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LETTER TO THE STUDENT

Dear Student,

Welcome to the exciting & fascinating world of pathology! Up to now in your studies, you
have been learning the normal features of human beings (i.e. anatomy, physiology, etc...).
Now it is time to introduce you to the abnormalities that can occur in humans — i.e. to
diseases. Pathology is a scientific study of diseases. In this book, you will learn the basic
mechanisms of diseases. Pathology is divided into general & systemic pathology for
pedagogical reasons. General pathology covers the basic mechanisms of diseases whereas
systemic pathology covers diseases as they occur in each organ system. This book covers
only general pathology. And it is divided into ten chapters on - Introduction, Cell injury,
Inflammation, Healing, Hemodynamic disorders, Genetic diseases, Immunopathology,
Neoplasia, Metabolic diseases, & Selected infectious diseases. Most of these topics
represent the major categories of diseases that can occur in different organ systems. For
example, acute inflammation can occur in different organs but wherever it occurs its
mechanism is the same. That is, an acute inflammation in the skin has the same
mechanisms & features as an acute inflammation of the meninges. The same principle
applies to the other topics covered in general pathology. Therefore, if one knows general
pathology well, one can apply this knowledge to diseases in the various organ systems.
Hence, your general pathology knowledge will facilitate your understanding of systemic
diseases (Systemic Pathology). Therefore, the whole purpose of general pathology is to
help you understand systemic diseases — i.e. Systemic Pathology. So, even though, you will
understand the basic mechanisms of diseases common to various types of illnesses, it
doesn’'t mean that this book has covers all of pathology in as much as it didn’'t cover
systemic pathology. Therefore, after reading this book, you are encouraged to read books
on systemic pathology. The reason for not including systemic pathology in this book was
because the book conceived when the previous curriculum was being implemented. At this
juncture, we would like to call up on all professional colleagues to include systemic

pathology in the pathology lecture for Health Officer students since this is very basic for

understanding clinical medicine. We would also like to mention that the new curriculum for
Health Officer students includes systemic pathology. We also call up on all those concerned

to write a book on systemic pathology for heal



The main reason for writing this book is the absence of standardized uniformity in the
pathology courses given to health science students. Health science students* here means
health officer, pharmacy, dentistry, midwifery, anesthesiology, nursing (B.SC.), &
physiotherapy students. There was no uniformity in what was taught to these students in the
various institutions in Ethiopia. We hope this book will alleviate this problem regarding

general pathology.

In writing this book, we have tried to make it as clear & as brief as possible. Since too much
brevity may compromise understanding, we have been a bit “liberal” in some areas in
including some details which are necessary for the student’s understanding. This is done to

encourage understanding rather than memorization.

This book is intended to be a textbook of general pathology for health science students.

However, medical students & even those beyond can use this book for review.

Abiye Tesfaye, MD, Editor




ACKNOWLEDGEMENTS

Proper training of health care workers is the starting point for improving the health status of

a nation. Having good standardized textbooks contributes a lot to the proper training of




CONTRIBUTORS

Dr. Abiye Tesfaye — Overall Editor & the Chapter on Genetic Diseases




Table of Contents

[T O T A TSIES] (U0 (=T o | R i
Yot [0 Y [=To o g =Y (PSSP iii
=1 o] (S o @0 1 (=] | £ \Y;

Chapter 1: Introduction to Pathology

[. Learning ODJECHIVES .......cooiiiiiiiiiie ettt 1
II.  The core aspects of diseases in pathology...........cccivriiiiiiniiiii i 2
[ll. Diagnostic methods used in pathology ... 3
[V. CaAUSES Of QISEASES.......eiiiiiiiiieiiiiie ettt 7
V. COUISE Of QISEASES .....uviiiiiiieiiie ettt 9
VI. Outcomes & consequences Of dISEASES.......ciieeiiiciiiiiieirie e 10
VII. Clinical & biologiC death...........cooviiiiiiiiiiec e 10
VL EXEICISES. .ttt ettt ettt ettt nn e s e nn e nne e e 12
Chapter 2: Cellular Reactions to Injury
l. Learning ODJECHIVES .......coiuiiiiiie e 14
Il. INEFOAUCTION ...ttt e e e e e e e e e e e e e e e e e anes 14
[ll.  Types of cellular adaptation ..............ooouiiiiiiiiiii e 15
IV. Reversible cellular changes & accumulations...........ccccccooveviiieeeee e, 16
Vo Cell dBALN .. e 18
VI.  Pathologic calCifiCation ............coeiieiiiiiiiiiie e 22
VI EXEICISES ..ttt ettt ekt e sttt e e et e e st e e abbn e e e s nnnnee s 23
Chapter 3: Inflammation
l. Learning ODJECHIVES ........ooiiiii e 24
Il. INEFOAUCTION ...ttt e e e e e e e e e e e e e e e e aanes 24
. Acute inflammMation............ooiiiiiiii e e 25
IV.  Chemical mediators of acute inflammation ...........ccccoooeiriiiniiniie e 30
V. Morphology of acute inflammation .............ccceee i 31
VI.  Effects of inflammation ...........ccccveiiiiiiiiiiiiie e 33
VII.  Course of acute inflammation ..........cc.ccooiiiiiiniiii e 34
VIl Chronic inflammation............coiieiii e 35
IX.  Systemic effects of inflammation.................ccoi .38
X. EXBICISES ..ttt ettt et e e e e e et e e e e e e e e nbeaneaeaaeeeann 40
Chapter 4: Healing
I Learning ODJECHIVE .......uviiiiii e e e e e et e e e e e e e e aanes 42
Il. Definition Of NEAIING ......uviiiieei e 42
Il. Processes Of NAIING ... ..uvviiii i 42
\A Molecular control of healing ProCESS........cuuuiiiiiiiie i 48



V.

Wound healing

Vi



IV. Tuberculosis
V. Leprosy
VI. Syphillis
VII. Malaria
VIII. Leishmaniasis

IX. Schisistosomiasis

X. Fungal infections (Candidiasis, Cryptococcosis, Aspergillosis)..........ccccceveeennnn.

XI. Viral infections

Xll. Exercises

Chapter 9: Neoplasia

Il
V.

V.

Learning objectives ........cccccveveiiiiieiiiiiieeens
Definition and nomenclature..........................
Characteristics of Neoplasms.................c.......

Cancer Epidemiology .........ccccccveeeeeieiicinnnnen.

Molecular Basis of Cancer (Carcinogenesis)

vii

168
173
174
177
180
181
183
186
188

190
190
191
196
198




CHAPTER ONE
INTRODUCTION TO PATHOLOGY

I. Learning Objectives

Upon completing this chapter students should be able to:

1. Define pathology




2. Pathogenesis
Pathogenesis means the mechanism through which the cause operates to produce the
pathological and clinical manifestations. The pathogenetic mechanisms could take place in

the latent or incubation period. Pathogenesis leads to morphologic changes.

3. Morphologic changes

The morphologic changes refer to the structural alterations in cells or tissues that occur
following the pathogenetic mechanisms. The structural changes in the organ can be seen
with the naked eye or they may only be seen under the microscope. Those changes that
can be seen with the naked eye are called gross morphologic changes & those that are
seen under the microscope are called microscopic changes. Both the gross & the
microscopic morphologic changes may only be seen in that disease, i.e. they may be
specific to that disease. Therefore, such morphologic changes can be used by the
pathologist to identify (i.e. to diagnose) the disease. In addition, the morphologic changes

will lead to functional alteration & to the clinical signs & symptoms of the disease.

4. Functional derangements and clinical significance
The morphologic changes in the organ influence the normal function of the organ. By doing
so, they determine the clinical features (symptoms and signs), course, and prognosis of the

disease.

In summary, pathology studies:-

Etiology € Pathogenesis € Morphologic changes C Clinical features & Prognosis of all

diseases.

Understanding of the above core aspects of disease (i.e. understanding pathology) will help
one to understand how the clinical features of different diseases occur & how their
treatments work. This understanding will, in turn, enable health care workers to handle &

help their patients in a better & scientific way. It is for these reasons that the health science




[ll. Diagnostic techniques used in pathology

The pathologist uses the following techniques to the diagnose diseases:
a. Histopathology
b. Cytopathology
c. Hematopathology
d

Immunohistochemistry




Then the tissue is processed to make it ready for microscopic examination. The whole




Advantages of cytologic examination

Compared to histopathologic technique it is cheap, takes less time and needs no anesthesia
to take specimens. Therefore, it is appropriate for developing countries with limited

resources like Ethiopia. In addition, it is complementary to histopathological examination.

Cytopathologic methods

There are different cytopathologic methods including:

1. Fine-needle aspiration cytology (FNAC)

In FNAC, cells are obtained by aspirating the diseased organ using a very thin needle under
negative pressure. Virtually any organ or tissue can be sampled by fine-needle aspiration.
The aspirated cells are then stained & are studied under the microscope. Superficial organs
(e.g. thyroid, breast, lymph nodes, skin and soft tissues) can be easily aspirated. Deep
organs, such as the lung, mediastinum, liver, pancreas, kidney, adrenal gland, and
retroperitoneum are aspirated with guidance by fluoroscopy, ultrasound or CT scan. FNAC

is cheap, fast, & accurate in diagnosing many diseases.
2. Exfoliative cytology
Refers to the examination of cells that are shed spontaneously into body fluids or secretions.

Examples include sputum, cerebrospinal fluid, urine, effusions in body cavities (pleura,

pericardium, peritoneum), nipple




C. Hematological examination

This is a method by which abnormalities of the cells of the blood and their precursors in the

bone marrow are investigated to diagnose the different kinds of anemia & leukemia.

D. Immunohistochemistry

This is a method is used to detect a specific antigen in the tissue in order to identify the type

of disease.

E. Microbiological examination

This is a method by which body fluids, excised tissue, etc. are examined by microscopical,
cultural and serological techniques to identify micro-organisms responsible for many
diseases.

F. Biochemical examination

This is a method by which the metabolic disturbances of disease are investigated by assay

of various normal and abnormal compounds in the blood, urine, etc.

G. Clinical genetics (cytogenetics),

This is a method in which inherited chromosomal abnormalities in the germ cells or acquired
chromosomal abnormalities in somatic cells are investigated using the techniques of
molecular biology.

H. Molecular techniques

Different molecular techniques such as fluorescent in situ hybridization, Southern blot, etc...

can be used to detect genetic diseases.

I. Autopsy

Autopsy is examination of the dead body to identify the cause of death. This can be for

forensic or clinical purposes.



The relative importance of each of the above disciplines to our understanding of disease
varies for different types of diseases. For example, in diabetes mellitus, biochemical
investigation provides the best means of diagnosis and is of greatest value in the control of
the disease. Whereas in the diagnosis of tumors, FNAC & histopathology contribute much.
However, for most diseases, diagnosis is based on a combination of pathological

investigations.

V. The causes of disease

Diseases can be caused by either environmental factors, genetic factors or a combination of

the two.

A. Environmental factors

Environmental causes of disease are many and are classified into:

. Physical agents

. Chemicals

. Nutritional deficiencies & excesses
. Infections & infestations

. Immunological factors

o O B~ W N P

. Psychogenic factors

1. Physical agents
These include trauma, radiation, extremes of temperature, and electric power. These agents

apply excess physical energy, in any form, to the body.

2. Chemicals
With the use of an ever-increasing number of chemical agents such as drugs..in.industrial
processes, and at home, chemically induced injury has become very common. Their effects
vary:

e Some act in a general manner, for example cyanide is toxic to all cells.

» Others act locally at the site of application, for example strong acids and caustics.



e Another group exhibit a predilection for certain organs, for example — the effect of

paracetamol and alcohol on liver. Many toxic chemicals are metabolized in liver and




C. Autoimmunity
This is an abnormal (exaggerated) immune reaction against the self antigens of
the host. Therefore, autoimmunity is a hypersensitivity reaction against the self
antigens. For example, type 1 diabetes mellitus is caused by autoimmune

destruction of the beta cells of the islets of Langerhans of the pancreas.

