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Traditionally the study of pathology is divided into:

1- General pathology: which is concerned with the reactions 

of cells and tissues to abnormal stimuli and to inherited 

defects, which are the main causes of disease,& 

2- Systemic pathology: which examines the alterations in 

specialized organs and tissues that are responsible for 

disorders that involve these organs.

Introduction to Pathology:

Pathology is the study (logos) of disease (pathos). 

More specifically, it is devoted to the study of the 

structural, biochemical, and functional changes in cells, 

tissues, and organs that underlie disease.



#sheet page1 
definition of disease : a condition of the living animal or plant body or of one of its parts

that impairs normal functioning and is typically manifested by distinguishing signs and
symptoms : sickness, malady infectious diseases a rare genetic disease heart disease. *he
asked about the meaning but he didn’t answer so here’s the answer*

In common sense you have to know the normal state to determine the abnormal one ( 
a disease for e.g)

systems Organs tissues cells

So any change on cells is also a change in tissues, organs and systems, so when we talk
about the cell we are also talking about the tissue ,organs and systems.

General pathology : changes that occurs in general   التبدالت  )
بسببعامبشكلتحصلالت 

الموروثاتلبعضوباالضافةخارج   اوداخل  محرضوجود )
Systemic : examining the general case we have studied, more specifically about the

changes which will be induced within the organ or tissue
(   العامةالحالةفحص

درسناهاالت  )

Are made of Are made of Are made of
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• Just for your knowledge cancer is always
malignant where as tumor can be malignant
or benign.

• Homeostasis : Equilibrium of our body
functioning .



The four aspects of a disease process that form 

the core of pathology are :

1- Its cause (Etiology). 

2- The mechanisms of its development 

(Pathogenesis).

3- The biochemical and structural alterations

induced in the cells and organs of the body 

(Molecular and Morphologic Changes), and

4- The functional consequences of these changes

(Clinical Manifestations).
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• 1) etiology : the cause of a disease, and also a 
stimulation for some defects

• 2) pathogenesis: واليتها،المرضيةالحالةتطور

• 3) the biochemical and structural alterations: the
structural,functional and morphological changes.

• 4) functional consequences :are the clinical
symptoms that indicates a pathological condition.Also
all the above alterations we can observe theme by
the clinical manifestations.

• ** pain is a great blessing as if it works as an indicator
for abnormal cases .



Etiology or Cause:

There are two major classes of etiologic factors:

1- Genetic (e.g., inherited mutations and disease-

associated gene variants, or polymorphisms) and

2- Acquired (e.g., infectious, nutritional, chemical, 

physical). 

Most of our common afflictions, such as atherosclerosis and 

cancer, are multifactorial and arise from the effects of various 

external triggers on a genetically susceptible individual. 
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• Polymorphism : changes on the genetic level.

• why did he mention nutrition and not malnutrition?

Because the high level of fat will cause some disease.

• Multifactorial : means various types of external, internal, genetic, acquired

• رلظهو مختلفةعواملبوجودو،نفسيا ،صحيا ،جينيا مهيأشخصيوجدغالبا
المرضيةالحالة

• فوريةفعلردةيبديالجسمفانللجسملمرضمسببعامليدخلعندما



Pathogenesis:

Refers to the sequence of events in the response 

of cells or tissues to the etiologic agent, from 

the initial stimulus to the ultimate expression of 

the disease (The mechanisms). 

The study of pathogenesis remains one of the 

main domains of pathology. 

Sheet note**
.مالجسمقاومةبسببالمرضبحصولدائماينته  الالممرضالعاملوجود



Molecular and Morphologic Changes

Morphologic changes refer to the structural 

alterations in cells or tissues that are either 

characteristic of a disease or diagnostic of an 

etiologic process.

the field of diagnostic pathology has expanded to 

encompass molecular, biologic and immunologic 

approaches for analyzing disease states. 
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• Structural alteration   خلل :
البنيةف 

•   يكونانإماالخلل
المسببعليدلاومرضيةلحالةوصف 

•   الطبيعيةالحالةبي   تربطوتتخيلانيجبكطبيب
عواملعليهاطرأالت 

مرضيةحالةلحدوثأدتداخليةوخارجية

• When we talk about any alterations due to the presence of
etiologic factors or diseases then there’s a defect in the level of
transportation across the membrane .

