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Rudolf Ludwig Karl Virchow (1821-1902) was born in the small Pomeranian city of Schivelbein, Germany. Hisearly life was
in amodest, rural background which he never completely forgot. Asayoung man he set agigantic goal for himself: “An al-
around knowledge of nature, from the deity down to the stone.”

He was educated at the Friedrich-Wilhelms Institut in Berlin which provided medical education for gifted boysin return
for servicein the Army.

Virchow’s early interest and direction wasin epidemiology and the history of disease. Asayoung man, hewasan
experimentalist (embolism) and biochemist (amyloid, haematoidin, myelin), but his interest turned and developed in
microscopic pathology. He became a great oncologist, and his pathological studies made him an important biologist.

Virchow laid the foundation for modern pathology. In 1858 at the age of twenty-six he published “ Die Cellularpathologie
in ihrer Begriindung auf physiologische und pathol ogische Gewebelehre.” The results of his investigations on thrombosis
and embolism and the essence of Virchow’s doctrine: “with hisimmortal aphorism ‘omniscellulaecellula " were published in
two articles that revolutionized thinking in the medical field. Medicinein Germany turned from “romantic” to modern as
observation of clinical findings became the standard. Hisimportant discoveriesin parasitology and his social approachin
medicine and epidemiology set a new standard as a pioneer in modern public health.

Virchow’ s notable reputation developed from his “civic courage.” He fought against militarism, Anti-Socialist Laws, and
Anti-Semitism. At his death Germany complained that she lost four great men in one: her leading pathologist, her leading
anthropologist, her leading sanitarian, and her leading liberal.*

Sources: 1) Rudolf Virchow Doctor Statesman Anthropologist by Erwin H. Ackerknecht, The University of Wisconsin
Press, Madison, 1953; 2) Selected Readings in Pathology From Hippocrates to Virchow, edited by Esmond R. Long, Charles C.
Thomas, Springfield, lllinois/Baltimore, Maryland, 1929.

Cover image courtesy of the National Library of Medicine. Image holds no copyright.
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BMS 6601 - GENERAL PATHOLOGY & IMMUNOLOGY - Fall 2006Syllabus
Syllabus - Electronic

The “Course Documents’ section in Blackboard includes an eectronic verson of the study
notes (included in this Syllabus) for each lecture. The “Powerpoint Lectures’ section hasan
electronic verson of the PowerPoint lectures for the course. These are designed to supplement
and organize the materid in the textbook and the study notes, but not be a complete subgtitute
for it.

Cour se Objectives

The generd pathology coursein the Fall semester at FSUCOM covers the basic
pathophysiology of mechanisms of disease in medicine. The knowledge gained from study of
these basic mechanisms will be gpplied to systemic pathology in the Spring semester and to
derkshipsin the 3% and 4" years. This pathology course will incorporate gross pathologic,
microscopic, and radiologic materia to assst you in understanding the disease processes and
prepare you for licensing examinations. The knowledge gained from a study of pathology will
integrate with other courses to provide you with the means for assessment and diagnosis of
patients under your care.

Lectures/ Discussions/ Tutorials

Check locations for lecturesin your FSUCOM master schedule, which is posted on the
Blackboard site. See the course schedule for dates and times. Note that due to room
scheduling conflicts and other exingencies, the schedule is subject to change and the student is
advised to check the eectronic verson of the schedule frequently. Changes in the schedule will
also be e-mailed to the class. The lectures are designed to cover the course content in an
organized fashion, illugtrating the concepts and dlowing time for you to ask questions.  There
are 41 lecture hours and 30 smdl group, PBL and laboratory hours.

Laboratories/ Small Groups/Problem-Based L earning (PBL) Exercises
Check the schedule for times and locations. Y ou will be assigned to one of the learning
community rooms. Assgnments for small group sessions will be made on the basis of the
number of groups and room availability. There are 10 laboratory, 12 PBL, and 8 smdl group
hours.

Required Textbooks

PATHOLOGIC BASIS OF DISEASE, 7th edition, by Robbins.
BASIC IMMUNOLOGY by Abbas and Lichtman.



Computer Resources
Multimedia exercises covering the small groups/laboratoriesPBLS, aswell asimages supporting
the lecture and syllabus materids, and the examination question banks, are available viathe
World Wide Web at:

http:/Amwww. med.fsu.edu/webpath/webpath.ntm

Contact Person

The course director is Dr. Morton H. Levitt, who can be contacted at 644-0498. Please fed
free to stop by the office [Room 2300-G] at any time. Dr. Levitt'se-mail addressis

Morton.L evitt@med.fsu.edu

Faculty

In addition to Dr. Levitt, Dr. Edward C. Klatt serves as faculty for the Course. Dr. Klatt can be
reached at 644-9397; his e-mail addressis.

Edward.Klatt@med.fsu.edu

From time to time, guest lecturers and facilitetors are invited to participate in the course. Small
group, laboratory and PBL facilitators are drawn from the FSUCOM facullty.

ExaminationgGrading

The materid for examinations and quizzes will come from lectures, laboratory, PBL and amadl
group sessions, and the textbook.

The formet for examinations will be asfollows:

- Written examination items. multiple choice questions (Single best answer and extended
matching).

- Practicd examination items. multiple choice (Sngle best answer) questions based upon
illugtrations of gross and microscopic lesons or charts and graphs, from materia
covered in laboratories, small groups, PBLS, and lectures.

- Essay items. awritten response (250 words or less, including articles g, an, the) to a
question about a particular subject covered in the course. The essay requires that you
organize your thoughts and gives you an opportunity to express what you know.



Therewill be three integrated 4-hour block examinationsin the Fall semester. These
examinations will cover materid in dl the courses for the four weeks prior to each examination.
The pathology component of each examination may include components follows:

multiple choice written questions
questions with illugtrations (multiple choice)
essay question (one page)

There will be 12 small group/laboratory/PBL sessons for Pathology 6601 in the Fall semester.
There will bea5 point quiz given a the beginning of each of these sessons.

Thus, the find grade in Pathology 6601 will be determined as follows:.

75% Exams (3 block exams)
25% Smdll group/laboratory/PBL quizzes (12 quizzes)

Grading for the course is based upon a numeric score calculated as a percentage achieved from
al possble points, asfollows

A =>90 % correct

B+ = 87 —89.9% correct
80— 86.9 % correct
77 —79.9% correct
= 70-76.9 % correct
65 — 69.9 % correct
< 64.9 % correct

mMoOOw
+

According to our established  policy, please note that fractiona gradeswill not be “rounded

up.
Thefollowing Attendance, Remediation, Honor Code, and ADA policies have been adopted by
the Florida State Univer sity College of Medicine for all cour ses:

Attendance Policy

FSU COM ATTENDANCE POLICY

COM Philosophy

We bdievethat:
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Professondism isamgor component of our medica curriculum. We believe students should conduct
themselves gppropriatdly in the various educationd activities of the curriculum. This conduct includes
coming to educationa activities on-time, using the laptop computers only for course work during the
educationd activity, and not disrupting the classiif late. The faculty should aso demondtrate
professondism, by starting and ending al scheduled educationa activities on time and providing a
course schedule with clearly explained course policies in the course syllabus. Any changesin the
schedule should be given to the sudentsin atimely manner.

Students will be accountable and personadly responsible for atending dl educationd activities (small
groups, labs, clinica experiences, examinations, lectures, computer sessons, €tc.).

Unexcused absences reflect negatively on the gods and objectives of the medica curriculum and
demongtrate unprofessiond behavior by the respective student.

We oweit to our state legidature and the citizens of the State of Horidato provide a qudity educationa
program that meets the needs of our students in preparing them for the M.D. degree.

Attendance Policy

Students are expected to attend al scheduled activities. Students are expected to be on time. Being on
time is defined as being ready to start at the assgned time. If a student has an emergency that prevents
her/him from attending a scheduled activity, sheisto cal and notify the Office of Student Affairs (Year
1/2) or the Regiond Campus Dean (Y ear 3/4) and request that they inform the
supervisors/professors/clerkship faculty/education director for thet activity. If at dl possble, the student
should also cdl and a a minimum, leave a message with one of the course/clerkship directors. Itis
important that students redlize that their absence or tardiness negatively impacts anumber of other
people. Attendance, including tardiness, is part of the student’ s evaluation for professondism.
Negative eval uations may result in decreased grades and in severe cases, refarra to the Student
Evauation and Promotion Committee,

Procedurefor Notification of Absence
Year 1/2

If the student knows in advance of an upcoming legitimate absence, the “ Advance Request for Absence
from Educationd Activity(ies)” form should be completed with signatures from the student, the
Associate Dean for Student Affairs, the course faculty member and the Course Director. Theform will
be filed in the Office of Student Affairs. The implications for the absence (e.g., remediation, course
grade adjustment, make-up exam, etc.) will be given to the student by the course director and find
decisons regarding these actions shdl rest with the course director.

If the albsence occurs due to an unforeseen emergency, the student should contact the course director
and the Associate Dean for Student Affairs immediately to report the absence including the reason for
the absence. Theimplications for the absence (e.g., remediation, course grade adjustment, make-up
exam, etc.) will be given to the sudent by the course director and fina decisions regarding these actions
shall rest with the course director.



Year 3/4 Required Clerkships

If the student requests an absence in advance, the “ Advance Request for Absence from Educationd
Activity(ies)” form should be completed, sgned by the sudent and given to the Regiona Campus
Dean. Requests for excused absences from arequired clerkship should be rare and made only in
gtuations that cannot be rescheduled to occur during a scheduled time off or during an dective. An
excused absence from arequired clerkship may be alowed when it is determined by the Regiond
Campus Dean that the student has no aternative (see Fourth Y ear Scheduling Policies).

The Regiond Campus Dean, after consultation with the Education Director and the Clerkship Director,
will make the final decision regarding the student’ s request and give the student the implications for the
absence (e.g., remediation, course grade adjustment, make-up exam, etc.). Find decisonsregarding
implications for the student’ s grade shal rest with the Education Director. The Clerkship Director will
notify the derkship faculty member of the decison. The form will be filed in the Office of Student
Affarsa the regiond campus.

If the abbsence occurs due to an unforeseen emergency, the student should contact the Clerkship
Director and the Regional Campus Dean immediatdly to report the absence including the reason for the
absence. The Regiona Campus Dean, after consultation with the Education Director and the Clerkship
Director will make the final decison regarding implications of the student’s absence. Theimplications
for the absence (e.g., remediation, course grade adjustment, make-up exam, etc.) will be given to the
student by the Regiond Campus Dean. Find decisons regarding implications for the student’ s grade
shdl rest with the Education Director. The Clerkship Director will natify the derkship faculty member
of the decison. The form will be filed in the Office of Student Affairs.

Y ear 4 Electives

If the student requests an absence in advance, the “ Advance Request for Absence from Educationd
Activity(ies)” form should be completed, signed by the student and given to the Regional Campus
Dean. The Regiond Campus Dean, after consultation with the Elective Director, will make the fina
decison regarding the student’ s request and give the student the implications for the absence (e.g.,
remediation, course grade adjustment, make-up exam, etc.). Fina decisons regarding implications for
the student’ s grade shdl rest with the Regiona Campus Dean, who will notify the Elective Director of
the decison. The form will befiled in the Office of Student Affairs.

If the absence occurs due to an unforeseen emergency, the student should contact the Regiona Campus
Dean immediately to report the absence including the reason for the absence.  The Regiond Campus
Dean, after consultation with the Elective Director, will make the find decison regarding implications of
the student’ sabsence.  The implications for the absence (e.g., remediation, course grade adjustment,
make-up exam, etc.) will be given to the sudent by the Regiond Campus Dean. Finad decisons
regarding implications for the student’ s grade shall rest with the Regiond Campus dean, who will notify
the Elective Director of the decison. The form will be filed in the Office of Student Affars.

Remediation Policy for Absences from Examinations, Quizzes, Small Group Sessions,
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Preceptor vigits, and Clerkship Call

The remediation policies for absences from examinations, quizzes, smdl group sessions, and clerkship
cdl ae

1. POLICY ON MISSED EXAMINATIONS: Students are required to take mgor in-term and
find examinations. Based on Curriculum Committee policy, a student can only be excused from
an examination by a course/education director decison based on the persona Stuation of the
gudent. All examinations must be made up within 1 week of returning to class. The
Course/Education Director will determine the time of the exam make-up session. Also,
according to the Curriculum Committee decision and the existence of the FSU COM honor
code, the student will be given the same examination given to the other sudents.

2. POLICY ON MISSED QUIZZES: Students are required to take scheduled and unscheduled
quizzes in the courses/clerkships. A student can only be excused from aquiz by a
Course/Education Director decision based on the persond stuation of the student. The student
must make arrangements with the Course/Education Director to make up amissed quiz. All
guizzes must be made up within 1 week of returning to class Also, according to the
curriculum committee decision and the existence of the FSU COM honor code, the student will
be given the same quiz given to the other sudents.

3. POLICY ON MISSED SMALL GROUP SESSIONS, PRECEPTOR VISITS, AND
CLERKSHIP CALL: The student should contact the Course Director, smal group leader,
Clerkship Director or Education director for instructions on remediation of the missed session
and materia covered.

Academic Honor Code:

The Horida State University Academic Honor Policy outlines the University’ s expectations for the
integrity of students academic work, the procedures for resolving aleged violations of those
expectations, and the rights and respongibilities of students and faculty members throughout the process.
Students are responsible for reading the Academic Honor Policy and for living up to their pledgeto “. . .
be honest and truthful and . . . [to] strive for persond and indtitutiond integrity at Florida State
Universty.” (Horida State University Academic Honor Policy, found at
http://mww.fsu.edu/~dof/honorpolicy.htm.

Students With Disabilities
Students with disabilities needing academic accommodations should:

(1) Regigter with the Student Disability Resource Center [SDRC], and provide
documentation of their disability.

(2) Bring aletter to the Clerkship Director from the SDRC indicating the need for
academic accommodations. This should be accomplished within the first week
of the rotation. Specific arrangements should be made with the Clerkship Director
five working days prior to any examination for which accommodations are being
requested.
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Unexcused Absences

“It will be the responghility of the course/education directorsto clearly state in their respective
course/clerkship syllabi the implications for having an un-excused absence from a scheduled educationa
or examination activity in acourse or clerkship.” For BM S 6601, studentswith morethan 2 such
absencesin the Fall Term will not receive academic credit for the course and a grade of “F”
will be submitted to the Registrar. Students who have an unexcused absence from an
examination or a quiz will lose the entire scor e (points) awarded for that examination or quiz,
and thefinal gradefor the course will reflect thisloss.

Evaulations

Student eva uations throughout the course are an important way of improving medica educetion,
particularly during the founding years of the College of Medicine. Not only are your comments
and suggestions valued, but the eval uation process represents one way for you to become
familiar with the peer review process. Peer review is an important quality management function
in al branches of medicine. In order for peer review to work properly, it must be taken
serioudy both by the evauators as well asthose being evaluated. Therefore, we ask that you
give careful consderation to evauations. When making comments, consider what you would
say if you were face to face with the person to whom the comments are directed. How would
you reect if the comments were directed a you? Give thought to how learning resources were
used in regard to the way you learn best. What worked for you and what did not? How is
your time used optimally? Are you making adequate progress? Are you being chalenged to
improve? Be specific. Ultimately, your use of the evaluation process can help you learn how to
improve your own medical practice.

Course Objectives

Demonstrate knowledge of genera categories of disease conditions.
Develop avocabulary to describe the immune system and its components.
Demondrate knowledge of immune cell structure and function.
Demondtrate knowledge of immune cdlular interactions.
Demondtrate knowledge of the tissues that are part of the immune system.
Demonstrate knowledge of the body’ s immune reactions to infections.
Demondrate problem solving ability and diagnostic reasoning to diagnose immunologic disesses.
Demondrate the ahility to correlae microbid infection with immunologic findings.
Demondrate the ahility to correlate immunologic conditions with pathologic findings.
. Develop avocabulary that alows for description of disease processes and communicating findings
to other health care workers and to patients.
11. Demongrate knowledge of the molecular and cdllular basis for inflammatory disesse Sates.
12. Demondtrate knowledge of the molecular basis for neoplastic diseases.
13. Demongtrate knowledge of the pathophysiology of pathologic conditions encountered in clinica
practice.
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14.

15.

16.

17.
18.
19.
20.

21.
22.
23.
24,
25.
26.

27.
28.

Demondrate the ability to recognize abnorma gross and microscopic findings in the context of the
clinica problem.

Demonstrate knowledge and interpretation of laboratory findings associated with disease conditions
and be able to use the laboratory for diagnostic purposes, including indications for ordering, proper
gpecimen collection, and sending and recaiving.

Demondtrate appropriate application of autopsy findings to quality assurance for improvement of
clinica practice.

Demondrate the ability to form differentid diagnoses based upon pathologic findings.

Demondtrate the use of clinica-pathologic correlation to understand disease conditions.
Demondtrate knowledge of the radiologic findings that accompany pathologic lesons.

Demondirate problem solving ability when presented with patient scenarios including pathologic
findings.

Demondrate skills in evidence-based medicine to obtain information involved in solving case-based
problems

Develop the ability to meet compliance standards when ordering laboratory tests.

Demondrate professonadism in working with colleagues and faculty.

Demondtrate an attitude of care and concern for patients and their families affected by pathologic
disease states.

Treat patients, as represented by |aboratory, pathology, and radiol ogic specimens and records, with
respect, dignity, and confidentidity.

Demondtrate knowledge of fundamenta mechanisms of cdl injury, repair and adaptation.
Demongtrate knowledge of common neonatal, pediatric and congenital diseases and their diagnosis.
Demondtrate knowledge of the pathogenesis and immunologic aspects of aging and principles of
aging & thedlinicd, cdlular and sub-cdlular levels.

Integration with COM Goals and Objectives:

Knowledge

*

Demondtrate the application of the scientific bases of hedlth, disease, and medicine to common
and high impact medica conditions in contemporary society.

Describe the development, structure and function of the healthy human body and each of its
magor organ systems a the macroscopic, microscopic, and molecular levels.

Recognize and discuss the implications of atered structure and function (pathology and
pathophysiology) of the body and its major organ systems that are seen in various diseases and
conditions.

Identify changes in the structure and function of the human body ated with the aging
process and be able to distinguish normal changes associated with aging from those that denote
disease.

Describe the molecular basis of diseases and maadies and the way in which they affect the
body (pathogenesis).

Demondirate the ability to use basic biobehavioral and clinical science principlesto andyze and
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solve problems reated to the diagnosis, trestment, and prevention of disease.

* Recognize the implications of culturd, socid, economic, legd, and historical contexts for patient
care.
* Describe drategies to support life long learning via both print and eectronic sourcesto assst in

making diagnogtic and trestment decisons (e.g., practice guiddines) and to remain current with
advancesin medical knowledge and practice (e.g., medical information data bases).

Skills

* Demonstrate the gppropriate use of |aboratory tests and radiographic studies in making
diagnostic and trestment decisons.

* Demondtrate the ability to evauate the patient’s medica problems and to formulate accurate
hypotheses to serve as the basis for making diagnostic and trestment decisons.

* Demondrate the ability to acquire new information and data and to criticaly appraiseits vdidity
and goplicability to one' s professond decisons, including the gpplication of information systems
technologies for support of clinica decison-making.

Attitudes/Behaviors
Demongrate professonalism and high ethica standards in al aspects of medical practice,

specificaly competence, honesty, integrity, compassion, respect for others, professiona
respongbility and socid responghility.
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PATHOLOGY 6601, FALL 2006
INTRODUCTION
Dr.Morton H. Levitt
& Dr.Edward C. Klatt
Introduction to BM'S 6601 — General Pathology & Immunology

READING ASSIGNMENT:  Pathologic Basis of Disease, (7" ed: Page 1-4)

LEARNING OBJECTIVES:. Following study of this handout, the student will be able to:
1 Define what the study of pathology is and what pathologists do.

2. Recognize the relationships between pathology and: (1) basic sciences
(2) dinicd medicine



PATHOLOGY
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Outline a classfication of causes of disease.
Outline the mgjor causes of death in the United States.
Outline the basic etiologies for disease.

Define what is meant by pathogenesis.

A. The study of disease in tissues of the body

1

Gross Pathology: the study of the visual appearances (morphology) of tissues
and organs, as biopsies, resected organs from surgery, or at autopsy

Microscopic Pathology: the study of cells and tissues by light microscopy
a Hematoxylin & Eosn (H&E) - the usuad way tissues are stained, most
of the microscopic dides you will see are stained with H& E; nucle are

blue and cytoplasm is pae pink

b. Specid histochemica stains are used to identify cdl and tissue
components

PAS. dains glycogen, basement membranes, mucin, and fungi
Acid fast: stains mycobacteria
Prussan blue gainsiron
Gomori methenamine siver (GMYS): gainsfungi and pneumocydtis
Trichrome: gains collagen
Congo red: gtainsamyloid
Oil Red O: dainslipid
C. Papanicolau (Pap) stain - used in cytologic cdl screening
d. Immunohistochemidlry: - use of specific antibodies tagged with a brown
dye to identify antigenic components of cells. The components

identified can determine the cdll type and function

e Electron microscopy - used to identify cdlular ultragtructure; the



16

gructures identified provide clues to the types of cdls and their function
Molecular biology: the study of cdls by andyzing genetic materid
a Flow cytometry - andyss of the amount of cdlular DNA

b. Polymerase chain reaction (PCR) - anadysiswith DNA probesto
identify specific components of cdls; PCR is highly sengtive

B. Anatomic pathology

1.

Surgica pathology: the study of tissue specimens removed from patients, either
asahiopsy for diagnostic purposes or as surgica resection of tissues for
therapeutic purposes. The findings are used as the:

a Egtablishment of the diagnosis
b. Bagsfor further surgery

c Basis for further treatment

d Analyss of adequecy of trestment

Cytopathology: the study of cells removed from patients for diagnosis

a Direct scrapings, washings, or smears from organs (e.g., Pap smear of
the uterine cervix, bronchodveolar lavage from lung)

b. Fine needle agpiration of internal organs of the chest and abdomen

C. Anayss of body fluids (e.g., thoracentesis, paracentesis, lumbar
puncture

Autopsy pathology: determine cause of desth and make clinical-pathologic
correlations that aid in andyzing the effectiveness of diagnostic techniques and
of therapy

C. Clinica Pathology

1.

Chemicd pathology: andysis of blood or body fluids for specific parameters
such as sodium, potassium, lactate dehydrogenase, etc. (includes most
|aboratory tests you will order on your patients)

Toxicology: asubset of chemicd pathology dedling with detection and
measurement of drugs and toxins (e.g., thergpeutic drug monitoring, drugs of
abuse testing).

Hematology: anaysis of cdlular dements of the blood; known as a " complete
blood count” or CBC



4, Coagulation: determine the adequacy of the coagulation system, or determine
the cause for abnormal bleeding or datting.

5. Immunology: andysis of acquired and congenitd abnormadities of the immune
system. Includes serologic assays for autoimmune diseases, measurement of
immunoglobulins and immune cdl types.

6. Microbiology: cultures, gram stains, PCR probes, and other techniques for the
detection of microorganismsin body fluids and tissues.

7. Immunohematology (blood banking): obtain, prepare, and test blood and its
components for transfusion therapy.

D. Forensic Pathology

1 Use of anatomic and clinica pathologic techniques, dong with scene
investigation, to determine the manner and cause of desth.

2. Asss medicolegd functions (crimind, civil litigation)

E. Experimenta Pathology: investigation and research of causative agents and mechanisms
of disease; pathology represents a bridge between the basic sciences and clinica
medicine

MAJOR CAUSES OF DEATH IN THE UNITED STATES

Rank Cause of Death Number of Deaths Death Rate
per 100,000

1 Heart Diseases 724,000 268

2 Cancer 542,000 200

3 Cerebrovascular disease (stroke) 158,000 59

4 Emphysema 113,000 42

5 Accidents 94,000 36
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6 Pneumonia and influenza 92,000 34

7 Didbetes mdlitus 65,000 24
8 Suicide 31,000 11

9 Chronic rend diseases 24,000 10
10 Septicemia 24,000 9
11 Chronic liver disease and cirrhosis 23,000 9
12 Alzhemer's disease 23,000 8
13 Homicide 18,000 7
14 AIDS 14,000 5

There are about 2,300,000 total deaths per year in the U.S.

ACTUAL CAUSES OF DEATH IN THE UNITED STATES

(by behaviors that are modifiable)

Rank Cause of Death Number of Deaths % of Tota Deaths
1 Tobacco 450,000 20
2 Diet/Activity patterns 300,000 14
3 Alcohol 100,000 5
4 Microbid agents 90,000 4
5 Toxic agents 60,000 3
6 Motor vehicles 42,000 2

7 Frearms 31,000 2
8 Sexud behavior 20,000 1
9 llicit use of drugs 15,000 <1

The four modifications of patient behavior that could be reinforced by physicians that would
have the greatest impact upon mortaity reduction inthe U.S. are:

Smoking cessation

Increased physicd activity

Diet modification with lipid lowering (decrease choleterol)
Detection and treatment of hypertension

A WN P

CLASSIFICATION OF CAUSES OF DISEASE

A. Cardiovascular (hypoxia)
B. Traumatic

C. Toxic (drugs, chemicals)
D. Infectious (microbiologic)
E Immunologc



F. Congenitd (inherited)
G. Nutritiond
H. Neoplastic

GENERAL APPROACH TO CLASSIFICATION —“The VITAMIN-D” MNEMONIC

Vascular

| nfectious

Toxic/Metabolic
Autoimmune/lmmune

M echanica/Environmentd/Trauma
| atrogenic/Idiopathic

Neoplagtic

Deveopmenta/Genetic

TERMINOLOGY

Etiology: Cause of disease. Can be known or unknown (idiopathic).

Pathogenesis. The sequence of events and mechanisms leading to a disease Sate.

Clinicd Includes higtory taking, performance of physica examination, and

Findings. performance of tests and procedures (Iaboratory, radiographic) which
document or measure abnormadlities or loss of function.

Morphologic Gross appearance of organs and tissues, microscopic appearance of

Findings tissues and cdlls.

Morbidity: The presence of diseasein a patient or a population.

Mortdlity: Desgth of the patient, or rate of degth in a population.

latrogenic: Caused by hedlth care workers during intervention in the course of
diagnosis and therapy.

Son: An objective piece of evidence that you perceive from your
examingtion.

Symptom: Subjective evidence, something the patient tells you is present.

Syndrome: A set of symptoms, signs, or morphologic appearances that occur
together and are related.

Pathognomonic: Didinctively characteristic of a disease process.
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WHY YOU NEED TO KNOW PATHOLOGY

Pethology helps you apply your knowledge of the basic sciences to human diseases. Itisthe
bads for understanding pathogenesis and pathophysiology of disease and the basis for
recognizing morphologic gppearances and corrdating with physical examination and radiologic
findings

Y ou must understand and gpply clinica laboratory testing for diagnosis. Y ou must be able to
evauate what you are doing to your patients.

Y our understanding of the vocabulary and the meaning of the terms forms the basis for your
ability to communicate with other medica personnel and with patients who are becoming
increasingly sophigticated with accessto a variety of information resources.
ORGANIZATION OF THE COURSES IN PATHOLOGY
A. Pathology 6601 - Mechanisms of Disease
1 With a background training in the basic sciences (anatomy, embryology,
histology, biochemigtry, genetics) you will learn about the etiologies for and

pathogenesis of basic disease processes.

2. Learn the terminology for the disease processes that will be applied throughout
your career.

3. Learn basic gross and microscopic morphologic appearancesto aid in
recognition and understanding of disease processes.

4, Learn to formulate differentiad diagnoses based upon your recognition of
pathol ogic processes and corrdation with clinica findings (history, physica
diagnosis, laboratory, radiology).

B. Pathology 6602 - Organ System Pethology
1. Apply the principles learned in Pathology 6601 to specific organs.

2. Correlate the pathologic processes with clinical findings and |aboratory testing
Sudied a the sametime.

3. Learn the disease processes in more detail and increase your ability in differentia
diagnosis.



21

PATHOLOGY 6601, FALL 2006
CELLINJURY 1,2& 3
Morton H. Levitt, MD

Cdl Injury, Cdl Death, Adaptations, Intracellular Accumulations, and Cell Aging

READING ASSIGNMENT:  Pathologic Basis of Disease, (7" ed: Page 4-46)

LEARNING OBJECTIVES: At theend of these lectures and upon completion of the reading

assignment, the student will be able to:

1 What mechanisms can produce cdllular injury? Can any be avoided?

2. Describe reversble and irreversible features of cdll injury.

3. Describe patterns of cdll death and necrosis and give examples of each.

4, Outline the control mechanisms and the outcomes for gpoptosis.

5. Describe and outline eiologies for the following: intracdlular accumulations of lipid,
protein, glycogen, lipochrome, iron, bilirubin, and calcium. Relate these accumulations
to disease processes.

MECHANISMS OF CELLULAR INJURY AND ADAPTATION

How can cells and tissues be injured?

1.

Trauma- physica forces or environmenta changes (e.g., heet, cold) that
damage organs and tissues

Ischemia - reduction or lack of blood flow from poor circulation (very common
because of atherosclerosis)

Toxins (poisons) ingested, inhaed, or contacted
Infections by microbiologic organiams

Immunologic derangements - autoimmune diseases or failures of the immune
system to work properly

Genetic diseases, including failure of proper development or the inheritance of
an abnormal gene

Nutriona problems from ether too much food intake (obesity) or the lack of
nutrients - starvation, poor diet
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8.

Neoplasms that replace or impinge upon norma tissues

To recover from aninjury, acdl must:

1.

Maintain its integrity:

cdl and cytoplasmic organdle membranes
biosynthetic pathways

nucleus

Be subjected to an injurious agent for alimited time
Sustain alesser degree of injury

Bein good condition to begin with

Cells and tissues that are more prone to damage include:

More metabolicaly active cdls, such as thosein the myocardium

Actively dividing cdlls, such as germ cdlsin gonads, epitheia, and hematopoietic cdls

Highly specidized cells that cannot be replaced, such as neurons of the CNS

Reversbleinjury: thefollowing are cdlular events from which the cdll can recover. Such acdll
will beliving, but will have logt function (permanently or temporarily) and/or have undergone a

morphologic dteration:
1 Hypoxiawith loss of ATP (ischemia)
2. Increased anaerobic glycolyss with acidos's (ischemia)
3. Failure of the sodium pump with cdl (and organdle) swelling, known as edema
4, Intracellular accumulations of substances from metabalic pathways. Thismay
include cytoplasmic accumulation of lipid, protein, glycogen, iron, etc
5. Intracellular morphologic aterations: ribosomes detach from the endoplasmic

reticulum, nuclear chromatin beginsto clump



Microscopic cdlular morphologic aterations representing adaptation (potentidly reversible) to

injury include:

1

Note:

Atrophy - the cdlls undergo a decrease in Sze in order to compensate.

This may include autophagocytoss with increased lipofuscin (lipochrome) within
individua cells as evidence for the loss of cdlular components.

May be aphysiologic event: muscle fibers decrease in size with lack of
exercise.

Hypertrophy - the cdlsincreasein sze

This may occur to compensate for increased work (a nephrectomy leads to
enlargement of remaining kidney) or as aresult of exersize (or injury), typica of
driated muscle and other cdllsthat cannot divide

Hyperplasa - the cdlsincrease in number in response to agtimulus, typica of
cellsthat can il divide:

a may be physiologic from hormona stimulus (breast tissue increasesin
pregnancy for lactation) or as compensation for loss of normd cdlls
(liver cdlsregenerate in acirrhatic liver)

b. may be pathol ogic from a continued abnorma stimulus (endometrium in
response to abnorma estrogen levels, squamous epithelium in response
to vira infection) and be a precursor to neoplasia (so-cdled "atypicd”

hyperplasia)

atrophy, hypertrophy, and hyperplasia can be norma physiologic processes,
however, the processes listed below are ditinctly abnorma and can be
premdignant:

Metaplasia- one cdl typeis exchanged for another
This can occur when the metaplagtic cdll type is more capable of dedling with

noxious stimuli, asin respiratory tract epithelium which becomes squamous
epitheium in response to the injurious effects of smoking.
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5.

Dysplasa - the cdlls display a disorderly growth paitern in an epithelium.

This can occur in response to prolonged abnormal stimulation or injury (cervica
squamous dysplasiain response to human papillomavirus infection)

Irreversble cdl injury: the following are events that occur from cellular injury from which the
cdl cannot recover:

Holesform in the cdl membrane

Cdcium influx occurs with poisoning of mitochondria

both of the above are key eventsin cell death

Lysosomes swdl and lesk enzymes that digest the cdll contents

Nuclei become pyknatic (small and dark) and non-functiona

Freeradical formation - akey feature of cdlular injury

1

Freeradicas are oxidants that form in response to:
radiant energy
ischemia
metabolism of toxins
inflammatory cdll product accumulation
aging

Cdlls contain antioxidants such as glutathione and enzymic pathway's to degrade
free radicals to control this process

A greater or more prolonged injury may generate more free radicals than the
cellscan handle

CELLULAR NECROSISAND DEATH - PATTERNS

Autolyss. agenerd term describing the dissolution of cell Structure, characterized by:
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Nuclear pyknoss
Kayolyss
Karyorrhexis

Cytoplasmic organdleloss

Apoptoss individud cdl degth

1.

A more orderly, natura process with very focd cell death and phagocytosis.
Individud cells, not dl or parts of tissues, undergo necrosis.
Apoptosis can be “programmed” in:

a embryogenesis (disappearance of embryonic structuresin normal
development)

b. response to sdlective vird infection:
hepatocytes with vird hepatitis
CD4 lymphocytes with HIV infection
C. immunologic reactions, asin graft vs host disease
d. response to hormonal influences (mengtruation with endometria
doughing)
Also, gpoptosis occurs with the norma ongoing destruction and phagocytos's

(recycling) in tissues as part of normd cdlular “turnover” process

Lack of gpoptosis has been recognized in neoplams, as cdlls accumulate
abnormadly, asin some chronic leukemias

Some forms of cancer chemothergpy work mainly by more sdectively inducing
gpoptosisin tumor cells

Control of apoptosis:

a sgndling by products of Fas (ligand activation in T lymphocytes) and
Bcl-2 (inhibition), Bax (promotion), and Apaf-1 (promotion) genes
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a activation of proteases named caspases
b. endonuclease activity to break down nuclear DNA

C. expression of phosphatidylserine on cell membrane to simulate

phegocytos's

Patterns of tissue necros's,

1.

Coagulative necrosis (ischemic necross):

Cdlular proteins are denatured but the cdllular outlines remain

Grosdy resultsin alocaized area of necrossknown asan infarct. Infarcts
have apaetan to white appearance, have a digtribution that coincides with the
blood supply to an organ, and are typica of most solid organs (kidney, spleen)
Liquefactive necross:

Seen with destruction of tissues with lots of lipid (such as brain)

Seen with tissue destruction by bacteria or inflammatory cdlls with relesse of
proteolytic enzymes (asin an abscess)

Grosdy leads to a soft or liquefied area of necrods that, upon resolution, leaves
aholeor cystic space

Fat necrosis:

Destruction by enzymes digesting fat; grosdy, soaps are present.

Typicd of breast and pancreas.

Caseous necrosis:
A combination of coagulative and liquefactive necross
Grosdy has a cheese-like appearance.

Typicd of granulomas formed in response to tuberculosis or fungd infection.
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5. Gangrenous necrosis. gppliesto necrosis of abody part
Dry gangrene - ischemiawith coagulative necross predominates

Wet gangrene - liquefaction with infection predominates

CYTOPLASMIC ORGANELLE DERANGEMENTS
Lysosomd functions
1 Heterophagocytoss: macrophages eat up the debris of damaged cedlls or eat up

foreign materid (such as bacteria) to form a phagosome that fuses with
lysosomes. A typica body response to clearing up amess from cdlular injury.

2. Autophagocytoss. within an individua cell, intracdllular debris is sequestered
and fused with lysosomes to form autophagolysosomes. “Residud bodies’ of
materid that cannot be completely digested may remain and are known by light

microscopy as lipochrome (lipofuscin) pigment. Autophagocytosisis akey part

of:

Cdl differentiation

Cdl injury (gradud or long term)

Cdll arophy

Mitochondriaz many dterationsin response to cell arophy and hypertrophy
Cytoskeletal elements
1 A vaiety of “intermediate filaments’ exist which are between the size of thin
(actin) and thick (myosin) filaments which play arole in movement of the cell
(best example is chemotaxis)
2. Accumulations occur in response to injury
a Mallory bodies (dcohalic hydine) in liver

b. Neurofibrillary tangles (Alzheimer’ s disease) in brain
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INTRACELLULAR ACCUMULATIONS
Fatty change (adlso called fatty metamorphosis or fatty degeneration)

1 Mugt be digtinguished from fetty accumulation (fetty infiltration) which is nothing
more than increased fa cdlsin tissues (usudly from obesity)

2. Basic problem: lipid accumulatesin the cytoplasm, ether as small vesicles or
large droplets

3. Etiology: impaired intracdlular metabolism or lipoprotein transport
Toxicinjury - acohol
Genetic - gaactosemiafrom lack of an enzyme for metabolism of gaactose

Nutritiond - kwashiorkor from lack of sufficient dietary protein

Protein accumulations
1 From cdllular degeneration
Amyloid - abnormal protein breakdown products accumulate

Hydine - “pink-gaining Suff” in tissues

2. Excess synthesis or impaired excretion
Immunoglobulins - Russdl bodiesin plasmacdls
Alpha-1-antitrypsin - globules accumulate in hepatocytes

Carbohydrate accumulations. May result from:

1 Glycogen storage diseases from inherited enzyme disorders

2. Altered metabolism - glycosylation of tissues with poorly controlled diabetes
mdlitus

Lipochrome - intracdllular accumulation of autophagolysosomes. Etiologies indude:



1 Aging

2. Atrophy (brown atrophy of heart)

Iron - hemogderin
1 Locd - tissue hemorrhage with breskdown of RBC' sinto heme and globin

The hemeis broken down and collects as hemosiderin granules which may
eventudly be recycled.

2. Sysemic: Accumulation of excess hemosiderin in reticuloendothdia tissues
(such as bone marrow, liver, spleen) or dsawhere if severe

The term “hemodideross’ impliesthere is only a smple accumulation of iron,
while the term “hemochromatoss’ is used when the iron accumulation interferes
with organ function.

Etiologies indude:
Excessve digtary iron intake or deranged iron absorption

Chronic transfusion therapy for anemia

Bilirubin
The accumulation of this bile pigment leads to a condition known as jaundice
Theydlowish color it impartsis aso described as "icterus’
Jaundice can result from:
Problems with excretion of bile from liver or biliary tract
Liver injury

Excessve recycling of red blood cdls from hemolyss

Anthracoss
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Accumulation of carbon pigment in the lungs and lymph nodes

Frominhaded dugt particlesin the air.

