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INTRODUCTION

NSC 214: General and Cellular Pathology is a 20@ll@-unit course,
designed in comprehensive modules for all nursingents in the B.Sc
program in nursing.

It is purposed to give the basic but explicit dgg@n of those general
and cellular intricacies of disease process; udefthe modern nursing
practitioner. This course guide tells you in bnehatthe whole course
is all about, particular emphasis on important [inpersonal

assessment where pertinent and tutor-marked assignta enhance
your study and to prepare for the in-courses amal #xaminations. The
last module{medule-5) (module 7) is the practasglect. You will have

COMPULSORY sessions of biopsies handling and petaahstration.

Attendance will be taken at these sessions. Tha#l bk supervised by
all the teaching staff involved in this course. Rag tutorial classes are
also linked to this course. You are advised tondtthese sessions.

WHAT YOU WILL LEARNIN THIS COURSE:

The overall aim of this course: NSC 214; Generatl &ellular
Pathology, is to enable you to understand the leelevents leading to
diseases. From cellular response to stress andussgubstances, to cull
injury and death, to wound healing, oedema formmatamd shock,
disorders of cell growth and differentiation dovencancer formation.

COURSE OBJECTIVES:

To achieve the aims set out above, the courseosetsall objectives. In

addition, each unit also has specific objectivdse Tinit objectives are
always included at the beginning of the unit; ydwdd read them

before you start working through the unit. You magnt to referto

them during your study of the unit to check on yquogress. You

should always look at the unit objectives after ptating a unit. In this

way you can be sure that you have done what wasreebjof you by the

unit. Set out below are the wider objectives of¢barse as a whole. By
meeting these objectives, you should have achig¢kiedaims of the

course as a whole. On successful completion otthese, you should
be able to:

i. describe cellular responses to stress and noxitosils and
inflammation.

i. describe cell injury and cell death.

iii. describe the mechanisms involved in wound healing.

iv. explain the pathology and pathogenesis of oedemhalaock.

V. enumerate and describe the abnormalities of celvir and
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differentiation.
WORKING THROUGH THISCOURSE

To run this course successfully, you are requiredead the study
units, books and other materials provided by thetiodal Open
University of Nigeria (NOUN). Each unit containslfsessessment
exercises and at the end of the course is a fkahaation.

The course should run for an average of 12 weegvByou will find
listed all the components of the course, what yavehto do, and how

you should allocate your time to each unit in ortiercomplete the
course successfully on time.

COURSE MATERIALS

Major components of the course are:
1. The Course Guide

2. Study Units

3. References

STUDY UNITS

The study units in this course are as follows:

The Course Guide:

MODULE 1

Unit 1 Introduction to Pathology

Unit 2 Cellular Responses to Stress and Noxiainsu and
Inflammation

MODULE 2

Unit 1 Cell Injury and Cell Death |

Unit 2 Cell Injury and Cell Death 11Unit 3: Wourtdkaling.

MODULE 3

Unit 1 Pathology and Pathogenesis of oedema

Unit 2 Shock: Pathology and Pathogenesis
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MODULE 4

Unit 1 Abnormalities of Cell Growth and Differeation. Unit 2:
Neoplasia.

MODULE 5

Unit 1 Aetiological Basis of Genetic Diseases

Unit 2 Diagnoses of Genetic Diseases

MODULE 6

Unit 1 Hypersensitivity

Unit 2 Pathogenesis of common HypersensitivityoDders

MODULE 7

Unit 1 Handling of Biopsies

Unit 2 Pots Demonstration.

Each study unit consists of introduction, speciigectives, reading
materials, conclusion, summary, tutor-marked assa@ris (TMAS),
references and further readings. The units diremi yo work on
exercises related to the required readings. Inrgkrtbese exercises are
on the material you have just covered. Togetheh viiitor-marked
assignments, these exercises will assist you inewcly the stated
learning objectives of the individual units andloé course.

THE ASSIGNMENT FILE
The course assignment will cover:

The definition of cellular pathology and discussion the various
aspects.

Cellular responses to injury, cellular adaptatitypes and description
of inflammationwith examples.

Definition of cell injury and cell death, class#iton of the various
causes of cell injury/death, differences betweetross and apoptosis
and the description of the mechanisms of cell yjur

The mechanisms involved in wound healing.

The pathology and pathophysiology oedema and shock.

Vi
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The description of the abnormalities of cell grovatind differentiation
and development of cancer.

ASSESSMENT

There are two aspects to the assessment of theecoline first are the
tutor-marked assignments. Secondly, there is demréxamination. In
tackling the assignments, you are expected to appigrmation,
knowledge and strategies gathered during the coilits® assignments
must be submitted to your tutor for formal assesgmmefore the
stipulated deadlines. The work you submit to yauort for assessment
will account for 40% of your course mark.

At the end of the course, you will need to sit forfinal written
examination of two-hour duration. This will accouor 60% of the
total course work.

TUTOR-MARKED ASSIGNMENT (TMA)

There are 11 Tutor-marked assignments in the coufse will be
given the four (4) tobe assessed online. You dwsad in your own
interest to attempt all the 4 TMA. You will be alie complete the
assignments from the information and materials aoet in your
reading and study units. There is other self-agticiontained in the
instructional material to facilitate your studidsy to attempt it all. Feel
free to consult any of the references to provide wath broader view
and a deeper understanding of the course

FINAL EXAMINATION AND GRADING

The final examination ofFNSS-203 NSC 214 will be tbfee hours
duration written paper which has a value of 60%e €kamination will
cover all the units of the course; it is also adiblse to consult your
reference books for better understanding of thessoaf study.

COURSE MARKING SCHEME

The following table lays out how the actual counsarking is broken
down.

A ssessment

Marks

Assignment

4 TMAs of 10 marks each = 40% Of of Geunarks

Final Examination

60% of overall course marks

vii
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Total 100% of course marks

COURSE OVERVIEW

The table below brings together the units, the remdf weeks you
shouldtake to complete them, and the assignmieats$dllow them.

Unit |Title of work Weeks activityAssessment (End of

Unit [Title of work Weeks activity] Unit)
Course Guide 1
MODULE 1

1 Introduction to Pathology 2 1

2 Cellular Responses to Stress and Noxious Stimuli a8 2

2 Inflammation 3 2
MODULE 2

1 Cell Injury and Cell Death | 4 3
Cell Injury and Cell Death Il 5 4

3 Wound healing 6 5
MODULE 3

1 Pathology and Pathogenesis of oedema 7 6

2 Shock: Pathology and Pathogenesis 8 7
MODULE 4

1 Abnormalities of Cell Growth and Differentiatiof9 3

2 Neoplasii 10 9
MODULE 5
Genetic Disorders
MODULE 6
Hypersensitivity Disorders
MODULE 7

1 Handling of Biopsies. 11 10

2 Pots Demonstration 12 11

HOW TO GET THE MOST FROM THIS COURSE

These study materials have been carefully desigmeb organized to
make this course a lot simplified for you. Think ibfas reading the
lecture instead of listening to a lecturer. Thalgtunits tell you when to
read your course material. Just as a lecturer ngiet you an in-class
exercise, your study units provide exercises far godo at appropriate

viii
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points.

Each of the study units follows a common formate Tinst item is an

introduction to the subject matter. Next is a delearning objectives.
These objectives let you know what you should de abdo by the time
you have completed the unit. When you have finighedunit you must
go back and check whether you have achieved thectgs. If you

make a habit of doing this, you will significanilyprove your chances
of passing in flying colours. The main body of thait has been
painstakingly designed with figures, flow-chartshematic diagrams
and tables to make yourstudying a fulfilling expece.

The following is a practical strategy for workingrough the course. If
you run into any trouble, telephone your tutor. Rerber that your
tutor’s job is to help you;so when you need hdim‘t hesitate at all to
ask your tutor to provide it.

1. Read thiCourse Guide thoroughly.
2. Organize a study schedule. Refer totheourse overview

for more details. Note the time you are expeatesbend on each
unit and how the assignments relate to the uritgortant

information, e.g. details of your tutorials, arne tdate of the first
day of the semester, is available. You need thegadll this

information in one place, such as your diary owall calendar.

Whatever method you choose to use, you shoulddeeon

andwrite in your own dates for working on eacikt.un

3. Once you have created your own study schedule vdoything
you can to stick to it. The major reason that etus fail is that
they get behind with their course work. If you gab difficulty
with your schedule, please let your tutor knowobeft is too late
for help.

4. Assemble the study materials. Information abouttwioai need
for a unit is given onthe contents page at thgirlmeng of each
unit. You will almost always need both the studytwou are
working on and one of the materials for furtheadi@g on your
desk at the same time.

5. Work through the unit. The content of the unit litdeas been
arranged to provide a sequence for you to foll&a.you work
through the unit you will be instructed to readtsms from other
sources. Use the unit to guide your reading.

6. Keep in mind that you will learn a lot by doing ajbur
assignments carefully. They have been designédlpyou meet
the objectives of the course and, therefore vélphyou pass the
exam. Submit all assignments not later than theeddie.
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7. Review the objectives for each study unit to canfthat you achieved
them. If you
feel unsure about any of the objectives, reviewstindy materials or consult
your tutor.

8. When you are confident that you have achieved a’suni
objectives, you can then start on the next upribceed unit by
unit through the course and try to pace your stadthat you
keep yourself on schedule.

9. When you have submitted an assignment to your témor
marking do not wait for its return before starting the next
unit. Keep to your schedule. When the assignnsentturned,
pay particular attention to your tutor's commefensult

your tutor as soon as possible if you have anystiue or
problems.

10.  After completing the last unit, review the coursed gorepare
yourself for the final examination. Check that yoave achieved
the unit objectives. (Listed at the beginning atle unit) and the
course objectives (listed in tiourse Guide).

FACILITATORSTUTORSAND TUTORIALS

There are 8 hours of tutorials provided in supmdrthis course. You
will be notified of the dates, times and locatioh these tutorials,
together with the name and phone numbers of ydar,tas soon as you
are allocated a tutorial group. Your tutor will haand comment on
your assignment, keep a close watch on your pregeesl on any
difficulties, you might encounter and provide assise to you during
the course. You must mail your tutor-marked assigmisito your tutor
well before the due date (at least two working days required). They
will be marked by your tutor and returned to yotsasn as possible.

Do not hesitate to contact your tutor by telephaneail or discussion
board if you need help. Contact your tutor if:

You do not understand any part of the study unitgsheassignment
You have difficulty with the self-tests or exerdse



NSC 214 COURSE GUIDE

You have a question or problem with an assignmeitky your tutor’s
comments on an assignment, or with the gradingh@ssignment.

You should try your best to attend the tutorialsisTis the only chance
for face to face contact with your tutor and to gslestions which are
answered instantly. You can raise any problem yocoenter in the
course of your study. To gain maximum benefit froaurse tutorials,
prepare a question list before attending them. Waollearn a lot from
participating and discussing actively.

Best wishes!

Xi
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MODULE 1
UNIT 1 INTRODUCTION TO PATHOLOGY

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Pathology
3.2  Aspects of Pathology
4.0 Conclusions
50 Summary
6.0 Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

Pathology is the study of the bases of diseagesxplains the rationale
for the vulnerability of certain individuals to tkfent aliments, why
some tissues are affected, the peculiar locatiotissues, modulating
circumstances that may alter the otherwise preuaetstructural change
on tissues. The study of pathology and knowledgethef basis of

diseases help to develop a scientific basis foattment, prevent
progression to complications and further disahilityorbidity and

mortality. The knowledge of the evolution of diseagould also afford

the health worker to take proactive measures togmtesuch diseases
from affecting patients’ relations e.g genetic dses and protect the
health workers and the general public from coningctdiseases
especially in infectious diseases, during routiaee@nd epidemics.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o Define cellular pathology,
o Enumerate and discuss the aspects of disease groces

3.0 MAIN CONTENT

3.1 Definition and Scope of Pathology

Pathology is the studffogos)of diseasdpathos) by scientific methads
More specifically, it is devoted to the study ofethstructural,
biochemical, and functional changes in cells, #sswand organs that

1
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underl

The p

ie disease.

ractice of nursing is both art and science rbate importantly

science. Sine nurses care Pathology as fundamgenthke practice of
nursing science

3.2.

What i

Pathology may be broadly defined as the study ackeate
processes. It is in fact the use of proven, caple scientific
methods for the study of disease processes. Tihubose
methods and techniques are used again and admnsame
results should be obtainable without manipulationgpersonal
interpretations.

Pathology may be regarded as one of the major ftigetive
arms and perhaps the most important investigatireof modern
Medical Science. At the centre of this importantestigative
arm is anatomical pathology cum histopathology.

Pathology is concerned with determining the cawses effects
(fall out outcomes) of diseases and the functi@mal structural
changes that occur during the cause of the diggasess. These
changes range from subtle or frank alterationthatmolecular
level to the clinical manifestations of the diseas the
individual.

Understanding the aetiopathogenesis and all thatlased to the
disease process is vital for accurate diagnosieatrhent,
monitoring of treatment and prognostication (outeo of
diseases).

Pathology and Disease
s disease?

Disease may simply be regarded as a state in whete is a
disturbance of the normal function of an organpaat or the
whole of the body.

The concept of homeostasis — The ‘milleu interieur’

What is adaptation? The body makes structural saajents
within limits possible without causing far readhirstructural
perversions that will ultimately compromise itssltametabolic
processes or homeostasis.

What is Pathophysiology? Pathophysiology is thealstaf the
new functional status created by the disease psoce

What is pathogenesis? (Consists of the sequenesarits that
ultimately culminates in a recognizable diseas#éygn
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Scientific concepts about diseases:

o Disease can be defined as any condition that litifgsof an
individual in either of the following power, comfpenjoyment,
satisfaction or duration. How is disease causedzd3es are
caused by structural changes and hence disordiemaction
culminating in iliness.

o What is the philosophy of Western Medicine regagditne
origins of disease? — the lesional basis of desedkhe lesion is
the evident structural change in tissues. Théoress the
structural betrayal of the disease process thehately causes a
functional derangement.

Pathology as a course

The knowledge of pathology is the basis for good patient responsive
care and practice which is best studied with asgirgtted approach.

The evolution of Pathology as a discipline and iitBuence on the
growth of Nursing Science.

o Virchow’s concept of cellular pathology.

The role of Pathology in Nursing Science

Investigative approach to disease management
Pathology in hospital practice

Pathology in Medico-Legal issues

Academic pathology (Translational Pathology).

Anatomical pathology is anticipatory medicine (dalpaof predicting or
prognosticating the end from the beginning) or reed clinical practice
(determining the cause, mechanisms and circumstaoicéhe disease
process from/with the structural changes i.e ewdemefore the
pathologist)

The branches of Pathology

o Chemical Pathology

o Medical Microbiology

o Haematology and blood transfusion cum immunology
o Morbid Anatomy (Anatomical or Anatomic Pathology)
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Aspects of Morbid Anatomy Practice

o Surgical Pathology
o The Autopsy
o Cytopathology

o Forensic Medicine (Medicolegal issues, using meddicawledge
to resolve legal dilemmas).

It is pertinent to state that the autopsy has Hdemnto unveiling the
bases of diseases. Nurses will continue to be cotdd with deaths of
patients to be investigated for reasons of dedtles@ deaths make the
autopsy imperative.

Elementary biology exposes to the fact that thé isethe basic and
function unit of life. The cell is the natural htdii of diseases. Two or
more cells of related functions form a tissue, twromore tissues of
related functions form an organ and organs with mlementary

functions and relationships, systems. Disease psogi#l therefore be
better understood if events at the cellular levd well-understood,
hence the terl@ELLULAR PATHOLOGY!

By the use of molecular, microbiologic, immunolggamd morphologic
techniques, pathology attempts to explain the wdryd wherefores of
the signs and symptoms manifested by patients white/iding a
rational basis for clinical care and therapy. ldlserves as the bridge
between the basic sciences and clinical practind, ia the scientific
foundation for all of medicine.

Traditionally the study of pathology is divided angeneral pathology
and systemic pathology. The former is concernett wie reactions of
cells and tissues to abnormal stimuli and to inbdrdefects, which are
the main causes of disease. The latter examinesalteeations in

specialized organs and tissues that are responfbldisorders that
involve these organs

This course will focus on the first division: gealgpathology.

3.3 Aspects of Anatomical Pathology

There are four aspects of a disease process that #oe core and
general systematic approach to the study of Anatainfathology

o Aetiology of a disease (the cause of the disease)
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o Pathogenesis (consists of the mechanisms and s®riegents
that ultimately culminates in a recognizable dsgeantity)
o Morphology and molecular changes (the new anatomic

structural/architectural profile /biochemical ateon created in
the cell and organs by the presence of a diseas®egs. The
lesion is viewed microscopically or macroscopigall

° Clinical significance/manifestations (functional raegements
and consequences)-How does the emerging archaédiange
present clinically, how do we recognise it eampegh and help
our ailing patients?

For instance,Plasmodium falciparum(aetiological agent) following
mosquito bite, invade the human red cells multigligyd undergo
development in them (pathogenesis), leading to teakrhaemolysis
(molecular/morphological changes) and developmeht anaemia
(clinical manifestations)

3.4 The Place of the Autopsy in Nursing Practice

The word*autopsy’ is derived from the ancient Greek word autopsies
meaning‘to see for one self” Autopsy as a word has been in use since
around the 17 century and is essentially an amalgamation ofwecds
‘autos’ meaning oneself arfdpsis’ meaning sight or view. The autopsy
is also known as postmortem examination, necropayiopsia
cadaverum or obduction is a time-honoured meansnding out the
cause, circumstances and mechanisms of death atrmthgs things. It
is a means of auditing the thoroughness of praatitandividual
clinicians, the efficacy of medical therapy, the@sion of modern non-
invasive diagnostic methods and the overall orgdiun of healthcare.
Although it has been relegated to the backgroundalse of
sophisticated antemortem medical diagnostic methads still the
ultimate medical diagnostic tool in assessing tlenmetence cum
diligence of clinicians in routine medical practidéne regular practice
of autopsy pathology should be encouraged in alical and medico-
legal settings. It is paramount to emphasize faegottime-honored
truths about the autopsy, elucidating the fundaaientof the
postmortem examination and basic understandinghefprinciples of
interpretation as well as the fundamentals of ayopeporting. The
postmortem examination has a continuing crucia mlthe basic study
of disease processes, ascertaining the effectiserads therapies,
therapeutic responses and complications, medicsgareh, medical
education, genetic counselling, and in audit of icedpractice in
addition to its fundamental role in determining taeise of death.
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Definition

An autopsy is a medical procedure performed orhtirean body after
death involving the systematic dissection and eration of human
tissues exclusively for medical reasons such asodeing the cause
circumstances and mechanisms of death.

The autopsy uniquely stands out as a highly speedhl surgical
procedure that consists of a thorough examinatibra acorpse to
determine the cause, circumstances of death andenahdeath as well
as evaluate any diseases or injuries that may lesept and the
contributions of such diseases to the processathde

REASONS FOR AUTOPSIES

The following are some of the many reasons forquaring postmortem
examinations: establish the cause of death, ctereleth antemortem
diagnoses, identify unrelated/predisposing and phgmant diseases,
confirm or dismiss genetic implications for the fhnso as to guide in
appropriate counselling, audit care and treatmeweng characterise
new diseases, determine the effectiveness andteffec treatment,
confirm the emergence and prevent the spread ofnuoritable
diseases, study the aetio-pathogenesis of diseatdes, typical
morphologies and variants, enable and enhanadicaleresearch,
influence local and national health policies, assesedicolegal
implications, benefit and comfort bereaved relaivey making
clarifications and eliminating doubts about careegi to the deceased,
educate medical personnel and students. Some dftine-mentioned
are elucidated upon as follows:

Ascertain the quality of medical care
Autopsy assesses the accuracy of clinical diagnoses
It assists in the audit of clinical care, whethas ioptimum, substandard

and assists in thinking about room for improvement.

It may provide clues for counselling the bereavethtions of the
deceased patient.

Guaranteed quality of health statistics

Accurate mortality statistics remain essentialdoblic health and health
service planningt enhances the accuracy of death certification.

It improves the quality and certainty of hospit@cords on death
statistics and that of the medical officer of heaif a province or local

6
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government. Fifty percent of autopsies produce ifigsl unsuspected
before death. Discrepancy rates between death certificate diaggos
based on clinical information without autopsy antbasy is 30%.

Qualitative and standard specialist professional training and teaching

The post mortem examination guarantees compleemdatd and
gualitative medical training at the undergraduatel gostgraduate
levels. Such conduct of autopsies should be wtdgated into medical
education along with block postings in other sutg@t medicine so that
medical students can benefit maximally.

Autopsy assists in a great way to teach medicadlestis so that they can
appreciate the pathological basis of the variousoal phenomena.

It also contributes significantly to the training medical specialists in
all specialties during the postgraduate medicahittyg. The educational
value and validity of arguments and conclusionglinicopathological
meetings as well as morbidity and mortality meetingannot be
exquisitely proven without sufficient input fromethpathologist who
should have performed autopsies in cases discussed.

Crucial health research and devel opment

Autopsies help to advance research in the clinipathological and
basic medical sciences. It helps to critically asggatients’ responses to
clinical trials. Autopsies can detect the flawsaotherapeutic agent or
diagnostic method during clinical trials.

Autopsy helps to test the efficacy of new diagroptiocedures some of
which are non-invasive. It also helps to monitoe tbffectiveness,
complications and side effects of new medical amdjisal therapies.
Autopsy plays a great and crucial role in detecéngrs.

Medico-legal reasons

Autopsy assists in the detection of crime and sybseat apportioning of
punishment so as to guarantee a morally bettemeciree and safe
society.

Autopsy also assists the law courts in legal astiom awarding
commensurate compensations for industrial injury oredical
negligence. The postmortem examination will alssvpnt medical staff
from vain litigations and hospital management amdlth insurance
societies from payment for false claims from oppoidtic clients and
relations.



NSC 214 GENERAL AND CELLULAR PATHOLOGY

Procurement of human organs for transplantation

Postmortem examination is one of the easiest waysrdcure human
organs for transplantation and ensure the conyiraiditife.

Reasons for the decline in autopsies
Reasons for the decline in autopsies include:

A high level of disinterest amongst individual coliant cliniciansThe
level of interest in postmortem examination is mhest important single
factor in determining whether autopsies will betnoely requested for.

Lack of consent of relations in routine hospitatogusy cases because
they fear a delay in the funeral or the mutilat@the corpses of their

loved ones. This negative perception about the autopsy is @&urth
perpetuated because health authorities do not edong the lay and

general public on matters relating to autopsies.

A wrong approach by clinicians to request for théopsy may preclude
consent by relations especially when consent isiegstgd by junior
members of the medical staff such as house offioemrsew registrars.
Such junior staff may not know how to explain th@gedure to the
relations appropriately and get their consentsoutine hospital cases.
Over-reliance on modern day hi-tech diagnostic waghand techniques
is another stumbling block that recedes the grafidutopsy pathology.
It has been severally claimed by clinicians thgbhssticated hi-tech
diagnostic methods and techniques including radiold methods of
imaging allow tissue biopsies to be obtained fromem seated lesions
using trucut needles, fine needles and various syiopeedles thus
improving the quality of antemortem diagnoses. Heave despite so
called continuous improvements in diagnostic teghes, studies have
continued to show a surprisingly consistent rate sagnificant
discrepancies between antemortem and postmortegnatas.

Major discrepancies have been documented in abO% &f cases.
Therefore, the autopsy remains fundamental in thenitoring of
efficacy and complications of modern investigativeethods and
treatment.

Overconfidence, prejudice and lack of inquisitivemeon the part of
clinicians are other major problems. Even whenearctliagnosis of the
disease entity has been made, autopsy enables oeeetal unsuspected
conditions, other disease associations which malninate in a
syndrome and also reveal complications especiadist-purgery from

8
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which most vital lessons can still be learnt witbreal relevance to the
care of other patients in futute.

Incidental findings may also be seen at autop3ikes.fear of litigations
is also a major reason for the avoidance of audspsy clinicians. They
fear that postmortem findings may generate litmadi

PRACTICAL INDICATIONS OF AUTOPSY

Autopsies may be requested as a fall out of routiogpital practice
(clinical or academic autopsies) or coroners/mddgal reasons or
circumstances.

Clinical and academic autopsies aim to determiterjfg or confirm
medical diagnosis that remained unknown or obspu@ to patient’s
death; while the coroners’ autopsies aim to asicette cause of death,
manner of death and identify the deceased.

The practical indications for autopsies include:

Instances of the discovery of an unidentified bwdicative of foul play
or death in suspicious circumstances such as suduepected deaths.

Death of patients not attended to by a physiciamduhe last iliness.

o Death in patients known to be sick but not seentéam days
prior to death.

o Suicides.

o Homicides.

o Alcohol ingestion in alcoholics, death from poisoasd drug
related deaths in addicts.

o Domestic accidents.

o Transportation accidents including road, rail, aiishaps and
waterways disasters fall into the category of cer@nautopsies.

° Deaths during surgery, within twenty-four hourscompletion of
surgery and before recovery from anaesthetic agents

. Allegations of negligence by relations during metliceatment.

. Death of infants (this does not include hospitadtts in which
the cause of death is confidently known)

. Abortion related deaths

o Deaths in which the cause of death is unknown.

o Death of suspects in prison custody.



NSC 214 GENERAL AND CELLULAR PATHOLOGY

Autopsy consults and requests

The requests may come from the clinicians in r@utiospital cases or
hospital coroners’ cases that is death occurrirtgisviwenty-four hours
of admission or major procedures cum therapy. Iy mao come from
the coroner who has ordered an inquest into aafasdeath in suspicious
circumstances. Very rarely, relations may ask for tonduct of an
autopsy in case of suspected medical negligencssmamagement or
deaths occurring during political incarcerationdeath of suspects and
convicts in prison custody. When requests are madenarily
specifically by relations in hospital cases, théhpkgist should inform
the physician who managed the patient to forwaedréievant clinical
history. The cases of death of suspects in priagtiody should be
discussed with the coroner before the pathologistiucts the autopsy.
The pathologist should also inform the hospitalhadties. It is the
responsibility of the pathologist to see that profmems are filled and
that relevant parties sign duly in all cases obpsy requests. It is not in
the legal interest and good professional and dthicdture for a
pathologist to go ahead for an autopsy on verbguest from the
clinician, the coroner or police or relations oétteceased. The nurse
may also be called to participate in the counsglirocess for the aut

The preparation for the autopsy

The pathologist should do an unbiased critical syiand analysis of the
case notes taking note of the history in terms lod presenting
complaints or symptoms, elicited signs by the clams associating
them together and forming his own opinion. His a@incan them be
weighed along the provisional clinical diagnosisl &ime pathologist can
them check out for information in literature thaitlvelp him to make
good decisions and judgments at autopsy. He needsmmunicate
with the clinician to clear grey areas so as tagwasinterpretations of
clinical information and ultimately prevent diagtioserrors.

The mortuary staff should be informed of an autajslge conducted. It
Is the responsibility of every pathologist to gi@estanding order cum
departmental policy that guarantees that corpsesvall preserved for

autopsies and that bodies are not mistaken or sdafgy one another.
Bodies brought to the morgue should therefore gged immediately

they are received. It is advised that relationsabked to identify the

corpses before autopsies are carried out espeuwibliy there are doubts
about the identity of the corpses.

Relevant instruments should be laid out for theasy procedure prior
to commencement to avoid delays and ambiguities.
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Preservatives such as fixatives like 10% formahsaand Bouin’s fluid
should be put in place so that harvested specimemgpreserved for
organ demonstration in surgico-pathological, chrpathological
conferences in court sessions, for autopsy hisyotodgurther research.
Visual aids such as video coverage, digital phaplgy may be
employed for demonstrative evidence in coronerssesaat court
sessions or for clinico-pathological meetings.

The precautions:

The pathologist should operate a standard opemdtiqoolicy or
procedure at autopsy to safeguard against infestionuries during
autopsy while not compromising quality assurancautopsy pathology
practice. There must be well set out policies farvpnting infections
such as protective dressing and post autopsy cggmocedures such as
generous use of disinfectant and fumigation. Ursakr safety
precautions againgiuman immunodeficiency virysllV), Hepatitis B
virus (HBV) andHepatitis Bvirus (HCV) et ce te ra should always be
observed.

The Procedure

The procedure depends on the request and extenitopsy. There are
full autopsies, selective or limited autopsies éesally in cases
concerning difficult non-consenting relations orcised research on
specific tissues).

Before starting the autopsy, identify the corpsel ao a thorough
general physical examination. A thorough genergsmal examination
may be all that assists in making a firm diagnasisesolve a medico-
legal controversy. The next thing is to approaah élternal dissection
with a cosmetic consciousness and cut the bodyam & way as to
prevent mutilations. The pathologist needs to bevewsant with the
techniques of organ dissection and organ remowah sis the Ghon’s
(en bloc), Rokitansky’'s (in-situ dissection), Lelléis (en masse
dissection) and Virchow’s techniques.

The method of dissection is at the discretionhef pathologist as well
as dependent on the nature of the case, the citanoes of death, the
extent of autopsy, the time at the disposal ofpidologist among other
considerations.

In clinical cases there is the crucial need to saying possible
morphologies prior to commencing the dissection pagling specific

attention to details so that particular organs dissected within the
context of diseases; for example in liver cirrhpsiee oesophagus is

11
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removed together with the stomach, duodenum, ket gall bladder.
The oesophagus is then inverted into the stomadhtlza complex of
stomach, duodenum and oesophagus is cut starong thle duodenum
at the antimesenteric border and the stomach dlengreater curvature
to expose the inverted oesophagus and thus deratn#is prominent
dilated vascular channels, the oesophageal varices.

POSSIBLE FINDINGS

It is important to know that normal structure oratomy produces
normal functioning or physiology while altered sttwres as a result of
diseases that is morbid anatomy or anatomical fEgkioresults in
abnormal functioning or pathophysiology. Pathopbliggly is altered
functioning, alteration or deviation in function ofgan systems because
of a disease process.

The pathologist relies on tissue changes due teades induced
alterations to be able to make his judgments aagndise diseases. The
diseases betray their presence and alter tissuetlgies creating new
structures referred to as lesions. The lesionasefore the identifiable
gross features denoting structural changes indissia result of the
disease process. The systematic analytical studlyilimate description
of the tissue alterations and appearance is knewnaphology.

