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CHAPTER 1

CELL AND TISSUE DAMAGE



Understanding disease requires knowledge of cellular function and dysfunction.

Cellular physiology involves:

(a) Close relationships between cellular components and activities.

(b) Balancing control mechanisms to maintain constant conditions (homeostasis).

(c) Compensatory and repair mechanisms to minimise damage.

PLASMA MEMBRANES

Main functions.

1. Maintain integrity of cell.

2. Contact with extracellular 

environment, 

e.g. cell surface receptors.

Membrane damage may lead to cellular dysfunction or death.

MITOCHONDRIA These are the main sites of ENERGY production.

Disorder of energy production affects all cellular functions.

Source Production Utilisation

ADP → ATP

O2 + glucose → (oxidative phosphorylation) → release of energy → for all cellular activities

NUCLEUS

The nucleus controls all cellular activities through the action of at least 10 000 genes, each of

which encodes a protein with structural, enzymatic or control functions.

Damage to DNA (e.g. by ionising radiation) is particularly likely in dividing cells. There are

effective repair mechanisms but severe damage usually leads to cell death by apoptosis (see

p.4).

Germ cell DNA damage (i.e. to spermatogonia or oocytes)

1. Severe damage to chromosomal structure Prevention of conception

Early abortion

2. Less severe damage to groups Developmental abnormalities

of genes or single genes Hereditary disease

Susceptibility to diseases

Somatic cell DNA damage

This is acquired during life. Damage to stem cells is especially important.

The development of cancer (p.152) through activation of oncogenes or loss of tumour

suppressor genes is the most important example.

LYSOSOMES

These membrane bound organelles contain Disorder may lead to escape of

hydrolytic enzymes and are responsible for enzymes or to accumulation of 

digestion and disposal of complex substances. digestion products

(e.g. storage disorders).
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3. (a) Passage of ions through 

permeable channels, 

e.g. Na+, K+

or (b) Passage of complex 

molecules by pinocytosis 

or phagocytosis.



In adult life the CELL NUMBER is fairly

constant. Complex control mechanisms

evenly balance new cell production with

cell loss.

During SOMATIC 

GROWTH cell 

proliferation 

outweighs 

cell loss.
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A variety of growth promotors, inhibitors and drugs influence the cycle at various stages.

Knowledge of the cycle underlies the understanding of mechanisms involved in HEALING

and REPAIR and in CARCINOGENESIS.

(a) LABILE cells continue 
in this cycle.

or (b) STABLE cells
temporarily leave 
the cycle and enter a
resting phase (G0).
Growth factors 
stimulate re-entry 
into G1.

In preparation for division, a cell passes through 4 consecutive phases (G1, S, G2, M)

ending in Mitosis (M).

Proliferation potential Examples

1. LABILE CELLS rapid proliferation gut-lining
and cell turnover epithelial cells

2. STABLE CELLS slow proliferation hepatocytes
and cell turnover

3. PERMANENT CELLS NOT able to proliferate neurones

In many diseases the balance is lost.

Cell proliferation – the Cell Cycle

In adult life, cells can be classified into 3 groups according to their proliferation potential.

Cell Proliferation Cell Loss (apoptosis)

loss

loss

In the ATROPHY

of old age, cell loss

outweighs cell

proliferation.

prolif.

prolif.

G2 (Gap 2) cell
prepares for
division

S (synthesis) phase
DNA content doubles

2 daughter
cells produced

G1 (Gap 1) cell
prepares for DNA

synthesis

M

G1

S

G2

⎫
⎬
⎭



A variety of noxious agents can damage cells. These include:

1. Reduced oxygen supply – respiratory disease, cardiovascular disease, anaemia

2. Physical agents – mechanical trauma, excessive heat or cold, radiation

3. Chemical agents

4. Toxins – bacteria, plants, animals (e.g. snakes)

5. Viruses

6. Abnormal immunological reaction – hypersensitivity states, glomerulonephritis

7. Nutritional deficiencies – vitamin deficiency and malabsorption syndromes

8. Genetic abnormalities – Down’s syndrome.

The severity of the injury determines the outcome:

(a) Mild injury can be reversed by (b) Severe injury results in cell death by one 

of two mechanisms:

1. NECROSIS

(cells simply die)

2. APOPTOSIS

(an active 

process)

Apoptosis (programmed cell death) (Greek: apoptosis = falling off, like leaves from a tree) is an

important process in health and disease by which, unlike necrosis (p. 5), abnormal or unwanted

cells are eliminated. It involves activation of a programmed series of events co-ordinated by a

dedicated set of gene products. It is an active process. A few examples are:

Apoptosis in health

In embryogenesis and development

(i) Metamorphosis of tadpole to frog.

(ii) Loss of autoreactive response of 

‘T’ cells in the thymus preventing 

auto-immune attack.

(iii) In atrophy and involution, often on withdrawal of hormones, e.g. menstrual breakdown

of endometrium.

Apoptosis in disease

(i) Irradiation, (ii) Virus infection, (iii) Action of cytotoxic ‘T’ cells, e.g. in rejection of

transplanted organs.

(iv) In tumours, apoptosis and proliferation rates together control the rate of tumour growth.

Apoptosis is a rapid process usually affecting SINGLE CELLS scattered in a population of

healthy cells. It is considered in 2 stages:
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Apoptosis
of cells

Shedding of tail

repair mechanisms
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(a) Active metabolic changes
in the cell cause – 
cell shrinkage, 
cytoplasmic 
and nuclear 
condensation
Plasma membrane
intact

(b) Cell disintegrates into
apoptotic bodies – each

surrounded 
by a plasma 
membrane

Some contain
nuclear material

1. The surrounding cells move together to fill the vacant space, leaving virtually no

evidence of the process.

