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‘Preface

Volume 2 of Advances in Pathology, like its predecessor, is aimed at pro-
viding up-to-date information concerning various aspects of clinical pathol-
ogy, anatomic pathology, experimental pathology, and forensic pathology.
The current volume discusses several areas of current issues receiving a lot
of attention. These include an approach to the diagnosis of human immu-
nodeficiency virus infections and how to test for drugs of abuse. Many lab-
oratories are currently beset by questions in both of these areas and it is
hoped that both of these chapters will be helpful in providing basic infor-
mation concerning them. Another area of current interest is pathologic
changes associated with asbestos exposure, as we are often asked to ad-
dress this issue with respect to occupational hazards. The subject is re-
viewed critically by Roggli.

The autopsy is suffering a decline in many institutions and yet it is the
ultimate vehicle for quality assurance in hospitals. Drs. Anderson and Hill
provide a discussion focused on understanding the discrepancies between
premortem and postmortem diagnoses. This issue is central to the role of
the autopsy and hospital quality assurance programs.

The knowledge of tumors is advancing rapidly at the research front and
the information concerning genes and chromosomes associated with in-
duction of cancer are expanding at a rapid rate. This information is also
extending into the pathology literature. Yunis provides an outstanding re-
view of chromosomal changes, particularly as they relate to hematologic
malignancies. This information is currently of more than research interest
and is being used routinely for diagnostic purposes in sophisticated refer-
ence laboratories.

The remaining three chapters relate to technical areas in the laboratory.
These include the diagnosis of human tumors by immunohistochemistry,
the use of genetic probes, and the use of nuclear resonance spectroscopy.
Of these, the most commonly utilized is immunohistochemistry and the
subject is surveyed in a review form for diagnosing tumors. Genetic
probes have also been used increasingly in the diagnostic laboratory. The
chapter included within this volume presents the first of a series of articles
to appear in subsequent volumes. It deals with the concepts and tech-
niques utilized in diagnostic laboratories when dealing with genetic probes.
Subsequent volumes will include applications in microbiology, as well as
other areas. Perhaps the most difficult to read article in this volume will be
that concerning the use of nuclear magnetic resonance (NMR) spectros-
copy in the pathology laboratory. This article is included, however,
because there is an expanding pool of data concerning the usefulness of
NMR spectroscopy in studying tumor biology, as well as in tumor imaging.
The magnetic resonance imaging aspects of NMR spectroscopy are
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already well established in the diagnostic workup of patients as provided
by radiology services. However, there are applications for the technology

to pathological tissues. Some of these are explored in the chapter by
Halliday.

Cecilia M. Fenoglio-Preiser, M.D.



Contents

oD DI O R et enea it o o Toapiainaresd e oMSeriving ol Tt dognd “J 0
o) e e T o S o e e R ||

Diagnostic Methods in Human Immunodeficiency
Virus Infection.
By Gregory T. Spear, Harold A. Kessler, and Alan L. Landay . 1
Currently Used Tests . 3
Enzyme-Linked lmmunosorbent Assay o
Western Blot . 4
Immunofluorescence Assay 8
Radioimmunoprecipitation Assay. 9
HIV Antigen-Capture ELISAs . IS s (b.cy o M
Viral Culture . . . I S B ..« 5 L) o g
Tests for lmmunodeﬁmency : 14
Diagnosis of HIV Infection in Neonates ; 14
Advances in HIV Testing. 16
Recombinant HIV Proteins . 16
Polymerase Chain Reaction. 18

Peptides for Use in Predicting Patient Outcome AP o AT s
Flow Cytometric Analysisof Cells . . . . . . . . . . . . 21
In Vitro Production of HIV-Specific Antibody . . . . . . . . 22
G ke pa e etk e e s el s R el
0 T A Sl S Sl M LS e e Sl B Ao B R

Pathology of Human Asbestosis: A Critical Review.

By Victor L ologglt.: . i RS b s |
Asbestos and Asbestos Bodles LTI A PCERSLE . ) 0  T e S
5T S T T P NG X i e Al el aae

s BRERAa | el L B o i Bla g BTN NG 36
ISR, © . o sl L e s e S
Differential Diagnosis . . . T L T B TR
Quantitation of Tissue Asbestos Burden FEEQ T b A5, Sensi v gy
Disantsfe CUalarin ' ' c » oo o o0 L SRadiiiyh ag it

Forensic Toxicology: Drugs-of-Abuse Testing.