6. Psychogenic factors
The mental stresses imposed by conditions of life, particularly in technologically advanced

communities, are probably contributory factors in some groups of diseases.
B. Genetic Factors

These are hereditary factors that are inherited genetically from parents. Detailed discussion

will be done on this topic in a subsequent chapter.
V. Course of disease

The course of disease is shown with a simplified diagram as follows.

Exposure — Biological onset —» Clinical onset —» Permanent damage —» Death

T

Latency period

The course of a disease in the absence of any intervention is called the natural history of the

disease. The different stages in the natural history of disease include:

a) Exposure to various risk factors (causative agents)
b) Latency, period between exposure and biological onset of disease

c) Biological onset of disease; this marks the initiation of the disease process, however,

without any sign or symptom. Following biological onset of disease, it may remain
asymptomatic or subclinical (i.e. without any clinical manifestations), or may lead to
overt clinical disease.

d) Incubation (induction) period refers to variable period of time without any obvious signs

or symptoms from the time of exposure.



e) The clinical onset of the disease, when the signs and symptoms of the disease
become apparent. The expression of the disease may be variable in severity or in
terms of range of manifestations.

f) The onset of permanent damage, and

g) Death

Natural recovery, i.e. recovery without any intervention, can occur at any stage in the

progression of the disease.

VI. Outcome and consequences of disease

Following clinical onset, disease may follow any of the following trends:

a) Resolution can occur leaving no sequelae,
b) The disease can settle down, but sequelae are left, or

c) It may result in death.

VII. Clinical & biologic death

Clinical death

Clinical death is the reversible transmission between life and biologic death. Clinical death is
defined as the period of respiratory, circulatory and brain arrest during which initiation of

resuscitation can lead to recovery.

Clinical death begins with either the last agonal inhalation or the last cardiac contraction.
Signs indicating clinical death are
e The patient is without pulse or blood pressure and is completely unresponsive to the

most painful stimulus.

e The pupils are widely dilated

e Some reflex reactions to external stimulation are preserved. For example, during
intubations, respiration may be restored in response to stimulation of the receptors of
the superior laryngeal nerve, the nucleus of which is located in the medulla
oblongata near the respiratory center.

e Recovery can occur with resuscitation.

10



Biological Death

11




VIIIl. Exercises

1. What is pathology? What core aspects of disease does it study?
2. Why should you study pathology?

3. What is pathogenesis?

4. What are the diagnostic modalities used by the pathologist?

5. What are the purposes of tissue fixation?

6. Describe the course of disease.

12
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D. Metaplasia

Metaplasia is the replacement of one differentiated tissue by another differentiated

tissue. There are different types of metaplasia. Examples include:

1. Squamous metaplasia

This is replacement of another type of epithelium by squamous epithelium. For
example, the columnar epithelium of the bronchus can be replaced by squamous
epithelium in cigarette smokers

2. Osseous metaplasia

This replacement of a connective tissue by bone, for example at sites of injury.

IV. Reversible cellular changes & accumulations

Even though there are many different kinds of reversible cellular changes & accumulations,

here we will only mention fatty change & accumulation of pigments.

1. Fatty change

This is accumulation of triglycerides inside parenchymal cells. It is caused by an imbalance

between the uptake, utilization, & secretion of fat. Fatty change is usually seen in the liver,

heart, or kidney. Fatty liver may be caused by alcohol, diabetes mellitus, malnutrition,

obesity, & poisonings. These etiologies cause accumulation of fat in the hepatocytes by the

following mechanisms:

a.

b
C.
d

Increased uptake of triglycerides into the parenchymal cells

Decreased use of fat by cells.
Overproduction of fat in cells.

Decreased secretion of fat from the cells.

16
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color) with the Prussian blue dye. Hemosiderin exists normally in small amounts
within tissue macrophages of the bone marrow, liver, & spleen as physiologic iron
stores. It accumulates in tissues in excess amounts in certain diseases.This excess

accumulation is divided into 2 types:

1. Hemosiderosis
When accumulation of hemosiderin is primarily within tissue macrophages & is

not associated with tissue damage, it is called hemosiderosis.

2. Hemochromatosis
When there is more extensive accumulation of hemosiderin, often within
parenchymal cells, which leads to tissue damage, scarring & organ dysfunction, it

is called hemochromatosis.

V. Cell death

Cells can die via one of the following two ways:
1. Necrosis

2. Apoptosis

1. Necrosis

In necrosis, excess fluid enters the cell, swells it, & ruptures its membrane which Kills it. After

the cell has died, intracellular degradative reactions occur within a living organism. Necrosis

18






Release of aspartate aminotransferase (AST), creatine phosphokinase(CPK),
& lactate dehydrogenase (LDH) into the blood is an important indicator of

irreversible injury to heart muscle following myocardial infarction.

B. Free radical-induced injury

Free radical is any molecule with a single unpaired electron in the outer orbital.
Examples include superoxide & the hydroxyl radicals. Free radicals are formed by
normal metabolism, oxygen toxicity, ionizing radiation, & drugs & chemicals, &
reperfusion injury. They are degraded by spontaneous decay, intracellular enzymes
such as glutathione peroxidase, catalase, or superoxide dismutase, & endogenous
substances such as ceruloplasmin or transferrin. When the production of free radicals
exceeds their degradation, the excess free radicals cause membrane pump damage,

ATP depletion, & DNA damage. These can cause cell injury & cell death.

a. Cell membrane damage

Direct cell membrane damage as in extremes of temprature, toxins, or viruses, or
indirect cell membrane damage as in the case of hypoxia can lead to cell death

by disrupting the homeostasis of the cell.

b. Increased intracellular calcium level

Increased intracellular calcium level is a common pathway via which different
causes of cell injury operate. For example, the cell membrane damage leads to
increased intracellular calcium level. The increased cytosolic calcium, in turn,
activates enzymes in the presence of low pH. The activated enzymes will

degrade the cellular organelles.

Types of necrosis

The types of necrosis include:

1. Coagulative necrosis
2. Liquefactive necrosis
3. Fat necrosis

4. Caseous necrosis

5. Gangrenous necrosis

20



1. Coagulative necrosis

Cogulative necrosis most often results from sudden interruption of blood supply to an organ,
especially to the heart. It is, in early stages, characterized by general preservation of tissue
architecture. It is marked by the following nuclear changes: Pyknosis (which is chromatin
clumping & shrinking with increased basophilia), karyorrhexis (fragmentation of chromatin),

& karyolysis (fading of the chromatin material).

2. Liguefactive necrosis

Liquefactive necrosis is characterized by digestion of tissue. It shows softening &
liquefaction of tissue. It characteristically results from ischemic injury to the CNS. It also

occurs in suppurative infections characterized by formation of pus.

3. Fat necrosis

Fat necrosis can be caused by trauma to tissue with high fat content, such as the breast or it
can also be caused by acute hemorrhagic pancreatitis in which pancreatic enzymes diffuse
into the inflamed pancreatic tissue & digest it. The fatty acids released from the digestion
form calcium salts (soap formation or dystrophic calcification). In addition, the elastase
enzyme digests the blood vessels & cause the hemorrhage inside the pancreas, hence the

name hemorrhagic pancreatitis.
4. Caseous necrosis
Caseous necrosis has a cheese-like (caseous, white) appearance to the naked eye. And it

appears as an amorphous eosinophilic material on ‘microscopic examination. Caseous

necrosis is typical of tuberculosis.

5. Gangrenous necrosis

This is due to vascular occlusion & most often affects the lower extremities & the bowel. It is
called wet gangrene if it is complicated by bacterial infection which leads to superimposed
liquefactive necrosis. Whereas it is called dry gangrene if there is only coagulative necrosis

without liquefactive necrosis.

21



Necrosis can be followed by release of intracellular enzymes into the blood, inflammation or

dystrophic calcification. Inflammation will be discussed in the next chapter.

2. Apoptosis

Apoptosis is the death of single cells within clusters of other cells. (Note that necrosis
causes the death of clusters of cells.) In apoptosis, the cell shows shrinkage & increased
acidophilic staining of the cell. This is followed by fragmentation of the cells. These
fragments are called apoptotic bodies. Apoptosis usually occurs as a.physiologic process for
removal of cells during embryogenesis, menstruation, etc... It can also be seen in

pathological conditions caused by mild injurious agents.

Apoptosis is not followed by inflammation or calcification. The above mentioned features

distinguish apoptosis from necrosis.

VI. Pathologic calcification

Pathologic calcification is divided into 2 types:
1. Metastatic calcification

This is caused by hypercalcemia, resulting from hyperparathyroidism, milk-alkali syndrome,

sarcoidosis etc...

2. Dystrophic calcification

This occurs in previously damaged tissue, such as areas of old trauma, tuberculous lesions,

scarred heart valves, & atherosclerotic lesions.

Unlike metastatic calcification, it is not caused by hypercalcemia. Typically, the serum

calcium level is normal.

22



VIl. Exercises

1.
2.

3.

Why should you study cell injury?

Compare & contrast the various types of cellular adaptation.

Describe the various mechanisms of necrosis.

Mention some of the causes of each of the various types of necrosis.
Compare & contrast necrosis & apoptosis.

Contrat metastatic & dystrophic calcification.

23



CHAPTER THREE
INFLAMMATION

I. LEARNING OBJECTIVES:

At the end of the chapter the student is expected to
1. Know the causes of inflammation
2. Understand the process of inflammations
3. Comprehend the etiopathogeneses of granulomatous inflammations

4. Contrast the differences between acute and chronic inflammations

[I. INTRODUCTION

Definition: Inflammation is a local response (reaction) of living vasculaized tissues to
endogenous and exogenous stimuli. The term is derived from the Latin "inflammare”
meaning to burn. Inflammation is fundamentally destined to localize and eliminate the

causative agent and to limit tissue injury.

Thus, inflammation is a physiologic (protective) response to injury, an observation made by
Sir John Hunter in 1794 concluded: “inflammation is itself not to be considered as a disease

but as a salutary operation consequent either to some violence or to some diseases”.

Causes:

Causes of inflammation are apparently causes of diseases such as

U physical agents - mechanical injuries, alteration in temperatures and pressure,
radiation injuries.
chemical agents- including the ever increasing lists of drugs and toXimrg = ——
biologic agents (infectious)- bacteria,viruses,fungi, parasites
immunologic disorders- hypersensitivity reactions, autoimmunity,
immunodeficiency states etc

U genetic/metabolic disorders- examples gout, diabetes mellitus etc...

24



Nomenclature:

U The nomenclatures of inflammatory lesion are usually indicated by the suffix ‘itis'.
Thus, inflammation of the appendix is called appendicitis and that of meninges as
meningitis, etc.... However, like any rule, it has its own exceptions examples

pneumonia, typhoid fever, etc....

Classification:

Inflammation is classified crudely based on duration of the lesion and histologic

appearances into acute and chronic inflammation.

. ACUTE INFLAMMATION

U Acute inflammation is an immediate and early response to an injurious agent and it is
relatively of short duration, lasting for minutes, several hours or few days.
U It is characterized by exudation of fluids and plasma proteins and the emigration of

predominantly neutrophilic leucocytes to the site of injury.

The five cardinal signs of acute inflammation are

U Redness (rubor) which is due to dilation of small blood vessels within damaged
tissue as it occurs in cellulitis.
U Heat (calor) which results from increased blood flow (hyperemia) due to regional

vascular dilation

U  Swelling (tumor) which is due to accumulation of fluid in the extravascular space

which, in turn, is due to increased vascular permeability.