Categories of possible findings

Morphology of the primary disease process

Morphology of the complications of the primary dise process
Morphology of the predisposing factors

Morphology of the incidental findings

Morphology of the complications of treatment poBsihtrogenic
Morphology of previous pathological processes whiy be on-going,
healed or with residual lesions or evident compilices

Morphology of syndromic associations

Nil anatomical alterations (decomposing bodieshggior deaths by
some radioactive substances such as polonium)

Possible findings and proper interpretation

All findings require proper interpretation in alf@umstances. Why do
we need proper interpretation?

Medicolegal implications in criminal investigations a properly

performed autopsy will help to unravel circumstanoédeath.

Autopsy helps in preventive and social medicing atays a major role
in disease epidemiology control, health planningagnagement and
budgeting.
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It helps to establish the order of effective reskatevoid of errors.

It also establishes true databases for excellseareh and budgeting.
The post mortem examination impacts true knowledgen which
medical treatment, policies and prognosticationlmabased.

Basic principles and approach to interpretation

The human body has specific standards by whicls icdmpared in

health and diseases. The human body when asséyltdideases tends
to keep within some certain limits of response giouhis is not

invariably so.

Good and appropriate interpretation is dependent on

A good knowledge of the weights of different orgasfsthe body in
different age groups, normal physiological process® the variants for
example organs changes in pregnancy, physiologibahges during
menstruation. Age associated variations: childess lthan one year or
infants, childhood, adolescents, young adults hrcetderly.

Pathophysiology of diseases with good knowledgéeflimitations of
disease processes in changing organ weights ahifestare (structure)

Systematic approach to interpretation of autopsy fidings

A good and critical analysis of the history andcemstances of death
will help the pathologist to know what to expectimy autopsy case.

If it is a medicolegal case, the pathologist needsilk to the coroner or
his representative and the police and make enguiakout their

investigations. He may need to talk to the relatiohthe deceased. A
full revision of the scene of death may also balvih reaching good

conclusions.

In hospital cases, the case note documentationrevital the nature of
the disease. The pathologist with his prior knowkdf medicine and
pathophysiology of disease will know what to exp@cthe index case
vis a vis disease agent and tissue interactions temstie changes
produced. Thus, the injurious agent interacts \hth tissue by known
pathophysiological mechanisms which produce claksgtructural

alterations or morphological patterns or their &ats that helps to
establish the main diagnosis.

In properly interpreting autopsy findings, the pdtlyist needs a

combination of previous experience, relentless irgpachs well as
systematic analysis of all available evidence dmical information.
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Disease elemental knowledge that assists in appraogie
interpretation

The name of the patient or victim may indicaterrasionality and tribe.
Some tribes allow intrafamily marriages betweensamtiand this allows
for the propagation of some genetic disorders ragisifrom
consanguinity. The age and sex of the patient ke \&ery important.
The occupation is also important. Long distancevedts, force men,
politicians and commercial sex workers are vulnkerato sexually
transmitted diseases. The religion of the patienalso important. A
fasting diabetic may suffer from diabetic coma. Tdudresses of the
patient also play a role in interpretation. Paselnting in down town
areas of varying communities are usually the magbkas live in
overcrowded or congested conditions and so diseasbgh
pathogenesis are favoured by overcrowding areyepsipagated as it
happens in prisons in Africa and refugee camps evtieare can be wild
epidemics of diseases such as cholera and tubsiguldhe drug history
may be very crucial to autopsy conclusions in thiéeptic, diabetic and
hypertensive patients. The past medical historyita®lates to past
ilinesses, hospital admissions, past obstetriohish a grand multipara
is also important. The prevailing circumstancedhe patient such as
lack of employment opportunities, divorce or psgthc illness could
provoke a suicide. Good and proper scientific cyoprapriate medical
interpretation is a product of sound scientific emssnent, objectivity
with clearness of expression that is descriptivéhg@agy using
acceptable technical terms crucial to the diseeseeps.

Descriptive pathology is crucial to the study offfdogy. The ability to
describe properly is based on:

What you know prior to the autopsy encounter.

The power of observation: critical, diligent, comeing and affirmative.
The pathologist needs perfect concentration and gitgntion to all
structures and features so as to identify everlesabinges.

The power of association linking observed features.

The power of appropriate interpretation giving rodm a positive
construction that culminates into a pertinent @stiagnosis with which
one concludes intelligently with a summary.

What are the vital points in description?

Size: comparing with the known normal size. Weighimeasured in
grams or kilograms and degree of enlargement ragednild, moderate
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or severely enlarged. Linear measurements of thansrand masses are
done in three dimensions in centimetres taking raftehe length,
breadth and thickness in that order.

The shape of the organ or mass: comments on tlpeslad organs are
important if they have deviated from normal dua tisease process.

Consistency: soft, firm, hard, cystic or bony

The contents of cysts, cavities, hollow organs. ey contain
mucinous, serous or haemorrhagic fluids?

Colour of fluids and tissues should be documenteth &is greyish white
or brown; dark brown or variegated appearances.

Comment on the borders of organs, tissues and siatsethere a
definite capsule or prominent vascular markings? tie capsule
breached?

The location of the lesion is important. What sitehe body and what
site in the organs?

The fact or otherwise of circumscription: is thessniavell delineated that
is well demarcated from the surrounding tissueshas ill-defined
margins or fairly circumscribed?

The topography created by the lesion: is the overglan appearance
nodular or lobulated?

The general physical examination may be the mogortant diagnostic
finding in a very limited autopsy and forensic s€aput medusae,
gynaecomastia, testicular atrophy are seen in ahtwer disease. Fish
smell and uraemic frosts are encountered in chroaial failure.
Macular skin rashes or rose spots may be betrayalgphoid fever in
fair skin people. Things to take note of include general body habitus
such as the physique or build of the individuakaal odour, the state
of superficial and accessible organs as well asreat body organs.
Haemoglobin SS patients have gnathopathy; ovegidinthe mandible
by the maxilla.

Appropriate interpretation of autopsy findings ispéndent on
correlating and blending the above facts (autopsgirigs which are
true pictures of the assault of the disease processssues) with the
clinical or circumstantial information received.
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We also need to systematically consider possibiricking disorders or
other conditions that may appear similar and comfineir certainty in
the index case or rule them out. These are therdiftial diagnoses.

Relating findings with normal tissue appearances ba helpful in

descriptions such as comparisms of consolidatedgslum lobar

pneumonia with liver consistency as grey or redatieption or the

horse shoe kidney as a congenital disorder of idheek, the horse shoe
shaped heart of tetralogy of Fallot and the eggpatiaheart of the
transposition of the great arteries and vessels.

Some common findings include:

Severe pallor: remember the history as you checkafoy sites of
haemorrhage, septicaemic illness, nutritional deficy, haemolysis in
haemoglobinopathies.

Fibrinopurulent exudates in the peritoneal cavityperitonitis should
breed suspicion of a perforated viscus. Theretbeepathologist should
carefully examine the stomach and intestines fqredorated peptic
ulcer disease in the stomach, duodenum or a Mecldiierticular
choristoma in which ectopic gastric tissue is pnés@éd thus it becomes
a potential site for the development of peptic uldsease which can
perforate. Typhoid ulcers may also perforate angeaeritonitis.

Presence of a mass: the concern of the patholagisbe to ascertain
the nature of the mass as malignant or benign. &sashould be
described in terms of location and other descrgpindices such as size,
shape, and presence or otherwise of capsule, degeeechanges like
cystic change, calcification, haemorrhage, necrast other descriptive
indices. Benign neoplastic masses tend to be euledpd and the
capsules remain unbreached. There is resemblanuaraal tissue, are
well circumscribed and no suggestion of metastaddalignant
neoplasms are not encapsulated and even whenghe of origin has a
capsule, the neoplasm ultimately breaches the t@&pBoe resemblance
to the native tissue is variable. The tissue magally resemble the
normal tissue or have no resemblance. They tenghtaw tumour
necrosis and haemorrhage especially in rapidly grgwumours. They
also tend to lack circumscription. Local invasiamdadirect spread is
present in malignant diseases. They also giveoiseetastatic lesions in
other organs distant from them such as lymph nobeain, liver,
omentum, lungs and peritoneal cavity. However paldr malignant
neoplasms tend to have organs they metastasidetayh the biological
behaviours of malignant tumours are not often mtatlie. Other
possible findings include the Trossier's nodes tisasupraclavicular
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lymphadenopathy in gastric carcinomas, Sister Josapodule that is
metastatic adenocarcinoma to the umbilicus in oaroas of the
gastrointestinal tract and paraplegia with muschestimg in prostatic
adenocarcinoma.

Lymphadenopathies: in lymphadenopathies considerctiiour of the
nodes; greyish white or cream coloured with haehawic necrosis in
tumour metastases or oedematous greyish brown flammatory
lesions or caseous necroses (yellowish white cheggearance) in
tuberculosis.

Discrete or matted lymph nodes: nodes may be desae matted in
malignancies. They tend to be matted in chronicngi@matous
inflammatory conditions and discrete in acute lyaubnitis or some
non specific responses.

Consistency of the lymph nodes: lymph nodes aré inofymphomas
with bulging greyish surfaces with fish flesh ape®e. They are soft
in areas of caseation necrosis but firm in otheagardue to persistent
inflammation and concurrent tissue repair process.

Demonstrations/tests at autopsy sessionsvarious tests and
demonstration can be carried out at autopsy sesdiah none should
becloud or preclude the proper judgment gleaned fxatopsy histology
and its related and relevant investigations such as
immunohistochemistry,  cytogenetics and  other sfieei
investigations such as polymerase chain reaction

Floatation tests: sections of lung tissues aregidpnside water to see
if they sink or float. A sunken lung tissue suggesrlessness as can be
found in pneumonic consolidation and atelectasis.

Lugol’s iodine is used to demonstrate presencergi@d

Patency of the common bile duct in biliary obstioct

Reversed dissection of the oesophagus in patierits @esophageal
varices

Rapid diagnosis of tumours using tumour imprints

Smears and cultures of infective agents can be dbaetopsy

Writing autopsy reports

The report of the pathologist is more than a meport. It is a verdict
that calls for the immediate attention of the mamggteam or the
coroner. Therefore, it is a medico-legal documérghould be precise,
informative, unambiguous, consistent with literatutefinitive and time
honoured. It should be written in such a way toressl the reasons for
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the post mortem examination.

The report should be sent in as soon as possibléhdorelevant
authorities if it is to be beneficial. The pathakigshould indicate the
type of autopsy performed whether it is a coroner'soutine hospital
autopsy and the extent of the autopsy whetherfitlior limited. A full
documentation of the details of the autopsy is rsdefor medico-legal
purposes, for posterity in research, establishingpmlating a database
and formulating departmental policies based on dative experience.

There should be a provisional report of the autop®rformed

immediately after the autopsy session. This is kmew the provisional
anatomical summary. This constitutes the highligbtsthe major

anatomical findings at autopsy consistent withrditere based and
accepted diagnoses. These highlights are writtérstauting from the

most important findings to the seemingly trivial tbaontributory

pathologies. Thus, the anatomical summary is cedliby writing out

the primary disease first followed by other patigods that the primary
disease systematically resulted to. The full repbthe hospital autopsy
should be written out in systems by systems stantiith the summary
of the clinical history, the documentation of orgaeights followed by

the findings on general physical examination arehtby findings on

systems dissection and examination.

The coroner’s reports should be written out inhagn’s terms for easy
understanding though allusion may be made to itsiahcmedical
meaning. Easily explainable medical terms shoulehgé be used. The
pathologist should be unambiguous, should not wbose language
with a view to impress anyone. When medical ternesused, he must
carefully explain them in his report without conteosies and must be
ready to expatiate on them in court sessions shbalde called to
formally present the report, explain issues or nfakner clarifications.
On hospital cases, the pathologist should issuelladport including
autopsy histology at most a month after the autolfsire requirements
for immunohistochemistry and toxicology studies a within the
jurisdiction of the pathologist, then the pathokigghould exercise due
restraint in writing the full report but send saswlto standard and
certified laboratories that will assist him in rhag veritable
conclusions and issue a full report within two nienbf the autopsy.
The report should include the primary diseasepiitgression and the
mechanisms and cause of death.

The prime position of autopsy histology

No autopsy is deemed complete or ought to be aedegd complete
without autopsy histologyHowever, some and infact many cases are
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self-conclusive particularly coroner’'s cases andeadhospital cases:
coroners’ and routine cases. However histologigah@nation of tissue
in forensic cases should be applicable to the cas® left to the
discretion of the attending pathologist. Histologges what the naked
eyes cannot see. It is an exclusive mode of inyastin cum assessment
that sees what the naked eyes cannot see as isstelacell and cell
matrix interaction at the microscopic level. It@l®rms the basis for
further investigations such as histochemical stainand
immunohistochemistry at the molecular level. Itréfere gives more
and far reaching information that is unachievabhleggloss examination
only. Histology is therefore very essential.

Conclusion

In conclusion, the autopsy remains the ultimatataodl for evaluating
the degree of competence of general medical praetits and medical
specialists, the auditing of the accuracy of mod#iagnostic facilities
and efficacy of treatment schedules and the maostirate method of
determining the cause and circumstances of deadlsd guarantees the
accessing of profound knowledge and understandingh® disease
process that will ultimately culminate in proper dizal practice.
Therefore, there is a great need for medical edcucait undergraduate
and postgraduate levels to focus on the role of plestmortem
examination as a useful investigative, teachind toud an ultimate
means of medical and nursing audit. Every hospi@hagement should
have regulations on hospital and coroners’ autspsinatomical
pathology departments should also set standardpsytguidelines
communicated to all professionals. Clinicopathatagji conference
should have as a routine; organ recital sessianediat correlating the
organ changes with perceived clinical judgment.

4.0 CONCLUSION

Pathology is the link between basic sciences aimical practice.
Disease process isbetter understood with gooddfation in pathology.

5.0 SUMMARY

This unit teaches that:

Pathology is the link between basic sciences armbgdinical practice
Cellular events  precede buanifestation of disease entity. There are

four aspects of a disease process forming the ebgathology. The
autopsy is very important in the understandingiséases.
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6.0 TUTOR-MARKED ASSIGNMENTS.

a. What is cellular pathology?

b. Discuss the aspects of pathology that you know.

C. Define the autopsy and state the benefits of thepay.

d. Enumerate the possible morphological findings imatopsy.
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UNIT 2 CELLULAR RESPONSES TO STRESS AND
NOXIOUSSTIMULI/INFLAMMATION

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents
3.1 Cellular Responses to Stress and Noxious Stimuli
3.2 Inflammation
3.3  Acute inflammation
3.4  Chronic inflammation
3.5 Granulomatous inflammation.
3.6  Systemic effects of inflammation
4.0 conclusions
5.0 Summary
6.0 Tutor-marked assignment.
7.0 References/further readings.

1.0 INTRODUCTION

The normal cell is confined to a fairly narrow rangf function and
structure by its state of metabolism, differentiafiand specialization;
by constraints of neighbouring cells; and by thailability of metabolic
substrates. It is nevertheless able to handle plogic demands,
maintaining a steady state calleoimeostasis.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o Describe cellular responses to stress and noxiousls

o Explain cellular adaptation to these stimuli

o Give an overview of inflammation.

o Differentiate between acute, chronic and granuloomst
inflammation
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3.0 MAIN CONTENTS

GENERAL AND CELLULAR PATHOLOGY

3.1 Cellular Responses to Stress and Noxious Stimuli

NORMAL CELL

REVERSIBLE

ADAPTATION

{homeostasis) INJURY
Injurious Mild,
Stress stimulus transient
----- - CELL INJURY
Inability
to adapt

Severe,
progressive

IRREVERSIBLE
INJURY

‘ I CELL ‘ \
NECROSIS DEATH APOPTOSIS

Fig 2.1 Stages of the cellular response to stress andioysrstimuli.
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TABLE 1 -- Cellular Responses to Injury

je

Nature of Injurious Stimulus Cellular Response
ALTERED PHYSIOLOGICAL [CELLULAR ADAPTATIONS
STIMULI;
ISOME NONLETHAL INJURIOUS CELLULAR ADAPTATIONS
STIMULI CELLULAR ADAPTATIONS
Increased demand, increased »  Hyperplasia, hypertrophy
stimulation (e.g., by growth factors, |+  Atrophy
hormones) o  Atrophy
Decreased nutrients, decreased » Metaplasia
Stimulation
. Chronic irritation (physical or
chemical)
REDUCED OXYGEN SUPPLY; CELL INJURY
CHEMICAL INJURY; [CELL INJURY
MICROBIAL
INFECTION CELL INJURY
« Acute and transient J Acute reversible injury
. Progressive and sever: Cellular swelling fatty chang
(including
DNA damage) o Irreversible injury = cell
death
Necrosi:
Apoptosis
METABOLIC ALTERATIONS, INTRACELLULAR
GENETIC ACCUMULATIONS;
OR ACQUIRED; CHRONIC |CALCIFICATION
INJURY
CUMULATIVE SUBLETHAL |CELLULAR AGING
INJURY
OVER LONG LIFE SPAN CELLULAR AGING

Adaptations: These are reversible functional and structurgpoeses to
more severe physiologic stresses and some patbhosbignuli, during
which new but altered steady states are achieviyiag the cell to
survive and continue to function ( Fig. 1 and Tabje The adaptive
response may consist of an increase in the sizeltd (hypertrophy)
and functional activity, an increase in their numlifkeyperplasia), a
decrease in the size and metabolic activity osggtrophy), or a change
in the phenotype of cells (metaplasia). When thesstis eliminated the
cell can recover to itsoriginal state without ey suffered any harmful

consequences.
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If the limits of adaptive responses are exceedéafiaails are exposed to
injurious agents or stress, deprived of essentdtients, or become
compromised by mutations that affect essentiautallconstituents, a
sequence of events follows that is termeall injury (see Fig. 1). Cell
injury is reversibleup to a certain point, but if the stimulus perswtss
severe enough from the beginning, the cell sufieeversible injury
and ultimatelycell death Adaptation, reversible injuryandcell death
may be stages of progressive impairment followinffedent types of
insults. For instance, in response to increasedodgnamic loads, the
heart muscle becomes enlarged, a form of adaptaéind can even
undergo injury. If the blood supply to the myocardiis compromised
or inadequate, the muscle first suffers reversibjery, manifested by
certain cytoplasmic changes. Eventually, the csilffer irreversible
injury and die.

3.2 Inflammation

The most important body mechanism is inflammataoggction. The
word inflammation is from a Latin word ‘inflammatito set on fire or
to burn.

It assists in preparing the tissue for restoratooits pre-morbid state.
The ability to get rid of damaged or necrotic tssuand foreign
invaders, such as microbes is essential to thevalimf organisms. The
host response that accomplishesthese goals eddalllammation It is
fundamentally a protective responsiesigned to rid the organism of
both the initial cause of cell injury (e.g., mices) toxins) and the
consequences of such injury (e.g., necrotic celstessues).

Without inflammation infections would go uncheckedyunds would
never heal, and injured tissues might remain peemiafestering sores.
In the practice of medicine, the importance of anfmation is that it
can sometimes be inappropriately triggered or gocohtrolled, and
is thus the cause of tissue injury in many dis@der

Inflammation is defined as the complex yet sysiembaiblogical
response of vascularized living tissues to harndtimuli such as
pathogens, damaged cell or irritants. It is a paitee mechanism, an
attempt by the organism to remove injurious stinagliwell as initiate
the healing process for the tissue.

Inflammation is a complex reaction in tissues thanhsists mainly of
responses of blood vessels and leukocytes. Thesalaaand cellular
reactions of inflammation are triggered by solubkectors that are
produced by various cells or derived from plasmat@ins and are
generated or activated in response to the inflanomyastimulus
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The benefits of inflammation include: identificatiof the injurious
stimuli, curtailment of the progression of the mpus agent, dilution of
the toxins produced by the injurious agent, destvotdegradation of
the injurious agent and preparation of the tissrerépair to the pre-
morbid state.

However, inflammation is not always beneficial dngpersensitivity
reactions.

Types

Inflammation may beacute or chronic. This is dependent on 1) the
nature of the stimulus and2) the effectivenesshefinitial reaction in
eliminating the stimulus or the damaged tissues.

Acute inflammations rapid in onset (typically minutes) and is of gho
duration, lasting for hours or a few days; its mearacteristics are the
exudation of fluid and plasma proteins (oedema) thiedemigration of
leukocytes, predominantly neutrophils (also calpedymorphonuclear
leukocytes). When acute inflammation is successflidliminating the
offenders the reaction subsides, but if the respdagds to clear the
invaders it can progress to a chronic phase.

Chronic inflammatiommay follow acute inflammation or be insidious in
onset. It is of longer duration and is associateth whe presence of
lymphocytes and macrophages, the proliferation tfod vessels,
fibrosis, and tissue destruction

Some historical highlights:

Although clinical features of inflammation were deked in an
Egyptian papyrus dated around 3000 BC, Celsus,maRawriter of the
first century AD, first listed the four cardinalgsis of inflammation:

rubor (redness),tumor (swelling), calor (heat), anddolor (pain).[l]

These signs are typically, more prominent in atflammation than in
chronic inflammation. A fifth clinical sign, lossf dunction (functio
laesa) was added by Rudolf Virchow in the 19th century

3.3 Acute inflammation
Acuteis a rapid host response that serves to delivekolgdes and
plasma proteins, such as antibodies, to sitesfettion or tissue injury.

Acute inflammation has three major components:

(1) alterations in vascular calibre that lead to an fease in blood flow
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(2) structural changes in the microvasculature that rpirplasma
proteins and leukocytes to leave the circulatiamd

(3) emigration of the leukocyterom the microcirculation,their
accumulationin the focus of injury, antheir activationto eliminate the
offending agent.

Stimulus for Acute Inflammation.

Infections (bacterial, viral, fungal, parasitic) and microbialxins are
among the most common and medically important causé
inflammation.Tissue necrosiBom any cause, includingchemia(as in
a myocardial infarct)frauma and physical and chemical injur{e.g.,
thermal injury, as in burns or frostbite; irradiatj exposure to some
environmental chemicals).

Foreign bodies(splinters, dirt, sutures) typically elicit inflanaton
because they cause traumatic tissue injury or caicyobes.

Immune reactiongalso called hypersensitivity reactions) are resdi
in which the normally protective immune system dgesa the
individual's own tissues. The injurious immune m@®geES may be
directed against self-antigens, causaugoimmune diseasesr may be
excessive reactions against environmental substamwamicrobes

All inflammatory reactions share the same basidufes, although
different stimuli may induce reactions with some stidictive
characteristics.

A hallmark of acute inflammation is increased védacypermeability
leading to the escape of a protein-rich exudate the extravascular
tissue, causingpedemaSeveral mechanisms are responsible for the
increased vascular permeability.

Reactions of Blood Vessalsin Acute | nflammation:

In inflammation, blood vessels undergo a serieslunges that are
designed to maximize the movement of plasma pretend circulating
cells out of the circulation and into the site ofeiction or injury. The
escape of fluid, proteins, and blood cells from ¥ascular system into
the interstitial tissue or body cavities is knovaeaudation An exudate
is an extravascular fluidthat has a high protencentration, contains
cellular debris, and has a high specific gravitg.presence implies an
increase in the normal permeability of small bla@gsels in an area of
injury and, therefore, an inflammatory reactioncomtrast, dransudate
is a fluid with low protein content (most of which albumin), little or
no cellular material, and low specific gravity. i& essentially an
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ultrafiltrate of blood plasma that results from @dim or hydrostatic
imbalance across the vessel wall without an inereas vascular
permeability. Oedemalenotes an excess of fluid in the interstitialuess
or serous cavities; it can be either an exudata tnansudatePus a
purulentexudate, is an inflammatory exudate rich in leukesymostly
neutrophils), the debris of dead cells and, in mzages, microbes.

Reactions of Leukocytesin | nflammation.

A critical function of inflammation is to deliveelikocytes to the site of
injury and to activate the leukocytes to elimintte offending agents.
The most important leukocytes in typical inflamnmrgteeactions are the
ones capable of phagocytosis, namely neutrophdshaarcrophages.

Outcomes of Acute Inflammation

1) Complete resolution,

2) Healing by connective tissue replacement (fibrosis)
3) Progression of the response to chronic inflammation
4) Abscess formation

Chronic Inflammation

Chronic inflammation is inflammation of prolongedrdtion (weeks,
months, years or decades) in which inflammatiachesracterized by the
triad of persistence of injurious agent, hence mékss tissue injury, and
concomitant attempts at tissue repair, in varyimgnbinations It may
followacute inflammation, as described earliercbronic inflammation
may begin insidiously, as a low-grade, smoulderiegponse without
any manifestations of an acute reaction. This ratyge of chronic
inflammation is the cause of tissue damage in sointlee most common
and disabling human diseases, such as rheumatoilritiar
atherosclerosis, tuberculosis, and pulmonary fisrok has also been
implicated in the progression of cancer and in aBses once thought
to be purely degenerative, such as Alzheimer deseas

Causes:

Persistent infections by microorganisms that are difficult to
eradicate, such as mycobacteria, and certain wyufengi, and
parasites.

Immune-mediated inflammatory diseases
Prolonged exposure to potentially toxic agentshegit exogenous
(e.g. silicosis) orendogenous(e.g. atherosclejosis
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Morphologic Features: In contrast to acute inflammation, which is
manifested byvascular changes, oedema, and predotty neutrophilic
infiltration, chronic inflammation is characterized by:

. Infiltration with mononuclear cellswhich include macrophages,
lymphocytes, plasma cells, eosinophils and madls.cdhe
predominant cellular components are the macroghage

. Tissue destructigninduced by the persistent offending agent or
by the inflammatory cells

. Attempts athealing by connective tissue replacement of damaged
tissue accomplished by proliferation of small blood wass
(angiogenesisand, in particularfibrosis.

3.4 Granulomatous Inflammation:

Granulomatous inflammation is a distinctive patteof chronic
inflammation that is encountered in a limited number of infaecsi@and
some non-infectious conditions.

A granuloma is a focus of chronic inflammation consisting of a
microscopic aggregation of macrophages that are transformed into
epithelia-like cells, surrounded by a collar of lymphocytes, with or
without giant cells.

Types of Chronic Granulomatous Inflammation

a. Chronic  Caseating granulomatous inflammation e.qg.
Tuberculosis, fungi

b. Chronic Non Caseating granulomatous inflammatign @rohn’s
disease, sarcoidosis, leprosy, syphilis, schistissis, reactions
to irritant lipids.

C. Chronic suppurative granulomatous inflammation- satatch
disease, lymphogranuloma venereum, tularaemiapshosis,
brucellosis.
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TABLE 2 -- Examples of Diseases with Granulomatous
Inflammation
Disease Cause Tissue Reaction

Tuberculosis Mycobacteriur Caseating granuloma (tubercle): focus
of activated

Tuberculosis tuberculosis macrophages (epithelioid cells),
rimmed by

Tuberculosis fibroblasts, lymphocytes,
histiocytes, occasional

Tuberculosis Langhans giant cells; central
necrosis with
amorphous granular debris; acid-
fast bacilli

Leprosy Mycobacteriur leprae |Acid-fast bacilli in macrophages;
non-caseating

Leprosy Mycobacteriur leprae |granulomas

Syphilis Treponema pallidumGumma: microscopic to grossly
visible lesion,

Syphilis Treponema pallidumenclosing wall of histiocytes; plasma
cell infiltrate;

Syphilis Treponema pallidumcentral cells necrotic without lgss
of cellular

Syphilis Treponema pallidumoutline

Cat-scratch disease Gram-negative Rounded or stellate granuloma
containing central

Cat-scratch diseaseBacillus Bartonellegranular debris and recognizable

henselag neutrophils; giant

Cat-scratch disease cells uncommon

Sarcoidosis Unknown aetiologyNon-caseating  granulomas ith
abundant activated V\1

Sarcoidosis Unknown aetiology macrophages

Crohn disease

(idiopathic
inflammatory
bowel disease)

Immune reaction
against intestinal

bacteria, self-antigens

Occasional non-caseating granulo
in the wall of

the intestine, with dense clu
inflammatory
infiltrates

nas

oni

3.5

The systemic changes associated with acute
the acute-phase

collectively cal

led

Systemic Effects of Inflammation

inflammaare

responseor the systemic

inflammatory response syndrome. These changes eaetions to
cytokines whose production is stimulated by baatgsroducts such as
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lipopolysaccharide (LPS) and by other inflammatstiynuli. The acute-
phase response consists of several clinical aritblogfic changes:

1) Fever, characterized by an elevation of body temperauseally
by 1° to 4°C, is one ofthe most prominent man#gsns of the
acute-phase response, especially when inflammatiassociated
with infection. Fever is produced in responseulossances called
pyrogensthat act by stimulating prostaglandin synthesighe
vascular and perivascular cells of the hypothakamu

2) Acute-phase proteingre plasma proteins, mostly synthesized in
the liver, whose plasma concentrations may ineressveral
hundred-fold as part of the response to inflamnyastmuli.

3) Leukocytosisis a common feature of inflammatory reactions,
especially those induced by bacterial infectiofise leukocyte
count usually climbs to 15,000 or 20,000 celld,/ but
sometimes it may reach extraordinarily high lewai10,000 to
100,000 cellg/lL. These extreme elevations are referred to as
leukemoid reactionsbecause they are similar to the white cell
counts observed in leukemia and have to be digshgd from
leukemia.

4) Other manifestations of the acute-phase responstudia
increased pulse and blood pressure; decreasedirsgyeaainly
because of redirection of blood flow from cutaredao deep
vascular beds, to minimize heat loss through tkia; sigors
(shivering), chills (search for warmth), anorexdamnolence, and
malaise, probably because of the actions of cgtskion brain
cells.

5) High levels of  cytokines cause  various inical
manifestations such as disseminated intravascu
coagulation, cardiovascular failure, and metabolic
disturbance, which are describedsaptic shock.

4.0 CONCLUSION

The response of the cell to stress and noxiousustints adaptation to
those stimuli and ignition of inflammatory respongden cellular

adaptation is overwhelmed form the bedrock of disepathogenesis.
The understanding of this foundation of patholagyndispensable!

5.0 SUMMARY

1) Disease process commences at the cellular levébwiolg
the effect of stress andnoxious stimuli.

2) Cellular adaptation is necessary to limit progmssof the
disease. Otherwise,inflammatory process begins.