UCE R L ) s T e SN R S L Y |
T S NG S T I MR T L e e R

Immunoassay . . . ¢ @ ow e FERPGNEYE ] CONNARSCIT G
Thin Layer Chromatography R P 2L LR IS -

ix



x / Contents

Gas-Liquid Chromatography . . . o SR i LT TaShT
High Performance Liquid Chromatography. M, SR S R (7
Gas Chromatography—Mass Spectrometry . . . . . . . . . 67
SR MR - v S R et e Y 8
Quality Control . . . e i e ity )
Analytical Sensitivity and Spec1f1c1ty gol Juvn o o o 15 ERESUIG TN
LB - v el R e sl i L an | ST
Limit o DIGIRelOn s b o p i b B e e e L o
Recovery. . . s o W
Chain of Custody oA, o, rdlogell Bobionats v T o) 0
SAMPIRSIONRaE . . L o e s, el Babeld CRmr) D78
Drugs of Fosensic Infevest .o d inbchigecripael badnt Baetmgnd | 74
BUBONOE . . 5 o 07 i i e e ek R e b e ARG IRRSIAT. . T
AMPBERIRINGS. : . . . o v o - Dot SahEoenbialntegnng T
COBBRINE. - .. .. i s . wNGEA pEfisliagtvinenoisvgmiabel 79
MOEIRL . - . e e v o ST B WRK B
PheBoBee. .. . <o o e e e e e e R IR HD
Tetralwdrocanpablnol . .. . . . . webishopopuss mlassl 84
Comraenis on Current Statds- 2 (02 10 ROEIFIT XN I 3@0miel, B

Toward an Understanding of Discrepancies Between
Premortem and Postmortem Diagnoses.

By Robert E. Anderson and RollaB. Hill . . . . . . . . . . . 97
Definiions . .. 2 707, § e b e e e o8
How Serious Are Diagnostic Dlscrepanaes'? R Il
How Frequent Are Discrepant Diagnoses? . . . . . . . . . . 101
Impact of New Technology on Diagnostic Accuracy . . . . . . 101
Physician Factors. . . . S e A
Other Factors Influencing the Occurrence of stcrepanmes. b bt 5, PO
Sensitivity and Specificity of Clinical Diagnosis . . . . . . . . 111
Mippeyas Refenince Vale . .. . . 5 v e avisasd cipethdia b 18
Bt Commments . . .. . ¢ s uds e S apeicdraea asiiss 116

The Diagnosis of Human Tumors by
Immunohistochemistry.

Bo-Mingeer s Listrom . . . oo edvsind el 0O o natstitn =0 T
Anticersand Antibodies . . . . . . . ;oo i ompenaiiel
DOTINEIE B .= Tl o, Rl e e e e R
Antibodies . . . T o 0 W T e bl o o

Intermediate Ftlaments T R | R Y s
Histochemiell Tachniques . °. .~ s X . . siebeieair 120

Case Studies . . -1 . . 2. L. fceEcsEteeat) aeioke et b 129



Summary

Genes and Chromosomes in the Pathogenesis and
Prognosis of Human Cancers.
By Jorge d. Yunis . :

Lymphoid Malignancies .

Myeloid Malignancies .

Solid Tumors .

Concluding Remarks .

Genetic Probes in the Diagnostic Laboratory Part I:
Concepts and Techniques.
By Cecilia M. Fenoglio-Preiser
Background.
DNA and RNA Structure
Gene Structure and Expression .

Background for the Basic Methods .
Restriction Endonucleases .
Gene Cloning .
Probes . .
Isolation of the Genetlc Matenal
Polymerase Chain Reaction.
Hybridization Assays .
Solution Hybridizations
Southern Blots.
Slot/Dot Blotting .
Sandwich Hybnd1zatlons
Northern Blots .
In Situ Hybridization
Colony Hybridization . '
Restriction Fragment Length Polymorphlsms :

Carbon 13 and Proton Nuclear Magnetic Resonance
Spectroscopy and Microscopy of Neoplasms.
By Karen R. Halliday, Laurel O. Sillerud, and Cecilia M.
Fenoglio-Preiser .
Introduction to Nuclear Magnetlc Resonance )

General Nuclear Magnetic Resonance Principles .

Nuclear Characteristics.

Terminology.

13C Spectroscopy

In Vitro 13C MRS'of Tumor TlSSUQS Cells and Plasma .