2. The plasma membranes around the apoptotic bodies remain intact.

3. There is no inflammation.

4. Apoptosis is tightly regulated by many genes including ced and bcl-2. These co-ordinate

cell death through the control and integration stage and final execution phase.

Stage 2: Cell elimination 

What we recognise as necrosis is due to denaturation and coagulation of protein and/or

digestion of the cell by released enzymes. There are several naked eye appearances

depending on which of these predominates.

Blood
vessel

Concentration
of enzymes
increases in

blood – used in
diagnostic tests

Passage out of cell of
K+ and ENZYMES

Passage into cell of
Ca2+ and Na+ with
cell swelling

Loss of PLASMA MEMBRANE
BARRIER FUNCTION

Group of
necrotic
cells

NECROSIS

This term describes death of a cell or group of cells, typically following severe hypoxia,

physical or chemical injury. Death of the cell is associated with rapid depletion of

intracellular energy systems. Initially there are no morphological changes, but within a few

hours the cell membrane and intracellular organelles are disrupted. Electron microscopy

demonstrates these changes earlier than light microscopy.

Stage 1: Cell death



COAGULATIVE NECROSIS

This type of necrosis is frequently caused by lack of blood supply, e.g. infarcts of the heart,

spleen and kidney.
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At electron microscope (E.M.) level, in addition to the above nuclear changes, disorganisation

and disintegration of the cytoplasmic organelles and severe damage to the plasma membrane

are seen with the formation of surface blebs.

The following changes are seen using the light microscope:

1. The nucleus shows one of three changes: (a) Karyolysis, (b) Karyorrhexis or (c) Pyknosis.

2. The cytoplasm becomes opaque and strongly eosinophilic (affinity for the red dye, eosin).

The cells are dead but
retain their outline faintly

Area is
swollen,
firm and
pale

Normal kidneyNecrosis

Microscopic appearanceNaked eye appearance of kidney infarct

Normal cell

A

B C

Damaging
agentTransparent

granular
cytoplasm Nucleus fades

and dissolves
= KARYOLYSIS

Nucleus shrinks and
becomes dense
= PYKNOSIS

Nucleus fragments
= KARYORRHEXIS

Cytoplasm
opaque

Nucleus with
vesicular
chromatin

Necrosis



COLLIQUATIVE NECROSIS (LIQUEFACTIVE NECROSIS)

Death of cells in the brain result in liquefactive necrosis in which the dead cells are broken

down to form a liquid mass. There is complete loss of structure (see p. 535).

An abscess (see p.39, 40) is another example of colliquative necrosis.

GANGRENE

This is a complication of necrosis, which occurs when tissues are invaded by bacteria which

release proteolytic enzymes. These enzymes degrade the necrotic tissue releasing 

foul-smelling gases. The tissue becomes green or black due to breakdown of haemoglobin.

Obstruction of the blood supply to the bowel, for example, is almost inevitably followed by 

gangrene:
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A special type of gangrene follows infection with

clostridial organisms (gas gangrene; see p.70).

Gangrene also occurs on the skin surface

following arterial obstruction. It is particularly

liable to affect the limbs, especially the toes in

diseases such as diabetes.

VolvulusStrangulatedGangrenous
necrosis hernia

Intussusception

Thrombosis or
embolism



CASEOUS NECROSIS 

This is commonly seen in

tuberculosis (p. 72). The necrotic

tissue has a cream-cheesy

appearance.

FAT NECROSIS

This is a descriptive term for 

a form of fat destruction seen, 

for example, in trauma and

pancreatitis. The appearances 

are due to the action of lipases 

on triglycerides as follows:
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FIBRINOID NECROSIS

This is a descriptive term in which connective tissues and especially arterial walls are

infiltrated by a strongly eosinophilic hyaline material which shows some of the characteristics

of fibrin. 

LIPASE usually
pancreatic

TRIGLYCERIDES
(released from
necrotic fat)

FATTY ACIDS + Ca2+ Insoluble SOAPS

Loss of nuclei and cell
structureOpaque ‘chalky’ white patches

NecroticNormal fatty tissueFat

MicroscopicNaked eye



SEQUELS OF NECROSIS

1. When small numbers of cells are involved, the cellular debris is removed by

PHAGOCYTOSIS (see p.36).

2. With larger numbers of dead cells, there is an inflammatory response with organisation

and fibrous repair (see p.40).

3. When the necrotic tissue cannot be completely removed or organised, deposition of

calcium may be an additional feature, for example in TUBERCULOUS CASEOUS NECROSIS.

This feature is important in radiological diagnosis. It is known as ‘dystrophic

calcification’ (p.25).

AUTOLYSIS

The process of ‘self-digestion’ begins after the death of the cell (as described above) and

proceeds at a rate dependent on the local enzyme content. The term is hence more

commonly applied to the changes which take place in tissues removed from the body 

and in the whole body after death.
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The various agents which can cause cell necrosis may also cause lesser cell damage which is

reversible when the injurious agent is removed.

The appearances and effects are considered under these headings: 1. hydropic swelling,

2. fatty change, 3. radiation and 4. atrophy.