Cdaum

Dystrophic cdcification - calcium is deposited in necrotic or damaged tissues
irrepective of blood calcium level

Metadatic cdcification - cacium may precipitate in normd tissues in response to
hypercdcemia

Quedtions for discussion:

1 Describe changes that may occur at the cdlular level when your patient actudly follows
your advice and eats less and exercises more.

2. Describe changes that can occur when a patient stops smoking.

2. What are some physical examination findings that could accompany various intrace luar

accumulations?

CELL INJURY: Match the numbered disease with the lettered mechanism of injury

1

2.

Meningococca meningitis 10.  Chronic acoholism
Laceration of liver in head on 11.  Sicklecdl anemia
collison

12.  Thiamine (B1) deficiency
AIDS

13.  Sygtemic lupus erythematosus
Trisomy 21 (Down syndrome)

14.  Occlusive coronary
Acetaminophen overdose atherosclerosis
Incompatible blood transfusion 15.  Obesty
Fituitary adenoma 16.  Sguamous cdl carcinomaof lung
Rend vein thrombos's 17. Diabetic foot
Housdfire 18. High cholesterols “run in the

family”



Cardiovascular (hypoxia): A
derangement of circulation with
decreased blood flow and
decreased oxygenation of cellsand
tissues with resultant ischemia
and/or infarction.

Traumatic: Direct cdl injury from
physical agents such as blunt force,
hest, cold, radiation

Toxic (drugs, chemicas): Injury
from: (a) damageto cdll
membranes or cellular biochemica
processes, (b) formation of toxic
metabolites; (c) formation of free
radicals

Infectious (microbiologic): An
organism invades cells and tissues
and grows unchecked

Immunologic: The body’simmune
mechanisms do not act properly or
act ingppropriately

Congenitd (inherited, genetic): A
disorder is programmed (an
abnormal gene or karyotype)

Nutritiond: Failureto provide
enough basic nutrients or an
imbaance in nutrient supply

Neoplastic: Uncontrolled cdlular
proliferation with loss of normd
function and mass (space
occupying) effects
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Ansves

1D.  Meningococc growing on meninges lead to meningitis with increased intracrania
pressure, leading to neurona cdll death

2B.  Motor vehicle accident with abdomind blunt force traumaleading to laceration of liver
with hemorrhage and shock

3D & E. Cytatoxic viruses such as human immunodeficiency virus (HIV) infection

gradudly destroys hel per lymphocytes, leading to opportunistic infections

4F. A chromosomd anomaly (trisomy) leads to multiple maformations of organogeness

5C.  Acetaminophen overdose leadsto liver cell necrosis and death

6E.  Incompatible blood is transfused, leading to massive hemolysis

7H.  Pituitary adenoma compresses optic chiasm, leading to visua field defects

8A. Venousoccuson (rare): An example would be arend vein thrombus with rend
ischemiaand acute rend failure.

9B.  Housdfire with extensve thermad burnsleads to epithelid loss and sepss

10C. Alcohal producesliver cdl injury leading to cirrhosis

11F. Thegenetic codeisdtered for production of globin chains (in hemoglobin) in sickle cell
anemia. Oxygen carrying capacity is reduced.

12G. Thiamine deficiency leads to myocardid fiber weakness and beri beri

13E. Autoantibodiesto awide variety of norma tissue antigens are formed, leading to a
multitude of organ dysfunctions, such as glomerular injury

14A. Arterid occlusion (common): An example would be occlusive coronary atherosclerosis
with myocardid fiber hypoxia (ischemia) and cdll death (infarction).

15G. Excesscdoric intake leads to obesity with insulin resistance and diabetes mellitus

16H. Sguamous cdl carcinomaof lung invades and destroys normd lung tissue

17A & D. Diabetes mdlitus leads to acce erated atherosclerosis with tissue ischemia that

predisposes to infection



PATHOLOGY 6601, FALL 2006
INFLAMMATION
Morton H. Levitt, MD

READING ASSIGNMENT:  Pathologic Basis of Disease, (7™ ed: Page 4-116)

LEARNING OBJECTIVES: Upon completion of the lectures, laboratory and reading assgnment on
inflammation, the student will be able to:

1.

2.

10.

Describe the dinica sgns of inflammetion.

Categorize inflammation as acute, chronic or granulomatous.

Describe the sequence of events in inflammeation.

Ouitline the mgor chemica mediatorsinvolved in inflammeation and wheat they do.

Identify and describe the roles for inflammatory cells PMN's, lymphocytes, monocytes,
macrophages, epithelioid cdls, giant cdls, plasma cdls and mast cells.

Outline types of agents that produce inflammatory responses.

Describe the possible outcomes of the inflammeatory process.

Describe the components of cdlular growth, division, attachment and migration in the ECM.
Describe the mechanisms of repair.

Describe the mechanisms producing edema.

INFLAMMATION

Definition: Inflammation is a protective response of tissue that diminates causative agents and debris
and is closdly tied to repair.

Nomenclature: "-itis' gopendicitis, meningitis, cholecyditis, pericarditis, pneumonitis.

Causes: organisms, chemicds, trauma, autoimmune, neoplasa
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Constituents: dreulating cdls, connective tissue cdls, extracdlular matrix (ECM) and basement
membrane (BM).

Categories depend on time but may not always be distinct and may evolve from one to another:

1.

Acute - minutes to days/ neutrophils and fluid protein exudates

Chronic - daysto years/ lymphocytes and macrophages / tissue destruction and repair

Granulomatous - specid type of chronic inflanmation with granulomata/ epithdlioid
histiocytes, macrophages and giant cdlls

Repair - resolution of inflammation to the previous tissue State, or scar formation

Inflammation is terminated when the injurious simulus is removed and dl the mediators
are disspated or inhibited.

Signs of Inflammation:

1.

2.

Rubor - rednessdueto erythema & increased blood flow
Tumor - swelling dueto increased fluid

Calor - heat dueto increased blood flow and fever

Dolor - pain dueto chemicad mediators

L oss of function - due to tissue damage, loss or scarring

Transudate - ultrafiltrate of plasma, low in protein, seen in increased hydrostatic
pressure, fluid appears clear.

Exudate - high protein fluid - seen when vessdls are permesble and may contain cells,
fluid appears cloudy. An exudate is cdled fibrinous when it contains large amounts of
fibrinogen which tend to conged  asfibrin.

Pus - purulent exudate with neutrophils also called suppurative
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9. Effusion - accumulation of fluid in abody cavity, it isserousiif thefluid is atransudate
and serosanguinous if it is blood tinged.

Chemical mediators from plasmaor cdls amplify the inflammatory stimulus and influence the type and
length of response. Inflammeation ends when stimulus is removed and mediators have been dissipated,
catabolized or inhibited.

Laboratory signs of inflammation:
1 Increased white blood cell count (WBC)

a In acute processes see increased neutrophils and bands. A higher percentage of
immature forms (bands) is caled a“left shift”.

b. In chronic and vird inflammation lymphocytos's can be seen, but not aways.
C. In parasitic infections and alergic responses, eosinophilia may be seen.
2. Increased sedimentation rate "sed rate" is a non-gpecific indicator of inflammation and is

caused by increased fibrinogen and globulins in the serum.
3. "Acute phase reactants’ are blood proteins that increase with the onset of inflammation,
iec ceruloplasmin, fibrinogen, C-reactive protein.
4. Laboratory findings with inflammation:
a For clinical gtuations, laboratory testing on the paient’s blood will provide you
with cluesto damageto cdlsin the body. Tests on blood are rdlatively
inexpensive and easy to obtain.

b. Since damaged cdlls lesk their contents, those contents can show up in the
circulaing blood in increased amounts.

C. Certain substances, particularly cdlular enzymes, are helpful because they may
originate from certain cell types that give a clue as to the organ damage.

d. Useful enzyme measurements include:

Creatine kinase mude
Creatine kinase, MB fraction heart
Aspartate aminotransferase liver

Alanine aminotranferase liver
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Lipase pancreas
Amylase pancreas
L actate dehydrogenase heart, liver, RBC's

ACUTE INFLAMMATION

Sequence of eventsin the Vessel

A.

Vasodilation: dilation of arterioles resulting in increased flow to capillaries with resultant
appearance of redness and warmth.

Vasodilation is mediated by release of:
1 Higtamine from mast cdls a the Ste of injury
2. Bradykinin

3. Prostaglandin

Increased per meability of microvasculature: the vessals become lesky resulting in exudation
of fluid and resultant tissue edema. Mechanismsfor thisinclude:

1. Intercdlular Gapsin Endothdium:

a Immediate transent response: Endothelia cdlls contract, widening the intercellular
gapsin smdl venules. Mediators act rapidly and last 15 - 30 minutes

Higamine
Bradykinin
Leukotrienes
Substance P

b. Dedayed sustained response: Endothdlid cells undergo cytoskeletd changes that
disrupt junctionsin venules and capillaries, this takes 4-6 hours after the mediator
gimulus and lasts for days.

IL-1

TNF

INF-g
Hypoxia
Sublethd injury



2. Direct injury resulting in endothdlid cdl necrosis

a Immediate leakage that continues until thrombossrepair. Affectsdl types of
vessls.

b. Delayed prolonged leskage after 2 to 12 hours, it lasts for days. Seen with
sunburn, and affects venules and capillaries.

3. L eukocyte mediated endothdid injury:

a inflammation resultsin PMN adhesion to vessdl, degranulation and local injury to
vesd wal. Seenin the lungs and kidneys.

C. Vascular stasis: blood cdls dow down in the vessa's due to vasodilation and exudation of fluid.
This dlows the chemicd mediators to collect and act on the cdlsin thisarea.

Sequence of Cellular Eventsin Inflammation

Neutrophils respond very quickly but nonspecificdly to injury.

Neutrophils are non-selective because they release their enzymes and produce their effects on all cdlsin
the vicinity. This responseis most prominent in the first day of an inflammatory response.

A. Margination, rolling and adhesion: neutrophils gpproach the vessdl wal during vascular stasis
and gtart to stick, which creates arolling mation, until they findly adhere to the endothelid cells
Mechanisms and mediators of adhesion include:

1 Activation of Endothdlid Cdlls: Tumor necrosis factor (TNF) and interleukin (IL)
gimulate production of E sdlectin, ICAM. Histamine and thrombin upregulate P sdlectin.

2. L oose adhesion and rolling begins.

3. Firm adheson  C5acomponent of complement increases the avidity of integrins on the
neutrophils. IL-1 increases the expression of ICAM

4. Transmigrationis mediated by ICAM, PECAM,; called digpedesis. The neutrophils
follow chemoattractants into the tissues.

37



Migration: cells move through the interstitium toward a chemotactic simulus via digpedesis

Chemotaxis: mediators draw leukocytesinto the area of injury over achemicd gradient.
Mediators include:

Bacterid products

C5a

Leukotriene B4

CytokinesIL-8
Chemotactic agents bind to cell membrane receptors which resultsin a cascade of
phosphorylations and transduction within the cell resulting in the release of cdciumionsin the
cytoplasm. Thisresultsin 3 important changesin the cl:
1 Movement via actin myosin contraction

2. Activation of the cdl causing: arachidonic acid metabolism, degranulation and modulation
of adheson molecules.

3. Phagocytoss

Attachment of neutrophils to the offending agent. Thisis done via opsonins which coat the
agents:

1 Immunoglobulin (IgG-FC) - naturaly occuring Ab to particle

2. Complement (C3b & C3hi) - generated by activation of complement by immune or non-
immune mechanisms.

3. Coallectins - lectins of plasma bind to microbe walls (innate immunity).
Phagocytosis of the offending agent by engulfment into a phagosome.

Degranulation of neutrophils and release of proteolytic enzymes from granules into the
phagolysosome to degrade the agent.

Killing/degradation is done in three ways:

1 Reactive oxygen species. Mye operoxidase which reacts with hydrogen peroxide to form
ahighly reactive oxidant (hypochlorous radical) thet kills bacteria

02__§NADPﬂNADPH[__> 02_ __dismutase__>H202 __1myelogeroxidase+CI~[__>HOC|. + Hzo



2. Enzymes: Products of the neutrophilic granules (lysosomes) contain a number of enzymes
which punch holesin the bacterid membranes including lysozyme, lactoferrin, bactericidd
permegbility increasing protein and defensins.

1. Acid hydrolases. Digest the cdlular debrisin the phagolysosomes

Tissueinjury in acute inflammation

1 Degranulation into extrace lular gpace of lysosoma enzymes by regurgitation or
frudtration, oxygen derived active metabolites by exocytosis and products of AA
metaboliam dl amplify the inflammatory effects. Granule enzymes dso include: dastase,
collagenase, cathepsin and anti- proteases.

2. Disease caused by abnorma amplification:

ARDS

Asthma
Glomerulonephritis
Trangplant regjections
Reperfuson injury
Septic shock
Atheroscleross
COPD

Arthritis

Defectsin leukocyte function

1 Adhesion- Peatients with defective beta 2 integrins get recurrent infections and have
impaired wound heding.

2. Phagocytods - Patients with abnorma membrane associated protein involved in
membrane docking and fusion can not secrete lysozymes into the phagosome. Thisis
cdled Chediak Higashi Syndrome.

3. Microbicidd activity - Defectsin NADPH oxidase result in chronic granulomatous
disease

Chemical mediator s of inflammation
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The kinin, complement, clotting and fibrinolytic sysems are al activated by Hageman factor (FXI11) and
interact continuoudy in the course of inflammeation to maintain the area of destruction localized.
A. Kinin system
1 V aspactive peptides are derived from kininogens by action of kalikreins when contacted
by surfaces (ie: collagen, BM).

HMWK + XII > Xlla+ Prekalikrein > Kallikrein (activates FXI1 in loop feedback) + HMXK - Bradykinin

2. Bradykinin - Causes arteriolar dilation
Increases permeability of venules, rapidly inactivated by kinase

Causes pain and contraction of smooth muscle

3. Kalikrein activates FXI11, converts C5 to Cha and is chemotactic.

B. Complement system
may amplify inflammation by activation of C3a& Cb5aby plasmin and lysosomal proteases.

1 Classic Pathway: Antigen-antibody (Ag-Ab) complexes initiate the sequence deaving
C1. Thisisseenin bacterid infections and autoimmune diseases.

2. Alternate Pathway: endotoxin or aggregated 1gG initiate the sequence by cleaving C3.
Also cdlled the properidin pathway asthisis a cofactor.

3. Other pathways: Collectins activate C1r and C1s and plasmin activates C3

4. Effects of the complement mediators:

a Anaphylatoxins ( C3a & C5a) cause vascular permesbility and vasodilation by
dimulaion of magt cdls,

b. (C5a) causes chemotaxis, activatesthe AA metabolic path and increases
leukocyte adhesion.

C. Opsonin (C3b & C3hi)



5.

d.

Cdl lyss (C5-9) lyses microbes (MAC)

Regulation is centered on desctivating C3 convertase (DAF) or cleaving C3b (factor 1)
or binding of active components (Clinhibitor).

C. Clotting & fibrinolytic system
1 Intringc Pathway - Hageman Factor (FXI1) is activated by surface contact.
2. Extringc Pathway - Tissue Factor released at Sites of injury activates FVI1
3. Resultsin dotting and fibrinolyss balanced by mediators at the Site of inflammation by
Xlla-> kdlikren - plasmin.
4, Links between coagulation and inflammeation:

a Thrombin splits fibrinogen to fibrinopeptides which induce vascular permesbility
and are chemotactic. Thrombin aso causes increased |leukocyte adhesion and
fibroblast proliferation.

b. Factor Xaincreases vascular permesbility and leukocyte exudation

C. Plasmin deaves C3 & fibrin resulting in fibrin split products which cause vascular
permesbility. Plasmin can dso activate factor XII.

D. Arachidonic acid pathway (eicosanoids)
1 Cyclooxygenase pathway: mediated by COX1 and COX2 - leadsto formation of

progtaglandins. This pathway can result in avariety of mediators:

a

b.

Progtaglandins: PGD2 causes vasodilation, PGE2 causes pain and fever

Prostacyclin (PGI2) is formed in vascular endothelium to cause vasodilation and
inhibit platelet aggregetion

Thromboxane (TXA?2) isformed in plateets to cause vasocongtriction and
promote platel et aggregation

The Cyclooxygenase path is blocked by Non-geroida anti-inflammatory drugs (NSAIDS). The
entire pathway is blocked by steroids at the cell membrane by up regulation of lipocortin-1 that
inhibits the release of AA from membrane phospholipids.
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2. Lipoxygenase path - leads to the formation of Leukotrienes which cause chemotaxis,
vasocondgtriction, bronchospasm, & increased vascular permesbility.

3. Lipoxins - are formed by platdets with LTA4 from leukocytes. It inhibits neutrophil
chemotaxis and adhesion, stimulates monocyte adhesion, stimulates vasodilation and
attenuates action of LTCA4 (vasocondriction). It may be a negative regulator of the
leukotrienes.

Substances preformed in cells:

1 Higamine in mast cdll, basophils and platelets - powerful vasodilator and increases
vascular permesbility (gaps).

2. Serotonin in platelets - released during aggregation - a vasodilator not important in most
inflammatory processes

3. Plateet activating factor (PAF) in mogt inflammatory cells - causes leukocyte and platelet
adhesion activation, vasocondtriction and broncho-congtriction.

Cytokines

Produced mainly by lymphocytes and macrophages after simulation by toxins, injury or
inflammatory mediators. They include: lymphokines, monokines, chemokines, colony stimulating
factors, interleukins, & growmth factors. They are categorized by their actions:

1 autocrine - acts on the cell that produce it

2. paracrine - acts on adjacent cdlls - activation of neutrophils and fibroblasts

3. endocrine - acts sysemicaly (Acute Phase Reactions) including: production of fever,
fatigue, decreased appetite and increased WBC.

They are categorized by their functions:

1 regulate lymphocytes- IL 2, 4, 10 and TGF-b

2. neturd immunity - TNF-a, IL1b, IL6, IFNg and IFNb



43

3. activate macrophages - IFNg, TNF a&b, IL5, 10, 12

4. chemokines - 1L8 (leukocytes), lymphotaxin, eotaxin

5. dimulate hematopoiesis - 1L3, 7 c-kit, CSF and stem cdll factor

Thetwo most important cytokinesin inflammation are:

1 I nterleukin-1 produced by many cdl types

2. Tumor necrosisfactor TNFafrom macrophages, TNFb from T-cdls

Both of these cause endothelid cell activation, induce acute phase responses, simulate
fibroblasts and stimulate leukocytes to secrete cytokines.

G. Nitric oxide (NO) synthesized in cdlls containing nitric oxide synthase (NOS)

1 Endothdid cells, neurons and macrophages can produce NO

2. Actionsof NO, which are short lived, depend on the concentration:

a Smdl amounts produced by endothdid cells result in smooth muscle relaxation
and vasodilation and are anti-thrombogenic to platelets.

b. Small amounts produced by neurons may act as a heurotrangmitter.

C. Large amounts produced by macrophages may act as a cytotoxic free radica
and kill bacteriaand tumor cells.

d. Inappropriate release of NO by macrophagesin sepsis may cause shock.

1. Outcomes of Acute Inflammation:

A. Resolution - the tissues are restored to normd, this is seen when the processis limited in tissues
that are capable of regeneration.
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B. Scarring - thetissueisrepaired by fibross, this is seen when the process is extensive or in tissues
unable to regenerate.

C. Abscess formation - thisis seen when the organism can not be completely eradicated or drained,
and an accumuletion of pus occurs.

D. Progresson to chronic inflammation - thisis seen if theirritating agent perssts and thereisa
evolution to amononuclear infiltrete.

CHRONIC INFLAMMATION

Definition: Chronic inflammeation is an ongoing process of mononuclear inflammeatory infiltration, repar
and angiogenesis. Causes of chronic inflammation include:

A. Persistent infection - TB, T pdlidum, fungi these organisms may live within cells and avoid
neutrophilic destruction. They may dso lead to delayed hypersengitivity reactions.

B. Prolonged exposur e to nondegradable material such as silicamay not be removed by the
host immune system.

C. Autoimmune diseases are directed at hogt tissues and persst indefinitely.

D. Repeated acute inflammation.

Mediators of chronic inflammation:

A. Lymphocytes:
Lymphocytes are activated by antigens and cytokines from macrophages, lymphocytes produce
gammainterferon which stimulates macrophages. They produce lymphokines and growth factors
which act on other inflammatory cells.

B. Plasma cdlls;

These are activated B lymphocytes that produce immunoglobulins



M onocytes in the blood stream become macrophages in the tissues:

1 These produce proteases, collagenases, plasminogen activator, they also store and
rel ease plasma proteins including: tissue factor, growth factors, cytokines, clotting
factors, complement, O2 metabolites, AA metabolites, PAF and NO.

2. Monocytes secrete the cytokines IL-1 & TNF which can attract neutrophils and cause
fever.

3. Monocytes elaborate Growth Factors which stimulate fibroblasts and angiogenesis.

4, Macrophages can proliferate in tissues (atheromas).

5. They can beimmobilized in tissue by MIF and oxidized lipids.

6. They can induce extensive tissue destruction.

Fibroblasts make collagen, fibronectin & others matrix proteins, and are involved in the repair
process and waling off of areas of inflammation which are not resolving.

Eosinophils respond to IgE or parasites, contain mgjor basic protein which is toxic to parasites
and hogt cdlls.

Examples of chronic inflammation:

A.

Chronic interdtitia pneumonia - thereiswidening of the aveolar walls with fibrosis and
lymphocytic infiltration. Thisis commonly seen in vird infections

Chronic gadtritis - Helicobacter pylori inflammation of the somach resultsin a chronic
inflammatory infiltrate of lymphocytes and macrophages. Ulcers may be seen focally in this
disease with reactive and reparative changes of the epitheium.

Granulaion tissue - in the hedling stage of inflammation, fibroblasts and capillaries grow into the
inflamed area, particularly in areas of damage asin agadtric ulcer. Thefibroblasts lay down
collagen and capillaries grow by sprouting into the new matrix (angiogeness).

Chronic inflammation hedls by forming connective tissue, fibross and scarring.
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Granulomatous | nflammation

A.

Hallmark isthe granuloma (plurd granulomata):

1.

A granulomais an aggregation of epithelioid histiocytes (large macrophages with
abundant pink cytoplasm) with acollar of lymphocytes, with or without plasmacytes.
It isapersastent, locdized area of inflammation frequently surrounded by fibrosis and
may cacify over time.

I NF-g produced by T lymphocytes transforms macrophages into epithelioid cdlls and
giant cdls. Itispart of the T-cdl immune reactions (cdlular immunity).
Giant Cédlls may be seen in the granulomaor & its periphery:

Foreign body - nucle are scattered in the cytoplasm

Langhans - nucle are lined up around one edge of the cdll

Types of granulomata:

1.

2.

Foreign body granulomata may be caused by suture or other irritants such asinorganic
dusts like silica, talc and asbestos.
| nfectious granulomata are seen with:

TB - Casedting granuloma
Fungi - Cryptococcos's, histoplasmod's, coccidiomycoss

Sarcoid - An unknown agent causes non-caseeting granulomeata throughout the tissues.

Resolution of granulomatous disease:

1.

In a hedlthy person granulomata may eventualy reduce in Sze and disappear or leave a
smdl cdcified scar.

Loss of immunity may lead to loss of containment and spread of the infection after many
years.

The response to organic and inorganic agents varies widely between individuals.
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TISSUE REPAIR AND CELL GROWTH

Wound healing

A. Hedling depends on the agent involved, the host immune response, blood supply and nutritiona
datus, and the length of time of the insult. 1t may proceed by regeneration of parenchyma cdlls
or replacement by connective tissue.

B. The type of cdlsinvolved in the process determine if they can totdly resolve the injury:

1.

Labile cdls - cdlstha normdly proliferate (bone marrow, epitheliaand lymphocytes)

Sable cells do not normdly proliferate but can if injured (fibroblasts, osteoblasts, smooth
muscle and hepatocytes)

Permanent cdls no longer replicate because they are highly specidized and differentiated
beyond the capacity for regeneration (neurons, neuroendocrine cells and heart). All these
tissues hedl by scarring (fibross).

Molecular eventsin Cell Growth

A. Cdl surfacereceptors

1.

Receptors with intringc tyrosine kinase activity (dimers)

Binding results in autophosphorylation and is linked to 3 transduction pathways (ras, PI-
3& PKC).

Examples. EGF, FGF, PDGF

Receptors with intringc cataytic activity (Single transmembrane portion)

Binding resultsin activation of a cytosolic protein tyrosne kinase and is linked to the
JAK/STAT transduction path.

Examples cytokines

G protein linked receptors (7 membrane loops)
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Binding resultsin activation of sgnd transducing G protein complex and islinked to the
cAMP transduction peth.

Examples: chemokines, epinephrine, glucagon

B. Signal transduction

1 Mitogen activated protein kinase pathway (MAP kinase). Autophosphorylation of
receptor leads to activation of the ras protein and eventudly activates gene expression.

2. Phosphoinositide- 3-kinase pathway (PI-3) generates membrane associated lipid
mediators as second messengers. Response is associated with cdl surviva and increased
glycogen synthess.

3. Inosital lipid pathway (1P3) serves tyrosine kinase or G-protein receptors and activation
results in the release of calcium in the cytoplaam.

4, Cycdlic adenosine monophosphate pathway (CAMP) serves the G-protein receptor and
activation resultsin simulation of target genes.

5. JAK/STAT pathway serves the receptors without intringc tyrosine kinase activity
(cytokines) and activation resultsin functiona responses (not proliferative).

C. Transcription factors

1. Regulate gene transcription up or down.

2. Bindto DNA, their afinity is determined by phosphorylation

3. Many protooncogenes in this group (c-myc and p53

Céell Cycleand Division

A. Cydlins control progression of cdll through the cycle

1.

2.

CydinsA, B & E act on cyclin dependent kinases (CDK' )

After action they are rapidly degraded by ubiquitin proteasome pathway



B.

C.
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3. CDK'’saso are regulated by inhibitors (p21, p27)

Checkpoints

1 p53 (tumor suppressor gene) is activated in response to DNA damage. It inhibits cell
cycle by increasing the CDK inhibitor p21.

2. Loss of check points resultsin genomic ingability (IE: hereditary cancers).

Growth inhibition
1 Contact inhibition - mechanicd (cdl culture)
2. Growth suppression - gze limit (liver regeneration)

3. TGF-b has negative effects on transcription factors and increases CDK inhibitors
resulting in the inhibition of progresson of the cdl to S phase.

Growth factors - Chemical mediators of repair

A.

Epidermal Growth Factor (EGF) mitogenic (meansit causes proliferation) to epithdia cdls,
fibroblasts, hepatocytes. Binds receptor c-erbB1.

Platelet derived growth factor (PDGF) stored in platelet a-granules & released on activation
(also produced by endothelium, macrophages, smooth muscle & tumors).

Causes migration and proliferation of fibroblasts, smooth muscle & monocytes.

PDGF gpplied to wounds enhances heding.

Fibroblast growth factor (FGF ) has the ahility to induce dl steps of angiogenesis. Itisaso
involved in wound repair simulating migration of fibroblasts, macrophages and endothdlia cells
and skdletd muscle development and lung maturation.

Transforming growth factors:

1 TGF-alpha has homology to EGF & binds the EGF receptor, it is mitogenic to epithdia
and fibroblasts.
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TGF-betais agrowth inhibitor to most epithdid cdls and is chemotactic to fibroblasts
while aso simulating collagen production, it therefore favors fibrogenesis. It is produced
by many cell types (platelets, endothdium, lymphs and macrophages) and isinvolved in
chronic inflammatory processes (granulation tissue).

E Vascular endothelial growth factor (VEGF) stimulates angiogenesis, the receptor is found
only on endothdid cdls. It is seen in cancer, inflammation and hedling wounds.

F. Cytokines have growth promoting activities

IL-1, TNF - fibrogenic

TNF - angiogenic

Extracdlular matrix

A. Structural proteins

1.

Collagenisatriple hdlix of 3 polypeptide apha chains
[, 11, 1l areinterdtitid fibrillar types
IV, V, VI are amorphous intertitial and BM

Crosdinking stabilizes and gives strength
Eladtin and fibrillin

Centrd core of dastin surrounded by fibrillin microfibers
Found in blood vessdls, lung, uterus, skin and ligaments

Crosdinks regulate dadticity

B. Adhesive glycoproteins and integrins link the ECM components together and to cdlls

1.

2.

Fibronectin attaches cellsto ECM by cell receptor for RGD on molecule (arg-glyc-asp)
alows cdllsto attach, spread and migrate infon ECM.

Laminin attaches cdls to BM and asssts in endothdlia formation of tubules.



Integrins are cdll surface receptors that mediate attachment to the ECM (bind fibronectin
and laminin). They areinvolved in cdl to cdl atachment, platelet aggregation and
leukocyte extravasation.

They are linked to the intracdlular cytoskeleton which aso has a"sgnding system™ and
may convert amechanicad signd to abiochemical one.

Matricdlular proteins

Non-structurd proteins that interact with matrix proteins and cell receptors and may disrupt

them.

1.

SPARC (secreted protein acidic and rich in cysteine) dso known as osteonectinis an
inhibitor of angiogeness.

Thrombaospondins aso may inhibit angiogenes's
Osteopontin regulates calcification, and mediates leukocyte migration.

Tenacin modulates cdl adhesion.

Proteoglycans and Hyaluronan

1.

Proteoglycans in ECM: Heparan sulfate, chondroitin sulfate, dermatan sulfate regulate
connective tissue structure and permesbility.

Proteoglycan in cdl membrane, syndecan, atachesto ECM and links to intracellular
cytoskdeton. It modulates activity of growth factors and maintains epithelioid sheets.

Hyauronan binds water and create a viscous gdl type matrix. It binds collagen and cdlls
(CD44) and provides resilience and lubrication of cartilage and joints. It also facilitates
cdl migration and can inhibit cdll-cdl adhesion.

Repair by connective tissue

A.

Events:

1.

Angiogenesis (TNF, FGF, VEGF)
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Migration and proliferation of fibroblasts (fibroplasia) and deposition of ECM (TGFb,
PDGF, EGF, FGF, IL-1, TNFa)

Maturation and organization of fibrous tissue (remodeling) involves metalloproteinases
that break down ECM. These require zinc for activity. They areinhibited by tissue
inhibitors of metdloproteinases (TIMP's). Results in debridement and remoddling of
connective tissue.

B. Formation of ascar: Thedescriptionsbelow apply primarily to external wounds and to
surgical sites.

1.

Primary unionor hedling by first intention is seen in small, dean injuries or surgica
incisons. The epithdia surface hea's over within one week. When sutures are removed
at 7-10 days the wound strength is a 10% of the origind tissues. The wound strength
returnsto 70% of norma in one to three months.  The amdl gap isinitidly illed with
blood clot, and then granulation tissue grows into the space and fibroblasts cross the gap
with pardld rows of collagen forming asmdl scar. A minima scar isformed.

Secondary union or hedling by second intention is seen in larger defects with granulation
tissuefilling in the defect. Wound contraction occurs to close the gap and the granulation
tissue supports the regrowth of epithelium over its surface. This processislonger and
more irregular, with aresultant large scar remaining.

Role of fibroblagtsin repair isto lay down collagen and extracd lular matrix.

a Ealy in granulaion tissue type 111 (embryonic)collagen is made, it isthen
replaced with type | collagen.

b. Fibronectin & Laminin promote cdlular migration, organization and attachment of
epithdid cdls

Pathology in wound repair

A. Host factorsin inflammatory response:
1 Nutrition - low protein & low vitamin C levelsin the hogt inhibit collagen synthesis.
2. Glucocorticoids - steroids decrease the inflammatory response by decreasing mediators.
3. Infections cause dday in heding.
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Wound dehiscence - high pressures on wound from infection, edemaor expansion of
organs causes the wound to break down mechanicaly.

Poor venous drainage or blood supply dows heding.

Foreign bodies impede hedling by simulaing the inflammeatory mediators.

B. Aberrations of Growth

1 A keloid isan excessive deposition of collagen within a scar (hypertrophic scar).

2. Exuberant granulations aso caled pyogenic granulomata are formed by excessive
granulation tissue which precludes the epithdlium from reconnecting over its surface.

3. Desmoids are aggressive fibromatoses (Ilow grade tumors) usudly seen at previous sites
of surgery.

C. Disease states

1 Rheumatoid arthritis, lung fibrosis & hepatic cirrhoss are seen when there is persistence
of theinitid gimuli for fibroplasa.

2. Autoimmune reactions which maintain lymphocyte-monocyte interactions result in the
continued production of growth factors & cytokines resulting in saf perpetuating
inflammatory responses.

3. Excessive collagenase resultsin joint destruction in rheumatoid arthritis.
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Thrombosisand Hemostasis
Edward C. Klatt, MD

READING ASSIGNMENT: Pathologic Basis of Disease, (7" ed: 119-143)

LEARNING OBJECTIVES:. At theend of thislecture and reading assgnment, the student will be able

to:

1 Describe the sequence of events leading to thrombosis

2. Describe the gross and microscopic gppearances of thrombi

3. Outline the sequence of events in coagulation and indicate what laboratory tests can be used to
determine abnormalities of coagulation

4, Ligt underlying conditions leading to arterid and to venous thrombosis

5. Describe the process of embolization and when it occurs

6. Describe etiologies, appearances, and consequences of infarction

7. Describe the cause and appearances of tissue congestion

THROMBOSIS AND HEMOSTASIS

A. Definitions associated with blood clotting:

Thrombus:

Thrombosis:
Coagulation:
Anticoagulant:

Blood clot:

Embolus

Thromboembolus:

A meass of clotted blood within the vascular system (artery, vein,
cepillary)

The process of forming athrombus
The process of forming ablood clot
A natura or pharmacologic agent that inhibits the process of thrombosis

A smple coagulum of blood formed only with the coagulation sequence
and using only elements of the blood

An abnormal collection of materia on the move in the bloodstream

A thrombus on the move. Arterid thrombi move more peripherdly.
Venous thrombi tend to move toward the lungs.



Definitions associated with lack of hemostass.

Hematoma: An blood clot outside of the vascular system
Petechiae: Minute areas of hemorrhage

Purpura: Larger areas of hemorrhage (up to 1 cm)
Ecchymoses. Large, blotchy areas of hemorrhage

Definitions associated with stasis of blood flow:

Hyperemia Arteria vasodilation and opened capillary beds (part of inflammation) -
aso cdled erythema

Congestion: Venous stasis of blood in an organ or tissue

Edema Extracd|ular fluid accumulation

Sequence of events in hemogtass and thrombosi's
1 Factors favoring thrombosis
a Damage to the endothelium with:
trauma
inflammation
b. dtered blood flow leading to endothdlid injury or platelet activation
venous sasis
arteria turbulence

C. hypercoagulable states from decreased anticoagulant activity or increased
procoagulant activity:

increased age
smoking

some maignant neoplasms



congenital anticoagulant deficiencies

birth control pills

Arteriolar vasocondtriction (vasospasm) - trandent process, but it may potentiate serious
ischemic injury (coronary arteries and myocardia infarction, cerebrd arteries and stroke)

Platdets are activated by exposure to highly thrombogenic subendothdia materiads such
as collagen when norma endothelium is damaged.

Platdet activation is cdled “primary” hemostasis because it isthe firgt response of the
coagulation system and occurs in minutes.

Clinica measurement of the “bleeding time” assesses this function, but is not commonly
performed.

The sequence of eventsin platelet activation include:

a

Adhesion and shape change
attachment (adhesion) to exposed collagen
von Willebrand factor (VWF) needed for adhesion

round platelets e ongate to cover the exposed collagen

Release

aphagranules release platelet factor 4 with anti-heparin activity

dense granules release ADP and calcium

rel ease generates phospholipid complex (platelet factor 3) that promotes
coagulation

Aggregation

released ADP promotesinitid aggregation into a“primary plug’”

thromboxane is synthesized and promotes additional aggregation and, along with
thrombin, formation of amore stable “ secondary plug’
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4, Coagulation sequence
a Intringc pathway - simulated by platelets and by endothdiad damage

b. Extrindc pathway - simulated by tissue damage with release of tissue
thromboplagtin

C. End result --> formation of thrombin that converts fibrinogen to fibrin

d. Pethways are NOT independent and do not substitute for one another, and a
loss of a single factor may lead to a bleeding disorder

E Anticoagulant mechanisms
1. Endothdid cdl defenses

a endothdium is naturaly resstant to dotting

b. gynthess of anticoagulants:
Protein S
prostacyclin: vasodilator and inhibitor of platelet aggregation
plasminogen activators

C. binding of anticoagulants to surface:
thrombomodulin
heparin-like molecules

d. activation of anticoagulants
Proten C
conversion of adenosine diphosphate (ADP) to platelet inhibitors

2. Inhibitors of coagulation
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a Fbrinolytic sysem: plasminogen is converted to plasmin by tissue and plasma
plasminogen activators
b. Antithrombin 11

C. Protein C and Protein S

F. Morphologic appearances of thrombi

1.

Gross. concentric layering of red cells, white cdlls and platelets gives characterigtic “lines
of Zahn”, paticularly in fagter flowing arteries.

In dower flowing veins, the thrombus resembles a blood clot.

Thrombi tend to adhere to vessel walls.

Microscopic: lines of Zahn gppear as laminations of red cells, white cdls and platelets
that are enmeshed in fibrin.

G. Locations for thrombos's - arterid

1.

2.

3.

Heart

a on damaged valves (endocarditis)

b. over damaged myocardium (mura thrombus)

C. within aneurysms or dilated heart chambers (mura thrombus)

d. on an abnorma surface (mechanical vave prosthesis)

Aorta (mura thrombus)

a on ulcerated atheromatous plagues
b. within aneurysms

Smdler arteries

a in areas of trauma

b. in aress of inflammeation
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Locations for thrombosis - venous

1 appear most frequently in deep veins (particular lower extremities and pelvis) and are
cdled phlebothromboss, rare in upper extremities (that's why you want to put 1V’sin
upper extremities)

2. occur with stasis or inflammation and is given the name thrombophlebitis

Events following thrombosis

1 Propagation: the thrombus continues to grow

2. Lyss removd by fibrinolytic system

3. Embolization: the thrombus moves on

4. Organization: granulation tissue is formed and resolves with recandization of the vascular
lumen (perhaps with fibrosis or degrees of occlusion by connective tissue)

Thromboembolization: Movement of athrombus from its origin to another Site via bloodstream

1 Arterid
a Most often come from heart (endocarditis or murd thrombus)
b. Follow systemic circulation

C. Can reault in infarction from arterid occluson

2. Venous
a Mogt often come from leg veins of immobilized patients in hospita
b. Follow vena cavato right side of heart and then to pulmonary artery
C. Can result in pulmonary embolism

if massive, sudden death results



if medium szed, pulmonary infarction results

if small, multiple, and chronic, pulmonary hypertenson results

HYPERCOAGULABILITY SYNDROMES

A.