• اتوسببهامعالرسيريةالعالماتبي   الربطيجب ةوكيفيالنسيجيةالتغي 
معالجتها



Functional Derangements and Clinical 

Manifestations

The end results of genetic, biochemical, and structural 

changes in cells and tissues are functional 

abnormalities, which lead to the clinical manifestations 

(symptoms and signs) of disease, as well as its progress 

(clinical course and outcome).

Virtually all forms of disease start with molecular or 

structural alterations in cells, a concept first put forth in 

the nineteenth century by Rudolf Virchow, known as 

the father of modern pathology. 
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• Acute diseases يوم١٥تتجاوزالالمرضمدة :

• Chronic diseases يوم١٥التتجاوزمدة :

• Chronic diseases are divided into a mild state, 
moderates and severe.

• Carbon, oxygen, nutrients which enters and leave the
cell are transported through extra cellular matrix

• ECM: a group of proteins and lipoproteins, elastin

• Any functional defect will appear as symptoms and
signs.

• Any alteration due to any etiologic factor or disease
means that there is a defect in the transportation
across the membrane and the other membranes
whithin the cell.



We therefore begin our consideration of pathology with 

the study of the causes, mechanisms, and morphologic

& biochemical correlates of cell injury. 

Injury to cells and to extracellular matrix ultimately leads 

to tissue and organ injury, which determine the 

morphologic and clinical patterns of disease.

Pathology serves as the bridge between the basic sciences and 

clinical medicine, and is the scientific foundation for all of 

medicine.

Thus, In this course of general pathology we will try to interpret and 

understand the dysfunctions of a cell, tissue and organs.  
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• Basic sciences are : physiology, anatomy, 
mathematics and so on .

• التعي  الزمالخليةمنتخرجاوتدخلمادةاي ECM

•   خللاي
 
بالخللعلايضايدلالخليةف ECM.



In the first chapter we discuss first how cells 
adapt to stresses, and then the causes, 
mechanisms, and consequences of the various 
forms of acute cell damage, including 
reversible cell injury, and cell death. 

We conclude with three other processes that 
affect cells and tissues: intracellular 
accumulations, pathologic calcification, and 
cell aging.
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• The cell adapts when an external or internal stemuli occurs so homeostasis would be
maintained

• You should know the difference between positive and negative feedbackAlmost all homeostatic
control mechanisms are negative feedback mechanisms. These mechanisms change the variable
back to its original state or “ideal value”.

• A positive feedback mechanism is the exact opposite of a negative feedback mechanism.

• In some conditions the positive feed back is part of the larger cycle of negative feed back like blood
chotting.

• Blood clotting : positive feedback

• Thromboxane : negative feedback

• Another example of positive feed back: oxytocin during labor.

• Cell injuries could be reversible or irreversible

• Irreversible conditions are dangerous because it leads to cell death



In the second chapter we will study acute and chronic 

inflammation.

This chapter describes the sequence of events and 

mediators of acute inflammation, and then its 

morphologic patterns. 

This is followed by a discussion of the major features of 

chronic inflammation. 

Inflammation has a rich history, and we first touch on 

some of the historical highlights in our consideration of 

this fascinating process.



The third chapter is:

Tissue Renewal, Regeneration, and Repair.

In this chapter we first discuss the principles of cell 

proliferation, the proliferative capacity of tissues, and 

the role of stem cells in tissue homeostasis. This is 

followed by an overview of growth factors and cell 

signaling mechanisms relevant to healing processes. 

