated neutrophils in the zone of
inflammation soften the necrotic tissue and make its
removal by macrophages and blood stream easy and
help the process of healing.

C)Repair by regeneration or fibrosis depends upon the
type of cells affected (labile-stable-permanent).



its
products can’t be removed and a fibrous
capsule form around it in order to
separate it from the living tissue. Areas
of necrotic softening in the brain

become surrounded by proliferated
neuroglia (gliosis).
caseous lesions and

fat necrosis usually becomes heavily
calcified (dystrophic calcification).

when the necrotic tissue is infected
with putrefactive Organism------



General effects of
necrosis

1.Release of enzymes from the breakdown tissue into the blood forms the
basis of clinical tests for diagnosis e.g. detection of transamenase in
myocardial infarction and liver necrosis in hepatitis.

2. Absorption of dead products into the circulation leads to leukocytosis and
fever (Not diagnostic).



Exercises

. Mention some of the causes of each of the
various types of necrosis.

. Know the differences between reversible &
irreversible forms of cell injury.

. Describe the mechanisms of necrosis.

. Describe the various types of necrosis & know
some of their causes.

. Compare & contrast necrosis & apoptosis.
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Cellular adaptations

Result from stress or pathologic stimuli
Give the cell better chance to survive
Change in number, size and differentiation

s related w/cell growth or protein synth.



Cells must constantly adapt, even under normal
conditions, to changes in their environment

These physiological adaptations usually represent
responses of cells to normal stimulation by hormones
or endogenous chemical substances



Pathologic adaptations may share the same
underlying mechanisms, but they provide the cells
with the ability to survive in their environment and
perhaps escape injury.

Then cellular adaptation is a state that lies
intermediate between the normal, unstressed cell
and the injured, overstressed cell.



There are numerous types of cellular adaptations:
some involve up or down regulation of specific
cellular receptors involved in metabolism of certain
components.

Others are associated with the induction of new
protein synthesis by the target cell.

Other adaptations involve a switch by cells from
producing one type of a family of proteins to another
or markedly overproducing one protein.



These adaptations then involve all steps of cellular
metabolism of proteins receptor binding, signal
transduction, transcription, translation, or regulation
of protein packaging and release.

In this section we consider some common adaptive
changes in cell growth, size, and differentiation that
underlie many pathologic processes.




n Cellular
Adaptations

Size Nungber Type
|
Atrophy Hypertrophy Hyperplasia Metaplasia Dysplasia
1. Disuse
2. Loss of

endocrine -
stimulation Intracellular Calcifications
3. Denervation Accumulations

4. Inadequate
nutrition Dystrophic Metastatic

5. Ischemia




Change in cell Change in
size or number Normal cell type

Metaplasia

Hypertrophy

Atrophy

Figure 5-1 Adaptive tissue (large circles) and cell responses involving a change in number (hyperplasia), cell size
(hypertrophy and atrophy). cell type (metaplasia), or size, shape, and organization (dysplasia).

Copyright © 2005 Lippincott Williams & Wilkins. Instructor's Resource CT-ROM 1o Accompany Porth's Pathophvsiology: Concepts of Altered Health States, Seventh Edition.



INCREASED DEMAND OR INCREASED
TROPHIC STIMULATION.

HYPERPLASIA — PHYSIOLOGIC
- PATHOLOGIC

HYPERTROPHY.



1. Hyperplasia

(1) Definition: An increase in the number of cells in
an organ or tissue, which may then have increased
volume.

(2) Types:

Physiologic: Response to need, e. g. hyperplasia of
the female breast epithelium at puberty or in
pregnancy.




Left Normal breast Right Hyperplasia

(From ROBBINS BASIC PATHOLOGY, 2003)






Compensatory: Response to deficiency, e. g.
Hyperplasia following surgical removal of part of liver
or of one kidney; hyperplasia of the bone marrow in
anemia.

Excessive stimulation: Pathologic: as in ovarian tumor
producing estrogen and stimulating endometrial
hyperplasia; pancreatic islet hyperplasia in infants of
a diabetic mother (stimulated by high glucose level).




Failure _ of  requlation:  Pathologic, as in
hyperthyroidism or as in hyperparathyroidism
resulting from renal failure or vitamin D deficiency.

Neoplastic: Total loss of normal control mechanism.
Should not be termed hyperplasia.