3) Inflammatory response can be acute or chronic.
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4) Classify chronic granulomatous inflammatory reatsio

6.0 TUTOR-MARKED ASSIGNMENT

1. Enumerate cellular responses to injury.
2. What is cellular adaptation?
3. What are the types of inflammation that we have?

4. What are the components of acute and chronic
inflammation? Give examples.

5. Briefly describe granulomatous inflammation.
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1.0 INTRODUCTION

As earlier mentioned, cell injury results when sefire stressed so
severely that theyare no longer able to adaptlmmcells are exposed
to inherently damaging agents or suffer from irgichabnormalities.

Injury may progress through a reversible stage eaudchinate in cell
death (see Fig. 1).

20 OBJECTIVES

At the end of this unit, you should be able to:

. describe cell injury and cell death

. classify and enumerate the causes of cell injury.

. enumerate the morphologic alterations observedvatig cell
injury.

. describe the mechanisms of cell injury.

3.0 MAINCONTENTS

3.1 CdlInjuryand Cell Death

Reversible cell injury. In early stages or mild forms of injury, the
functional and morphologic changes are reversibl¢ghe damaging
stimulus is removed. The hallmarks of reversiblpiryn are reduced
oxidative phosphorylation with resultant depletiohenergy stores in
the form of adenosine triphosphate (ATP), and &llswelling caused
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by changes in ion concentrations and water inflaxaddition, various
intracellular organelles, such as mitochondria #redcytoskeleton, may
also show alterations.

Cell death. With continuing damage, the injury becomes irreilae, at
which time the cell cannot recover and it di€kere are two principal
types of cell death, necrosis and apoptosis, whddfer in their
morphology, mechanisms, and roles in physiologydisease.

When damage to membranes is severe, lysosomal eszemter the
cytoplasm and digestthe cell, and cellular comstégrik out, resulting in
necrosis In situations when the cell's DNA or proteins ai@maged
beyond repair, the cell kills itself apoptosis a form of cell death that
is characterized by nuclear dissolution, fragmemadf the cell without
complete loss of membrane integrity, and rapid nehof the cellular
debris.

Whereas necrosis is always a pathologic processpi&sis serves many
normal functions and is not necessarily associatet cell injury. Cell
death is also sometimes the end resulawofophagy Although it is
easier to understand these pathways of cell dgatlisbussing them
separately, there may be many connections betweem.t Both
apoptosis and necrosis maybe seen in responke gatne insult, such
as ischemia, perhaps at different stages. Apoptoes progress to
necrosis, and cell death during autophagy may shwamy of the
biochemical characteristics of apoptosis.

32 Causesof Cdl Injury

The causes of cell injury range from the extermakg physical violence
of an automobile accident to subtle internal abradities, such as a
genetic mutation causing lack of a vital enzymet tingpairs normal
metabolic function. Most injurious stimuli can beogped into the
following broad categories.

Oxygen Deprivation.

Physical Agents.

Chemical Agents and Drugs.Infectious Agents.
Immunologic Reactions.

Genetic Derangements.

Nutritional Imbalances.

Oxygen Deprivation. Hypoxia is a deficiency of oxygen, which causes
cell injury by reducing aerobic oxidative respiosti Hypoxia is an
extremely important and common cause of cellinjang cell death.
Causes of hypoxianclude reduced blood flow (celledschemi,
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inadequate oxygenation of the blood due to carespiratory failure,
and decreased oxygen- carrying capacity of thedplas in anaemia or
carbon monoxide

poisoning (producing a stable carbon monoxy-hentmglohat blocks

oxygen carriage) or after severe blood loss. Deipgnoh the severity of
the hypoxic state, cells may adapt, undergo injarydie. For example,
if an artery is narrowed, the tissue supplied kat tressel may initially
shrink in size (atrophy), whereas more severe ddesn hypoxia induces
injury and cell death.

Physical Agents. Physical agents capable of causing cell injuryudel
mechanical trauma, extremes of temperature (bunus deep cold),
sudden changes in atmospheric pressure, radiaimoinelectric shock.

Chemical Agents and Drugs. The list of chemicals that may produce
cell injury defies compilation. Simple chemicalsBuas glucose or salt
in hypertonic concentrations may cause cell injaliyectly or by
deranging electrolyte balance in cells. Even oxygat high
concentrations is toxic. Trace amounts piisons such as arsenic,
cyanide, or mercuric salts, may destroy sufficianimbers of cells
within minutes or hours to cause death. Other i@t injurious
substances are our daily companions: environmemglair pollutants,
insecticides, and herbicides; industrial and octiapal hazards, such as
carbon monoxide and asbestos; recreational drugs &si alcohol; and
the ever-increasing variety of therapeutic drugs.

I nfectious Agents. These agents range from the submicroscopic \sruse
to the large tapeworms. In between are the rideettdacteria, fungi,
and higher forms of parasites.

Immunologic Reactions. The immune system serves an essential
function in defense against infectious pathogens,iltnmune reactions
may also cause cell injury. Injurious reactions eledogenous self-
antigens are responsible for several autoimmureades.

Genetic Derangements. Genetic abnormalities may result in a defect as
severe as the congenital malformations associaitbdD@wn syndrome,
caused by a chromosomal anomaly, or as subtle easlébreased life
span of red blood cells caused by a single amingd swbstitution in
haemoglobin in sickle cell anaemia. Genetic defentsy cause cell
injury because of deficiency of functional proteirssich as enzyme
defects in inborn errors of metabolism, or accutnuaof damaged
DNA or misfolded proteins, both of which triggerlcgeath when they
are beyond repair. Variations in the genetic makeap also influence
the susceptibility of cells to injury by chemicaland other
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environmental insults.

Nutritional Imbalances. Nutritional imbalances continue to be major
causes of cell injury. Protein-calorie deficienciemuse an appalling
number of deaths, chiefly among underprivileged ypajons.
Deficiencies of specific vitamins are found throagh the world.
Nutritional problems can be self-imposed, as inrax@a nervosa (self-
induced starvation). Ironically, nutritional excesshave also become
important causes of cell injury. Excess of choledteredisposes to
atherosclerosis; obesity is associated with ine@ascidence of several
important diseases, such as diabetes and canckeroAtlerosis is
virtually endemic in the United States, and obesgyrampant. In
addition to the problems of under nutrition and roweitrition, the
composition of the diet makes a significant conttin to a number of
diseases.

3.3 Morphologic Alterationsin Cdl Injury

All stresses and noxious influences exert theireaf first at the
molecular or biochemical level. There is a time mgween the stress
and the morphologic changes of cell injury or de#ik duration of this
delay may vary with the sensitivity of the methaged to detect these
changes.

With histochemical or ultra-structural techniquelsanges may be seen
in minutes to hours after injury; however, it make considerably
longer (hours to days) before changes can be sgéght microscopy
or on gross examination.

As would be expected, the morphologic manifestatiohnecrosis take
more time to develop than those of reversible dan&gr example, in
ischemia of the myocardium, cell swelling is a msude morphologic
change that may occur in a matter of minutes, aag progress to
irreversibility within an hour or two. Unmistakablght microscopic
changes of cell death, however, may not be seehduiat 12 hours after
total ischemia.
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Figl.1Schematic illustration of the morphologic changesell injury
culminating innecrosis or apoptosis.
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TABLE 3 -- Features of Necrosisand Apoptosis

Feature Necrosis Apoptosis
Cell size Enlarged (swelling) Reduced (shrinkage)
Nucleus Pyknosis - | Fragmentation  into  nucleosome-size
karyorrhexis fragments
— karyolysis
Plasma Disrupted Intact; altered structure,
membrane especially
orientation of lipids
Cellular Enzymatic Intact; may be released in apoptotic bodies
contents digestion
may leak out of cell
Adjacent Frequent No
inflammation
Physiologic or Invariably pathologic | Often physiologic, means of
pathologic role | (culmination of eliminating unwanted cells; may be
irreversible cell injury) | pathologic after some
forms of cell injury, especially DNA
damage

Reversible injury: Two features of reversible cell injury can be
recognized under the light microscopeellular swelling and fatty

change

Cellular swelling appears whenever cells are incapable of maintaining
ijonic and fluid homeostasis and is the result afufa of energy-
dependent ion pumps in the plasma membrane.

Fatty change occurs in hypoxic, toxic or metabolic injuries. i

manifested by the appearance of lipid vacuoleshen dytoplasm and
seen mainly in cells involved in and dependentaimietabolism, such
as hepatocytes and myocardial cells.

NECROSIS:

Necrosis is the spectrum of morphological chanbas dccur after cell
death in a living tissue. The morphologic appeasaoicnecrosis is the
result ofdenaturation of intracellular proteins and enzynsatiigestion
of the lethally injured cel{cells placed immediately in fixative are dead

but not necrotic)
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Patter ns of tissue necrosis:

There are two definitive forms of necrosis: coaguéaand liquefactive
necrosis.

Coagulative necrosis is a form of necrosis in which the architecture of
dead tissues is preserved for a span of at leasé stays. It is also
known as structural necrosis.

Liquefactive or colliquative necrosis, in contrast to coagulative
necrosis, is characterized by digestion of the dealts, resulting in

transformation of the tissue into a liquid viscanass. It is seenin brain
tissue and abscesses due to bacterial infectignscoasionally, fungal

infections. It is also known as structureless ngisro

All other forms of necroses are descriptive.

Gangrenous necrosisis not a specific pattern of cell death, but thente
is commonly used in clinical practice. It is usyadlpplied to a limb,
generally the lower leg, that has lost its bloodpy and has undergone
necrosis (typically coagulative necrosis) involvimgultiple tissue
planes.

Caseous necrosis is encountered most often in foci of tuberculous
infection. The term-caseous (cheese-like) is derived from the friable
white appearance of the area of necrosis. On ndoms examination,
the necrotic area appears as a collection of fra¢gdeor lysed cells and
amorphous granular debris enclosed within a digtiedanflammatory
border; this appearance is characteristic of a doecfi inflammation
known as ayranuloma.

Fat necrosisis a term that is well fixed in medical parlance Boes not
in reality denote a specific pattern of necrosiathir, it refers to focal
areas of fat destruction, typically resulting fraielease of activated
pancreatic lipases in acute pancreatitis into thestaince of the pancreas
and the peritoneality. It is also seen in traumatic injury to thredst.

Fibrinoid necrosisis a special form of necrosis usually seen in imenun
reactions involving blood vessels. This patternnefrosis typically
occurs when complexes of antigens and antibodesi@posited in the
walls of arteries.

Ultimately, in the living patient most necrotic Isebnd their contents

disappear by phagocytosis of the debris and enzgndigestion by
leukocytes. If necrotic cells and cellular debrise anot promptly
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destroyed and reabsorbed, they tend to attraciuoalsalts and other
minerals and to become calcified. This phenomeraralleddystrophic
calcification.

3.4 Mechanismsof Cell Injury

The discussion of the cellular pathology of cejurg and necrosis sets
the stage for a consideration of the mechanisms l@ndhemical
pathways of cell injury. The mechanisms respondibtecell injury are
complex. There are, however, several principlesdharelevant to most
forms of cell injury.

Principles:

The cellular response to injurious stimuli depewdsthe nature of the
injury, its duration,and its severity.

The consequences of cell injury depend on the tgbate, and
adaptability of the injured cellCell injury resultdrom different
biochemical mechanisms acting on several esserg@lular
components

Any injurious stimulus may simultaneously trigger ultiple
interconnected mechanisms that damage cells. Sluisa reason why it
is difficult to ascribe cell injury in a particulaituation to a single or
even dominant biochemical derangement.

§ are WMITOCHOMBRIAL ENTRY 08 MEMBRANE FROTEIM
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dotnstraam pro-apoptotic permeablity  of muftiple  fo lipads, Liss of dgjeston pro-apoptats
altacts frlens atular proteirs catlular of collllas pitlses
Engymes DMA  components  components

FIGURE 1.2: The principal mechanisms of cell injury, and their
biochemical and functional effects, are shown. €ha&® described in
detail in the text.
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Depletion of ATP:

ATP depletion and decreased ATP synthesis are éragtyuboth hypoxic
associated with and chemical (toxic) injury. Thejonaauses of ATP
depletion are reduced supply of oxygen and nusjentitochondrial
damage, and the actions of some toxins (e.g., dgani

ATP is produced in two ways. The major pathway ianmmalian
cells is oxidative phosphorylation of adenosine hdgphate, in a
reaction that results in reduction of oxygen by #hectron transfer
system of mitochondria. The second is the glycolgathway, which
can generate ATP in the absence of oxygen usirgpgiu derived either
from body fluids or from the hydrolysis of glycogen

Mitochondrial Damage

Mitochondria are the cell's suppliers of life-sustag energy in the
form of ATP, but they arealso critical playersaell injury and death.

Mitochondria can be damaged by increases of cymﬁﬂ2+, reactive

oxygen species (discussed below), and oxygen dsjon; and so

they are sensitive to virtually all types of injpuws stimuli, including

hypoxia and toxins. In addition, mutations in mhoadrial genes are
the cause of some inherited diseases.

There are two majorconsequences of mitochondrial damagB
Formation of a high- conductance channel in theochibndrial
membrane, called thaitochondrial permeability transition pore. Zhe
mitochondria also sequester between their outerimmer membranes
several proteins that are capable of activatingpegic pathways;
these include cytochrom& and proteins that indirectly activate
apoptosis inducing enzymes called caspases. lredgasrmeability of
the outer mitochondrial membrane may result in dgak of these
proteins into the cytosol, and death by apoptosis.
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Increased cytasolic Ca=+,
reactive oxygen species (oxidative stress),
lipid peroxidation

Mitochondrial injurny or dysfunction

H* @
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T Mitochondrial
Mitochondrial paermeability 0 o membrane

tanafon Cytochrome c,
other pro-apoptotic

Loss of membrane potential proteins
Inability o generate ATHR é
% APOPTOSIS |
| NECROSIS |

FIGURE1.3 Consequences of mitochondrial dysfunction, culrmgat
in cell death by necrosis or apoptosis.

Influx of Calcium and L oss of Calcium Homeostasis. The finding that
depleting calcium protects cells from injury inddcby a variety of
harmful stimuli indicates that calcium ions are orfant mediators of
cell injury.
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FIGURE 1.4 The role of increased cytosolic calcium in cellunyj.
ER, endoplasmicreticulum.

. 8+ . ,
Increased intracellular Ca causes cell injury by several mechanisms:

The accumulation of (,25 in mitochondria results in opening of the
mitochondrial permeability transition pore and, @desscribed above,
failure of ATP generation.

Increased cytosolic 85 activates a number of enzymes, with
potentially deleterious cellular effects. These yames include
phospholipases(which cause membrane damag®epteases(which
break down both membrane and cytoskeletal proteins)
endonucleases(which are responsible for DNA and chromatin
fragmentation), and&TPasegtherebyhastening ATP depletion).

. + . . .
Increased intracellular 8a levels also result in the induction of
apoptosis, by direct activation of caspases and ihgreasing
mitochondrial permeability.

Accumulation of Oxygen-derived Free Radicals (oxidative stress).

Cell injury induced by free radicals, particularhgactive oxygen
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species, is an important mechanism of cell damageany pathologic
conditions, such as chemical and radiation injusghemia-reperfusion
injury (induced by restoration of blood flow in fEmic tissue),
cellular aging, and microbial killing by phagocytes

Free radicalsare chemical species that have a single unpaiestdreh
in an outer orbit. Energy created by this unstatdafiguration is
released through reactions with adjacent molecsl&s) as inorganic or
organic chemicals—proteins, lipids, carbohydratasgcleic acids—
many ofwhich are key components of cell membramesnuclei.
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Table 4. Properties of the Principal Free Radicals Involved in Cell

Injury
Properties - H202 : REDS
02 OH
MECHANISMS [Incomplete Generated by | Generated Produced by
OF reduction of @ g from 0™ [TOM H20 BY e raction of O
2 2
PRODUCTION [during oxidative | and by oxidases hydrolysisiand NO generated
phosphorylation; byin peroxisomes | e.g., by by NO synthase in
phagocyt oxidase in radiation; many cell types
leukocytes from  BFO2(endothelial cells
by
Fenton leukocytes,
reaction; fromneurons, others)
02
MECHANISMS [Conversion to HO2 |Conversion to [Conversion tgConversion to
OF and @ by SOD HO and @ by |H20 by HNO2 by
INACTIVATION catalase glutathione [peroxiredoxin
(peroxisomes), [peroxidas |(cytosol,
glutathione mitochondria)
peroxidas
(cytosol,
mitochondria)
PATHOLOGIC |Stimulates Can be convertedMost reactiveDamages lipids,
EFFECTS productior of oxygen- proteins DNA

degradativeenzymes
in leukocytes and
other cells; may
directly damage
lipids, proteins,

DNA; acts close to

site of production

to 'OH and OC],

which destroy
microbes and
cells; can act
distant from sit
of production

derived free
radical;
principal ROS
e responsibl
for damagi
lipids,
proteins and

e

DNA

HNO2, nitrite; H202, hydrogen peroxide; NO, nitric oxide20, superoxide

anion;

OCI,-hypochlorite;

OH, hydroxy

peroxynitrite; ROS, reactive oxygen
species; SOD, superoxide dismutase.
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Pathologic Effects of Free Radicals:

Lipid peroxidation in membranes Oxidative modificatof proteins
Lesions in DNA Free radicals are capable of causing single- and
double-strand breaks in DNA, cross-linking of DNArasds, and
formation of adducts. Oxidative DNA damage has bieeplicated in

cell aging and in malignant transformation of cells

Defectsin Membrane Per meability.

Early loss of selective membrane permeability legdultimately to
overt membrane damage is a consistent feature st fooms of cell
injury (except apoptosisMechanisms of Membrane Damage: Reactive
oxygen species Decreased phospholipids synthesisreased
phospholipids breakdown. Cytoskeletal abnormalities

Damage to DNA and Proteins.

Cells have mechanisms that repair damage to DNAf thus damage is
too severe to be corrected (e.g., after exposubEi\iA@ damaging drugs,
radiation, or oxidative stress), the cell initiaesuicide program that
results in death by apoptosis. A similar reacti@n tiiggered by
improperly folded proteins, which may be the resait inherited
mutations or external triggers such as free raslicelowever, the
molecular mechanisms connecting most forms ofinglry to ultimate
cell death have proved elusive, for seveeasons. Thepoint of no
return| at which the damage becomes irreversible ilislargely
undefined, and there are no reliable morphologic baychemical
correlates of irreversibilityTwo phenomena consistently characterize
irreversibility—the inability to reverse mitochondrial dysfunctifiack

of oxidative phosphorylation and ATP generationgrewafter resolution
of the original injury, angrofound disturbances in membrane function
As mentioned earlier, injury to lysosomal membramesults in the
enzymatic dissolution of the injured cell that lmcacteristic of necrosis.

40 CONCLUSION

The knowledge of the various classes and typesbfirgury and cell

death, the morphologic patterns involved and thehaeism by which
these agents and events bring about irreversigleies forms the

bedrock of development of antidotes to countetagit teffects. Hence a
good understanding of the pathways is an essetal for modern

nursing practice.
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5.0 SUMMARY

Cell injury and cell death.

The classification and examples of the causes df iopiry. The
morphologic pattern of cell injuries and

The mechanisms by which the injuries bring aboutversible cell
death.

6.0 TUTOR-MARKED ASSIGNMENT

Define cell injury and cell death.

Classify and enumerate the various causes of agliryideath.
Differentiate between necrosis and apoptosis.

Enumerate the mechanisms of cell injury and brief®scribe one of
them. Whatare free radicals? Give examples

7.0 REFERENCESFURTHER READING

Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rus and Cotran
pathologic basis of disease (Ninth edition.). &dlphia, PA:
Elsevier/Saunders.

Emmanuel Rubin, Howard M.R Essentials of Rubin’$\Blagy. Sixth
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UNIT 2 CELL INJURY AND CELL DEATH I1

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main contents
3.1 Clinico-Pathologic Correlations: Selected Examples

Cell Injury and Necrosis

3.2 Apoptosis/Autophagy
3.3 Intracellular Accumulations
3.4 Pathologic Calcification
3.5 Cellular Aging

4.0 Conclusion

50 Summary

6.0 Tutor-marked assignment.

7.0 References

1.0 INTRODUCTION

With a knowledge base of the causes, morphology,raechanisms of
cell injury and necrotic cell death, it will be fieent to now describe
some common and clinically significant forms of Icaljury that
typically culminate in necrosis.

20 OBJECTIVES

At the end of this unit, you should be able to: @d® selected
examples of cell injury and necrosis. Differentidietween apoptosis
and autophagy.

Describe intracellular accumulations and pathologialcification
Explain cellular aging.

3.0 MAINCONTENT

3.1 Clinico-Pathologic Correlations. Selected Examples of
Céell Injury and Necrosis.

Ischemic and Hypoxic Injury: This is the most common type of cell
injury in clinical medicine and has been studieteegively in humans,
in experimental animals, and in culture systemspdiia, referring to
reduced oxygen availability, may occur in a variefyclinical settings,
described earlier. In ischemia, on the other hémel,supply of oxygen
and nutrients is decreased most often becauseloted blood flow as a
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consequence of a mechanical obstruction in theiartgystem. It can
also be caused by reduced venous drainage. Inastritv hypoxia,
during which energy production by anaerobic glys@ycan continue,
iIschemia compromises the delivery of substrateglfggoolysis. Thus, in
ischemic tissues, not only is aerobic metabolisfmm@mised but
anaerobic energy generation also stops after gliicosubstrates are
exhausted, or glycolysis is inhibited by the acclation of metabolites
that would have been removed otherwise by blood.ffeor this reason,

Ischemia tends to cause more rapid and severearell tissue injury
than does hypoxia in the absence of ischeniiaschemia persists,
irreversible injury and necrosis ensue

I schemia-reperfusion Injury: Restoration of blood flow to ischemic
tissues can promote recovery of cells if they areersibly injured.
However, under certain circumstances, when blood fis restored to
cells that have been ischemic but have not digdryins paradoxically
exacerbated and proceeds at an accelerated pacae.cAssequence,
reperfused tissues may sustain loss of cells intiaddto the cells that
are irreversibly damaged at the end of ischeniihis process, called
ischemia-reperfusion injury is clinically important because it
contributes to tissue damage duringyocardial and cerebral
infar ction and following therapies to restore blood flow.

Chemical (toxic) Injury: Chemical injury remains a frequent problem
in clinical medicine and is a major limitation toud therapy. Because

many drugs are metabolized in the liver, this ongamfrequent target of

drug toxicity. In fact, toxic liver injury is peripa the most frequent

reason for terminating the therapeutic use or agreént of a drug.

Chemicals induce cell injury by one of two genenalchanisms:

1) Some chemicals can injure celtdrectly by combining with
critical molecular components. For example, incuec chloride
poisoning, mercury binds to the sulfhydryl group$ cell
membrane proteins, causing increased membraneepbiiity
and inhibition of ion transport.

2) Most toxic chemicals are not biologically active tireir native
form but must be converted to reactive toxic meligds, which
then act on target molecules. This modification uisually
accomplished by the cytochrome P-450 mixed-functgidases
in the smooth ER of the liver and other organs.
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3.2 ApoptosisgAutophagy

Apoptosis is a pathway of cell death that is induced by ahthg

regulated suicide program in which cells destined die activate
enzymes that degrade the cells' own nuclear DNA ranclear and
cytoplasmic proteins. Apoptotic cells break up ifitagments, called
apoptotic bodies, which contain portions of theopyism and nucleus.
The plasma membrane of the apoptotic cell and Bodimains intact,
but its structure is altered in such a way thaseéheecometasty targets

for phagocytes. The dead cell and its fragmentsrapally devoured,
before the contents have leaked out, and therefelledeath by this
pathway does not elicit an inflammatory reactiontie host. The
process was recognized in 1972 by the distinctiverpimlogic

appearance of membrane-bound fragments derived frelts, and

named after the Greek designation fdalling offl. It was quickly

appreciated that apoptosis was a unique mechanfsielb death,

distinct from necrosis, which is characterized lgsl of membrane
integrity, enzymatic digestion of cells, leakageceflular contents, and
frequently a hostreaction. However, apoptosis @a@ciosis sometimes
coexist, and apoptosis induced by some patholdgub may progress
to necrosis.

Causes: Occurs normally both during development and thraugh
adulthood, and serves to eliminate unwanted, agedoatentially
harmful cells. It is also a pathologic event whésedsed cells become
damaged beyond repair and are eliminated.

Autophagy is a process in which a cell eats its own contelbtss a
survival mechanism in times of nutrient deprivatiovhen the starved
cell lives by cannibalizing itself and recyclingetidigested contents. In
this process intracellular organelles and portiohscytosol are first
sequestered from the cytoplasm in antophagic vacuole which
subsequently fuses with lysosomes to formaatophagolysosomend
the cellular. Components are digested by lysosoraakymes.
Nevertheless, autophagy has been invoked as a mischaf cell loss
in various diseases, including degenerative diseagethe nervous
system and muscle; in many of these disorders,ddmeaged cells
contain abundant autophagic vacuoles.

49



NSC 214

MODULE 2

The major differences between necrosis and apoptosis

Necrosis

Apoptosis

Group of cells affected

Single or few cells seldcte

Caused by injurious agent/event

Genetically pnognad death

Reversible events prece
irreversible

dbreversible event once initiated;
cell death is inevitable

Energy deprivation causes change;s

.

D

Events are edekgn

Cells swell due to influx of water

Cells shrink agtoskeleton ig
disassembled

Haphazard destruction of organel

é3rderly packaging of organelles

and nuclear material by enzymesnd nuclear fragments |n
from ruptured lysosomes membrane-bound vesicles
Cellular debris stimulatesNew molecules expressed on

inflammatory cell response

te
y

vesicle membranes stimula
phagocytosis; no inflammato

response

3.3

Intracelular Accumulations

One of the manifestations of metabolic derangementsells is the
intracellular accumulation of abnormal amounts afious substances.
The stockpiled substances fall into two categories:

(1) anormal cellular constituentsuch as water, lipids, proteins, and
carbohydrates, thataccumulates in excess; or
(2) anabnormal substangeeither

products of infectious agents

exogenous, such as a mineral or
, or endogenous, as&hproduct of

abnormal synthesis or metabolism. These substamoayg
accumulate either transiently or permanently, draly tmay be
harmless to the cells, but on occasion they arersby toxic.
The substance may be located in either the cytop(gquently
within phagolysosomes) or the nucleus. In someaiss the cell
may be producing the abnormal substance, and ierstit may

be merely storing products
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elsewhere in the body.
Most accumulations are attributable to four types of abnormalities:

- Normal endogenous substance is produced at a noomal
increased rate, but the rate of metabolism is igadte to remove
it. Example: fatty change in the liver and reabsorp protein
droplets in the tubules of the kidneys.

- An abnormal endogenous substance, typically thelymtoof a
mutated gene, accumulates because of defects tairpfolding
and transport and an inability to degrade the abhabiprotein
efficiently. Example: accumulation of mutated-antitrypsin in
liver cells.

- Normal endogenous substance accumulates becaudefedits,
usually inherited, in enzymes that are requiredtiermetabolism
of the substance. Examples include diseases cdus@gEnetic
defects in enzymes involved in the metabolism eidliand
carbohydrates, resulting in intracellular depositiof these
substances, largely in lysosomes.

- An abnormal exogenous substance is deposited andonatates
because the cell has neither the enzymatic machinedegrade
the substance nor the ability to transport it tdneot sites.
Accumulations of carbon particles and nonmetabblea
chemicals such as silica are examples of this ¢y@dteration.

Pathologic Calcification.

Pathologic calcification or heterotopic calcificatiis calcification other
than normally occurring in the teeth and skeletgdteam. It is the
abnormal tissue deposition of calcium salts, togetwith smaller
amounts of iron, magnesium, and other mineral .sdltere are two
forms of pathologic calcification. When the depiositoccurs locally in
dying tissues it is known adystrophic calcificationit occurs despite
normal serum levels of calcium and in the absericgecangements in
calcium metabolism. In contrast, the depositioncafcium salts in
otherwise normal tissues is known metastatic calcificationand it
almost always results from hypercalcemia second&ry some
disturbance in calcium metabolism.

a) Dystrophic calcification. Dystrophic calcification is encountered
in areas of necrosis, whether they are of coag@lataseous, or
Liquefactive type, and in foci of enzymatic necsosif fat.
Calcification is almost always present in the athess of
advanced atherosclerosis. It also commonly devdlopgjing or
damaged heart valves, further hampering their fanct
whatever the site of deposition, the calcium sad{gpear
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macroscopically as fine, white granules or clungitgen felt as
gritty deposits. Sometimes a tuberculous lymph nsdertually
converted to stone.

Fig 2.1 Dystrophic calcification of the aortic valve. Vidaoking down

onto the unopened aortic valve in a heart with gal@ortic stenosis. It
is markedly narrowed (stenosis). The semilunar s@sp thickened and
fibrotic, and behind each cusp are irregular massas piled-up

dystrophic calcification.

Instances of dystrophic calcification can also bersin the following:
With advancing age

. Deposits are found in

— Pineal gland

- Tracheal and laryngeal cartilages
- Coastal cartilage

— Dura mater

In dead or degenerate tissue (dystrophic calcifaat
. Examples

- In old tuberculous lesions

— In scars

- In dead parasites

- In degenerate tumours, especially fibroids.
- In atheromatous plaques.

b) Metastatic Calcification.

Metastatic calcification may occur in normaltissuwéhenever there is
hypercalcemia. Hypercalcemia also accentuatesapjstr calcification.
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Therearefour principal causesof hypercalcemia:

1) Increased secretion of parathyroid hormone (PTH)thwi
subsequent bone resorption, ashyperparathyroidismdue to
parathyroid tumors, and ectopic secretion of PTidteel protein
by malignant tumors.

2. Destruction of bone tissusecondary to primary tumors of bone
marrow (e.g., multiple myeloma, leukemia) or di#uskeletal
metastasis such as in carcinomatosis with or withskeletal
involvement especially with bronchial and breastnoea,
accelerated bone turnover (e.g., Paget diseasepnwobilization

3. Vitamin D-related disordersncluding vitamin D intoxication,
sarcoidosis (in  which macrophages activate a vitam
precursor), and idiopathic hypercalcemia of infarfevilliams
syndrome), characterized by abnormal sensitivityiteamin D.