Hypercoagulability is the tendency to have thrombosis. Pregnant women with these conditions
may have an increased risk for gillbirth. These syndromes can be due to both inherited and
acquired abnormdlities of the coagulation system.

The most common causes for hypercoagul ability syndromesinclude:

1.

Antiphospholipid antibody syndrome: there are circulating antibodies that bind plasma
proteins with an affinity for phogpholipid surfaces and cause thrombosis. This syndrome
IS most often acquired in adulthood, either from underlying disease or as an idiopathic
condition. The two subsets of this syndrome, as defined by laboratory testing, are:

a L upus anticoagulant (may or may not be seen with SLE)

b. Anti-cardiolipin antibody

Factor V Leden mutation: thisisthe most common inherited form of hypercoagulgbility.
The mutation is present in 5% of Caucadans but israre in persons of African and Asan

ancestry. A point mutation leads to impaired inactivation of factor V by activated protein
C. Venous thrombosis occurs.

Prothrombin mutation:  the prothrombin G20210A mutation increases the level and
activity of prothrombin that mildly increases the risk for arterid and venous thrombosis.
The mutation occurs more often in persons of southern European ancestry.

Elevated factor VIII: thisisas common asfactor V Leiden. There may be genetic and
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environmentd factors causing it. Ora contraceptive use increases factor VI levels.
The result is degp venous thromboss.

Malignancy: tumors may elaborate factor, such as a thromboplastin-like substance, that
increase the risk for thrombosis. Thisis one form of paraneoplastic syndrome, with the
name Trousseau' s Syndrome.

Protein C, Protein S, antithrombin 111 deficiencies: these conditions are autosomal
dominant and lead to venous thrombosis.

Homocydtinemia: persons with devated plasma homocysteine levels not only have
increased problems with atheroscleross, but also thrombosis.

TESTS OF THE COAGULATION SYSTEM

A. Teststo determinerisk for bleeding:

1.

Prothrombin time (PT): measures factors in the “extringc” pathway of coagulation,
affected mainly by liver disease, Coumadin therapy

Partid thromboplastin time (PTT): measures factorsin the “intrindc”’ pathway of
coagulation, affected by a variety of diseases including inherited factor deficiencies such
as hemophilia, and Coumadin therapy

CBC with platelet count: measures the number of circulating plateets

For pre-operative workup, a PT, PTT, and platelet count are typically ordered

4.

Factor deficiencies: ordered only in specific circumstances to determine if an acquired or
inherited factor deficiency is present. Example: messure Factor VI1I-VWF to determine
the presence of von Willebrand disease

B. Tests to determine risk for thromboss:

The diseases producing thrombosis are much less common than those that produce bleeding, but
should be tested for when patients with thrombosis (usudly venous thrombosis) are young, have
recurrent thrombosis, or have unexplained thrombosis.
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1. Factor V Leden mutation

2. ProteinCor S

3. Prothrombin mutation

4. Antithrombin 111

5. Anti- phospholipid antibody:  1upus anticoagul ant, anticardiolipin antibody
6. Plasma homocysteine

7. Factor VIII levd

C. Disseminated intravascular coagulation (DIC)
1 Occurs when the coagul ationanticoagul ation system is activated on awide scale--with
severe organ damage, sepsis, shock, etc.
2. There can be both thrombosis and bleeding.
3. Diagnosed with an devated D-Dimer test
INFARCTION
A. Aninfarct isan area of ischemic necross resulting from:
1 Arterid occlusion (99% of al infarctions, such as coronary artery and M)
2. Venous occlusion (such as cerebral venous thrombosis) - rare
B. Gross appearances
1 Didtribution: depends on vascular supply, collatera blood flow, metabolic demand
2. Morphology: locdized, wedge-shaped; paein most parenchyma organs because of
loss of blood supply
Red in lung (from the dud blood supply) or if due to venous occlusion
C. Age
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1 Acute (recent): hoursto days old; the cdlls have died

Often diagnosed clinicaly by measurement of enzymes are being relessed (CPK, LDH)

2. Intermediate (subacute): days to weeks; the infarct is undergoing organization,
resolution, hedling

3. Remote (old): monthsto years, the infarct has organized leaving a scar or a cavity

HEMORRHAGE

A.

Failure of the hemostasis mechanism leads to hemorrhage.

A blood clot formed outsde avessd is a hematoma

Loss of aunit of blood (about 500 cc) is usualy not accompanied by serious difficulties; 1oss of
1000 cc or more can produce shock

Hemorrhage into a body cavity or tissue

1 No loss of iron

2. May compress vital structures

Hemorrhage into viscus or tract
1 Lossof iron

2. Physicd diagnogtic Sgns melena, hematuria, hematochezia, etc.

CONGESTION

A.

Passive congedtion is due to stasis of blood, particularly on the venous side of the circulatory
system, and usudly due to congestive heart failure (CHF)

Can be acute or chronic

Passive congestion of viscerd organs

1 Increased weight



2. Appearances. dark red; blue (cyanosis); brown (from red cell breakdown to
hemosiderin)

2. Liver: givesdassc “nutmey” gppearance and may be accompanied by centrilobular necrosis

EDEMA
Extracdlular fluid accumulation
1 Interdtitid (tissue swelling)
2. Body cavities (effusons)
Peritoned (ascites)
Meurd
Pericardia
Joint
Mechanismsfor edema formation

1 Inflammation: Vessel permegbility leads to leskage of fluid

2. Increased intravascular hydrostatic pressure;
a impaired venous return due to obstruction or heart failure
b. venous sass due to gravity or inactivity
3. Decreased intravascular oncotic pressure:
a loss of protein due to nephrotic syndrome, poor nutrition or protein losing
enteropathy

b. decreased production of protein dueto liver disease

4, Lymphatic obstruction: due to inflammation, surgica traumaor tumors
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5. Sodium retention;

a hormond in pregnancy and with mengirua cycles
b. cardiac fallure

C. rend falure

Patterns of edema
1 Dependent - depends on position of patient, lower extremities if ambulatory, sacrd if
bedridden
2. Anasarca - total body edema seen in severe thyroid deficiency and DIC

3. Periorbital edema- seen in thyroid deficiency and rend failure

4. Pulmonary edema- seenin heart failure as "backwards failure” causes shortness of bresth
PATHOLOGY 6601, FALL 2006
Vascular Diseases
Edward Klatt, MD
READING ASSIGNMENT: Pathologic Basis of Disease, (7" ed: 515-530)

LEARNING OBJECTIVES:. At theend of thisreading assgnment and lecture, the student will be able
to:

1 Assssstherisk factors, both reversible and irreversible, for development of atherosclerosisin
your patient.

2. Define the role of lipids and lipoprotein trangport in development of atherosclerosis.
3. Describe how and why an atheromaformsin an artery.

4. List complications that occur within arteries at the Ste of atheromatous plaques.

5. Describe mgjor organ system sequel ae of atherosclerosis,

6. Describe three forms of arteriolosclerosis and what their Sgnificanceis.
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7. List ways that atheroscleross can be prevented.

RISK FACTORS FOR ATHEROSCLEROSIS

1 Irreversible, uncontrollable factors
a Age older people have agreater risk
b. Sex: mdesare at greater risk; physiologic estrogen levels are protective
C. Gendtics thereisafamilia predisposition that can include inherited disorders of lipid

metabolism. There are avariety of these, often having complex modes of inheritance, but
most of these conditions are aso markedly influenced by diet. The most important are:

I familid hypercholesterolemia
i. abnormal apoproteins (rare)

ii. history of coronary artery disease in afirst degree relaive
(age <55 male; <65 femde)

2. Reversble, correctable factors

a

Hyperlipidemia  hypercholesterolemiawith LDL iswordt, but hypertriglyceridemiawith
VLDL isdsoarisk. Risk rises sgnificantly with tota serum cholesterol >200 mg/dl.
Dietary factorsinclude:

I high totd dietary fat increases risk

i. high saturated fat content increases risk

ii. high cholesterol content increases risk

\Y2 fish oils decrease risk (Eskimos)

Hypertension

I increases angiotensin |1 to promote arterid smooth muscle proliferation

i. promotes formation of oxidized LDL and free radicas

Smoking - promote freeradical formation
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d. Diabetes mellitus - promotes formation of oxidized LDL and freeradicas
3. “Soft” risk factors with less definable risk

a Obesity

b. Decreased physical exercise

C. Sressful lifestyle

d. Use of ora contraceptives

4, Laboratory parameters that have been used to determine risk for atherosclerosis include:

a

b.

e.

f.

Total cholesterol
LDL cholegterol
HDL cholesterol
homocygteine
C-reactive protein

fibrinogen

5. Lipoprotein transport

a

Exogenous pathway: lipids absorbed in the small intestine form chylomicrons with blood
transport apoproteins. Endotheliad lipoprotein lipase splits off fatty acids that go to
adipose tissue and muscle. Cholesterol-rich remnants go to liver.

Endogenous pathway: VLDL from liver are transformed in adipose tissue and muscle to
LDL which are then taken up by avariety of cellswith LDL receptors that need
cholesterol for membrane synthesis. About athird of LDL is degraded to aform that can
be taken up by macrophages and cdlls with modified LDL receptors (arterid wals).

COMPONENTS OF ARTERIES

1 Intima: composed of endothdium - single layer of flattened cells (fenestrated in the glomerulus)
and supported by athin underlying layer of connective tissue under which isthe internd dastic
lamina. Endothdlid cdls contain Welbd-Palade bodies by EM.



Media. composed of smooth muscle cdlsthat can proliferate, migrate, and phagocytose. Elagtic
fibers are interspersed (and most prominent in the aorta). Outer limit is marked by the externd
eadic lamina

Adventitia. Connectivetissue layer. In larger vessas, may contain nerves. In aorta, dso
contains the vasa vasorum (small arteries that supply the aortaitsdf).

THEORIES OF ATHEROMA FORMATION

1.

Vascular injury with thrombus formation are key events. The injury has three phases:

a Type 1 - functiond endothelid cell dteration, but no morphologic changesto
endothelium. Blood monocytes become macrophages and accumulate lipids (foam
cdls), creating aso-cdled “lipid leson”.

b. Type |l - denudation of endothelium with intimal damage. Pladets adhere,
Macrophages migrate in. Growth factors, such as PDGF, are released that stimulate
smooth muscle cell migration and proliferation, leading to a“fibrointima leson” done or
ontop (a“cap’) of thelipid leson. May aso contain T-lymphocytes.

C. Typelll - endothdid denudation with damage to both intima and media. Disruption
leads to thrombus formation which can organize and become part of the atheroma or
occlude the lumen. Macrophage release of proteases contributes to this.

Thefirst gross evidence for an atheromais the “fatty streak” which can be seen in the aorta even
in children. Thislesion isbenign, but may be the precursor to more serious atheromatous

plaques.

Injury to endothelium is promoted by vascular turbulence, so atheromas have a predilection to
occur at arterid branch points or in tortuous arteries:
a Abdomina portion of aorta

b. Bifurcation of carotids

C. Firs few centimeters of coronaries

Atheroma formation is potentiated by hypercholesterolemia:
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a LDL cholesteral - brings cholesterol to the arterid wall

b. HDL cholesterol - prevents deposition of cholesterol

4. Atheroma formation is accelerated (initid appearance of typell or 111 lesons) following
angioplasty, bypass grafts, and heart transplants.

5. Over time, atheromatous plagues may become “complicated”. Theinitia event isthe formation
of fissures in the plagues which lead to thrombus formation, either as one event or as severd
events.

Anticoagulant or platelet inhibitor therapy (aspirin) may help to reduce the risk of thromboss.
a Thrombosisin coronary arteries may lead to:

I myocardid infarction

i. ungtable angina

iii. sudden death

b. Thromboses |eading to these acute syndromes are more likely to occur with mild to
moderate genossin lipid-rich plaques that are more easily disrupted.

C. Vasocongtriction may accompany typell or I11 injury, from platelet activating factor
(PAF) and/or thromboxane release from platelets, leading to further narrowing. The
endothdlium can counteract this by releasing prostacydlin.

d. Additiona complicaionsinclude:
I ulceration
i. cdcification
ii. aneurysmal dilation
\Y2 hemorrhage into plaque

6. Stenosis lesons over time occlude more and more of the arterid lumen (but they can never

occlude the aorta). Fibross and organized thrombus produce progressive narrowing.

If thisis gradud, the heart adapts by generating collaterd circulation. There are experimenta



therapies for ischemic heart disease using drugs designed to promote angiogenesis.

SEQUELAE OF ATHEROSCLEROSIS

These are dl variaions on a theme of decreased blood flow with varying degrees of ischemiato
infarction, depending upon the acuteness and severity of the arterid occlusion:

1 Heart: coronary artery atherosclerosis
a Sudden desth with arrhythmia
b. Myocardid infarction

C. Chronic ischemiawith fibross, cardiomegdy

2. Brain: cerebrd artery atherosclerosis
a Stroke (infarction)
b. Trangent ischemic attacks

C. Atrophy, multi-infarct dementia

3. Aorta
a Atherosclerotic aneuryams (abdomind) with mura thrombos's

b. Atheromatous (cholesterol) embali - rardy symptomatic

4, Kidney
a Arterid and arteriolar nephroscleross
b. Hypertension

C. Chronic rend failure

5. Extremities (usudly legs)

a Claudication (pain)
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b. Ischemia, infarction with gangrene
6. Intestines
a Ischemia with pain (abdomind anging)
b. Infarction
Note: The extensive anastomoses between the arteria supplies to the bowe mean that severe
atheroscleross mugt affect al branches for sequelae to occur.
The severity of ischemic tissue damage from atherosclerotic complications depends upon the:
a degree of vascular occlusion
b. length of time of occlusion
C. amount of collatera circulation
d. metabolic demand of the tissue
Therefore, restoration of blood flow as soon as possible is important. For example, more rapid and
complete restoration of coronary blood flow with tissue plasminogen activator (t-PA) after coronary
thrombogis with myocardia infarction results in improved ventricular performance and lower mortality.
Theideaisto not get beyond the point of reversble injury to cdls.
APPROACHES TO PREVENTION OF ATHEROSCLEROSIS
1 Decrease cholesterol (and total fat intake)

a Reduce LDL while maintaining HDL levels

b. Regresson of lipid-rich plaguesis of key importance in preventing acute events

2. Increase exercise: even light exercise has mgjor benefits

3. Drugs. there are saverd classes of drugs that affect lipoprotein metabolism, typicaly by reducing
LDL and increasing HDL cholesterol

a Stetins. such aslovastatin and pravadtatin; they inhibit HMG-CoA reductase in the
pathway of endogenous cholesterol synthess



Bile acid sequedtrants. such as cholestyramine and colestipol; they lower cholesteral by
amechanism of increased bile acid excretion

Nicotinic acid (niacin): apotent anti lipolytic agent, limiting the free fetty acids available
for the synthesis of triglyceride and cholesterol

Fibric acids: such as gemfibrozil and bezafibrate; work by activation of

peroxisome proliferator-activated receptor-apha 1 in the liver, with the net effect of
improving the plasma transport rates of severd lipoproteins

Ezetimibe: inhibits absorption of cholesteral at the brush border of intestina enterocytes,
the decreased absorption aids the cholesterol lowering function of getins.

OTHER FORMS OF ARTERIOSCLERQOSIS
1. Anrterioloscleross

a

Hyadline arteriolosclerosis occursin the small arterioles of the kidney in personswith
hypertenson and/or diabetes mdlitus. It is sometimes seen in very ederly patients who
are normotensive.

There is concentric hyaine thickening of the media

It is associated with benign nephrosclerosis of the kidneys.

Hyperplastic arteriolosclerosis occurs with maignant hypertension.

It is characterized by concentric hydine thickening with more severe narrowing. If
severe, there can be necrotizing arteriolitis. The kidney is usudly affected the most, but
the process may be widespread.

2. Monckeberg's arteriolosclerosis (medid cacific scleross)

Thisisaprocess that does not lead to Sgnificant vascular problems. Itisredly just an incidenta
finding in the dderly. Medium to small arteries (often in neck, extremities, and pelvis) show ring-
like medid cdcification. 1t may make arteries appear bright on radiographs.

This study guide is based upon materid contained within the following reference sources:

Fuster V, Badimon L, Badimon JJ, Chesebro JH. The pathogenesis of coronary artery disease and the
acute coronary syndromes. New England Journal of Medicine. 1992;326:242-250 and 310-318.

Strong JP. Atherosclerotic lesions: naturd history, risk factors, and topography. Arch Pathol Lab Med.

1992;116:1268-1275.
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RossR. Atherosclerosis--an inflammatory disease. N Engl J Med. 2000;340(2):115-26. Review.

Expert Pand on Detection, Evauation, and Treatment of High Blood Cholesterol in Adults. Executive
summary of the third report of the national cholesterol education program. JAMA. 2001,285:1486-
2497.
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CASE STUDIESIN ARTERIOSCLEROSIS

CASE 1
History: A 54 year old male has had increasing chest pain which is associated with exercise.
Youfindthat heis5 6" tdl and weighs 195 Ib. He saysthat he continues to smoke about a half
apack of cigarettes per day, because when he tried quitting, he gained weight. Heworksasa
commodities broker for afinancia inditution that is being investigated by the securities exchange
commission. Heisworried about the chest pain because his father and one brother died from
heart attacks.

Questions for discussion:

1.1  Whatrisk factors are involved in the pathogenesis of atherosclerosis? Which are present
inthis case?

1.2:  What laboratory testswould be helpful in this case?
1.3: Wha iscausng thisman's symptoms? What are potentid sequelag?

1.4:  What isthe ggnificance of the family history?

CASE 2
Higtory: A 45 year old maeis playing racquetbal. After the second game, he says he doesn't
fed well. He says he fed's some chest pain and some numbnessin the left am. He then
collgpses to the floor and his playing partner cdls the paramedics and initiates CPR. However,
when the paramedics arrive, heiswithout apulse. He cannot be revived.
Questions for discusson:
2.1: Review the theories of atheromaformation
2.2:  What factors potentiate atheroma formation

2.3:  What are the complications of atheromatous plagues?

2.4:  What do you suspect asthe cause of desth in this case?

CASE 3

Higtory: A 61 year old mae is brought to the emergency room after he complains of abdomind
pain. Physicd examination revedsthat bowel sounds are present and the abbdomen is mildly
tender. A midline pulsatile massis papated. After thisinitid assessment, heis admitted.



However, on the way to the ward, he suffers an episode of severe abdomina pain associated
with sudden drop in blood pressure and loss of consciousness. He is taken to surgery.
Questions for discusson:
3.1:  What isthe pathogeness of this man’s problem?
3.2:  Describe what the lesion would look like both grosdy and microscopicaly.
3.3:  Describe the locations where such lesions can occur and what the complications would
be.

CASE4
History: A 63 year old woman says she has had episodes of feding “light-headed” or faint over
the past couple of years. Rardly, she will pass out, but regain consciousness within a couple of
minutes. Her total serum cholesteral is found to be 255, with an HDL component of 38.
Questions for discusson:
4.1:  Discuss the pathways of lipoprotein trangport and lipid metabolism.

4.2:  Describe the places where atheromas form and why.

4.3.  What advice could you give to her about treating her problem.

CASES
Higtory: A 73 year old mde has noted that hisleft leg, particularly in the lower portion, seems
cold and numb at times over the past saverd months. He also experiences pain in this extremity
when he tries walking more than 100 meters. His past history is significant for amyocardia
infarction a age 59. On physical examination, dorsdis pedis, pogterior tibia, and poplited
pulses are not palpable. Hislegs are not tender to pal pation.
Questions for discusson:
5.1:  Where do you think the mgor pathologic problem isin this man?
5.2.  What isthe reason for his symptoms?

5.3:  Wha isthe dgnificance of the past history of MI?
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CASE 6
Higtory: A 69 year old male who is overweight has had diabetes mellitus for the past 12 years.
His blood pressure has gradudly increased over that time and is now 155/95. An abdominal
radiograph shows cacification of periprodtatic vessals.
Questions for discusson:
6.1: What arterid leson is present in the kidney?

6.2:  If hisblood pressure were 220/150 what lesions could be present?

6.3:  What isthe sgnificance of the cacified periprogatic vessels?



CASE1

ARTERIOSCLEROSIS CASES
DISCUSSION POINTS

Questions for discusson:

1.1

1.2

1.3

1.4:

CASE 2

What risk factors are involved in the pathogenesis of atherosclerosis? Which are present
inthis case? Mde sex, smoking, stressful lifestyle, family history, obesity.

What laboratory tests would be helpful in this case? Totd cholesterol and HDL
cholesteral.

What is causing this man’s symptoms? Probable angina from narrowed coronary
arteries with atheromatous plaques. What are potential sequelae? Continued and
worsening chest pain, myocardid infarction, congestive heart failure, stroke.

What is the sgnificance of the family history? It suggests asmilar disease processin
relatives. Perhgpsthereisafamilid hypercholesterolemia or perhaps diabetes mellitus.

Questions for discusson:

2.1

2.2:

2.3

2.4

Review the theories of atheroma formation. Endothdia injury with thrombos's. Smooth
muscle proliferation has dso been suggested as one possibility.

Wheat factors potentiate etheroma formation? Vascular turbulence and
hypercholesterolemia. Unfortunately, people who have been treated with a new heart or
new vessals or angioplasty tend to gum up the new vessdls even fagter with
atherosclerosis.

What are the complications of atheromatous plaques? The complications depend upon
the location of the atheromatous lesions. stroke, myocardia infarction, rend failure,

gangrene, €tc.

What do you suspect as the cause of degath in this case? Coronary artery thrombosis.
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CASE 3
Questions for discusson:
3.1:  What isthe pathogenesis of this man's problem? Atherosclerotic aortic aneurysm.
3.2.  Describe what the lesion would ook like both grosdy and microscopicdly.
Slides of the leson are shown
3.3:  Describe the locations where such lesions can occur and what the complications would

be. Mogt of these occur in the aorta below the rend arteries. The complications include
leakage and rupture. Mura thrombus within them may embolize.

CASE 4
Questions for discussion:
4.1:  Discussthe pathways of lipoprotein trangport and lipid metabolism.

a Exogenous pathway: lipids aosorbed in the smdl intestine form chylomicrons
with blood trangport gpoproteins. Endothelia lipoprotein lipase splits off fatty
acids that go to adipose tissue and muscle. Cholesteral-rich remnants go to liver.

b. Endogenous pathway: VLDL from liver are transformed in adipose tissue and
muscle to LDL which are then taken up by avariety of cellswith LDL receptors
that need cholesteral for membrane synthesis. About athird of LDL is degraded
to aform that can be taken up by macrophages and cdlls with modified LDL
receptors (arterid walls).

4.2:  Describe the places where atheromas form and why. They often form in muscular
arteries, particularly at bifurcations.

4.3:  What advice could you give to her about tresting her problem. Lower the serum
cholesteral through diet and exercise. Drug therapy isanext resort. Surgicd therapy to
remove atheromatous plaque is possible, but an operation carries arisk of morbidity and
mortdity.
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CASES

Questions for discusson:

51:  Wheredo you think the mgor pathologic problem isin thisman? Peripherd vascular
atherosclerogsinvolving the iliac arteries or their mgjor branches. Deegp venous
thrombogsis unlikdy in this setting.

5.2.  What isthe reason for his symptoms? Occlusion of blood flow to the lower extremities.

5.3:  What isthe ggnificance of the past history of M1? Further evidence for severe
atherosclerosis.

CASE 6
Questions for discusson:

6.1: What aterid lesonis present in the kidney? Hyadline arteriolosclerosis.

6.2:  If hisblood pressure were 220/150 what lesions could be present? Hyperplastic
arteriolosclerosis.

6.3:  What isthe significance of the cacified periprogtatic vessels? None. Thisis probably
Monckeberg' s medid calcific scleross.
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DIABETESMELLITUS

READING ASSIGNMENT:  Pathologic Basis of Disease, (7™ ed: 1189-1205)

LEARNING OBJECTIVES: At theend of the lecture and upon completion of the reading assgnment,

5.

the student will be able to:
How would you diagnose digbetes mdllitus in your patient?
If you were an insulin molecule, what would you do?
Describe the features of Type 1 and Type |l diabetes mdlitusin regard to:

age of onset

body weight

pathologic appearances of the idets of Langerhans
|aboratory features

etiologies

complications

~0 Qo0 oW

Describe the long term complications of diabetes mdlitus with regard to:

a pathogenesis
b. magjor organ system pathology (heart, kidney, brain, eye, soft tissues)

How does diabetes mdllitus affect pregnancy?

DEFINITION OF DIABETESMELLITUS

A.

B.

Diabetes mdlitusis areative or absolute deficiency of insulin leading to glucose intolerance.
Glucose intolerance is measured by detection of hyperglycemia. Thisis determined in the
laboratory by measurement of serum glucose. A random blood glucose, not determined in
relation to medls or fagting is normaly between 70 and 110 mg/dl.

Definition of diabetes mellitus:

1 A fagting blood glucose (no caoric intake for eight or more hours) exceeds 126 mg/dL.

2. The 75 gm glucose tolerance test is more than 200 mg/dL after 2 hours.

3. Older definition: Diabetes mdlitusis diagnosed when the fagting blood glucoseis> or =
140 mg/dL on two occasions.

4. Typicd symptoms of polydipsia, polyuria, and unexplained weight loss are present dong
with any blood glucose measurement >200 mg/dL.
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D. Glucose measurements.

1.

Many diabetes patients nowadays measure their own blood glucose with afingerstick
from which adrop of blood is placed on areagent test strip that can be read by asmple
device (glucometer).

An older method that you may read about or see that is a smple, rough measure of
control of blood sugar is measurement of urine glucose with a*“Clinite” tablet put into
an diquot of urine and the color change recorded to give a semiquantitative measure of
the amount of glucose being spilled into the urine.

Glucose tolerance test: thistest is not done that much anymore. After an overnight fagt,
the patient is given ameasured quantity of glucose (usudly abattle of Glucola containing
75 gm of glucose) and then blood glucose levels are determined at basdline, 1 hour, 2
hours (and occasiondly up to 6 hours) later.

Ordinarily, the glucose will rise and then fdl with anormd insulin response. With
diabetes mdlitus, the glucose will rise higher and not fal asfad.

220

200

DIABETES MELLITUS

180

160

140
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120
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100
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80

0 1 2 3 4
HOURS FOLLOWING GLUCOSE INGESTION
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PHY SIOLOGIC FUNCTIONS OF INSULIN
A. Under the influence of the blood glucose leve, beta cdlls of the pancrestic idets of Langerhans
secrete proinsulin which is cleaved to C-peptide and biologicdly active insulin. Normaly, C-

peptide and insulin are secreted into portal venous blood in a 1:1 ratio, but C-peptideis cleared
more dowly, so theratio of insulin to C-peptide should be <1

B. Insulin promotes trangport of glucose and amino acids through cell membranes. Thelack of
insulin leads to:

Hyperglycemia
Glycosuria (spilling of glucosein the urine)
Polyuria (osmotic diuresisleading to...)
Polydipsia (increased water consumption)
Polyphagia (increased appetite)
1 Important cells (which make up 2/3 of body weight) which require insulin for glucose
uptake include:
a skeletd, smooth, and cardiac muscle
b. steatocytes
C. fibroblasts
2. Important cells which do not need insulin for glucose uptake include:
a neurons
b. red blood cdlls
C. kidney
d. retina

e lens
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C. Inulin promotes the conversion of glucose to triglycerides and adipose tissue; if insulinis lacking,
there isincreased use of fatty acids with generation of ketone bodies leading to a metabolic
acidosis.

D. Insulin promotes glucose conversion to glycogen (glycogenesisin the liver and skeletal muscle).
A lack of insulin leads to glycogenolysis and gluconeogenesisin the liver.

E Insulin promotes increased protein synthesis (anabolic effect). The lack of insulin leadsto
increased protein catabolism, particularly of muscle and adipose tissue.

INCIDENCE OF DIABETES MELLITUS

Incidence of Type | and Type |l Diabetes Mellitus
{per 1000 population)
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There are about 15 million Americans with diabetes mellitus; about half are undiagnosed.
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TYPE | DIABETESMELLITUS

A.

Thereisan absolute lack of insulin because there isalack of beta cdlsin the idets of
Langerhans. Hence, plasmainsulin levelswill be low. Hence, the synonym for this condition:
insulin dependent diabetes mdlitus (IDDM).

Etiologies that have been proposed include:

1 A genetic susceptibility. Thisis suggested by the tendency for didbetes mellitusto runin
families. It isaso suggested by the increased appearance of HLA DR3 and HLA DR4
in didbetics.

2. Environmenta causes. Chemicd toxins might be involved (pentamiding). Vird infection
of the pancreas with inflammation may precede diabetes mdlitus.

3. Autoimmunity. The beta cells are attacked by the immune sysem. The infiltration of the
idets by T-lymphocytes suggests that autoimmunity may play arole.

Histologic examination of theidets of Langerhans may reved an “inaulitis’ with lymphocytes (this
occurs before the clinical onset of disease). Later, when the disease is overt, there may be
hardly any idets remaining.

The age of onsat is usudly under 20, hence, the name of “juvenile onset diabetes mellitus’ but
type | diabetes mellitus can sometimes occur at an older age.

Body habitus: usualy thin because of glucosuria with loss of glucose and increased protein

cataboliam.

Magjor metabolic complication is ketoacidosis.

1 The absolute insulin lack, coupled with glucagon increase, results in the use of faity acids
in metabolism. Thisleads to the elaboration of ketone bodies (acetone, acetoacetic acid,
beta hydroxybutyric acid) which lead to metabolic acidoss.

The ketone bodies are expired (can be detected on the breath of the patient) and
excreted in the urine (where they can be detected with a urine dipstick).

2. Typica |aboratory findings with type | diabetes mellitus include:

Patient Normal
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Glucose 500 mg/d| <110
Sodium 152 mEg/L 135-147
Potassum 5.0 mEg/L 3.5-5.0
Bicarbonate 8 mEg/L 22-28
Urine Ketones 4+ negaive
Osmolarity 320 mosm/L 275-295

3. Physcd findingsindude:
a dehydration
b. Kussmaul respirations

4, Clinical symptomsinclude:

a anorexia
b. nausea
C. vomiting

d. abdomind pain

€. coma

TYPE Il DIABETESMELLITUS

A. Thereisardative lack of insulin. Plasmainsulin levels may be normd to decreased. The
problem isincreased resstance of cdlsto insulin, leading to a decreased or blunted insulin
response with hyperglycemia. Adipocytes secrete a ignding molecule called resgtin which is
increased in obesty and diminishesinsulin action. The synonym for this condition: non-insulin
dependent diabetes mellitus (NIDDM).

B. Etiologies proposed include:

1 Insulin resstance. Too many fat cdls, or mafunction of glucose receptors and transport
units with increased residtin levels.

2. Beta cdl hypofunction. The beta cells do not respond normally and the response to
hyperglycemiais blunted. Thereisalack of insulin reative to the demand for it.
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3. A genetic susceptibility is suggested by the fact that 60% of type |1 digbetics have a close
relative with diabetes.

C. Histologic examination of the pancreas revedls norma numbers of idets of Langerhans that may
gppear norma or that have deposition of amyloid.

D. The age of onset is usudly over 30, hence the name “adult onset diabetes mdllitus’ but some
Ccases may appear in younger persons.

E Body habitus: usualy obese (in about 80 to 90% of cases). Diet and exercise done could
control blood glucose in 10 to 20% of type |1 diabetics.

F. Major metabolic complication is hyperosmolar coma (non-ketotic diabetic coma): thereis
enough inaulin to prevent burning of fatty acids, but not enough to keep the glucose from rising.
Usualy, thereis dehydration from lack of adequate fluid intake coupled with an osmoatic diuresis.

The result isamarkedly eevated blood glucose.

G. Typica laboratory findings with type Il diabetes mdlitus:

Peatient Normal
Glucose 1000 mg/d| <110
Sodium 144 mEg/L 135-147
Potassum 5.0 mEg/L 3.5-5.0
Bicarbonate 22 mEg/L 22-28
Urine Ketones negative negative
Osmolarity 380 mosn/L 275-295

H.  Clinicd findings of type|l dicbetes mellitus

a dehydration
b. clouded sensorium or coma
C. Kizures

PREGNANCY AND DIABETES MELLITUS

A. The stress of pregnancy may lead to development of diabetes mdlitusin mothers who have a
predisposition toward diabetes, or mother may adready be adiabetic. About 2.5% of live births
are accompanied by maternal diabetes (5% for Native Americans).



B. The mgor problem is accderated aging of the placenta, leading to placenta insufficiency.

1 This risk increases as the pregnancy progresses, but is especidly high >36 weeks
gedtation.

2. The problem: get the pregnancy out far enough to avoid complications of prematurity
(such as hyaine membrane disease) while not waiting too long and risking intrauterine
fetd demise.

C. Infant of a diabetic mother.
1 Baby tends to be large (macrosomia) due to the growth-enhancing effects of insulin.

2. After birth, baby may develop hypoglycemia because the baby’ sidets are increased in
number and size from being in the maternd hyperglycemic environment.

3. Thereisadightly increased risk for feta maformation.

LONG TERM COMPLICATIONS OF DIABETESMELLITUS
A. The biochemical basisfor complicationsis partialy explained by:
1 Non-enzymatic glycosylaion of proteinswith hyperglycemia

a advanced glycosylation end products accumulate, attach to arterid walls, link
LDL cholegteral, and accelerate atherosclerosis. Macrophages may be
simulated to secrete TNF and IL-1.

b. this can be measured with hemoglobin A1C. HgbA1C gives an indication of
diabetic control over alonger time than a single blood glucose measurement
(because RBC' s last for about 4 months).

2. Increase in sorbitol in cdlls of tissues not requiring insulin for glucose uptake.
Hyperglycemialeads to increased glucose in such cdls (e.g., reting, nerve, lens),
converson of glucose to sorbitol, and subsequent osmotic cdl injury.

Aldose reductase acts on the first step of the polyol metabolic pathway to catalyze the reduction of glucose to
sorbitol. Hyperactivity of the pathway in individuals with high blood glucose level is closely related to the
onset or progression of diabetic complications. This may partially explain the neuropathy, retinopathy, and
cataracts that appear with diabetes mellitus.

Aldose reductase inhibitors, such as fidarestat, may be away of |essening the damage done viathe polyol
pathway.
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Microangiopathy: thickening of the vascular basement membranes. Capillaries become more
permegble. Hyaline arterioloscleross developsin rend arterioles. May or may not be

accompanied by hypertension.

Accderated atherosclerogsis present with the following festures:

1 Earlier, more advanced, and more severe lesions than in non-diabetics
2. Hyperlipidemiais more frequent

3. HDL is degraded faster because it becomes glycosylated

4, LDL cholesteral attaches more readily to vessdls, as do platelets

Infection is more frequent: hyperglycemia reduces leukocyte function; aso, poorly perfused
tissues are more prone to injury and poor hedling.

ORGAN SYSTEM COMPLICATIONS OF DIABETESMELLITUS

Note: most of these organ system changes appear decades after onset of diabetes melitus.

A.

Heart: coronary atheroscleross with myocardid ischemiaand infarction are common. The most
common cause of deeth in digbeticsis acute myocardid infarction.

Kidney: chronic rend failure is acommon complication

1 Glomeruloscleross
2. Nephrosclerosis
3. Pydonephritis and papillary necross

Brain: cerebral atherosclerosis contributes to the appearance of a“stroke’. Thismay dso bea
complication of cardiac disease.

Eye ocular disease in diabetics often includes diabetic retinopathy, which isacommon form of
blindness, cataracts of the crystdline lens may appear; glaucoma (increased intra-ocular

pressure) may appedr.

About 90% of diabetic eye problems could be prevented by diagnosis and treatment of diabetes
mellitus. 25,000 Americans go blind each year from complications of diabetes.
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E Peripherd nerve

1 Both sensory and motor periphera nerves are affected, but the loss of pain sensation and
touch is more sgnificant.

2. Autonomic nerve dysfunction leads to:
a abnormal gastrointesting tract motility

b. hypotonic bladder and obstructive uropathy
C. impotence through failure of erection and gaculation

F. Skin and soft tissues (“diabetic foot”)

1 Extremities are more easlly traumatized due to peripherd neuropathy
2. Tissues are dower to heal because of periphera atherosclerotic vascular disease
3. Injured tissues are more prone to infection

4. Smpleingpection of the feet for minor injuries could prevent about helf of the 50,000+
amputations performed each year on diabetics.
FUTURE OF TREATMENT FOR DIABETES MELLITUS
A. The gene for human insulin synthes's has been utilized via recombinant DNA technology to

manufacture pure, non-immunogenic human insulin in large quantity.

B. Efforts are underway to perfect the technique of idet cdl trangplantation.

CASE 1
Higtory: The mother of a 15 year old girl schedules an office vigit for her daughter with you. The
mother is concerned because her daughter is consuming alarge amount of food and yet does not
gppear to gain weight. Her daughter has also developed the habit of drinking awhole six-pack
of diet Cokein an evening.
Quegtion 1. Which of the following laboratory findings would you expect in this setting:

A. Increased plagmainsulin
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Decreased plasma glucagon

Urine ketones 4+

Serum osmolarity of 360 mosm

Decreased plasma hydrogen ion (alkaosis)

mooOw

Quedtion 2. Sheisa mos risk in the coming year for:

A. Hyperosmolar coma
B. Acute myocardid infarction
C. Rend failure
D. Blindness
E Ketoacidosis
CASE 2

History: A 57 year old manis5' 7’ and weighs 264 Ib. He has an ulcer on hisfoot that has't
heded in 3 months following a5 mile hike (hisfirg atempt a exercisein years). A urinayss
shows 1+ protein and 3+ glucose.

Quedtion 1: Which of the following best fits with this history:

Idet cdl antibodies

Insulitis a some point in the past
Propensity for ketoacidosis
Normal or decreased blood insulin
Increased HDL cholesterol

moo®>»

Quedtion 2: Which of thefollowing rend lesonsis LEAST likely to occur in this man:

Interditial nephritis
Nodular glomeruloscleross
Rend papillary necross
Rend arteriolosclerosis
Pydonephritis

moo®>»

Question 3: Persons with diabetes mellitus for several decades are most prone to develop:

A. Chronic vird infections
B. Malabsorption

C. Dementia

D.

