1X

TABLE OF CONTENTS

ACKNOWLEDGEMENTS
ABSTRACT

LIST OF TABLES

LIST OF ILLUSTRATIONS
ABBREVIATIONS

CHAPTER I: INTRODUCTION
CHAPTER II: LITERATURE REVIEWS

1. Human immunodeficiency virus (HIV)
1.1 HIV subtypes

1.2 The virus: its genes and proteins, and its replication cycle
1.2.1 Structure and molecular features of HIV
1.2.2 Life Cycle of HIV Infecti on
1.3 Features of HIV transmission
1.3.1 Sexual transmission
1.3.2 Mother to child transmission
1.3.3 Transmission by blood and blood products
2. HIV receptors and chemokines
3. Immunopathogenesis of HIV infection
3.1 The course of HIV infection
3.1.1 Typical Progressors
3.1.2 Rapid Progressors (RPs)
3.1.3 Long-Term Nonprogressors (LTNPs)
3.1.4 Highly- exposed persistently seronegative (HEPS) persons
3.1.5 Immunologic features of HIV pathogenesis
4. Immune response to Human Immunodeficiency Virus Infection
4.1 Innate Immune System
4.2 Adaptive Immune System
4.2.1 Humoral Mediated Immune Responses to HIV Infection
4.2.2 Cell-Mediated Immune Responses to HIV Infection
4.2.2.1 Cytotoxic NK cells

PAGE
iii

v

Xiii

XV

Xvil



4.2.2.2 T cell responses
4.2.2.3 Non-lytic cellular responses
4.2.2.4 Cell-Mediated antiviral immune responses in HIV
exposed persistently seronegative (HEPS) persons
5. Cytokines
5.1 Type 1-Type 2 cytokine nomenclature
5.1.1 Interleukin-2
5.1.2 Interleukin-4
5.1.3 Interferons-y
5.2 Effect of Cytokines on Immune Function and HIV Replication
5.3 Cellular activation and endogeneous cytokines in the pathogenesis
of HIV disease
5.3.1 Effect of HIV on cytokine production
5.3.2 Cytokine induction of HIV Expression
5.3.3 Cytokine Suppression of HIV Expression
5.3.4 Th1/Th2 Cytokines Patterns
5.3.5 Intracellular Cytokine Staining (ICCS)
6. Assay for the diagnosis of HIV infection
6.1 Antibody Testing
6.2 Testing for p24 antigen and viral nucleic acids

CHAPTER III: MATERIALS AND METHODS
1. Study populations
2. Reagents
3. Specimen Collection and Preparation
4. Laboratory Testing
4.1 HIV Antibody assay
4.1.1 Microparticle EIA
4.1.2 HIV-1/HIV-2 3 Gen Plus
4.1.3 Serodia HIV-1/2 particle agglutination (PA) test
4.2. Detection of HIV antibodies (IgG, IgA and IgM) in plasma by
Flow Cytometric Immunofluorescence Assay (FIFA)
4.3 HIV Antigen assay
4.4 Detection of proviral DNA from whole blood by Multiplex Nested
PCR
4.4.1 Specimens
4.4.2 DNA preparation
4.4.3 DNA storage
4.4.4 DNA Amplification
4.4.5 Nested PCR
4.4.7 Detection of amplification product
4.4.8 Interpretation of the results
4.5 Intracellular Cytokine Staining; ICCS
4.5.1 Cell Activation
4.5.2 Cell Staining

18
22
22

23
23
24
24
24
25
26

26
26
26
27
28
30
30
31

32
32
32
33
35
35
35
35
36
36

37
37

37
37
38
38
38
39
39
39
39
40



X1

4.5.2.1 Cell surface staining 40

4.5.2.2 Fixed white cells 40

4.5.2.3 Red blood cell lysis and permeabilized white cells 40

4.5.2.4 Intracellular cytokine staining 40

4.5.2.5 Flow cytometric analysis 40

4.5.2.6 Statistical analysis 41
CHAPTER1V: RESULTS 44
1. Study population 44

2. Detection of HIV antibodies by ELISA (MEIA or EIA) 48

and gelatin particle agglutination (GPA)
3. Detection of HIV antibodies (IgG, IgA and IgM) in plasma by Flow 50

cytometric Immunofluorescence Assay (FIFA)

