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INTRODUCTION

NSC 214: General and Cellular Pathology is a 208I12-unit course, designed in comprehensive
modules for all nursing students in the B.Sc progia nursing.

It is purposed to give the basic but explicit dga@n of those general and cellular intricacies of
disease process; useful to the modern nursing ifiaetr. This course guide tells you in brief
whatthe whole course is all about, particular eaghon important points, personal assessment
where pertinent and tutor-marked assignment to resehgour study and to prepare for the in-
courses and final examinations. The last moduled(ri®5) is the practical aspect. You will have
COMPULSORY sessions of biopsies handling and petaahstration. Attendance will be taken
at these sessions. This shall be supervised lgeateaching staff involved in this course. Regular
tutorial classes are also linked to this coursel #ie advised to attend these sessions.

WHAT YOU WILL LEARN IN THIS COURSE:

The overall aim of this course: NSC 214; General &ellular Pathology, is to enable you to
understand the cellular events leading to disedSesn cellular response to stress and noxious
substances, to cull injury and death, to woundihgabedema formation and shock, disorders of
cell growth and differentiation down to cancer fatmn.

COURSE OBJECTIVES:

To achieve the aims set out above, the courseosetsll objectives. In addition, each unit also
has specific objectives. The unit objectives aveagb included at the beginning of the unit; you
should read them before you start working througd tinit. You may want to referto them
during your study of the unit to check on your pess. You should always look at the unit
objectives after completing a unit. In this way ycan be sure that you have done what was
required of you by the unit. Set out below are wheer objectives of the course as a whole. By
meeting these objectives, you should have achig¢kiedaims of the course as a whole. On
successful completion of the course, you shouldidde to:

i. describe cellular responses to stress and noxtouslsand inflammation.
ii. describe cell injury and cell death.
iii.  describe the mechanisms involved in wound healing.
iv. explain the pathology and pathogenesis of oedenhalamck.
v. enumerate and describe the abnormalities of celyr and differentiation.



WORKING THROUGH THIS COURSE

To run this course successfully, you are requitedetad the study units, books and
other materials provided by the National Open Ursitg of Nigeria (NOUN). Each unit
contains self-assessment exercises and at thef émel @ourse is a final examination.

The course should run for an average of 12 weekfovByou will find listed all the
components of the course, what you have to dohamdyou should allocate your time to
each unit in order to complete the course succkgsio 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 Noxioumsufitand Inflammation

MODULE 2

Unit 1: Cell Injury and Cell Death I
Unit 2: Cell Injury and Cell Death 1
Unit 3: Wound Healing.

MODULE 3

Unit 1: Pathology and Pathogenesis of oedemaUnit
2: Shock: Pathology and Pathogenesis

MODULE 4

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



MODULE 5.

Unit 1: Handling of Biopsies
Unit 2: Pots Demonstration.

Each study unit consists of introduction, specifibjectives, reading materials, conclusion,
summary, tutor-marked assignments (TMASs), referermed further readings. The units direct
you to work on exercises related to the requiredlirgs. In general, these exercises are on the
material you have just covered. Together with tumarked assignments, these exercises will
assist you in achieving the stated learning objestof the individual units and of the course.

The Assignment File

The course assignment will cover:

The definition of cellular pathology and discussamthe various aspects.

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

Definition of cell injury and cell death, class#iton of the various causes of cell injury/death,
differences between necrosis and apoptosis andess@iption of the mechanisms of cell injury.
The mechanisms involved in wound healing.

The pathology and pathophysiology oedema and shock.

The description of the abnormalities of cell grovehd differentiation and development of
cancer.

Assessment

There are two aspects to the assessment of theecdilne first are the tutor-marked assignments.
Secondly, there is a written examination. In tagklthe assignments, you are expected to apply
information, knowledge and strategies gatherednduthe course. The assignments must be
submitted to your tutor for formal assessment leefire stipulated deadlines. The work you
submit to your tutor for assessment will account4id% of your course mark.

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

Tutor-Marked Assignment (TMA)

There are 11 Tutor-marked assignments in the coufesa will be given the four (4) tobe
assessed online. You are advised in your own isttéoeattempt all the 4 TMA. You will be able
to complete the assignments from the informatioth araterials contained in your reading and
study units. There is other self-activity containadthe instructional material to facilitate your
studies. Try to attempt it all. Feel free to cohsuly of the

references to provide you with broader view an@epér understanding of the course



Final Examination and Grading
The final examination of NSC214 will be of threeuh® duration written paper which has a
value of 60%. The examination will cover all thatarof the course; it is also advisable to
consult your reference books for better understandf the course of study.

Course Marking Scheme
The following table lays out how the actual coursking is broken down.

Assessment Marks

Assignment

4 TMAs of 10 marks each = 40% Of Counaeks

Final Examination

60% of overall course marks

Total

100% of course marks

Course Overview
The table below brings together the units, the remdf weeks you shouldtake to
complete them, and the assignments that follow them

Unit | Title of work Week: activity | AssessmeniEnc of
Unit)

Course Guide 1
MODULE 1

1 Introduction to Pathology 2 1

2 Cellular Response to Stres anc Noxious Stimuli anc 3 2
Inflammatior
MODULE 2

1 Cell Injury and Cell Death | 4 3

2 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 Differentiation | 9 3

2 Neoplasia 10 0
MODULE 5
Genetic Disorders




MODULE 6

Hypersensitivity Disorders

MODULE 7

Handling of Biopsies.
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2 Pots Demonstration 12 11

How to Get the Most from this Course
These study materials have been carefully designeldorganized to make this course a

lot simplified for you. Think of it as reading thecture instead of listening to a lecturer.
The study units tell you when to read your coursgemial. Just as a lecturer might give
you an in-class exercise, your study units prowgercises for you to do at appropriate
points.

Each of the study units follows a common formate Tihst item is an introduction to the
subject matter. Next is a set of learning objectivEhese objectives let you know what
you should be able to do by the time you have cetadl the unit. When you have
finished the unit you must go back and check whegba have achieved the objectives. If
you make a habit of doing this, you will signifithnimprove your chances of passing in
flying colours. The main body of the unit has bgamnstakingly designed with figures,
flow-charts, schematic diagrams and tables to nyakestudying a fulfilling experience.

The following is a practical strategy for workingrough the course. If you run into any
trouble, telephone your tutor. Remember that yatorts job is to help you;so when
you need help, don‘t hesitate at all to ask yotortto provide it.

1. Read thisCourse Guidethoroughly.

2. Organize a study schedule. Refer to theourse overview for more details. Note
the time you are expected to spend on each unihandthe assignments relate to
the units. Important information, e.g. details oliy tutorials, and the date of the
first day of the semester, is available. You neeglther all this information in
one place, such as your diary or a wallcalendahatéer method you choose
to use, you should decide on andwrite in your aates for working on each
unit.

3. Once you have created your own study scheduleyeiything you can to stick to
it. The major reason that students fail is thatytbet behind with their course
work. If you get into difficulty with your schedulelease let your tutor know
before it is too latefor help.

4. Assemble the study materials. Information abouttwba need for a unit is given onthe

contents page at the beginning of each unit. Ydualvhost always need both the
study unit you are working on and one of the materfior further reading on your
desk at the same time.

5. Work through the unit. The content of the unit lit¥®s been arranged to



provide a sequence for you to follow. As you wankough the unit you will be
instructed to read sections from other sources.thisenit to guide your reading.

Keep in mind that you will learn a lot by doing gbur assignments carefully.
They have been designed to help you meet the olgscof the course and,
therefore will help you pass the exam. Submit aflignments not later than the
due date.

10



7. Review the objective: for eact study unit to confirm thai you achieveithem If you
feel unsure about any of the objectives, reviewsthey materials or consult your tutor.

8. When you are confident that you have achieved surbjectives, you can then start on

the next unit. Proceed unit by unit through therseuand try to pace your studyso that
you keep yourself on schedule.

9. When you have submitted an assignment to your tistomarking do not wait for its
return before starting on the next unit. Keep taryschedule. When the assignment is
returned, pay particular attention to your tutmosnments. Consult
your tutor as soon as possible if you have anyteresr problems.

10.  After completing the last unit, review the coursed grepare yourself for the final
examination. Check that you have achieved the aljéctives. (Listed at the beginning
of each unit) and the course objectives (listeth@Course Guide).

Facilitators/Tutors and Tutorials

There are 8 hours of tutorials provided in suppdrthis course. You will be notified
ofthe dates, times and location of these tutqrtalgether with the name and phone numbers of
your tutor, as soon as you are allocated a tutgrialip. Your tutor will mark and comment on
your assignment, keep a close watch on your pregaesl on any difficulties, you might
encounter and provide assistance to you duringcthgse. You must mail your tutor-marked
assignments to your tutor well before the due @atéeast two working days are required). They
will be marked by your tutor and returned to yotsasn as possible.

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

You do not understand any part of the study units tle
assignment You have difficulty with the self-tegteexercises

You have a question or problem with an assignmeil, your tutor's comments on an
assignment, or with the grading of an assignment.

You should try your best to attend the tutorialkisTis the only chance for face to face contact
with your tutor and to ask questions which are amed instantly. You can raise any problem
you encounter in the course of your study. To gaeximum benefit from course tutorials,
prepare a question list before attending them. Yl learn a lot from participating and
discussing actively.

Best wishes!
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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

5.0 Summary

6.0 Tutor Marked Assignments
6.1  Activity
6.2  Tutor Marked Tests

7.0 References and other nessu

2.0 OBJECTIVES:
At the end of this unit, you should be able to:
i.  Define cellular pathology,
il.  Enumerate and discuss the aspects of disease proces

3.0 MAIN CONTENT:

3.1. Definition and Scope of Pathology

Pathology is the studffogos) of diseasgpathos) by scientific methadslore specifically, it is
devoted to the study of the structural, biochemiaatl functional changes in cells, tissues, and
organs that underlie disease.

The practice of nursing is both art and sciencentmute importantly science. Sine nurses care

Pathology as fundamental to the practice of nursaignce

Pathology may be broadly defined as the study séalie processes. It is in fact the use of pro
replicable scientific methods for the study of dse processes. Thus, if those methods and tedmage
used again and again; the same results should b&nalble without manipulations or person
interpretations.

Pathology may be regarded as one of the major tigatse arms and perhaps the most import:
investigative arm of modern Medical Science. Ag ttentre of this important investigative arm

anatomical pathology cum histopathology.

Pathology is concerned with determining the caws®s effects (fall out outcomes) of diseases and
functional and structural changes that occur dutirggcause of the disease process. These chamygs
from subtle or frank alterations at the molecutarel to the clinical manifestations of the diseas¢he

individual.

Understanding the aetiopathogenesis and all thael&ed to the disease process is vital for ateu
diagnosis, treatment, monitoring of treatment armypostication (outcome of diseases).
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3.2. Pathology and Disease
What is disease?

e Disease may simply be regarded as a state in wthefe is a disturbance of the normal function of
organ, a part or the whole of the body.

e The concept of homeostasis — The ‘milleu interieur’

e What is adaptation? The body makes structuralsamients within limits possible without causing f
reaching structural perversions that will ultimgtetompromise its basic metabolic processes
homeostasis.

e What is Pathophysiology? Pathophysiology is thelystf the new functional status created by theatise
process.

e What is pathogenesis? (Consists of the sequenewerits that ultimately culminates in a recogniea
disease entity).

Scientific concepts about diseases:

e Disease can be defined as any condition that lifigsof an individual in either of the followingagver,
comfort, enjoyment, satisfaction or duration. Howdisease caused? Diseases are caused by stru
changes and hence disordered function culminatiméness.

e What is the philosophy of Western Medicine regagdihe origins of disease? — the lesional basis
disease. The lesion is the evident structural ghan tissues. The lesion is the structural betray the
disease process that ultimately causes a functaerahgement.

Pathology as a course
The knowledge of pathology is the basis for good patient responsive care and practice which i$ $teslied
with an integrated approach.

The evolution of Pathology as a discipline andnitkience on the growth of Nursing Science.
e Virchow’s concept of cellular pathology.

The role of Pathology in Nursing Science

¢ Investigative approach to disease management

e Pathology in hospital practice

e Pathology in Medico-Legal issues

e Academic pathology (Translational Pathology).
Anatomical pathology is anticipatory medicine (dalpaof predicting or prognosticating the end frohe t
beginning) or reversed clinical practice (determgnithe cause, mechanisms and circumstances ofithaseé
process from/with the structural changes i.e ewtddyefore the pathologist)

The branches of Pathology

Chemical Pathology

Medical Microbiology

Haematology and blood transfusion cum immunology
Morbid Anatomy (Anatomical or Anatomic Pathology)

Aspects of Morbid Anatomy Practice
e Surgical Pathology
e The Autopsy
e Cytopathology

15



e Forensic Medicine (Medicolegal issues, using mddinawledge to resolve legal dilemmas).
It is pertinent to state that the autopsy has lkegnto unveiling the bases of diseases. Nursescaiitinue to
be confronted with deaths of patients to be ingestid for reasons of death. These deaths makeutbpsy

imperative.

Elementary biology exposes to the fact that theis¢he basic and function unit of life. The cell

is the natural habitat of diseases. Two or morés adlrelated functions form a tissue, two or
more tissues of related functions form an organ @mgydns with complementary functions and
relationships, systems. Disease processwill tbezdfe better understood if events at the cellular
level are well-understood, hence the t&€BELLULAR PATHOLOGY!

By the use of molecular, microbiologic, immunolagand morphologic techniques, pathology
attempts to explain the whys and wherefores ofsthas and symptoms manifested by patients
while providing a rational basis for clinical caaed therapy. It thus serves as the bridge between
the basic sciences and clinical practice, andeasstientific foundation for all of medicine.

16



Traditionally the study of pathology is divided angeneral pathology and systemic pathology.
The former is concerned with the reactions of caltsl tissues to abnormal stimuli and to
inherited defects, which are the main causes @&adis. The latter examines the alterations in
specialized organs and tissues that are respoffisibiiesorders that involve these organs

This course will focus on the first division: geakpathology.

3.3 Aspects of Anatomical Pathology

There are four aspects of a disease process tmttf@ core and general systematic approach tettigy of

Anatomical Pathology
e Aetiology of a disease (the cause of the disease)

e Pathogenesis (consists of the mechanisms and sérg@®nts that ultimately culminates in a recoghle
disease entity)

e Morphology and molecular changes (the new anatostiactural/architectural profile /biochemice
alteration created in the cell and organs by thesgmce of a disease process. The lesion is vie
microscopically or macroscopically)

¢ Clinical significance/manifestations (functionalrdegements and consequences)-How does the eme
architectural change present clinically, how dore@gnise it early enough and help our ailing pésie

For instancePlasmodium falciparunfaetiological agent) following mosquito bite, inwathe
human red cells multiply and undergo developmerthem (pathogenesis), leading to eventual
haemolysis (molecular/morphological changes) andreldpment of anaemia(clinical
manifestations)

3.4. The Place of the Autopsy in Nursing Practice

The word‘autopsy’ is derived from the ancient Greek word autopsieamng“to see for one self” Autopsy as a
word has been in use since around th& &&ntury and is essentially an amalgamation of twewds ‘autos’
meaning oneself antbpsis’ meaning sight or view. The autopsy is also knownpastmortem examination
necropsy, autopsia cadaverum or obduction is ahioamured means of finding out the cause, circumests and
mechanisms of death amongst other things. It isesans of auditing the thoroughness of practice dividual
clinicians, the efficacy of medical therapy, thee@sion of modern non-invasive diagnostic methoadd the
overall organization of healthcare. Although it Haeen relegated to the background because of siophesl
antemortem medical diagnostic methods; it is 8tél ultimate medical diagnostic tool in assessiegdompetence
cum diligence of clinicians in routine medical giee. The regular practice of autopsy pathologyusthdoe

encouraged in all clinical and medico-legal settinly is paramount to emphasize forgotten time-headruths
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about the autopsy, elucidating the fundamentalthefpostmortem examination and basic understanofiritpe

principles of interpretation as well as the fundatats of autopsy reporting. The postmortem exanunabas a
continuing crucial role in the basic study of dsegprocesses, ascertaining the effectiveness oépies,

therapeutic responses and complications, medisabreh, medical education, genetic counselling,imrmaidit of

medical practice in addition to its fundamentaérml determining the cause of death.

Definition

An autopsy is a medical procedure performed orhtirean body after death involving the systematisetison

and examination of human tissues exclusively fodioa reasons such as discovering the cause citanoes and
mechanisms of death.

The autopsy uniquely stands out as a highly speethkurgical procedure that consists of a thoragmination
of a corpse to determine the cause, circumstarfogsath and manner of death as well as evaluatelisepses or
injuries that may be present and the contribut@rsuch diseases to the process of death.

REASONS FOR AUTOPSIES

The following are some of the many reasons forquating postmortem examinations: establish the catideath,

correlate with antemortem diagnoses, identify wiesl/predisposing and premalignant diseases, oondir

dismiss genetic implications for the family so asguide in appropriate counselling, audit care &edtment
given, characterise new diseases, determine thet®fness and effects of treatment, confirm thergemce and
prevent the spread of communicable diseases, shadgetio-pathogenesis of diseases, the typicapatwgies

and variants, enable and enhance medical researfthence local and national health policies, eass
medicolegal implications, benefit and comfort beezhrelatives by making clarifications and elimingtdoubts

about care given to the deceased, educate medicabrmel and students. Some of the afore-menti@ned
elucidated upon as follows:

Ascertain the quality of medical care

Autopsy assesses the accuracy of clinical diagnoses
18



It assists in the audit of clinical care, whetheisioptimum, substandard and assists in thinkinguaroom for
improvement.

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

Guaranteed quality of health statistics

Accurate mortality statistics remain essentialdoblic health and health service plannithggnhances the accurac
of death certification.

It improves the quality and certainty of hospitatords on death statistics and that of the meditiakr of health
of a province or local government. Fifty percent aitopsies produce findings unsuspected beforehde
Discrepancy rates between death certificate disgmbased on clinical information without autopsg antopsy is
30%.

Qualitative and standard specialist professional training and teaching

The postmortem examination guarantees completedatd and qualitative medical training at the ugdsduate
and postgraduate levels. Such conduct of autogsiesld be well integrated into medical educatiaanglwith
block postings in other subjects of medicine sd tedical students can benefit maximally.

Autopsy assists in a great way to teach medicalestis so that they can appreciate the pathologasis of the
various clinical phenomena.

It also contributes significantly to the training medical specialists in all specialties during thestgraduate
medical training. The educational value and validit arguments and conclusions in clinicopatholabmeetings
as well as morbidity and mortality meetings canbet exquisitely proven without sufficient input frothe
pathologist who should have performed autopsiesiges discussed.

Crucial health research and development

Autopsies help to advance research in the clinpathological and basic medical sciences. It h&dperitically
assess patients’ responses to clinical trials. paigs can detect the flaws of a therapeutic agemtiagnostic

method during clinical trials.
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Autopsy helps to test the efficacy of new diagrmoptiocedures some of which are non-invasive. b ailps to
monitor the effectiveness, complications and siffliects of new medical and surgical therapies. Asjoplays a
great and crucial role in detecting errors.

Medico-legal reasons

Autopsy assists in the detection of crime and syibmet apportioning of punishment so as to guaraate®rally
better, crime free and safe society.

Autopsy also assists the law courts in legal astionawarding commensurate compensations for industjury
or medical negligence. The postmortem examinatidlh also prevent medical staff from vain litigaterand
hospital management and health insurance societigspayment for false claims from opportunistients and
relations.

Procurement of human organs for transplantation

Postmortem examination is one of the easiest waysdcure human organs for transplantation andrene
continuity of life.

Reasons for the decline in autopsies

Reasons for the decline in autopsies include:

A high level of disinterest amongst individual cofant clinicians.The level of interest in postmorter
examination is the most important single factodetermining whether autopsies will be routinelyuested for.
Lack of consent of relations in routine hospitatogusy cases because they fear a delay in the fuoerde
mutilation of the corpses of their loved onéhis negative perception about the autopsy is éurgrerpetuated
because health authorities do not carry alongahehd general public on matters relating to auésps

A wrong approach by clinicians to request for thioasy may preclude consent by relations especiatgn
consent is requested by junior members of the rakédtaff such as house officers or new registi@wsh junior
staff may not know how to explain the procedureh® relations appropriately and get their consent®utine

hospital cases. Over-reliance on modern day hi-tkminostic methods and techniques is another singniblock
20



that recedes the growth of autopsy pathology. stiieen severally claimed by clinicians that sopmastd hi-tech
diagnostic methods and techniques including radio&d methods of imaging allow tissue biopsies ¢cobtained
from deep seated lesions using trucut needlesnfeeelles and various biopsy needles thus impraviagjuality
of antemortem diagnoses. However, despite so cati@tinuous improvements in diagnostic techniqeésiies
have continued to show a surprisingly consistemé¢ @& significant discrepancies between antemorserd
postmortem diagnoses.

Major discrepancies have been documented in ali¥tdf cases. Therefore, the autopsy remains fundeinie
the monitoring of efficacy and complications of reoadl investigative methods and treatment.

Overconfidence, prejudice and lack of inquisitivenhen the part of clinicians are other major pnoisle Even
when a clear diagnosis of the disease entity has bede, autopsy enables one to reveal unsuspamtddions,
other disease associations which may culminate syralrome and also reveal complications especjziist-
surgery from which most vital lessons can stilllbarnt with eternal relevance to the care of othetients in
futurel®

Incidental findings may also be seen at autop3iks.fear of litigations is also a major reasontf@ avoidance of
autopsies by clinicians. They fear that postmortienings may generate litigations.

PRACTICAL INDICATIONS OF AUTOPSY

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

Clinical and academic autopsies aim to determitagifg or confirm medical diagnosis that remainatkoown or
obscure prior to patient’s death; while the corghautopsies aim to ascertain the cause of deathner of death
and identify the deceased.

The practical indications for autopsies include:

Instances of the discovery of an unidentified boutlcative of foul play or death in suspicious cinestances suck

as sudden unexpected deaths.
21



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

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

Suicides

Homicides

Alcohol ingestion in alcoholics, death from pois@m&l drug related deaths in addicts.

Domestic accidents

Transportation accidents including road, rail, mirshaps and waterways disasters fall into the cayegf
coroner’s autopsies.

Deaths during surgery, within twenty-four hourscoimpletion of surgery and before recovery from atiaatic
agents.

Allegations of negligence by relations during mediiceatment.

Death of infants (this does not include hospitatte in which the cause of death is confidentlyvkmo

Abortion related deaths

Deaths in which the cause of death is unknown.

Death of suspects in prison custody.

Autopsy consults and requests

The requests may come from the clinicians in rautiospital cases or hospital coroners’ cases shaeath
occurring within twenty-four hours of admission miajor procedures cum therapy. It may also come ftloen
coroner who has ordered an inquest into a caseathdn suspicious circumstances. Very rarelyticeia may ask
for the conduct of an autopsy in case of suspectedical negligence, mismanagement or deaths onguduring
political incarceration or death of suspects andvis in prison custody. When requests are madeapily
specifically by relations in hospital cases, théhplgist should inform the physician who manadesl patient to
forward the relevant clinical history. The casesleath of suspects in prison custody should beudssr with the

coroner before the pathologist conducts the autopisg pathologist should also inform the hospitaharities. It
22



is the responsibility of the pathologist to seet thaper forms are filled and that relevant parsem duly in all
cases of autopsy requests. It is not in the ledatest and good professional and ethical cultore fpathologist to
go ahead for an autopsy on verbal request fronglthigian, the coroner or police or relations oé ttheceased. The
nurse may also be called to participate in the selling process for the aut

The preparation for the autopsy

The pathologist should do an unbiased critical syrand analysis of the case notes taking noteeohistory in
terms of the presenting complaints or symptomsgjtetl signs by the clinicians associating them tiogre and
forming his own opinion. His opinion can them beigted along the provisional clinical diagnosis ahe
pathologist can them check out for information iterature that will help him to make good decisicarsd
judgments at autopsy. He needs to communicate thiéh clinician to clear grey areas so as to av
misinterpretations of clinical information and aiately prevent diagnostic errors.

The mortuary staff should be informed of an autapslye conducted. It is the responsibility of evpaghologist to
give a standing order cum departmental policy thuatrantees that corpses are well preserved fopsisand that
bodies are not mistaken or swapped for one anoBeties brought to the morgue should thereforedyged
immediately they are received. It is advised tl@ations be asked to identify the corpses befotepsies are
carried out especially when there are doubts ateutentity of the corpses.

Relevant instruments should be laid out for theopsy procedure prior to commencement to avoid dedand
ambiguities.

Preservatives such as fixatives like 10% formoihgahnd Bouin’s fluid should be put in place sot tharvested
specimens are preserved for organ demonstratisargico-pathological, clinico-pathological confezea in court
sessions, for autopsy histology or further reseavigual aids such as video coverage, digital pipaphy may be
employed for demonstrative evidence in coronersésat court sessions or for clinico-pathologicaétimgs.

The precautions:

The pathologist should operate a standard opegdtipalicy or procedure at autopsy to safeguard refja
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infections, injuries during autopsy while not commmising quality assurance in autopsy pathologytm@cThere
must be well set out policies for preventing ini@es such as protective dressing and post autolesniog
procedures such as generous use of disinfectantfuanigation. Universal safety precautions agaiHstman
immunodeficiency virugHIV), Hepatitis Bvirus (HBV) andHepatitis Bvirus (HCV) et ce te ra should always
observed.

The Procedure

The procedure depends on the request and extantapbsy. There are full autopsies, selective oitdidhautopsies
(especially in cases concerning difficult non-cans® relations or focused research on specifgus).

Before starting the autopsy, identify the corpsd do a thorough general physical examination. Ardhgh
general physical examination may be all that assist making a firm diagnosis or resolve a medigmrle
controversy. The next thing is to approach therestedissection with a cosmetic consciousness ahthe body
in such a way as to prevent mutilations. The patlist needs to be conversant with the techniquesrgdn
dissection and organ removal such as the Ghon'l@ar), Rokitansky’s (in-situ dissection), Le tidlgen masse
dissection) and Virchow’s techniques.

The method of dissection is at the discretionhef pathologist as well as dependent on the nafuteaase, the
circumstances of death, the extent of autopsy, time at the disposal of the pathologist among ot
considerations.

In clinical cases there is the crucial need to ®awying possible morphologies prior to commencirggdissection
and paying specific attention to details so thatipalar organs are dissected within the contextlistases; for
example in liver cirrhosis, the oesophagus is rexdawegether with the stomach, duodenum, liver aidbjpdder.
The oesophagus is then inverted into the stomadhtten complex of stomach, duodenum and oesophaguis |
starting from the duodenum at the antimesenteniddsoand the stomach along the greater curvatueggose the
inverted oesophagus and thus demonstrate its peoindtlated vascular channels, the oesophage@legri

POSSIBLE FINDINGS
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It is important to know that normal structure oatimy produces normal functioning or physiology lelaltered
structures as a result of diseases that is mori@tbany or anatomical pathology results in abnorfionattioning or
pathophysiology. Pathophysiology is altered fumdtig, alteration or deviation in function of orgagstems
because of a disease process.

The pathologist relies on tissue changes due taskes induced alterations to be able to make tgmants and
diagnose diseases. The diseases betray their peegad alter tissue structures creating new stresteferred to
as lesions. The lesion is therefore the identi@iaioss features denoting structural changessodisas a result o
the disease process. The systematic analyticaly stundl ultimate description of the tissue alteraticand
appearance is known as morphology.

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 polsiatrogenic

Morphology of previous pathological processes whigdy be on-going, healed or with residual lesionsvadent
complications

Morphology of syndromic associations

Nil anatomical alterations (decomposing bodies,nggior deaths by some radioactive substances sscl
polonium)

Possible findings and proper interpretation

All findings require proper interpretation in alf@imstances. Why do we need proper interpretation
Medicolegal implications in criminal investigations a properly performed autopsy will help to undav

circumstances of death.
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Autopsy helps in preventive and social medicinat gdays a major role in disease epidemiology aantnealth
planning, management and budgeting.