Hyperplasia is also an important response of
connective tissue cells in wound healing, in which
proliferating fibroblasts and blood vessels aid in
repair.



Pathologic hyperplasia

Increased G. F. stimuli & particularly....
HORMONES.
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(3)

Most forms of pathologic hyperplasia are instances
of excessive hormonal stimulation or are the effects
of growth factors on target cells.



2. rlyoeriroony:

(1) Definition: An increase in
the size of cells, and with such
change, an increase in the size
of the organ.




Hypertrophy

*Non-dividing cells
*Synthesis of structural components
*Mechanisms:

- TGF-b, IGF-1, FGF.

- Epinephrin, angiotensin Il,
endothelin-1.

- Other.



(2) Types:

Physiologic: i. e. the physiologic growth of the uterus
during pregnancy involves both hypertrophy and
hyperplasia. The cellular hypertrophy is stimulated by
estrogenic hormones through smooth muscle
estrogen receptors.



Pathologic: causes:

increased workload, hormonal stimulation and
growth factors stimulation.

i.e. hypertrophy of heart the most common stimulus
is chronic hemodynamic overload, due either to
hypertension or to faulty valves. It eventually reaches
a limit beyond which enlargement of muscle mass is
no longer able to compensate for the increased
burden, and cardiac failure ensues.



Hypertrophy

Physiologic

Exercise

Pathologic

Adaptive

Compensatory




Left Normal heart

center Hypertrophied heart

Right Hypertrophied and dilated heart



Physiologic hypertrophy of the uterus during pregnancy.A, gross appearance of a
normal uterus (right) and a gravid uterus (left) that was removed for postpartum
bleeding,

(From ROBBINS BASIC PATHOLOGY, 2003)



The relationship between
hyperplasia and hypertrophy:

Although hypertrophy and hyperplasia are two
distinct processes, frequently both occur together,
and they well be triggered by the same mechanism.



Atrophy

Physiologic

Disuse

Loss of

endocrine
stimulation

Pathologic

Denervation

Inadequate
nutrition

Ischemia




Diminished blood supply:
Loss of nerve stimulus:

Loss of endocrine stimulation:

Inadequate nutrition:

pressure:
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3. Atrophy

(1) Definition: Acquired loss of size due to reduction
of cell size or number of parenchyma cells in an organ.

(2) Types:

Physiologic: i. e. Aging; shrinking mammary gland
after lactation; the uterus after delivery or in old age.



The fundamental cellular change is
identical in all, representing a retreat by
the cell to a smaller size at which survival
is still possible.

Although atrophic cells may have
diminished function, they are not dead.



Atrophy represents a reduction in the
structural components of the cell. The
cell contains fewer mitochondria,
myofilaments, a lesser amount of
endoplasmic reticulum, and increasing in
the number of autophagy vacuoles.



Atrophy of the brain (offered by
Prof. Orr)




J Cissver 2005

0 Elsevier 2005

Artophied

Normal

Brain atrophy



Atrophy
associated
with Alzheimer's
Disease






Muscle fiber atrophy. The number of cells is the same as before the atrophy
occurred, but the size of some fibers is reduced. This is a response to injury by
"downsizing" to conserve the cell. In this case, innervation of the small fibers in the

center was lost. This is a trichrome stain.



4. Metaplasia

(1) Definition: Metaplasia is a reversible change in
which one adult cell type is replaced by another adult
cell type.

(2) Causes:

Changes in environment: i. e. stones in excretory
ducts of salivary gland, pancreas, or bile duct lead to
change from columnar epithelium to stratified
squamous epithelium.



Metaplasia of

Uterine Cervix




Squamous metaplasia in bronchitis

(offered by Prof.Orr)









Irritation or inflammation: i. e. In the habitual
cigarettes smoker, the normal columnar ciliated
epithelial cells of the trachea and bronchi are often
replaced focally or widely by stratified squamous
epithelial cells.

Nutritional: vitamin A deficiency causing squamous
metaplasia.



Epithelial metaplasia is a two-edged sword and, in
most circumstances, represents an undesirable
change. Moreover, the influences that predispose to
such metaplasia, if persistent, may induce cancer
transformation in metaplastic epithelium. Thus, the
common form of cancer in the respiratory tract is
composed of squamous cells.