We then discuss regenerative processes with emphasis 

on liver regeneration, and examine the properties of 

the ECM and its components. These sections lay the 

foundation for the consideration of the main features 

of wound healing and fibrosis.
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• Cell proliferation : الخلويالتكاثر

• The difference between tissues is represented by its
reparation to injuries

• Fixed cells are cells that stopped growing like neural cells.

• We cant see mitosis of liver cells under microscope when the
tissues are healthy so they are stable cells .

• Stable cells are cells that multiply or regenerate when
needed

• Divide cells are cells that divide permanently

• باالنقسامالكبديةالخاليالتقومالكبديةالذاكرةتعودالكبدإصابةعند



The chapter 4 is:

Hemodynamic Disorders, Thromboembolic 

Disease, and Shock.

Here, we focus on disorders of hemodynamics

(edema, congestion, and shock) and 

hemostasis (hemorrhage and thrombosis), as 

well as various forms of embolism. 

Diseases that primarily affect the blood vessels 

and the heart will be discussed later in the 

course of systemic Pathology.
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• Hemodynamics : means they’re related to fluids such as water
and blood

• Congestion is usually related to blood vessels while

• Edema is related to the accumulation of fluid in the extra
cellular matrix

• Embolism has several kinds like fat-embolism and erthyo-
embolism but the most common kind is thrombosis

• Embolism : A thrombosis deattached from its site and circulates
with the bloodstream ( ة معذهبتوتشكلهامكانعنانفصلتدمويةخير

الدمتيار )



Chapter 5 – Neoplasia

The discussion that will be in this chapter 

deals with both benign and malignant

tumors, focusing on the basic morphologic 

and biologic properties of tumors and the 

molecular basis of carcinogenesis. 

We also discuss the interactions of the tumor 

with the host and the host response to 

tumors.
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• Neoplasia : tumor ; new mass of cells and 
tissues

• Carcinogenesis : الورمنشوء



Cellular Responses to Stress and Noxious 

Stimuli

The normal cell is confined to a fairly narrow 
range of function and structure by its state of 
metabolism, differentiation, and 
specialization; by constraints of neighboring 
cells; and by the availability of metabolic 
substrates.

It is nevertheless able to handle physiologic 
demands, maintaining a steady state called 
homeostasis.
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• **Differentiation : the process by which cells, 
tissue, and organs acquire specialized features

• Cells do not function normally unless the
surrounding circumstances are appropriate.

• The adaptation is a reversible process.



Adaptations are 

reversible

functional and 

structural responses 

to more severe 

physiologic 

stresses and some 

pathologic stimuli, 

during which new 

but altered steady 

states are achieved, 

allowing the cell to 

survive and 

continue to 

function. 



The adaptive response may consist of:

1- Hypertrophy: Is an increase in the size of 

cells and functional activity.

2- Hyperplasia: Is an increase in their number.

3- Atrophy: Is a decrease in the size and 

metabolic activity of cells.

4- Metaplasia: Is a change in the phenotype of 

cells. 
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• Adaptation تأقلمهاعدموعليهاانفرضجديدواقعمعالخليةتأقلمهو :
الخليةموتإىليؤدي

• 1)hypertrophy: its the increase of cell size on account of
protein size increase

• 2)hyperplasia : increase in productivity (mitosis)

• 3)Atrophy : shrink in size

• 4)metaplasia:change in tissues type , for example airways
tissues change from columnar ciliated to squamous

• Irreversible injury leads to cell death due to severe and
progressive stimulus

• Respiratory epithelium = columnar ciliated epithelium.



When the stress is eliminated the cell can recover 

to its original state without having suffered any 

harmful consequences.