It helps to establish the order of effective reskatevoid of errors.

It also establishes true databases for excellsetreh and budgeting.

The post mortem examination impacts true knowlaggen which medical treatment, policies and progoasbn
can be based.

Basic principles and approach to interpretation

The human body has specific standards by which ¢ompared in health and diseases. The human bbdg \
assaulted by diseases tends to keep within sortercémits of response though this is not invalyado.

Good and appropriate interpretation is dependent on

A good knowledge of the weights of different orgarighe body in different age groups, normal phiggjecal
processes and the variants for example organs ekangpregnancy, physiological changes during meason.
Age associated variations: children less than aear wr infants, childhood, adolescents, young adatd the
elderly.

Pathophysiology of diseases with good knowledgehef limitations of disease processes in changirgaror
weights and architecture (structure)

Systematic approach to interpretation of autopsy fidings

A good and critical analysis of the history andcemstances of death will help the pathologist tovkiwhat to
expect in any autopsy case.

If it is a medicolegal case, the pathologist ndedsilk to the coroner or his representative amdpiblice and make
enquiries about their investigations. He may neethlk to the relations of the deceased. A fullisien of the
scene of death may also be vital in reaching goodlasions.

In hospital cases, the case note documentatiorrewidal the nature of the disease. The patholegikt his prior

knowledge of medicine and pathophysiology of disaasl know what to expect in the index case vissadisease
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agent and tissue interactions and tissue changekiped. Thus, the injurious agent interacts with tibsue by
known pathophysiological mechanisms which produdassical structural alterations or morphologicatgas or
their variants that helps to establish the maigmiesis.

In properly interpreting autopsy findings, the ptlgist needs a combination of previous experienelentless
reading as well as systematic analysis of all atel evidence and clinical information.

Disease elemental knowledge that assists in appragte interpretation

The name of the patient or victim may indicate asionality and tribe. Some tribes allow intrafaymharriages
between cousins and this allows for the propagaifsome genetic disorders arising from consanguiiihe age
and sex of the patient are also very important. dé¢®upation is also important. Long distance deyésrce men,
politicians and commercial sex workers are vulnierab sexually transmitted diseases. The religibthe patient
is also important. A fasting diabetic may suffernr diabetic coma. The addresses of the patientpddgoa role in
interpretation. Patients living in down town arezEsvarying communities are usually the masses likat in
overcrowded or congested conditions and so diseelisies pathogenesis are favoured by overcrowdiegeasily
propagated as it happens in prisons in Africa afdgee camps where there can be wild epidemicssefses
such as cholera and tuberculosis. The drug histaay be very crucial to autopsy conclusions in théeptic,
diabetic and hypertensive patients. The past meHistory as it relates to past illnesses, hospithhissions, past
obstetric history in a grand multipara is also impot. The prevailing circumstances in the patgmth as lack of
employment opportunities, divorce or psychiatringss could provoke a suicide. Good and propensfiecum
appropriate medical interpretation is a productsotind scientific assessment, objectivity with aleas of
expression that is descriptive pathology using piad#e technical terms crucial to the disease @®ce
Descriptive pathology is crucial to the study oftigdogy. The ability to describe properly is based

What you know prior to the autopsy encounter.

The power of observation: critical, diligent, comsing and affirmative. The pathologist needs pérf

concentration and pay attention to all structuresfaatures so as to identify even subtle changes.
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The power of association linking observed features.

The power of appropriate interpretation giving rotona positive construction that culminates int@eatinent
tested diagnosis with which one concludes intatiityewith a summary.

What are the vital points in description?

Size: comparing with the known normal size. Weighiheasured in grams or kilograms and degree afgement
noted e.g. mild, moderate or severely enlargededriimeasurements of the organs and masses arendibmee
dimensions in centimetres taking note of the lengteadth and thickness in that order.

The shape of the organ or mass: comments on tipesiod organs are important if they have deviatechfnormal
due to a disease process.

Consistency: soft, firm, hard, cystic or bony

The contents of cysts, cavities, hollow organstii®y contain mucinous, serous or haemorrhagicdiid

Colour of fluids and tissues should be documentezh @as greyish white or brown; dark brown or veaated
appearances.

Comment on the borders of organs, tissues and mdssiere a definite capsule or prominent vasankrkings?
Is the capsule breached?

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

The fact or otherwise of circumscription: is thessiavell delineated that is well demarcated fromstinegounding
tissues or has ill-defined margins or fairly circoribed?

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

The general physical examination may be the mopbitant diagnostic finding in a very limited autgpsnd
forensic cases. Caput medusae, gynaecomastigutastatrophy are seen in chronic liver diseasgh Bmell and
uraemic frosts are encountered in chronic renddliriai Macular skin rashes or rose spots may beaye of
typhoid fever in fair skin people. Things to taka&ten of include the general body habitus such aghysique or

build of the individual, special odour, the statesoperficial and accessible organs as well asrextdody organs.
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Haemoglobin SS patients have gnathopathy; ovegidfrthe mandible by the maxilla.

Appropriate interpretation of autopsy findings spdndent on correlating and blending the aboves f@aitopsy
findings which are true pictures of the assaulthef disease process on tissues) with the clinicalroumstantial
information received.

We also need to systematically consider possibiaicking disorders or other conditions that may appmilar
and confirm their certainty in the index case de them out. These are the differential diagnoses.

Relating findings with normal tissue appearancea ba helpful in descriptions such as comparisms
consolidated lungs in lobar pneumonia with livengistency as grey or red hepatization or the hshse kidney
as a congenital disorder of the kidney, the honee shaped heart of tetralogy of Fallot and thestgged heart of
the transposition of the great arteries and vessels

Some common findings include:

Severe pallor: remember the history as you checlafiy sites of haemorrhage, septicaemic illness;tiomal
deficiency, haemolysis in haemoglobinopathies.

Fibrinopurulent exudates in the peritoneal cavityperitonitis should breed suspicion of a perfodatéscus.
Therefore, the pathologist should carefully exanmhmestomach and intestines for a perforated pejter disease
in the stomach, duodenum or a Meckel's diverticalawristoma in which ectopic gastric tissue is présand thus
it becomes a potential site for the developmenpeydtic ulcer disease which can perforate. Typhdegrs may
also perforate and cause peritonitis.

Presence of a mass: the concern of the patholaglisbe to ascertain the nature of the mass asgmaft or
benign. Masses should be described in terms ofitotand other descriptive indices such as sizapshand
presence or otherwise of capsule, degenerativggelsdike cystic change, calcification, haemorrhamgerosis and
other descriptive indices. Benigh neoplastic massed to be encapsulated and the capsules rembhneaahed.
There is resemblance to normal tissue, are wetluoiscribed and no suggestion of metastases. Malig

neoplasms are not encapsulated and even whengae of origin has a capsule, the neoplasm ultimdtedaches
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the capsule. The resemblance to the native tissuariable. The tissue may closely resemble thenabtissue or
have no resemblance. They tend to show tumour siscand haemorrhage especially in rapidly growingdurs.
They also tend to lack circumscription. Local ineasand direct spread is present in malignant desearl hey also
give rise to metastatic lesions in other organtadisfrom them such as lymph nodes, brain, livereotum, lungs
and peritoneal cavity. However particular maligna@bplasms tend to have organs they metastasideotogh the
biological behaviours of malignant tumours are ait¢n predictable. Other possible findings inclalde Trossier’s
nodes that is supraclavicular lymphadenopathy strgacarcinomas, Sister Joseph’s nodule that isast&tic
adenocarcinoma to the umbilicus in carcinomas efgéistrointestinal tract and paraplegia with muselsting in
prostatic adenocarcinoma.

Lymphadenopathies: in lymphadenopathies consigectfour of the nodes; greyish white or cream a@dwvith
haemorrhagic necrosis in tumour metastases or addeas greyish brown in inflammatory lesions or oase
necroses (yellowish white cheesy appearance) er¢ulpsis.

Discrete or matted lymph nodes: nodes may be desae matted in malignancies. They tend to be rdaitte
chronic granulomatous inflammatory conditions andcmte in acute lymphadenitis or some non spec
responses.

Consistency of the lymph nodes: lymph nodes areisdymphomas with bulging greyish surfaces wighfflesh
appearance. They are soft in areas of caseatignsiedut firm in other areas due to persistedammation and
concurrent tissue repair process.

Demonstrations/tests at autopsy sessiongarious tests and demonstration can be carriectoaitopsy session:
but none should becloud or preclude the propermedg gleaned from autopsy histology and its relaed
relevant investigations such as immunohistochemistytogenetics and other specialized investigatisuch as
polymerase chain reaction

Floatation tests: sections of lung tissues areprdpnside water to see if they sink or float. uklsen lung tissue

suggests airlessness as can be found in pneunmmsolaation and atelectasis.
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Lugol's iodine is used to demonstrate presencemyla@d

Patency of the common bile duct in biliary obstiuct

Reversed dissection of the oesophagus in patidgtiiso@sophageal 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 mepont. It is a verdict that calls for the immediateention of the
managing team or the coroner. Therefore, it is a@iooelegal document. It should be precise, infoiveat
unambiguous, consistent with literature, definitared time honoured. It should be written in sueteg to address
the reasons for the post mortem examination.

The report should be sent in as soon as possilileeteelevant authorities if it is to be beneficighe pathologist
should indicate the type of autopsy performed wieithis a coroner’s or routine hospital autopsg #re extent of
the autopsy whether it is full or limited. A fulbdumentation of the details of the autopsy is d&seior medico-

legal purposes, for posterity in research, estaiplgsor updating a database and formulating depanrtah policies
based on cumulative experience.

There should be a provisional report of the autgyesyormed immediately after the autopsy sessidiis i known

as the provisional anatomical summary. This camstit the highlights of the major anatomical findirsg autopsy
consistent with literature based and accepted dsgm These highlights are written out startingnfithe most
important findings to the seemingly trivial but ¢obutory pathologies. Thus the anatomical summsugutlined

by writing out the primary disease first followeg bther pathologies that the primary disease syatieaily

resulted to. The full report of the hospital augpgbould be written out in systems by systems istamwith the

summary of the clinical history, the documentatidrorgan weights followed by the findings on geh@taysical

examination and then by findings on systems digseeind examination.

The coroner’s reports should be written out in tagn’s terms for easy understanding though allusiay be
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made to its actual medical meaning. Easily expldenanedical terms should always be used. The pagistl
should be unambiguous, should not use verbose dgegwith a view to impress anyone. When medicahseare
used, he must carefully explain them in his repottiout controversies and must be ready to exmgabatthem in
court sessions should he be called to formallygarethe report, explain issues or make furtheifedations.

On hospital cases, the pathologist should issudl aefport including autopsy histology at most antioafter the
autopsy. If the requirements for immunohistocherpiand toxicology studies are not within the jurcsin of the
pathologist, then the pathologist should exercige r@straint in writing the full report but sendrgdes to standard
and certified laboratories that will assist himr@aching veritable conclusions and issue a fulbrepithin two
months of the autopsy. The report should include ghmary disease, its progression and the meamangnd
cause of death.

The prime position of autopsy histology

No autopsy is deemed complete or ought to be aedegd complete without autopsy histologpwever, some
and infact many cases are self-conclusive partiyulzoroner’'s cases and some hospital cases: c&'oard
routine cases. However histological examinatiotissiue in forensic cases should be applicabled@#se and left
to the discretion of the attending pathologist.télegy sees what the naked eyes cannot see. it exalusive
mode of investigation cum assessment that seesthnaiaked eyes cannot see as it shows cell-adit@lh matrix
interaction at the microscopic level. It also forthe basis for further investigations such as blsmical stains
and immunohistochemistry at the molecular levelth#refore gives more and far reaching informatioat is
unachievable by gross examination only. Histolagtherefore very essential.

Conclusion

In conclusion, the autopsy remains the ultimateitaiod| for evaluating the degree of competencegemeral
medical practitioners and medical specialists, dhditing of the accuracy of modern diagnostic faed and
efficacy of treatment schedules and the most ateunathod of determining the cause and circumssaotdeath.

It also guarantees the accessing of profound krdpeleand understanding of the disease process titlat
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ultimately culminate in proper medical practice.efdfore, there is a great need for medical edutatib
undergraduate and postgraduate levels to focusenrote of the postmortem examination as a usefgstigative,

teaching tool and an ultimate means of medical amding audit. Every hospital management shoulde h,
regulations on hospital and coroners’ autopsiesatémical pathology departments should also setdatadn
autopsy guidelines communicated to all profess@n@linicopathological conference should have asuine;

organ recital sessions aimed at correlating tharoofpanges with perceived clinical judgment.

Self-Assessment exercise
a. Define the autopsy and state the benefits of thepsy.
b. Enumerate the possible morphological findings imatopsy.

4.0 CONCLUSION:
Pathology is the link between basic sciences andcal practice. Disease process is better

understood with good foundation in pathology.

5.0 SUMMARY:
This unit teaches that:

Pathology is the link between basic sciences anddgolinical practice Cellular
events precede overt matatem of disease entitf¥here are four aspects of a disease

process forming the core of pathology. The autapssery important in the understanding of
diseases.

6.0TUTOR-MARKED ASSIGNMENTS.
c. What is cellular pathology?
d. Discuss the aspects of pathology that you know.

7.0 REFERENCES AND FURTHER READING:
Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Elevier/Saunders.

Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.

Ojo O.S. Essential pathology for Clini&lidents in the Tropics

UNIT 2: CELLULAR RESPONSES TO STRESS AND NOXIOUS
STIMULI/INFLAMMATION
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1.0 INTRODUCTION.

The normal cell is confined to a fairly narrow rangf function and structure by its state of
metabolism, differentiation, and specialization; dmnstraints of neighbouring cells; and by the
availability of metabolic substrates. It is neveldss able to handle physiologic demands,
maintaining a steady state calleoimeostasis.

2.0 OBJECTIVES.
At the end of this unit, you should be able to:
Describe cellular responses to stress and noxtousis

Explain cellular adaptation to these stimuli
Give an overview of inflammation.
Differentiate between acute, chronic and granulenmstnflammation

3.0 MAIN CONTENTS.
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3.1 Cellular Responses to Stress and Noxious Stimuli

NORMAL CELL

REVERSIELE

ADAPTATION

: ]
{(homeostasis) INJURY
Injurious mild,
Strass stimulus transient
----- - CELL INJURY
Inability
to adapt

Severe,
progressive

IRREVERSIBLE
INJURY

1

‘ I CELL ‘ \
NECROSIS DEATH APOPTOSIS

Fig 2.1Stages of the cellular response to stress andioysrstimuli.

TABLE 1 -- Cellular Responses to Injury

Nature of Injurious Stimulus

Cellular Response

INFECTION

CHEMICAL INJURY; MICROBIAL

ALTERED PHYSIOLOGICAL STIMULL, CELLULAR ADAPTATIONS
SOME NONLETHAL INJURIOUS
STIMULI
. Increased demand, increased . Hyperplasia, hypertrophy
Etlmulatlon (e.g., by growth factors, . Atrophy
ormones
. Decreased nutrients, decreased i Metaplasi
Stimulation
» Chronic irritation (physical or
chemical)
REDUCED OXYGEN SUPPLY; CELL INJURY
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e Acute and transient . Acute reversible injury

« Progressive and severe (including Cellular swelling fatty change

DNA damage) J Irreversible injury— cell death
Necrosis
Apoptosis
METABOLIC ALTERATIONS, GENETIC INTRACELLULAR ACCUMULATIONS;
OR ACQUIRED; CHRONIC INJURY CALCIFICATION

CUMULATIVE SUBLETHAL INJURY CELLULAR AGING
OVER LONG LIFE SPAN

Adaptations: These are reversible functional and structurgpoases to more severe physiologic
stresses and some pathologic stimuli, during whielv but altered steady states are achieved,
allowing the cell to survive and continue to fupncti( Fig. 1 and Table 1). The adaptive response
may consist of an increase in the size of cellpényophy) and functional activity, an increase
in their number (hyperplasia), a decrease in the ahd metabolic activity of cells (atrophy), or a
change in thephenotype of cells (metaplasia). Wherstress is eliminated the cell can recover
to itsoriginal state without having suffered amyrmful consequences.

If the limits of adaptive responses are exceeded cells are exposed to injurious agents or
stress, deprived of essential nutrients, or becoongpromised by mutations that affect essential
cellular constituents, a sequence of events folltves is termedcell injury (see Fig. 1). Cell
injury is reversibleup to a certain point, but if the stimulus persmtss severe enough from the
beginning, the cell suffersreversible injuryand ultimatelycell death Adaptation, reversible
injury, andcell deathmay be stages of progressive impairment followirffeent types of
insults. For instance, in response to increasedotgnamic loads, the heart muscle becomes
enlarged, a form of adaptation, and can even uodangry. If the blood supply to the
myocardium is compromised or inadequate, the musstesuffers reversible injury, manifested
by certain cytoplasmic changes. Eventually, thisslffer irreversible injury and die.

3.2 Inflammation.

The most important body mechanism is inflammategaction. The word inflammation is from

a Latin word ‘inflammatio’ to set on fire or to bur

It assists in preparing the tissue for restorat@its pre-morbid state.
The ability to get rid of damaged or necrotic tsswand foreign invaders, such as microbes is
essential to the survival of organisms. The hospaoase that accomplishesthese goals is called
inflammation It is fundamentally a protective responsesigned to rid the organism of both the
initial cause of cell injury (e.g., microbes, togjnand the consequences of such injury (e.g.,
necrotic cells and tissues).

36



Without inflammation infections would go uncheckedyunds would never heal, and injured
tissues might remain permanent festering sorethdmractice of medicine, the importance of
inflammation is that it can sometimes be inappidpty triggered or
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poorly controlled, and is thus the cause of tigejiey in many disorders.

Inflammation is defined as the complex yet systentablogical response of vascularized
living tissues to harmful stimuli such as pathogeatesmnaged cell or irritants. It is a protective
mechanism, an attempt by the organism to remowgianjs stimuli as well as initiate the
healing process for the tissue.

Inflammation is a complex reaction in tissues tb@atsists mainly of responses of blood vessels
and leukocytes. These vascular and cellular reastiof inflammation aretriggered by soluble
factors that are produced by various cells or dedvrom plasma proteins and are generated or
activated in response to the inflammatory stimulus

The benefits of inflammation include: identificatiof the injurious stimuli, curtailment of the
progression of the injurious agent, dilution of tfexins produced by the injurious agent,
destruction/degradation of the injurious agent jargparation of the tissue for repair to the pre-
morbid state.

However, inflammation is not always beneficial bygpersensitivity reactions.

Types
Inflammation may becute or chronic. This is dependent on 1) the nature of the stisialud

2) the effectiveness of the initial reaction im@hating the stimulus or the damaged tissues.

Acute inflammations rapid in onset (typically minutes) and is of ghduration, lasting for hours
or a few days; its main characteristics are thedation of fluid and plasma proteins (oedema)
and the emigration of leukocytes, predominantlytreghils (also called polymorphonuclear
leukocytes). When acute inflammation is successfuéliminating the offenders the reaction
subsides, but if the response fails to clear tliaders it can progress to a chronic phase.

Chronic inflammationmay follow acute inflammation or be insidious inseh It is of longer
duration and is associated with the presence oplhguoytes and macrophages, the proliferation
of blood vessels, fibrosis, and tissue destruction

Some historical highlights:
Although clinical features of inflammation were deked in an Egyptian papyrus dated around

3000 BC, Celsus, a Roman writer of the first centD, first listed the four cardinal signs of

inflammation: rubor (redness)tumor (swelling), calor (heat), anddolor (pain).[l] These signs
are

typically, more prominent in acute inflammation thia chronic inflammation. A fifth clinical
sign, loss of functioiffunctio laesa)was added by Rudolf Virchow in the 19th century

3.3  Acute inflammation
Acuteis a rapid host response that serves to delivétolies and plasma proteins, such as

antibodies, to sites of infection or tissue injufgute inflammation has three major components:
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(1) alterations in vascular calibre that lead to aniiease in blood flow(2) structural changes
in the microvasculature that permit plasma proteansl leukocytes to leave the circulati@md
(3) emigration of the leukocytdsom the microcirculationtheir accumulationin the focus of
injury, andtheir activationto eliminate the offending agent.

Stimulus for Acute Inflammation.
Infections(bacterial, viral, fungal, parasitic) and microbiakins are among the most common

and medically important causes of inflammatidiissue necrosigrom any cause, including
ischemia(as in a myocardial infarctfraumg andphysical and chemical injur{e.g., thermal
injury, as in burns or frostbite; irradiation; exqpwe to some environmental chemicals).
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Foreign bodies(splinters, dirt, sutures) typically elicit inflanation because they cause
traumatic tissue injury or carry microbes.

Immune reactiongalso called hypersensitivity reactions) are readtiin which the normally
protective immune system damages the individuals dissues. The injurious immune
responses may be directed against self-antigenssingpautoimmune disease®r may be

excessive reactions against environmental substairamicrobes

All inflammatory reactions share the same basic faares, although differentstimuli may
induce reactions with some distinctive characterists.

A hallmark of acute inflammation is increased vasclar permeability leading tothe
escape of a protein-rich exudate into the extravastar tissue, causingoedema. Several
mechanisms are responsible for the increased vasaupermeability.

Reactions of Blood Vesselsin Acute Inflammation:
In inflammation, blood vessels undergo a serieshainges that are designed to maximize the

movement of plasma proteins and circulating cels a@f the circulation and into the site of
infection or injury. The escape of fluid, proteirg)d blood cells from the vascular system into
the interstitial tissue or body cavities is knovaeaudation An exudateis an extravascular fluid
that has a high protein concentration, containlsileeldebris, and has a high specific gravity. Its
presence implies an increase in the normal perritgabf small blood vessels in an area of
injury and, therefore, an inflammatory reaction. dontrast, aransudateis a fluid with low
protein content (most of which is albumin), littee no cellular material, and low specific
gravity. It is essentially an ultrafiltrate of bldglasma that results from osmotic or hydrostatic
imbalance across the vessel wall without an inereéas/ascular permeabilityODedemadenotes
an excess of fluid in the interstitial tissue oroses cavities; it can be either an exudate or a
transudate Pus a purulent exudate, is an inflammatory exudate rich in leukesy(mostly
neutrophils), the debris of dead cells and, in mzages, microbes.

Reactions of Leukocytesin Inflammation.

A critical function of inflammation is to deliveelikocytes to the site of injury and to activate the
leukocytes to eliminate the offending agents. Thestmimportant leukocytes in typical
inflammatory reactions are the ones capable of @tygsis, namely neutrophils and
macrophages.

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
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3.4 Chronic Inflammation

Chronic inflammation is inflammation of prolongedrdtion (weeks, months, years or decades)
in which inflammation is characterized by the triafl persistence of injurious agent, hence
relentless tissue injury, and concomitant attengitsissue repair, in varying combinatiank
may follow acute inflammation, as described earlier chronic inflammation may begin
insidiously, as a low-grade, smouldering responsiont any manifestations of an acute

reaction. This latter type of chronic inflammati@nthe cause of tissue damage in some of the

most common and disabling human diseases, suctheasnatoid arthritis, atherosclerosis,
tuberculosis, and pulmonary fibrosis. It has alserbimplicated in the progression of cancer
and in diseases once thought to be purely deg@resrauch as Alzheimer disease.

Causes:

Persistent infectiondy microorganisms that are difficult to eradicaseich asmycobacteria,
and certain viruses, fungi, and parasites.

Immune-mediated inflammatory diseases

Prolonged exposure to potentially toxic agentshegitexogenous (e.g. silicosis) orendogenous(e

atherosclerosis).

Morphologic Features: In contrast to acute inflammation, which is martées by vascular
changes, oedema, and predominantly neutrophiliglitration, chronic inflammation is
characterized by:

. Infiltration with mononuclear cellswhich include macrophages, lymphocytes, plasma
cells, eosinophils and mast cells. The predominaltilar components are the macrophages.

. Tissue destructigninduced by the persistent offending agent or h®y inflammatory
cells

. Attempts athealing by connective tissue replacement of damagsde accomplished
by proliferation of small blood vessdBngiogenesisand, in particularfibrosis.

3.5 Granulomatous Inflammation: Granulomatous inflammation is a distinctive pattefn
chronic inflammationthat is encountered in a limited number of infeaasicand 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 eupefculosis, fungi

b. Chronic Non Caseating granulomatous inflammatiog. €Crohn’s disease, sarcoidosis,
leprosy, syphilis, schistosomiasis, reactionsttitaint lipids.

41



c. Chronic suppurative granulomatous inflammation- satatch disease, lymphogranuloma

venereum, tularaemia, sporotrichosis, brucellosis.

TABLE 2 -- Examples of Diseases with Granulomatouflammation

Disease Cause Tissue Reaction
Tuberculosis Mycobacterium Caseating granuloma (tubercle): focus of activated
tuberculosi

macrophage (epithelioic cells) rimmec by
fibroblasts lymphocytes histiocytes occasione
Langhan giant cells centra necrosis wit|
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amorphous granular debris; acid-fast bacilli

Leprosy Mycobacterium leprae |Acid-fast bacilli in macrophages; non-caseating
granulomas
Syphilis Treponema pallidum [Gumma: microscopic to grossly visible lesion,

enclosin¢wall of histiocytes plasmz cell infiltrate;
centra cells necrotic without loss of cellulal

outline
Cat-scratch disease |Gram-negative Rounded or stellate granuloma containing central
Bacillus  (Bartonellggranula debris anc recognizabl neutrophils giant
hensela)
cells uncommon
Sarcoidosis Unknown aetiology |Non-caseating granulomas with abundant activated
macrophages
Crohn disease Immune reaction |Occasional non-caseating granulomas in the wall of
(idiopathic against intestinal the intestine, with dense cloramfiammatory

inflammatory
bowel disease) bacteria, self-antigens |infiltrates

3.6 Systemic Effects of Inflammation

The systemic changes associated with acute inflaimmare collectively called thacute-
phase respons®r the systemic inflammatory response syndronhes& changes are reactions
to cytokines whose production is stimulated by éaat products such as lipopolysaccharide
(LPS) and by other inflammatory stimuli. The acptese response consists of several clinical
and pathologic changes:

1) Fever, characterized by an elevation of body temperatuseally by 1° to 4°C, is one of
the most prominent manifestations of the acute-@hasponse, especially when

inflammation is associated with infection. Fevempi®duced in response to substances called
pyrogenghat act by stimulating prostaglandin synthesithavascular and perivascular cells of
the hypothalamus.

2) Acute-phase proteingre plasma proteins, mostly synthesized in the,lméose plasma
concentrations may increase several hundred-folgpaas of the response to inflammatory
stimuli.

3) Leukocytosiss a common feature of inflammatory reactions, esky those induced by
bacterial infections. The leukocyte count usuallynbs to 15,000 or 20,000 cellsil/, but
sometimes it may reach extraordinarily high levalg0,000 to 100,000 celld.. These extreme
elevations are referred to #sukemoid 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 respordadm increased pulse and blood
pressure; decreased sweating, mainly because méctan of blood flow from cutaneous to
deep vascular beds, to minimize heat loss throbglrskin; rigors (shivering), chills (search for
warmth), anorexia, somnolence, and malaise, prgbbdtause of the actions of cytokines on
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brain cells.

5)

High levels of cytokines cause variousnical

manifestations such as
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1)
2)

3)
4)

disseminated intravascular  coagulation, cardioMascu failure, and metabolic
disturbance, which are describedsagptic shock.

Self-Assessment Exercises

a. What is cellular adaptation?
b. What are the types of inflammation that we have?

4.0 CONCLUSION

The response of the cell to stress and noxious ubfimts adaptation to those stimuli and
ignition of inflammatory response when cellular pi@ion is overwhelmed form the bedrock of
disease pathogenesis. The understanding of thigl&tion of pathology is indispensable!