HYDROPIC SWELLING

Under the light microscope: Electron microscopic (EM) appearances indicate the

mechanisms:
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Cytoplasm contains
coarse granules

Cytoplasm contains
watery vacuoles

Toxin

Hydropic vacuolationHydropic swellingNormal kidney tubules

Normal plasma
membrane and
mitochondria

Damaged plasma
membrane:
diminished ATP
diminished Na+ pump

Na+ into cell

WATER
into cell

Mitochondria
rounded, beaded:
cause granularity
and oesinophilia

Vacuolation of
endoplasmic
reticulum

Cell swells

Toxic
action

Cells swell



EFFECTS OF FATTY CHANGE

Impairment of cellular function is usually due to the pathological process causing the fatty

change (e.g. anoxia in severe anaemia) and not to the physical presence of fat within the cell.

In the liver, for example, very large accumulations of fat do not impair basic liver functions.

A possible exception is the myocardium in certain circumstances.

(a) Rapid or large Increased ventricular
transfusion pressure Dilatation Cardiac

+ of heart failure
Fatty myocardium Weak muscle fibres

(b) Sudden excessive exertion Rise in blood pressure Temporary left 
+ sided cardiac 

Fatty myocardium Weak muscle fibres failure

FATTY CHANGE 

This is accumulation of fat in non-fatty tissues, e.g. skeletal muscles and the heart.

These tissues cannot metabolise the amount of lipid presented to them, resulting in its

accumulation within the cells. Examples include:

CELL POISONS

Bacterial, 

Chemical, e.g. Chloroform, Alcohol.

CLINICAL DISORDERS

Anoxia due to anaemia, 

cardiac failure, respiratory disease.

Diabetes mellitus, Chronic malnutrition.

In normal non-fatty tissues the intracellular fat is not visible by light microscopy using

conventional fat stains.

In fatty change, the accumulated fat is visualised using frozen sections and fat-soluble dyes:

e.g. Sudan, in routine paraffin sections the fat has been dissolved and is indicated by clear

vacuoles.

For example, in the LIVER, the increase of deposited fat causes enlargement of the organ. 
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Macrovesicular steatosis

REDUCED

cellular

ENZYME

activity

Accumulation

of fat in cells

Inability to

metabolise

fat



The formation of free radicals is an important contributory factor in many disease processes.

Free radicals are molecules with a single unpaired electron in an outer orbital position: they

react with and modify a wide range of molecules, particularly lipids (of cell membranes),

DNA and proteins.

A dot above the chemical symbol indicates the presence of a free radical: 

e.g. OH• = hydroxyl radical, O2
• = superoxide radical.
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O2
• H2O2 H2O

Superoxide Hydrogen Water
peroxidecontributes

hydrogen
releases
oxygen

Dismutase Catalase

Defence mechanisms to free radicals

Some free radicals decay spontaneously (e.g. O2
•) but they can also be removed by

ANTIOXIDANTS (e.g. Vitamin E) and also by the action of enzymes such as superoxide

dismutase and catalase.

Damage to
LIPIDS  :  DNA  :  PROTEINS

contributes to

INFLAMMATION – acute and 
chronic

AGEING

RADIATION DAMAGE

Re-perfusion injury (following
thrombolytic therapy for coronary
thrombosis)

Formation

1. Radiation

H2O H•+OH•

Water

2. Killing of bacteria by neutrophils 
and macrophages (see p.36).

O2 O2
•

Oxygen Superoxide

3. Poisons 
e.g. carbon tetrachloride

CCl4 CCl3
• + Cl

hydrolysis

Chain
reaction
can
AUGMENT
effects

Effects

⎫⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎭



High energy (ionising) radiation, particularly in the form of gamma (γ) or X-rays can cause

serious cellular and tissue damage. At cellular level there are 2 mechanisms involving:

1. The cell CYTOPLASM 2. The cell NUCLEUS
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A large dose of radiation
hydrolyses water
producing damaging free
hydroxyl radicals: acute
cell death follows

Lower doses damage DNA 
with 2 results:

(a) failure to replicate
(b) mutation with 

genetic abnormalities

Dose Result Mechanism
(Grays)

Death in a All cells damaged
above 50 few hours but particularly CNS:

CEREBRAL OEDEMA

COMA

5–10 Death 3–7 days Mucous lining of
intestine destroyed:
DIARRHOEA: SEPTICAEMIC SHOCK

2–5 Death 2–3 weeks Bone marrow destroyed:
LEUCOPENIA
THROMBOCYTOPENIA

INFECTION: HAEMORRHAGE

0.2–1 Damage to fetus in Embryonal cell mutation
early pregnancy

These effects will be considered under 3 headings:

1. The localised effects complicating radiotherapy in the tissues adjacent to the

therapeutic field.

There may be acute damage as well as later injury, following a latent period. This is

caused by:

(a) damage to blood vessels (a) ischaemia
(b) damage to fibroblasts (b) dense fibrosis

Injury to organs which are difficult to shield is seen, for example, in skin, eyes,

alimentary tract, bladder, lungs, gonads and spinal cord.

Wound healing is also seriously impaired.

2. Some of the mutations may lead to cancer, particularly leukaemias and lymphomas.

(About 2% of all malignancies are associated with radiation.)

The mechanisms are described on page 149.

3. Whole body radiation may result from nuclear explosion. The acute effects which are

related to large doses are summarised below.

Note: Total body irradiation is used in treatment of some leukaemias.