3.1 Study of HIV-coated latex bead gating for HIV-antibody detected = 51
by Flow Cytometric Immunofluorescence Assay (FIFA)

3.2 Detection of HIV antibody subclass (IgG, IgA and IgM) 53
3.2.1 Detection of HIV antibody subclass (IgG, IgA and IgM) in 53

HIV-seropositive sex partners

3.2.2 Detection of HIV antibody subclass (IgG, IgA and IgM) in 53

HEPS

4. Detection of HIV-1 antigen (p24) 59

5. Detection of proviral DNA from whole blood by Multiplex 60
Nested PCR

6. Intracellular Cytokine Staining; ICCS 68
6.1 Flow cytometric dot-plots of cell surface staining 68
6.2 Detection of CD69 on T Cells Stimulated with PMA and ionomycin 71
6.3 Flow cytometric dot-plots of intracellular cytokine staining 73

6.4 Detection of cytokine production at the single-cell level within the 75
T cells in normal controls
6.5 Detection of cytokine production at the single-cell level within the 76
T cells in each group at visit 3, 4 and 5 (6, 9 and 12 months) of the
follow up
Cytokine production patterns at the single-cell level within the 77
CD4 T cell subset
Interleukin-2 (IL-2)-producing CD4+ T cells at 6, 9 and 12 77
months follow-up
Interferon-gamma (IFN-y) producing CD4+ T cells at 6, 9 and 78
12 months follow-up

Interleukin-4 (IL-4) producing CD4+ T cells at 6, 9 and A
12 months follow-up
Intracellular cytokine analysis of CD8 cells in HIV-infected 80

sex partners and healthy controls.
Interleukin-2 (IL-2)-producing CD8+ T cells at 6, 9 and 12 80
months follow-up
Interferon-gamma (IFN-y) producing CD8+ T cells at 81



Xii

6, 9 and 12 months follow-up
Interleukin-4 (IL-4) producing CD8+ T cells at 6, 9 and 12 82
months follow-up

CHAPTER V: DISCUSSION 91
CHAPTER VI: SUMMARY 97
REFERENCES 98
APPENDICES 106

CURRICULUM VITAE 114



xiii

LIST OF TABLES

Table
1 HIV genes, HIV proteins and their functions
2 Leukocyte sources of type 1 and type 2 cytokines
3 Primers of HIV-1 PCR
4 Intracellular Cytokine Staining method
5 Percentage of CD4+ and CD8+ T cells in HIV-exposed

10

11

12

13

14

15

16

persistently seronegative, HIV-seropositive sex partners and a
normal control group.

Characteristics of clinical disease and infectious disease in HIV-
1-infected sex partners and HEPS groups

Number of reactive subjects to HIV-1/HIV-2 antibody tests in
HEPS persons, HIV-infected sex partners and the normal
controls (0, 3, 6, 9 and 12 months follow up)

HIV-1/HIV-2 antibody (IgG, IgA and IgM) testing in HIV-
infected sex partners by Flow Cytometric Immunofluorescence
Assay (FIFA)

HIV-1/HIV-2 antibody (IgG, IgA and IgM) testing in HIV-
infected sex partners by Flow Cytometric Immunofluorescence
Assay (FIFA)

HIV-1/HIV-2 antibody (IgG, IgA and IgM) testing in HEPS by
Flow Cytometric Immunofluorescence

HIV-1 antigen reactivity in HIV-infected sex partners, HEPS
and the Normal Control group