Metaplasia may also occur in mesenchymal cells
but less clearly as an adaptive response. i. e. fibrous
connective tissue cells may be come transformed to
osteoblast chondroblasts to produce bone or
cartilage where it is normally not encountered.
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Tissue Renewal and Repair:
Regeneration, Healing, and Fibrosis



TISSUE REPAIR

Tissue repair = restoration of tissue architecture and
function after an injury

Occurs in two ways:
Regeneration of injured tissue
Replacement by connective tissue (scarring)

Usually, tissue repair involves both processes

Involves cell proliferation, and interaction between cells
and extracellular matrix



CELLULAR PROLIFERATION

Lots of cells proliferate during tissue repair:
Injured tissue remnants
vascular endothelial cells
fibroblasts

You need to know a few things about:
the cell cycle
the proliferative capacities of different tissues
stem cells

growth factors
the extracellular matrix



Stem cells

Baseline cell population

v

Cell death (apoptosis)

o



Dermis

Stem cells In skin

Hair follicle buige

Epidermal
stem cell




Stem cells in Gl epithelium

Intestine




CELLULAR PROLIFERATION

Tissues of the body are divided into three groups:

e Continuously dividing (labile) tissues
e Stable tissues

* Permanent tissues
e cells can’t proliferate
e can’t regenerate (so injury always leads to scar)
e examples: neurons, cardiac muscle



CELLULAR PROLIFERATION

Tissues of the body are divided into three groups:

* Continuously dividing (labile) tissues
e Stable tissues

* Permanent tissues
e cells can’t proliferate
e can’t regenerate (so injury always leads to scar)
e examples: neurons, cardiac muscle



SKIN WOUND HEALING

First intention

Second intention
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SKIN WOUND HEALING

Occurs in small wounds that close easily
Epithelial regeneration predominates over fibrosis
Healing is fast, with minimal scarring/infection

Examples:
Paper cuts
Well-approximated surgical incisions
Replaced periodontal flaps



SKIN WOUND HEALING

By 24 hours
By 3-7 days

Weeks later



SKIN WOUND HEALING

By 24 hours

clot forms
neutrophils come in
epithelium begins to regenerate



SKIN WOUND HEALING

By 24 hours
By 3-7 days

macrophages come in
granulation tissue is formed
new blood vessels
fibroblasts
collagen begins to bridge incision
epithelium increases in thickness



SKIN WOUND HEALING

By 24 hours
By 3-7 days

Weeks later

granulation tissue gone
collagen is remodeled
epidermis full, mature
(but without dermal appendages!)
eventually, scar forms



HEALING BY FIRST INTENTION

24 hours

Mitoses
Granulation tissue

Macrophage
Fibroblast
New capillary

3 to 7 days

Weeks Fibrous union




HEALING BY FIRST INTENTION

Scab

Neutrophils

24 hours Clot

6 hours 24 hours

Mitoses

Granulation tissue

Macrophage

Fibroblast
New capillary

3 to 7 days

2 days

Weeks

Fibrous union




SKIN WOUND HEALING

Occurs in larger wounds that have gaps between wound
margins

Fibrosis predominates over epithelial regeneration

Healing is slower, with more inflammation and granulation
tissue formation, and more scarring

Examples:
Infarction
Large burns and ulcers
Extraction sockets
External-bevel gingivectomies



SKIN WOUND HEALING

Differences from healing by first intention:

More inflammation
More granulation tissue

Wound contraction



HEALING BY SECOND INTENTION
















SKIN WOUND HEALING

At suture removal: 10%
Rapid increase over next 4 weeks
At third month: 70-80%



WHY DO GOOD WOUNDS GO BAD?

Extrinsic factors
Infection
Diabetes
Steroids

Type of tissue injured (labile vs. permanent)

Aberrant cell growth or ECM production
Keloid scars
Proud flesh
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TISSUE REPAIR SUMMARY

Not all injuries result in permanent damage; some
are resolved almost completely

More often, there is some degree of scarring

Scar is usually good (provides a resilient patch) but
occasionally bad (can cause permanent dysfunction)



NORMAL HOMEOSTASIS
(balance of proliferation and apoptosis)

.

REGENERATION

Renewing tissues Wound Chronic inflammation
h 4
Epidermis, GI
tract epithelium, Compensatory growth Wound healing, Fibrosis

hematopoietic system of liver and kidney scar formation
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