U Pain (dolor), which partly results from the stretching & destruction of tissues due to
inflammatory edema and in part from pus under pressure in as abscess cavity.
Some chemicals of acute inflammation, including bradykinins, prostaglandins and

serotonin are also known to induce pain.

U Loss of function: The inflammed area is inhibited by pain while severe swelling

may also physically immobilize the tissue.

25



Events of acute inflammation:

Acute inflammation is categorized into an early vascular and a late cellular responses.

1) The Vascular response has the following steps:

a)

b)

c)

Immediate (momentary) vasoconstriction in seconds due to neurogenic or chemical

stimuli.
Vasodilatation of arterioles and venules resulting in increased blood flow.

After the phase of increased blood flow there is a slowing of blood flow & stasis due
to increased vascular permeability that is most remarkably seen in the post-capillary
venules. The increased vascular permeability oozes protein-rich fluid into extra-
vascular tissues. Due to this, the already dilated blood vessels are now packed with
red blood cells resulting in stasis. The protein-rich fluid which is now found in the
extravascular space is called exudate. The presence of the exudates clinically
appears as swelling. Chemical mediators mediate the vascular events of acute

inflammation.

2) Cellular response

The cellular response has the following stages:

A.

Migration, rolling, pavementing, & adhesion of leukocytes

B. Transmigration of leukocytes
C.
D

. Phagocytosis

Chemotaxis

Normally blood cells particularly erythrocytes in venules are confined to the central

(axial) zone and plasma assumes the peripheral zone. As a result of increased

vascular permeability (See vascular events above), more and more neutrophils

accumulate along the endothelial surfaces (peripheral zone).

26



A) Migration, rolling, pavementing, and adhesion of leukocytes

5
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U Itis probable that bacterial killing by lysosomal enzymes is inefficient and relatively
unimportant compared with the oxygen dependent mechanisms. The lysosomal

enzymes are, however, essential for the degradation of dead organisms within

phagosomes.
b) Oxygen-dependent mechanism:
There are two types of oxygen- dependent killing mechanisms

i) Non-myeloperoxidase dependent

U The oxygen - dependent killing of microorganisms is due to formation of reactive
oxygen species such as hydrogen peroxide (H202), super oxide (0O2) and hydroxyl

29



V. Chemical mediators of inflammation

Chemical mediators account for the events of inflammation. Inflammation has the following

sequence:

Cell injury A Chemical mediators A Acute inflammation (i.e. the vascular & cellular events).

Sources of mediators:

The chemical meditors of inflammation can be derived from plasma or cells.
a) Plasma-derived mediators:

i) Complement activation
U increases vascular permeability (C3a,C5a)
U activates chemotaxis (C5a)

U opsoninization (C3b,C3bi)

ii) Factor XII (Hegman factor) activation
Its activation results in recruitment of four systems: the kinin, the clotting, the

fibrinolytic and the compliment systems.

b) Cell-derived chemical mediatos:

Cell-derived chemical mediators include:

Cellular mediators Cells of origin Functions
Histamine Mast cells, basophiles, Vascular leakage & platelets
Serotonine Platelets Vascular leakage
Lysosomal enzymes Neutrophiles, Bacterial & tissue destruction
macrophages

Prostaglandines All leukocytes Vasodilatation, pain, fever
Leukotriens All leukocytes LB4

Chemoattractant LC4, LCD4, & LE4 Broncho and vasoconstriction
Platlete activating factor All leukocytes Bronchoconstriction and WBC priming
Activated oxygen species  All leukocytes Endothelial and tissue damage
Nitric oxide Macrophages Leukocyte activation

30



U Most mediators perform their biologic activities by initially binding to specific
receptors on target cells. Once activated and released from the cells, most of these
mediators are short lived. Most mediators have the potential to cause harmful

effects.

V. Morphology of acute inflammation

U Characteristically, the acute inflammatory response-involves production of exudates.
An exudate is an edema fluid with high protein concentration, which frequently
contains inflammatory cells.

U A transudate is simply a non-inflammatory edema caused by cardiac, renal,

undernutritional, & other disorders.

The differences between an exudate and a transudate are

EXUDATE TRANSUDATE
Cause: Acute inflammation Non-inflammatory disorders
Appearance Colored, turbid, hemorrhagic Clear, translucent or pale
yellow
Specific gravity: Greater than or equal to 1.020 Much less
Spontaneous coagulability: Yes No

31



2) Fibrinous inflammation

U More severe injuries result in greater vascular permeability that ultimately leads to
exudation of larger molecules such as fibrinogens through the vascular barrier.
U  Fibrinous exudate is characteristic of inflammation in serous body cavities such as

the pericardium (butter and bread appearance) and pleura.
Course of fibrinous inflammation include:

U Resolution by fibrinolysis
U Scar formation between perietal and visceral surfaces i.e. the exudates get
organized

U Fibrous strand formation that bridges the pericardial space.
3) Suppurative (Purulent) inflammation

This type of inflammation is characterized by the production of a large amount of pus.
Pus is a thick creamy liquid, yellowish or blood stained in colour and composed of

U A large number of living or dead leukocytes (pus cells)

U Necrotic tissue debris

U Living and dead bacteria

U Edema fluid

There are two types of suppurative inflammation:

A) Abscess formation:
U An abscess is a circumscribed accumulation of pus in a living tissue. It is
encapsulated by a so-called pyogenic membrane, which consists of layers of fibrin,

inflammatory cells and granulation tissue.

B) Acute diffuse (phlegmonous) inflammation
U This is characterized by diffuse spread of the exudate through tissue spaces. It is

caused by virulent bacteria (eg. streptococci) without either localization or marked

pus formation. Example: Cellulitis (in palmar spaces).
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U Cell nutrition: The flow of inflammatory exudates brings with it glucose, oxygen and
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VIII.CHRONIC INFLAMMATION

Definition: Chronic inflammation can be defined as a prolonged inflammatory process
(weeks or months) where an active inflammation, tissue destruction and attempts at repair

are proceeding simultaneously.

Causes of chronic inflammation:

1. Persistent infections

0
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(Langerhan’s cells), etc.... These cells constitute the mononuclear- phagocytic
system.

U Macrophages are scavenger cells of the body.

Other cells in chronic inflammation:

1. T-Lymphocytes are primarily involved in cellular immunity with lymphokine
production, and they are the key regulator and effector cells of the immune system.

2. B-lymphocytes and Plasma cells produce antibody directed either against
persistent antigen in the inflammatory site or against altered tissue components.

3. Mast cells and eosinophils appear predominantly in response to parasitic infestations

& allergic reactions.

Though neutrophils are hallmarks of acute inflammatory reactions, large numbers of
neutrophils may be seen in some forms of chronic inflammation, notably chronic

osteomylitis, actinomycosis, & choric lung diseases induced by smoking and other stimuli.

Thus, the overall differentiation points between acute and chronic inflammations include:

Characteristics Acute inflammation Chronic inflammation
Duration Short Relatively long
Pattern Stereotyped Varied
Predominant cell Neutrophils Macrophages,
Lymphocytes plasma cells
Tissue destruction Mild to moderate Marked
Fibrosis Absent Present
Inflammatory reaction Exudative Productive

Classification of chronic inflammation:

Chronic inflammation can be classified into the following two types based on histologic

features:
1) Nonspecific chronic inflammation: This involves a diffuse accumulation of

macrophages and lymphocytes at site of injury that is usually productive with new fibrous

tissue formations. E.g. Chronic cholecystitis.
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2) Specific inflammation (granulomatous inflammation):

Definition: Granulomatous inflammation is characterized by the presence of
granuloma. A granuloma is a microscopic aggregate of epithelioid cells. Epithelioid cell
is an activated macrophage, with a modified epithelial cell-like appearance (hence the
name epithelioid). The epitheloid cells can fuse with each other & form multinucleated
giant cells. So, even though, a granuloma is basically a collection of epithelioid cells, it
also usually contains multinucleated giant cell & is usually surrounded by a cuff of

lymphocytes and occasional plasma cells. There are two types of giant cells:

a. Foreign body-type giant cells which have irregularly scattered nuclei in presence
of indigestible materials.
b. Langhans giant cells in which the nuclei are arranged peripherally in a horse -shoe
pattern which is seen typically in tuberculosis, sarcoidosis etc...
Giant cells are formed by fusion of macrophages perhaps by a concerted attempt of

two or more cells to engulf a single particle.

Pathogenesis:

There are two types of granulomas, which differ in their pathogenesis.

A. Foreign body granuloma

These granulomas are initiated by inert foreign bodies such as talc, sutures (non-
absorbable), fibers, etc... that are large enough to preclude phagocytosis by a single

macrophage and do not incite an immune response.

B. Immune granulomas

Antigen presenting cells (macrophages) engulf a poorly soluble inciting agent. Then, the
macrophage processes and presents part of the antigen (in association with MHC type2
molecules) to CD4+T helper 1 cells which become activated. The activated CD4+ T-cells
produce cytokines (IL-2 and interferon gamma).The IL-2 activates other CD4+T helper
cells and perpetuates the response while IFN-y is important in transforming
macrophages into epitheloid cells and multinucleated giant cells. The cytokines have

been implicated not only in the formation but also in the maintenance of granuloma.
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Macrophage inhibitory factor helps to localize activated macrophages and epitheloid

cells.

Diagram

Causes:

Major causes of granulomatious inflammation include:

a)
b)
c)
d)
e)
f)
9)

Bacterial: Tuberculosis, Leprosy, Syphilis, Cat scratch disease, Yersiniosis
Fungal: Histoplasmosis, Cryptococcosis, Coccidioidomycosis, Blastomycosis
Helminthic: Schistosomiasis

Protozoal: Leishmaniasis, Toxoplasmosis

Chlamydia: Lymphogranuloma venerum

Inorganic material: Berrylliosis

Idiopathic: Acidosis, Cohn’s disease, Primary biliary cirrhosis

SYSTEMIC EFFECTS OF INFLAMMATIONS

The systemic effects of inflammation include:

a.

a. Fever
Endocrine & metabolic responses

Autonomic responses

b
c
d. Behavioral responses
e Leukocytosis

f

Leukopenia

g. Weight loss

Fever

Fever is the most important systemic manifestation of inflammation. It is coordinated by

the hypothalamus & by cytokines (IL -1, IL-6, TNF-a) rekeased from macrophages

and other cells.
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b. Endocrine and metabolic responses include:

- The liver secrets acute phase proteins such as:
C-reactive proteins
Serum Amyloid A
Complement and coagulation proteins

- Glucocorticoids (increased)

- Vasopressin (decreased)

C. Autonomic responses include:

- Redirection of blood flow from the cutaneous to the deep vascular bed.

- Pulse rate and blood pressure (increased)

- Sweating (decreased)

d. Behavioral responses include:

- Rigor, chills, anoroxia, somnolence, and malaise.

e. Leucocytosis is also a common feature of inflammation, especially in bacterial
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IX. Exercises

1. Discuss the pathopysiology of the cardinal sign of acute inflammation.
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CHAPTER FOUR
HEALING

I. Learning objectives

Upon completing the chapter, students should be able to:

1. Describe the processes of healing.

2. Specify the patterns of wound healing.

3. List the factors that influence wound healing.
4. Discuss the complications of wound healing.

5. Understand fracture healing.

lI. Definition of healing

The word healing, used in a pathological context, refers to the body’'s replacement of

destroyed tissue by living tissue.

lll. Processes of healing

The healing process involves two distinct processes:
- Regeneration, the replacement of lost tissue by tissues similar in type and
- Repair (healing by scaring), the replacement of lost tissue by granulation tissue which

matures to form scar tissue. Healing by fibrosis. is inevitable when the surrounding

specialized cells do not possess the capacity to proliferate.
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Tissue —» Inflammation ——» Removal of dead tissue &

Damage injurious agent

l

Replacement

by
Fibrous tissue Specialized tissue
(scarring) (Regeneration)
Healing

Figure 4.1 Processes of healing: Removal of dead tissue & injurious agent and replacement

occur simultaneously.