Pulmonary fibross
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E Myocardid infarction

CASE 3

Higtory: A 25 year old male diabetic has been on regular injections of insulin for the past 14
years. One morning, he does not show up at his scheduled time for work. Co-workers have an
ideawhat may have happened, because of the fight with his girlfriend he described yesterday, a
which time he was feding fine. One co-worker grabs something from a desk drawer and heads
to his house, where the young diabetic is found on the floor in a stuporous condition.

Question 1: What is the complication that occurred:

A. Acute myocardid infarction
B. Hypoglycemic shock

C. Ketoacidoss

D. Acuterend failure

E Hyperosmolar coma

Question 2: What isthe best |aboratory test to indicate whether or not he has been in good
control of his diabetes mdlitus (on the prescribed diet and taking insulin on schedule):

A. Fasting blood glucose
B. Serum osmolarity

C. HgbA1C

D. Urindyds

E Serum C-peptide

Quedtion 3: What did the co-worker take out of the desk drawer:

A. Insulin injection

B. Bottle of Glucola

C. Epinephrine injection

D. Bottle of Gatorade

E Pamphlet with phone number for prior approva for hospitdization in hisHMO
CASE 4

History: A 40 year old nurse has recently begun working an evening shift on 3 North. After
about aweek, she is suddenly and without warning found down in the supplies room afew
minutes after egting lunch. The co-worker noted that she had been fine only afew minutes
before when she had been eating lunch. Sheis admitted and found to have the following
|aboratory findings: serum glucose 32, sodium 135, potassium 4.5, bicarbonate 26, and
osmolarity 285. Urine ketones are negative. Sheis given D50 and revivesin afew minutes.
She gives ahistory of frequent attacks of hypoglycemia. Her physician suspectsthat he can
explain these findings with one laboratory test.
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Question 1. What is the |aboratory test the physician ordered:

A. Glucose tolerance test
B. HgbA1C

C. Pasmainaulin

D. Serum C-peyptide

E HDL cholesterol

Quegtion 22 Which of the fallowing would not explain hypoglycemia

A. Idet cdl adenoma
B. Chronic pancrestitis
C. Fectitious insulin administration
D. Prolonged fasting
E Liver falure
CASE 5

Higtory: A 71 year old femae with NIDDM is found comatose by her nephew. She had
phoned him just yesterday and stated, “I'm aways aone and nobody ever vistsme” He found
out that she had not been fedling well for severa days and had not been drinking much water and
had been eating only some cookies.

Question 1: Which of the following is most likely to be present:

A. Markedly increased serum osmolarity
B. Inaulitis
C. Serum glucose of 20 mg/d|
D. Increased HDL cholesterol
E 4+ urine ketones
Key:
CASE 1
1 C; thispatient has IDDM; the plasmainsulin should be decreased, the glucagon increased, the
serum osmolarity dightly increased because of an increased serum glucose, and she should have
acidosis because of the use of fatty acids in metabolism, leading to acidosis and urine ketones.
2. E; the complications of myocardiad infarction, blindness, and rend failure take years to occur;
hyperosmolar comais afesture of NIDDM.
CASE 2
1 D; thispatient has NIDDM (typell).



2. A; interdtitid nephritisis not afeature of DM.

3. E; the MI would result from atherosclerosis of coronary arteries.

CASE3

1. B; this describes aformer colleague of mine who, following afight with his girlfriend, would act
out by not eeting--but he would continue hisregular insulin injections. Thiswould lead to
hypoglycemia. The other complications listed would be unlikdly if he had been fine the day
before. Heart disease would probably be seen at alater age. Given the age of onset of his
disease, he probably has IDDM.

2. C; the HgbA1C measures the degree of glycosylation of RBC's, snce RBC' s survive an
average 4 months, this gives a good indication of how much hyperglycemia has been present
over time,

3. B; if hedidn’'t show up to work by 10:00 we would send someone over to his house with a
bottle of Glucola. Insulin must be refrigerated.

CASE 4

1 D; shedid not give a history of diabetes mellitus; she does not have hyperosmolar coma or
ketoacidos's; she has savere hypoglycemiabut it is not for lack of food; if the hypoglycemiais
due to increased endogenous insulin, then C-peptide should be present, but if the hypoglycemia
is factitious, then C-peptide will be absent. Normdly, the insulin to C-peptide ratio should be <1

2. B; chronic pancrestitis has the potentia for wiping out idets aswdl as acini if the inflammation is
severe enough. Thiswould lead to IDDM.

CASE5

1. A; shehashyperosmolar coma. The glucose can reach 800 mg/dl or more.
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PATHOLOGY 6601, FALL 2006
NEOPLASI A

Morton H. Levitt, MD

Robert Oldham, MD

READING ASSIGNMENT: Pathologic Basis of Disease, (7" ed: 270-339)
LEARNING OBJECTIVES:. At theend of the lectures, lab and small group, and reading assignment,

the sudent will be ableto:

1 Define what a neoplasm is and describe ways to determineif it is benign or malignant.



10.

11.

12.

Describe the sequence of events from metaplasiato dysplasiato carcinoma and what controls
them.

Outline and use a nomenclature for naming of neoplasms.
Describe what differentiation is and how it applies to grading of neoplaams.
Describe how neoplasms spread and how this applies to staging of neoplasms.
Describe how the following techniques are used to characterize neoplasms pathologicaly:
light microscopy
€lectron microscopy
immunohistochemistry
tumor markers (antigens)
gene rearrangements
flow cytometry
microarrays
Describe the biology of:
tumor origin (carcinogenesis and the factors that increase it)
tumor growth
spread of tumors

Define what an oncogene is and how oncogenes function in neoplasia

Describe karyotypic (chromosoma) abnormalitiesin neoplasia

Define paraneoplagtic syndrome and describe clinica and pathologic findings that may occur with

them.

Describe the mgjor epidemiologic features of malignant neoplasmsin terms of frequency, degth
rates, and changes in incidence over time.

Outline methods for treatment of neoplasia and why they work (or not).

DEFINITIONSAND BASIC CONCEPTS:

1.

Normd growth and differentiation. Cells grow in an orderly manner. They go through the cdll
cycle which has been divided into severd events

In G1, MRNA is made for the proteins which will be used to synthesize DNA

In S-phase, the cells DNA is made
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In G2, mRNA is made which codes for the proteins necessary for cdl divison

In M-Phase (mitoss), cdls divide.

Growth Alterations.

A.

Hypertrophy. Thisrefersto anincreasein the sze of cdlswhichisreflected inan
increase in the Size of an organ. Thisis caused by increased workload or stimulation. 1t
is not a neoplastic process.

Hyperplasia. Thisrefersto anincreasein the number of cdls. Thiscan only occur in
tissues that have the ability to divide such as bone marrow.

Sometimes the increase in the Sze of an organ is due to both hyperplasiaand
hypertrophy such as occurs in the uterus during pregnancy.

Atypica hyperplasiacan be a precursor to cancer.

Metaplasia. This refersto the phenomenon in which one mature cdl typeis replaced
by another mature cdll type.

The mogt common is the change from columnar epithelium to sgquamous epithdium. This
commonly occurs in the uterine cervix and the lung and is probably an adaptive event
gnceit generdly follows chronic irritation. Functional deficits may result. For example,
the lack of ciliaand mucus production associated with sgquamous metaplasiain bronchi
may predispose to pulmonary infections.

Metaplasia can be the first step toward neoplasia, when followed by dysplasia

Dysplasia. Thisrefersto an anormality of differentiation and maturation with
disorderly growth of cdllsin epithdid linings. Dyspladtic cdls have nuclear dbnormadities,
cytoplasmic abnormadities, increased rate of cdll multiplication and show a disordered
meaturation sequence.

Dysplasais generdly felt to be apre-malignant process. It isassociated with ahigh
risk of invasve cancer. Consequently, if dysplagtic epithelium is removed, your petients
risk of subsequently developing cancer is decreased.

Neoplasia. Theterm isfrom Greek (Neo=new and plasia=growth). Neoplasms are
commonly recognized by the formation of abnormal tissue masses cdled tumors,
athough the term "tumor™ can be gpplied to any sweling.
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Whereas dl of the above growth disturbances have some type of defined stimuli
controlling them, neoplasms grow independently and are uncontrolled by norma
physiologic processes.

There are many different kinds of neoplasms and it is necessary to diginguish dl of these
types for reasons of establishing prognosis and selecting therapy.

There are two main categories of neoplasms, those that are benign and those that are

malignant.

In generd, benign neoplasms are dower growing, remain localized, will not invade
underlying tissue, will not metastasize, and can often be completely removed by surgica
excson.

Malignant neoplasms tend to be faster growing, irregular in shape, will invade and
destroy underlying and surrounding tissues, will metastasize (Soread throughout the body)
and may be difficult to control. Maignant neoplasms will kill your patient if they are not
adequately controlled.
There is a semi-cond stent nomenclature used to refer to neoplasms:
Benign neoplasms are indicated by the suffix "omd'.
Mdignant neoplasms of epithelid tissues are referred to as carcinomas
Madlignant neoplasms of mesenchymd (stromal) tissues are referred to as
sarcomas

There are exceptions:

Teratomas arise from totipotential germ cells and can differentiate into tissues of
the embryo. They are usudly benign in the ovary but mdignant in the testis.

Blastomas are neoplasms of primitive embryonic cells usualy found in infants and
children.

Melanomas are maignant tumors of melanocytes.
Lymphomas are mdignant tumors of lymphoid cells

Hepatomas are malignant tumors of hepatocytes and should probably be
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referred to as hepatocdlular carcinomas.

Gliomas (e.g., adrocytoma) are maignant tumors of the glid supporting cells of
the centra nervous system.

THE NATURE OF NEOPLASIA

MORPHOLOGIC FEATURES

A.

Differentiation. Differentiation refersto the degree that a neoplasm resemblesits cdl of
origin.

Wl differentiated means the neoplasm has a close resemblance to its norma
counterpart, the cdl of origin. A lipomalooks just like mature adipose tissue.

Poorly differentiated means there is only a distant resemblance and it might not even be
possible to determine by light microscopy the cdl of origin. Maignant tumors tend to
have |less differentiation.

All benign neoplasms  are wdll differentiated. Maignant neoplasms may be well
differentiated but also may be moderately differentiated or poorly differentiated.

The term angplasiais sometimes used for amalignant neoplasm that is so poorly
differentiated that it is hard to tell what the cell of originis. Such tumorstend to be very
aggressve.

Cytologic features of malignant neoplasms. Malignant cellstend to be pleomorphic.
They vary in Sze and shepe. The nudei of maignant cdlls dso have a pronounced
tendency to show variation in size and shape.

Malignant cells may show a high nuclear to cytoplasmic (N/C) ratio. Many timesthe
chromatin in amaignant cdl isirregular and gppears clumped. the high DNA content
aso makes the nuclel stain darker, and they are called hyperchrométic.

Madignant cdlls dso may have prominent nucleoli and mitotic figures may be quite
abundant.
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These cytologic features are clues that aid pathol ogists in diagnosing maignancy.

C. Architectural features of malignant neoplasms. The cdlsin amdignant neoplasm
show loss of normd orientation. They grow without well defined boundaries. This can
result in a disorganized mass of tissue.

D. Ultragtructural featuresof malignant neoplasms. There are no diagnostic clues
from electron microscopy as to whether a neoplasm is benign or maignant.

Ultresiructural anaysis of a neoplasm can help determine lineage (the cell of origin). For
example, if a poorly differentiated neoplasm is found to have some melanosomes by
€electron microscopy, this might indicate the neoplasm isameanoma. Separation of a
melanoma from other malignant neoplasms is important for dinica management.

E Stroma. The stroma surrounding a neoplasm can vary greetly from very little to
abundant dense connectivetissue. It isthought that some neoplasms induce norma
fibroblasts via growth factorsto produce abundant collagen, called desmoplasia

Thisyields a dense connective tissue sromain which the mdignant cellsgrow. Thisis
referred to as adesmoplastic response. Breast cancers commonly do this. Such
cancers are sometimes described as “ scirrhous’.  This makes the neoplasm fedl hard on

pa pation.

SPECIALIZED DIAGNOSTIC TECHNIQUES:

In order to determine the cell of origin of a neoplasm to help determine appropriate therapy, a
variety of techniques can be gpplied. Formost among these isimmunohistochemistry, which
involves using specific antibodies to celular componerts of tissues obtained cytologicaly, on
biopsy, or in resected specimens from surgical procedures. The results are viewed by light

microscopy.
A. I ntermediate filaments. These represent a class of cytoskeletd proteins that show
lineage redtrictions.

Cytokerdtins are agroup of cytoskeletd proteins found in epithdid cdls. They generdly
are not found in cdls of mesenchymd origin.
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Antibodies againgt cytokeratins can be used to stain human tissues. If apoorly
differentiated neoplasm shows reactivity towards the cytokeratins, this suggests that the
neoplasm is of epithdia origin (carcinoma).

Alterndtivey, vimentin is an intermediate filament common to mesenchymd tissues. A
tumor showing reactivity towards vimentin may be of mesenchyma origin (sarcoma).

B. Tissue specific antigens. Many tissues and cells express specific antigens.

Lymphocytes express a surface glycoprotein referred to as leukocyte common antigen
(LCA).

Prostate tissue expresses prostate specific antigen (PSA) and prostate specific acid
phosphatase (PAP).

Thyroid expresses thyroglobulin.

Cdlsof neurd origin may express S-100 or neuron specific enolase (NSE).
Melanomas may express HMB-45 or Mdan-A.

Cdlsof glid origin may express glid fibrillary acidic protein (GFAP).

Sometimes cancers derived from a specific tissue will Hill express the tissue specific
antigen, even when poorly differentiated or when metastatic. For example, prostate
cancers many times will till express PSA.

Unfortunately, the antibodies are not completely specific for a particular tumor type, and
the cells may not express the antigen. Panels of antibodies can be performed to try and
determine the cdll of origin.

C. Generearrangements. Molecular biology is now finding its way into diagnogtic
pathology. Thisis most noticeable in the diagnogs of the lymphomas. Many lymphomas
recapitulate the normal process whereby a lymphocyte rearranges its immunoglobulin
genes or T-cell receptor genes in order to generate the diversity found in response to

many antigens.

Since lymphomas are clond, al tumor cdlls show the same gene rearrangement. This
rearrangement can be detected by Southern blot andysis and yields data both on the
lineege of a particular neoplasm aswell asindicating clondity.
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Flow cytometry. Fow cytometric analyss of neoplasms andyzes DNA content. This
yieds information on the fraction of cellsin S-phase as well as the chromosome content.

Neoplasms which have ahigh S-phase value and/or an odd number of chromosomes
(aneuploidy) tend to be more aggressive and may require more aggressive therapy. This
information is now routinely being obtained on breast carcinomas as well as other
neoplasms.

Microarray technology. A microarray isadide which contains thousands of DNA
sequences of known genes. Messenger RNA from atumor is isolated and copied into
cDNA. The cDNA isthen gpplied to the microarray dide and hybridized.

The genes which are expressed in the tumor, and therefore copied into cDNA, can be
determined by seeing which microarray sequences the tumor cDNA hybridizesto. In
thisway, the expression of thousands of genesin atumor can be studied.

Microarray technology is being used to classify human cancers based on gene
expression.

GROWTH AND SPREAD OF NEOPLASMS:

A.

Clonal origin. Neoplasms probably are derived from asingle cdl. Thisistrue both of
benign and mdignant tumors. Evidence for thisincludes.

Multiple mydoma Patients with multiple myeloma, amaignancy of plasma cdls
excrete asngle immunoglobulin in their urine.

Uterine lelomyomas in women who are heterozygous for different dleles of glucose-6-
phosphate deydrogenase (G6PD) express either one or the other dlele, but not both.

Lymphoma As discussed above, many lymphomas show a single rearranged
immunoglobulin or T-cell receptor gene.

Growth rate. In generd, benign neoplasms grow dowly and malignant ones grow fast
athough there are many exceptions. Fibroadenomeas of the breast, for example, may

increase rapidly in Sze during pregnancy.
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The more poorly differentiated a cancer is, usualy the faster it grows.

Style of growth. Benign neoplasms expand and many are surrounded by afibrous
capsule or compressed normd tissue (“pseudocapsule’). They tend to be well
demarcated and fredly mobile (not attached to surrounding structures). This can be
gppreciated during pa pation on physical exam.

Malignant neoplasms invade surrounding or underlying tissue. Their borders are not well
defined and they can be difficult to demarcate on physicd exam. Their invasiveness
means that they are not fredy mobile (they tend to be fixed to surrounding structures).

TUMOR INVASION AND METASTASIS:

A.

Tumor cdl attachment. To invade tissues, cancers mugt first be able to attach to the
basement membrane. Laminin is a basement membrane glycoprotein.

Some cancers have increased laminin receptors on their cdll surfaces. Thismay dlow
them to attach more readily to basement membranes.

Matrix degradation. In order for cancersto penetrate and move into underlying
sroma, they must degradeit. It is becoming apparent that highly invasive and aggressive
cancers secrete avariety of degradative enzymes which destroy tissue.

Some of these enzymes may turn out to be diagnogtically useful. For example, cancers
producing high levels of cathepsin may be more aggressive than those that do not and
these cancers might need to be trested more aggressively.

Tumor cell locomotion. Obvioudy tumor cells must be able to move in host tissue if
they areinvasive. Littleisknown asto what controlsthis. Perhaps chemotactic factors
may be important.

Metastatic spread. Metastass isahighly selective process. It may be that only one
cancer cdl out of many is endowed with metadtatic potential. Such a cell must be ableto
penetrate microvasculature and attach to vascular endothelium.

Once in the metastatic Site, the cancer cdll must penetrate the stroma of the foreign
organ and then grow as an independent colony in an environment quite different from that
in the tissue of origin.



ONCOGENESAND NEOPLASIA

There are many genes involved with the process of cdlular proliferation. Many of these geneswere
activein embryonic life as cdlular divison, differentiation, and growth occurred. Some of these genes
continue to function in some capacity throughout life. 1f such genes are ingppropriately turned on or are
not suppressed, or if abnorma growth genes are introduced into the genome, then there isloss of growth
control. In such Stuations, a neoplasm can occur.

RETROVIRUSES:

A retrovirus has an RNA molecule asits genome. As part of itslife cycle, the RNA gets
converted to DNA by the action of reverse transcriptase. The DNA can then get incorporated
into the host chromosome.

Retroviruses can cause tumors in many animas. The question as to how aretrovirus can cause
cancer in an animd is fundamenta to our understanding of carcinogenesis. In studies with cdlsin
culture, it was found thet retroviruses generdly transform acell (cause it to become malignant)
over aperiod of severd months. However, occasondly aretrovirus was found that can
transform acdl in amatter of days.

These latter viruses were found to contain asingle, novel gene that when expressed in aanimal
cell, caused the cdll to become malignant. This gene was therefore referred to as an oncogene.

Much effort has been put into the study of how oncogenes work and athough RNA viruses
probably play only aminor role in human maignancies, what we have learned from vird
oncogenes has revolutionized our understanding of human malignancies.

SRC ONCOGENE AND THE THEORY OF ONCOGENESIS:

Thisis the oncogene of the Rous Sarcoma Virus (RSV) and was the first oncogene to be
amenable to scientific experimentation. The src oncogene codes for a protein kinase. A kinase
is an enzyme which attaches phosphate to proteins.

The src protein is atyrosine kinase which makes it somewhat different than other kinases found
incdls.

When cdlls are transformed by RSV, the level of phosphotyrosine goes up 10-fold whichisan
indicator of src activity. It now appears that one target of the src kinase is vinculin which is found
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in cellular adhesion plagues. These are areas in which cdlls are anchored to surfaces.

By phosphorylating vinculin, adhesion plaques are disrupted and cells can now grow without
anchorage to solid supports. Anchorage independent growth is ahdlmark of mdignant cdls.

Where did the src gene come from? The oncogene hypothesis, first expounded by Huebner and
Todaro in 1972, Sates that oncogenes arein fact derived from normd cdlular genes. These
genes may be activated or changed, but al oncogenes have anorma counterpart in non-
transformed cdls.

During evalution, retroviruses have gpparently incorporated these cdlular genesinto the vird
genome. When in thevirus, the src geneisreferred to as v-src. Its counterpart in normd cdlsis
referred to asc-grc. In norma cdlls, c-src ismade in smal amounts and is non-transforming,
however, when carried on avird genome during infection, v-src is made in high anountsand is
ableto transform cells.

If the oncogene hypothesisis true, then DNA isolated from norma, non-maignant cells should
contain the src gene. With the new techniques of molecular biology it has now been possible to
answer this question. It turns out that DNA isolated from non-maignant cdlls does indeed
contain the src oncogene, which suggests the oncogene hypothesisistrue.

This suggests that we probably al carry genes, that if ingppropriately turned on or mutated, can
cause cancer. Thiswasamgor insght into our understanding of the nature of the maignant cdll.

RAS ONCOGENE:

Some human cancers have been found to contain oncogenes. If DNA from normd, nor
transformed cdlls is incubated with mouse fibroblasts, the mouse cdlls take up the DNA but
nothing abnorma happensto the cdlls. If, on the other hand, mouse fibroblasts are incubated
with DNA derived from certain human cancers, the mouse cells take up the DNA but become
mdignar.

This says that the DNA isolated from some human cancers contains a gene that when introduced
into anormal mouse cdll, causesthat cdll to become cancerous. For human bladder cancers,
that gene isrelated to the oncogene of the rat sarcomavirus (RAS).
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The normd ras gene product is a GTP binding membrane protein. It probably has something to
do with transmitting signds from the outside of the cdll to theingde. In performing this function, it
hydrolyzes GTP; itisa GTPase.

When ras becomes oncogenic, it appears to have acquired certain mutations that prevent the
protein from hydrolyzing GTP. Thiskegpsthe cdl ina"turned on" or transformed sate. Thisis
an example how asingle mutation can activate anormd cdlular gene and cause it to become an
oncogene.

CHROMOSOMAL TRANSLOCATIONS AND ONCOGENE ACTIVATION:

For along time it has been known that many human cancers are associated with chromosome
trand ocations in which a portion of one chromosome is transferred to another. Only recently has
the sgnificance of some of these trand ocations become clegr.

Burkitt's lymphomais a common lymphomain Africa. Thistumor is characterized by a specific
chromosomal trandocation.

A portion of 8 joins up to 14 and a portion of 14 joinsup with 8. Thisisabaanced
trandocation. As scientists were beginning to understand what oncogenes were, they
became interested in Burkitts lymphoma because a particular oncogene, c-myc, is
located on the portion of chromosome 8 that gets trand ocated to chromosome 14.

C-myc codes for anuclear protein that probably has something to do with DNA
gynthess. Normally it is made in very smal amounts but when trand ocated to
chromosome 14 it comes under an active promoter and its expression is greetly elevated.

Only when c-myc is expressed in high amounts, doesit become oncogenic. Thisis
reminiscent of the src gene.

Another chromosoma trand ocation that was known for along timeisthe 9 to 22 trandocation
that characterizes chronic myelogenous leukemia (CML).
Thisis sometimes referred to as the Philade phia chromosome. In this case, an

oncogene, c-abl, istrandocated from its normal position on chromosome 9 to
chromosome 22.

When spliced to genetic materiad on chromosome 22, it now codes for aprotein which is
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about 60,000 daltons higher in molecular weight. Interestingly, this hybrid protein now
has an active tyrosne kinase which the normd, unspliced c-abl did not have.

ONCOGENESAND ANTI-ONCOGENES:

In recent years data have been accumulating which indicates that some cellular genes function by
keeping cdl growth under control. Aslong as these genes are functiond, cells grow normaly.
These genes have been called anti-oncogenes or tumor Suppressors.

Thusif acdl loses atumor suppressor gene either by mutation or deletion, the cdlls growth will

no longer be held in check and a cancer results. Retinoblastoma gene product is an example of a
tumor suppressor gene.  Retinoblastoma results when this geneisinactivated. Since there are
two aldes, both norma copies must be log.

Ancther example is the p53 protein. This protein is a 53 kilodaton molecule which functionsin
the nucleus of a cdll as atumor suppressor. Mutationsin this protein are one of the most
common genetic dterations found in human cancers.

One of the most fascinating aspects of the tumor suppressor story is how some virsuses are able
to transform cells. The oncogenes so far discussed are mainly limited to the RNA tumor viruses.

There dso exist in nature DNA tumor viruses. These viruses al'so contain oncogenes but
these genes function in a different manner than do the oncogenes of the RNA tumor
Viruses.

From biochemica studies, it was found that the oncogenes of the severa DNA tumor
viruses function by binding the p53 protein and/or the retinoblastoma gene product. This
effectively removes these tumor suppressor molecules from the cdll resultingina

malignant phenctype.

The human papilloma virus (HPV), which is associated with cervica cancers and
dysplagias, isa DNA virus which uses this mechanism of transformation.

CLINICAL ASPECTSOF NEOPLASTIC DISEASE

TUMOR PROGRESSION:
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Tumorsare clond. However, by the time they have grown to be clinicaly evident, the mass of
tumor cdlsis quite heterogeneous. There has been plenty of time for additional mutations to
develop and additional cloneswith different characterigicsto arise. Asan example, by thetime
abreast cancer can be fdlt by papation, about 1 cm in Size, it may have been present 7 years
and there are hillions of cancer cells present.

Y ou can appreciate this easily if you look at a neoplasm under the microscope. The neoplasm is
not homogeneous even though the cdlls dl had the same parent. Some areas of the tumor may
be wdll-differentiated while other areas of the tumor may be poorly differentiated.

Since microenvironments differ, the tumor cdls, dthough dl derived from asingle clone, undergo
the process of naturd selection.

The end result is a very heterogeneous population of malignant cells.

This process of natura selection occurring in cancers can be illustrated by considering the case of
akind of lymphoma known as afollicular lymphoma (because it has cdlls smilar to thosein
lymph node follicles):

All of these lymphomas have a basic underlying defect which isatrandocation of the
Bcl-2 oncogene from chromosome 18 to chromosome 14. Bcl-2 is an oncogene, which
when activated, prevents cell death.

Gengrdly, follicular lymphomas with just the Bd-2 activation are low-grade tumors.
However, with increasing accumulations of genetic defects, the initid low-grade follicular
lymphomas become intermediate to high grade in their dinica aggressveness. Even the
high grade tumors, however, which can sometimes no longer be recognized as afallicular
lymphoma, ill retain the initial Bl-2 trand ocation.

PARANEOPLASTIC SYNDROMES:

This refersto distinct symptom complexes that occur in cancer patients. They may appear in 10-
15% of patients with neoplagtic disease. The effects of paraneoplagtic syndromes are sometimes
apparent even before the mdignancy is.

The most common and best understood paraneoplastic effects are the endocrine abnormalities
that result from the production of a hormone or hormone-like substance by tumor cdls. Thisis
sometimes referred to as ectopic hormone production.

One of the most common types of ectopic hormone production is seen in patients with
lung cancers. Many times lung cancers will produce ACTH like hormones which can
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result in adrenal hyperplasia, excessve corticosteroid production, and Cushings
syndrome. Therefore, if you are seeing a patient who has Cushings syndrome, remember
that one possible mechanism for thisis ectopic hormone production by a cancer.

Hypercdcemiais another dlinica finding that can be seen in patients with maignant
disease. Sometimesit is due to bone destruction by metastatic disease, but sometimes it
is due to ectopic hormone production by a neoplasm. Lung cancers, kidney cancers,
and breast cancers sometimes do this.

Carcinoid syndrome is characterized dinicdly by flushing of the skin, intestind
hypermoatility resulting in vomiting and diarrhea, and bronchocondrictive attacks. These
clinica symptoms are secondary to peptide hormone production by carcinoid tumors.
Carcinoid tumors are malignant tumors that arise from neuroendocrine cdlls that populate
the lung and gagtrointestind tract.

TUMOR RESISTANCE TO CHEMOTHERAPY:

Although many types of cancers are intidly senstive to drug therapy, arecurring problem is that
eventudly the tumors cells become drug resstant. Thisled to the idea of combination
chemotherapy in which patients are treated with multiple drugs at the sametime. Theideawas
that the chance of atumor cdl becoming resistant to multiple drugs a the same time should
approach zero.

Although some cancers are curable with drug therapy, many others eventualy develop resstance
to dl of thedrugs. The basis for this resistance has been studied with cell culture techniques.
Surprigngly, it was found that if amdignant cdl develops resstanceto drug A, it may aso be
resistant to drugs B, C, and D even though the cdll had never been exposed to these latter drugs.

What may be happening is that a membrane protein, called P-glycoprotein, becomes elevated in
the resstant cell. P-glycoprotein acts as a pump to pump toxic compounds out of the cell. It is
somewhat nonspecific and will pump avariety of drugs out of the cdll. Thiswould explanwhy a
tumor cdl which becomes resstant to one drug by devating itslevel of P-gycoprotein, may aso
demondirate resistance to another drug that it had never been exposed to. Current research is
now focusing on overcoming P-glycoprotein resistance.

Thereis another class of drugs that cells show resistance to which are now known to target the
enzyme DNA topoisomerase |l. Thisisanucdear enzyme which untangles DNA at the end of
mitosis. The drugs that target topoisomerase 1 freeze the enzyme asit is cutting DNA drands.
Thisleads to DNA strand breakage and cell death. Resistant cdllsin culture show dterationsin
the topoisomerase || protein. It isnot yet clear what role this enzyme plays in the resstance seen
in the dinic.
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TELOMERES, TELOMERASE, AND CANCER

Telomeres are repetitive DNA sequences at the ends of chromosomes. They probably serve to
protect the chromaosomes from being degraded or from undergoing illegitimate recombination.
The extreme ends of a chromosome (the telomers) can not be entirely replicated by DNA
polymerase because this enzyme requires an RNA primer for DNA synthesis. The RNA primer
at the chomosoma endsis never replaced. Thisleads to progressve chromosomal shortening
with each cdl divison. It has been suggested that progresssive chromsomal shortening
represents atype of biologic clock. A cdl can undergo only alimited number of divisons before
the telomeric ends of the chromosome are gone, with catastrophic consequences for the cell.

Telomerase is aribonucleotide protein that synthesizes telomeric chromosomd ends. It can,
therefore, replenish telomeric ends that have become shortened with each cdll divison.
Telomerase activity has been observed in many different types of human cancers, but not in
norma cdlsor tissues. This suggests that the “immortality” of a cancer cdl may be related to the
presence of telomerase. It aso suggests potential nove types of anticancer therapy.

GRADING AND STAGING OF NEOPLASMS:

For oncologigts treating petients, it is useful to semi-quantitate the extent of neoplastic disease.
Thisdlows away of predicting outcome and arriving at an appropriate therapy.

Tumor grade and tumor stage are two different terms.
Grade refersto how differentiated the tumor is and is many times indicated by:
grade 1 (well differentiated)
grade 2 (moderatdy differentiated )

grade 3 (poorly differentiated)

In generd, grade 3 cancers have aworse prognosis than grade 1 cancers.

Stage refersto how large and extengive the malignancy is. A common way to stage
cancersiswiththe T (tumor) M (metastasis) N (node) system. This varies somewhat
from cancer to cancer but in generd:
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T goes from T1 to T4 with increesing Size

N goes from NO to N3 depending on whether lymph nodes are involved
and how closethey are to the primary sSite

M goes from MO to M1 depending on whether metastases are present.
The trestment of a cancer may be different depending on the stage of the disease.
In the future, oncogenes and anti- oncogenes may aso be included in the evauation of a cancer
patient. These proteins may yield important information concerning therapy. For neuroblastoma,

the number of copies that the tumor has of the oncogene N-myc is the best indicator of dlinica
response.
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Oncology | - Colon Cancer

Colon Cancer Incidence
¢ 150,000 cases per year (USA)
e 55,000 deaths
e 1/20 persons affected sometime in ther lifetime

e Third most common cause of death from cancer

Worldwide incidence
e Varies by region: In North America
44.3 cases/100,000 for males

32.8 cases/100,000 for femaes

1930-1995 Age-adjusted deeth rate
e Has not changed significantly over severd decades

e 20 to 25/100,000 for males

Risk factors for Colon Cancer:

e Generd - Age>or=40
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e Gendtic
-Familid adenomatous polyposs (FAP)
-Gardner, Oldfidd, or Turcot syndrome
- Peutz- Jehgers syndrome
-Hereditary nonpolyposis colorectal cancer (HNPCC)
Lynch 1 syndrome

Lynch 2 syndrome

e Pre-exiding
-Inflammatory bowd disease
-Colorectal cancer
-Pdlvic cancer after irradiation

-Neoplastic colorecta polyps

Risk factors for Colon Cancer

e Familid adenomatous polyposis (FAP):
- Severd syndromes described (Gardner, Turcot, etc.)
- All caused by mutations in the adenomatous polyposis coli (APC) gene

- Thousands of adenomatous polyps (tubular adenomas) develop during
first decade of life.

- Invasive cancer developsin second to fourth decade

e Hereditary Non-Polyposis Colon Cancer (HNPCC):
- Other names : familiad cancer (Lynch) syndrome

- Multiple cancers a multiple sites, including colon



- Onset in second to fourth decades
- Modest increase in the number of colon polyps

- Caused by mutations in 4 different DNA repair genes. MSH2, MLH1,
PMSL, PMS2 (?)

Role of Progtaglandins
e Progtaglandins. metabolites of long-chain fatty acids (arachadonic acid)
e Synthesis controlled by cyclo-oxygenases.
- two forms: COX1, COX2, both inhibited by ASA
- COX1 is expressed condtitutively
- COX2 expression increases in tumors

e Selective COX2 inhibitors inhibit polyp formation in APC animas

Colon Cancer: Prevention
e Non-sdective COX1/2 inhibitors:
- Low-dose ASA prevents coronary artery disease (antiplatelet action)

— Low-dose ASA has no detectable effect on colon cancer risk
(Physician’s Hedlth Study)

- NSAIDs reduce polyp number in APC patients

e Sdective COX2 inhibitors
- No antiplatelet effects

- Clinicd tridstedting effectivenessin colon cancer prevention in generd
population are in progress

Role of Progtaglandins: Modd Systems
e Sulindac in APC patients
e Sdective COX2 inhibitorsinhibit polyp formation in APC animas:
— Oshimaet a. Cell 1996 87:803-809

— APC +/-, COX2 +/+ : 652 polyps at 10 weeks
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— APC +/-, COX2 +/- : 224 polyps at 10 weeks
— APC +/-, COX2 -/- : 93 polyps at 10 weeks

— APC +/-; COX2 inhibitor: 161 polyps a 10 weeks

Colon Cancer - Tumor Progression
e Hereditary syndromes
- "Hrg hit" isgermline; others acquired
e Non-hereditary syndromes
- All "hits" acquired
e Sequence;

- Normd epithelium; Pre-neoplastic epithdium; Adenomatous polyp;
Carcinomain stu; Invasive carcinoma; Metastatic carcinoma

Colon Cancer Progression

Hyperproliferative Adenoma Carcinoma

epithelium
APC Methylation ~ APC K-ras  DCC ps3  Further accumulation of
hMSH2 abnormalities hMSH2 mutation deletion deletion genetic abnormalities
hMLH1 hMLH1
abnormalities inactivation

(hereditary syndromes)

Colon Cancer Progression - Rationde for early diagnosis

e The earlier the Stage a detection, the better the outcome:



- Fewer tumor cdls
- Fewer genetic changes in the tumor cdlls

—~Tumor cdlsremaninalocdized area

Colon Cancer Screening
e Endoscopy:
- Look for early cancers, or cancer precursors
- Many are vishle on flexible sgmoidascopy 40-50 cm from rectum
e Fecal occult blood testing:
- Testing of stool samplesfor blood

- Guaiac tet

Why do tumors bleed?
e Tumor neovascularization

- Fundamentd property of al invasive cancers

- Cancer cdlls produce angiogenic factors
o Badic fibroblast growth factor (bFGF)
o Vascular endothdid growth factor (VEGF), etc.

- New vessals are more friable or more numerous than norma blood
vessds, and therefore more likely to bleed

Randomized Trias of Screeningl: The Minnesota Tria
-Manddl et a., NEJM 1993 328:1365-1371
« 46,551 volunteers, 50-80 years of age;

-5 yearsintervention; 13 yearstota follow-up

« Hemoccult dides, with hydration
» 90% of subjects completed at least one screening

- 59.7% completed dl screening
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e 12,246 colonoscopies were performed (38%)

 33% reduction in colorecta cancer mortality

Randomized Trids of Screening Il: The Danish Trid
- Kronberg et d., Lancet 1996 348:1467-1471
« 61,933 subjects; population-based; 45-75 years
- 10 yearsintervention and follow-up
o Hemoccult |1 dides; no rehydration
 67% of subjects completed at least one screening

- 46% completed al screening

« 892 colonoscopies were performed (4.3%)

e 18% reduction in colorecta cancer mortality

Screening Sigmoidoscopy
e Widdy used
e Severa randomized trids show increased detection of tumors at curable stages
— All tridsto date in Europe

e Severa randomized trids in progress to determine the effect on mortality
from colon cancer

Residua Controversies
e Frequency of FOB screening: Awo years
e Age; other morbid conditions
- < 75yeas, life expectancy > 3-5 years
e Cost:
- $10,000 - 20,000 per year of life
- $200,000 per prevented death
e Newer screening tools:

- "Viritua colonoscopy™
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Screening (averagerisk a age 3 50, no known risk factors)
e DRE with fecd occult blood testing every year
e One of the following:
— Sigmoidoscopy every 5 years
— Double-contrast barium enema every 5to 10 years

— Colonoscopy every 10 years

Colon Cancer: Staging
e TNM Staging
e Tumor

- T1: Submucosa

-T2 Muscularis

- T3: Surrounding fat

- T4: Peritoned cavity or adjacent organs

e Nodes: NO, N1 (1-3), N2 (>3), N3 (central)

e Metastases: MO, M1

Disease Stage a@ Time of Diagnoss

e Stage | 15%

o Stage |l 20 - 30%

e Stage 11 30 - 40%

e Stage IV 20 - 25%
Prognostic Factors

e Stage

e Invasion of blood / lymphatic vessds
e Number of involved loca lymph nodes
e Tumor has penetrated or perforated bowe wal

Unfavorable Prognostic Factors for Colon Cancer
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e Obstruction of large bowe or rectum

e Pdvic/ adomina lymph node involvement

e Invasion of veins/ lymphatics of bowel

e Tumor cdls poorly differentiated

e Abnorma chromosome pattern of tumor cels

e Higher serum carcinoembryonic antigen (CEA) levels post-operatively

e Tumor cell DNA abnormdlity

e Tumor hasinvaded or adhered to other parts of the pelvis or adjacent tissues
e Tumor is deeply ulcerated

e Tumor encirclesthe rectdl wall

e TuMmor is>6cmindgze

Colon Cancer: Therapy
e Locd thergpies.