DNA

H2O

OH•

leading to
⎫
⎬
⎭



4. Endocrine deficiency Loss of trophic mechanism Reduced metabolic activity 
in dependent tissues

E.g. Pituitary deficiency Atrophy of Thyroid
Adrenals
Gonads and genital organs

5. Pressure Interruption of blood supply and interference with function, 
e.g. neoplasm pressing on surrounding tissues.

This is a simple decrease in cell size or number, resulting in a shrinkage of affected tissues

and organs. The most common example is atrophy of old age (see p.15).

Causes

1. Gradual diminution Reduction in oxygen Fall in cell activity and
in blood supply supply and nutrients shrinkage, e.g. narrowing of 

coronary arteries → myocardial 
atrophy

CELL AND TISSUE DAMAGE
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Atrophy is reversible provided the cause is eliminated or deficiencies restored.

2. Reduced functional activity Diminished demand   Atrophy of cells
(disuse atrophy) for nutrition

E.g. Lack of exercise Atrophy of skeletal muscle
E.g. Obstruction of gland duct  Atrophy of gland (Apoptosis is important here)

3. Interrupted nerve supply Reduced reflex and metabolic activities, e.g. atrophy of 
skeletal muscles after destruction of motor nerves as in poliomyelitis.

Normal Loss of structure
and shrinkage

Normal Accumulation of lipofuscin around nucleus



The distinction between ‘true’ ageing and ageing complicated by disease processes may be

difficult; since therapy can be directed at the latter the distinction is important in clinical

practice.

The changes associated with true ageing would be seen in a theoretical ‘ideal’ environment

(minimal stress).

The following diagram is illustrative. The main controlling factors are intrinsic, i.e. genetic: 

? associated with expression of ageing genes in mitochondria

? loss of cells’ ability to divide due to telomeric shortening (ends of chromosomes).
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Growth and
development

Very gradual 
loss of stem cell activity;
Atrophy of all cells and tissues
leading to loss of functional
activity

DEATH

Note: Death is only very rarely, if ever, due to ‘pure’ ageing. It is the result of disease –

either a single process or, with increasing age, more often several causes.

Ageing accelerated and aggravated

Increased prevalence of
’STRESS’, particularly

INFECTIONS
DEGENERATIVE DISORDERS
e.g. `Cardiac and arterial

disease,
Neoplasia,
Nutritional deficiency
or excess,
Cumulative effect of
free radicals.

ACCIDENTS

Time

Diminished ability to respond
to ‘STRESS’
particularly diminished
IMMUNE RESPONSE

In the real environment this theoretical concept of ageing is accelerated and aggravated by

two groups of extrinsic factors:

Years 1 18 20 40 60 80 100

¸ÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔ˝ÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔÔ˛



CHROMOSOMES

During MITOSIS the chromosomes condense into specific morphological forms which are

identifiable by light microscopy: when colchicine is added to a cell culture, mitosis is arrested

at the metaphase: chromosomes are then separable and can be studied.

The following features are specific to each chromosome: 

1. Overall length, 2. position of centromere (this dictates

the length of each arm) and 3. the pattern of banding. 

e.g. Using these morphological criteria 

each chromosome is identified and 

numbered 1 to 22.

The sex chromosomes are labelled

CELL NUCLEUS AND CHROMOSOMES

The cell NUCLEUS contains CHROMOSOMES, which transmit hereditary traits from one

generation to the next and also control the synthesis of all the proteins in the body.

The 46 chromosomes which most human nuclei contain are not identifiable in differentiated

cells or cells in the non-proliferating phase of the cell cycle (G0).

The different morphological appearances of nuclei in histological sections indicate the

amount of nuclear activity.
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Each pair is called

an AUTOSOME and

consists of a

PATERNAL and

MATERNAL

chromosome.

×22

either 2 large X

= FEMALE

or

1 large X 

and 

1 small Y 

= MALE

A typical normal chromosome map (karyotype) shows 22 pairs of different but identifiable

chromosomes...................................................... plus 2 sex chromosomes,

Note: This appearance represents a

very condensed and coiled

molecular arrangement, i.e. inactive.

‘X’

large
and

‘Y’

small

Banded
appearance

Individual chromosomes NOT identifiable. (Can be demonstrated 
by molecular methods, e.g. Fluorescent-in-situ hybridisation (FISH).)

Nucleus partly 
condensed 
(‘cartwheel’) and 

partly open. Only 
the mechanisms for
immunoglobulin
synthesis are active.

Differentiated cells,
e.g. plasma cell

Large ‘open’
nucleus – 

DNA 
unfolded

Active cells, 
e.g. lymphoblast

Dense
nucleus due
to closely
packed DNA

Resting cells, 
e.g. small lymphocyte

Diagram of 
a typical
chromosome

Arm

Centromere

Arm



DEOXYRIBONUCLEIC ACID (DNA)

Since Watson and Crick defined the molecular structure of DNA in 1953, there has been a

great increase in knowledge of the ‘genetic code’. Each chromosome is a very long single

molecule of deoxyribonucleic acid 

(DNA), condensed during mitosis.

It is extended to its characteristic structure when active:

The DOUBLE HELIX

Diagram of a very small part of a very long molecule.

2 long spirals of nucleotides 

(consisting of a deoxyribose 

(sugar) + phosphate) around a 

central axis, complementary but 

running in opposite directions.

The function is to initiate and control the synthesis of proteins from amino-acids. All types

of protein (structural proteins, hormones, receptors, intra-cellular messengers, etc.) are

ENCODED along the molecule.

A GENE is the unit of the chromosome responsible for the synthesis of a single SPECIFIC

PROTEIN. Genes vary in length but on average occupy about 20 000 base pairs of the

molecule.