4 Renal failure which causes retention of phosphate, leading to
secondary hyperparathyroidism.

Other instances include: Milk alkali syndrome arypdparathyroidism
(deposits in the basal ganglia) Causes of hypeitpamadism can be
classified into primary and secondary as follows:

Hyperparathyroidism

Primary due to: Secondary due to:

a. Adenoma a. Chronic renal failure
b. Hyperplasia b. Renal tubular acidosis
C. Carcinoma (very rarely) C. Malabsorption estat

. d Pregnancy and lactation

Sites of metastatic calcifications include

a. kidneys producing nephrocalcinosis which may leadrénal
failure.

b. Stomach

C. Lungs on the elastic fibres of the alveolar septa

d. Blood vessels

e. Cornea

Pathologic calcification can also be found in thelloiving
circumstances.

In calculi (Stones)- Many calculi include calciumalts among their
constituents.
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Calculi are found in
Urinary tract.
Calcium phosphate
Calcium oxalate
Calcium carbonate
Biliary system
Calcium bilirubinate
Salivary glands
Pancreas

Prostate

Pathological calcification may also be encounteneakoplasms

Microscopic laminated calcified bodies —
calcospherites/calcospherules are found in agsmtiaith
Adenocarcinoma of the ovary

Papillary carcinoma of the thyroid gland

Meningioma (psammoma bodies)

Benign and malignant breast lesions
Oligodendroglioma.

Pathogenesis of Pathological calcification is die¥es:

The final common pathway is the formation of crilsta calcium
phosphate mineral in the form of an apatite resembihe hydroxyl
apatite of bone.

34

This involves essentially two main phases.

I nitiation (or nucleation)

Propagation

Initiation of intracellular calcification occurs e mitochondria
of dead or dying cells that accumulate calcium.

Initiation in extracellular calcification occurs matrix vesicles
which are membrane bound phospholipids presemgigenerating
or aging cells.

Calcification causes organ dysfunction as occurscatcific
valvular disease and atherosclerosis.

Cellular Aging

Cellular aging is the result of a progressive daecin cellular function
and viability caused by genetic abnormalities amel accumulation of
cellular and molecular damage due to the effectsexjposure to
exogenous influences. Studies in model systems tlaaely established
that aging is a regulated process that is influérimea limited number
of genes, and genetic anomalies underlie syndromesembling
premature aging in humans as well. Such findinggest that aging is
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associated with definable mechanistic alterations.

Changes that contribute to cellular aging inclutie following:

1)

2)

4.0

Decreased cellular replicationThe concept that most normal
cells have a limited capacity for replication veeveloped from a
simple experimental model for aging. Normal hurfibroblasts,
when placed in tissue culture, have limited domspotential.
Accumulation of metabolic and genetic damag@ellular life
span is determined by abalance between damagkingsfrom
metabolic eventsoccurring within the cell and counteracting
molecular responses that can repair the damage.goup of
potentially toxic products of normal metabolisme aeactive
oxygen speciesAs we saw earlier, these by-products of
oxidative phosphorylation cause covalent modiftoes of
proteins, lipids, and nucleic acids. Increaseddative damage
could result from repeated environmental expostaesuch
influences as ionizing radiation, mitochondrialsfiynction, or
reduction of antioxidant defense mechanisms wigje &e.g.,
vitamin E, glutathione peroxidase). The amountoafdative
damage, which increases as an organism ages, m@agnb
important cause of senescence.

CONCLUSION

Shakespeare probably characterized aging bess ielégant description
of the seven ages of man. It begins at the moméntomception,
involves thedifferentiation and maturation of the organism and its
cells, at some variable point in time leads to phegressive loss of
functional capacity characteristic of senescence, and ends irdeath.
With age there are physiologand structural alterationsin almost all
organ systems. Aging in individuals is affectedatogreat extent by
genetic factors, diet, social conditions, and oange of age-related
diseases, such as atherosclerosis, diabetes, at@baxhritis. In
addition, there is good evidence that aging-induakerations in cells
are an important component of the aging of the rusga.

5.0

SUMMARY

Clinico-pathological examples of cell injury andcnesis.
Description of apoptosis and autophagy.

Types of intracellular accumulations.

Types of pathologic calcification and

Cellular aging.
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6.0
1)

2)
3)

4)
5)

7.0

TUTOR-MARKED ASSIGNMENT

Give two clinic-pathological examples of celjury and tissue
necrosis

Differentiate between apoptosis and autophagy.

Enumerate the different types of intracellular awualations
that you have learned.

What is pathological calcification? Briefly desa&ilithe types
that you have learned.

Write a short note on cellular aging.

REFERENCESFURTHER READINGS

Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rus and Cotran

pathologic basis of disease (Ninth edition.). &dlphia, PA:
Elsevier/Saunders.

Emmanuel Rubin, Howard M.R Essentials of Rubin’$\Blagy. Sixth

edition.

Ojo O.S. Essential pathology for Clinical Studentthe Tropics

56



NSC 214 GENERAL AND CELLULAR PATHOLOGY

UNIT 3 WOUND HEALING
CONTENTS
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3.2 Mechanism of Tissue and Organ Regeneration
3.3  Extracellular Matrix and Cell-Matrix Interactions
3.4 Healing by Repair and Scar Formation.
3.5 Cutaneous Wound Healing.
3.6  Growth Factors and Cytokines Involved in Wound
Healing.
3.7 Steps Involved in Wound Healing
3.8 Local and Systemic Factors that Influence WoundliiHga
3.9 Pathologic Aspects of Repair.
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5.0 Summary
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1.0 INTRODUCTION

Wound and wound healing are likely terms that wa#ture in everyday
life of a nurse clinician. A clear understandinglodé processes involved
is therefore unavoidably paramount.

Injury to cells and tissues sets in motion a sesfesvents that contain
the damage and initiate the healing process. Trloisgss can be broadly
separated into regeneration and repair. Regeneragsults in the

complete restitution of lost or damaged tissueairemay restore some
original structures but can cause structural deyarants. In healthy

tissues, healing, in the form of regeneration qvane occurs after

practically any insult that causes tissue destactand is essential for
the survival of the organism.
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20 OBJECTIVES

At the end of this unit, you should be able to:

. Differentiate between tissue regeneration andeisspair.

. Explain the mechanisms of tissue and organ regeoera

. Describe extracellular matrix and cell-matrix iretion and
their importance inwound healing.

. Organize the processes involved in wound healing.

. Enumerate the local and systemic factors influemnowound
healing.

3.0 MAINCONTENTS

3.1 Tissueregeneration and tissuerepair
Wound Healing and Post Inflammatory Tissue Repair
Wound Healing

A wound is a breach or defect in the structureéat living tissue
precipitated by injury and accompanied by inflamomaresponse.

Whatever causes tissue injury may result in a woamdl there will be
accompanying inflammation.

The biologic objectives of wound healing include:th

1. Restoration of an intact epithelial surface

2. Restoration of tensile strength of the sub-epithéissue
Wound healing is a complex and orderly systen@tcess.
It involves seven processes.

o Acute inflammatory response upon injury

° Regeneration of native cells of tissue involved.

o Proliferation and migration of both native and cective tissue
cells

Synthesis of extracellular matrix (ECM) proteins
Remodelling of connective tissue and parenchymidpoments
Collagenization and progressive acquisition of wbatrength
Contraction.
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These processes may be interwoven but ultimatelyetls accentuation
of the final stages. The healing of wound depenmrdthe following.

The nature of the wound

The site of the wound

Presence or absence of infection
Presence of foreign body

Loss of tissue

The pre-morbid infection.

o0k wnNE

Healing by First Intention or Primary Union

Healing by first intention or primary union is theeans by which clean
uninfected surgical wounds well approximated byuseg heal. Such
surgical incisions cause death of minimal epithetlls, connective
tissue cells and minimal disruption of the basenme@mbrane.

Immediately after creating the wound, the body nsawefill the narrow
incision space with clotted blood composed of fiband blood cells.
This undergoes dehydration to form a scab.

Within the first 24hrs (first day)

Neutrophil invade the site of incision and move aogvthe fibrin clot.
Proliferation of
basal cells commence resulting in the thickeninthefepidermis.

24-48hrs (1-2days)

Epithelial cells accumulate at the margins of tleends and deposit
basement membrane components as they move aldhg.cells fuse in
the midline beneath the scab to produce a thircbaotinuous epithelial
layer.

By the third day

Macrophage replace neutrophils

Granulation tissue invades the incision space

Collagen fibres appear at the margins with a valrticientation but do
not bridge the incision.

Epithelial cell proliferation continues so that ttwvering epidermis gets
further thickened.
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Fifth day

Granulation tissue fills the incision space

Proliferation of blood vessels and blood supplgptmal

Further proliferation of collagen fibrils and bridg of the incision
Normal epidermal thickness becomes restored

Surface cells differentiate to achieve mature apndéd architecture with
surface keratinization.

Two weeks

Continued accumulation of collagen
Proliferating of fibroblasts

Decrease in leucocytic infiltrate
Resorption of oedema

Regression of vascular channels
Reduction in vascularity

Increase in the deposition of collagen

One month

Prominent scar tissue formation. Scar tissue dease and cellular
connective tissue with intact epidermal covering.

Absence of inflammatory infiltrate.

Consequences

Dermal and epidermal appendages are lost

Functionally imperfect apparatus versus efficiezling

Tensile strength may take months to recover.

Healing by Second Intention

Wounds with extensive loss of cells, large tisswdect and wide
margins heal by second intention. This includedaration,
inflammatory ulceration and abscesses formatiorh visirge surface
wounds.

Implications of a large defect include:

1. Regeneration of native cells cannot suffice to eltise large

defect
2. Therefore, abundant granulation tissue is needed.
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3. Fibrin is more abundant. There is more necrotibrideand
exudates. Intense inflammatory reaction is nee¢degmove the
fibrin and necrotic debris.

4. Wound contraction by myofibroblasts.

Wound healing depends on regulation of specifiauldel mediators,
which have receptors on particulars cells, cell rmainteractions,
controlling effect of physical factors and innat@argnchyma and
connective cell response.

Mechanisms of wound healing

1. effect of growth factors and cytokines
control the migration and proliferation of fibraists, epithelial
cells and endothelial cells.
GF  peptides produced by cells
Act through = endocrine effect

Paracrine
Autocrine
Can be
1. competence growth F-move cells out of Go phase ldok cell
cycle e
e.g. PDGF
BFGF

2. progress GF
has mitogenic effect only on cells within the ogjcle eg EGF
insulin — like FG 1 & 2.

PDGE-= produced by

- Platelets

- Macrophages

- Arterial mm, cells

- Certain tumor cells

- Causes chemotaxis of mesenchymal cells into thend/ou
- Potent vasoconstrictor.

EGF/TGF(similar action)
- stimulates mitogenesis in epithelial cells and emtive tissue
cells.

EGF=stored in platelets
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TGF and epidermal cells and macrophage

TGF §§ - growth inhibitor

Attracts monocytes

Stimulates fibroblast chemotaxis and production aaflagen and
fibronectin by cells but inhibit collagen degradat~ Fibrogenesis.

Produced by

- platelets

- endothelium

- T-cells

- Macrophages.
Cytokines

IL-and TNF

Chemotactic for fibroblasts resulting in collagerynthesis and
collagenase production.

Tissue Remodelling

It entails replacement of granulation tissue, wh&ctulnerable to injury
to a more resistant tissue, the scar tissue. MJbles progressive
changes in the composition of the extracellularrixat Some growth
factors modulate the synthesis and activation otaloproteinases,
which degrade extracellular components.

Metalloproteinases are dependent on zinc ions.y €hasist of:

Interstitial Collagenases which cleave fibrilladlagen types, 1, Il, and
1.

Gelatinases or type IV collagenases; the se deguaephous collagen
and fibronectin Stromelysins that act on proteoghg; laminin,
fibronectin and amorphous collagens Membrane bounditrix
metalloproteinases (MBMM), MBMM are cell surface sasiated
proteases. The metalloproteinases are derived ffdoroblasts,
macrophages, neutrophils, synovial cells and somi¢hedial cells.
Their secretions are induced by PDGF, FGF, cytakitie-1, TNF —a)
phagocytosis and physical stress. The enzymemlaitdted by TGF-B
and steroids. Collagenases cleave the triplex hatilagen under
physiological conditions into two unequal fragmewtsich are further
digested by other proteases. Collagenases areratatl in latent form
procollagenase. Procollagenases are activated ®¢ZLH produced
during the oxidative burst of leukocytes and pre¢sa
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Activated matrix metalloproteinases are almost imiaiely rapidly
inhibited by a family of specific tissue inhibitood metalloproteinases
(TIMP), TIMP are synthesized by mesenchymal cells.

Wound Contraction

Wound contraction is thought to be due to the @mion of
myofibroblasts and fibronectin, which form bridgestween fibres. A
large wound can be reduced to 5-10% of its origsizd in 6 weeks.

FactorsInfluencing Wound Healing

Local factors
Systemic factors

Local factors include:

Infection most important factor that delays healigvounds
Mechanical factors such as early mobility of site.

Presence of foreign bodies redundant or non abBlrbautures,
fragments of steel, glass and bone.

Size of wound: wounds in areas within rich bloagh@y such as the
face heal faster than those in poorly vascularegseds of the body such
as the foot.

Systemic factors include:

Nutrition: protein deficiency and particularly witen c deficiency
delays collagen synthesis and delays healing ohdou

Metabolic disorders such as diabetes mellitus.

Circulatory status

Anaemia, poor vascular supply and congestion algair healing
Hormones such as glucocorticoids have anti-inflatonya effects.
Glucocorticoids also inhibit collagen synthesis.

Complications of wound healing

These complications arise from anomalies in th&clrapair processes.

1. Deficient scar formation.
2. Excessive formation of repair components.
3. Formation of contractures
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The complications include

Wound dehiscence due to increased abdominal peessur

Wound ulceration due to inadequate vascularisatmnsupport the
healing process

Keloids and hypertrophic scar

Exuberant proliferation of granulation tissue (pitoudlesh) thus
preventing the restoration of epithelial continuity

Desmoid tumours or aggressive fibromatoses from berant
proliferations of fibroblasts and other connectigsue elements.
Contractures result from excessive contractiorsoime sites such as the
palm, soles and anterior aspect of the thorax. iBhe®@mmonly seen in
post burns healing.

Inflammatory Tissue Repair

Outcome of inflammation

1. Resolution
2. Healing by repair (replacement of lost tissue lar sissue)
3 Chronicity — persistence of inflammatory process Weeeks

months or years.
The outcome of inflammatory is dependent on

The nature of the injurious stimuli

The type of inflammatory response

The duration of exposure to the injurious stimuli
The target tissue involved

Loss of tissue or otherwise.

arwpPE

Injurious stimuli (cause tissue injury)

/ | \

Inflammatory response

no tissue destruction tissue destruction

exudates digested exudates persists |aibile
permanent cells

A YWZ R IR
stable cells /

resolution organization Framework
framework scarring
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intact destroyed
normal structure organization regation &  scarring
cerebral abscess
e.g. mild heat restitution of
injury l normal structure l
scarring e.g normal structure  scarring
e.g.
fibrinopurulent e.g. lobar bacterial
abscess
pericarditis pneumonia
peritonitis
Resolution

Tissue/organ return to the normal state beforenjoey

- no sign loss of tissue

- complete removal of inflammatory exudate largelypbgteolysis
and phagocytosis.

Organization

Occurs if demolition of inflammatory exudate fadsd the exudate
persists.

The exudate is infiltrated by macrophages, follovisdmigration of
fibroblast and new blood vessels.

- similar to repair of connective tissue in woundlimea

- Eventually the exudate is replaced by vasculariggdus tissue

and later dense collagen rich scar tissue.

Repair

- Regeneration of parenchymal cells and replacement b
connective tissue.

Regener ation

Replacement of injured tissue by parenchyma cdllthe same type
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sometimes without leaving any residual trace oViones injury.
Depends

1. Type of cells lost
2. Intact (otherwise) connective tissue framework.

Typeof cels

1. Labile cells = continue to proliferate throughoufie.l E.g.
Haemopoietic cells, surface epithelial cells ekgn,slining of
exocrine glands. GIT mucosa, bladder, endometgkind
epithelium.

2. Stable cells= low rate of replication can undergia division in
response to a variety of injuries, e.g. parenchyoedls of the
liver, secretory epithelium of endocrine glandsteoblasts,
fibroblast, endothelial cells.

Increased mitosis is due to up regulation of natog signals and
increased expression of growth promoting genes.

3. Permanent cells = never divide in post-natal liéannot be
replaced if they are lost. e.g. Neurons, heart ceugells,
auditory hair cells, cells in the lens of the eskeletal muscles.

Repair by connective tissue.

Healing starts very early in inflammation when nuogdrages begin
digesting whatever invading organism have survittegl neutrophilic
attack, necrotic debris and dead parenchyma cells.

As early as 24 hours=fibroblasts and vascular dmdiai cells begin to
proliferate to form specialized tissue known asgtation tissue (pink,
soft, granular appearance of the wound). Chaiaetkiby proliferation
of new blood vessels and fibroblasts.

Regeneration refers to the proliferation of cells and tissuesréplace
lost structuressuch as the growth of an amputated limb in amphgb
In mammals, whole organs and complex tissues raegjgnerate after
injury, and the term is usually applied to processgch as liver growth
after partial resection or necrosis, but these gsses consist of
compensatory growth rather than true regenerafiesues with high
proliferative capacity, such as theematopoietic system and the
epithelia of the skin and gastrointestinal (Gl) tract, renew
themselves continuously and can regenerate after injury, as long as
the stem cells of these tissues are not destroyed.

66



NSC 214 GENERAL AND CELLULAR PATHOLOGY

Repair most often consists of a combination of megation and scar
formation by the deposition of collagen. The relative conttibn of
regeneration and scarring in tissue repair depemdthe ability of the
tissue to regenerate and the extent of the injligr instance, a
superficial skin wound heals through the regenematf the surface
epithelium. However, scar formation is the predaninhealing process
that occurs when the extracellular matrix (ECMrigavork is damaged
by severe injury

NORMAL HOMEOSTASIS
{balance of proliferation and apoptosis)

9

INJURY

AN R s
Renewing tissues Stable tissues Wound Chronic mtammation
 §
"‘f’ | i; j -]
g - L=y

Complete regeneration:  Compensatory growth Wound healing, Fibrosis
Epidermis, Gl tract of liver and kidney scar formation
epithelium,
hematopoietic system

Fig 3.1 Overview of the healing responses after injigaling after
acute injury can occur by regeneration that restamermal tissue
structure or by repair with scar formation. Healimg chronic injury
involves scar formation and fibrosis (see text). gaistrointestinal.

3.2 Mechanism of Tissueand Organ Regeneration.

As mentioned earlier, urodele amphibians such as rbwt can
regenerate their tails, limbs, lens, retina, jaarg] even a large portion
of the heart, butthe capacity for regeneration of whole tissuesand
organs has been lost in mammals

The inadequacy of true regeneration in mammalsbkeas attributed to
the absence dflastemaformation (the source of cells for regeneration)
and to the rapid fibroproliferative response afteunding.

In this section we shall consider theer to illustrate the mechanisms of
regeneration, because it has been studied in dmtdilhas important
biologic and clinical aspects. Even this processat one of true
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regeneration, because the resection of tissue miesause new growth
of liverbut instead triggers a process of compemgahyperplasia in the
remaining parts of the organ (discussed below)eftingans, including
kidney, pancreas, adrenal glands, thyroid, andiuhgs of very young
animals, are also capable of compensatory growtigugh they display
it in less dramatic form than the liver.

Liver regeneration: The human liver has a remarkable capacity to
regenerate, as demonstrated by its growth aftetiglahepatectomy,
which may be performed for tumor resection or feing-donor hepatic
transplantation.

Regenaration

Growih
factors e B
o

Priming

i

Cytokings —e Gy Gy Ga
[ AT Iy ]

Quiescence

Fig 3.2 Liver regeneration after partial hepatectory.The lobes of the
liver of a rat (M, median; RL and LL, right and tid&teral lobes; C,
caudate lobe). Partial hepatectomy removes twadghwof the liver
(median and left lateral lobes). After 3 weeks tight lateral and
caudate lobes enlarge to reach a mass equivaleéhatef the original
liver without regrowth of the median and left latelobes.B, Entry and
progression of hepatocytes in the cell cycle (se@ tor details).C,
Regeneration of the human liver in living-donor nsglantation
Computed tomography scans of the donor liver imgjvdonor hepatic
transplantation. Upper panel is a scan of the loféhe donor before the
operation. The right lobe, to be used as a transpla outlined. Lower
panel is a scan of the liver 1 week after perforreamf partial
hepatectomy. Note the great enlargement of theédbé (outlined in the
panel) without regrowth of the right lobgA, From Goss RJ:
Regeneration versus repair. In Cohen IK et al [ed8pund Healing.
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Biochemical and Clinical Aspects. Philadelphia, V8Bunders, 1992,
pp 20-39; C, courtesy of R. Troisi, MD, Ghent University, Ghen
Belgium; reproduced in part from Fausto N: Livergemeration. In

Arias |, et al: The Liver: Biology and Pathobiolggyth ed.

Philadelphia, Lippincott Williams & Wilkins, 2001.)

In humans, resection of approximately 60% of tkerlin living donors
results in the doubling of the liver remnant in abone month. The
portions of the liver that remain after partial hsggtomy constitute an
intact —mini-liverl that rapidly expands and reaches the mass of the
original liver. Almost all hepatocytes replicaterishg liver regeneration
after partial hepatectomy. Because hepatocyteqjaiescent cells, it
takes them several hours to enter the cell cyalegrpss through G

and reach the S phase of DNA replication.

Growth Factors

The proliferation of many cell types is driven ltypeptides known as
growth factors These factors, which can have restricted or pieltcell
targets, may also promote cell survival, locomati@ontractility,
differentiation, and angiogenesis, activities thty be asimportant as
their growth-promoting effects. All growth factofgnction asligands
that bind to specificeceptors which deliver signals to the target cells.
These signals stimulate the transcription of geghas may be silent in
resting cells, including genes that controkll cycle entry and
progression Table 5 lists some of the most important growdhtdrs
involved in tissue regeneration and repair. Hererexgew only those
that have major roles in these processes.

Table5. Growth Factors and Cytokines Involved in Regener ation
Growth Factor fisoforms A, B, C, D)

Epidermal growth a Platelet-derived growth factor (isoforms A, B, C, D)

Transforming
growth factor a Fibroblast growth factor 1 (acidic), 2 (basic), and family

Heparin-binding EGF

Hepatocyte growth
factor/scatter factor

Vascular endothelial
cell growth factor 69
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Macrophages, T lymphocytes, keratinocytes, and

cells (seemigrationandgranuliiieti3lig angiogenesis

MODULE 2

MNs, geflginbegtesggvascular permeabiy; fibroblass; stmulat&d

Keggniedpfenddhelial
stimulki¥oRgREaiaN@FMOCth

modciprF&i& NI macophags, and

keratinocytes, smootfibroblasts; mitogenic for fibroblasts,
Macrophages,

many

tissues

macrophages,
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Symbol

Source

Functions

replication

mesenchymal cells

EGF

Platelets,
macrophage
urine, milk,

VEGF

, saliva,
plasma

PDGF

fotelaton

Chemotactic for

TGF-a

HB-
EGF

Keratinocyte replica

Alsells
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muscle cells endothelial cells, and smooth muscle

cells; stimulates production of MMPEBtonectin, andHA; stimulates
angiogenesis and wound contraction

HGF

Mesenchym

VENBFERRY IHesaiotRERRALRYTER fibroblasts; mitogenic cdbMElighn
ﬁ';ﬁ ﬁ@@.%ﬁj pidlith SBlSnd keratinmytes; NGOHERE oy
otili ty KAV Entinocyte nigration

Symbel Souree Funetions
Growth-Faetor fibroblasts angiogenesis, wound contraction, and
e tion
TGRS Platelets, T Chemotactic for PMNs, macrophages

3.3 Extracedlular Matrix and Cell-Matrix Interactions

Tissue repair and regeneration depend not onlyermactivity of soluble
factors, but also on interactions between cellstaaccomponents of the
extracellular matrix (ECM) The ECM regulates the growth,
proliferation, movement, and differentiation of tbells living within it.
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It is constantly remodeling, and its synthesis addgradation
accompanies morphogenesis, regeneration, woundingeathronic
fibrotic processes, tumor invasion, and metastd$is.ECM sequesters
water, providing turgor to soft tissues, and mifgethat give rigidity to
bone, but it does much more than just fill the sgaaround cells to
maintain tissuestructure. Its various functiorgdude:

. Mechanical supportfor cell anchorage and cell migration,
and maintenance of cellpolarity
. Control of cell growth ECM components can regulate cell

proliferation by signaling through cellular receqst of the
integrin family.

. Maintenance of cell differentiationThe type of ECM proteins
can affect the degree of differentiation of tledlcin the tissue,
also acting largely via cell surface integrin.

. Scaffolding for tissue renewalhe maintenance of normal tissue
structure requires abasement membrane or stroaféolsl. The
integrity of the basement membrane or the strorhathe
parenchymal cells is critical for the organizedareration of
tissues. It is particularly noteworthy that altgbulabile and
stable cells are capable of regeneration, injothése
tissues results in restitution of the normal dtriees only if the
ECM is not damaged. Disruption of these structuesls to
collagen deposition and scar formation.

. Establishment of tissue microenvironme@®asement membrane
acts as a boundary between epithelium and undgrly
connective tissue and also forms part of the rafilbn
apparatus in the kidney.

. Storage and presentation of regulatory molecules example,
growth factors like FGF and HGF are secreted @ockd in the
ECM in some tissues. This allows the rapid depleymof
growth factors after local injury, or during regeation.

The ECM iscomposed of three groups of macromolecules:

Fibrous structural proteinssuch as collagens and elastins that provide
tensile strengthand recoil;

Adhesive glycoproteinghat connect the matrix elements to one

another and to cells anéroteoglycans and hyaluronatihat provide
resilience and lubrication.
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These molecules assemble to famwo basic forms of ECM:

1) Interstitial matrix and
2) Basement membranes

Theinterstitial matrix is found in spaces between epithelial, endothelial,
and smooth muscle cells, as well as in connecissué¢. It consists
mostly of fibrillar and nonfibrillar collagen, elas, fibronectin,
proteoglycans, and hyaluronan.

The basement membranes are closely associated with cell surfaces, and
consist of nonfibrillar collagen (mostly type IVJaminin, heparin
sulfate, and proteoglycans.

Cell Adhesion Proteins

Most adhesion proteins, also calledCAMS (cell adhesion
molecules),form cross-linkages between cells amdgitound matrix.
They can be classified into four main familiesmunoglobulin family
cams, cadherins, integrins, and selectins. These proteins function as
trans-membrane receptors but are sometimes stotbd cytoplasm.

34 Healing by Repair and Scar Formation

If tissue injury is severe or chronic, and resuitsdamage of both
parenchymal cells and the stromal framework of tissue, healing
cannot be accomplished by regeneration. Under thesditions, the
main healing process igpair by deposition of collagen and other ECM
components, causing the formationacfcar. In contrast to regeneration
which involves the restitution of tissue componentspair is a
fibroproliferative response that

—patchesl rather than restores the tissue. The term scarost often
used in connection wwound healingin the skin, but is also used to
describe the replacement of parenchymal cells yrtiasue by collagen,
as in the heart after myocardial infarction.

Repair by connective tissue deposition includes ftiilwing basic

features:inflammation, angiogenesis, migration and proliferation of
fibroblast, scarformation and connective tissue remodelling.
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3.5 Cutaneous Wound Healing

As a prototype repair process, cutaneous woundingeadhall be

considered.
Maturation
J”
Proliferation -
,"‘““- Collagen
’,f' deposition
Inflammation ’,"
-
f”
= Clot formation LT = Collagen matrix
 Chemotaxis ’,’ * Wound contraction
," = Re-epitheliaization
-~ = Angiogenesis and
o granulation tissue
’,f « Provisional matrix
r 1 L L] L] 1 ¥ L|
2 4 6 8 10 12 14 16

Days after wounding

Fig 3.3 Phases of cutaneous wound healing: inflammatiasiiferation,
and maturation (see text for detaildlodified from Broughton G et al:
The basic scienceof wound healing. Plast Rec@sty 117:12S5-34S,

2006.)

Cutaneous wound healing is divided into three pbas&#lammation,
proliferation, and maturatior{ Fig. 9). These phases overlap, and their
separation is somewhat arbitrary, but they helputmlerstand the
sequence of events that take place in the healirgkio wounds. The
initial injury causes platelet adhesion and aggiegaand the formation
ofa clot in the surface of the wound, leadinginflammation In the
proliferative phasehere is formation of granulation tissue, proliteva
and migration of connective tissue cells, and riéhepalization of the
wound surfaceMaturationinvolves ECM deposition,tissue remodeling,

and wound contraction.
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A HEALING OF THIN WOUND B. HEALING WITH SCAR FORMATION
AMD CONTRACTION

e Scab e TR e o e

Chot
- —- Platalets

Meutrophiiz
24 hours

e r——— Mitcsos
— (G ranuiation Hssuae

L T 2.7 Macrophags
3to 7 days o Filsroblast

gl = Ed Mew capillary

Weeks - = Fitrrous dnion e Wound
T - 3 E T conlractcn

-5 g : - -
— --:,.'=‘.-.ﬁ." = i =

Fig 3.4 Wound healing and scar formation. A, Healing of wibuhat
caused little loss of tissue: note the small amatfirgranulation tissue,
and formation of a thin scar with minimal contraati B, Healing of
large wound: note large amounts of granulatioruésand scar tissue,
and wound contraction.

The simplest type of cutaneous wound repair ishieading of a clean,
uninfected surgical incision approximated by sumbgutures ( Fig. 10A
above ). Such healing is referred tohesling by primary unioror by
first intention

The incision causes death of a limited number oithepal and
connective tissue cells and disruption of epithdd@sement membrane
continuity. Re-epithelialization to close the wound occurs with
formation of a relatively thin scar

The repair process is more complicated in excisiov@unds (figure
10B above) that create large defects on the skifiase, causing
extensive loss of cells and tissdée healing of these wounds involves a
more intense inflammatory reaction, the formatiof abundant
granulation tissue (described below), and extensolagen deposition,
leading to the formation of a substantial scar, eVhigenerally
contracts This form of healing is referred to agaling by secondary
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unionor by second intention (fig 3.5).

s g e ‘1.5 o e -5

Fig 3.5. Healing of skin ulcers. A, Pressure ulcer of sk, commonly
found in diabetic patients. The histologic slidé®w: B, a skin ulcer
with a large gap between the edges of the lesigna @in layer of
epidermal re-epithelialization and extensive gratioh tissue formation
in the dermis; and D, continuing re-epithelialipatof the epidermis and
wound contraction.(Courtesy of Z. Argenyi, MD, University of
Washington, Seattle, WA.)