If the limits of adaptive responses are exceeded or 

if cells are exposed to injurious agents or stress, 

deprived of essential nutrients, or become 

compromised by mutations that affect essential 

cellular constituents, a sequence of events 

follows that is termed cell injury. **sheet note:
Deprived of essential
nutrients   عوز :

التغذيةف 
**sheet note :
Mutations ,طفرة :   خللأي

الجيناتف 



Cellular ResponseNature of Injurious Stimulus

CELLULAR ADAPTATIONSALTERED PHYSIOLOGICAL STIMULI; SOME 
NONLETHAL INJURIOUS STIMULI

- Hyperplasia, hypertrophy

- Atrophy
- Metaplasia

- Increased demand, increased stimulation
(e.g., by growth factors, hormones)
- Decreased nutrients, decreased
stimulation
- Chronic irritation (physical or chemical)

CELL INJURYREDUCED OXYGEN SUPPLY; CHEMICAL 
INJURY; MICROBIAL INFECTION

- Acute reversible injury
Cellular swelling fatty change

- Irreversible injury ➙ cell death
Necrosis

Apoptosis

- Acute and transient

- Progressive and severe (including DNA 
damage)

INTRACELLULAR ACCUMULATIONS; 
CALCIFICATION

METABOLIC ALTERATIONS, GENETIC OR 
ACQUIRED; CHRONIC INJURY

CELLULAR AGINGCUMULATIVE SUBLETHAL INJURY OVER 
LONG LIFE SPAN

االستجابةزالمحفنوع



myocardial hypertrophy, caused by increased blood 

flow requiring greater mechanical effort by 

myocardial cells. This adaptation leads to 

thickening of the left ventricular wall to over 2 cm 

(normal, 1–1.5 cm). 

In reversibly injured 

myocardium there are 

generally only functional 

effects, without any readily 

apparent gross or even 

microscopic changes.

In the specimen showing necrosis, a form of cell 

death, the light area in the postero-lateral left 

ventricle represents an acute myocardial infarction 

caused by reduced blood flow (ischemia). 

Adaptation, reversible injury, and cell death may be 

stages of progressive impairment following different 

types of insults.

Hypertrophy due
to the increase of
workload**
Sheet notes

Cell injury, fat
droplets within
the myocyte**

Sheet notes

Pay attention to how
small the chambers

are*sheet note*

MI : القلبعضلةاحتشاء
نسيجمنجزءتموجالحظ

sheet**القلب note



Cell death, is the end result of progressive cell 

injury. 

It results from diverse causes, including ischemia

(reduced blood flow), infection, and toxins.

There are two principal pathways of cell death, 

necrosis and apoptosis. 

Nutrient deprivation triggers an adaptive cellular 

response called autophagy that may also 

culminate in cell death. 
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• Ischemia : is a restriction in blood supply to tissues ( ترويةنقص
(الدم

• *definition is from the internet*

• Hypoxia : deficiency in the amount oxygen only reaching the
tissues ( األكسجي   نقص )

• ويةنقص نقصلكناالكسجي   نقصاثريشبهاثريعط  انيمكنالي 
ويةنقصاثريشبهاثريعط  الاالكسجي    الي  .

• Necrosis has several types where in some the cell necrosis
leads to its death and loss, while some cell necrosis leads to
the loss of the cells elasticity and firmness just like the
myocardium necrosis



Metabolic derangements in cells and sublethal, 

chronic injury may be associated with 

intracellular accumulations of a number of 

substances, including proteins, lipids, and 

carbohydrates. 

Calcium is often deposited at sites of cell death, resulting 

in pathologic calcification.

Finally, the normal process of aging itself is accompanied 

by characteristic morphologic and functional changes in 

cells.
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• Calcification in the breast can be seen in MRI 
image

• A flaw in ATP ion driven pumps leads to 
calcification and if not processed it leads to cell 
death



Adaptations of Cellular Growth and 

Differentiation

Adaptations are reversible changes in the size, 

number, phenotype, metabolic activity, or 

functions of cells in response to changes in 

their environment. 

Such adaptations may take several distinct 

forms.



HYPERTROPHY

Refers to an increase in the size of cells, due to the 

synthesis of more structural components of the 

cells, resulting in an increase in the size of the 

organ. 