There are over 10 000 genes in all the human chromosomes, not all are active: some are

repetitive: some form clusters subserving related activities (e.g. MHC (HLA) locus, see 

p.91).

There is a complex REGULATION of gene activity involving stop and start signals, promotor

and enhancer functions all within the DNA structure. The entire human genome has now

been sequenced.

Gene expression and protein synthesis

A gene consists of coding regions (EXONS) interspersed with non-coding regions (INTRONS).

In transcription the introns are eliminated and all the exons are transcribed to a ribonucleic

acid form (mRNA) which is a copy of the DNA-code sequencing the amino-acids required

for the production of a specific protein.
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Extending to
millions of
base pairs

Joined by purine and pyrimidine base pairs

(a) Coded message 
to RIBOSOME

(b) Sequencing 
amino-acids 
to protein

In the cell nucleus
Start signal ‘switches on’ gene

In the cell cytoplasm

1. TRANSCRIPTION 2. TRANSLATION
Coding
regions
(EXONS)

RNA copy
mRNA

SPLICING

(Introns
removed)

Non-coding
regions
(INTRONS)

Note smaller molecule



MEIOSIS is a complex process occurring during GAMETOGENESIS: it involves the reduction

and division of chromosomes in such a way that: 1. a random mixture of both parental genes

is present in the gamete and 2. the chances are equal for fertilisation to result in either sex.

This simple diagram shows the important results of meiosis.

Primitive germ cell 

contains 46 chromosomes 

(i.e. 22 autosomes 

+ XX or XY)

1. During MEOSIS the 

chromosomes come 

close together and 

random segments 

are exchanged

2. During MEOSIS

the sex 

chromosomes 

are similarly 

distributed

MITOSIS is the process by which SOMATIC cells proliferate ensuring exact replication of the
daughter cells. Following the stimulus to proliferate, the chromosomes condense and replicate

exactly.

CELL AND TISSUE DAMAGE

MITOSIS AND MEIOSIS

18

Note: In this simplified diagram a preliminary replication before meiosis and mitotic divisions

after meiosis are omitted. The chances of error are greatly increased.

Exact replicates
joined at
centromeres (called
CHROMATIDS).

Male

Female

Fertilisation

(Male)

(Female)

Spermatozoa containing one X

or
an equal number containing one Y

Ovum containing one X

Gametes contain 22 single

chromosomes. On fertilisation

22 autosomes are restored.
Meiosis

Cell division without replication

One illustrative AUTOSOME

consisting of a pair of chromosomes,

one from each parent.

PROPHASE
All chromosomes
condense and replicate

METAPHASE
All chromosomes
are aligned along
equatorial plate:
nuclear membrane
‘dissolves’.

ANAPHASE
Chromatids are
‘pulled apart’
and become
chromosomes.

TELOPHASE
2 daughter cells
are about to form,
each containing
identical
chromosomes.

2 pairs only
are shown

×22 prs

×22×22
×22 ×22

XX
X

X

XY
X

Y

XX

XY



It is not surprising that errors arise during these complex genetic activities. GERM CELLS and

proliferating SOMATIC CELLS (including STEM CELLS) are susceptible to such errors.

They may occur spontaneously or be the result of external influences.

It is important to distinguish between germ cell and somatic cell abnormalities.

GERM CELL ABNORMALITIES

Errors which have arisen during germ cell development are transferred to the fertilised ovum

and thence to all cells including the germ cells of the new individual.
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TYPES OF GENETIC ABNORMALITIES

They range from large, involving whole chromosomes, through parts of chromosomes, to

gene clusters and single genes.

CHROMOSOMAL ABNORMALITIES

1. Polyploidy – when the chromosomal numbers are increased by an exact multiple of the

normal (23) e.g. 23 × 3 = 69 chromosomes. Such nuclei are seen in hypertrophied

muscle cells and ageing liver cells (i.e. somatic cell polyploidy).

Such gross chromosomal abnormalities occurring during gametogenesis or at fertilisation

are usually incompatible with life and are a common cause of spontaneous abortion.

2. Aneuploidy – where the number of chromosomes is increased usually by one (TRISOMY)

or decreased by one (MONOSOMY). Early spontaneous abortion is again common:

survivors show mental retardation and varied physical abnormalities.

Down’s syndrome is a good example of AUTOSOMAL TRISOMY and is due to an extra

chromosome (i.e. Trisomy 21 – karyotype 47XX + 21 or 47XY + 21).

The abnormality occurs in utero after fertilisation of the ovum and is therefore

autosomal. Increasing maternal age is a potentiating factor in Down’s syndrome and

many other genetic defects.

ABNORMALITIES arising in SOMATIC CELLS

Abnormal
GAMETE

Normal
GAMETE

MEIOSIS

gametes

Error transmitted
to next generation

Error NOT transmitted
to next generation

Fertilised
ovum

To all embryonic
cells including
GERM CELLS

SOMATIC TISSUES

Abnormal
stem cell

Surrounded by normal
cells and stem cells

Proliferation
Clone of

abnormal cells

Still surrounded
by normal cells

Therefore limited
effects in a normal
environment

These tend to cause restricted effects: they are not transmitted to the next generation.



CHROMOSOMAL ABNORMALITIES (continued)

3. Structural abnormalities

Despite the existence of efficient repair mechanisms structural errors do arise when

the long DNA molecules are accidentally broken during the physical changes

occurring at replication. They include, for example, duplication and deletion 

of gene clusters and single genes: and translocation of fragments of DNA 

between chromosomes.