3.6 Growth Factors and Cytokines Affecting Various Steps
in Wound Healing.

A large number of growth factors and cytokines ameolved in
cutaneous wound healing. The main agents, anddjps at which they
participate in the repair process, are listed inld 8.

TABLE 6. Growth Factors and Cytokines Affecting Various Steps
in Wound Healing

Monocyte chemotaxis Chemokines, TNF, PDGF, FGF,-pGF
Fibroblast migration/replication | PDGF, EGF, FGF,A-{ TNF, IL-1
Keratinocyte replication HB-EGF, FGF-7, HGF

Angiogenesis VEGF, angiopoietins, FGF

Collagen synthesis TGE-PDGF

Collagenase secretion PDGF, FGF, TNF; T[GiRhibits

HB-EGF, heparin-binding EGF; IL-1, interleukin 1;NF, tumor
necrosis factor; other abbreviations as given ibld 4.
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3.7 Stepsinvolved in Wound Healing
Formation of Blood Clot.

Wounding causes the rapid activation of coagulagdls, clot
pathways which results irthe formation of a bloodlotthe

on the wound surfacén addition to entrapped red

contains fibrin, fibronectin, and complement comguois. Thebleedirand

clot serves to stop g
also as a scaffold for migratimdtracted by growttytokines
cells, which are factors and

chemokines released into the area.
Formation of Granulation Tissue.

Fibroblasts and vascular endothelial cells pradiferin the first 24 to
72 hours of the repair processto form a specidligpe of tissue called
granulation tissugewhich is a hallmark of tissue repair. Thetermivs
from its pink, soft, granular appearance on thdaser of wounds. Its
characteristic histologic feature the presence of new small blood
vessels (angiogenesis) and the proliferation ofoflasts These new
vessels are leaky, allowing the passage of plasotaips and fluid into
the extravascular space. Thus, new granulationudisss often
edematous. Granulation tissue progressively invétesncision space;
the amount ofyranulation tissue that is formed depends ontlze sif
the tissue deficit created by the wound and theensity of
inflammation Hence, it is much more prominent in healing by
secondary union. By 5 to 7 days, granulation tidglsethe wound area
and neovascularization is maximal.

Fig 3.6. A, Granulation tissue showing numerous blood ess®dema,
and loose ECM containing occasional inflammatorlysceCollagen is
stained blue by the trichrome stain; minimal matoolagen can be
seen at this point. B, Trichrome stain of maturarsshowing dense
collagen, with only scattered vascular channels.

Cdll Proliferation and Collagen Deposition.

T e T .
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Neutrophils are largely replaced loyacrophagedy 48 to 96 hours.
Macrophages are key cellular constituents of tissepair, clearing
extracellular debris, fibrin, and other foreign erv&l at the site of
repair, and promoting angiogenesis and ECM depositi

Scar Formation.

The leukocytic infiltrate, edema, and increasedcuksity largely

disappear during the second week. Blanching begicsomplished by
the increased accumulation of collagen within theumd area and
regression of vascular channels. Ultimately, thegioal granulation

tissue scaffolding is converted into a pale, aviascscar, composed of
spindle-shaped fibroblasts, dense collagen, fraggnehelastic tissue,
and other ECM components.

Wound Contraction.

Wound contraction generally occurs in large surfaseunds The
contraction helps to close the wound by decreagiaggap between its
dermal edges and by reducing the wound surface Bieace, it is an
important feature in healing by secondary union.

Connective Tissue Remodeling.

The replacement of granulation tissue with a secatolves changes in
the composition of the ECM. The balance between E@hMhesis and

degradation results in remodeling of the connectissue framework —

an important feature of tissue repaibome of the growth factors that
stimulate synthesis of collagen and other connectissue molecules
also modulate the synthesis and activation of rogadteinases,

enzymes that degrade these ECM components.

Degradation of collagen and other ECM proteins chi@ved by matrix
metalloproteinases (MMPsh family of enzymes that includes more
than 20 members that have in common a 180-resithueprotease
domain (MMPs should be distinguished from neutrtsplelastase,
cathepsin G, kinins, plasmin, and other importaotgolytic enzymes,
which also degrade EMC components and whiclsarme proteinases,
not metalloenzymgs

Recovery of Tensile Strength.

Fibrillar collagens (mostly type | collagen) formn@ajor portion of the
connective tissue in repair sites and are essdotighe development of
strength in healing wounddNet collagen accumulation, however,
depends not only on increased collagen synthesislba on decreased
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degradation.

3.8

Local and Systemic Factors that Influence Wound
Healing

The adequacy of wound repair may be impaired btesyis and local
host factorsSystemic factors include those listed below:

Nutrition has profound effects on wound healing. Protein
deficiency, for example, and particularly vitantih deficiency,
inhibit collagen synthesis and retard healing.

Metabolic statuscan change wound healing. Diabetes mellitus,
for example, is associated with delayed healis@ aonsequence
of the microangiopathy that is a frequent featfrthis disease.
Circulatory statuscan modulate wound healingnadequate
blood supply usually caused by arteriosclerosis or venous
abnormalities (e.g., varicose veins) that retaedous drainage,
also impairs healing.

Hormonessuch asglucocorticoidshave well-documented anti-
inflammatory effects that influence various comgots of

inflammation. These agents also inhibit collagemtisgsis.

Local factors that influence healing include:

3.9

Infectionis the single most important cause of delay inihgal
because it results in persistent tissue injuryiafldmmation.
Mechanical factorssuch as early motion of wounds, can delay
healing, by compressing blood vessels and sepgréte edges
of the wound.

Foreign bodies such as unnecessary sutures or fragments of
steel, glass, or even bone, constitute impedintertigaling.

Size, location, and type of wourlWounds in richly vascularized
areas, such as the face, heal faster than thoseoarly
vascularized ones, such as the foot. As we haausised, small
incisional injuries heal faster and with less sfamation than
large excisional wounds or wounds caused by htanima.

Pathologic Aspects of Repair

Complications in wound healing can arise from abradities in any of
the basic components of the repair process. Thesgadions can be
grouped into three general categories:

(1)

Deficient scar formation.

Inadequate formation of granulation tissue or asdgraf a scar can
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lead to two typesof complications: wound dehiseesuad ulceration.

(2)  Excessive formation of the repair components.

Examples of related complications includaileerant granulation tissue
formation and aggressive fibromatosis (desmoid wns)o Excessive

formation of the components of the repair process give rise to

hypertrophic scars and keloids (see figure below).

e s e S

Fig 3.7. Keloid. A, Excess collagen deposition in the sknming a
raised scar known as keloid. B, Note the thick ewmtiwe tissue
deposition in the dermigA, from Murphy GF, Herzberg AJ: Atlas of
Dermatopathology. Philadelphia, WB Saunders, 1996,219; B,
courtesy of Z. Argenyi, MD, University of WashimgtSeattle, WA.)

(3) Formation of contracture. Contractioim the size of a wound is
an important part of the normal healing processefaggeration
of this process gives rise tontractureand results in deformities
of the wound and the surrounding tissues. Conirast are
particularly prone to develop on the palms, theesoand the
anterior aspect of the thorax. Contractures aranconly seen
after serious burns and can compromise the movieohgmints
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FIGURE 3.7.Wound contracture. Severe contractura @found after
deep burn injury(From Aarabi S et al: Hypertrophic scar formation
following burns and trauma: new approaches to tmeamt. PLOS Med
4:e234, 2007.)
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40 CONCLUSION

Since exposures to noxious environmental hazaresiravitable, the
human species therefore, must develop mechanismegenerate or
repair tissue damage. The knowledge of the sequefneeents involved
in the healing processes will be brought to beaeweryday encounter
of the nurse clinician.

50 SUMMARY

The differences between tissue regeneration arairrépe mechanisms
of tissue and organ regeneration.

Extracellular matrix and cell-matrix interactiondatheir importance in
wound healing.

The processes involved in wound healing.

The local and systemic factors influencing woundalimeg.
Pathologic aspect of wound healing.

6.0 TUTOR-MARKED ASSIGNMENT

Differentiate between tissue regeneration and repai

Describe briefly the mechanisms involved in tissaed organ
regeneration.

What are the roles of extracellular matrix in woumehling? Mention
the groups that youknow.

What are cell adhesion molecules? Give examples.

Briefly describe the processes and steps involmegiound healing. List
localand systemic factors influencing wound heglin

List the pathological aspects of wound healingt §@u have learned.
Give examples.
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MODULE 3

UNIT 1 PATHOLOGY AND PATHOGENESIS OF
OEDEMA

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main contents.
3.0 Pathophysiologic Categories of Oedema
3.1 Increased Hydrostatic Pressure
3.2 Reduced Plasma Osmotic Pressure (hypo proteinemia)
3.3 Lymphatic Obstruction
3.4  Sodium Retention
3.5 Inflammation

4.0 Conclusion

50 Summary

6.0 Tutor-marked assignment.

7.0 References/further readings.

1.0 INTRODUCTION

Approximately 60% of lean body weight is water. Twuords of the

body's water is intracellular, and the remainderinsextracellular

compartments, mostly the interstitium (orthird sathat lies between
cells; only about 5% of total body water is in ldg@asma.

The movement of water and low molecular weight ®ssuch as salts
between the intravascular and interstitial spasesontrolled primarily
by the opposing effect of vascular hydrostatic pues and plasma
colloid osmotic pressure. Normally the outflow dbid from the
arteriolar end of the microcirculation into the argtitium is nearly
balanced by inflow at the venular end; a smalldwesi amount of fluid
may be left in the interstitium and is drained thg lymphatic vessels,
ultimately returning to the bloodstream via ther#wic duct. Either
increased capillary pressure or diminished collogimotic pressure can
result in increased interstitial fluid Figure 15 ). If the movement of
water into tissues (or body cavities) exceeds lyatishdrainage, fluid
accumulates. An abnormal increase in interstifiaidf within tissues is
called OEDEMA while fluid collections in the different body daes
are variously designatedhydrothorax, hydropericardium, and
hydroperitoneun(the last is more commonly calledcite3. Anasarca
is a severe and generalized edema with widesprgazisgneous tissue
swelling.
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Fig 1.1. Factors influencing fluid transit across capylaralls. Capillary
hydrostatic and osmotic forces are normally baldnse that there is
no netloss or gain of fluid acrossthe capillary bed. H@er,increased
hydrostatic pressure aliminishedplasma osmotic pressure will cause
extravascular fluid to accumulate. Tissue lymplsatiemove much of
the excess volume, eventually returning it to tlreutation via the
thoracic duct; however, if the capacity for lympbadrainage is
exceeded, tissusdemaresults.

20 OBJECTIVES
At the end of this unit, you should be able to:

List and describe the pathophysiologic categoriesedema.
List examples of clinical conditions that give ridge each
category.

To thoracic duct and eventually
to left subclavian vein

i Increased interstitial
fluid pressure

Plasma colloid
osmotic pressure

Arterial end CAPILLARY BED Venous end
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3.0 MAIN CONTENTS

31 Pathophysiologic Categories of Oedema

Oedema caused by increased hydrostatic pressuredaced plasma
protein is typically a protein-poor fluid called teansudate Oedema
fluid of this type is seen in patients sufferingrfr heart failure, renal
failure, hepatic failure, and certain forms of maitition, as described
below and outlined in Figure 16. In contrast, infraatory oedema is a
protein-richexudatehat is a result of increased vascular permeability

‘ HEART FAILURE ‘ MALNUTRITION,
. - ¥ HEPATIC SYNTHESIS,
+ NEPHROTIC SYNDROME
4 Capillary ¥ Renal blood flow
hydrostatic + Plasma albumin
pressure R
Activation of the
renin-angiotensin
system
Retention of " RENAL
Na* and H>O FAILURE
w
4 Blood volume ¥ Plasma osmotic
pressure

Fig 1.2. Pathways leading to systemic edema from primagyrtfailure,

primary renal failure, or reduced plasma osmotiespure (e.g., from
malnutrition, diminished hepatic synthesis, or enot loss from

nephrotic syndrome).
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TABLE 7. Pathophysiologic Categories of Oedema

INCREASED HYDROSTATIC PRESSURE

Impaired venous return Congestive heart failure SOastive
pericarditis Ascites (liver cirrhosis)

Venous obstruction or compression Thrombosis Eatepressure
(e.g., mass)

Lower extremity inactivity with prolonged dependgnc

Arteriolar dilationHeat
Neurohumoral dysregulation

REDUCED PLASMA OSMOTIC PRESSURE
(HYPOPROTEINEMIA)

Protein-losing glomerulopathies (nephrotic syndrploneer cirrhosis
(ascites)

Malnutrition

Protein-losing gastroenteropathy

LYMPHATIC OBSTRUCTION

InflammatoryNeoplastic
Postsurgical Post-radiation
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SODIUM RETENTION

Excessive saltintake with-renalinsufficiency —

Increased tubular reabsorption of sodium Renal pgdasion

Increased renin-angiotensin-aldosterone secretion

INFLAMMATION

Acute inflammation
Chronic inflammationAngiogenesis

Modified from Leaf A, Cotran RS: Renal Pathophysjgl 3rd ed. New
York, OxfordUniversity Press, 1985, p 146.

3.2 Increased Hydrostatic Pressure

Regional increasesn hydrostatic pressure can result from a focal
impairment in venous return. Thudgep venous thrombosdis a lower
extremity may cause localized oedema in the aftdetg On the other
hand,generalized increasaa venous pressure, with resulting systemic
oedema, occur most commonly tongestive heart failurewhere
compromised right ventricular function leads to lpggp of blood on the
venous side of the circulation.

3.3 Reduced Plasma Osmotic Pressure

This occurs when albumin, the major plasma protein, is not lsgsized
in adequate amounts or is lost from the circulatdn important cause
of albumin loss is thenephrotic syndromein which glomerular
capillaries become leaky; patients typically présesth generalized
oedema. Reduced albumin synthesis occurs in thagef severe liver
diseases (e.g., cirrhosis) or in protein malnainiti

3.4 Sodium and Water Retention

Increased salt retention—with obligate associatedemw—causes both
increased hydrostatic pressure (due to intravasctilad volume
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expansion) and diminished vascular colloid osmptiessure (due to
dilution).

3.5 Lymphatic Obstruction

Impaired lymphatic drainage results lymphoedemahat is typically
localized; causes include chronic inflammation witbrosis, invasive
malignant tumors, physical disruption, radiationmdge, and certain
infectious agents. One dramatic example is segraiasiticfilariasis,
in which lymphatic obstruction due to extensiveumgl lymphatic and
lymph node fibrosis can result in oedema of themel genitalia and
lower limbs that is so massive as to earn the &l elephantiasis
Severe oedema of the upper extremity may also doatel surgical
removal and/or irradiation of the breast and asdedi axillary lymph
nodes in patients with breast cancer.

3.6 Inflammation. (Seetable 7 above)

40 CONCLUSION

The consequences of oedema range from merely arqmadgi rapidly
fatal. Subcutaneous tissue oedema is important apitynbecause it
signals potential underlying cardiac or renal digeahowever, when
significant, it can also impair wound healing ore tltlearance of
infection. Pulmonary oedema is a common clinicabpgm that is most
frequently seen in the setting of left ventricufiaiture; it can also occur
with renal failure, acute respiratory

distress syndrome, pulmonary inflammation or iritect Not only
does fluid collect inthe alveolar septa aroundilzapmes and impede
oxygen diffusion, but oedema fluid in the alveadpaces also creates a
favourable environment for bacterial infection. lBravedema is life-
threatening; if severe, brain substance lvamiate(extrude) through the
foramen magnum, or the brain stem vascular supptybe compressed.
Either condition can injure the medullary centard aause death.

50 SUMMARY

The pathophysiological mechanisms involved in tbemfation of the
various categories of oedema.

The clinicopathological examples in each category.
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6.0 TUTOR-MARKED ASSIGNMENTS

List and explain briefly the pathophysiological manisms involved in
the formation of oedema. Give examples of clinisattings in which
each category occurs.

7.0 REFERENCESFURTHER READINGS
Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Ruofis and Cotran
pathologic basis of disease (Ninth edition.). &dlphia, PA:

Elsevier/Saunders.

Emmanuel Rubin, Howard M.R Essentials of Rubin’$\Blagy. Sixth
edition.

Ojo O.S. Essential pathology for Clinical Studantghe Tropics
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UNIT 2 SHOCK: PATHOLOGY AND PATHOGENESIS
CONTENTS
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3.0 Main contents.
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3.2 The Three General Categories of Shock.
3.3 Less common types of shock.
3.4 Pathogenesis of Septic Shock.
3.5 The Stages of Shock.
3.6 Clinical Consequences.
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5.0 Summary

6.0 Tutor-marked assignment.

7.0 References/further readings.

1.0 INTRODUCTION

The modality and effectiveness of any form of refasive protocol

employed in the daily nursing practice will depdachely on a sound
understanding of the cascade of events involvesthatk.

Shock is the final common pathway for several piadiy lethal clinical

events, including severe haemorrhage, extensiventieor burns, large
myocardial infarction, massive pulmonary embolisamd microbial

sepsis.

20 OBJECTIVES

At the end of this unit, you should be able to:

o Define shock.

o List and describe the 3 common categories of shock.

o Talk about other less common types of shock.

o Itemize the processes involved in the pathogeméssptic
shock.

o Describe the stages of shock.

) Mention the clinical consequences of shock.
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3.0 MAIN CONTENTS

31 Definition of Shock

Shock is characterized by systemic hypotensionegther to reduced
cardiac output or to reduced effective circulatibipod volume The

consequences ammpaired tissue perfusion and cellular hypaxd the

outset the cellular injury is reversible; howevemolonged shock
eventually leads to irreversible tissue injury tbeien proves fatal.

3.2 TheThreeGeneral Categoriesof Shock.
The causes of shock fall into three general categgrsee Table 8 ):

. 1) Cardiogenic shockesults from low cardiac output due to
myocardial pump failure. This can be due to irsisnrmyocardial
damage (infarction), ventricular arrhythmias, mdic
compression (e.g cardiac tamponade), or outflowtrabtion
(e.g., pulmonary embolism).

. Hypovolemic shockesults from low cardiac output due to the
loss of blood or plasma volume, such as can oatilr massive
haemorrhage or fluid loss from severe burns.

. Septic shockesults from vasodilation and peripheral pooling of
blood as partof a systemic immune reaction tdadveat or fungal
infection. Its complex pathogenesis will be dismd in further
details.

TABLE 8. ThreeMajor categories of Shock

Type of

Shock [Clinical Example Principal Mechanism:

CARDIOGENIC
Myocardial infarction | |[Failure of myocardialpumg resulting from
Myocardial infarction intrinsic  myocardiatlamage, extrinsic |
Ventricular rupture  [pressure, or obstruction to outflow |
Arrhythmia | |
Cardiac tamponade |
Pulmonary embolism ‘

HYPOVOLEMIC
Fluid loss (e.g., hemorrha(?eadequate blood or plasma volum

vomiting, diarrhea, burns, or
trauma)

SEPTIC
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Overwhelming
microbial infections
(bacterial and fungal)

Superantigens (e.g.,

toxic shock syndrome)

_induced damage, disseminated intravascular

Peripheral vasodilation and pooling of bload;
endothelial activation/injury; leukocyte-

coagulation; activation of cytokine cascad%s

33 Other less common types of shock

Less commonly, shock can occur in the setting akathetic accident or
a spinal cord injuryneurogenic shock)as a result of loss of vascular
tone and peripheral pooling of bloodnaphylactic shockdenotes
systemic vasodilation and increased vascular pebilitgecaused by an

IgE—mediated hypersensitivity reaction.

In these situations, acute widespread vasodilatiesults in tissue

hypoperfusion and hypoxia.

3.4 Pathogenesis of Septic Shock

Septic shock is associated with severe haemodynandchaemostatic
derangements, and therefore merits more detailesideration here.

With a mortality rate near 20%, septic shock rarfikst among the
causes of death in intensive care units and aceotort over 200,000
lost lives each year in the United Statésincidence is rising, ironically
due to improvements in life support for critically patients and the
growing ranks of immunocompromised hosts (due tenubtherapy,
immunosuppressant, or HIV infection). Currentlyptse shock is most
frequently triggered by gram-positive bacterialections, followed by
gram-negative bacteria and fungi. Hence, the adgeonym of

—endotoxic shock is not appropriate. In septic shosistemic
vasodilation and pooling of blood in the periphdeads to tissue
hypoperfusion, even though cardiac output may l@Esewed or even
increased early in the course. This is accomparigdwidespread
endothelial cell activation and injury, often leaglito a hypercoagulable
state that can manifest as DIC. In addition, segtiock is associated
with changes in metabolism that directly suppresfiular function.
The net effect of these abnormalities is hypopé&rfusnd dysfunction
of multiple organs—culminating in the extraordinamyorbidity and

mortality associated with sepsis.

The major factors contributing to the pathophysiatoof septic shock

include the followings:

1) Inflammatory mediators Various microbial cell wall
constituents engage receptors on neutrophils, manear
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inflammatory cells, and endothelial cells, leaditeg cellular
activation.

2) Endothelial cell activation and injuryendothelial cell activation
by microbial constituents or inflammatory mediatproduced by
leukocytes has three majorsequelae:

(1) thrombosis; (2) increased vascular permeability;d a(B)
vasodilation. The derangement in coagulation is sufficient to
produce the fearsome complicationof DIC in ugh&df of septic
patients.

3) Metabolic abnormalitiesSeptic patients exhibit insulin resistance
and hyperglycemia. Cytokines such as TNF and llsttess-
induced hormones (such as glucagon, growth hormand
glucocorticoids), and catecholamines all drivegheogenesis.

At the same time, the pro-inflammatory cytokinepmess insulin
release while simultaneously promoting insulin st&sice in the liver
and othertissues, likely by impairing the surfagpression of GLUT-4,
a glucose transporteHyperglycemia decreases neutrophil function—
thereby suppressing bactericidal activity—and causmcreased
adhesion molecule expression on endothelial céllghough sepsis is
initially associated with an acute surge in gluaticoids production,
this phase is frequently followed by adrenal insighcy and a
functional deficit of glucocorticoids. This may stdrom depression of
the synthetic capacity of intact adrenal glandéramk adrenal necrosis
due to DIC Waterhouse-Friderichsen syndrome).

4) Immune suppressionThe hyperinflammatory state initiated by
sepsis can activate counter-regulatory immunoggsre
mechanisms, which may involve both innate and &dap
immunity.

5) Organ dysfunction Systemic hypotension, interstitial oedema,
and small vesselthrombosis all decrease the atgliof oxygen
and nutrients to the tissues, which fail to propetilize those
nutrients that are delivered due to changes inleelmetabolism.
High levels of cytokines and secondary mediatoay iiminish
myocardial contractility and cardiac output, andcreased
vascular permeability and endothelial injury caad to theadult
respiratory distress syndromeJltimately, these factors may
conspire to cause the failure of multiple orggwesticularly the
kidneys, liver, lungs, and heart, culminating eath.
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Endotoxin and

other microbial products
Complement Neutrophil and monocyte
activation activation
i A l - Gia 8 ;
Faotor X1 ..:Q@.,f’".. s ¥ i
Dlirfjc:t and - [ — TNF, L1, HMGB1
riclireet
Endothalial actvation Cytokings and
cyiokine-like mediators
Procoagulant Anti-fibrinolyic IL-&, IL-8, MO, FAF, [-10, apopiosis;
reactive oxygen Epecies, sTNFR
tTE tPAL CL
§ TFPI, thrombomoduin | Secondary anti-inflammatary
profein C . mechators
' VAZODILATION [z i |
BT LAR IMCRIEASED PERMEABILITY e IMMUNOSUPPRESSION
HRGMECSLZ {DIC) DECREASED PERFUSION EFFEGTS |
Il = — .;_“ it Fever, dimmished
] o b miyaiandial confractility,
TISSUE ISCHEMIA i metabolic abnomialiies
LY # i

Fig 2.1. Major pathogenic pathways in septic shock. Mi@bproducts
activate endothelial cells and cellular and humelaments of the innate
Immune system, initiating a cascade of events It to end-stage
multiorgan failure. Additional details are given ie text. DIC,
disseminated vascular coagulation; HMGB1, high nitylbgroup box 1
protein; NO, nitric oxide; PAF, platelet activatinfactor; PAI-1,
plasminogen activator inhibitor 1; STNFR, solublslF receptor; TF,
tissue factor; TFPI, tissue factor pathway inhibito

The severity and outcome of septic shock are lidependent upon the
following:

1) Extent and virulence of the infection;

2) The immune status of the host;

3) The presence of other co-morbid conditions;
4) The pattern and level of mediator production.

The multiplicity of factors and the complexity diet interactions that
underlie sepsis explain why most attempts to ieevtherapeutically
with antagonists of specific mediators have beeweoy modest benefit
at best, and may even have had deleterious effecsme cases. The
standard of care remains: Treatment with appraprigdbroad-
spectrum)antibiotics, Intensive insulin therapy figperglycemia, Fluid
resuscitation to maintain systemic pressures, Blogc dose of
corticosteroids to correct relative adrenal insidincy.

Administration of activated protein C (to prevehtambin generation
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and thereby reduce coagulation and inflammationy mave some
benefit in cases of severe sepsis, but this rencansoversial.

Suffice it to say, even in the best of clinical s, septic shock
remains an obstinate clinical challenge.

3.5 The Stages of Shock.

Shock is a progressive disorder that, if uncordieads to death. The
exact mechanism(s) of death from sepsis are sitdlear; aside from
increased lymphocyte and enterocyte apoptosis tisemanly minimal
cell death, and patients rarely have refractory otgpsion. For
hypovolemic and cardiogenic shock, however, thayays to death are
reasonably well understood. Unless the insult issiva and rapidly
lethal (e.g., a massive hemorrhage from a rupta@dic aneurysm),
shock in those settings tends to evolve througkethgeneral (albeit
somewhat artificial) phases:

An initial nonprogressive phasduring which reflex compensatory
mechanisms are activated and perfusion of vitahmmsgs maintained.

A progressive stageharacterized by tissue hypoperfusion and onset of
worsening circulatory and metabolic imbalanceduitiog acidosis.

An irreversible stagehat sets in after the body has incurred cellutet a
tissue injury so severe that even if the hemodyonadefects are
corrected, survival is not possible.

Organ changes in shock:

. Kidneys- Acute tubular necrosis (potentially revieles and acute
cortical necrosis (irreversible)

. Heart- sub-endocardial infarcts

. Adrenals-lipid depletion

. Brain- watershed infarcts

. Liver- paracentral necrosis and perivenular filgosi

. Lungs-hyaline membrane formation

. GIT- haemorrhagic infarcts

3.6 Clinical Consequences

The clinical manifestations of shock depend onpifeeipitating insult.

In hypovolemic and cardiogenic shodke patient presents with
hypotension; a weak, rapid pulse; tachypnea; anal.calammy,

cyanotic skin In septic shockthe skin may initially be warm and
flushed because of peripheral vasodilatiorhe initial threat to life

stems from the underlying catastrophe that preatigut the shock (e.g.,

96



NSC 214 MODULE 3

myocardial infarct, severe hemorrhage, or sepRapidly, however, the
cardiac, cerebral, and pulmonary changes secomdatyck worsen the
problem. Eventually, electrolyte disturbances anetaiolic acidosis
also exacerbate the situation. Individuals who iservthe initial
complications may entera second phase dominated by renal
insufficiencyand marked by a progressive fall in urine outpuivaelf as
severe fluid and electrolyte imbalances.

40 CONCLUSION

Shock is a progressive disorder that, if uncorggcleads to death;
hence appropriatemeasure(s) should be metedraluthat early.

The prognosis varies with the origin of shock atdduration. Thus,
greater than 90% of young, otherwise healthy ptiemth hypovolemic
shock survive with appropriate management; in corepa, septic
shock, or cardiogenic shock associated with extensnyocardial
infarction, can have substantially worse mortaligtes, even with
optimal care.

50 SUMMARY

1) The various categories of shock and clinical sgétiprecipitating
them.

2) The pathogenesis of septic shock, the frequentlyowmered
type, whosecourse is still poorly understood.
3) the stages of shock.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is shock? Enumerate and briefly talk about \thdous
categories ofshock.

2. Describe septic shock. What are the processesvied®|

3. Describe briefly the stages of shock that you Hasened.
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1.0 INTRODUCTION

In adult tissue, the size of cell populations isedmined by the rates of
cell proliferation, differentiation, and death bya@ptosis( Figure 18),
and increased cell numbers may result from eithecreased
proliferation or decreased cell deaftpoptosisas earlier considered,is a
physiologic process required for tissue homeostdsis it can also be
induced by a variety of pathologic stimuli. Diffeteted cells incapable
of replication are referred to a@erminally differentiatedcells. The
impact ofdifferentiationdepends on the tissue under which it occurs: in
some tissues differentiated cells are not replaedde in others they
diebut are continuously replaced by new cells grd from stem cells.
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Priferatio e
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Differentiation
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Fig 1.1 Mechanisms regulating cell populations. Cell nursbean be

altered by increased or decreased rates of stdrmpat, cell death due
to apoptosis, or changes in the rates of proliemaor differentiation.

(Modified from McCarthy NJ et al: Apoptosis in ttkevelopment of the
immune system: growth factors, clonal selection #ati2. Cancer

Metastasis Rev 11:157, 1992.)

2.0 OBJECTIVES

At the end of this unit, you should be able to:

° Give an overview on the control of normal cell jhexration and
tissue growth. Describe the cell cycle and mentfantors

regulating cell replication.

° Define and describe adaptations and other abndresalof
cellular growth and differentiation.

99



NSC 214 MODULE 4

3.0 MAIN CONTENTS
3.1 Control of Normal Cell Proliferation and Tissue Growth

Cell proliferation can be stimulated kphysiologic and pathologic
conditions The proliferation of endometrial cells under egén
stimulation during the menstrual cycle and the aids stimulating
hormone—mediated replication of cells of the thgrthat enlarges the
gland during pregnancy are examples of physiolggioliferation.
Physiologic stimuli may become excessive, creatipgthologic
conditions such asodular prostatic hyperplasigesulting from dihydro-
testosterone stimulation and the developmentanfular goiters in the
thyroid as a consequence of increased serum levels of idhyro
stimulating hormone.