5.0 SUMMARY.

Disease process commences at the cellular levEiwiblg the effect of stress andnoxious
stimuli.

Cellular adaptation is necessary to limit prog@ssof the disease. Otherwise,inflammatory
process begins.

Inflammatory response can be acute or chronic.

Classify chronic granulomatous inflammatory reaugio

6.1 TUTOR-MARKED ASSIGNMENT.

a. Enumerate cellular responses to injury.

b. What are the components  of acute and chronicinflammation? Give examples.

c. Briefly describe granulomatous inflammation.

7.0 REFERENCES AND FURTHER READING:
Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Elevier/Saunders.

Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.
Ojo O.S. Essential pathology for Clini&lidents in the Tropics

MODULE 2.

UNIT 1: CELL INJURY AND CELL DEATH
ICONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main contents
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Cell Injury and Cell Death

Causes of Cell injury

Morphologic Alterations in Cell Injury
Mechanisms of Cell Injury

46



4.0 conclusions

5.0 Summary

6.0  Tutor-marked assignment.
7.0 References/further readings.

1.0 INTRODUCTION

As earlier mentioned, cell injury results when sddire stressed so severely that theyare no
longer able to adapt or when cells are exposedhtierently damaging agents or suffer from
intrinsic abnormalities. Injury may progress thrbug reversible stage and culminate in cell
death (see Fig. 1).

2.0 OBJECTIVES. At the end of this unit, you should be able to:
i.  describe cell injury and cell death
ii.  classify and enumerate the causes of cell injury.
iii.  enumerate the morphologic alterations observedvadig cell injury.
iv.  describe the mechanisms of cell injury.

3.0 MAIN CONTENTS:
3.1  Cell Injury and Cell Death

Reversible cell injury. In early stages or mild forms of injury, the ftinoal and morphologic
changes are reversible if the damaging stimulusn®ved. The hallmarks of
reversible injury are reduced oxidative phosphdigtawith resultant depletion of energy stores

in the form of adenosine triphosphate (ATP), antililee swelling caused by changes in ion
concentrations and water influx. In addition, vaso intracellular organelles, such as
mitochondria and the cytoskeleton, may also shosvations.

Cell death. With continuing damage, the injury becomes irreNde, at which time the cell
cannot recover and it die§here are two principal types of cell death, ne@nd apoptosis,
which differ in their morphology, mechanisms, aalds in physiology and disease.

When damage to membranes is severe, lysosomal eszgnter the cytoplasm and digestthe
cell, and cellular contents leak out, resultinghecrosis In situations when the cell's DNA or
proteins are damaged beyond repair, the cell ksédf by apoptosis a form of cell death that is
characterized by nuclear dissolution, fragmentatafnthe cell without complete loss of
membrane integrity, and rapid removal of the caflulebris.

Whereas necrosis is always a pathologic processptasis serves many normal functions and is
not necessarily associated with cell injur€ell death is also sometimes the end result of
autophagy Although it is easier to understand these patlvedycell death by discussing them
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separately, there may be many connections betwean. tBoth apoptosis and necrosis maybe
seen in response to the same insult, such as isghpenhaps at different stages. Apoptosis can
progress to necrosis, and cell death during autpplmay show many of the biochemical
characteristics of apoptosis.

3.2  Causes of Cell Injury.

The causes of cell injury range from the extermalsg physical violence of an automobile
accident to subtle internal abnormalities, suchaagenetic mutation causing lack of a vital
enzyme that impairs normal metabolic function. Miagirious stimuli can be grouped 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 injogyreducing
aerobic oxidative respiration. Hypoxia is an extegmimportant and common cause of cell
injury and cell death.Causes of hypoxianclude reduced blood flow (celleéschemid,
inadequate oxygenation of the blood due to carelgpiratory failure, and decreased oxygen-
carrying capacity of the blood, as in anemia obcarmonoxide

poisoning (producing a stable carbon monoxy-hemnaglthat blocks oxygen carriage) or after

severe blood loss. Depending on the severity ofhy@oxic state, cells may adapt, undergo
injury, or die. For example, if an artery is naremy the tissue supplied by that vessel may
initially shrink in size (atrophy), whereas more/ese or sudden hypoxia induces injury and cell
death.

Physical Agents.Physical agents capable of causing cell injuryudel mechanical trauma,
extremes of temperature (burns and deep cold), esudtianges in atmospheric pressure,
radiation, and electric shock.

Chemical Agents and Drugs.The list of chemicals that may produce cell injulgfies
compilation. Simple chemicals such as glucose trisdnypertonic concentrations may cause
cell injury directly or by deranging electrolyte lmace in cells. Even oxygen at high
concentrations is toxic. Trace amountspoisons such as arsenic, cyanide, or mercuric salts,
may destroy sufficient numbers of cells within ntesior hours to cause death. Other potentially
injurious substances are our daily companions:renmental and air pollutants, insecticides,



and herbicides; industrial and occupational hazasdsh as carbon monoxide and asbestos;
recreational drugs such as alcohol; and the eweeasing variety of
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therapeutic drugs.

Infectious Agents These agents range from the submicroscopic \&ruse the large
tapeworms. In between are the rickettsiae, bactiemgi, and higher forms of parasites.

Immunologic Reactions. The immune system serves an essential functiorefande against
infectious pathogens, but immune reactions may e#sgse cell injury. Injurious reactions to
endogenous self-antigens are responsible for deMat@mmune diseases.

Genetic DerangementsGenetic abnormalities may result in a defect asrgeas the congenital
malformations associated with Down syndrome, caliseal chromosomal anomaly, or as subtle
as the decreased life span of red blood cells dabgea single amino acid substitution in
hemoglobin in sickle cell anemia. Genetic defecty mause cell injury because of deficiency of
functional proteins, such as enzyme defects inrméoors of metabolism, or accumulation of
damaged DNA or misfolded proteins, both of whicigger cell death when they are beyond
repair. Variations in the genetic makeup can at$lmence the susceptibility of cells to injury by
chemicals and other environmental insults.

Nutritional Imbalances. Nutritional imbalances continue to be major causé<ell injury.
Protein-calorie deficiencies cause an appallingbbemof deaths, chiefly among underprivileged
populations. Deficiencies of specific vitamins doand throughout the world. Nutritional
problems can be self-imposed, as in anorexia nar\sslf-induced starvation). Ironically,
nutritional excesses have also become importantesaof cell injury. Excess of cholesterol
predisposes to atherosclerosis; obesity is asgalcwith increased incidence of several important
diseases, such as diabetes and cancer. Atherassleswirtually endemic inthe United States,
and obesity is rampant. In addition to the problevhsinder nutrition and over nutrition, the
composition of the diet makes a significant conttitin to a number of diseases.

3.3 Morphologic Alterations in Cell Injury.

All stresses and noxious influences exert theeaf first at the molecular or biochemical level.
There is a time lag between the stress and the hofogic changes of cell injury or death; the
duration of this delay may vary with the sensitivaf the methods used to detect these changes.

With histochemical or ultra-structural techniquelsanges may be seen in minutes to hours after
injury; however, it may take considerably longeoyls to days) before changes can be seen by
light microscopy or on gross examination.

As would be expected, the morphologic manifestatiohnecrosis take more time to develop
than those of reversible damage. For examplechremmia of the myocardium, cell swelling is a
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reversible morphologic change that may occur in &ten of minutes, and may progress to
irreversibility within an hour or two. Unmistakablght microscopic changes of cell death,
however, may not be seen until 4 to 12 hours &ftet ischemia.
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Figl.1 Schematic illustration of the morphologic changescell injury culminating in
necrosis or apoptosis.

TABLE 3 -- Features of Necrosis and Apoptosis

Feature Necrosis Apoptosis

Cell size Enlarged (swelling) Reduced (shrinkage)

Nucleus Pyknosis— karyorrhexis Fragmentation into nucleosome-size fragments
— karyolysis

Plasma Disrupted Intact; altered structure, especie

membrane orientation of lipids

Uly

Cellular contents

Enzymatic digestion; Intact; may be released in apoptotic bodies

may leak out of cell

Adjacent
inflammation

Frequent

No

Physiologic or
pathologic role

Invariably pathologic
(culmination

of
irreversible cell injury)

Often physiologic, means of
eliminating unwanted cells; may be
pathologic after some

forms of cell injury, especially DNA damage
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Reversible injury: Two features of reversible cell injury can be radagd underthe
light microscopecellular swellingandfatty change

Cellular swelling appears whenever cells are incapable of maintainorgc and fluid
homeostasis and is the result of failure of en@lgyendent ion pumps in the plasma membrane.

Fatty changeoccurs in hypoxic, toxic or metabolic injuriesidtmanifested by the appearance of
lipid vacuoles in the cytoplasm and seen mainlycalls involved in and dependent on fat
metabolism, such as hepatocytes and myocardial cell

NECROSIS:

Necrosis is the spectrum of morphological changas occur after cell death in a living tissue.
The morphologic appearance of necrosis is thetre§denaturation of intracellular proteins and
enzymatic digestion of the lethally injured deklls placed immediately in fixative are dead but
not necrotic)

Patterns of tissue necrosis:

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

Coagulative necrosigs a form of necrosis in which the architecturedeéd tissues is preserved
for a span of at least some days. It is also knasvetructural necrosis.

Liguefactive or colliquative necrosis in contrast to coagulative necrosis, is charasdr by
digestion of the dead cells, resulting in transfation of the tissue into a liquid viscous mass. It
is seenin brain tissue and abscesses due to ibhatéctions or, occasionally, fungal infections.
It is also known as structureless necrosis.

All other forms of necroses are descriptive.

Gangrenous necrosigs not a specific pattern of cell death, but thentés commonly used in
clinical practice. It is usually applied to a limgenerally the lower leg, that has lost its blood
supply and has undergone necrosis (typically c@dyel necrosis) involving multiple tissue
planes.

Caseous necrosiss encountered most often in foci of tuberculouteation. The term
—caseous (cheese-like) is derived from the friabititevappearance of the area of necrosis. On
microscopic examination, the necrotic area appaara collection of fragmented or lysed cells
and amorphous granular debris enclosed withintandig/e inflammatory border;this appearance
is characteristic of a focus of inflammation knoasyagranuloma.

Fat necrosisis a term that is well fixed in medical parlance lboes not in reality denote a
specific pattern of necrosis. Rather, it referdacal areas of fat destruction, typically resulting
from release of activated pancreatic lipases iteapancreatitis into the substance of the pancreas
and the peritoneality. It is also seen in traumatic injury to thedst.

Fibrinoid necrosis is a special form of necrosis usually seen in imenu@actions involving
blood vessels. This pattern of necrosis typicalgcuss when complexes of antigens and
antibodies are deposited in the walls of arteries.

Ultimately, in the living patient most necrotic Isebnd their contents disappear by phagocytosis
of the debris and enzymatic digestion by leukocytiesecrotic cells and cellular debris are not
promptly destroyed and reabsorbed, they tend tacattalcium salts and other minerals and to
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become calcified. This phenomenon is callgstrophic calcification.
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3.4 Mechanisms of Cell Injury.
The discussion of the cellular pathology of celjuig and necrosis sets the stage for a

consideration of the mechanisms and biochemicatwmts of cell injury. The mechanisms
responsible for cell injury are complex. There &@yever, several principles that are relevant to
most forms of cell injury.

Principles:

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

The consequences of cell injury depend on the sypts, and adaptability of the injuredcell

Cell injury results from different biochemical maasms acting on several essentialcellular
components

Any injurious stimulus may simultaneously triggeultiple interconnected mechanisms that
damage cells. This is one reason why it is diffitalascribe cell injury in a particular situation
to a single or even dominant biochemical derangémen
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(=== | P Ty DA DAMAGE
,':} NI eI )
d—] Plazma Lysoacmal
membrans membrane
| [ ] |
Tultiple Laakaoe of § Mitochondrial - Ackvation Coarmans l Enzymatic Aativabon af
downstream pro-apopiobc parmeakbiliby of muiipie  to lipeds, Lo of digeshon pro-apophobic
alfacts lesns catiular prodains cobhular ol eolillar pitsleis
ENTYIES DM components components

FIGURE 1.2: The principal mechanisms of cell injury, and thbiochemical andfunctional
effects, are shown. These are described in detalie text.

Depletion of ATP:

ATP depletion and decreased ATP synthesis are dretyuassociated with both hypoxic and
chemical (toxic) injury. The major causes of ATHolégion are reduced supply of oxygenand

nutrients, mitochondrial damage, and the actiorsoaie toxins (e.g., cyanide).

ATP is produced in two ways. The major pathway ianmmalian cells is oxidativephosphorylation
adenosine diphosphate, in a reaction that resnltseduction of

55



oxygen by the electron transfer system of mitochandrhe second is the glycolytic pathway,
which can generate ATP in the absence of oxygamugucose derived either from body fluids
or from the hydrolysis of glycogen.

Mitochondrial Damage.
Mitochondria are the cell's suppliers of life-surisitag energy in the form of ATP, but they are
also critical players in cell injury and death. dtihondria can be damaged by increases of

. + . . . .
cytosolic Cg , reactive oxygen species (discussed below), agdesxdeprivation, and so
they are sensitive to virtually all types of inpus stimuli, including hypoxia and toxins. In
addition, mutations in mitochondrial genes areddugse of some inherited diseases.

There are two majazonsequences of mitochondrial damateFormation of a high-conductance
channel in the mitochondrial membrane, callednthichondrial permeability transition pore. 2)
The mitochondria also sequester between their @tdrinner membranes several proteins that
are capable of activating apoptotic pathways; theskide cytochrome and proteins that
indirectly activate apoptosis inducing enzymesethtlaspases. Increased permeability of the
outer mitochondrial membrane may result in leakafgese proteins into the cytosol, and death
by apoptosis.

Increased cytasolic Ca@+,

reactive oxygen species (oxidalive stress),
lipid peroxidation

Mitochondrial injury or dysfunction

H+ @ :
| ) | -
v d : = > 4 Mitochondrial
itochondrial permeability X" membrane
transition
Cytochrome c,
¥ other pro-apoptotic
Loss of membrane potential proteins
L 2
Inability to generate ATP %
%{7 APOPTOSIS
| NECROSIS |

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

Influx of Calcium and Loss of Calcium Homeostasis.The finding that depleting calcium
protects cells from injury induced by a varietyhairmful stimuli indicates that calcium ions are
important mediators of cell injury.
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FIGURE 1.4 The role of increased cytosolic calcium in celuiy. ER, endoplasmicreticulum.

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

The accumulation of (?g in mitochondria results in opening of the mitochoad
permeability transition pore and, as described ap@ilure of ATP generation.

Increased cytosolic 85 activates a number of enzymes, with potentiallyetiglous cellular
effects. These enzymes includghospholipases(which cause membrane damage),
proteases(which break down both membrane and cytoskeletaleprs), endonucleases
(which are responsible for DNA and chromatin fragtagion), andATPasegqtherebyhastening
ATP depletion).

Increased intracellular 85 levels also result in the induction of apoptosig, threct
activation of caspases and by increasing mitochahgermeability.

Accumulation of Oxygen-derived Free Radicals (oxid#@e stress).

Cell injury induced by free radicals, particulantgactive oxygen species, is an important
mechanism of cell damage in many pathologic comaiti such as chemical and radiation injury,
ischemia-reperfusion injury (induced by restoratidrblood flow in ischemic tissue),
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cellular aging, and microbial killing by phagocytes

Free radicalsare chemical species that have a single unpaieamdreh in an outer orbit. Energy
created by this unstable configuration is reledabealigh reactions with adjacent molecules, such
as inorganic or organic chemicals—proteins, lipasbohydrates, nucleic acids—many ofwhich

are key components of cell membranes and nuclei.

Table 4. Properties of the Principal Free Radicalénvolved in Cell Injury

Properties 02 EZO 'OH ONOO
MECHANISMS |Incomplett Generate by Generate Produce by
OF reduction of Q »OL from C from HpO by [gnteractior of O
PRODUCTION during oxidative anc by oxidase |hydrolysis anc NO generate
phosphorylatior by |in peroxisome |e.g., b by NO synthas in
phagocyt oxidastin radiation many cell types
leukocytes from HO2 by | (endothelial cells,
Fentotr leukocytes
reaction; from|neurons, others)
02
MECHANISMS |Conversion to HO2 |Conversionto |Conversion to| Conversion to
OF and @ by SOD HO and @ by |H20 by HNQ2 by
INACTIVATION catalas glutathione peroxiredoxin
(peroxisomes  |peroxidas (cytosol
glutathione mitochondria
peroxidas
(cytosol,
mitochondria)

PATHOLOGIC Stimulate: Car be converter  |Mostreactive | Damage lipids,
EFFECTS production of to 'OH and OCI, |oxygen- proteins, DNA
degradativ enzyme  |which destro! derivec free

in leukocyte anc microbe: anc radical

othei cells may cells car act principa ROS

directly damag distan from site |responsibl

lipids, proteins of productior for damagini

DNA,; act: closeto lipids,

site of production proteins, and
DNA

HNO?2, nitrite; H2O2, hydrogen peroxide; NO, nitric oxide20, superoxide anion; OGI
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hypochlorite; OH, hydroxyl radical; ONOO ,_ peroxyiie; ROS, reactive oxygen
species; SOD, superoxide dismutase.

Pathologic Effects of Free Radicals:

Lipid peroxidation in  membranes

Oxidative modification of proteins

Lesions in DNAFree radicals are capable of causing single- @mable-strand breaks inDNA,
cross-linking of DNA strands, and formation of adtdu Oxidative DNA damage has been
implicated in cell aging and in malignant transfation of cells.

Defects in Membrane Permeability.
Early loss of selective membrane permeability legdultimately to overt membrane

damage isa consistent feature of most forms dfirgery (except apoptosisMechanisms
of Membrane Damage: Reactive oxygen species Demteghospholipids synthesis
Increasedphospholipids breakdown. Cytoskeletababalities

Damage to DNA and Proteins.
Cells have mechanisms that repair damage to DNA,ifbthis damage is too severe to be

corrected (e.g., after exposure to DNA damagingsiruadiation, or oxidative stress), the cell
initiates a suicide program that results in deatlapoptosis. A similar reaction is triggered by
improperly folded proteins, which may be the residlinherited mutations or external triggers
such as free radicals. However, the molecular nreshes connecting most forms of cell injury
to ultimate cell death have proved elusive, émveral reasons. Theoint of no returt, at
which the damage becomes irreversible, is stijeély undefined, and there are no reliable
morphologic or biochemical correlates of irrevellgjp Two phenomena consistently
characterize irreversibility—the inability to reverse mitochondrial dysfunctigack of oxidative
phosphorylation and ATP generation) even afterlugism of the original injury, angrofound
disturbances in membrane functidks mentioned earlier, injury to lysosomal memiesresults
in the enzymatic dissolution of the injured cedttlis characteristic of necrosis.

Self-assessment Exercise

i.  Define cell injury and cell death.

ii.  Classify and enumerate the various causes ofrgafiyfdeath.
4.0 CONCLUSION.

The knowledge of the various classes and typeslbfigury and cell death, the morphologic
patterns involved and the mechanism by which tlaegnts and events bring about irreversible
injuries forms the bedrock of development of artedao counteract their effects. Hence a good
understanding of the pathways is an essentiafboohodern nursing practice.
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5.0

SUMMARY.

Cell injury and cell death.

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

The mechanisms by which the injuries bring abaetviersible cell death.

6.0
iii.
iv.

Tutor-Marked Assignment.

Differentiate between necrosis and apoptosis.

Enumerate the mechanisms of cell injury and bridégcribe one of them. What
are free radicals? Give examples

7.0 References/Further Reading

Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Eievier/Saunders.

Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.

Ojo O.S. Essential pathology for Clini&lidents in the Tropics
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1.0 INTRODUCTION
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With a knowledge base of the causes, morphology,raachanisms of cell injury and necrotic
cell death, it will be pertinent to now describer@common and clinically significant forms of
cell injury that typically culminate in necrosis.

2.0 OBJECTIVES.At the end of this unit, you should be able to:
Describe selected examples of cell injury and rasrdifferentiate
between apoptosis and autophagy.

Describe intracellular accumulations and pathola@gicification Explain
cellular aging.
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3.0 MAIN CONTENT:

3.1 Clinico-Pathologic Correlations: Selected Examplesf Cell Injury and Necrosis.
Ischemic and Hypoxic Injury: This is the most common type of cell injury in @&l medicine
and has been studied extensively in humans, inrempatal animals, and in culture systems.
Hypoxia, referring to reduced oxygen availabilitgay occur in a variety of clinical settings,
described earlier. In ischemia, on the other h#ve supply of oxygen and nutrients is decreased
most often because of reduced blood flow as a quesee of a mechanical obstruction in the
arterial system. It can also be caused by redueadus drainage. In contrast to hypoxia, during
which energy production by anaerobic glycolysis @mtinue, ischemia compromises the
delivery of substrates for glycolysis. Thus, inhiemic tissues, not only is aerobic metabolism
compromised but anaerobic energy generation alspsstfter glycolytic substrates are
exhausted, or glycolysis is inhibited by the acclation of metabolitesthat would have been
removed otherwise by blood flow. For this reason,

Ischemia tends to cause more rapid and severeaaélltissue injury than does hypoxia in the
absence of ischemi# ischemia persists, irreversible injury and nesigoensue
Ischemia-reperfusion Injury: Restoration of blood flow to ischemic tissues capnmte

recovery of cells if they are reversibly injuredowever, under certain circumstances, when

blood flow isrestored to cells that have beenascic but have not died, injury is paradoxically

exacerbated and proceeds at an accelerated pace.cAssequencageperfused tissues may
sustain loss of cells in addition to the cells the irreversibly damaged at the end of ischemia

This process, calledchemia-reperfusion injuryis clinically important because it contributes to

tissue damage duringnyocardial and cerebral infarction and following therapies to restore

blood flow.

Chemical (toxic) Injury: Chemical injury remains a frequent problem in caimedicine and

is a major limitation to drug therapy. Because mdnygs are metabolized in the liver, this

organ is a frequent target of drug toxicity. Intfaoxic liver injury is perhaps the most frequent

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

Chemicals induce cell injury by one of two genenalchanisms:

1) Some chemicals can injure cellfirectly by combining with critical molecular
components. For example, in mercuric chloride paresp mercury binds to the
sulthydryl groups of cell membrane proteins, cagsimcreased membrane
permeability and inhibition of ion transport.

2) Most toxic chemicals are not biologically active tineir native form but must be
converted to reactive toxic metabolites, which trest on target molecules. This
modification is usually accomplished by the cytamshe P-450 mixed-function oxidases
in the smooth ER of the liver and other organs.

62



3.2  Apoptosis/Autophagy

Apoptosis is a pathway of cell death that is induced by atlgregulated suicide program in
which cells destined to die activate enzymes tlegralde the cells’ own nuclear DNA and
nuclear and cytoplasmic proteins. Apoptotic celtsalk up into fragments, called apoptotic
bodies, which contain portions of the cytoplasm aodleus. The plasma membrane of the
apoptotic cell and bodies remains intact, but ftsicsure is altered in such a way that these
become-tasty targets for phagocytes. The dead cell and itsnfeags are rapidly devoured,
before the contents have leaked out, and thereftaleath by this pathway does not elicit an
inflammatory reaction in the host. The process wasognized in 1972 by the distinctive
morphologic appearance of membrane-bound fragmeetised from cells, and named after
the Greek designation fefalling offl. It was quickly appreciated that apoptosis wasigue
mechanism of cell death, distinct from necrosisjcWwhs characterized by loss of membrane
integrity, enzymatic digestion of cells, leakage a#fllular contents, and frequently a host
reaction. However, apoptosis and necrosis sometguegist, and apoptosis induced by some
pathologic stimuli may progress to necrosis.

Causes:Occurs normally both during development and throughadulthood, and serves to
eliminate unwanted, aged or potentially harmfulscét is also a pathologic event when diseased
cells become damaged beyond repair and are elietinat

Autophagy is a process in which a cell eats its own contdhis.a survival mechanism in times
of nutrient deprivation, when the starved cell $vBy cannibalizing itself and recycling the
digested contents. In this process intracellulaganelles and portions of cytosol are first
sequestered from the cytoplasm in amtophagic vacuolewhich subsequently fuses with
lysosomes to form arautophagolysosomeand the cellular. Components are digested by
lysosomal enzymes. Nevertheless, autophagy hasibeeked as a mechanism of cell loss in
various diseases, including degenerative disedst® mervous system and muscle; in many of
these disorders, the damaged cells contain abuadiéspphagic vacuoles.

The major differences between necrosis and ap@ptosi

Necrosis Apoptosis

Group of cells affected Single or few cells seldcte
Caused by injurious agent/event Genetically pnognad death
Reversible events precede irreversible Irreversiivlent once initiated;
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cell death is inevitable

Energy deprivation causes changes Events are edekgn

Cells swell due to influx of water Cells shrink agtoskeleton is
disassembled

Haphazard destruction of organelles and Orderly packaging of organelles
nuclear material by enzymes from and nuclear fragments in
ruptured lysosomes membrane-bound vesicles

Cellular debris stimulates inflammatory New molecules expressed on
cell response vesicle membranes stimulate

phagocytosis; no inflammatory
response

3.3 Intracellular Accumulations
One of the manifestations of metabolic derangemiantslls is the intracellular accumulation of
abnormal amounts of various substances. The stedkgilbstances fall into two categories:

(1) a normal cellular constituentsuch as water, lipids, proteins, and carbohydratbat
accumulates in excess; or

(2) anabnormal substancesither exogenous, such as a mineral or prodddtdextious agents,

or endogenous, such as a product of abnormal ssiatbe metabolism. These substances may
accumulate either transiently or permanently, drel/tmay be harmless to the cells, but on
occasion they are severely toxic. The substance b®aylocated in either the cytoplasm
(frequently within phagolysosomes) or the nucldnsome instances the cell may be producing
the abnormal substance, and in others it may beelymestoring products of pathologic
processes occurring

64



elsewhere in the body.
Most accumulations are attributable to four types of abnormalities:

Normal endogenous substance is produced at a navmahcreased rate, but the rate of
metabolism is inadequate to remove it. Exampley fabhange in the liver and reabsorption
protein droplets in the tubules of the kidneys.

An abnormal endogenous substance, typically thelymioof a mutated gene, accumulates
because of defects in protein folding and transpod an inability to degrade the abnormal
protein efficiently. Example: accumulation of m@dt1-antitrypsin in liver cells.

Normal endogenous substance accumulates becadséeofs, usually inherited, in enzymes that
are required for the metabolism of the substanzanples include diseases caused by genetic
defects in enzymes involved in the metabolism g@idliand carbohydrates, resulting in
intracellular deposition of these substances, lgrigdysosomes.

An abnormal exogenous substance is deposited anonadtates because the cell has neither the
enzymatic machinery to degrade the substance roabitity to transport it to other sites.
Accumulations of carbon particles and nonmetabble@hemicals such as silica are examples
of this type of alteration.

Pathologic Calcification.

Pathologic calcification or heterotopic calcificatiis calcification other than normally occurring
in the teeth and skeletal system. It is the abnbtissue deposition of calcium salts, together
with smaller amounts of iron, magnesium, and otmameral salts. There are two forms of
pathologic calcification. When the deposition osclocally in dying tissues it is known as

dystrophic calcificationit occurs despite normal serum levels of calcamd in the absence of

derangements in calcium metabolism. In contrast,déposition of calcium salts in otherwise
normal tissues is known ametastatic calcification and it almost always results from

hypercalcemia secondary to some disturbance ifucalmetabolism.