Whether healing takes place by regeneration or by repair (scarring) is determined partly by
the type of cells in the damaged organ & partly by the destruction or the intactness of the
stromal frame work of the organ. Hence, it is important to know the types of cells in the
body.

Types of cells

Based on their proliferative capacity there are three types of cells.

1. Labile cells

These are cells which have a continuous turn over by programmed division of stem cells.

They are found in the surface epithelium of the gastrointestinal treat, urinary tract or the

skin. The cells of lymphoid and haemopoietic systems are further examples of labile cells.

The chances of regeneration are excellent.

2. Stable cells

Tissues which have such type of cells have normally a much lower level of replication and
there are few stem cells. However, the cells of such tissues can undergo rapid division in
response to injury. For example, mesenchymal cells such as smooth muscle cells,

fibroblasts, osteoblasts and endothelial cells are stable cells which can proliferate. Liver,
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endocrine glands and renal tubular epithelium has also such type of cells which can

regenerate. Their chances of regeneration are good.

3. Permanent cells

These are non-dividing cells. If lost, permanent cells cannot be replaced, because they don
not have the capacity to proliferate. For example: adult neurons, striated muscle cells, and

cells of the lens.

Having been introduced to the types of cells, we can go back to the two types of healing

processes & elaborate them.
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With further healing, there is an increase in extracellular constituents, mostly collagen, with a
decrease in the number of active fibroblasts and new vessels. Despite an increased
collagenase activity in the wound (responsible for removal of built collagen), collagen
accumulates at a steady rate, usually reaching a maximum 2 to 3 months after the injury.
The tensile strength of the wound continues to increase many months after the
collagen content has reached a maximum. As the collagen content of the wound
increases, many of the newly formed vessels disappear. This vascular involution which
takes place in a few weeks, dramatically transforms a richly vascularized tissue in to a pale,

avascular scar tissue.

Wound contraction

Wound contraction is a mechanical reduction in the size of the defect. The wound is reduced
approximately by 70-80% of its original size. Contraction results in much faster healing,
since only one-quarter to one-third of the amount of destroyed tissue has to be replaced. If

contraction is prevented, healing is slow and a large ugly scar is formed.

Causes of contraction

It is said to be due to contraction by myofibroblasts. Myofibroblasts have the features
intermediate between those of fibroblasts and smooth muscle cells. Two to three days after
the injury they migrate into the wound and their active contraction decrease the size of the

defect.

Summary

Following tissue injury, whether healing occurs by regeneration or scarring is determined by
the degree of tissue destruction, the capacity of the parenchymal cells to proliferate, and the
degree of destructon of stromal framework as illustrated in the diagram below (See Fig. 4.2).
In the above discussion, regeneration, repair, and contraction have been dealt with

separately. Yet they are not mutually exclusive processes. On the contrary, the three

processes almost invariably participate together in wound healing.
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Injury

Acute inflammatory exudation

Stimulus promptly Stimulus not promptly

destroyed destroyed

Necrosis of cells

No or minimal Tissue of stable Tissue of
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IV. Molecular control of healing process

As seen above, healing involves an orderly sequence of events which includes regeneration
and migration of specialized cells, angiogenesis, proliferation of fibroblasts and related cells,

matrix protein synthesis and finally cessation of these processes.

These processes, at least in part, are mediated by a series of low molecular weight

polypeptides referred to as growth factors.

These growth factors have the capacity to stimulate cell division and proliferation. Some of

the factors, known to play a role in the healing process, are briefly discussed below.
Sources of Growth Factors:
Following injury, growth factors may be derived from a number of sources such as:

Platelets, activated after endothelial damage,

Damaged epithelial cells,

1.
2
3. Circulating serum growth factors,
4. Macrophages, or

5

Lymphocytes recruited to the area of injury

The healing process ceases when lost tissue has been replaced. The mechanisms
regulating this process are not fully understood. TGF-B acts as a growth inhibitor for both

epithelial and endothelial cells and regulates their regeneration.
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The summary of molecular control of the healing process is illustrated with the diagram

shown below.

Damaged Blood Macrophages Lymphocytes

Epithelial cells platelets

L

Release of growth factors and cytokines

l l l

Specialized Fibroblast Angiogenesis

cell regeneration activation - new capillary

E.g. EGF E.g. TGF-B formation

(Epidermal growth)  (Transforming (angiogenic factors)
factor) growth factor-beta)

Fig. 4-3 Diagram showing sources of growth factors and their effect.

VI. Wound Healing

The two processes of healing, described above, can occur during healing of a diseased
organ or during healing of a wound. A wound can be accidental or surgical. Now, we will
discuss skin wound healing to demonstrate the two basic processes of healing mentioned

above.

Healing of a wound demonstrates both epithelial regeneration (healing of the epidermis) and

repair by scarring (healing of the dermis).

There are two patterns of wound healing depending on the amount of tissue damage:

1. Healing by first intention (Primary union)

2. Healing by second intention
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These two patterns are essentially the same process varying only in amount.
1. Healing by first intention (primary union)

The least complicated example of wound healing is the healing of a clean surgical incision
(Fig. 4-4, left). The wound edges are approximated by surgical sutures, and healing occurs

with a minimal loss of tissue. Such healing is referred to, surgically, as “primary union” or
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* Metabolic status
Poorly controlled diabetes mellitus is associated with delayed wound healing.The risk of

infection in clean wound approaches five fold the risk in non- diabetics.

In diabetic patients, there can be impaired circulation secondary to arteriosclerosis and
impaired sensation due to diabetic neuropathy. The impaired sensation renders the lower
extremity blind to every day hazards. Hence, in diabetic patients, wounds heal the very

slowly.
* Nutritional deficiencies
Protein deficiency

In protein depletion there is an impairment of granulation tissue and collagen formation,
resulting in a great delay in wound healing.

Vitamine deficiency

Vitamin C is required for collagen synthesis and secretion. It is required in hydroxylation of
proline and lysine in the process of collagen synthesis. Vitamin C deficiency (scurvy) results
in grossly deficient wound healing, with a lack of vascular proliferation and collagen

deposition.
Trace element deficiency

Zinc (a co-factor of several enzymes) deficiency will retard healing by preventing cell
proliferation. Zinc is necessary in several DNA and RNA polymerases and transferases;
hence, a deficiency state will inhibit mitosis. Proliferation of fibroblasts (fibroplasia) is,

therefore, retarded.

e Hormones

Corticosteroids impair wound healing, an effect attributed to an inhibition of ollagen
synthesis. However, these hormones have many other effects, including anti-inflammatory
actions and a general depression of protein synthesis. It also inhibits fibroplasia and
neovascularization. Both epithelialization and contraction are impaired. It is, therefore,

difficult to attribute their inhibition of wound healing to any one specific mechanism.
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that often accompanies metastatic cancer. Dehiscence of an abdominal wound can be a life-

threatening complication, in some studies carrying a mortality as high as 30%.

An incisional hernia, usually of the abdominal wall, refers to a defect caused by poor wound

healing following surgery into which the intestines protrude.

b. Ulceration:
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4. Excessive contraction
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Structure of bone

Bone is composed of calcified osteoid tissue, which consists of collagen fibers embedded in
a mucoprotein matrix (osteomucin). Depending on the arrangement of the collagen fibers,

there are two histological types of bone:

1. Woven, immature or non-lamellar bone

This shows irregularity in the arrangement of the collagen bundles and in the distribution

of the osteocytes. The osseomucin is less abundant and it also contains less calcium.

2. Lamellar or adult bone

In this type of bone, the collagen bundles are arranged in parallel sheets.

Stages in Fracture Healing (Bone Regeneration)

Stage 1: Haematoma formation. Immediately following the injury, there is a variable
amount of bleeding from torn vessels; if the periosteum is torn, this blood may
extend into the surrounding muscles. If it is subsequently organized and ossified,

myositis ossificans results.
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Stage 5: Woven bone and cartilage formation. The mesenchymal “osteoblasts” next
differentiate to form either woven bone or cartilage. The term “callus”, derived
from the Latin and meaning hard, is often used to describe the material uniting the
fracture ends regardless of its consistency. When this is granulation tissue, the

“callus” is soft, but as bone or cartilage formation occurs, it becomes hard.

Stage 6: Formation of lamellar bone. The dead calcified cartilage or woven bone is next
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IX. Exercises

1. Compare & contrast wound healing by primary & secondary union
2. State the factors that influence fracture healing.
3. Discuss the complications of wound healing.

4. What are the two basic processes of healing? What factors determine which of these

occurs?
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CHAPTER FIVE
HEMODYNAMIC DISORDERS

|. Learing objectives

Upon completion of this chapter, students should be able to:
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b. The interstial fluid hydrostatic pressure (Pif)

This pressure tends to force fluid from the interstitial space to the intravascular

space.

c. The plasma colloid osmotic (oncotic) pressure (IMp)

This pressure tends to cause osmosis of fluid inward through the capillary
membrane from the interstitium. The plasma oncotic pressure is caused by the
presence of plasma proteins.

d. The interstial fluid colloid osmotic (oncotic) pressure (Mif)
This pressure tends to cause osmosis of fluid outward through the capillary

membrane to the interstitium.

Pc Mp

Pit i

Fig. 5.1 The forces that determine the movement of fluid across the capillary wall.

The net filtration pressure can be calculated as

In addition, some fluid is normally derained by the lymphatic channels.Usually, excess fluid
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B. Edema resulting from increased capillary hydrostatic pressure as in the following

diseases:

1. Deep venous thrombosis resulting in impaired venous return.
2. Pulmonary oedema

3. Cerebral oedema

4. Congestive heart failure

Clinical classification of edema:

One can also clinically classify edema into localized & generalized types.

A) Localized B) Generalized

1) Deep venous thrombosis 1) Nephrotic syndrome
2) Pulmonary edema 2) Liver cirrhosis

3) Brain edema 3) Malnutrition

4) Lymphatic edema 4) Heart failure

5) Renal failure

Next, we will elaborate on some of the above examples.

1. Localized edema

a. Edema of the brain:
- May be localized at the site of lesion e.g neoplasm, trauma.
- May be generalized in encephalitis, hypertensive crisis, & trauma
- Narrowed sulci & distended gyri.
- 1 Edema - compression of medulla towards formen magnum - compression of
vital centers lead to - - Hernation of the brain

l

Patient dies

b. Pulmonary edema
- Usually occurs in left ventricular failure.

- May occur in adult respiratory distress syndrome (ARDS).

- lung 1t 2.3x its weight.
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2. Generalized edema (anasarca) occurs due to

a. Reduction of albumin due to excessive loss or reduced synthesis as is caused by:
1) Protein loosing glomerulopathies like nephrotic syndrome
2) Liver cirrhosis
3) Malnutrition
4) Protein-losing enteropathy
b. Increased volume of blood secondary to sodium retention caused by congestive
heart failure:
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Fig. 5.2 Mechanism of edema formation in congestive heart failure:

Reduced tissue perfusion

Rennin angiotensin

System (RAS) activated

- A proteolytic enzyme
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Lymphatic edema occurs in the following conditions:

1) Parasitic infection. E.g filariasis which causes massive lymphatic and inguinal
fibrosis

2) Lymphatic obstruction secondary to neoplastic infiltration. E.g. breast cancer

3) post surgical or post irradiation, i.e surgical resection of lymphatic channels or

scarring after irradiation
4) Sodium and water retention:

Sodium & subsequently water retention occurs in various clinical conditions such as
congetive heart failure (See Fig.5.2, above) & renal failure. In these conditions, the retained
sodium & water result in increased capillary hydrostatic pressure which leads to the edema

seen in these diseases.