SINGLE GENE DISORDERS

Factors regulating the production of the final specific protein are extremely complex.

1. In the nucleus In the cytoplasm
Activity of other genes

promotion 

enhancement 

start/stop signals 

2. The corresponding genes on each parental chromosome exert important influences on

each other. The inheritance of the Rhesus blood group D is a good example: there are

two possibilities at the D locus on the chromosome – ‘D’ or ‘d’. The 3 possible

combinations give rise to the actual blood group (phenotype) as follows:

Homozygous Heterozygous

Genotype DD dd Dd The presence of one D confers the

Blood group D d D blood group D i.e. D is DOMINANT.

(phenotype)

The presence of two d’s is required to confer the

blood group d, i.e. d is RECESSIVE.

This concept is important in inherited single gene disorders.
1. In DOMINANT inheritance any HETEROZYGOUS offspring bearing the abnormal trait will be

affected: mating with a normal partner statistically produces 50% of normal offspring

and 50% affected.

2. In RECESSIVE inheritance only HOMOZYGOTES for the trait are affected. Such cases usually

arise from the mating of 2 heterozygous CARRIERS who, by definition, are themselves

unaffected.

The results of mating are as follows: (A = affected gene, N = normal gene)

NN = normal individual; NA = carrier; AA = affected individual.
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single gene activity

(including RNA

transcription and

movement)

detailed control

of each step in

protein synthesis

Therefore GENETIC EXPRESSION very VARIABLE

or

⎫ ⎪ ⎪ ⎬ ⎪ ⎪ ⎭

Statistically 1 normal, 2 are normal,
2 carriers, 1 affected All offspring are carriers. 2 are carriers.

Heterozygote – Heterozygote Monozygote – Normal Heterozygote – Normal

NN NA NA AA

NA NA

NA NA NA NA

AA NN

NN NA NA NN

NA NN

⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎭



The concept of dominant and recessive traits is useful in genetic counselling. Long lists of

dominant and recessive disorders are available: only a few important examples are given.

Autosomal dominant – neurofibromatosis, Huntington’s disease: polyposis coli: 

congenital spherocytosis.

Autosomal recessive – cystic fibrosis, congenital deafness, mucopolysaccharidoses.

Sex-linked disorders are usually recessive and are carried on the X-chromosome: males 

are affected and females are carriers. Important disorders are 

haemophilia and muscular dystrophy.

METABOLIC DISORDERS (inborn errors of metabolism)

These are inherited disorders of single genes which code for the enzymes concerned in many

metabolic pathways. The clinical effects show considerable variation in severity.

Examples are: disorders of carbohydrate (including glycogen storage), lipid and amino-acid

metabolism: lysosomal storage: and membrane transport (including cystic fibrosis).

Note: Not all single gene abnormalities cause, by themselves, significant pathological effects.

As indicated above, the controlling factors are complex and include the important effects of

‘modifying genes’. It seems likely that abnormal recessive genes exist in the normal

population but only present as clinical disorders in rare circumstances.

MULTIFACTORIAL DISORDERS

Most human diseases have a genetic component but environmental factors usually play a

very important part in the pathogenesis.

COMBINED ACTIVITY 

of SEVERAL GENES + DISEASE

(both normal and abnormal)

Examples are: atopic (allergic) disorders: diabetes mellitus, hypertension, rheumatoid

arthritis and various infections.

SOMATIC CELL GENETIC DISORDERS

When mutation occurs after fertilisation of the ovum and at any stage throughout life the

effects are limited to the disordered cell(s) and progeny. The clinical effects tend to be

localised.

NEOPLASMS and hamartomas are examples of somatic cell genetic disorders (see

Carcinogenesis).

Note: In the systematic section of this book significant genetic contribution to the

pathogenesis of diseases will be recorded.
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ENVIRONMENTAL

FACTORS



Amyloid is a waxy substance deposited in the extracellular tissues, particularly around blood

vessels and in basement membranes. Various forms of amyloid are seen and they have

varying effects. Amyloid is resistant to degradation and its deposition tends to progress

relentlessly.

Nature of Amyloid

Chemical: amyloid fibrils are made up of:

(i) A major variable component >90%.

(ii) A minor constant component, AMYLOID P PROTEIN – a glycoprotein normally

found in serum.

Whatever its composition, amyloid fibrils are arranged in a β-pleated configuration: this

accounts for its resistance to degradation and its staining properties.

Detection

To the naked eye, the affected organs are pale, enlarged and have a firm, waxy texture.

AMYLOID – DEEP BROWN

STAINING with LUGOL’s IODINE

NORMAL – YELLOW

On light microscopy

AMYLOID – RED STAINING: APPLE GREEN 

BIREFRINGENCE in POLARISED LIGHT.
(a) CONGO RED STAIN

NORMAL – PALE PINK: NO BIREFRINGENCE.

(b) IMMUNOSTAINING – for specific constituents (e.g. P protein).

On electronmicroscopy – closely packed interlacing fibrils 70–100 nm in diameter.

Pathological effects

AMYLOID DEPOSITION

Pressure on adjacent cells Blood vessels

Narrowing Increased permeability

ATROPHY LOCAL TRANSUDATION of PROTEIN

ISCHAEMIA out of vessels
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Almost any tissue in the body may be affected by amyloid deposition, but the most important

changes occur in the kidney, gastrointestinal tract and the heart. Other organs, such as the

liver and spleen, may also be grossly affected without serious functional impairment.