The hypertrophied organ has no new cells, just 

larger cells.

Cells capable of division may respond to stress by 

undergoing both hyperplasia and hypertrophy, whereas 

in nondividing cells (e.g., myocardial fibers) increased 

tissue mass is due to hypertrophy. 

**اكي  حجمواكي  بكميةالطبيعيةنفسمنإضافيةمكوناتانتاج
Sheet note



Hypertrophy can be physiologic or pathologic and

is caused by increased functional demand or by

stimulation by hormones and growth factors.

The most common stimulus for hypertrophy of

muscle is increased workload.

In both tissue types (skeletal and cardiac) the muscle

cells synthesize more proteins and the number of

myofilaments increases.

Cardiac hypertrophy is a pathologic hypertrophy caused by hyper
tension where blood resistance becomes greater increasing the
blood force and causing hyper trophy ** sheet note



The massive physiologic growth of the 

uterus during pregnancy is a good example 

of hormone-induced increase in the size of 

an organ that results mainly from 

hypertrophy of muscle fibers

The cellular enlargement is 

stimulated by estrogenic 

hormones acting on smooth 

muscle estrogen receptors, 

eventually resulting in 

increased synthesis of smooth 

muscle proteins and an 

increase in cell size.

B- Small spindle-shaped uterine smooth muscle 

cells from a normal uterus, compared with 

C- large plump cells from the gravid uterus, at the 

same magnification. Normal

Hypertrophic

*Adaptation 
is reversible 
in such case

**sheet note

Normal Hypertrophy



Mechanisms of Hypertrophy

Hypertrophy is the result of increased production 

of cellular proteins and can be induced by the 

linked actions of mechanical sensors( حركيةحسيةمستقبالت ) 

(that are triggered by increased work load), growth factors

{including TGF-β (Transforming growth factor beta), IGF-1

(insulin-like growth factor-1), FGF (fibroblast growth factor)}, and

vasoactive agents (such as α-adrenergic agonists, 

endothelin-1, and angiotensin II).



Mechanical sensors themselves induce 

production of growth factors and agonists.

These stimuli work coordinately to 

increase the synthesis of muscle proteins 

that are responsible for the hypertrophy.



The two main biochemical pathways involved 

in muscle hypertrophy seem to be the 
phosphoinositide 3-kinase/Akt pathway (PI3k/Akt 

pathway) (postulated to be most important in 

physiologic, e.g., exercise-induced, hypertrophy) and 
signaling downstream of G protein-coupled 

receptors (induced by many growth factors and 

vasoactive agents, and thought to be more important in 

pathologic hypertrophy).



Hypertrophy may also be associated with a 

switch of contractile proteins from adult to fetal 

or neonatal forms. 

For example, during muscle hypertrophy the 

α isoform of myosin heavy chain is replaced by 

the β isoform, which has a slower, more 

energetically economical contraction.

  
ءيوجدكانالجنينيةالحياةف   

وتيناتحجمزيادةعنمسؤولش    الي 
الحياةبعدوماخليةف 

يتوقفالجنينية
**sheet note



Some genes that are expressed only during early 

development are re-expressed in hypertrophic 

cells, and the products of these genes participate 

in the cellular response to stress. 

For example, the gene for atrial natriuretic factor (ANF- a peptide 

hormone that causes salt secretion by the kidney, decreases blood volume and pressure, 

and therefore serves to reduce hemodynamic load.) is expressed in both the atrium 

and the ventricle in the embryonic heart, but it is down-regulated after birth.

Cardiac hypertrophy, however, is associated with 

re-induction of ANF gene expression.



Although hypertrophy usually refers to increase in 

size of cells or tissues, sometimes a subcellular

organelle may undergo selective hypertrophy. 