Morphology of edema

Microscopy

- Manifests only as subtle cell swelling. Clearing & separation of extracellular matrix.

V. Hypermia and Congestion

Definition: Both of them can be defined as a local increase in volume of blood in a

particular tissue.

Hypermia
- is an active process resulting from an increased inflow of blood into a tissue because
of arteriolar vasodilation.
- commonly occurs in exercising skeletal muscle or acute inflammation.

- Affected tissue becomes red as there is engorgement with oxygenated blood.

Congestion
- Is a passive process resulting from impaired outflow of blood from a tissue.

- occurs systemically as in cardiac failure or locally as in isolated venous obstruction.

- Affected tissue appears blue-red due to accumulation of deoxygenated blood.
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- In long-standing congestion (also called chronic passive congestion states), poorly

oxygenated blood causes hypoxia — results in parenchyma cell degeneration or
cell death.

a) Pulmonary congestion
Cut surface: hemorrhagic & wet.

1. Acute pulmonary congestion:
A Alveolar capillaries engorged with blood
A Septal edema

2. Chronic pulmonary congestion:
- Thickened & fibrotic septa
- Alveolar spaces contain hemosiderin-laden macrophages resulting in an
appearance termed brown indurations.

- Can result in pulmonary hypertension.
b) Hepatic congestion

1) Acute hepatic congestion:
- Central vein & sinusoids are distended
- There may be even central hepatocyte degeneration.

- Peripheral hepatocytes better oxygenated & develop only fatty changes.

2) Chronic passive congestion of liver:
- Central lobules grossly depressed because of loss of cells & appear red brown
(nutmeg liver).
- Hemosiderin laden macrophages

- In longstanding hepatic congestion, commonly associated with cardiac failure,

there is a grossly evident hepatic fibrosis called cardiac cirrhosis
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V. Haemorrhage

Definition:

Hemorrhage is extravasation of blood outside the blood vessel.

Causes:

e Physical trauma - Stabbing
- Stick injury
- Gunshot

- Motor vehicle accident
. Inadequacies in blood clotting which can be due to:

A. Too few or poorly functioning platelets (i.e. qualitative & quantitative defect of
platelets)

B. Missing or low amount of clotting factors
E.g. Low levels of prothrombin, fibrinogen & other precursors.
Inadequate vitamin K leads to clotting factor deficiency because this vitamin is
important in the synthesis of the clotting factors by the liver.

Terminology:

1) Haemorrhage enclosed within a tissue or a cavity is knownas hematoma.

2) Minute 1-2 mm hemorrhages occurring in the skin, mucosal membrane, or serosal
surface are called petechiae
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VI. Hemostasis and Blood Coagulation

Hemostasis

Definition: Hemostasis is the maintainence of the clot-free state of blood & the prevention of

blood loss via the formation of hemostatic plug.
Hemostasis depends on three general components:

a) Vascular wall
b) Platelets

c) Coagulation pathways
Whenever a vessel is ruptured or severed, hemostasis is achieved by several mechanisms:
A. Vascular spasm
B. Formation of platelet plug
C. Formation blood clot as a result of blood coagulation
D. Eventual growth of fibrous tissue in to the blood clot to close the hole in the vessel

permanently.

Remark: The student is advised to revise his physiology lecture note on the above topics.

VII. Thrombosis

Under this topic, we will discuss the definition, pathogenesis, morphology, fates, &
clinical significance of thrombi, in this order.

Definition: Thrombosis is defined as the formation of a solid or semisolid mass from the

constituents of the blood within the vascular system during life.

Pathogenesis:

U There are three factors that predispose to thrombus formation. These factors are
called Virchow's triad:
A: Endothelial injury
B: Stasis or turbulence of blood flow

C: Blood hypercoagulability
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A: Endothelial injury

U It is the most important factor in thrombus formation and by itself can lead to
thrombosis.

U Endothelial injury is particularly important in thrombus formation in the heart &
arterial circulation.

U Some Examples:
e Endocardial injury during myocardial infarction & eosinophilic endocarditis in

which eosiophils release from their granules crystals called Charcot — Leyden
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e Examples:

a)

b)

d)

Ulcerated atherosclerotic plaque, which forms a sort of irregularity on endothelial
surface, not only exposes subendothelial extracellular matrix but are also
sources of local turbulence.

Aneurysms are favoured sites of stasis

Myocardial infarction not only has endothelial injury but also has a region of
noncontractile myocardium, creating an area of stasis resulting in mural
thrombus formation.

Mitral valve stenaosis after chronic rheumatic fever may result in left atrial dilation,
usually associated with arterial fibrillation. A dilated left atrium is a site of stasis &
a prime location of thrombus development.

Hypervisicosity syndrome, i.e an increase in hematocrit in excessive amount due

to various reasons such as polycythemia causes stasis in small vessels.

C: Hypercoagulablity

Definition: Hypercoagulability is any alteration of the coagulation pathway that predisposes

to thrombosis. Hypercoagulability is a less common cause of thrombosis & & it can be

divided into:

1. Primary (Genetic)

A
A
A

Mutations in factor V[Lieden factor]
Anti thrombin 11l deficiency

Protein C or S deficiency

2. Secondary (Acquired) which, in turn, can be categorized into:

A: High-risk for hypercoagulablity

¢ prolonged bed rest or immobilization

Myocardial infarction

O 0 0 0

Tissue damage (surgery, fracture, burns)
ancers (Cancers release procoagulant tissue products to cause thrombosis)
Prosthetic cardiac valves

Disseminated intra vascular coagulation
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B: Low risk factor for hypercoagulablity

A A trial fibrillation
A
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Fates of a thrombus

A thrombus can have one of the following fates:

A: Propagation:

The thrombus may accumulate more platelets and fibrin & propagate to cause vessel

obstruction.

B: Embolization:

The thrombus may dislodge and travel to other sites in the vasculature. Such a traveling
thrombus is called an embolus. An embolus may obstruct a vessel. The obstruction leads to
the death of the tissue supplied by the blood vessel. Death of a tissue due to a decreased
blood supply or drainage is called infarction. Therefore, an embolus can eventually lead to
an infarction of an organ. E.g cerebral infarction can be caused by a thromboembolus.

We will discuss embolism & infarction shortly (See p. ).

C: Dissolution:

The thrombus may be removed by fibrinolytic activity.
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3. Malnutrition, debilitating conditions and wasting diseases such as cancer. DVT due to

these conditions is known as marantic thrombosis.

4. Inflammation of veins (thrombophlebitis) also predisposes to thrombosis.

5. Migratory thrombophlebitis is a condition that affects various veins throughout the body

& is usually of obscure aetiology, but sometimes it is associated with cancer, particularly

pancreatic cancer. Migratory thrombophlebitis is also known as Trosseau syndrome.

B. Arterial Thrombosis

The rapid flow of arterial blood prevents the occurrence of thrombosis unless the
vessel wall is abnormal.

In western society atheroma is by far the commonest predisposing lesion for arterial
thrombosis. Atheromatous plaques produce turbulence and may ulcerate & cause
endothelial injury, both of which can lead to thrombosis. These thrombi may narrow
or occlude the lumen of arteries such as the coronary and cerebral arteries.
Occlusion of these arteries will lead to myocardial infarction (MI) & cerebral infarction
respectively.

Cardiac thrombi can be caused by infective endocarditis, atrial fibrillation,&
myocardial infarcion.

Cardiac thrombosis is common on the heart valves & in the auricular appendages
(especially, of the right atrium). A thrombus develops in the atrium in patients with
atrial fibrillation & dilatation superimposed on mitral stenosis.

Myocardial infarction causes dyskinetic myocardial contraction & damage to the
endocardium, which usually result in mural thrombi in the ventricles.

Apart from obstructive features, arterial thrombi (especially, cardiac mural thromi)
may embolize to any tissue, but, particularly, commonly to the brain, kidney, &

spleen because of large volume of blood flow to these organs.
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VIIl. Embolism

Definition:-

An embolus is a detached intravascular solid, liquid or gaseous mass that is carried by
blood to sites distant from its point of origin. After traveling via the blood, the embolus can

obstruct a vessel.

Causes of embolism:

An embolus can arise from:
o Thrombus (99% of emboli arise from a thrombus. Such an embolus is called
thromboembolus)
Platelets aggregates
Fragment of material from ulcerating atheromatous plaque
Fragment of a tumour
Fat globules
Bubbles of air
Amniotic fluid
Infected foreign material
Bits of bone marrow
Others.

O O 0O 0O 0o 0o o o o

Unless otherwise specified, the term embolism should be considered to mean
thromboembolism. This is because thromboembolism is the commonest form of embolism.
Next, we will discuss it in more detail.

Thromboembolism

Based on its sites of origin & impaction, thromboembolism can be divided into:

a) Pulmonary thromboembolism (PTE)
o0 PTE is refers to the impaction of an embolus in the pulumonary arteries & their
branches. Such an embolus is derived from a thrombus in the systemic veins or the
right side of the heart.
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b) Systemic thromboembolism
0 Systemic emboli arise from the left side of the heart or from thrombi & atheromatous

debris in large arteries. And they impact in the systemic arteries.

¢) Crossed embolism (Paradoxical embolism)
o0 This occurs in the presence of patent foremen ovale when an embolus is transferred

from the right to the left side of the heart, then into the systemic circulation.

Now, we will elaborate the first two.

a) Pulmonary thrombeomblism (PTE)

95% of PTE arise from thromi in the deep leg veins. The thromboembolus will travel long
with the venous return & reach the right side of the heart. From there, it will go into the
pulmonary trunk & pulmonary arteries. Depending on the size of the embolus and on the

state of pulumonary circulation, the pulmonary embolism can have the following effects:

1. If the thrombus is large, it may block the outflow tract of the right ventricle or the
bifurcation of the main pulumonary trunk (saddle embolus) or both of its branches,
causing sudden death by circulatory arrest. Sudden death, right side heart failure
(cor pulmonale), or cardiovascular collapse occurs when 60% or more of the

pulumonary circulation is obstructed with emboli.

2. If the embolus is very small (as in 60-80% of the cases), the pulmonary emboli will
be clinically silent. Embolic obstruction of medium sized arteries manifests as
pulmonary haemorrhage but usually does not cause infarction because of dual blood

inflow to the area from the bronchial circulation.

3. If the cardiorespiratory condition of the patient is poor (i.e., if the patient previously
had cardiac or pulmonary disease), then obstruction of a medium sized pulmonary

artery by a medium-sized embolus can lead to pulmonary infarction.

4. Recurrent thromboembolism can lead to pulmonary hypertension in the long run.

A patient who has had one pulmonary embolus is at high risk of having more.

b) Systemic thromboembolism
e Systemic thromboembolism refers to emboli travelling within arterial circulation &

impacting in the systemic arteries.
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e Most systemic emboli (80%) arise from intracardiac mural thrombi. In turn, two
thirds of intracardiac mural thrombi are associated with left ventricular wall infarcts
and another quarter with dilated left atria secondary to rheumatic valvular heart
disease.

e The remaining (20%) of systemic emboli arise from aortic aneurysm, thrombi on

ulcerated athrosclerotic plaques, or fragmentation of valvular vegetation.

e Unlike venous emboli, which tend to lodge primarily in one vascular bed (the lung),
arterial emboli can travel to a wide variety of sites. The major sites for arteriolar
embolization are the lower extremities (75%) & the brain (10%), with the rest
lodging in the intestines, kidney, & spleen. The emboli may obstruct the arterial
blood flow to the tissue distal to the site of the obstruction. This obstruction may
lead to infarction. The infarctions, in turn, will lead to different clinical features

which vary according to the organ involved.

Next, we will briefly touch upon some rare forms of embolism.