- Affect disease in the colon and 2surrounding lymph nodes

- Colonoscopic resection: very early disease
- Surgery: wide excision, when possible
- Radiation therapy: rectal disease
e Systemic therapy:
- Affects disease both within and outside the locd trestment field

- Chemotherapy

Sites and frequency of distant metastases

Liver 38-60%
Abdomind lymph nodes 39%
Lung 38%

Peritoneum 28%
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Ovay 18%
Adrend glands 14%

Pleura 11%
Bone 10%
Bran 8%

Colon Cancer: Summary |

e Hereditary colon cancer provides clues to genetic changes occurring in sporadic
colon cancer

e Modulation of colonic epithelium by diet or COX2 inhibitors may be useful in
prevention

Colon Cancer: Summary |1
e Tumors undergo genetic progression as they grow:
- Importance of early detection
e Tumors bleed more easily because of neovascularization:
- Usefulnessin FOB screening

e Progressin colon cancer occurs by the interaction between basic science  concepts and
dinicd trids
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Oncology Il - Lung Cancer
Lung Cancer: Incidence
Most common cause of desth from cancer in both males and femaes
Male death rate: 80/100,000/year
— Rate of increase has leveled and may be declining
Female death rate: 35/100,000/year
— Rate of increase continues to climb
L ung Cancer-Epidemiology |
Almogt dl cases occur in smokers
Other causes usudly superimposed on a higtory of heavy smoking
— Uranium mining: Radon daughters
— Asbestos exposure
Mining, shipbuilding, congruction
Air pallution: No role in causation
Lung Cancer: Genetics
No clear Mendelian pre-neoplastic syndrome(s)
Populations studies show familid segregetion
— ? Environmentd
— ?Gendtic
Association between lung cancer and COPD in sihships - 2mechanism unclear
Lung Cancer: Epidemiology 11

Evidence for the causative role of samoking is primarily statistica and there arefive
epidemiologicd criteria
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— Consistency of the association

— Strength of the association
— Specificity of the association
— Temporal association

— Coherence of the association

Consistency of the association
— Presence in various populations, a different times
—1. Different populationswith alow incidence of smoking al show low cancer rates.
Ethnic groups. Asians, Pacific Idanders, American natives (higtoricaly)

Rdigious groups

—2. Different populations with a high incidence of smoking al show high cancer rates
US men, latter haf of the 20th century
—3.  Assamoking ratesin population increase (or decrease) over time, cancer rates
increase (decrease) over time
Strength of the association
— Dose-response curve
— Duration of exposure (years)

— Intengity of the exposure (packs/day)

— "Pack-year" datidtic

Specificity of the association:

— Association with a specific set of exposures.



124
Only smoking (and asmall list of additional carcinogens) causes lung cancer

— Association with a specific set of cancers

Temporal relationship of the exposure
— Prolonged exposure (years) is required.
— Incidence is reduced in former smokers
— Incidencein increases in recent former smokers (< 1 year)
— Incidence never fdlsto level observed in lifetime non-smokers
Lung Cancer: Carcinogenesis
Smoking-related cancers provide amodel for chemica carcinogenesisin generd.
Modd!:
— Chemicasin smoke cause mutationsin lung epithdiad cdl DNA.
— Muitation rate is dose-dependent.
— Mutations are irreversible.

— Mutations that affect genesinvolved in cdlular growth control produce
a selective growth advantage.

Chemical Carcinogenesis|
Multiple carcinogers are present in tobacco smoke
— Palycyclic hydrocarbons
eg., Benzo(a)pyrene
— Polycydic amines (nitrosamines)
€e.g., 0-aminoazotoluene
e.g., 2-napthylamine

— Other factors
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— Nicotine has minima carcinogenic properties

Chemical Carcinogenesis||
Carcinogens must be activated
— Locdly: in epithdid cdls
— By hepatic metabolism
Cytochrome p450 system
Activation/inhibition by diet/drugs/age/environment
Polymorphisms influence activity

— ethnic, inter-individud variation

Activation produces chemicdly active intermediates
— "ultimate carcinogen”
Chemical Carcinogenesisi||
Carcinogen metabolites affect DNA
1 Base-pair adducts
—eg., Benzo(a)pyrene - deoxyguanosine adducts

2. Mehylaion

— e.g., N-nitrosamine produces methylation of deoxyguanosine
at the O6 pogition.

3. Deamination
— e.g., 5>-methylcytosine deamination
Others
Lung Cancer: K-RAS oncogene

One of 4 oncogenic RAS genes
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GTPase

Oncogenic mutations destroy GTPase activity: Codons 12, 13, 61
Mutated in 30-50% of lung cancers
Most common mutation: *Gly **Va codon: GGN to GTN

Typicd of mutations induced by nitrosamines

Lung Cancer: TP53 mutations
p53 is a DNA-hinding protein with transcriptiona activation activity
Mutated in 50% of lung cancers
Approximately 2/3 of mutations occur &t the C of CpG
— Hotspot: codon 273
— Methylation of C isanormd event
G:Cto T:A transversons are common in lung cancer (but not colon cancer)
Mechanism: deoxyguanosine adduct formation
Typicad of mutations induced by benzo(a)pyrene
Colon Cancer: TP53 mutations
Approximately 50% of colon cancers
Most mutations a C of CpG
— Hot spots: codons 175, 248, 272, 282
G:Cto A:T trangtions are common
Mechanism: deamination of 5-methylcytosne
— requires methylation as a precursor for mutation

Exact carcinogen unclear



Skin Cancer: TP53 mutations
G.Cto AT trangtions
Reflect the production of pyrimidinedimers
—Adjacent TT, TC, CT, CC bases
— UV induced

— Seen only in UV-induced cancers

Lung Cancer: New tumor suppressors
FHIT gene
— Located at 3p
— Fragile Hidtidine Triad
— Straddies afragile Site

— Déetions extremdy common

amog universd in smdl cdl cancer
— Encodes adinucleoside 5,5 - P1, P3-triphosphate hydrolase

— Alterations of FHIT aso common in cervica cancer, leukemias and other

maignancies
Lung Cancer: Prevention

"The mogt preventable cause of desth”

Affects both cancer and cardiovascular disease

Public hedlth measures can include advertising regulation

Role of the physician
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— Advocate

— Smoking cessation
Nicotine addiction
Nicotineis highly addictive
— Moderatdly euphoric effects
— Short haf-life, rapid onset of action
mucosd ddivery
Physical withdrawa symptoms
— flushing, digphoresis
— headaches
Psychological withdrawd symptoms
—"craving"
Smoking cessation strategies
Nicotine replacement
—gum
— transdermal patch
— nasal spray
Antidepressants
— Bupropion (Zyban)
All effective when adminigtered as part of a comprehensive program of smoking cessation
Smoking Cessation Therapies (Randomized study (Jorenby et a., 1999 NEIM 340:685-91)
% Quit a 12 months:

— Placebo: 15.6%
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— Nicotine patch: 16.4%

— Bupropion: 30.3%
— Nicotine patch and bupropion: 35.5%
Lung Cancer: Histologic types
Non-smdl cdl lung cancer
— Squamous carcinomas
— Adenocarcinomas
— Large cdll cancers
Smdl cdl lung cancer
Lung Cancer: Small cell cancer
Neuroendocrine origin
— Stains with neuroendocrine markers
— May share acommon cdl of origin with carcinoid tumors
Specific oncogenes. FHIT
Aggressive behavior: smal primary but early metastatic behavior
Lung Cancer: Therapy
Small cdl lung cancer
Surgery hasnorole
—?coinleson
Combination chemotherapy
— prolongs median surviva from 1-2 mo. to 12-18 mo.
Rediation

5-year survivd: 5-10% limited; 0% extensive
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Lung Cancer: Therapy

Non-small cell lung cancer
Surgery for T1-3, N1-2, MO disease
Rediation for pain pdliation
Chemotherapy has no proven surviva vaue a any sage
Lung Cancer: Conclusions
Lung cancer provides amodd for epidemiological inference
Lung cancer provides amodd for chemical carcinogenesis
Physidans can play amgor rolein smoking cessation

Thergpy of dinicd diseaseis generadly unsatisfactory
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Oncology |11 - Breast Cancer

Breast Cancer: Incidence
e 186,000 caseslyear (USA)
e 45,000 desths/year
e 1/9 women develop the dissase in thelr lifetime

e Tied with lung cancer as the most common cause of desth from cancer in women
Worldwide incidence in females

@ 86.3 cases/100,000 in North America

e 28.6 cases/100,000 in Japan
Age-ecific incidence (per 100,000)

e Increases with age, particularly in countries with the highest incidence

Breast Cancer: Risk Factors

e Major risk factor: Family hisory

o Lifetime risk with affected first degree rdldives
(NEIM 342:564-571 (Feb 24, 2000)

— Orerdative<50years 13-21%
- Onerdative >50years. 9-11%
— Two relatives <50 years. 30-48%
— Two relatives >50 years. 11-30%

Breast Cancer: Risk Factors

e Endocrine risk factors;

— Age at first pregnancy

— Number of pregnancies

— Age a menarche

— Age a menopause

— Hormone replacement therapy

e Demondrate hormonal influence on pre-neopladtic cdls

— Important in explaining pathogenesis
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— Modest dinicd vdue

Breast Cancer: Susceptibility Genes
e Most of the important susceptibility genes have yet to be identified !
e Two genesimportant in pre-menopausal cases.
- BRCA1
- BRCAZ2

— Together, germline BRCA1 and BRCA2 mutations are seen in 1-3% of
patients with pre-menopausal breast cancer

Mutationsin BRCA1
e Germline mutations predispose to breast and ovarian cancer
e Autosoma dominant
o 80% lifetime breast cancer risk
— Possble dldic variation v. risk
e Median onset of breast cancer < 45 years
® 30-40% chance of ovarian cancer

e ? Other tumors

Mutationsin BRCA2
e Germline mutations predispose to breast and ovarian cancer
e Autosoma dominant
o 80% lifetime breast cancer risk
e Median onset < 50 years
® 25% risk of ovarian cancer

e 5% of MALE carriers develop breast cancer

HER2/Neu Gene
e A transmembrane protein tyrosine kinase

e Rdatives. EGFR, etc.
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e Binds aligand, heregulin, which acts as a growth factor

e Tumor expression may predict prognosis

e Antibodies to HER2 have therapeutic benefit in patients

Breast Cancer: Steroid Hormone Receptors |
e Nuclear proteins
e Bind estrogens and progestins
e Bind specific DNA sequences
— Steroid response e ements

e Transcriptiond activators

Breast Cancer: Steroid hormone receptors |
e Most pre-menopausa breast cancers are receptor- negeive
e Most post-menopausal breast cancers are receptor- postive
e Adminigtration of estrogens promotes cell growth

e Adminigration of anti-estrogens (e.g., Tamoxifen), causes cdll death

Breast Cancer: Prevention with hormones
e SERMs. Sdlective Estrogen Receptor Modulators
e NSABP study: Tamoxifen reduces invasive breast cancer by 49%

e MORE study: Raloxifene reduces breast cancer 76%
o Bendfitslimited to ER positive tumors
e SERMs a0 have non-tumor-related beneficid effects

- Reduction of heart disease
- Prevention of osteoporosis
e Someincresse in endometrial cancer
Breast Cancer: The STAR trid
e Study of Tamoxifen And Raoxifene

e Randomized comparison of the two SERMs
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e Endpoints:

— Breast cancer mortdity

— Endometrid cancer

— Heart disesse

— Other vascular effects (thrombosis)

— Osgteoporosis
Gods of mammography screening

e Earlier diagnossin asymptomdtic individuas

e Reduction of mortality due to detection at earlier sage

Age Mortality Reduction (%)
40 - 49 17% 15 years post- screening
50 - 69 25 - 30% 10 - 12 years post-screening
70+ insufficient data
Screening (high-risk)
e Annua mammogram, beginning 5 yrs before age of youngest affected rdative
a time of diagnosis
— High familid risk

— BRCA 1 or 2 positive

Screening mammography
e Reduces mortdity by 26% in women aged 50-74
e Supports view that early diagnosis and treatment can prevent metastas's

e ACS recommends
— 14t screening mammography by age 40
— Mammography every 1 to 2 years between the ages of 40 and 49

— Mammography annudly theresfter

Signs and symptoms at presentation
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e Massor painin the axilla

e Papable mass, thickening or pain in breast
e Nipple discharge or retraction

e Edema or erythema of the overlying skin

Breast Cancer: Staging
e TNM system

e Tumor:
—-Tl <2cm
- T2:2-5¢cm
—T3:>5cm
— T4: Extengon to skin/chest wal

o Nodes: Number of nodes

o Metastases: MO, M1

Natura history
e Highly variable in different patients
o Rdaively dow growth rate
e Median surviva without treetment: 2.8 yrs
o Generdly present severd years by time of diagnods

e Long preclinica period enables early detection
Commonly assessed prognostic factors

e Number of postive axillary nodes (5-year surviva decreases as afunction of the number of
positive axillary lymph nodes)

e Tumor Sze
e Lymphatic and vascular invason

e Higtologic tumor type
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o Nuclear grade
e Estrogen / Progesterone receptor status
e HER2 overexpression

Breast Cancer: Therapy
e Locd thergpies.

— Treat disease in the breast and surrounding tissues (axillary nodes,
chest wall)

— Surgery and XRT, usudly in combination

— Combination thergpy alows organ preservation

e Systemic therapy:
— Treats disease both within and outside of the loca treatment field

— Chemotheragpy and hormond therapy

Adjuvant therapy

e Definition: Trestment of dlinicaly inapparent disease after definitive local therapy.
God: Increase surviva

e Treats "Micrometasases'
e Adjuvant chemotherapy: Premenopausal women

e Adjuvant hormond therapy: Postmenopausa women, ER + tumors

Breast Cancer - SUummary
e Family higtory is the Sngle most important risk factor for breast cancer
e Screening mammography prevents deeths from breast cancer
e Hormones are important in pathogeness and therapy

e Both anti-estrogens and chemotherapy work by inducing apoptosis
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ONCOLOGY IV

CHRONIC MYELOGENOUS LEUKEMIA

Case Presentation:

A 38-year-old previoudy hedthy man presents with fatigue, weight loss, early satiety and | eft
upper quadrant pain. The physica exam is remarkable for a spleen felt 25 centimeters below the
costd margin

laboratory studies

WBC: 150,000/ml
Hgb: 12g/dL
Ats  500,000/ml
LDH: 900 U/L

Blood smear:  tailed poikilocytes, leukocytoss with |eft shift in the myeloid series

Differentid: 5% promyelocytes,
12% myeol ocytes,
20% metamyel ocytes,
25%, bands,
25% granulocytes,
4% eosnophils,
4% basophils,
1% monocytes,
4% lymphocytes

Bone Marrow: Myeloid hyperplasa. 4% myeloblasts, 7% promyelocytes,
10% mydocytes, 22% metamyel ocytes, 25% bands, 27% grant

Bone Marrow: karyotype with t (9:22) in 20/20 examined metaphases

Treatment: Hydroxyurea to bring WBC to 50,000/micraliter, followed by
Interferon-a. Search for a matching bone marrow donor.

Epidemiology:
20% of dl leukemias
incidence of 1/100,000

M:F=141
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peek in the 5th and 6th decade of life



Clinicd fegtures

weekness, fatigue, weight loss

splenomegaly (95% of cases)

leukocytos's, thrombocytos's, basophilia, eosnophilia

elevated LDH, decreased |leukocyte akaline phosphatase score

3 phases of the disease: chronic, accderated, blastic (75% myedoid, 25% lymphoid)

5 year surviva 50-60%

- poor prognostic factors: older, weight loss, poor performance status, Africant American
race, hepatomegady, splenomegay, anemia, thrombocytosis or thrombocytopenia,
basophilia, marrow fibrosis

Biology:

1(9:22) (g34:q11) found in 95% of patients at presentation (BCR-ABL gene
product detected by PCR in another 5%)

balanced trand ocation from the digtal long arms of chromosome 9 and 22. c-ABL
proto-oncogene trangposed from its norma location on the long arm of chromosome 9
to the breakpoint cluster region (bcr) on chromosome 22.

the new hybrid gene (BCR-ABL oncogene) yidds an anormd fuson protein  that has
increased tyrosne kinase activity.

severd mgor sgnding pathways are activated by BCR-ABL. Theseinclude RAS MYC,
JUN, STAT, PI-3K, NF-kB

as the disease evolvesinto the accelerated and blast phase, leukemia cells acquire new
cytogenetic anomalies (often including a second Ph chromosome) and become growth factor
independent.

Treatment:

Gods hematologic remission, cytogenetic remission, cure,

Hydroxyurea: 80% hematologic response in the chronic phase. No cytogenetic
remisson.

| FN-apha: 80% cytogenetic response (minor in 40-60% of patients, mgor in 20- 30%
of patients). Patients who achieve a complete cytogenetic remisson have a longer

139
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surviva than patients who achieve apartial or minor cytogenetic remission.

IFN-aphaand Ara- C combination yields better remisson and surviva rates than IFN-
aphaaone.
Remissons with IFN-dphatherapy take longer to achieve than with hydroxyurea.

Allogenec bone marrow transplantation is the only known curative modality. Best
results when performed in the chronic phase in within 1 year of diagnosis.

PCR studies for BCR-ABL are positive in dmogt dl patients with cytogenetic
remisson.

Among patients who have received dlogeneic BMT more than 75% have persstant BCR-ABL
by PCR within the first 12 months after transplant. 40-50% will be postive after 12
months. The prognostic sgnificance of thisfinding is not clear.

Chromosome 9 Chromosome 22 H9;22) (g34;911)
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PATHOLOGY 6601, FALL 2006
Genetic Diseases
Edward C. Klatt, MD

READING ASSIGNMENT:  Pathologic Basis of Disease, (7" ed: 146-191;487-495)

LEARNING OBJECTIVES: At theend of the lecture and upon completion of the reading assgnment,
the student will be ableto:

1 Describe the processes of mitosis and meiosis and the cdll cycle.
2. Outline problems related to abnormalities of chromosome number, mosaicism, trandocation,

deletion, and uniparental disomy.

3. Describe the types and consequences of single gene mutations.

4. Draw a Punnett square for genetic anaysis.

5. Recognize from a pedigree the differences among inheritance patterns:
autosoma dominant co-dominance
autosoma recessve dosage sengtivity
X-linked recessve mitochondria inheritance
X-linked dominant multifactorid inheritance

germline mutation
6. Describe abnormalities associated with DNA repair, specificaly xeroderma pigmentosa.

7. Describe fegtures of teratogenicity, specificdly in rdation to feta acohol syndrome, feta
hydantoin syndrome, and fetd va proate syndrome.

8. Use the above principles to counse patients with care and concern regarding genetic diseases.
9. Describe inheritance patterns and pathologic features of the following diseases:

cydic fibrogs familid hypercholeterolemia

hemophilia A Tay-Sachs disease

osteogenesis imperfecta Von Gierke disease

Marfan syndrome McArdle disease

achondroplasia Pompe disease
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Gaucher disease Niemann-Pick disease
NF-1 Fragile X syndrome
Huntington disease

10.  Apply care and concern when counseling parents and families regarding genetic diseases.

Problems with chromosomes:

Cdlswith amultiple of 23 chromosomes are euploid. Germ cells (Spermatozoa, ova) are haploid with 23. A
polyploid cdl has amultiple of 23. Norma somatic cells are diploid with a complement of 46 chromosomes.
Abnorma euploid numbers seen in humans include triploidy (69 chromosomes) and tetraploidy (92
chromosomes).

Aneuploidy refers to an abnormal number of chromosomes that is not amultiple of 23. Thereis either
monosomy (one less chromosome of a pair), or trisomy (one extra chromosome). In generd, either extra genetic
materid, or less, isdetrimental. Most cases of aneuploidy result in fetd loss. In generd, abnormdlities of sex
chromosomes are better tolerated than abnormdities of autosomes. Thus, aneuploidy can involve:

Autosomes (chromosome pairs 1 — 22)
Sex chromosomes (X or Y)

These abnormdlities often occur because of nondigunctiona eventsin meioss.
An example of autosoma aneuploidy is Down syndrome, or trisomy 21. In this condition, there is an extra

chromosome 21. Some cases are liveborn, and surviva is possible, but multiple congenital anomaies are
present, some of which can be severe, such as heart defects.

An example of a sex chromosome aneuploidy is monosomy X, or Turner syndrome, with a45, X karyotype.
Thereis marked fetd hydrops (edema) along with a variety of congenital anomalies. Some cases are liveborn.

Surviva may be more likely in some cases in which the aneuploidy does not involve al cells or does not involve
the entire chromosome. Examplesinclude:

Mosaicism

Confined placenta mosaicism

Partial aneuploidy
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A "mosac” isaperson with acombination of two cdl lines with different karyotypes (normd and abnormd).
When karyotyping is performed, multiple cells are andyzed to rule out this possbility. An example would be a
Turner's mosaic, with a45,X/46,XX karyotype, with some cells having the abnorma karyotype and some cells
having anormal karyotype. The mosaic condition is not as severe as the completely abnorma karyotype, and the
features may not be as marked, and livebirths may be possble. “Somatic mosaicism” occurs if the chromosoma
anomaly or mutation arises during embryogenesis (after fertilization) and only some cdlls are affected.

Sometimes the mosaicism is confined to the placenta (" confined placenta mosaicism”). The placentais afetd
gructure. A placentawith an abnorma karyotype may lead to dillbirth, even though the fetus has anorma
karyotype; conversdly, a placentawith anorma karyotype may dlow longer surviva for afetuswith a
chromosoma abnormdlity.

Rarely, atrandocation of part of one chromosome to another in the parent will be passed on to the child asa
partia trisomy (such as 6p+ or 16p+) which may not be as severe as a complete trisomy.

Deletions of part of achromosome result in the loss of genetic materid. An exampleisthe loss of a portion of
the long arm of chromosome 22 (22¢-) that is associated with the DiGeorge anomaly in which thereisan
abnorma formation of structures arising from the 3 and 4™ pharyngeal pouches, particularly the thymus,
resulting in immunodeficiency.

Trandocations involve the shift of a part of a chromosome to another chromosome.  Trand ocations can be
balanced (portions of two chromosomes exchange places) or unbaanced (some chromosoma portionislogt in
the process). A good example of atrandocation is the “Philadel phia chromosome’ that is seen with chronic
myelogenous leukemia (CML).

Thet(9:22)(g34;q11) is a balanced trand ocation from the distal long arms of chromosome 9 and 22. Thec-
ABL proto-oncogene is trangposed from its normal location on the long arm of chromosome 9 to the breakpoint
cluster region (ber) on chromosome 22. The new hybrid gene (BCR-ABL oncogene) yields an abnormd fuson
protein that has increased tyrosine kinase activity that drives cdlular proliferation.

Robertsonian trandocation: A specid type of trandocation is caled "centric fuson” or "Robertsonian
trandocation” when two acrocentric chromosomes (with very short "p" arms) have break points very close to the
centromere. There is subsequent fusion of the long arms. The fused short arms are often logt, but contain <o little
genetic materia that the consequences are not severe. The carrier of such a"Robertsonian” trand ocation will
gppear normal, though only 45 chromosomes are present, but fertilization with gametes from such a carrier will
result in haf of dl zygotes being nontvicble

In the case of Down syndrome where chromosomes 14 and 21 are involved, fertilization with anorma gamete
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and a"Robertsonian” gamete will potentidly yield non-viable monosomy 14, trisomy 14, and monosomy 21.
Potentia viable fertilized eggs may be normd, be balanced carriers, or have trisomy 21.

Microdéetions involve only smal parts of chromosomes, but the missing segment may have important genes.
An example of amicrodeletion syndrome is the Prader-Willi syndrome characterized by decreased menta
function, speech problems, and excessive egting.

Uniparental disomy isarare phenomenon in which each of apar of chromosomes came from one parent. This
can occur when trisomy isfollowed by loss of one extra chromosome or when monosomy is followed by
nondigunction. Some cases of Prader-Willi syndrome result from uniparental disomy.

Genes

A geneisaunit of DNA that codes for a specific protein. The location of a gene on the chromosomeis cdled
thelocus. Genes consst of exons and introns. The exons contain the DNA code for the protein, while
intervening introns, which make yp most of the size of a gene, have an unknown function. The introns must be
cut out and the exons spliced together in the MRNA before it leaves the nucleus.

The DNA sequence of a gene may vary among persons. Each variaion iscaled an dlde. If both aleles are the
same, then the person is homozygous for the gene. If the dldes are different, then the person is a heterozygote.

If gene frequencies of dldes exceed 1% of personsin a population, then such dldes are called polymorphisms.
For example, the mgor human blood grouping system, the ABO system, is determined by a single gene with
three dldes—A, B, and O. Personswith type O are homozygotes (OO) because the presence of A or B
determines the presence of A or B antigens on the red blood cells. Persons with blood group A can be either
AA or AO and those with type B are either BB or BO. Therarest typeis AB, in which case both antigens are
present. Thisis an example of codominance. The frequency of these aleles varies around the world (the mgority
of Europeans aretype A, Asians are mogly type B, while Mayans are exclusively type O).

The relationship between gene frequency and genotype is determined by the Hardy-Weinberg principle, which
assumes that the genotype does not have an influence on marriage. Using this principle, one can roughly estimate
the carrier rate. The rate of homaozygotes should be the square of the gene frequency. Thus, for a disease such
ascydtic fibrogs, with 1 in 2500 Caucasians affected, the square root gives a gene frequency of 1in 50, and a
carrier rate double that, or 1 in 25.

The theory of natura sdection is based upon selective advantage of genetic mutation introduced into a
population, with advantageous genes increasing survival because of a sdective advantage. Genes without
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s ective advantage may become less frequent with time. Therapid increase in antibiotic resstant strains of
micro-organisms is a good example of this phenomenon accelerated by modern medicine.

Differencesin dldic frequencies in populations may be due to “founder effect” and to “genetic drift” over time.
An example of the founder effect is the disease porphyria seen in the Afrikaner population of South Africa. The
Afrikaans community tarted with asmall number of "founders' when the Dutch Eagt India Company established
arefreshment gtation at the Cape of Good Hopein 1652. The defective geneis believed to have been brought
to South Africain 1688 by Dutch orphan Ariaantje Adriaansse who was sent to the Cape to marry one of the
early settlers, Gerrit Janz van Deventer. In asmdl, isolated population, the effect of random variation can
become more pronounced, with genetic drift.

The alelesthat are present represent the genotype of a person. The expression of the genotype leads to the
phenotype—what is clinicaly gpparent in the person. Genetic heterogeneity refers to the appearance of a

common phenotype for several genotypes. Pleiotropy refers to the gppearance of multiple effects from one gene.
The increase or decrease of gene function with various dldesis cdled dosage sengtivity.

Transcriptiond genes, such asthose of the HOX and PAX group, often act on other genesto activate or repress
them. Mutationsin the transcriptiona genes may result in dbnormadities that gppear in multiple body Sites.

Single gene mutations

Mutations can occur in many forms:
Missense Changein asngle amino acid
Nonsense Change in a stop codon
Deetion Loss of asngle base pair, with frameshift
Insertion Gain of asingle base pair, with frameshift
Duplication ~ An extra gene with more protein production
Slice ste Abnormdities at the intron-exon boundary
Triplerepeats Increased tandem repests
Mutation “hot spots’ occur in places where there is a methylated CG dinucleotide sequence that can eesly lose

the methyl group on the cytosine base, converting it to thymine. Mutation rates are higher in genes where this
sequenceis present.
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Genetic mutations can involve autosomes or the X chromosome.

For autosomal recessive conditions, the standard recurrence risk for parents having further childrenis 25%. For
autosoma dominant conditions, the recurrence risk is 50%. Bear in mind that about 3% of al births have some
sort of birth defect, from avariety of causes, not al of which can be diagnosed completely. Thus, the recurrence

risk for any pregnancy is 3%.

Pedigree and Punnett square analysis:

Brown / blue eyes Brown blue

Brown BB Bb

blue Bb bb

Brown / blue eyes blue blue

Brown Bb Bb

blue bb bb
Cydtcfibross ?F508 normal

?F508 ?F508 ?F508 ?F508 normal
normdal ?F508 normal norma normal
Gene frequency:

Cydtic fibross appearsin 1 per 2500 Caucasians. The gene frequency of ?F508 is the square root of 1/2500,
or 1/50. The heterozygous carrier rate would be double that frequency, or 1/25.

Autosomal Recessive Inheritance

In generd, a mutation involving a gene coding for an enzyme gppears as arecessve trait because, in the
heterozygote, one gene copy is present and enough enzyme is made to provide for sufficient metabolic function.

Recessve traits tend to result from “loss of function” of aprotein. Thus, mutations involving genes coding for
enzymesinvolving autosomes typically lead to autosoma recessive conditions.
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The mutation leads to |oss of enzyme function, typicaly in abiochemica pathway. A critica product may not be
made, or an intermediate metabolite may increase in quantity.

ENZYMEL ENZYME2 ENZYME3
SUBSTRATE  =-----=------- > INTERMED1 -------------- > INTERMED2 -------------- > PRODUCT

ALTERNATE
PRODUCT

These conditions are typically apparent early in life.

New mutations involving these genes are rare, but the rarity of these traits also makes tracking afamily history
difficult.

Cydticfibrosis

An example of asingle gene that can have multiple different mutations (aldes) resulting in asmilar phenotypeis
cydtic fibrogs. Mutations occur in the CFTR (cydtic fibrosis transmembrane conductance regulator) gene. The
gene codes for a chloride channe protein that controls chloride ion movement across epithdlid cells. CFTR
mutations lead to production of abnormally viscid mucoid secretions that lead to organ abnormadities, particularly
inthe lungs. Since multiple organs are involved, the CFTR gene exhibits ple otropy.

CFTR isdso an example of how many different mutations can appear clinicaly smilar and confound screening
drategies. There are over 700 known CFTR mutations. The ?F508 mutation accounts for two-thirds of al
mutations. About 12 mutations account for 90%. Thus, you can't just apply a single genetic screening test.

Also, even though thisis one of the most common inherited abnormalities (1 in 25 Caucasians carries this gene),
generd population screening is more likely to yield fase positives. The sandard strategy isto screen only when a
family higtory is present or anew caseis diagnosed in afamily.
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The metabolic defect is an abnormally low permeability to CI in the membrane of secretory cdlls at the
base of glands and/or (depending upon the organ) absorptive cellslining ducts. Thisis probably dueto
the absence of a secondary messenger which normally upregulates CI or HCO3™ secretion and resorption
viathese channdls.

Different CFTR mutations account for different clinica courses.

X-linked Recessive Inheritance

If the mutation involves the X chromosome, and the trait is recessive, then the outcome depends upon whether
you are made or femde. If you are femade, then you have two X chromosomes. One of them becomes
inactivated (appears as a Barr body), but thisis random, so in generd, with a defective gene, you will have at
least 25% enzyme activity. If you are amale, you are out of luck, and the trait appears. Thisisknown as an X-
linked recessvetrait. In apedigree, such atrait gppears to involve only males (rare femaes unlucky enough to
inherit two bad X chromosomes could be affected).

Hemophilia A: An example of an X-linked recessive condition is the blood clotting disorder known as
hemophiliaA. In this condition, there is a mutation in the gene coding for the production of blood clotting factor
VIII. Thisdiseaseillusrates the fact that the amount of product made can vary somewhat, and factor VIII
activity determines the severity of the disease, s0 the phenotype varies from mild to severe, a phenomenon caled
variable expresson. Femdes aretypically cariers. Fathers with the disease cannot transmit the disease to sons,
but may give the trait to daughters who become carriers. Thus, the disease often shows a pattern of skipping a
generation. Infemdes, one X chromosome istypicaly inactivated, and thisis random, so femde cariers are
usudly left with adequate factor V111 activity.
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Autosomal Dominant Inheritance

In genera, amutation involving a gene coding for a structura protein appears as a dominant trait, because one
copy of the @norma gene leads to formation of an aonormal protein that interferes with formation of tissues.
Structura genes tend to be large, so spontaneous new mutations are likely to occur, and afamily history need not
be present. Such genes can display locus heterogeneity, where different mutations in the same large gene can
leed to Smilar phenotypic expression.

Osteogenesisimperfecta

An example of amutation involving a gene encoding for a structurd protein is osteogeness imperfecta (OI).
Structurd genes tend to be quite large (many kilobases) and so mutations can occur at avariety of places, and a
variety of mutations can involve the same gene. Thisexplains variations in the expression of the mutation. Thus,
because the Ol geneislarge (over 50 exons) mutations can occur in avariety of places, and the result is different
expressions of the disease.

Since big genes are more prone to mutation, this dso explains why mutations involving structural genes are more
likely to arise de novo than be inherited. Ol isadisorder based upon abnormal collagen formation, leading to

abnormal bone matrix production and abnormal bone that fractures easily. Collagen isalarge, complex molecule
that requires multiple steps for production.

Ol mutations are in a gene encoding for type | collagen. Since even in heterozygotes abnorma protein is made
and incorporated into collagenous structures, thereis expression of the anormdity. Thus, mutationsin structura
genes tend to be expressed in a dominant fashion.

Ol isan example of a“dominant negative’ mutation in which the loss of function disturbs the product of other
norma genes encoding for the multimeric protein.
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Marfan syndrome

Marfan syndrome is another example of an autosoma dominant condition involving astructura gene, in this case
the fibrillin gene, which encodes for a protein that is a component of microfibrils that form connective tissues,
particularly in the aorta, eye, and keletal system. Affected persons are tal, with long fingers (arachnodactyly),
loose joints, ocular problems, and a propengity for the aortato rupture.  Thus, the fibrillin gene leads to
pleiotropism.

Structural genetic diseases are often good examples of a*“gain of function” mutation because heterozygotes and
homozygotes express the disease smilarly. The gene product is overexpressed or inappropriately expressed in
development. The result is the appearance of a dominant trait.

The frequency is 1 in 50,000, with 15-30% of cases due to spontaneous mutations in paternd germ line.
Mutation is usualy mapped to 15921.1 by in Situ hybridization.

Marked clinica variation is seen in patients with FBN1 mutations.

Achondroplasa

Thisisaform of short-limbed dwarfism in which height is reduced from long bone shortening. Affected persons
are of normd intdligence and function normaly—they are just short. Like many disorders involving structurd
genes, it isautosoma dominant. However, Snce most cases occur when parents are of normd height,, it is

gpparent that most cases of achondroplasia are due to spontaneous new mutations in the fibroblast growth factor
receptor 3 (FGFR3) gene.

If two persons with achondroplasia marry (another combination is unlikely) then 3/4 of their children can be
expected to have achondroplasia—but /4 will die in utero, because the homozygous condition is lethdl.
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The pattern of transmission can be confounded by reduced penetrance and by variable expresson. Reduced
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penetrance means that the gene is present and can be transmitted to offspring but does not produce the
phenotype in the parent, leading to a*“ skipped” generation in a pedigree.

More complex yet is variable expression, where the disease is present (complete penetrance) but the severity of
gene expression varies from mild to severe. Modifier genes or dldic heterogeneity (different mutations of the
gene) may explain variable expression.

Huntington disease

Huntington disease occurs from a mutation in the huntingtin gene encoding for a protein in the centra nervous
system. The presence of the abnorma protein causes a movement disorder. Since the onset of the disease
occursin middle age (40'9), it is easy to pass the condition on to children without knowing it.

This phenomenon of apparent lack of phenotypic expresson for atimeis caled deayed onset. The specific
abnormdity iswhat is known as a“triple repeat” in which there are increased numbers of a particular sequence
of DNA (tandem repests). Inthis case, there are multiple CAG repests. Unaffected persons have 11 to 35
copies, while affected persons have 36 to 100 copies. Incomplete penetrance is seen at 36 to 38 copies. In
genera, the number of repests increases with successive generations, leading to worse symptoms and earlier
appearance.
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This disease exhibits the phenomenon of penetrance—not dl persons with the genetic disorder (genotype)
express manifestations of the disease (phenotype). Such persons are said to have reduced penetrance of the
disease. This confounds family history taking, Since the carrier may be missed.

Inheritance with Dosage Sensitivity

Familial hyper cholesterolemia
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Thisis an example of amutation which leads to dosage sengtivity. The gene codes for a protein that forms the
LDL cholesterol receptor in arteries. Persons with the normal alde have norma numbers of LDL receptors and
normal cholesterol levels <200 mg/dL. Persons heterozygous with an abnorma gene have 50% fewer LDL
receptors and cholesterol levels around 300 to 400 mg/dL. Homozygotes have virtually no LDL receptors and
cholesterol levels can exceed 600 mg/dL.
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X-linked Dominant Inheritance

Fragile X syndrome: This disorder illustrates an unusua inheritance pattern that depends upon differencesin
mae and femae tranamisson. Fragile X syndromeis an X-linked dominant disorder, but is another example of a
tandem repest (triple repeet) disorder involving a gene that codes for aprotein inthe CNS. It leadsto menta
retardation. Normally, there are fewer than 50 repeats. Persons with 50 to 230 repests transmit the disease, but
do not express the disease.

Even though it is dominant, twice as many males asfemaes are affected. Thisisduein part to X inactivation
which reduces penetrance and expression in femaes. It is aso because the risk for the disease increases if you
areamale born to awoman who isacarrier. Infemaes passng the trait, the number of repeats expands. The
more repeats that are present, the more likely the expansion in femae transmission will exceed 230 repeats.
Thus, the number of affected maesincreases in successive generations. Maes with fewer than 230 repests will
pass the same number of repeatsto dl their daughters, but those daughters will pass expanded repesats to their
offsoring. More recent generations are more severdly affected, a phenomenon called anticipation.
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Genomic imprinting

For asmall number of disorders, phenotypic expression of atrait depends upon whether inheritance was from
father or mother. This results from differencesin activation of genes. Methylation of DNA preventsits
transcription. A gene may be active only on a chromosome from the father, or vice versa. A mutation will only
produce an effect if it involves the active gene. The best example of thisis Prader-Willi syndrome (mutation
inherited from father) versus Angdman syndrome (mutation inherited from mother). In Beckwith-Wiedemann
syndrome, uniparentd disomy can give a child two paternd active aonormd dlees, where normally at least one
inactive materna copy is present.

Mitochondrial inheritance

Mitochondria have their own set of genesin apiece of circular double stranded DNA encoding for proteins
involved in oxidative phosphorylation. These genes are transmitted through the mother, not the father. Some
CNS, muscle, and hearing disorders have mutations in mitochondriad genes. Affected maes never tranamit these
disorders.
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Germline mosaicism

This pattern of inheritance is mogt often sugpected if multiple children are affected by a disorder, and the parents
and rdlatives are not affected. One parent must have had a mutation, but it was confined to the germ cells early
in embryogeness, o that somatic cdls did not have the mutetion, and the parent is phenotypicaly normd, but
able to transmit the mutation to offspring.