In Vivo '3C MRS of Human and Animal Tumors .
'H of Neoplasms.

Contents /| xi

. 139

. 147
. 149
. 160
« 170
. 178

. 189

. 190
;. 190
. 190

o K53
: 193
. 194
o 15
. 198
. 198

. 200
. 201
(202
. 203
. 204
. 204
. 204
. 208
. 208

. 213

. 214
. 214
s
- 213
. 22l
Bl
229

231



xii / Contents

In Vitro 'C MRS of Tumor Tissues, Cells, and Plasma
In Vivo 'H MRS of Human and Animal Tumors.

NMR Microscopy of Tissue and Cells .
Potential Clinical Applications .
Conclusions.

Index .

T Led
01 o2

. 242
. 243
. 248

.. 259



: ‘*Dlagnostlc Methods in
Human
lmmunodefncnency
Virus Infection

Gregqry T. Spear, Ph.D.

Assistant Professor, Department of Immunology/Microbiology, Rush Presbyterian
St. Luke’s Medical Center, Chicago, Illinois

Harold A. Kessler, M.D.

Associate Professor of Medicine, Departments of Medicine and Immunology/
Microbiology, Rush Presbyterian St. Luke’s Medical Center, Chicago, lllinois

Alan L. Landay, Ph.D.

Associate Professor, Department of Immunology/Microbiology, Rush Presbyterian
St. Luke’s Medical Center, Chicago, lllinois

The etiologic agent of the acquired immunodeficiency syndrome (AIDS)
has been established to be the human immunodeficiency virus type-1
(HIV-1)." 2 The virus has been shown to be transmitted from person to
person primarily through intimate sexual contact, contaminated blood or
blood products, or perinatal infection. As such, laboratory methods for the
detection of infected individuals can be utilized, with proper concern for
patient confidentiality, to help prevent the further spread of the virus. This
review will discuss current methodology commonly used for clinical labs in
the United States for detecting infection by HIV. Newer methods in later
stages of development will also be discussed.

HIV is a lentivirus in the family Retroviridae. This family of viruses shares
in common a unique endogenous reverse transcriptase enzyme that, fol-
lowing penetration and uncoating of the viral genome, allows for transcrip-
tion of the viral RNA into complementary DNA (cDNA). The cDNA is then
integrated into the host cell genome. The integrated viral DNA can remain
quiescent in a resting cell or be transcribed during cell activation to pro-
duce large numbers of viral particles. The initial event in the viral replica-
tion cycle is dependent upon attachment of the envelope glycoprotein
gpl20 of the virus, which enables HIV to bmd to cells such as helper T
lymphocytes and monocytes/macrophages.® These cells express on their
surface the CD4 molecule, which is the high-affinity receptor for gp120. It
is believed that with HIV infection of T helper lymphocytes, production of
Adv Pathol 2:1-30, 1989 ' |
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viral particles is related to the destruction of the host cell. The infection and
subsequent destruction of the CD4+ T cells is one of the main causes of
the immunodeficiency.* ® Infection of monocyte/macrophages is not
thought to result in death of this cell population. The chronic infection of
the monocyte may contribute a large part to the dissemination of the virus
throughout the body. In addition, chronic infection of monocyte/
macrophages is associated with a number of functional immunologic de-
fects that probably contribute to the immunodeficiency.®

During the course of infection by the virus there is a general serologic
profile that many individuals follow (Fig 1). After initial infection with HIV,
there is an incubation period in which no active viral replication can be de-
tected. This lag period is highly variable among individuals. The virus then
begins to replicate and high levels of viral products such as HIV p24 anti-
gen may be detected in the circulation (see Fig 1).” Generally within 4 to
12 weeks after initiation of viral infection, antibodies to the various viral
proteins (core, envelope, polymerase and regulatory) begin to appear. At
this time, levels of viral antigens decrease and may become undetectable
in blood. This situation may remain stable for months to years until viral
replication again increases. At this time, HIV p24 antigen generally again
becomes detectable and antibody to the p24 core protein decreases. This
decrease in anti-p24 antibody correlates with or heralds a decline in the
condition of the patient.® Exceptions to this general pattern do occur. For
example, some individuals do not develop antibodies to the virus until long
after exposure,?® others do not lose anti-p24 antibodies in later stages of
the infection,16 and some individuals may not reexpress serum HIV p24
antigen.“' 1%

anti-envelope

\

anti-core
N

infection

antigen

Relative antibody or antigen

| — weeksto months — | —— months to years

Time

FIG 1.