Detection of proviral DNA in HIV-infected sex partners by
Multiplex Nested PCR

Detection of proviral DNA in HIV highly- exposed persistently
seronegative (HEPS) persons by Multiplex Nested PCR
Detection of proviral DNA in HIV-infected sex partners and
HIV highly-exposed persistently seronegative (HEPS) persons
by Multiplex Nested PCR

Percentage of interleukin (IL)-2-producing CD4 T cells,
interferon gamma (IFN-y)-producing CD4 T cells and
interleukin (IL)-4-producing CD4 T cells in healthy control
subjects, HEPS individuals and HIV-seropositive sex partners
Percentage proportion of interleukin (IL)-2-producing CD4 T
cells with the total CD4+ population, interferon gamma (IFN-
y)-producing CD4 T cells with the total CD4+ population and

Page

21
42
43
45
46-47

49

54-55

56-57

58
59
63-64
65-66

67

83

84



17

18

Xiv

interleukin (IL)-4-producing CD4 T cells with the total CD4+
population in healthy control subjects, HEPS individuals and
HIV-seropositive sex partners

Percentage of interleukin (IL)-2-producing CD8 T cells,
interferon gamma (IFN-y)-producing CD8 T cells and
interleukin (IL)-4-producing CD8 T cells in healthy control
subjects, HEPS individuals and HIV-seropositive sex partners
Percentage proportion of interleukin (IL)-2-producing CD8 T
cells with the total CD8+ population, interferon gamma (IFN-
y)-producing CD8 T cells with the total CD8+ population and
interleukin (IL)-4-producing CD8 T cells with the total CD8+
population in healthy control subjects, HEPS individuals and
HIV-seropositive sex partners

85

86



XV

LIST OF ILLUSTRATIONS

Figure

1

10

11

12

Virion structure, genomic organization and proteins of HIV-1.
Typical course of HIV infection. During the period following
primary infection, HIV disseminates widely in the body; an
abrupt decrease in CD4+ T cells in the peripheral circulation is
often seen.

Comparison of nomenclature for Thl and Th2 cytokines
produced by cloned CD4 1 Th cells and type 1 and type 2
cytokines produced by primary cultures of leukocytes of all
types.

CD 4+ cell cytokineproduction before and after HIV infection.
The schematic diagram presenting the research design of the
study.

Dot plot of HIV-coated latex beads and histograms of
fluorescence intensity of HIV-seropositive and HIV-
seronegative samples at No gate and gat R1, R2 and R3.
Histogram of HIV antibody subclass IgG, IgA and IgM by FIFA
in positive control, negative control, HIV seropositive (HO7P)
and HIV seronegative (HO7).

Agarose gel electrophoretic analysis of primary and secondary
PCR  products obtained from multiplex-nested PCR
amplification of DNA extracts of HIV-infected sex partners and
HEPS.

Agarose gel electrophoretic analysis of secondary PCR products
obtained from multiplex-nested PCR.

Experiments were performed to study cytokines expression in
fresh whole blood (within 6 hours) after PMA and ionomycin
stimulation for 6 hours.

The problem of autofluorescence was detected by isotype
control; IgG1la and IgG2a clones were used. Different patterns of
CD4+ cells between those unstimulated and stimulated with
PMA and ionomycin are shown.

Flow cytometric dot plots of CD69 expression after 6 h on
unstimulated and PMA/ionomycin stimulated CD4 T
lymphocytes in the presence of brefeldin-A from a representative
healthy individual.

PAGE

20

28

34

51

52

61

62

69

70

72



13

14

15

16

17

Xvi

Typical flow cytometric analysis of IL-2, IL-4 and IFN-y
production.

Analysis of interferon-gamma (IFN-y), interleukin-2 (IL-2) and
interleukin-4 (IL-4) production at the single cell level by flow
cytometry within the CD4 T cell subset from HEPS individuals,
normal controls and HIV-infected sex partners.