Some cases of achondroplasia, hemophilia A, and neurofibromatosis |, among others, may be tranamitted in this
fashion.
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Multifactorial Inheritance

Some conditions do not gppear to be linked to a single gene defect, but are more complex, perhaps representing
the effects of more than one gene and aso interaction with environmentd influences or embryogenesis. Two such
disorders are cleft lip and diabetes melitus. Both conditions occur more frequently when thereis afamily history,
but without a clear pattern of inheritance.
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Of babies born with congenital anomalies, many (perhaps 40 to 50%) fdl into a category of “multiple congenita
anomadies’ without a defined syndrome or without an identifiable genetic or chromosoma defect. Many
syndromes gtill do not have a defined genetic basis.

Research continues to turn up new genes linked to disorders, so in the future more congenital anomaies may be
explained by specific defects. Be aware that anormal karyotype or the abosence of afamily history of agenetic
disease does not reduce therisk of birth defectsto O.

The recurrence risk for such conditionsis probably above the stlandard 3% risk, but is not as high asthe 25%
risk for autosoma recessve conditions. The often quoted recurrence risk for anomalies of unknown causeis 5-
8%, indicating that thereis an increased risk, but not a greatly increased risk.

A condition, though multifactoria, may have a*“threshold of liability” above which the disease is manifested—
more genetic risks are present. The disease pyloric senos's, which causes bowe obgtruction with vomiting in
babies about 1 month old, exhibits this pattern. The incidence in malesis 1/200 and in females 1/1000, reflecting
the fact that more risks must be present in femaes for the disease to occur.  Estimating the recurrence risk when
thereisasex ratio difference is counter-intuitive. If maes are more likely to have the diseese, then therisk is
increased if afemale child is born with the condition. Thisis because more risks must be present in the family in
order for agirl to have the disease, and thus the threshold of ligbility will be exceeded more easily for males born
into such afamily.

Twin studies

Twin studies are another way of demongrating relative influences of genetic and environmentd factorson
phenotype.

Monozygous (identicd) twins share the same genome and (presumably) the same environment, unlessthey are
raised gpart, in which case environmenta influences should account for any differences.

Dizygous (nor+identicd) twins are the same as Sblings and have variable genetic differences, but may beraised in
the same environment. Thus for dizygous twins raised in the same environment, genetic differences should
account for the phenotype. Twinsthat share atrait are caled concordant, while those that do not share atrait
are discordant.

The concordance rates for diabetes mellitus, autism, bipolar disorder (manic-depressiveillness), and epilepsy in
monozygous twins are much higher than for dizygous twins, raised in the same environment, suggesting thet there
are genetic factors at work.
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Teratogenicity

Maternd exposure to drugs, toxins, and other environmenta insults may have an effect upon the developing
embryo and fetus. Some associations are well known, such as the drug thaidomide and risk for phocomelia
(short limbs). Other exposures may result in sporadic appearance of birth defects. The most common teratogen
isdcohal.

Fetal Alcohol Syndrome

Fetd dcohol syndrome (FAS) may affect at least one out of every 750 live births. Thirty to forty percent of
babies whose mothers drink heavily throughout pregnancy develop FAS. Thereis no threshold amount of acohol
consumption by the mother to produce the disease--no amount is safe. The probability of having a child with
FAS increases with the amount and frequency of alcohol consumed. Whenever a pregnant woman stops
drinking, she reduces the risk of having a baby with FAS. Damage to the fetus from FAS cannot be reversed.

The most common deformity with FAS is moderate to severe growth retardation. Anomaiesinclude
microcephaly, frontal bossing, long and narrow forehead, hypotelorism, maxillary and mandibular hypoplasia,
narrow pa pebra fissures, thin e ongated philtrum and vermillion border of the upper lip, temporomandibular joint
disorders, and denta maocclusion, wide roof of the nose, saddle nose, tooth ename hypoplasia, and uvular
hypoplasia Ocular problems include microphthamia, cornedl clouding, coloboma, nystagmus, strabismus, and
ptogs. Internd anomalies include congenita heart disease, particularly ventricular septal defect. Vertebra
abnormadlities including scoliogis can be present. The liver can have faity metamorphoss with hepatomegay and
elevated serum transaminases. The physica anomdies tend to become less apparent as the child ages.

The effect of FAS on the brain results in varying degrees of mentd retardation and behaviora problems. Adverse
psychosocid, behaviord, physical, and intellectua consequences of prenatal acohol exposure continue into
adulthood.

Anti-convulsant Drug Teratogenicity

Severd anticonvulsant drugs, including phenytoin, carbamazepine, and phenobarbita, are metabolized by the
liver through the arene oxide pathway that |eads to increased epoxide intermediate metabolites that may have
teratogenicity. Fetuses of mothers who require such medications can be a risk for malformations. The risk of
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birth defects can be up to 10%.

The best known of these isthe fetd hydantoin syndrome with use of phenytoin. Features of this syndrome may
include facia dysmorphology with epicantha folds, hypertelorism, upturned nose, and flat nasd bridge, dong
with digtd digitd hypoplasia, growth retardetion, and mental retardation.

Feta vaproate (valproic acid) syndrome has afacia appearance characterized by asmall broad nose, smal
eas, flat philtrum, along upper lip with shalow philtrum, and micro/retrognathia. In addition, there can be
musculoskeletal abnormalities, minor skin defects, cardiovascular abnormalities, genital abnormdlities, pulmonary
abnormdlities, and neura tube defects. Fetal 1oss may occur in 12% of cases, and 29% of survivors have
developmenta deficits and/or menta retardation. Growth retardation occurs in one-sixth of cases.

Materna use of other anticonvulsant drugs, including phenobarbita, primidone (which is metabolized to
phenobarbita), carbamazepine, and vaproic acid, has been associated with a variety of birth defects, but the
findings vary in published sudies.

What causes birth defects?

Cause %
Unknown 43
Multifactorid 23
Familid 15
Chromosomd abnormalities 10
Single gene disorder 3
Teratogen 3
Uterine problems 3
Twinning problems <1

Observation: Why do so many genetic disorders result in decreased mentd function or neurologic problems?
Because athird of the genome is devoted to the nervous system.

Different Approaches (told by a parent) (adapted from p 296 from Jorde et a, Medica Genetics)

Late in my pregnancy | had an ultrasound that showed severa problems with the baby. During ddlivery, the
baby’ s heart rate dropped dramatically. We were given the option of a C-section and without hesitation chose
that option. A drape was hung so that | could not see, and | only knew that the baby was born when the
pediatrician ran out of the room with something in hisarms. My husband quickly followed, and then | waited for
what seemed an eternity.
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Later...asmy husband and | sat in awe over our new baby girl, a physician entered the room. He pointed out
severa characterigtics and concluded that she had trisomy 18. Of the grim things he rattled off, the only thing |
remembered was that he said she would be a vegetable and that she would most likely die within the next couple
of days. He then walked away, and we sat there, stunned.

On the day of her birth, a pediatrician came forward, put his arms around us, and told us he thought she was
beautiful and to love her for aslong as she could be with us. He turned her into a human being with alife to be
highly vaued.

Prader-Willi syndrome (told by a parent) (p. 81 in Jorde et al, Medical Genetics)

We have a 3 1/2 year old son, John, who has Prader-Willi syndrome (PWS). Months before John was born,
we were concerned about his well-being because he was't as active in utero compared to his older sblings. At
the firgt sight of John, the doctors suspected that things “weren't quite right.”  John opened his eyes but made no
other movements. He couldn’t adequately suck, required supplementa oxygen, and he was “puffy.” He
remained hospitaized for nearly 3 weeks. Thefollowing 3 years were filled with vidts to occupationa therapists,
physica thergpists, home hedlth care aids, early childhood service providers, and speech therapidts.

From the day John was born, we searched diligently for adiagnoss. Hisfather inssted that we need only love
and hdp him. However, | wanted specifics on how to help him and knowledge from other parents who might
have traveled asmilar path. After extensive testing and three “chromosome checks,” John was diagnosed with
Prader-Willi syndrome. We were glad to be provided with some direction and decided we would ded with
further challenges asthey came upon us. We used what we learned about PWS to get started helping John
reach his potertia. We were not going to worry about al the potentia problems John could have because of his
PWS.

John attends a specia education preschool at the local ementary school 4 days aweek. The bus ride takes
about 5 minutes, but islong enough for John to very much anticipate it each day. If heisill, we haveto tdl him
that the busis broken. He attends a Sunday school class with children of asmilar age. He misbehaves by
saying “hi” and “bye’ very loudly to each participant. He receives speech therapy once aweek, and | spend at
least 30 minutes each day with John, practicing speech, cognitive, and play skills. John has not yet experienced
the feeding difficulties commonly observed in children with PWS. However, excessve egting and weight gain are
more common in older children with PWS.

Compared with other 3-year old children, John struggles with speech and motor developmental milestones. Yet,
he lovesto play with his siblings and their friends and to look at books. In fact, we struggle to keep people from
doing too many things for John because they might prevent him from attaining the same god independently. We
fed very privileged to have himin our family.

Our expectations for John are that he achieves everything thet is possible for him plus alittle bit more. Indeed,
some of his care providers are dready impressed with his cgpabilities. | hope that his successis partly because
of the care and support that we have given to him. Moreover, | hope that John continues to overcome the daly
chdlenges that face him.

Key points about the parent(s) perspective:
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1. | know something is not quite right.

2. | want an exact answer (or, | don't want to know if | gaveit to him).
3. 1 need help.

4. | want to believe that what | am doing is making a difference.
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PATHOLOGY 6601, FALL 2006
PLACENTA/PERINATAL/PEDS
Dr. Morton H. Levitt
DISEASES OF INFANCY AND CHILDHOOD: PART 1

READING ASSIGNMENT:  Pahologic Bassof Disease, (7" ed: 469-487)

LEARNING OBJECTIVES: At the end of this lecture and upon completion of the reading
assgnment and laboratory, the student will be able to:

1 Usein context definitiond terms that describe fetd events and complications.

2. Describe diagnostic techniques that are available for prenatal diagnosis and at what gestationa
age.

3. Describe the pathophysiology of problems of prematurity: intraventricular hemorrhage,
kernicterus, necrotizing enterocolitis, and respiratory distress syndrome.

4, Explain how erythroblastosis fetais occurs and what the consequences are.

5. Define the types of birth injuries, especidly those involving the head and nervous system
(extracraniad hemorrhage, intracranial hemorrhage, skull fractures, spinal cord and brachid plexus
injuries).

6. Understand the routes of perinatal infection; outline the organisms that cause the TORCH
infections, describe the effects of perinatd infection.

Definitions:
Embryo Up to 8 to 12 weeks gedtation (first trimester)
Fetus After 8 to 12 weeks and up to delivery
Abortion Pregnancy loss up to 20 weeks gestation
Stllbirth Pregnancy loss after 20 weeks gestation
Perinatd period 28th week of gettation to 7th day of life
Neonatal period Birth to 28th day of life

Infancy Fird year of life
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Term pregnancy 38 to 42 weeks gestation

Trimester Divison of pregnancy into three equa segments (firgt trimester, second
trimegter, third trimester)

Diagnogtic Sudies

Ultrasound Radiologic procedure to bounce sound waves off of interna structuresto
create a 2 dimensiond image; gestationd sac firgt seen at 6 to 8 weeks
gedtation.

Best imaging of the fetus (extremities and interna organs) to detect
congenital anomalies is obtained between 15 and 20 weeks gestation.

Can use transabdomina or transvagina approach.

Ultrasound machines for doctor’s offices are good for screening, but
those in hospitals have better resolution and are operated by atrained
technician in radiology or OB.

CVsS Chorionic villus sampling is done under ultrasound guidance, usualy
between 9 and 11 weeks gestation, to obtain asmall biopsy of placental
tissue for karyotyping or genetic studies. Can be contaminated by
materna cdlls.

Amniocentess Under ultrasound guidance, aneedle isinserted into the amniatic fluid
around the fetus to obtain materid for biochemica testing, karyotyping,
or genetic sudies.

Feta amniocytes collected are desquamated epithdid cells. Can be
contaminated by maternd cdlls.

Performed safdy after 15 weeks, when enough amniatic fluid is present.

PUBS Periumhilica blood sampling is a technique in which a needle under
ultrasound guidance is inserted into the umbilica cord to obtain fetal
creulating cdls for andyss.
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Maternal serumBiochemica andysis of materna blood can be done to reflect fetd problems.
The classic test isthe “triple screen” for dpha-fetoprotein (MSAFP),
beta-HCG, and edtrial.

Materna blood Sampling of maternal blood takes advantage of the fact that fetd cells do cross
the placentainto materna circulation. Harvessting of such cdls could
avoid the complications of CVS or amniocentesis.

However, they are few in number, making their use in testing difficult.

Maturity and Birth Weight

Gedtationa age Age in weeks after conception

Prematurity Birth at less than 38 weeks gestation (37 in some series)

Term Birth between 38 and 42 weeks gestation

Postmaturity Birth after 42 weeks gestation

Birth weight Weight of baby at time of ddivery, normaly between 2500 and 4000
grams

Low birth weght Weight < 2,500 gms at birth (40 X increased risk of desth compared
with infants > 2,500 gms)

Vay low birthweight Waeight < 1,500 gms (200 X increased chance of degth)

SGA Smadl for gedtationa ageis < 10th percentile weight for age

LGA Large for gestationd age is > 90th percentile weight for age--think



macrosomiain infants of diabetic mothers (related to feta
hyperinsulinemia), hydrops fetdis, other causes.

IUGR Intrauterine growth retardation is lack of normal incressein Sze of the
developing fetusin proportion to gestational age. 1t can be detected
antenatally using ultrasound (biparietd diameter, head circumference,
abdomind circumference).

Proportionate IUGR reflects the limited ability of the fetus to grow and
results in symmetric growth retardation. It is seen in chromosoma
disorders, congenitd anomaies and congenita infections.

Disproportionate IUGR occurs when uteroplacentd insufficiency leadsto
decreased nutrient supplies but results in relative sparing of the brain.
IUGR is asociated with higher perinata mortdity and a higher incidence
of perinata complications. Placenta findings in uteroplacental ischemia
acute--abruption; chronic--decreased weight, increased knotting,
infarction.

Maternal diseases associated with IUGR include toxemia, chronic
hypertension, nutritiona status. Additiona risk factors are narcotics,
acohol, and cigarette smoking.

Assessement of the Baby at Birth

Apgar scores dlow arapid means of evauating the condition of the infant and are useful in
predicting perinatd morbidity. (Named for ared person — VirginiaApgar.) They are usudly
doneat 1 and 5 minutes after birth and are assessed by giving 0, 1, or 2 points for each of the
falowing mnemonic (CHRMYS):

C =color

H = heart rate

R = respiratory effort

M = muscle tone

S = gimulus = response to catheter in nogtril

A good scoreis8to 10

163
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Low scoreat 1 minute: Suggests asphyxia.
Low score at 5 minutes: Associated with a poor outcome,

50% mortdity within firg month of life

Uteroplacental Insufficiency

This term describes a phenomenon with many causes. There are avariety of reesonswhy a
failure of exchange of oxygen and nutrients across the placenta from maternd to feta circulation
might occur. Causes could include:

Pacental implantation in a poor location (lower uterine segment)

Placental abruption (premature separation of the placenta)

Vascular problems

Infection

Hypertension (pregnancy induced hypertension, or PIH)

Chromosoma abnormdities (remember that the placentais afetal structure)

Uteroplacentd insufficiency can lead to neonata agphyxia, which leadsto the following
complicationsin the fetus. myocardid failure, pulmonary hypertenson, necrotizing enterocolitis,
rend failure, CNS hemorrhage and damage, meconium aspiration, and death (8-34% of
dtillbirths, 1 to 3.5/1,000 births).

Placentd findings in acute agphyxiainclude fresh meconium on placenta membranes, fetus, and in
fetd respiratory tract. Chronic asphyxia resultsin meconium in macrophages. (Meconiumisthe
intestind content of the fetus and it is a green, bile stained meterial--usualy not discharged before
34 weeks gestation. Meconium aspiration is seen near term).
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Perinatal infections.

There are two primary routes of perinatd infection:

Ascending or transcervical

Hematologic or trangplacenta
Ascending infections may be caused by bacteria (Group B Strep), or viruses (herpes smplex
virus, or HSV). There are severa outcomes:

Choricamnionitisifunigtis infection of the fetal membranesis called choricamnionitis.

Infection of the umbilica cord is caled funigtis. Inflammeation in either suggestsinfection
has entered the amniatic cavity, which is ordinarily Serile.

Fetd pneumonia, from micro-organisms atracting neutrophils in the lung due to
agpiration of infected amniotic fluid.

Hematologic or trangplacenta infections.

In redity, it is often difficult to tell just how an intrauterine infection Sarted.

Infections that occur in utero can be called “congenitd infections’ because they occurred before
birth.

Congenitd infections can be categorized by etiology. The mnemonic “TORCHES’ helpsin
remembering these causes.

Toxoplasmoss

Other: Parvovirus B19, group B strep, Ligteria
Rubdla

Cytomegdovirus

Herpessmplex virus, HIV

E. coli

Syphilis

Thedinicd presentation of TORCH infections includes multisystemic effects.

fever pneumonitis hepatosplenomegdy
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encephditis myocarditis skin lesons
chorioreinitis hemoalytic anemia

If the infection occurs early in gestation, it can lead to other consequences, including:
growth and mentd retardation congenital cardiac anomalies

cataracts bone defects

Perinata vird infection with herpes smplex virus can affect the fetus in utero, intrgpartum, or
postnatdly. If thisinfection occursin utero, there is LBW in most cases, with extensive
neurologic damage because HSV is neurotropic.

Perinatd infection with HIV can have avariety of outcomes. Some infants are seemingly
unaffected, with adower course. Some may have AIDS soon after birth. Most progress faster
to AIDS than infected adults. Transplacentd infection can be reduced by giving antiretrovira
thrapy (zidovudine) to mothers. A few cases result from transmission by breast milk.

Problems of Prematurity

Pulmonary Immaturity. The premature lung has three gods as it matures:
Increase surface area
Produce surfactant

Decrease aveolar wal thickness

Respiratory disiress syndrome (RDS) in the newborn is caused by a deficiency of surfactant.

Pathophysiology. In premature infants, the synthes's, storage, and release of surfactant is
decreased due to lack of and immaturity of type |l dveolar cdlls. Thisleadsto increased
surface tenson and difficulties with ventilation (hypoxemiaand CO, retention). Damage
to capillary endothdlium and dveolar epitheium results in the formation of hydine
membranes, which consst of fibrin and cdllular debris

The pathology of classic respiratory distress syndrome includes distended, airless, dark
red, heavy lungs with atelectasis (collapse of aveoli) dternating with dilated aveoli and
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ar spacesfilled with fluid and lined by hyaine membranes.

The clinicd course depends on the birth weight, with infants < 1,000 gms having amuch
higher morbidity and mortdlity.

Bronchopulmonary dysplasiais an outcome of RDS. It is diagnosed dlinicdly by the
presence of persstently increased densitiesin the chest radiograph and oxygen
dependency > 27 days of life following mechanica ventilation during the first week of life.
Pathologic evidence of bronchopulmonary dysplasia can be seen within 5 days of life. It
is characterized by acute, reparative, and healed stages of pulmonary acinar injury.

Central Nervous System Problems

Intraventricular hemorrhage
In premature infants it usudly arises in the germina matrix, epecidly in the capillaries
overlying the head of the caudate.

The greatest risk is at 22- 31 weeks gestation.

Risk factors include stress from hypoxia and changes in blood pressure in the premature
neonate.

Kernicterus
Thisis aneonatal metabolic encephaopathy characterized by the accumulation of

unconjugated bilirubin in the brain, especidly the basal ganglia

Theimmature liver with itslow levels of glucuronyl transferase cannot handle elevated
bilirubin and the poorly developed blood brain barrier permits the passage and
depogtion of hilirubin.

Neonatal Necrotizing Enterocolitis (NEC)

Necrotizing enterocalitis is an acute, necrotizing inflammation of the smadl and large intestines.
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Clinicdly thisis characterized by the presentation of an infant & 2-4 days of life with bloody
gools, diarrhea, and abdomina distenson. Radiographs may include pneumatosis intestindis (air
bubbles in the bowd wall).

It is thought to have a multifactoria etiology, including mucosal ischemia, ord feedings,
and bacterid infection.

Risk factorsinclude LBW and premature infants.

The pathology of NEC includes coagulative and hemorrhagic necrods and inflammation
of portions of the smdl and largeintestine. The termind ileum, cecum, and the right
colon are the most severely affected.

Erythroblastosis fetalis--hemolytic disease of the newborn.

Hydrops fetdisis aterm used to describe increased subcutaneous and interdtitia tissue fluid and
serous cavity effusonsin the fetusin utero and at birth.

There are numerous causes of hydropsfetalis. hematologic, cardiac, intrathoracic, vascular,
musculoskeleta, urogenitd, gastrointestingl, tumors, genetic metabolic disease, chromosome
anomadlies, infection, and maternd disorders.

Erythroblagtosis fetdis is a hemolytic disease in the newborn (HDN) which is caused by blood
group incompatibility between mother and child. It occurs when:

Maternd 1gG antibodies cross the placenta and attach to fetal red blood cdlls.

Feta RBCs undergo accelerated destruction.

HDN may be caused by incompatibility in Rh antigens (mother is Rh negetive and fetd cdls
which are Rh pogtive cross the placenta to sengtize the mother, who devel ops antibodies that
crossthe placenta). In generd, thetiter of antibodiesis nat high in the first pregnancy when
sengtization occurs, but increases in subsequent pregnancies. The mother may aso have been
sengtized from aprior blood transfusion.

HDN can be due to other blood group antigens.
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HDN due to ABO incompatibilities tends to be less severe (most of these antibodies are of the
IgM type that does not cross the placenta). It will occur when the baby is Group A or Group B
and the mother is Group O.

Clinica features of erythroblastosis fetdisindude:

Accderated RBC destruction with anemia, with increased numbers of nucleated RBCsin
peripheral blood, and subsequent...

High output cardiac failure with generdized edema (hydrops fetdis)
Jaundice (unconjugated hyperbilirubinemia) from hemolyss, possibly with kernicterus.
Hepatosplenomegaly due to increased extramedullary hematopoiesis (EMH).

Birth injuries.

Birth injuries are not common with modern obstetrical practice.

Birth injuries may involve the head, skeletd system (fractures of the humerus or dlavicle), liver,
and peripherd nerves.

Injuries of the head and nervous system frequently have the most serious consequences. They
occur as aresult of mechanical factors and fal into the following categories:

Extracraniad hemorrhage can occur ether into the subcutaneous tissue or the
Subperiosteum. When it involves the subcutaneous tissue, it is termed caput
succedaneum and occurs as aresult of prominent head molding during vagind ddivery.
It crosses suture lines and resolvesin 1-2 days.

Extracranid hemorrhage into the subperiosteum is termed cepha ohematoma and
is associated with forceps ddlivery. It can continue to increase after birth,
resolves in weeks to months, does not cross suture lines, and isusudly seenin
the parietal bone. 1n 25% of casesit is associated with an underlying skull
fracture.

Intracrania hemorrhage isrelated to cranid traumaat ddivery and is most commonly
subdurd and subarachnoid. Thislocation differs from hemorrhage seen in immature
brains.
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Skull fractures occur due to direct compression, are accompanied by either intracrania
or extracrania hemorrhage, and are usudly locdized to the parietal bone.

The spind cord may beinjured by severe traction or rotation.

Damage to the brachid plexus is more common than spina cord damage and occurs
when nerve roots are stretched during ddlivery. It can involve either the shoulder (C5,
C6; Erb's pasy) or wrigt and fingers (C8, T1, Klumpke's paralyss).
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PATHOLOGY 6601, FALL 2006
PLACENTA/PERINATAL/PEDS
Dr. Morton Levitt

PLACENTAL PATHOLOGY & GESTATIONAL TROPHOBLASTIC DISEASE

READING ASSIGNMENT:  Pathologic Basisof Disease, (7" ed: 1104-1114)

LEARNING OBJECTIVES:. At theend of these lectures and upon completion of the reading
assgnment and laboratory, the student will be able to:

1.

2.

Determine which placentas need pathologic examination and why.

Evauate the norma placenta and describe the features (vessals, villi, membranes, umbilica cord,
maternal surfece, fetd surface).

Recognize and interpret the significance of abnorma findings in the placenta (induding: single
umbilical artery, meconium staining, amnion nodosum, choricamnionitis, abnormal shapes and
Szes).

Define the difference between:

Monozygotic and dizygotic twins
Dichorionic, diamnionic placentation
Monochorionic diamnionic placentation
Monochorionic monoamnionic placentation

Describe the pathophysiology of complications of twinning (including: conjoined twins and twin-
twin transfusion syndrome).

Define molar pregnancy and discuss the significance of complete versus partid molar pregnancy.

Placental Function

The placentais a fetal organ, derived initialy from cells of the developing blastocyst soon after fertilization
occurs. In fact, there are initially more fetal cells devoted to placental formation than other fetal organs, for
the blood supply that sustains the fetus through pregnancy must be established.

The developing placentd tissue invades the endometrium to establish an interface with the
materna circulation. The placentaenlarges. At 15 weeks, the fetd:placentd weight ratio is
about 2:1, at 20 weeks 3:1, and at term about 5 or 6:1.
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Placentd Evduation

Examination of the placenta following ddivery can help darify the pathophysiology of an adverse
fetd or materna outcome, evaluate recurrence risk, and evauate zygosity of twins. Itisaso
important documentation for medicolegd purposes.

The placentas that need pathologic evauation are typicaly those which come from: multiple
gedtations (e.g., twins), dillbirths, premature births, neonates with medica problems, and mothers

with medical problems. Any placenta that 1ooks odd should have a pathologic examination. In
generd, this scheme resultsin examination of about 10% of placentas.

Placenta Structure

There are three mgor placental components:
Fetd membranes
Umbilicd cord
Placentd disk, with a
Fetd surface

Maternd surface

Placental membranes (and fetal surface of placental disc)

Normal membranes

gross exam: thin, glossy, and tranducent

microscopic exam: what appears as asingle thin membrane is composed of two
layers—a chorion and an amnion. The amnion faces the indde of the amniatic cavity.

amnion:-epithdium and connective tissue
chorion--connective tissue, fetd blood vessds, involuting villi (at margin)

decidua--modified endometrium (materna component at interface with the
chorion)
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Acute chorioamnionitis

Acute chorioamnionitisis an acute inflammatory process in which neutrophils are seenin
the fetd membranes and often in the chorionic plate and umbilica cord (funisitis).

The fetd membranes may appear |ess trand ucent and thicker because of the presence of
the inflammeatory cdlls.

Most common pathogenesis - ascending bacterid infection.

Associated with premature labor and fetd infection.

M econium staining

Meconium is the substance in the fetal colon that is athick, mucoid, dark green
substance.

Meconium is normally not passed until after birth. If meconium is released under
conditions of fetd dtress, generdly toward the end of the third trimester, then the
meconium is released into the amniatic cavity where it can:

Sain the fetus and placenta (meconium gaining)

Go into the lungs and produce a pneumonitis (meconium aspiration)

If the fetus survives the episode in utero, then the meconium is taken up into
macrophages.

Evidence for meconium staining at birth should make you suspect possible aspiration,
and alung lavage can be done to wash out the meconium.

Amnion nodosum

Fetd squamous epithdia cdlsfrom skin, dong with the paste-like protective vernix
caseosa are normaly present. Smal nodular deposits of this materiad can form on the
membranes of the placenta fetal surface and umbilica cord.
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It occurs when the amount of amniatic fluid is reduced (oligohydramnios). Lack of
amnionic fluid prevents the fetd skin cdls from being washed off the membranes.

Grosdy, they can be scraped off.

Common underlying conditions: maformeations thet prevent urine from entering the
amnionic sac and chronic loss of amniatic fluid.

Amnion disruption
The amnionic band syndrome is characterized by fibrous bands extending from placenta
to fetus, between fetd parts, and amputation/cleavage of fetal parts. It can be part of the
“limb-body wall complex” with vertebra column curvature (scolios's), abdominad wall

defect (gastroschisis), and limb abnormalities. Thisis a sporadic condition (not a
genetically determined process) that is adisruption of norma embryogeness.

Umbilical cord
Length: umbilica cord length is primarily determined by stretching due to feta movement.
Norma: mean length of the cord a term is 55-60 cm (range 25 — 75 cm).

A short cord indicates ether fetal hypoactivity or intrauterine abnormality leading to
compression.

A long cord may be due to fetal hyperactivity and is associated with increased incidence
of cord prolapse, true knot and coiling around feta parts.

The normd insertion of the cord is centra or eccentric.
Margind insertions a the edge of the placental disk occur in 5-7% of cases, and are

more susceptible to vessd rupture.

Vdamentous insertions are seen when vessals run unprotected by Wharton'sjelly within
the fetal membranes before reaching the placentd disk; occur in 1-2% of cases, and are
susceptible to compression and rupture.

The norma number of umbilical vessasis three: two arteries and one vein.

A dngle umbilicd artery is seenin 1% of term pregnancies, results from either agenesis or
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degeneration during development and is associated with 50% incidence of fetdl
anomaies and 25% incidence of IUGR. Fetd anomalies may involve any organ system.
Mechanicd lesons
True knot: rarely tighten before labor and are associated with an increased perinatal

mortality rate. Knotsrarely cause marked constriction because the umbilical cord islike
arubber band.

Fase knot (pseudoknot): foca nodular collection of dilated vessels and increased
Wharton'sjdly. It has no sgnificance, other than being able to recognize it and
digtinguish it from pathol ogic processes.

Prolapse: the cord extends out through the cervica cand prior to or during ddlivery,
which can compromise blood flow.

Nuchal cord: the cord wraps around the neck (or another body part). This hasthe
potentia to compromise the blood supply, but not that often.

These “ cord accidents’ such as true knots, prolapse, and nuchd cord are more likely to
occur with along cord.
Infections

Ascending infections can involve the umbilica cord. Inflammeation of the cord is known
asfunigtis

Placental disk
Weight

The norma weight varies with gestationa age and race.

A amdl for gestationd age (SGA) placenta suggests uteroplacentd insufficiency.

A large for gestationd age (LGA) placenta suggests maternd diabetes mdllitus, fetal
hydrops, or congenitd infections such as congenita syphilis.
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Materna surface of norma placenta:

Arethelobules or cotyledons (usualy there are 10 to 40 of them) intact?

Fragmentation suggests retention
A hematoma with depression of the surface suggests abruption

A pde, firm area suggests infarction

Appearance:
90% of placentas are discoid, flat, round to ova
Abnorma invasiveness of the placentaiinto the uterine wall, without an intervening
decidud plate, with placentd villi interdigitating directly with myometrium, can lead to:
Placenta accreta: villi are adherent to myometrium rather than decidua
Pacentaincreta: villi interdigitate with myometrium
Placenta percreta: villi extend through uterine wal into serosa; associated with

hemorrhage, uterine rupture, 10% fetal and maternd mortdity

This abnorma invasiveness means that the placenta does not separate from the uterus
normaly following ddivery. This can require a hysterectomy to control bleeding.

Abruption:

Abruptio placenta (placental abruption) occurs when thereis sudden separation of a
normally implanted placenta prior to labor.

Pathologicaly, aretroplacental hematoma is seen, with or without compression of the
villi.

Clinicd findings with abruption are classcaly the sudden onset of severe lower
abdomind pain accompanied by vagind bleeding. Findings are varidble. Ultrasound can
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be done for diagnostic confirmation.

Abnormd location:
Normally, the blastocyst implants on alaterdl wall of the uterine fundus. Placenta previa

isacondition in which the placentais implanted over theinternd os and is a Significant
cause of third trimester bleeding.

Placental parenchyma:

The normd intervillous space is bathed in maternal blood.

Thenormd placentd villi are composed of fetal vessds, connective tissue cdlls, and
surrounding trophobl asts (cytotrophoblast, syncytiotrophoblast).

As pregnancy proceeds, the villi become smaler and more vascular to aid the incressed
need for diffusion of oxygen and nutrients across the placenta to support the growing

baby.
Inflammetion
Acute villitisistypicaly due to bacteria, with neutrophilic infiltrates. Thisis far less

common than choricamnionitis or funigtis.

Chronic villitis (mononudear inflammetion) is more likely to be seen with the congenitd
TORCH organiams. It isfrequently not possible to culture a specific agent (villitis of
unknown etiology). It is seen more frequently in tillborns (3X) and in SGA infants.

Twins

Dizygotic twins (fraterna twins) occur when there is fertilization of two ova by two different
sperm.

Asthe two babies grow, their placental disks often fuse and appear as one placenta.

It is more common than monozygotic twinning and is associated with increased maternd age.
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M onozygotic twins (identica twins) occur when there is fertilization of one egg by one sperm
followed by early separation of the early embryo into two individuds

Thereis no association with maternd age.
The formation of membranes and placentas depends on when division of the embryoblast occurs.

TWINS AND TWINNING* Dizygous Monozygous
incidence 1:30-150 1:200-330
# of placental disks lor2 lor2
dividing membranes DCDA (72%) MCDA (25%)

DCDA (3%)
MCMA (<1%)
DCDA = dichorionic diamnionic
MCDA = monochorionic diamnionic
MCMA = monochorionic monoamnionic)

*These figures are rough estimates and marked interracid variation occurs.

Complications of monozygous or dizygous twins:

Thereis an increased incidence of deformations
Thereis an increased incidence of velamentous insertion (7X)
Thereisan increased incidence of asngle umbilica artery (3-4X).
Complications seen primarily in monozygous twins
Thereisincreased incidence of developmentd abnormdities, malformations and vascular

disruptions.

MCMA: high fetd mortdity (30-50%): fratricidal knots and entangled cords.

MCDA: perinata mortdity (7-25%).
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Conjoined twins- incompletely separated monozygous twins of gpproximately equa
sze.

Twin transfuson syndrome
Present in 15-30% of MCDA placentas.
Thereis unequa shunting of blood from one twin to another.
Anastomoses.  Artery-Vein, Artery-Artery, Ven-Ven.

Donor twin appears anemic; placentais growth retarded, and there is
oligohydramnios.

Recipient twin appears plethoric; the placentaiis large and congested; there is
polyhydramnios,

If the blood flow to one monozygous twin is markedly reduced from early in
gedtation, it may not completely develop dl body parts. Thisresultsin the so-

cdled “acardiac” twin which may be lacking a heart, other internd organs, a
head, or extremities.

Gestational Trophoblastic Disease (Molar Pregnancy)

Hydatidiform mole:
Complete
Partiad

Invasve hydatidiform mole
Choriocarcinoma

Placentd ste trophoblastic tumor (rare)
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Complete Hydetidiform Mole

Karyotype isusualy 46 XX, with paterna chromosomes only (fertilization with loss of maternd
component)

= 0.1% of pregnanciesin USA; more common in Asa

Placenta tissue develops, but not afetus. Thereisrapid placental growth, so the pregnancy
appears large for dates

The serum beta-hCG is markedly devated

In 10 to 20% of cases, persistent trophoblastic disease occurs (invasive mole, choriocarcinoma).

The gross pathologic agppearance is that of “grape-like’ villi--trangparent vesicles 1-2 cmin
diameter; thereis absence of fetd parts.

The microscopic appearance of the villi is marked by edematous enlargement (hydropic villi) with
little or no blood vesselsin the villi. The trophoblastic cdlls are proliferated.

Patiad Hydeatidiform Mole

Thereisatriploid-karyotype (e.g., 69,XXY )—with an extra set of haploid chromosomes
(fertilization of an ovum by two sperm, diploid sperm, or persstence of polar body in ovum).
How cytometry will demongtrate atriploid population of cells.

Since maternad chromosomes are present, afetus is present, but the fetusis small and maformed.
Stllbirth typically occurs, and livebirths are rare.

The serum beta-hCG eevated (though not as high as with complete mole)
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Pergstent trophoblastic disease is less common than for a complete mole.

Hydropic “grape-like’ villi are present in some cases but not aslarge (<1 cm) than with a
complete mole.
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PATHOLOGY 6601, FALL 2006
PLACENTA/PERINATAL/PEDS
Dr. Morton Levitt

DEVELOPMENTAL ABNORMALITIES, COMMON CYTOGENETIC DISORDERS, AND
NEWBORN SCREENING

READING ASSIGNMENT:  Pahologic Basis of Disease, (7" ed: 469-487)

LEARNING OBJECTIVES. At theend of these lectures and upon completion of the reading

assgnment and laboratory, the student will be able to:

1 Define the following terms

abortion dillbirth syndrome association
maformation deformation hereditary congenita
disruption dysplasa euploid aneuploid
monosomy trisomy sequence

2. Indicate the most likely consequences of sublethd injury during the following periods of gestation:
0to 3 weeks 310 9 weeks 10 weeks to birth

3. Indicate the relative importance of chromosome abnormalities as causes of an early abortion,
dtillbirth and neonata desth.

4. List 3 categories of genetic factors and 3 of environmentd factors that may cause developmentd

abnormdlities.

5. Describe one characterigtic externa feature and one common internal feature for each of the
following:
monosomy X trisomy 18 trisomy 13 trisomy 21

6. Ligt sx techniques which are used for the prenatd diagnosis of genetic diseases and
maformetion.

7. Discuss the metabolic diseases which are part of the newborn screening program in Utah.
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DEVELOPMENTAL ABNORMALITIES
Congenital vs. Hereditary
1 Congenital disorder: A disorder manifest at birth which may or may not be

caused by abnorma genes and which may or may not be transmissible.

2. Hereditary disorder: A disorder caused by abnorma genes that can be
transmitted to offspring, but may or may not be manifest a birth.
Classification of errorsin morphogenesis
1 malfor mation:
a Intringcaly abnormally formed structure due to incomplete or aberrant
(dysplastic) morphogenes's (the term dysplasiain pediatric pathology
refers to disordered devel opment, not a pre-neoplastic process).

b. Occur relatively early during development

C. Example - Multicydtic dysplagtic kidney

2. disruption:
a Extringc breskdown of previoudy normd tissue

b. Example- Amniotic band syndrome (limb-body wall complex)

3. deformation:

a Altered mechanicd forces on previoudy norma tissue, often dueto
intrauterine condraint

b. Occur reldively late during development

C. Example — Equinovarus (varus) deformity of foot from condrictionin
utero with oligohydramnios
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Classification of multiple lesons
1 sequence:
a Multiple anomdlies derived from a single, localized known or presumed
anomdy. Thisinitiating event leads to secondary effects on other organs
(“cascade’)

b. Example - Oligohydramnios sequence

2. syndrome:

a A pattern of multiple anomdies thought to be pathogenetically related but
not a sequence

b. Example - Short rib-polydactyly syndrome

3. association:
a Non-random occurrence of multiple anomaies not one of the above
b. Example - VATER association (vertebra problems, and atresia,

tracheo-esophaged fidulalatresia, rend anomdies)
Thetarget of theinsult- molecular mechanisms of congenital malfor mations

Molecular mechanisms of maformation include perturbetion of:
differentiation of different cdl types (WT-1)
growth or praliferation of each cel type (TGF-beta)
pattern formation - the arrangement of cdl typesin space (Hox, PAX)
cell adhesion (fibronectin)

programmed cell death / apoptosis (bcl-2)

Thetiming of theinsult



1 The coding system(s) that control these processes may act at severa different
times during morphogenesis (for example, during initid dorsal-ventra-Ieft-right
organization of the embryo and then later during Smilar organization of the limb

buds).