Fat Embolism

Fat embolism usually follows fracture of bones and other type of tissue injury. After the
injury, globules of fat frequently enter the circulation. Although traumatic fat embolisms
occur usually it is as symptomatic in most cases and fat is removed. But in some severe
injuries the fat emboli may cause occlusion of pulmonary or cerebral microvasculature and
fat embolism syndrome may result. Fat embolism syndrome typically begins 1 to 3 days
after injury during which the raised tissue pressure caused by swelling of damaged tissue
forces fat into marrow sinsosoid & veins. The features of this syndrome are a sudden onset
of dyspnea, blood stained sputum, taccycardia, mental confusion with neurologic symptoms

including irritability & restlessness, sometimes progress to delirium & coma.

5. Air embolism

Gas bubbles within the circulation can obstruct vascular flow and cause distal ischemic
injury almost as readily as thrombotic masses. Air may enter the circulation during:

e Obstetric procedures

e Chest wall injury

e Indeep see divers & under water construction workers.

e Inindividuals in unpressurized aircraft
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The development & the size of an infarct are determined by the following factors:

The nature of the vascular supply
The rate of development of occlusion
Suceptibility of the tissue for hypoxia

Oxygen content of the blood

mo o w2

The severity & duration of ischemia

A. The nature of vascular supply

The following organs have a dual blood supply.

e Lung - pulumonary artery
- Bronchial artery

e Liver - hepatic artery
- Portal vein

e Hand & forearm
- Radial arteries

— Ulnar arteries.
The effect of such a dual blood supply is that if there is obsrtuction of one of the arterial
supplies, the other one may offset the rapid occurrence of infarction in these organs unlike

the renal & splenic circulations which have end arterial supply.

Infarction caused by venous thrombosis is more likely to occur in organs with single venous

outflow channels, such as testis &ovary.

B: Rate of development occlusion

Slowly developing occlusions are less likely to cause infraction since they provide time for

the development of collaterals.
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C: Tissue suceptibility to hypoxia:
The susceptibility of a tissue to hypoxia influences the likelihood of infarction. Neurons
undergo irreversible damage when deprived of their blood supply for only 3 to 4 minutes.
Myocardial cells die after 20-30 minutes of ischemia. Fibroblasts are more resistant,
especially those in the myocardium.

D: Oxygen content of blood

Partial obstruction of the flow of blood in an anaemic or cyanotic patient may lead to tissue

infarction.

E: The severity & duration of ischemia.

Types of infarcts

Infarcts are classified depening on:

A) the basis of their colour (reflecting the amount of haemorrhage) into:

1. Hemorrhagic (Red) infarcts
2. Anemic (White) infarcts

B) the presence or absence of microbial infection into:

1. Septic infarcts

2. Bland infarcts

1. Red infarcts occur in:

a) Venous occlusions as in ovarian torsion

b) Loose tissues such as the lung which allow blood to collect in infarct zone.

c) Tissues with dual circulations (eg. the lung), permitting flow of blood from unobstructed
vessel in to necrotic zone.

d) Intissues that were previously congested because of sluggish outflow of blood.

e) When blood flow is reestablished to a site of previous arterial occlusion & necrosis.

83



2. White infarcts occur in:

a) Arterial occlusion in organs with a single arterial blood supply.
b) Solid organs such as the heart, spleen, & kidney, where the solidity of the tissue limits
the amount of hemorrage that can percolate or seep in to the area of ischemic necrosis

from the nearby capillaries.

Morphology of infarcts

Gross: All infarcts are wedge-shaped with the occluded vessel at the apex and the
periphery of the organ forming the base of the wedge. THe infarction will induce
inflammation in the tissue surrounding the area of infarction. Following inflammation, some
of the infarcts may show recovery, however, most are ultimately replaced with scars except
in the brain.

Microscopy:

The dominant histologic feature of infarction is ischemic coagulative necrosis. The brain is

an exception to this generalization, where liquifactive necrosis is common.

Clinical examples of infarction:

A. Myocardial infarction

€ Usually results from occlusive thrombosis supervening on ulcerating atheroma of a
major coronary artery.

e Is a white infarct.

e Can cause sudden death, cardiac failure, etc...

B. Cerebral infarcts

€ May appear as pale or hemorrhagic
e A fatal increase in intracranial pressure may occur due to swelling of large cerebral
infarction, as recent infarcts are raised above the surface since hypoxic cells lack

the ability to maintain ionic gradients & they absorb water & swell.

(0%

Is one type of cerebrovascular accidents (CVA) or stroke which has various clinical

manifestations.
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C. Lung infarcts
e Are typically dark red & conical (wedge-shaped).

€ Can cause chest pain, hemoptysis, etc...
D. Splenic infarcts

- Conical & sub capsular

- Initially dark red later turned to be pale.

X. Disseminated Intravascular Coagulation (DIC)

Definition: -DIC is an acute, or chronic thrombohemorrhagic disorder occurring as a result
of progressive activation of coagulation pathway beyond physiologic set point secondary to
a variety of diseases resulting in failure of all components of hemostasis. Hence the other

term for DIC is consumption coagoulopathy.
Etiology andPathogensis

At the outset, it must be emphasize that DIC is not a primary disease. It is a coagulopathy
that occurs in the course of variety of clinical conditions. DIC follows massive or prolonged
release of soluble tissue factors & /or endothelial-derived thromboplastin into the circulation

with generalized (pathologic) activation of coagulation system.

Therefore, DIC results from pathologic activation of the extrinsic &/or intrinsic pathways of
coagulation or impairment of clot inhibiting influences by different causes. Two major
mechanisms activating the coagulation pathway to cause DIC are: (1) release of tissue
factor or thromboplastic substance into the circulation (2) widespread injury to the

endothelial cells.

1. Tissue thromboplastin substance may be derived from a variety of sources such as:
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catheter sites. Respiratory symptoms such as dyspnea, cyanosis may occur. They may
present with convulsion & coma in the case of CNS bleeding or with acute renal failure with
oliguria. Less often, they may present with acrocyanosis, pre-gangrenous changes in the
digits, genitalia, & nose areas where blood flow may be markedly decreased. Circulatory
failure may appear suddenly & may be progressing. The presentations of acute DIC, as it

occurs in case of trauma or obstetric conditions, is dominated by bleeding diathesis.

Laboratory manifestations include thrombocytopenia secondary to platelets aggregation in
the thrombus, schistocytes or fragmented RBCs, prolonged PT, PTT, thrombin time &
reduced fibrinogen from depleted coagulation proteins. There is also increased fibrin
degradation product (FDP) from intense fibrinolysis. The cardinal manifestation of DIC,
which correlates most closely with bleeding is plasma fibrinogen level, i.e. low fibrinogen

means increased tendency of bleeding.
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Xl. Shock

Definition: Shock is a state in which there is failure of the circulatory system to maintain
adequate cellular perfusion resulting in widespread reduction in delivery of oxygen & other
nutrients to tissues. In shock, the mean arterial pressure is less than 60 mmHg or the

systolic blood pressure is less than 90 mmHg.

Regardless of the underlying pathology, shock constitutes systemic hypoperfusion
due to reduction either in cardiac out put or in the effective circulating blood volume.
The end results are hypotension followed by impaired tissue perfusion and cellular

hypoxia.

» Adequate organ perfusion depends on arterial blood pressure (BP) which, in turn,
depends on:
1. Cardiac output (CO)

2. Peripheral vascular resistance (PVR)

e CO = stroke volume X heart rate
In turn, stroke volume depends on:
a) Preload i.e. blood volume,
b) Afterload i.e. arterial resistance, &

c) Myocardial contractility.

e Therefore, shock (i.e. widespread decreased perfusion of tissues) occurs when the
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A) Myopathic causes of cardiogenic shock include:

1.

a &~ 0N

Acute myocardial infraction. Usually shock occurs in this conditioin if = 40% of the left
ventricular mass & more on the right ventricle is involved by infarction.

Mycocarditis

Dilated cardiomyopathy/hypertrophic cardiomyopathy

Myocardial depression in septic shock

Etc....

B) Mechanical

i) Intracardiac

a) Left ventricle outflow obstruction E.g.Aortic stenosis, hypertrophic cardiomyopathy
b) Reduction in forward cardiac output E.g. Aortic or mitral regurgitation

c) Arrhythmia

i) Extracardiac

This can be called obstructive shock. The extracardiac causes of cardiogenic shock can be

caused by:

a)

b)

c)
d)

Pericardial tamponade (gross fluid accumulation in the pericardial space) results in a

decreased ventricular diastolic filling —» 1CO
Tension pneumothorax (gas accumulation in pleural space)

This decreases the venous return by creating a positive pressure.

Acute massive pulumonary embolism occupying 50-60% of pulumonary vascular bed.

Severe pulumonary hypertension (1° pulmonary hypertension).

C. Distributive shock

Definition: Distributive shock refers to a group of shock subtypes caused by profound

peripheral vasodilatation despite hormal or high cardiac output.

Causes of distributive shock

1) Septic shock — the commonest among the group & clinically very important.

2) Neurogenic shock
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- Usually occurs in the setting of anaesthetic procedure [cephalo-caudal migration of
anaesthetic agent] or spinal cord injury owing to loss of vascular tone & peripheral

pooling of blood.
3) Anaphylactic shock

- Initiated by generalized IgE — mediated hypersensitivity response, associated with

systemic vasodilatation & increased vascular permeability.
4) Endocrine shock

- This is a type of shock that typically occurs in adrenal insufficiency.

Next, we will discuss septic shock in some detail. But before discussing septic shock in
detail it would be useful to know some aspects of sepsis briefly. Bactermia is the presence
of viable bacteria in the blood as evidenced by blood culture. Septicemia is systemic
infection due the presence of microbes and their toxin the blood. Sepsis is a systemic
response to severe infection mediated via macrophage-derived cytokines that target end

organ receptors in response to infection. It is also called SIRS.

Septic shock

Definition: This is a kind of shock caused by systemic microbial infection, most commonly
by gram — negative infection (endotoxic shock) but can also occur with gram — positive or

fungal infections.
or
It can be defined as sepsis with

1. Hypotention, arterial blood pressure less than 90mmHg or 40mmHg less than the

patient’s normal blood pressure,

2. Organ dysfunction, &

3. Unresponsiveness to fluid administration.

92



Pathogenesis of septic shock:
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Morphology of septic shock:

e All organs are affected in severe shock. In shock, there is widespread tissue
hypoperfusion involving various organs such as the heart, brain, & kidney. This leads to
widespread hypoxic tissue necrosis. The widespread tissue necrosis manifests as
multiple organ dysfunction [MODS]. Various organs may fail to perform their normal

functions. And lungs may show ARDS or Shock lung.

Clinical course of shock

« Patient with shock may manifest as having a weak and rapid pulse, tachypenia, & cool,
clammy, cyanotic skin. In septic shock, the skin will initially be warm & flushed because
of peripheral vasodilation. The patient may present with confusion, restlessnes,

decreased urine output, coma, and death.
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XIl. Excercises

1. a) What is edema?
b) Enumerate four clinical conditions that cause generalized body oedema. Discuss their
pathogeneses.

c) Enumerate the causes of oncotic and nononcotic oedema.

2. Case study I: A 40 year old patient got a car accident and he was found to have femoral
shaft fracture & then he suddenly developed dyspnea, cyanosis,.and shock and passed
away immediately after surgery. There was no massive blood loss at the time of trauma
or during surgery. The probable cause of death is:

a) Shock

b) Arterial emboli
c¢) Fat embolism
d) Stress

e) None

3. a) Define infarction.
b) Briefly discuss the difference between venous & arterial thromboses
c) Enumerate the difference between red & white infracts & the organs in which they

commonly occur.