Dystrophic calcification. Dystrophic calcification is encountered in areasetrosis, whether
they are of coagulative, caseous, or Liquefactypetand in foci of enzymatic necrosis of fat.
Calcification is almost always present in the athems of advanced atherosclerosis. It also
commonly develops in aging or damaged heart valvesther hampering their function,
whatever the site of deposition, the calcium safigsear macroscopically as fine, white granules
or clumps, often felt as gritty deposits. Sometimdsberculous lymph node is virtually
converted to stone.
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Fig 2.1 Dystrophic calcification of the aortic valve. Vidaoking down onto the unopened
aortic valve in a heart with calcific aortic stensslIt is markedly narrowed (stenosis). The
semilunar cusps are thickened and fibrotic, andit@leach cusp are irregular masses of 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 calcifargt
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 normal tissue
whenever there is hypercalcemia. Hypercalcemia a#mentuates dystrophic
calcification.

There arefour principal causes of hypercalcemia:

1) Increased secretion of parathyroid hormone (PTHh veubsequent bone resorption, as in
hyperparathyroidismdue to parathyroid tumors, and ectopic secretionP®H-related
protein by malignant tumors.

2. Destruction of bone tissusecondary to primary tumors of bone marrow (emgltiple

myeloma, leukemia) or diffuse skeletal metastasshsas in carcinomatosis with or without

skeletal involvement especially with bronchial dmdast cancer, accelerated bone turnover (e.qg.,

Paget disease), or immobilization

3. Vitamin D-related disordersincluding vitamin D intoxication, sarcoidosis (which

macrophages activate a vitamin D precursor), alegpadhic hypercalcemia of infancy (Williams

syndrome), characterized by abnormal sensitivityiteamin D.

4 Renal failure which causes retention of phosphate, leadingetordary

hyperparathyroidism.
Other instances include: Milk alkali syndrome aryghdparathyroidism (deposits in the basal

ganglia)
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Causes of hyperparathyroidism can be classified ptimary 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 states
Rtegnancy and lactation

Sites of metastatic calcifications include

d. kidneys producing nephrocalcinosis which may leacdehal failure.
Stomach

Lungs on the elastic fibres of the alveolar septa

Blood vessels

Cornea

@ —~ o

Pathologic calcification can also be found in tblofving circumstances.

In calculi (Stones)- Many calculi include calciuadts among their constituents.

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 encounténateoplasms

Microscopic laminated calcified bodies — calcospbefcalcospherules are found

association with
— Adenocarcinoma of the ovary
— Papillary carcinoma of the thyroid gland
— Meningioma (psammoma bodies)
— Benign and malignant breast lesions
— Oligodendroglioma.

in
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Pathogenesis of Pathological calcification is dees:
The final common pathway is the formation of crilsta calcium phosphate mineral in the form of
an apatite resembling the hydroxyl apatite of bone.

This involves essentially two main phases.

Initiation (or nucleation)

Propagation

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

Initiation in extracellular calcification occurs matrix vesicles which are membrane bound
phospholipids present in regenerating or agingcell

Calcification causes organ dysfunction as occurs caicific valvular disease and
atherosclerosis.

3.4  Cellular Aging.

Cellular aging is the result of a progressive daexin cellular function and viability caused
by genetic abnormalities and the accumulation diilee and molecular damage due to the
effects of exposure to exogenous influences. Séudienodel systems have clearly established
that aging is a regulated process that is influérizg a limited numberof genes, and genetic
anomalies underlie syndromes resembling prematgirggan humans as well. Such findings
suggest that aging is associated with definablehar@stic alterations.

Changes that contribute to cellular aging inclutde ftollowing:

1) Decreased cellular replicationThe concept that most normal cells have a limited
capacity for replication was developed from a sempkperimental model for aging. Normal
human fibroblasts, when placed in tissue cultua@eHimited division potential.

2) Accumulation of metabolic and genetic dama@ellular life span is determined by a
balance between damage resulting fronetabolic eventsoccurring within the cell and
counteracting molecular responses that can repaidamage. One group of potentially toxic
products of normal metabolism aesactive oxygen specieAs we saw earlier, these by-products
of oxidative phosphorylation cause covalent modtimns of proteins, lipids,
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and nucleic acids. Increased oxidative damage coeflilt from repeated environmental

exposure to such influences as ionizing radiatimipchondrial dysfunction, or reduction of

antioxidant defense mechanisms with age (e.g.;muitd&, glutathione peroxidase). The amount
of oxidative damage, which increases as an orgamiges, may be an important cause of
senescence.

Self-Assessment Exercise
Give two clinic-pathological examples of cell inyuaind tissue necrosis

Differentiate between apoptosis and autophagy.

4.0 CONCLUSION.
Shakespeare probably characterized aging bestsirlegant description of the seven ages of

man. It begins at the moment obnception involves thalifferentiation andmaturation of the
organism and its cells, at some variable pointmetleads to therogressive loss of functional
capacity characteristic of senescencand ends irdeath. With age there are physiologand
structural alterations in almost all organ systems. Aging in individuadsaiffected to a great
extent by genetic factors, diet, social conditioasd occurrence of age-related diseases, such as
atherosclerosis, diabetes, and osteoarthritis. dditian, there is good evidence that aging-
induced alterations in cells are an important comemb of the aging of the organism.

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.

6.0 TUTOR-MARKED ASSIGNMENT.
1) Enumerate the different types of intracellular awaolations that you have
learned.

What is pathological calcification? Briefly des@ithe types that you have learned.
Write a short note on cellular aging.

7.0 REFERENCES/Further Readings
Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Eievier/Saunders.

Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.

Ojo O.S. Essential pathology for Clini&lidents in the Tropics
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UNIT 3: WOUND HEALING
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INTRODUCTION.

Wound and wound healing are likely terms that fe#iture in everyday life of a nurse clinician.
A clear understanding of the processes involveébdesefore unavoidably paramount.

Injury to cells and tissues sets in motion a seokesvents that contain the damage and initiate

the

healing process. This process can be broadigraged into regeneration and repair.

Regeneration results in the complete restitutiodost or damaged tissue; repair may restore
some original structures but can cause struct@a@rdyements. In healthy tissues, healing, in the
form of regeneration or repair, occurs after pcadly any insult that causes tissue destruction,
and is essential for the survival of the organism.

2.0

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

Differentiate between tissue regeneration and ¢isepair.

Explain the mechanisms of tissue and organ regeoera

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

Organize the processes involved in wound healing.

Enumerate the local and systemic factors influeppeiound healing.
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3.0 MAIN CONTENTS:

3.1 Tissue regeneration and tissue repair.
WOUND HEALING AND POST INFLAMMATORY TISSUE REPAIR

WOUND HEALING
A wound is a breach or defect in the structurentdiat living tissue precipitated by injury and acg@nied by
inflammatory response.
Whatever causes tissue injury may result in a wamdthere 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-epighéssue
Wound healing is a complex and orderly systemabcegss.
It involves seven processes.
Acute inflammatory response upon injury
Regeneration of native cells of tissue involved.
Proliferation and migration of both native and cective tissue cells
Synthesis of extracellular matrix (ECM) proteins
Remodelling of connective tissue and parenchymalpaments
Collagenization and progressive acquisition of wbstrength
Contraction.

NoakrwhE

These processes may be interwoven but ultimateletls accentuation of the final stages. The hgalf wound
depends on the 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.

oahrwWNE

HEALING BY FIRST INTENTION OR PRIMARY UNION

Healing by first intention or primary union is thmeans by which clean uninfected surgical woundsl| v
approximated by sutures heal. Such surgical inessicause death of minimal epithelial cells, conmectissue
cells and minimal disruption of the basement memdra

Immediately after creating the wound, the body nsote fill the narrow incision space with clottedotd
composed of fibrin and blood cells. This undergaeisydration 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 tentds and deposit basement membrane componeriteyambve
along. The cells fuse in the midline beneathsitab to produce a thin but continuous epitheligia

By the third day
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Macrophage replace neutrophils

Granulation tissue invades the incision space

Collagen fibres appear at the margins with a varbcientation but do not bridge the incision.
Epithelial cell proliferation continues so that ttevering epidermis gets further thickened.

Fifth day

Granulation tissue fills the incision space

Proliferation of blood vessels and blood supplgpsimal

Further proliferation of collagen fibrils and bridg of the incision

Normal epidermal thickness becomes restored

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

Two weeks

Continued accumulation of collagen
Proliferating of fibroblasts

Decrease in leucocytic infiltrate
Resorption of edema

Regression of vascular channels
Reduction in vascularity

Increase in the deposition of collagen

One month

Prominent scar tissue formation. Scar tissue wemse and cellular connective tissue with intadctdesmal
covering.

Absence of inflammatory infiltrate.

Consequences

Dermal and epidermal appendages are lost

Functionally imperfect apparatus versus efficiezdlimg

Tensile strength may take months to recover.

HEALING BY SECOND INTENTION

Wounds with extensive loss of cells, large tissatect and wide margins heal by second intentiohis Thcludes
infarction, inflammatory ulceration and abscessemétion with large surface wounds.

Implications of a large defect include:

1. Regeneration of native cells cannot suffice toeldb® large defect

2. Therefore abundant granulation tissue is needed.

3. Fibrin is more abundant. There is more necrotlirideand exudates. Intense inflammatory reactior
needed to remove the fibrin and necrotic debris.

4. Wound contraction by myofibroblasts.

Wound healing depends on regulation of specifialdel mediators, which have receptors on particudelts, cell
matrix interactions, controlling effect of physidattors and innate parenchyma and connectiveegionse.

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

can be
1.

Paracrine
Autocrine

competence growth F-move cells out of Go phase lrdckcell cycle e
e.g. PDGF
BFGF

progress GF
has mitogenic effect only on cells within the @jtle 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 emtire tissue cells.

EGF=stored in platelets

TGF and epidermal cells and macrophage

TGF $ - growth inhibitor

Attracts monocytes

Stimulates fibroblast chemotaxis and productionalfagen and fibronectin by cells but inhibit cgién
degradation = Fibrogenesis.

Produced by

- platelets

- endothelium

- T-cells

- Macrophages.

Cytokines
IL-and TNF
Chemotactic for fibroblasts resulting in collagenthiesis and collagenase production.

TISSUE REMODELLING

It entails replacement of granulation tissue, whechulnerable to injury to a more resistant tisghe scar

tissue. It involves progressive changes in thepmsition of the extracellular matrix. Some grovabtors

modulate the synthesis and activation of metallinases, which degrade extracellular components.
Metalloproteinases are dependent on zinc ions.y €aasist of:
Interstitial Collagenases which cleave fibrilladlagen types, 1, I, and lll.

Gelatinases or type IV collagenases; the se degnadephous collagen and fibronectin
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Stromelysins that act on proteoglycans, laminiordinectin and amorphous collagens

Membrane bound matrix metalloproteinases (MBMM), M8 are cell surface associated proteases. -
metalloproteinases are derived from fibroblasts,cnmghages, neutrophils, synovial cells and so
epithelial cells. Their secretions are inducedPBGF, FGF, cytokines (IL-I, TNF &) phagocytosis and
physical stress. The enzymes are inhibited by BGard steroids. Collagenases cleave the triplig h
collagen under physiological conditions into twoegunal fragments which are further digested by ot
proteases. Collagenases are elaborated in lademt procollagenase. Procollagenases are activate:
HOCL produced during the oxidative burst of leukiesyand proteases.

Activated matrix metalloproteinases are almost imhiaiely rapidly inhibited by a family of specifissue
inhibitors of metalloproteinases (TIMP), TIMP assmthesized by mesenchymal cells.

WOUND CONTRACTION
Wound contraction is thought to be due to the @mion of myofibroblasts and fibronectin, which rfor
bridges between fibres. A large wound can be redtic 5-10% of its original size in 6 weeks.

FACTORS INFLUENCING 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 abslarlsatures, fragments of steel, glass and bone.
Size of wound: wounds in areas within rich bloog@y such as the face heal faster than those anlypo
vascularised areas of the body such as the foot.

Systemic factors include:

Nutrition: protein deficiency and particularly witen ¢ deficiency delays collagen synthesis and ysel
healing of wound.

Metabolic disorders such as diabetes mellitus.

Circulatory status

Anaemia, poor vascular supply and congestion afpair healing

Hormones such as glucocorticoids have anti-inflatonyaeffects. Glucocorticoids also inhibit collage
synthesis.

Complications of wound healing
These complications arise from anomalies in théclrapair processes.

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

The complications include

Wound dehiscence due to increased abdominal peessur

Wound ulceration due to inadequate vascularisaticsupport the healing process

Keloids and hypertrophic scar

Exuberant proliferation of granulation tissue (pidiesh) thus preventing the restoration of epitgtheontinuity.
Desmoid tumours or aggressive fiboromatoses fronbevant proliferations of fibroblasts and other axtive
tissue elements.
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Contractures result from excessive contractionsoime sites such as the palm, soles and anteriectagspthe
thorax. This is commonly seen in post burns healing

INFLAMMATORY TISSUE REPAIR

Outcome of inflammation

1. Resolution
2. Healing by repair (replacement of lost tissue ar sissue)
3. Chronicity — persistence of inflammatory processweeks 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.

agrwbdE
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Injurious stimuli (cause tissue injury)

|
/ \

Inflammatory response

no tissue destruction tissue destruction
exudates digested exudates persists labpermanent cells

<IN AN N
/ / stable cells x

resolution organization Framework frameworkscarring
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 faasd the exudate persists.
The exudate is infiltrated by macrophages, followgdnigration of fibroblast and new blood vessels.
- similar to repair of connective tissue in woundImggp
- Eventually the exudate is replaced by vascularfd®dus tissue and later dense collagen rich s
tissue.

Repair
- Regeneration of parenchymal cells and replacemeabbnective tissue.

Regeneration
Replacement of injured tissue by parenchyma céltkedsame type sometimes without leaving any uedittace
of previous injury.
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Depends

1. Type of cells lost
2. Intact (otherwise) connective tissue framework.
Type of cells
1. Labile cells = continue to proliferate throughoii¢.l E.g. Haemopoietic cells, surface epithelialls
e.g skin, lining of exocrine glands. GIT mucosadoler, endometrial gland epithelium.
2. Stable cells= low rate of replication can undergpid division in response to a variety of injuriesy.

parenchymal cells of the liver, secretory epithmliwf endocrine glands, osteoblasts, fibrobla
endothelial cells.
Increased mitosis is due to up regulation of mitogesignals and increased expression of grov
promoting genes.

3. Permanent cells = never divide in post-natal ifnnot be replaced if they are lost. e.g. Neurbeart
muscle cells, auditory hair cells, cells in theslef the eye, skeletal muscles.

Repair by connective tissue.

Healing starts very early in inflammation when nogdrages begin digesting whatever invading orgamhigwe
survived the neutrophilic attack, necrotic debnd dead parenchyma cells.

As early as 24 hours=fibroblasts and vascular dwdial cells begin to proliferate to form speciatiztissue
known as granulation tissue (pink, soft, granulgpearance of the wound). Characterized by praliien of
new blood vessels and fibroblasts.

Regeneration refers to the proliferation of cells and tissuegseplace lost structuresuch as the
growth of an amputated limb in amphibians. In mansmahole organs and complex tissues
rarely regenerate after injury, and the term isallguapplied to processes such as liver growth
after partial resection or necrosis, but these ggses consist of compensatory growth rather than
true regeneration. Tissues with high proliferatoapacity, such as theematopoietic system
and the epithelia of the skin and gastrointestina{Gl) tract, renew themselves continuously
and can regenerate after injury, as long as thetem cells of these tissues are not destroyed.

Repair most often consists of a combination of meggtionandscar formatiorby the deposition

of collagen. The relative contribution of regen&natand scarring in tissue repairdepends on the
ability of the tissue to regenerate and the extdrthe injury. For instance, a superficial skin
wound heals through the regeneration of the surépithelium. However, scar formation is the
predominant healing process that occurs when theaetlular matrix (ECM) framework is
damaged by severe injury
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NORMAL HOMEOSTASIS
{balance of proliferation and apoptosis)

-0O-C

INJURY
RO NERATION ..
Renewing tissues St&blelussues Wound Chronic mtammation
2 S @

-t [ =)

3 L # \\'i:.',—-aﬁ

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 injlitgaling after acute injury can occur by
regeneration that restores normal tissue struaturey repair with scar formation. Healing in
chronic injury involves scar formation and fibrogsee text). Gl, gastrointestinal.

3.2  Mechanism of Tissue and Organ Regeneration.

As mentioned earlier, urodele amphibians such asi¢wt can regenerate their tails, limbs, lens,

retina, jaws, and even a large portion of the hdartthe capacity for regeneration of whole
tissues
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and organs has been lost in mammals

The inadequacy of true regeneration in mammalsbbas attributed to the absencebt#stema
formation (the source of cells for regeneration)l &mthe rapid fibroproliferative response after
wounding.

In this section we shall consider tineer to illustrate the mechanisms of regeneration, beeau

has been studied in detail and has important biokgd clinical aspects. Even this process isnot
one of true regeneration, because the resectitisspfe does not cause new growth of liver but
instead triggers a process of compensatory hypsapia the remaining parts of the organ
(discussed below). Other organs, including kidrgamcreas, adrenal glands, thyroid, and the
lungs of very young animals, are also capable afgensatory growth, although they display it
in less dramatic form than the liver.

Liver regeneration: The human liver has a remarkable capacity to regztiee as
demonstrated by its growth after partial hepategtprwhich may be performed for tumor

resection or for living-donor hepatic transplantaai

Regenaration

A
Growih
factors .
et
CF; sy
e
Primming &
Cytokines —= Gy G; é.z
I&i .'.'. ik 1]
Dui;-s;:-a_arﬂe
B ST

Fig 3.2 Liver regeneration after partial hepatectomy. The lobes of the liver of a rat (M,
median; RL and LL, right and left lateral lobes; c&udate lobe). Partial hepatectomy removes
two thirds of the liver (median and left laterabés). After 3 weeks the right lateral and caudate
lobes enlarge to reach a mass equivalent to th#ateobriginal liver without regrowth of the
median and left lateral lobeB, Entry and progression of hepatocytes in the @glle (see text
for details). C, Regeneration of the human liver in living-donor risplantation Computed
tomography scans of the donor liver in living-dor@patic transplantation. Upper panel is a
scan of the liver of the donor before the operatitme right lobe, to be used as a transplant, is
outlined. Lower panel is a scan of the liver 1 wedlder performance of partial hepatectomy.
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Note the great enlargement of the left lobe (oatliin the panel) without regrowth of the right
lobe. (A, From Goss RJ: Regeneration versus repair. In @oli€ et al [eds]: Wound
Healing.
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Biochemical and Clinical Aspects. Philadelphia, \®8unders, 1992, pp 20-38; courtesy of
R. Troisi, MD, Ghent University, Ghent, Belgiumpreduced in part from Fausto N: Liver

regeneration.

Lippincott Williams & Wilkins, 2001.)

In Arias |, et al: The Liver: Biologgnd Pathobiology, 4th ed. Philadelphia,

In humans, resection of approximately 60% of therlin living donors results in the doubling
of the liver remnant in about one month. The posiof the liver that remain after partial
hepatectomy constitute an intaetmini-liverl that rapidly expands and reaches the mass of the

original liver.

Almost all hepatocytes replicate rihg liver regeneration after

hepatectomy. Because hepatocytes are quiescenst tell
takes them several hours to enter the cell cyelegrpss through G and reach the S phase of

DNA replication.

Growth Factors

partial

The proliferation of many cell types is driven typeptides known as growth factoihese
factors, which can have restricted or multiple deligets, may also promote cell survival,
locomotion, contractility, differentiation, and dogenesis, activities that may be asimportant as
their growth-promoting effects. All growth factofsnction asligands that bind to specific
receptors which deliver signals to the target cells. Thegmals stimulate the transcription of

genes that may be silent in resting cells,

inclgdgenes that contratell cycle entry and

progression Table 5 lists some of the most important growdtctdrs involved in tissue
regeneration and repair. Here we review only thie¢ have major roles in these processes.
Other growth factors are alluded to in various isest of the book.

|§%I§05|3|§%@Wg1 Factors anq Fﬂ@&mlnvolved inr@grsgigtion and Wound Healing
Growth Factor 3 zmmpwuof reflgi egggvascular| permeabty; fibroblass;
Epiderm&h@‘?@[bﬂhﬁgepl,a@ﬂgmge %?g‘th %@ﬁ@?& ddhdtiat Rells  (see migration| and
urine, milk, plasma | |granutiéiet83® angiogenesis
PDGF | Matelatn Chemotactic for PMNs, macrophages,
TGE-a RPBEESF ;  stim{BiSRMREEiaN@snpoth muxle  cells;
Transforming eReietheligl @i Ad moécﬁgﬂfﬁeﬁ?l‘dblﬁs macophags, and
rowth f : neratineeytes, smoothibroblasts; mitogenic for fibroblasts,
g «ﬁg&%phag‘géproblaﬁtgrowth factor'1 (acidic), 2 (basic), and Tamily
Ivmnhoeviac
HB- I(]nr:finnr{yfns” and | |Keratinocyte replica
Heparin-binding EGF | . o4dmuscle cells endothelial cells, and smooth muscle
.\ngp;nnhg”,,@ s cellsT “stimulates production of MM onectin,
Hepatocyte rowth GF indHA, Stlmglates |
senchymal cells angiogenesis and wound contraction

1
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Vascular endothelial
cell growth factor
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keratino:ytes;ejmﬁ cmellllgmilitgtimwatinocyte mgration,

Symbol (Source Functions
GrOWth Factor Hnoropiastu dllgll..)gt}lIBSI \I.VSJUIIL cornuacuoli dric
matrix deposition
TGF |Platelets T Chemotacti for PMNs macrophage
lymphocytes lymphocytes fibroblasts anc smoott
Transforming growt macrophage muscle cells stimulate TIMP synthesis

factor B (isoforms 1,

2, 3); other membels

of the family are

endothelie cells.
keratinocytes« smoott

angiogenesi anc fibroplasia inhibits
productiot of MMPs anc keratinocyt:

BMPs and activin

Keratinocyte growth

muscle cells. proliferatior
fibroblasts
KGF |Fibroblasts Stimulates keratinocyte migration,

proliferation anc differentiatior

factor (also called
FGF-7)

Tumol

necrosis factor

TNF

Macrophages, mast
cells, T lymphocytes

Activates macrophages; regulates other
cytokines; multiple functions
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Modified from Schwartz Sl: Principles of SurgeryewNYork, McGraw-Hill, 1999BMP,
bone morphogenetic proteins; HA, hyaluronate; MMPanatrix
metalloproteinases; PMNSs, polymorphonuclear leutessyTIMP, tissue inhibitor ofMMP.

3.3  Extracellular Matrix and Cell-Matrix Interactions
Tissue repair and regeneration depend not onhherattivity of soluble factors, but also on

interactions between cells and the componentseéxiracellular matrix (ECM) The ECM
regulates the growth, proliferation, movement, difiérentiation of the cells living within it.

It is constantly remodeling, and its synthesis dedradation accompanies morphogenesis,
regeneration, wound healing, chronic fibrotic pissss, tumor invasion, and metastasis. The
ECM sequesters water, providing turgor to softuess and minerals that give rigidity to
bone, but it does much more than just fill the giga@round cells to maintain tissuestructure.
Its various functions include:

* Mechanical supportfor cell anchorage and cell migration, and mainbeea of cell
polarity

* Control of cell growth ECM components can regulate cell proliferation $gnaling
through cellular receptors of the integrin family.

* Maintenance of cell differentiatiomhe type of ECM proteins can affect the degreeof
differentiation of the cells in the tissue, alsdéirag largely via cell surface integrin.

» Scaffolding for tissue renewallhe maintenance of normal tissue structure requim
basement membrane or stroma scaffold. The integfitthe basement membrane or the
stroma of the parenchymal cells is critical for thganized regeneration of tissues. It is
particularly noteworthy that although labile andidé cells are capable of regeneration,
injury to these
tissues results in restitution of the normal stuetonly if the ECM is not damaged.
Disruption of these structures leads to collaggrodition and scar formation.

» Establishment of tissue microenvironmel®asement membrane acts as a boundary between
epithelium and underlying connective tissue and &sms part of the filtration apparatus in
the kidney.

» Storage and presentation of regulatory molecufes example, growth factors like FGF and
HGF are secreted and stored in the ECM in someetsssThis allows the rapid deployment
of growth factors after local injury, or during esgeration.

The ECM is composed of three groups of macromoleced

Fibrous structural proteinssuch as collagens and elastins that provideléesgengthand recoil;
Adhesive glycoproteinghat connect the matrix elements to one another tancaells and;
Proteoglycans and hyalurondhat provide resilience and lubrication.

These molecules assemble to fdmo basic forms of ECM:
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1) Interstitial matrix and

2) Basement membranes

The interstitial matrix is found in spaces between epithelial, endotheiai smooth muscle
cells, as well as in connective tissue. It consmtsstly of fibrillar and nonfibrillar collagen,
elastin, fibronectin, proteoglycans, and hyaluronan

The basement membranes are closely associated with cell surfaces, andisbo$ nonfibrillar
collagen (mostly type 1V), laminin, heparin sulfadé@d proteoglycans.

Cell Adhesion Proteins:

Most adhesion proteins, also callddAMS (cell adhesion molecules),form cross-linkages
between cells and the ground matrix. They can kassdied into four main families:
immunoglobulin family cams, cadherins, integrins, and selectins. These proteins function as
trans-membrane receptors but are sometimes stotad cytoplasm.

3.4 Healing by Repair and Scar Formation.

If tissue injury is severe or chronic, and resuitslamage of both parenchymal cells and the
stromal framework of the tissue, healing cannoabeomplished by regeneration. Under these
conditions, the main healing processrepair by deposition of collagen and other ECM
components, causing the formation abkcar. In contrast to regeneration which involves the
restitution of tissue components, repair is a fivadiferative response that

—patchesl rather than restores the tissue. The term seaos often used in connectionsound
healingin the skin, but is also used to describe the oeplent of parenchymal cells in any
tissue by collagen, as in the heart after myochikarction.

Repair by connective tissue deposition includes ftllewing basic featuresinflammation,
angiogenesis, migration and proliferation of fibroblast, scar formation and connective tissue
remodeling.

3.5  Cutaneous Wound Healing.

As a prototype repair process, cutaneous woundhigesthall be considered.

Maturation
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Fig 3.3Phases of cutaneous wound healing: inflammatiasiifgration, and maturation (see
text for details)(Modified from Broughton G et al: The basic sciesfceound healing. Plast
Reconstr Surg 117:125-34S, 2006.)

Cutaneous wound healing is divided into three pkasaflammation, proliferation, and
maturation( Fig. 9). These phases overlap, and their separ&isomewhat arbitrary, but they
help to understand the sequence of events thatpialke in the healing of skinwounds. The
initial injury causes platelet adhesion and aggiegand the formation ofa clot in the surface of
the wound, leading tsmflammation In theproliferative phasehere is formation of granulation
tissue, proliferation and migration of connectivestie cells, and re-epithelialization of the
wound surfaceMaturationinvolves ECM deposition,tissue remodeling, and meboontraction.
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Fig 3.4Wound healing and scar formation. A, Healing of wathat caused little loss of tissue:
note the small amount of granulation tissue, anan&dion of a thin scar with minimal
contraction. B, Healing of large wound: note lam@ounts of granulation tissue and scar
tissue, and wound contraction.

The simplest type of cutaneous wound repair is ltealing of a clean, uninfected surgical
incision approximated by surgical sutures ( FigAldbove ). Such healing is referred to as
healing by primary unioor by first intention

The incision causes death of a limited number athepal and connective tissue cells and
disruption of epithelial basement membrane conyniRe-epithelialization to close the wound
occurs with formation of a relatively thin scar

The repair process is more complicated in excigiamoands (figure 10B above) that create large
defects on the skin surface, causing extensive dbssells and tissueThe healing of these
wounds involves a more intense inflammatory reacttbe formation of abundant granulation
tissue (described below), and extensive collaggposigon, leading to the formation of a
substantial scar, which generally contraciBhis form of healing is referred to agaling by
secondary uniomr by second intention (fig 3.5).