Serologic time course of HIV infection. The figure illustrates a serologic profile
commonly observed in infected individuals. After infection, antigen becomes de-
tectable in blood. Four to 12 weeks after acute infection, antibody to both core and
envelope proteins is detectable. The appearance of these antibodies correlates with
the disappearance of viral antigens. This profile is stable for a variable period of
from months to years after which the clinical condition of the patient worsens. This
deterioration correlates with an increasing frequency of detectable viral antigen and
a decrease in anti-core antibodies.
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TABLE 1.
Methods for Detecting Infection
by HIV

Anti-HIV antibody
Enzyme-linked immunosorbent assays
Western blot
Immunofluorescence assays
Radioimmunoprecipitation
HIV antigen
Enzyme-linked immunosorbent assays
HIV nucleic acids
Polymerase chain reaction
HIV culture
Detection of immunodeficiency
Flow cytometry for CD4+ cell
number
In vitro mitogen or antigen
responsiveness

A number of assays have been developed to determine infection with
HIV (Table 1). The most commonly used tests detect antibody to HIV pro-
duced by the infected individual. These tests indirectly indicate the pres-
ence of HIV. Detection of viral antigen, viral nucleic acids (DNA or RNA),
or isolation of the virus from the infected individual all directly indicate the
presence of the viral infection. Other commonly used methods to indirectly
diagnose the presence of HIV include tests that indicate a deficiency of the
immune system such as the absolute numbers of helper T cells.

S N e G LA
Currently Used Tests

Enzyme-Linked Immunosorbent Assay

Enzyme-linked immunosorbent assay (ELISA) is now the most widely used
method for screening large numbers of individuals for either antibody to
HIV or for direct detection of HIV antigen. HIV ELISA kits are produced
by many companies and are relatively easy to use. Several of these kits
have been licensed by the FDA for detection of antibodies to HIV. The
principle of ELISA detection of antibody is to produce large quantities of
virus in vitro and use the disrupted virus to coat a solid phase such as plas-
tic beads or plastic microtiter plate wells. The solid phase is then incubated
with the patient’s serum followed by a secondary reagent that detects hu-
man antibody bound to the viral antigens on the solid phase. The second-
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ary reagents are cross-linked to the enzyme, which when incubated with
substrate results in a color change if antibodies to the virus are present.

Two concepts that are important for test evaluation are sensitivity and
specificity. The sensitivity of a test is the probability that the test will be
positive if the sample is truly positive while the specificity of a test is the
probability the test will be negative if the sample is truly negative. Evalua-
tion of the sensitivity and specificity of ELISA Kkits is important and several
studies compare the commercially available ELISAs.®>~17 Qverall the sen-
sitivity and specificity of most of these tests have been reported to be
greater than 99%.'® However, the possibly serious psychologic damage in-
flicted by the report of a false positive antibody test makes even small error
rates unacceptable. The viral antigens used to coat the solid phase are pro-
duced in cultured cells, usually the H9 human lymphoblastoid tumor cell
line. This can result in false positive reactions if individuals produce anti-
bodies to histocompatibility antigens present in this cell line (Table 2).1% 2°
These interfering antibodies can be produced as a result of multiple trans-
fusions, in autoimmune disease, or after spirochetal or parasitic infection.?
False negatives also can occur if infected individuals have not yet devel-
oped antibodies, as may occur early in infection or late in the infection
when the immune system is depressed (see Fig 1).1®

Western Blot

To minimize the reporting of false positive HIV antibody test results, a sec-
ond antibody detection system is generally used as a supplemental or con-

TABLE 2.
Sources of Error in HIV-1 Testing by Serology*

False positive results

Adult T cell leukemia/lymphoma Cross-reactive HTLV-1 antibody
Autoimmune disease Autoantibodies to nuclear and cellular
antigens

Alcoholism Immune dysfunction in liver disease

Hematologic malignancy Hypergammaglobulinemia

Transplant recipients Antibodies to HLA antigens

Multiparous women Antibodies to HLA antigens

False negative results

Acute HIV infection Lack of detectable antibody for first 4—12
weeks following infection

ARC and AIDS patients Loss of antibodies to viral proteins such
as p24

*HTLV = human T cell leukemia/lymphoma virus; HLA = human leukocyte antigen; HIV
= human immunodeficiency virus; ARC = AIDS-related complex.