4. Case study II: A 28 year old female patient presented with fever, chills, decreased urine
output, offensive vaginal discharge, and abdominal pain. One week earlier she had an
abortion attended by a non-medical personnel with metallic materials. The doctor found
out that her blood pressure was 60/20 mmHg, that she has altered consciousness, & a
temperature of 38.9°.

a) What is the primary problem?
b) What is the complication of the primary problem? Discuss the pathogenesis of this

complicatioin.

c) What organisms are the most likely causes of the disease?
d) What are the morphologic changes & their complications that will be seen in different

organs in this patient?
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CHAPTER SIX
GENETIC DISEASES

|. Learning objectives:

At the end of this chapter, the student should be able to:-

Know the basis of genetic diseases.
Know the 4 major categories of genetic diseases.

3. Know the categories of mendelian disorders based on their pattern of inheritance &
give some examples of each category.

4. Know the categories of mendelian disorders based on the type of protein involved
(i.e. the biochemical mechanism) & give some examples of each category.
Know the different types of chromosomal disorders & give examples for each type.

Know multifactorial disorders.

Il. Introduction

A knowledge of the normal human genetics will facilitate the understanding of genetic
diseases. Hence, the student is advised to revise the normal human genetics before reading
this chapter. Here, only brief highlights of the normal are given. Genetic diseases are often
said to be difficult tostudents. We have tried to dispell this wrong notion & to make genetic
as clear as possible at the cost of brevity. we did in order to facilitate the student's

understanding.

Genetic information is stored in DNA. The typical normal human cell contains 46
chromosomes {i.e. 23 pairs of chromosomes: 22 homologous pairs of autosomes & one pair
of sex chromosomes (XX or XY)}. Members of a pair (described as homologous
chromosomes or homologs] carry matching genetic information. l.e. they have the same
gene loci in the same sequence, though at any specific locus they may haveseithetidenticak
or slightly different forms, which are called alleles. One member of each pair of
chromosomes is inherited from the father, the other from the mother.Each chromosome is in
turn composed of a very long unbranched molecule of DNA bound to histones & other
proteins. This interaction between the long DNA molecule & the histones decreases the
space occupied by the long DNA. l.e. this interaction packages the long DNA into the

shorter chromosomes.
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Each chromosome contains a single continuous DNA molecule. DNA is composed of two
very long complementary chains of deoxynucleotides. The 2 chains (strands) of DNA wind
around each other i.e. twist about each other forming a double helix — “the twisted ladder
model”. Each deoxynucleotide, in turn, is composed of a nitrogenous base {i.e. adenine (A),

or guanine (G), or cytosine (C), or thymine (T)} bound to deoxyribose & phosphate.

DNA has two basic functions:

1. It codes for the proteins which are important for the metabolic & structural functions of

the cell. I.e. it provides the genetic information for protein synthesis.

2. It transmits the genetic information to the daughter cells & to the offsprings of the

individual.

Hence, the central dogma of molecular biology is:-

Figer 6-1 showing the central dogma of molecular biology
A DNA - - transcription — -~ RNA - - translation — — PROTEIN.
!
Tttt
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In summary, the primary sequence of bases in the coding regions of DNA determines the
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they may cause cancer (because they confer a growth advantage to cells) & some
congenital malformations. Mutations that occur during development (embryogenesis)
lead to mosaicism. Mosaicism is a situation in which tissues are composed of cells with
different genetic constitutions. If the germ line is mosaic, a mutation can be transmitted
to some progeny but not others. This can sometimes lead to confusion in assessing the
patterns of inheritance.

- affect the various levels of protein synthesis.

- can be classified into the following three categories based on the extent of the genetic
damage:

2. Getfnto 012 Tas ()TJ/T64 1 Tf0 -1.2130 TD.0011 Tc-.0002 Twf (areduge t chro motfntotisegregl2 T
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Each of these types are discussed below.

A. Point mutation (Single base pair change)
- is the substitution of one base for another.
- includes the following types:-
1. Silent mutations
2. Missense mutations

3. Nonsense mutations

1. Silent (Synonymous) mutation.

The genetic code is redundant (i.e. there is more than one codon for most amino acids) &
therefore a change in one base may result in no change in the amino acid sequence of the
protein. The base replacement does not lead to a change in the amino acid but only to the
substitution of a different codon for the same amino acid. For example, the change of the
codon UUU which codes for phenylalanine to UUC (i.e. the replacement of U by C) is a
silent mutation because the new codon (UUC) also codes the same amino acid

(phenylalanine).

2. Missense mutations
- changes the codon for one amino acid to the codon for another amino acid.

- is exemplified by the mutation which causes sickle cell anemia.

Hemoglobin is composed of a heme, two a-globin polypeptide chains, & two [B-globin
polypeptide chains. In normal individuals, the codon GAG codes for glutamic acid in the 6"
position of the B-globin polypeptide chain. But in sickle cell anemia this codon is changed to
GUG which codes valine. Hence, as a result of this single base substitution, valine
substitutes glutamic acid in the B-globin chain. This amino acid substitution alters the
physicochemical properties of hemoglobin, which is now called Hemoglobin S. This leads to

sickle cell anemia.

3. Nonsense mutation

- changes the codon for an amino acid to a stop codon, leading to termination of translation
of the mRNA transcript & a truncated protein.

- is exemplified by the mutation which causes ° — thalassemia. In this, a substitution of U
for C in the codon 39 of the 3 globin chain of hemoglobin (i.e. the change of CAG to
UAG) converts the codon for glutamine to a stop codon. This results in premature

termination of the B globin gene translation. I.e. protein synthesis stops at the 38" amino
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acid. This results in short peptide which is rapidly degraded leading to the absence of (3-

globin chains. This leads to B° — thalassemia.

B. Deletions & insertions

- can occur within coding sequences or within noncoding sequences.

i. Deletions & insertions of one or two bases within coding sequences lead to
frameshift mutations because they alter the reading frame of the triplet genetic code in
the mRNA so that every codon distal to the mutation in the same gene is read in the
wrong frame. This leads to altered amino acid sequence & usually premature
termination of the peptide chain because of the occurrence of a termination codon in the

altered reading frame.
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Many different proteins are synthesized in each cell of the body. These proteins include
enzymes & structural components responsible for all the developmental & metabolic
processes of an organism. Mutation can result in abnormality in any of these protiens.
Mutation — Abnormal protein/No protein/ Increased protein - Abnormal metabolic

processes — Tissue injury — Genetic diseases.

IV. Categories of genetic diseases

Genetic diseases generally fall into one of the following 4 categories:
a. Mendelian disorders
b. Chromosomal disorders
c. Multifactorial disorders
d. Single gene diseases with nonclassic patterns of inheritance.

Each of these categories is discussed below.

V. Mendelian disorders

- Each medelian disorder is caused by a single mutant gene.
- affects transcription, mMRNA processing, or translation
— abnormal protein or decreased protein
- may affect any type of protein - Disease.
- show the classic mendelian patterns of inheritance.
- are also called monogenic mendelian disorders.
- are uncommon.
- can be classified into the following based on their patterns of inheritance:
1. Autosomal dominant inheritance
2. Autosomal recessive inheritance

3. X-linked recessive inheritance

The mode of inheritance for a given phenotypic trait/disease is determined by pedigree

analysis in which all affected & unaffected individuals in the family are recorded in a

pedigree using standard symbols & indicating the sex, the generation, & biologic
relationship among the family members. In all mendelian disorders, the distribution of the
parental alleles to their offspring depends on the combination of the alleles present in the

parents.
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Legend:-

Heterozygous male

Homozygous normal female

Normal male

Heterozygous female

Phenotypically affected

Fig 6.2. The pedigree for autosomal dominant pattern of inheritance. This figure shows the
pedigree for a normal female parent & an affected male parent & their four children.
Vertical distribution of the condition through successive generations occurs when the

trait does not impair reproductive capacity.

b. Additional features of autosomal dominant disorders
Each of the following may alter the idealized dominant pedigree (& they should be

considered to provide the most accurate counselling):-

i. Autosomal dominant disorders can sometimes be caused by new mutations. New
mutations may give rise to an isolated case of a dominant disorder. New mutations are
more often seen with diseases that are so severe that people who are affected by them

are less likely to reproduce than normal. For example, the majority of cases of

achondroplasia are the results of new mutations.

ii. Autosomal dominant disorders can show reduced penetrance (i.e. some individuals
inherit the mutant gene but are phenotypically normal). Penetrance is the probability of
expressing the phenotype given a defined genotype. Penetrance is expressed as the
percentage of individuals who have the mutant allele & are actually phenotypically

affected. For example, 25% penetrance indicates that 25% of those who have the gene
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express the trait. Penetrance can be complete or incomplete. Reduced (incomplete)
penetrance is when the frequency of expression of a genotype is < 100%.

Nonpenetrance is the situation in which the mutant allele is inherited but not expressed.

Autosomal dominant disorders commonly show variable expressivity.Variable
expressivity is the ability of the same genetic mutation to cause a phenotypic spectrum.
It is when the trait is seen in all individuals carrying the mutant gene but is expressed
differently among individuals. For example, some patients with neurofibromatosis type 1
(which is an autosomal dominant disorder) have only brownish spots (café au lait spots)
on their skin whereas other patients with the same disease have multiple skin tumors &
skeletal deformities. Therefore, neurofibromatosis is said to show variable expressivity.
Variable expressivity most likely results from the effects of other genes or environmental
factors that modify the phenotypic expression of the mutant allele. For example,
individuals with familial hypercholesterolemia who take cholesterol-rich diet have a
higher risk of manifesting with atherosclerosis than those individuals with
hypercholesterolemia & who take low cholesterol diet. Hence, the variable expressivity in
this case is brought about by the influence of an environmental factor (i.e. the diet).In
general, variable expressivity & reduced penetrance can modify the clinical picture of

autosomal dominant disorders.

c. Pathogenesis of autosomal dominant disorders

Autosomal dominant disorders are caused by 2 types of mutations:

1. Loss of function mutations

2. Gain of function mutations

Loss of function mutations cause autosomal dominant disorders when they result in
inactive or decreased amount of regulatory proteins (e.g. cell membrane receptors
such as LDL receptor), or structural proteins (e.g. collagen, fibrillin, spectrin,

dystrophin).

A 50% reduction in the levels of such nonenzyme proteins results in an abnormal

phenotype (i.e. the heterozygote, who produces this much amount, will manifest the

disorder). This can sometimes be explained by the dominant negative effect of the mutant

allele (i.e. product of the mutant allele impairs the function of the product of the normal

allele).
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2. Gain of function mutations are much less common than loss of function mutations. In
such cases, the mutant gene produces a toxic protein (i.e. the protein will have a new
toxic function). This is exemplified by Huntington disease. Gain of function mutations

almost always have autosomal dominant pattern.
d. Clinical examples of autosomal dominant disorders:

0 Marfan syndrome*

0 Some variants of Ehlers — Danlos syndrome
0 Osteogenesis imperfecta

o Achondroplasia

0 Huntington disease

0 Neurofibromatosis*

0 Tuberous sclerosis

0 Myotonic dystrophy

o Familial hypercholesterolemia*
0 Hereditary spherocytosis

o Familial polyposis coli

o0 Polycystic kidney disease

* Only these are briefly described here.

Marfan syndrome
- is a defect of connective tissue characterized by faulty scaffolding.

- is caused by mutations of FBN1 gene - Abnormal fibrillin (which is a structural protein)
No normal microfibrils in the extracellular matrix -~ No scaffolding on which tropoelastin
is deposited to form elastic fibers — Marfan’s syndrome.Microfibrils are normally
abundant in the aorta, ligaments, & ciliary zonules of the lens where they support the
lens. Hence, Marfan syndrome (in which there is deficiency of normal fibrillin &

microfibrils) mainly involves these tissues.