Fig 3.5 Healing of skin ulcers. A, Pressure ulcer of gkén, commonly found in diabetic
patients. The histologic slides show: B, a skireulvith a large gap between the edges of the
lesion; C, a thin layer of epidermal re-epithefiation and extensive granulation tissue
formation in the dermis; and D, continuing re-eelihlization of the epidermis and wound
contraction(Courtesy of Z. Argenyi, MD, University of WashomgtSeattle, WA.)

3.6  Growth Factors and Cytokines Affecting Various Steg in Wound Healing.
A large number of growth factors and cytokinesiawlved in cutaneous wound healing. The
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main agents, and the steps at which they parteipathe repair process, are listed in Table 6.

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

Monocyte chemotaxis Chemokines, TNF, PDGF, FGF, -BGF
Fibroblast migration/replication PDGF, EGF, FGF,H&G TNF, IL-1
Keratinocyte replication HB-EGF, FGF-7, HGF

Angiogenesis VEGF, angiopoietins, FGF

Collagen synthesis TGF-PDGF

Collagenase secretion PDGF, FGF, TNF; T&SiRhibits

HB-EGF, heparin-binding EGF; IL-1, interleukin 1;NF, tumor necrosis factor; other
abbreviations as given in Table 5.

3.7  Steps Involved in Wound Healing.
Formation of Blood Clot.

Wounding causes the rapid activation of coagulgpattmways, which results the
formatior of a bloodclot onthe wouncsurface. In additior to entrappe rec cells the clot
contain: fibrin, fibronectin anc complemer component: The clot serve to stof bleedin¢ and
also as a scaffold for migrating cells, which are attracted by growth factors, cytokines and
chemokines released into the area.

Formation of Granulation Tissue.

Fibroblasts and vascular endothelial cells prdadiferin the first 24 to 72 hours of the repair
processto form a specialized type of tissue caljethulation tissug which is a hallmark of
tissue repair. Theterm derives from its pink, sofanular appearance on the surface of wounds.
Its characteristic histologic featuretige presence of new small blood vessels (angioggreexd

the proliferation of fibroblastsThese new vessels are leaky, allowing the passagdasma
proteins and fluid into the extravascular spaceus]mew granulation tissue is often edematous.
Granulation tissue progressively invades the inaisipace; the amount gifanulation tissue that

is formed depends onthe size of the tissue defiedted by the wound and the intensity of
inflammation Hence, it ismuch more prominent in healing byoselary union. By 5 to 7 days,
granulation tissue fills the wound area and neavasization is maximal.
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Fig 3.6 A, Granulation tissue showing numerous blood elsssedema, and loose ECM
containing occasional inflammatory cells. Collagenstained blue by the trichrome stain;
minimal mature collagen can be seen at this p8inTrichrome stain of mature scar, showing
dense collagen, with only scattered vascular cHanne

Cell Proliferation and Collagen Deposition.

Neutrophils are largely replaced lngacrophagedy 48 to 96 hoursMacrophages are key
cellular constituents of tissue repaiclearing extracellular debris, fibrin, and otHereign
material at the site of repair, and promoting aggitesis and ECM deposition.

Scar Formation.
The leukocytic infiltrate, edema, and increasedcubsity largely disappear during the second

week. Blanching begins, accomplished by the ine@asccumulation of collagen within the
wound area and regression of vascular channelsmatily, the original granulation tissue
scaffolding is converted into a pale, avascular,scamposed of spindle-shaped fibroblasts,
dense collagen, fragments of elastic tissue, amer @CM components.

Wound Contraction.
Wound contraction generally occurs in large surfaggunds The contraction helps to close the

wound by decreasing the gap between its dermalseaige by reducing the wound surface area.
Hence, it is an important feature in healing byoselary union.

Connective Tissue Remodeling.

The replacement of granulation tissue with a scawlves changes in the composition of the
ECM. The balance between ECM synthesis and dedoadaesults in remodeling of the
connective tissue framework — an important featbfréssue repair Some of the growth factors
that stimulate synthesis of collagen and other eotive tissue molecules also modulate the
synthesis and activation of metalloproteinasesymes that degrade these ECM components.

Degradation of collagen and other ECM proteins ishi@ved by matrix metalloproteinases
(MMPs), a family of enzymes that includes more than 2@nbers that have in common a 180-
residue zinc-protease domain (MMPs should be djsteéhed from neutrophils elastase,
cathepsin G, kinins, plasmin, and other importantgolytic enzymes, which also degrade EMC
components and which aserine proteinases, not metalloenzy)nes

Recovery of Tensile Strength.

Fibrillar collagens (mostly type | collagen) formrajor portion of the connective tissue in repair
sites and are essential for the development oihgiinein healing woundsNet collagen
accumulation, however, depends not only on inciéasdlagen synthesis but also on decreased
degradation.

3.8 Local and Systemic Factors that Influence Wound Hdang.
The adequacy of wound repair may be impaired byesys and local host factars
Systemic factors include those listed below:

. Nutrition has profound effects on wound healing. Proteincibicy, for example,
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and particularly vitamin C deficiency, inhibit cagjen synthesis and retard healing.

. Metabolic statuscan change wound healing. Diabetes mellitus, foanmgle, is
associated with delayed healing, as a consequeinttee anicroangiopathy that is a frequent
feature of this disease.

. Circulatory statuscan modulate wound healingnadequate blood supplysually
caused by arteriosclerosis or venous abnormal(geg., varicose veins) that retard venous
drainage, also impairs healing.

. Hormonessuch agylucocorticoidshave well-documented anti-inflammatory effects
that influence various components of inflammatibhese agents also inhibit collagen synthesis.

Local factors that influence healing include:

. Infectionis the single most important cause of delay inihgabecause it results in
persistent tissue injury and inflammation.

. Mechanical factors such as early motion of wounds, can delay healimg
compressing blood vessels and separating the edgies wound.

. Foreign bodies such as unnecessary sutures or fragments of gflask, or even
bone, constitute impediments to healing.

. Size, location, and type of woun&ounds in richly vascularized areas, such as the

face, heal faster than those in poorly vascularaaes, such as the foot. As we have discussed,
small incisional injuries heal faster and with lesar formation than large excisional wounds or
wounds caused by blunt trauma.

3.9 Pathologic Aspects of Repair
Complications in wound healing can arise from abmadities in any of the basic components of

the repair process. These aberrations can be gtonfoethree general categories:

(1) Deficient scar formation.

Inadequate formation of granulation tissue or asdgnof a scar can lead to two types of
complications: wound dehiscence and ulceration.

(2) Excessive formation of the repair components.

Examples of related complications includeuleerant granulation tissue formation and aggress
fiboromatosis (desmoid tumours). Excessive formatdrthe components of the repair process c
give rise to hypertrophic scars and keloids (sgeré below).
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Fig 3.7. Keloid. A, Excess collagen deposition in the stonming a raised scar known as
keloid. B, Note the thick connective tissue depasitin the dermis(A, from Murphy GF,
Herzberg AJ: Atlas of Dermatopathology. PhiladefphWB Saunders, 1996, p 219; B,
courtesy of Z. Argenyi, MD, University of WashimgtBeattle, WA.)

3 Formation of contracture. Contraction the size of a wound is an important part of the
normal healing process. An exaggeration of thix@ss gives rise toontractureand results in
deformities of the wound and the surrounding tissu@ontractures are particularly prone to
develop on the palms, the soles, and the antesfach of the thorax. Contractures are commonly
seen after serious burns and can compromise themen of joints
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FIGURE 3.7.Wound contracture. Severe contractugewbund after deep burn injurfzrom
Aarabi S et al: Hypertrophic scar formation follows burns and trauma: new approaches to
treatment. PLOS Med 4:e234, 2007.)

Self-Assessment Exercises
Differentiate between tissue regeneration and repai

Describe briefly the mechanisms involved in tisand organ regeneration.

4.0 CONCLUSION.

Since exposures to noxious environmental hazarelsnawvitable, the human species therefore,

must develop mechanisms to regenerate or repgiretidamage. The knowledge of the sequence
of events involved in the healing processes wilbbgught to bear on everyday encounter of the

nurse clinician.

5.0 SUMMARY:
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The differences between tissue regeneration and
repair. The mechanisms of tissue and organ

regeneration.
Extracellular matrix and cell-matrix interactiondatimeir importance in wound healing.

The processes involved in wound healing.
The local and systemic factors influencing woundaling.
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Pathologic aspect of wound healing.

6.0 TUTOR-MARKED ASSIGNMENT.

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

ii.  What are cell adhesion molecules? Give examples.

iii.  Briefly describe the processes and steps involweddund healing. List local

and systemic factors influencing wound healing.

iv.  List the pathological aspects of wound healingt yloa have learned. Give examples.

7.0 REFERENCES.

Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Eievier/Saunders.

Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.

Ojo O.S. Essential pathology for Clini&lidents in the Tropics
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MODULE 3
UNIT 1: PATHOLOGY AND PATHOGENESIS OF
OEDEMACONTENTS

1.0 Introduction

2.0 Objectives
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3.0 Main contents.

3.1 Pathophysiologic Categories of Oedema

3.2 Increased Hydrostatic Pressure

3.3 Reduced Plasma Osmotic Pressure (hypo proteinemia)
3.4  Lymphatic Obstruction

3.5 Sodium Retention

3.6 Inflammation

4.0 Conclusion

5.0 Summary

6.0  Tutor-marked assignment.
6.1  Activity
6.2  Tutor Marked Tests

7.0 References/further readings.
1.0 INTRODUCTION

Approximately 60% of lean body weight is water. Tthirds of the body's water is intracellular,
and the remainder is in extracellular compartmemtsstly the interstitium (orthird space) that
lies between cells; only about 5% of total bodyevas in blood plasma.

The movement of water and low molecular weight slisuch as salts between the intravascular
and interstitial spaces is controlled primarily the opposing effect of vascular hydrostatic
pressure and plasma colloid osmotic pressure. Normee outflow of fluid from the arteriolar
end of the microcirculation into the interstitiumnearly balanced by inflow at the venular end; a
small residual amount of fluid may be left in tiheerstitium and is drained

by the lymphatic vessels, ultimately returning be tloodstream via the thoracic dugither
increased capillary pressure or diminished collosmotic pressure can result

in increased interstitial fluid( Figure 15 ). If the movement of water into tissuer body
cavities) exceeds lymphatic drainage, fluid accatad. An abnormal increase in interstitial
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fluid within tissues is calledEDEMA while fluid collections in the different
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body cavities are variously designatedirothorax, hydropericardium, andhydroperitone(tire
last is more commonly calledscite$. Anasarcais a severe and generalized edema with
widespread subcutaneous tissue swelling.

To thoracic duct and eventually
to left subclavian vein

Plasma colioid
osmotic pressure

Arterial end CAPILLARY BED Venous end

Fig 1.1 Factors influencing fluid transit across capylawalls. Capillary hydrostatic and
osmotic forces are normally balanced so that tieemo net loss or gain of fluid acrossthe
capillary bed. Howeveincreasedhydrostatic pressure aiminishedplasma osmotic pressure
will cause extravascular fluid to accumulate. Tessymphatics remove much of the excess
volume, eventually returning it to the circulatieia the thoracic duct; however,if the capacity
for lymphatic drainage is exceeded, tisedemaresults.

2.0 OBJECTIVES:

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

i.  List and describe the pathophysiologic categoriesedema.

i. List examples of clinical conditions that give rteeeach category.
3.0 MAIN CONTENTS.
3.1 PATHOPHYSIOLOGIC CATEGORIES OF OEDEMA.

Oedema caused by increased hydrostatic pressuredoced plasma protein is typically a
protein-poor fluid called @ransudate Oedema fluid of this type is seen in patientdesufg
from heart failure, renal failure, hepatic failuend certain forms of malnutrition, as described
below and outlined in Figure 16. In contrast, inflaatory oedema is a protein-riekudatethat

is a result of increased vascular permeability.
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Fig 1.2 Pathways leading to systemic edema from primagrthfailure, primary renal
failure, or reduced plasma osmotic pressure (&.gm malnutrition, diminished hepatic
synthesis, or protein loss from nephrotic syndrome)

TABLE 7. Pathophysiologic Categories of Oedema
INCREASED HYDROSTATIC PRESSURE

Impaired venous return Congestive heart failure
Constrictive pericarditis Ascites (liver cirrhosis)
Venous obstruction or compression Thrombosis

External pressure (e.g., mass)

Lower extremity inactivity with prolonged dependency

Arteriolar dilation
Heat

Neurohumoral dysregulation

REDUCED PLASMA OSMOTIC PRESSURE (HYPOPROTEINEMIA)

Protein-losing glomerulopathies (nephrotic syndrpme
Liver cirrhosis (ascites)

Malnutrition

Protein-losing gastroenteropathy

LYMPHATIC OBSTRUCTION

Inflammatory
Neoplastic
Postsurgical
Post-radiation
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SODIUM RETENTION
: itintad it Hinsuffici

Increased tubular reabsorption of sodium Renal pgdasion

Increased renin-angiotensin-aldosterone secretion

INFLAMMATION

Acute inflammation
Chronic inflammation

Angiogenesis

Modified from Leaf A, Cotran RS: Renal Pathophysigl 3rd ed. New York, Oxford
University Press, 1985, p 146.

3.2 Increased Hydrostatic Pressure.

Regional increasem hydrostatic pressure can result from a focalampent in venous return.
Thus,deep venous thrombosisa lower extremity may cause localized oedemthénaffected
leg. On the other handyeneralized increases venous pressure, with resulting systemic
oedema, occur most commonlydangestive heart failurayhere compromised right ventricular
function leads to pooling of blood on the venouke saf the circulation.

3.3 Reduced Plasma Osmotic Pressure.

This occurswhen albumin, the major plasma protein, is not lsgsized in adequate amounts or
is lost from the circulation. An important causeadbumin loss is theephrotic syndromen
which glomerular capillaries become leaky; patiagtscally present with generalized oedema.
Reduced albumin synthesis occurs in the settingewvére liver diseases (e.g., cirrhosis) or in
protein malnutrition.

3.4 Sodium and Water Retention.

Increased salt retention—with obligate associatedew—causes both increased hydrostatic
pressure (due to intravascular fluid volume exparsand diminished vascular colloid osmotic
pressure (due to dilution).

3.5 Lymphatic Obstruction.

Impaired lymphatic drainage resultslyimphoedemadhat is typically localized; causes include
chronic inflammation with fibrosis, invasive malgmt tumors, physical disruption, radiation
damage, and certain infectious agents. One drareafimple is

103



seen in parasitiéilariasis, in which lymphatic obstruction due to extensinguinal lymphatic
and lymph node fibrosis can result in oedema ofttternal genitalia and lower limbs that is so
massive as to earn the appellatedephantiasisSevere oedema of the upper extremity may also
complicate surgical removal and/or irradiation lud toreast and associated axillary lymph nodes
in patients with breast cancer.

3.6 Inflammation. (See table 7 above).
Self-Assessment Exercise
List and explain the pathophysiological mechanigsmslved in the formation of oedema.

4.0 CONCLUSION.

The consequences of oedema range from merely amnayirapidly fatal. Subcutaneous tissue
oedema is important primarily because it signalemial underlying cardiac or renal disease;
however, when significant, it can also impair woumelaling or the clearance of infection.
Pulmonary oedema is a common clinical problem ihahost frequently seen in the setting of
left ventricular failure; it can also occur withid failure, acute respiratory

distress syndrome, pulmonary inflammation or intett Not only does fluid collect inthe
alveolar septa around capillaries and impede oxyfusion, but oedema fluid in the alveolar
spaces also creates a favourable environment foteta infection. Brain oedema is life-
threatening; if severe, brain substance loayrmiate(extrude) through theforamen magnum, or the
brain stem vascular supply can be compressed.rEthaition can injure the medullary centers
and cause death.

5.0 SUMMARY.

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

The clinicopathological examples in each category.
6.0  Tutor-Marked Assignments.
Give examples of clinical settings in which eactegary of oedema occurs.
7.0 References/Further Readings
Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Eievier/Saunders.
Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.

Ojo O.S. Essential pathology for Clini&ldents in the Tropics
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UNIT 2: SHOCK: PATHOLOGY AND PATHOGENESIS
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CONTENTS
1.0 Introduction
2.0 Objectives
3.0  Main contents.
3.1  Definition
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.
4.0 Conclusion
5.0 Summary
6.0  Tutor-marked assignment.
7.0 References/further readings.
1.0 INTRODUCTION:

The modality and effectiveness of any form of regasive protocol employed in the daily
nursing practice will depend largely on a soundeusthnding of the cascade of events involved
in shock.

Shock is the final common pathway for several pidéin lethal clinical events, including
severe haemorrhage, extensive trauma or burng faygcardial infarction, massive pulmonary
embolism, and microbial sepsis.

2.0 OBJECTIVES:
At the end of this unit, you should be able to:
i. Define shock.

ii.  List and describe the 3 common categories of shock.
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iii.  Talk about other less common types of shock.
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iv. Itemize the processes involved in the pathogemdsisptic shock.
v. Describe the stages of shock.

vi.  Mention the clinical consequences of shock.

3.0 MAIN CONTENTS.
3.1 Definition of Shock.

Shock is characterized by systemic hypotension aitiner to reduced cardiac output or to
reduced effective circulating blood volunTée consequences ampaired tissue perfusion and
cellular hypoxia At the outset the cellular injury is reversibleowever, prolonged shock
eventually leads to irreversible tissue injury tbéen proves fatal.

3.2 The Three General Categories of Shock.
The causes of shock fall into three general categgrsee Table 8 ):

. 1) Cardiogenic shockesults from low cardiac output due to myocardiainp failure.
This can be due to intrinsic myocardial damagea(iction), ventricular arrhythmias, extrinsic
compression (e.g cardiac tamponade), or outflowrotigon (e.g., pulmonary embolism).

Hypovolemic shockesults from low cardiac output due to the lossbtwfod or
plasma volume, such as can occur with massive halkage or fluid loss from severe burns.

Septic shockesults from vasodilation and peripheral poolingbtifod as partof a
systemic immune reaction to bacterial or fungakatibn. Its complex pathogenesis will be
discussed in further details.

TABLE 8. Three Major categories of Shock

Type of
Shock [Clinical Example Principal Mechanisms
CARDIOGENIC
Myocardial infarction _Fai!ur(_e of myocardl_al pump resultlng_ fro_m
intrinsic myocardia  damage extrinsic
Ventricular rupture pressure, or obstruction to outflow
Arrhythmia
Cardiac tamponade
Pulmonary embolism
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HYPOVOLEMIC

Fluid loss (e.g., hemorrhagiadequate blood or plasma volume
vomiting, diarrhea, burns, or

trauma)
SEPTIC

Overwhelming Peripheral vasodilation and pooling of blood;
microbial infections | |endothelial  activation/injury; leukocyte-
(bacterial and fungal) | [induced damage, disseminated intravascular

Superantigens (e.g., coagulation; activation of cytokine cascades

toxic shock syndrome)

3.3 Other less common types of shock.

Less commonly, shock can occur in the setting @fstretic accident or a spinal cord injury
(neurogenic shock)as a result of loss of vascular tone and perghpooling of blood.
Anaphylactic shockenotes systemic vasodilation and increased vasgetaneability caused by
an lgE—mediated hypersensitivity reaction.

In these situations, acute widespread vasodilagsalts in tissue hypoperfusion and hypoxia.

3.4 Pathogenesis of Septic Shock.
Septic shock is associated with severe haemodynamit haemostatic derangements, and

therefore merits more detailed consideration here.

With a mortality rate near 20%, septic shock rafiks¢ among the causes of death in intensive
care units and accounts for over 200,000 lost lash year in the United Statédis incidence is
rising, ironically due to improvements in life suppfor critically ill patients and the growing
ranks of immunocompromised hosts (due to chemagbgeranmunosuppressant, or HIV
infection). Currently, septic shock is most freqiyertriggered by gram-positive bacterial
infections, followed by gram-negative bacteria dmdgi. Hence, the older synonym of
—endotoxic shock is not appropriate. In septic shegktemic vasodilation and pooling ofblood
in the periphery leads to tissue hypoperfusionneb@ugh cardiac output may be preserved or
even increased early in the course. This is accamgdy widespread endothelial cell activation
and injury, often leading to a hypercoagulableesthit can manifest as DIC. In addition, septic
shock is associated with changes in metabolismdinattly suppress cellular function. The net
effect of these abnormalities is hypoperfusiondysfunction of multiple organs—culminating
in the extraordinary morbidity and mortality assaed with sepsis.

The major factors contributing to the pathophysidamf septic shock include the followings:

1) Inflammatory mediatorsVarious microbial cell wall constituents engageaptors
on neutrophils, mononuclear inflammatory cells, amtlothelial
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2)

3)

4)

5)

cells, leading to cellular activation.

Endothelial cell activation and injuryEndothelial cell activation by microbial
constituents or inflammatory mediators produced léykocytes has three major
sequelae:

(1) thrombosis; (2) increased vascular permeabilityd gB) vasodilation.The
derangement in coagulation is sufficient to prodtlee fearsome complicationof DIC
in up to half of septic patients.

Metabolic abnormalitiesSeptic patients exhibit insulin resistance angenglycemia.
Cytokines such as TNF and IL-1, stress-induced bass (such as glucagon,growth
hormone, and glucocorticoids), and catecholamitiedrave gluconeogenesis. At the
same time, the pro-inflammatory cytokines suppressulin release while
simultaneously promoting insulin resistance in lbkker and othertissues, likely by
impairing the surface expression of GLUT-4, a gkedransporterHyperglycemia
decreases neutrophil function—thereby suppressangebicidal activity—and causes
increased adhesion molecule expression on endathedlls Although sepsis is
initially associated with an acute surge in gluaticoids production, this phase is
frequently followed by adrenal insufficiency and functional deficit of
glucocorticoids. This may stem from depressionhaf synthetic capacity of intact
adrenal glands or frank adrenal necrosis due to DMaterhouse-Friderichsen
syndrome).

Immune suppressionThe hyperinflammatory state initiated by sepsas @ctivate
counter-regulatory immunosuppressive mechanismghwmay involve both innate
and adaptive immunity.

Organ dysfunction Systemic hypotension, interstitial edema, and lismassel
thrombosis all decrease the delivery of oxygen murdients to the tissues, which fail
to properly utilize those nutrients that are defek due to changes in cellular
metabolism. High levels of cytokines and secondargdiators may diminish
myocardial contractility and cardiac output, andré@ased vascular permeability and
endothelial injury can lead to tredult respiratory distress syndroméltimately,
these factors may conspire to cause the failumaultiple organs, particularly the
kidneys, liver, lungs, and heart, culminating ite
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Fig 2.1 Major pathogenic pathways in septic shock. Mi@bproducts activate endothelial
cells and cellular and humoral elements of the tmmamune system, initiating a cascade of
events that lead to end-stage multiorgan failuddifonal details are given in the text. DIC,
disseminated vascular coagulation; HMGB1, high ritybgroup box 1 protein; NO, nitric
oxide; PAF, platelet activating factor; PAI-1, pl@isogen activator inhibitor 1; STNFR,
soluble TNF receptor; TF, tissue factor; TFPI,ues$actor pathway inhibitor.

The severity and outcome of septic shock are ldehendent 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 intervene therapeutically withagaonists of specific mediators have been of
very modest benefit at best, and may even have de&terious effects in some cases. The
standard of care remains:Treatment with appropr{@tead-spectrum)antibiotics, Intensive
insulin therapy for hyperglycemia, Fluid resusedat to maintain systemic pressures,
Physiologic dose of corticosteroids to correcttredaadrenal insufficiency.

Administration of activated protein C (to prevemrambin generation and thereby reduce
coagulation and inflammation) may have some bemefiases of severe sepsis, but this remains
controversial.

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

challenge.

3.5 The Stages of Shock.
Shock is a progressive disorder that, if uncorgckeads to death. The exact mechanism(s) of

death from sepsis are still unclear; aside fromeased lymphocyte and enterocyte apoptosis
there is only minimal cell death, and patients Iyarbave refractory hypotension. For
hypovolemic and cardiogenic shock, however, thehways to death are reasonably well
understood. Unless the insult is massive and napathal (e.g., a massive hemorrhage from a
ruptured aortic aneurysm), shock in those settiegds to evolve through three general (albeit
somewhat artificial) phases:

An initial nonprogressive phasauring which reflex compensatory mechanisms are/ated
and perfusion of vital organs is maintained.

A progressive stageharacterized by tissue hypoperfusion and onsetarsening circulatory
and metabolic imbalances, including acidosis.

An irreversible stagdhat sets in after the body has incurred cellufat #issue injury so severe
that even if the hemodynamic defects are correstawjval is not possible.
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Organ changes in shock:
» Kidneys- Acute tubular necrosis (potentially reviele and acute cortical necrosis (irreversible)
* Heart- sub-endocardial infarcts
* Adrenals-lipid depletion
* Brain- watershed infarcts
» Liver- paracentral necrosis and perivenular fitsosi
* Lungs-hyaline membrane formation
* GIT- haemorrhagic infarcts
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3.6 Clinical Consequences.

The clinical manifestations of shock depend ongiteipitating insult.
In hypovolemic and cardiogenic shothke patient presents with hypotension; a weak, dapi

pulse; tachypnea; and cool, clammy, cyanotic skinseptic shockthe skin may initially be
warm and flushed because of peripheral vasodilatioime initial threat to life stems from the
underlying catastrophe that precipitated the sheol., myocardial infarct, severe hemorrhage,
or sepsis). Rapidly, however, the cardiac, cerelarad pulmonary changes secondary to shock
worsen the problem. Eventually, electrolyte distundes and metabolic acidosis alsoexacerbate
the situation. Individuals who survive the initiabmplications may entea second phase
dominated by renal insufficien@and marked by a progressive fall in urine outputvadl as
severe fluid and electrolyte imbalances.

Self-Assessment Exercise
1. Describe the stages of shock that you have learned.

4.0 CONCLUSION.
Shock is a progressive disorder that, if uncordeckeads to death; hence appropriate measure(s)

should be meted out, and that early.
The prognosis varies with the origin of shock asdduration. Thus, greater than 90% of young,

otherwise healthy patients with hypovolemic shaak/s’e with appropriate management; in

comparison, septic shock, or cardiogenic shockcaasua with extensive myocardialinfarction,
can have substantially worse mortality rates, evitim optimal care.

5.0 SUMMARY.
1) The various categories of shock and clinical sg#tiprecipitating them.

2) The pathogenesis of septic shock, the frequentbp@mtered type, whosecourse is
still poorly understood.

3) the stages of shock.
6.0 TUTOR-MARKED ASSIGNMENT.

2. What is shock? Enumerate and briefly talk aboutvidieous categories ofshock.
3. Describe septic shock. What are the processesvieda|

Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Elevier/Saunders.

Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.
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1.0 INTRODUCTION.

In adult tissue, the size of cell populations itgedmined by the rates of cell proliferation,
differentiation, and death by apoptogi&igure 18), and increased cell numbers may résuin
either increased proliferation or decreased ceditlueApoptosis,as earlier considered, is a
physiologic process required for tissue homeostésis it can also be induced by a variety of
pathologic stimuli. Differentiated cells incapalié replication are referred to asrminally
differentiatedcells. The impact odlifferentiationdepends on the tissue under which it occurs: in
some tissues differentiated cells are not replaedde in others they die but are continuously
replaced by new cells generated from stem cells.

Stem cells
Baseline cell population

Cell death (apoptosis)
S @

Fig 1.1 Mechanisms regulating cell populations. Cell nurebean be altered by increased or
decreased rates of stem cell input, cell death tduapoptosis, or changes in the rates of
proliferation or differentiation(Modified from McCarthy NJ et al: Apoptosis in tthevelopment

of the immune system: growth factors, clonal selacdnd bcl-2. Cancer Metastasis Rev 11:157,
1992.)

2.0 OBJECTIVES

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

i.  Give an overview on the control of normal cell phieybtion and tissue growth.

115



ii.  Describe the cell cycle and mention factors regudecell replication.
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Define and describe adaptations and other abndresadif cellular growth and differentiation.