Analysis of interferon-gamma (IFN-y) production at the single
cell level by flow cytometry within the CD4 T cell subset.
Analysis of interleukin (IL-2) production at the single cell level
by flow cytometry within the CD4 T cell subset.

Analysis of interferon-gamma (IL-4) production at the single cell
level by flow cytometry within the CD4 T cell subset.

74

87

88

89

90



Xvii

ABBREVIATIONS

% percent
beta

A delta
Y gamma
u micro
ug microgram
pl microliter
°C degree Celsius
ADCC antibody dependent cell cytotoxicity
AIDS acquired immunodeficiency syndrome
APC antigen presenting cells
BFA Brefeldin A
bp base pair
CA capsid
CAF cell antiviral factor
CCR CC-chemokine receptor 5
CD Cluster of differentiation
cDNA conplementary deoxyribonucleic acid
CMI cellular immune response
CMIR Cell-Mediated Immune Responses
CSWs commercial sex workers

CTLs cytotoxic T-lymphocyte



Xviii

CXCR4 CXC-chemokine receptor 4

DNA deoxyribonucleic acid

dNTP deoxynucleotide triphosphate

DTH delayed type-hypersensitivity

EDTA Ethylenediaminetetraacetic acid

EIA enzyme immunoassay

ELISA enzyme linked immunosorbent assays

Env envelope

ES exposed seronegative

EtOH ethanol

EU exposed uninfected

FACS fluorescence-activated cell sorter

FIFA flowcytometric immunofluorescence
assay

FITC Fluorescein isothiocyanate

FSC forward scatter

g gram or gravity

Guwese e on

gp glycoprotein

GPA gelatin particle agglutination

HEPS highly exposed persistently seronegative

HIV human immunodeficiency viruses

HRPO horseradish peroxidase

ICCS intracellular Cytokine Staining

ICD immune-complex dissociation

IDUs intravenous drug users



XiX

IFN interferon

Ig immunoglobulin

IgA immunoglobulin A

IgG immunoglobulin G

IgM immunoglobulin M

IL interleukin

IN integrase

kb kilobase

kDa kilodalton

LTNPs long-term nonprogressors

LTRs long terminal repeats

M molarity

MA matrix

mAb monoclonal antibody

mAbs monoclonal antibodies

M-CSF macrophage colony-stimulating factor
MEIA microparticle enzyme immunoassay
mg milligram

MHC major histocompatibility complex
MIP macrophage inflammatory protein
ml milliliter

mM micromolar

M-tropic macrophage-tropic

MW molecular weight

N normality

NC nucleocapsid



ng
NK
nm
NSI
OD
OPD
ORF
PA
PBMC
PBS
PC5
PCP
PCR
PE
PMA
pmol
Pol
PPC
PR
Rev
RNA
RP

RT
SDF

XX

nanogram
natural Killer

nanometer
non-syncytium-inducing

optical density
o-Phenylenediamine

open reading frame

particle agglutination

peripheral blood mononuclear cells
phosphate buffer saline
Phycoerythin-cyanin 5
Pneumocystis carinii Pneumonia
polymerase chain reaction
phycoerythrin

phorbol 12-myristate 13-acetate
picromol

Polymerase

Parallel Processing Center
protease

regulator

ribonucleic acid

rapid progressor

revolutions per minute

reverse transcriptase

stromal cell-derived factor



SI
slgA
SSC
STD
Tat
Tc
TCR
TGF
TH

Th
TMB

TNF
TPs

Ts
T-tropic
VCAM
Vif

vol

wt

XX1

syncytium-inducing
secretory IgA

side scatter

sexual transmitted disease
trans-activator

T cytotoxic

T cell receptor
Transforming growth factor
T-helper cells

T helper lymphocytes
hydrogen peroxide-3,3’, 5,5’-

tetramethylbenzidine

Tumor necrosis factor

typical progressors

T suppressor lymphocytes

T lymphocyte-tropic

vascular cell adhesion molecule
viral infectivity factor

volume

weight