KIDNEY

In severe cases the kidneys are 

pale, firm and waxy, and with 

the iodine test the glomeruli 

stand out as brown dots to the 

naked eye.

Renal biopsy is useful in the 

diagnosis of amyloidosis.

Effects: Glomerular capillary permeability altered

GROSS PROTEINURIA NEPHROTIC SYNDROME late renal failure

GASTROINTESTINAL TRACT

Due to altered permeability 

of the capillaries, the patient 

suffers from diarrhoea and 

protein loss. There may also 

be malabsorption, nutritional 

deficiencies and electrolyte 

imbalance.

Rectal biopsy is useful in 

the diagnosis of amyloidosis.

HEART

Amyloid deposition occurs 

around the cardiac muscle 

fibres and the capillary 

basement membranes. The 

heart is enlarged with 

thick walls. Much of 

the thickness is due to 

amyloid deposition.

Effects: Cardiac failure develops mainly due to the mechanical effect of amyloid, making the

heart muscle stiff and preventing cardiac filling (restrictive cardiomyopathy). The blood

supply to the muscle fibres is also impaired.
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Deposits around:
(a) Glomerular 

capillaries

(b) Basement 
membranes of 
atrophic tubules

(c) Blood vessel

Amyloid in
capillary walls

Amyloid

Shrunken
atrophic
muscle
fibres
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(b) Associated with chronic inflammation
(e.g. tuberculosis, osteomyelitis,

rheumatoid arthritis, bronchiectasis

and the genetically inherited familial

Mediterranean fever.).

Increased production of:

Variable protein – AA (Amyloid A

protein) – derived from serum AA

protein, an acute phase reactant in

many inflammatory conditions.

Long continued active inflammation

Acute phase reactant protein

Proteolysis

‘Major variable component’

AMYLOIDOGENIC PROTEIN > 90%

(AA)

+ Amyloid P glycoprotein <10%

SYSTEMIC AMYLOID (AA)

2. LOCALISED AMYLOIDOSIS

In ENDOCRINE TUMOURS – amyloid derived from polypeptide hormones, e.g. medullary

carcinoma of thyroid – calcitonin derived amyloid.

In OLD AGE – the amyloidogenic protein is related to pre-albumin. Deposits of amyloid occur

in the heart, brain and joints. In Alzheimer’s disease (p.544) local amyloid deposition in

the brain is important.

1. SYSTEMIC AMYLOIDOSIS

(a) Associated with monoclonal plasma 
cell proliferation

(e.g. myeloma, monoclonal 

gammopathy, Waldenstrom’s 

macroglobulinaemia).

Increased production of:

Variable protein – AL (Amyloid Light 

chain derived) – from fragments of 

immunoglobulin, especially lambda 

light chains.

Summary of formation of amyloid

Abnormal (monoclonal) proliferation of

plasma cells

Abnormal immunoglobulins esp. lambda

light chains

Proteolysis

‘Major variable component’

AMYLOIDOGENIC PROTEIN > 90%

(AL)

+ Amyloid P glycoprotein < 10%

SYSTEMIC AMYLOID (AL)



Abnormal deposits of calcium occur in 2 circumstances: dystrophic calcification and

metastatic calcification.

1. DYSTROPHIC CALCIFICATION

Local deposits of calcium may occur in:

(a) Necrotic tissue - old caseous lesions of tuberculosis; old infarcts; collections of pus; in

fat necrosis associated with pancreatitis.

(b) Tissues undergoing slow degeneration - hyaline areas in benign tumours (e.g.

fibroids (p.501)); in arteries due to atheromatous degeneration or in old age; in old

thrombi; diseased or abnormal heart valves.

The mechanism may be as follows:
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(a)

Parathyroid overactivity

due to:

(i) Tumour (adenoma)

(ii) Hyperplasia (tertiary) –

associated with phosphate

retention in severe prolonged

chronic renal failure.

MOBILISATION of

Ca2+ from bone

↑ Increased blood Ca2+ ↑

Increased

absorption

of Ca2+

(b)

Vitamin D

overdosage

Some malignant tumours, e.g. breast and lung, are associated with hypercalcaemia and

metastatic calcification.

The mechanisms are: 1. secretion by the tumour of a protein (parathyroid hormone related

peptide (PTHrP)) which mimics the action of parathormone and 2. the local release of bone

resorbing cytokines by tumour metastases in bones.

Deposition may be widespread occurring

at sites where the local environment tends

to be alkaline, favouring precipitation.

KIDNEYS ARTERIES LUNGS

(renal stones)

Note: Ca2+ is radio-opaque and therefore can be seen on X-rays where it is of diagnostic use,

e.g. in old healed disease (e.g. tuberculosis) and also in some tumours, e.g. breast cancer

where very small deposits of calcium may be present.

2. METASTATIC CALCIFICATION

In this case there is an increase in the calcium phosphate product in the blood (usually

hypercalcaemia).

Hypercalcaemia may be due to    

⎫
⎪
⎬
⎪
⎪
⎪
⎭

Deposition
of calcium

Necrosis or
degeneration
of tissue

Release of
enzymes

Breakdown of
organic
phosphates

Alteration of pH



IRON-CONTAINING PIGMENT

Two main pigments are derived from the breakdown of red blood cells: 

1. HAEMOSIDERIN and 2. BILIRUBIN.

The detailed mechanism is described on page 340 in relation to JAUNDICE.