Cell proliferation is largely controlled by signalsoluble or contact-
dependent) from the microenvironment that eithendate or inhibit
proliferation.An excess of stimulators or a deficiency of inbitsiteads
to net growth and, in the case of cancer, uncotegdgrowth.

Tissue proliferative activityThe tissues of the body are divided into
three groups on the basis ofthe proliferative \atyi of their cells: This
time-honored classification should be interpretethée light of recent
findings on stem cells and the reprogramming dfdiéfierentiation.

Continuously dividing (labile tissues), Quiescestable tissues), and
Nondividing (permanent tissues)

Continuously dividing tissuesells proliferate throughout life, replacing
those that are destroyed. These tissues includacsuepithelia, such as
stratified squamous epithelia of the skin, oralitgawagina, and cervix;
the lining mucosa of all the excretory ducts of tiends of the body
(e.g., salivary glands, pancreas, biliary tra¢ig ¢columnar epithelium of
the Gl tract and uterus; the transitional epithaliaf the urinary tract,
and cells of the bone marrow and hematopoietiadissin most of these
tissues mature cells are derived from adiém cells which have a
tremendous capacity to proliferate and whose prpgeay differentiate
into several kinds of cells.

Quiescent tissuesormally have a low level of replication; however,
cells from these tissuescan undergo rapid divisiaesponse to stimuli
and are thus capable of reconstituting the tissbiermin. In this
category are the parenchymal cells of liver, (adie¥adescribed),
kidneys, and pancreas; mesenchymal cells such basbfasts and
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smooth muscle; vascular endothelial cells; and lyogytes and other
leukocytes. The regenerative capacity of stablelscas best
exemplified by the ability of the liver to regentraafter partial
hepatectomy and after acute chemical injury.

Non-dividing tissuesontain cells that have left the cell cycle andnzdn
undergo mitotic division in postnatal life. To tigsoup belong neurons
and skeletal and cardiac muscle cellsadtironsin the central nervous
system are destroyed, the tissue is generallyceglhy the proliferation
of the central nervous system—supportive elemémsglial cells.

Stem cells . Research on stem cells is at the rimreof modern-day
biomedical investigation and stands at the cora afew field called
regenerative medicineThe enthusiasm created by stem cell research
derives from findings that challenge establishedwsg about cell
differentiation, and from the hope that stem celsy one day be used to
repair damaged human tissues, such as heart, lixein, and skeletal
muscle.

3.2 Cell cycle and the Regulation of Cell Replication

Cell proliferation is a tightly regulated procedsmit involves a large
number of molecules and interrelated pathways. Mmdetstand how
cells proliferate during regeneration and repaiis useful to summarize
the key features of the normal cell cycle andetputation.

The replication of cells is stimulated by growtlettas or by signaling
from ECM components through integrinsTo achieve DNA
replication and division, the cell goes through ightty controlled
sequence of events known as tledl cycle The cell cycle consists ofiG
(presynthetic), S (DNA synthesis)2 @remitotic), and M (mitotic)
phases. Quiescent cells that have not entereddtheycle are in the G
state(
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Figure 1.2). Each cell cycle phase is dependerthemroper activation
and completion of the previous one, and

Chromosome duplication /8§

Check for Check for
= o damaged or
G g'p:ﬁeiﬂjﬁg T unduplicated DNA
) i // + \\ | (G2/M checkpoint)
"-'. .I- ;\ : t j.f |
Restriction point— — gy ',a"
) — ‘M Mitosis
Centrosome duplication ; (/f” ==, T il S
Growth i mass 7, =R \ ( n"k i" 7 ="
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S - T cen
WAL Wl L division
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@

FIGURE 1.2. Cell cycle landmarks. The figure shows the celtle
phases (G, G1, G2, S, and M), the location of thel@estriction point,
and the G/S and G2/M cell cycle checkpoints. Cells from labile tissue
such as the epidermis and the GI tract may cycigiraoously; stable
cells such as hepatocytes are quiescent but camn #re cell cycle;
permanent cells such as neurons and cardiac myotwptee lost the

capacity to proliferatgfModified from Pollard TD, Earnshaw WC: Cell
Biology. Philadelphia, Saunders, 2002.)

3.3 Growth factors

The proliferation of many cell types is driven bylypeptides
known as growth factorsThese factors, which can have restricted or
multiple cell targets, may also promote cell sualjiviocomotion,
contractility, differentiation, and angiogenesistidties that may be as
important as their growth-promoting effects.
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TABLE 9. Growth Factors and Cytokines Involved in Regeneration

and Wound Healing

Growth Factor SymbolSource Functions
Epidermal growtlh |[EGF |Platelets, Mitogenic for
macrophages, saliieeratinocytes and
urine, milk, plasma ffibroblasts;
stimulates
keratinocyte
migration and
granulation tissue
formation
Transforming  growtii GF-a Macrophages, Similar to EGF;
factora lymphocytes, stimulates replication
keratinocytes, and  jof hepatocytes and
many tissues most epithelial cells
Heparin-binding HB- |Macrophages, Keratinocyte
EGF EGF |mesenchymal cells [replication
Hepatocyte growth HGF |Mesenchymal cells|[Enhances proliferation
factor/scatter factor of hepatocytes,
epithelial cells, an
endothelial cells;
increases cell motility,
keratinocyte
replication
Vascular  endotheliMEGF |Many types of cells| Increases vascular
Cell growth factar permeability
(isoforms A, B, C, mitogenic fo
D) endothelial cells (see
Table 3-3 );
angiogenesis
Platelet-derived PDGF | Platelets, Chemotactidor PMNs
growth factor macrophages, macrophages,
(isoforms A, B, G, endothelial cells, ffibroblasts, an
D) keratinocytes, smoo#mooth muscle cells;
muscle cells activates PMNS,
macrophages, and
fibroblasts; mitogenic
for fibroblasts,
endothelial cells, ar
smooth muscle cells;
stimulates productic
of MMPs
fibronectin, and
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HA: stimulates
angiogenesis
wound contraction

and

Fibroblast growt
Factor 1 (acidic),
(basic), and family

FGF
2

Macrophages,
cells, T lymphocyte
endothelial cells,
fibroblasts

maShemotactic

fa
fibroblasts; mitogen
for fibroblasts and
keratinocytes;
stimulates

-

keratino
migratior,
wou

cyte
angiogenesis,

contraction, and
matrix deposition

Transforming  growt
factorp (isoforms 1,

TGFp

Platelets, T

lymphocytes,

Chemotactic fc
PMNs, macrophage
lymphocytes,
fibroblasts,
smooth

and
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2, 3); other members macrophages, muscle cells; stimulates TIMP

of the family are endothelial cellsjsynthesis, angiogenesis, And

BMPs and activin keratinocytes, smoothfibroplasiajnhibits production of
Muscle cells, | MMPs and keratinocyte proliferatjon
Fibroblasts

Keratinocyte growthl KGF | Fibroblasts Stimulates keratinocyte migration,

Factor (also called proliferation and differentiation

FGF-7)

Tumor necrosis TNF  |[Macrophages,mast |Activates macrophages; regulates other

Factor cells, T lymphocytesytokines; multiple functions

Modified from Schwartz Sl: Principles of SurgerngwYork, McGraw-
Hill, 1999.

BMP, bone morphogenetic proteins; HA, hyalurondPs, matrix
metalloproteinases; PMNSs, polymorphonuclear leutex;yTIMP, tissue
inhibitor of MMP.

3.4. Abnormalities of Cellular Growth and Differentiation

Adaptations are reversible changes in the size, beumphenotype,
metabolic activity, or functions of cells in resgento changes in their
environment. Such adaptations may take severahdigorms.

3.5 Hypertrophy

This refers to amncrease in the size of cells, resulting in an ease in
the size of the orgariThe hypertrophied organ has no new cells, just
larger cells. The increased size of the cells is thuthe synthesis of
more structural components of the cells. Cells bbkgpaf division may
respond to stress by undergoing both hyperplagsc(tbed below) and
hypertrophy, whereas in nondividing cells (e.g., osardial fibers)
increased tissue mass is due to hypertrophy. Iryroegans hypertrophy
and hyperplasia may coexist and contribute to ased size.

Hypertrophy can bephysiologic or pathologic and is caused by
increased functional demand or by stimulation byruanes and growth
factors.

Hypertrophy is the result of increased productidncellular proteins
The striated muscle cells in the heart and skelatascles have only a
limited capacity for division, and respond to irmsed metabolic
demands mainly by undergoing hypertrophlge most common stimulus
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for hypertrophy of muscle is increased worklodébr example, the
bulging muscles of bodybuilders engagedpumping irml result
from an increase in size of the individuatuscle fibers in
response to increased demand. In the heart,ithelss for hypertrophy
iIs usually chronic hemodynamic overload, resultifpm either
hypertension or faulty valves.

3.6 Hyperplasia

This is an increase in the number of cells in agaor or tissue, usually
resulting in increased mass of the organ or tislthough hyperplasia
and hypertrophy are distinct processes, frequah#y occur together,
and they may be triggered by the same externalukisn Hyperplasia

takes place if the cell population is capable ofiding, and thus

increasing the number of cellslyperplasia is the result of growth
factor—driven proliferation of mature cells and, some cases, by
increased output of new cells from tissue stens.dédilperplasia can be
physiologic or pathologic.

Physiologic hyperplasia can be divided into: (1Ihormonal hyperplasia
which increases the functional capacity of a tissuleen needed
(exemplified by breast tissue growth at puberty dumihg pregnancy)
and (2) compensatory hyperplasiahich increases tissue mass after
damage or partial resection (e.qg. liver tissuesabler mentioned).

Pathologic Hyperplasia are caused bgxcesses of hormones or growth
factorsacting on target cells. Endometrial hyperplasiansexample of
abnormal hormone-induced hyperplasia. Although ehdésrms of
hyperplasia are abnormal, the process remainsal@urbecause there
are no mutations in genes that regulate cell digisand the hyperplasia
regresses if the hormonal stimulation is eliminat&d is discussed in
Chapter 7 , in cancer the growth control mechanispesome
dysregulated or ineffective because of geneticrabens, resulting in
unrestrained proliferatiorthus, hyperplasia is distinct from cancer, but
pathologic hyperplasia constitutes a fertile saill which cancerous
proliferation may eventually arise For instance, patients with
hyperplasia of the endometrium are at increasdd fos developing
endometrial cancer.

3.7 Atrophy
Atrophy is reduced size of an organ or tissue tesylifrom a decrease
in cell size and numberAtrophy results from decreased protein

synthesis and increased protein degradation inscéltrophy can be
physiologic or pathologic.
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Physiologic atrophy is common during normal development. Some
embryonic structures, such as the notochord andogiyssal duct,
undergo atrophy during fetal development. The @elgso decreases in
size shortly after parturition.

Pathologic atrophy depends on the underlying cause and can be local or
generalized. The common causes of atrophy are tiewing:
Decreased workload (atrophy of disus&yhen a fractured bone is
immobilized in a plaster cast or when a patienesricted to complete
bedrest, skeletal muscle atrophy rapidly ensues.ifiitial decrease in
cell size is reversible once activity is resumédss of innervation
(denervation atrophy)

Diminished blood supplyln late adult life, the brain may undergo
progressive atrophy, mainly because of reduceddosopply as a result
of atherosclerosis ( Fig. 20B ). This is callsénile atrophy it also
affects the heart.

Fig 1.3 Atrophy. A, Normal brain of a young adult. B, aphy of the

brain in an 82-year-old male with atherosclerotierebrovascular
disease, resulting in reduced blood supply. Now& tbss of brain

substance narrows the gyri and widens the sulogé Meninges have
been stripped from the right half of each specitwereveal the surface
of the brain.

Inadequate nutritionProfound protein-calorie malnutrition (marasmus)

Is associatedwith the use of skeletal muscle ssuece of energy after
other reserves such as adipose stores have beletedep
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Loss of endocrine stimulation, €lf@pe loss of estrogen stimulation after
menopause results in physiologic atrophy of theoer&trium, vaginal
epithelium, and the breast.

Pressure Tissue compression for any length of time canseau
atrophy. An enlarging benign tumor can cause afroph the
surrounding uninvolved tissues. Atrophy in thistisgtis probably the
result of ischemic changes caused by compromigbeoblood supply
by the pressure exerted by the expanding mass.

3.8 Differentiation and Anaplasia

Differentiation refers to the extent to which negpic parenchymal
cells resemble the corresponding normal parenchymells, both
morphologically and functionally; lack of differeation is called
anaplasia

Malignant neoplasms that are composed of poorlieihtiated cells
are said to beanaplastic Lack of differentiation, or anaplasia, is
considered a hallmark of malignanchhetermanaplasialiterally means
-to form backward,implying a reversal of differentiation to a

more primitive level. It is believed, however, tmadst

cancersdo not representreversedifferentiationl of maturenormalcells

but,in fact,

arise from less mature cells with -stem-cell-lilel properties,such as
tissuestem

Cells

3.9 Metaplasia

Metaplasia is a reversible change in which oneedéhtiated cell type
(epithelial or mesenchymal) is replaced by anothell type It may
represent an adaptive substitution of cells thatsansitive to stress by
cell types better able to withstand the adversé&emment.

The most common epithelial metaplasiaatumnarto squamous

( Figure 21 ), as occurs inthe respiratory tractasponse to chronic
irritation. In the habitual cigarette smoker, tr@mal ciliated columnar
epithelial cells of the trachea and bronchi arerofeplaced by stratified
squamous epithelial cells. Stones in the excretimgts of the salivary
glands, pancreas, or bile ducts may also causac&plent of the normal
secretory columnar epithelium by stratified squash@pithelium. A

deficiency of vitamin A (retinoic acid)induces sgoous metaplasia in
the respiratory epithelium. In all these instandbe more rugged
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stratified squamous epithelium is able to surviadar circumstances in
which the more fragile specialized columnar epithal might have
succumbed.

However, the change to metaplastic squamous aaftes with a price.
In the respiratory tract, for example, although thgithelial lining

becomes tough, important mechanisms of protecig@amnat infection—
mucus secretion and the ciliary action of the caolamepithelium—are
lost. Thus, epithelial metaplasia is a double-edg@drd and, in most
circumstances, represents an undesirable changeeoWar, the

influences that predispose to metaplasia, if pé&esis may initiate
malignant transformation in metaplastic epitheliuirhus, a common
form of cancer in the respiratory tract is composédquamous cells,
which arise in areas of metaplasia of the norméimoar epithelium
into squamous epithelium.

e | s
Basement MNormal Squamous
membrane columnar metaplasia

epithelium

Fig 1.4 Metaplasia of columnar to squamous epithelium. A,
Schematic diagram. B, Metaplasia of columnar efiithe (left) to
squamous epithelium (right) in a bronchus.

3.10 Dysplasia

This literally means disordered growth. Dysplasiiero occurs in
metaplastic epithelium, but not all metaplastic tlegdium is also
dysplastic. Dysplasia is encountered principallyeipithelia, and it is
characterized by a constellation of changes thelude a loss in the
uniformity of the
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individual cells as welasin their architectural orientation

a loss Dysplastic cells exhibit
considerable often contain large hyperchromatic nuclei
pleomorphism and with a high

nuclear to-cytoplasmic ratio. The architecture bé ttissue may be
disorderly. For example, in squamous epitheliumubeal progressive
maturation of tall cells in the basal layer to thaied squames on the
surface may be lost and replaced by a scramblinglavk basal-
appearing cells throughout the epithelium. Mitofigures are more
abundant than usual, although almost invariably thave a normal
configuration. Frequently, however, the mitoses eappin abnormal
locations within the epithelium. For example, insdlastic stratified
squamous epithelium, mitoses are not confined ¢obidwsal layers but
instead may appear at all levels, including surfaaks. When dysplastic
changes are marked and involve the entire thickoédse epithelium
but the lesion remains confined by the basement breme, it is
considered a preinvasive neoplasm and is refegesktarcinoma in
situ. Once the tumor cells breach the basement membitaméumor is
said to banvasive Dysplastic changes are often found adjacent ¢o fo
of invasive carcinoma, and in some situations, sashin long-term
cigarette smokers and persons with Barrett esoghagwvere epithelial
dysplasia frequently antedates the appearance wéecaHowever,
dysplasia does not necessarily progress to cancer

4.0 CONCLUSION
This unit shows that the characterization of tissgwth and

differentiation helps to determine, to a large ektthe potential for
carcinogenesis.

5.0 SUMMARY

The factors involved in the control of normal celloliferation and
tissue growththe cell cycle and the regulatiocalf replication

The numerous growth factors involved in cell regiion. Abnormalities
of cellular growth and differentiation.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and describe the three groups of body tissues.

2. List ten growth factors that you know. List theainttions.

3 With the aid of an illustration/diagram, briefly steibe the cell
cycle.

4. Briefly describe the abnormalities of cellular gtbwand

differentiation that you know.
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1.0 INTRODUCTION

Cancer is the second leading cause of death itJitied States; only
cardiovascular diseases exact a higher toll. Everemagonizing than
the mortality rate is the emotional and physicdfesing inflicted by
neoplasms. Patients and the public often a¥khen will there be a
cure for cana® The answer to this simple question is cli,
because cancer is not one disease but many disotdat share a
profound growth dysregulation. Some cancers, sush Hodgkin
lymphoma, are curable, whereas others, such as rqaitc
adenocarcinoma, have a high mortality.

The only hope for controlling cancer lies in leagnimore about its
cause and pathogenesis, and great strides have beale in

understanding its molecular basis. Indeed, somedgonews has
emerged: cancer mortality for both men and womethénUnited States
declined during the last decade of the twentietimtwwy and has
continued its downward course in thes'2dentury. The role of the
nurse clinician in the management of a cancer mpateannot be
overemphasized! A clear understanding of the pssgoa of the disease
and the sensitivity to the need of the patientiedron the platform of
empathy, is a sine qua none.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

Define the term neoplasm and other synonyms.

Differentiate between benign and malignant tumours.
Describe the molecular basis of cancer.

Discuss the impact of oncogenes, tumour-suppregsoes and
failure ofapoptosis in carcinogenesis

Enumerate carcinogenic agents and their rolesroirzaenesis.
. Describe host defense mechanisms against cancer.

. Discuss the clinical aspects of neoplasia.

3.0 MAIN CONTENTS

3.1 Nomenclature

Neoplasiameans—new growth, and a new growth is calledeoplasm.
Tumouroriginally applied to the swelling caused by infiaiation, but
the non-neoplastic usage toimor has almost vanished; thus, the term is
now equated with neoplasmncology (Greek oncos= tumor) is the
study of tumors or neoplasms.

According to the eminent British oncologist, Rupext Willis, -a
neoplasm “is an abnormal mass of tissue, the graftivhich exceeds
and is uncoordinated with that of the normal tissaed persists inthe
same excessive manner after cessation of the stivhidh evoked the
change”. James Ewing’s definition is thda neoplasm is a relatively
autonomous growth of tissue”.

The persistence of tumours, even after the incishgulus is gone,
results fromgenetic alterations that are passed down to thegeny of
the tumour cells. These genetic changes allow ek&sand
unregulated proliferation that becomes autonomoumlgpendent of
physiologic growth stimulj) although tumours generally remain
dependent on the host for their nutrition and blsopply.

A tumour is said to be benign when its microscopicd gross
characteristics are considered relatively innocenplying that it will
remain localized, it cannot spread to other siteg] it is generally
amenable to local surgical removal; the patientegaty survives. It
should be noted, however, that benign tumours cadyce more than
localized lumps, and sometimes they are responfibkeerious disease.
Malignant tumours are collectively referred tocasmcers derived from

the Latin word forcrab, because they adhere to any part that they seize

113



NSC 214 MODULE 4

on in an obstinate manner, similarto a crsllalignant as applied to a
neoplasm, implies that the lesion can invade anstralfy adjacent
structures and spread to distant sites (metasjasizeause death. Not
all cancers pursue so deadly a course. Some arevdiged early and are
treated successfully, but the designatioalignantalways raises a red
flag.

CHARACTERISTICS/PROPERTIES OF MALIGNANT CELLS

Increased nucleo-cytoplasmic ratio

Nuclear hyperchromasia

Increase in the amount of the nuclear chromatin

Irregularity in chromatin distribution such thateth appear in

clumps or appear unevenly granular.

There is loss of the normal reticular appearaneg¢ i seen in

benign cells.

6 Anisokaryosis

7. Anisocytosis

8. Increased size and prominence of the nucleoli

9. Multinucleation

10. Abnormal mitotic figures

11. Anaplasia

12. Abnormal or irregular staining patterns of the muctuch as
having hyperchromasia and hypochromasia

13. Nuclear membrane may demonstrate irregular outtineh as
crenation, lobulation, elongation and spindle €hap

14. Nuclei may appear vesicular

15. Metastases

PoNE

o

The histomorphological basis of the nomenclature oftumours
(Principles of tumour nomenclature)

1. Histogenesis of the tumour: the cell of origin

2. The number of the different types of cells représgnmixed
tumours or derivatives of the three germ layers

3. The growth patterns: finger-like or papillary, ppbd,
endophytic (invaginating), exophytic

4. The presence of cyst as a fundamental componenthen
evolution of the tumour.

5. The substances produced by the tumour e.g mucilapme

6. The presence of uniqgue and preponderant component e
psammoma, giant cells

7. The organ of origin

8. Nature of the tumour by its known and predictabieldgical

behaviour: benign or malignant

114



NSC 214 GENERAL AND CELLULAR PATHOLOGY

9. Arrangement of tumour cells: preserved organizatiofobules
or presence or otherwise of surrounding stromasion (note
infiltrative manner in the stroma)

10. Absence or presence of metastasis

11. Named after discoverer: eponymous tumours

12. The degree of differentiation

13. Cytogenetics/inherent molecular characteristics

Important features to note about the cell in orderto determine the
exact name and nature of a tumour

The key to identifying tumours and properly namihgm right is to get
the cell type right. Whatever the grade and stagily be flawed
without getting the identity of the tumour rightvéty cell has its unique
morphology and this uniqueness of structural cambgon in
resplendent morphology, confers on them sub-speaiain and affords
them exigent and expedient physiological functiona distinct manner
which may be sub-optimal due to various patholagi€se facts known
about the cells also enables the pathologist tdoexghe features that
betrays their pathologies. No cell in normal tissig a liability in the
body. Even the appendix is a necessary appendageldem with the
appendix certainly calls attention to its presence.

1. The cytomorphology — what cell type known in thepaloes the
cell remind us of or is it undifferentiated?

2. The peculiar arrangement of the tumour cells — Veldbpattern,
Zellballen, storiform pattern, herringbone patteta

3. The location (primary location)

4. The progression in its local environment e.g pughiborders,
invasion

5. Cytogenetics/inherent molecular characteristicst tthetermine

the ultimate biological behaviour. The genetic pialp of cells

determines what they are essentially, what thégreéntiate into

and their ultimate behaviour.

The growth pattern —exophytic or endophytic

The association — what other clinical conditionspathological

conditions accompany the lesion?

N
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3.2 Characteristics of benign and malignant tumours

TABLE 10. Comparisons between Benign and Malignantumors

Characteristics

Benign

Malignant

Differentiation/anaplasia

Well differentiated;structure
sometimes typical of tissue ¢
origin

Some lack of differentiation wi
dnaplasia; structure often atypic

Rate of growth

Usuallyprogressive and slow;
may come to a standstill or
regress; mitotic figures rare ar
normal

Erratic and may be slow to rapi
mitotic figures may be numerot
d and abnormal

Local invasion

Usually cohesive expansile we
demarcated masses that do n
invadeor infiltrate surrounding
normal tissues

Dt

Locally invasive, infiltrating
surrounding tissmeetimes
may be seemingly cohesive an

expansile

Metastasis

Absent

Frequently present; the larger ar
more  Undifferentiatedhe
primary the more likely are
metastases

Fallopian tube

BENIGN
(Letomyoma)

Moninvasive
Monmetastatic

Srmall
Well demarcated
Slow growing

Example

Well differentiated

Endometrium

Lange:
Poorfy demarcated
Rapidly growing with

MALIGNANT
(Lelomyosarcoma)

hemeorrhage and necrosis

Locally invasive
Ietastatic
Poorly differentiated

FIGURE 2.1 Comparison between a benign tumor of the myometrium

(leiomyoma)

and a malignant tumor

(leiomyosarcoma).

116

of the same aorigi

|®N

h

IS

d

d



NSC 214 GENERAL AND CELLULAR PATHOLOGY

3.4 Molecular basis of cancer

3.4  Principles involved in the molecular basis of cance

1). Nonlethal genetic damage lies at the hedrcarcinogenesis
Such genetic damage (or mutation) may be acqbydte action
of environmental agents, such as chemicals, iadjabr viruses,
or it may be inherited in the germ line. The tegnvironmental
used in this context, involves any acquired defemtised by
exogenous agents or endogenous products of celbawiesm.

2) A tumour is formed by the clonal expansion of aglsin
precursor cell that hasincurred genetic damage. (tumors are
monoclonal).

3) Five classes of normal regulatory genes are thengppal
targets of geneticdamage:

I the growth-promoting proto-oncogenes,

. the growth-inhibiting tumour suppressor genes,
iii. genes that regulate cell death (apoptosis),

V. genes involved in DNA repair.

V. the metastatic genes.

4) Carcinogenesis is a multistep process at both thenptypic
and the genetic levels, resulting from the accammmh of
multiple mutations.

3.5 Essential alterations for malignant programmed
transformation

Over the past two decades, hundreds of canceriatstbgenes have
been discovered. Some, such @3 are mutated in many different
cancers; others, such ABL1, are affected only in one or few. Each of
the cancer-associated genes has a specific funtierdysregulation of
which contributes to the origin or progression oélignancy. It is
traditional to describe cancer-associated geneghenbasis of their
presumed function. It isbeneficial, however, togider cancer- related
genes in the context a¢feven fundamental changes in cell physiology
that together determine malignant phenoty@aother importantchange
for tumour development Bscape from immune attack)

The seven key changes are the following:

. Self-sufficiency in growth signal¥umours have the capacity to
proliferate without external stimuli, usually ascansequence of
oncogenes’ activation.

. Insensitivity to growth-inhibitory signalsTumours may not
respond to molecules that are inhibitory to thelifaration of
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normal cells such as transforming growth fagtor

(TGF-ﬁ) and direct inhibitors of cyclin-dependent kina@éBKIs).
Evasion of apoptosisTumours may be resistant to programmed
cell death, as aconsequence of inactivatigpb3for activation of
anti-apoptotic genes.

. Limitless replicative potentialTumour cells have unrestricted
proliferative capacity, avoiding cellular senesmerand mitotic
catastrophe.

. Sustained angiogenesiSumour cells, like normal cells, are not

able to grow without formation of a vascular syppb bring
nutrients and oxygen and remove waste productscéjeumours
must induce angiogenesis.

. Ability to invade and metastasiz&umour metastases are the
cause of the vast majority of cancer deaths angerke on
processes that are intrinsic to the cell or argated by signals
from the tissue environment.

. Defects in DNA repairTumours may fail to repair DNA damage
caused by carcinogens or incurred during unregdlatellular
proliferation, leading to genomic instability amdutations in
proto-oncogenes and tumor suppressor genes.

Mutations in one or more genes that regulate tloedlalar traits are
seen in every cancer. However, the precise gepatltways that give
rise to these attributes differ between individcehcers, even within the
same organ. It is widely believed that the occuweenf mutations in
cancer-related genes is conditioned by the robsstaethe DNA-repair
machinery, as well as protective mechanisms suclapagptosis and
senescence that prevent the proliferation of ogith damaged DNA.
Indeed, recent studies in a variety of human tusmiauch as melanoma
and prostate adenocarcinoma, have shown that oneegduced
senescence, wherein mutation of a proto-oncogenesdrcells into
senescence rather than proliferation, is an impolarrier to
carcinogenesis.
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Acquired (environmental) DNA damaging agents:
« Chemicals
= Hadiation
= Viruses

MNORMAL CELL

Successful DMA repair

I._

DA Damage
Faiure ot
BNA repair Inherited mutations in:
I‘ = Senes affacting
DhA repair

= Genes alfecting cell

Muzations in arawth or apoptosis

the gencme
of somatic calls
1
Activaftion of Inactivation of Alerations in
growih-promotieg humor supprassar genes that
SOCOgENes genes regulsate apoptosis
—— I
[ Unregudated cell proliferation | | Dacrassed apoptosis
[ ]

| Clonal expansion |

-‘—| Additional mulations ]

Ezcape fram fp——————m—
irm ity *
| Tumor progréssion |

[ Malignant neoplasm |

| Invasion and metastasis |

FIGURE 2.2 Flowchart depicting a simplified scheme of the noalar
basis of cancer.

SELF-SUFFICIENCY IN GROWTH SIGNALS: QNCOGENES
Genes that promote autonomous cell growth in caoebs are called
oncogenesand their unmutated cellular counterparts aréedairoto-
oncogenesOncogenes are created by mutations in proto-aregyand
are characterized by the ability to promote cedvgh in the absence of
normal growth-promoting signals. Their productd)ezhoncoproteins
resemble the normal products of proto-oncogenesepxcthat
oncoproteins are often devoid of important intenegjulatory elements,
and their production in the transformed cells dogisdepend on growth
factors or other external signals.
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Table 11. Selected Oncogenes, Their Mode of Activah, and
Associated Human Tumours

Pr
Category - o Mode ofl/Associated Human Tumour
oncogene Activation
GROWTH FACTORS
PDGF4{ chain SIS (official |Over expression| Astrocytoma
namePBGFB Osteosarcoma
Fibroblastgrowth  |HST! Over expression| Stomach cancer
factors INTZ2 (official |Amplification Bladder cancer
nameFGF3) Breast cancer
Melanoma
TGF-a TGFA Over expression | Astrocytomas
Hepatocellular carcinomas
HGF HGF Over expression| Thyroid cancer

GROWTH FACTOR RECEPTORS

EGF-receptor family

ERBB:!