3.0 MAIN CONTENTS.

3.1  Control of Normal Cell Proliferation and Tissue Growth.

Cell proliferation can be stimulated Ipyysiologic and pathologic condition§he proliferation
of endometrial cells under estrogen stimulationirdurthe menstrual cycle and the thyroid-
stimulating hormone—mediated replication of celighe thyroid that enlarges the gland during
pregnancy are examples of physiologic proliferati®hysiologic stimuli may become excessive,
creating pathologic conditions such msdular prostatic hyperplasiaesulting from dihydro-
testosterone stimulation and the developmemtoalular goiters in the thyroids a consequence
of increased serum levels of thyroid-stimulatingrhone.

Cell proliferation is largely controlled by signa(soluble or contact-dependent) from the
microenvironment that either stimulate or inhibiblgderation. An excess of stimulators or a
deficiency of inhibitors leads to net growth andthe case of cancer, uncontrolled growth.

Tissue proliferative activityThe tissues of the body are divided into three gsoon the basis of
the proliferative activity of their cellsThis time-honored classification should be intetpde
inthe light of recent findings on stem cells ahd teprogramming of cell differentiation.

Continuously dividing (labile tissues),
Quiescent  (stable tissues), and
Nondividing (permanent tissues)

Continuously dividing tissuesells proliferate throughout life, replacing thdkat are destroyed.
These tissues include surface epithelia, suchrasfistd squamous epithelia of the skin, oral
cavity, vagina, and cervix; the lining mucosa dftl¢ excretory ducts of the glands of the body
(e.g., salivary glands, pancreas, biliary tra¢t®; ¢columnar epithelium of the Gl tract and uterus;
the transitional epithelium of the urinary traabdecells of the bone marrow and hematopoietic
tissues. In most of these tissues mature celldaried from adultstem cells which have a
tremendous capacity to proliferate and whose prpgeay differentiate into several kinds of
cells.

Quiescent tissuasormally have a low level of replication; howeveells from these tissuescan
undergo rapid division in response to stimuli angl thus capable of reconstituting the tissue of
origin. In this category are the parenchymal cefidiver, (as earlier described), kidneys, and
pancreas; mesenchymal cells such as fibroblasts@odth muscle; vascular endothelial cells;
and lymphocytes and other leukocytes. The regemeratpacity of stable cells is best
exemplified by the ability of the liver to regeneraafterpartial hepatectomy and after acute
chemical injury.

Non-dividing tissuesontain cells that have left the cell cycle and ncanundergo mitotic
division in postnatal life. To this group belongunens and skeletal and cardiac muscle cells. If

neuronsin the central nervous system are destroyed, Hseidiis generally replaced by the
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proliferation of the central nervous system—sugpertlements, the glial cells.
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Stem cells . Research on stem cells is at ther@orebf modern-day biomedical investigation
and stands at the core of a new field callegenerative medicineThe enthusiasm created by
stem cell research derives from findings that emagé established views about cell
differentiation, and from the hope that stem celsy one day be used to repair damaged human
tissues, such as heart, brain, liver, and sketetizcle.

3.2  Cell cycle and the Regulation of Cell Replication.
Cell proliferation is a tightly regulated processitt involves a large number of molecules and

interrelated pathways. To understand how cellsiferate during regeneration and repair, it is
useful to summarize the key features of the nogalicycle and its regulation.

The replication of cells is stimulated by growtlettas or by signaling from ECM components
through integrins To achieve DNA replication and division, the cegbes through a
tightly

controlled sequence of events known asceilecycle The cell cycle consists ofiG

(presynthetic), S (DNA synthesis)2 @Goremitotic), and M (mitotic) phases. Quiescent

cells that have not entered the cell cycle arehim @ state( Figure 1.2). Each cell cycle phase
is dependent on the proper activation and compleifahe previous one, and
the cycle stops at a place at which-an-essential gene function is deficient.

Chromosome duplication -~ § O K ) Gz
AR 7 R M

Checkfor £/ | Checkfor
== W damaged or
(G gfﬁ;;ﬂ;ﬁg A0 =T, unduplicated DNA
PR ' — \] | (GaM checkpoint)
.-I. ; i,‘ t w i
Restriction point— — \-__‘_,-_.f"#
L — ‘M Mitosis
Centrosome duplication ; f/r”'_ ==, i A
; o S
Growth in mass [, .| \ ( A
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B =0 ca
i [ dhvision
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©

FIGURE 1.2. Cell cycle landmarks. The figure shows the cedile phases (& G1, G2, S, and

M), the location of the Grestriction point, and the 15S and G2/M cell cycle checkpoints. Cells
from labile tissues such as the epidermis and th&aét may cycle continuously; stable cells
such as hepatocytes are quiescent but can enteellheycle; permanent cells such as neurons
and cardiac myocytes have lost the capacity taferate.(Modified from Pollard TD, Earnshaw
WC: Cell Biology. Philadelphia, Saunders, 2002.)
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3.3 Growth factors:

The proliferation of many cell types is driven bglypeptides known as growth
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factors These factors, which can have restricted or pieltcell targets, may also promote
cell survival, locomotion, contractility, differaation, and angiogenesis, activities that may
be as important as their growth-promoting effects.

TABLE 9. Growth Factors and Cytokines Involved in Regeneration and Wound

Healing

Growth Factor Symbol|Source Functions

Epidermal growthu EGF | Platelets, Mitogenic for keratinocytes and
macrophages, salivafibroblasts; stimulates keratinocyte

urine, milk, plasma

migration and granulation tissue
formation

Transforming growth
factora

TGFw

Macrophages,
lymphocytes,
keratinocytes, and

many tissues

Bimilar to EGF; stimulates replicatiof
hepatocytes and most epithelial cells

Heparin-binding HB- Macrophages, Keratinocyte replication
EGF EGF |mesenchymal cells
Hepatocyte  growth [HGF | Mesenchymal cells |Enhances proliferation of hepatocytes,

factor/scatter factor

epithelial cells, and endothelial ce
increases cell motility, keratinocyte

Is;

replication
Vascular  endotheliaVEGF | Many types of cells | Increases vascular peritigab
Cell growth factor mitogenic for endothelial cells (see
(isoforms A, B, C, Table 3-3); angiogenesis
D)
Platelet-derived PDGF | Platelets, Chemotactic for PMNs, macrophaggs,
growth factor macrophages, fibroblasts, and smooth muscle cells;
(isoforms A, B, C, endothelial cells, |activates PMNs, macrophages, and
D) keratinocytes, smootlfibroblasts; mitogenic for fibroblasts,
muscle cells endothelial cells, and smooth muscle
cells; stimulates production of MMRBs,
fibronectin, and HA; stimulates
angiogenesis and wound contraction
Fibroblast growthFGF  |Macrophages, masthemotactic for fibroblasts; mitogeifas
Factor 1 (acidic), 2 cells, T lymphocytesfibroblasts and keratinocytes;
(basic), and family endothelial cells, |stimulates keratinocyte migration,
fibroblasts angiogenesis, wound contraction, and
matrix deposition
Transforming growth |TGF |Platelets, T Chemotactic for PMNs, macrophages,
factorp (isoforms 1, lymphocytes, lymphocytes, fibroblasts, and smooth
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2, 3); other members macrophages, muscle cells; stimulates TIMP

ofthe  family are endothelic  cells. |synthesis angiogenesi  And

BMP< anc activin keratinocytes smoott |[fibroplasia inhibits productior of
Muscle cells. |MMPs anc keratinocyt: proliferatior
Fibroblasts

Keratinocyte growth|KGF |Fibroblasts Stimulates  keratinocyte  migration,

Facto  (alsc callec proliferation anc differentiatior

FGF-7)

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

Factor cells, T lymphocytes | cytokines; multiple functions

Modified from Schwartz Sl: Principles of SurgergviNYork, McGraw-Hill, 1999.
BMP, bone morphogenetic proteins; HA, hyaluronatéylPs, matrix metalloproteinases;
PMNSs, polymorphonuclear leukocytes; TIMP, tissudbitor 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 response to changes in theyironment. Such adaptations may take several
distinct forms.

3.5  Hypertrophy.
This refers to amncrease in the size of cells, resulting in an @ase in the size of the organ

The hypertrophied organ has no new cells, justelacglls. The increased size of the cells is due
to the synthesis of more structural componentshef dells. Cells capable of division may
respond to stress by undergoing both hyperplasisc(tbed below) and hypertrophy, whereas in
nondividing cells (e.g., myocardial fibers) incredgissue mass is due to hypertrophy. In many
organs hypertrophy and hyperplasia may coexistcantfibute to increased size.

Hypertrophy can behysiologicor pathologicand is caused by increased functional demand or
by stimulation by hormones and growth factors.

Hypertrophy is the result of increased productidrcellular proteins The striated muscle cells
in the heart and skeletal muscles have only a dunitapacity for division, and respond to
increased metabolic demands mainly by undergoipgtisophy. The most common stimulus for
hypertrophy of muscle is increased workloaBor example, the bulging muscles of
bodybuilders engaged in

-pumping iral result from an increase in size of thdividual muscle fibers in response
to increased demand. In the heart, the stimulusypertrophy is usually chronic hemodynamic
overload, resulting from either hypertension oltfaualves.
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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 tissudlthough hyperplasia and hypertrophy are distipobcesses,
frequently they occur together, and they may bggéied by the same external stimulus.
Hyperplasia takes place if the cell population @apable of dividing, and thus increasing the
number of cellsHyperplasia is the result of growth factor—driverolferation of mature cells
and, in some cases, by increased output of new frelin tissue stem celldyperplasia can be
physiologic or pathologic.

Physiologic hyperplasia can be divided into: (Lhormonal hyperplasiawhich increases the
functional capacity of a tissue when needed (ex#ieghlby breast tissue growth at puberty and
during pregnancy) and (2Zpmpensatory hyperplasighich increases tissue mass after damage
or partial resection (e.qg. liver tissue, as eartientioned).

Pathologic Hyperplasa are caused bgxcesses of hormones or growth factacing on target
cells. Endometrial hyperplasia is an example ofoalmal hormone-induced hyperplasia.
Although these forms of hyperplasia are abnornhe,drocess remains controlled because there
are no mutations in genes that regulate cell dimisiand the hyperplasia regresses if the
hormonal stimulation is eliminated. As is discusgedhapter 7 , in cancer the growth control
mechanisms become dysregulated or ineffective Isecafi genetic aberrations, resulting in
unrestrained proliferationhus, hyperplasia is distinct from cancer, but pédlgic hyperplasia
constitutes a fertile soil in which cancerous pielation may eventually arisd-or instance,
patients with hyperplasia of the endometrium arénateased risk for developing endometrial
cancer.

3.7  Atrophy.

Atrophy is reduced size of an organ or tissue tesgllfrom a decrease in cell size and number
Atrophy results from decreased protein synthesis iacreased protein degradation in cells.
Atrophy can be physiologic or pathologic.

Physiologic atrophy is common during normal development. Some embrystriectures, such
as the notochord and thyroglossal duct, undergmphyr during fetal development. The uterus
also decreases in size shortly after parturition.

Pathologic atrophy depends on the underlying cause and can be locgeperalized. The
common causes of atrophy are the followibgcreased workload (atrophy of disusé&yhen a
fractured bone is immobilized in a plaster castvben a patient is restricted to complete bedrest,
skeletal muscle atrophy rapidly ensues. The inidt@drease in cell size is reversible once activity
is resumedLoss of innervation (denervation atrophy)
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Diminished blood supplyn late adult life, the brain may undergo progresatrophy, mainly
because of reduced blood supply as a result ofegbtlerosis ( Fig. 20B ). This is calleénile
atrophy it also affects the heart.

Fig 1.3 Atrophy. A, Normal brain of a young adult. B, 8phy of the brain in an 82-year-old
male with atherosclerotic cerebrovascular disesesajlting in reduced blood supply. Note that
loss of brain substance narrows the gyri and widk@ssulci. The meninges have been stripped
from the right half of each specimen to revealdhdace of the brain.

Inadequate nutrition Profound protein-calorie malnutrition (marasmus)associated with the
use of skeletal muscle as a source of energy atfter reserves such as adipose stores have been
depleted.

Loss of endocrine stimulation, eldie loss of estrogen stimulation after menopauseltein
physiologic atrophy of the endometrium, vaginatleglium, and the breast.

Pressure Tissue compression for any length of time canseaatrophy. An enlarging
benign tumor can cause atrophy in the surroundmgvolved tissues. Atrophy in this setting is
probably the result of ischemic changes caused dmgpcomise of the blood supply by the
pressure exerted by the expanding mass.

3.8  Differentiation and Anaplasia:
Differentiation refers to the extent to which nespic parenchymal cells resemble the
corresponding normal parenchymal cells, both motpbally and functionally; lack of
differentiation is called anaplasia
Malignant neoplasms that are composed of poorfedihtiated cells are said to beaplastic
Lack of differentiation, or anaplasia, is consider@ hallmark of malignancylhetermanaplasia
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literally means-o form backward,implying a reversal of differentiation to a
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more primitive level. It is believed however thai mos

cancerglo notrepresentieversedifferentiationl of maturenormalcellsbut, in fact,

arise from less maturecellswith -stem-cell-lilel propertiessuchastissuestem
Cells

3.9 Metaplasia

Metaplasia is a reversible change in which one eddhtiated cell type (epithelial or
mesenchymal) is replaced by another cell tylbenay represent an adaptive substitution of
cells that are sensitive to stress by cell typatebable to withstand the adverse environment.
The most common epithelial metaplasi@a@umnarto squamoug Figure 21 ), as occurs inthe
respiratory tract in response to chronic irritatidm the habitual cigarette smoker, the normal
ciliated columnar epithelial cells of the trachead eronchi are often replaced by stratified
squamous epithelial cells. Stones in the excretioigts of the salivary glands, pancreas, or bile
ducts may also cause replacement of the normaéteegrcolumnar epithelium by stratified
squamous epithelium. A deficiency of vitamin A {nelic acid)induces squamous metaplasia in
the respiratory epithelium. In all these instantesmore rugged stratified squamous epithelium
is able to survive under circumstances in whichrtioee fragile specialized columnar epithelium
might have succumbed.

However, the change to metaplastic squamous aatfes with a price. In the respiratory tract,
for example, although the epithelial lining beconmsgh, important mechanisms of protection
against infection—mucus secretion and the ciliastyoa of the columnar epithelium—are lost.
Thus, epithelial metaplasia is a double-edged svemd] in most circumstances, represents an
undesirable change. Moreovéhe influences that predispose to metaplasia, rsipeent, may
initiate malignant transformation in metaplasticitaglium Thus, a common form of cancer in
the respiratory tract is composed of squamous,cetéch arise in areas of metaplasia of the
normal columnar epithelium into squamous epithelium
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Basement Normal Squamous
membrane columnar metaplasia
A epithelium

Fig 1.4 Metaplasia of columnar to squamous epithelium. éheatic diagram. B,
Metaplasia of columnar epithelium (left) to squamoepithelium (right) in a
bronchus.

3.10 Dysplasia

This literally means disordered growth. Dyspladi@moccurs in metaplastic epithelium, but not
all metaplastic epithelium is also dysplastic. Ogsm@ is encountered principally in epithelia,
and it is characterized by a constellation of clesntpainclude a loss in the uniformity of the
individual cells a: well a< a los: in their architectura orientatior. Dysplastic cells exhibit
considerabl pleomorphisr anc ofter contair large hyperchromati nucle with a high
nuclear to-cytoplasmic ratio. The architecture lté tissue may be disorderly. For example, in
squamous epithelium the usual progressive maturatidgall cells in the basal layer to flattened
squames on the surface may be lost and replacedsbyambling of dark basal-appearing cells
throughout the epithelium. Mitotic figures are maabundant than usual, although almost
invariably they have a normal configuration. Freglie however, the mitoses appear in
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abnormal locations within the epithelium. For exdampin dysplastic stratified squamous
epithelium, mitoses are not confined to the baggérns but instead may appear at all levels,
including surface cells. When dysplastic changesnaairked and involve the entire thickness of
the epithelium but the lesion remains confinedh®/lhasement membrane, it is considered a
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preinvasive neoplasm and is referred tocacinoma in situ Once the tumor cells breach the
basement membrane, the tumor is said toinvasive Dysplastic changes are often found
adjacent to foci of invasive carcinoma, and in saitgations, such as in long-term cigarette
smokers and persons with Barrett esophagus, sepéhelial dysplasia frequently antedates the
appearance of cancer. Howewdysplasia does not necessarily progress to cancer

Self-Assessment Exercise

I.  List and describe the three groups of body tissues.
4.0 CONCLUSION

This unit shows that the characterization of tisgumnth and differentiation helps to determine,
to a large extent the potential for carcinogenesis.

5.0. SUMMARY.

The factors involved in the control of normal cetbliferation and tissue growthThe cell
cycle and the regulation of cell replication
The numerous growth factors involved in cell regiicn.
Abnormalities of cellular growth and differentiatio
6.0 Tutor-Marked Assignment.
List ten growth factors that you know. List thainttions.
With the aid of an illustration/diagram, brieflystzibe the cell cycle.
Briefly describe the abnormalities of cellular gtbvand differentiation that you know.
7.0 REFERENCES AND FURTHER READING
Kumar, V., Abbas, A. K., & Aster, J. C. (2015). Rais and Cotran pathologic
basis of disease (Ninth edition.). Philadelphia; Eievier/Saunders.

Emmanuel Rubin, Howard M.R EssentialRobin’s Pathology. Sixth edition.

Ojo O.S. Essential pathology for Clini&lidents in the Tropics
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UNIT 2: NEOPLASIA.
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1.0 INTRODUCTION.

Cancer is the second leading cause of death itJtited States; only cardiovascular diseases
exact a higher toll. Even more agonizing than tleetatity rate is the emotional and physical
suffering inflicted by neoplasms. Patients andgbblic often ask-When will there be a cure
for cance? The answer to this simple question is clifiti because cancer is not one disease
but many disorders that share a profound growthegysation. Some cancers, such as Hodgkin
lymphoma, are curable, whereas others, such asrqainc adenocarcinoma, have a high

mortality.
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The only hope for controlling cancer lies in leagimore about its cause and pathogenesis, and
great strides have been made in understandingoikscoiar basis. Indeed, some good news has
emerged: cancer mortality for both men and womethénUnited States declined during the
last decade of the twentieth century and has oostinits downward course in thes21
century. The role of the nurse clinician in the ageament of a cancer patient cannot be
overemphasized! A clear understanding of the pssyre of the disease and the sensitivity to
the need of the patient carried on the platforrarapathy, is a sine qua none.

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

i.  Define the term neoplasm and other synonyms.
ii.  Differentiate between benign and malignant tumours.
iii.  Describe the molecular basis of cancer.
iv. Discuss the impact of oncogenes, tumour-suppregsnes and failure ofapoptosis in
carcinogenesis
v. Enumerate carcinogenic agents and their rolesreircayenesis.
vi.  Describe host defense mechanisms against cancer.
vii.  Discuss the clinical aspects of neoplasia.

3.0 MAIN CONTENTS.

3.1 Nomenclature.

Neoplasiameans—new growth, and a new growth is callech@oplasm. Tumouoriginally
applied to the swelling caused by inflammation, thé non-neoplastic usage tafmor has
almost vanished; thus, the term is now equated matiplasmOncology(Greekoncos= tumor)

is the study of tumors or neoplasms.

According to the eminent British oncologist, Rupét Willis, -a neoplasm *“is an abnormal
mass of tissue, the growth of which exceeds anddsordinated with that of the normal tissues
and persists in the same excessive manner afteates of the stimuli which evoked the
change”. James Ewing’s definition is thda neoplasm is a relatively autonomous growth of
tissue”.

The persistence of tumours, even after the incistighulus is gone, results fromenetic
alterations that are passed down to the progenyeftumour cells. These genetic changes allow
excessive and unregulated proliferation that beco@gtonomous (independent of physiologic
growth stimuli) although tumours generally remain dependent erhdst for their nutrition and
blood supply.

A tumour is said to be benign when its microscagmel gross characteristics are considered

relatively innocent, implying that it will remaiod¢alized, it cannot spread to other sites, arsl it i
generally amenable to local surgical removal; tagept generally survives. It should be noted,
however, that benign tumours can produce moreltdeatized lumps, and
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sometimes they are responsible for serious disease.

Malignant tumours are collectively referred tocascers derived from the Latin word fasrab,
because they adhere to any part that they seiz@ an obstinate manner, similarto a crab.
Malignant as applied to a neoplasm, implies that the les@m invade and destroy adjacent
structures and spread to distant sites (metasjasize&eause death. Not all cancers pursue so
deadly a course. Some are discovered early andreated successfully, but the designation
malignantalways raises a red flag.

CHARACTERISTICS/PROPERTIES OF MALIGNANT CELLS

1.

2.

8.

9.

Increased nucleo-cytoplasmic ratio

Nuclear hyperchromasia

Increase in the amount of the nuclear chromatin

Irregularity in chromatin distribution such thaethappear in clumps or appear unevenly granular.
There is loss of the normal reticular appearanatishseen in benign cells.

Anisokaryosis

Anisocytosis

Increased size and prominence of the nucleoli

Multinucleation

10. Abnormal mitotic figures

11. Anaplasia

12. Abnormal or irregular staining patterns of the mislch as having hyperchromasia and hypochromasis

13.Nuclear membrane may demonstrate irregular outlueh as crenation, lobulation, elongation and dein

shape.

14.Nuclei may appear vesicular

15. Metastases

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

132



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 ge
layers

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

4. The presence of cyst as a fundamental componehne iavolution of the tumour.

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

6. The presence of unique and preponderant comporgpsammoma, giant cells

7. The organ of origin

8. Nature of the tumour by its known and predictaldddgical behaviour: benign or malignant

9. Arrangement of tumour cells: preserved organizatiofobules or presence or otherwise of surround
stroma invasion (note infiltrative manner in theosta)

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. Whatetlex grade and
staging will be flawed without getting the identiby the tumour right. Every cell has its unique ptarlogy and
this uniqueness of structural configuration in tesgdent morphology, confers on them sub-speciadimaand

affords them exigent and expedient physiologicattions in a distinct manner which may be sub-ogtidue to

various pathologies. The facts known about thés @dso enables the pathologist to explore theufeatthat

betrays their pathologies. No cell in normal tissuge a liability in the body. Even the appendixaisiecessary
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appendage. A problem with the appendix certainllg edtention to its presence.

1.

3.2

The cytomorphology — what cell type known in thedyodoes the cell remind us of or is
undifferentiated?

The peculiar arrangement of the tumour cells — \edbmattern, Zellballen, storiform patterr
herringbone pattern etc

The location (primary location)

The progression in its local environment e.g pugtarders, invasion

Cytogenetics/inherent molecular characteristic$ teermine the ultimate biological behaviour. T

genetic make-up of cells determines what they asergially, what they differentiate into and the

ultimate behaviour.

The growth pattern —exophytic or endophytic

. The association — what other clinical conditiongathological conditions accompany the lesion?

Characteristics of benign and malignant tumours.

TABLE 10. Comparisons between Benign and Malignantumors

Characteristics

Benign

Malignan

Differentiation/anaplasia

Well differentiated; structure
sometime typica of tissu¢ of

origin

Some lack of differentiation with
anaplasie structure ofter atypica

Rate of growth

Usually progressive and slow;
may come to astandstil or
regress mitotic figuresrare anc

normal

Erratic and may be slow to rapid,;
mitotic figures may be numerou
anc abnorme

Local invasion

Usually cohesive expansile well-
demarcate masse thai do not
invade or infiltrate surroundin

normal tissues

Locally invasive, infiltrating
surroundini tissue sometime
may be seemingl cohesivi anc

expansile

Metastasis

Absent

Frequently present; the larger and
more Undifferentiater the
primary the more likely are
metastases
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Example

Endometrium

Fallapian tube

BENIGN MALIGNANT

(Letomycma) | {Leiomyosarcomea)
Small Mominvasive Large Locally invasive
Wel demarcated Nonmaetastatic Poorly demarcated Moetastatic
Slow growing Well differentiated Rapidly growing with Foorly differentated

hemormage and necrosis
= e

FIGURE 2.1 Comparison between a benign tumor of the myometrium
(leiomyoma) and a malignant tumor of the same prigiomyosarcoma).

3.4 Molecular basis of cancer
3.4 Principles involved in the molecular basis of cance

1).  Nonlethal genetic damage lies at the headarcinogenesisSuch genetic

damage (or mutation) may be acquired by the aci@nvironmental agents, such as chemicals,

radiation, or viruses, or it may be inherited ia tferm line. The termnvironmentglused in this

context, involves any acquired defect caused bygemous agents or endogenous products of

cell metabolism.

2) A tumour is formed by the clonal expansion of aglsinprecursor cell that has
incurred genetic damage (i.e., tumors are monodjona

3) Five classes of normal regulatory genes are thengpoal targets of genetic
damage:

I. the growth-promoting proto-oncogenes,

il. the growth-inhibiting tumour suppressor genes,

iii. genes that regulate cell death (apoptosis),

Iv. genes involved in DNA repair.

V. the metastatic genes.

4) Carcinogenesis is a multistep process at both thenptypic and the geneticlevels,
resulting from the accumulation of multiple mutaso
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3.5 Essential alterations for malignantprogrammed transformation.

Over the past two decades, hundreds of canceriassb@enes have been discovered. Some,
such axp53 are mutated in many different cancers; othersh ,sABL1, are affected only in
one or few. Each of the cancer-associated genes Isaecific function, the dysregulation of
which contributes to the origin or progression dalignancy. It is traditional to describe cancer-
associated genes on the basis of their presumeadidan It is beneficial, however, to consider
cancer- related genes in the contextsefven fundamental changes in cell physiology that
together determine malignant phenotyp&nother importantchange for tumour development
escape 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 as a consequence of ogiceg/ activation.
. Insensitivity to growth-inhibitory signal umours may not respond to molecules that

are inhibitory to the proliferation of normal ceflach as transforming growth facfor
(TGF) and direct inhibitors of cyclin-dependent kina@gBKIs).

. Evasion of apoptosisTumours may be resistant to programmed cell deasha
consequence of inactivation b3 or activation of anti-apoptotic genes.

. Limitless replicative potentialTumour cells have unrestricted proliferative aapa
avoiding cellular senescence and mitotic cataseoph

. Sustained angiogenesiSumour cells, like normal cells, are not ablegrow without
formation of a vascular supply to bring nutrientsl @xygen and remove wasteproducts. Hence,
tumours must induce angiogenesis.

. Ability to invade and metastasiZEBumour metastases are the cause of the vastitgajor
of cancer deaths and depend on processes thattiansic to the cell or are initiated by signals
from the tissue environment.

. Defects in DNA repairTumours may fail to repair DNA damage causeddrginogens

or incurred during unregulated cellular prolifeosti leading to genomic instability and
mutations in proto-oncogenes and tumor suppresswesy

Mutations in one or more genes that regulate tlved@lar traits are seen in every cancer.

However, the precise genetic pathways that giveetaghese attributes differ between individual
cancers, even within the same organ. It is widelelbed that the occurrence of mutations in
cancer-related genes is conditioned by the robsstoéthe DNA-repair machinery, as well as

protective mechanisms such as apoptosis and sewestigat prevent the proliferation of cells

withdamaged DNA. Indeed, recent studies in a tamwé human tumours, such as melanoma
and prostate adenocarcinoma, have shown that oneagéuced senescence, wherein mutation
of a
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proto-oncogene drives cells into senescence rétharproliferation, is an important barrier to
carcinogenesis.