HAEMOSIDERIN

The iron derived from red cell breakdown is held in the spleen, liver and bone marrow,

combined with apoferritin. In the plasma it is transported by transferrin. The two

mechanisms maintain an equilibrium between the iron contents in these three sites. When

the amount of iron within the cells becomes excessive and overloads the ferritin system, it is

deposited in a brown granular form – haemosiderin. This occurs in 2 situations:

1. Local breakdown of red cells in tissues, e.g. in a bruise
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Kupffer cell

Granules of haemosiderin in
liver cells in later stages

2. Iron overload in tissues

(a) Haemosiderosis

This is seen in the liver, spleen and sometimes the kidneys

in cases of haemolytic anaemia, and in patients requiring

repeated blood transfusion. The change is most dramatic

in the liver, which becomes deep brown. Iron is found in

the Kupffer cells first and, later, in liver cells. A Perl’s

stain highlights the iron deposits, which are stained blue.

Iron deposits per se very rarely cause organ damage.

The colour 
changes in a 
‘black’ eye 
exemplify this
mechanism

Local haemorrhage
into loose tissues

Extravasated red cells

Phagocytosis of red
cells by macrophages

Haemosiderin Iron free
pigments

RED

GREENISH
BLUE

YELLOW



Haemosiderin (continued)

(b) Haemochromatosis (Bronzed diabetes)

The absorption of iron from the intestine is controlled by the ferritin-transferrin mechanism.

CELL AND TISSUE DAMAGE

ENDOGENOUS PIGMENTATION

27

Haemosiderin may be found in almost any site in the body.

Intestine

5. Mesenteric
lymph nodes

4. Heart
muscle

3. Skin – mainly around sweat glands. Excessive
melanin is also deposited, hence this condition
is sometimes termed ‘bronzed diabetes’

2. Liver – 
massive iron 

deposition in both 
Kupffer cells and

hepatocytes, usually
associated with

fibrosis (CIRRHOSIS)

1. Pancreas – 
associated with
fibrosis which may
destroy islet tissue ≡
DIABETES MELLITUS

The ferritin content of the intestinal epithelium, iron saturation of the plasma, stores of iron

in the liver and spleen and the demand for iron by the bone marrow form a balancing

mechanism preventing overloading of any part of the system.

In haemochromatosis there is an inherited defect on chromosome 6 resulting in uncontrolled

absorption of iron. The system becomes overloaded and iron is deposited as haemosiderin in

many sites, the main ones being:

BONE MARROW
(and other sites of
iron utilisation)

LIVER,
SPLEEN

Iron +
transferrin

Ferritin-bound iron subsequently shed
back into the lumen when the cell dies

Only uncombined iron
passes through cell

IRON
in diet

Intestinal epithelium PLASMA TRANSPORT



Haemoglobin

Intravascular haemolysis can result in

haemoglobin appearing in the urine, giving it a

dull red colour. In severe acute haemolysis (e.g.

incompatible blood transfusion) acute renal

tubular necrosis occurs. In chronic haemolysis

(e.g. paroxysmal haemoglobinuria), some of the

haemoglobin is reabsorbed and subsequently

broken down so that iron, as haemosiderin,

appears in the renal tubular epithelium.

Haematin (or haemazoin)

This is a brown pigment produced by malarial

parasites from haemoglobin. It is taken up by the

monocytes in the blood and subsequently

deposited in the liver and spleen.
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It is also found in liver cells, testes and nerve cells.

Thin myocardial fibre
Lipofuscin granules around nucleus

Lipofuscin

This is a yellowish brown pigment with a high lipid content, often found in the atrophied

cells of old age – ‘wear and tear’ pigment. It is particularly common in the heart muscle, and

the term ‘brown atrophy’ is often applied.

Monocyte – containing haematin

Red-cell – containing malarial parasite

(Demonstrated by the
Prussian blue reaction)



EXOGENOUS PIGMENTATION

Pigments may be introduced by inhalation, ingestion or injection. 

Inhalation

The commonest substances inhaled are COAL DUST (carbon) – black, and STONE DUST

(silica) – grey.

The particles reach the alveoli especially if the bronchial ciliary action is disturbed by chronic

bronchitis.
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The effects are described in detail under PNEUMOCONIOSIS.

Ingestion

Pigmentation can be caused by chronic ingestion of metals such as silver or lead. In both,

the skin has a metallic hue, and in the case of lead a blue line appears on the gums due to

interaction between lead and hydrogen sulphide. Excessive intake of carrots can lead to

yellowish red skin pigmentation caused by carotene.

Injection

Tattooing is the most striking example of pigmentation following injection.

DEGENERATIONS

1. Hyaline

This is a descriptive term meaning a glossy, refractile appearance, seen in sections stained

with haematoxylin and eosin. It is most commonly encountered in the form of dense

collagen, particularly in benign tumours such as leiomyomas where the collagen has replaced

muscle fibres, and in blood vessels in arteriosclerosis.

The term ‘Mallory’s hyaline’ refers to an intracellular accumulation of cytoskeletal proteins,

e.g. in alcoholic liver disease (p.348).

2. Mucoid

This is a common change in epithelial tumours which secrete mucin. In these cases the

epithelial cells undergo degeneration and appear to dissolve in the mucin.

Connective tissue may also accumulate mucin. Spaces filled with mucopolysaccharides (e.g.

hyaluronic acid) appear between the fibres. The change is common in some tumours and the

term ‘myxomatous’ may be used.

Transported into
lymph channels
and deposited in
small focal
aggregates
throughout
lungs and hilar
lymph nodes

Particles
taken up by
macrophages
in alveoli