Over expression

Squamous cell carcinoma of lung

(EGFR), Gliomas

ERRB:
FMS-like tyrosine |FLT3 Amplification Breast and ovarian cancers
kinase 3
Receptorfor RET Point mutation Leukemia

neurotrophic factors

Point mutation

Multiple endocrine neoplasia
and B, familial medullary thyroi
carcinomas

2A

|

PDGF receptor

PDGFRE

translocation

Over expressionGliomas, leukemias

Receptorfor stem
cell (steel) factor

KIT

Point mutation

Gastrointestinal stromal tumour
seminomas, leukemias

v

PROTEINS INVOLVED IN SIGNAL TRANSDUCTION

GTP-binding

KRAS

Point mutation

Colon, lung, and pancreatic tumor

[%2]

HRAS

Point mutation

Bladder and kidney tumors
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NRAS Point mutation | Melanomas, hematologic
malignancies

Nonreceptc tyrosine ABL Translocation Chronic myeloid leukemia
kinase Acute lymphoblastic leukemia
RAS signal | BRAF Point mutation | Melanomas
transduction
WNT  signal B-catenin Point mutation |Hepatoblastomashepatocellular
transduction Over expression carcinoma

NUCLEAR-REGULATORY PROTEINS

()

Transcriptional avycC Translocation Burkitt lymphoma
activators N-MYC Amplification Neuroblastomi: small-cell
carcinoma of lung
L-MYC Amplification Small-cell carcinoma of lung
CELL CYCLE REGULATORS
Cyclins Cyclin D Translocation Mantle cell lymphoma
Amplification Breast and esophageal cancer
Cyclin E Over expression| Breast cancer
Cyclin-dependent |(CDK4 Amplification or |Glioblastoma, melanoma, sarcom

kinase

point mutation

Insensitivity to growth inhibition and escape from senescence:

tumour

suppressor genes.

Failure of growth inhibition is one of the fundanamalterations in the

process of carcinogenesis. Whereas oncogenesttiavaroliferation of
cells, the products ofumour suppressor genes apply brakes to cell
proliferation. It has become apparent that the tumor supprgseteins
form a network of checkpoints that prevent uncdtgdogrowth. Many
tumor suppressors, such as RB and p53, are partegulatory network
that recognizes genotoxic stress from any sourod, r@sponds by
shutting down proliferation.
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Table 12. Selected Tumor Suppressor Genes Involved Human

Neoplasms
TumoursAssociated TumorsAssocated
Subcellular with Somatic |with  Inherited
Locations  |Gene Function Mutations Mutations
Cell surface | TGH Growth inhibition/Carcinomas of Unknown
receptor colon
E-cadherin/Cell adhesion Carcinoma of Familial  gastric
stomach cancer
Inner aspeatfNF1 Inhibition ofiNeuroblastome Neurofibromatosi
plasmi RA type 1 and sarcomas
membrane S signa
transductioand of
p21 cell
cycle inhibitor
Cytoskeleton INF2 Cytoskeletal Schwannomas  aliMeurofibromatosi
stability meningiomas type 2, acoustic
schwannomas, and
meningiomas
Cytosol APC/B- Inhibition ofiCarcinomas (Familial adenomatous
catenin  [signaltransductigstomach, colon, |polyposi¢ coli/color
pancrea: cancer
melanoma
PTEN PI3 kinase Endometrial and Cowden syndrome
signal prostat cancers
transduction
SMAD2 [TGFJ Colon, pancreddnknown
and signatumors
SMAD4 (transduction
Nucleus RB1 Regulation of celRetinoblastoma; |Retinoblastomas,
cycle Osteosarcoma Osteosarcoma
carcinomas of
breast, colon, lung
p53 Cell cycle arred¥ost human [Li-Fraumeni
andapoptosis in |cancers syndrome; multiple
response to DNA carcinomas and
damage sarcomas
WT1 Nuclea Wilms' tumor Wilms' tumor
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P16/INK4¢ |Regulation of cell

Pancreatic breast,

cycle by inhibition

and esophageal

Malignant melanome

|

BRCA:

of cyclindependenicancers
kinases
BRCA: and [DNA repair Unknown Carcinomas of femal

breast and ovary;
carcinomasof male

3%

breast

P13 kinase, phosphatidylinositol 3-kinase.

Evasion of Apoptosis

Accumulation of neoplastic cells may result notyoflnbm activation of
growth-promoting oncogenes or inactivation of griowstppressing
tumor suppressor genes, but also from mutationshé genes that
regulate apoptosis. Thus, apoptosis representsrreertbéhat must be
surmounted for cancer to occur. In the adult, dedth by apoptosis is a
physiologic response to several pathologic conadtiadhat might
contribute to malignancy if the cells remained V@abA cell with
genomic injury can be induced to die, preventing #tcumulation of
cells with mutations. A variety of signals, rangifgm DNA damage
to loss of adhesion to the basement membrane (teemeikig, can
trigger apoptosis. A large family of genes thatutate apoptosis has
been identified. Before we can understand how tummlis evade
apoptosis, it is essential to review briefly thedhemical pathways to

apoptosis.

Angiogenesis

Even with all the genetic abnormalities discusskdva, solid tumors
cannot enlarge beyond 1 to 2 mm in diameter unlibey are
vascularized. Like normal tissues, tumors requieévdry of oxygen
and nutrients and removal of waste products; prablyrthe 1- to 2-mm
zone represents the maximal distance across whigbeo, nutrients,
and waste can diffuse from blood vessels. Cancks can stimulate
neo-angiogenesis, during which new vessels sprmm fpreviously
existing capillaries, or, in some cases, vasculegesn in which
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endothelial cells are recruited from the bone marroTumour

vasculature is abnormal, however. The vesselsale/land dilated, and
have a haphazard pattern of connection. Neovasati@n has a dual
effect on tumour growth: perfusion supplies neededrients and
oxygen, and newly formed endothelial cells stimml#ite growth of
adjacent tumour cells by secreting growth factstgsh as insulin-like
growth factors (IGFs), PDGF, and granulocyte-mabege colony-

stimulating factor.

Angiogenesis is required not only for continued eumgrowth but also
for access to thevasculature and hence for msisstangiogenesis is
thus a necessary biologic correlate of malignancy

Invasion and Metastasis

Invasion and metastasis are biologic hallmarks afignant tumours.
They are the major cause of cancer-related moybaditt mortality and
hence are the subjects of intense scrutiny. Studi@sice and humans
reveal that although millions of cells are releag®d the circulation
each day from a primary tumour, only a few metasase produced.

Indeed, tumour cells can be frequently detectatierblood and marrow
of patients with breast cancer who have not, anchatoever, develop
gross metastatic disease. Why is the metastaticepsoso inefficient?
Each step in the process is subject to a multibfdsontrols; hence, at
any point in the sequence the breakaway cell magumwive.

Fig 2.3 The metastatic cascade. Sequential steps involmedhe
hematogenous spread of a tumor.

3.4 Carcinogenic Agents and Their Cellular Interations

More than 200 years ago the London surgeon SinRerfeott correctly
attributed scrotal skin cancer in chimney sweepshtonic exposure to
soot. Based on this observation, the Danish ChimBegeps Guild
ruled that its members must bathe daily. No puhdéalth measure since
that time has achieved so much in the controlfof@ of cancer.
Chemical carcinogenesis

Some of the major agents are presented in Tableelldw.
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TABLE 13. Major Chemical Carcinogens

DIRECT-ACTING CARCINOGENS

Alkylating Agents

B-PropiolactoneDimethyl sulfateDiepoxybutane
Anticancer drugs (cyclophosphamide, chlorambuditpgaoureas, and others

)

Acylating Agents

1-Acetyl-imidazole Dimethylcarbamyl chloride

PROCARCINOGENS THAT REQUIRE METABOLIC ACTIVATION

Polycyclic and Heterocyclic Aromatic Hydrocarbons

Benzf]anthracene Benza]pyrene Dibenz,hjanthracene 3t

Methylcholanthrene
7,12-Dimethylbenz]anthracene

Aromatic Amines, Amides, Azo Dyes

2-Naphthylaminef{-naphthylamine)

Benzidine
2-Acetylaminofluorene

|Dimethy|aminoazobenzene (butter yellow)

Natural Plant and Microbial Products
Aflatoxin B1

G

INatural Plant and Microbial Products |
platoxinBs
ALLLL I—————

riseofulvinCycasin Safrole Betel nuts
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Others

Nitrosamin¢and amides
Vinyl chloride, nickel, chromium Insecticides, fuogles Polychlorinated
|biphenyls

Steps Involved in Chemical Carcinogenesis

As discussed earlier, carcinogenesis is a multistepess. This is most
readily demonstrated in experimental models of adbam
carcinogenesis, in which the stages of initiatiod @rogression during

cancer development were first descrilgleécli(.s] The classic experiments
that allowed the distinction between initiation apdomotion were

performed on mouse skin and are outlined in Figarél . The

following concepts relating to the initiation-protitm sequence have
emerged from these experiments:

. Initiation results from exposure of cells to a sufficient dosa
carcinogenic agent (initiator); an initiated csllaltered, making
it potentially capable of giving rise to a tumgrqups 2 and 3).
Initiation alone, however, is not sufficient fomar formation

(group 1).

. Initiation causes permanent DNA damage (mutations)is
therefore rapid andirreversible and has —memory.l This is
illustrated by group 3, in which tumors were proeld even if the
application of the promoting agent was delayed f&®veral
months after a single application of the initiator

. Promoters can induce tumors in initiated cells, lhey are
nontumorigenic by themselv@goup 5). Furthermore, tumors do
not result when the promoting agent is appliestsefrather than
after, the initiating agent (group 4). This ind&s that,in
contrast to the effects of initiators, the cellutdanges resulting
from the application of promoters do not affectdMirectly and
are reversible As discussed later, promoters enhance the
proliferation of initiated cells, an effect thaagncontribute to the
development of additional mutations in these cellbat the
effects of promoters are reversible is further wnented in
group 6, in which tumors failed to develop in imi¢d cells if the
time between multiple applications of the promoteas
sufficiently extended.
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Group 1 @l
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Group 6 x T ¥ ¥ ¥ T ¥ ¥ Y @l

' Time s =
X = Application of initiator Y = Application of promoter
(polycyclic hydrocarbon) (Croton oil)

FIGURE 2.4. Experiments demonstrating the initiation and prton

phases of carcinogenesis in mice. Group 2: apmicabf promoter
repeated at twice-weekly intervals for several rhentGroup 3:
application of promoter delayed for several mordinsl then applied
twice weekly.

Group 6: promoter applied at monthly intervals.

Direct-Acting Agents. They require no metabolic zersion to become
carcinogenic. Most of them are weak carcinogens drat important
because some are cancer chemotherapeutic drugs Adkylating
agents) that have successfully cured, controlledelayed recurrence of
certain types of cancer (e.g., leukemia, lymphormaad ovarian
carcinoma), only to evoke later a second form afcea, usually acute
myeloid leukemia.

Indirect-Acting Agents. The designatiamdirect-acting agentefers to
chemicals that require metabolic conversion tcullimate carcinogen
before they become active. Some of the most poteltect chemical
carcinogens—the polycyclic hydrocarbons—are preseriossil fuels.
Others, for example, ben&ajpyrene and other carcinogens, are formed
in the high-temperature combustion of tobacco ga@tte smoking.
These products are implicated in the causation wigl cancer in
cigarette smokersPolycyclic hydrocarbons may also be produced from
animal fats during the process of broiling meatsl ame present in
smoked meats and fish. The principal active praduict many
hydrocarbons are epoxides, which form covalent ersdi@ddition
products) with molecules in the cell, principallyNB, but also with
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RNA and proteins.Radiation Carcinogenesis Radaetrgy, whether in
the form of the UV rays of sunlight or as ioniziegctromagneticand
particulate radiation, is a well-established cawgen. UV light is clearly
implicated in the causation of skin cancers, andizing radiation

exposure from medical or occupational exposure, leanc plant

accidents, and atomic bomb detonations has prodaceriety of

cancers. Although the contribution of radiation ttee total human
burden of cancer is probably small, the well-kndatency of damage
caused by radiant energy and its cumulative effequire extremely
long periods of observation and make it difficudt dscertain its full
significance. An increased incidence of breast eantas become
apparent decades later among women exposed duhidha@od to

atomic bomb tests.

Ultraviolet Rays

There is ample evidence from epidemiologic studiest UV rays
derived from the sun cause an increased incidehcggqwamous cell
carcinoma, basal cell carcinoma, and possibly nosten of the skin.
The degree of risk depends on the type of UV rélys, intensity of
exposure, andthe quantity of the light-absaybiprotective mané
of melanin in the skin. Persons of Europeagio who have fair
skin that repeatedly becomes sunburned but stdywaftises totan and
who live in locales receiving a great deal of sgimli(e.g., Queensland,
Australia, close to the equator) have among thkdsgincidence of skin
cancers (melanomas, squamous cell carcinomas, asal becell
carcinomas) in the world.

lonizing Radiation

Electromagnetic (x-rays, rays) and particulate (particles,p particles,
protons, neutrons) radiations are all carcinogefle evidence is so
voluminous that a few examples suffice. Many indizals pioneering
the use of x-rays developed skin cancers. Mineradibactive elements
in central Europe and the Rocky Mountain regiorthef United States
have a tenfold increased incidence of lung cancenspared to the rest
of the population. Most telling is the follow-up @lrvivors of the
atomic bombs dropped on Hiroshima and Nagasakiallyithere was a
marked increase in the incidence of leukemias—pally acute and
chronic myelogenous leukemia—after an average tiggenod of about
7 years. Subsequently the incidence of many salots with longer
latent periods (e.g., breast, colon, thyroid, amdy) increased.

Microbial Carcinogenesis

Many RNA and DNA viruses have proved to be oncogénanimals as

128



NSC 214 GENERAL AND CELLULAR PATHOLOGY

disparate as frogs and primates. Despite interrsdirsg, however, only
a few viruses have been linked with human cancen. dscussion
focuses on human oncogenic viruses as well asntieeging role of the
bacteriumHelicobacter pylorin gastric cancer.

Human T-Cell Leukemia Virus Type 1.

Although the study of animal retroviruses has piedi spectacular
insights into the molecular basis of cancer, ontg duman retrovirus,
human T-cell leukemia virus type 1 (HTLV-1), isrfily implicated in
the causation of cancer in humans.

HTLV-1 causes a form of T-cell leukemia/lymphomattis endemic in
certain parts of Japan and the Caribbean basiis fatind sporadically
elsewhere, including the United States. Similar ttee human
immunodeficiency virus, which causes acquired imaodgficiency
syndrome (AIDS), HTLV-1 has tropism for CD4+ T cglland hence
this subset of T cells is the major target for rasiic transformation.

Human Papillomavirus.

At least 70 genetically distinct types of HPV hdneen identified. Some
types (e.g., 1, 2, 4, and 7) cause benign squapeyidomas (warts) in
humans. By contrast, high-risk HPVs (e.g., typesat@ 18) have been
implicated in the genesis of several cancers, qdaily squamous cell
carcinoma of the cervix and anogenital region. Tleasvical cancer is a
sexually transmitted disease, caused by transmissio HPV. In
addition, at least 20% of oropharyngeal cancersamsociated with
HPV. In contrast to cervical cancers, genital waidse low malignant
potential and are associated with low-risk HPVgdominantly HPV-6
and HPV-11.

Epstein-Barr Virus.

EBV, a member of the herpes family, has been irapdd in the
pathogenesis of several human tumours: the Africam of Burkitt

lymphoma; B-cell lymphomas in immunosuppressed viddials

(particularly in  those with HIV infection or undengg

immunosuppressive therapy after organ transplampgtia subset of
Hodgkin lymphoma; nasopharyngeal and some gastanciromas and
rare forms of T cell ymphomas and natural killsiK() cell ymphomas.
Except for nasopharyngeal carcinoma, all other®8acell tumours.

Hepatitis B and C Viruses.

Epidemiologic studies strongly suggest a close @ason between
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HBYV infection and the occurrence of liver cancerisl estimated that
70% to 85% of hepatocellular carcinomas worldwide aue to
infection with HBV or HCV. HBV is endemic in coumgs of the Far
East and Africa; correspondingly, these areas Havdighest incidence
of hepatocellular carcinoma.

Helicobacter pylori

First incriminated as a cause of peptic ulckrspylori now has acquired
the dubious distinction of being the first bactericlassified as a
carcinogen. Indeedl. pylori infection is implicated in the genesis of
both gastric adenocarcinoma and gastric lymphomas.

The scenario for the development of gastric adelcot@ma is similar
to that of HBV- and HCV-induced liver cancer. ltvolves increased
epithelial cell proliferation in a background ofrchic inflammation.

3.7 Host Defense against Tumours—Tumour Immunity

The idea that tumours are not entirely self and beyecognized by the
immune system was conceived by Paul Ehrlich, whapgsed that
immune recognition of autologous tumour cells may dapable of
eliminating tumours. Subsequently, Lewis Thomas &hacfarlane

Burnet formalized this concept by coining the terrmmune

surveillance which implies that a normal function of the imneun
system is to survey the body for emerging maligreasiis and destroy
them.

Tumour Antigens

Antigens that elicit an immune response have besmodstrated in

many experimentally induced tumors and in some Inumceré.lm]
Initially, they were broadly classified into twotegories based on their
patterns of expressiotumor-specific antigensvhich are present only
on tumor cells and not on any normal cells, aothor-associated
antigenswhich are present on tumor cells and also on soorenal
cells. This classification, however, is imperfeeitchuse many antigens
thought to be tumor-specific turned out tobe esped by some normal
cells as well. The modern classification of tumatigensis based on
their molecular structure and source.

1) Products of mutated genebleoplastic transformation, as we
have discussed, results from genetic alteratioms proto-
oncogenes and tumor suppressor genes; these dhyaeins
represent antigens that have never been seen ebymimune
system and thus can be recognized as non-self.
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2) Over-expressed or aberrantly expressed cellular tens.
Tumor antigens may be normal cellular proteins tlaa¢
abnormally expressed in tumor cells and elicit ummresponses.

3) Tumor antigens produced by oncogenic viru3é® most potent
of these antigens are proteins produced by |ddA viruses;
examples in humans include HPV and EBV.

4) Oncofetal antigensThese are proteins that are expressed at high
levels on cancer cells and in normal developirea(j but not
adult tissues. It is believed that the genes engaithese proteins
are silenced during development and are depresgazh
malignant transformation. Oncofetal antigens waeétentified
with antibodies raised in other species, and theain
importance is that they provide markers that aidtumor
diagnosis.

5) Altered cell surface glycolipids and glycoproteing.g.
gangliosides, blood group antigens, and mucins.

6) Cell type—specific differentiation antigeng.umours express
molecules that are normally present on the céligrigin. These
antigens are calledlifferentiation antigensbecause they are
specific for particular lineages or differentiatistages of various
cell types. Such differentiation antigens are ¢gfly normal self-
antigens, and therefore they do not induce imnmagponse in
tumour-bearing hosts. Their importance is as p@ktargets
for immunotherapy and for identifying the tissuk arigin of
tumours.

Anti-tumour Effector Mechanisms

Cell-mediated immunity is the dominant anti-tumamechanism in
vivo. Although antibodies can be made against tus)othere is no
evidence that they play a protective role undersmhggic conditions.

1) Cytotoxic T lymphocytesCD8+ CTLs play a protective role
against virus- associated neoplasms (e.g., EBW Hi®PV-
induced tumors) and have been demonstrated irbltwd and
tumour infiltrates of cancer patients.

2) Natural killer cells:NK cells are lymphocytes that are capable of
destroying tumour cells without prior sensitizatiand thus may
provide the first line of defense against tumowefisc After
activation with IL-2 and IL-15, NK cells canlysewide range of
human tumours.

3) Macrophages: Activated macrophages exhibit cytotoxicity
against tumour cellsin vitro. T cells, NK celé&syd macrophages
may collaborate in antitumour reactivity, becaugerferony, a
cytokine secreted by T cells and NK cells, istepbactivator of
macrophages.
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4) Antibodies: Although there is no evidence for the protective
effects of antitumor antibodies against spontasetwmors,
administration of monoclonal antibodies againshdu cells can
be therapeutically effective. A monoclonal antipodgainst
CD20, a B-cell surface antigen, is widely used tfeatment of
lymphomas.

Immune Surveillance and Escape

Most cancers occur in persons who do not suffemfrany overt

immunodeficiency. It is evident, then, thatmor cells must develop
mechanisms to escape or evade the immune systermunocompetent
hosts. Several such mechanisms may be operative.

Tumar cell
@. s

Turror T cell recognity
- : anition of
mt:.nt:;?or antigen | tumor antigen leading
Ry MHE e - to T cell activation
molecula &
Failure to produce tumor antigen
Antigen-loss - Lack of T cell
vanant of recognition of tumor
tumor cell
Mutations in MHC genes or genes needed for
antigen processing
Immune o Lack of T cell
evasion ) iti f i
by tumors MHC-daficient recoganition of tumor

turmor cell

Inhibitior: of T call
‘activation

Immunosuppressive cytokines (e.g9., TGF-)

FIGURE 2.5. Mechanisms by which tumors evade the immune syste
(Reprinted from Abbas AK, Lichtman AH: Cellular aMblecular
Immunology, 5th ed. Philadelphia, WB Saunders, 2003
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It is worth mentioning that although much of theu®s in the field of

tumour immunity has been on the mechanisms by wiéchost immune
system defends against tumours, there is some tresgétience that,

paradoxically, the immune system may promote tbeir of tumours.

It is possible that activated lymphocytes and mpleages produce
growth factors for tumour cells, and regulatory @His and certain

subtypes of macrophages may suppress the hostnsspo tumours.

However, harnessing the protective actions of thenune system and
abolishing its ability to increase tumour growtheaobviously important
goals of immunologists and oncologists.

3.8 Clinical Aspects of Neoplasia

Ultimately the importance of neoplasms lies in ithedfects on patients.
Although malignant tumours are of course more tier@ag than benign
tumours, any tumour, even a benign one, may causdidity and

mortality. Indeed, both malignant and benign tursoumay cause
problems because of (1) location and impingement amfjacent
structures, (2) functional activity such as hormayathesis or the
development of paraneoplastic syndromes, (3) bhgednd infections
when the tumor ulcerates through adjacent surfddg¢symptoms that
result from rupture or infarction, and (5) cachexiavasting.

Local and Hormonal Effects

Location is crucial in both benign and malignamnhawrs. A small (1-
cm) pituitary adenoma, though benign and possiloigfunctional, can
compress and destroy the surrounding normal glamtd thus lead to
serious hypopituatarism. Cancers arising withinnogtastatic to an
endocrine gland may cause an endocrine insuffigienioy

destroying the gland.Neoplasms in the gut, bothigmeand malignant,
may cause obstruction as they enlarge.

Cancer Cachexia

Individuals with cancer commonly suffer progressigss of body fat
and lean body mass accompanied by profound weakaeseexia, and
anemia, referred to asmchexia Unlike starvation, the weight loss seen
in cachexia results equally from loss of fat ananlenuscle. There is
some correlation between the tumor burden and #wergy of the
cachexia.

However, cachexia is not caused by the nutriticsenands of the
tumor. In persons with cancer, the basal metahmalie is increased,
despite reduced food intake. This is in contrasth#o lower metabolic
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rate that occurs as an adaptational response mastmn. Although
patients with cancer are often anorexic, cachexizbpbly results from
the action of soluble factors such as cytokinesdpced by the tumor
and the host rather than reduced food intake.

Paraneoplastic Syndromes

Symptom complexes in cancer-bearing individualg tzanot readily
be explained, either by the local or distant sprafaithe tumor or by the
elaboration of hormones indigenous to the tissamfwhich the tumor
arose, are known gsaraneoplastic syndrome3hese occur in about
10% of persons with malignant disease. Despite r threlative
infrequency, paraneoplastic syndromes are impotanecognize, for
several reasons, some of which are:

1. They may represent the earliest manifestation of oaoult
neoplasm.

2. In affected patients they may represent significafihical
problems and mayeven be lethal.

3. They may mimic metastatic disease and thereforefoocond
treatment.

4.0 CONCLUSION

The pathogenesis of cancer, the mechanisms invodwet the body
response to canceris still largely poorly undexdtdNhat is clear and
worrisome is the fact that the burden on the imtliei and the society is
unfathomably heavy.

The nurse clinician must be armed with some basmwedge of this
disease of so many theories, have astounding esnpatthose who are
in the process of ultimately giving in ‘to the scge!

5.0 SUMMARY

1. The definition of neoplasia and its synonyms.

2. The differences between benign and malignant tusaour

3. The molecular basis of cancer.

4, The various classes of carcinogenic agents and tediular
interactions.

5. Host defense against tumours.

6. Clinical aspects of cancer and carcinogenesis.
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6.0 TUTOR-MARKED ASSIGNMENTS

What do you understand by the term neoplasm? [Rifiteate between
benign and malignant tumours.

What are the principles involved in the moleculasib of cancer?
Discuss briefly the following terms:

. Oncogenes.
. Proto-oncogenes
o Tumour-suppressor genes.

List 10 oncogenes that you know, their modes ofivatbn and
disease entities wherethey are present.

Write short notes on the followings:

o Chemical carcinogenesis.
o Radiation carcinogenesis.
o Microbial carcinogenesis.
o Tumour immunity.
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MODULE 5 GENES AND THE GENETIC BASIS OF
HUMAN DISEASES

1.0 INTRODUCTION

Genetic disorders are more common than usuallyrtegho There are
estimated 3400 inherited genetic disorders. Theseaass a result of
mutations in the genetic code. The lifetime fraguyeis 670/1000.
There are complex interactions between genes andrthironment that
results in a variety of disorders. Over 50% ofrdpoeous abortions
have demonstrable chromosomal abnormality compaséth 4-6

anomalies per 1000 births. One percent of newsbdrave gross
chromosomal abnormality. The risk of a serious eflgymental
abnormality is approximately 1 in 30 pregnancieppximately 15%
of paediatric inpatients have a multifactorial dder with a

predominantly genetic component. Five percent dividuals below the
age of 25 years develop severe disease with gignifi genetic
component. Genetic disorders pose considerabléhhaall economic
problems because most of them lack effective ther&yf the vast
number of genetic disorders, only a very small nembave been
characterized in terms of their biochemistry andegies.

20 OBJECTIVES

At the end of this unit, you should be able to:

o Understand the relationship between genes andsdisea

o Explain the role of the environment in the modwatbf genetic
diseases

o Classify genetic disorders

o Give classic examples of genetic disorders

1.0 MAIN CONTENT

3.1 Genetic Disordersinclude

Cytogenetic or chromosomal disorders involving gotoes and sex
chromosomes. Mendelian or single gene disorders

Single gene disorders with non — classic inheriganc
Disorders with multifactorial inheritance
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Chromosomal Disorders

These are much commoner than generally thoughtre M@an 50% of
spontaneous abortions have chromosomal anomaliegpared with

only 4-6 anomalies per 1000 live births. There apaalitative

chromosomal defects in which there are defectshe dhromosomes
structurally and quantitative chromosomal defects which the

chromosomes are not complete in number.

Abnormality in the number

Non-disjunction is failure of a chromosome or chabias to separate.
A daughter receives two copies while the other ivesenone. Such
abnormalities can occur during mitosis or meiosis.

Errors occurring during meiosis

Trisomy three copies of the chromosome

Monosomy

Autosomes and sex chromosomes are affected. Catignps with
Trisomies 13(Patau’s syndrome), 18(Edward’s syn@jor2al(Down’s
syndrome) survive to birth. Trisomy 13 and 18 idieearly childhood.
The incidence of trisomy 21 is 1: 700 live birthgzull Autosomal
monosomies are quite rare and very fatal.

Sex chromosome trisomies e.g. Klinefelter's syndroidXY are
relatively common.

Sex chromosome monosomy- Turner’s syndrome’s peacal is 1:2500
Errors occurring during meiosis

Non disjunction occurring during meiosis shortlyeatwo gametes have
fused results in the formation of two cell linexkedaving a different
chromosomal component.  This is usually seen witle tsex
chromosome producing mosaic individual. Triploidgd tetraploidy
result in spontaneous abortions.

Abnormal chromosomal structures

Disruption of the DNA and gene sequences

Deletions involve loss of a portion of a chromosoieletions may be
terminal or interstitial. Terminal deletion inves single break in the
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arm of a chromosome thus producing a fragment tackientromere,

which is lost at the next division. Interstitia¢ldtions occur when there
are two breaks in a chromosome with loss of therelgetween the two

breaks.

Examples include the:

Praeder Willi syndrome in which there is deletidntlee long arm of
chromosome 15 Wilm’'s tumour — deletion of part &g arm of
chromosome 11Di George’s syndrome —micro deletioriee long arm
of chromosome 22

A ring chromosome is a special type of deletion which a
chromosome, which is deleted at both ends alscsfatéhe damaged
ends. The consequences are fatal.

Duplications: a portion of a chromosome is presenthe chromosome
in two copies e.g.Charcot-Marie-Tooth disease i® da a small
duplication of a region of chromosome 17.

Inversions: Rearrangement that involves an endentb reversal of a
segment within a chromosome paracentric inversimolves only an
arm while pericentric inversions involves opposisgdes. Both
conditions are compatible with normal life.

Isochromosome; duplication of an arm due to thesabs of the other
arm.

Translocation: a segment of the one chromosomeaissferred to
another.

Balanced translocation or reciprocal translocattarg non-homologous
chromosomes break simultaneously and rejoin swgppimds. The
individual is normal unless the break interruptgeae.

At meiosis the chromosomes may separate into difteddaughter cells.
Thus the translocated chromosomes enter the gamatethe fetus may
inherit an abnormal chromosome and have unbalat@etslocation
with phenotypic outlook Robertsonian translocatimeaks between two
acrocentric chromosomes. The breaks are closédocéntromeres.
There is transfer of the segment so that one othinemosomes is large
while the other is small. It is compatible witfeliand is seen in 1/1000
apparently normal individuals. A woman with thigrkotype has 1: 8
risk of delivering a baby with Down’s syndrome. leshave 1:50 risk.
They ha 50% risk of producing carriers.
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Mitochondrial Chromosome Disorders
These disorders are due to mutations in the mitodtial genome.