2. Critical periods

a

0 to 3 weeks- fertilization and implantation

I insult will @ther have no effect or cause death
i. chromosoma abnormalities predominate (>70%)
3 to 9 weeks- organogenesis

I insult may cause malformation(s) or death

i. chromosoma abnormdities gill predominate

10 weeksto birth - histogenesis

I insult may cause growth retardaation, growth injury,
inflamation, or death

i. materna- placentd factors, blood group dyscrasias, and infection
predominate after approximately 20 weeks EGA

ii. chromosomal abnormadites in 5% of dillborn fetuses/early
neonata desths and 0.5 - 1% of live births

COMMON CYTOGENETIC DISORDERS (abnormal karyotype)

Chromosoma abnormdlities seen in abortuses

Trisomies (13, 16, 18, 21)

Monosomy X

Polyploidies (69 chromosomes = triploidy; 92 chromosomes = tetraploidy)

Chromosomd abnormdlities that may be seen in newborns

Trisomies (13, 18, 21)

XXY (Klinefdter syndrome)
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XYY
XXX

Monosomy X

Numerical abnor malities of chromosomes (Genome mutations)

euploid - exact multiples of the haploid number (23) -- diploid (normd), triploid,
tetraploid, etc.

aneuploid -  achromosome number that is not an exact multiple of 23 -- monosomy,
trisomy, or higher order additions.

Autosomal monosomy —embryonic or fetal death (more or less sex chromosomes are
tolerated more)
Autosomal trisomy
1. often fatal
2. some better tolerated (trisomies 21, 18, 13)
a associated with advanced materna age, particularly Down syndrome

b. recurrence risk depends on mechanism

C. abnormd differentiation (multiple congenitd anomdies)
d. disturbed growth (intrauterine growth retardation, menta retardation)
e. screening tests include:
I Higtory (family history, maternd age)
i. Materna serum triple screen -
dpha-fetoprotein (AFP)
human chaorionic gonadotropin (HCG)

unconjugated estriol (UE3)

for trisomy 21 and 18



ii. Ultrasonography

\Y2 Karyotype or fluorescence in stu hybridization (FISH) on asample
obtained by chorionic villus sampling (CV'S), anniocentes's

Trisomy 21 (Down syndrome)

1.

2.

Incidenceis 1 per 1000 live births and illbirths

Congdlation of maformations. hypotonia, flat face (90%), danted palpebra fissure

(80%), smian crease (50%), congenita heart disease (40%), duodend atresia (30%).

Mentd retardation.
Abnorma immunity, incressed risk for leukemiain late childhood.

If surviva occurs to middie age, then Alzheimer’ s disease devel ops.

Trisomy 18 (Edward’'s Syndrome)

1.

2.

Prevdence 1 in 5000 live births and tillbirths.

Congdlation of maformations. overlapping fingers, prominent occiput, micrognathia,
omphalocele, cardiac (90%) and rend (75%) anomalies.

Severe mentd retardation and poor prognosis, few livebirths survive more than 4
months.

Trisomy 13 (Patau’s Syndrome)

1.

2.

Prevdence 1 in 8000 live hirths and illbirths.

Congstellation of malformations. microcephay, midiine facid defects, polydactyly, cardiac

anomalies (80%), bicornuate uterus (80%).

Severe mentd retardation and poor prognosis.
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Monosomy X (Turner syndrome)
1 Fetus: fetal hydrops (80%), webbed neck (50%).

2. Adult (survivors are typically mosaics): short stature, webbed neck, wide-spaced
nipples, cubitus vagus, amenorrhea (ovarian dysgenesis).

NEWBORN SCREENING
Criteriafor genetic screening:
1 Early intervention can prevent or andiorate the disesse.
2. A sengitive and specific test can be done on asmdl volume of fluid or tissue.

3. The benefit of detection outweighs the cost of testing and trestment.

Diseases screened for in Florida:
(http://wvww.savebabies.or g/states/florida.htm)
1 Congenital Hypothyroidism
a incidence: 1:4000
b. inadequate production of thyroid hormone due to a number of causes
(thyroid dygenes's, genetic disorders of thyroid hormonogenes's, iodine
deficiency, hypopituitarism, etc).
C. difficult to diagnose dinicdly a hirth.

d. delay in treatment results in mental retardation (mean 1Q=80), growth
falure, deafness and hypometabolic Sate.

e adequate treatment with levothyroxine resultsin norma growth and
development.
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Phenylketonuria

a incidence: 1:12,000, Northern European predilection.

b: autosoma recessive disorder of phenylalanine metabolism.

C. symptoms typicaly not gpparent at birth but by 6 months of age mentd
retardation (1Q<50) isirreversble. Seizures, hyperactivity and eczema
are common.

d. lifelong avoidance of phenylaanine (especidly important during
childbearing to avoid microcephaly and congenita heart disease in the
fetus) resultsin norma early growth and development, but school
problems are common.

Galactosemia

a Incidence: 1:40,000, no racid predilection.

b. Autosomal recessive disorder of galactose metabolism.

C. Symptoms devel op after exposure to galactose (in milk); and include
failure to thrive, vomiting and diarrhea, hepatomegdly, jaundice, cataracts
and mental retardation. Untrested, the disease isletha with the cause of
death frequently being E. coli sepsis.

d. With avoidance of gdactose there should be norma growth and

development, but learning disabilities and ovarian falure are not
uncommon.

Congenital Adrenal Hyperplasa (CAH)

a

b.

Incidence: 1:600 in Pecific Northwest natives.
Autosomal recessive disorder of adrend steroid hormone synthes's.

Signs ad symptoms develop in childhood, with precocious sexud
development, hypertension.

Sickle cell disease and hemoglobinopathies

a

incidence of Hgb S geneis 1:10 in African- American population. Hgb
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SS, SC and S-thaassemia affect about 1:400 African-American

newborns, but are aso seen in other populations.

autosoma recessive disorders of globin chain synthesis.

Children have anemia, increased risk for infections, and organ damage

from crises with thromboss.

Newborns in the State of Horidamust aso have hearing screening.

A magor advance in newborn screening is use of tandem mass spectrometry,
beginning in the early 1990’ s with continuing development.  More than 20

disorders of body chemistry can be detected in asngle andyss of asmdl blood
samplethat is collected on a specid paper during the first few days of life.

D. Diseases screened for in other statesor countries:
1 Tay-Sachs disease (1:3000 in Ashkenazi Jews)
2. Biotinidase deficiency (1:60,000)
3. Tyrosinemia (1:1850 in French Canadians from Saguenay — Saint Jean region)
4, Other amino acid and organic acid disorders (1:8000 - 1:200,000)
5. Cydtic fibrosis (1:2500 in Caucasians)
6. Neuroblastoma (1:10,000, more common in Japan)
The use of atest method known as tandem mass spectrometry can detect up to 30
inborn errors of metabolism (al rare)
Technique Ealiet | Risk Utility in
use (sab)
(wks)
Sngle Gene Chromosomdl Developmental
Eefect Abnormdity Abnormdity
History Any | None Consanguinity Previoudy Exposure
Ethnicity Affected Child Race

Mother >35y.0.




Materna serum 15 None -- Trisomy 21 & 18 Neurd tube
(AFP,HCG, defects
egriol)
Ultrasound 10 None | Demongration of morphologic leson
Chorionic villus 9 1- Enzyme/DNA Karyotype/FISH DNA/FISH
sampling 2%
Amniocentesis 15 0.5% Enzyme/DNA Karyotype/FISH DNA/FISH
Umbilicd blood 18 1- Enzyme/DNA Karyotype/FISH DNA/FISH
sampling 2%
Fetd cdlsin ? None Enzyme/DNA Karyotype/FISH DNA/FISH

materna blood
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PATHOLOGY 6601, FALL 2006
PLACENTA/PERINATAL/PEDS
Dr. Morton Levitt

DISEASES OF INFANCY AND CHILDHOOD: PART 2
PEDIATRIC NEOPLASIA

READING ASSIGNMENT: Pathologic Basis of Disease, (7" ed: 487-506)
LEARNING OBJECTIVES:At the end of thislecture and upon completion of the reading assgnments
and |aboratory, the student will be able to:

1 Lig the ten most common generd categories and the ten most common histologic types of
childhood cancer.

2. Understand the concept of histologic-prognostic subtypes of solid tumors of childhood.

3. Define the main clinicd, pathologic, cytogenetic/molecular genetic, and prognostic features of
these solid tumors of childhood.

a Wilms tumor (also called nephroblastoma).
b. Neuroblastoma.
C. Rhabdomyosarcoma.

Overview of childhood cancer.

Childhood cancer, though rare, is the leading cause of death from disease in children 1 to 15
yearsold.

Most cancersin children are malignant solid tumors, and about 4,000 new cases are diagnosed
each year inthe U.S. Table 1 lists the most common childhood cancers by genera category
(anatomic axis) and by higtologic type. Different tumors predominate a different ages, as shown
in Table 2. Benign neoplasms are much more common in children than malignancies.

In the past 30 years, there have been tremendous advances in the understanding and treatment of
solid maignancies of childhood.
1 Cure rates have increased by as much as 50%.

2. Histologic subtypes with prognostic significance have been identified and grading
systems devel oped.



3. Clinical staging systems have been developed, with improved precision because
of advancesin medica imaging.

4, Chromosoma and molecular genetic abnormdlities have been identified for
Specific types of tumors.

5. Treatment has been refined to match risk status.
6. Late effects of treatment have been identified.

7. Manifestations of cancer family syndromesin pediatric petients are being
increasingly recognized.

Most Common Childhood Cancers

Distribution (%)
General Category by Anatomic Axis
1. Leukemias (acute lymphoblagtic leukemia) 31.4
2. Centrd nervous system (medulloblastoma) 17.6
3. Lymphomas 12.4
4.  Sympathetic nervous system 8.1
5. Soft tissue sarcomas (rhabdomyaosarcoma) 7.1
6. Rend tumors (Wilmstumor) 6.4
7. Mdignant bone tumors (Ewings tumor, osteosarcoma) 5.0
8. Cacinomaand other epithdid maignancies 4.0
9. Germ cdll, trophoblastic, and other gonada neoplasms 3.2
10.  Hepatic tumors (hepatoblastoma) 1.3

Neuroblastoma isa"smal round blue cdll tumor” that originatesin neura crest cells of the sympathetic
nervous system.

Clinicd features.

1. Abdomind or mediastind mass.

2. Median age at diagnogisis 2 years.
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a Maost common mdignancy in firgt year of life.

b. Can be congenital.

3. Imaging: retroperitoneal mass with calcification and necrosis.
4. Signg'symptoms.
a Related to location, presence of metastases.

b. Associations with other diseases: cardiovascular malformations, von
Recklinghausen's neurofibromatoss, Hirschsprung's disease.

Genetic aspects.

1 Abnormdlities of chromasoma number (ploidy).

2. Deletions of short arm of chromosome 1.
3. In 28%, amplification of proto-oncogene N-myc.
4, Defects in expression or function of nerve growth factors (tyrosine kinase-A

[TRK-A] proto-oncogene expression).

5. Occasond familid cases with autosoma dominant pattern.

Prognostic features.

1. Ageat diagnosis < 13 months better.

2. Clinicd stage based on sSize, extensgon of tumor across midline, and locd,
regional or distant metastases. |ow stage better.

3. Extra-adrend or extra-abdomind primary better.
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4. Low urinary homovanillic:vanillylmanddlic acid ratio better.

5. DNA aneuploidy better.

6. Absence of chromosome 1p deletion better.

7. Absence of N-myc amplification better.

Survival overdl has improved from 25% to 55% in 20 years (1960-1963 to 1980-1985), with
selected subgroups having especidly good outcome.

1 Locdized but unresectable: 90% cured with chemotherapy.

2. Infants have 75% chance of survival with chemotherapy.

Wilms tumor (nephroblastoma) isthe most common intra-abdomina solid maignancy of childhood.
It occursin the kidney and is believed to arise from primitive metanephric blastema. There are severd
histologic variants.

Clinicd festures.

1 Abdomind mass arising in kidney, usudly asymptométic.

2. Median age at diagnosisis 3 years.

3. Hypertenson due to increased renin activity occurs in 25%.

4. Imaging is ussful for Saging.

5. Severd dysmorphic syndromes are associated with a substantialy increased risk
of developing Wilms tumor (Table 4). Sixty percent of bilatera and 4% of
unilateral Wilms tumors are associated with congenital maformations.

a WAGR syndrome: Wilms tumor, aniridia, genitd anomalies, retardation.
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b. Beckwith-Wiedemann syndrome: macroglossa, organomegaly,
hemihypertrophy, neonata hypoglycemia, embryond tumors.

C. Denys-Drash syndrome: intersexud disorders, nephropathy, Wilms
tumor.

6. Familid Wilms tumors have been reported with an autosomal dominant pattern.

Genetic aspects.
1 Specific genetic loa areimplicated in Wilms tumorigenesis
a WT1isaWilms tumor-suppressor gene located a chromosome 11p13

that encodes a transcription factor criticad to development of norma
kidneys and gonads.

b. WT2 at chromosome 11p15 is a putative tumor-suppressor gene, and
the 11p15 locusis linked to Beckwith-Wiedemann syndrome.

Survival overal has improved from < 50% in the 1950s to a greater than 80% cure rate with
contemporary protocols.

Rhabdomyosar coma is a soft tissue sarcomawith a stristed muscle phenotype and distinctive
higtologic-prognostic subtypes. It accounts for 50% of childhood soft tissue sarcomas.

Clinicd features.

1 Over 50% occur in the first decade of life, but adults may be affected.

2. The most frequent primary sites are the head and neck (40%), genitourinary tract
(20%), and extremities (20%).

3. Signs and symptoms are related to primary Ste and dinica stage.

4, Staging is based on both the surgica extent of disease and the tumor-node-
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metastas's concept.

5. Asociations with inherited and developmenta disorders: Li-Fraumeni cancer
family syndrome, Beckwith-Wiedemann syndrome, and von Recklinghausen's
neurofibromatoss. Fetal acohol syndrome and antenatd paternd marijuana use
may also predispose to rhabdomyaosarcoma.

Genetic aspects: A variety of chromosomd dterations and genetic mutations are seen.

Surviva overdl hasimproved snce the 1960s from an estimated 25% to grester than 70% with
contemporary protocols. Risk-based thergpy may improvethis.

Other childhood malignancies:

Medulloblastoma occursin the cerebdlar midline

Hepatoblastoma occursin the liver

Childhood leukemias typicaly are acute lymphoblastic leukemias (ALL) and over 90% are
curable

Benign pediatric neoplasms:

Lymphangioma: can be found in the head and neck region. Often do not have discreet borders,
meking ther remova chdlenging.

Hemangioma: can be found anywhere. If extensive, may cause a high output congestive heart
falure.

Fibromatoses: Can be found in soft tissuesin avariety of places. They may interdigitate with
normal tissues, making resection chalenging. If not completely removed, they may recur.

Summary and conclusions.
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Childhood tumors differ in histologic type and prognosis from adult tumors.

Histologic/prognostic and genetic classfications are emerging for specific types of childhood
tumors.

Therapeutic strategies will reflect expanding knowledge about risk.

As surviva improves, second malignant neoplasms will be a serious complication. The present
risk is about 10% within 20 years of trestment. Thisrisk is probably higher in the setting of a
familid cancer syndrome.

PATHOLOGY 6601, FALL 2006
Pathology of Trauma
Dr. Edward C. Klatt

READING ASSIGNMENT:  Pathologic Basis of Disease, (7" ed: 436-442; 444-446)

LEARNING OBJECTIVES:. Attheend of thislecture and upon completion of the reading assgnment,

the student will be able to:

1 Define the incidence of accidental desth inthe U.S.

2. List the mgor causes for accidents.

3. Describe the patterns of blunt force injury to head, chest, and abdomen.

4. Describe the classification of burn injuries and factors influencing prognosis.

5. Describe injury patterns from physical agents (heet, cold, pressure changes, eectrica, drowning).

6. List the mgor types of embali, their etiologies, and their consegquences.

7. Describe injury paiterns with historica findings that would make you suspect domestic
violence/abuse.

ACCIDENTS

The scope of the problem:



Accidentskill one personin 20 in the U.S,, and are the fifth leading cause of death
overdl. Accidents are the leading cause of degth in both maes and femaes under the
age of 35. They aretheleading cause of years of potentid lifelost (YPLL). Leading
causes of YPLL before age 65 are:

Accidents

Mdignant neoplasms
Suicide’homicide

Heart disease

AIDS

Congenitd anomdies
Prematurity

SIDS

Stroke

Liver disease (cirrhoss)

©CoNOUOA~AWNE
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Non-fatd traumais extremey common in medical practice and is aleading cause of
morbidity.

About 1/3 of injuriesto children aged 5 to 17 are sports-related (about 4.5 million total
sports-related injuries)

Non-fatal choking incidents in children are most often due to food and coins. Fata
incidents are often due to choking on baloons.

Accidental (non-fatd) Injuriesinthe U.S. in 1998

Diagnosis Number of People
Contusion 495,103
Laceration 371,567
Fracture 158,679
Stran/Pan 104,054
Internd injuries 110,319

Puncture 106,051
Foreign body 3,391
Other 244,057
Unknown 14,914

Primary Body Part Number of People
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Head/Neck 864,324
Upper trunk 161,025
Lower trunk 86,311
Arm/Hand 311,065
Leg/Foot 96,369
Other 68,931
Unknown 20,108

Auto accidents

A.

About 1 person in 1000 will beinvolved in amgor auto accident each year (fata or
non-fata). >40% of fatdities are associated with impairment by drugs, of which acohol
Is the most common, done or in combination with others.

Teenagers have one of the highest risks, and the risk increases as the number of persons
(typicaly peers) in the car increases.

Children as passengers are at risk when the driver is drinking, and the risk isworse
because they are less likely to be restrained passengers.

Traumais primarily blunt force trauma

1 Head injuries with skull fractures, hematomas

2. Abdomind traumaincluding laceration of mgjor organs, hemaoperitoneum

3. Chest trauma including steering whed injuries such as aortic laceration, cardiac
contusons. Additiona chest trauma such as lung contusions and pneumothorax

4. Extremities. long bone fractures, soft tissue contusons

Traumais worse for persons thrown from car; you are 5 times more likely to dieina
crash if you are not wearing a seat belt

Airbags can or would save 10,000 lives per year inthe U.S.
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Falls

A. Worsein older persons. A third of persons over 65 will have afal each year and 15%
will result in seriousinjuries, haf of which are fractures.

Hip and wrigt and vertebrd fractures are common and debilitating in older women
because of accelerated bone loss (osteoporosis)
B. Head trauma with skull fracturesis leading cause of death from fals (especidly from fals
a home in bathroom)
1 Subdura hematoma from tear of bridging veins and gradua accumulation of
blood

2. Epidurd hematoma from tear of middie meninged artery; classic “lucid’ interva

C. Many infant injuries occur from fals with baby walkers, which do not promote early
walking or motor development, but do give a child increased height and mobility and,
therefore, increased access to stairs, stoves, electrica cords, pools, etc.

Burns

A. There are about 2 million burn injuries each year inthe U.S. Hdlf of theseinvolve
children. Burn injuries are more common in the ederly, minorities, and in low-income
housing. About 4,000 fatd burn injuries occur per year. Injuries may occur from:

1 Fires, hot gases
2. Scading injuries (water, oils)
3. Chemicd burns (acids, dkdi)

B. Degths caused by fires are often due to inhalation of the smoke containing toxic gases
(carbon monoxide, hydrogen cyanide, etc.) and not the flames, particularly in closed
gpaces with combustion of synthetic materids.

C. Factors making burn injuries more severe:

1 greater total body surface area (TBSA)
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2. head & neck areainvolvement
3. greater skin depth of burn
4, inhdation injury (bresthing in hot gases)

5. greater age of patient

D. Classfication of burns
1 Partid thickness - not all of epidermis and derma gppendages destroyed,
dlowing regeneration

2. Full thickness - entire epidermis and upper dermis destroyed, requires grafting

E Complicetions
1 Surviva with >90% TBSA burnisrare
2. Immediate problem is shock
3. Long-term problem is sepsis (lack of skin barrier to infection)

Hypothermia

A. Exposure to cold environment, core temperature <35° C (95° F)

B. Systemic hypothermia made worse by underlying disease:
1. Liver disease (impaired gluconeogeness)
2. Anemia

3. CNS disease (impaired judgment)

C. Frostbite - localized hypothermia- aform of gangrene



Hyperthermia

A.

D.

Exposure to a hot environment. Injuries due to heat are most prevaent in the first days
of aheat wave, before acclimatization occurs.

Heset injury exacerbated by high humidity and decreased fluid intake. Dehydration can
be suspected by physical examination with decreased skin turgor. Laboratory findings of
increased andytes are found, such as devated serum sodium (hypernatremia). The urea
nitrogen and creatinine may be mildly increased in the abosence of rend failure. Likewise,
the hemoglobin and hematocrit gppear atificialy higher with hemoconcentration as free
water islogt.

Heat injuriesinclude:

1 Heet cramps. brief and intermittent muscle cramps from strenuous exercise and
electrolyte depletion

2. Heat exhaustion: sudden, brief collapse preceded by weakness, headache,
nausea. Due to cardiovascular collgpse with hypotension and tachycardia

3. Heat stroke: potentialy fatal, as core body temperature rises above 40.6 C

(105 F) and there is inadequate or absent perspiration. Cardiovascular collapse
with rend failure, rhabdomyolyss, and lactic acidogs

Other causes of mdignant hyperthermia - cocaine, thyrotoxicos's, succinyl choline

Pressure injuries

A.

Decompresson injury - from diving accidents - nitrogen bubbles form in blood vessals

Blagt injury: shock wave may be tranamitted to lung or abdomind
organs

Altitude sickness - pulmonary and cerebra edema can be life-threatening and persons
affected must be taken immediately to alower dtitude
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Electrical injuries

A.

Drowning

A.

Poisoning

A.

Factors involved:

1 AC worsethan DC

2. Greater voltage and amperage make injury worse

3. Resstance - skinisagood insulator, but thisis reduced by water, dectrolytes

4. Peth of current - worse across torso (heart) or head (brain)

Morbidity from heat injuriesin tissues; mortaity from interruption of nerve impulses or
cardiac conduction

Lightning - high voltage direct current; avoid standing under atal object, such asatree;
lightning can even be conducted ingde a house via telephone or utility wires

82 deaths per year (more than hurricanes and tornadoes) mostly in young males,
neurologic and cardiac injuries

1/3 of persons struck by lightning die soon after injury

Does not require immerson in water

Laryngospasm may prevent water from entering lungs

Desgth from hypoxia

Children are mogt often affected; these are accidental ingestions of products or pills
found in the home. Children can grab and drink or swallow atoxic substancein just a
few seconds.



Emboli

A.
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Example over the counter vitamins with iron contain 325 mg of ferrous sulfate and a
lethd doseis 300 mg/kg, so only 10 tablets will kill aninfant. Most containers have 100
tablets.

Airemboli - ar enters veins or arteries and occludes vasculature - complication of
surgica procedures or presence of access lines, stab wounds; >100 cc needed on
venous Sde for degth.

Fat emboli - produced by trauma (long bone fractures or soft tissue) with release of
lipids that block pulmonary or cerebrd circulation.

Amniatic fluid embali - rare but very letha complication of pregnancy, usudly seen
during labor; symptoms resemble pulmonary embolus; debris from amnictic fluid
occludes small pulmonary arteries.

Pulmonary emboali - can follow accidentd traumawhen patient isimmobile
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PATHOLOGY 6601, FALL 2006
Environmental Pathology
Dr. Edward C. Klatt

READING ASSIGNMENT:  Pathologic Basis of Disease, (7" ed: 417-436)

LEARNING OBJECTIVES:. At theend of the reading assgnment and lecture, the student will be gble

to:
1 Detall the extent of environmentally caused disesaseinthe U.S.

2. List the mgor condtituents of air pollution and what illnesses they can cause.

3. List the mgor pneumoconioses, in whom they occur, and what pathologic appearances are
produced.

4, Describe the pathologic findings with inhaation of organic dudts.

5. Describe the difference between farmer’ s lung and silo-filler' s disease.

6. Describe the scope and the pathol ogic consequences of smoking-related diseases.
7. Describe the significance of radon gas exposure.

8. Describe the scope, effects, and legd definition of ethanal intoxication.

9. Describe the pathologic effects of the following poisonings and ingestions.  carbon monoxide,
methanol, lead, chlorinated hydrocarbons, organophosphates

10.  List mgor environmenta carcinogens and the neoplasms they produce.

11.  Ligthetypes, patterns, and festures of radiation injury.

INTRODUCTION

A. >400,000 non-traumatic occupationdly-related illnesses in the U.S. each year with >40,000
deaths causally related to occupational exposures.

B. "Sentind hedlth event (occupationd)” defined as any unnecessary disease, disability, or untimely
death which is occupationally related helps the physician to recognize causal relationships.

C. Take an occupationa, geographic, and drug history from patients because environmental
diseases often mimic diseases from other causes.



EXTERNAL IRRITANTS

Though numerous substances can produce a contact dermatitis or conjunctivitiswhich israrey
serious, thismay be the first Sgn of amore significant problem.

AIR POLLUTION AND INHALED TOXINS

A.

Toxic fumesor vapors: NO,, ozone, SO,, chlorine, hydrocarbons (toluene), cyanates,
ammonia, cadmium, or mercury can Cause;

1 Acute pneumonitis, ranging from mild to severe, or

2. Contribute to obstructive pulmonary diseases. bronchitis, asthma, emphysema.

Persons with underlying lung disease or who are in poor hedlth are at grestest risk.
Pneumoconioses. Produced by inhdation of inorganic dugts or aerosols in mining, shipbuilding,
congtruction industries, some farming occupations, and persons living in close proximity to the
above activities.

Development of disease depends upon:

1 concentration of the pollutant and the amount retained in lungs and airways

2. Sze & shgpe of contaminant: 1 to 5 micron diameter particles are worst

3. solubility+reactivity: >solubility = more acute disease; insoluble dusts collect and

gradudly produce fibrosis. Macrophages mediate the process.

" Coal workers pneumoconiosis' (CWP) or "black lung diseasg" from inhdation of cod dust
in large amounts to produce "cod macules’ which, if numerous, can produce fibross. (Smple
anthracogisis not fibrogenic).

Silicosis caused by mineras with slicates such as quartz or talc produces silicotic nodules
throughout the lung. Thereisadight increaseinrisk for lung cancer (1.5 times average) with
dlicoss

Asbestosis produces diffuse interdtitia fibrosis over a period of decades; pleurd plaques are
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common. Mesotheliomaiis arare neoplasm seen only with asbestos exposure. Asbestos's
increases the risk for lung carcinomas, particularly in persons who smoke.

Berylliosis is manifested ether chronicaly as multiple granulomas that resemble sarcoidosis or
more acutely as a hypersengtivity pneumonitis. Very rare.

Organic dusts (moldy hay, bagasse, bird droppings) produce an extringc dlergic dveolitis
(rarely fibrogs) from alergens contained in them.

Fibers, foams, dyes. Ashmais associated with inhdation of cotton fibers (byssnoss), wood
dusts, workers using polyurethane (isocyanates, formadehyde), and plagtic dyes.

Smoking: Contributes to the deaths of over 400,000 Americans per year--the sngle most
important factor contributing to premature mortality, primarily from coronary atherosclerosis, lung
cancer, and emphysema.

To alesser extent, cigarette smoking increases cancer of the ora cavity, esophagus, and bladder,

and contributes to gadtritis and peptic ulcers. Cancer of the ord cavity isincreased among
"smokeless tobacco” users.

Morbidity & mortality from smoking islinearly correlated to numbers of cigarettes per day and
years of use or "pack years' (1 pack/day x 20 years = 20 pack years). Risks diminish after
quitting.

Passive smoking contributes to adightly increased incidence of heart disease and minimally
increased incidence of lung cancer in non-smokers.

Radon gas: Second most common cause of lung cancer. Radon seeps from soilsin many areas
of the U.S,, collecting in houses and other buildings. Accounts for about 22,000 of 175,000 lung
cancer deaths per year in the U.S. (but <10% of these 22,000 are in non-smokers).

Carbon monoxide: Poisoning occurs from auto exhaust and from poorly ventilated furnaces.

1 10% CO leve can occur on a crowded freeway, can cause drowsiness.

2. 20 to 30% CO levd causes hypoxia and mental impairment.

3. Desath occurs at 60 to 70%.

CO poisoning in the U.S. is most common in the Southeast, typicdly from use of unvented
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kerosene heaters used in homes.
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Male Female
Disease Category (ICD-9 code) Total Deaths Smoking Total Deaths Smoking
Associated Associated
Deaths Deaths

Neoplasms
Lip, Oral Cavity, pharynx (140-149) 5,180 3,873 2,645 1,264
Esophagus (150) 8,627 6,280 3,778 1,613
Pancreas (157) 13,429 3,065 14,339 3415
Larynx (161) 3,031 2,525 816 602
Trachea, lung, bronchus (162) 91,295 80,571 61,593 44,242
Cervix uteri (180) e e 4,138 552
Urinary Bladder (188) 7,778 3,699 3,772 1,057
Kidney, other Urinary (189) 7,066 2,799 4537 236
Total 136,406 102,812 94,618 52,949
Cardiovascular diseases
Hypertension (401-404) 17,575 3,320 25,182 2,740
Ischemic heart disease (410-414)

Aged 35-64 52,977 22,059 19,381 7,069

Aged 65 + 191,172 29,312 217,962 23,536
Other heart diseases 93,088 18,822 117,645 10,546
Cerebrovascular disease (430-438)

Aged 35-64 9,726 3,898 8,103 3,586

Aged 65 + 51,369 4,697 88,452 5,264
Atherosclerosis (440) 6,008 1644 10,050 833
Aortic aneurysm (441) 9,971 6,489 6,201 3135
Other Arterial disease (442-448) 4716 665 6,183 40
Tota 441,602 90,906 499,159 57,699
Respiratory diseases
Pneumonia, influenza (480-487) 38,295 8,802 47,420 6,774
Bronchitis, emphysema (490-492) 10,935 9,944 9,585 7,752
Chronic airways obstruction (496) 42,765 34,919 39,727 29,816
Total 91,996 53,665 96,731 44,342
Perinatal diseases
Short gestation/ low birthweight (765) 2,198 227 1,768 175
Respiratory distress syndrome (769) 931 85 639 24
Other respiratory - newborn (770) 912 84 645 33
SIDS (798.0) 1,766 202 1,197 175
Total 5,808 599 4,249
Secondhand smoke deaths
Lung cancer ~~~ 1,110 ~~~ 1,890
Ischemic heart disease ~~~ 14,407 ~~~ 20,646
Overall total ~~~ 264,087 ~~~ 178,311
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CHEMICALSAND DRUGSWITH SYSTEMIC EFFECTS

A.

Ethyl alcohal: Acute acoholism is the commonest form of drug overdosg, is associated with
50% of vehicular accident fatdities; contributes to many other accidents. Chronic acoholisn
leads to over 50,000 desths per year from liver disease and gastrointestina hemorrhage.

Legd limit for intoxication in many dates is now 0.08% blood level; severe impairment occurs a
0.2%; coma and desth occur at 0.4 to 0.5% from CNS depression.

Methyl alcohol: Toxicity from ingesting as little as 20 ml and occurs when it is metabolized to
formic acid and formadehyde. Principd targets are the retina and brainstem, leading to blindness
and coma. Fomepizole, an acohol dehydrogenase inhibitor, can be used to treat poisoning.

Drugs of abuse: 5,000-10,000 desths/yr from overdosage. Chronic effects of most drugs of
abuse areminima. Cocaine: ischemic heart disease (from coronary arterid vasocongriction,
thrombosis, or accelerated atheroscleross) or maignant hyperthermia

Most diseases resulting from drugs of abuse stem from infections (bacterid sepsis, hepatitis,
AIDS) from non-gerile intravenous injection, from concomitant chronic acoholism, and from
mental impairment leading to accidents.

Lead: Found in plumbing pipes, paint (in old houses), poorly glazed pottery, and the
atmosphere from industry and leaded gasoline. Ingested or inhaed lead accumulatesin bone,
blood, and soft tissues, but toxic effects are primarily neurologic impairment from demyeinating
injury to neurons, especidly in children.

Other heavy metds (As, Hg) aso can cause neuropathy.

I nsecticides:

1 Chlorinated hydrocarbons (eg., DDT) are minimaly toxic to humans, but they
accumulate in the food chain, are ingested by humans, and can lead to CNS depression.

2. The organophosphates (e.g., parathion, maathion) are acetyl-cholinesterase inhibitors
that do not persist in the environment but are capable of producing more acute disease
induding pardyss, arrhythmia, and respiratory failure,
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F. Carcinogens: Many substances have been suspected of causing maignancies, but the following
list includes the best known:

Asbestos Mesothelioma, Bronchogenic
carcinoma, Gl carcinoma

Nickel Nasopharynged and Lung
carcinomas
Arsenic Carcinomas of skin, lung,
and liver
Hydrocarbons (benzene) Bladder carcinoma, Leukemia
Nitrites Gadtric carcinoma
Vinyl chloride Hepatic angiosarcoma

RADIATION INJURY
A. lonizing radiation comes in two forms

1 electromagnetic waves (X-rays, gammarays) that penetrate tissues deeply but pass
through without hitting many cdls

2. charged particles (alpha, beta) that penetrate poorly but hit many cells.

B. Radioactive isotopes are characterized by their haf-life U-238is4.5 billion years, [-125is 58
days.
High levels of long-lived isotopes in the environment are dangerous and can get into the food
chain (Strontium-90 gets into cow's milk and into the bones of humans).

C. Tissues are damaged with radiation either by:

1 direct hits on genetic material (DNA) to produce mutations with cell degth, birth defects,
or carcinogenesis as aresult, typica of nuclear accidents (Chernobyl)

2. production of free radicas that destroy cells, typica of thergpeutic radiation (hospitd).
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D. Cdlular radiosengtivity ismost closdy related to mitotic activity: germ cellsin testis and ovary,
bone marrow, and Gl tract lining are most sengtive; muscle, bone, and nerve are least senditive.
Thismay partidly determine which tumors are radiosengtive.

E Morphologic changes to tissues consist of cytologic dterations (nuclear swelling, pyknosis,
karyorrhexis), cytoplasmic vacuolization, and chromosomal damage with disorderly mitoses;
F. Morphologic vascular changes to tissues are time dependent:

1 early - vascular dilation, endothelid swelling, foca necross of vessd wall, occasondly
with hemorrhage and thrombosis.

2. late - medid fibrogs, hydinization, endothelid proliferation, sclerods of contiguous
connective tissue with tissue atrophy and fibrosis.

Radiation+induced injury patternsinclude:
Bone marrow failure from total body radiation - as little as 200-300 rads may be lethd.

Gadtrointestina syndrome - begins with mild GI symptoms at doses of 50-100 rads but
more apparent at 300-1000 rads.

Cerebral syndrome - convulsions, coma, and death; usually appears only above 5000
rads.

Late sequel ae of nuclear accident survivors include leukemias, lymphomeas, and
carcinomeas (breas, thyroid, ssomach, esophagus, lung, bone).

Thergpeutic radiation is given in carefully divided dosages to a sat maximum to specific areas. Radiation-induced
fibross and necrosis may il occur.
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PATHOLOGY 6601, FALL 2006
Forensic Pathology |
Dr. Edward Klatt

READING ASSIGNMENT:  Pathologic Basis of Disease, (7" ed: 442-444)

LEARNING OBJECTIVES:. At theend of thislecture and reading assgnment, the student will be able
to:

1 Describe what amedica examiner does.
2. Outline which deaths must be reported to the medical examiner.
3. Describe how a degth certificate should be properly filled out.

4. Define what is meant by “mechanism of desth” as compared to “ cause of desth” and the
difference between intermediate, intervening, and underlying causes of desath.

ROLE OF THE MEDICAL EXAMINER
l. INTRODUCTION
Description of the duties of the Medica Examiner

1 Under the direction of a board certified forensic patholog <.

2. Personnel and training.

l. MEDICAL EXAMINER JURISDICTION

A) Statute governing medical examiners in the State of Florida (Section 406)
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B) What the average physician needs to know

[Il. DEATH CERTIFICATION
A) Define “ Cause of death”

. Immediate cause

. Intervening causes

. Underlying cause

B) Define “Mechanism of death”

The physiology of dying. Thisis not something which should be recorded on the degth
certificate.

C) Define “Manner of death”

Natura vs. Non-natura

If non-naturd, isit;

. Accident

. Suicide
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. Homicide

. Undetermined



PATHOLOGY 6601, FALL 2006
Forensic Pathology 11
Dr. Edward Klatt

LEARNING OBJECTIVES:. At theend of thislecture and the smal group session, the student will be

ableto:
1 Describe the differences between an entrance and an exit gunshot wound.
2. Describe the differences between a close range (contact) and intermediate and distant range

gunshot wound.
3. Lig factors that determine the type of wound path and injury pattern with bullet tracks.
4, Describe the basic features of a shotgun wound.
5. Define and use in context the following terms:

. Stab wound

. Incised wound

. Abrasion

. Patterned abrasion
. Contusion

. Laceration

6. Define and compare asphyxia deaths due to:

. Strangulation
. Suffocation/smothering
* Hanging

MECHANISMS OF INJURY

l. INTRODUCTION

This lecture will focus on various types of injuries and the mechanisms. We will dso discuss the
forensc implications of injuries and their medicolegal sgnificance.

The invedtigation and certification of any injury or injury related death requires correlaion
between the physica findings on the body and a recongtruction of the circumstances surrounding
the injury event. Physicd findings aone can give an indication of how theinjury or desth came
about, but are dmost never sufficient to accurately explain what happened. Careful observation
and documentation of associated findings and historica information is crucid to understanding the

217



218
injury and putting the physicd findings into context.