For instance, individuals treated with drugs such as barbiturates 

show hypertrophy of the smooth endoplasmic reticulum (ER) in 

hepatocytes, which is an adaptive response that increases the 

amount of enzymes (cytochrome P-450 mixed function

oxidases) available to detoxify the drugs. 

Over time, the patients respond less to the drug because of this 

adaptation.



HYPERPLASIA

Is an increase in the number of cells in an organ 

or tissue, usually resulting in increased mass of 

the organ or tissue. Although hyperplasia and 

hypertrophy are distinct processes, frequently 

they occur together, and they may be triggered 

by the same external stimulus. Hyperplasia 

takes place if the cell population is capable of 

dividing, and thus increasing the number of 

cells.



Physiologic Hyperplasia can be divided into: 

(1) Hormonal hyperplasia, which increases the 

functional capacity of a tissue when needed.

(the proliferation of the glandular epithelium of the female breast at 

puberty and during pregnancy, usually accompanied by 

enlargement (hypertrophy) of the glandular epithelial cells. ).

(2) Compensatory hyperplasia, which increases 

tissue mass after damage or partial resection. 
(The classical illustration of compensatory hyperplasia is the 

capacity of the liver to regenerate).

Hormonal :  **   زيادة
  تأثي  بسببماعضوأومانسيجعددف 

هرمون  sheet note

Compensatory :   مثلمامشكلةبسببنسيجمنخرسماتعويضه
Liver cells which are stable cells that regenerate when needed
**sheet note



Pathologic Hyperplasia

Most forms of pathologic hyperplasia are caused 

by excesses of hormones or growth factors 

acting on target cells.

(Endometrial hyperplasia is an example of abnormal hormone-

induced hyperplasia, when in some instances, however, the 

balance between estrogen and progesterone is disturbed With 

increase in the amount of estrogen)

(Benign prostatic hyperplasia is another common example of 

pathologic hyperplasia induced by responses to hormones, in this 

case, androgens)

A pathological condition led to an increase in the number of cells ** sheet note

  ضخامة)
(الرحمبطانةف 



Hyperplasia is a characteristic response to certain viral 

infections, such as papilloma viruses, which cause 

skin warts and several mucosal lesions composed of 

masses of hyperplastic epithelium. 

Here, growth factors produced by viral genes or by 

infected cells may stimulate cellular proliferation

**sheet note

Although these forms of hyperplasia are abnormal, 

the process remains controlled because there are 

no mutations in genes that regulate cell division, 

and the hyperplasia regresses if the hormonal 

stimulation is eliminated.
الطبيعيةاالنقساماتضمنتبف  االنقاسامات

** sheet note

Skin warts : تواليل
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• Hyperplasia produces the same type of tissues
unlike cancer which replaces tissues with
another type

• Cancer is not considered as hyperplasia
condition

• HPV (human papilloma viruses)affects changes
from on subtype to another

• HPV in the uterine cervix may cause
some tumors.



Mechanisms of Hyperplasia

Hyperplasia is the result of growth factor–driven 

proliferation of mature cells and, in some cases, 

by increased output of new cells from tissue 

stem cells. 

For instance, after partial hepatectomy growth factors are 

produced in the liver that engage receptors on the 

surviving cells and activate signaling pathways that 

stimulate cell proliferation. 

جذعيةخاليا



ATROPHY

Is reduced size of an organ or tissue resulting from 

a decrease in cell size and number. 

Atrophy can be physiologic or pathologic. 

Physiologic atrophy is common during normal 

development. Some embryonic structures, such as the 

notochord and thyroglossal duct, undergo atrophy 

during fetal development. The uterus decreases in size 

shortly after parturition, and this is a form of 

physiologic atrophy. (E.G thymus gland **sheet note)

Cell disuse is one of atrophy causes 
**sheet note



Pathologic atrophy depends on the underlying cause 

and can be local or generalized. 

The common causes of atrophy are the following:

- Decreased workload (atrophy of disuse).

- Loss of innervation (denervation atrophy).

- Diminished blood supply.