- is characterized by defects in skeletal, visual, & cardiovascular structures™=

i. Patients are tall & thin with abnormally long legs & arms, spider like fingers

(arachnodactyly), hyperextensible joints.

ii. Dislocation of the ocular lens (Ectopia lentis) is frequent.
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1. The scavenger receptor pathway:- In which oxidized LDL or acetylated LDL is removed
by a scavenger receptor on the cells of the mononuclear phagocyte system, &

2. Hepatic clearance:- 70% of plasma LDL is removed by the liver (because LDL binds

with LDL receptors which are concentrated in certain regions ( called the coated pits)

of the cell membrane of the hepatocyte). Then, the coated vesicles containing the bound
LDL fuse with the lysosomes.! in the lysosomes, LDL is degraded into free cholesterol

which enters the cytoplasm.

There, cholesterol
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This illustrates that knowing the pathogenesis of diseases greatly helps not only in

understanding their morphologic & clinical features but also in the logical discovery of their

treatment.

Neurofibromatosis:-

is a familial neoplasm. Familial neoplasms have neoplasm-causing mutations ransmitted
through the germ line. Familial neoplasms account for about 5% of all cancers & they
are mendelian disorders. They are often inherited in autosomal dominant pattern with
few exceptions. They are caused by mutations that affect proteins which regulate cell
growth. And they are exemplified by neurofibromatosis types 1 & 2. It should be noted
that most cancers are not familial & these non-familial cancers are caused by mutations
of tumor-suppressor genes, proto-oncogenes, & apoptosis- regulating genes in somatic
cells. Hence, these mutations are not passed in the germ line. Therefore, most cancers
are not mendelian disorders i.e. they are sporadic or nonfamilial disorders. Here,

neurofibromatosis which is a mendelian neoplasm is discussed.

1. Neurofibromatosis type 1

2. Neurofibromatosis type 2

was previously called von Recklinghausen disease.

has autosomal dominant transmission in 50% of cases. (The rest 50% are due to new
mutations.

has extremely variable expressivity but the penetrance is 100%.

is due to a mutation in the NF1 gene (which is a tumor-suppressor gene).

mainly shows neurofibromas in the skin & other locations, café au lait spots (i.e. light
brown skin pigmentations), & pigmented iris hamartomas (Lisch nodules). The benign
neurofibromas can sometimes become malignant.

may also show skeletal disorders such as scoliosis & bone cysts & increased incidence
of other tumors especially pheochromocytoma & malignancies such as Wilm’s tumor,

rhabdomyosarcoma, & leukaemia.

was in the past called acoustic neurofibromatosis.

is much less common than neurofibromatosis type 1.

is an autosomal dominant disorder.

is due to a mutation of the NF-2 gene ( which is a tumor suppressor gene)

shows bilateral acoustic schwannomas, multiple meningiomas, & gliomas (typically

ependymomas of the spinal cord).
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Autosomal recessive disorders

- will be discussed under the following headings:-
a. Criteria
b. Additional features
c. Pathogenesis

d. Clinical examples

In autosomal recessive disorders, the phenotype is usually observed only in the
homozygote. The typical pedigree shows affected male & female siblings with normal
parents & offspring. Recessive inheritance is suspected when parents are consanguineous;
it is considered proven when the corresponding enzyme levels are low or absent in affected
individuals & are at half normal values in both parents.
a. Criteria
i. If the trait is rare, parents & relatives other than siblings are usually normal
ii. In the mating of 2 phenotypically normal heterozygotes, the segregation frequency
with each pregnancy is 25% homozygous normal, 50% heterozygous normal, &
25% homozygous affected. See Fig. 2 below.
iii. All children of two affected parents are affected.
iv. Both sexes are affected in equal numbers
v. If the trait is rare in the population, the probability of parenta consanguinity is

increased.

Y7
s
W

Fig 6.3. Autosomal recessive pattern. This diagram shows the pedigree for 2 heterozygous
parents & their 4 children. Only siblings are affected. Vertical distribetiorof-affected

individuals is not usually seen. Horizontal distribution & consanguinity are seen in a

multiplex pedigree. (Note: This is not a multiplex pedigree). See the legend of Fig. 1.

b. Additional features
i.Autosomal recessive disorders show more uniform expression of the trait than

autosomal dominant disorders. (i.e. they don’t show variable expressivity).
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ii. They commonly show complete penetrance.

. They frequently show signs & symptoms early in life, whereas many autosomal
dominant disorders have delayed onset e.g. Huntington disease clinically manifests for

the first time during adulthood.

c. Pathogenesis

Many autosomal recessive disorders are caused by loss of function mutations which

result in decreased enzyme proteins.

Homozygotes — No normal enzyme - Disease.

Heterozygotes - Equal amounts of normal & defective enzymes - Cells with half the normal

amount of the enzyme function normally — No disease.

d. Clinical examples include:-

Sickle cell anemia

Thalassemias

Congenital adrenal hyperplasia

Cystic fibrosis Wilson disease

HemochromatosisMendelian disorders associated with enzyme defects:*
Phenylketonuria

Galactosemia

Homocystinuria

Lysosomal storage diseases

Alpha 1 antitrypsin deficiency

O O O O o o

Glycogen storage disease

* These will be discussed further.

- Mendelian disorders associated with enzyme defects.

have mutations - decreased amount of a normal enzyme or abnormal enzyme with
decreased activity -~ Metabolic block -~ Consequences — Disease.

show autosomal recessive pattern of inheritance because half the normal amount of

enzyme is enough for normal function. Hence, heterozygotes (who produce this
amount) do not manifest the disease. l.e. the inheritance is autosomal recessive.

is illustrated by the following model of a metabolic pathway:- Substrate |
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Enzyme 1! Intermediate 11 Enzyme 2!Intermediate 2 - - M1 - - M2 | (Minor pathway
products) Enzyme 3 | Final product If an enzyme of the above pathway is defective, then

the consequences may be:

1. Accumulation of the substrate, &or one or both of the intermediates, & the products of
the minor pathway depending on the level of the block. These substances may be toxic in
high concentrations & result in tissue damage. This mechanism occurs in the following
diseases:

e Lysosomal storage diseases
e Galactosemia

e Phenylketonuria

2. Decreased amount of the final end product.

e This is exemplified by albinism.
3. Failure to inactivate a toxic substrate. E.g. Hereditary alpha -1 antitrypsin deficiency.

Mendelian disorders associated with enzyme defects include most inborn errors of
metabolism such as:
0 Lysosomal storage diseases (E.g. Gaucher disease)
Phenylketonuria
Severe combined immunodeficiency disease

o]
o]
o Alpha 1 antitrypsin deficiency
o Albinism

o]

Lesch — Nyhan syndrome

In order to illustrate the basic principles of this category, only the first two disorders from the

above list are discussed below in moderate depth.
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1. Lysosomal storage diseases

- result from lack of any protein essential for the normal function of lysosomes.

Lysosomes are intracellular organelles used for degrading a variety of complex

substrates. They do so by means of a variety of enzymes. The following figure

compares the normal lysosomal degradation pathway with that of lysosomal storage

disease.Complex substrate

/
Normal lysosomal degradation {
pathway:- !
Enzyme A /
/
v

Intermediate 1
!
Enzyme B |
!
Intermediate 2
l
Enzyme C |
l

Small soluble end products
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\"Lysosomal enzyme deficiency
\' (i.e. lysosomal storage disease):-
\
\ Enzyme A

v

Intermediate 1
l
I Enzyme B
!

Intermediate 2
!

I Enzyme C is absent

1




The organs affected in lysosomal storage diseases (i.e. the distribution of the stored

material) are determined by the following 2 factors:

i. The site where most of the material to be degraded is found.

E.g.1. Brain is rich in gangliosides, hence defective degradation of gangliosides as in
Tay-Sachs disease results in the storage of gangliosides within neurons leading to
neurologic symptoms. E.g.2. Mucopolysaccharides are widely distributed in the body.
Hence, mucopolysacharidoses (i.e. defects in the degradation of polysaccharides) affect

virtually any organ.

ii. The location where most of the degradation normally occurs.

Organs rich in phagocytic cells such as the spleen & liver are frequently enlarged in
several forms of lysosomal storage diseases. This is because cells of the mononuclear
phagocytic system are rich in lysosomes & are involved in the degradation of a variety of

substrates.

From among the various types of lysosomal storage diseases listed above, only Gaucher

disease is discussed here to illustrate the basic principles of lysosomal storage diseases.

Gaucher disease

is the most common lysosomal storage disorder.

is a disorder of lipid metabolism caused by mutations in the gene encoding
glucocerebrosidase. »~  Deficiency of glucocerebrosidase -  Accumulation  of
glucocerebroside mainly in the cells of the mononuclear phagocyte system &
sometimes in the central nervous system. Glucocerebrosides are continually formed
from the catabolism of glycolipids derived mainly from the cell membranes of old red
blood cells & white blood cells.

morphologically shows Gaucher cells (distended phagocytic cells with a distinctive
wrinkled tissue paper cytoplasmic appearance).

- has 3 clinical subtypes : Type | (chronic nonneuronopathic), Type Il ( acute

neuronopathic) , & Type Il (Juvenile).

Type | (Chronic non-neuronopathic form) (Adult Gaucher disease):-

accounts for 99% of the cases.

is found mainly in European Jews.

does not involve the brain.

shows accumulation of gluccocerebrosides only in the cells of the mononuclear

phagocytic system throughout the body.
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- Hence, it shows Gaucher cells in the spleen, liver, lymph nodes, & bone marrow.

- clinically manifests by

(0]

O O O O O

Splenomegaly — Hypersplenism - Pancytopenia.
Hepatomegaly

Generalized lymphadenopathy

Pathologic fractures & bone pain due to erosion of the bone.
First appearance of sings & symptoms in adult life.

Progressive disease which is compatible with long life.

Phenylketonuria (PKU)

- is caused by mutation of the phenylalanine hydroxylase gene - Phenylalanine

hydroxylase deficiency — Failure of conversion of phenylalanine to tyrosine in the liver

- High serum concentration of phenylalanine which is neurotoxic - Progressive

cerebralmyelination

117



118



b. Pathogenesis of X-linked recessive disorders

The genes responsible for X-linked disorders are located on the X-chromosome, & the

clinical risks are different for the 2 sexes.
Since a female has 2 X chromosomes, she may be either homozygous or heterozygous for
a mutant gene, & the mutant allele may demonstrate either dominant or recessive

expression.

The homozygous female (i.e. having the mutation in both the X chromosomes) will express

the full phenotypic change of the disease

Clinical expression of X-linked recessive disorders in heterozygous females is often variable

& is influenced by the normal random X-chromosome inactivation (i.e. lyonization) (See
below). Normally, one of the two X-chromosomes in females is randomly inactivated.
Therefore, in heterozygous females carrying X-linked recessive mutations, some cells have
one active normal X chromosome & other cells have an active abnormal X chromosome
containing the mutant allele. l.e. such females have a variable proportion of cells in which
the mutant X-chromosome is active. Often the mutant allele is activated in only some of the
cells. Therefore, the heterozygous female expresses the disorder partially & with less

severity than hemizygous men. l.e. she usually does not express the full phenotypic change.
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- Diabetes insipidus
- Lesch-Nyhan syndrome
- Fragile X syndrome

- Duchenne muscular dystrophy

X-linked dominant inheritance

- is arare variant of X-linked inheritance.

- is when heterozygous females & hemizygous males phenotypically manifest the
disorder.

- is caused by dominant disease alleles on the X-chromosome.

- is transmitted by an affected heterozygous female to half her sons & half her daughters.

- is transmitted by an affected male parent to all his daughters but none of his sons, if the
female parent is unaffected.

- is exemplified by vitamin D-resistant rickets.

Mitochondrial inheritance
- is mediated by maternally transmitt
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C. Abnormalities of autosomal chromosomes
E.g. Down syndrome

D. Abnormalities of sex chromosomes
E.g. 1. Klinefelter syndrome

E.g. 2. Turner syndrome

A. The normal kar