Acquired (environmental) DNA damaging agents:
« Chemicals
+ Hadiation
= Viruses

NORMAL CELL

Suocessiul DMNA repair

I._

DMA Damage
Failure ot
DINA repair Inherited mutations in:
I‘ » Ganes affacting
DA, repair

= Genes affecting cell

Muiations in arawth or apoptasis

the gencme

of scanatic calls
1
Activaftion of Inactivation of Ahlerations in
growih-promotieg tumor supprassar genes that
SOCOGENES genes reguiate apoptosis
—— }
[ Unregudated cell proliferaton | | Dacrasssd apoptosis |

[ |

| Clonal expansion |

-‘—| Additional mulations

Ezcaps fram fp———————s
i munity *
| Tumor progréssion |

[ Malignant neoplasm |

| Invasion and metastasis |

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

SELF-SUFFICIENCY IN GROWTH SIGNALS: QNCOGENES
Genes that promote autonomous cell growth in canelis are calledbncogenesand their

unmutated cellular counterparts are cafieoto-oncogenesOncogenes are created by mutations
in proto-oncogenes and are characterized by thiyatioi promote cell growth in the absence of
normal growth-promoting signals. Their productsllechoncoproteins resemble the normal
products of proto-oncogenes except that oncopmtaie often devoid of important internal
regulatory elements, and their production in tlesformed cells does not depend on growth
factors or other external signals.
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Examples of oncogenes.

Table 11. Selected Oncogenes, Their Mode of Activah, and Associated Human Tumours

Category E;%t;;;en Mode of Activation |/Associated Human Tumour
GROWTH FACTORS
PDGF$ chain SIS (official [Over expression | Astrocytoma
name PBGFE) Osteosarcoma
Fibroblast growth HST1 Over expression Stomach cancer
factor: INT2 (official |Amplification Bladder cancer
nameFGF3) Breast cancer
Melanoma
TGF TGFA Over expression | Astrocytomas
Hepatocellular carcinomas
HGF HGF Over expression Thyroid cancer

GROWTH FACTOR RECEPTORS

EGF-receptor family [ERBB1 Over expression |Squamous cell carcinoma of lung,
(EGFF), Glioma:s
ERRB2
FMS-like tyrosine |FLT3 Amplification Breast and ovarian cancers
kinase 3
Receptor for RET Point mutation Leukemia
neurotrophic factors
Point mutation Multiple endocrine neoplasia 2A
anc B, familial medullan thyroid
carcinomas
PDGF receptor PDGFRB Over expression,| Gliomas, leukemias

translocation

Receptor for stem |KIT
cell (steel) factor

Point mutation

Gastrointestinal stromal tumours,
seminomas, leukemias

PROTEINS INVOLVED IN SIGNAL

TRANSDUCTION

GTP-binding KRAS

Point mutation

Colon, lung, and pancreatic tumors

HRAS

Point mutation

Bladder and kidney tumors
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NRAS Point mutation Melanomas, hematologic
malignancies

Nonreceptor tyrosine ABL Translocation Chronic myeloid leukemia
Kinast Acute lymphoblastic leukemia
RAS signal BRAF Point mutation Melanomas

transduction

WNT signal B-catenin Point mutation |Hepatoblastomas, hepatocellular
transductio carcinomi

Over expression
NUCLEAR-REGULATORY PROTEINS

Transcriptional avyYcC Translocation Burkitt lymphoma
activator: N-MYC Amplification Neuroblastoma,  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 cancers
Cyclin E Over expression Breast cancer
Cyclin-dependent |CDK4 Amplification or |Glioblastoma, melanoma, sarcoma
kinase point mutation

Insensitivity to growth inhibition and escape fromsenescence: tumour suppressor genes.
Failure of growth inhibition is one of the fundann alterations in the process of

carcinogenesis. Whereas oncogenes drive the patlde of cells, the products dfimour
suppressor genes apply brakes to cell proliferatiinhas become apparent that the tumor
suppressor proteins form a network of checkpoihts prevent uncontrolled growth. Many
tumor suppressors, such as RB and p53, are paa m@&gulatory network that recognizes
genotoxic stress from any source, and respondbudyirsg down proliferation.
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Table 12. Selected Tumor Suppressor Genes Involvad Human Neoplasms

transcription

Tumours Associated [Tumors Assocated
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 aspectofNF1 Inhibition of |Neuroblastomas Neurofibromatosis
plasma RA type 1 and sarcomas
membrane S signal
transductiomnd of
p21 cell
cycleinhibitor
Cytoskeleton |NF2 Cytoskeleta Schwannomas aneurofibromatosis
Istability meningiomas type 2, acoustic
schwannomas, and
meningiomas
Cytosol APCB- Inhibition of |Carcinomas ofFamilial adenomatou
catenin signaltransductionstomach,  colon, |polyposis coli/color
pancreas; cancer
melanoma
PTEN P13 kinase signaEndometrial and Cowden syndrome
transduction prostate cancers
SMAD2 TGF Colon, pancreadnknown
and sign |tumors
SMAD4 atransduction
Nucleus RB1 Regulation of celRetinoblastoma,; Retinoblastomas,
cycle Osteosarcoma Osteosarcoma
carcinomas of
breast, colon, lung
pS& Cell cycle arrest andviost human [Li-Fraumeni
apoptosis In |cancers syndrome;  multiple
response to DNA carcinomas and
damage sarcomas
WT1 Nuclear Wilms' tumor Wilms' tumor
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P16/INK4a

Regulation of cell
cycle by inhibition

Pancreatic, breast,
anc esophage

Malignant melanoma

91
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of cyclindependent |cancers

kinases
BRCAland |DNA repair Unknown Carcinomas of female
BRCA. breas anc ovary.
carcinoma of male
breast

P13 kinase, phosphatidylinositol 3-kinase.

Evasion of Apoptosis
Accumulation of neoplastic cells may result notyoflom activation of growth-promoting

oncogenes or inactivation of growth-suppressing octursuppressor genes, but also from
mutations in the genes that regulate apoptosiss,Tépoptosis represents a barrier that must be
surmounted for cancer to occur. In the adult, dedith by apoptosis is a physiologic response to
several pathologic conditions that might contribistenalignancy if the cells remained viable. A
cell with genomic injury can be induced to die, yaneting the accumulation of cells with
mutations. A variety of signals, ranging from DNArdage to loss of adhesion to the basement
membrane (termednoikig, can trigger apoptosis. A large family of gendmittregulate
apoptosis has been identified. Before we can utateshow tumor cells evade apoptosis, it is
essential to review briefly the biochemical paths/&y apoptosis.

Angiogenesis

Even with all the genetic abnormalities discusdaalva, solid tumors cannot enlarge beyond 1 to
2 mm in diameter unless they are vascularized. hiemal tissues, tumors require delivery of
oxygen and nutrients and removal of waste prodpecesumably the 1- to 2-mm zone represents
the maximal distance across which oxygen, nutrjeartd waste can diffuse from blood vessels.
Cancer cells can stimulate neo-angiogenesis, dwvimgh new vessels sprout from previously
existing capillaries, or, in some cases, vasculegisn in which endothelial cells are recruited
from the bone marrow. Tumour vasculature is abngriv@wvever. The vessels are leaky and
dilated, and have a haphazard pattern of connechNeonvascularization has a dual effect on
tumour growth: perfusion supplies needed nutriems oxygen, and newly formed endothelial
cells stimulate the growth of adjacent tumour cbilssecreting growth factors, such as insulin-
like growth factors (IGFs), PDGF, and granulocytaenophage colony-stimulating factor.
Angiogenesis is required not only for continued owm growth but also for access to the
vasculature and hence for metastasisgiogenesis is thus a necessary biologic corretidte
malignancy

Invasion and Metastasis

Invasion and metastasis are biologic hallmarks alignant tumours. They are the major cause
of cancer-related morbidity and mortality and heace the subjects of intense scrutiny. Studies
in mice and humans reveal that although milliongelfs are released into the circulation each
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day from a primary tumour, only a few metastasespaoduced.
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Indeed, tumour cells can be frequently detectetthenblood and marrow of patients with breast
cancer who have not, and do not ever, develop gretastatic disease. Why is the metastatic
process so inefficient? Each step in the processhgct to a multitude of controls; hence, at any
point in the sequence the breakaway cell may nwivai

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

3.4 Carcinogenic Agents and Their Cellular Interacions
More than 200 years ago the London surgeon SiriRéreott correctly attributed scrotal skin

cancer in chimney sweeps to chronic exposure to. 8ased on this observation, the Danish
Chimney Sweeps Guild ruled that its members mutstebdaily. No public health measure since
that time has achieved so much in the controlfofia of cancer.

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

DIRECT-ACTING CARCINOGENS
Alkylating Agents

B-Propiolactone

Dimethyl sulfate

Diepoxybutane

Anticancer drugs (cyclophosphamide, chlorambudiipaoureas, and others)

Acylating Agents

1-Acetyl-imidazole
Dimethylcarbamyl chloride

PROCARCINOGENS THAT REQUIRE METABOLIC ACTIVATION
Polycyclic and Heterocyclic Aromatic Hydrocarbons

Benzfglanthracene
Benzop]pyrene
Dibenzfa,hlanthracene 3-
Methylcholanthrene
7,12-Dimethylbenz]anthracene

Aromatic Amines, Amides, Azo Dyes
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2-Naphthylaminef{-naphthylamine)
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Benzidine
2-Acetylaminofluorene
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Dimethylaminoazobenzene (butter yellow)

Natural Plant and Microbial Products

Aflatoxin B1

Griseofulvin
Cycasin
Safrole Betel
nuts

Others

Nitrosamine and amides

Vinyl chloride, nickel, chromium
Insecticides, fungicides
Polychlorinated biphenyls

Steps Involved in Chemical Carcinogenesis

As discussed earlier, carcinogenesis is a multistepess. This is most readily demonstrated
in experimental models of chemical carcinogenesisyhich the stages of initiation and

progression during cancer development were first:tcilmed[.l46]

that allowed the distinction between initiation

and promotion were performed on mouse skin andcaténed in Figure 7-41 . The
following concepts relating to the initiation-protlan sequence have emerged from these
experiments:

The classic experiments

. Initiation results from exposure of cells to a sufficient do$ea carcinogenic agent
(initiator); an initiated cell is altered, making@otentially capable of giving rise to a tumor
(groups 2 and 3)nitiation alone, however, is not sufficient fontar formation

(group 1).

. Initiation causes permanent DNA damage (mutations)is therefore rapid and
irreversible and has —memory.| This is illustrated by group 3, in which tumors weroduced
even if the application of the promoting agent watayed for several months after a single
application of the initiator.

. Promoters can induce tumors in initiated cells, dbey are nontumorigenic by
themselveggroup 5). Furthermore, tumors do not result whes promoting agent is applied
before, rather than after, the initiating agento(yr 4). This indicates thain contrast to the
effects of initiators, the cellular changes resuitifrom the application of promoters do not
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affect DNA directly and are reversibleAs discussed later, promoters enhance the
proliferation of
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initiated cells, an effect that may contribute lie development of additional mutations in these
cells. That the effects of promoters are reversiblirther documented in group 6, in which
tumors failed to develop in initiated cells if thene between multiple applications of the
promoter was sufficiently extended.

Group 1 X i No tumors |
Groupz){TTYTYTT I Tumors |

_— YYYYYYY CwEET]
Groupzt"""‘rlrx @
arcups YT XL Y ¥YY s
Groupﬁx ¥ T X ¥ ¥ ¥ Tm

| |
| ] 5
Time =

X = Application of initiator Y = Application of promoter
{polycyclic hydrocarbon) {Croton oil)

FIGURE 2.4. Experiments demonstrating the initiation and pstom phases of carcinogenesis
in mice. Group 2: application of promoter repeaetvice-weekly intervals for several months.
Group3: application of promoter delayed for severanths and then applied twice weekly.
Group 6: promoter applied at monthly intervals.

Direct-Acting Agents. They require no metabolic wersion to become carcinogenic. Most of
them are weak carcinogens but are important becsuse are cancer chemotherapeutic drugs
(e.g., Alkylating agents) that have successfullyedy controlled, ordelayed recurrence of certain
types of cancer (e.g., leukemia, lymphoma, andiamararcinoma), only to evoke later a second
form of cancer, usually acute myeloid leukemia.

Indirect-Acting Agents. The designationdirect-acting agentefers to chemicals that require
metabolic conversion to amtimate carcinogerbefore they become active. Some of the most
potent indirect chemical carcinogens—the polycybldrocarbons—are present in fossil fuels.
Others, for example, benajpyrene and other carcinogens, are formed in thb-temperature
combustion of tobacco in cigarette smokifitgnese products are implicated in the causation of
lung cancer in cigarette smokerBolycyclic hydrocarbons may also be produced feonmal
fats during the process of broiling meats and aesgnt in smoked meats and fish. The principal
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active products inmany hydrocarbons are epoxigbgh form covalent adducts (addition
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products) with molecules in the cell, principallyNB, but also with RNA and proteins.
Radiation Carcinogenesis

Radiant energy, whether in the form of the UV raysunlight or as ionizing electromagnetic
and particulate radiation, is a well-establishecticagen. UV light is clearly implicated in the
causation of skin cancers, and ionizing radiatioqosure from medical or occupational
exposure, nuclear plant accidents, and atomic bdetbnations has produced a variety of
cancers. Although the contribution of radiatiorthe total human burden of cancer is probably
small, the well-known latency of damage caused diliant energy and its cumulative effect
require extremely long periods of observation andkenit difficult to ascertain its full
significance. An increased incidence of breast eahas become apparent decades later among
women exposed during childhood to atomic bomb tests

Ultraviolet Rays

There is ample evidence from epidemiologic stuthesUV raysderived from the sun cause an

increased incidence of squamous cell carcinomal loadl carcinoma, and possibly melanoma of
the skin. The degree of risk depends on the typd\bftays, the intensity of exposure, andthe
quantity of the light-absorbingprotective manél of melanin in the skin. Persons of

European origin who have fair skin that repeatédigomes sunburned but stalwartly refuses to
tan and who live in locales receiving a great adaunlight (e.g., Queensland, Australia, close
to the equator) have among the highest incidencskiof cancers (melanomas, squamous cell
carcinomas, and basal cell carcinomas) in the world

lonizing Radiation

Electromagnetic (x-raysy rays) and particulateo(particles, particles, protons, neutrons)
radiations are all carcinogenic. The evidence igadominous that a few examples suffice. Many
individuals pioneering the use of x-rays developkih cancers. Miners of radioactive elements
in central Europe and the Rocky Mountain regionhef United States have a tenfold increased
incidence of lung cancers compared to the redtepbpulation. Most telling is the follow-up of
survivors of the atomic bombs dropped on Hiroshamd Nagasaki. Initially there was a marked
increase in the incidence of leukemias—principaltyte and chronic myelogenous leukemia—
after an average latent period of about 7 yearks&uently the incidence of many solid tumors
with longer latent periods (e.g., breast, cologralid, and lung) increased.

Microbial Carcinogenesis

Many RNA and DNA viruses have proved to be oncogénianimals as disparate as frogs and
primates. Despite intense scrutiny, however, onfeva viruses have been linked with human
cancer. Our discussion focuses on human oncogéniseg as well as the emerging role of the
bacteriumHelicobacter pyloriin gastric cancer.
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Human T-Cell Leukemia Virus Type 1.

Although the study of animal retroviruses has pitedi spectacular insights into the molecular
basis of cancer, only one human retrovirus, humaelTleukemia virus type 1 (HTLV-1), is
firmly implicated in the causation of cancer in rams.

HTLV-1 causes a form of T-cell leukemia/lymphomattis endemic in certain parts of Japan
and the Caribbean basin but is found sporadicdfigveéhere, including the United States.
Similar to the human immunodeficiency virus, whichuses acquired immunodeficiency
syndrome (AIDS), HTLV-1 has tropism for CD4+ T eeland hence this subset of T cells is the
major target for neoplastic transformation.

Human Papillomavirus.
At least 70 genetically distinct types of HPV hdeen identified. Some types (e.g., 1, 2, 4, and

7) cause benign squamous papillomas (warts) in hamBy contrast, high-risk HPVs (e.g.,

types 16 and 18) have been implicated in the gerdsseveral cancers, particularly squamous
cell carcinoma of the cervix and anogenital regidinus, cervical cancer is a sexually

transmitted disease, caused by transmission of HiP¥ddition, at least 20% of oropharyngeal
cancers are associated with HPV. In contrast twicadr cancers, genital warts have low

malignant potential and are associated with low-H®Vs, predominantly HPV-6 and HPV-11.

Epstein-Barr Virus.
EBV, a member of the herpes family, has been irapdid in the pathogenesis of several human

tumours: the African form of Burkitt lymphoma; Bicdymphomas in immunosuppressed
individuals (particularly in those with HIV infectin or undergoing immunosuppressive therapy
after organ transplantation); a subset of Hodgkindhoma; nasopharyngeal and some gastric
carcinomas and rare forms of T cell lymphomas atdral killer (NK) cell lymphomas. Except
for nasopharyngeal carcinoma, all others are Btaeiburs.

Hepatitis B and C Viruses.
Epidemiologic studies strongly suggest a close @aSon between HBV infection and the

occurrence of liver cancer. It is estimated tha%7@® 85% of hepatocellular carcinomas
worldwide are due to infection with HBV or HCV. HBI¢ endemic in countries of the Far East
and Africa; correspondingly, these areas have itfteelst incidence of hepatocellular carcinoma.

Helicobacter pylori
First incriminated as a cause of peptic ulcerspylori now has acquired the dubious distinction

of being the first bacterium classified as a cargen. Indeedt. pylori infection is implicated in
the genesis of both gastric adenocarcinoma andgshphomas.
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The scenario for the development of gastric adewgwama is similar to that of HBV- and
HCV-induced liver cancer. It involves increasedtleglial cell proliferation in a background of
chronic inflammation.

3.7 Host Defense against Tumours—Tumour Immunity

The idea that tumours are not entirely self and tmayecognized by the immune system was
conceived by Paul Ehrlich, who proposed that immrgeognition ofautologous tumour cells
may be capable of eliminating tumours. Subsequebh#yis Thomas and Macfarlane Burnet
formalized this concept by coining the temmmune surveillancewhich implies that a normal
function of the immune system is to survey the bfmyemerging malignant cells and destroy
them.

Tumour Antigens
Antigens that elicit an immune response have beemodstrated in many experimentally

induced tumors and in some human cange?rg] Initially, they were broadly classified into two
categories based on their patterns of exprestiomor-specific antigensvhich are present only
on tumor cells and not on any normal cells, andor-associated antigeywhich are present on
tumor cells and also on some normal cells. Thissifigation, however, is imperfect because
many antigens thought to be tumor-specific turnatdtobe expressed by some normal cells as
well. The modern classification of tumor antigensiased on their molecular structure and
source.

1) Products of mutated gendseoplastic transformation, as we have discussad/tsefrom
genetic alterations in proto-oncogenes and tum@pr&ssor genes; these mutated proteins
represent antigens that have never been seen lmtiene system and thus can be recognized
as non-self.

2) Over-expressed or aberrantly expressed cellulartggns. Tumor antigens may be
normal cellular proteins that are abnormally expeesin tumor cells and elicit immune
responses.

3) Tumor antigens produced by oncogenic virugdse most potent of these antigens are
proteins produced by latent DNA viruses; examphesumans include HPV and EBV.

4) Oncofetal antigensThese are proteins that are expressed at highslewvecancer cells
and in normal developing (fetal) but not adultumss. It is believed that the genes encoding these
proteins are silenced during development and apredsed upon malignant transformation.
Oncofetal antigens were identified with antibodmssed in other species, and their main
importance is that they provide markers that aidmor diagnosis.

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

6) Cell type—specific differentiation antigefaumours express molecules that are normally

present on the cells of origin. These antigenscalieddifferentiation antigenbecause they are
specific for particular lineages or differentiatistages of various cell types. Such differentiation
antigens are typically normal self-antigens, aratdfore they do not induce immune response in
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tumour-bearing hosts. Their importance is as p@kiatrgets
for immunotherapy and for identifying the tissueoafjin of tumours.

Anti-tumour Effector Mechanisms.

Cell-mediated immunity is the dominant anti-tumanechanism in vivo. Although antibodies
can be made against tumours, there is no eviddmaethey play a protective role under
physiologic conditions.

1)

2)

3)

4)

Cytotoxic T lymphocyte€£D8+ CTLs play a protective role against virus-oassted
neoplasms (e.g., EBV- and HPV-induced tumors) ang lbeen demonstrated in the
blood and tumour infiltrates of cancer patients.

Natural killer cells:NK cells are lymphocytes that are capable of dgstgotumour
cells without prior sensitization and thus may padevthe first line of defense against
tumour cells. After activation with IL-2 and IL-1BK cells canlyse a wide range of
human tumours.

Macrophages:Activated macrophages exhibit cytotoxicity agaitgimour cells in
vitro. T cells, NK cells, and macrophages may dumlate in antitumour reactivity,
because interferop-a cytokine secreted by T cells and NK cells,gstent activator
of macrophages.

Antibodies: Although there is no evidence for the protectivee@t of antitumor
antibodies against spontaneous tumors, admingtradf monoclonal antibodies
against tumor cells can be therapeutically effectik monoclonal antibody against
CD20, a B-cell surface antigen, is widely usedtfeatment of lymphomas.

Immune Surveillance and Escape

Most cancers occur in persons who do not suffenfany overt immunodeficiency. It is evident,
then, thattumor cells must develop mechanisms to escape ameethe immune system
immunocompetent hosts. Several such mechanismbenagerative.
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FIGURE 2.5. Mechanisms by which tumors evade the immune sys(Reprinted from
Abbas AK, Lichtman AH: Cellular and Molecular Immology, 5th ed. Philadelphia, WB
Saunders, 2003)

It is worth mentioning that although much of theu® in the field of tumour immunity has been
on the mechanisms by which the host immune syst&nd$ against tumours, there is some
recent evidence that, paradoxically, the immun&sysnay promote the growth of tumours.

It is possible that activated lymphocytes and mplcages produce growth factors for tumour
cells, and regulatory T-cells and certain subtypgsmacrophages may suppress the host
response to tumours. However, harnessing the pregeactions of the immune system and
abolishing its ability to increase tumour growtheasbviously important goals of immunologists
and oncologists.
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3.8

Clinical Aspects of Neoplasia.

Ultimately the importance of neoplasms lies in itheffects on patients. Although malignant
tumours are of course more threatening than benigours, any tumour, even a benign one,
may cause morbidity and mortality. Indeed, bothigmant and benign tumours may cause
problems because of (1) location and impingemerdadjacent structures, (2) functional activity
such as hormone synthesis or the development ainpaplastic syndromes, (3) bleeding and
infections when the tumor ulcerates through adjasenfaces, (4) symptoms that result from
rupture or infarction, and (5) cachexia or wasting.

Local and Hormonal Effects

Location is crucial in both benign and malignamméwrs. A small (1-cm) pituitary adenoma,
though benign and possibly nonfunctional, can c@sgprand destroy the surrounding normal
gland and thus lead to serious hypopituatarism.c@anarising within or metastatic to an
endocrine gland may cause an endocrine insuffigidmg destroying the gland.Neoplasms
in the gut, both benign and malignant, may causgroettion as they enlarge.

Cancer Cachexia
Individuals with cancer commonly suffer progressiees of body fat and lean body mass

accompanied by profound weakness, anorexia, anthiangeferred to agachexia Unlike
starvation, the weight loss seen in cachexia resdually from loss of fat and lean muscle.
There is some correlation between the tumor buashelthe severity of the cachexia.

However, cachexia is not caused by the nutriticderhands of the tumor. In persons with
cancer,the basal metabolic rate is increasedjtdegpluced food intake. This is in contrast to the
lower metabolic rate that occurs as an adaptati@sgponse in starvatioAlthough patients with
cancer are often anorexic, cachexia probably restddm the action of soluble factors such as
cytokines produced by the tumor and the host rathem reduced food intake.

Paraneoplastic Syndromes
Symptom complexes in cancer-bearing individuald tzanot readily be explained, either by

the local or distant spread of the tumor or by ¢feboration of hormones indigenous to the
tissue from which the tumor arose, are knownpasaneoplastic syndromedhese occur in
about 10% of persons with malignant disease. Despéir relative infrequency, paraneoplastic
syndromes are important to recognize, for seveadaons, some of which are:

1.
2.

They may represent the earliest manifestation afcult neoplasm.

In affected patients they may represent signifiagimical problems and mayeven
be lethal.
They may mimic metastatic disease and thereforéoood treatment.
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4.0 CONCLUSION.

The pathogenesis of cancer, the mechanisms inva@wedthe body response to canceris still
largely poorly understood. What is clear and woms is the fact that the burden on the
individual and the society is unfathomably heavy.

The nurse clinician must be armed with some basmwkedge of this disease of so many
theories, have astounding empathy on those whindhe process of ultimately
_giving in‘ to the scourge!

5.0 SUMMARY.
1. The definition of neoplasia and its synonyms.
2. The differences between benign and malignant tusour
3. The molecular basis of cancer.
4. The various classes of carcinogenic agents anddebular interactions.
5. Host defense against tumours.

6. Clinical aspects of cancer and carcinogenesis.

6.0 TUTOR-MARKED ASSIGNMENTS:

What do you understand by the term neoplasm?

Differentiate between benign and malignant tumours.

What are the principles involved in the moleculasib of cancer?

Discuss briefly the following terms:

o Oncogens.

o Proto-oncogens

0 Tumour-suppressor genes.

List 10 oncogens that you know, their modes ofvation and disease entities wherethey are
present.

Write short notes on the followings:

o0 Chemical carcinogenesis.
o0 Radiation carcinogenesis.
o Microbial carcinogenesis.
0 Tumour immunity.
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MODULE 5

Genes and the Genetic Basis of Human Diseases

Genetic disorders are more common than usuallyrtegho There are estimated 3400 inherited gendtmrdiers.
They arise as a result of mutations in the geraae. The lifetime frequency is 670/1000. Thear @mplex
interactions between genes and the environmentréisatts in a variety of disorders. Over 50% afrgpneous
abortions have demonstrable chromosomal abnorn@itypared with 4-6 anomalies per 1000 births. @areent
of newborns have gross chromosomal abnormality. e Tisk of a serious developmental abnormality
approximately 1 in 30 pregnancies. Approximatelyoldf paediatric inpatients have a multifactorisdatder with
a predominantly genetic component. Five percenndifiduals below the age of 25 years develop sedisease
with significant genetic component. Genetic disosdgose considerable health and economic probleroaulse
most of them lack effective therapy. Of the vastnbar of genetic disorders, only a very small nunti@re been
characterized in terms of their biochemistry andegies.

GENETIC DISORDERS INCLUDE:

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

Single gene disorders with non — classic inheriganc

Disorders with multifactorial inheritance

CHROMOSOMAL DISORDERS

These are much commoner than generally thoughtre M@an 50% of spontaneous abortions have chromalsc
anomalies compared with only 4-6 anomalies per 1d@0Obirths. There are qualitative chromosomdkdes in
which there are defects in the chromosomes stralbfuand quantitative chromosomal defects in whibke
chromosomes are not complete in number.

Abnormality in the number
Non-disjunction is failure of a chromosome or chabios to separate. A daughter receives two copleke the
other receives none. Such abnormalities can ahumg mitosis or meiosis.

Errors occurring during meiosis

Trisomy three copies of the chromosome

Monosomy

Autosomes and sex chromosomes are affected. @uignps with Trisomies 13(Patau’s syndrome), 18(&uls
syndrome), 21(Down’s syndrome) survive to birthrisdmy 13 and 18 die in early childhood. The incicke of
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trisomy 21 is 1: 700 live births. Full Autosomabnosomies are quite rare and very fatal.
Sex chromosome trisomies e.g. Klinefelter's synd¥ofXY are relatively common.
Sex chromosome monosomy- Turner’s syndrome’s peecal is 1:2500

Errors occurring during meiosis

Non disjunction occurring during meiosis shortlyeaftwo gametes have fused results in the formaifamwo cell
lines each having a different chromosomal compandiitis is usually seen with the sex chromosomelyeimg
mosaic individual. Triploidy and tetraploidy reisin 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. Temadi deletion
involves single break in the arm of a chromosoms firoducing a fragment lacking centromere, whiclost at
the next division. Interstitial deletions occurewhthere are two breaks in a chromosome with lé$keoregion
between the two breaks.