- Inadequate nutrition.

- Loss of endocrine stimulation.

- Pressure.



The fundamental cellular changes associated with 

atrophy are identical in all of these settings. 

The initial response is a decrease in cell size and 

organelles, which may reduce the metabolic 

needs of the cell sufficiently to permit its 

survival. In atrophic muscle, the cells contain 

fewer mitochondria and myofilaments and a 

reduced amount of rough ER.
sheet note**احتياجاتهاقلحجمهاقلانهبما



Mechanisms of Atrophy

Atrophy results from decreased protein synthesis 

because of reduced metabolic activity and 

increased protein degradation in cells, occurs 

mainly by the ubiquitin-proteasome pathway. 

Nutrient deficiency and disuse may activate 

ubiquitin ligases, which attach the small peptide 

ubiquitin to cellular proteins and target these 

proteins for degradation in proteasomes

  زيادة
وتيناتتحطيمف    تقصانإىلتؤديالي 

االستقباليةواأليضيةالعملياتف 
**sheet note   



In many situations, atrophy is also accompanied by 

increased autophagy, with resulting increases in the 

number of autophagic vacuoles. 

(Autophagic vacuoles are membrane-bound vacuoles that 

contain fragments of cell components. The vacuoles ultimately 

fuse with lysosomes, and their contents are digested by 

lysosomal enzymes.) 

Autophagy means  the cell eating itself to produce energy because of malnutrition
**sheet note



Some of the cell debris within the autophagic 

vacuoles may resist digestion and persist as 

membrane-bound residual bodies that may 

remain as a sarcophagus in the cytoplasm. 

When present in sufficient amounts, they 

impart a brown discoloration to the tissue 

(brown atrophy). Autophagy is associated 

with various types of cell injury.

Brown atrophy is a sign of non digested organelles attached to the membrane
**sheet note



METAPLASIA

Is a reversible change in which one differentiated 

cell type (epithelial or mesenchymal) is replaced 

by another cell type. 

It may represent an adaptive substitution of cells 

that are sensitive to stress by cell types better 

able to withstand the adverse environment.

Metaplasia: الموقععلالمحافظةمعآخرخلوينمطإىلخلوينمطتحولأيحؤول
**sheet note

Some types of cells can’t stand stress, irritation, inflammation so its replaced with a 
better type able to withstand but it loses parts of its job** sheet note



The most common epithelial metaplasia is 

columnar to squamous, as occurs in the 

respiratory tract in response to chronic irritation.

Epithelial metaplasia is a double-

edged sword and, in most 

circumstances, represents an 

undesirable change. 

Moreover, the influences that 

predispose to metaplasia, if 

persistent, may initiate malignant 

transformation in metaplastic 

epithelium.
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• Ciliated columnar epithelium is know for its
mucous producing cells and cilia which moves
inhaled air and Picks up dust particles.

• Where squamous epithelium does nothing but
protection



Metaplasia from squamous to columnar type may also 

occur, as in Barrett esophagus.

Connective tissue metaplasia is the formation of 

cartilage, bone, or adipose tissue (mesenchymal 

tissues) in tissues that normally do not contain these 

elements.

This type of metaplasia is less clearly seen as an adaptive 

response, and may be a result of cell or tissue injury.

Barret esophagus : caused by gastroesophageal reflux disease  that is caused due to 
high acidity
** sheet note

Gastric pH = 1.2



Mechanisms of Metaplasia

Metaplasia does not result from a change in the 

phenotype of an already differentiated cell type; 

instead it is the result of a reprogramming of 

stem cells that are known to exist in normal 

tissues, or of undifferentiated mesenchymal 

cells present in connective tissue. 



In a metaplastic change, these precursor cells 

differentiate along a new pathway. 

The differentiation of stem cells to a particular 

lineage is brought about by signals generated 

by cytokines, GF, and ECM components in the 

cells' environment.



Next lecture

Overview of Cell Injury and

Cell Death