. MECHANISM S OF INJURY AND THEIR FORENSIC CONSEQUENCES

A. Injuriesdueto gunfire

Gunshot injuries are responsible for over 30,000 deaths per year in the U.S.. No matter
what specidty or area of medicine you pursuein your career, you will probably ded with
these types of injuries or their consequences to the patient and/or their family. This
discusson will focus on the physicd findings of gunshot wounds.

1) Entrance Wounds:. The features of an entrance wound depend on the range of
fire and location on the body.

Contact range - The wound can be of variable sze depending on the type of
weapon and the tightness of the contact with the skin surface.

. Soot and powder in and around the wound
. Singing and searing of wound margins.
. Carboxymyoglobin formation.

. Blow-back effects (variable degree of laceration depending on wegpon
and wound location).

. Muzzle imprint - abrasion of surrounding tissue with patterned injury.

| ntermediate range - Gunpowder stippling or “tattooing” the sine qua non of
this type of entrance wound.

. Fragments of burning and unburned gunpowder strike and penetrate the
skin and become embedded in the epidermis. These embedded
fragments can not be washed away (unlike soot). Didribution and
density depends on type of weapon, type of ammunition and range of
fire

. Defect in skin of variable shgpe and size. Y ou can not accuratey
estimate cdiber of wegpon from entrance defect size.

. Margina abrasion about defect due to scraping and deformation of skin
prior to actua perforation by projectile. Shape depends on angle of
entry. Soot is present in some intermediate range wounds depending on



2)

3

4)

219
range and type of weagpon.

"Distant” range - Indeterminate a better term. Only findings are those of an
entrance wound without specific findings dlowing for range estimetion.
Intermediary targets can affect appearance of wound.

Exit Wounds. These can have a extremely variable appearance. In most
cases, there will be no margind abrasion.

Shored exit wounds can occur when the skin is supported as the projectile exits.
Thisresultsin an exit wound with margind abrasion.

Wound path and injury: Track through the body which causesinjury to
interna structures. Wounding potentia is afunction of projectile velocity and
design characteristics. Formation of atemporary cavity becomes important in
high velocity wounds (rifles as opposed to most handguns).

. Secondary missile (fragments of bone and other objects carried into
wound may cause additiond damage.

. Directiondity of track can be determined by path of secondary missiles
and appearance of damaged bone (bevdling).

. Recovery of projectile. Bdligtic information from projectile crucid in
identifying wegpon used. Proper handling required so that this evidence
IS preserved.

Shotgun wounds. Basic description of shotgun features, mechanics and
cartridge congtruction.

. Contact or near contact range

Large round entrance defect with margina abrasion and varigble
amounts of soot.

. Intermediate range
"Cookie cutter" gppearance to entrance wound.
Wad marks.

Stippling from gunpowder and/or filler materias.
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B. Sharp forceinjuries

1)

2)

Indeterminate range.

Variable pattern of shot dispersion depending on range, choke, gauge
and pellets.

Billiard ball effect. Pattern of digpersion of peletsin the body does not
alow oneto estimate range.

Stab wounds. Stab wounds are sharp force injuries that are degper than they

arelong.

Depth of penetration loosely correlated to blade length of weapon used.

Appearance of entrance wound has features which can help identify the
type of weapon used.

Single vs. double edged. Presence of a sharp or blunted margin.
(Serrated blade will not have any specific features unlessthere is
dragging with insertion or withdrawd).

Width of blade. Variably correlated to sze of wound. Langer's lineswill
have marked effect on wound appearance. Thickness of blade can be
approximated only after edges have been opposed.

Twidting of blade can produce irregular wound with atered festures.

Hilt mark or "quillon’".

Taper of blade or shape can be estimated by size of wound at different
depths of penetration.

Incised wounds. Sharp force injuries that are longer than they are deep.

Defensve wounds. These are incised wounds of the extremities suffered
in trying to ward off attack.

Hestation marks. Superficia incised wounds seen in suicidal sharp force
injuries.



Blunt forceinjuries

1)

2)

3

Abrasion: Scraping away of superficid layer of epidermis. Tissue tags a one
end may indicate direction of force.

Petterned abrasons are extremely helpful in identifying object that caused the
injury.

Contusion: Rupture and crushing of underlying vessdls and tissue without
breakage of skin. Can be patterned. Externa findings can be much less gtriking
that underlying tissue damage would lead you to expect.

L aceration: Rupture of skin and tearing of underlying tissues. Margina
abrasion and tissue bridges usudly seen. Undermining can indicate direction of
force.

Dating of blunt force injuries. Based on gppearance of injury (drying, scab formation,
color changes, etc.) and microscopic examination of injury.

Asphyxial Injuries

1)

2)

Strangulation: Compression of the vessals of the neck with dteration of
cerebrd blood flow. Airway occlusion rarely asignificant factor in stranguletion
deaths.

. External findings variable. Contusions and abrasions of neck.
Petechiae of face, sclera, conjunctivae and mucosal surfaces.

. Internal findings. Hemorrhage of neck musculature. May seetrached
cartilage fractures and breakage of hyoid bone.

Suffocation/smothering: May be impossible to diagnose on basis of physica
examination done. May see petechiae, but thisis variable and they are often
absent.

221



222

3) Hanging and ligature strangulation: Ligature abrasion usualy seen unless
wide, soft materia used. May see patterning which corresponds with materia
used.

. In hangings, ligature dorasion will show definite point of sugpension.
. In strangulaion, ligature abrasion usudly horizontd.
. Internd injuries are rare or absent in ligature asphyxid deaths. CNS will

have evidence of hypoxic injury if there is some period of survival.

(1. CONCLUSION

Injuries have medicolegd sgnificance (either civil or criminal). Their gppearance and features are
important in alowing areconstruction of what happened to the injured individud. Careful
observation and documentation of any injury is essentid, especidly if lifesaving or other
therapeutic procedures dter theinjury.

U.S. Deaths Related to Injuries - 1998

All injury desths 146,941
Motor vehicle related 42,337
Frearms 30,708
Poisoning 18,392
Fdls 13,301
Suffocation 11,095
Drowning 5,096
Burns 3,813
Sharp force injury 2,693
Blunt force injury 1,467
Machinery 1,018

By mode of desth:

Accidents 94,331

Motor vehicle 42,191

Fal 12,595



Poisoning
Other
Suffocation
Drowning
Burns

Blunt force
Machinery
Frearms
Sharp force

Frearms
Suffocation
Poisoning

Fdl

Sharp force
Drowning
Burns

Motor vehicle

Homicide

Frearms
Other
Sharp force
Suffocation
Blunt force
Burns
Poisoning
Drowning
Fdl

Undetermined

10,801
8,802
4,585
4,406
3,363
1,059
1,018

866
121

30,575

17,424
5,726
5,072

621
476
375
161
133

17,893

11,798
2,570
2,087

661
399
197
86
66
29

4,142
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PATHOLOGY 6601, FALL 2006
Nutritional Diseases
Dr. Edward Klatt

READING ASSIGNMENT: Pathologic Basisof Disease, (7™ ed: 408-428)

LEARNING OBJECTIVES:. At theend of thisreading assgnment and lecture, the sudent will be able
to:

1 Ligt the causes for and mgjor pathologic appearances of manutrition.

2. Define obesity in terms of body mass index.

3. Describe hedlth problems related to obesity.

4, Ligt the mgor dietary sources of vitamins and mineras.

5. Describe the pathologic disorders associated with deficiencies of fat soluble vitamins.

6. Describe the pathologic disorders associated with deficiencies of water soluble vitamins.
7. Describe the pathologic disorders associated with minera deficiencies.

8. Outline relationships between diet and cancer.

MALNUTRITION

A. Malnutrition affects 10 to 15% of the earth’s population, mostly children, mostly in developing
nations. 1t occurs less commonly in developed nations among the disadvantaged and among
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drug users (especidly dcoholics).

B. Etiologies for manutrition include:

1.

2.

Inadequate total dietary intake

Dietary imbaance:

a

b.

often from acoholism

aso fromignorance, asin Ronald Reagan’s famous quote, “Ketchup isa
vegetable’ or in the excerpt from a bulletin announcing a seminar for teenagers.
“An expert will speak this evening on the importance of a proper diet. Pizzawill
be served”

Malabsorption - from gadirointestingl, pancrestic, biliary tract, or liver disease

Dehilitating disease - cancer and cancer treatment

latrogenic

a

Dieting - depends upon the completeness and balance (Weight Waichersisa
good one; your patients will ask your advice about diets)

Note: the lessyou eat, the more important it isto eat a variety of foods to obtain
essentia nutrients

Anorexia- bagsin psychiatric disorder

Totd parenterd nutrition (TPN) - an atempt to replace diet in long-term care of
obtunded patients or in persons who have lost considerable bowe from surgery;
nowadays it works well, but is expensve; may lead to porta fibross and fatty
changein liver ininfants

Surgicd procedures (jgunoailid bypass, stsomach stapling) - have fdlen out of
favor and have associated hedlth risks (operative complications, manutrition)

C. Pathol ogic gppearances in manutrition

1.

Kwashiorkor: primarily aprotein caorie deficiency, leading to faty liver, ascites, edema
(from failure of lipoprotein trangport and protein metabolism)

Marasmus. total caorie deprivation (proteins, carbohydrates, fats) with severe wasting
(<60% of idedl body weight for age)
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D. Ma nutrition assessment

1 Laboratory measures of nutritiona status can include albumin and prealbumin. Albumin
has a month haf-life and prealbumin 2 days. Thus, long term and short term nutritiond
status can be assessed.

2. Predlbumin is decreased when inflammation is present, regardless of nutritiond status.
Albumin can be low with liver diseases (decreased synthesis) or with rena diseases
(abuminuria).

OBESITY
A. Intake of calories exceeds metabalic rate of use; common problem in the U.S,, even in children.

A third of persons over age 20 in the U.S. are overweight.

Obesity can be defined by the body massindex (BMI). The BMI can be measured by testing
impedence from asmall dectrica current passed through the body (fat has less water than
muscle and provides more resstance). The BMI can be estimated as:

BMI = weight in kilograms + (height in meters)®

The ranges for BMI in regard to hedlth risks are as follows:

20- 24 |deal
25-29 Increased hedlth risk
30+ Greatly increased hedlth risk

Obese persons have a>50% risk for atotal serum cholesterol >25 mg/dL

Moderately obese persons have afive-fold risk for digbetes melitus; for severe obesity
therisk isten-fold.

B. Cdoric Intake - How many calories do you need?

For an adult, 10 caories per day per pound is needed to maintain weight with normal
daily activities. Thus, a 150 Ib person needs about 1500 calories.



Exercise can increase caorie use.
Growing children and teenagers need more.
Increased activity has a"carryover” effect with increased metabolism

Exercise can burn caories (average for a standard 70 kg person) as follows:

Activity (moderate) kea/minute
waking 3

cyding 4
dancing 5

ice skating 6
svimming 6
jogging 10
shovdling 15

A good aerobic exercise with cardiovascular benefit isto climb 10 flights of stairs once aday.

Y oung adults can generaly east more and not gain weight, but metabolism tendsto dow in the
mid-30's (and middle-aged people become more inactive), so that is when many adults begin to
gradudly gain weight. (Tip for heglth care workers: don't join the Department of Cafeteria
Medicine)

Glycemic Index: thisisameasure of the ability of foods to raise the blood sugar. Many factors

together, including carbohydrate type, fiber, protein, fat, food form and method of preparation,
determine the Gl of a particular food.

Complications of obesity: trunca obesity (mostly in men) isworse than fat distribution to hips
and extremities (mostly in women) because of greater association with

1 Digbetes mdlitus

2. Hypertension

3. Coronary artery atherosclerosis.

Other problems associated with obesity:
1 Gallstones

2. Degenerdtive joint disease
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3. Decreased HDL cholesterol with risk for atheroscleross

4. Endometria carcinomain women, rend cdl carcinomain men, colon carcinoma (but
probably not breast carcinoma)

Surgical therapies

Stomach stapling and jgiunoiled bypass have falen out of favor--they only provide abenefit in
very sdected cases. Liposuction is NOT weight reduction surgery; it isfor body contouring.

Diets

If you diet, your body adapts to the lower caoric intake and becomes more efficient at utilizing
and goring asfat cdoriestaken in. Thus, if you go off the diet, you gain weight even fagter than
before. The best diet is the one your patient can stick with.

Americans are enfatuated with "quick fixes', fads, and pill-popping, so a popular adjunct to
weight lossisthe infamous "diet pill".

1.

Amphetamines ("uppers’) were first used for this purpose, but fell out of favor with their
increasing use as drugs of abuse.

"fenphen” - acombination of dexfenfluramine and phentermine (a noradrenergic agent).
Dextenfluramine increases serotonergic activity by simulating serotonin into brain
synapses. On the basis of the serotonin hypothesis of gppetite control, this would be
expected to reduce appetite.

It worked, and diabetics on it had good control too, however, the uncommon but
potentialy fatad sde effects of d-fenfluramine of pulmonary hypertenson and cardiac
vavular sclerosisled to itsremova from the market. More common side effects were
psychitric, including depression.

The newest antidepressant-antiobesity drug is Sbutramine, which produces its effects by
norepinephrine, serotonin, and dopamine reuptake inhibition.

Orligtat - an inhibitor of pancrestic and gatric lipase when taken with meds, thus
inhibiting the hydrolysis of triglycerides so that absorption of fatsis reduced, by about
30% at the most. It does not appear to affect the absorption of other nutrients or drugs.

A hogt of diet "fads' come and go, with numerous books, promotiond tapes, videos, and
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seminars devoted to diet and weight loss. Asaphysician, youwill be asked by your
patients about diets they are considering (e.g, "Is the grapefruit diet for me?").

L egitimate weight loss programs incorporate life- style changes, including exercise, that
have more longer-ladting effects

Also, some diet programs require physician gpprova (to avoid potential complications
from underlying diseases).

Weight loss should be gradud (1 pound per week). Diets should incorporate a variety
of foodsthat are readily available. Beware of diet programs sdlling supplements or diet
pills

The “ Atkins diet” like many scams, does have a shred of reality behind it, based upon “ specific dynamic action”
(SDA) of foods. More complex proteins and fats require more energy to process, while simple carbohydrates
do not. However, the differencesin SDA are not marked. If total calories arereduced, lipolysis and ketosis
with acidosis occurs.

F. Specid Diets
For specific disease Sates, diet may play an important role, asin following examples:
1 Didbetes mdlitus  Diabetics, particularly those with type 11, try to enhance glucose

control and weight through diet.

2. Gout: persons with symptomatic hyperuricemiamay benefit from adiet that reduces
purine metabolism to uric acid (no red wine, asparagus, fish).

3. Phenylketonuria (PKU): Thisrare genetic disorder results from an inborn error of
metabolism leaving victims unable to utilize phenyldanine. The most devadating effect is
menta retardetion. A phenyldanine-free diet is the trestment.

However, a mother with PKU must be on the diet BEFORE pregnancy beginsto be
mogt effective, and stay on the diet during pregnancy.

The affected baby must then be placed on the diet, which is maintained during early
childhood.

NUTRITIONAL DEFICIENCIES - FAT SOLUBLE VITAMINS

A. Generd features

1 Fa soluble vitamins have fairly common dietary sources and two (D and K) can be
made endogenoudy. They can be sored in liver or fat.
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2. Require adequate digestion and absorption of fats. Conditions decreasing absorption
include:
a maabsorption in samdl integtine
b. pancrestic disease (decreased lipase)
C biliary tract disease (especialy obstruction)
d liver disease (especidly affects vitamin K)

B. Vitamin A

1 Dietary sources in vegetables ( such as carrots) with carotenes. Stored in the liver
Functions in maintaining epithdia (skin, cornea, mucus membranes)

2. Deficiency leadsto: xerophthadmia, keratomaacia, and corned scarring; increasein
infections

3. Excess acutely causes headache; long term causes hyperkeratos's, increased

teratogenicity in pregnant women

C. Vitamin D

1.

Manufactured in skin with exposure to sunlight; magor sourcein diet isfortified milk, also
st water fish and some grains

Functions to promote minerdization of bone and maintain serum ionized calcium leve
(preventing tetany)

Serum calcium levels are regulated by parathormone from the parathyroid glands. The
body's bone mass provides alarge calcium reserve.

Causes of decreased calcium indude

decreased dietary intake (of calcium or vitamin D)

malabsorption (of cacium or vitamin D)

decreased sunlight exposure (diminished endogenous vitamin D)
phosphate binding auminum hydroxide antacids (Maalox) - cacium loss

oo oo



5. Deficiency dates.

a rickets. occursin growing children; osteoid seams and epiphyses are widened,
leading to skeletd deformities

b. osteomdacia occursin adults; boneis not properly minerdized and is
osteopenic and resembl es osteoporosis
D. Vitamin E
1 A deficiency dtate is extremdy rare.

2. Vitamin E has been touted as having anti- carcinogenic and anti- aging properties from an
anti-oxidant effect, but this has not been proven to play amgor rolein increasing the

longevity of the population.

E Vitamin K
1 Found in many vegetables and plant oils; dso asmall amount is generated by intestind
bacteria; someis recycled; about 30 days supply stored in liver

2. Functionsin generation of clotting factors|I, VII, IX, ad X in the extringc pathway;
aso helps to generate anticoagulant proteins C and S

3. Deficiency (from maabsorption, dietary lack, chronic liver disease) leads to bleeding.
Newborns are given vitamin K to prevent hemorrhagic disease of newborns.

NUTRITIONAL DEFICIENCIES - WATER SOLUBLE VITAMINS
A. Genegrd features

1 Arewiddy digtributed in many foods

2. Deficiencies can occur quickly because most of them are not stored in the bodly,
particularly in babies dependent upon milk as amgjor food source

B. Thiamine (By)
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1 Sourcein bran or hulls of cered grains, refined flour and sugar lack it

2. Functionsin generation of ATP and in maintaining peripherd nerve conduction

3. Deficiency dates.
a “wet” beri-beri: dilated cardiomyopathy with congestive heart failure
b. “dry” beri-beri: peripherd neuropathy

C. Wernicke' s or Korsakoff’s syndromes (in acoholics)

C.  Riboflavin (By)

1 Found in meets, milk, and vegetables

2. Functions in basic metabolic pathways, but deficiency does not produce any
Characteridtic finding.

3. Deficiency may produce: chellogs, glossitis, ocular interdtitia keratitis, scaing dermatitis
D. Niacin (B3)

1 Found in grains, beans, sunflower seeds; can aso be endogenoudy synthesized from
tryptophan (which is blocked by leucine)

2. Functionsin avariety of metabolic pathways for fats, proteins, and carbohydrates
(especidly glucose)

3. Pharmacologic doses in the range of 3 g/day have been used to treat hyperlipidemiain
persons with digbetes and peripherd vascular disease for whom the "statin” drugs are not
effective

4, Deficiency dateis cdled pdlagra, and is characterized by:

a dermatitis (on sun-exposed areas)
b. dementia
C. diarrhea
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Pyridoxine (Bg)

1 Found widdy in foods

2. Functionsin avariety of metabolic pathways, required for synthesis of neurotransmitter
GABA.

3. Deficiency state smilar to riboflavin, plus peripherd neuropathy

Folic acid (folate)

1 Found in green and yellow leafy vegetables

2. Functions in synthesis of purines and methionine

3. Deficiency (common in acoholics) leads to megaoblastic anemia

4, Adequate (0.4 mg/day) intake by pregnant women helpsto lower risk for neurd tube
defectsin fetuses. Since January, 1998, folic acid has been added to dl enriched grain
products by order of the U.S. Food and Drug Administration; accordingly, the incidence
of folic acid deficiency has falen markedly.

Cobdamin (Blz)
1 Found in anima products (ultimate source is bacteria) and lacking in adtrict vegetarian

diet; however, enough can be stored in the liver to last for years

2. Functions in formation of methionine from homocysteine and in conversion of
methylmalonyl coenzyme A to succinyl coenzyme A

3. Deficiency leads to pernicious anemia (megd oblastic anemia, dong with dorsal and
laterd tract degeneration of spind cord). Causesinclude:

a atrophic gadiritis (lack of intringc factor, 1F)
b. loss of termind ileum (lack of absorption)
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H.  Ascorbicacid (C)

1 Found in fruits and vegetables, milk, and liver

2. Functions in hydroxylation of proline in collagen synthesis

3. The body’s use of C increases with stress, but a severe prolonged deficiency leadsto
scurvy characterized by:

a purpura from leaky blood vessals
b. hyperkeratotic rash

C. delayed wound hedling

d. anemia
e falure of osteoid formation
MINERALS
A. [ron
1 Found in anima products (as heme), some in vegetables (asinorganic iron)

2. Functions in manufacture of hemein hemoglobin

3. Deficiency of iron isthe most common nutritiona deficiency worldwide (after chocolate
deficiency) and can result from:

a poor diet

b. impaired duodend absorption

C. increased requirement in pregancy or childhood
d. blood loss

I mengtruation
i. gaedrointestind hemorrhage
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4. Deficiency leads to hypochromic, microcytic anemia

Cdcdum

1 Found in milk, bread; alot of cacium in the diet causes condtipation

2. Required for bone formation, maintenance of serum ionized cacium

3. Hypocal cemia leads to tetany, hyperca cemialeads to cardiac arrhythmia

Magnesium

1 Found in many foods; alot in the diet leads to diarrhea

2. Required for regulation of ATP stores

3. Leveds of megnesum are linked to calcium, potassum and phosphorus

4. Deficiency leads to symptoms of hypocacemia

Sodium

1 Normd diet has plenty of sodium; the problem isavoiding it. Sodium chloride makes a

good preservative and adds flavor, so packaged and canned foods have lots of sodium.

The average can of soup may have nearly agram of sodium.

2. Increased sodium intake is associated with hypertension.

Trace dements

1 Zinc. ahogt of enzymesrequire it; adeficiency israre but there are many non-specific
manifestations. Wound healing requires zinc.
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2. Copper: needed for heme synthesis and neurotransmitter synthes's; there istoo much
copper storage in Wilson's disease (an inherited disorder of copper metabolism).

3. Sdenium: functions as a component of glutathione reductase (an antioxidant); a
deficiency leads to myopathy

Fiber: increased dietary fiber reduces the incidence of diverticuloss of the colon and is adso felt
to decrease the risk for colon cancer. Increased fiber aids gastrointestind moatility in older adults
prone to congtipation.

Comparison of sdected dietary condtituents, ancient and modern:

Ancient Man Modern U.S.
% of caoriesfrom fat 21 42
Polyunsaturated/Saturated fat ratio 14 04
Fiber (in gram) 100-150 20
Sodium (in mg) 690 2300-6900
Cddium (in mg) 1500-2000 740
Ascorbic acid (in mg) 440 90

Fluoride and Dentd Caries
Fourineistypicaly complexed with sodium and available in water and food as sodium fluoride. Flouride is
attracted to and incorporated into hydroxyapatite crystal that forms the enamel covering of teeth. The
surface of atooth is undergoing congtant remodelling, and when fluoride is available, it is incorporated into
hydroxyapatite crystd. In fact, fluoride is more readily taken up into damaged, demineraized enamd than
into norma ename. Denta plague contains cacium, phosphorus, food materid, and sdivary materid. The

plague is strongly adherent to the enamd surface.

Fluoride provides more protection against tooth decay (dental caries) because fluoride replaces
carbonate, which is more readily disolved by acid generated from bacteriain overlying plague.

Tooth decay results when a buildup of dentd plaque alows cariogenic bacteria such as Streptococcus
mutans to increase in number and when foods high in sugars such as glucose provide a subgtrate for
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enhanced bacterid growth. The acids produced by the bacteria damage the enamd.

Mogt of the fluoride is available in water and beverages consumed. Huorideisavailabledsoin
toothpaste and mouthwashes. Additiona forms are available to gpply topicdly. Dietary fluoride
supplements are available. Sdiva helpsto concentrate any ingested fluoride. The most codt effective
method for reducing the risk for denta cariesin a population is supplementing the public water supply
with flouride to the leve of 1 ppm (1 mg/L).

Too much fluoride can lead to hypomineraization of enamel in a process known as fluoross.
Virtudly dl cases are of the “mild” variety with no visble changes, and water fluoridation has not
led to increased cases of moderate to severe fluorosis. Children under the age of 6 are at most
risk for fluorogs, and having smdl children use toothpaste without a high concentration of
fluoride, or using less toothpaste, can be encouraged.

TOXINS AND ADDITIVES

Poor food storage conditions can result in growth of microorganisms (particularly fungi) that can
elaborate toxins which are then ingested. Examplesinclude:

Aflatoxin on moldy peanuts (induces liver cancer)
Ochratoxin on moldy grain (a nephrotoxin).
A thousand years ago in Europe, ergot poisoning from moldy rye was a serious problem.

Some food addititves, such as monosodium glutamate (M SG), cause severe reactionsin some
people.

NUTRITIONAL STRATEGIES TO REDUCE CANCER RISK
Maintain desirable body weight; eat avaried diet

Include 3-5 servings of vegetables and 2-4 servings of fruits (especidly green and yellow
vegetablesrich in vitamin A and citrus fruits high in vitamin C)

Eat more high fiber foods such aswhole grain ceredls, legumes, vegetables and fruitsto attain
20-30 g/day of fiber

Aim for no more than 30% totd caories from fat (and no more than 10% of caoriesfrom
saturated fat)
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Limit consumption of dcohol; and limit consumption of sdt-cured, smoked, or nitrite-preserved
foods

Vitamin A may help reduce the risk for breast cancer.

NUTRITIONAL STRATEGIES TO REDUCE HY PERTENSION
Increase the amount of fruits and vegetablesin the diet
Increase intake of low-fat dairy foods
Reduce intake of total fat and saturated feat

Reduce intake of sodium

EATING WITH YOUR HEALTH IN MIND:
The most important dements of hedthful egting are:

To eat adally diet that helps you ether lose weight or keep your weight in therangethat is
conddered "hedthy" or "ided" for your height and sex.

To choose adiet that islow in saturated fat and cholesterol, and moderate in totd fat intake.
To eat foods high in fiber.

To reduce the number of caoriesin your diet that come from processed sugars.

To choose and prepare foods with less sdlt.

To drink the daily recommended amount ofwater: 8 to 10 cups (64 to 80 ounces) of water a
day.

If you drink acoholic beverages, drink them in moderation (no more than 1 drink per day for
women and no more than 2 drinks per day for men).

REDUCING FAT IN THE DIET:
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Less than 30 percent of your daily calories should come from fat.
Brail, roast, bake, boil, steam, or microwave food; avoid fried foods.

Season vegetables and mesets with herbs and spices rather than using fetty
sauces, butter, or margarine.

Choose low-fat or skim milk, rather than whole milk.

Substitute plain low-fat yogurt or low-fat cottage cheese whipped in a blender for sour cream or
mayonnaise.

Subgtitute egg whites for whole eggs when baking (subgtitute 2 eggs without yolks for every
whole egg).

Limit the number of egg yolks when scrambling eggs.
Choose lean cuts of mest and trim off any visblefat.

Remove the skin from poultry.

REDUCING SUGAR IN YOUR DIET:
Read the labd; ook for any of the following types of sugar listed asthefirgt or second ingredient
(the most abundant ingredient in the product): corn syrup, sucrose, fructose, glucose, dextrose,
maltose, lactose, matodextrin, mannitol, sorbitol, mat syrup, honey molasses, or maple syrup.
Substitute water or unsweetened beverages for sugared soft drinks.

Snack on fresh fruits and vegetables or dried fruits rather than sugary snacks such as candies,
cookies, cakes, and pies.

ADDING MORE FIBER TO YOUR DIET:
Eat whole-grain cereals and breads.
Eat vegetables uncooked; if you cook them, steam only until they are just tender.

Avoid peding fruits and vegetables, when appropriate leave the skins ont-the skins are high in
fiber.

Add beans to soups and salads.
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Snack on fresh fruits and vegetables or dried fruits (such asraisins or figs).

Fats, Qils, Sugars, & Sweets
LISE SPARINGLY

Milk, Yogurt, &
Cheese Group
2-3 SERVINGS PER DAY

(i)

Meat, Poultry, Fish, Dry
Beans, Eggs,
& Nuts Group

2-3 SERVINGS

Vegetable Group
3-5 SERVINGS

Fruit Group
2-4 SERVINGS

Bread, Cereal,
Rice, & Pasta
Group

B5-11 SERVINGS

Adapted from United States Department of Agricutture’s Food Guide Pyramid

WHAT GOESON YOUR PLATE DETERMINESYOUR FATE
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PATHOLOGY 6601, FALL 2006
AGING
Dr. Morton Levitt

READING ASSIGNMENT: Pathologic Basis of Disease, (7" ed.: 42-44)

LEARNING OBJECTIVES:. At theend of thisreading assgnment, smal group exercises and lecture, the
sudent will be able to:

1 Describe the demographics of aging inthe U.S.

2. List generd theories for aging.

3. Describe organ system changes in aging with particular regard to:  heart, kidney, lung, and
musculoskeleta system.

4, Ligt generd systemic changes with aging.

AGING

A. Demographics of aging inthe U.S.

1 Birthraieisfdling inthe U.S. - about 15/1000; Desth rate has also been dowly falling - about
9/1000; overall growth rateis about 0.9% (compared to Kenya 4.2% and Sweden 0.1%0))

2. Longevity hasincreased: life expectancy in U.S. in 1900 was 47 years but now for maesis 72
years, for femaes 79 (compared to Japan 76 for maes and 82 for females or Ethiopia 50 for
males and 53 for femaes)

3. Population in the U.S. is aging and geriatric medicine will become much more important in the
next century

B. Aging and hedth

1 Aging isNOT adisease, but the changes that occur with aging make aged persons more
susceptible to disease
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Theoretical maximum is 120 years and is not increasing; idedl maximum is currently about 85
years

80% of causes of premature desths have been diminated, and changesin lifestyle may further
decrease or postpone chronic illness

a acute illness (infections) has been prevented (vaccination) or cortrolled (antibiotics);
surgicaly amenable diseases such as gppendicitis are easlly trested

b. chronic illness (heart disease, cancer, stroke) now accounts for most desths

Idedl for mortaity: compress incidence of death into a narrow range in old age

Many expensve medica trestments do not necessarily increase longevity (coronary bypass).
The amount of time Medicare patients spent in hospita in the last 6 months of life ranges from
4.4 daysto 22.9 and is directly proportiona to levels of reimbursement.

Policy decisonsin the future must determine how best to utilize resources (preventive medicine
VS. acute care vs chronic care)

THEORIES OF AGING

A. Cdl organelles wear out

1.

Free radica damage to DNA and proteins (perhaps due to lack of antioxidants)

Protein degradation through cross-linking of amino acids (same as formadehyde) and
glycosylation (asin cataracts)

Cdlular “garbage’ in the form of lipochrome collects (as in brown atrophy of the heart)

B. Genetic programming and malfunction

1.

Limited cdlular divison: fibroblasts can divide about 50 times, then stop; other cells may act
smilarly; the number of divisonsis not increased by the time that passes between divisons

Errorsin DNA replication and repair occur: mutations or transcription errors
Telomerase activity declines, telomeres shorten, and ability of chromosomesto replicate islost

Programmed cell death (apoptosis): part of a sequence of cell maturation
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Loss of homeostasis

1.

Loss of “organ reserve’ capacity, which is normdly 4 to 10 times that needed to sudtain life (e.g.,
you can live with just haf of one normad kidney); organ reserve diminishes linearly with time after
age 30.

Loss of “complexity” as evidenced by reduced branching of neurona dendrites, by less variability
of heart rate, and by loss of pulsatile hormonal release.

The result is an inability of the body to cope with or adapt to stress or changesin the
environment, trauma, or disease dates, even if minor

Environmenta gress

1.

2.

Stress-induced increases in glucocorticoids over time dampen the feedback response of neurond
steroid receptorsin the brain, leading to hypersecretion of corticosteroids

Increased corticosteroids contributes to immune suppression, osteoporos's, and impaired
cognition; T lymphocyte function declines

Neuroendocrine dysfunction

1 Hypothaamic- pituitary-adrend axis regulates much of development and involution of the
reproductive functions

2. Dehydroepiandroterone (DHEA), growth hormone, and secondary sex steroids decrease with
age

Nutrition

1 The one sure way to increase the lifespan of laboratory animals (rodents) isto restrict caloric
intake

2. Proposed mechanismsinclude: increased free radica production with high caoric intake and

decreased mutation rate with decreased caloric intake

Progeriac adisease modd of aging

1.

2.

3.

Rare disease seen in children
Morphologic festures of aging are manifest in early childhood

Etiology unclear
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ORGAN SYSTEMSIN AGING

A. The decreases in organ function could be due to any or dl of the following:

1 Physiologic deterioration

2. Disease processes (something to be prevented or treated by you as a physician)
3. Environment (pollution, trauma, sun exposure)
4, Lifestyle (diet, drug use, work habits)
B. Centrd nervous system
1 Brain function
a “Senile’ dementia - loss of neurons (which cannot divide), smal infarcts
b. Presenile dementia— Alzheimer’s disease

3. Eye caaractsform in lens; lens becomes less distensible (presbyopia) so bifocas are needed
for closevison

4. Ear: hearing loss from otoscleross, nerve dysfunction, loss of cochlear structure (from exposure
to loud noises); ability to hear high-pitched sounds goes first

C. Cardiovascular

1 Increased atherosclerogs, arterid intima thickening

2. Cardiac vavular cdcification (aortic legflets, mitrd annulus)

3. Senile cardiac amyloid deposition

4. Maximal heart rate and cardiac output decrease

5. Compensatory mechanisms to support circulation are delayed or deficient, leading to syncope
D. Rena

1. Decreased glomerular filtretion rate (GFR)
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2. Reserveis s0 greet that rend failure is uncommon in aging without specific underlying rend

disease
3. More urinary tract infections in women; urinary incontinence with uterine descensus
Pulmonary

1 Mild “senile’ emphysema from loss of dveali

2. Anthracods (not significant)

Musculoskeletal

1 Musclefibers are gradualy replaced by fat and fibrous tissue.

2. Hyadline cartilage wears out, resulting in ogtecarthritis and chronic pain, mostly of larger weight-
bearing joints first

3. Bone mass decreases more pronounced in women past menopause, (however, an abnormal
accderated form of bone lossis called osteoporosis)

Genitd

1 Women: menopause - programmed arophy of ovaries, uterus, breasts, epithelium of vagina and
vulvathinner

2. Men: decreased spermatogenesis (but not necessarily infertility); prostatic hyperplasiaand
carcinoma are more frequent

Dermatologic

1 Loss of skin eadticity (accelerated by solar damage from ultraviolet light) leeds to wrinkles

2. Squamous epithdium becomes thinner and more eadily traumatized (which you will experience
firg hand putting in 1V’ s in the e derly)

3. "Age spots' on skin are areas of lentigo senilis

Hematopoietic and lymphatic

1 Marrow mass decreases (limited to ribs, sternum, and vertebrae in ederly), so the reserve
capacity is reduced when fighting infections or responding to blood loss

2. Lymphoid tissues decrease in size (but mgor functiona capacity remains)
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J. Summary of Mgor Hedlth Problemsin the Elderly

Condition % of Aged Persons Affected
Hypertension 43
Heart-related conditions 39

Arthritis 35
Gadrointestind problems 31

Anemia 23

Eye problems 19

Urinary tract problems 18

Previous cancers 15

Gdlbladder problems 15
Emphysema (COPD) 15

Diabetes 13

Fracture 11

J Neoplasa
1 Both incidence and prevalence of cancer increases with age

2. Over the age of 75, lung, prostate, breast, and colon cancers become more frequent

3. Accumulation of more mutationd *hits’ in oncogenes and tumor SUppressor genes

4, Cancersin the dderly

Type of Cancer % in Persons Aged 65 years or more
Prostate 81
Colon 74
Pancreas 72
Bladder 70
Stomach 69
Lung 63
All Cancers 60

GENERAL FEATURES OF AGING
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Resstance to infection decreases

Increased problems from pharmacol ogic therapy

1 Tolerance to drugs and toxins is diminished, pharmacodynamics dtered (partly from diminished
rend and hepatic function);

2. “Polypharmacy” or the use of multiple drugs. Increases the risk for a greater number of adverse
drug reactions and drug interactions, as well as decreased compliance

Hedling or recovery from injury or illnessis prolonged

Response to therapy is diminished or prolonged

PREVENTION OF AGING

A. Use of antioxidants such as vitamin E (not proven to be effective)

B. Specid vitamin and minera supplements (induding trace dements such as zinc and sdenium) are
probably not asimportant as just an overal good diet

C. Physicd activity - exercise (useit or lose it)

D. Continued mentd activity

E Lifestyle - avoidance of behaviors that are detrimentd to hedlth
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EXAMPLE OF POLYPHARMACY IN A 72 YEAR OLD WOMAN:
From an actud medicd record in a University Hospital

(asachalenge, can you match each medication with a problem on the list?)

Active Problem

Glaucoma

Nausea

DNR

Bronchitis, acute

Ord candidiags

Chronic rend failure

Sinugtis, chronic

Hypoglycemia

Low B12 leve

Anemia

Polymyagia Rheumatica

Low back, buttock, and hamstring pain
Aortic and mitrd vave scleross
Higtory of CHF

GERD

Gout

Coronary artery disease
Diabetes Mdlitus

COPD

Hypertension

Active Medication

Bumex 5mg 1 po bid

Levoquin 500 mg 1 po qd

Quinine Sulfate 325 Mg Cap 1 po g hsfor muscle cramps
Paxil 10mg 1 pogam

Regtoril 15 mg 1 po g hs prn insomnia
Axid 150mg Cap 1 po qd

Prednisone 5mg Tab 1 po g am

Imdur 60mg Tab 1 po qd

Insulin Regular 20 u g am; 5 u before dinner
Insulin Humulin NPH 90 unitsq am
Lisinopril 20mg Tab 1/2 po qd

Atrovent Inhder 2 puffsgid

Xdatan (ophth) 0.005% 1 gt OU g hs
Centrum 1 po od

Allopurinol 300mg Tab 1/2 p QOD
Ventdlininhder 2 puffs gid

Aspirin 8lmg Tab 1 poad



Azmacort 100meg Inh 2 puffstid
Mycelex troches suck on one 5X/day

Ocuvite 1 every afternoon

Session Topic

1 Components of the immune system
2 Innate immune responses

3 Cdl mediated immunity |

4 Cdl mediated immunity |1

5 Humord immunity |

6 Humord immunity Il

7 Tumor immunology

8 Tissue trangplantation

9 Primary Immunodeficiencies |
10 Primary immunodeficiencies 11
11 Autoimmunity

12 Hypersengtivity

13 AIDS PBL

14 Immunopathology

Immunology Module

Abbas & Lichtman Chapter

12

12

1

2
3,4
56
7,8
7,8
9, 10

9, 10

9
11
12, Robbins 245-258

Robbins 194-245, 258-264
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