Examples include the:

Praeder Willi syndrome in which there is deletidritee long arm of chromosome 15 Wilm’s tumour —etien of
part of short arm of chromosome 11

Di George’s syndrome —micro deletions in the long af chromosome 22

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

Duplications: a portion of a chromosome is presamthe chromosome in two copies e.g.Charcot-Maoetit
disease is due to a small duplication of a regiochcomosome 17.

Inversions: Rearrangement that involves an endentbreversal of a segment within a chromosome patdac
inversion involves only an arm while pericentricvensions involves opposite sides. Both conditi@ame
compatible with normal life.

Isochromosome; duplication of an arm due to themats of the other arm.

Translocation: a segment of the one chromosonransferred to another.

Balanced translocation or reciprocal translocatiorg non-homologous chromosomes break simultangcursd
rejoin swapping ends. The individual is normalesslthe break interrupts a gene.

At meiosis the chromosomes may separate into diftedaughter cells. Thus the translocated chromesaenter
the gametes and the fetus may inherit an abnormedntosome and have unbalanced translocation \
phenotypic outlook

Robertsonian translocation breaks between two aotac chromosomes. The breaks are close to thteoreeres.
There is transfer of the segment so that one otlinemosomes is large while the other is smallis tompatible
with life and is seen in 1/1000 apparently nornmalividuals. A woman with this karyotype has 1:igkrof
delivering a baby with Down’s syndrome. Males hav0 risk. They ha 50% risk of producing carriers

MITOCHONDRIAL CHROMOSOME DISORDERS

These disorders are due to mutations in the mitedhal genome.

Apart from the 23 chromosomes in the nucleus oipbid cell, mitochondria also have their chromossmThe
mitochondria chromosome is inherited from the motftarough maternal line in a pattern different nfro
Mendelian disorders) as the sperm contains fewocomitochondria chromosome is a circular DNA (mtDN/
molecule of approximately 16,5000 bp and every hzse makes up part of the coding sequence. Tinegye
encode proteins or RNA molecules involved in mitmadria function. These proteins are componentshef
mitochondria respiratory chain involved in oxidatiphosphorylation (OXPHQOS), which produces ATP.eT
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proteins also play a major role in apoptotic celath. Each cell contains several hundred mitoati@rachd thus
several hundred chromosomes. Mutations in mitochanchromosomes have a high chance of producing
effect. A single altered mitochondria genome may unnoticed because every cell contains hundreds
mitochondria. However as mitochondria divide, thences of more mutations developing increaseshawdthis

gene give rise to mitochondria disease.

Examples;
Myopathies-

Chronic Progressive External Ophthalmoplegia (OPE

Encephalopathies (including myoclonic epilepsthwagged cell Fibres
MERRF

Mitochondria Encephalomyopathy, lactic acid atrdke like episodes, MELAS

Kearn-Sayne Syndrome
Leber’s Hereditary Optic Neuropathy (LHON)
Pearson’s syndrome

MENDELIAN DISORDERS

Mutations in coding sequences and their controlilegments ultimately produce

Proteins, which are abnormal or are dysfunctional.

Mutations constitute permanent changes. Radiatidinaviolet radiation or chemicals cause these atmns.

Mutations can occur in the gene sequences or irsg¢ljeences that regulate gene expression (tratisorgnd

translation

Types of mutation:

Point Mutation: a nucleotide may be substitutecabgther so that the codon in a coding sequencleaisged. A
clinical disorder results if the change affectsriical part of the protein produced e.g. sickldl cisease; a
mutation within the

Globin gene changes one codon so that glutamiciagieplaced by valine in the polypeptide chaincgmgating

severe changes.

Insertion or deletion: of one or more bases eogneslarge deletions in the dystrophin gene remaaing

sequences resulting in Duchenne Muscular dystrophy

Splicing Mutations: Mutations of DNA sequences whdirect the splicing of introns from messenger RiAIld

result in the mRNA carrying the intron sequencebhis will determine them the amino acids that vi#

incorporated into the polypeptide chain.

Terminal mutations: ‘Stop’ or terminal codon teratids ribosomes processing of messenger RNA intteips
during the normal polypeptide synthesis. Mutatiomglving the codons result in either late or panent
termination e.g. in Haemoglobin constant springa@moglobin variant arises, when a single basegehalters 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 ta@stparent is
affected. Both sexes are affected and either ohtb@n transmit the disorder. The clinical featudepend on the
degree of penetrance and expressivity (reducednaece and variable expressivity). In many of thege at onset
is delayed.

Examples:

Nervous system: Huntington’s disease, neurofibrosiat myotonic dystrophy and tuberous sclerosis.

Urinary system: Polycystic Kidney disease

GIT: Familial polyposis coli

Haemopoietic: Hereditary spherocytosis, Von Wilsei disease
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Skeletal: Marfan’'s syndrome, some variant of Ehldanlos Syndrome, osteogenesis imperfecta
achondroplasia
Metabolic: Familial Hypercholesterolaemia, acutenimittent porphyria.

Autosomal Recessive Disorders

These disorders are seen in 2.5 per 1000 live shidthconstitutes the single largest category ofndiédian
disorders. Both alleles must be affected to be fesi@d. Parents are usually spared. Siblings hagecbance in
four of being affected that is 25% o recurrent fskeach birth. The expression of these disortend to be more
uniform that in autosomal dominant disorders. Catgpenetrance is common and onset tends to besaedgyin
life. New mutations are rarely detected clinicaligtil the mutated individual or heterozygote matath other
heterozygotes. Enzyme proteins are usually affedibed disorders include almost all inborn errorsnetabolism.
Consanguinity increases the risk.

Examples:

Metabolic: Cystic fibrosis, phenylketonuria, gatas®mia, homocystinuria, lysosomal storage diséaskson’s
disease, haemochromatosis, glycogen storage diseadealpha -1-antitrysin deficiency.

Haemopoietic: Sickle cell anaemia, Thalassaemias

Endocrine: Congenital adrenal hyperplasia

Skeletal: Some variants of Ehlers Danlos Syndrdiigptonuria

Nervous: Neurogenic muscular dystrophies

X linked disorders
All sex-linked disorders are X linked. Almost alllked disorders are recessive.

X linked Recessive Disorders

X linked recessive disorders account for a smaihioer of clinical conditions. They are present inlemaand
homozygous females. However homozygous female @asassually rare. The Y chromosome is not in mases
homologous to the X chromosome so the mutant gengéke X chromosome cannot be paired with allefethe
Y chromosome. Thus the male is regarded as beimigzligous for the X linked mutant genes so the disms are
expressed in males. Affected males do not trangraitdisorders to their sons but all daughters argets. Fifty
percent of all daughters of heterozygous women ne@deive the mutant gene. The full phenotypic ckaisgnot
seen in the paired normal allele. However randoactigation of X chromosomes may determine themate
picture. If the normal allele is activated in maslls then there will be full expression of heteqgaus X linked
conditions in the female. Much more commonly end¢ered are situations in which the normal allelaagsvated
in only some of the cells thereby resulting in @drxpression of the disorder.

Examples:

System Disease

Musculoskeletal Duchemmescular dystrophy

Haemopoietic HaembalA and B, Chronic Granulomatous disease of ttewvborn,G6PD
Deficiency

Immune Agaaglobulinaemia, Wiskott-Aldrich

syndrome

Metabolic Dé&tbs insipidus, Lesch Nyhan Syndrome

Nervous dila X syndrome
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In Haemophilia A, there is a mutation of the Xkka gene for factor VIII. Fifty percent of casesvéaan
intrachromosomal rearrangement (inversion) of theot the long arm of the X chromosome (the breakipis
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 chromoso
Heterozygous females and males with one copy ofrtiant gene on their single X chromosome will rfestithe

disease. Half of the male of female offspring ofadfected mother and all the female offspring ofadfected

father will have the disease. The disorder is Uguabre severe in affected males compared to heygous

female. An example is Vitamin D resistant rickets.

Y linked genes
Only males are affected. There are no known exasrgdléransmissible Y linked single gene disorders.

DISORDERS WITH MULTIFACTORIAL INHERITANCE
These disorders are so called because of the @dlalieffects of combined actions of environmentéilences and
two or more mutant genes. These disorders are thdogarise as a result of complex traits. Thosslinng
multiple genes can also be referred to as polygéltie number of inherited deleterious genes detesnthe
degree of the morbidity of the genetic componerier&fore, the more the number, the more severéeis
expression of the disease.
The following normal phenotypic characteristics éawultifactorial inheritance: hair colour, skin caf, eye
colour, intelligence and height. Environmental uefhces play a significant role in modifying the pbigpic
expression of multifactorial traits.
Other examples include:
Certain subsets of diabetes mellitus manifest tbeade after weight gain
Nutritional influences allow identical twins to aitt different heights
The culturally deprived child may not achieve hidudl intellectual capacity and academic potestial
Cleft lip, cleft palate, congestive cardiac faisireoronary heart disease, hypertension, gout gladip stenosis
ate thought to be disorders with multifactorialeniance.
General characteristics of disorders with multifaiet inheritance:
e The number of mutant genes inherited determinesitheof expressing a multifactorial disorder. Tl
greater the number of affected relatives, the higine risk for others.
e The rate of recurrence of the disorder (2-7%) ésshme for all first-degree relatives.
e While the likelihood of the disorder affecting ideal twins is far below 100%, the chance is howe\
much greater than for non identical twins. The tiexapy of concordance ranges from 20-40%.
e The risk of the recurrence of phenotypic abnormaditbased on the outcome of the previous pregaanc
A Child affected portrays a 7% chance of the nduldcbeing affected. The risk rises to 9% when t\
siblings are affected.
e The expression of a multifactorial trait may be towmus (lack of a distinct phenotype e.g. heigit)
discontinuous with a distinct phenotype i.e. theedse is only manifested when a certain thresisol
exceeded as the genes interact with the environment

OTHER SINGLE GENE DISORDERS:

These disorders are due to mutations in singleggbatdo not manifest as single monogenic disordleas is they
have a non-classic inheritance pattern. They ireclud

Sex limited inherited single gene disorders
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The gene responsible for frontal baldness is @rpie an autosome but manifests itself in only oee $rontal
baldness is an autosomal dominant disorder in nmiebehaves as a recessive disorder in females.

Triplet repeat mutatione.g the fragile X syndrome in which there is agleepeating sequence of three nucleotic
Disorders caused by genomic imprinting

Mitochondrial gene mutations

Gonadal Mosaicism

DIAGNOSIS OF GENETIC DISEASES
Cytogenetic and molecular analyses are used tmalsmggenetic diseases.
Such studies can be carried out in the prenatpdstnatal period.

1. Prenatal investigations involving the cytogenetmalyses of fetal cells obtained by amniocentasishorionic
villus biopsy or umbilical cord blood.

Cytogenetic analysis involves karyotyping. The @adions for cytogenetic analysis include:

(1Advanced maternal age (after 34yrs). The riskrisbmies increases with maternal age e.g theafiskaving a
Down'’s child after age 35 yrs is 1 in 380 children.

(iA parent with a structural chromosomal abnoritgal

(ii)Previous child for the family with chromosomabnormality

(iv)A parent who is carrier of an X linked diseaseas to determine the fetal sex.

2. Postnatal investigations performed on periphelcadd lymphocytes

()Presence of multiple congenital anomalies

(i) Mental retardation that defies explanationnfrobvious circumstances at birth (peri-natal irggyior postnatal
illnesses.

(i) When chromosomal abnormalities are suspected

(iv) Suspected fragile X syndrome

(v) Infertile couples to rule out sex chromosontai@ mality

(vi)In cases of recurrent abortion (this may reguhe evaluation of both parents to rule out cesred balanced
translocation).

(vii) Unexplained developmental delay

The tests of genetic function include:
Physical examination: to ascertain the preseneadobrmalities.
Microscopic examination: nuclear size, shape amdhisig, cellular architecture and presence of B
bodies.
Karyotyping
Flow cytometry: sorting of different chromosomensl assessment of ploidy
Classical Genetics: biochemical identification,yane analysis and gene identification
Reverse genetics: linkage analysis, predictionemiegocation, isolation and sequencing etc
Restriction endonuclease digestion
DNA hybridization
9. Polymerase chain reaction
10.Biochemical sequencing
MODULE 6
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HYPERSENSITIVITY REACTIONS

Introduction

Von Pirquet in 1906 defined hypersensitivity asc#igelly changed reactivity of an host to an agenta second
or subsequent occasion.

The immune system protects against exogenous forsigostances, microbial invasion and tumours
occasionally the immune responses may damage iksgetand react to the presence of homologousesstigs
occurs in cases of organ transplant, blood tramsfuand fetal antigens in pregnancy. Sometimesi@aatone

disorders arise due inappropriate immune reactgasnst endogenous antigens.

MECHANISMS OF IMMUNE MEDIATED TISSUE INJURY (HYPERBNSITIVITY REACTIONS)
Gel and Coombs classified hypersensitivity reastimio five types namely:

(1) Type | hypersensitivity reaction(immediate or andattic type)

(i) Type Il hypersensitivity reaction (cytotoxic type)

(i) Type Il hypersensitivity reaction(Immune complaseahse)

(iv)  Type IV hypersensitivity reaction (Delayed type )

(v) Type V hypersensitivity reaction (Stimulating/blaad)

Type | hypersensitivity reactions:
IgE formed in response to particular antigens {g#as) upon re-exposure to the antigen bind to el and
basophils to cause their degranulation.
Degranulation of mast cells and basophils leadh¢orelease of primary mediators while the secondagtiators
are released later.
Many cases of type | reaction involve two phases
(1) the initial (rapid) response which becomes evideri-30 minutes of exposure with resolution with
30mins
(i) The second (delayed) phase sets in 2-8hours fateeiabsence of additional antigenic challenges e
for days and is characterized by intense infilatof the site by inflammatory cells with assoaiat
tissue damage.
The primary mediators include: histamine, eosinbgtemotactic factor, chymase, tryptase and prdyeags.
Secondary mediators include: Leukotrienes, Prostalyh D, PAF and cytokines.

Type Il hypersensitivity reactions:
Antibodies form complexes with extrinsic or intimsntigens. The complement system is activatedtliaei
will be production of the membrane attack compIRMC) which causes direct lysis or C3b fragments m
enhance phagocytosis by opsonisation. The reatzias 6-36 hours to develop.
Examples include transfusion reactions, erytrobkist foetalis, autoimmune thrombocytopaen
agranulocytosis or haemolytic anaemia and the (asture’s disease.

Type Il hypersensitivity reactions:

Antigen antibody or immune complexes form eitherthe circulation or at extravascular sites of aig
deposition. The antigens may be exogenous (imfestiagents) or endogenous. Complements contril
significantly to the tissue damage. The immune dewgs also activate factor XIl and thus sets off t
coagulation cascade. The reaction takes 4-12 houtsvelop.

Type IV hypersensitivity reactions:
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Type IV reactions are seen in mycobacterium tubdestsiinfection, fungi, protozoan and parasiticeetions as
well as contact skin sensitivity. Type IV also epk some events in graft rejection. Macrophagas lihve
processed antigens secrete 1L-12, which induce Ciyde 1 helper T cells to produce cytokines whiabse
tissue injury. The cytokines also recruit more rabtiages. With the presence of non degradable mktdrme
macrophages transform into epitheliod cells.

Type V hypersensitivity reactions:

Cell surface receptors are either blocked so tiet o not respond to acetylcholine as in myasghgravis or
antibodies directed against the thyroid recepiargates it in Grave’s disease.

MODULE 7.

UNIT 1: HANDLING OF BIOPSIES.

1.0 Introduction
2.0 Objectives:

1) Exposure to specimens and slide preparation proesdu

2) Identification of pathological specimen and relatio relevant topics studied.

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 &irs art of succinct morphological interpretationda
characterization and not be misled by the diagaastprobability of the referring clinicians; whiainight be a
product of inexperience, long-term held dogmas amdeviewed indoctrinations and misinterpretatiorfs
symptoms, signs and ancillary investigations.

In every case, there is only one correct and agipliecdiagnosis. No matter how close two diagnosag Ipe or
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their overlapping similarities, they are never #ame in terms of molecular biology, progressioeatiment and
ultimate prognostication. even the same diseadgvanpatients may ultimately play out differentlydagise of
inherent genetic differences and environmentalofact However, a syndrome may have different diagno

components which only when duly represented detihesyndrome.

Histopathology is a philosophy of distinction. Numes things appear similar on gross assessmeis. the
responsibility of the pathologist to diligently tifentiate between and give the disorder its eraate knowing
fully the implications of his actions. Descriptiethe soul of pathology. It is pertinent to ndtattnot everyone
may and will have access to your slides but peopliée passion who understand and know the unigsgmf the
language of pathology will agree with your opinibimdeed you are right from your description. Yoannot see
into the soul of a subject matter except you hapassion for the subject.
The ultimate and sole aim of the pathologist ipamstakingly search out the truth in all circumstes, edify and
defend the truth. In the absence of the clear aatants of the truth, we need to elicit facts arduiify the facts.
The conveyers of these facts are the circumstasiwesunding the patient, his bio-data and most @alhe the
morphological features interpreted carefully agaihe background of other evidences peculiar tqtteent.
3.2 The laws governing the histological diagnose$ @iseases include:

1. The law of identity or identification

2. The law of association, deliberate associationear or perfect relationships

3. The law of non-contradiction

4. The law of exclusion

5. The law of uniqueness/specificity

6. The law of evolution

7. The law of absoluteness

8. The law of all possibilities, endless possibilit{@gver say never)
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9. The law of conformity

These laws never contradict themselves.
1. The law of identity or identification
The law of identity or identification states thaich thing is the same with itself and by itself anid quite
distinct from another. The pathologist should hake focused eye of the eagle committed
precision, landmarks and attentive to guidelinesaifmissing the marks even if conditions change.
2. The law of non-contradiction
The law of non-contradiction — contradictstgtements cannot be true in the same sense saiie time.
3. The law of association/relationship
Things are related to one another in a given cariteform a bigger picture. No part of a body cami the
bigger picture in isolation. The pathologist calyaeasonably exercise his franchise and be creéd
for it if he has the discipline of the honey bekirig time to tie structures together for the larg
picture. The pathologist must learn and disciplmaself to always link structures rather than ta
them in isolation to confer diagnosis. He mustgemnble either.
4. The law of exclusion
A proposition is either true or false not bothte same time. A lesion may either be malignanteoidn.
5. The law of uniqueness
There is only one diagnosis to a patient’s lesiOne diagnosis adequately and appropriately explas
sequence of events in the patient. The brandisbiirigio, three diagnosis reflects either the presel
of a syndrome, ignorance of basic principles ofda@sis and is fraught with medico-legal dangers.
6. The law of evolution
Lesions may evolve, metamorphose, transform depgndn the circumstances of treatment, negle

misdiagnosis/false diagnosis, recurrence, diffeagioh, genetic mutations etc.
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7. The law of absoluteness

Some things may never be seen or are never knowoctor e.g chorionic villi are not seen i

choriocarcinoma.

8. The law of all possibilities/endless possibilitie@ever say never)

Give the benefit of doubts. Carefully establishgtiiasis or rule them out based on the overall cistantes

of the patient. Just as a member of a team doemake the team, a tree does not make a fore:

diagnostic feature does not and cannot justifybds for making a diagnosis.

9. The law of conformity

The law ascribes usual presentations to disord@iseases have their own usual betrayals clinicatig

follow a usual order if well studied clinically amdorphologically. It is pertinent to state thatides

do not always follow books but in most circumstandeey relive their histories as documented in |
books. The place of proper clinical informationimglispensable in histopathology requests. T
pathologist may need to seek for clarificationgrfrthe managing physician/team or interact with t

patient.

N.B: Remember, these laws never contradict themsas but there may be exceptions.

3.3 APPROACH TO HISTOPATHOLOGY SLIDES

1.

2.

Note and analyze the history, legend or availalihécal information.

Be expectant on what lesion to expect based obititata of the patient: sex, age of the patietd, i the
lesion and environment of practice.

Note the pattern of occurrence of the lesions: rmsgassessment and layout of the cells.

Note the presence of any distinguishing featuresdaagnostic hallmarks (pathognomonic features)s T
clinches the diagnoses.

Look intently at the slide; carefully consideringe feature on its own merit and giving adequi

interpretation to all.
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6. Have a first impression or a first set of impressio
7. Have differentials and rule them out systematically
8. Consider any special stains/methods: histochemistmyunohistochemistry or any ancillary investigas
that may assist you in arriving at the diagnosis.
9. What are the possible variants? Enumerate thentaras contained in time honoured literature artineu
their diagnostic features.
10.When there is difficulty about a diagnosis or reagha favorable or formidable conclusion about seca
attempt to define the diagnosis by noting the molgdpy of the structures displayed on section asd #ie
structures present at the site of the lesion gyo3sle lesion may have arisen or be related toddiriiese
structures. Name the lesion after the aberranttsires and revise the histopathology literaturesde if
your diagnosis conforms to the literature.
11.Conclude your description by making sequentialestaints bearing full but concise information; exatgd
all redundancies in words, phrases and grammald Bhe description in a crescendo that culminatehe
climax: a histopathological diagnosis.
12.Be fully aware of the full academic implicationsyafur diagnosis and warn the clinicians appropliyatey
risk/rate of recurrence, advise on resection, eataf tumour, malignant potential, releval
aetiopathogenetic relationships etc.
3.4 ACADEMIC ACTIVITY ON PROCESSED SLIDES, DIAGNOSE S AND DISEASE ENTITIES
Epidemiology
Age, sex, race/environmental inclinations, bodyritigtion (organ sites and locations)
Clinical features: does the presentation of thaepatconform to known facts of literature. If nahould the
diagnosis be reviewed, reconsidered or sustained?
Pathology evaluation:

Read up the basic histology of the tissue involeelde able to define the extent of the abnormality
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The histopathology (microscopic appearance)

Gross appearance

Histopathogenesis

Consider the differentials and rule them out sysitsally.

Metastases-frequency and sites that are more common

Treatment

Prognosis

Recurrence

Document the diagnostic histological features amdpleasize them strongly and as appropriate in
histopathology reports.

3.5 REPORTING ON HISTOPATHOLOGY SLIDES

Fix the slide on stage and assess the morpholagiare a low power. Some diagnoses are based on
morphologic picture at low power.

Note that all blocks and sides are considered bafmaching the end point of diagnoses.

Assess the number of fragments i.e the pattercafroence of the biopsy.

Assess the margins e.g polypoid, flattened or @x/éry epithelia.

Define or identify the tissue type and mentiomitthe body of description. Otherwise mention winet tissue is
composed of.

Is the lesion encapsulated? If the tissue has sutgpis there an infiltration of the capsule bg thsion arising
from the native cells peculiar to the tissue othisre any metastasis to the organ and there is p¥aeption of
capsular invasion.

Mention the degree of change from normal architectis the architecture preserve, distorted or @ad?m

Mention whatsoever is causing the change in theitecture and the growth pattern of the cells.

Review the normal histology of the tissue involwedhe pathologic process
170



Proper notice of the site of the lesion, age okepatand pattern of occurrence of the cells andsthectures really
involved in the disease process.
At the conclusion mention the degree of variatiam hormal especially in neoplasms: well differetddy
moderately differentiated, undifferentiated or daapic, grade the tumour or classify the tumour.
It might be wise to note other tumours that hawveilar patterns and careful analyze the morpholagiully clarify
that it is not case of misdiagnosis (over diagnhass under diagnosis)
Also be careful not to name the tumour as that tigsae that is not primarily in that site of tlesibn, otherwise
you are insinuating a metastatic lesion which vgagk malignant. The histogenesis and biologicahbeur of all
lesions is important. The molecular biology is allsportant. If a foreign tissue is found in an argéhen define
how many layers to rule out a teratoma otherwigetbf a harmatoma or choristoma.
Systemic approach to reporting histology slides:

1. Primary criteria (features): these defining feasui@e indispensable and ever constant. This totestithe

basis for the diagnosis
2. Secondary criteria (features): the secondary evrais happen that may be added features or aleer
diagnosis, usually expressions of further pathoplggic processes.

3. Tertiary features (terminal events)

4. Morphology of the complication: coagulative necsasi torsion of testes or ovary

5. Prognostic morphology

6. Morphology that highlights the aetiology

7. Ghost morphological features: to call attentiopast events with changes depicting a disappeagsigri.

8. The pathologist mises the actual diagnosis whemikterprets each morphological feature in thetexin

of organ, age, sex, and overall circumstanceseop#tient.
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3.6 PRINCIPLES OF SURGICAL PATHOLOGY

Gross description

1.

8.

Take note of the history and biodata of the patamd the provisional diagnosis. It is importantateo
verify and note any previous surgical pathologyuesis. There may be need to use them as a refer
point.

Identify the lesion and the organ affected

Orientate the organ in its usual anatomical pasitio

Take measurements such as weights and dimensionhsasuength, breadth and thickness in S.1I. units.
Describe the lesion based on size, shape, consysterm, hard, stony, rubbery, soft etc) and nat(solid,
granular, cystic or bony). Is it encapsulated? Amgas of ulceration, inflammation, haemorrhagiaoss,
peau de orange and degree of demarcation or ciccyotisn (well or fairly or poorly circumscribednd
colour. Is there any specific pattern on the cutase-whorled pattern, fish flesh, encephaloid etc.
Comment on lymph nodes attached or accompanyingpdeimen such as GIT lesions.

Comment on the resection margins or adjoining #issd’ake biopsies from all sites that are imporiant
staging the neoplasm.

Reproducible anatomical landmarks are to be usdésuoribing lesions and their anatomical relations.

In describing the gross appearances of specimeagrimary outlook that is fundamental to the depeient of

the lesion ought to be clearly stated. Thereatter dther changes which include complications aramostic

determinants should be mentioned. Pointers tooglyobr aetiopathogenesis also need to be mentioned.

The need for proper sampling cannot be overempésikhe disease cannot be correctly diagnosed exoep

actual lesions are taken for proper Histopatholiggxkamination. Things that help to determine ttieia lesions

include being conversant with the normal organfeseviations from the normal appearances areyedrby

definite structural changes either localized orfudi¢, colour alterations, a mass, presence of dgsi, of

haemorrhage, presence of ulcer, an obvious defgranibcalized enlargement or definite diffuse eggement. The
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anatomical pathologist should always strive to oware the temptation of glossing over what he cameadlily

explain as they could become crucial to the ultenebnclusion. Even minor structural alterations rpagve

significantly pathological and detrimental in th@gence of co-morbidities, especially in syndromes.

Criteria for diagnosis: there are diagnostic critefia for making diagnoses in cases and these criterghould

be strictly adhered to lest there may be wrong coigsions that could provoke medicolegal challenges.

A basic approach to diagnostic surgical pathology

For every lesion, the presence, identification/gguoon and systematic documentation of the diagondsatures
or Unique Identifying Morphological Features (UIMi)crucial to the diagnosis of the lesion in itsstnbasic and
usual presentation. Deviations from the classitufes of a diagnosis must first exhibit the bas@phological

criteria in order to be qualified to be called theity.

TUTOR-MARKED ASSIGNMENTS:

List the laws guiding the interpretation of slidesistopathological diagnosis

Outline the most important factors in the desoiptof pots

UNIT 2: POTS DEMONSTRATION .

1.0Introduction

Human organs preserved in pots are important ferpirpose of teaching and illustration of diseasgties,
especially for rare cases and circumstances whes difficult to convey students to the grossingpmo and
postmortem/autopsy suites.

2.0 Objectives

Identification of pathological specimen preservadppts and relation to relevant topics studied.
Anatomical orientation of the organs to reflectitm®rmal anatomical positions
Description of the lesions stating dimensions (sisbape, site, capsule, contents, colour, comis, staging

etc.

173



174