Apart from the 23 chromosomes in the nucleus ofigow cell,
mitochondria also have their chromosomes. The indndria
chromosome is inherited from the mother (throughemmal line in a
pattern different from Mendelian disorders) asgpherm contains few or
no mitochondria chromosome is a circular DNA (mtDN®#Aolecule of
approximately 16,5000 bp and every base pair maigepart of the
coding sequence. The genes encode proteins or Ridkecules
involved in mitochondria function. These proteine aomponents of the
mitochondria respiratory chain involved in oxid&tiyhosphorylation
(OXPHOS), which produces ATP. The proteins alsay @ major role
in apoptotic cell death. Each cell contains sdvaradred mitochondria
and thus several hundred chromosomes. Mutationsitochondria
chromosomes have a high chance of producing arcteffé single
altered mitochondria genome may go unnoticed becaery cell
contains hundreds of mitochondria. However, a®chibndria divide,
the chances of more mutations developing increasdsthus this gene
give rise to mitochondria disease.

Examples;

) Myopathies-
o Chronic Progressive External Ophthalmoplegia (CPEO)

o Encephalopathies (including myoclonic epilepsy wabged cell
Fibres, MERRF

o Mitochondria Encephalomyopathy, lactic acid andlgr like
episodes, MELAS

o Kearn-Sayne Syndrome

o Leber’s Hereditary Optic Neuropathy (LHON)

° Pearson’s syndrome

Mendelian Disorders

Mutations in coding sequences and their controlélgments ultimately
produce Proteins, which are abnormal or are dysioumel.

Mutations constitute permanent changes. Radiatibraviolet radiation
or chemicals cause these mutations. Mutationsocanr in the gene
sequences or in the sequences that regulate gepeession
(transcription and translationTypes of mutation:

Point Mutation: a nucleotide may be substituted by another Sotliea
codon in a coding sequence is changed. A climisarder results if the
change affects a critical part of the protein pitl e.g. sickle cell
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disease; a mutation within the Globin gene chamyescodon so that
glutamic acid is replaced by valine in the polypegichain precipitating
severe changes.

Insertion or deletion: of one or more bases e.g. some large deletions in
the dystrophin gene remove coding sequences mguli Duchenne
Muscular dystrophy

Splicing Mutations: Mutations of DNA sequences which direct the
splicing of introns from messenger RNA could resoltthe mRNA
carrying the intron sequences. This will deterntimem the amino acids
that will be incorporated into the polypeptide chai

Terminal mutations: ‘Stop’ or terminal codon terminates ribosomes
processing of messenger RNA into proteins during thormal
polypeptide synthesis. Mutations involving the @osl result in either
late or permanent termination e.g. in Haemoglolonstant spring, a
haemoglobin variant arises, when a single base gehalters the
insertion of an extra amino acid.

Autosomal Dominant Disorders

The overall incidence is 7/1000 births. The disosdmanifest in the
heterozygous state so at least one parent is effe@oth sexes are
affected and either of them can transmit the desord’he clinical

features depend on the degree of penetrance amdssipty (reduced
penetrance and variable expressivity). In manyhefrt age at onset is
delayed.

Examples:

Nervous system: Huntington’s disease, neurofibromatosis, myotonic
dystrophy and tuberous sclerosis.

Urinary system: Polycystic Kidney disease
GIT: Familial polyposis coli

Haemopoietic: Hereditary spherocytosis, Von Willebrand disease

Skeletal: Marfan’s syndrome, some variant of Ehlers Danlpsdgome,
osteogenesis imperfecta and achondroplasia

Metabolic: Familial Hypercholesterolaemia, acute intermittent
porphyria.

140



NSC 214 MODULE 5

Autosomal Recessive Disorders

These disorders are seen in 2.5 per 1000 live shitthconstitutes the
single largest category of Mendelian disorders.hBalleles must be
affected to be manifested. Parents are usuallyedp&iblings have one
chance in four of being affected that is 25% o reamt risk for each
birth. The expression of these disorders tend tobee uniform that in
autosomal dominant disorders. Complete penetrasceommon and
onset tends to be very early in life. New mutatians rarely detected
clinically until the mutated individual or heteramte mates with other
heterozygotes. Enzyme proteins are usually affecldee disorders
include almost all inborn errors of metabolism. €amguinity increases
the risk.

Examples:

Metabolic:  Cystic  fibrosis,  phenylketonuria,  galactosemia,
homocystinuria, lysosomal storage disease, Wilsordssease,
haemochromatosis, glycogen storage diseases ahd alpantitrysin
deficiency.

Haemopoietic: Sickle cell anaemia, Thalassaemias

Endocrine: Congenital adrenal hyperplasia

Skeletal: Some variants of Ehlers Danlos Syndrome, Alkapt@nu
Nervous: Neurogenic muscular dystrophies

X linked disorders

All sex-linked disorders are X linked. Almost alllkked disorders are
recessive.

X linked Recessive Disorders

X linked recessive disorders account for a smaliniper of clinical
conditions. They are present in males and homoz/gmmales.
However homozygous female cases are usually raree T
chromosome is not in most cases homologous to tber&mosome so
the mutant genes on the X chromosome cannot bedoaith alleles on
the Y chromosome. Thus the male is regarded ag b®mizygous for
the X linked mutant genes so the disorders areesspd in males.
Affected males do not transmit the disorders toirtls®ns but all
daughters are carriers. Fifty percent of all daeghtof heterozygous
women will receive the mutant gene. The full phgpat change is not
seen in the paired normal allele. However randoactiaation of X
chromosomes may determine the ultimate picturthdfnormal allele is
activated in most cells then there will be full eegsion of heterozygous
X linked conditions in the female. Much more comityoencountered
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are situations in which the normal allele is ad&dain only some of the
cells thereby resulting in partial expression & thsorder.

Examples:

System Disease
Musculoskeletal Duchemuscular dystrophy
Haemopoietic Haemba and B, Chronic

Granulomatous disease of the newborn, G6PD Defigie

Immune Agaaglobulinaemia, Wiskott-
Aldrich syndrome

Metabolic Detbs insipidus, Lesch Nyhan
Syndrome

Nervous ragile X syndrome

In Haemophilia A, there is a mutation of the Xkka gene for factor
VIII. Fifty percent of cases have an intrachromoabmearrangement
(inversion) of the tip of the long arm of the X ohmosome (the break
point is within intron 22 of the factor VIII gene.

X linked dominant disorders

X linked dominant disorders are rare. They are edusy dominant
disease alleles on the X chromosome. Heterozygemslés and males
with one copy of the mutant gene on their singlelomosome will
manifest the disease. Half of the male of fematspoing of an affected
mother and all the female offspring of an affectather will have the
disease. The disorder is usually more severe ettt males compared
to heterozygous female. An example is Vitamin Dstast rickets.

Y linked genes

Only males are affected. There are no known exasngéransmissible
Y linked single gene disorders.

Disorderswith Multifactorial Inheritance

These disorders are so called because of the adlitieffects of
combined actions of environmental influences and ow more mutant
genes. These disorders are thought to arise asul of complex traits.
Those involving multiple genes can also be refetoeas polygenic. The
number of inherited deleterious genes determines dibgree of the
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morbidity of the genetic component. Therefore, there the number,
the more severe is the expression of the disease.

The following normal phenotypic characteristics @amultifactorial
inheritance: hair colour, skin colour, eye colaatelligence and height.
Environmental influences play a significant role imodifying the
phenotypic expression of multifactorial traits.

Other examples include:

Certain subsets of diabetes mellitus manifest tiseade after weight
gain Nutritional influences allow identical twin® tattain different
heights The culturally deprived child may not aekiehis or full

intellectual capacity and academic potentials.

Cleft lip, cleft palate, congestive cardiac failsireoronary heart disease,
hypertension, gout and pyloric stenosis ate thotmlite disorders with
multifactorial inheritance.

General characteristics of disorders with multiéaietl inheritance:
o The number of mutant genes inherited determinesritie of

expressing a multifactorial disorder. The gredker number of
affected relatives, the higher the risk for others

o The rate of recurrence of the disorder (2-7%) & shme for all
first-degree relatives.
° While the likelihood of the disorder affecting idieal twins is

far below 100%, the chance is however much grethtn for
non-identical twins. The frequency of concordanaeges from
20-40%.

. The risk of the recurrence of phenotypic abnormasditbased on
the outcome of the previous pregnancies. A Chilfected
portrays a 7% chance of the next child being #&éfecThe risk
rises to 9% when two siblings are affected.

o The expression of a multifactorial trait may be tomnous (lack
of a distinct phenotype e.g. height) or discordum with a
distinct phenotype i.e. the disease is only matei® when a
certain threshold is exceeded as the genes inhteveak the
environment.

Other Single Gene Disorders:
These disorders are due to mutations in singleggbaedo not manifest

as single monogenic disorders; that is they havenoa-classic
inheritance pattern. They include:
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Sex limited inherited single gene disorders

The gene responsible for frontal baldness is cafsiean autosome but
manifests itself in only one sex. Frontal baldnéssan autosomal
dominant disorder in males but behaves as a reeesisorder in
females.

Triplet repeat mutationg.g the fragile X syndrome in which there is a
long repeating sequence of three nucleotides

Disorders caused by genomic imprinting

Mitochondrial gene mutations

Gonadal Mosaicism

Diagnosis of Genetic Diseases

Cytogenetic and molecular analyses are used tondssg genetic
diseases.

Such studies can be carried out in the prenatabstnatal period.

1. Prenatal investigations involving the cytogenahalyses of fetal
cells obtained by amniocentesis on chorionic silliopsy or
umbilical cord blood.

Cytogenetic analysis involves karyotyping. The aadions for
cytogenetic analysis include:

0] Advanced maternal age (after 34yrs). The ridk tisomies
increases with maternal age e.g the risk of lgpaibown’s child
after age 35 yrs is 1 in 380 children.

(i) A parent with a structural chromosomal abnolitga

(i) Previous child for the family with chromosoirgbnormality

(iv) A parent who is carrier of an X linked diseaseas to determine
the fetal sex.

2. Postnatal investigations performed on perighetdood
lymphocytes

0] Presence of multiple congenital anomalies

(i)  Mental retardation that defies explanationonfr obvious
circumstances at birth (peri-natal injuries) ostmatal illnesses.

(i)  When chromosomal abnormalities are suspected

(iv)  Suspected fragile X syndrome

(v) Infertile couples to rule out sex chromosomahormality

(vi) In cases of recurrent abortion (this may reguhe evaluation of
both parents to rule out carriers of balancedstaration).

(vii) Unexplained developmental delay
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The tests of genetic function include:

=

Physical examination: to ascertain the presenadobrmalities.

2. Microscopic examination: nuclear size, shape arainisig,
cellular architecture and presence of Barr bodies.

3. Karyotyping

4. Flow cytometry: sorting of different chromosome $da
assessment of ploidy
5. Classical Genetics: biochemical identification, yane analysis

and gene identification

Reverse genetics: linkage analysis, prediction efeglocation,
isolation and sequencing etc

Restriction endonuclease digestion

DNA hybridization

Polymerase chain reaction

0. Biochemical sequencing

o

B © o0~

1.0 CONCLUSIONS

Genes borne in the nucleus determine the codehimptoduction of

various proteins which are necessary for the reustivities of the

human body. Mutations of these genes have delateronsequences
for the human body such as development of genet&ades of varying
severity. Early detection of these diseases anddamoe of probable
worsening factors would reduce morbidity in patjemhprove the

guality of life of affected individuals and prevenbrtality.

50 SUMMARY

1) Many diseases have genetic bases

2) There is interaction of diseases with the enviromme

3) Disease have predictable outcomes

4) Genetic diseases are potentially preventable aed tiate of
progression can be modulated if the right actemestaken.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is a genetic disease?

2. Enumerate the various classes of genetic disease

3. What are the differences between autosomal dormhirand
autosomal recessive diseases?

4. Give five (5) examples of disease of polygemhberitance or

traits.
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MODULE 6 HYPERSENSITIVITY REACTIONS
1.0 INTRODUCTION

Von Pirquet in 1906 defined hypersensitivity asc#peally changed
reactivity of a host to an agent on a second osexgibent exposure.

It is an exaggerated immune response with acconipgntissue
destruction.

The immune system protects against exogenous forsigstances,
microbial invasion and tumours but occasionally ithenune responses
may damage host tissue and react to the presenderablogous
antigens as occurs in cases of organ transplambdhiransfusion and
foetal antigens in pregnancy. Sometimes autoimmnuliserders arise
due inappropriate immune reactions against endageaotigens.

20 OBJECTIVES

At the end of this unit, you should be able to:

) Describe the mechanisms involved in hypersensitiigsorders
o Enumerate the different classes of hypersensitdiggrders
o Outline the various diseases in different classes o

hypersensitivity disorders.
3.0 MAIN CONTENT

MECHANISMS OF IMMUNE MEDIATED TISSUE INJURY
(HYPERSENSITIVITY REACTIONS)

Gel and Coombs classified hypersensitivity reactiomio five types
namely:

0] Type | hypersensitivity reaction (immediate or amgdpctic type)
(i)  Type Il hypersensitivity reaction (cytotoxic type)

(i)  Type Il hypersensitivity reaction (Immune compldisease)

(iv)  Type IV hypersensitivity reaction (Delayed typecefl mediated)
(v)  Type V hypersensitivity reaction (Stimulating/bldaag)

Type | hypersensitivity reactions:
IgE formed in response to particular antigens Kg#as) upon re-

exposure to the antigen bind to mast cells andddalsoto cause their
degranulation.
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Degranulation of mast cells and basophils leadh¢orélease of primary
mediators while the secondary mediators are reflaser.

Many cases of type | reaction involve two phases

0] the initial (rapid) response which becomes evident5-30
minutes of exposure with resolution within 30mins

(i)  The second (delayed) phase sets in 2-8hours latiei absence
of additional antigenic challenge; lasts for daged is
characterized by intense infiltration of the de inflammatory
cells with associated tissue damage.

The primary mediators include: histamine, eosinbpfhemotactic
factor, chymase, tryptase and proteoglycans.

Secondary mediators include: Leukotrienes, Prostalh I, PAF and
cytokines.

List of a few_mediators released by mast cellyjpetl hypersensitivity
and their actions
Vasodilation and increased | o Histamine
per meability . PAF
. Leukotriene C4, D4, and E4
. Prostaglandin D2
. Neutral proteases
Smooth muscle spasm . Histamine
. PAF
. Leukotriene C4, D4, and E4
. Prostaglandin
L eukocyte extravasation | e Cytokines (e.g. chemokines and

TNF)
. Leukotriene B4
. Chemotactic factors for
neutrophils and eosinophils

The reference for this table iglitchell, Richard Sheppard; Kumar,

Vinay; Abbas, Abul K.; Fausto, Nelson (2007). Robbins Basic

Pathology. Philadelphia: Saunders. |ISBN 978-1-4160-2973-1. 8th

edition.

Examples of type | hypersensitivity reactions im@u allergic asthma,
allergic conjunctivitis, allergic rhinitis ("hay ¥er"), anaphylaxis,
angioedema, urticaria (hives), penicillin allerggphalosporin allergy,
food allergy
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Typell hypersensitivity reactions:

Antibodies form complexes with extrinsic or intrimsantigens. The
complement system is activated and there will bedpction of the
membrane attack complex (MAC) which causes dirgsislor C3b
fragments may enhance phagocytosis by opsonisalibe. reaction
takes 6-36 hours to develop.

Examples include transfusion reactions, erythrabias foetalis,
autoimmune thrombocytopaenia, agranulocytosis entudytic anaemia
and the Good Pasture’s disease.

Typelll hypersensitivity reactions:

Antigen antibody or immune complexes form eithethie circulation or

at extravascular sites of antigen deposition. T&mégens may be
exogenous (infectious agents) or endogenous. Congpits contribute

significantly to the tissue damage. The immune dewgs also activate
factor Xll and thus sets off the coagulation cascdthe reaction takes
4-12 hours to develop.

Type IV hypersensitivity reactions:

Type IV reactions are seen in mycobacterium tubesis infection,

fungi, protozoan and parasitic infections as wedl eontact skin
sensitivity. Type IV also explains some events irafig rejection.

Macrophages that have processed antigens secrdi2, Mvhich induce
CD4+ type 1 helper T cells to produce cytokineschcause tissue
injury. The cytokines also recruit more macrophad¥gh the presence
of non-degradable material, the macrophages tramsioto epitheliod

cells.

TypeV hypersensitivity reactions:

Cell surface receptors are either blocked so ti&g tlo not respond to
acetylcholine as in myasthenia gravis or antibodiescted against the
thyroid receptor stimulates it in Grave’s disease.

4.0 CONCLUSIONS

Hypersensitivity diseases are exaggerated immuimlggponses with
accompanying tissue destructions and potentialitteta These group of
diseases by their pathogenesis show variable degoteseverity,
morbidity but they are potentially preventable let triggers are
identified and kept away from the patients.
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5.0 SUMMARY

a. Hypersensitivity disorders are due to inapged@rimmunologic
responses to agents that the patient has beeousgyvexposed
to.

b. The disorders are associated with tissue deiru

C. Recognition of agents that evoke the reactams desensitizing
patients from them may help in preventing or aarating the
conditions.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define hypersensitivity disorders
1. Enumerate the classes of hypersensitivity disorders
2. List three examples of type 1 and type 3 hypersegigi

disorders

7.0 REFERENCESAND FURTHER READING

Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rus and Cotran
pathologic basis of disease (Ninth edition.). &dliphia, PA:
Elsevier/Saunders.

Emmanuel Rubin, Howard M.R Essentials of Rubin’'$\Blagy. Sixth
edition.

Ojo O.S. Essential pathology for Clinical Studantghe Tropics
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MODULE 7 HANDLING OF PATIENTS' BIOPSIES
AND DEMONSTRATION OF MUSEUM
POTS

UNIT 1 HANDLING BIOPSIES

1.0 INTRODUCTION

Human organs preserved in pots are important fer ghrpose of
teaching and illustration of disease entities, ey for rare cases and

circumstances when it is difficult to convey studeto the grossing
room and postmortem/autopsy suites.

2.0 OBJECTIVES

o Describe the identification of pathological speamereserved
in pots and relation to relevant topics studied.

o Demonstrate exposure to specimens and slide ptepara
procedures.

o Demonstrate anatomical orientation of the organsetiect their
normal anatomical positions

o Description of the lesions stating dimensions (sisbape, site,

capsule, contents, colour, complications, stagtng e
3.0 MAIN CONTENT

3.1 Principles of Descriptive Pathology
The cell is the natural habitat of the disease ggsc

The histopathologist should be primarily fixated ks art of succinct
morphological interpretation and characterizatiod aot be misled by
the diagnostic improbability of the referring ctrans; which might be a
product of inexperience, long-term held dogmas amdeviewed

indoctrinations and misinterpretations of symptosigns and ancillary
investigations.

In every case, there is only one correct and agipliéec diagnosis. No
matter how close two diagnoses may be or theirlappmng similarities,
they are never the same in terms of molecular biglgrogression,
treatment and ultimate prognostication. even theesdisease in two
patients may ultimately play out differently becawd inherent genetic
differences and environmental factors. Howeveryraleome may have
different diagnostic components which only whenyduépresented
defines the syndrome.
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Histopathology is a philosophy of distinction. Nunmes things appear
similar on gross assessment. It is the responsilofithe pathologist to
diligently differentiate between and give the dder its exact name
knowing fully the implications of his actions. Degtion is the soul of
pathology. It is pertinent to note that not evesonay and will have
access to your slides but people of like passion whderstand and
know the uniqueness of the language of patholodlyagree with your
opinion if indeed you are right from your descmpti You cannot see
into the soul of a subject matter except you haveassion for the
subject.

The ultimate and sole aim of the pathologist ig#&mnstakingly search
out the truth in all circumstances, edify and ddféhe truth. In the
absence of the clear determinants of the truthneeal to elicit facts and
beautify the facts. The conveyers of these faotstlae circumstances
surrounding the patient, his bio-data and most @afpe the
morphological features interpreted carefully agathe background of
other evidences peculiar to the patient.

3.2 The laws governing the histological diagnoses diseases
include:

The law of identity or identification

The law of association, deliberate associationearror perfect
relationships

The law of non-contradiction

The law of exclusion

The law of uniqueness/specificity

The law of evolution

The law of absoluteness

The law of all possibilities, endless possibiliti@egever say never)
The law of conformity

N =

©ONOO AW

These laws never contradict themselves.

1. The law of identity or identification

The law of identity or identification states thatck thing is the same
with itself and by itself and it is quite distinétom another. The
pathologist should have the focused eye of theeeagimmitted to
precision, landmarks and attentive to guidelinesnof missing the
marks even if conditions change.

2. The law of non-contradiction
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The law of non-contradiction — contradictory stagens cannot be true
in the same sense  at the same time.

3. The law of association/relationship

Things are related to one another in a given caoritexorm a bigger
picture. No part of a body can form the bigger ynietin isolation. The
pathologist can only reasonably exercise his fres@chnd be credited
for it if he has the discipline of the honey bed&ing time to tie

structures together for the larger picture. Théglaigist must learn and
discipline himself to always link structures ratitban take them in
isolation to confer diagnosis. He must not gamiileee.

4. The law of exclusion

A proposition is either true or false not both s same time. A lesion
may either be malignant or benign.

5. The law of uniqueness

There is only one diagnosis to a patient’s lesi@ne diagnosis
adequately and appropriately explains the sequencevents in the
patient. The brandishing of two, three diagnosifieces either the
presence of a syndrome, ignorance of basic priesipf diagnosis and
Is fraught with medico-legal dangers.

6. The law of evolution

Lesions may evolve, metamorphose, transform depgndin the

circumstances of treatment, neglect, misdiagneds®f diagnosis,
recurrence, differentiation, genetic mutations etc.

7. The law of absoluteness

Some things may never be seen or are never knowacdar e.g
chorionic villi are not seen in choriocarcinoma.
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8. The law of all possibilities/endless possibilitiegnever say
never)

Give the benefit of doubts. Carefully establisihgadiasis or rule them out

based on the overall circumstances of the patlerst as a member of a
team does not make the team, a tree does not nfakess a diagnostic

feature does not and cannot justify the basis faking a diagnosis.

9. The law of conformity

The law ascribes usual presentations to disordgiseases have their
own usual betrayals clinically and follow a usuatier if well studied
clinically and morphologically. It is pertinent sbate that lesions do not
always follow books but in most circumstances, thelive their
histories as documented in the books. The placg@roper clinical
information is indispensable in histopathology resps. The pathologist
may need to seek for clarifications from the manggihysician/team or
interact with the patient.

N.B: Remember, these laws never contradict themsals but there
may be exceptions.

3.3  Approach to Histopathology Slides

1. Note and analyze the history, legend or availablieical
information.

2. Be expectant on what lesion to expect based obititata of the
patient. sex, age of the patient, site of theolesind environment
of practice.

3. Note the pattern of occurrence of the lesions: r@sgassessment
and layout of the cells.

4. Note the presence of any distinguishing features giagnostic
hallmarks (pathognomonic features). This clindhesdiagnoses.

5. Look intently at the slide; carefully consideritige feature on its

own merit and giving adequate interpretation to al

Have a first impression or a first set of impressio

Have differentials and rule them out systematically

Consider any special stains/methods: histochemistry

immunohistochemistry or any ancillary investigagothat may

assist you in arriving at the diagnosis.

9. What are the possible variants? Enumerate the niarias
contained in time honoured literature and outtimar diagnostic
features.

10. When there is difficulty about a diagnosis or reagha
favourable or formidable conclusion about a caséempt to

© N o
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define the diagnosis by noting the morphologyh# structures
displayed on section and also the structures pregethe site of
the lesion grossly. The lesion may have arisdmeaelated to any
of these structures. Name the lesion after theraestructures
and revise the histopathology literature to segoifir diagnosis
conforms to the literature.

11. Conclude your description by making sequential estants
bearing full but concise information; excludindg sddundancies
in words, phrases and grammar. Build the desoripin a
crescendo that culminates in the climax: a hidtogagical
diagnosis.

12. Be fully aware of the full academic implications gbur
diagnosis and warn the clinicians appropriately msk/rate of
recurrence, advise on resection, nature of tumaualignant
potential, relevant aetio-pathogenetic relatiopslatc.

3.4 Academic Activity on Processed Slides, Diagress and
Disease Entities

Epidemiology

Age, sex, race/environmental inclinations, bodyritiation (organ sites
and locations)

Clinical features: does the presentation of the patient conform to
known facts of literature. If not, should the diagis be reviewed,
reconsidered or sustained?

Pathology evaluation:

Read up the basic histology of the tissue involietbe able to define
the extent of the abnormality The histopathology icfoscopic

appearance) Gross appearance Histopathogenesis id€lonshe

differentials and rule them out systematically.

Metastases-frequency and sites that are more common

Treatment

Prognosis

Recurrence

Document the diagnostic histological features amtpleasize them
strongly and as appropriate in the histopathol@gpprts.
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3.5 Reporting on Histopathology Slides

Fix the slide on stage and assess the morpholacigre a low power.
Some diagnoses are based on the morphologic patlog power.

Note that all blocks and sides are considered befeaching the end
point of diagnoses. Assess the number of fragmemtthe pattern of
occurrence of the biopsy.

Assess the margins e.g polypoid, flattened or cavey epithelia.

Define or identify the tissue type and mention nt the body of
description. Otherwise mention what the tissuemmosed of.

Is the lesion encapsulated? If the tissue has autapis there an
infiltration of the capsule by the lesion arisingrh the native cells
peculiar to the tissue or is there any metastasikd organ and there is
clear perception of capsular invasion.

Mention the degree of change from normal architectus the
architecture preserve, distorted or normal?

Mention whatsoever is causing the change in thait@ature and the
growth pattern of the cells.

Review the normal histology of the tissue involvedthe pathologic

process Proper notice of the site of the lesior, @gpatient and pattern
of occurrence of the cells and the structures yemolved in the

disease process.

At the conclusion mention the degree of variationrformal especially
in  neoplasms: well differentiated, moderately deéfaiated,
undifferentiated or anaplastic, grade the tumowlassify the tumour.

It might be wise to note other tumours that haveilar patterns and
careful analyze the morphology to fully clarify thi& is not case of
misdiagnosis (over diagnosis and under diagnosis)

Also be careful not to name the tumour as that assue that is not
primarily in that site of the lesion, otherwise yawe insinuating a
metastatic lesion which is always malignant. Thetdgenesis and
biological behaviour of all lesions is importantiel molecular biology
Is also important. If a foreign tissue is foundan organ, then define
how many layers to rule out a teratoma otherwiggktbf a hamartoma
or choristoma.
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Systemic approach to reporting histology slides:

1.

Hw

NOo o

3.6

Primary criteria (features): these defining feasyureare

indispensable and ever constant. This constithe$®asis for the
diagnosis

Secondary criteria (features): the secondary eviras happen
that may be added features or alter the diagnassally

expressions of further pathophysiologic processes.

Tertiary features (terminal events)

Morphology of the complication: coagulative necsosi torsion

of testes or ovary

Prognostic morphology

Morphology that highlights the aetiology

Ghost morphological features: to call attentiopast events with
changes depicting a disappearing lesion.

The pathologist mises the actual diagnosis whemiseterprets

each morphological feature in the context of orgage, sex, and
overall circumstances of the patient.

PRINCIPLES OF SURGICAL PATHOLOGY

Gross description

1.

Hown

Take note of the history and biodata of the patientl the
provisional diagnosis. It is important to alsoifyeand note any
previous surgical pathology requests. There mapde to use
them as a reference point.

Identify the lesion and the organ affected

Orientate the organ in its usual anatomical pasitio

Take measurements such as weights and dimensiafs asi
length, breadth and thickness in S.I. units.

Describe the lesion based on size, shape, consystérm, hard,
stony, rubbery, soft etc) and nature (solid, glanucystic or
bony). Is it encapsulated? Any areas of ulceratimifammation,
haemorrhagic necrosis, peau de orange and degfee o
demarcation or circumscription (well or fairly opoorly
circumscribed) and colour. Is there any speciéittggn on the cut
surface-whorled pattern, fish flesh, encephaltid e

Comment on lymph nodes attached or accompanying the
specimen such as GIT lesions.

Comment on the resection margins or adjoining éssulrake
biopsies from all sites that are important in stgghe neoplasm.
Reproducible anatomical landmarks are to be useatkstribing
lesions and their anatomical relations.
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In describing the gross appearances of specimeasprimary outlook
that is fundamental to the development of the fesioght to be clearly
stated. Thereafter the other changes which inckalaplications and
prognostic determinants should be mentioned. Pairite aetiology or
aetiopathogenesis also need to be mentioned.

The need for proper sampling cannot be overempbddsikhe disease
cannot be correctly diagnosed except the actuariesare taken for
proper Histopathological examination. Things thalpho determine the
actual lesions include being conversant with themab organ/tissue.
Deviations from the normal appearances are betrdyeddefinite
structural changes either localized or diffusepuaplalterations, a mass,
presence of cyst, foci of haemorrhage, presencelcar, an obvious
deformity, a localized enlargement or definite aléié enlargement. The
anatomical pathologist should always strive to ogare the temptation
of glossing over what he cannot readily explaintesy could become
crucial to the ultimate conclusion. Even minor stasal alterations may
prove significantly pathological and detrimentaltire presence of co-
morbidities, especially in syndromes.

Criteria for diagnosis: there are diagnostic criteria for making
diagnoses in cases and these criteria should lo#lystdhered to lest
there may be wrong conclusions that could provokedioolegal

challenges.

A basic approach to diagnostic surgical pathology

For every lesion, the presence, identification/ggation and systematic
documentation of the diagnostic features or Unigdentifying
Morphological Features (UIMF) is crucial to the ghiasis of the lesion
In its most basic and usual presentation. Deviatibom the classic
features of a diagnosis must first exhibit the dasorphological criteria
in order to be qualified to be called the entity.

1.0 CONCLUSIONS

Diseases compromise the structural anatomy of thans in the body
both at the microscopic and macroscopic level. Vagous diseases
exhibit classic patterns in their departure frora tlormal anatomical
structure. There is also a systematic approachendescription and
identification of the structural changes associavgth the various
diseases.

2.0 SUMMARY
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a. Structural changes in the normal anatomy of orgamderlie
diseases.

b. There is an evolutionary pattern which is prognessi the cause
IS not addressed appropriately.

C. Organs changes are described systematically byngathe
alterations in size, shape, colour, consistenogient, coverings
(outer covering e.g capsule (kidney, liver); aditeriserosa

(intestine)

3.0 TUTOR-MARKED ASSIGNMENTS

1. List the laws guiding the interpretation of slidem
histopathological diagnosis

2. Outline the most important factors in the desoniptf pots

7.0 REFEREN\CES AND FURTHER READING
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